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Abstract 

Soil organic matter has been recopmi as a key component of sustainable 

agricultural systems that can be influenceci by management practices. A field study was 

conducted to quantQ the changes in crop residue sequestration in continuous corn (Zea 

moys), winter rye (Secale cerea1e)-flue-cured tobacco (Nicotiana tobaccum) and winter 

wheat (Triticwn aestivwn)-soybean (Glycine ma.) crop sequences managed under 

conventional (Cï) and no-tillage (NT) practices in a Fox loarny sand (Brunisolic Gray 

Brown Luvisol) following a shift in management. 

Crop yield and total residue carbon production was siniilar for the two tillage 

systerns for ali cropping systems. However, continuous corn produced 1.9 and 1.5 times 

the amount of residue carbon as the tobacco-winter rye rotation and soybean-winter wheat 

rotation, respectively, whiie total residue carbon production was similar for the two crop 

rotations. 

Differences in the effects of tiliage on residue decornposition resulted in sirnilar 

arnounts of residue carbon remaining in the soil to a depth of 30 cm for the two tillage 

treatments. The greatest arnounts of residue C rernaining were found under corn 

production while the lowest amounts were found under flue-cured tobacco production. 

Sirnilar amounts of soybean, winter wheat and winter rye residue carbon rernained in the 

soil afier 3 years. 

The accumulation of residue carbon over a 50-year period predicted by an first 

order exponential mode1 suggested that residue carbon rnay increase more rapidly in NT 

systems during the initial 10 years but may decline below those found for conventional 



tülage practices thereafter, suggesting that reduced nllage does not enhance sequestration 

of residue-denved carbon. Increases in the residue carbon pool were found when 

continuous corn cropping was chosen regardless of tiliage management and when the 

winter wheat-soybean rotation was managed under Cï practices compareci with the CT 

rye-tobacco rotation. 
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1. Introduction 

Changes in the organic rnatter level of a soil are the direct result of biological and 

pedogenic processes. Agriculturally important factors dependent on the level of soil 

organic matter such as soil fertility, smcture, and water-holding capacity. are in part 

determined by the level of soil organic rnatter level and can be influenced. In tum. these 

factors afïect both crop productivity and the susceptibility of the soi1 to surface cnisting, 

compaction and erosion. In agroecosysterns, the principal rneans of altering soil organic 

matter are through crop selection and tillage practices, and with additions of organic 

arnendments and inorganic fertiluers. Changes in crop selection or management practices 

affect soi1 organic rnatter in three ways: (i) by alteMg the annual inputs of organic rnatter 

to the s o c  (u) by altering its decomposition rate. and (Ci) by altering the proporrion of 

organic rnatter becomjng stabilized by reactions with soil constituents. These producer 

decisions will ultimately affect the balance between organic matter inputs and losses, and 

will result in a correspondhg change in the organic matter content of a soil. 

The amount of organic rnatter entering the soil from annual crop production is 

determined by the net prirnary production of the crop less organic matter decomposition 

occurring outside the soQ Within a given c h t e ,  net primary production depends on 

nutrient supply, crop species and cultivar selection. and tillage operations. Changes in 

cropping systerns or management practices will alter organic inputs to the system by 

changing the net primary production of the system both above and below ground. In 

certain cases, crop harvest will remove most of the biomass produced during the growhg 
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season. Although only a small fiaction of crop residues is retained as stabilued soil 

organic matter, the input of organic materials is cntical to the long term maintenance of 

soil organic matter. 

When crop residues are added to soil, they are rapidly attacked by the soi1 

heterotrophic microorganisms in their quest for energy to fuel their activity and for carbon 

to be used in tissue synthesis. The bulk of this carbon and energy within the residues is 

stored in a variety of polymeric compounds ranging fiom polysaccharides to arornatic 

polymers such as lignin. The rate at which a given substrate is decomposed depends upon 

its chemical composition, its physical accessibility to the microbial population, and the 

chemical and physical conditions within its surrounding environment. Dfirences in the 

proportions of easily decomposable components occurring arnong plant species, plant 

parts and plants at different stages of maturity are responsible for Merences in 

decornposition rates of various crop residues. 

Rates of residue decornposition and soil organic matter levels have also k e n  

shown to be affected by tillage and residue management systerns. A decline in organic 

matter almost invariably accompanies intensively cultivated soils by stimng the soil, 

increasing aeration, and by disnipting soil aggregates and exposing physicaliy protected 

organic matter to rnicrobial attack. Surface applied residues are exposed to different 

moisture and temperature regirnes than residues mixed with the soü through tiUage, and 

have often been found to decompose at a slower rate than those incorporated into the soil. 

A knowledge of the mechanisms that regulate the transformations of organic 

constituents in the soil-plant system is essential for the development of sustainable 



3 

agricuitural systems. A thorough understanding of soil o r g e  rnatter turnover requires a 

knowledge of how cropping and tillage practices affect: i) the amounts and quality of 

organic residue inputs, ii) the decomposition rate of these residues, and iü) the extent of 

stabilization of the rnicrobial decay products. 

To test the hypothesis that a SM in crop and tiIlage practices will lead to enhanced 

carbon sequestration of crop residue carbon, and dtimately lead to a change in the level of 

soil organic carbon in a coarse-textured soil, a study was initiated to investigate the effects 

of cropping and tillage management on the inputs and losses of organic materials in a 

coarse-textured soil in Southwestem Ontario previously cropped to a flue-cured tobacco 

rotation managed under conventional tillage since 1933. The first objective of this study 

was to evaluate the effect of crop sequence and tillage practices on crop yield and carbon 

inputs into the soiL A field study was conducted on a loamy sand soil during 1990 to 

1993 to conpare the growth rate, final yield and non-harvested crop residue carbon inputs 

of 3 cropping systems, including continuous corn, a winter rye-flue-cured tobacco rotation 

and a whter wheat-soybean rotation, each managed under conventional and reduced 

tillage systerns. The results of this portion of the study are described in sections 4.L4.2 

and 4.3 of this thesis. 

The second objective was to determine effects of cropping and tillage practices on 

the decomposition of the added crop residues. To meet this objective, crop residues 

grown within microplots contained within the field plots were labeued with carbon- 14 

(I4C) using a repeated pulse-labelling technique during the 1990 growing season and their 

rate of decomposition monitored during the next three years. Comparisons of the eEects 
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of conventionai and reduced tillage practices on the recovery and distribution of the "C 

label and the hesults of the decomposition study are contained within sections 4.4 and 4.5 

of this thesis. 

FinaIly, results fkom the field and decomposition study were used to simulate the 

carbon accumulation in the soil for each of the 3 cropping systems rnanaged under 

conventional and reduced tillage over a fifty-year period using &t-order exponential 

kinetics in section 4.6. In this way, the accumulation of soil carbon under the various 

management practices over the long-term was compared using the short-term data 

compiied during the study and the overaii goal of the study addressed. 
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2. Literature Review 

2.1 Agroecosystem Management Effects on Soil C and N 

The beneficial effects of soil organic rnatter on crop productivity have k e n  well 

established and the maintenance of adequate levels of organic rnatter in soils has been 

identifïed as a key to productive, sustainable agricu1ttua.i systerns @oran and Scott-Smith, 

1987). Agriculturally important factors to crop production, such as soil fertility, structure, 

and water-holding capacity, are dependent on the level of soil organic matter. The role of 

organic matter in soil fertility is partly due to its role as a reservoir of plant nutrients as 

weU as its effect on the physical, chernical and biological environment of the s o l  For 

example, the cation exchange capacity and resistance to changes in pH are due in part to 

reactive functional groups of soi1 organic rnatter. Soil organic matter also plays an 

important role in the formation of soil aggregates and thus in stabilipng soil structure, 

facilitating root growth and increasing porosity, thereby improving air and water relations. 

In turn. these soil properties a£fect both crop productivity and the susceptibility of the soil 

to surface crusting, compaction and erosion. 

The accumulation of organic rnatter in soil is the result of a balance between the 

rate at which organic substrates enter the soil and the net rate of their decomposition. 

Thus, any change in management practice that affects either the rate of addition or the rate 

of loss of organic materials will ultimately S e c t  the level of soil organic matter. In 

agroecosystems, the p ~ c i p a l  means of aitering soil organic rnatter are through crop 

selections and tillage practices, and by additions of organic arnendments and inorganic 

fertilizers. Changes in crop selection or management practices could affect soil organic 
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matter levels in three ways: (i) by aitering the annual inputs of organic matter to the so& 

(ii) by altering its decomposition rate, and (üi) by altering the proportion of organic mitter 

becoming stabilùed by reactions with soil constituents. These decisions of agricultural 

producers wfl  ultimately &ect the balance between organic matter inputs and losses, and 

will result in a corresponding change in the organic matter content of a soil 

2.1.1 Management Effeets on Annual Inputs 

The amount of organic rnatter entering the soi1 f?om annual crop production is 

deterrnined by the net primary production of the crop less organic matter decomposition 

occurrhg outside the soil (Jerkinson et al., 1992, Paustian et al., 1992). Within a given 

climate, net primary production depends on nutrient supply, crop species and cultivar 

selection, planting date, plant population, water supply, Pest management and tillage 

operations. Changes in cropping systerns or management practices wiU alter organic 

inputs to the system by changing the net primary production of the system both above- 

and below-ground (Campbell, 1978, Campbell et al., 199 la,b; Campbell et al., 1992, 

Janzen, 1987). 

Although only a small kaction of crop residues is retained as stabilized soil organic 

matter following decomposition, the input of organic materials is cntical to the long term 

maintenance of soil organic rnatter. Since organic matter concentration in soils depends 

upon the relative rates at which organic rnaterials are added to the soil and lost from it 

through decomposition, residue management practices are likely to affect organic rnatter 

content in a s o c  In Europe, Australia and New Zealand, where it is common for crop 
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residues to be rernoved fkom the field or burned, lower organic matter levels are found 

when residues are removeci or burned than when they are retained on the field (Chan et 

al., 1992; Dalal et al., 199 1; Ladd et al., 1994; Sparling et al., 1992). Chan et al. (1992) 

reported that after ten years a 12.3% increase in organic carbon contents occurred in 

treatmnts where residues were retained as compared to residue buming. In studies where 

different fertïlization practices and cropping sequences were used, this effect was mcre 

evident in fertdkd plots and in rotations containing crops that produced more total 

biornass @alal et al., 1991; Ladd et al., 1994). 

Changes in management practices fkom native grassland to cultivated cropiand 

have Ied to a decline in the soi1 organic matter content and the establishment of a new 

equilibnum level that c m  be supported by the new cropping practices (Campbell and 

Souster, 1982; Mann, 1986). Tillage of a virgin soil generally leads to reduced amounts of 

organic rnatter p r d y  due to changes in temperature, moisture fluxes and aeration, to 

exposure of physically pro tected organic matter and new soil surfaces through aggregate 

disruphon, to reduced additions of organic materials, and frequently to higher losses of 

organic materiai through uicreased soii erosion (Dalal, 1992). Measurernents of the 

changes that have occurred on the Nonh Arnerican prairies foilowing a shift kom native 

grassland to cultivation are nurnerous (Stevenson, 1965; Campbell et al., 1976; Campbell, 

1978; Bauer and Black, 1981; Voroney et al., 1981; Campbell and Souster, 1982). It has 

k e n  estimated that a change f?om native grassland to cereal cropping has resulted in a 40- 

60% deche in the organic matter content in the top 15 cm of the s o l  In a study 

investigating the effects of annual tiliage on organic carbon contents of a soil cropped to 
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Pasture, Richter et al. (1990) found that tillage changed the dominant plant species fiom 

grasses to annual herbs. As a result, cultivation not only altered the distribution of root 

production but also decreased the soii organic carbon content by 24%- of whkh 76% was 

attributed to a decrease in the inputs fiom below ground production. Conversely, when 

land is restored to perennial vegetation, carbon and nitrogen accumulate in the upper iayer 

of the soc  probably because more plant material enters the soil each year. but rnay not 

reach an equilibrium for many decades (Jenkinson, 1988; Spariing et al., 1992) 

Plants m e r  in their fertility requirements, total plant phytomass production and 

C:N ratios. However, cornparisons of the relative productivity and efficiency of plants 

have usually been limited to above-ground plant parts. Bray (1963) found the annual 

below-ground dry rnatter production of herbaceous plant species ranged from 0.6 Mg ha*' 

to 1.2 Mg ha-' while annual above-ground dry matter production ranged fkom 1.2 Mg ha '  

to 21.2 Mg ha-'. Below-ground to above-ground ratios ranged fiom 0.15 to 5.5 with a 

rnean value of 0.88. Changes in crop selection cm lead to changes in the total plant 

biornass produced and result in differences in the organic inputs into the soil organic 

rnatter pool (Janzen, 1987, Campbell et al., 1990). Buanovsky and Wagner (1986) 

estimated the annual dry matter production of corn to be 2704 higher than that of wheat 

and 281% higher than that of soybean in Missouri. Total inputs of crop residues for corn 

were 245% higher for corn than for wheat, and 269% higher than for soybean. Of the 

total crop residue addition, 48% was derived fiom below-ground production by corn, 

while 47% was derived Born bel0 w-ground production by both soybean and wheat. These 

clifferences in crop productivity have been shown to afTect the arnounts of soil organic 
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matter over time @ick et al., 1986ab; Havlin et al., 1990; Wood and Edwards, 1992). 

Wood and Edwards (1992) fond  that corn produced twice the amount of crop residues 

as soybean. In addition, it was suggested that the higher quality of the soybean residues 

Wgher N and narrower C:N ratio) resulted in faster decomposition of the soybean 

residues and less stable organic rnatter than was found with corn production. 

Crop rotation and crop type have been shown to be factors reguiating the soil 

organic matter content of soüs. Row crop culture, in particuiar continuous Cotton, 

depleted soil organic matter across several soils in Georgia, while soi1 organic matter was 

maintained and in some cases ùicreased with the use of rotations includhg cereals or 

legurnes (Gosdin et al., 1949). Cropping systems with more crops per unit tirne have k e n  

shown to conserve soil organic C and N provided the crop residues are retumed to the soil 

(Biederbeck et al., 1984; Campbell et al., 1990; Campbell et al., 199 la; Janzen, 1987; 

Langdaie et al., 1985; Wood er al., 199 1). However, some studies have shown no 

correlation between cropping fkquency and soi1 organic rnatter contents (Campbell et al., 

1991b; Campbell et al., 1992). Wood et al. (1990) found increased potential C and N 

minerakation, C tumover and relative N rnineraiization under a wheat-corn-det-fdow 

rotation compared with a wheat-fdow rotation after only 3.5 years. These differences 

were attributed to greater input of crop residues under the wheat-corn-millet-fallow 

rotation and differences in the quality of the residues and resuiting soil organic matter 

arnong rotations. Wood and Edwards (1992) found that the percent contribution of corn 

and soybean residues in a corn-soybean rotation with winter wheat cover crops were 

approximately half of that in continuous soybean or continuous c o n  respectively. 
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However, corn and soybean residue addition was greater in rotation than in monoculture, 

indicating a higher long- terni biomass productivity with rotations than with monocultures. 

As a result, cropping systerns with higher fkquency of corn had higher organic C and N 

concentrations than did those containing soybean. Roder et al. (1989) suggested that soil 

physical, chernical and biological changes resulting from crop rotations are lkely to affect 

root and shoot development. In their study, root densities and mass were reduced 

foUowing a soybean crop in a rotation, whereas they were greater following grain 

sorghurn Shoot production was generdy greater when both soybean and sorghum were 

in a rotation as compared to monoculture, suggesting that cropping sequence provides 

options for controllhg organic matter inputs. 

Traditional soil management involves faIl and/or spring tillage operatio ns to 

incorporate crop residues, control weeds and prepare a seedbed for pht ing  operations. 

Soils under reduced tillage regimes tend to accumulate crop residues on the surface, 

resulting in wetter, cooler soils with greater concentrations of organic C and N than those 

under conventional tillage (Blevins et al.. 1977; Dalal, 1989; Havlin et al., 1990). As 

tillage is reduced, buk density and soi1 strength increase, air-filled porosities decrease, soil 

moisture at shdow depths increases and soi1 temperatures decrease, especially early in the 

growing season (Bauder et al., 198 1; Gantzer and Blake, 1978; Izauralde et al., 1986; 

Siemens and Oschwald, 1978; Soane and Pidgeon, 1975). Mixing of the soi1 is 

substantiaily reduced under no-tillage practices, leading to concentration of organic rnatter 

and the relatively immobile plant numents such as P and K at the soil surface (Weil et al., 

1988; Karlen et al., 1991; Robbins and Voss 1991). Availability and distribution of the 
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more mobile nutrients such as NO,-N and S0,-S may be e t e d  under no-tiUage as a 

result of changes in soil rnixing, soil water content, soil porosity and organic matter 

degradation @oran and Smith, 1987; Grant and Lafond, 1994). This difference in the soil 

enviromnt and the distribution of nutrients in the soil profile between tillage practices 

cm affect the availability of plant nutnents and can result in differences in the net annual 

production of a crop. 

Tillage Uifluences crop growth by changing both the spatial distribution of 

nutrients and the soil physical environment. Nutrient uptake is ais0 associated with 

morphological variations in plant root systems caused by tillage (Boone, 198 8). Greater 

root proliferation in the surface iayers of untiUed and shallowly tiiled soils has been 

O bserved (Anderson, 1988; Bakerrnans and De Wlt, 1970; Barber, 197 1; Bauder et al., 

1985; Drew and Saker, 1978; Newell and Withelm, 1987; Wilhelm et al., 1982). This 

effect may reflect the higher b u k  density and often greater soil strength of the surface 

!ayers of no-tilled soils (Pidgeon and Soane, 1977), since greater mechanical irnpedance 

cm restrict elongation of root main axes and stimulate branching of lateral roots (Goss, 

1977), but may also be partly due to the stimulation of root branching in zones with 

greater phosphorus concentrations (Drew, 1975). No-tillage practices can increase 

earthworm and soil microarthropod populations (Barnes and EUis, 1979; De St. Remy and 

Daynard, 1982; Schwerdtle, 1969; Winter et al., 1990) and the number of continuous 

vertical earthworm channels (Ehlers, 1975). as well as the number of srnall biopores left by 

decaying roots (Goss et al., 1984). These channels can remain intact in no-tilled soils in 

successive years and be reoccupied by roots. More roots were found in untilied soil below 
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0.2 m by Ehlers et al. (1983), even though the buik density and penetration resistance 

were greater in no-aed s o l  Douglas and Goss (1987) found that undisturbed fissures in 

direct-driiled plots in a cracking clay soi1 with higher buik densities than in the comparable 

plowed plots facilitated penetration of roots. In contrast, NeSrnith et al. (1987) observed 

greater rooting in the surface soil of no-tilled and disced treatments, while below 0.20 m 

the plowed treatmnt had more roots as a result of growth-fiting soil densities. Roots 

from the disced and no-tillage treatments appeared much larger in ciiamter and in s o m  

cases swollen and distorted, indicating resistance to root penetration. These examples 

signiS the difnculty of using bulk density and penetrorneter resistance as indicators of soil 

qualityfor root growth. S p ~ g  barleyroots in sandy loam soils grew more slowly after 

no-till planting and shailow tillage (Ek et al., 1977; Br* et al., 1992b) with lower grain 

yields than a . e r  plowing perhaps due to slower uptake of nitrogen (Brairn et al., 1992a). 

Root growth of winter wheat and corn in poorly drained soils has been shown to be 

adversely affected by reducing tillage (Eilis and Barnes, 1980; La1 et al., 1989). In spite of 

the greater concentrations of P and K in the surface layer and lower concentrations below 

foilowing no-tillage as compared to conventional tillage, the uptake of these nutrients has 

no t usually been adversely affected (Cannell and Graham, 1979; S hear and Moschler, 

1969; Triplett and Van Doren. 1969; Vasilas et al., 1988). 

Crop growth and yield are the result of the combinai influence of the genetic 

make-up of the plants and the environmental conditions. bo th climatic and edaphic. Most 

studies comparing conventional and no-tillage systems have given controversial results, 

apparently depending on soil type and local c h t i c  conditions (Ba, 1986; BleWis et al., 
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1984; Carter, 1991; Dick and Van Doren, 1985; Ellis et al., 1977; Griffith et al., 1973, 

1988; Hodgson et al., 1977; McFarland et al., 1990; Mock and Erbach, 1977). Reduced 

minerakation of crop residues (Fox and Bandel, 1986), mechanical difoculties in seed 

placement (IzaurrauIde et al., 1986; Soane and Pidgeon, 1975) and cooler, wetter soi1 

conditions as a resuit of surface residue cover (GrBith et al., 1988) have ofien been 

considered responsible for the low yields obtained with no-tillage systems. There are 

nurnerous examples of tillage experiments in which, in the k s t  year or years, crop growth 

and yield in no-tilled treatments were less than with conventional tillage (Ball et al., 1989; 

Elliott et al., 1977; Griffith et al., 1988; Izaurraulde et al., 1986). This rnay be due to a 

lack of familiarity with the new procedures or the different soil conditions in the early 

stages of the experiment. In other experimnts, yields of no-tilled crops have k e n  equal 

or greater than with plo wing (Campbell et al., 1984; Dao and Nguyen, 1989; Kaspar et 

al., 1987; Jones et al., 1968, 1969; NeSrnith et al., 1987). In longer term experiments, 

no- till crops yielded higher than those under conventional tillage practices on weil-drained 

soils but were decreased on poorly drained soils (Dick and Van Doren, 1985; Gnnith et 

al., 1973; Johnson and Lowery. 1985) or cooler, wetter than normai years (Chevalier and 

Ciha, 1986; Rao and Dao, 1992). In wefl-drained soils with low water holding capacity, 

crops rnanaged under conventional tiilage have lower yields as a result of less available soil 

water caused by greater soil moisture loss fkom tiüage (Campbell et al.. 1984; Izaurralde 

et al., 1987; Webber et al., 1987) and evaporation horn the bare soil (Unger and Parker, 

1976) and increased moisture use for initial vegetative production (Campbell et al., 1984; 

Grifnth et al., 1986; Webber et al., 1987). 
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Few studies have docurnented the effects of tillage on crop growth and final 

residue yields. Reduced early plant growth and delayed maturity for no-tilled crops have 

been observed and positively correlated with percent of the soil covered with residue in a 

number of studies (Al-Duby and Lowery, 1986; Campbell et al.. 1984; Elmore, 1987, 

1991; Griffith et al., 1973; Lopez-Fando and Alniendros, 1995; NeSmith et al., 1987; 

Raimbault and Vyn, 1991; Webber et al., 1987). Under favourable growing conditions, 

Cox et al. (1990) found that corn plants managed under conventionai tillage had higher 

leaf, stem and total biomass and more rapid phenological developrnent during vegetative 

growth as cornpared to no-tillage plants. This delay in growth was confined to the 

vegetative growth penod and did not influence kernel and total biomass production or 

harvest index values at physiological matwity. This is consistent with results from a 

number of studies which found that the delay in early-season growth under no-tillage 

practices did not influence late-season total biomass or grain yields if water stress is not a 

problem and crops under no-tillage attain physiological maturity (Al-Darby and Lowery, 

1986; Campbell et al., 1984; Lopez-Fando and Almendros, 1995; Swan et al., 1987). In 

contrast, Cox et al. (1990) found that when corn experienced severe chilling and water 

stress during vegetative development, the delay in vegetative growth under no-tiUage 

continued throughout grain m g .  Total corn biomass was higher under conventional 

tillage cornpared with no-tillage at ail sampling rimes and kernel growth rates were 

significantly higher under conventional tillage, which resulted in higher grain yields and 

lower harvest index. This result is consistent with Griffith et ai. (1 988), who also 

observed yield reductions under no-tillage when early season water stress was a factor. 
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These data rdect  the interaction of tiUage practices and environmntal conditions, 

primarily water stress, on crop growth and biomass production. In general, under 

conditions where plant stress occurs early in the season, no-tillage practices result in 

reduced plant gro wth and 10 wer plant production, thereby returning less organic material 

to the SOL However, when stress occurs later in the season, crops under no-tillage benefit 

from greater soil moisture avaihbility afTorded by the crop residue mulch. Growth under 

these conditions occurs at a fater rate dwing this period under no-tillage, and results in 

equal or greater biornass production than crops under conventional tillage, provided that 

the crops reach physiological maturity. These results indicate that vegetative growth does 

not appear to be very indicative of yield. This phenornenon has k e n  documented by other 

researchers (Ashley and Ethridge, 1978; Doss et al., 1974; Korte et al., 1983; NeSrnith et 

al., 1987). 

2.1.2 Management Effects on Residue Decomposition 

Upon addition to SO& crop residues are rapidly attacked by the soi1 heterotrophic 

microorganisrns in their quest for energy to fuel their activity and for carbon to be used for 

tissue synthesis. The bulk of this carbon and energy within the residues is stored in a 

variety of polyrneric compounds, ranging nom polysaccharides to arornatic polyrners such 

as lignin (Paul and Clark, 1989). The rate at which a given substrate is decomposed wiU 

initially depend upon its chernical composition and its physical accessibility to the 

microbial population. FoUowing this initial decay penod, the chemical and physical 

conditions within the surrounding soil environment will affect the further decompositio n 
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and stabiljzation of the added crop residues. 

The nature of the environment in which the microorganisms exist is deterrnined by 

the characteristics of the particular s o l  The soil environment in turn affects the species 

and numbers of the microorganisrns (Alexander, 1961), which dong with the chemicd 

composition of the organic materials added to the soi1 determine the rate of decomposition 

of the added residues. Therefore, factors having the greatest effect on rnicrobial growth 

and activity have the greatest potendal for aitering the rate of residue decomposition once 

added to the SOL 

Decomposition of crop residues involves physical breakdown, biochernical 

transformation and biophysical stabilization of the added materiai. However, the soil 

environment is heterogeneous and highly dynamic, with rnany components subject to rapid 

change and kquent fluctuations. Microbial gro wth and activity within this system are 

controlled largely by soil and residue characteristics, sorne of which are affected by the 

fiequent perturbations that are characteristic of agro-ecosystems. Soil moisture 

availability, temperature, pH, aeration and nument availability are factors of greatest 

importance in residue decornposition. Additional factors such as chernical composition, 

particle size, rnethod of residue management and the indigenous microflora also affect the 

rate of residue decomposition. Many of these factors are not independent and a change in 

one rnay affect a change in one or more of the others. For example, surface placement of 

crop residues reduces evaporation of soil water, which m y  result in lower soil 

temperatures. 

The production of "C-, "N-labelled plant residues has made it possible to 
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accurately foliow the fate of added plant materiai in the presence of large arnounts of soi1 

C and N. Rates of decomposition of isotope-labeiied crop residues in soils have been 

studied under bo th laboratory and field conditions in serni-arid, temperate and tropical 

regions (Jenkinson, 1965, 197 1, 1977% 1977b; Fuhr and Sauerbeck, 1968; Oberlander and 

Roth, 1968; Oberlander, 1973; Shields and Paul, 1973; Sauerbeck and G o d e s ,  1977; 

Ienkinson and Ayanaba, 1977; Paul and McGill, 1977; Arnato and Ladd, 1980; Ladd et 

al., 1981, 1983, 1985; Amato et al., 1984, 1987). 

In most investigations the decomposition of the added residues has been described 

as a process that occurs rapidly during the initial year following residue addition and then 

slows to a significantly lower rate. In general, it was shown by Jenkinson (1971) that 

approximately one-third of the materid remains following one year, 25% after 2 years and 

18% after 5 years of decomposition, irrespective of the climatic conditions under which 

the rnaterial decomposed. Similar studies which have followed the decomposition of "C- 

labelled plant residues in the field have found that 6040% of the added carbon was 

mineraiized in less than 2 years, while the turnover tirne of a large proportion of the 

rernaining organic residues was found to be less than 10 years (Jenkinson, 1977b; 

Sauerbeck and Gonzalez, 1977). This characteristic pattern of decomposition has been 

confirmed in a number of studies of soils amnded with simple substrates such as glucose 

(Mayaudon, 197 l), with chernicaily separated fiactions of plant materiai including 

celiulose, hemi-cellulose and lignin (Cheshire et al., 1974; Cheshire, 1977, Crawford et al., 

1977). and with complex substrates such as crop residues and &obial constituents 

(Sirnonart and Mayaudon, 196 1). 
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Decomposition of crop residues has generdy been described by two kst-order 

reactions: the initial rapid rrrineratization of the easily decomposable components in the 

added residue and derived microbial cek,  foilowed by a slower minerakation of stabilized 

microbial products and resistant materiaL Jenkinson (l977b) and others have shown that 

the decomposition of plant materials in soils over several years can be described by this 

double exponential decay process, despite the oversirnplification of this mode1 to the true 

nature of the process. Voroney et al. (1989) justified modehg decomposition data to 

such a simple mode1 to ailow a kinetic analysis of the decay c w e s  and to differentiate 

various cornponents of the decornposition process based on the architecture and chernical 

cornplexity of the constituents within the substrate. 

The decomposition of crop residues durhg the initial two years after residue 

addition to the soil is mainly detemiined by the nature of the crop residue. During the 

initial stage of decornposition, the structure and composition of the intact residue, which 

varies with age and species, E t  the rate of loss of residual C nom the soil. Large 

merences in decomposition have been observed arnong different crop residues, especially 

during the initiai stages of decomposition. These Merences have been attributed to 

ciifferences in the characteristics of the crop residues, including concentrations of N, S, 

lignins, various carbohydrates, and water soluble C and nutrients (Herman et al., 1977; 

Parr and Papendick, 1978; Reinertsen et al., 1984). The water soluble kaction of plant 

residues, which includes sugars, starch, organic acids and protein, has been shown to be 

mineralized more readily than fats, waxes, resins and oils (Reber and Schara, 1 97 1 ; Parr 

and Papendick, 1978). Decomposition of these materials was followed by the 
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decomposition of cellulose and hemi-cellulose, which were found to decompose more 

rapidly than lignin and other phenolic components. 

Differences in the proportions of easily metabolizable components occurring 

between plants, plant parts or between plants at different stages of mat* were found to 

be responsible for the differences in the rates of decomposition (Nyhan, 1975; Amato et 

al., 1984). Janzen and Kucey (1988) found that the rate of decomposition of three crop 

species grown under diverse nutritional regirnes, as rneasured by CO, evolution, was 

affected by crop species, nutrient status and the interaction of these terrns for al1 times of 

measurement. In general, the amount of C rnineralized was positively correlated with the 

N concentration of the crop residue and the size of the water-soluble fiaction, and 

negatively correlated with C:N ratio, S concentration, cellulose content and hemicellulose 

content. Lespinat et al. (1976) reported that various plant parts. including stems and 

leaves, decomposed at significantly different rates during the &st two weeks of the study. 

However, after this two-week period no sigmiïcant differences in C-mineralization were 

detected. Fresh green maize residues were found to decompose more rapidly than dned 

green maize or mature wheat straw (Oberlander, 1973). H e m  et al. (1977) found that 

the decomposition of roots of various native grass species was controlled by their C:N 

ratio together with their lignin and carbohydrate contents. Arnato et al. (1987) reported 

that legume tops decornposed more extensively than wheat straw, especialy soon after 

incorporation. and to a lesser extent, legume tops decomposed more quickly than legurne 

roots. In addition, they found that tops fiom dEerent legume species decomposed at 

different rates during the frst year of the study while the roots of the different species 
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decornposed at sirriilar rates. Similarfy, Wagger et al. (1985) reported greater net 

niineralization of sorghum residues compareci with wheat residues. These data suggest 

that the initial phase of decomposition is largely controlled by the age and species of the 

crop residue, mainly through its composition. 

Under field conditions, an alteration in the decomposition rate can be induced by 

management practices and seasonal fluctuations in climate, both acting primarily through 

effects on soil moisture and temperature. The slowest rates of decomposition have been 

reported for Saskatchewan grasslands (Shields and Paul, 1973) and for northeastern 

Ausnia (Oberlander and Roth, 1968). both of which are affected by extended periods of 

drought and fiost. S tudies in northeast England (Jenkinson, 1977b), in an area with 

moderate temperature fluctuations and with rainfd disiributed evenly throughout the year, 

approxirnated those found in an area in Gerrnany with a similar clirnate (Fuhr and 

Sauerbeck, 1968). In contrast, Jenkinson and Ayanaba (1977) reported that 

decomposition of ryegrass in tropical forest soils of Nigeria proceeded at four tirnes the 

rate of that in southeastern England. Sornewhat sirnilar results were obtained d e r  one 

year by Sauerbeck and Gonzalez (1977) with labeIIed wheat suaw added to 12 different 

Costa Rica soils. Ladd et al. (198 1) found that the average rate of breakdown of 

Medicago litforalis (rnedic) tissue in southem Australian soils during the rapid phase of 

decomposition was slower than that for ryegrass tops decomposing in tropical Nigerian 

soils. However, most field studies have not utilized short enough tirne intervals to obtain 

an adequate masure of the kinetics of decomposition during the early rapid period. 

There is a paucity of information on the role of environmental factors in residue 
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decomposition. Stott et al. (1986) have shown that wheat straw decomposition increases 

with increasing temperature between O°C and 30°C and with increasing water potentid 

between -5.0 and O MPa. In laboratory studies, Summerell and Burgess (1989) found that 

the decomposition rate of wheat and barley straw, as measured by dry weight loss, was 

highest at -0.1 MPa, and decreased as the extemal water po tential was 10 wered. The 

decrease in the dry weight of straw was less at -0.01 MPa than at -0.1 MPa for both 

buried and surface applied straw. The decrease in dry weight of the burieci straw was 

greater than that of the surface straw, except at -0.01 and -5 MPa, where the decrease in 

the dry weight of the surface straw was greater, presumably because anaerobic soil 

conditions retardeci decomposition of the buried straw. The loss in dry weight of the 

straw increased as temperature increased fkom 5 to 30°C. The loss in dry weight of the 

surface straw was srnaller than that of the buried straw at aU temperatures examined. 

These findings, that high temperatures and water potentials just below field capacity were 

the most favourable environmental conditions for the decomposition of cereal straw, are in 

general agreement with reports of Bartholornew and N o m  (1946), Parr and Papendick 

(1978) and Stott et al (1986). These conditions are favourable for the activity of the fun@ 

and other heterotrophic rnicroorganisrns responsible for the decomposition of crop 

residues (Magan and Lynch, 1986). 

In addition to c h t i c  and soil texture effects, decomposition rates can be altered 

by management practices such as cropping sequences and tillage systems. Jenkinson 

(1977b) reporteci that the decomposition of ryegrass roots was considerably slower in soil 

under a continuous cover of ryegrass than when the same soil was kept bare. The 
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reduced rate of decomposition caused by the growing grass ended when the grass crop 

was removed. Other field studies by Fuhr and Sauerbeck (1968) found that keeping soils 

under wheat, sown annually, slowed the decomposition of added plant residues compared 

to bare fdlowed soiL However, the effects were s d e r  and more transient than those 

found by Jenkinson (1977b). The decreased rate of decornposition in the presence of 

growing plants has k e n  attributed to the reduction in soil moisture associated with 

growing plants and the reduction in rnicrobial activity resulting fkom reduced moisture 

availability (Shields and Paul, 1973; knkinson, 1977b). However, Sparhg et al. (1982) 

found that barley plants reduced the evolution of 14C0, by 70% during decornposition of 

14C-labelled ryegrass under moist conditions in the laboratory. More than one-half of the 

reduction in organic matter decomposition was accounted for by the uptake of labelleci C 

by the plant roots, with very Little of the labded C king associated with the plant shoot. 

Chernical fiactionation of the root tissue showed that the labelled C was present primarily 

in the structural components of the root tissue, suggesting that the low rnolecular weight 

compounds released during decomposition had been taken up by the plant and used for 

biosynthesis of root tissue. Photosynthetic %cation of labelled CO,, evolved nom the soil 

during decomposition, with subsequent translocation to the roots and back to the so& did 

not significantly conaibute to the conserving effect. JenkUison (1 977b) found that the 14C 

content of grasses growing in microplots in his decomposition studies was too low to be 

detected. Voroney (1 984) folIowed the rate of mineralization of C and N denved from 

14C-, lSN-labelled barley crop residues under field conditions over four growing seasons in 

t h e  Saskatchewan soils managed under continuous wheat and under conventional wheat- 
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sumrfallow rotation. The effects of management on the rates of residue C and N 

mineralkation were most evident over the short term Residue C and N were rnineralized 

much more readily under a wheat-surmnerfdow rotation than under the continuous wheat 

culture for the first two growing seasons. Thereafier the di&rences gradually decreased, 

until after four seasons management effects were only evident in the more arid soiL Major 

losses of labeUed N occuned during the period when the soils were fallowed, with ody 

marginal losses during cropping. Continuous cropping significantly reduced losses of 

labelled N when compared to the crop-sumrnerfallow rotation. This was attributed to 

more efficient utilization of mineralizcd labelled N by crop uptake and p a t e r  retention in 

the soil as stabilized organic constituents. Roder et al. (1988), while investigating the 

effects of cropping systerns and fertility management, found that the cropping system 

influenced both the niicrobial biornass and the crop rooting patterns in the surface O to 30 

cm of soil as well as the dry matter partitionhg between above ground crop growth and 

below ground pools of roots, microbid biomass and organic matter. These data suggest 

that while a growing crop can influence the rate of decomposition, it also can affect the 

partitionhg of fixed carbon into below- and above-ground pools. This effect on carbon 

allocation will result in an alteration in the carbon balance of the system, especially when 

portions of the crop are harvested. 

Rates of decomposition have also been shown to be afFected by tillage systerns. 

Under conservation tillage, more of the crop residues are retained on the soiI surface when 

compared to the mkhg and incorporation that occurs under conventional tillage systerns. 

The use of crop residues as a surface soil mulch for the purpose of soii and water 
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conservation has emphasized the need for determining the rate of decomposition of 

various crop residues when lefi at the soil surface as compared with conventional rnethods 

of incorporation. As soon as plant residues are retumed to the soil, either on the soil 

surface or incorporated into the s o l  they begin to decompose. The rate of decomposition 

of crop residues at the soil surface is of direct concem, because the amount of protection 

the residues a o r d  the soil is inversely related to decomposition (Wischmeier and Smith, 

1965). whüe the release of nutrients to subsequent crops is directly proportional to the 

rate of decomposition (Power and Legg, 1978). Soils under reduced tülage regimes tend 

to be wetter, cooler and more compact with decreased potential C mineralization tillage as 

a result of accumulation of crop residues at the soil surface (Woods and Schuman, 1988). 

However, Doran (1980b) found higher amounts of potentiaily mineralizable N in the upper 

soil Iayers under reduced tiilage but Iower arnounts of potentiaily mineralizable N at 

depths below 15 cm These studies suggest that tillage also plays a key role in organic 

rnatter dynamics. 

The retum of crop residues to the soil surface rather than their direct incorporation 

into the soil is most comrnonly found in unmanaged ecosystems. Plant residues left on the 

soil surface offer better opportunity for aerobic rather than anaerobic decomposition to 

take place at the soil-residue contact zone. However, the rate of residue decomposition 

may be slowed under these lower water potentials, thereby extending theû tirne of 

effectiveness for controlling wind and water erosion (Parr and Papendick, 197 1). In 

addition, the crop residue mulch as a medium for microorganisms is subjected to rapid 

fluctuations in temperature and moisture conditions because it is the first to receive 
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moisture fkom precipitation and condensation and the first to dry fiom evaporation (Parr 

and Papendick, 1978). In contrast, hcorporated residues remain at a more constant 

temperature and are subjected to Iess rapid drying. 

In contrast to incorporated residues, when residues are at the soil surface, the soil 

does not have much of an opportunity to supply nutrients to the decomposing organisms. 

These organisms must then rely largely on the crop residues for their nitrogen and other 

nuaient requirernents. When residues are intimately mixed with the soil, nutrients needed 

by the decomposing organisms rnay be directly supplied by the soil in cases when 

insufncient amounts are available within the decomposing residues. McCaila and Duley 

(1 943) found that wheat residues with a high C:N ratio decomposed much more slo wly 

when left at the soil surface than when incorporated. This reflected the deficiency of the 

straw in providing the necessary nutrients to meet the needs of the decomposing 

organisms. In contrast, alfaifa residues with a much lower C:N ratio decomposed at 

similar rates whether they were left at the soil surface or incorporated into the SOL Since 

the alfaifa tops were nch in nitrogen and other nutrients, imrnobilization of nutrients fiom 

the soil was not necessary for the decomposition process. Stotzky and Norman (1961a, b) 

showed that addition of nutrients such as nitrogen, phosphorus and sulfur c m  accelerate 

the decomposition of organic substrates in SOL Where crop residues of a wide C:N ratio 

are applied to so& the rate and extent of their decomposition can be increased by addition 

of inorganic sources of nitrogen both under aerobic and anaerobic soil conditions (Parr et 

al., 1970). 

A numbcr of researchers have conducted both laboratory and field experiments to 
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determine the rate and extent of decomposition of various crop residues as affecteci by the 

mthod of nsidue management. Unfortunately it not possible to compare these resdts 

because of the various soil types, residues, experirnental treatments and conditions that 

have been utiüzed. McCalla and Ddey (1943) investigated the decomposition of wheat 

straw and corn stalks either placed on the soil surface or incorporated into the soiL When 

straw or corn stalks were left on the surface of the soil, they remained undecayed for a 

longer penod than when they were incorporated, with visible corn staik residue remaining 

after 18 months of decomposition. In simiIar studies, Goodding and McCalla (1945) 

reported that the rate of decornposition of wheat straw and corn staJks were essentially the 

same whether the residues were mixeci with the soil or lefi at the soii surface. Parr and 

Reuzer (1959) reported that the rate of decomposition of wheat straw incorporated into 

the soil was substantially greater than when straw was applied in a band or layer. 

However, this effect was only found during the initial week of incubation, and following 6 

weeks of decomposition in the laboratory there was linle difference between the two 

methods of placement in the total amount of straw decornposition. Brown and Dickey 

(1970) investigated the decomposition of wheat straw by enclosing residues in fibreglass 

litter bags and placing them in the soil at a depth of 12 cm, on the soil surface, and 2.5 cm 

above the SOL Following 18 months of decomposition, 93% of the buried residue had 

decomposed, while only 31% and 22% of the residue placed at the soil surface and above 

the soil surface respectively had been degraded. Sain and Broadbent (1977) reported 

singlar results using this same technique with nce straw. Following 5 months of 

decomposition, 43% of the buried straw, 26% of the surface straw, and 10% of the straw 
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suspended above the soi1 surface had been decomposed. 

In a laboratory study (Voroney, 1984), surface applied mke residues minerahxi 

more slowly than maize residues mixed with the soil under the same relative humidity 

atmosphere. In the field, moisture and temperature r e m s  would deviate far fYom the 

near optimum Iaboratory conditions, resulting in an even greater Merence in the 

mineralization rates of crop residues managed under these two tillage treatmen ts. 

Similarly, Mott et al. (1 98 8) found that approxiniately 70% of buried corn staik carbon 

remained after a 119-day laboratory incubation, whiie 90% of corn stalk carbon remained 

after the same time period when the residues were surface applied. Field studies have 

s ho wn that surface placemnt of plant residues resulted in reduced mineralization rates 

when compared to incorporation of plant residues (Parker 1962; Brown and Dickey, 

1970). Fenster and Peterson (1974) showed that a chernically failowed soi1 lost only 20- 

25% of its residues during a 14-month period, whiIe a stubble mulch treated soil lost 55- 

75% and moldboard plowed soils lost 90-95% as measured by the litter-bag technique. In 

contrast, Nyan (1962) found whole plant segments of 14C-labelled blue-gramma herbage 

either mixed with soi1 or placed on the soil surface for 412 days in the field showed carbon 

losses of 39% and 501, respectively. Although the rates of carbon loss were initially 

s h i h ,  plant segments placed at the soil surface lost carbon significantly faster than plant 

segments rnixed with the soil during the later part of the study. It was suggested that 

following precipitation events that only moistened the uppermost soil layer, the rate of 

decornposition of plant material in this zone might be greater than plant material deeper in 

the soi1 profile where water stress iimited rnicrobial activity. 
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The soil environment daers considerably under conventional tiJlage compared 

with that under no-tillage. In general, soils under no-tillage are wetter, have different 

temperature regimes and are more compact than those under conventional tiUage (Unger 

and McCalia, 1980; Hambh, 1987). Cultivation accelerates the decomposition of soil 

organic rnatter by soil organisms through the creation of favourable soil water, aeration 

and temperature relationships and substrate-nutritionai environments (Doran and Scott- 

Smith, 1987). Excessive tillage can lead to soil degradation through reduction in soil 

organic matter content and increased susceptibility to wind and water erosion (Campbell et 

al., 1990; Grant and Lafond, 1994; Langdale et al., 1985). In contrast, no-tillage 

practices may d u c e  the degradation of organic matter through less incorporation of the 

crop residues with the soil and reduced aeration @oran, 1980b), and increased 

stabilization and aggregation (Loch and Coughlan, 1984; Dalal, 1989). thus providing a 

physical protection against decomposition by microorganisms and extraceUular enzymes. 

The question thus arises as to whether conservation tillage where crop residues are 

returned to the soil will maintain or increase oganic matter in soils with a long history of 

cultivation by traditional rnethods. 

From these and other studies, the general view that has emerged is that 

conservation tillage, especially zero or no-tillage, results in increased biological activity 

and biomass, increased soiI organic cornponents (C,N,P), increased soil moisture and buik 

density, and decreased soil temperature, aeration and pH at the soil surface. 

Paradoxically, most studies have indicated that plant residue decomposition is reduced 

under this system and should lead to reduced or s i . .  arnounts of total soi1 C as found in 
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conventionally tilied soils. However, indirect evidence for reduced crop residue 

decomposition has k e n  cited as king responsible for increased total carbon at the soil 

surface under a number of cropping systems (Moschler et al., 1972; Blevins et al., 1977; 

Doran, 1980b; Blevins et al., 1983b; Dick, 1983; Rice and Smith, 1984; Doran and Scott- 

Smith, 1987). S taley et al. (1988) suggested that such effects were evident for only 1 year 

under no-tillage. In contrast, sorne studies have reported little or consistent absence of 

such a cillage effect on total soil C (Moschler et al., 1972; Dorao. 1980; Powlson and 

Jenkinso n, 198 1 ; Carter and Rennie, 1982). While cultivation has k e n  sho wn to 

accelerate the oxidation of organic rnatter through changes in soi1 water relationships, 

aeration and temperature regirnes and nutritional enviromnt and theu effects on the 

decomposing organisrns @oran and Scott-Smith, 1987), iittle information is available 

conceming differences bet ween tillage effects on the rate of residue mineralization, 

organic matter content and other soiI characteristics for coarse textured soils such as those 

found in southwestern Ontario. 

Altho ugh management practices and climatic conditions influence the initial rate of 

decomposition of plant residues in arable soils, the differences in the proportions of 

residual C in soil at the end of the initial rapid phase of decomposition are usuaily srnall 

(Jenkinson, 1977b; Ladd et al., 1981). While rates of decay of plant residues added to soil 

have often been described by simple exponentiai functioas, it has been established that 

over long penods of investigation, decay rates may decrease with time (Jerkinson, 1977b; 

Sauerbeck and Gonzales, 1977; Ladd et al., 1985). This finding is consistent with the 

observed accumulation of increasing proportions of stable organic matter. By the end of 
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the rapid phase of the decomposition process, most of the crop residue constituents have 

undergone decomposition and an present as M g  rnicrobial cells and stabilized miCrobial 

products (Oberlander, 1973; Shields and Paul, 1973; Sauerbeck, 1968; Jenkinson, 1977b). 

However, lignin, the most resistant of the major plant constituents, is decomposed slowly 

in the soil by a select group of microorganisms (JenlOnson and Tinsley, 1959). During the 

initial rapid phase of decomposition less than 20% of the lignin origindy present in the 

residue would have been mineralized (S tott et al., 1983). Part of the residual 

decomposition products, such as the autolysed microbial c e k  and extracellular rnicrobial 

metabolites, may undergo oxidation reactions, resulting in the formation of humic 

substances (Sorensen, 1967; Wang et al., 1983). At aiI other stages of decornposition 

prior to ring cleavage, lignin hctions and other aromatic compounds are subject to 

polymerization reactions with resistant humic constituents (Kassim et al., 1982; Martin et 

al., 1982; Stott et al., 1983). As a result of these oxidation and polyrnerization reactions, 

less of this residuai material is readily available to be utilized by the micro bial population 

as an energy source. 

In addition, many decomposition products may becorne associated with soil 

particles resulting in the formation of soil aggregates and thus becorne physicaiiy protected 

fiom microbial attack (Tisdall and Oades, 1982). This is consistent with the observations 

in many studies which report that soils of higher clay content retain higher proportions of 

added plant residues (Amato et al., 1987; Jenkinson, 197 1, 1977b; Ladd et al., 1985; 

Sorensen, 1972, 1975; 1981). However, Jenkinson (1966) believes that this effect may be 

in part due to greater Ieaching losses in coarser-textured soiIs resulting in losses of carbon 
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fkom the sampled zone and in part due to the effect of soi1 colloids. On the other hand, 

soil colloids, particularly clays, may be shielding the added organic material fiom 

decomposition by adsorbing the rnaterial onto soi1 surfaces or entrapping the rnaterial 

within aggregates, thereby pro tecting the rnaterial f?om soil microorganisms and 

extracellular eriIymes. In these studies. the effect was apparent at the completion of the 

initial rapid decay phase and persisted for the remainder of the study. Similar effects have 

k e n  reporteci by Ladd et al. (1985) for legurne residue decomposition after 8 years, but 

were not observecl earlier in the study. Furthemore, net muieralization rates of residuai C 

and N during the slow phase (2-10 years) have k e n  found to be rernarkably similar at 

widely different locations, with half-lives equal to 8-9 years for C and 10-15 years for N 

(Voroney, 1984; Ladd et ai.. 1981; Sauerbeck and Gonzales, 1977; lenkinson, 1977b). 

Turnover of this recently stabilized organic matter, comprised of living biomass, niaobial 

products, and stabilized plant components, was only rnarginaiiy Sected by vast 

differences in climate at these sites during this phase of decomposition. Physical-chernical 

reactions with both soil organic and inorganic constituents and physical protection 

dorninated the long-term rates of mineralization of C and N derived fiom crop residues 

(van Veen and Paul, 1981; Tisdaii and Oades, 1982; Anderson and Paul, 1984). 



3. Materiais and Methods 

3.1 Field Study 

3.1.1 Site Description 

3.1.1.1 Soiis 

This study was conducted at the Agriculture Canada Research Station, Delhi, 

Ontario (42" 52' N, 80" 3 1' W) £kom 1990 to 1993. Experimental plots were established 

during the 1988- 1989 growing season in an area that had k e n  in a two year flue-cured 

tobacco-fall rye rotation f?om 1933 to 1988. 

The soils at the study site are classified as Brunisolic Gray Brown Luvisols and are 

members of the Fox senes. These soils have developed fkom parent materials deposited 

on the nearshore glaciolacustrine deposits of the Norfolk sand plain (Chapman and 

Putnam, 1966). The topography of these deposits ranges fiom level to moderately sloping 

with slopes of 2-5%. The surface Ap horizons of these soils typically consist of 20-25 cm 

of sand, loarny sand or loarny h e  sand underlain by 20-80 cm of other A and B horizons 

cornposed of sands or loamy sands (Presant and Acton, 1984). In most Fox soils, the Bt 

horizon has a wavy or tonguing contact with the calcareous Ck horizon. The top of the 

Ck horizon has a rnean depth of 70 cm, but ranges in depth from 40 to 100 cm The Ck 

horizon is usudy strongly or very strongly calcareous sand. S o m  soil properties of the 

site are given in Table 3.1. 



Table 3.1: Soi1 properties at the Deihi Research Station. 

Bulk 
Depth Carbon* Nitrogen C S  PH Density 

3.1.1.2 Clirnate 

The Delhi Research Station is within the Lake Erie counties climatic region 

@ r o m  et al., 1968). This area has a continental clirnate modified by the Great Lakes. 

This results in cooler s p ~ g  temperatures and a slightly longer fiost h e  period than 

regions West of the Great Lakes at the same latitude. The Delhi Station receives an 

average of 957.0 mm of precipitation annuaily, of which 823.7 mm occurs as rain and 

133.3 mm occurs as sno W. The greatest amounts of rainfd occur during the months of 

April, August, November and December, with the greatest snowfall occurring in the 

months of January and February. Total precipitation during the growing season (May - 

October) averages 463.4 mm. Mean annual maximum air temperature at the site is 

12.9"C, with the warmest month king July with a rnean maximum temperature of 27.2'C 
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Table 33: Monthly precipitation for study years and 56-year average at Delhi, Ontario. 

1990 81.6 124.0 58.2 74.4 112.9 83.8 83.7 102.7 88.6 91.5 90.8 177.6 1169.8 
1991 37.2 41.6 98.2 103.5 65.0 40.0 182.2 63.0 42.2 98.9 86.5 73.8 932.1 
1992 96.7 64.6 55.8 102.9 41.2 77.9 174.5 102.0 120.2 80.4 161.8 84.1 1162.1 
1993 123.9 41.5 71.3 96.8 57.5 120.6 37.4 34.4 82.9 90.5 64.1 46.8 867.7 

56-yr. ave. 68.9 67.2 81.1 87.2 80.6 77.1 76.6 86.2 84.3 75.0 86.8 86.8 958.0 



Table 33: Mean air temperatures for sîudy years and 56-year average at Deihi, Ontario. 

Year Jan.  Fcb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct, Nov. Dec. 

1990 -0.7 -2.9 1.4 13.3 11.6 18.1 20.4 19.7 15.8 9.4 5.3 -0.3 
199 1 -5.2 - 1.9 2.1 9.2 17.1 20.2 21.0 21.1 15.4 10.9 3.0 -1.5 
1992 -3.7 -1.2 -0.4 5.6 13.4 16.6 18.9 18.3 15.6 7.8 3.7 -1 .O 
1993 -3.0 -7.3 -1.7 7.2 12.9 18.0 21.7 2 I .2 14.0 8.7 3.5 -2.5 

56-y. ave. -5.5 -4.9 -0.5 6.5 13.2 18.3 20.9 19.9 15.9 9.9 3.6 -2.8 



Table 3.4: Mean maximum air temperatures for study years and 56-year average at Delhi, Ontario. 

Year Jan. Feb. Mar. Apr. May J un. h l .  Aug. Sept. Oct. Nov. Dec. 

1990 2.4 1.2 5.6 13.5 17.5 23.7 26.3 25.4 20.6 14.0 9.7 3.2 
1991 -1.6 1.2 6.3 14.0 23.2 26.8 27.5 27.6 22.2 15.9 6.9 3 .O 

1992 -0.1 0.5 4.5 1 0.5 20.3 23.4 24.2 23.8 20.9 13.2 6.7 2.3 

1993 0.3 -2.7 2.5 12.9 19.7 24 .O 27.9 27.8 18.9 13.7 7.2 0.8 
56-yr. ave. -1.8 -0.9 4.2 12.1 19.4 24.8 27.2 26.0 21.6 14.8 7.5 0.8 
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Table 3.5: Mean minimum air temperatures for study years and 56-year average at Deihi, Ontario. 

Y ear Jan. Feb. Mar. Apr . May Jun. Jul. Aug . Sept. Oct. Nov, Dcc. 

1990 -3.7 
199 1 -8.7 

1992 -7.3 

1993 -6.2 
56-yr. ave. -9.2 
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F i e  3.1: Daiiy precipitation at Delhi during 1990, 

Figure 33: Daily precipitation at Delhi during 1991. 

(138.8 mm) 

156 182 208 
Julian Day 



Figure 33: Daily precipitation at Delhi during 1992. 

Figure 3.4: Daily precipitation at Delhi durhg 1993. 
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and a mean minimum temperature of 14.6OC. Mean annuai minimum temperature at the 

site is 2.7OC, with the coldest rnonth king January with a mean maximum temperature of 

- 1 .g°C and a mean minimum temperature of -9.3OC. On average. there are 137 fiost-î3ee 

days per year at the Delhi site. Detailed weather information for the 56-year period £iom 

1935- 1991 as weli as for the 4 years since initiation of the study are presented in Tables 

3.2, 3.3, 3.4 and 3.5. Daily precipitation for each of the three years is presented in Figures 

3.1, 3.2, 3.3 and 3.4. 

3.1.1.3 Experimental Design 

The study was designed as a long-term, rotation experiment cornprising three 

cropping systerns, continuous corn, a winter rye-flue-cured tobacco rotation and a winter 

wheat-soybean rotation, rnanaged under two tillage regimes, conventional and 

conservation tillage. The experimentai area was divided into two separate areas or series. 

Ho wever, unlike rotation experirnents with k e d  rotations in which each senes only carries 

one of the crops in the rotation, each of the senes in this study canied one of the two 

crops in each of the two rotations as weii as corn in a given year. Each senes area was 

subdivided into four blocks. The six factoriai treatments were arranged in a randornized 

complete block design within each of the two series at the initiation of the experiment. 

Treatments were maintained on the same experimental plots for the duration of the study 

because of the fixed cropping and tilIage systerns. Each senes was 0.55 hectare and each 

plot was 0.0189 hectare. 



3.1.2 Field Site Establishment 

3.1.2-1 Establishment of Treatments 

Field plots were established during the fd of 1988. Three cropping systems were 

chosen to characterize Merences in the amounts and quality of organic rnaterial added to 

and lost fkom this soil: i) a flue-cured tobacco-fall rye rotation was established to study the 

organic matter dynamics that occur under the current established cropping system, 6) 

continuous corn culture was chosen to determine the organic matter dynamics that occur 

with a shift fiom a two-year crop rotation to continuous row cropping and ui) a soybean- 

winter wheat rotation was estabüshed to study the conditions which occur when a two- 

year rotation consisting of dinerent crops replaces the existing crop rotation. AU 

management practices for the various cropping systems foliowed recomrnendations set out 

by the Ontario Ministry of Agriculture, Food and Rural Affairs in Publications 296 and 

298. 

Each cropping system was managed under two tiliage systems, conservation and 

conventional. The tobacco-fali rye rotation managed under conservation tillage utilized 

zone tillage in the area of the to bacco rows and no tiliage of the winter rye crop. The 

continuous corn and soybean-wheat rotations under conservation tillage involved no- 

tillage practices. Conventional tillage treatmnts for ail cropping systems consisted of 

s p ~ g  moldboard ploughing to a depth of 15 cm followed by discing twice to a nominal 

depth of 10 c m  This tillage was sufficient to incorporate the rnajonty of the crop 

residues. In preparation for seeding winter cereal crops, crop residues were incorporated, 

first with a rototiller followed by discing to a depth of 10 c m  No-tillage planting of a11 



0 se ri plot 1 IM;.;:PIO~ 
1 Continuous Corn Conventional Tillagt 
2 Continaous Corn Conservation Tillage 
3 Tobacco-Rye Conventional Tillage 
4 Tobacco-Ryt Conservation TiUagt 
5 Soybtan-Wheat Conventional Tillage 
6 Soybean-Wheat Conservation Tillegc 

Series 1 1990: Corn, Rye, Whtat. 
Series 2 1990: Corn, Tobacco, Soybean. 

Figure 3.5: Site plan showing experimental design and plot layout. 
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crops was perfomd using a double-disc planter assembly following a fluted coulter. 

Zone tillage of the plots planted to flue-cured tobacco involved rototilling 25-cm wide 

strips, spaced 1.07 m apart to a depth of 10 cm Transplanthg and other crop 

management operations were perfomied within this tilled area. AU tillage systerns 

followed guidelines set out by the Ontario Ministry of Agriculture, Food and Rural A f f ' s  

and research findings in the area. 

Series 1, which contained soybean, flue-cured tobacco and grain corn crops in 

1989, was established on a site following fluetured tobacco production in 1988. Series 2, 

which contained winter wheat, winter rye and grain corn crops in 1989, was established on 

an adjacent site following winter rye production in 1988. Each experirnental field plot 

measured 8.6 m x 20.0 m and consisted of two areas, a macroplot area and a microplot 

area (Fig.3.5). The microplot areas consisted of a 2.5 m x 3.5 rn area in which 14C- 

labelled plant material was produced and subsequently used to study the decomposition of 

the various crops. The size of each microplot was detemiined by the particular crop 

grown in the plot in 1990 and is outlined in section 3.1 .M. AU rnicroplots were 

completely bordered by 1.0 m of crop. The rnacroplot area consisted of the rernainder of 

the plot area. Crop yield was detemiined by machine harvesting the grain crops and hand- 

harvesting the flue-cured tobacco crop fiom the centre rows contained in the West portion 

of the rnacroplot area over a 20 m length. The rernaining east portion of the rnacroplot 

area was used to determine total crop dry rnatter and crop residue biornass, and soil 

physical and chernical parameters. Macroplot areas were managed utilizing field-scale 

Mage, planting, fertilizing and harvesting equiprnent while microplot areas were tilled. 
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seeded, fertilized, harvested and threshed by hand. 

In the f d  of 1988,winter rye (cv Danko) at a rate of 125 kg ha-' was seeded in 20- 

cm row spacing into ail flue-ciired tobacco-winter rye and continuous grain corn plots 

containted within Series 2. Winter wheat (cv Augusta) was seeded at a rate of 135 kg ha*' 

in 20-cm rows bto all soybean-winter wheat plots contained within Series 2 in the fail of 

1988. AU plots in Senes 1 were seeded to winter rye using the sarne variety and seeding 

rates as the winter rye plots contained within Series 2. 

AU plots, except those in winter wheat or f d  rye production contained within 

Series 1, were sprayed with 0.90 kg ha-' glyphosate (isopropylarnine salt of N- 

(phosphonomthyyl) glycine) in the spring prior to tillage operations to kiIl the cover crop 

and emerged weeds. On April20 of 1989 ail conventionally tilied plots in series 1 and 

conventionally taed C O ~ M U O U S  corn plots in series 2 were moldboard plowed to a depth 

of 15 cm, followed by a single discing and cultivation. In ail subsequent years. 

conventionally tiiied plots growing grain corn, flue-cured tobacco or soybean were tilled in 

a similar mamer in mid-April. Following harvest of the winter rye and winter wheat plots 

on July 24, 1989, crop residues were incorporated into aiI conventionally tilled plots, first 

with a rototiller set at an incorporation depth of 10 cm and then with a disc trailed by a 

packer. 

3.1.2.2 Crop Management 

3.1.2.2.1 Grain Corn Management 

Grain corn (Zea mays L. cv Pioneer 3737) was planted on May 15. 1989, May 15, 
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1990, May 13, 1991, May 12, 1992 and May 11, 1993 at a seeding rate of 61.000 seeds 

ha-' in 76-cm row spacing using a John Deere &xi-planter. At p l a n ~ g ,  a starter fertilizer 

was appiied dong with the seed. In 1989 a solid starter fertilizer (5-10-30) was banded 5 

cm to the side and 5 cm below the seed at a rate of 100 kg ha-' at planting. In all 

subsequent years a Liquid starter fertilizer (6-24-6) was injected into the seed furrow at a 

rate of 34 L ha-' to yield 2 kg N, 8 kg P,O, and 2 kg &O ha1 at planting. An additional 

1 50 kg N ha*' was applied as liquid UAN (50% urea, 50% ammonium nitrate) injected 

between the corn rows at a depth of 10 cm at the six leaf stage of corn development. 

Weed control involved a single pre-emergence broadcast application of metachlor (2- 

chloro-N-(2-ethyl-6-methylphenyl)-N-(2-~l-rnethyl) acetamide) at a rate of 1.92 

kg ha-' plus cyanazine 2-[[4-chloro-6-(ethylamino)-s-aiazine-2-y~]amho 1-2- 

methylpropioninile at a rate of 1.80 kg ha-' on May 22 1989, May 23, 1990, May 15, 

1991, May 15, 1992 and May 13, 1993 for both conventional and conservation tillage 

treatrnents. Corn grain yield was measured by machine harvesting the centre row from 

each rnacroplot in 1989, 1990, 1991 and the two cenae rows 20 m long from each 

rnacroplot in 1992 and 1993. Harvest dates were October 20, 1989, October 23, 1990, 

October 2, 1991, October 20, 1992 and October 29, 1993. Grain corn yield was adjusted 

to a 155 g kg" moisture basis. 

3.1.2.2.2 Flue-Cured Tobacco Management 

Flue-cured to bacco (Nicotiano tobaccum cv Candel) was gro wn in greenhouse 

seedbeds according to recomrnended guidelines, and transplanteci on May 25, 1989, May 
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25, 1990, May 27, 1991, May 28,1992 and May 26,1993 in 1.07 m rows with 0.61 m 

plant spacing to give a h a 1  plant population of 15,377 plants ha-'. A solid f e e r  

mixture was applied in bands 10 cm on each side of the transplant row and 10 cm deep at 

a rate of 17.5 kg N ha-', 20 kg P205 ha-' and 150 kg K,O ha-' at the t h e  of transplanting. 

An additional 17.5 kg N ha-' was appüed as solid ammonium nitrate in bands 10 cm deep 

and about 20 cm on each side of the plant ro w four weeks after transplanting. FoiIowing 

tillage operations, Vorlex CP (1,3-dichloropropene and other related chlorinated 

hydrocarbons, methyl isothiocyanate, chloropicrin) was injected into the soi1 at a rate of 

65 L ha-' to a depth of 20 cm at a spacing of 1 .O7 m and sealed by bedding on May 8, 

1989, May 9, 1990, May 10, 1991, May 12, 1992 and May 7, 1993. Cypermethrin ((f) a- 

cyano-(3-phenoxyphenyl) methyl (*)-cis,trans-3-(2.2-dicMoroetheny1)-2,2- 

dimethylcyclopropanecarboxylate) was applied as a preplant broadcast application on May 

14, 1989, May 14, 1990, May 15, 1991 at a rate of 105 rnL ha" with pennethrin ((3- 

Phenoxyphenyl) methyl(f) ch, trans-3-(2,2-djchloroetheny1)-2.2 

irnethylcyclopropanecarboxylate) applied as a preplant broadcast application on May 13, 

1992 and May 11, 1993 at a rate of 105 rnL ha-' for early insect control. In aIl years, 

acephate (0,s-Dimthyl acetylphosphoramidothioate) was applied as a row application at 

a rate of 563 g ha-' about August 10 as a late insect control. Fusilade 125 g ai  L" was 

applied at 0.25 kg ai. ha-' fluazifop-p-butyl @utyl(R)-2-14-[[S-(trifluoromethy1)-2- 

py~idinyl]oxy]phenoxy]propanoate) as a broadcast application on June 21, 1989, June 23, 

1990, June 4, 1991, June 22,1992 and June 24,1993. Ali tobacco plots received one or 

more applications of irrigation water in aU years except 1992. Foliowing removai of the 
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terminal bud between June 23 and 27, axillary bud growth was controlled with two 

applications of a mixture of C8-Cl0 fatty alcohols appIied at bud removal and every 5 to 7 

days thereafter. Rueîured tobacco yield was measured by hand harvesting leaves kom 

20-m of the centre row containeci within the macroplot on weekly intervals for 5 weeks 

beginning about August 7, and curing these leaves in tobacco kilns according to 

recommended procedures. The weights of cured leaves fiom each priming were combineci 

to determine the total cured leaf yield. 

3.1.2.2.3 Soybean Management 

Soybean (Glycine m a  cv Maple Donovan) was pianted at a rate of 400,000 seeds 

ha-' in 40-cm row spacing (17 seeds per hear rnetre) on May 25, 1989, May 24, 1990, 

May 21, 1991, May 25, 1992 and May 26, 1993. Seed was pretreated with a mixture of 

carbathün and thiram, and innocuiated with a granular formulation of rhizobium at a rate 

of 13.5 kg ha". Weed control was provided with a preplant broadcast application of 

metachlor (2-chloro-N-(2-ethyl-6-methy1phenyl)-N-(2-thoxy-l-methyl) acetamide) at a 

rate of 1.68 kg ha-' on May 22, 1989, May 23, 1990, May 16, 1991 , May 18, 1992 and 

May 21, 1993. A post-emergence application of Excel (fenoxaprop-p-ethyl) at a rate of 

(1.36 L) 0.054 kg ha-' plus Basagran (2.29 L ha-') bentazon (3-(1-methylethy1)- l H-2,1,3- 

benzothiaIlialrin-4 (3H)-one 2,2-dioxide) at a rate of 0.84 kg ha-' on June 15, 1992 and 

June 22, 1993. Soybean yield was determineci by machine harvesting 20 m fkom the three 

centre rows of each macroplot on Oct. 5, 1989, Oct. 2, 1990 and Oct. 3, 199 1 and 20 m 

fiom the four centre rows of each macroplot on Oct. 6, 1992 and Sept. 30, 1993. Grain 



48 

yield was adjusted to a 140 g kg" moisture basis. 

3.1.2.2.4 Winter Wheat Management 

Winter wheat (Tnn'cwn aestivwn cv Augusta) was seeded at a rate of 135 kg ha'' 

in 20-cm row widths on Sept. 28, 1988,0ct.llT 1989, Oct. 5, 1990, Oct. 15, 1991 and 

Oct.20, 1992 to give a final population approxirnaîing 320 plants ni2. Fenilùer nitrogen 

was applied as a broadcast application of ammonium nitrate at a rate of 90 kg N ha-' on 

ApriI 18, 1989, Apd  25, 1990, April17, 1991, April 15, 1992 and April13, 1993. Weed 

control was provided by an application of 2,4-D, dicamba and mecoprop at a rate of 0.41 3 

kg ha-' on May 10, 1989, May 9,1990, May 12,1991, May 14, 1992 and May 12, 1993. 

Wheat yield was detemiined by machine harvesting a 1.25 m x 20 m area fkom the centre 

of each microplot on July 24, 1989, July 27, 1990, and July 10, 1991 and a 1.4 m x 20 m 

area fiom the centre of the rnacroplot on July 28, 1992 and July 28, 1993. Grain yield was 

adjusted to 140 g kg" moisture basis. 

3.1.2.2.5 Winter Rye Management 

Winter rye (Secale cereale cv Danko) was seeded at a rate of 125 kg ha-' on Sept. 

28, 1988, Oct. 1 1, 1989, Oct. 2, 1990, Oct. 11, 1991 and Sept. 29, 1993 to give a final 

population approximating 320 plants m-2. Fertilizer Ntrogen was applied as a broadcast 

application of ammonium nitrate at a rate of 45 kg N ha-' on April 18, 1989, April25, 

1990, April 17, 1991, April15, 1992 and April 13, 1993. Weed control was provided by 

an application of 2,4-D, dicarnba and mecoprop at a rate of 0.413 kg hae' on May 10, 
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1989, May 9, 1990, May 12, 1991, May 14, 1992 and May 12, 1993. Witer rye yield 

was determinecl by machine harvesting a 1.25 m x 20 m area fkom the centre of each 

macroplot on July 24, 1989, July 27, 1990, and July 10, 1991 and a 1.4 m x 20 rn area 

fiom the centre of the macroplot on Aug. 2, 1992 and July 28, 1993. Grain yield was 

adjusted to 140 g kg-' moisture basis. 

3.1.2.3 Establishment of Microplots 

The microplot areas were used to produce field-labelIed carbon- 14 ("C) plant 

material, and subsequently used to study the dynamics of the various coqonents involved 

in crop residue decomposition and stabhtion of organic material. Microplots were 

prepared by pressing steel rectangles into the soil to a depth of 20 cm The dimensions of 

the metal dividers were deterrnined by the particular crop grown in the plot in the year of 

labehg. Microplots established in plots growing tobacco in 1990 contained four plants 

and rneasured 2.14 m x 1.22 m. Microplots established in plots growing fall rye or *ter 

wheat in 1990 contained 320 plants and rneasured 1 .O5 rn x 1.00 m. Microplots 

established in corn plots contained 9 plants and measured 1.52 m x 1.00 rn Microplots 

established in plots growing soybean in 1990 contained a total of 48 plants and rneasured 

1.20 rn x 1.00 m. Each microplot area was bordered by 1.0 m of crop in al l  areas 

surro unding the steel dividers. Microplo t areas were tilied, seeded, fertilized, harvested 

and threshed by hand. 
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3-12.4 Preparation of l4C-la beUed C ro p Residues 

Studies providing infomiation on the dynamics of residue denved carbon and 

nitrogen have often utilized residues produced in growth chambers with a continuously 

14C-labelled atmosphere and either "N-labe~ed fertilizers added to the soi1 or hydroponic 

solution. This technique requires intricate growth cabinet facilities, is often iimited to 

studies on immature plants, and can affect the distribution of photo-assimilates so the 

resulting material is not representative of field grown materid For this study, a repeated 

pulse-labelling technique was chosen to allow I4C assimilation to take place during ail of 

the growth stages of the plant. This technique was used for Iabelling the plants because it 

allows carbon partitionhg that is more field-representative than either labelling at only one 

growth stage or continuously labelling of plants in growth chambers and harvesting prior 

to the initiation and development of the reproductive organs (Davenport and Thomas, 

1988). 

14C-labelled crop residues were prepared in situ during the 1990 growing season 

by applying repeated pulse-labellings to plants of the various crops. Pnor to each pulse of 

14 CO,, the designated microplot areas containing the plants were covered with 

polypropylene chambers. The labelling chambers consisted of a kame fashioned from 

6.35-mm round steel, covered with polypro p ylene sheeting and sealed with silicone and 

cellophane tape at the joints to prevent le&. Each chamber was constnicted of an arch 

shaped upper section to optirnize the penetration of incorning solar radiation and multiple 

rectangular shaped base sections to aliow vertical expansion of the chamber to 

accommodate plant growth. 
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Plants contained within the designated microplot areas were exposed to "CO, 

twelve times during the growing season. Labelling times and the amount of radioactivity 

applied at each pulse were based on outputs of crop simulation models for the respective 

crops. These models have been developed through the International Benchmark Sites for 

Agro technology Transfer (IBSNAT) Roject (Ceres Maize, Ceres Wheat. S O ygro. and 

Tobacgro). Since there was no mode1 available to predict the growth rate of winter rye, 

the Ceres Wheat simulation model was used and crop coefficients in the model were 

rnodined to sirnulate rye growth. 

A 14C0, pulse was applKd beginning when 4% of the total biomass accumulation 

was predicted, and was repeated whenever an additionai 8% of the total plant biomass 

accumulation was predicted by the growth simulation modeL The I4CO2 pulse was 

generated by injecting 3 mL of an aqueous N-"%O, solution with a syringe through a 

septum located in the fiame support of the upper section of the labelling chamber, into 20 

mL of 20 M (10 N) H 9 0 4  solution contained within a polyethylene beaker suspended 

fiom the sarne support within the labelling chamber. Two 12-volt battery-operated fans, 

one located immediately above the reaction vesse1 and the other located on the opposite 

wall, were used for air circulation and mixing of the ''CO, within the labelling charnber. 

The time of exposure to 14C02 for each pulse was determined by monitoring the CO, 

concentration within the charnber with an infkared CO, analyzer and terminating exposure 

when the CO, coficentration had not changed for 15 minutes. Following each "C pulse 

appücation. samples of the H,SO,-NQCO, solution used to release the 14C02 and of the 

gas remaining in the labelhg canopy were taken and analysed to d e t e d e  the residual 
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C When sumnied over ali of the labelling applications, this dowed a determination of 

the total amount of 14C rernaining in the reaction vesse1 and within the labelhg canopy 

and, by subtraction fiom the amount of 14C initially added to the charnber, the total of 14C 

assirnilated by each of the crops. 

AU plants contained within the microplots were grown to maturity and hand 

harvested by cutting the plants off at ground leveL Plants were separated into the* 

respective components of stem, leaf and reproductive organs. AU grain crops were hand 

threshed and residues hirther separated. AU iabelled crop residues were chopped to 5-cm 

lengths to preserve the physical integrity of the residues, oven dried (60°C) to constant 

weight, and were then weighed. Subsarnples of each of the plant parts were ground to 

h e r  than 100 mesh and fî-eeze dried for C and 14C. 

3.1.3 Crop Measurements and Sampling Pmcedures 

3.1.3.1 Sampling Procedures and Crop Measurements in Crop Growth Studies, 

1990-1991. 

SampIes of above-ground plant rnaterial were taken biweekly fiom the east portion 

of the rnacroplot area during the 1990 and 199 1 growing seasons. The areas sampled 

were within a designated stnp dong the east side of each plot. Each strip consisted of the 

sarne number of rows contained within the microplots for the crop and bordered by 1.0 m 

of crop on either side. Successive sampling locations were randody chosen within this 

strip. Plant rnaterial was sampled from a designated length of row by cutting the plants off 
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at the soil surface and removing the material fiom the field. Each sampling area 

comprised a different total area and number of plants for each of the crops (Table 3.6). 

Plants were separated into their component parts, dried for 5 days at 60°C and weighed. 

The total above-ground dry matter was determined by summing the individual weights for 

each of the plant parts and total non-harvested dry matter determined by summing ail plant 

parts except grain for al l  crops except tobacco and a.U plant parts except leaves in the case 

of flue-cured tobacco. AU dry weights were then adjusted to a weight per square metre 

using the dry weights and plant populations obtained in the field. 

Pnor to drying, green leaves fiom plants were counted and total Ieafarea 

determined with a Li-Cor mode1 3100 area meter. Total leaf a m  per plant was then 

adjusted to a per area b a i s  using plant populations to yield a leaf area index. 

Table 3.6: Seeding population, sampling area and number of plants sampled during crop growth 

studies in 1990 and 1991. 

Cr o p Seeding Area No. of Plants 
Po~dation S ~ ~ k d  S a m ~ k d  

(plants ha") (m2) 

Grain Corn 59,800 0.84 5 
Flue-Cured Tobacco 15,377 3 .25 5 

Soybean 400,000 0.04 16 
Wmter Wheat 320.000 0.10 3 2 

Wmter Rye 320,000 O. 1 O 32 

Volumetric soil water content of the experirnental plots was determined at 
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approximately 1000 to 1200 h each Wednesday during the 1991 season with a Tectronix 

Cable Tester (mode1 15028) using the time domain reflectrornetry (TDR) technique as 

described by Topp and Davis (1985). A series of TDR probes were inserted at the rnid- 

row position withui the macroplot area to d o w  measurement of the volurnetric soi1 water 

content to 5,10,5,20,25 and 30 cm depths. Each of TDR probes was inserted vertically 

into the soil by hand at the beginning of the season. The individual transmission rods of 

each probe were 5 cm apart and consisted of two thin (2 mm) pardel steel rods connecteci 

to shielded a n t e ~ a  wire. For depths of less than 20 cm, rods 20 cm long were installeci 

on an angie to the soil depth of interest while all other rods were of the appropriate length. 

3.1.3.2 Sampüng Procedures and Measurements of Above-Ground, Below-Ground 

and Total Residue Production, 1990-1993. 

At harvest, plants fiom two areas equai in ma to the microplots located within the 

macroplot area designated for plant sampling and the two microplot areas were hand 

harvested by cutting the plants off at ground level. Plants were separated into their 

respective components of stem, leaf and reproductive organs in a similar fashion to the 

microplot plants. AU crops were hand threshed and seeds were separated kom the 

rernaining crop residues. AU crop residues were chopped to 5-cm lengths to preserve the 

physicd integrity of the residues, oven dned (60°C) to constant weight, and were 

weighed. To ta1 above-ground plant biornass and to ta1 non- harvested above-ground plant 

biomass were then determined by summing the weights of each of the appropriate plant 

parts and converting thjs to a kilogram per hectare basis. 
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Estimates of the below-ground biomass production were detemiined irrniiediately 

foilowing crop harvest in 1990. Soi1 cores 5.1 cm in diameter to a depth of 50 cm were 

taken at several positions relative to the plants. Under corn, samples were obtained across 

the row transect on the row, at one-quarter row and niid-row positions and between 

plants at the on-row, one-quarter row and niid-row positions. Under tobacco, 4 samples 

were taken across the row transect, 2 samples were taken between the plants within the 

row and 3 samples in a diagonal fiom the plant to the mid-row position between plants. 

For soybeans, 3 soi1 cores were obtained across the row transect. Under both winter 

wheat and winter rye, samples were taken at the on-row and mid-row positions. Cores 

were divided into 5-cm slices and the root rnaterial removed fiom the soi1 by sieving the 

soi1 through a series of sieves and hand picking the roots fiom the rernaining soiL The 

root material was then washed and dried at 60°C for 3 days, weighed, and ground for 

total carbon analysis. Estimates of the total root production were made by assuming that 

the weight of roots contained within the core samples were representative of the 

imrnediate area surrounding the core. Each plant area was then divided into representative 

soil volumes, each 0.05 m deep, and having an area d e t e h e d  by the number of soil 

cores taken. The weight of roots fiom samples taken at the various positions were then 

multiplied by the fiaction of the total soil volume represented by the volume of the soi1 

core removed fiom that position. The weight of roots in each of the soi1 volumes was 

sumrned to yield the total root weight in a 0.5 m3 soil volume. 

Estimates of the total below-ground production for 1991 to 1993 were made by 

multiplying the estimates of above-ground biornass production by the root:shoot ratio 



obtained in 1990. 

3.1.3.2 Cmp Residue Additions and Sampiing Procedures in Crop Residue 

Decomposition Study 

14C-labelled above-ground crop residues were added following harvest to soil 

within a set of identical microplots adjacent to those used for IabeiIing the plants. Except 

for the continuous corn plots. microplots w i t h  conventionaily tiUed plots had the tilled 

layer (upper 10 cm) of soi1 removed nom the enclosure, mked with the labelleci crop 

residues (90% of the average residue yield of the plot), and retmed to the microplot 

enclosures. Plots producing grain corn had 14C-labelled above-ground crop residues 

added to the soil surface upon completion of harvest. These residues rernained in this 

position until tillage operations in the spring of the subsequent year. 

An equal arnount of unlabelled crop residues collected fiom the rnacroplot area 

was mixed with soil removed Born the microplots used for production of the labeiied crop 

residue in a similar fashion Ui all plots not producing grain corn. Grain corn plots had 

uniabelled residues placed on the soi1 surface of each of the microplots used for the 

production of the IabeUed cmp residues. Microplots contained within plots with 

conservation tillage practices had the labeiied and unlabeUed residues unifornily applied 

over the soil surface of two separate microplot areas. 

This procedure resulted in two microplot areas of identical size within each plot, 

and aiiowed sirnultaneous monitoring of the decomposition of the above-ground and 

below-ground residues separately. AU microplots were covered with a nylon mesh with 
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1.5 cm x 1.5 cm openings secured to the outside of the microplot enclosures to prevent 

plant material fkom entering or  from king removed fiom the rnicroplots. 

FaU rye (cv Danko) was sown at a rate of 125 kg ha*' to give a plant population of 

320 secds per rnicroplot in ail tobacco plots following tobacco harvest (late September), 

and winter wheat (cv Augusta) was sown at a rate of 135 kg ha-' to give a plant 

population of 320 seeds per microplot in all soybean plots following soybean harvest 

(early Oc to ber). 

The following April, ail conventionally tilled microplots to be planted to corn, 

soybean or tobacco had the upper 15-cm soi1 removed fiom the enclosures, rnixed, and 

returned to the rnicroplot area îkom which it was removed. Corn (cv Pioneer 3737) was 

seeded about May 15 at a rate of 18 seeds rnicroplot-', tobacco (cv Candel) was 

transplanted in late May at a rate of 4 plants microplot". and soybean (cv Maple Donovan) 

was seeded about May 25 at a rate of 51 seeds microplot". Following germination, corn 

and soybean plants within the rnicroplots were thinned to a population of 9 and 48, 

respectively. Management practices for each of the crops within the microplot areas were 

similar to those in the macroplot areas and are detailed in Section 3.1.2.2. 

3.1.3.2 Soil Sampüng Procedures 

Soil samples were obtained in the s p ~ g  of 1991 prior to tillage operations and in 

the late fall following harvest in 1991 to 1993. Samples were taken to a depth of 30 cm 

fkom a transect perpendicular to the plant rows with a 5.1 cm diameter tube sampler 

containing a split sleeve insert. Each soi1 core was sectioned into depth intervals of O to 5, 



58 

5 to 10, 10 to 15, 15 to 20,20 to 25 and 25 to 30 cm and placed in plastic bags in the 

field. The dry weight of each soil sample was then determined by deteminhg the 

moisture content graWnetricaIly &ter drying the soil for 16 h at 10S°C and correcthg the 

initial weight of the soil sample for moisture content. Bulk density as determined by 

dividing the dry weight of soil sample by the volume of the soil core to aüow conversion 

of the carbon detedat ions on a gravimetric b a i s  (g C g-' soil) to an area b a i s  (g C m-*) 

(Voroney et al., 1981). A 30-g subsample was removed fkom each sample, fiozen within 

3 hours of sampling, heze  dried and ground in a baU mil1 grinder in preparation for C 

analyses. The remainder of the sample was sealed in a plastic bag and fiozen at -15OC 

until further andysis. 

3.2 Analytical Procedures 

3.2.1 Total and 14C-labe~ed Plant and Soi1 C 

Total and 14C-labeUed plant and soil C were determined by the wet oxidation 

method described by Arnato (1983). A digestion mixture was prepared by dissolving 25 g 

Crû, in 100 rnL of 2:1 H,SO, (96% vol/vol) and H3P04 (861 vol/vol) at 145T @alal 

1979). Freeze-dried soi1 (1 g) or plant materhi (<40 mg) ground to less than 1 mm was 

weighed into a stainless steel weighing boat and added to the bottom of a 250 mm x 25 

mm thick-wailed digestion tube. Six millilitres of the cooled digestion mixture was quickly 

combined with the sample in the digestion tube. Immediately after adding the acid to the 

sample, a 17 mm x 60 mm glass shell vial containing 5 rnL of 2M NaOH was place upon a 

7-cm tali glass support rod in the digestion tube and the tube stoppered. M e r  heating at 
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130°C for 1 h, the digestion tube and contents were cooled and stored for 12 h to ensure 

CO, absorption by the NaOH. 

Determination of "C was completed by liquid scintillation counting. A 0.1 mL 

aliquot of the NaOH was diluted with 0.9 mL of distilled water in a glass scintillation viaL 

After addition of 15 rnL Ecolite+ scintillation cocktail, the vi& were sealed with a foil- 

backed plastic cap and mixed on a vortex genie for 60 S. AU samples were dark adapted 

for at least 24 h and counted in a Beckman LS 1701 liquid scintillation spectrometer set to 

count each sample to a 20 level of 0.5% or for 20 minutes. 

Total organic carbon was determined by titration of the NaOH solution as 

described by Anderson (1982). M e r  removing the aliquot for scintillation counting as 

described above, the rernaining NaOH/Na214C0, solution was diluted to 50 mL with CO,- 

fiee distilled water and 2 rnL of 1.5 M BaCl, solution was added to precipitate NqCO, as 

BaCO,. The unreacted NaOH was titrated with standardized 0.2 M HCI ushg 

phenolphthdein as the indicator. 

Total soil C measurements were corrected for the inorganic C present by 

determining the amount of inorganic C as outlined by Arnato (1983). Nine mL of 0.33M 

FeSO, were added to 1 g of dry soil in a digestion tube and the tube and contents fiozen. 

While still frozen, 1 rnL of 9 M H2S04 was added to the tube, a NaOH trap inserted and 

the digestion tube sealed as described above. The tube and contents were thawed, heated 

to 50 OC for 1 h and stored for 12 h. The unreacted NaOH was titrated with standardized 

0.2 M HCl using phenolphthalein as an indicator, after precipitating the carbonate with 

BaC1, to determine the inorganic C content. 



3.2.2 Sbtistical Analysis 

Statistical analyses of the data were p e r f o d  using the GLM procedure 

contained within the SAS Package (SAS Institute, 1988) to generate an analysis of 

variance. Data for crop growth were analyzed for each individual crop and separately for 

each sampling date as a randotnized complete block design and standard F values were 

used to test differences between the means of the tillage treatments for ail crops except 

grain corn. The grain corn data were also analyzed as a randomized complete block 

design but utilized the mathematical model developed by Cady and Mason (1964) to 

determine if differences existed between Senes 1 and Senes 2. This model is described in 

detail below. Crop residue decomposition data were analyced for each individual crop and 

separately for each sampling date as a randomked complete block with 4 replicates with 

the exception of grain corn which was analyzed using 8 replications after no differences 

between series could be found. 

Yield and residue carbon results were analyzed as described above for each 

individual year. Ho wever, combined data for the 4 years of the study were analysed 

utilking the mathematical model described by Cady and Mason (1964). This mked model 

was developed to determine the effects of treatments in long term crop rotation 

experiments treating the senes, cycles and replications as random variables and treaurients 

as fixed variables. The model generates the expectation of the mean squares for the 

sources of variation used to determine the appropriate F tests using Satterthwaite's d e  

and approximation to the number of degrees of &dom Where signincant effects were 

present in multi-degrees of freedom factors, paired comparisons were used to determine 
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significant effects for the individual factors. Cornparison of treatment means were 

considered signifïcantly different when p < 0.05 and were considered to show significant 

trends when 0.05 < p c 0.10 In the discussion of results, seong trends were treated as 

relevant if the trends were consistent with similar cornparisons with significant effects. 

Cuve fitting was perfomd using Sigrnaplot (Jandel Scientific, 1992) to generate 

the model parameters for the decomposition and soi1 carbon accumulation curves 

generated during the study. The nonlinear curve fit program performs an iterative least 

square c w e  fit to estimate the model parameters that minlliwes the sum of squares of 

ciifferences between the dependent variable values in the equation model and the observed 

values using the Marquardt-Levenberg algorithm Decomposition data were fitted to a 

two-component first-order exponentiai decay model of the form, 

Ct = Cte-ut + Ge-" 

where C, = the percentage of residue C remaining at tirne t 

C, = the proportion of component 1 at tirne t = O 

k l  = specinc rate constant of component 1 

C, = the proportion of component 2 at time t = O 

k2 = specinc rate constant of component 2 

This simple two component model provides a gross description of the the decomposition 

curve and aliows separation of two components which have dinerent rate constants. 
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4. Results and Discussion 

4.1 Cmp Growth in 1990 and 1991 

4.1.1 Corn Growth 

The 1990 growing season could be characterized as good for corn growth due to 

timely precipitation throughout most of the growing season. However, slightly bdow 

average temperatures were experienced for most of the season. Somewhat dry periods 

occurred fiom 39 to 5 1 DAP and fiom 66 to 86 DAP, when cumulative precipitation was 

21.6 mm and 25.2 mm, respectively. 

T a g e  had iittb effect on corn growth during the 1990 growing season, but slight 

differences in the response to tillage practices were observed between the two series of the 

experiment (Fig. 4.1-4.6). The serks by tillage interaction was significant for leaf mg. 

4.1), stem (Fig. 4.2), ear (Fig. 4.5) and total dry matter (Fig. 4.6) weights at 79 DAP. In 

general, conventionally tilled plots located within series 1 had higher leaf and ear dry 

weights throughout the growing season with higher stem and total dry matter 

accumulation during late vegetative and reproductive growth. In contrast, leaf, stem and 

total dry matter were higher for no-tilled plots located within senes 2 during the early 

vegetative growth stages as well as higher leaf, stem and total dry rnatter accumulation on 

ail sampling dates during reproductive growth except at harvest. As a result of a 2-day 

delay in tassehg and sillong in plots under no-tillage, ear weights were higher under 

conventional tillage on al l  sampling dates except at 31 DAP in plots located within series 

2. 

No differences in leaf or stem weights were found between tillage treatrnents on 
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any sampling dates in 1990 when weights of the samples were averaged over the two 

series. Plots managed under no-tillage had higher leaf weights at 3 I DAP @ = 0.0207) 

and 79 DAP @ = 0.01 10) in senes 2, while conventional tillage had higher leaf weights at 

65 DAP @ =0.0328) within series 1. Stem dry weights were higher at 31 DAP 

@=0.0050), 79 DAP @=0.0085) and 107 DAP @=0.0371) in no-tiliage plots located in 

senes 2 and higher in conventional tillage plots within series 1 at 65 DAP (p=0.0463). 

Leaf a n a  index (LAI) (Fig. 4.3) and the number of photosyntheticdy active leaves 

(Fig. 4.4) were generally simüar for both tiUage treatmnts, with conventional tillage 

having a larger LAI at 107 DAP (p= 0.0392). Within series 2, a trend for higher LM @ = 

0.0528) and number of photosyntheticdy active Ieaves (p = 0.0780) at 79 DAP in no- 

tillage corn plots was detected whereas conventional tillage plots located in series 1 had a 

higher LAI at 1 O7 DAP @=0.0 122). 

Ear dry weights in both series were sirnilar between tillages, except at harvest 

when conventional tilled plots had higher ear weights (p = 0.0219) as cornpared to no- 

tilled plots (Fig. 4.5). A trend towards higher dry weight of ears under conventional 

tillage at 93 DAP (p=0.0969) was found in plots Iocated within senes 1. While 

significantly higher ear dry weights were found under no-tiüage management in series 2 at 

79 DAP @ = 0.0090), higher ear dry weights were found under conventional tillage within 

this series at 154 DAP @ = 0.0328). 

Total dry weight accumulation averaged over series was similar between tillages 

during most of the growing season, but a trend for higher total dry weight accumulation in 

no-tiliage plots was found at 107 DAP (p = 0.0951) and in conventional tilled plots at 



Figure 4.1: Effect of conventional (CT) and no-tillage (NT) treatments on corn Ieaf dry weight 
accumutation per ma duting the 1990 growiag season. 
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Days After Planting 

Figure 42: Effwt of conventional (CT) and no-tillage (NT) treatments on corn stak dry weight 
accumulation per m2 during the 1990 growing season. 



P i e  43: Effect of conventional (CT) and no-tillage (NT) treatments on corn leaf area index during 
the 1990 growing season. 

Figure 4.4: Eff't of conventional (CT) and DO-tillage (NT) treatments on the number of 
photosyntheticaiiy active leaves per corn plant during the 1990 growing season. 



Figure 4.5: Effect of conventional (CT) and no-tillage (NT) treatments on corn ear dry weight 
accumulation per m2 during the 1990 growing season. 
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F i r e  4.6: 
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D i y i  Aitor Plrntinp 

Effect of conventional (CT) and no-tillage (NT) treatments on corn total dry weight 
accumulation per m2 d u ~ g  the 1990 growhg season. 
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harvest @ = 0.0708) (Fig. 4.6). Plots under conventional tillage had higher dry weights at 

65 DAP (p = 0.0409) in senes 1 and at harvest in plots located within series 2 @ = 

0.0255). To ta1 dry rnatter accumulation was higher in no-tillage plots at 3 1 DAP @ = 

0.0004) and 79 DAP (p= 0.0058) ody within series 2. 

Air temperatures were above normal in all months except September during the 

1991 growing season, but corn encountered considerable water stress during vegetative 

and eariy reproductive growth. Drought periods occurred fiom seeding to 11, 34 to 53 

and 60 to 72 DAP, when cumulative rainfaU was 6.0, 19.4 and 7.6 mm respectively. 

Along with a b o v e - n o d  temperatures, the lack of precipitation resulted in depletion of 

soi1 rnoisture to Ievels approaching the permanent wilting point during all of these periods 

(Fig. A. 1). Thirteen days after the onset of tassehg in the conventional tded plots (59 

DAP) an irrigation of 51 mm was applied to all plots and a 138.8-mm rainfd occurred at 

77 DAP, alleviating further water stress during the early grain fiUing period. Adequate 

rainfail during the remainder of the growing season prevented any further severe water 

stress. 

Corn leaf, stem, ear and total dry rnatter accumulation was similar between the two 

tilIage treatments in 1991, but a srnall delay in the growth of corn managed under no- 

tiiiage persisted for most of the growing season. S d  differences in the response to 

tillage between the two series of the experiment were evident, but the series by tillage 

interaction was not signifïcant at any of the sampling dates. 

In general, conventional tillage plots within series 1 had higher leaf, stem and total 

dry rnatter accumulation during early vegetative growth as compared to no-tillage plots, 
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but no-tilled plots within series 2 had higher leaf and total dry matter accumulation during 

the early vegetative growth penod. In both series, conventional tillage plots had higher 

total dry matter accumulation during most of the grain filling period, although no-tillage 

plots had higher dry weight accumulation at harvest. Most of the di&rences in the 

response to tillage between the two series were not statisticaily significant, but showed 

trends related to soi1 water content, 

k a f  weights averaged over the two senes were sirnilar between the two tillage 

treatments with conventional tillage plots having a higher leaf weight at aU sampiing dates 

except at harvest, although a trend for higher leaf weights under conventional tillage was 

found at 95 DAP (p = 0.0869) (Fig. 4.7 ). Higher leaf weights in conventional tillage were 

also found in plots located within series 1 at al1 sampling dates. However, the dinerences 

between tillage were statistically significant at 128 DAP @ = 0.0108) with a trend for 

higher leaf weights at 67 DAP (p = 0.0691). In contrat, leaf weights were similar for 

both t U g e  treatments located within series 2. No signifcant differences in leaf numbers 

between tillage treatments averaged over the two series were found throughout the 199 1 

growing season. although no-tillage had a higher number of photosynthetically active 

leaves than conventional tillage at 95 DAP (p = 0.0154) in plots located within senes 2 

(Fig. 4.8). A higher number of photosyntheticaily active leaves, taken as those Ieaves that 

were green at the tirne of sampling, was also observed in no-tillage plots located within 

senes 1 at this samphg date, but this dinerence between tillage was not statistically 

different. This sampiing date was the only date at which no-tillage had higher active leaf 

numbers than conventionally tilled plots. 
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F i e  4.7: Eff& of conventional (CT) and no-thge (NT) treatments on corn leaf dry weight - 

accumulation per mz during the 1991 growhg season. 

Figure 4.û: Effect of conventional (CT) and no-tillage (NT) treatments on the number of 
p hotosyntheticaliy active leaves pet corn plant during the 1991 growing season. 
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F i i e  49: Effect of conventional (CT) and no-tillage (NT) treatments on corn stalk dry weight 
accumulation per m2 during the 1991 growing season. 

Figure 4.10: Effect of conventional (CT) and no-tiliage (NT) treatments on corn ear dry weight 
accumulation per m2 during the 1991 growing season. 



F i r e  4.11: Effect of conventional (CT) and n o - m e  (NT) treatments on corn total dry matter 
accumulation per m2 during the 1991 growing season. 

A trend towards higher stem dry weights was found in conventionally tilled plots at 

31 DAI? (p = 0.0734) when weights were averaged over the two series, however. 

conventional tillage had slightly higher stem weights throughout most of the growing 

season (Fig. 4.9). A trend for higher stem weights in conventionally tilied plots was also 

detected at 128 DAP (p = 0.06 14) in plots located within series 1. However, no-tiuage 

plots tended to have slightly higher stem weights than conventional tillage during the grain 

filhg period in this series and during the early grain filling period in plots located within 

series 2. 

Averaged over the two series, ear dry weights were similar between tillage 

treatments (Fig. 4.10). Corn under conventional tillage tasselled and silked 2 days earlier 

than under no-till, which resulted in earlier ear developrnent (Cox et al.. 1990) in 
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conventionally tiiled plots. However, at harvest hogher ear weightds were found under 

no-tillage practices. This Merence in ear weighs at different tirnes under the two tillage 

treatments is probably due to delayed early growth and development in no-tillage plots and 

the comparisons king made on a calendar date basis rather than on a developmental stage 

basis (Fortin and Pierce, 1990). In plots located within series 1, trends towards higher ear 

weights in conventional were found at 67 DAP (p = 0.0594) and at 128 DAP @ = 

0.0614), whereas in plots located within series 2, ear weights in conventionally tiUed plots 

were signincantly higher at 95 DAP @ = 0.0289) only. 

Total canopy dry weight was higher in conventionally tiUed plots on ail sampling 

dates averaged over the two senes except at hanest, although a significant merence was 

found at 52 DAP @ = 0.0236) only (Fig. 4.11). Conventionally tiUed plots located within 

senes 1 had higher total dry weight accumulation at all dates except harvest, with 

significantly higher dry weights at 128 DAP @ = 0.0183) and a trend towards higher total 

dry matter accumulation at 67 DAP (p = 0.0619) as compared to no-fled plots. 

The 1990 and 1991 corn growth data suggest that tiUage had little effect on the 

overall growth of corn in this coarse-textured soil. However, the response to tiUage 

practices was slightly different between the 1990 and 1991 growing seasons. In most 

other stuàies comparing tillage practices for corn production, early season growth of corn 

rnanaged under no-tiUage was delayed cornpared to conventionaily tilled plants sampled on 

the sarne day (Johnson and Lowery, 1985; Al-Darby and Lowery, 1986; Carter and 

Barnett, 1987; Irnholte and Carter, 1987; Swan et al., 1987; Griffith et al., 1973, 1988; 

Cox et of-, 1990). This hg in growth persisted for most of the early season, but this 
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growth delay had no influence on total dry weight accumulation at rnaturity. Many of 

these studies were conducted on fier textured soils, and the authors attributed the early 

reduced growth under no-tillage to cooler soi1 temperatures in the seed zone during the 

early part of the growing season. However, Al-Darby and Lowery (1986) found simüar 

results for corn grown in a Plainfield loamy sand in Wisconson. In generd, a depression in 

soil temperatures has been found to be directly related to the amount of surface residues in 

the seed zone irrespective of tillage practices (Swan et al., 1987; Fortin and Pierce, 1990). 

In this study, during the cooler, wetter 1990 season, no consistent dinerences in 

leaf, stem and total dry rnatter accumulation between tillage treatments were found. These 

data are in agreement with results reported by Cox et al. (1990). who also found no 

dinerence in leaf, stem or total dry rnatter accumulation early in the season when corn 

experienced cool penods during early vegetative growth. Leaf, stem, ear and total dry 

matter in 1990 were less than 50% of the observed values on similar dates in the 1991 

season. Apparently cooler temperatures in 1990 reduced corn growth sufficiently so that 

subtle ciifferences in growth between cillage treatments were not expressed. 

Corn under no-tillage tasseUed and silked 2 days later than corn managed under 

conventional tillage in both 1990 and 1991; however both events occurred 14 days later in 

1990 than in 199 1. As soil temperatures increased during the season and two dry penods 

fiom 39-51 DAP and 66-86 DAP occurred, this dinerence in dry weights between tillage 

treatments diminished and dry weight accumulation was similar by rnatwity. This is 

consistent with results reported by Al-Darby and Lowery (1986) and Cox et aL (1990)- 

who also found that early delays in growth under no-tillage had diminished by 



p hysiological rnaturity. 

In contrast, the reduced early growth under no-tillage was found to persist 

throughout the w a m r ,  drier 1991 growing season, although Merences between the 

tillage treatments were not statisticaily signihnt for most of the growing period. This 

was also observed by Kaspar et al. (1987), GriEnth et al. (1988) and Cox et al. (1990), 

who found that when corn experienced early season dry penods, reduced early growth 

under no-tillage persisted throughout the growing season. 

Although soil moisture contents under no-tillage were higher in the upper soil 

profile during both the dry period following planting and h m  34 to 53 DAP in 199 1, 

conventional tillage had higher dry rnatter accumulation. During the £îrst dry period, soi1 

moisture contents were higher under no-tillage at p a t e r  depths within senes 2 than 

within plots located within senes 1 (Fig. A. 1). During the second drying penod, soil 

moisture contents were higher in the upper soil depths only in plots managed under no- 

tillage within series 2. This Merence in soi1 water content between the two series rnay 

have contributed to the ciifferences in dry weight accumulation between tillages within the 

two series. Higher soi1 moisture contents within no-tdied plots located within series 2 led 

to higher leaf, stem and to ta1 dry matter accumulation cornpared to conventionally tilled 

plots; the opposite was found in plots located within senes 1. During the dry period that 

occurred just after the onset of tasselling, soi1 rnoisture contents were sirnilar between 

tillages over most of the soil profile. Other studies have docurnented the decrease in 

surface residue effectiveness for conserving soil water after canopy closure (BleWis et ai., 

1983a; Zhai et al., 1990). When evapotranspiration becomes dominated by the plant 



transpiration cornponent, soil water contents are less aEected by the presence of crop 

residues at the sorl surface. 

Mackay et al. (1985) have shown that both rooting depth and total root length was 

delayed under no-tülage compared to conventional tillage practices. This delayed roo ting 

combined with dry penods early in the 1991 season may have conmbuted to the 

persistence of lower dry matter accumulation under no-tillage, even though soil rnoisture 

contents were more favowable for plant growth under no-tillage. However, greater water 

depletion under no-tillage at certain periods compared to conventional tillage rnay be due 

to delayed phenological developrnent of corn and a more active root system (Cox et al., 

1990). 

In summary, tillage had Little effect on the growth rate of corn both years of the 

study. During 1990, significant differences in dry weight accumulation were found only at 

harvest, resulting from a higher ear weight under conventional tillage. A small difference 

in early vegetative growth under no-tillage was found in 1991, but this difference was not 

found to be statistically significant. This small Merence between tillage practices seemed 

to persist throughout the season, and was probably due to delayed rooting during a dry 

period early in vegetative growth. Soil water content was higher under no-tillage during 

two dry periods early in the season, but was similar between tiUage practices after canopy 

closure. Changes in soil water accumulated during the growing season under no-t&ge 

had Little effect on overaü corn growth in this soil. 



4.1.2 Soybean Growth 

Soybean experienced adequate precipitation and cooler temperatures in 1990; 

however, in 199 1 extended periods of low rainfail and higher than average temperatures 

occurred during the early vegetative and reproductive growth phases of soybean. Total 

rainfd amounts during the growing seasons were 356 mm in 1990 and 368 mm in 1991 

(Table 3.2). Above normal amounts of precipitation occurred in a i l  months of the 1990 

growing season, whereas below nomial amounts of rainfall occurred in al1 months of 1991 

except July. While July of 1991 appears to have had above-average precipitation, the 

majority of the monthly total of 182 mm was received on July 29 when 139 mm of rainfaii 

was received. Prior to this date, a total of 0.6 r m  of rain had k e n  received during July. 

One irrigation totalling 50 mm was applied on July 24, 1991 to alleviate severe drought 

stress, which appeared more severe in the conventionally tilled plots. Mean air 

temperatures were slightly below normal in all months of the 1990 growing season, 

whereas above normal mean air temperatures occurred fkom May through August of 1991 

(Table 3.3). 

Soybeans managed under conventionai tiUage grew and rnatured more rapidly than 

those managed under no-tillage practices. In 1990, soybeans managed under conventional 

tiilage had higher total canopy dry matter weights as cornpared to those under no-till 

practices throughout the growing season (Fg. 4.17). Significantly higher canopy weights 

were observed on three of the s u  sampling dates. Canopy dry weights were 55%, 18%, 

and 24% higher under conventional tillage at 49 (p = 0.0 1 1 8), 92 @ = 0.0276) and 125 (p 

= 0.0388) days afier planthg respectively cornpared with no-tiIIage practices. Tot& leaf 
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numbers per plant were higher under conventional tillage at 49 days after planting @ = 

0.0243) with a strong trend for higher leaf numbers under conventional tillage at 64 days 

after p h ~ g  @ = 0.0513). Total leafweight was 49%, 61%, 62% and 62% higher under 

conventional tillage on 49 @ = 0.0114), 78 @ = 0.0215), 92 @ = 0.0054) and 125 @ = 

0.0054) days after planting. respectively, as compared to the no-tillage treatment (Fig. 

4.12). Leaf area index was consistently higher for the conventionally tilled treatment, 

although it was statisticalIy higher @ = 0.0124) only at 49 days after planting @g. 4.14). 

Total leaf (Fig. 4.12) and canopy weight (Fig. 4.17) per area remaining d e r  the onset of 

leaf senescence was not different between tiUage treatments, indicating later maturation of 

the no-till plants. Stern dry weights in 1990 were higher for conventional tilled plots on a.U 

dates except for the fnst samphg date, but ciifferences between tillages were statistically 

significant only at 49 days after planting (p = 0.0052) (Fig. 4.13). Pod dry weights were 

not significantly different between tiUage treatments at any of the sampling times 

(Fig.4.16). 

Total canopy weight was higher in the conventionally tilled treatment on aII 

sarnpling dates in 1991, although none of the differences between tillage were statisticaily 

different (Fig. 4.22). Total leaf number was higher for plants managed under conventional 

tillage as compared to no-Mage on aU sampling dates, with significantly higher leaf 

numbers at 42 days after planting (p = 0.0205) and trends for higher leaf numbers in 

conventiondy tilled plots at 55 @ = 0.0868) and 83 @ = 0.0668) days after planting (Fig. 

4.20). Total leafdry weight per square metre was higher in conventionally tiiled plots on 

al1 dates in 1991, with trends for higher total leaf weights occurring on 83 (p = 0.0986). 



Figure 4.12: Effeet of conventional (CT) and no-tinpge (NT) treatments on soybean leaf dry wefght 
accumulation and leaf dry weight temainhg after initiation of senescence per m2 during 
the 1990 growing season. 
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Figure 4.13: Effect of conventional (CT) and no-tillage (NT) treatments on soybean stem dry weight 
accumulation per m2 during the 1990 growing season. 



F i r e  4.14: E f f i t  of conventional (CT) and nc~tillage (NT) beatments on soybean leaf area index 
during the 1990 growing season. 

Figure 4.15: Effect of conventional (CT) and no-tillage (NT) beatmenb on the number of leaves per 
soybean plant during the 1990 growing season. 



Figure 4.16: Effect of conventional (CT) and no-iillage (NT) treatments on soybean pod dry weight 
accumulation per m2 during the 1990 growing season. 

Figure 4.17: Effect of conventional (CT) and no-mge  (NT) treatments on soybean canopy dry weight 
and canopy dry weight remaining foiiowing the onset of leaf senescence per m2 during the 
1990 growing season. 



Figure 4.18: ERect of conventional (CT) and no-binpge (NT) treatments on soybeaii leaf dry weight 
amimuiation and kat dry weight rnnaining aiter the onset of leaf senescence per m2 
durhg the 1991 gtowing season. 
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Figure 4.19: Effect of conventional (Cm and no-tillage (NT) treatments on soybean stem dry weight 
accumulation per m2 during the 1991 growing season. 



F i e  420: Eff& of anventional (CT) and no-tillage (NT) treatments on the number of leaves per 
soybean plant during the 1991 growing season. 

Figure 431: Effect of conventional (0 and no-tihge (NT) tteatments on soybean pod dry weight 
pet m2 during the 1991 growing season. 



F i i e  4.22: Effect of conventional (CT) and o~ lü tage  (NT) treatments oa soybean caaopy dry 
weight and canopy dry weight temainhg foUowing the onset of leaf senescence per m2 
during the 1991 growhg season. 

97 (p = 0.0836) and 132 @ = 0.0870) days after pht ing (Fig. 4.18). Similar to 1990, the 

dry weight of leaves rernaining on the plant (Fig. 4.18) and total canopy weight (Fig. 4.22) 

on aU dates in 1991 folowing the onset of senescence were not signincantly different 

between m g e s .  Stem weights were not different between tillages on any of the sampling 

dates. but were higher for conventionaiiy tilled plots on ail dates pnor to harvest (Fig. 

4.19). Sirnilarly, pod dry weights were higher for conventionaliy tiiied plots early in the 

growing season, with trends for higher pod dry weights occurring at 55 @ = 0.0598) and 

83 (p = 0.0796) days after planting, but this difference between tillage practices no longer 

existed at harvest (p = 0.3723) (Fig. 4.21). 

In general, dinerences in soil water content between the two tillage systems 

throughout the 1991 season varied as a function of rainfail event occurrence (Fig. A.2). 
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During the early vegetative growth phase, soil moisture content tended to be higher in 

plots rnanaged under no-tiliage practices throughout the soi1 profile except in the 0.15- 

0.20 rn depth. This agrees with hdings by NeSrnith et al. (1987), who suggested that 

crop residues at the soi1 surface tended to conserve soil moisture at the O to 0.15 rnetre 

depth, but that below this zone tihge, rather than residue was the influencing factor in 

determinhg soil rnoisture. Throughout this period, soil moisture contents were above 

those expected to reduce plant growth (Kadem et al., 1985), and while no difference in 

dry matter accumulation between tihges was found, conventionally tilied plots 

accumulated slightly more dry matter than no-tilled plots. Sirnilar findings were reported 

by Webber et al. (1987) and Campbell et al. (1984). As the season progressed soil 

moisture contents in the upper soil profile declined to levels that were found to reduce dry 

matter accumulation (Kadem et al., 1 %S), even though srnall arnounts of minfail were 

received intermittently during this penod. Througho ut this penod, conventio nalIy tïüed 

plots tended to have higher volumetric water contents in the upper soil pronle than did no- 

tilled plots, especially after rainfall. Apparently part of the rainfail was intercepted by crop 

residues at the soil surface in no-till plots, resulting in a greater recharge of the surface 

layer under conventional mage than under no-tillage practices (Wagner-Riddle, 1992; 

Zhai et al., 1990). At lower soil depths the no-tillage treatrnent retained higher amounts 

of soi1 moisture than cüd the conventionally tilled treatment suggesting that a portion of 

the soil water had drained fkom the upper soil layers more readily in no-tilled plots. Leaf 

and to ta1 dry matter accumulation during this t h  was higher for conventionally tilled as 

compared to no-tïil soybeans, aithough the ciifferences between tillages were not 
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statisticaily signincant. Soil cirying appeared to be simila. under bo th f i g e  practices 

during this droughty period, suggesting that water availability and use was similar for both 

tillage treatments. At the onset of reproductive growth (45 DAP), soil moisture contents 

were higher under no-tillage management throughout most of the soil profile. Prior to the 

onset of this growth phase the rate of dry matter accumulation declined in conventiondy 

tilled plots, while no-tilled plots continued to grow at rates simiiar to those observed 

previously. Follo wing an irrigation applied on July 24 and a heavy rainfall on July 29, soil 

moisture contents were higher in the no-tiilage plots when pod and bean developmnt 

occurred. Pod dry weight accumulation occurred at a faster rate under no-tillage practices 

for the remainder of the growing season, resulting in higher standing and to ta1 dry matter 

accumulation under no-tillage. During the pod fïii period, soii moisture contents were 

higher in most soil depths under conventiondy tiued management, suggesting that 

soybeans grown under no-tillage practices were able to extract higher amounts of soil 

water during this growth phase. Webber et al. (1987) suggested that this was due to 

deeper rooting under no-tillage as compared to conventional tillage; however, a difference 

in root distribution between tillage was not found in this study in 1990. 

In contrast, more evenly distributed and higher amounts of precipitation were 

received in 1990. This would have increased the soii moisture content in both tiUage 

systerns and possibly have resulted in a slight benefit in growth rate for conventional 

tillage practices during the growing season. So ybeans grown with conventional tiUage 

practices accumulated signifcantly higher arnounts of leaf dry matter during vegetative 

gro wth and higher pod dry matter during reproductive growth. The higher to ta1 dry 
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matter accumulation in conventionally tilled plots resulting fkom increased vegetative and 

reproductive growth c m  be attributed to increased soi1 rnoisture availability as a result of 

geater cumulative seasonal rainfail throughout the 1990 growing season. Wagner Riddle 

(1992), Webber et al. (1987), and NeSmith et al. (1984) reported similar resdts in years 

with above-normal rainfall, suggesting that under these conditions the benefits of no- 

tiUage on soi1 moisture conservation demonstrated by others (Blevins et aL, 1983a; 

PhillÏps et al., 1980; Toher et al. 1984) were rninor in this coarse-textured SOL 

In a dry year, no overd clifFerences in leaf or total dry rnatter were found between 

Mage treatments. However, in a cooler, wetter year conventional tillage had higher leaf, 

stem and total dry weight accumulation early in the season, although no ciifferences 

between tillages were found later during reproductive gro wth. Deibert and Utter (1 989) 

&O found that so ybean dry rnatter accumulation tended to be 10 wer under no-tillage 

duruig the early growth stages, but was not affected by tillage at the later growth stages. 

4.1.3 Flue-Cured Tobacco Growth 

To bacco rnanaged under conservation tillage grew and matured more slowly and 

produced less total dry matter than tobacco gown with conventional tillage. Total dry 

matter was higher in conventionally tiUed plots compared with strip-tilled pl0 ts with 

increases of 17 (p = 0.0409), 57 (p = 0.0548), 25 (p = 0.0422) and 45% (p = 0.0489) at 

28,42, 76, and 102 DAP respectively in 1990 (Fig. 4.28). Trends for higher total leaf dry 

weight under conventional tillage were found in the early part of the 1990 growing season 

with increases of 16 (p = 0.0567) and 56% (p = 0.0545) at 28 and 42 DAP while total leaf 
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dry weight was found to be significantly higher under conventional tillage at 76 @ = 

0.0176) and 102 DAP @ = 0.0420) with increases of 28 and 6096, respectively (Fig. 4.23). 

Leaf area index (LAI) was higher in conventionally tilled plots on all sampling dates, with 

a significantly higher LAI occurring at 28 (p = 0.0428) and 76 (p = 0.0066) DAP. 

respectively, with a trend for higher W under conventional tillage at 42 DAP (p = 

0.0764) (Fig. 4.25). Total leaf number per plant was similar for the two tillage treatments 

on ail dates, although a trend for a higher number of leaves under conventional tillage 

existed at 28 DAP (p = 0.0664) (Fig. 4.26). This suggests that conventionally tilled plants 

produced larger as well as heavier leaves than strip-tiUed plants. The higher number of 

leaves at 90 DAP in strip-tiUed plots is the result of delayed maturity and a reduced 

number of leaves harvested to this date. This resulted in a higher, though not significantly 

Werent, leaf weight rernaining per area at 90 DAP in strip-tilled plots, even though a 

significantly higher non- harvested leaf weight was O bsented in conventionally tilled plu ts 

at 76 DAP (p = 0.031 8). The dry weight of harvested leaves was higher under 

conventional tiUage at 76 (p = 0.0053). 90 @=0.0168) and 102 (p=0.0420) DAP. Stem 

weights showed trends for higher dry weights under conventional tillage on all sampling 

dates in 1990, with increases of 36 @ = 0.0105). 60 @ = 0.0647), 51 (p = 0.0577) and 

25% (p = 0.0783) in stem weights in conventionaily tiued plots at 28,42,90 and 102 DAP 

respectively (Eg. 4.24). Terniinal inflorescence dry weight was sirnilar for the two tülage 

treatments at the two sampling dates pnor to removal (Fig. 4.27). 

In 1991 total canopy dry weight was higher under conventional tillage on al l  

sampling dates. with increases of 68% (p = 0.0014), 32% @ = 0.0016). 15% (p = 0.0336) 
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Figure 423: Effect of conventional (CT) and noltiUage (NT) treatments on tobacco total, non- 
barvested and barvested leaf dry weight accumulation per mZ duriog the 1990 growing 

F i r e  424: Effect of conventional (CT) and no-tiiiage (NT) treatments on tobacco stem dry weight 
accumulation per mZ during the 1990 growing season. 



Figure 425: Effixt of conventions1 (CT) and no-tillage (NT) treatmeats on tobacco leaf area index 
during the 1990 growing season. 

Figure 4.26: E f k t  of coaventional (CT) and no-tillage (NT) treatmeats on the number of haves per 
tobacco plant during the 1990 growibg season. 



F i e  427: Effect of conventional (CT) and no-tillage (NT) treatments on tobacco terminai 
inflorescence dry weight accumulation per m2 during the 1990 growing season. 
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F i r e  438: Effect of conventional (CT) and no-tiiIage (NT) treatments on tobacco total dry weight 
and total non-harvested dry weight accumulation per m2 during the 1990 growing season. 
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and 17% @ = 0.0345) at 49,74, 88 and 100 DAP respectively (Fig. 4.33). Total leaf 

weights were higher under conventional tillage as compareci to strip-tillage on ail samphg 

dates in 1991, with increases of 62% @ = 0.0014), 35% @ = 0.0002). 1 1 % (p = 0.0408) 

and 17% @ = 0.0493) in the dry weight of leaves at 49-74, 88 and 100 DAP respectively 

(Fig. 4.29). Total leaf number was not different between tillages at any sampling date in 

1991. However, total leaf number was higher under conventional tiUage on a.lI dates 

except those during the harvesting penod (Fig. 4.31). The dry weights of leaves 

remahhg on plants during the harvest season were 39% @ = 0.0001) and 9% (p = 

0.0050) higher in conventionally tilied plots, indicathg a larger leaf size in t hese plots (Fig. 

4.29). As found in 1990. harvested leaf weights reflected a delay in maturity under strip- 

tillage. In general, harvested leaf weights were higher under conventional tillage on each 

of the sampling dates during the harvest period. However, only a trend for higher dry 

weights was found during the early harvest with an increase of 12% (p = 0.0636) in 

conventiondiy tilled plots. This ciifference diminished slightly during harvest of the rnid- 

stalk positions, but was present at the final sarnpling pnor to cornpletion of harvest when 

increases of 17% (p = 0.0493) were found under conventionai tillage practices. Stem 

weights were higher for tobacco rnanaged under conventional tiiiage on all sampling dates, 

with a statisticaily higher stem weights at 49 DAP (p = 0.0027) and trends for higher stem 

weights at 74 (p = 0.0603) , 88 @ = 0.0889) and 100 (p = 0.0909) DAP (Fig. 4.30). 

Weights of the terminal inflorescence were higher under conventional tiilage at each of the 

two sampling dates pnor to rernoval, but neither of the Merences between tillages were 

statistically sigrilncant (Fig. 4.32). 



Figure 4.29: Effect of conventional (CT) and no-tillage (NT) treatments on tobacco total, non- 
harvested and harvested leaf dry  weight accumulaition per mz during the 1991 growing 
se8son. 

Figure 430: Effect of conventional (CT) and no-tillage (NT) treatments on tobacco stem dry weight 
accumulation per mZ during the 1991 growhg season. 
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F i e  431: EffW of conventional (CT) and no-tillage (NT) treatments on the number of leaves per 
tobacco piant during the 1991 growing k n .  

Figure 432: Effect of conventional (CT) and no-tühge (NT) treatments on tobacco terminal 
inflorescence dry weight per m2 during the 1991 growing season. 



Figure 433: Effect of conventional (CT) and no-tillage (NT) treatments on tobacco total dry weight 
and total non-harvested dry weight accumulation per m2 during the 1991 growing season. 
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The difference in weather conditions between yean reported above had less effect 

on the dinerences in dry matter accumulation due to mage treatments than on the 

dinerences in dry rnatter accumulation between years. This m y  be due to the addition of 

irrigation water and the resdting ameüoration of the beneficial effects of no-tillage on soi1 

water conservation. Dry matter accumulation was higher under conventional tillage 

throughout the growing season in each of the two years studied. This is in agreement with 

results reported by Zartman et al. (1976), who suggested that differences in tobacco 

growth rates between conventional and no-tillage practices were the result of: (i) poorer 

soil to root contact at transpIanting, (ü) lower soii temperatures in the rooting zone under 

no-tillage practices, and (iü) higher temperatures above the soil surface in no-tillage, 

causing leaf injury and resulting in a lower survivai rate and reduced growth rates. These 
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effects would be expected to disappear throughout the season as the p h t s  grew and the 

surface residue decomposed (Wagner Riddle, 1992). Under non-imgated conditions, the 

late season effects of no-tillage on reduced soil water losses would result in higher soil 

moisture. Therefore higher growth rates under reduced tillage practices in dry years 

would be expected (Phillips and Zeleznik, 1989; Chappell and Link, 1977). In both of 

these studies, tobacco growth rates and dry mtter accumulation were found to be less 

under conservation tiUage compared with conventional tillage early in the season and 

greater under conservation tillage late in the growing season. This was attributed to lower 

soi1 temperatures at transpianting and more uniform, higher soii water contents later in the 

season under conservation tillage. 

In 1991, soi1 water contents were higher in plots managed under suip-tillage in the 

0-15 cm soil depths fkom plowing to 32 DAP (Fig. A.3). In combination with higher than 

normal air temperatures early in the season, similar dry rnatter accumulation was observed 

for both tiilage practices during this period. Soil water contents remained higher in strip- 

tillage plots at most soil depths fkom 32 DAP to the completion of harvest. although soil 

moisture contents in the upper soi1 depths were higher in conventionai tiliage plots 

imdia te ly  foiiowing rainfall or irrigation. During the penod fiom 32 DAP to the 

completion of harvest, dry rnatter accumulation was higher in conventionally tiiled plots 

than in strip-tillage plots on al1 sampling dates but 60 DAP. From 49 to 60 D M ,  leaf, 

stem and total dry matter accumulation was higher in the strip-tilled treatrnent as 

compared to the conventional tilled treatrnent. Tobacco managed under reduced tillage 

rnay have had higher photosynthetic and growth rates during this period due to higher soil 
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moisture contents (Reynolds and Rosa, 1995). Following the penod fkom49 to 60 DAP, 

irrigation and rainfidi rnay have increased soil moisture levels sufficiently to negate the 

beneficial effects of reduced tillage on soi1 moisture conservation. 

In contrast, precipitation was more evenly distributed and was received in higher 

amounts in 1990. This would have increased the soil rnoisture content in both tiUage 

systems and possibly resulted in a süght benefit in growth rate for conventional tillage 

practices during the growing season. Tobacco grown under conventional tillage practices 

accumulated significantly higher amounts of leaf, stem and total dry matter at rnost 

sampling dates early in the season as well as during the harvest period. The higher total 

dry matter accumulation in conventionally tilled p h  ts is most likely due to increased soil 

moisture avaüability as a result of cumulative seasonal rainfall throughout the 1990 

growing season. Phillips and Zeleznik (1989) &O found dry rnatter accumulation higher 

early in the season under conventional tillage, but found that leaf dry weights were higher 

under no-tilIage in a year with greater than normal precipitation and lower in a year with 

below normai precipitation. This occurred even though soil moisture contents were found 

to be significantly higher under no-tiiiage in the dner year. Stem and total dry rnatter were 

not reponed for the later period of growth in their study so it is not known whether this 

trend was also found in these parameters. 

4.1.4 Winter Wheat Growth 

The 1989-1990 growing season could be characterized as excellent for the 

production of winter wheat due to abundant and tirnely precipitation and warm early 
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spring temperatures. Average air temperatures, however, were below nomial during May 

and lune, and somwhat dry penods were experienced in March and ApriL In contrast, 

the 1990- 199 1 gro wing season was marked by below average temperatiires after seeding 

and normal or higher than n o d  temperatures during the remainder of the season. 

Precipitation was above nomial during the fall of 1990 and below n o d  for ail months in 

1991 when winter cereals were actively growing except in April and May (Table 3.2). 

Prolonged dry penods were expenenced fkom Julüin days 122 to 144, 15 1 to 16 1 and 170 

to 186 in 1991, during which cumulative rainfall was 19.6, O and 19.4 mm respectively 

(Fig. 3.2). 

Total dry rnatter accumulation was sirnilar for both tillage treatments during 1990 

and 1991. Dry weight accumulation approxirnated a sigrnoidal path with respect to time. 

Dry weights of the various plant parts and of total dry rnatter were greater in 1990, when 

rainfall was distnbuted more evenly and in higher amounts than in the 1991 season, when 

dner conditions existed in both the Iate vegetative and reproductive growth phases. 

In 1990, leaf weights were higher for no-tillage practices throughout the growhg 

season, but differences between tillage practices were not significant on any of the 

sampling dates (Fig. 4.34). SUnilarly, leaf area index was similar between tibge 

treatments for most of the 1990 growing season. However, conventional tillage 

treatments had a significantly higher @ = 0.0245) leaf area index at 228 days after seeding 

(Fig. 4.36). Stem weights were significantly higher (p=0.0419) under no-tillage practices 

at 221 days after seeding, but were significantly lower @ = 0.0487) thm conventionaily 

tiiied treatments by 228 days after seeding (Fig. 4.35). Thereafter. stem weights were not 



Figure 434: Effect of conventional (CT) and no-tiuage (NT) treatments on winter wheat leaf dry 
weight accumulation per m2 during the 1990 growing season. 

Figure 4.35: Effect of conventional (CT) and no-tillage (NT) treatments on winter wheat stem dry 
weight accumulation per m2 during the 1990 growing season. 



Figure 436: Eflécî of conventional (CT) and no-tillage (NT) treatments on winter wheat leaf area 
index during the 1990 growing season. 

Figure 437: Effect of conventional (CT) and no-tülage (NT) treatments on winter wtieat culm dry 
weight accumulation per m2 during the f 990 growing season. 
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Figure 438: Effect of conventional (CT) and no-tillage (NT) treatments on winter wheat head dry 
weight accumulation per m2 during the 1990 growhg season. 

Figure 439: Effect of conventional (CT) and no-tillage (NT) treatments on winter wheat total dry 
weight accumulation per m2 during the 1990 growing season. 
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significantly different between the two tillage treatments. Culm weights were not different 

between tillage practices throughout the growing season. However, at 22 1 days after 

seeding, a trend for higher culm weights in those plots managed under no-tillage than plots 

rnanaged under conventional tillage @ = 0.068 1) (Fig. 4.37). The dry weights of heads 

were also not statisticaliy different between the tillage practices throughout the 1990 

growing season (Fig. 4.38). The s i . t y  in dry weights of the various plant parts 

between tillage practices resulted in a similar pattern of total dry weight accumulation for 

both Mage treatments, with a trend for higher @ = 0.0681) total dry weights for the no- 

tillage treatrnent only at 221 days after seeding (Fig. 4.39). 

Total dry weight accumulation for tillage practices was also similar during the 

1991 season, with a trend towards higher weight per area in conventionai tilled plots at 

harvest @ = 0.0643) (Fig. 4.44). Leaf weights were similar between tillage practices 

during the early part of the growing season, but conventional tillage resulted in higher leaf 

weights at 265 DAP (p = 0.0036) and a strong trend for higher leaf weights at 276 (p = 

0.05 13) DAP (Fig. 4.40). Similarly, stem weights per area were higher for conventionally 

tilIed plots on all sampling dates, dthough clifferences between tillage treatments were 

significantly higher for conventional tillage at harvest only @ = 0.0133) (Fig. 4.41). Culm 

weights were similar for the two tillage, practices with conventionai tiIlage havhg slightly 

higher culm weights throughout the growing season and a significantly higher culm weight 

(p = 0.0134) at harvest (Fig. 4.42). In contrast, head dry weights were higher for the no- 

tillage treatment throughout the 1991 season, although none of the ciifferences between 

tillages were statistically significant (Fig. 4.43). 



Figure 4.40: Effect of conventional (CT) and no-tillage (NT) tteatments on winter wheat Ieaf d r y  
weight accumulation per m2 during the 1991 growing season, 

Figure 4.41: Effect of conventional (CT) and no-tiUage (NT) beatments on winter wheat stem dry 
weight accumulation per m2 during the 1991 growing season. 



F i e  4.42: Effect of conventional (CT) and no-tillage (NT) treatments on winter wheat culm dry 
weight accumulation per mZ during the 1991 growing season. 
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Figure 4.43: Effect of conventional (CT) and no-tiiiage (NT) treatments on winter wüeat head dry 
weight accumulation per in2 during the 1991 growiag season. 
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Figure 4.44: Effect of conventional (CT) and no-tillage (NT) treatments on winter wheat total dry - 

weight accumulation per m2 during the 1991 growhg season. 
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These results suggest that winter wheat growth was not greatly aEected by tillage 

practices, and that differences in dry weight accumulation were affected more by 

environmental factors. In generai, the dry weights of the various plant parts and of total 

dry matter were greater in 1990, when rainfall was distributed more evenly and in higher 

amounts than in the 1991 season, when dner conditions existed in both the late vegetative 

and reproductive growth phases. It appears. however, that vegetative growth was 

favoured by conventional tillage practices, whiie reproductive gro wth was slightly higher 

under no-tillage practices, especially under the drier conditions experienced in 1991. In 

both study years, culrn weights were higher under conventional tillage practices while head 

weights were higher under no-tillage management, although rnany of these differences 

were not statistically significant. This suggests that vegetative growth rnay have been 
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slightly delayed and reproductive growth enhanced by no-tihge practices. Dao and 

Nguyen (1989) found a prolonged vegetative growth phase measured by a 1-8 day delay 

in anthesis and leafarea duration under no-tillage compared to plowed plots. However, 

this delay in maturation due to no-tiIlage did not a e c t  wheat yields or yield components 

with yields of wheat under no-tiuage king signaicantly higher than those managed under 

conventional tillage. Sirnilarly, Chevalier and Ciha (1986) found that spring wheat grown 

under no-tihge was reduced with lower c u h  weights than wheat grown under 

conventional tiUage, but that head weights were sirnilar between tillages. 

Soi1 temperature has been found to be lower and soil moisture higher under no-tili 

wheat management when compared to conventional tiUage (Izaux-ralde et al., 1986, Smika 

and Ellis, 197 1). In this study soil temperature was not measured, although soil moisture 

was monitored in 1991 as part of the decornposition study conducted within these plots. 

In general, Merences in soil water content between the two tillage systems throughout 

the 1991 season varied as a function of rainfaU intensity (Fig. A.4). However, 

conventionaUy tilled plots tended to have higher volurnetric water contents than no-tilled 

plots, especially after rainfaIls. Apparently part of the rainfail was intercepted by the crop 

residues in no-tdi plots, resulting in a greater recharge of the surface layer under 

conventional tillage than under no-tillage practices (Wagner Riddle, 1992; Zhai et al., 

1990). Soil drying appeared to be slower under no-tillage than conventional tillage; 

however, soil moisture contents rernained below optimum levels for growth under both 

mage systems. In contrast, more evenly disaibuted and higher amounts of precipitation in 

1990 would have increased the soil moisture content in both tillage systems. However, 
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the presence of a surface mulch was reduce the soil drying rate early in the season by 

Wagner Riddle (1992) and would possibly have resulted in a slight benefit earlier in the 

season for no-tillage practices. This dinerence would probably have disappeared by the 

grainnlling period, as was fowd in 1990 by Wagner Riddle (1992) at the sanie site. The 

lack of tillage effects on dry rnatter accumulation of the various plant parts as well as total 

dry rnatter accumulation over the 1990 and 199 1 seasons was likely due to the small 

treatrnent effects on water content and soil temperature of the coarse-textured soil studied 

during the period of active vegetative growth and grain fiMg of winter wheat. 

4.1.5 Winter Rye Growth 

Tillage had Little effect on dry matter accumulation of winter rye during both 1990 

and 199 1 growing seasons. Dry weight accumulation approximated a sigmoid curve 

respect to tirne, although it did not attain the characteristic stationary phase toward 

rnaturity in 1990 (Fig. 4.50). This deviation fkom the characteristic growth curve suggests 

that winter rye continued to absorb nutrients and synthesize carbohydrates until it 

matured (Pal, 1966; Lal and S h m ,  1973; Lal et al., 1978). In contras t, winter rye dry 

matter accumulation more closely followed the characteristic sigmoid path during 1991 

season (Fig. 4.55). This may have been related to the different environmental conditions 

experienced in the two years. Under water stress situations such as those expenenced in 

1991, there is a greater translocation of carbohydrates (Asana, 196 1) and stored 

photosynthate (Wardlaw, 1967) in the vegetative plant parts to the reproductive plant 

parts. Chevalier and Ciha (1986) have shown that this translocation process in spring 
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Figure 4.45: Effect of conventional (CT) and no-tiiiage (NT) treatments on winter rye leaf dry weigbt 
accumulation per m2 during the 1990 growing season. 

Figure 4.46: Effect of conventional (CT) and no-tiüage (NT) treatments on winter rye stem dry weight 
accumulation per m2 during the 1990 growing season. 
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Figure 4.47: Effect of conventional (Ci') and no-tiliage (NT) hratmenb on winter rye I d  area index 
during the 1990 growing season. 

Figure 4.48: Effect of conventional (CT) and no-tüiage (NT) treatments on winter rye c u h  dry weight 
accumulation per m2 during the 1990 growing season. 



F i e  4.49: Effeet of conventional (CT) and no-tillage (NT) treatments on winter rye head dry weight 
accumulation per m2 durhg the 1990 growing season. 

Figure 4.50: Effect of conventional (CT) and no-tilIage (NT) treatments on winter rye total dry weight 
accumulation per m2 during the 1990 growing season. 
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wheat is not affected by tillage, and is rehted more to dner growing conditions. 

In 1990, differences in leaf dry weight accumulation between tillage treatments 

were no t statistically si@cant on any of the sampling dates fig. 4.45). No differences 

in the leaf area index were found between tülage practices at any of the samphg dates in 

higher in the conventionaiiy tilled treatment, dthough none of the clifferences between 

tdiages were statisticaiiy significant (Fig. 4.46). Ditferences in total culrn weights were not 

different between tillage treatments in 1990 (Fig. 4.47). With the exception of the 22 1 

DAP sarnpling, stem dry weights were statistically different between tillage treatments 

although they were consistently higher during grainnlling under conventional tiilage (Fig. 

4.48). There was a one day delay in both heading and anthesis under conventional tillage, 

which led to higher head weights under no-tillage on most sampling dates, although a 

statistically significant ciifference between tillages was found at harvest only (p = 0.0233). 

Total dry matter accumulation was not signincantly dflerent between tillage practices on 

any of the sarnpling dates in 1990 (Fig.4.50). Leaf weights were also not 

significantly different between tiüage treatments on ail sarnpiing dates in 1991, dthough a 

trend towards higher leaf dry weights in conventionally tiUed plots (p = 0.0633) compared 

with no-tillage plots was found at harvest (Fig. 4.51). Although leaf weights were not 

statistically different for most of the season, no-tillage plots had higher leaf weights than 

conventional tillage plots on all dates pnor to anthesis, and lower leaf weights than 

conventionally tiUed plots during grainfilling. Similarly, stem dry weights were sirnilar 

between tillage practices with only a trend towards higher stem weights in conventionally 

tilled plots found at the time of harvest @ = 0.0922) (Fig. 4.52). 



F i e  4.51: Effect of conventional (CT) and no-tiüage (NT) treatments on winter rye leaf dry matter 
accumulation per m2 during the 1991 growing season, 

Figure 4.52: Effect of conventional (CT) and no-tillage (NT) treatments on *ter rge stem dry weight 
accumulation per m2 during the 1991 growing season, 



Figure 453: Effect of conventional (CT) and no-tiilage (NT) beatments on winter rye culm dry weight 
accumulation per m2 during the 1991 growing season. 

Figure 454: Effect of conventional (CT) and no-tillage (NT) treatments on winter rye head dry weight 
accumulation per m2 during the 1991 growing season. 



F i e  455: EffFect of conventional (Ci") and no-tillage (NT) treatments on winter rye total dry weight 
accumulation per m2 during the 1991 growing season. 

Total culm weights foliowed a similar trend to leaf and stem weights. with similar dry 

weight accumulation throughout the season and only a trend towards higher culm weights 

under conventional tillage at harvest @ = 0.0682) (Fig. 4.53). As was the case in 1990, 

both heading and anthesis were delayed by 1 day under conventional tillage. However, 

none of the differences in head weights between tiUages were found to be statisticdy 

significant (Fig. 4.54). Differences in total dry rnatter accumulation between tillages were 

not statistically significan~ however, a trend towards higher total dry weights under 

conventionai tillage practices was found at harvest (p = 0.0900) (Fig. 4.55). As with a i l  

other rneasurements of dry weight accumulation, no-tiüage had higher total dry matter 

during much of the vegetative growth cycle, while conventional tiUage had higher total dry 

weights during the grain filhg period. 
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Differences in soil water content between tülage treatments in 1991 varied as a 

function of rainfd occurrence (Fig. AS). Soil water contents were siniilar between the 

tillage treaurients during the rye growing season, although conventiondy tilied plots 

tended to have higher water contents, especially after rainfaU In contrast to winter wheat 

plots, soil under no-tillage did not dry more slowly. This difference may be the result of 

less residue cover supplied by the preceding tobacco crop than that supplied by the 

soybean crop preceding the winter wheat crop. The simiiarity in arnount of residue cover 

between tillage treatments rnay have resulted in sirnilar soil temperature and water 

contents under both tillage systems, and in sirrglar dry weight accumulation under both 

tillage systems (Blevins er oL, 1983a; Wagner Riddle, 1992). Slightly lower soil water 

contents in no-tillage plots during dry penods may reflect an increase in water use required 

to support the higher dry weights produced early in the growing season. Slightly higher 

water contents in plots under conventional tiIIage later during growth afforded increased 

dry weight accumulation in these plots. Sirnilarly, the dry penods expenenced in 1990, 

although not as extensive as in 1991, affected both tillage systems in a similar way as that 

observed in 199 1. Abundant rainfall during the grain filling penod resulted in similar dry 

weight accumulation between tillages, although head weights and total dry weight 

accumulation tended to increase at a faster rate under conventional tillage. 

Enviromntal factors during the two years of the study afTected the dry weight 

accumulation of winter rye to a greater extent than did tillage practices. In general, dry 

weight accumulation was higher during 1990 than during 1991 at similar samphg dates. 

The overd shape of the plant growth curve in 1990 suggests that winter rye continued to 



115 

absorb nutrients and synthesize carbohydrates und it rnatured, whereas a stationary phase 

ui which numents and carbohydrates were translocated fiom the leaves and stem to the 

grain occurred in 1991. This difference in dry matter accumulation and redistribution was 

the result of more available water and less rnoisture stress during 1990 as compared to 

1991. 

In contrast to winter wheat growth, it appears that vegetative growth of winter rye 

was favoured by no-tïüage, whereas grain fiilhg was higher under conventional t h g e .  

This may be the result of differences in phenological developrnent between the two 

species. As found by Fowler et ai. (1989). winter rye was earlier to head and earlier to 

mature than was winter wheat. This may have resulted in less water stress under 

conventional tillage during the grainfilling penod, which cornmenced 10 days earlier in 

winter rye as compared to winter wheat. In contrast to wheat dry matter accumulation 

found in this study and by Dao and Nguyen (1989), winter rye managed under no-tiilage 

practices did not undergo a prolonged vegetative phase. In this study. winter rye in no- 

tiiled plots headed and pollinated 1 to 2 days earlier than plots rnanaged under 

conventional tillage, suggesting that the absence of large amounts of surface residues 

contributed to the earlier development of winter rye as compared to winter wheat . 

In summary, dry weight accumulation was not affccted by tillap practices in either 

1990 or 1991. Winter rye managed under no-tillage had higher dry rnatter accumulation 

during vegetative growth whereas dry rnatter accumulation was slightly higher under 

conventional tiiiage during grainnlling. This pattern of dry weight accumulation differed 

fkom that observeci for winter wheat and may reflect the difference in residue cover 
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provided by the preceding rotation crop and merences in species developmnt. TiUage 

effects on soil water content during the 1991 growing season were srnail, and were 

attributed to the lack of Merence in residue cover between tülages in this phase of the 

tobacco-rye rotation. Earlier developrnent of the rye crop compared with the winter 

wheat crop also dowed the winter rye crop to expenence less water stress under 

CO nventional tillage during the gro wing season. 

4.2 Cmp Yields in 1990 to 1993 

Considerable year to year variation in seasonal precipitation (Table 3.2) and 

temperature (Table 3.3) occurred throughout the study. In general, only 1990 and 1992 

growing seasons had adequate rainfall distributions to ensure minimal water stress on crop 

growth and grain production, although both of these years received below normal 

precipitation early in the season. The 1992 growing season was rnarked with below 

nomial ternperatures for most of the year, whüe 1990 temperatures more closely 

approximated the 56-year average values. Precipitation during the 199 1 and 1993 

growing seasons was below normal. During 1991, mean air temperatures were above 

normal with rnean maximum and rnean minimum temperatures above the 56-year average 

for most of the growing season. Mean maximum and minimum air temperatures were 

below nomial from Febmary to March in 1993, but then approximated the long term 

average for most of the remainder of the growing season. The below nomial rainfaü, as 

weil as above normal or normai ternperatures during 1991 and 1993, led to severe 

moisture stress in all of the crops grown in the study. Moreover, the stress penod in 1993 
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tended to occur during critical stages of plant developrnent: for corn, during the period 

from tassehg to silking; for soybean, during pod development and pod filling; for winter 

wheat and f d  rye during heading and grainnlling; and for tobacco, during leaf 

developrnent and expansion. Overall yields of s o m  of the crops were reduced by the 

severe moisture lirniting conditions during 1991 and 1993. In contrat, the below n o d  

temperatures and above normal precipitation received in 1992 reduced tobacco yields, but 

had little or no effect on yields of the other crops. T h g e  effects on crop growth and 

yield over the four-year period were dependent on the environmental conditions 

experienced throughout each of the growing seasons, and wiU be expanded upon within 

the discussion for each of the crops. 

4.2.1 Corn Yields 

Averaged over the four years of the study, grain yields were no t significantly 

affected by tillage (p = 0.8228) (Table 4.1). A strong trend for higher corn grain yield was 

detected in 1992, when conventional tillage practices resulted in a 1091.7 f 88.3 kg ha-' 

increase in grain yield over no-tiUage practices @ = 0.05 14). However, no ciifferences in 

yield between tillage treatrnents could be found in the other three years of the study. 

These results agree with those of other studies conducted on couse-textured soils. 

Wagger and Denton (1 989) found corn yields to be similar under bo th tillage systerns on a 

couse-textured soil in North Carolina, except in exmme drought conditions when no- 

tillage practices resulted in significantly higher corn yields. In contrast, Dick et al. (1986b, 

1991) found that no-tiU corn consistently out yielded conventiondy tilled corn on a weil- 



drained soil in Ohio, with yield differences increasing with increasing years of study. 

Yields are ofien 10 wer under no-till than under conventional tillage in poorly drained soils 

or under cool wet conditions (Vyn and Rairnbadt, 1993; Dick et al, 1986a; Wagger and 

Denton, 1989). Under these conditions, cool temperatures combined with surface 

residues which delay soil wamiing, may lead to delayed corn emergence, early roo ting and 

growth in no-till, and rnay result in reduced grain yields (Erbach et al, 1986; GrifEth et al, 

1988). Cooi, wet conditions existed in 1992 and may have conaibuted to the trend 

towards higher yields under conventionai tillage found in that year. 

Table 4.1: Corn grain moisture content at harvest and yield of grain corn durhg the study. 

Year Grain Moisture (g k g 1 )  Y ield(kg ha-') 

1990 Series 1 
Series 2 
Overaii 

1991 Series 1 

Senes 2 
Overail 

1992 Series 1 
Series 2 
Overail 

1993 Senes 1 
Series 2 
Overail 

Ave. Series 1 

Series 2 
Overail 

* CI' = Conventional Tillage, NT = No-Tillage 
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Corn grain moisture at harvest was not statistically different between tillage 

practices @ = 0.1323) (Table 4.1). Only in 1993 was a signincant ciifference (p = 0.0082) 

in grain moisture content detected between tillage practices. Although differences in grain 

moisture content were not statistically Werent between tillage treatments, grain moisture 

was consistently higher in no-till plots than in conventional tilled plots and differences 

between tillage practices increased as the study progressed. Grifnth et al. (1988) found 

that grain moisture at harvest was 20 g kg-' higher with no-till than with moldboard plow. 

Vyn and Raimbault (1993) found corn moisture content to be higher under no-tiuage 

practices than with spring plowing foilowed by secondary tillage. During the initial years 

of the study, ciifferences in moisture content between tiilage treatments were small 

(20 g kg-') but increased throughout the length of the study to a maximum ciifference of 

52 g kg-'. The authors suggested that the higher moisture contents indicated a substantial 

delay in corn rnaturity under no-tillage. 

4.2.2 Soybean YieIds 

Over the four years of the study, yields of soybean were similar for the two tillage 

treatments (p = 0.9056) (Table 4.2). Often tilled and no-tiUed systerns have k e n  found to 

be equaliy effective for producing soybeans on weQdrained soils, but poorer yields have 

been obtained with no-tillage practices on a poorly drained soil @ick et al., 1986a; Dick 

et al., 1986b; Dick and Van Doren, 1985). 

Yields of soybean grain were 399 1: 79 kg ha'' higher under conventional tillage as 

compared to no-tillage in 1990 (p = 0.0149) and 486 k70  kg ha-' higher under no-tillage 
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in 1993 @ = 0.0062). Yields of soybean were siniilar for the two tillage treatments in 

1992 ( p = 0.1987) and 1991 @ = 0.5650). It appears that the benefits of no-&ge on 

grain yield were expressed primarily in those years with below nomial precipitation. This 

is consistent with results found by NeSmith et al. (1987), Webber et al. (1987) and 

Deibert et al. (1989), who reported higher or equai soybean yields under no-tillage 

practices compared with conventional tiUage in years that had below normal precipitation, 

but higher yields under conventional tillage when above nomial rainfall was received. 

While yields of soybean were not statistically different between tiUage practices in the 

1992 and 1991 growing seasons, a sirnilar relationship between yield and precipitation was 

found. This suggests that soil water availability was greater under no-tillage during drier, 

warmer years, but that the benefits of no-tillage, such as increased infiltration and reduced 

evaporative loss, may have reduced soi1 temperatures and yields of soybean in years of 

abundant rainfall. 

A significant tillage by series effect was found (p = 0.0357) as a result of the 

difference in yields arnong years. Overd yields were sigiuficantly higher (p = 0.0 121) 

during the first cycle of the rotation as corrtpared to the second cycle, but a significant 

tillage by cycle (p = 0.4571) interaction was not found. The absence of a significant tillage 

by cycle interaction indicates that tillage differences were consistent during each of the 

cycles of the rotation even though tillage effects differed among the four years of the 

study. This finding is in contrast to findhgs by Langdale et al. (1 990) who found that 

soybean yield response to tillage was affecteci by rotation cycles. While yields of soybeans 

were similar between tillage practices in a two-year rotation with grain sorghum during the 
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initiai cycles of the rotation, no-tillage yields declined to a greater extent than those under 

conventional tillage in the iater rotation cycles. Deches in yield were attributed to poor 

herbicide activity and higher incidence of disease as the rotation progressed; however, 

poor herbicide activity and higher incidence of disease with rime were not found in this 

study. 

Moisture stress during various penods, especially during the p o d - m g  stage of 

gro wth, has been reported as the predominant factor exp laining yield differences among 

tillage practices (Tyler and Overton, 1982; Webber et al., 1987). Water stress during 

soybean growth is reported to be more cntical to yield reductions when it occurs during 

the reproductive stages rather than the vegetative stages of growth @oss et al., 1974; 

Karlen et al., 1982). Webber et al. (1987) obtained higher soybean yields under no-tillage 

due to a larger weight per seed and larger number of seeds per pod, when compared to 

conventional tillage. These Merences were related to a higher leaf water potential for 

plants rnanaged under no- tillage, indicating that Iess water stress had occurred during 

flowering and pod filluig. Although soil water contents were sirnilar for the two tillage 

treatments during the year that soil moisture was monitored (A.2), no-tillage had higher 

soi1 water contents during extended dry penods, and this may be associated with higher 

seed weights and yields under no-tillage during the drier years. 

Grain moisture content averaged over the four years was sirnilar for the two tiUage 

treatments (Table 4.2). Tillage also had little effect on grain moisture content at harvest 

within the individual years of the study but varkd among the individual years of the study. 

Deibert (1989) also found that seed moisture at harvest varied among years, and that there 
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was no ciifference in grain moisture between tillage practices in most years. However, in 

contrast to this study, higher grain moisture was found under conventional tillage in a dry 

year rather than in a year with abundant rainfa1.L Similarly, Wagner Riddle (1992) found 

no merence in seed moisture content at hmest but found seed moisture to be higher 

under conventional tillage in both dry and wet years. It appears that seed moisture is nor 

consistently af5ected by Mage, and may be affected more by environmental conditions 

prior to harvest than to tillage practices. In this study, a shorter-rnaturity soybean cultivar 

was used allowing harvest maturity to be reached well in advance of the actual harvest 

date. This allowed harvest to be cornpleted after a few days of good drying conditions 

and may have resulted in lower grain moisture contents under conventional tillage. 

Table 42: Soybean grain moisture content at harvest and yield of soybeans during the study. 

-- - 

Y ear Grain Moisture (g kg') Y ield (kg ha-') 

1990 Series 2 133.8 î 1.0 131.7 f 1.3 3291 f 192 2893 f 199 
1991 Series1 110.3f 1.5 110.5 f 0.6 3212 i 430 3386 f 346 
1992 Series 2 128.8 f 2.5 129.0f 8.7 2166 f 495 1747 f 302 
1993 Series 1 121.8 f 8.8 135.3 f 18.3 2008 * 308 2493 f 191 
Ave. 123.6 I 10.0 126.6 i 13.4 2669 f 692 2630 k 664 

* CT = Conventional Tillage, NT = No-Tillage 

In sumrnary, the amount and distribution of seasonal rainfall appeared to be an 

important factor in d e t e m g  soybean grain yield response to tillage. Conventional 
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tillage provided soybean with excellent potential for maximum yields due to greater 

vegetative growth in most years. In a season with adequate rainfall during f l o w e ~ g  and 

pod-fihg penods, soybeans benefited fkom this increased vegetative growth, and soybean 

yields were greater under conventional tillage compared with no -tillage. Inadequate 

rainfall during the reproductive growth penods caused soybeans to suffer more moisture 

stress under conventional tillage. In a season with extended drought periods. soybeans 

under no-tillage benefited fiom higher soi1 moisture contents during reproductive growth, 

and produced higher yields compared with conventional tillage in t hese years. 

4.2.3 Flue-Cured Tobacco Yields 

A trend for higher average yields was found when flue-cured tobacco was 

managed under conventional tillage over the four study years @ = 0.0706) (Table 4.3). 

Yields of tobacco also responded to tillage similarly in each of the four years from 1990 to 

1993, even though differences in yield between tillage practices declined slightty as the 

experiment progressed. In contrast, Worsharn (1985) observed that differences between 

yields of conventional and no-taed tobacco decreased over an eight- year period in North 

Caroha. Cured leaf yields in my study were 624 f 156,690 f 195,570 f 29, and 463 f 

143 kg ha-' higher under conventional tillage in 1990 @ = 0.0279). 1991 (p = 0.0382), 

1992 (p = 0.0003) and 1993 (p = 0.0479) respectively. These results agree with most 

other studies comparing tillage systems for the production of flue-cured tobacco. Yields 

of flue-cured tobacco under no-tillage averaged 9 1% (Moshler et aL, 197 l), 80% 

(Worsham, 1985), 87% (Wood and Worsharn, 1986) and 82% (Shilling et al., 1986) of 
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conventionally tilled yields in studies conducted in Virginia and North Caroiina. 

Table 43: F l u w e d  tobacco yield during the study. 

Y ear Yield (kg ha") 

CT NT 
1990 Series 2 2758 f 80 2134 f 354 
1991 Series 1 3392 k 268 2702 f 130 
1992 Series 2 2549 f 112 1979 i 102 
1993 Series I 2870 f 220 2407 f 98 
Ave. 2892 f 362 2306 I 3 3 7  

-- - - - -  - -  

* CT = Conventionai Tillage, NT = Strip-TilIage 

Average yields were higher in the drier, warmr 199 1 and 1993 gro wing seasons 

compared with the cooler, wetter 1990 and 1992 growing seasons (p = 0.0512). These 

results agree with those obtained by Moschler et al. (1971), who ako found that yields of 

flue-cured tobacco were lowest in seasons with excessive rainfall and highest under drier 

years, with intermediate yields in years with average precipitation. 

Tobacco is considered a heat-loving crop, and is susceptible to chilling 

temperatures (Hawks, 1970). Flue-cured tobacco can tolerate short durations of 

temperatures just above the hezing point and a high temperature of at least 40°C without 

seriously aEecting the plants; however, the crop seems to perform best with night 

temperatures in the range of 18-21°C and day temperatures of 29-32OC. Even though a 

continuous supply of moisture will promote faster growth, moisture stress early in growth 

rnay promote deeper root penetration and encourage the production of those constituents 
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associateci with iniproved leaf quality. In generai, since tobacco produced in this study 

was irrigated when soil moisture contents declined below 9% (Reynolds and Rosa, 1994), 

the yields of cured leaf obtained in this study are consistent with these staternents and 

reflect Merences in man temperatures rather than in the arnount of precipitation 

received. Under irrigated conditions, the soi1 water conservation afforded by the surface 

rnulch does not provide an advantage for crops under reduced tillage as found by Shilling 

et al (1986). 

In summary, the amount and distribution of seasonal rainfail was not as important 

in determining flue-cured tobacco yield response to tillage as were seasonal ternperatures. 

In general, conventional tiuage provided tobacco with excelient potential for maximum 

yields due to greater growth rates in ali years. In seasons with above average precipitation 

and cooler mean temperatures during the growing season, tobacco yields tended to be 

lower under both tillage systerns, probably as a result of lower soi1 ternperatures, but were 

greater under conventional tillage compared to no-tillage. 

4.2.4 Winter Wheat Yields 

Wheat managed under conventional tillage and no-tillage produced similar grain 

yields when yields were averaged over the four study years @ = 0.4406) (Table 4.4). 

S irnilarly, tillage had Little effect on winter wheat yields within each of the four study years 

with no-tillage king slightly lower in years with more timely rainfaiis and higher in years 

with extended dry periods. Dao and Nguyen (1989) also found no-tiuage wheat yields 

similar to or slightly better than conventional tillage yields in years when lower than 
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normal rainfall was received during the grain filling penod Wagger and Denton (1989) 

also indicated that the soil water conservation benefits of no-tillage on grain yields of 

wheat grown in a coarse-textured soil were expresseci in years when extended dry periods 

were experienced during the grain fdiing penod, and that these benefits were detrimental 

to wheat yields when abundant precipitation was received. Izaurralde et al. (1 986) 

attributed lower wheat yields under no-tillage to the presence of surface residues and lack 

of proper seed placement rather than to reduced tillage per se. Greater wheat yields were 

found under no-tillage in years when there was very Littie precipitation during the rapid 

growth period, and were ataibuted to p a t e r  water avaiiability due to smaller thermal 

amplitude in soi1 under no-tiuage with surface residues. 

Wheat yields, averaged over the 1990 and 1992 seasons. were significantly higher 

than those obtained over 1991 and 1993 @ = 0.0403). This difference among years 

suggests that the influence of environment on wheat grain production was relatively 

important during the four years of the study. Higher grain yields were obtained in those 

years with abundant rainfaii throughout the active growth phase cornpared with those 

years when extended dry periods were experienced during part of the grain filling penod. 

This is consistent with results obtained by Izamalde et aL (1986), who found that higher 

yields were obtained in years when abundant rainfall was received. 

Grain moisture at hamest was found to be sirniiar between conventional and no- 

allage practices over the four years of the study @ = 0.8251) (Table 4.4). Sidarly, grain 

moisture was found to be sirnilar within each of the individual years of the study. This 

lack of ciifference in grain moisture at harvest suggests that tillage had Little effect on the 



overail maturation of winter wheat during the s tudy. S imilar results were repoxted by Dao 

and Nguyen (1989) and Chevelier and Ciha (1986) who found that while no-tillage 

prolonged vegetative growth, this delay in maturation did not affect wheat yields or yield 

components such as grain moisture. 

Table 4.4: Winter wheat grain moishiie content at harvest and grain yield throughout the study. 

- - - - 

Y ear Grain Moisture (g kg") Yield (kg ha") 

1990 Series 1 131.51 1.3 131.0 f 1.8 3406 I 230 2973 f 310 
1991 Series2 116.5f 7.2 1195 f 3.9 2068 i 304 2344 f 337 
1992 Series 1 129.0 f 1.4 127.8 f 2.1 3769 I 226 3177 I 540 
1993 Senes 2 117.0f 2.7 118.0 I 0.8 2379 I253 1954 f 430 
Ave. 123.5 f 7.9 124.1 f 6.0 2905 f 761 2612f 617 

* CT = Conventional Tiage, NT = No-Tillage 

In general, tillage practices had little effect on winter wheat yields over the four 

years of the study. Slightly higher grain yields were observed in conventional tillage in 

those years when soil water availability was not a Limiting factor to wheat growth. In a 

year when a prolonged dry period in conjunction with higher than average temperature 

were expenenced, yields of wheat grain were slightly higher in plots managed under no- 

tillage practices. Grain moisture was also found to be affected more by environmental 

conditions than by the two tillage aeatments with grain moisture king slightly higher in 

those years when rainfall was more plentiful and average temperatures were lower. 



4.2.5 Winter Rye Yields 

Witer  rye grain yields averaged over the four years of the study were similar for 

both tillage treatrnents (p = 0.2355) (Table 4.5). Similarly, yields of winter rye managed 

under no-tillage were not statistically dinerent fkom yields of plots managed under 

conventional tillage within each of the four years of the study. Tillage dinerences were 

less pronounced in winter rye than in winter wheat although the trends were sirriilar. This 

rnay have k e n  due to less ciifference in soil moisture and temperature as a result of less 

soil cover in the flue-cured tobacco-winter rye rotation compared with the soybean-winter 

wheat rotation. In generaI, soil water contents masured during the 1991 growing season 

were s i d a r  for both tillage treatmnts throughout the season, with conventiondy tilled 

plots having slightly higher volurnetric water contents than no-tilled plots. In contrast to 

plots sown to winter wheat in the soybean-winter wheat rotation, soil managed under no- 

tiilage practices did not dry more slowly than conventional tillage practices when sown to 

winter rye in the flue-cured tobacco-winter rye rotation. Under the tobacco-rye rotation 

the majority of the residues are provided by the winter rye crop. Following the flue-cured 

tobacco crop, little of this residue reniains, and the beneficial effects of reduced tillage on 

soi3 water availability and soil temperature soi1 attributed to the presence of surface 

residues would have not have been expressed as strongly. 

Unlike winter wheat, yields in 1990 and 1992 were not significantly higher than 

winter rye yields in 1991 and 1993 (p = 0.4827), although the trends in yields were similar. 

This suggests that winter rye yields were affected less by environmental differences over 

the study years than winter wheat. This may be the result of greater soil water availability 
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due to earlier physiological development and maturation of winter rye as compared to 

winter wheat. Fowler et al. (1989) found that winter wheat was later heading, later 

maturing, and shorter than winter rye in all of their twenty trials. Similarly, winter wheat 

yielded less than winter rye in thek study at similar nitrogen fertilizer rates; however, in 

this study, fertilizer nitrogen applied to the winter rye crop was one-half of that applied to 

the winter wheat crop, and may have contributed to lower yields of winter rye as 

compared to winter wheat. 

Table 45: Winter rye grain moisture content at barvest and grain yield during the study. 

1990 Series 1 144.0 f 4.7 141.3 f 5.3 2920 f 209 2836 f 245 
1991 Series 2 137.8 f 1.5 134.5 i 7.6 1990k 41 1825f 261 
1992 Series 1 130.3 I 1.9 129.3 i 1.0 2905 i 140 2521 I 368 
1993 Series2 t 29.0 f 0.8 129.8 f 1.0 2675 i 118 2688 k 166 
Ave. 135.3 i 6.7 133.7 f 6.5 2622 f 410 2467 f 468 

* CT = Conventional TiIlage, NT = No-Tillage 

Grain moisture averaged over the four years was similar in plots rnanaged under 

conventional tiüage compared with plots rnanaged under no tillage @ = 0.4741) (Table 

4.5). Winter rye grain moisture was not afTected by tillage treatment within any of the four 

study years. While none of the ciifferences in grain moisture between tillage treatrnents 

were statistically significant in any of the four study years, trends in grain moisture appear 
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to reflect clifferences in precipitation during the grain filling period and just pnor tô 

harvest. In the 1990 and 1992 growing seasons, more than 30% of the total precbitation 

received between the spring thaw and harvest was received fiom anthesis to harvest, while 

less than 30% of the precipitation was received over the same period in 1991 and 1993. 

However, 3 to 12% of the total rainfall received fiom spring thaw to harvest was received 

1 week prior to harvest in 1990, 1991 and 1992, resulting in higher grain moisture values 

than in 1993, when less than 1 % of the total precipitation received between spring thaw 

and harvest was received 1 week prior to harvest. 

In general, tillage practices had little effect on fail rye yields over the four years of 

the study. The beneficial effects of reduced tillage on soil water availability and soil 

temperature did not appear to be present in the tobacco-rye rotation, probably because of 

lower arnounts of residue cover produced under this system In a year when a prolonged 

dry period in conjunction with higher than average temperatures were experienced, yields 

of winter rye were lower than in years with more abundant rainfall, but were similar for 

both tillage practices. Grain moisture was also found to be affected more by 

environmental conditions rather than by the two tillage treatments, probably as a result of 

lower overail residue production in the tobacco-rye rotation and a minimal effect o n  

evaporative loss and soil temperatures. 

4.3 Residue Carbon Production During 1990 To 1993 

4.3.1 Corn Residue Carbon Production 

Tiilage had little effect on above-ground residue carbon production by grain corn 
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over the four years of the study @ = 0.5136) (Table 4.6). Averaged over the 4 years of 

the study, a total of 278.0 129.5 g C of above-ground residue was produced annually 

by grain corn with 281.5 f 32.4 g C m-2 when managed under conventional tillage and 

274.6 f 26.9 g C m'2 when managed under no-tillage practices. The e s t h t e s  of above- 

ground residue carbon inputs found in this study are weil below the estimated value of 581 

g C m*2 for corn stover carbon inputs found by Buyanovsky and Wagner (1986) in 

Missouri. Similar trends in residue carbon weights in response to tillage were found in 

1990 (p = 0.7679), 1991 (p = 0.6310) and 1993 (p = 0.7529) with non-harvested above- 

ground residue carbon weights averaging 289.8 I 15.7,279.9 f 21.6 and 254.4 f 41.2 g C 

mm2, respectively. However, a signincantly higher amount of above-ground residue was 

produced by grain corn managed under conventional mage in 1992 when above normal 

precipitation was received through out the growing season (p = 0.0231). In 1992, above- 

ground carbon input by grain corn was 20.1 f 1.3 g C m-2 lower under no-tilIage practices 

cornpared with conventional tillage practices. 

Carbon inputs derived from the individual plant components making up the non- 

harvested above-ground crop residues were similar between tillage practices over the four 

years of the study (Table 4.7). Average leaf @ = 0.4425), stalk (p = 0.3492), husk (p = 

0.6399) and cob (p = 0.6546) carbon weights were 86.7 f 8.9, 89.7 f 12.9,42.6 f 6.7 

and 58.7 f 8.6 g C m'2, respectively. Similarly none of the components of crop residues 

were significantly different in any of the 4 years of the study. 

Estimates of the below-ground carbon production by grain corn averaged over the 

4 years of the study were &O not affected by tillage (p = 0.9456) (Table 4.6). Corn 
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managed under conventional tillage produced 147.0 f 19.7 g C m-' of below-ground 

material while corn rnanaged under no-tillage produced 152.4 f. 22.7 g C rn-' of below- 

ground material r e s d ~ g  in an average total of 149.7 f 21.1 g C m-' of bebelow ground 

production for grain corn. As found with above-ground carbon production. this estimate 

of total below-ground carbon inputs is much srnaller than the 340 g C m*2 esthated by 

Buyanovsky and Wagner (1986) in Missouri Below-ground carbon was not affected by 

tillage practices in 1990 @ = 0.4101), 1991 (p = 0.3339) or 1993 (p = 0.8077) with 

below-ground residue carbon weights of 159.1 f 29.3, 149.8 f 13.4 and 136.0 f 21.6 g C 

m*' , respec tively. Ho wever, in 1992 a significantly higher @ = 0.0264) amount of belo w- 

ground carbon was produced under conventional tillage compared with no-tillage 

practices. In 1992. estimates of the below-ground carbon inputs were 156.6 i 7.4 g C m-2 

under conventional tillage and 151.2 f 10.6 g C m-2 under no-tillage practices. 

Total non-harvested residue carbon weights were simila. for each of the tillage 

practices over the 4 years of the study @ = 0.51 10). Averaged over the 4 years of the 

study, a total of 427.7 f 47.8 g C m*' of above-ground residue was produced by grain 

corn with 428.4 f 50.3 g C m-2 when managed under conventional tillage and 427.1 f 46.8 

g C m-' when managed under no-Mage practices. This estimate of the average total 

carbon production by grain corn is about half of the total carbon estimates for grain corn 

grown in Missouri (Buyanovsky and Wagner, 1986). To ta1 non-harvested carbon 

production was not afFected by tiUage practices in 1990 @ = 0.6037), 1991 @ = 0.4886) 

or 1993 (p = 0.8934) with total residue carbon weights of 448.8 * 39.8, 429.8 f 34.5 and 

390.4 i 62.5 g C m'2. respectively. However, in 1992 a significantly higher (p = 0.0264) 



Table 4.6: Grain corn above-ground, below-ground and total non-harvested residue ccirbon production over the 4 shidy years. 

- 

Year C Inpuls (g C mm') 
Abovc-ground C Inputs Below-ground C inputs Total C inputs 

1990 Series 1 
Serics 2 
Overdl 

1991 Series 1 
Series 2 
Overall 

1992 Scries 1 

Series 2 
Overdl 

1993 Series 1 
Series 2 

Overdl 

Ave. Scrics 1 
Series 3 
Overall 

* CT = Conventional Tillage, NT = No-Tillage 
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Table 4.7: Grain corn leaf, stalk, husk und cob carbon inputs over the 4 study yars.  

Y ear C Inputs (g C 
kaf Stem Husk Cob 

1990 Series 1 

Series 2 
Overall 

1991 Series 1 
Series 2 
Overall 

1992 Series 1 
Series 2 
Overall 

1993 Series 1 

Series 2 

Overali 
Ave. Series 1 

Series 2 
Overall 

* CT = Conventional Tillage, NT = No-Tillage 



135 

arnount of total residue carbon was produced under conventional nllage cornpared with 

no-tillage practices. In 1992, estimates of the total residue carbon inputs were 457.9 f 

21.6 g C w2 under conventionai tillage and 426.0 f 29.7 g C m2 under no- tillage 

practices. 

Overall aIlage had little effect on the amount of above-ground, below-ground and 

total crop residue carbon production over the four years of the study. These results are 

consistent with those found by Jones et al. (1968,1969). In their studies, corn stover 

yields were no t found to be different between conventional and no-tillage practices when 

averaged over the duration of the experiment but were occasionally found to be different 

within individual years of the experiment. In generd, response to tillage practices as 

measured by corn stover production depended primarily on greater water conservation 

and infiltration when a surface mulch was present. Similarly, Cox et al. (1990) and 

Johnson et aL(1984) found a delay in the decline of volurnetric water content under no- 

tillage during dry periods as a result of greater water infiltration and reduced evaporative 

water loss due to the presence of a mulch iayer. This resulted in higher plant biomass 

production in dry years under no-tillage, but higher biomass production under 

conventional tillage in years with adequate precipitation. This lack of tillage effects on all 

cornponents of corn residue carbon production was likely due to the srnall tillage effects 

on soi1 water content and temperature of the corne-textured soii studied. 

Early season moisture stress may have k e n  a problem in 199 1, when below 

average rallifali was received during May and June, leading to similar carbon inputs for 

each of the tiliage treatrnents. In contrat, in 1992, when above normal precipitation was 
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received f?om June through October, carbon inputs were higher under conventional tillage 

than under no-tillage practices. This suggests that crop residue production responds 

differently to tillage practices under different environmentai conditions. This agrees with 

findings by Ai-Darby and Luwery (1986), who found singlar plant biornass production in a 

couse-textured soi1 for conventional and n o - t - g e  in a year with below average rainfall 

but higher under conventional tillage w hen above normal precipitation was received. 

These results suggest that conservation tillage did not sufficientIy iniprove the growing 

conditions for corn to produce significantly higher residue carbon production, nor did they 

cause a serious reduction in residue carbon production relative to conventional tillage. 

4.3.2 Soybean Residue Carbon Production 

Tillage had little effect on the amount of above-ground crop residue carbon 

produced by soybean over the 4 years of the study @ = 0.5965) (Table 4.8). An average 

of 160.1 i 44.9 g C m'2 of above-ground carbon was produced over the 4 years with 

169.9 f 25.9 g C ni2 produced in conventionally tiiled plots and 150.4 f 57.3 g C m-* 

produced in no-till plots. Wagner Riddle (1992) also found no ciifference in total canopy 

dry weight accumulation at harvest between conventional tiIiage and no-tillage in a 2-year 

study when other managenient practices were similar to those used in this study. 

Significantly higher above-ground carbon inputs were found under conventional tillage in 

the wetter 1990 (p = 0.0153) and 1992 (p = 0.0466) growing seasons, whereas no 

differences in above-ground carbon production were observed in the drier 1990 (p = 

0.5315) and 1993 (p = 0.6880) growing seasons. 



Table 4.8: Soybean above-ground, below-ground and total residue carbon production over tbe 4 yean of tbe study. 

Y ear C Inputs (g C 
Above-ground C Inputs Below-ground C inputs Total C Inputs 

1990 Series 2 158.1 f 15.6 119.3 I 14.5 144.5 I 19.0 126.6 152.2 302.6 I34.0 245.9 163.1 
1991 Series 1 193.9 I23.9 180.0 f 17.5 176.6 I21.8 17 1.9 I 16.7 370.5 î 45.7 352.0 î 34.2 
1992 Scries 2 164.5 k 22.3 112.8k 14.9 149.9 I 2 0 . 3  107.7 I 14.3 314.4 42.6 220.5 I29.2 
1993 Series 1 162.9 131.2 189.3 I 96.7 148.4 I28.3 135.0 120.5 31 1.3 î 59.5 276.4 f 42.0 
Ave. 169.9 125.9 150.4 157.3 154.8 124.1 135.3 f 36.2 324.7 149.9 273.7 î 64.4 

* CT = Conventionai Tillage, NT = No-Tillage 



Table 4.9: Soybean leaf, stem and pod carbon inputs over the 4 years of the study. 

-- -- - 

Year C Inpuis (g C 

Leaf Stem P d  

CT* NT CT NT CT NT 

1990 Series 2 72.1 f 8.7 47.3 I 8.3 44.0 i 5.9 33.6 k 3.4 41.9 f 1.7 38.5 I 3.8 
199 1 Series 1 88.7 * 10.9 69.3 f 8.9 45.7 î 8.3 48.7 I6.1 58.8 î 5.6 61.9f 3.6 
1992 Series 3 81.8 f 10.9 48.9 I 5.3 41.5 î 6.5 28.7 f 5.0 40.4 î 7.5 34.9 I 5.3 
1993 Series 1 76.1 f 14.4 59.3 î 7.9 48.3 * 9.7 39.2 f 5.3 38.3 f 8.0 42.7 I 9.5 
Ave. 79.7 f 12.1 56.2 f 1 1 .S 44.9 f 7.4 37.6 f 8.9 44.9 I 10.1 44.5 f 12.0 

* CT = Conventionai Tillage, NT = No-Tillage 
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Over the period of study, ciifferences in the average carbon production of leaf @ = 

0.1251), stem @ = 0.3193) and pod sheIl @ = 0.9136) at harvest were not different 

between tillages, dthough ail components of total dry matter were slightly higher under 

conventional tillage compared with no-tillage (Table 4.9). On average so ybeans produced 

59.7 I 16.6 g C m-2, 38.8 f 8.9 g C m-2 and 40.2 f 10.9 g C m-2 of leaf, stem and pod shell 

carbon, respectively. Significantly higher leaf and stem carbon production was observed 

under conventional tillage in both 1990 and 1992 with conventionally tilled plots 

producing 24.8 f 2.0 g C and 32.9 f 5.4 g C m-2 more leafcarbon and 10.3 f 2.2 g C 

m" and 12.75 f 3.1 g C rn" more stem carbon in 1990 and 1992, respectively, than no- 

tilled plots. Although dinerences between tiIiages were not significant in any study year, 

conventional tillage had higher pod shell carbon production in the wetter 1990 and 1992 

gro wing seasons, while no-tillage had higher pod sheil carbon production in 199 1 and 

1993. For the most part, these results are consistent with Wagner Riddle (1992), who 

found no dinerences in leaf, stem or pod shells dry weights between tillages during a dry 

year, but found significantly higher leaf , stem and pod dry rnatter under conventional 

tillage during a year with more favourable precipitation. However, in contrast with the 

results reported by Wagner Riddle (1992), no difference in pod sheil carbon production 

between tillage practices could be found in this study. 

Total below-ground carbon production was similar between tillage practices 

averaged over the 4 study years (p = 0.2855) (Table 44). SimilarIy, below-ground carbon 

production was similar between tillage practices in 1990 (p = 0.370 l), 1991 (p = 0.8 140), 

1992 (p = 0.0637) and 1993 (p = 0.5267). Sirnilarly, Wagner Riddle (1992) found no 
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ciifference in below-ground production between conventional and no-tillage practices late 

in the growing season. She suggested that the lack of treatmnt effects was due to the 

srnail treatmnt effects on s d  water content and soil temperature in this coarse-textured 

soiL 

Total residue carbon production was not found to be dinerent between tillage 

practices over the 4 years of the study @ = 0.2412) (Table 4.8). On average soybean 

produced 299.2 f 62.3 g C m-2 of residue carbon with 324.7 k 49.9 g C m-2 produced in 

conventiondiy tilied plots and 273.7 f 64.4 g C m-2 produced in no-tiUed plots. As found 

with above-ground carbon production, significantly higher total carbon inputs were found 

under conventional tillage in the wetter 1990 growing season (p = 6.0387) and a strong 

trend towards higher total carbon inputs were found during the 1992 growing season @ = 

0.0539). while no dinerences in total carbon production were observed in the drier 199 1 

(p = 0.6588) and 1993 @ = 0.6880) growing seasons. 

In summary, no differences in above-ground, below-ground or total crop residue 

carbon production averaged over the 4-year study penod were found between tillage 

treatments. While nurnerically higher above-ground, below-ground and total residue 

carbon production was found under conventional tillage in all study years, statistically 

higher above-ground and total non-harvested residue carbon production were found in 

1990 and higher above-ground carbon production and a strong trend toward higher total 

residue carbon production was found in 1992 under conventional tillage. This clifference in 

crop residue production among the study years could be attributed to merences in 

soybean response to tillage practices under different environments. Precipitation was 
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above normal fkom June to October in botb 1990 and 1992, whereas temperatures were 

below n o d  during this period. This would have negated the soil water conserving 

effect of surface crop residues but resulted in lower sol temperatures in the no-tillage 

treatrnent d u ~ g  these years. In contrast, no-tillage practices during the drier, warmer 

1991 and 1993 growing seasons would have conserved soil moisture for plant use by 

reducing evaporative losses and narrowed the difference in dry matter production between 

tiuages. This dinerence could have been even smaller if no irrigation had been applied 

during extended drought periods in 1991 and 1993. Wagner Riddle (1992) concluded that 

a crop residue muich on sandy soils would be beneficial to crops that are sensitive to 

extremes in soil temperatures by reducing the number of ho urs at high or low soil 

temperatures and by conserving soil moisture during dry penods before canopy closure. 

While s i d a r  residue carbon inputs were found under both tillage systems, the benefits of 

no-tillage in reducing organic matter loss through soil erosion or reduced decomposition 

rate may be a consideration in the evaluation of the sustainability of this cropping 

sequence in this coarse-textured soiL 

4.3.3 Flue-Cured Tobacco Residue Carbon Production 

Estimates of the amount of above-ground crop residue carbon produced by the 

flue-cured tobacco crop over the 4 years of the study indicated little difference between 

tillage practices (p = 0.2585)(TabIe 4.10). An average of 68.1 k 10.4 g C m-* of above- 

ground carbon was produced over the 4 years with 71.9 f 8.0 g C produced in 

conventionally tiiied plots and 64.4 f 10.1 g C m-* produced in strip-tilied plots. Similarly, 
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tillage had little effect on above-ground residue carbon inputs in 1990 @ = 0.lOl4), 1991 

(p = 0.0827), 1992 @ = 0.1429) or 1993 @ = 0.8435). Estimates of the above-groünd 

residue carbon production by tobacco were 69.2 f 10.4 g C 7 1.2 f 7.8 g C ni2, 59.5 

i 7.5 g C m'2 and 72.5 f 8.7 g C m*2 in 1990, 1991, 1992 and 1993, respectively. It is 

difncult to compare these results to others since such information has not been reported in 

previous studies cornparhg tillage practices for flue-cured tobacco production. However, 

total residue weights for conventional tillage are sirnilar to those reported by Elliot (1983) 

for flue-cured tobacco grown under similar conditions. 

Over the four gro wing seasons, no ciifference in the average carbon weight for 

flue-cured tobacco stalk @ = 0.1972) or terminal inflorescence (p = 0.2458) at harvest 

was found between tillage practices (Table 4.1 1). Average tobacco stak carbon 

production was 63.8 f 9.7 g C m'2 with 68.5 f 8.5 g C m.' produced under conventional 

tillage and 59.2 f 8.8 g C produced under strip tillage while the average terminal 

inflorescence carbon production was 3.9 f 1.3 g C mm2 with 4.2 f 1.3 g C m'2 produced 

under conventional tillage and 3.5 f 1.2 g C m-* produced under strip tillage. No 

Merence in the carbon production for either stalk or terminal inflorescence between 

tillage practices could be found in any of the study years but trends towards higher stalk 

carbon production under conventional tillage were detected in 1990 (p = 0.1021), 199 1 (p 

= 0.0663) and 1992 (p = 0.1088) but not in 1993 (p = 0.8722). 

Estimates of the below-ground carbon production were found to be similar for the 

two tillage treatrnents averaged over the 4 years of the study (p = 0.1298). Average 

below-ground carbon inputs were 87.3 f 18.0 g C with 75.8 f 12.9 g C ni2 produced 



Table 4.10: Flue-cured tobacco ubove-ground, below-ground and total residue carbon production over the 4 years of the shidy. 

- - - - - - - 

Year C inputs (g C me2) 
Above-ground C inputs Below-ground C inputs Total C inputs 

1990 Series 2 76.8 I 6.0 61.6 * 7.8 82.8 I20.5 97.0 f 18.8 159.6 f 19.3 158.6 f 24.3 
1991 Series 1 77.2 k 6.0 65.3 13.6 79.6I 6.2 100,9I 5.6 156.7 f 12.1 166.2* 9.3 
1992 Serics 2 64.6 & 7.2 54.5I3.3 66.6I 7.4 84.1 f 5.1 131.2 114.5 138.5 f 8.4 
1993 Series 1 72.1 f 10.5 73.0 f 8.1 74.3f10.8 112.8f12.5 146.3f21.4 185.8f20.7 
Ave. 72.6 f 8.6 63.6 I 8.8 75.8 f 12.9 98.7 f 15.0 148.5 I 19.2 162.3 f 23.3 

* CT = Conventional Tillagc, NT = Strip Tillage 



Table 4.11: Flue-cured tobacco stalk and terminal inflorescence carbon inputs over the 4 years of the study. 

- - -- . . . . . . . - - - - - - - - 

C Inputs (g C mS2) 

Stalk Terminal lnfiorescence 

1990 Series 2 70.9 f 5.7 56.7 f 7.4 5.9 f 0.8 5.0 * 0.9 
1991 Seriesl 73.7k 5.5 61.8f3.3 3.6 f 0.7 2.4 f 0.4 
1992 Series 2 60.2 f 6.3 49.9 f 2.8 4.5 f 1.1 3.5 It 0.6 
1993 Series 1 69.2 f 10.9 68.5 f 8.2 3.0 I 0.4 3.3 f 1.3 
Ave. 68.5 * 8.5 59.2 I 8 . 8  4.2 f 1.3 3.5 * 1.2 

* CT = Conventional Tillage, NT = Strip Tillage 
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under conventional tillage and 98.7 f 15.0 g C rn-' produced under reduced tillage. 

Significantly higher below-ground carbon was produced under reduced tillage in 1991 @ 

= 0.0327) and 1993 @ = 0.0062) with a trend towards higher below-ground production 

under reduced tiUage in 1993 @ = 0.0645) suggesting that a more favourable environment 

for root growth existed under saip tillage compared with conventional tillage. 

Total tobacco residue carbon production at the completion of harvest was also 

found to be similar between tillage practices when averaged over the 4 years (p = 0.4407). 

Average total non-hamested carbon production was 155.4 f 22.1 g C mS2 over the 4 year 

period with 148.5 f 19.2 g C fi2 under conventional tillage compared with 162.3 f 23.3 g 

C under stnp-tillage. Significantly higher total residue carbon production was found 

under reduced tiUage in 1993 @ = 0.0284), however no clifference between tillage 

practices could be found in 1990 @ = 0.9592), 1991 @ = 0.4209) or 1992 (p = 0.5596). 

The results of the first three years of the study are consistent with the results reponed by 

Moschier at ai. (1971) and Zartrnan et al. (1976), who noted that tobacco rnanaged under 

reduced Nage was characterized by a less cornplete development of the upper portion of 

the plant, resulting in lower above-ground dry matter accumulation. This was attributed 

to slower growth under reduced tillage as a result of: i) poorer transplant root to soil 

contact; ii) lower soi1 temperatures in the root zone; and iii) increased temperatures above 

the soil surface causing leaf damage, lower survivai rates and slower growth rates under 

reduced tillage compared with conventional tillage practices. However, results during the 

last year agree with other studies which have found total plant biomass was similar 

between tilhge practices even though ciifferences in growth rates were evident at different 
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tirnes throughout the gro wing season (Phillips and Zeleznik, 1989). Differences in total 

tobacco residue carbon accumuiation at harvest between tillages were greater during the 

6rst cycle of the rotation than during the second rotation cycle @ = 0.0008), indicating 

that plant productivity under reduced tülage increased as continued conservation rillage 

was practised. Average differences in above-ground carbon accumulation at harvest 

between tülage practices were smaller in the w m r ,  dner 1991 and 1993 growing 

seasons as compared to the 1990 and 1992 seasons during which cooler temperatures and 

abundant to excessive rainfall were received. This difference could be the result of larger 

ciifferences in soil temperatures between tillages in the cooler years compared to the 

warrner years, as found by Chappeii and Link (1977). 

In suntmary, average residue carbon inputs were similar between conventional and 

strip-tiilage over the four study years, but were lowest under conventional tillage as a 

result of lower bebw-ground carbon production. Conventional tiilage had nurnericdy 

higher above-ground carbon production but this Merence between tillage practices 

diminished as the experiment continued. Zartman et al. (1976) found higher root density 

in the surface 15 cm of the profile at harvest under conventional tiüage compared with no- 

tillage practices in burley tobacco. This was attributed to the greater friability of the entire 

15 cm zone under conventional tillage compared to no-thge. No-tillage roots were 

restricted to the transplanthg trench, and once beyond this zone, tiiiage had no effect on 

rooting densities. This restriction to rooting under reduced tillage limited initial horizontal 

root growth and subsequent plant gxowth, as rneasured by lower leaf and total dry rnatter 

accumulation under no-tillage at harvest. Under nomml cultural practices, it is 
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r ecomnded  that the tobacco crop be irrigated when the volurnetric so l  water content 

declines belo w 9% (Reynolds and Rosa, 1994). This reduced the benefits of a surface 

mdch Li conserving soi1 water under no-tikge practices and resulted in similar soi1 water 

contents between tillage practices during most of the growing season in drier years. 

Under t hese conditions, to bacco under conventionai tiliage responded favo urably to 

secondary tillage, and produced sUnilar dry rnatter accumulation and residue weights 

during the dner growing seasons. 

4.3.4 Winter Wheat Residue Carbon Production 

Above-ground residue carbon accumulation was not found to be dBerent between 

tillage practices when estimates were averaged over the 4 years of the study (p = 0.1043) 

(Table 4.12). Average winter wheat above-ground carbon production was 147.0 f 27.1 g 

C m'2 with 160.5 f 22.9 g C produced under conventional tïüage and 133.5 f 24.6 g C 

m** produced under no-tillage. While no dinerence in the average above-ground carbon 

production between tillage treatrnents was found, a higher amount of carbon was 

accumulated in the above-pund wheat residues rnanaged under conven tionai tillage in 

1991 (p = 0.0153) and a trend towards higher carbon accumulation in the above-ground 

residues of wheat rnanaged under conventional tillage in 1993 (p = 0.0767). No difference 

between tillage practices was evident in either 1990 @ = 0.2632) or 1992 @ = 0.1038). 

Estirnated below-ground carbon production was ais0 similar for the two tiiIage 

treatments when below-ground carbon production was averaged over the Cyear study 

period @ = 0.2795). Wheat produced an average 106.1 k 17.1 g C mm2 of below-ground 



Tabk 4.12: Winter wheat above-ground, below-ground and total non-harvested residue carbon production over the 4 study years. 

Y ear C inputs (g C me*) 

Above-ground C inputs Below-ground C inputs Total C Inputs 

CT* NT CT NT CT NT 

1990 Series 1 175.7 * 24.4 156.2 * 23.3 120.8 f 19.2 120.2 f 7.9 296.5 1: 40.9 276.5 f 23.8 
1991 Scries 2 132.4 f 1 1.2 109.0f 2.4 90.4 f 7.7 83.6 I 1.9 222.8 f 18.9 192.5 f 4.3 
1992 Series 1 165.0I 18.9 127.3 f 16.8 112.7 k 12.9 97.6f12.9 277.7î31.9 224.9f29.6 
1993 Series 2 168.8 * 7.7 141.6f 24.1 l15 .3I5 .3  108.6î18.5 284.0f13.1 250.1f42.6 
Ave. 160.5 f 22.9 133.5 f 24.6 109.8 f 16.3 102.5 f 17.6 270.2 f 38.6 236.0 f 41 ,O 

* CT = Conventional Tillage, NT = No-Tillage 
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carbon with 109.8 f 16.3 g C m-* produced in conventionaily tilled plots and 102.5 f 17.6 

g C m-2 produced in no-tilled plots. Similarly, no oerence in the below-gro und carbo n 

production between tillage practices was found in 1990 @ = 0.9610), 1991 @ = 0.1158). 

1992 (p = 0.2902) or 1993 @ = 0.4616). 

Total residue carbon production by winter wheat was also found to be similar 

between tillage treatments over the 4 years of the study (p = 0.1482) Fable 4.12). Over 

the 1990- 1993 penod, the average non-harvested carbon production was 253.1 f 42.9 g C 

m-' with 270.2 f 38.6 g C m-' produced under conventional tillage and 236.0 * 41 .O g C 

m-2 under no-tillage. As a result of higher above-ground carbon production under 

conventional tillage in 199 1, total non-harvested carbon production by winter wheat 

managed under conventional tillage was higher than that produced by winter wheat 

managed under no-tiUage practices in 1991 @ = 0.0303). However, no difference 

between tillage practices was evident in 1990 (p = 0.4221), 1992 (p = 0.1563) or 1993 (p 

= O. 1597). 

It appears that cooler growing seasons with more abundant precipitation resulted 

in smaller tillage effects on residue carbon production than wanner growing seasons with 

extended dry periods. Similar straw, below-ground and total carbon weights were 

produced in both tïiiage treatments in the 1990. 1992 and 1993 growing seasons. 

However, a trend for higher straw carbon production in 1993 under conventional tiUage 

when extended dry penods were experienced in May and during the latter portion of the 

grainnllùig penod was found. In contrat, while lower total residue carbon weights were 

produced under the drier, w a m r  conditions experienced in 1991, conventionally tilIed 
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wheat had signtficantly higher stmw and total residue carbon accumulation than no-tilled 

wheat. A significant series by cycle interaction was observed for above-ground @ = 

0.0176), below-ground (p = 0.0204) and total residue carbon @ = 0.0150) as a result of a 

decline of ali carbon inputs fiom the 1990 to the 1991 growing season whiie carbon inputs 

increased fiom the 1992 to the 1993 growing season. This was due in part to the 

extended dry periods experienced during the vegetative and grainfilling penods of the 

1991 season, which resulted in reduced straw dry matter accumulation. While wheat 

experienced dry periods in other years of the study, none of these penods lasted as long or 

were as severe as in 1991. This is consistent with results obtained by Rao and Dao 

(1992), who found higher biomass production under conventional tillage during years in 

which dry periods were experienced during rapid growth, and higher biomass yields under 

no-tiiiage in years with near n o d  precipitation during the active growth period. 

SirniIarly, Chevalier and Ciha (1986) found that wheat managed under no-tillage was 

shorter and had less total dry matter accumulation at harvest even though higher soil 

moistures were measured in the no-tillage plots. It appears that wheat residue production 

is less affected by tiliage practices duruig seasons in which abundant precipitation is 

experienced than when extended dry periods occur during the rapid growth penod. If 

such dry periods do occur, wheat appears to produce greater total dry matter and higher 

residue weights under conventional tillage practices than under no-tillage practices. 

4.3.5 Winter Rye Residue Carbon Production 

Over the 4 years of the study, above-ground non-harvested carbon production was 
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not difTerent between tillage practices @ = 0.1538) @g. 4.13). S traw carbon production 

averaged 163.0 f 40.9 g C over the 4 years of the study with 170.6 f 37.7 g C me' 

under conventional tillage and 155.4 f 43.6 g C xTi2 under no-tillage. Winter rye straw 

carbon inputs were higher under conventional tülage compared with straw carbon 

production under no-tillage in 1992 when cooler, wetter conditions were experienced 

during most of the growing season @ = 0.0360). A trend towards higher straw carbon 

production was also found under conventional tillage in 1991 @ = 0.0659) when 

temperatures were above average and extended dry periods were expenenced. No 

dinerences in above-ground carbon production between tillage practices were found in 

either 1990 @ = 0.6609) or 1993 @ = 0.4068). 

Below-ground carbon production was also similar for the two tillage treatments 

when estirnates were averaged over the Cyear study penod (p = 0.1 146). Average belo w- 

ground carbon inputs were 132.9 f33.6 g C m-2 with 141.8 f 31.2 g C m'2 produced under 

conventional tillage and 124.0 f 34.5 g C m-2 produced under no-tillage. Significantly 

higher below-ground carbon production was found under conventional tiilage compared to 

no-tillage in both 1991 (p = 0.0379) and 1992 (p = 0.0219) while tillage had no effect on 

below-ground carbon production in 1990 @ = 0.2987) or 1993 (p = 0.1919). 

Total residue carbon production averaged over the four years was also similar for 

the two tillage treatments (p = 0.1304) (Table 4.13). While conventional tillage resulted 

in higher dry rnatter accumulation at harvest than no-Mage in all years of the study except 

1990, signincantly higher total residue carbon weights were found in 1992 (p = 0.0286). 

However, a strong trend towards higher total residue carbon production under 



Table 4.13: Winter rye above-ground, below-ground and total non-harvested residue carbon production over the 4 sîudy years. 

-- -- --  

Y ear C inpuis (g C m.') 
Above-ground C inpub Below-ground C Inputs Total C Inputs 

1990 Series 1 154.6 I 9.6 158.5 f 16.6 128.7 f 4.4 126.7 f 7.2 283.4 I 8.6 285.1 I 18.8 
1991 Series 2 144.6 3é 5.3 121.5 f 14.1 120.2 f 4.4 96.9 f 1 1.2 264.8 I 9.7 2 18.3 I25.3 
1992 Series 1 155.2 î 13.9 122.7 î 17.6 125.7 f 11.6 97.9 f 14.0 276.9 f 25.5 220.5 f 3 1.6 
1993 Series 2 231.8I 7.7 219.0f19,4 192.7 I 6.4 174.6 f 15.5 424.5 f 14.1 393.6 I 34.8 
Ave. 170.6 * 37.7 155.4 k43.6 141.8 f 31.2 124.0 î 34.5 312.4 f 68.7 279.4 I 77.8 

* CT = Conventionai Tillage, NT = No-Tillage 
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conventional tillage was also found in 1991 @ = 0.051 1). Total residue carbon weights 

were found to be similar for the two tillage treatments in both 1990 @ = 0.8642) and 1993 

(0.2899). 

Extended dry periods were experienced during the vegetative and grain filling 

periods in 1991, resulting in reduced straw, below-ground and total residue carbon 

production. In contrast, above normal amounts of precipitation and below normal average 

temperatures were received in April, June and July of 1992. The differences in residue 

carbon production per area between tillage practices in each of the four study years may 

be the result of differences in plant populations in each of the tillage treatments. Karlen 

and Gooden (1987) found that no-tiuage practices in winter wheat production led to 

nonunifonn stand establishment caused by poor soil-seed contact as compared to 

conventional tillage practices. In 1990, reductions in plant populations under no-tillage 

practices were lower than in 1991, 1992 and 1993. As a consequence, no-Mage practices 

resulted in higher total dry rnatter production than conventional tiUage practices in 1990, 

but in lower dry matter production in aii other years. The lowest total dry rnatter 

production was found in 199 1. While winter rye experienced dry periods in other ycars of 

the study, none of these periods lasted as long or were as severe as in 1991. Slightly 

lower soi1 moisture contents in the no-tilled plots during the dry periods of the 1991 

growing season may reflect increased water was requked to support higher dry rnatter 

production earlier in the growing season. This would have resulted in lower water 

availability during the latter vegetative period, and lower total dry matter and residue 

production in no-tillage plots. In contrast, winter rye experienced greater than average 
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amounts of precipitation during the 1992 growing season. This favoured higher dry 

matter production in conventionally tilled plots during early vegetative growth; however, 

in contrast to 1991, this growth was sustained by the abundant precipitation during the 

latter stages of growth. 

It appears that, unlike *ter wheat, winter rye residue production did not benefit 

appreciably from the residue muich cover provided in the conservation tillage plots. This 

may have k e n  the result of less residue cover provided by the rotation crop associated 

with each of the cereal crops. The flue-cured tobacco preceding each of the winter rye 

crops had the minimum production of total above ground residues arnong the crops in the 

study, whereas the soybean crop grown in rotation with winter wheat produced a similar 

amount of residues as the cereai crops. While abundant precipitation was received in both 

1990 and 1992, dry periods were experienced in both 1991 and 1993. However, in both 

of these years higher amounts of total non-harvested carbon were produced under 

conventional tillage. This suggests that the benefits associated with reduced tillage are 

highly dependent on the production of a substantial amount of crop residues such that soi1 

water loss will be minimized and conserved for crop production. 

4.3.6 Overall Crop and Rotation Cornparisons 

No sigruficant differences in the above-ground, below-ground or total residue 

carbon weights of the crops were found between the series in the experiment or between 

the two cycles of the rotations, indicating that residue carbon production was not affected 

by either location or by the previous crop in the rotations. Similarly, no ditrerence in 
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above-ground @ = 0.2051), below-ground @ = 0.6536) or total (p = 0.1944) carbon 

inputs were found between tillage treatmnts. However, the different crops did respond 

dinerently to tillage and resulted in a significant tillage by crop interaction for both below- 

ground @ = 0.0086) and totai @ = 0.0435). While conventional tillage resulted in higher 

below-ground carbon inputs than no-tillage for winter rye, winter wheat and soybean, 

conventional tillage resulted in higher total carbon inputs for all crops except flue-cured 

to bacco. 

Higher above-ground residue carbon @ = 0.0002) was produced by grain corn 

than O ther crops. Below-ground residue carbon inputs were also higher for corn 

compared with flue-cured tobacco @ = 0.0023) but was sirnilar to other crops in the 

study. Corn also produced a higher amount of total residue carbon than al1 other crops Ui 

the study. Averaged over the 4 years of the study, corn produced 1.45, 1.43, 1.69 and 

2.75 times the amount of non-harvested residue carbon than winter rye, soybean, winter 

wheat and flue-cured tobacco, respectively. No differences in above-ground, below- 

ground or total residue carbon weights were found among the soybean, winter rye and 

winter wheat crops. The lowest residue carbon inputs were produced by the flue-cured 

tobacco crop. which on average produced 5 1.9%, 52.5% and 61.4% of the total carbon 

inputs produced by soybean, winter rye and winter wheat, respectively. This was 

primarily the result of lower above-ground carbon inputs produced by flue-cured tobacco 

compared with other crops. 

Management practices, especiaily cropping sequence, significantly iduenced the 

carbon inputs denved fiom the crop residues (Table 4.14). While tiliage had Little effect 



Table 4.14: Above-ground, below-ground and total residue carbon production at harvest over the 2-year cycle of each of the 3 cropping systems in the 
study . 

Cropping Carbon Inputs / 2 years (g C m-2) 
System* Above-Ground Residucs Below-Ground Residues Total Residucs 

Series 1 
Series 1 

Scries 1 
Series 2 
Series 2 
Scries 2 

Ave. 
Ave. 
Ave. 

* CC = Continuous Corn TR = Flue-Cured Tobacco-Winter Rye Rotation SW = Soybean-Winter Wheat Rotation 
** CT = Conventional Tillage, NT = Coiiservation Tillage 
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on the above-ground (p = 0.1510), below-ground @ = 0.7035) and total (p = 0.2678) 

carbon inputs derived fkom the crop residues, sigmficant differences in the above-ground 

@ = 0.0045) and total @ = 0.0083) residue-denved carbon inputs were found among the 

three cropping systems. However, oniy a trend @ = 0.0860) for differences in the amount 

of belo w-ground carbon was found among the cropping systems. Continuous grain corn 

produced 2.41 and 1.81 times the amount of above-ground carbon as tobacco-winter rye 

(p = 0.0224) and soybean-winter wheat (p = 0.0163) rotations over a two-year cycle. 

However, similar arnounts of above-ground carbon were produced by the tobacco-winter 

rye and soybean-winter wheat rotations (p = 0.3055). Similar amounts of below-ground 

carbon were produced by the continuous corn and tobacco-winter rye rotation (p = 

0.1174) and continuous corn and the soybean-winter wheat rotation @ = 0.0525) over a 

two-year cycle. Similarly, no difference in the amount of below-ground carbon could be 

found between the tobacco-winter rye and soybean-winter wheat rotations (p = 0.4708) 

during one cycle of the rotation. Continuous corn produced a higher arnount of total 

residue-denved carbon than either the tobacco-winter rye rotation (p = 0.0359) or the 

soybean-winter wheat rotation @ = 0.0041) while no difference in the total carbon inputs 

could be found between the tobacco-rye and soybean-winter wheat rotations (p = 0.3396). 

In ternis of residue carbon additions to the soi1 for soi1 organic matter 

maintenance, these Merences are substantial, and could provide signincant differences in 

the total carbon balance in these soils if the losses of residue carbon are similar or slower 

for the corn crop compared to the other crops studied. Similarly, even though tillage had 

little effect on residue dry matter production, differences in the rates of decomposition 
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among or within the crops in a panicular cropping system could have clramatic effects on 

the amount of residue derïved carbon king stabiiized ùito soi1 organic matter with tirne. 

This wiil becorne more evident in section 4.6 of this thesis. 

4.4 14C-labeUed Crop Residues 

4.4.1 14C- Allocation 

The labehg procedure allowed for assimilation of ca 75% of the 14C label in those 

crops contained within series 1 (corn, winter rye and winter wheat) (Table 4.15) and ca 

77% of the 14C label in those crops contained within series 2 ( corn, tobacco and soybean) 

(Table 4.16) after 12 exposures of co 1 h. These values are much srnaller than the 95% 

found by Swinnen et al (1994) in single pulse labels of spring wheat between elongation 

and dough npening in srnall chambers. However, in their study CO, concentration was 

increased to 1400 pl 1 -' at the beginning of the labelling petiod and again when the COz 

concentration had fallen to 50 p l  1 'l to irnprove the efficiency of 14C uptake. Of the total 

14C label added, 19% and 15% rernained in the H,SO,-N%C03 solutions for labelling 

pulses in series 1 and senes 2 respectively, and 6% and 7% rernained in the atmosphere 

within the canopy following the labelling penod in seties 1 and series 2 respectively. 

Cornparisons of the amount of 14C label rernaining in the qS0,-N%CO, solutions 

sumrned over al1 pulses showed that differences existed in the amount of I4C label 

remaining in the H,S04-NqCO, solutions among the various crops grown in the study (p 

= 0.0001). Within series 1, less "C remained in the reaction vesse1 used to label corn than 

in either of the two cereal crops @ = 0.0001) (Table 4.15). Within senes 2, less 14C 



Table 4.15: Influence of crop and tillage practices on 'IC assimilation afier 12 "C-pulse apptications to 
crops in Series 1 in 1990. 

Crop Tillage* 14C Remaining I4C Remaining I4C Asshdaied by 
in the Acid in the Canopy the Crop 
Sotution Atmosphere 

C m  CT 17.1 f 0.9 3.8 i 0.4 79.1 f 1 3  

Corn NT 17.4 f 1.2 3.8 k 0.4 78.8 i 1.4 

Wmter Rye CT 21.0 f 0.6 7.5 î 0.4 71.5 f 0.6 

Wmter Rye NT 20.3 I 0.8 7.3 f 0.3 72.5 * 0.7 
WmterWheat CT 30.1 f 1.7 5.9 i 0.8 74.0 f 0.9 
Wmter Wheat NT 19.5 f 1.5 5.7 f 0.8 74.8 f 0.8 

* CT = Conventional Tillage, NT = Conservation Tillage 

Table 4.16: Lnfluence of crop and tüiage practicw on l*C assimilation after 12 "C pulse applications to 
crops in Series 2 in 1990. 

Crop TiIlage* ''C Remaining in the I4C Remaining "C Assimilateci by 
Acid in the Canop y the Crop 

Solution A trnosp here 

Corn CI' 18.1 f 1.2 5.0 1: 0.6 77.0 f 1.7 

Corn NT 17.9 f 0.8 4.8 f 0.6 77.4 f 1.3 
Tobacco CT 11.2 f 0.3 9.3 i 0.5 79.5 f 0.8 

Tobacco NT 12.3 f 0.4 9.2 i 0.5 78.5 10.7 

Soybean CT 17.3 I 1.3 5.9 f 0.8 76.8 f 0.8 

Soybean NT 17.7 f 0.5 5.6 * 0.7 76.7 î 1.1 

* CT = Conventional Tiiiage, NT = Conservation Tillage 
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remained in the reaction vesse1 used to label tobacco than in either corn or soybean @ = 

0.000 1). These differences pro bably reflect the differing conditions, such as tim of day, 

solar radiation and air temperatun within the canopy under which the pulses were 

administered rather than differences among the crops themselves. 

Differences also existed in the amount "C label remaining in the gas contained 

within the labelhg canopy foIlowing all "C pulses arnong crops (p=0.0001). Within 

series 1, less of the "C remained within the canopy atmosphere after the labelling period 

when corn was the crop king labelled compared to winter wheat and winter rye (Table 

4.15). Winter wheat had less I4C rernaining w i t h  the canopy atmosphere after the 

labelling penod than winter rye. Within senes 2, less of the 14C remained within the 

canopy atmosphere after the labelling period when corn was the crop k i n g  labelled as 

compared to soybean, which was less than tobacco (p = 0.000 1) (Table 4.16). Under the 

labelling regime utilized in this study, temperatures ofien rose above 3S°C within the 

labelling canopy by the end of the labelling period. Under these conditions, C, plants such 

as corn would be able to assirnilate CO, more efficiently than C, plants. This clifference in 

CO, uptake between plant species may account for the observed ciifference in the amount 

of 14C remaining within the canopy atmosphere after the labelling period arnong the 

various crops in this study. 

The proportion of gross assimilated 14C, ie. 14C taken up during the labehg 

penod, differed (p =0.0001) arnong the various crops grown within each of the two senes 

within the study. Within Series 1, a higher percentage of the "C label was taken up by 

the winter wheat crop (74.4 k0.9) than the winter rye crop (72.0 k 0.8), while the grain 
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corn crop had a greater gross assùriilation than either of the cereal crops (79.0 f 1.2) 

(Tale 4.1). Within Series 2, a higher percentage of the total 14C label applied was taken 

up by the tobacco crop (79.0 f 0.9) than by either the grain corn (77.2 i 1.4) or soybean 

(76.8 * 0.9) crops (Table 4.16). 

The proportion of gross assindated "C that was recovered in the crop and soil 

contained within the microplots mered among the crops grown within both Series 1 (p = 

0.0001) and Series 2 @ = 0.0001). Within Senes 1, a higher percentage of the "C label 

taken up during iabelling was recovered in the grain corn (22.7 f 3.2) and winter rye (2 1.8 

f 3.8) crops than in the winter wheat crop (16.3 f 2.2) (Table 4.17). Soybean (24.0 f 

4.4) and grain corn (23.3 i 5.6) crops contained a higher percentage of the gross 

assimhted "C than the tobacco crop (15.8 i 4.7) within senes 2 of the study area (Table 

4.18). In general. these values are much less than those obtained by Meharg and Killharn 

(1988) for plants receiving continuous pulse labelhg for an eight-day period, but are 

sirnilar to plants receiving a single pulse label of I4C. In their study, shoot respiration of 

assimilated I4C W ~ S  found to be 20 to 30 tirnes higher for single pulse labelled plants as 

cornpared to continuously labelled plants, while root/soil respiration was over 30 times 

greater for single pulse labelled plants than for continuously labelied plants. Their data 

indicated that up to 65% of the carbon assUnilated during a single pulse labelling event 

was respired within eight days following assimilation of the 14C coqareci to 2.3% 

respiration losses for continuously labelled plants. This rapid release of I4C after 14C-CO, 

photoassimilation was in agreement with studies designed to study the release of "C fiom 

roots of pulse labelled plants grown in nutrient solution (Warembourg, 1975; 



Table 4.17: Distribution of gross assimiluteci* ''C-label among crop and sui1 components at harvest in series 1. 

Crop Tillage" 14C in Above "C in Crop Roots 14C as Extra-Root 14C in Crop I4C in Harvested "C in Told Crop I4C in Crap and 
Ground Residucs Matcrial in Soil Residues Portion S oil 

Corn CT 8.9 I 0.8 3.8 f 0.7 1 .O f 0.5 12.7 f 1.0 11.1 f 1.4 23.8 I 2 . 2  24.8 * 2.3 
Corn NT 7.7 k 0.4 3.9 * 0.7 0.8 k 0.2 11.6 k0.7 8.3 f 2.0 19.8 î 2.4 20.6 î 2.6 

Winter Rye CT 10.0 * 0.1 2.2 f 0.9 3.7 f 1.4 12.2 f 0.9 4.1 f 0.4 16.3 I 1.0 20.0 I 2.4 
Wmter Rye NT 13.1 f 1.9 2.0 I 1.3 3.8 f 1.4 15.6 f 2.9 4.2 I 0 . 5  19.8 * 3.3 23.7 k 4.4 

Witer Wheat CT 7.4 f 0.7 1.1 f 0.4 2.2 I 0 . 8  8.5 f 1.1 4.7 I 0.4 13.2f 1.4 15.4 * 2.1 
Wintcr Wherit NT 8.6 * 0.9 1.3 * 0.8 2.4 * 1 .O 9.9 * 1.5 4.9 i 0.4 14.8 * 1.2 17.2 f 2.1 

Gross I4C assimilation is the amount of ''C taken up during labclling. . . CT = Conventional Tillage, NT = Conservation Tillrtge 



Table 4.18: Distribution of gros assimilated* "C-label timong crop und soi1 components at harvest in series 2. 

Crop Tillage" 'v in Above "C in Crop Roois I4C as Extra-Root I4C in Crop 14C in Harvested ;'C in Total Crop 14C in Crop and 
Ground Residues Material in Soi1 Residues Portion Soil 

Corn CT 10.7 f 1.3 4.3 f 1.3 0.4 f 0.2 15.0f 1.1 12.9f 1.9 27.9 f 2.0 28.3 î 1.9 
Corn NT 7.7 f 0.7 2.6 f 0.4 0.6 f 0.1 10.4 f 0.7 7.4 f 1.2 17.7 f 1.7 18.3 I 1.7 

Tobacco CT 5.5 f 1.1 3.8 f 0.6 1.0f 1.2 9.3 f 1.6 9.3 f 1 S 18.4 f 2.9 19.5 f 3.8 
Tobacco NT 3.9 f 1.6 1.9 f 0.7 1.4 k 0.6 5.8 I 1.5 5.0f 1.4 10.8 f 1.3 12.2 k 1.7 
Soybean CT 13.8 f 2.1 1.8 î 0.4 2.9 I0.6 15.6 f 2.3 8.7 f 1.5 24.3 î 3.6 37.1 I 3.5 
Soybean NT 10.2 * 1.5 1.3 * 0.4 1.8 f 0.7 11.5 f 1.7 7.5 f 1.0 19.0 k 2.2 20.8 I 2.6 

Gross 14C assimilation is the amount of "C taken up during labelling. 
** CT = Conventionai Tillage, NT = Conservation Tillage 
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Warembourg and Billes, 1979; Lee and Gaskins, 1982; Swlluien et al., 1994a). Meharg 

and Killham (1988) suggest that carbon recently fixed by plants dominates not only the 

carbon released by plant shoots but also by plant roots as exudates or as respired CO, and 

will be lost fkom the soiI-plant system more rapidly than carbon lost as a result of root 

decomposition. The source of 14C respired for single pulse or repeated pulse labelled 

plants would either be microbial rnetabolism of low molecular weight exudates released 

passively and/or actively fiom plant roots or plant respiration (Lee and Gaskins, 1982; 

Whipps and Lynch, 1983), whereas respired 14C fiom pre-labeued plants would be 

dorninated by microbial metabolism of ceil lysates, cell wall residues, sloughed root cap 

cells and invasion of cells by rnicrofiora rather than by plant respiration (Martin, 1977). 

The close agreement in the total proportion of assirnilated 14C label rernaining in the soil- 

plant system at maturity between this study and previous studies indicates that whde the 

labelling pulses used in this study were administered over the entire growth cycle, the 14C 

label assimilated during each of the pulses can be regarded as recently fixed carbon, and 

was released from the plant as root exudates or respired CO, rapidly following 

assimilation. This is supported by the low proportion of 14C rernaining in the soil after 

accounting for root 14C, and suggests that root exudation was a minor component of 14C 

lost from roots when plants are puIse labeiled repeatedy. 

The ailocation of gross assimilated 14C at plant rnaturity following repeated pulse 

labels was signifïcantly infiuenced by crop and tillage in both of the senes of the study 

(Tables 4.17 and 4.18). A significantly higher percentage (p = 0.0001) of the assimilated 

14C was recovered in the above-ground residues of winter rye compared to grain corn or 
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winter wheat. Conversely, a higher percentage of the iabel was found in the mature grain 

and roots of corn than in either of the cereal crops @ = 0.0001), while the percentage of 

labeiled carbon remaining in the soi1 after the roo ts had been removed was higher for the 

two cereal crops than grain corn @ = 0.0001). Grain corn and winter rye accounted for a 

higher percentage of the assirnilated carbon recovered within the plant parts (p = 0.0001) 

and plant parts plus soil @= 0.0008) than winter wheat at harvest. Plants managed under 

conservation tillage had a significantly lower proportion @ = 0.0240) of the assimilated 

labeued carbon contained within the above-ground residues than plants managed under 

no-tillage, while conventional tillage resulted in a higher percentage of assimilated 14(3 

allocated to the grain than in no-tillage practices @ = 0.0459). 

Studies involving puise iabelling procedures have demonstrated that carbon 

allocation arnong plant parts is not uniform throughout the growing season (Warembourg 

and Paul, 1973; Martin 1975, 1977; Keith et al., 1986; Martin and Kemp, 1986: Merckx 

et al., 1985 , 1987; Gregory and Atwell, 1991; Swinnen et al., 1994a 1 994b, 1995). This 

is probably the reason that ciifferences in the specific activity arnong plant parts are found 

when repeated pulse labels are assimilated by the plant at dinerent growth stages. In 

general, pulses were administered at equal carbon assimilation as d e t e d e d  from the 

output of crop simulation models. Cornparisons of plant developrnent within the main plot 

area demonstrated that plants managed under conventional tillage grew at a faster rate and 

reached maturity sooner than those managed under conservation tillage. Therefore 14C 

pulses would have been a d d t e r e d  at different stages of developrnent for each of the 

tillage treatments, and may have resulted in different carbon allocation arnong plant parts 
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derived fkorn the pulses administered during the s a m  time penod. It is possible that 

pulses should be admullstered accordhg to carbon flux to the various plant parts rather 

than at equal carbon assimilation if the more unifomily labelled plant material is desired; 

however, this has not been demonstrated as yet. A significant crop by tillage interaction 

was also detected in the percent assimilated 14C allocated in the above-ground residue @ = 

0.0020), grain @ = 0.0064), total crop @ = 0.0070) and crop plus soil (p = 0.0358) in 

crops contained within senes 1. In al l  cases except the proportion of assimilated 14C 

aiIocated to grain, corn rnanaged under no-tillage had a significantly lower proportion of 

14C recovered in the various plant parts than conventional tiUage whereas the opposite 

result was found in the two cereal crops. This is probably the result of the above-ground 

plant parts acting as a greater sink at times coinciding with the majonty of labelhg pulses 

and a higher arnount of total carbon king aiiocated to those parts during the growing 

season in those plots rnanaged under no-tillage. Higher grain carbon yields were found in 

the conventional tiUed corn rnicroplots compared to the no-tillage plots resulting in a 

higher proportion of the assimilated '4C allocated to grain. 

A higher percentage of the assimilated 14C was recovered in the above-ground 

residues of soybean and grain corn than in the above-ground residues of tobacco (p = 

0.0001). Conversely, a higher percentage of the label was found in the mature grain of 

corn than in either the grain harvested fiom soybean microplots or the leaves harvested 

fiom the tobacco plots (p = 0.0024). The percentages of labelled carbon recovered in the 

roots of corn and tobacco were significantly higher @ = 0.0005) than that recovered from 

the soybean rnicroplots, while the proportion of 14C remaining in the soü after the roots 
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had been removed was higher for the soybean and tobacco crops than for grain c o n  @ = 

0.0002). Grain corn and soybean crops accounted for a higher percentage of the 

assimilated carbon recovered within the plant parts @ = 0.0001) and plant parts plus soi1 

(p= 0.0001) than the tobacco crop at harvest. In contrast to the results found in Series 1, 

plants managed under conservation tillage had a signincantly higher proportion of the 

assimilated labeiled carbon contained withui the above-ground residues (p = 0.0002), 

roots (p = 0.0005). harvested portion of the crop @ = 0.0001), total crop @ = 0.0001) 

and crop plus soil ( p = 0.0001) than plants managed under no-tillage. A significant crop 

by tillage interaction was ais0 detected in the percent assimilated 14C docated in the 

harvested portion of the crop (p = 0.0233). While in ail cases no-tiUage practices resulted 

in less of the assimilated 14C being aliocated to the harvested portion of the crop than 

conventional tillage, this difference was the result of greater ciifferences between tillage 

practices in corn and tobacco than in soybeans. 

4.4.2 "C-labelled Corn Residues 

Plants grown withh the microplot areas of senes 1 and senes 2 were not 

significantly dinerent in net annual biomass accumulation (TNAP) (p = 0.3 129), leaf (p = 

0.4540), stalk @ = 0.1456), husk (p = 0.1 118), cob @ = 0.8745), root (p = 0.5351). grain 

(p = 0.5209), above-ground residues @ = 0.2299) and total residue (p = 0.3619) dry 

weights (Table 4.6). Root weight per soil layer (g m-3 was not sigmfïcantly different 

between corn grown within the two series at 0-5 cm (p = 0.4978), 5-10 cm (p = 0.2186), 

10-15 cm (p = 0.2508), 15-20 cm (p = 0.6609), 20-25 cm (p = 0.3679), 25-30 cm (p = 



Table 4.19: Accumulation of above- and below-ground biomass by corn grom in microplots in 1990. 

Grain 

Leaf 
S talk 
Hus k 
Cob 
Above-Ground Residues 

Roots 
0-5 cm 
5-10 cm 
10-15 CIII 

15-20 CUI 

20-25 CIII 

25-30 
30-40 cni 
40-50 crii 

Totd 

- CT = Conventional Tillage, NT = No-Tillage: " TNAP = Total Net Annual Production 

0.1601), 30-40 cm (p = 0.2520) soil depths, but was significantly higher in Series 1 as 

cornpared to Series 2 at the 40-50 cm depth @ = 0.0284) (Table 4.19). 

Tillage practices had little effect on total dry weights (g m.') of leaf (p = 0.2472), 

stalk (p = 0.6186), husk (p = 0.9751), cob (p = 0.6144), root @ = 0.785 1). grain (p = 
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0.2215) or TNAP @ = 0.19 14). Total residue production, however, was higher under 

conventionai tillage practices compared to no-tillage practices @ = 0.0364) as a result of 

slightly higher dry weights of le&, stak and cob of plots managed under conventional 

tillage practices. T i g e  h a .  little effect on the overd disaibution of roo ts with depth with 

higher dry weights of roots king found oniy in the 30-40 cm layer of the soil profile in 

those plots rnanaged under conventional tiilage practices @ = 0.0206). Anderson (1987) 

also found that conservation tiUage did not affect corn growth or grain yield, but did 

increase both the root rnass and root length in the upper 70 cm of the soil profile, although 

it had Little effect on overall root weights. These differences in the distribution of roots as 

affected by tiliage practices were attributed to an alteration of the physical and chernical 

properties of the soil layers affected by tillage. Soi1 temperature was found to be higher in 

the upper soi1 layers in plots rnanaged under conventional tillage. However, soi1 water 

content and nuaient concentrations were found to be higher in this layer in those plots 

rnanaged under conservation tillage , and rnay have resulted in more root growth in this 

upper layer under conservation tillage. 

Corn had the greatest net annual biomass production as compared to the other 

crops grown in the study. Grain represented approximately 42% of the total, and this 

proportion was greater than aii other crops in the study. Buyanovsky and Wagner (1986) 

found that grain corn grown in Missouri obtained a net annual biomass production of 3675 

g ma2 of which grain represented 25-27% of this total. On a sandy soil in Minnesota, total 

corn biomass was found to be 903 g m'* and root biomass only 59 g m'2 (Ovington et al., 

1963). In another study kom the same region, above-ground corn biomass production 
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was 880 g m'2 and root production 440 g m-' (Bray, 1963). The variability in data for 

both above-ground and below-gro-and biomass production may be the result of several 

factors, with environmntal ciifferences king among the most irnportant. The 

environmental effect was demonstrated in Missouri, where summer crops like soybeans 

and corn showed wide variability in net annual production because of their dependence on 

precipitation (Buyanovsky and Wagner, 1986). In contrast. winter wheat crops that grew 

in the cooler fall and s p ~ g  months when soil moisture was abundant in that region did not 

Vary in net annuai biomass production. While to ta1 biomass production and the proportion 

of grain was found to be less in this study, grain corn produced approximately twice the 

post harvest residues as other crops, as found by the Missouri study. 

Corn developed a large and extensive root system, and accumuhted approxirnately 

480 g m-2 of underground biomass. This value was approximately 40% of the value found 

by Buyanovsky and Wagner (1986); however, the ratio of shoots to roots found in both 

studies were sirniiar. Approximately 50% of the roo t mass was located within the upper 5 

cm of the 50-cm soil profile, 16.9% of the total root was located in the 5-10 cm soil layer, 

9.7% in the 10-15 cm layer, 8.5% in the 15-20 cm layer. 7.9% in the 20-25 cm layer. 3.1% 

in the 25-30 cm layer, 2.4% in the 30-40 cm layer and 1.6% in the 40-50 cm layer. 

Buyanovsky and Wagner (1986) found that 78.7% of corn roots were located w i t h  the 

upper 10 cm of the soi1 profle to a depth of 50 cm, 12.8% in the 10-20 cm layer, 3.91 % in 

the 20-30 cm layer, 2.5% in the 30-40 cm layer, and 2.1 % in the 40-50 cm Iayer. 

Of the total biomass production by grain corn, 10.7% consisted of leaf, 10.7% 

consisted of stem, 4.7% consisted of husk, 6.4% consisted of cob, 25.5% consisted of 
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root, and 42.11 consisted of grain. Total above-ground residue biomass, therefore, made 

up 32.5% of the total annual production, resulting in a shoot to root ratio of 2.93 and a 

harvest index of 0.56. Shoot to root ratios accordhg to published data can range fkom 14 

(OWigton et al ., 1963) to 1 (Buyanovsky and Wagner, 1986). while others have reported 

values closer to 2 (Bray, 1963; Thorne and Peterson, 1954). Buyanovslcy and Wagner 

(1986) found that grain compriseci approximately 25%, above-ground residues 

approxirnately 39% and roots approxirnately 35% of the total annual biomass production 

of corn, resulting in a shoot to root ratio of 1.81 and a harvest index of 0.4. Results of 

this study suggest that grain corn grown under the temperate climate of Southern Ontario 

produces net annual biomass values somewhat less than that produced in Missouri, and 

with slightly higher shoot:root ratios and harvest indices. Based on the sirnilarity of the 

major physiological processes involved in crop growth, it would be expected that plants 

developing in similar ecological conditions would show a constant ratio between above- 

and below-ground productivity, and therefore it is not surprishg that sirnilar crop indices 

are found in studies utiliPng similar methodologies. 

Carbon contents of aJi plant parts were sunilar for corn grown in both of the senes 

(Table 4.20). Similar carbon contents of the plant parts except cobs were found for both 

tillage treatments. Cobs grown under no-tillage had a significantly lower carbon content 

than those grown under conventional tillage practices @ = 0.0033), but no reason can be 

given for this ciifference. Lower carbon contents of roots relative to those for above- 

ground plant parts may be due, in part, to the presence of fine soi1 particles adhering to the 

smaller root surfaces as weil as a lower carbon content of roots (Buyanovsky and Wagner, 



172 

1986). As a result of the similarity in carbon contents and total dry matter production for 

the tiliage treatments, no significant merence in the annual input of carbon denved fiom 

the various plant parts or total residues added to the soi1 between tilIage practices was 

detected (Table 4.21). Corn produced the highest carbon additions fiom both above- and 

below-ground crop residues as compared to other crops grown in the study. 

Table 430: Carbon contents of the various parts of the corn piants at harvest in 1990. 

Grain 446.6 f 9.6 452.5 f 4.7 467.0 f 15.9 465.7 f 21 -1 

h a f  432.8 f 12.7 434.0 f 5.7 434.0 i 3.8 434.5 I 5.7 

S talk 440.2 I 5.4 451.0 f 4.6 452.4 I 3.8 448.2 f 12.3 

Hus k 435.3 f 8.7 434.6 i 1.9 426.3 I 6.8 429.1 f 10.3 

Cob 454.3 i 7.4 446.8 f 3.9 451.2 f 10.5 443.6 I 6.8 

Above-Ground Residues 439.8 i 6.5 442.3 f 2.6 442.3 i 1.6 440.1 f 6.3 

Roots 270.7 * 18.2 3û4.9 -t: 16.1 295.0 i 27.4 268.7 f 17.3 

Total Residue 367.5 I 12.3 381.8 I 4.9 377.6 i 9.2 364.5 f 6.6 

CT = Conventional Tillage, NT = No-Tillage; " TN AP = Total Net Annual Production 

Grain corn assimilated ca 78.1% of the 14C label introduced into the labelhg 

canopy over the 12 exposure tirnes (Tables 4.15 and 4.16). Of the total 14C C M  added, 

17.6% rernained in the H,S04-Na,C03 solutions and 4.3 1% rernained in the atmosphere of 
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Table 421: Total carbon production by the corn crop grown in microplots in 1990. 

Grain 383.6 î 20.2 340.4 f 27.7 378.4 I 33.4 354.7 f 54.1 

ha.€ 875 k 5.0 84.4I 9.4 93.5 I 2.9 85.6 i 4.6 

S tdk  92.0 k 8.7 945 f 12.7 89.4 I 7.7 87.7 I 5.3 
Husk 44.1 f 6.5 41.3 f 3.3 32.9 I 2.5 35.8 f 5.8 
Cob 57.7 f 4.6 51.1 f 3.8 53.4 I 4.4 53.5 f 4.5 
Above-Ground Residues 2813f22.4 271.3k27.3 269.0I15.1 362.7 I 18.9 

Roots 129.0 k 15.7 148.9 f 26.1 1432 i 23.9 129.6 f 2 9 3  

Total Residue 410.2 i 35.7 420.2 I 51 .0  412.3 f 27.6 392.2 f 40.0 

CT = Conventional TiIlage, NT = No-Tillage; ** TNAP = Total Net Annuai Production 

the labelling canopy over ail labelling pulses. Tiuage practices had Little effect on the 

amount of I4C label remaining in the acid solution (p = 0.8888), the amount of 14C 

remaining in the l abehg  canopy atmosphere @ = 0.5222) or the total percentage of 14C 

label assimhted by the corn crop @ = 0.8967). However, more I4C label was recovered 

in the atmosphere of the labelling canopy foilowing dl 12 pulses in corn plots grown in 

senes 2 than in series 1 @ = 0.01 13). Plots managed under no-tillage practices had similar 

losses of 14C during and following the labelling penod as conventional tillage (p = 0.2338), 

resulting in simüar overall labelling efficiencies. Signifïcant series by tillage interactions 

were detected for the percentage of label lost foilowing the labelling penods and for the 
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labelling efficiency, but these dinerences between series were the result of the extent of the 

Merences between tillage practices within each of the series and not a Merence in the 

response of the crop to the different tillage practices. 

The proportion of gross assimilated 14C that was recovered in the corn crop and 

the soil contained within the rnicroplots was similar in both of the series @ = 0.8745), with 

an average of 22.7% in series 1 and 23.3% in series 2 (Tables 4.17 and 4.18). The gross 

a s s W t e d  14C recovered in the microplot area was sirnilar between rillage practices (p = 

0.2469). A slightly higher percentage of the 14C label assimilated during labelling was 

recovered in al l  plant parts in conventionally tilled plots, but only cobs from conventionally 

tilled plots had a significantly higher proportion of recovered label compared to cobs fkom 

no-tillage plots (p = 0.0485). A similar proportion of assimilated carbon was recovered as 

soi1 residues under both tillage practices. However, a trend towards a srnaller proportion 

of I4C was recovered in senes 2 cornpared with series 1 (p = 0.0863). In addition, 

significant series by tillap interactions were detected for the proportion of 14C recovered 

in the total crop residues (p = 0.0020), the total crop biomass (p = 0.0100), and the 

arnount recovered in both the crop and soil contained within the microplot areas (p = 

0.0086); however, ail of these interactions were the result of differences in the magnitude 

of the differences between tillage practices between series, and not because of differences 

in the effects of tillage practices. In general, these data would indicate that tillage 

practices had Little effect on either the gross amount of 14C assimilated during the labelling 

penod or the proportion of ''C lost subsequent to the labelling pulses. 
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Table 432: Distribution of assimiiated 'T within the corn crop and soi1 at harvest in 1990. 

Leaf 13.0 i 1.8 15.4 f 3.2 14.7 f 1.7 16.9 i 1.1 
S talk 13.0 i 1.6 13.7 * 2 3  12.9 f 1.6 12.5 f 0.5 
Hus k 4.7 f 1.0 3.7 f 0.9 4.0 f 1.3 5.3 * 0.5 
Cob 5.5 f 0.7 52f 1.1 6 3  f 1.4 7.6 i 1.1 
Above-Ground Residues 36.2 f 3.8 37.9 I 5.8 37.8 f 2.6 42.4 i 1.8 

Roots 15.3 i 2.1 18.8 f 2.4 15.3 I5.2 14.4 i 2.5 

Total Residue 5 1.5 I 2.6 56.7 f 5.9 53.1 * 4.0 56.8 f 3.0 

Extra-Root Material in Soi1 3.8 I 1.8 3.7 f 0.6 1.3 f 0.6 3.1 i 0.7 

TNAP" 96.2 I 1.8 96.3 i 0.6 98.8 i 0.6 96.9 f 0.7 

CT = Conventional Tillage, NT = No-Tillage; ** TNAP = Total Net Annuai Production 

The distribution of Cl4 label recovered in the crop and soil showed that 81.1% of 

the label was recovered in the shoot, 15.9% in the root, and 3.0% of the total was present 

as a residue in the soil (Table 4.22). The percentage of 14C recovered in the shoot and soi1 

was slightly higher than found by Merckx et al. (1986) for corn grown within a growth 

chamber with constant "CO, concentration for 4 and 6 weeks, while that recovered in the 

root was slightly lower. This rnay have k e n  due to the ciifference in C allocation at the 

dinerent plant stages at the tirne of harvest between the two studies; however, only the 

arnount rernaining in the soil decreased between 4 and 6 weeks of growth in their 

experiment. Of the total 14C recovered. 14.9% was recovered in the leaves, 13.0% 



Table 423: Specific activity of the various plant componerits within the mature corn crop grown in 
microplots in 1990. 

Grain 172.6 f 26.0 142.6 f 28.2 1982 f 27.8 121.8 i 18.6 

Leaf 2182 f 22.9 223.4 f 51.8 256.7 f 34.9 211.0f 33.3 
Stalk 2075 f 192 175.7 f 23.7 238.1 f 42.5 152.4 f 20.5 
Husk 155.6 I 26.1 1065 f 13.4 202.1 f 64.7 162.9 f 42.6 
Cob 141.2 f 13.4 121.9f 17.9 189.8 i 39.9 151.6 f 24.8 
Above-Ground Residues 189.4 f 17.4 t 69.7 f 22.3 229.9 f 19.9 172.5 f 24.6 

Roots 179.5 f 49.1 158.7 f 50.6 169.9 f 30.7 118.8 f 12.2 

Total Residue 186.0 f 23.9 165.0 f 23.5 2105 f 145 154.7 f 19.7 

- CT = Conventional TiUage, NT = No-Tillage; " TNAP = Total Net Annual Production 

recovered in the staIk, 4.4% recovered in the husk and 6.1% recovered in the cob, 

resulting in 38.6% in the above-ground crop residues and 42.5% in the grain. No 

Merences in the percent distribution of the 14c recovered was detected between the two 

series in the study. In contrast. no-tüIage resuIted in a higher proportion of the label behg 

incorporated into leaf tissue @ = 0.0193) than conventional tillage, whereas. a higher 

proportion of the label was recovered in the grain from plants rnanaged under 

conventional tillage (p = 0.0304). Corn grew and rnatured at a faster rate when managed 

under conventional tillage (Fig. 4.6), resulting in earlier formation of ears under this 

management practice (Fig.4.5). This would have resulted in the presence of grain durhg 
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more of the pulse applications of I4C and possibly a higher translocation of label to grain 

for a larger proportion of the growing period in conventiondy tilled plots. In contrast, 

the absence of grain during a portion of the growing penod in no-tiUed plots may have 

resulted in more of the label king assimilated into constituents in leaf tissue that could not 

be translocated to the ear at a later tirne, resulting in a higher proportion of label in the leaf 

tissue and a lower proportion in the grain. 

The distribution of 14C within the corn plants contained within the microplots 

appeared to be sUnilar between the series, arnong the replications within the two senes, 

and between the tillage practices. However, significant Merences in the specific activity 

among the various plant parts were detected (Table 4.23), indicating that carbon 

translocation was not uniform during the labelling procedure. In general, corn leaves had 

signincantly higher specific activities than stalks, @ = 0.0037). husks (p = 0.0002), cobs @ 

= 0.0001), roots (p = 0.0001). and grain (p = 0.0001). Stalks had a signincantly higher 

specific activity than the husk (p = 0.0034). the cob (p = 0.0010) the root (p = 0.0098) 

and the grain (p = 0.0001), while husks, cobs, roots and grain had similar specific 

activities. Averaged over aU plant parts, the above-ground residues had a higher specinc 

activity than the roots (p = 0.0077), and the average specinc activity of the crop residues 

was higher than that of the grain (p = 0.003 1). 

In generai, no significant Merences in the specific activity among the plant parts 

were detected between the two series in the study. However, a signifcantly higher 

specinc activity for corn leaves as compared to corn stalks (p = 0.0243) and corn grain (p 

= 0.0439) was detected for no-tillage practices than for conventional tillage practices. The 
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percent activity recovered within leaves kom corn plants rnanaged under no-tillage 

practices was signiticantly higher @ = 0.0 193) than in leaves from plants rnanaged under 

conventional tillage practices, but the opposite resdt was found in the grain @ = 0.0304). 

While the specific activity of corn leaves nom plants rnanaged under conventional tillage 

was slightly higher than those from plants rnanaged under no-tillage, a much larger 

difference in the specific activity of corn staiks and grain between tillage practices was 

detected and could have been responsible for this result. 

Sauerbeck and Fuhr (1963) found that the specific activity of stalks fiom immature 

corn plants exposed to I4C continuously after 2-3 days following germination was higher 

than the specific activity of the leaves but lower than the specific activity of roo ts. In 

contrast, wheat plants exposed to 'C only after tillering had signifïcantly lower specinc 

activities in roots and svaw as cornpared to the grain. Theoretically, labelled carbon 

should be uniformiy distributed throughout the plant provided the plants are exposed to 

14 CO, of constant activity fiom the seedüng stage. However, contributions fiom 

unlabelled seedling carbon may not be redistributed equally among the new growth or 

because an isotopic fkactionation takes place. They attributed their differences to dilution 

of the 14C label with unlabelled carbon assimilated before exposure. In the repeated pulse- 

labelling procedure used in this study, the amount of 14C label added per pulse was 

constant but the specinc activity of the 14C02 would have changed as the canopy was 

expanded to accommodate new growth. Since plants under both tillage practices w i t h  

each replication were labelied at the same t h ,  the difference in plant stage when 

exposure took place and differences in the specific activity of the '*CO, at each of these 
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times would have resulted in dinercnces in the specinc activity among the plant parts fiom 

plants managed under the two tillage regims because they did not grow at the same rate 

and therefore would have been exposed to and taken up the I4C label when different plant 

parts were growing more rapidy. In studies investigating the carbon transfers within a 

crop during growth, di&ent proportions of I4C label from a single pulse were found to be 

dismbuted dinerently among the various plant parts, suggesting that clifferences in carbon 

allocation to various plant parts exist during plant growth (Martin and Kemp, 1986; 

Martin, 1977, M e r c h  et al., 1986, Milinchas et al., 1985). Sauerbeck and Fuhr (1963) 

found that even though dinerences in the specific acrivity of the plant parts differed, the 

specinc activity of various chernical fiactions of the plant parts were relatively uniform 

and, if unifomily niixed, these residues could be used in decomposition studies. 

4.4.3 "C-labelled Winter Wheat Residues 

The total net annual production of winter wheat during the 1989-1990 growing 

season averaged over ali plots was 761.7 g (Table 4.24). Tillage had no effect on total 

dry weight production (p = 0.4754), with conventional tillage plots having an annual 

production of 790.4 g m2 and no-tiüage plots having an annuai production of 733.0 g m-'. 

The dry weight of straw excluding the chaff was 279.9 g m-2 or 35.4% of TNAP for plots 

managed under conventional tillage practices, and was not significantly different than the 

dry weight of snaw of plots managed under no-tfige which was found to be 250.4 g m'2 

or 34.2% of TNAP @ = 0.4521). Ch& dry weights in those plots managed under 

conventional tillage comprised 10.6% of the TNAP, and was similar (p = 0.5134) to the 



Table 424: Accumulation of above- and below-ground biomass by winter wheat grown ia microplots 
in 1990. 

Grain 275.6 f 12.5 255.1 f 28.9 

Roots 
0-5 cm 
5-10 cm 
10-15 
15-20 cm 
20-25 
25-30 

30-40 cm 
40-50 cm 

Total 

Totai Residue 514.8 f 65.8 477.9 f 43.8 

TNAP" 790.4 I 74.6 733.0 i 68.7 

CT = Conventional Tillage, NT = No-Tillage; " TNAP = Totai Net Annual Production 

dry weights of chaff fkom plots managed under no-tillage practices which comprised 

10.1% of the TNAP. Above-ground residues fYom plots managed under conventional 

tillage constituted 46.0% of TNAP by winter wheat, and was similar (p = 0.4605) to the 

above-ground residue dry weight fiom no-tilled plots which comprised 44.3% of the 

TNAP. Sirnilarly, total residue dry weights were not different between tiilage practices (p 

= 0.5479), and comprised 65.1 % and 65.2% of the TNAP fiom conventionally tilled and 
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n o - t W  plots, respectively. Grain weights comprised 34.9% of the TNAP for 

conventionally tilled plots and 34.8% of the TNAP for no-tilled plots; however, no 

difference in grain dry weights between tillage practices could be detected (p = 0.3 127). 

Similarly, no difference in the total weight of roots between tiliage practices was found @ 

= 0.8169) with the dry weight of roots to a depth of 50 cm comprising 19.1% and 20.9% 

of the TNAP for conventionaiiy tilled and no-tillage practices respectively. Above-ground 

residue to root ratios were not significantly Merent @= 0.2395) for winter wheat grown 

under no-tillage practices compared to those produced under conventional tiilage. Tiuage 

had little effect on the distribution of roots with depth (Table 4.24). While higher dry 

weights of roots were found in the 0-10 and 25-50 cm depths in conventionally tilled plots 

compared to no-taed plots, none of the differences in root dry weight between tillage 

practices were found to be statistically different. 

To ta1 net annual production of wheat in this study during the labelhg year was 

found to be less than most pu blished estirnates. Buyanovsky and Wagner (1 986) 

estimated TNAP of winter wheat grown in Missouri to be 1362 g m*2 with above-ground 

residues comprising 43.3%, grain comprising 18.4% and roots comprising 38.3% of the 

TNAP, while Swinnen et al (1995) found that winter wheat accumulated 1746 g m-' of 

above-ground biomass and 87 g m-2 of roots in conventional farrning systerns and 1577 g 

m-' above-ground biornass and 85 g m*' of roots in an integrated management system 

involving reduced nutrient input, tillage and use of biocides. These values are based on 

carbon contents of 40%, and rnay underestimate the total production if root carbon 

contents were lower as was found in this study and by Buyanovsky and Wagner (1986). 
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Van Noordwi.  et al. (1994)- who used visual observations in minE-hizotrons combined 

with a single auger sampling on the sarne plots, estimated total root growth at 15 1 g m-2 in 

conventional famiing systems and 19 1 g w2 in the integrated management system with 

between 62 and 73 % remaining as root material at harvest. In this study, TNAP was 

estimated at 761.7 g m-2, with above-ground residues comprising 45.2%, grain comprising 

34.8% and roots comprising 20.0% of this total under sirriilar management practices. 

The proportions of root dry weight with depth were found to be 47.8% in the 

upper 5 cm, 20.9% in the 5-10 cm depth, 14.2% in the 10-15 cm depth, 7.3% in the 15-20 

cm depth, 5.3% in the 20-25 cm depth, 2.4% in the 25-30 cm depth, 1.256 in the 30-40 cm 

depth and 0.9% in the 40-50 cm depth. While the proportion of TNAP and total dry 

weight of roots found in this study are below the estimates of Buyanovsky and Wagner 

(1986), the root distribution with depth was found to be very similar to their hdings, with 

a slightly smaller proportion of roots in the upper soil layers and higher proportions below. 

Above-ground and below-ground production of winter wheat in this study were 

found to be less than the estimate by Buyanovsky and Wagner (1986). However, an 

accumulation of 800 g m-* of total plant biomass with 82.5% comprised of above-ground 

and 17.5% comprised of below-ground biomass was reported for wheat in Germany 

(Koehliem and Vetter, 1953). Sirnilarly, Thome and Peterson (1954) reported an 

accumulation of 920 g m'2 of above-ground biomass and 250 g of roots. Shoot to root 

ratios of winter wheat averaged 4.01 for this study, while shoot to root ratios found by 

Buyanovsky and Wagner (1986) were 1.61, by Koehliem and Vetter (1953) were 4.7 1 and 

by Thome and Peterson (1954) were 3.68. 
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Table 425: Carbon contents of the various parts of the winter wheat plants at harvest in 1990. 

Grain 440.9 i 6.3 451.7 f 8.0 

S traw 445.9 i 22.5 
Chafi 436.0 f 24.6 
Ab ove-Ground Residues 443 -4 i 22.3 

Roots 269.0 f 7.9 269.0 f 10.5 

Total Residue 392.0 f 16.8 384.6 * 8.6 

CT = Conventionai Tiiiage. NT = No-Tillage; " TNAP = Total Net Annuai Production 

Carbon contents of straw (p = 0.2007) and chaff (p = 0.4836) were similar 

between the tillage practices. However, the carbon concentration of grain managed under 

no-tillage was higher (p = 0.0046) as compared to grain f?om plots managed under 

conventional tillage (Table 4.25). The carbon content of roots was sigruficantly lower 

than that found in the above-ground plant parts but was similar between the two tillage 

practices (p = 0.9948). No differences in the carbon content of the above-ground crop 

residues (p = 0.63 IO), total crop residues @ = 0.1968) or total crop (p = 0.6662) were 

found between tillage practices. Total carbon content of the tops was higher than that 

found by Buyanovsky and Wagner (1986), while the carbon contents of roots were 

s idar .  
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Table 436: Total carbon production by the winter wbeat crop grown microplots in 1990. 

Grain 121.5 f 4.1 115.3 * 14.1 

S traw 124.8 f 17.4 

ChaE 36.5I  8.0 
Above-Ground Residues 161.3 * 24.6 

Roots 40.6 i 4 3  41.3 i 3.6 

Total Residue 202.0 f 28.6 183.8 k 17.3 

TNAP" 323.4 f 29.7 299.2 i 29.6 

CI' = Conventional Tillage, NT = No-Tilage; ** TNAP = Totd Net Annuai Production 

No differences in the total carbon inputs to soil derived fiom straw (p = 0.3427), 

chaff (p = 0.5773), or roots @ = 0.8667) were found between tillage practices (Table 

4.26). Since no differences in carbon inputs fkom the plant parts were found, no 

difference in the amount of carbon added to soil fiom above-ground residues (p = 0.3907) 

or fiom total residue @ = 0.4671) could be detected between tillage practices. Total 

annual inputs into the soil for winter wheat were 51.9% of those estimated by Buyanovsky 

and Wagner (1986), with the above-ground portion king 69.7% and roots being 26.6% 

of t heir estimates when averaged over tillage prac tices. TiUage practices, ho wever, did 

result in ciifferences in the proportion of carbon added between the above- and below- 

ground plant parts. Under conventional tillage practices the aerial portion of the plant was 
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found to be 74.0% and the roots 26.4% of estimates by Buyanovsky and Wagner (1986), 

while no-tiIlage practices resulted in the top portion king 65.4% and roots king 26.8% 

of their estimates. 

Wmter wheat assirnüated CU 74.4% of the 14C label introduced into the labelhg 

canopy over the 12 exposure tirnes Çrable 4.15). Of the total 14C label added, 19.8% 

remained in the H,S04-Na,C03 solutions and 5.8% rernained in the atmosphere of the 

labelhg canopy averaged over aii labelling pulses. Tiilage practices had iittle effect on the 

arnount of 14C label remaining in the acid solution @ = 0.2236) or the amount of "C 

rernaining in the labelhg canopy atmosphere (p = 0.3624). However, plots rnanaged 

under no-tillage had a higher total percentage of 14C label assimilated by the winter wheat 

crop than those managed under conventional tillage (p = 0.0285). Plots managed under 

no-tillage practices had similar losses of 14C during and following the labelhg penod 

compared to conventional tiIIage (p = 0.1940), resulting in sirnilar labelhg eficiencies 

between tillage practices (p = 0.1571). 

The proportion of gross assimilated 14C that was recovered in the winter wheat 

crop and the soi1 contained within the microplots was sllriilar between tillage practices (p = 

0.1571) (Table 4.17). A higher percentage of the 14C label taken up during labehg was 

recovered in the straw (p = 0.0419) and above-ground crop residues (p = 0.0493) of 

plants kom no-tilled plots but no difference in the proportion of assimilated 14C between 

tilIage practices was found in the chaff (p = 0.5871). roots (p = 0.6330). grain (p = 

0.4499) or soil residues (p = 0.6505). These findings are similar to those found by 

S winnen et al.. (1995) who found a higher allocation of "C in the above-ground portion 
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of plants managed under a reduced input system as compared to conventional famBng 

systems. However, of the total I4C recovered in the crop and soil, similar proportions of 

k e d  carbon were recovered in the crop and various crop parts between tillage practices. 

in generai, these data would indicate that while similar amounts of label were assimilated 

during the labelhg procedure, a higher proportion of 14C was lost under conventional 

practices, and the translocation of fixed carbon may have been slightly different under 

different soil management. 

The proportion of 14C recovered in the shoot averaged 79.1 % of the to ta1 14C 

recovered in the crop and s o l  with no signifcant dinerence between tillage practices (p = 

0.9822) (Table 4.27). Of the total 14C recovered 40.1 %, 9.1 % and 29.9% was present in 

the straw, chaff and grain respectively. Of the total 14C recovered, 7.2%was k o n ~  the 

root, and 13.7% was recovered as a soil residue. Tillage had no effect on the proportion 

of fixed carbon recovered in the crop or in the various plant parts and soil. These results 

agree rernarkably weii with those found in other studies (Martin, 1975, 1977; Martin and 

Kemp, 1986 Merckx et al., 1985, 1986; Swinnen et al, 1995). Swinnen et al. (1995) 

found that a total of 80.4%, 7.2% and 5.2% of the fked carbon was recovered in the 

shoots, roots and as a soil residue, respectively, for winter wheat averaged over 

conventional and low input farming systems. and no clifference between management 

systems could be found. Merckx et al. (1 986) reported that 70.2%, 27.3% and 2.4% of 

the fixed carbon was allocated to the shoots. roots and soil residues respectively at 28 

days after germination, and that 61.3%- 36.7% and 2.0% of the fixed carbon was allocated 

to the same cornpartments after 42 days of exposure to a 14C atmosphere. A slight 
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ciifference in the proportion of "C recovered as a soi1 residue between these studies exists, 

and rnay have ken  the result of either incomplete recovery of smaU roots korn the sod, 

an increase in exudate production, or higher root decay and turnover. Swinnen et al. 

(1995) found higher root decay and turnover in barley managed under conventional 

farming systems as compared to low input systems but this was not evident in wheat, 

while Martin (1977) found that the production of root exudates increased with Iower soil 

moisture. During the 1990 growing season, dry penods were experienced just prior to 

wheat harvest, and may have resulted in a higher proportion of the "C king recovered as 

soil residues. 

Table 437: Distribution of assimilated I4C withh the winter wbeat crop and soi1 at hawest in 1990. 

Grain 

Straw 
Chaff 
Above-Ground Residues 

Roots 

Total Residue 

Extra-Root Material in Soi1 

TNAP" 

' CT = Conventional Tillage. NT = No-TIllage: " TNAP = Totai Net Annual Production 
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Averaged over tillage practices, a higher proportion of the assimilated "C was 

allocated to the aerial portion of the plant and less to the below-ground portion. This is 

probably due to differences in the allocation of accumulated carbon transfer to roots and 

shoots. Swinnen et al. (1995) found that ca. 838 of the total carbon contained in the 

roo ts had been transferred to the roo ts in a wheat crop by ear emergence and maximum 

transfer to roots was found at tillering. This agrees with the results of suiiilar experiments 

with wheat (Warembourg and Paul, 1973; Keith et al., 1986; Martin and Kemp, 1986; 

Gregory and Atwell, 1991; Swinnen et al., 1994a). With the pulse-labelling procedure 

utilized in t h  study, the crop had not ken  exposed to any of the 14C label at tuering, and 

50% was added following ear ernergence. S ince the C transfer to roo ts was maxinial 

earlier in the growing season rather than at the time of maximum shoot growth but 14C 

label was added at equd carbon assimilation incrernents, it could be expected that much of 

the carbon label would have been allocated to shoot growth rather than to root growth 

under the labelling schedule u t i h d  in this study. Thus it is advisable that in future 

experiments labelling technique of this kind pulses, be applied more fkequently at the early 

stages of growth to assure more equal carbon allocation between above- and below- 

ground plant parts. 

The distribution of 14C within the winter wheat plants appeared to be similar 

between tillage practices and replications within the study. However, significant 

clifferences in the specific activity arnong the various plant parts were detected, again 

reinforcing that carbon translocation was not uniform during the labehg procedure 

(Table 4.28). Wheat straw had significantly higher specinc activity than chaff 



Table 4 3 :  Specitic activity of the various plant components withia the mature winter wheat crop 
grown in microplots in 1990. 

Grain 305.9 f 28.6 247.3 i 67.5 

S traw 3853 i 90.1 
Chafi 320.6 f 463 
Above-Ground Residues 370.6 i 80.0 

Roots 213.6 f 71.9 246.3 i 124.4 

Total Residue 338.7 î 69.9 433.0 f 79.8 

TNAP" 325.3 i 52.4 398.7 i 51.2 

CT = Conventiond Tiilage, NT = No-Tillage; " TNAP = Total Net Annual Production 

(p = 0.0043), roots @ = 0.0003) and gain (p = 0.0095). Chaff had sirnilar specific activity 

to grain (p = 0.4105), although roots had a Iower specific activity than chaff (p = 0.0247). 

Overall, the above-ground residues had higher specific activity than the root (p = 0.0006), 

and a trend for higher specific activity of the crop residues compared with wheat grain was 

found (p = 0.0872). Differences in the specitic activity of the various plant parts appeared 

to follow the ciifference in I4C allocation throughout the season. In experiments where 

plants were continuously exposed to a "C atmosphere, differences in the specinc activity 

of various plant pans were found (Sauerbeck and Fuhr, 1963), although their differences 

were not as great as those found in this study. S tudies involving pulse labelling 

procedures have demonstrated that carbon allocation among plant parts is not uniform 
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throughout the growing season (Wanmbourg and Paul, 1973; Martin, 1975, 1977; Keith 

et al., 1986; Martin and Kemp, 1986; Merckx et al., 1985, 1986; Gregory and Atwell, 

199 1: S winnen et al., 1994a, 1994b, 1995), and are probably the reason that Merences in 

the specific activity among plant parts are found when repeated pulse labels are assimilated 

by the plant at different growth stages. 

4.4.4 LJC-labelled Winter Rye Residues 

The total net annual production of winter rye during the 1989-1990 growing 

season, averaged over all plots, was 699.2 g m-*. Tillage had no effect on total dry weight 

production (p = 0.2046). with conventional tillage plots having an annual production of 

678.8 g ni2 and no-tillage plots having an annual production of 719.7 g m'2 (Table 4.29). 

The dry weight of straw, excluding the chaff, was 228.2 g m-2 or 33.6% of TNAP for plots 

managed under conventional tillage practices. and was no t significmtly different than the 

dry weight of straw of plots rnanaged under no tillage, which was found to be 252.1 g m-2 

or 35.0% of TNAP (p = 0.1200). Chaff dry weights in those plots managed under 

conventional tiiIage comprised 8.9% of the TNAP, and were s i m .  (p = 0.4639) to the 

dry weights of chaff fiom plots managed under no-tillage practices, which comprised 7.8% 

of the TNAP. Above-ground residues f?om plots rnanaged under conventional tillage 

constituted 42.6% of TNAP by winter rye, and was sllnilar (p = 0.0758) to the above- 

ground residue dry weight fiom no-tilled plots which comprised 42.8% of the TNAP. 

Similarly, total residue dry weights were not different between tiUage practices @ = 

0.1405). and comprised 67.9% and 67.8% of the TNAP from conventiondy tilled and 



Table 4.29: Accumulation of above- and below-ground biomass by winter rye grown in microplots in 
1990. 

Grain 

Straw 
ChaE 
Above-Ground Residues 

Roots 
0-5 cm 
5-10 cm 
10-15 cm 
15-20 
20-25 
25-30 CXII 

30-40 cm 

40-50 cm 
Total 

Total Residue 

TNAP" 

CT = Conventional Tillage, NT = No-Tillage; " TNAP = Total Net Annuai Production 

no-taed plots, respectively. Grain weights comprised 32.1% of the TNAP for 

conventionally tilled plots and 32.2% of the TNAP for no-tilled plots; however, no 

merence in grain dry weights between tillage practices could be detected (p = 0.50 10). 

Sirnilarly no di&rence in the total weight of roots between tiUage practices was found (p 

= 0.5431), with the dry weight of roots to a depth of 50 cm comprishg 25.3% and 25.0% 
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of the TNAP for conventionaly tiUed and no-tillage practices respectively. 

Above-ground residue to roo t ratios were no t significantly different @= 0.9285) 

for winter rye grown under no-tillage practices as compared to those produced under 

conventional tülage. Tillage had Linle effect on the distribution of roots with depth. While 

higher dry weights of roots were found in the 0-5 and 30-40 cm depths in conventionally 

tiiled plots compared with no-tilled plots, none of the differences in root dry weight 

between tillage practices were found to be statisticaily different (Table 4.29). Total net 

annual production of winter rye in this study during the labelling year was found to be 

slightly smaIler, but statistically similar to that found for winter wheat (Table 4.24). 

Winter rye had a slightly srnaller but statistically similar above-ground residue weight (p 

=0.0649), p i in  weight (p =0.0746), TNAP @ = 0.2884) and total residue weight (p = 

0.5796), but a larger although statistically similar root weight (p = 0.2318) as compared to 

winter wheat. 

Carbon contents of straw @ = 0.2643), chaff (p = 0.73 11). grain (p = 0.1927) and 

roots (p = 0.5 129) were sllriilar between the tiUage practices (Table 4.30). As found in 

other crops, the carbon content of roots was significantly lower than that found in the 

above-ground plant parts. No differences in the carbon content of the above-ground crop 

residues @ = 0.3106), total crop residues (p = 0.5525) or total crop @ = 0.8582) were 

found between tillage practices. Total carbon contents of the tops were higher than those 

found by Buyanovsky and Wagner (1986) for winter wheat, while the carbon contents of 

roots were similar. Sunilarly, higher carbon contents of the above-ground residues (p = 

0.0195) and a trend for higher carbon contents of roots @ = 0.08 16) existed for winter rye 
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Table 430: Carbon contents of the various parts of the winter rye plants at harvest in 1990. 

Grain 438.7 f 11.1 

S traw 460.3 î 1.2 
Chaff 456.4 i 5.1 
Above-Grouad Residues 4595 i 1.8 

Roots 284.5 f 13.1 

Total Residue 393.8 i 10.0 

O CT = Conventional TiUage, NT = No-Tiilage; " TNAP = Total Net Annual Production 

No difference in the total carbon inputs to soi. derived f?om straw (p = 0.2 193). as 

cornpared to winter wheat; however, no difîerence in the carbon content of the grain was 

found @ = O.S9Ig).chaff (p = 0.4937) or roots (p = 0.7166) were found between tillage 

practices (Table 4.3 1). Since no differences in carbon inputs koom the plant parts were 

found, no difference in the amount of carbon added to soil from above-ground residues (p 

= O, 1696) 

or fkom total residue (p = 0.2488) could be detected between tillage practices. Total 

annual inputs into the soil for winter rye were 50.0% of those for winter wheat estimated 

by Buyanovsky and Wagner (1986). with the above-ground portion being 62.6% and 

roots king 32.1% of their estimates when averaged over tillage practices. Tiilage 
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practices resulted in differences in the proportion of carbon added between the above- and 

below- ground plant parts. Under conventional tillage practices the aeriai portion of the 

plant was found to be 60.9% and the roots 31.7% of e s h t e s  by Buyanovsky and 

Wagner (1986), while no-&ge practices resulted in above-ground residues equivalent to 

64.3% and roots comparable to 32.6% of their estimates. 

Table 431: Total carbon production by the winter rye crop g r o m  in microplots in 1990. 

Grain 955 f 105 

Straw 1OS.Of 8.8 
Chaff 27.6f 4.1 
Above-Ground Residues 132.7 I 113 

Total Residue 1815 * 10.4 

TNAP" 277.0 k 112 

CT = Conventional Tillage. NT = No-Tillage; " TNAP = Total Net Annual Production 

Winter rye assimüated ca 72.0% of the I4C label introduced into the labelhg 

canopy over the 12 exposure times. Of the total 14C label added, 20.6% remained in the 

H2S04-Na,C03 solutions and 7.4% remained in the atmosphere of the labehg canopy, 

averaged over ail labehg pulses (Table 4.15). Tiliage practices had little effect on the 
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amount of 14C label remaining in the acid solution @ = 0.2413). However, a higher 

arnount of "C remained in the labelling canopy atmosphere under conventional tillage 

practices as cornparrd to no-tillage practices @ = 0.0243). Plots managed under no- 

tillage had a sinrilar total percentage of "C label assimilated by the winter rye crop as plots 

managed under conventional tillage @ = 0.1908). Plots managed under no-allage 

practices had sirnilar losses of 14C during and following the labelling penod as compared to 

conventional tillage @ = 0.3102), resulting in simiiar labelhg effïciencies between tiUage 

practices (p = 0.2877). 

The proportion of gross assimilated "C that was recovered in the winter rye crop 

and the soil contained within the microplots was sirnilar between tillage practices (p = 

0.3102) (Table 4.32). A higher percentage of the 14C label taken up during labelling was 

recovered in the straw (p = 0.0478) and above-ground crop residues (p = 0.0480) of 

plants from no-tilled plots, but no dinerence in the proportion of assimilated 14C between 

tillage practices was found in the chaff (p = 0.9313), roots @ = 0.7539), grain (p = 

0.6066) or soil residues (p = 0.9063). Similar to the results found with winter wheat, the 

allocation of 14C to the above-ground portion of plants managed under no-tillage practices 

was higher compared to conventional tillage systerns. However, of the total 14C recovered 

in the crop and s o c  sirnilar proportions of fixed carbon were recovered in the crop and 

various crop parts between tillage practices. In generai, these data would indicate that, 

while similar arnounts of label were assimilated during the labehg procedure, a higher 

proportion of I4C was lost under conventional practices, and that the translocation of fked 

carbon rnay have k e n  slightly different under dinerent soil management. 
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Table 432: Distribution of assimilated 14C within the winter rye crop and soi1 at harvest in 1990. 

Grain 

S traw 
ChaE 
Above-Ground Rwidues 

Total Residue 

Extra-Root Material in Soi1 

CT = Conventionai Tillage. NT = No-Tillage; " ï??AP = Total Net Annual Production 

The proportion of ''C recovered in the shoot averaged 72.6% of the total 14C 

recovered in the crop and soil with no significant difference between tillage practices (p = 

0.7033) (Table 4.32). Of the total 14C recovered, 43.8%, 9.5%, 53.3% and 19.3% was 

present in the straw, chaff, above-ground residues and grain respectively. Of the total 14C 

recovered, 10.5% was in the root, while 17.0% wrs recovered as a soil residue. Tiiiage 

had no effect on the proportion of fixed carbon recovered in the crop or in the various 

plant parts and soil (Table 4.32). As found with winter wheat, these data agree rernarkably 

weil with those found in other studies (Martin 1975, 1977; Martin and Kemp, 1986 

Merckx et al., 1985 , 1986; Swinnen et al, 1995). Averaged over tiUage practices, a 
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higher proportion of the asshilated 14C was docated to the aerid portion of the plant and 

less to the below-ground portion. 

Table 433: Specific activity of the various piant components within the mature winter rye crop grown 
in microplots in 1990. 

Grain 304.3 I 60.9 

Straw 537.0 f 3 1.1 
ChaE 520.3 I 69.0 
Above-Ground Residues 533.6 I 38.9 

Total Residue 473.7I 3 8 2  

CT = Conventional Tillage, NT = No-Tillage; " TNAP = Totai Net Annual Production 

The distribution of 14C within the winter rye plants appeared to be similar between 

tihge practices and replications within the study. However, significant differences in the 

specific activity among the various plant parts were detected (Table 4.33), again 

reinforcing that carbon translocation was not unifom during the labelling procedure. Rye 

straw had significantly higher specific activity than ch& (p = 0.0248), roots (p = 0.0002) 

and grain @ = 0.0001). Chaff had a higher specific activity than grain @ = 0.0004) and 

roots (p = 0.0005). Overall, the above-ground residues had higher specinc activity than 

the root (p = 0.0002) and gmUi (p = 0.0001), and the specific activity of crop residues 
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were higher than the grain @ = 0.0003). Tillage had no effect on the specifc activity of 

the chaE ( p = 0.3399), root @ = 0.7876) or grain @ = 0.771 l), dthough the specific 

activity of chaff and roots were higher and that of grain and lower in those plots managed 

under no-tiuage management. In contrast. straw fkom plots managed under no-&ge had 

a strong trend toward a higher specific activity than straw from those managed under 

conventional tillage (p = 0.0507). which resulted in a trend for a higher specific activity of 

above-ground residues in no-ullage plots (p = 0.0639). 

4.4.5 "C-IabeUed Flue-Cured Tobacco Residues 

The total net annual production of flue-cured tobacco during the 1990 gro wing 

season was 619.1 g m-* averaged over all plots. However, tobacco grown under 

conventional tillage had significantly higher TNAP (p = 0.0303) as compared to no-tillage 

plots (Table 4.34). Of the TNAP, 41.2% was comprised of leaves, 20.5% was cornprised 

of stems, 35.6% was cornprised of roots, 1.1% was comprised of axlllary buds and 1.8% 

was cornprised of temiinal Uinorescence in plots managed under conventional Mage 

practices, while 36.1% was comprised of leaves, 23.2% was comprised of stems, 37.2% 

was comprised of roots, 1.4% was comprised of axillary buds and 2.1 % was comprised of 

terminal inflorescence in plots managed under conservation tillage prac tices. While no 

ciifferences in the dry weight of stems @ = 0.1 102). axillary buds @ = 0.98 1 1). terminal 

innorescence @ = 0.4881) were found between tülage practices, a signifïcantly higher dry 

weight of leaves @ = 0.0265) and a trend for higher root dry weights ( p = 0.0720) were 

found in those plots managed under conventional tiilage than in those rnanaged under 
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strip-tiuage practices. Shoot: root ratios were not significantly different (p= 0.3440) for 

to bacco rnanaged under the two tillage treatrnents. 

Table 434: Accumulation of above- and below-ground biomass by flue-cured tobacco grown in 
microplots in 1990. 

Priming 1 
Rùning 2 
priming 3 
Priming 4 
PRming 5 
Harvested haves 

S talk 
Axillary Buds 
Terminal Inflorescence 
Above-Ground Residues 

Roots 
0-5 cnl 

5-1 0 cm 

10-15 cm 
15-20 cm 
20-25 
25-30 rn 

30-40 
40-50 cm 

Total 

Total Residue 

Cï = Conventional Tillage, NT = Strip-Tillage; " TNAP = Total Net Annual Production 



200 

Tillage had littie effect on the distribution of roots with depth (Table 4.34). While 

higher dry weights of roots were found at ali soil depths in plots rnanaged under 

conventional tillage, only a trend for higher root dry weight in conventional a g e  plots @ 

= 0.0723) in the 25-30 cm layer compared to conservation tillage was found, and ail other 

ciifferences in root weights between tillage practices were not statistically Merent. 

Similarly, the proportion of root dry weight was not statistically different at any of the 

sampIed depths. However, a higher proportion of roots was found in the 0-5 cm and 5-10 

cm soi1 layers in strip-tiued plots, while the reverse w u  found at all other soil depths. 

Total net annual production of flue-cured tobacco in this study during the labelling 

year was found to be higher than recent estimates. Elliot (unpublished data) found annuai 

total dry rnatter production of flue-cured tobacco in Southern Ontario to be 633 g m-2, 

with leaf biornass comprising 50.4%. stem biomass contprising 20.2%, roots comprising 

28.1 % and axillary buds and terminal inflorescence comprishg 1.2% of the TNAP. In 

contrast, M a y a  (1970) found that flue- cured tobacco accumulated 425.0 g m'2, of which 

48% was leaves, 24% stems, 18% roots, 8% axillary buds and 3% terminal inflorescence. 

Both above-ground and below-ground production of flue-cured tobacco in the present 

study were found to be higher than the e sha tes  for tobacco grown in the s a m  

geographic region. Shoot:root ratios of flue-cured tobacco were 1.82 and 1.69 for 

conventional and conservation cillage practices, respectively and were less than the 2.56 

value found by Elliot and far below the 4.6 1 obtained by Mallya (1 970). This is probably 

the result of differences in the proportion of roots used to calculate this value among the 

studies rather than di&rences in crop growth due to recent advances in management 
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practices. In both of these studies, only roots to a depth of 20 cm were included in the 

root estimate and underestimate the proportion of roots biornass produced by the flue- 

cured tobacco crop. Zartman et al. (1976) found the total root length to be higher in 

burley tobacco managed under conventional compared to no-tillage practices for aIl 

sampling dates, with a higher root length density in the upper profle in conventional 

tiuage. They suggested that the difference in root density between tillage practices was 

due to differences in the fkiabiiity of the upper 15 cm of the profde, which restricted 

growth of the root system bath horizontaily and verticdy in this zone, and as a result, 

limited subsequent plant growth. Leaf and total plant dry weights were significantly 

higher under conventio na1 tillage, and a CO rresponding Io wer nitrogen CO ncentration was 

found in plants managed under no-tillage. This would suggest that no-tillage tobacco had 

a slo wer growth rate both above- and below-ground, and that this was possïbly due to 

lower rates of nitrogen uptake under no-tiUage management. 

Carbon contents of stem (p = 0.9165), terminal inflorescence and axillary buds (p 

= 0.1909) and shoots (p = 0.7359) were similar between the tillage practices (Table 4.35). 

However, there was a trend for carbon concentration of leaves managed under strip-tillage 

to be higher @ = 0.0793) than those fiom plants managed under conventional tillage. The 

carbon content of roots was significantly lower than that found in the above-ground plant 

parts, presumably due to the presence of soil particles adhering to the root surfaces, but 

was similar between the two tillage practices @ = 0.6577). No differences in the carbon 

content of the crop residues (p = 0.5948) or total crop (p = 0.7 178) were found between 

tillage practices. 
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Table 435: Carbon contents of the various parts of the flue-cured tobacco plants at harvest in 1990. 

S talk 
AxilIary Buds 
Temiinal Inflorescence 
Above-Ground Residues 

Roots 

Total Residue 

TNAP* * 

CT = Conventional Tillage, NT = Stnp-Tillage; " TNAP = Totd Net Annual Production 

No difference in the total carbon inputs to soi1 denved f?om stems (p = 0.1355), 

terminal Morescence @ = 0.4475). axillary buds (p = 0.9900) or above-ground residues 

(p = 0.1036) were found between tillage practices (Table 4.36). However, differences in 

carbon inputs f?om roots were signincantly higher under conventional tillage practices as 

cornpared to stxip-tillage management (p = 0.0413). A trend for higher total carbon 

additions from tobacco managed under conventional tillage (p = 0.0544) was found, and 

was prirnarily due to the Merence in both higher above-ground residue and higher root 



weights with this management. 

Table 436: Total carbon production by the fhre-cured tobacco crop grown in microplots in 1990. 

Slalk 645i 5.7 
Axillary Buds 3.3 i 2.0 
Temiinal Inflorescence 5.4 i 0.7 
Abwe-Ground Residues 73.2 i 6.5 

Roots 67.6 I 6.6 53.8 i 4.4 

Total Residue 140.7 f 10.8 118.0 I 11.1 

' CT = Conventional Tillage, NT = Strip-Tillage; " TNAP = Total Net Annual Production 

Flue-cured tobacco assirnilated ca 79.0% of the I4C label introduced into the 

labelling canopy over the 12 exposure tirnes (Table 4.16). Of the total 14C label added, 

1 1.7 % rernained in the H,SO,-Na,CO, solutions and 9.2% remained in the atmosp here of 

the labeiling canopy averaged over all labeiling pulses. Tiilage practices had little effect on 

the arnount of 14C label remaining in the labelling canopy atmosphere (p = 0.69 l3), 
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although a higher proportion of 14C remained in the acid solution @ = 0.0028) in those 

plots xnanaged under strip-tillage practices. Since ciifFerences in the amount of I4C 

rernaining in the acid solutions were small, plots managed under sm-tillage had a s i m w  

percentage of I4C label assimilated as those managed under conventional tiiiage (p = 

0.1427). However, cornparison of the total losses fiom the crop and soil during the 

growing season showed a trend for higher losses under conservation tillage as compared 

to conventional tillage (p = 0.0536), resulting in a slightly lower overall labelling efficiency 

for those plots rnanaged under conservation tiilage @ = 0.0527). 

The proportion of gross assimilated "C that was recovered in the tobacco crop 

and the soil contained within the microplots was slightly higher for plots managed under 

conventional tillage compared to strip-ti.Ilage (p = 0.0558) (Table 4.37). Tillage had Little 

effect on the proportion of I4C label taken up during labehg that was recovered in the 

stems (p = 0.2864), terminal inflorescence @ = 0.7629), a x i h y  buds (p = 0.8649) of 

plants, and the proportion of 14C recovered as a soil residue (p = 0.4333) and total crop 

plus soil (p = 0.0558), but a higher proportion of assimüated 14C was found in the roots @ 

= 0.0058), leaves (p = 0.0433) and total crop (p = 0.0325) of plots managed under 

conventional tillage compared to strip-tillage. This was expected as a result of higher 

amounts of 14C assimilated during the labebg procedure and the bigher total biornass 

production in plots rnanaged under conventional tillage. 

Significant differences in the specific activity among the various plant parts were 

detected (Table 4.38), suggesting that carbon translocation was not uniform during the 

labelling procedure. Tobacco leaves. averaged over aIi staik positions, had significantty 



Table 4.37: Distribution of assirnilateci I'C within the fluecured tobacco crop and soil at barvest in 
1990. 

S talk 
Axillary Buds 
Terminal inûorescence 
Above-Ground Residues 

Roots 

Total Residue 

Extra-Root Materiai in Soil 

CT = Conventionai Tillage. NT = Strip-Tillage: " TNAP = Total Net Annual Production 

higher specific activity than the terminal inflorescence and aKillary buds (p = 0.0001). 

roots (p = 0.0001) and the crop residues @ = 0.0412), but had a similar specific activity to 

the stem (p = 0.3978) and total above-ground residues (p = 0.9738). The specific activity 

of the stem was also signiticantly higher than the terminal inflorescence and axillary buds 

(p = 0.0003) and root @ = 0.0091), while the terminal inflorescence and d a r y  buds had 

a lower specific activity than the roots (p = 0.005 1). Overall the above-ground residues 
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had higher specific activity than the root @ = 0.0 173). Tobacco leaves are harvested on a 

weekly bais  sequentially in groups of approximately three leaves per harvest, caiied 

primings, beginning about the first week of August in this region. This resulted in the 

presence of lower leaves for earlier but not for iater additions of "C label. This appeared 

to result in clifferences in the specific activity of leaves from dinerent positions on the 

stem The specinc activity of priming one was not significantly dinerent fiom the specific 

activities of the other primings or the specific activity of ai l  leaves cornbined (p = 0.3873). 

Priming 2 had a higher specific activity than ali primings except priming 4, with a 

signincantly higher specific activity than priming 3 (p = 0.0182), which resulted in a higher 

specific activity than the average of aU leaves (p = 0.0179). The specific activity of 

priming 3 was significantly lower than primings 2 (p = 0.0182) and 4 (p = 0.0122) and the 

overail specific activity for leaves @ = 0.0430), and lower but not significantly different 

than all other primings. The specific activities of the upper two primings were not 

different @ = 0.1329). but primllig 4 had a signincantly higher specific activity than the 

average of ail leaves (p = 0.0139). Differences in the specific activity of the various stem 

positions appeared to follow the dinerence in 14C ailocation throughout the season. 

S tudies involving pulse labelhg procedures have demonstrated that carbon ailocation 

among plant parts is not uniform thmughout the growing season (Warembourg and Paul, 

1973; Martin 1975, 1977; Keith et al., 1986; Martin and Kemp, 1986; Merch  et al., 1985 

, 1986; Gregory and Atwell, 199 1; S winnen et al., l994a, WUb, 1995) and this is 

probably the reason that di&rences in the specifc activity among plant parts and within 

stem positions are found when repeated pulse labels are assimilated by the plant at 



Table 438: Specific activity of the various plant mmponents within the mature flue-cured tobacco 
crop grown in microplots in 1990. 

Stalk 
AxilIary Bu& 
Terminal Infi orescence 
Above Ground Residues 

Roots 

Total Residue 

CT = Conventionid Tillage, NT = Strip-Tillage; " TNAP =Total Net h u a 1  Production 

different growth stages and when certain plant parts are removed such as occurs in flue- 

cured tobacco production. Since the purpose of the labelhg procedure was to study 

residue decomposition, ciifferences in the specific activities among the leaves had Little 

consequence to the study because the leaves were not a component of the crop residues 

added to the soil. Sïmilarly, dinerences between the roots and above-ground portion of the 

plant were of little consequence since their decomposition were studied independently. If 

mixed properly and uniformly, dinerences in the specific activities among the above- 
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ground plant parts would not be of consequence. 

4.4.6 14C-labelIed Soybean Residues 

Net annual production of soybeans during 1990 averaged 823.6 g m-2. Tillage had 

no effect on total dry weight production @ = 0.1412), with conventional tillage plots 

having an annual production of 885.4 g m-* and no-tillage plots having an annuai 

production of 761.7 g m'2 (Table 4.39). The dry weight of leaves and petioles was 129.2 

g m-' or 17.0% of TNAP for plots managed under no-tillage practices, and was 

signiscantly lower than the dry weight of leaves and petioles of plots managed under 

conventional tillage which was found to be 195.2 g me2 or 22.0% of TNAP (p = 0.0079). 

Stem dry weights in those plots rnanaged under conventional tiihge cornprised 12.9% of 

the TNAP and were higher (p = 0.0296) than stem weights for plots managed under no- 

tillage practices which comprised 11.66% of the TNAP. Pod weights were not different 

between tillage practices (p = 0.5 167), and comprised 11.4% and 12.3% of the TNAP for 

conventional tilled and no-tiiied treatrnents, respectively. 

Above-ground residues fkorn plots managed under conventional tiiIage constituted 

46.3% of TNAP by soybeans and were significantly higher (p = 0.0306) than the above- 

ground residue dry weights from no-tilled plots which comprised 41.0% of the TNAP. In 

contrast, total residue dry weights were not Merent between tillage practices (p = 

0.0750), and comprised 68.7% and 65.6% of the TNAP from conventionally tiüed and no- 

tiüed plots respectively. Grain weights comprised 3 1.4% of the TNAP for conventiondy 

tilled plots and 34.4% of the TNAP for no-tilled plots, although no difference in grain dry 



Table 439: Accumulation of above- and below-ground biomass by soy bean growu in microplots in 
1990, 

Grain 

Leaves 
Stem 
P d  
Above-Ground Residues 

Roots 
0-5 cm 
5-10 cm 
10-15 
15-20 
20-25 cm 
25-30 cm 
30-40 cm 
40-50 cm 

Total 

Total Residue 607.9 f 77.2 499.4 i 102.7 

' CT = Conventional Tillage. NT = No-Tillage: " TNAP = Total Net Annual Production 

weights between mage practices could be detected @ = 0.5567). Similarly, no ciifference 

in the total weight of roots between ti.Iiage practices was found (p = 0.6255), with the dry 

weight of roots to a depth of 0.5 m comprising 22.3% and 24.6% of the TNAP for 

conventionaIly tilled and no-tillage practices respectively. Above-ground residue to root 

ratios were signincantly higher @ = 0.0014) for soybeans grown under no-tillage practices 
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as cornpared to tho se produced under conventional tillage. 

Tihge had little effect on the distribution of roots with depth with root none of the 

ciifferences in root dry weight between tdiage practices found to be statistically different. 

Total net annual production of soybeans in this study during the labelling year was 

found to be smaller than most published estimates. Buyanovsky and Wagner (1986) 

estirnated TNAP of soybeans to be 1309 g m-& with above-ground residues comprising 

40.9%. grain comprising 22.7% and roots comprising 36.5% of the TNAP, while Mayaki 

et al. (1976) found that soybeans accurnulated 623 g m'2 of above-ground biornass and 

267 g m'2 of roots. The total dry weight of mots nom 8 soybean varieties were found to 

range fkom 112 to 21 1 g m** by Mitchell and Russell (1971) with 86.2% in the upper 7.6 

cm, 10.6% between 7.6 and 15.2 cm depth, 1.6% between 15.2 and 22.9 cm and 0.8% in 

both the 22.9-30.5 cm and 30.5-45.7 cm depths. In this study TNAP was estimated at 

885.43 g ni2 with above-ground residues comprishg 46.3%, grain comprishg 3 1.4% and 

roots cornprishg 22.3% of this total under similar management practices (Table 4.39). 

The proportions of root dry weight with depth were found to be 39.6% in the 

upper 5 cm, 23.0% in the 5-10 cm depth, 14.2% in the 10-15 cm depth, 8.8% in the 15-20 

cm depth. 6.2% in the 20-25 cm depth, 3.6% in the 25-30 cm depth, 2.6% in the 30-40 cm 

depth and 2.0% in the 40-50 cm depth. While the proportion and total dry weight of roots 

found in this study are below the estimates of Buyanovsky and Wagner (1986), the root 

distribution with depth was found to be very similar to their findings. 

Dry weights of the above-ground piant parts for eight so ybean varieties were 

reported (Hanway and Weber, 1971a) to range fkom 500-800 g m-2 with above-ground 
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residues comprising 67.9% of the total while Hanway and Weber (1971b) found leaves, 

petioles, stems and pods to constitute 71% of the above-ground portion of the crop. In 

this study, soybeans produced 687.7 g m-2 of total dry matter with above-ground residues 

making up 59.6% of this portion of the crop. Although the above-ground production of 

soybeans in this study was found to be less than estimates in the literature, root weights 

were sinrilar to many of the reports. This resulted in a much narrower shoot:root ratio 

(1.92) than in most of the aforernentioned papers, and was sirnilar to that found by 

Buyanovsky and Wagner (1986), who attributed a high variability in findings to methods 

of estimating root biomass arnong the other studies. 

There was a trend for higher carbon contents of the above-ground plant parts in 

those plant parts kom plots managed under no-tillage as compared to those rnanaged 

under conventional tillage @ = 0.083 1) ('Table 4.40). The carbon content of roots was 

significantly lower than that found in the above-ground plant parts presumably due to the 

presence of soi1 particles adhering to the root surfaces, but was sùnilar between the two 

tillage practices. Total carbon contents of the tops and roots were sirnilar to those found 

by Buyanovsky and Wagner (1986). 

In contrast, the total carbon inputs to soil derived from leaves and petioles (p = 

0.0102) and stems (p = 0.0200) were higher in conventionally tilled plots as cornpared ta 

no-tilled plots, while the input of carbon derived fiom pods @ = 0.5612) and roots (p = 

0.5345) were not different between tillage treatments (Table 4.41). These difTerences in 

carbon inputs kom the plant parts resulted in a significantly higher (p = 0.0405) above- 

ground residue carbon input to soil fiom those plots managed under conventional tillage, 



212 

Table 4.40: Carbon contents of the various parts of  the soybean plants at barvest in 1990. 

Grain 

Leaves 
Stem 
Pod 
Above-Ground Residues 

Roots 

Total Residue 

CT = Conventional TiIlage. NT = No-Tillage: " TNAP = Total Net Annuai Production 

and a trend for higher total residue carbon inputs fkom plots managed under conventional 

tillage compared to those managed under no-tillage @ = 0.0676). Total annual inputs into 

the soil for soybeans were 59.8% of those estimated by Buyanovsky and Wagner (1986), 

with the above-ground portion king 68.8% and roots king 44.3% of their estimates 

when averaged over tiüage practices. However, tiüage practices resulted in differences in 

the proportion of carbon added between the above- and below-ground plant parts. Under 

conventionai tillage practices the aenal portion of the plant was found to be 77.0% and the 

roots 45.5% of estimates by Buyanovsky and Wagner (1986), while no-tillage practices 

resulted in the top portion king 60.6% and roots king 43.3% of their estimates. 
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Table 4.41: Total catbon production by the soybean crop grom in microplots in 1990. 

Grain 

Leaves 
Stem 
Pod 
Above-Ground Residues 

Total Residue 

CT = Conventional Tillage, NT = No-Tillage; " TNAP = Total Net h u a 1  Production 

Soybeans assimilated ca 76.8% of the I4C label introduced into the labelling 

canopy over the 12 exposure times (Table 4.16). Of the total 14C label added, 17.5% 

remained in the H,S04-N%CO, solutions and 5.7% remained in the atmosphere of the 

labeiling canopy, averaged over all labehg puises. Tillage practices had Little effect on 

the amount of 14C label reniauiing in the acid solution (p = 0.5560), the amount of I4C 

remaining in the labelhg canopy atmosphere (p = 0.2985), or the total percentage of 14C 

label assimilated by the soybean crop @ = 0.8720). However, plots managed under no- 

tillage practices had greater Iosses of "C during and following the labelling period as 

cornpared to conventional tillage @ = 0.0123), resulting in a lower overd labelling 



efficiency for this treatment. 

Table 4.42: Distribution of assimilated "C within the soybean crop and soi1 at harvest in f 990. 

Grain 

Leaves 
Stem 
Pod 
Above-Ground Residues 

Roots 

Total Residue 

Extra-Root Material in Soi1 

CT = Conventional Trllage. NT = No-Tillage; " TNAP = Total Net Annual Production 

The proportion of gross assimilated "C that was recovered in the soybean crop 

and the soil contained within the microplots difFered between tillage practices (p = 0.0 123) 

(Table 4.42). A higher percentage of the "C label taken up during labelling was recovered 

in the leaves (p = 0.0008), stems (p = 0.0164), above-ground residues (p = 0.0044) and 

total crop residues (p = 0.0074) of plants fiom conventionaily tilled plots, but no 

clifference in the proportion of assimilated I4C Cound in the pods (p = 0.0543), roots (p = 

0.0759), grain (p = 0.0948) or soil residues (p = 0.1086) was found between tillage 



215 

practices. However, of the total 14C recovered in the crop and soil, a signuicantly higher 

proportion of fixed carbon recovend in the crop and various crop parts under 

conventional tülage was found only in the proportion recovered in the leaves @ = 0.0043), 

indicating that tillage practices had little effect on the carbon partitionhg to the different 

plant parts but resulted in higher losses of assimilated carbon. Since Meharg and Killharn 

(1988) found that up to 65% of the carbon assirniiated during a single pulse labelling event 

was respireci withh eight days following assimilation of the '*c it can be assumed that 

most of these losses occurred within this period, and that ciifferences between tillage 

practices resulted ffom merences in soybean plant respiration under the different 

management practices. 

The distribution of 14C within the soybean plants appeared to be simiiar between 

tiUage practices and replications within the study. However. signit-icant ciifferences in the 

specific activity among the various plant parts were detected (Table 4.43). indicating that 

carbon translocation was not uniform during the labelling procedure. Leaves and petioles 

had significantly higher specifc activity than stems @ = 0.0009). roots (p = 0.0001) and 

grain @ = 0.0004). Pods. however, had similar specific activity to Ieaves and petioles (p = 

0.4486). Stems had lower specifk activity than pods @ = 0.0057). but had a higher 

specific activity than roots (p = 0.0001) and grain (p = 0.0026). The specific activity of 

pods was higher than that of roots @ = 0.0001) and grain @ = 0.0003), while the specific 

activity of roots was lower than that of the grain (p = 0.0003). 0verai.i. the above-ground 

residues had higher specinc activity than the root @ = 0.0001) and the crop residues had a 

higher specific activity than the grain @ = 0.0094). 



Table 4.43: Specüic aftivity of  the various plant mmpoaents withh the mature soybean crap g r o n  in 
micropbts in 1990. 

Grain 289.3 f 4 7 2  254.8 i 50.3 

L.eaves 4335 f 58.2 

Stem 338.4 f 24.5 

Pod 414.7 f 49.8 
Above-Ground Residues 400.3 i 38.4 

Roots 154.5 f 282 122.7 f 29.0 

Total Residue 336.9 i 16.3 304.5 f 37.4 

CT = Conventional TilIage, NT = No-Tillage; " TNAP = Total Net Annuai Production 

4.5 Residue Decomposition 

4.5.1 Corn Residue Decomposition 

Above-ground corn residues labelled with "C were uniformly placed on the soil 

surface following harvest until the spring of 1991. On May 2, 1991, corn stover in 

conventionaIly tilied plots was uniformly incorporated to a depth of 15 cm In no-tiiied 

plots, above-ground corn residues were left on the soil surface. Below-ground residues 

were either incorporated to the sanie depth in conventionally tilled plots on the same date 

as the stover or left in situ in the case of roots within the microplot areas of no-taed plots. 

The decomposition of these residues was followed over the three subsequent growing 

seasons. 
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The fate of the 14C-hbeIled corn residues is shown in Fig 4.56. In generd, the loss 

of labelled carbon was rapid during the first growing season, but deched during the 

second and third growing seasons, as found in other studies of this nature (Jenkinson, 

1977b; Amato et al., 1984; Sauerbeck and Fuhr, 1968). In contrast to the other crops, 

tillage did not occur in these plots until just prior to seeding the subsequent corn nop  in 

1991. As a result, s i m k  proportions of the '4C-labelled rhizosphere carbon had k e n  

mineralized in both tillage treatments following 6 months of decomposition @ = 0.1083) 

(Table 4.44). However, following harvest of the 1991 corn crop, the effects of tillage 

practices on the proportion of Labelled below-ground C were evident. The no-tillage 

treatment retained 1 1.1% more labelled C than the conventionally tilled treatment (p = 

0.0410). Differences between the tillage practices increased to 19.4% following two 

growing seasons and the proportion of IabeUed carbon remained higher in no-tiUed plots 

(p = 0.0313). By the cornpletion of the third growing season, the ciifference between 

management practices was substantially reduced and no Merence in the proportion of 

labelled below-ground carbon rernaining in the soil between tillage practices could be 

detected (p = 0.1 140). 

In contrast to the below-ground carbon, the above-ground residues of corn 

decomposed more quickly under conventional tillage practices as compared to no-tiüage 

practices throughout the study following incorporation into the soil (Table 4.45). 

However, no Merence in the proportion of labelIed stover carbon was found following 

the winter of 1990-1991, when the corn stover rernained at the soi1 surface in both tillage 

treatments (p = 0.5591). FolIowing the first growing season, a significantly higher 
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proportion of labelled above-ground carbon was found in the no-tillage treatment @ = 

0.0095). This dinerence between Mage practices diminished slightly afier the second 

season, but conventionaliy tilled plots retained a significantly lo wer proportion of labelled 

carbon compared with no-tillage (p = 0.0054). Similarly, after the third cropping season, 

plots under no tillage practices had a higher proportion of the added residue carbon than 

plots managed under conventional tillage practices @ = 0.0076). with 23.4% of the stover 

carbon remaining under no-tillage practices and 20.3% rernaining under conventional 

tillage. 

Below-ground material was found to decompose at a slower rate than above- 

ground crop residues during the initial phase of the decornposition process. However, 

foUo wing the k s t  year of decomposition this ciifference had disappeared regardless of 

tiuage practices (Fig. 4.56). Just pnor to spring tillage a higher proportion of root derived 

carbon remained as compared to above-ground carbon under both tillage practices, with 

approximately 73.7% of the labelled root carbon remaining and 65.7% of the labeiled 

stover carbon remaining. Foliowing the 6rst growing season, a higher proportion of 

below-ground carbon than above-ground carbon remahed in the soil in conventionally 

tiued plots @ = 0.0021). while only a trend for a higher proportion of below-ground 

carbon remained in the soi1 than in surface applied crop residues (p = 0.058 1). By the end 

of the second growing season, a total of 28.3% of the below-ground carbon 

rernained,while 28.1% of the incorporated above-ground carbon remained in the soi1 (p = 

0.7 116). In contrast, a trend for a slightly higher proportion of carbon remaining fkom 

below-ground production compared with above-ground production was found in no-tiiied 



Table 4.44: Effects of tillrige on the proportion of hbelled C remaining in soi1 amended with corn root residues. 

Time (years) 0.46 1 .O0 1 .Y7 3.00 

Depth (cm) CT* NT CT NT CT NT CT NT 

* CT = Conventional Tillagc, NT = No-Tillage 



Table 4.45: Effects of tiliage on the proportion of iabeNed C remaining in soi1 amended with corn stover. 

Time (jeus) 0.46 1 .O0 1.97 3.00 

Deoth (cm) CT* NT CT NT CT NT CT NT 

* CT = Conventional Tillage, NT = No-Tillage 
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plots @ = 0.0914), with 33.8% of the below-ground and 30.2% of the above-gound 

carbon remaining. Sinrilarly, following the third growing season, a simiiar proportion of 

below-ground materiai remained in the soil as incorporateci above-ground carbon @ = 

0.101 1) or above-ground residues placed at the soil surface @ = 0.4202). 

Differences in the total amount of carbon fiom the corn crop between tillage 

treatments rernaining were not found until the h a l  sampling date when 123.5 g C w2 

remained in the no-tillage plots and 104.3 g C m2 remained in the conventional tilled plots 

(p = 0.0338) (Table 4.46). However, trends for higher amounts of total carbon remaining 

under no-tillage practices compared to conventional tillage practices were suggested after 

1 (p = 0.0878) and 2 (p = 0.0918) years of decornposition. This suggests that while 

decomposition of the above-ground material was significantly affected by tillage practices, 

this effect was not translated into increased arnounts of stabilized soil organic carbon, and 

may be the result of differences in the stability of the various soi1 organic carbon pools 

under the dEerent tillage systems. 

Prior to tillage operations, no sigruficant Merences in the distribution of carbon 

with depth were found. However, tiliage did affect the distribution of the residue-derived 

carbon (Table 4.46). A lower amount of carbon per area was found at the surface layer of 

soil under conventional tillage at all sarnpling times following tillage operations in the 

spring of 199 1. In contrast, higher arnounts of carbon were found within the 5- 10 cm and 

10-15 cm layers under conventional tiUage compared with no-tillage as a result of 

incorporation of above-ground and below-ground residues to this depth. While no 

clifference in the carbon contents of the 15-20 cm layer could be found following one year 



Table 4.46: Effects of tillage on the distribution of hbelled C remaining in soi1 amended with corn residues. 

-- 

Time (years) O 0.46 1 .O0 1.97 3 -00 

Depth (cm) CT* NT CT NT CT NT CT NT CI' NT 

* CT = Conventiond Tillage, NT = No-Tillage 
Total residues calculateci by summing carbon remaining in ench of the above- and below-ground microplots. 
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of decomposition, a significantly higher arnount of carbon was found within this layer afier 

the second and third gro wing seasons. The higher amount of above-ground derived 

carbon found in the layer i d t e l y  below the tillage hyer in the conventionally tilled 

plots is believed to have resulted from the downward movernent of soluble material fkom 

the decomposing residues in the layers above. Belo w this layer no significant ciifferences 

in the carbon content between tillage practices could be found. 

A su- of the parameters describing the residue decomposition curves with 

the two-component first-order exponentiai decay curve is reported in Table 4.47. Where 

crop residues were incorporated, the more labile component of the crop residues 

accounted for 7 1.5% of the labelleci carbon, and had a half life of 0.49 years. This 

component was 16.6% larger in six, but decomposed only 6.3% slower than the same 

component in the no-tilled plots. The stabilized component of the corn residues accounted 

for 28.5% of the labelled carbon, and had a half-life of 5.97 years under conventional 

tillage practices. The size of the stabilized component was 41.5% larger under no-mage 

practices, and decomposed 57.3% faster than the same component under conventional 

tiilage practices. The size of the labile component of corn roots uniformly mixed with the 

soii was 42.5% larger and decornposed 19.7% slower than the same cornponent of corn 

roots undisturbed. The stabilized component of corn roots incorporated into the soil was 

44.1% smaüer, but decomposed 152.1% faster than the same component of corn roots left 

in situ. In contrast, the labile cornponent of corn tops incorporated into the soil was 8.3% 

larger than surface applied material, and decomposed only 1.3% faster than corn tops 

placed on the soil surface, whereas the stabiliztd component of corn tops managed under 
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conventional tillage was 16.4% s d e r  r d  decomposed 14.3% slower than corn tops left 

on the soil surface. 

Decomposition of added carbon during the initial rapid phase of decomposition is 

determined to a large extent by the structure and composition of the intact plant residue, 

which varies with age and species. By the end of the e s t  year of decomposition, a large 

proportion of the crop residue constituents had undergone sorne decomposition, and 

would be present as living microorganisns and the products of decomposition. While an 

alteration in the rate of decomposition of added above-ground crop residues can be 

induced by management practices such as cropping and residue management (Jenlanson, 

1977b; Sauerbeck and Gonzalez, 1977; Ladd et al., 198 1; Voroney, 1984), it appears 

fiom these results that tillage h d  iittle effect on the decomposition rate of below-ground 

material firom a corn crop. This rnay be the result of stabilization of added materiai 

throughout the growing season prior to the initial samplùig date and the similarity in the 

original material. Nonetheless, it appears that the labeiled carbon denved from below- 

ground production decomposed at similar rates, whether it was Ieft in situ or uniformly 

incorporated to a depth of 15 cm In contrast, a higher proportion of the above-ground 

materid remained as organic carbon in plots managed under no-tfige practices compared 

to conventionally tiiied plots through the three years of this study. This suggests that 

intirnate contact with soil enhanced the rate of decomposition initially, and that the lack of 

clay sized particles in these soils limited the amount of physical stabilization of organic 

carbon released. By the end of the third cropping season, the proportion of carbon 

rernaining fiom the to ta1 crop was sigruficantly higher under no- tillage prac tices. 
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However, owing to the sirnilarity in the amount of initial carbon inputs between tillage 

practices, no di&nnce in the total carbon remaining per area was found over the three 

years studied. This suggests that while the rate of decornposition of the plant material was 

slower under no-tillage practices, this difference was not large enough to result in a higher 

contribution of residue carbon to the soi1 organic carbon pool under no-tillage practices at 

the end of the study. 

4.5.2 Soybean Rosidue Decomposition 

Soybean residues labeiIed with "C were either uniformiy incorporated into the soi1 

to a depth of 10 cm on Oct. 12, 1990 or were placed on the soil surface in the case of the 

above-ground plant parts or left in situ in the case of roots within the microplot areas. 

The decornposition of these residues was subsequently foIlowed over the threz subsequent 

growing seasons. The fate of the labelled soybean residues is shown in Fig. 4.57. 

A slightly higher proportion of the below-ground soybean production rernained in 

the soil under no-tülage practices throughout most of the study, however, most of these 

ciifferences were not statistically different (Table 4.48). Statistically similar percentages of 

root-derived material to a depth of 30 cm remained in April of 1991 in both tillage systems 

(p = 0.1234), indicating that the rate of residue decomposition during the late fa11 and 

winter was not significantly influenced by tillage practices. However, by the end of the 

fint growing season, a higher proportion of labelied below-ground carbon remained in 

those plots managed under no-tiuage compared to conventional tillage @ = 0.0479). This 



a) Soybean Roots 

log 

b) Soybcan Tops C) Total Soybean Residues 

Decomposition period (ycars) 

Figure 457: Effect of conventional tiliage (Ci') and no-tiliage (NT) treamients on the proportion of labelled C remaining in soi1 amended with soybean 
residues. 
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clifFerence between tillage practices dinanished by the end of the second growing season, 

such that no difference in the proportion of below-ground carbon between tillage practices 

were evident (p = 0.9914). The simhity in the proportion of below-ground carbon 

between tillage practices persisted through to the end of the third growing season @ = 

0.2426). By this t i m  approh te ly  23.6% of the below-ground carbon rernained in 

conventionally tilled plots and 26.0% remained in those plots rnanaged under no-tillage. 

niis suggests that tiIlage had Iittle effect on the decomposition rate of the more stabilized 

products of soybean rhizosphere carbon decornposition. 

Plots where soybean tops were incorporated into the soil had a signifïcantly lower 

proportion of the added residues remaining compared with no-tillage practices in the 

s p ~ g  of 1991 @ = 0.0354) (Table 4.48). This ciifference in the propomon of above- 

ground carbon remauùng between tillage practicespersisted during the first growing 

season (p = 0.0124) and second growuig season @ = 0.0492). However, by the end of the 

third growing season, both tiuage treatments retained the same proportion of the added 

soybean above-ground residue carbon (p = 0.1446), with 19.1 % rernajning in the no-tiiled 

matment and 17.0% remaining in the conventionally tiUed plots. It appears fiom this data 

that incorporated residues decornposed at a faster rate than surface applied residues during 

the initial fast phase of decomposition, but foilowing this period tillage had little effect on 

the decomposition rate of the more resistant products of decomposition. This could be the 

result of increased invasion by soil organisrns of residues in more uniform contact with the 

soil, as occurs when residues are incorporated into the soil, as compared to the iimited 

contact with the soif when residues are Ieft at the soil surface. 





Table 4.49: Effects of tiüage on the proportion of iabelled C remriining in soi! amended with soybean tops. 

Time (ycars)  0.50 1 .O6 1.97 3.00 

Depth (cm) CT* NT CT NT CT NT CT NT 

(6) Remaining 

* CT = Conventional Tillage, NT = No-Tillage 
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No significant merence in the proportion of roots and the proportion of tops 

remaining in sarnples taken in the spring of 199 1 coukl be found in either conventional 

f i g e  ( p = 0.6939) or no-tiIlage @ = 0.4633) plots. This suggests that the proportion of 

easily decomposable compounds was siniüar for the above- and below-ground 

components of the soybean crop. By the end of the fïrst growing season, a strong trend 

suggesting that soybean tops incorporated into the soi1 decomposed at a faster rate than 

the below-ground residual carbon @ = 0.0560) was found in tilled plots, but a similar 

trend was not found in those plots rnanaged under no-tillage practices (p = 0.1436), 

suggesting that residue management may have affected the degradation of those 

compounds decomposed initially. However, by the end of the second cropping season. 

soybean tops had a srnaller proportion of labelled carbon r e m h g  than in the below- 

ground samples in both the conventionaily tilled (p = 0.0301) and no-tilled @ = 0.0238) 

treatments. By the end of the study, a significantly higher proportion of below- ground 

carbon rernained in both the conventional (p = 0.0060) and no-tiUage (p = 0.0276) tillage 

treatrnents, further suggesting that following the initial rapid decomposition phase, below- 

ground carbon decomposed at a slower rate than above-ground plant parts. 

These results agree with findings by Nyan (1975) and Amato et al. (1984), who 

also found that plant tops decomposed at a faster rate than the below-ground production. 

However, in contrast to other studies, this Merence was found to be statistically 

significant only after the initial stages of decomposition. This suggests that similar 

arnounts of the labile, more rapidly decomposed components were present in the below- 

gro und c o q o  nent and above-ground component initially, but foilo wing this initial penod 
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of decomposition a greater proportion of recalcitrant material was present in the below- 

ground carbon pooL niis resulted in faster decomposition of the soybean tops than in the 

below-ground carbon thereafter. The difference in the final rates of decomposition rnay be 

a function of the higher concentration of phenolic and ligaceous compounds in the roots 

(Bottner, 1982; Davenport & Thomas, 1988), which through condensation reactions 

would have been slower to degrade than other plant compounds (Pad, 1970; Herman et 

al., 1977). 

When the amount of carbon derived fiom the total soybean crop was compared, a 

trend for higher initiai amounts of carbon inputs under conventional tillage was detected @ 

= 0.091 1) (Table 4.50). This difference between tillage practices diminished with time as 

a result of a slightly slower decomposition rate under no-tiuage practices and no 

differences in the total arnount of carbon between tillage treatments could be found 

following the initial sampling date. These data suggest that the amount of carbon from a 

soybean crop rernaining in the soil foilowing three years of decomposition was not 

significantly affecteci by tiuage treatments. 

Tillage did, however, result in a dinerence in the distribution of carbon with depth 

(Table 4.50). FoUowing tillage practices in the fall of 1990, a significantly higher amount 

of total IabelIed carbon was found within the 0-5 cm soil layer under no-tillage as 

cornpared to conventional tillage. This difference penisted throughout the study with 

approxirnately twice the arnount of carbon per area remaining under no-tillage cornpared 

with conventional tillage at the end of 3 years of decomposition. Within the 5- 10 cm 

Iayer, a significantly higher amount of labelled carbon was found h conventionally tilled 



Table 4.50: Effects of tillage on the distribution of labelled C remaining in soi1 amended with soybean residues. 

De~th  (cm1 CT* NT CT NT CT NT CT NT CT NT 

* CT = Conventional Tillage, NT = No-Tillage 
Total residues calculateci by summing carbon remdnirig in cach of rhe above- and bclow-gound microplots. 
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plots at all samphg times. By the end of the study, twice the amount of carbon was 

present within this layer in the tilled plots than was found in the no -tilied plots. Sirnilar 

amounts of carbon were found within the 10-15 cm layer of both tiuage systems in the 

s p ~ g  of 1991; however, following spring plowing, a significantly higher amount of 

carbon was found within this layer throughout the study. A signincantly higher amount of 

carbon remained within the 15-20 cm and 20-25 cm layers in the no-tUed plots in the 

s p ~ g  of 1991, although this Merence between tilIage treatments was not detected at 

iater sampling dates. Overall, a trend for higher carbon Ievels was detected at the soil 

surface under no-tillage, while a more uniform distribution of the added residue carbon to 

the depth of tillage was found under conventional tillage practices. Below the tillage 

layer, higher carbon levels were found to be associated with higher initial below-ground 

inputs under no-tillage practices. 

A surnmary of the parameters describing the residue decomposition curves from 

the decomposition data fÏom this study fitted to a two component first-order decay mode1 

is reported in Table 4.51. When below-ground crop residues were incorporated into the 

soil, the more labile component of the crop residues accounted for 62.2% of the labeiied 

carbon and had a half life of 0.30 years. This component was 4.1% smaller in size, and 

decomposed 12.6% faster than the sarne component in the no-tilled plots. The stabilized 

component of the incorporated below-ground production accounted for 37.8% of the 

labeIied carbon and had a half-Me of 4.50 years. The size of this stabilized carbon pool 

was 7.74 larger than that in no-tilled plots, and decomposed 31.6% faster than soybean 

roots not uniformly mixed with the soiL The labile, rapidly degraded component of 
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soybean tops accounted for 77.1% of the added carbon and had a half-life of 0.39 years. 

Under no-tïüage practices, this pool was 1 1.3% srnalier and decomposed 0.8% slower. 

The more recalcitrant carbon pool accounted for 22.9% of the added carbon when the 

soybean tops were incorporated into the soil and had a haif-He of 6.56 years. The same 

pool under no-tillage practices increased by 37.9% and decomposed 38.8% faster. When 

the fate of the total soybean crop was described with this two component first order decay 

model the labile component increased in size by 3.7% and decomposed 6.3% slower 

when the added carbon was incorporatcd, while the size of the stabilized carbon 

component increased by 7.5% and decomposed 7.2% faster than when residues were not 

incorporated into the soil. 

Data presented by Ladd et al. (1985) indicate that the decomposition of added 

lepme residue followed a simiiar pattern during an eight-year field study. In their 

experiment, similar amounts of residual carbon were present following the same periods of 

tirne; however, more in-depth sampling duMg the initial rapid phase of decomposition 

suggested that the size of the labile component was larger and the rate of decomposition 

slightly faster during this phase of decomposition than found in this study. However, at 

the end of three years, similar proportions of residual carbon were present in the soil as 

was found in this study. 

4.5.3 Winter Wheat Residue Decomposition 

Wheat residues IabeIIed with 14C were unifomily incorporated into the soil to a 

depth of 1 O cm in conventionally tilled plots on August 14, 1990. Within the microplot 
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areas of no-tilled plots above-ground residues were uniformly placed on the soil surface on 

the same date. Root material was left in situ in these plots. The decomposition of these 

residues was subsequently foUowed over the three subsequent growing seasons. The fate 

of the '"C-labe~ed wheat residues is shown in Figure 4.58. 

A considerable amount of the below-gruund labelied C was lost from the soil prior 

to land preparation and seeding the soybean crop in the spring of 1991 irrespective of the 

residue placement and UUage practices used (Table 4.52). A sirnilar proportion of below- 

ground carbon was found at this time under both tillage matrnents (p = 0.3060). 

Following harvest and incorporation of the soybean residues in the faU of 1991, the 

ciifference in the proportion of below-ground carbon remainllig between the tillage systerns 

rernained similar (p = 0.1587). However, at the end of the second growing season, a trend 

suggesting a higher proportion of below-ground carbon remaining under no-tiliage 

compared to conventional Mage was found (p = 0.0605). At this time, the difference in 

the proportion of below-ground carbon between tiilage practices increased to 3.8 %, 

suggesting that tillage rnay have resulted in a slightly faster rate of decomposition during 

this year. By the end of the third growing season, this difference had diminished siightly, 

resulting in a similar proportion of below-ground carbon rernaining in the soil in both 

t h g e  systems at the end of the study @ = 0.2037). At this time 22.1% of the below- 

ground material rerriained under conventional t U g e  and 24.5 % remained under no- tillage. 

Wheat tops incorporated into the soil had a Iower proportion of the added carbon 

rernaining cornpared with no-tilIage practices during the initial decomposition perïod, but 

this dinerence between tiUage practices diminished by the end of the study (Fig. 4.55). 



a) Wintcr Whcat Roots b) Winter Wheat Straw c) Total Winter Wheat Residues 

Decomposition penod (years) 

Figure 4.58: Effect of conventional tillage (CT) and no-tillage (NT) treritments on the proportion of labelled C remaining in soi! amended with winter 
wheat residues. 
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Following two-thirds of a year of decornposition, a significantly higher proportion of 

wheat straw carbon remained under no-tillage than under conventional tillage @ = 0.0239) 

(Table 4.53). This dinerence between tillage practices persisted following the first @ = 

0.0177) and second ( p = 0.0009) growing semons after residue addition. By the end of 

the study. this dinerence between tillage practices had dirilinished and was no longer 

significantiy Merent @ = 0.4091). At this tirne 18.7% of the added carbon remained in 

the conventionally tilled treatment, whüe 20.5% of the straw carbon rernained in the no- 

tillage treatment. It appears that an increased rate of decomposition rnay have been the 

result of greater aeration and more intirnate contact with the soil foilowing tiliage practices 

in the conventionaily tilied plots during the initial phase of decomposition. Foiiowing this 

initial decay period, residual carbon within the soil appeared to be more resistant to decay 

than the residual carbon at the soil surface, resulting in the presence of similar arnounts of 

material at the end of the study. 

The rate of decomposition of below-ground carbon was slower than that of above- 

ground carbon when the above-ground residues incorporated into the soil, but not when 

the above-ground residues were left at the soi1 surface. Prior to land preparation and 

seeding of the subsequent soybean crop in the spring of 1991, a higher proportion of 

below-ground carbon as compared to above-ground carbon was found in conventiondy 

tilled plots (p = 0.0125) but not Ui no-tiued plots (p = 0.3786). Following the fist 

growing season, a significantly higher proportion of below-ground carbon than above- 

ground carbon was found in the conventionaliy tiüed plots (p = 0.0143). while only a trend 

towards a higher proportion of rhizosphere carbon was found in the no-tiued plots (p = 
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0.0520). The Merence in the proportion of below-ground and above-ground carbon 

rernaining after the second growing season continueci under conventional tillage (p = 

0.0143), wMe the proportion of residual carbon derived fiom these two carbon sources 

was sirnilar under no-tillage (p = 0.1841). By the end of the third growing season, 22.1% 

of the below-ground carbon and 18.7% of the above-ground carbon remained in 

conventionally tilled plots (p = 0.0167), while 24.5% of the below-ground and 20.5% of 

the above-ground carbon remaineci in no-&ge plots (p = 0.1025). Overall, these data 

suggest that residue management affected the decomposition of wheat straw to a greater 

extent than below-ground carbon inputs. Under no-tillage practices degradation of the 

wheat straw was retarded, and decomposed at a similar rate as the below-ground carbon, 

whereas under conventional tillage practices incorporation of the wheat straw resulted in a 

significantly faster rate of decomposition than was found for incorporated root materid 

When the carbon derived fiom the total wheat crop was compared, no differences 

in the total carbon per square metre between tiUage practices could be detected at any of 

the sarnpling dates (Table 4.54). In general, total carbon production was slightly higher 

under conventional tillage during the 1990 season, although no t significantly different fi-om 

no-tillage (p = 0.6354). Due to a slower rate of decomposition under no-tillage, this 

difference was reversed following the initial phase of the decomposition process and 

persisted to the end of the study. However, differences in the total carbon remaining 

between tillage practices were not found to be di€ferent between the two tillage 

treatrnents. These findings suggest that total organic carbon remauiing in the soi1 will not 

be increased by reduced tillage when wheat is the crop produced and that differences exist 
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arnong the various components of the labile and more recalcitrant products of 

decomposition between cillage practices. 

Tillage did, however, result in a ciifference in the distribution of carbon with depth. 

Following tillage operations in the summr of 1990, a significantly higher rnass of carbon 

per area was found within the 0-5 cm soil layer under no-tillage practices compared with 

conventional tillage (p = 0.0089). This difference in the total residual carbon between 

tillage practices within this layer persisted throughout the study, with approximately 2.4 

times the amount of labeiied carbon rernaining in this position under no-tillage compared 

with conventional tiIlage after 3.25 years of decomposition. In contrast, a sigruficantly 

higher weight of carbon per area was found in conventionally tiUed plots in the 5-10 cm 

soil layer throughout the study. Similar1y, a higher weight of carbon per area was located 

in the 10- 15 cm layer in conventionally tilIed plots following tillage to this depth in the 

spring of 1991. Below this depth no difference in the arnount of carbon in each of the 5- 

cm soi1 layers could be detected. Overall, significantly Werent distributions of the 

residue-denved carbon were detected between tillage practices, with a significantly higher 

concentration of carbon at the soil surface and lower concentrations in the layers below 

under no-tillage to the depth of tillage within the conventionally tilled plots. 

A surnmary of the parameters descnbing the residue decomposition c w e s  is 

reported in Table 4.55. Where below-ground crop residues were incorporated, the more 

labile component accounted for 70.8% of the labelled carbon and had a half-life of 0.53 

years. This component was 7.6% larger in size and decomposed 7.3% faster than the 

same component in the no-tilled plots. The stabilized cornponent of the wheat below- 
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ground residues accounted for 29.2% of the labefled carbon and had a half-Me of 6.74 

years under conventional W g e  practices. The size of the stabilized component was 

17.1 % larger under no-tillage practices and decomposed 15.7% faster than the same 

component under conventional tillage practices. The labile component of wheat straw 

carbon incorporated into the soil accounted for 74.8% of the labelled carbon and had a 

half-Me of 0.36 yean. This component was 18.5% larger in size and decomposed 

20.8%faster than wheat tops placed on the soil surface. In contrast, the more stabilized 

component of the wheat straw carbon incorporated into the soi1 accounted for 25.2% of 

the total carbon fkom this source and had a half-Me of 7.04 years. The sire of this 

cornponent was 46.2% larger when the wheat straw was placed on the soil surface, but 

decomposed 46.6% slo wer than Uicorporated residues. 

When the fate of the total wheat crop was described using this model. wheat 

residues managed under conventional tillage practices had a labile component which 

accounted for 69.0% of the added carbon with a half-life of 0.40 years, and a stabilized 

component that accounted for 31.0% of the added carbon with a half-Me of 5.20 years. 

Under no-tillage practices the size of the labile component decreased by 10.0% and 

decomposed 23.1% slower than the wheat residues managed under conventional tillage. 

The size of the stabilized component was 22.1% iarger under no-tillage practices. but 

decomposed at a slower rate with a half-life of 4.04 years. 

In general, these results for incorporated residues agree with those in the Literature 

when decomposition was monitored for a comparable period. Oberlander and Roth 

(1968) found wheat decomposing under bare failow for a penod of 4 years had a labile 



Table 455: First otder teaction rate parameters describing the tabelled C remaining in soi! amended with wioter wheat residues. 

Residue Tillage Component 1 k 1 b Component 2 k2 'M 

(% of C added) (yen- ' )  (years) (96 of C added) (yen") (years) 

Root CT* 70.8 f 13.4 1.32 k 0.27 0.53 29.2 f 13.5 0.10 f 0.06 6.74 

Root NT 65.8I15.2 1.22f0.39 0.57 34.2 f 15.3 0.12 f 0.07 5.68 
Tops CT 74.8 I 7.6 1.92 I 0.30 0.36 25.3 f 7.6 0.10f 0.05 7.05 
Tops NT 63.1 I 12.8 1 .52 I 0.33 0.46 36.9 f i 3.9 0.1 8 I 0.08 3.76 
Total CT 69.0 I 7.3 1.76 * 0.24 0.40 31.0î 7.3 0.13î0.08 5.20 

Tot al NT 62.1 * 8.8 1.43 f 0.21 0.49 37.9 I 8.9 0.17 f 0.07 4.04 

* CT = Convcntiond Tillage, NT = No-Tillage 
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component which accounted for 49% of the added carbon with a half-life of less than 

one-half year and a stabilized hction acco unting for 5 1 1 of the added carbon with a haif- 

Life of 2.8 years. In contrast, Voroney (1984) found that barley straw decomposing for 4 

years under continuoiis wheat culture in Saskatchewan had a labile cornponent conipwing 

74% of the added carbon with a haif Me of between 0.36 and 0.55 years, while the 

stabihed component accounted for 26% and had a half life of between 7.5 and 11.7 years. 

In studies of longer duration, Voroney (1984) found that the size and rate constants of the 

double component mode1 did not change drasticaily. These mode1 parameters have been 

shown to be affected by a number of factors including clirnate (Jenkinson and Ayanaba, 

1977; Ladd et al., 1985). substrate composition ( Sauerbeck, 1968; Oberlander, 1973; 

Nyan, 1975; Reinertsen et al., 1984; Amato et al., 1984). and soi1 factors such as clay 

content (Jenkinson, 1965, 1977b). It is suspected that, under the temperate c h t e  and 

low arnounts of clay-sized particles in the coarse textured soil studied here, decornposition 

rates of the more stabilized component would be similar to those cited above. 

4.5.4 Winter Rye Residue Decomposition 

Winter rye straw labelled with 14C was either unifonnly incorporated into the soi1 

to a depth of 10 cm in conventionally tilled plots or were placed on the soil surface in no 

tilled plots on August 14, 1990. Similarly root materiai was incorporated to a depth of 10 

cm on the same date in conventionally tilled plots or left in sim in no-tilled plots. The 

decomposition of these residues was foilowed over the three subsequent growing seasons. 

The fate of the 14C labelled rye residues is shown in Figure 4.59. 
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Similar amounts of below-ground winter rye carbon remaineci in plots rnanaged 

under conventional and no-tillage practices, with approximately 56.5% of the added 

carbon king lost just prior to the time of land preparation in the spring of 1991 @ = 

0.4216)flabIe 4.56). Similarly, following harvest of the tobacco crop grown during the 

first growing season, siniilar proportions of the below-ground carbon remained in 

conventionalIy tiUed and no-tilled plots @ = 0.6485). By the end of the second growing 

season, during which another winter rye crop was grown, a similar amount of the below- 

ground carbon remained in both the conventiondy tiiled treatment and the no-tiUed 

treatment (p = 0.1542). At the end of the study, the difference in labelled carbon 

rernaining between tillage practices had increased shghtly with 23.3% rernaining in these 

data suggest that tillage had Little effect on the decomposition of the below-ground carbon 

inputs of the winter rye crop. 

Rye straw incorporated into the soil had a lower proportion of carbon rernaining at 

3 of the 4 sampling tirnes throughout the study compared with residues Ieft on the soil 

surface (Table 4.57). FoiIowing the fall and winter of IWO- I991, a signi.ficantly higher 

proportion of straw carbon remained in no-tillage plots than in conventionaliy tilled plots 

(p = 0.0021). The Merence in the proportion of carbon rernaining between tillage 

practices decreased to 8.0% by the end of the k s t  growing season, and a strong trend (p = 

0.0522) suggested that the rate of decomposition was slower under no-Mage practices 

during this initial decomposition penod. By the end of the second growing season, a 

significantly higher proportion of the residual rye straw carbon was found under no-tillage 

practices @ = 0.0129). By the end of the study, 19.9% of the straw carbon rernained in 





Table 4.56: Effect of conventional tillege(CT) and no-tillage (NT) treatments on the proportion of labelled C remaining in soü amended with 
winter rye root matetid, 

Time (ycars) 0.67 1.25 2.22 3.25 

Depîh (cm) CT* NT CT NT CT NT CT NT 

(%) Remaining 

. . . .. 

* CT = Conventional Tillage, NT = No-Tillage 



Table 457: Effect of tillage on the proportion of labelled C remaining in soi1 amended witb winter rye straw. 

Depth (cm) CT* NT CT NT CT NT CT NT 

* CT = Conventional Tillage, NT = No-Tillage 
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no-tilled plots, whüe 16.6% of the straw carbon remained in conventiondy tilled plots. 

This difference in the proportion of residual straw carbon between tillage practices was 

also found to be significant @ = 0.0 122), suggesting that the decay of the more stabilized 

products of straw decomposition continued to be affectecl by tiUage practices after 3.25 

years of decomposition. 

Decomposition of the below-ground carbon appeared to be slower than the 

decornposition of snaw carbon in the conventional tiUage system throughout the study, 

although this result was not found with the no-tillage treatment. In the spring of 1991, 

55.4% of the below-ground carbon and 41.6% of the above-ground carbon remained in 

the conventionaily tilled treatment,(p = 0.0182) while a similar proportion of below- 

ground and straw carbon rernained in the no-tilied matment (p = 0.27 83). The difference 

in residual carbon between plant inputs in the conventionai tillage treatment dimlliished 

slightly foiIowing the frrst cropping season, with 37.8% and 25.8% of the initial carbon 

inputs rernaining in the below-ground and above-ground microplots respectively (p = 

0.0462). However, similar proportions of the above- and below-ground carbon rernained 

in the no-tillage treatment @ = 0.1395). By the end of the second growing season, a 

higher proportion of below-ground carbon cornpared to above-ground carbon rernained in 

the tilled soil (p = 0.0021) while similar proportions of above-ground and below-ground 

carbon remallied in the no-tilled soil @ = 0.8109). By the completion of the study, 20.9% 

of the below-ground carbon and 15.0% of the above-ground carbon rernained in the 

conventiondy a e d  plots. While the Merence in the proportion of residual carbon 

between plant inputs had diminished slightly by this sarnpling, a significantly higher 



254 

proportion of below-ground carbon compared with above-ground carbon remaineci in the 

soi1 at this time @ = 0.0099). In contrast, 23.3% of the hiitial below-ground carbon and 

19.3% of the initial above-ground carbon remainecl after 3 years of decomposition (p = 

0.1408). These differences between tülage treatrnents suggest that the decomposing soi1 

microorganisrns had greater access to rye straw carbon under the conventional tillage 

treatrnent than surface applied straw. This Iead to a faster rate of decomposition of above- 

ground carbon than belo w-ground carbon in conventional tilled while no clifference 

between the rate of decomposition of below-ground and straw carbon could be found in 

the no-tiilage treatmnt. 

Similar arnounts of carbon were produced by the rye crops rnanaged under 

conventional and no-tillage practices @ = 0.3267) (Table 4.58). However. as a result of a 

faster rate of decomposition of incorporated rye residues, a significantly lower amount of 

total carbon remained in the soil under conventional tillage practices at ail samphg times 

except following the first growing season. In generai, sunilar rates of decornposition of 

the root-denved material between tillages coupled with faster rates of straw 

decomposition under conventional tillage resulted in 21.1% more carbon remaihg in the 

soi1 following 3 years of decomposition when plots were managed under no- 

tillage,suggesting that increases in soil organic carbon were present as a result of 

decreased decomposition of the added residues under no-tillage practices. 

This result was not found in any of the other crops, and may have k e n  the result 

of ciifferences in the other management practices associated with this rotation. For 

example, higher moisture levels are maintained as a result of the addition of irrigation 



Table 458: Effect of tiilage on the distribution of IabeUed C rernaining in soi1 amendeâ with winter rye residues. 

Time (years) O 0.67 1.25 2.22 3 -25 

Depth (cm) CT* NT CT NT CT NT CT NT CT NT 

* CT = Conventional Tillage, NT = No-Tillage 
Total residucs calculated by summing carbon rcmaining in cach of the above- and below-ground microplots. 
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water when the tobacco phase of the rotation is present, and may have resulted in an 

accelerated decomposition rate of the added residues under conventional tillage compared 

to no-tillage. In addition, conventionally produced flue-cured tobacco is cuitivated 

kquently during its production, with up to 5 cultivations per growing season. These 

cultivations did not occur under the reduced tillage system utilued in this study. The more 

fkequent rnixing of the residues and greater exposure of the rye residues to the soil and soil 

biota rnay have also contributed to the greater decomposition rate of added rye straw and 

may thereby have resulted in lower amounts of residual carbon in this system compared 

with the conservation tillage system utilized in this study. 

As found with other crops in the study, tiIiage resulted in a dinerence in the 

distribution of carbon with depth compared with no-tillage. Foliowing tillage operations 

in the surnrner of 1990, a significantly higher weight of carbon per area was found within 

the 0-5 cm soil layer under no-tiliage practices compared with conventional tillage (p = 

0.0005). This difference in the total residual carbon between tiIlage practices within this 

layer persisted throughout the study. In contrast, a significantly higher weight of carbon 

per area was found in conventionaily tiiled plots in the 5-10 cm soi1 layer throughout the 

study. Similarly, a higher weight of carbon per area was located in the 10- 15 cm layer in 

conventionally tilled plots following tillage to this depth in the s p ~ g  of 1991. Below this 

depth no difference in the arnount of carbon in each of the 5-cm soil layers could be 

detected. Overall, significantly different distributions of the residue-denved carbon were 

detected between tillage practices. with a significantly higher concentration of carbon at 

the soil surface and lower concentrations in the two layers below under no-tillage 



257 

compared with the conventionally tilled plots. This redistribution of labeiled carbon 

resulted in a more uniforrn distribution of carbon to the depth of tUge in conventionally 

tilled plots and a stratification of carbon with higher amounts at the soi1 surface in no- 

tillage plots. 

A summary of the parameters of the exponential decay curves fitted to these data 

are reportecl in Table 4.59. When roots and root products were incorporated into the soil, 

the labile component accounted for 72.6% of the added carbon and had a haif-life of 0.52 

years. This component was 6.1% larger and decomposed at a similar rate as the s m  

component in no-tilled plots. The stabilized cornponent which remained foiiowing the 

initial rapid decomposition phase accounted for 27.4% of the added below-ground carbon 

and had a half-Me of 7.07 years under conventional tillage practices. This component was 

15.2% larger but decomposed 9.2% faster under no-tiiiage practices. 

Simüar to the results found with wheat, the stabilized component of rye roots 

appeared to decompose at a slightly slower rate when incorporated into the soil. This 

suggests that rye roots and root products that are unifomily rnixed with the soil wiU have a 

greater proportion of residual carbon than when left undisturbed in the soil. This may be 

the result of a greater proportion of recalcitrant components stabilized due to rnixing and 

interaction with the soil. Wheat roots appeared to be Iess stable than the rye roots in both 

tiuage systems, perhaps because of a slightly faster rate of decomposition of the rye 

below-ground carbon during the study. This faster rate of decomposition may be 

attributable to the differences in management practices such as irrigation of the tobacco 

rotation crop. 
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The labile component accounted for 77.1% of the added of rye straw carbon, and 

decornposed with half-Me of 0.36 pars when incorporated into the soiL The same 

component of rye straw left at the soii surface was found to be 14.4% srnalier and 

decomposed 22.0% more slowly than did the same component of incorporated rye straw. 

The more stable component of the incorporated rye straw accounted for 22.94 of the 

added carbon and had a half-life of 6.84 years. The same component was 20.8% larger 

and decomposed 3 1.0% faster when the rye straw was left at the soil surface. This 

suggests that rye straw incorporated into the soil may have k e n  stabilirred to a greater 

extent when incorporated in to the soil as compared to when it was left at the soil surface. 

Rye straw decomposed at a faster rate during the initial stages of decornposition than 

wheat straw under both tiiiage systerns, but appeared to be slightly less recalcitrant than 

wheat straw when incorporated into the soil but not when left at the soil surface. Since 

tobacco production involved the addition of irrigation water, soil moisture conditions 

under conventional and no-tillage systerns would have k e n  more similar to each other in 

this rotation than in the wheat-soybean rotation. This may have influenced the rate of 

decomposition and may have resulted in the Merences in the fate of the two straw 

materiah. 

It appeared that rye residues managed under conventionai tillage practices 

decomposed at a siightly slower rate than those managed under no-tiilage practices when 

the results for the total rye crop were cornpared. When the rye residues were 

incorporated into the soil, the labile component accounted for 72.98 of the added carbon 

and had a haE-Me of 0.41 years. In comparison, the same component under no- tiuage 
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practices was 8.8% srnaller and decomposed 12.6% more slowly than under conventional 

tillage. When residues were incorporated into the s o l  the more stabilized components 

accounted for 27.1% of the added carbon and had a half-life of 5.8 1 years. However, 

when residues were not incorporated, this pool was 23.5% larger and decomposed 14.3% 

more quiclciy. This suggests that residues managed under conventional tillage decompose 

at an overd faster rate; however, the fiaction of material that remains in the soi1 following 

the rapid decomposition phase is slightly more resistant to decomposition than that sarne 

component under no-Mage. Compared to winter wheat residues, the rye residues 

appeared to have a slightly higher proportion of easiiy decomposable components that 

decomposed at a slightly slower rate than the wheat when managed under conventional 

tiilage practices. However, under no-tillage practices wheat residues appeared to 

decompose at a slower rate during the initial decomposition phase than did the rye 

residues. 

4.5.5 Flue-Cured Tobacco Residue Decomposition 

Above-ground tobacco residues Iabelied with 14C were either unifomily placed at a 

5 cm depth in a grid pattern, with a spacing of 20 cm x 27 cm follo wing tillage operations 

in conventionaily tilled plots or on the soi1 s d c e  in saip-tilled plots on Sept. 21, 1990. 

This resulted in a total of 48 locations per microplot from which to sarnple the residues 

initiaiiy. Below-ground residues were either incorporated on the same date in 

conventionaily tilIed plots or left in situ within microplots located within the strip-tilled 

plots. The decomposition of these materials were followed over the next three years. In 
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the case of tiüed plots, subsequent to the initial two sampling times, above-ground 

residues were mked with the soil as outlined for the other crops in the study. Rior to this 

the 5-cm long pieces of stem rnaterial were removed fkom the soil, stored while the soil 

was removed from the microplot area and mixeci. Following soil &g and replacement 

Uito the microplo ts. the pieces of tobacco stalk were replaced at their original location. 

The fate of the '4C-labelled tobacco residues is reported in Figure 4.60. In general, 

the loss of 14C-labelIed carbon fouowed the characteristic rapid initial decline during the 

k s t  growing season, but then slowed during the second and third years. Overall, 

conventionai tiUage resulted in a signincantly smaller proportion of root-derived carbon 

remaining during the initial phase of decornposition. Following 0.58 year of 

decomposition, a sigmficantly lower proportion of bel0 w-ground labelled carbon rernained 

in the conventionally tiiled treatrnent than was found in the strip-tiIled treatrnent (p = 

0.0468) (Table 4.60). M e r  1.14 year of decomposition, a trend toward a higher 

proportion of the below-ground rnaterial remhed in the strïp-tilled plots cornpared with 

conventionaliy tilled plots @ = 0.0971). A sirnilar trend was found following 2.1 1 years of 

decomposition (p = 0.0707). By the end of the study, sirnilar proportions of the below- 

ground production of tobacco remained in the soi1 to a depth of 30 cm (p = 0.6235) with 

24.9% of the root-derived material remained in the conventionally tilled plots and 25.2% 

of the materiai remained in the snip-tilled plots. 

These data suggest that tillage had little effect on the proportion of rhizosphere 

carbon remaining in the soi1 following three years of decornposition. However, a trend 

towards higher proportions of the IabeiIed carbon were found in the strip-tilled plots 



a) Fluc-Cured Tobacco Roots b) Fluc-Cured Tobacco Tops 

Dccomposition period (yens) 

C) Total Flue-Cured Tobacco Residues 

Figure 4.60: Effect of conventional tillage (CT) and strip-tillage (NT) treatments on the proportion of hbelled C remaining in soi1 ameoded with flueeured 
tobacco residues. 
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following the initial rapid phase of decomposition. This may imply that a higher 

proportion of the root-denved material was in a form that was more easily accessible to 

the decomposing ~croorganisms under conventional UUage compared with the rriaterial 

under strip-ti!lage during the initial decomposition period. While the root crowns of the 

tobacco pown under saip-tillage practices had a smaller diamter and were smaller in size 

than those produced under conventional tillage, the larger root crowns of the 

conventionally tilled plots were broken up into srnaller pieces and were spread unifomily 

within the total soi1 volume during their incorporation. This unifonn distribution of the 

material would rnake these residues slightly more accessible to the soil rnicroorganisrns, 

and therefore may have been responsible for this dinerence. Once the more labile 

cornponents had k e n  utilized, the more recalcitrant rnaterial rerraining in the soi1 would 

not have been aected by the differences in residue size to the sarne extent that the more 

labile rnaterial would have ken. 

A trend for a smaller proportion of above-ground tobacco crop residue carbon 

under conventional tiUage compared to saip-tillage was found (p = 0.0759) following the 

initial sampüng date. suggesting that tobacco stalks decornposed at a slightly slower rate 

under strip-tillage practices (Table 4.61). At the end of the first growing season, strip- 

tiiied plots continued to have a higher proportion of tobacco stalk rernaining than those 

plots managed under conventional tillage (p = 0.0154). Similarly, at the end of the second 

growing season, a sigruficantly higher proportion of the added carbon remained in the 

strip-Mage treatment compared with the conventional tillage treatment (p = 0.0292). At 

the end of the study, the Merence in the proportion of carbon remaining had diminished 



Table 4.60: Effect of tillage on the proportion of labelled C remirining in soi1 amended with flue-cured tobacco root material. 

- -- -- 

Time (years) 0.58 1.14 2.1 1 3.13 

(5%) Remaining 

* CT = Conventional Tillagc, NT = Sirip-Tillage 



* m i n - . C - ) - y  
c i o o o ô o -  
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slightly, but a significantly higher proportion of the added top carbon remained under the 

strip-tillage treamient than under the plowed treatment @ = 0.0428). At this sampling 

tirne, 22.6% of the top carbon remained under conventional tillage practices while 28.0% 

remained under conservation tillage practices. These results indicate that tobacco top 

residues, which are prirnarily made-up of stalk material, decomposed at a slo wer rate when 

surface applied as compared to when they are incorporated into the SOL Similar to the 

results found by Mott et al. (1988), it appears that the easily decomposable material 

contained within the staik pith was preferentially decomposed by the soi1 organisrns, 

leaving a sheath of material with Little potential for further interaction with the soi1 under 

reduced tillage. In contrat, the incorporated material was further kagmented and 

redistributed by tillage every year, and resulted in a faster rate of decomposition of this 

materid over tirne. 

Root-denved carbon appeared to decornpose at a slower rate than the tobacco 

stdk carbon incorporated into the soil during the initial stage of decomposition. 

Thereafter, sirnüar proportions of both stalk and root carbon remained in the soil in these 

plots. Under conventional tillage practices, 67.6% of the root derived carbon and 6 1.3% 

of the stalk carbon remained in the soil following 0.58 year of decomposition (p = 

0.0082). The difference in the proportion of carbon rernaining diminished slightly 

following 1.14 years of decomposition, with 45.8% and 42.6% of the initial carbon inputs 

rernaining from root-denved and top-denved carbon respectively (p = 0.00 13). B y the 

end of the second growing season, this Merence in the proportion of plant parts had 

diminished such that no difference between plant parts was found @ = 0.0239). At this 
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time, 28.0% of the rhizosphere material remained compared with 28.4% of the above- 

ground materid By the end of the study, a trend towards a higher proportion of below- 

ground carbon compared with above-ground carbon was found @ = 0.0946). 

When the stalk rnaterial was applied to the soil surface, similar proportions of stalk 

carbon and root-derived carbon remained in the soil during the initial phase of 

decornposition and a p a t e r  proportion of sta1.k carbon remained in the soil following the 

initial degradation period. Slightly higher but statistically simüar proportions of tobacco 

staIk and roo t derived carbon remained in the soil following the fall and winter period @ = 

0.2012). At this tirne, 66.9% of the top-denved carbon and 65.2% of the root-derived 

carbon rernained. Following 1.14 yean of decomposition, similar proportions of the stak 

carbon and root-denved carbon rernained (p = 0.2009). At the completion of the second 

growing season, a significantly higher proportion of the top material compared to below- 

ground produced carbon remained in the soil (p = 0.0025). By the end of the study, the 

clifference in the proportion of stallc and root carbon had decreased fkom that found in the 

previous growing season; however, a trend towards a higher proportion of carbon derived 

£rom the above-ground tobacco residues compared with below-ground production was 

evident in the conservation tilled plots @ = 0.0953). At the cornpletion of the study, 

28.0% of the stak carbon and 25.2% of the root-derived carbon remained. 

Overall, these data suggest that during the initial decornposition phase. tobacco 

stalks decomposed at a sigrufcantly faster rate than the root-derived rnaterial when the 

stalk material was incorporated hto the SOL However, by the end of the study, simiiar 

amounts of stak and root material remained, In contrast, when the stalk material was 



Table 4.62: Effect of tillage on the labelled C remaining in mil amended with flue-cured tobacco residues. 

T i e  (years) O 0.58 1.14 2.1 1 3.13 

Depth (cm) CT* NT CT NT CT NT CT NT CT NT 

* CT = Conventional Tillage, NT = Strip Tillage 
Totd residues ciilculated by sumrning carbon remaining in cach of the above- and below-ground microplots. 
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applied to the soil surface, root-derived carbon decomposed at a slightly faster but not 

significantly dinerent rate than did the added top material 

Similar amounts of residue carbon were contributeci to the soil by both tillage 

systems (p = 0.8 198) (Table 4.62). While slightly higher arnounts of total carbon per 

square rnetre remained under conservation tülage at a l l  sampling times throughout the 

study, the dinerences in the rate of decomposition between tihge systems did not 

translate ùito higher amounts of carbon per square rnetre remaining under conservation 

tillage at any t h  during the study. This result is probably due to the sMilarity in the 

decornposition rates of the below-ground material and the lower contributions to the soil 

carbon pool made by the staik rnateriaL Nonetheless, tobacco residues decomposing 

under conservation tiUage management did not contribute significantly higher amounts of 

carbon to the soil than did tobacco residues decomposition under conventional tillage 

practices. 

Tillage resulted in a sigrufïcantly different distribution of carbon within the soil 

only after tiUage occurred to a depth of 15 cm Prior to spring tillage in 1991, a similar 

amount of iabelled carbon remained at ali depths in both &ge systems. However, 

following the 1991 growing season, a signifcantly higher arnount of residue carbon was 

found in strip-tued plots (p = 0.0062). Sirnilarly, higher arnounts of iabelled carbon were 

found within this layer foliowing the 1992 @ = 0.0010) and 1993 @ = 0.0023) growing 

seasons. In contrast. higher arnounts of LabeUed carbon were found in conventionally tiUed 

plots in both the 5-10 and 10-15 cm soil layers following the 1991, 1992 and 1993 

growing seasons. A signincantly higher amount of residue carbon was found within the 
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15-20 cm depth after the 1992 growing season @ = 0.0140). Thereafter, similar arnounts 

of residue carbon were found at this depth in both tillage treatments. Similar amounts of 

residue carbon were found in both the 20-25 and 25-30 cm depths in both tillage 

treatments until the end of the 1992 growing season when trends for a higher amount of 

carbon were found under conventional tillage. Following the 1993 growing season, a 

higher amount of labeiled carbon was found in conventionally àUed plots at both the 20-25 

(p = 0.0069) and 25-30 (p = 0.0358) cm depths. The redistribution of both above-ground 

and below-ground carbon in the spring of 1991 therefore resulted in a more uniform 

distribution of the tobacco residue carbon to the depth of tillage. However, it appears that 

shailower tillage prior to this tim had Little effect on the distribution of residue carbon 

with depth. 

A sunrmary of the parameters describing the exponential decay curves fitted to 

these data are reported in Table 4.63. When the root-derived material was incorporated 

into the soil, the labile cornponent accounted for 65.9% of the added carbon and had a 

half-life of 0.50 years. In contrast to other crops in this study, this cornponent was found 

to be smaller than the sarne component under conservation tillage. However, as found 

with the other crops, this component decomposed 15.1% faster than the same component 

in no-tilled plots. The stabilized component which rernained following the initial rapid 

decornposition phase accounted for 34.1% of the added below-ground carbon. and had a 

half-life of 5.71 years under conventional tillage practices. This component was 11.1% 

larger and decomposed 24.1% faster than the sarne component under conservation tillage 

practices. In contrast to the results found with ail of the other crops in the study. the 



Table 4.63; First order reaction rate parameters describing the labelled C remaining in soi1 amended with flue-cured tobacco residues. 

Residue Tillage Component 1 

(96 of C added) 
k 1 tH Component 2 k2 1H 

(year") (years) (% of C added) (year") (years) 

Root CT* 65.9 f 13.1 
Root NT 69.3 I 13.7 

Tops CT 71.8 f 12.9 

Tops NT 49.3 f 12.6 
Tot al CT 68.3 k 10.8 1.33 f 0.22 0.52 31.7i10.9 O.llfO.10 6.27 
Tot al NT 60.1 I 12.1 1 -23 f 0.22 0.57 39.9f 12.1 0.15f0.09 4.65 

* CT = Conventional Tillage, NT = Strip-Tillage 



272 

stabilized component of tobacco roots appeared to decompose at a slightly faster rate 

when incorporated into the soil. This suggests that when row crops with large root 

crowns are uniformly rriixed with the soi& tiuage operations which âagment the material 

and uniformiy distribute it throughout the soil increase the decomposition rate of this 

material and result in greater carbon losses fiom the soil than when this material is lefi 

undisturbed in the s o i  This may be the result of lirigted accessibility of these materials by 

the decornposing organisrns due to the physical structure of the materid. 

When tobacco stalks were incorporated into the soil, the labile cornponent 

accounted for 7 1.8% of the added of carbon and decomposed with a half-We of 0.55 

years. The sarne cornponent of tobacco stalks left at the soil surface was found to be 

31.4% smaller and 12.0% faster than the same component of incorporated stalk material. 

The more stable component of the incorporated tobacco staks accounted for 28.2% of the 

added carbon and had a haif-life of 7.62 years. The same compo nent was 80.1 % larger 

and decomposed 53.6% faster under no-tillage practices. This suggests that tobacco 

stalks incorporated into the soil decomposed to a greater extent during the initial stages of 

decomposition, but were more resistant to further decornposition than stalk material 

remaining at the soil surface. Mott et aL(1988) suggested that corn stalk material 

decomposing at the soii surface had less intirnate contact with the soil and greater losses 

of carbon as CO, than corn stalks decomposing within the s o l  This suggests that a 

portion of the decomposition products are stabilized to a greater extent by interacting with 

the soii cornponents when they are incorporated into the soii compared with materiai 

rernaining at the soil surface. 
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When the proportion of carbon reniauiing for the total tobacco crop is fitted to this 

model, it appears that the tobacco residues managed under conventional tillage practices 

decomposed at a slightly faster rate initially than those managed under no-tillage practices. 

However, foIlowing this phase of decomposition the residual carbon decomposed at a 

significantly slo wer rate than when sa-tillage practices were folIo wed. When tobacco 

residues were incorporated into the soc  the labile component accounted for 68.3% of the 

added carbon and had a half-Me of 0.52 years. In cornparison, the same cornponent was 

12.0% s d e r  and decomposed 8.5% more slowly when residues were left in situ. When 

residues were incorporated into the sod, the more stabilued component accounted for 

31.7% of the added carbon and had a half-Me of 6.27 years. However, when residues 

were not incorporated, this pool was 25.7% larger and decomposed 25.8% faster. This 

suggests that residues managed under conventional tillage decompose at an overali faster 

rate; ho wever, the fraction of matenal that rernains in the soil following the rapid 

decomposition phase is significantly more resûtant to decornposition than that same 

cornponent under no-tiüage, resulting in a smaller but more stable organic carbon fiaction 

remaining in the soiL 

4.5.6 Overall Effects of Management on Residue Decomposition 

Jenkinson (1977b) demonstrated that following the application of 14C-labelled 

ryegrass, changes in the residual organic "C over a 10-year period were well described by 

a two-cornpartment frst-order kinetic model, in which about 70% of the added carbon 

was decomposed with a half-Me of 0.25 years and 30% with a half-Me of 8 years. Others 
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(Oberlander and Roth, 1968; Sauerbeck and Gonzalez, 1977; Ladd et ai., 1 98 1 ; Voroney, 

1984) have cdcuiated the half-iives and decay constants of organic residues formed fiorn a 

variety of labellecl plant materials or animai manures decomposing in a wide range of 

environrnents. Half-lives of the s t a b W  component have ranged fiom 3 years for animal 

manures decomposing in Gennany to 9 years for wheat smw decomposing in 

Saskatchewan, Canada. In this study, the two-componenr kst-order model parameters 

descnbing the decornposition of the added crop residues were sirnilar to the values 

O btained in the literature. 

Tillage and its effects on crop residue placement affected the decornposition and 

stabilization of residue C similarly for ali crops studied. Averaged over all crops, residues 

incorporated into the soil had a labile component accounting for 70.2% of the carbon 

inputs and a half-Me of 0.43 years. This component was 11.3% larger and decomposed 

9.3% faster than the same component of residues managed under no-tillage. The 

stabilized component of incorporated residues accounted for 29.88 of the carbon inputs 

and had a half-life of 5.63 years However, the stabilized component of no-tilled residues 

was 23.9% larger and decomposed 19.2% faster than incorporated crop residues. Other 

field studies have shown that surface placement of crop residues reduced decomposition 

rates of crop residues compared to incorporated residues (Parker, 1962; Brown and 

Dickey, 1970; Myrold et al., 1979). Similar results were also found by Voroney (1984) in 

laboratory studies with ground '4C-labelled corn residues. However, under optimum 

temperature and moisture r e m s ,  differences between residue placement were more 

drarnatic than found in this study. 
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Voroney suggested that the Merences found between residue management may 

be firther enhanced by the greater dflerences in temperature and moisture expenenced in 

the field. However, this was not found in this study and may be the result of the 

differences in the chernicd composition of the p h t  material as weIl as differences in the 

physical restrictions to decornposition between ground and intact plant material (Amato et 

al., 1984). 

It appears that for intact residues, physical access to crop residues by the 

decomposing organisrns through incorporation into the soil results in a faster rate of 

decornposition of the more labile carbon pool by providing greater access by the 

decomposing organisms. Ho wever, follo wing this initial phase of the decomposition 

process, residues incorporated into the soii appeared to be more resistant to decay than 

those managed under no-tillage. Following three years of decomposition, a higher 

proportion of the added labelled carbon rernained in the soil under no-tiilage than 

rernained under conventional Mage @ = 0.0001). Stevenson (1986) suggested that 

following the fkst few months of residue decomposition there is a reduction in the rate of 

decomposition even though a large amount of carbon still remains within the soil. This 

reduced decornposition rate is believed to be due to: i) a greater proportion of the carbon 

king present in recaicitrant plant compounds; and ii) the formation of recalcitrant 

microbial decomposition products, both of which are more resistant to decornposition than 

are the original substrates due to their chernical resistance to decomposition and their 

interaction with soi1 coiloids. This suggests that the residues rnanaged under no-tillage are 

principdy present as slowly degradable carbon cornpounds that are decomposed with 
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Little interaction with the soi& resulting in a more decomposable substrate and greater 

carbon losses as CO,. 

An crops in the study responded similarly to the two tülage matrnents @ = 

0.3829). However, differences in the total amount of carbon remaining to a depth of 30 

cm foilowing 3 years of decomposition were significantly aected by the choice of crop @ 

= 0.0001). Higher arnounts of residue carbon remained in the soil at the end of the study 

in plots growing corn conipared with all other crops @ = 0.0001). When winter rye was 

grown, similar amounts of residue carbon reniained in the soil as when either so ybeans @ 

= 0.1338) or winter wheat @ = 0.3167) were grown. The s d e s t  amounts of carbon 

remaùied in the soil when flue-cured tobacco was grown. The amount of residue carbon 

remaining after 3 years was lower than that found when the residues of corn @ = 0.000 l), 

soybean @ = 0.0003), winter rye @ = 0.0188) or winter wheat (p = 0.0014). 

Averaged over the 5 crops, the amount of residue carbon remaining to a depth of 

30 cm was found to be similar among the tillage treatrnents foUowing three years of 

decomposition (p = 0.0907). However, no-tillage resulted in an accumulation of residue 

carbon at the soi1 surface (Fig. 4.61). In no-tiüed treatments, the amount of residue 

carbon remaining in the 5-cm iayer at the soil surface was approxirnately 2.8 times higher 

than that found in the conventional tillage treatnient at the end of the study (p = 0.0001). 

From the surface to a depth of 15 cm, labelied residue carbon decreased with depth in no- 

tilled plots whereas the residual labelled carbon rernained almost constant in the 

conventionaiiy tilled plots. Within the 5-10 cm and 10-15 cm depths, residue carbon was 

2.5 times and 4.3 tirnes higher in the conventional tilied treatment than in the no-tilled 
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Figure 4.61: Distribution in depth of residue carbon averaged over aU crops remaining in soi1 after 3 
years of decomposition. 

treatment (p = 0.0001). Below the plow layer, similar arnounts of residue carbon were 

found under both ti.üage systerns, however, a trend for higher amounts of residue-denved 

carbon were found in the 5-cm iayer immediately beiow the plow layer under the 

conventional tillage treatment compared with the same layer in the no-tillage treatrnent (p 

= 0.095 1). This suggests that either a portion of the residue carbon was rnixed with this 

layer through tiUage or that soluble carbon was leached fkom the tilled layer to the soi1 

layer just below as suggested by Jenkinson (1977b). Since the amount of carbon was 

srnail and care was taken to till to the same depth within the microplots, downward 

movernent of soluble material is believed to be the mechanism resulting in this observation. 

S tudies utilizing labellecl plant material have suggested that decomposition rates 
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M e r  for plant cornponents in soil (Jenkinson, 1965; Arnato et al., 1984; Davenport and 

Thomas, 1988). This may in part be due to differences in the chernical composition of the 

different plant parts as well as to the physical structure of the material (Amato et al., 

1984). in this study, the decomposition of above-ground carbon was more rapid than 

below-ground carbon during the initial phase of decomposition when the crop residues 

were uniformly incorporated into these soils. Under no-tillage. similar proportions of 

above- and below-ground carbon remained during this initial phase of the decomposition 

process for ail crops. 

Following the degradation of the easily decomposable fiaction, when oniy the 

more recalcitrant products of decornposition remained, this clifference in the proportion of 

above- and below-ground carbon persisted throughout the study for soybeans, winter 

wheat and winter rye managed under conventional tillage. However, differences between 

the two plant cornponents disappeared in the corn and flue-cured tobacco plots managed 

under conventional tillage following 1 and 2 years of decomposition, respectively. These 

results agree in part with a number of studies which suggest that root materid decomposes 

at a slightly but sigrufïcantly slower rate than above-ground material (Jenkinson, 1965; 

Nyan 1975; Arnato et al., 1984, 1987) when above-ground residues are incorporated into 

the soil. However, these results m e r  from that of Jenkinson (1965) but agree with the 

findings of the rnajority of the other studies which found that the differences in the 

proportion of carbon remaining between above-ground and below-ground carbon did not 

disappear within 3 months of thei. incorporation, but persisted for a longer period. 

Where soybean and flue-cured tobacco residues were managed under the no-tihge 
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matment? a higher proportion of below-ground carbon compared with above-ground 

carbon rernained folIowing 1 year of decomposition while similar proportions of above- 

and below-ground carbon rernained in plots planted to the other crops. The proportion of 

below-ground carbon derived fiom soybean plants continucd to be higher than that 

derived £?om the above-ground plant parts. This agrees with the results of Arnato et a!. 

(1984) who found the ciifference in decomposition between legum: top rnaterial and roots 

persisted for a number of years in the field and suggests that accessibility of the above- 

ground carbon to the decornposing organisrns had less of an effect than the ease with 

which the rnaterial was degraded. In contrast, the proportion of tobacco stalk carbon 

rernained higher than that of the below-ground carbon in strip-tilled plots throughout the 

study. This agrees with the results of Mott et al. (1988) who suggested that stalk material 

located at the soil surface decomposed very slowly and had little interaction with the soil 

compared with root carbon that is distributed extensively throughout the soil. However, 

these results suggest that for most crops, accessibiiity of the surface applied residues 

restricted decornposition resulting in sirnilar decomposition rates of the above-ground and 

bel0 w-ground mterials. 

4.6 Kinetic Interpretation of Residue-Derived Carbon Accumulation in the Field 

Agriculturalists have long k e n  hterested in whether and to what extent cropping 

and tillage systerns, when repeated annually, can uitluence the organic matter content of a 

given soil. A deeper insight into this relationship should enable crop producers to adjust 

their management practices as required to maintain or enhance the organic matter content 
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of their SOL Since the organic rnatter content of a soil reflects the balance between 

additions and losses , nïiintaining the level of organic matter in a soil nieans keeping the 

supply of crop residues in balance with losses of the added materials and of the native soil 

organic matter. The use of the 14C-Iabelled crop residues and data fiom the crop residue 

decomposition study should rnake it possible to estimate the accumulation of soil organic 

rnatter denved from the addition of crop residues over tirne. 

Disregardhg the proportion of the crop residues that was decomposed during the 

initial rapid stages of decomposition, the rneasured increase of the slowly decomposable 

fiactio n s hould describe the accumulation of crop residue-derived carbon wit h tirne. 

Figure 4.60 shows the path of the theoretical accumulation curve denved for each of the 

cropping and tillage systems in the study. These curves correspond to the equation: 

Cr = C& + (C, - Ca) èB 

which is the integrated form of the differential equation: 

where Cr = slowly decomposable (stabilized) IabeUed carbon present in the soil at tirne t 

Co = slowly decomposable residue-denved iabelled carbon entering the soil 

annualiy 

C, = residual labeiled residue carbon remaining in the soi1 one year after the k s t  

addition 
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k = rate constant of the decomposition of the labelled slowly decomposable soil 

constituents suppiied annuaiiy 

t = time 

when the supply and the losses of the same fiaction of organic carbon are in equilibrium, 

this equation becomes: 

which, upon combining with [2], becomes: 

where Ce = the equilibrium concentration of labelled carbon of the stabilized soil carbon. 

This equation was originally developed by Henin et al. (1959) to describe changes 

in the amount of total soii carbon, including bo th the recently added as weil as stabilized 

components. Oberlander (1973) subsequently used this equation to describe the 

accumulation of soil carbon solely denved from '4C-labelled straws, irrespective of the 

non-labelled soil carbon, to investigate this process separately. He also calcuïated 

analogous data for green and farrnyard manures assuming a mode1 with an assurned annual 

supply. He assumed that both the annual supply of crop residues and manures as weli 

their decornposition behaviour were representative of the area and remained similar over 

the period of investigation. 

Figure 4.62 shows the data for the extrapoiated accumulation curves for each of 
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the cropping systems and tillage systems over a 50-year penod beginning one year 

folIo wing the initial residue additions. The data used to generate these cuves were 

denved fkom the decomposition data generated during the study. The total carbon 

accumulated in the stabilized residue C pool in each year was caiculated by applying the 

first order decay constants to the average annual C inputs determined fiom 1990 to 1993. 

For the 2-year crop rotations. the annual additions were altemated for each of the crops in 

the rotation. The total C accumulated for each of the years was then detemiined by 

summbg the additions of residue carbon to this pool over each of the years of the 

simulation beginning 1 year following the initial addition of residue. For each of the 

rotations, the simulation began with the winter cereal crop residues added in year 1. The 

estimates of residue carbon were then and The result is a typicd saturation curve, 

reachiig an equilibrium concentration between newly formed and simultaneously 

decomposed organic carbon compounds within fïfty yem. Values of the parameters 

dong with additional kinetic data predicted by the mode1 are listed in Table 4.64. 

The predicted values summarized in Table 4.64 suggest some fundamental 

differences between both the cropping systems and tillage practices. In general. 

continuous corn supplies more carbon per unit area to the stabilized soi1 organic carbon 

pool than does either the winter wheat-soybean rotation or the winter rye-flue-cured 

tobacco rotation. This is the result of higher total residue carbon production by the corn 

crop and a sirrrilar proportion and decay constant of the stabilized pool among crops in the 

study. The sirnilarity arnong the decay constants of the stabilized carbon pool arnong the 

various crops is not unexpected, since it represents the decay rate of a sirnilar soil organic 
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Figure 4.62: Calcuiated accumulation of stabilized iabelled C derived from crop residues in soi1 as 
affected by croppiug and tiilage system. 



Table 4.64: Fust order kinetic parameters of decomposition and accumulation of stabilized labelled C rernaining in mil. 

Kinetic Term Symbol Continuous Rye - Wheat - Continuous Rye - Wheat - 
Corn Tobacco Soybean Corn Tobacco Soybean 

Y earl y Input into Stabilized Pool (g C m.') Co 
Residue Remaining f ier  one year (g C m-*)*O C, 
Rate Constant of Stabilized C (years") k 
Half Life (years) tH 
Mean Residence Tirne (years) Tm 
Equilibriurn Concentration (g C m.') cc 
95% Equilibrium Concentration (g C m-2) 

Time to reach 95 % of Equilibrium ( ycars) T95c 

CT = Conventional Tillage, NT = Conservation Tillage 

" For ryc-tobacco and wheat-soybean rotations the starting crop was chosen as the winter cereal. 
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matter pooL This pool is made up of the labellecl C that has been modified by the soi1 

microbial biomass, and would be expected to be siniilar in nature and rate of 

decornposition regardless of its origin. While the so ybean-winter wheat rotation resulted 

in a slightly higher amount of stabilized carbon accumuiating under conventional tillage, 

there was Little Merence in predicted carbon accumulation between the soybean-winter 

wheat rotation managed under no-tillage practices and the flue-cured tobacco-winter rye 

rotation managed under either conventional or conservation tillage systems. Again, these 

results are probably due to differences in the annual inputs of carbon among the cropping 

and tillage systems. 

The model projected Berences in both the total arnounts of stabfied carbon and 

in the rates at which the stabilized carbon accumulated between the two tillage systems. 

Under conservation tillage, the model output indicates that there is a more rapid 

accumulation of stabilized carbon following initiation of this management practice; 

however, after approximately 10 years the rate of carbon accumulation is more rapid 

under conventional tillage practices. This finding is the result of a higher proportion of 

carbon entering the stabilized pool combined with the shorter half-life of this pool under 

conservation tillage practices. As a result, the equilibrium concentration of stabilized 

carbon wili be lower under conservation tihge compared with conventional tillage, but 

because of the addition of a larger proportion of this material at the soil surface, a higher 

carbon concentration will result at the soil surface under conservation tillage compared 

with conventional tillage. 

The equilibrium level of stabilized crop residue carbon predicted by the model was 
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remarkably siniilar arnong both the cropping systerns and tillage practices in ternis of the 

carbon supplied. In generai, the equilibrium concentration of stabilued crop residue 

carbon is approximately twice that of the annual total crop residue carbon additions, and 

5.5 to 8.7 times the yearly arnount of carbon entering the stabiiized soil organic pooL It 

appears that the tobacco-winter rye rotation, due to its low annual carbon inputs, had both 

a lower equilibrium carbon concentration and a higher ratio of equilibrium carbon 

concentration to arnount of carbon entering the stabilized soil organic pool annually- In 

contrast. continuous corn with a higher annual carbon input had a higher equilibrium 

carbon concentration as well as a lower ratio between this value and the yearly carbon 

additions to the stabilized soil carbon pooL 

The lcinetic values summarked in Table 4.74 suggests that there rnay be 

fundamental ciifferences in the equilibr-ium residue-derived C concentration be tween the 

two tillage treatrnents utilKed in the study. While the crop residues managed under the 

tillage treatments were very similar, they were somewhat more stable under conventional 

tillage than those found under conservation tillage practices. This resulted in a higher 

projected equilibrium concentration of stabilized carbon in conventional tillage cornpared 

with conservation tillage practices. Corn rnanaged under conventional tillage had a 

projected equilibrium carbon content that was 15% higher than corn rnanaged under no- 

tillage. Similarly, the flue-cured tobacco-rye rotation rnanaged under conventional tillage 

practices had an equilibrium carbon concentration that was 4% higher than that for the 

same rotation managed under conservation tillage, while conventional tillage resulted in an 

equilibrium carbon concentration that was 101 higher than no-tillage for the soybean- 
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winter wheat rotation. However, Merences in the ratios of equilibnum carbon 

concenmtion to annual carbon additions and of residue equilibrium carbon concentration 

to the arnount of carbon entering the stabilized carbon pool annually were found between 

tillage practices for each of the cropping systems. The mode1 projected that continuous 

corn wo uld have significantly higher ratios under conventional tillage compared wit h 

conservation tillage, while a higher residue equilibrium carbon concentration to total 

yearly carbon addition was predicted for a soybean-winter wheat rotation managed under 

conventional tillage, and a simiIar residue carbon equilibriurn concentration to yearly 

additions to the stabilized carbon pool value. Simiiar to corn, the tobacco winter rye 

rotation had a higher projected equilibnum residue carbon concentration to annual 

stabilized carbon additions under conventional tiliage, but like the soybean-winter wheat 

rotation it had a sirnilar equilibrium concentration to yearly additions to the stabilized 

carbon pool value. This suggests that less t h e  may be required for continuous corn under 

no-tillage to reach its equilibrium soii residue carbon level than may be required for 

continuous corn under conventional tillage. Due to the clifference in the half-lives of the 

stabilized carbon pool of the continuous corn cropping system managed under the two 

tillage treatments, the theoreticai time to reach 95% of the equilibnum soii carbon 

concentration was 1.56 tirnes longer under conventional tillage than under conservation 

tiliage. This trend was also suggested for each of the other cropping systerns; however, a 

smaller difference in the number of years required to reach equilibrium between tillage 

treatments was projected for the tobacco-winter rye rotation and a sirnilar number of years 

was projected for the soybean-winter wheat rotation. Any pedictions that could be made 
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fkom the projected values in Table 4.64 in order to determine the actual residue carbon 

accumuiated under the various production systems after 50 years, should be viewd with 

some reserve due io the errors associated with extrapolating short-term experirnents. In 

spite of these limitations, the kinetic approach used in this study dernonstrates that 

dinerences in the rate of decomposition and stability of crop residues under the different 

production systems rnay result in differences in the mechanisms by which carbon is 

sequestered under dinerent managenient schernes. 

Sauerbeck and Fuhr (1971) first published a hypothetical diagram predicting the 

carbon content of a soil under an annual supply of 2 t ha*' of wheat straw carbon. The 

diagram was based on data taken fkom an experiment in which a single addition of 14C- 

labelled straw was incorponted hto a soil and the residual straw-derived carbon 

rnonitored for the next 4 years. The authors calculated that the highest possible 

accumulation of straw carbon in the soil following yearly additions of 2 Mg ha'' would be 

approxllnately 6.5 Mg ha-'. Approximately 95% of this equilibrium carbon content would 

be reached within 25 years of initiating the cropping system The values predicted in this 

study were sirnilar when the cropping systems were managed under conventiond tillage, 

but were slightly lower when m a g e d  under conservation tillage practices. However, the 

turnover thes ,  while slightly smailer under conservation tillage than those found under 

conventiond tihge, were slightly higher than those found by Sauerbeck and Fuhr (1 97 1) 

and Sauerbeck and Gonzaiez (1977), but s d e r  than the values of 15 to 45 years for 

unlabelled soil nitrogen calculated by Jenkinson (1966). These values, however, are 

cenainly not comparable with the age of soil organic matter, which has k e n  found to 



289 

range from many hundreds to thousands of years by radiocarbon dating (Martel and Paul, 

1974; JenlOnson and Rayner, 1977). This suggests that the fiaction of soi1 carbon king 

described by the model is coqrised of a more labile pool of less stable hurnic rnaterial 

that is undergoing a more rapid turnover and conversion into a core of old. recaicitrant 

material. 

The increase in the concentration of residue carbon in soi1 appears to be limited 

compared to the size of the overd soil organic carbon pool. The data in Table 4.74 

suggests that a maximum of 991.4 g C m*2 accumulates in the continuous corn cropping 

system rnanaged under conventionai tillage, and that a minimum of 501.4 g C m2 

accumulates in the winter rye-flue-cured tobacco cropping system managed under 

conservation tillage over a 50-year period. Given that the native soil carbon concentration 

was 2504.1 g C foUowing 33 years of a conventionally tilled winter rye-flue-cured 

tobacco rotation (Table 3.1), it appean that the addition of stabilwd residue C will 

comprise from 20% to 40% of the original soil carbon. If it is assumed that the 

conventio naliy tilled winter rye-flue-cured to bacco system has reached steady-state 

conditions, the annual inputs of stabilized residue C must then be equal to the losses of the 

old soil organic matter pool. However, the effect of tiliage on losses of soil organic matter 

has k e n  shown to be related to the disruption of soi1 aggregates and exposure of 

physicaliy protected organic C to microbial attack, which leads to a faster rate of turnover 

of soil organic C (Baiesdent et al., 1990; Beare et al., 1994). Beare et al. (1994) 

suggested that 55 % higher amounts of protected soi1 organic C would occur under no- 

tillage practices compared with conventional tillage practices. Balesdent et al. (1990) 



Table 4.65: Calculated accumuliition of soi1 C for each of the cropping and tillage systems studied. 

-- -- 

Cropping Tillage initiai Soil initial Ce*** Stabilized 96 of C L  CN,++ C ~ a ~ * * *  Total Total % of 

System Practice Weigtit Soi1 C Residue C RT-CT Soi1 C Soil C RT-CT 

CC* CT** 442000 2504.129 991.4 0.00224 189 523.3 1980.8 0.0045 2972.2 0,067 119 
CC NT 442000 2504.129 858.9 0.00194 164 261.7 2242.5 0.0051 3101.4 0.0070 124 
RT CT 442000 2504.129 523.3 0.00118 - 523.3 1980.8 0.0045 2504.1 0.0057 
RT NT 442000 2504.129 501.4 0.001 13 96 261.7 2242.5 0.0051 2743.9 0.0062 110 
WS CT 442000 2504.129 602.7 0.00136 115 523.3 1980.8 0.0045 2583.5 0.0058 1 03 
WS NT 442000 2504.129 547.3 0.00124 105 261.7 2242.5 0.0051 2789.8 0.0063 111 

CC = Continuous Corn, RT = Wintcr Rye-Flue-Curcd Tobacco Rotation, WS = Winter Whcat-Soybean Rotation 

" CT = Conventional Tillagc. NT = Conservation Tillage "' C, = Equilibriurn C concentration predicted by chc niodel 
+ C, = Calculated losscs from native C pool "C,, = Calculaled s i x  of the native C pool "'C,, = Calculated native C concentration 
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found approxlliiately 53% less carbon was rnineralized after 17 years under no-tillage 

compared with conventional tillage. If it is assurned that tillage effects on the 

decomposition of the native otd soil organic pool are constant and that this results in 50% 

lower arnounts of minemikation of the old native soil C pool under conservation tillage. it 

is possible to estirnate the size of the two soil C pools and a final soil organic C 

concentration cdculated at the end of the f%y year period for each of the other 

management systems. These values can then be compared to those of the control, in this 

case the winter rye-flue-cured tobacco rotation managed under conventional tillage 

practices, to determine whether soiI organic matter levek wiU increase, decrease or remain 

constant in this soii. 

Estimates of the size and concenirations of the stabiked residue C pool, old C 

pool and total soil C pool based on these assurnptions and calculations are shown in Table 

4.65. The predicted values surnmrkd in Table 4.65 suggest fundamental differences in 

the amount of soil C denved £kom the srabilized crop residues. Continuous corn cropping 

managed under conventional tiUage resulted in an 89% increase in the amount of C 

rernaining in this pool over the conventionaliy tilled rye-tobacco rotation. Similarly, the 

same cropping system rnanaged under no-&ge resulted in a 64% increase in the 

stabiiized residue pool compared to the control system The winter wheat-soybean 

rotation managed under both tillage systems resulted in a srnalier increase in the size of 

this pool, with the increase king slightly srnaller under no-tillage practices. S imilarly. the 

calculations suggest that the rye-tobacco rotation managed under reduced tillage practices 

wiu accumulate less soi1 carbon in the stabilized residue carbon pool by the end of fifty 
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years. The calculations also suggest that tillage in combination with a change in cropping 

system, could have a marked impact on the longtemi sustainability of soil organic C. In 

generai, reduced tillage resdted in a higher amount of total soi1 C predicted after 50 years 

in aII systerns. Incrcases in soil C compared to the conventionally tilied rye-tobacco 

rotation ranged fiom 10% to 24% for no-tilled systems, and fkorn 3% to 19% for 

conventionally tilled systems in both of the other cropping systerns. However, the 

predicted increases were not the result of reduced losses fkom added labelled crop residue 

C, but rather the result of a reduction in the loss of native, old soil C. 

For al1 cropping systems, less residue-derived C accumulated in the soil over the 

50 year period. This suggests that reduced tiUage may not enhance residue carbon 

sequestration into the soil but rather may resdt in reduced loss of old recalcitrant carbon 

already present in the soil. The magnitude of losses of native soil C are not only 

dependent on the intensity of tillage, in particular the type and eequency of tillage 

operations, but also on the soil characteristics and climatic variables present (Beare et al., 

1994). However, it must be rernembered that while the dynamics of the added labeUed C 

were followed during this experiment, C losses kom the native soil carbon pool were 

based on estimates fiom the literature and not masured in this study. If losses of native 

soi1 organic C are greater under reduced tillage than estimated in this model, the srnall 

increases in soil C calcuiated in Table 4.65 would diminish and possibly disappear. For 

this reason, any predictions that are made fkom the data in Table 4.65 in order to balance 

the accumulation of labelled residue carbon with the loss of native soil carbon, should be 

looked upon with some reserve. 
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The estimates for the accumulation of IabelIed residue C are based on short-term 

experimental data, and suggest that conservation tillage reduces the stabilization and 

accumulation of added crop residue C in the long-tem This effect, coupled with 

dinerences in the degradation of native soii C, may explain why some authors have found 

increases in the amount of soil organic C under reduced tillage @oran, 1980; Lamb et al., 

1985; Bruce et al., 1990; Carter, 1992), while others report little or no effects of reduced 

tillage on soii organic C (Harnblin, 1980; Carter and Rennie, 1982). Where clifferences 

between Wage practices are recognized, the mechanisrns that regulate the accumulation or 

loss of soi1 organic C are poorly known. Nonetheless, the data generated in this study 

suggest that reduced tillage does not enhance the sequestration of crop residue C in the 

long-tem, but rnay resuIt in greater losses of this carbon source on account of less 

interaction with and stabilization by the soil fabnc. 
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5. Conclusions 

This thesis has presented results of a study on the effects of crop and tillage 

management on the dynarriics of soiI organic matter in a coarse-textured s o c  The study 

encompassed the effects of crop selection and tillage practices on crop growth, yield, crop 

residue carbon production and the decomposition of crop residue C to determine whether 

a shift in crop and tillage managenient leads to changes in carbon sequestration of crop 

residue carbon, and ultimately to changes in the amount of soil organic carbon. 

A shift from conventional to reduced tillage systems, as used in this study, appears 

to have had little effect on the productivity of a range of grain crops grown in the area. 

For these crops, reduced tiUage systems provided an opportunity to conserve soil moisture 

at the critical reproductive growth stages of the grain crops investigated, resulting in 

sirnilar dry matter production and yields of grain as found with conventional tillage 

systems in dry years. However, this does not hold for tobacco production, which will 

benefit most with the continued use of conventional tillage under current irrigation and 

other management schernes. For this reason, it can be concluded that producers of winter 

wheat, winter rye, grain corn and soybeans may benefit fkom the use of no-tillage practices 

when considering yield potential on these droughty, coarse-textured s o h  while the 

benefits of soi1 water conservation afforded by the surface mulch in reduced tillage 

systems does not provide an advantage for tobacco production. 

Overail, tiilage had littb effect on the total residue production for either individual 

crops within a cropping system or for the three cropping systems studied. However, 

results of this study indicate that continuous corn production provided substantially 
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greater carbon inputs for soil organic rnatter maintenance than either a tobacco-rye or 

soybean-wheat rotation wMe similar amounts of residue carbon were produced by the 

tobacco-rye and soybean-wheat rotations. In t e m  of residue addition to the soil for soil 

organic matter maintenance, these Merences are substantiai, and suggest that a shift in 

cropping sequences codd provide significant ciifferences in the to ta1 carbon balance in 

these soils. 

The use of a repeated pulse-labelhg technique to allow 14C-assimilation to take 

place during all growth stages of the plant allowed for approxhately 16-24% of the added 

"C-label to be recovered in the crop and soi1 contained within microplot areas of the field 

plots. This low labeiling eficiency was the result of high losses of "C-label through plant 

respiration following each of the added 14C pulses. This resulted in a labeiling technique 

that was less efficient in the recovery of applied 14C label than the conventional system that 

utilizes elaborate growth cabinets, but did result in L4C-labeUed crop residues that were 

more representative of field grown crops, and omitted the high cost involved in the 

construction of labelling growth cabinets. 

The labelling procedure resulted in higher specific activities of 14C label in the 

above-ground crop residues cornpared with those of the root material. Total C production 

was higher for above-ground plant parts, and dong with a lower recovery of lJC label in 

the below-ground material will prevent the detection of root derived carbon for as long a 

period as for the above-ground production. In addition, higher specific activities were 

present in the leaves of the plant compared with other plant parts. This resulted in a 

slightly non-uniform distribution of the I4C Cbel arnong the plant parts within the above 
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ground crop residues. However, when uniformly mixed within the rnicroplo t areas, there 

were no problerns associateci with the detection of remaining I4C label with Ume. 

Cornparisons of the mineralization of crop residue carbon described by a two 

component k s t  order exponentid decay function showed some fundamentai merences in 

the decay process between tillage practices. Overall, a higher proportion of residues 

incorporated into the soil mineralized to a greater extent during the k s t  two growing 

seasons than those rnanaged under conservation tillage. Thereafter, the differences 

decreased and following the third growing season the effects of tiliage were no longer 

evident. From this it can be concluded that greater access to the residue carbon by the 

decomposing soil microorganisms was provided by incorporation of the crop residues into 

the s o l  Following the initial, rapid phase of the decay process, the carbon remaining in 

soil under conventional tillage practices undergoes some form of modification that makes 

it less decomposable by the heterotrophic soil organisms and more recalcitrant than found 

under no-tillage practices. This resulted in a faster rate of decomposition of residues lefi 

in situ with greater losses of C O 4  than found for incorporated material. Above-ground 

residue carbon incorporated into the soil decornposed at a signincantly higher rate than 

root and root products during the initiai stages of decomposition. In contrast, surface 

applied above-ground carbon decomposed at a similar or slower rate than found for 

below-ground material left undisturbed for aii crops except soybeans. These differences in 

the mineralization rates of the plant parts between management systems suggest that 

above-ground residues managed under no-tillage act p~cipaIiy as slowly decompcsable 

carbon compounds that have Little interaction with the soi1 and result in greater losses of 
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carbon to the atmosphere than incorporated crop residues, resulting in iittle diflerence in 

the total amount of carbon retained in the soi1 after 3 years of decomposition. 

Tillage practices significantly affected the distribution of above ground residue 

carbon with depth. Significantly higher proportions of the labelled carbon were found at 

the soil surface under no-tillage practices at a l I  sampling times follo wing the initiai 

incorporation of crop residues. However, a higher proportion of above ground labeiIed 

carbon was found in the 5-10 cm and 10-15 cm depths under conventional tillage 

compared wit h no- tillage prac tices folio wing incorporation. This resulted in a higher 

amount of carbon per area at the soil surface under no-tillage practices, and higher 

amounts in the 5- 15 cm depth under conventional tillage. In addition, increasing 

concentrations of labelled carbon were found in soil iayers just below the pIow layer of 

conventiondy tiiied plots follo wing incorporation. However, below this depth no 

ciifferences in either the proportion or the total arnount of added carbon were found 

between tillage practices. The higher arnount of above ground denved carbon found in 

the layer immediately below the tillage layer in the conventionaiIy tilled plots sugpsts that 

soluble carbon was leached fkom the tilled layer to the soi1 layer. 

It was known fiom the outset of the field study that sufficient tirne would not be 

available to determine the long-term effects of cropping and tillage practices on the 

dynamics of the total soi1 organic matter pool. To overcome this shoncoming and to 

investigate the sustainability of the various cropping and tillage practices examined, the 

data generated by the field study were fitted to a first order exponential growth equation 

fïrst used to describe changes in the amount of total soi1 organic carbon under different 
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management practices. nie  resulting accumulation curves and kinetic parameters 

describing the accumulation of labelled residue carbo n sugges ted some fundamental 

differences between both cropping system an tillage practices. 

Cropping system had a marked impact on the arnount of carbon added to the 

stabilized residue-denved soi1 carbon pool predicted by the modeL Continuous corn 

supplied a higher amount of carbon to the t h  pool than either the winter wheat-soybean 

rotation or the winter rye-flue-cured tobacco rotation as a result of higher total residue 

carbon production by the corn crop and a similar proportion and decay constant of the 

stabilized pool arnong crops in the study. While the soybean-winter wheat rotation 

resulted in a slightly higher amount of stabilized carbon accumulating under conventional 

tihge, Little difîerence in carbon accumulation was found between the soybean-winter 

wheat rotation managed under no-tillage practices and the flue-cured tobacco-winter rye 

rotation managed under either conventional or conservation tillage system. 

The mode1 predicted a more rapid accumulation of stabilized carbon occurs 

foilowing the initiation of conservation tiuage; however, afker approximately 10 years the 

rate of carbon accumulation was predicted to be more rapid under conventional tillage 

practices. As a result, the equilibnum concentration of stabilized residue carbon WU be 

lower under conservation tillage compared with conventional tillage, but because of the 

addition of a larger proportion of this rnaterial at the soi1 surface, a higher carbon 

concentration will result at this position under conservation tillage compared with 

conventional tillage. 

Estimates of the size and concentrations of the stabilized residue C pool, old C 
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pool and total soi1 C pool were based on assumptions that the winter rye-flue-cured 

tobacco rotation managed under conventional tiUage and reductions in the native soi1 

carbon are reduced by 50% under conservation tiUage. These estimates indicated that 

cropping systems with higher amounts of C inputs, such as continuous corn, accumulated 

higher amounts of C in the stabilized residue C hction. In contrast, systems managed 

under under conservation tillage resulted in a lower amount of stabiüzed organic C 

rernaining compared with systems managed under conventional tilIage. These data 

suggest that conservation tillage does not enhance the stabilization and accumulation of 

added crop residue C in the long-term. 

The calculated arnounts of total soil organic C rernaining after 50 years suggest 

that both changes in the cropping system and the tillage practices may lead to increases in 

the total C found in SOL The largest changes were found with the continuous corn 

cropping system, and the srnailest with the conventionaily tilled winter wheat-soybean 

rotation. It appears that tiliage, and to a smaller extent cropping system, has a rnarked 

impact on the long-term sustainability of soil organic C based on extrapolation of the 

short-term data collected during this study. In general, reduced tillage resulted in a higher 

arnount of total soil C after 50 years. However, these predicted increases were not the 

result of reduced losses ûom added labelled crop residue C, but rather the result of a 

reduction in the loss of native soil C based on an assumption that a 50% reduction in 

carbon mineralization under conservation tillage. 

For ail cropping systems, less residue C accumulation in the soil was projected 

over the 50-year penod under conservation tillage. These results indicate that 
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conservation tillage reduces the stabilization and accumulation of added crop residue C in 

the long-term, and thereby, does not enhance residue carbon sequestration inro soil. 

However, based on recent estirnates of the differences in carbon mûieralization in 

conventional and conservation tillage systerns contained in the fiterature, a greater amount 

of total C may result under reduced tillage due to reduced losses of old, recalcitrant 

carbon already present in the soc 
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APPENDICES 



Appendix A: Volumetric Soit Water Measured in 1991 
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Figure A.1: Vohimetric soi1 water content (95) measured in 1991 for conventional (CT) and 
no-tilled (NT) treatments in corn plots in the (A) 0-15 cm and (B) 15-50 cm soi1 
layers. 
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Figure A 2  Volumetric soi1 water content (%) measured in 1991 for conventional (CT) and 
no-tilled (NT) treatments in soybean plots in the (A) 0-15 cm and (B) 15-50 cm 
soi1 layers. 
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Figure A 3 :  Volumetric soü water content (%) measured in 1991 for conventionai (CT) and 
strip-tilled (NT) treatments in flue-cured tobacco plots in the (A) 0-15 cm and (B) 
15-50 cm soü layers. 
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Figure A.4: Volumetric soii water content (96) measured in 1991 for conventional (CT) and 
no-tilled (NT) treatments in winter wbeat plots in the (A) 0-15 cm and (B) 15-50 
cm soi1 iayers. 
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Figure AS: Volumetric soil water content (%) measured in 1991 for conventional (CT) and 
no-tilled (NT) treatments in winter rye plots in the (A) 0-15 cm and (B) 15-50 
cm soi1 layers. 
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Appendix B 

X = corn plant 

= 0.125 of total area 

= 0.250 of total area 

Total area = 836 cm2 

= 0.125 of total area 

Figure A6: Plant and soi1 sampling locations for corn rnicmplots. 

Calculation of Root Dry Weight 

Core area = x? x h = x x (5. lcm i 2)2 = 20.4 cm2 = 0.00204 m2 
Total sampled volume = 22 cm x 38 cm = 836.0 cm3 = 0.0836 m2 

Root weights in core: 
A = 4.4234 g; B = 0.1 118 g; C = 0.0417 g; D = 1.8161 g; E = 0.0889 g; F = 

0.0362 g 

For core A: 
(2.4234 g + 0.00204 m2) x O. 125 = 148.4 g root m2 

For core B: 
(0.1 1 18 g + 0.00204 m2) x 0.250 = 13.7 g root m2 



For core C: 

(0.0417 g + 0.00204 m2) x 0.125 x 2 = 2.6 g root m2 
For core D: 
(0.8161 g + 0.00204 m? x 0.0625 x 2 = 50.0 g root m2 
For core E: 
(0.0889 g + 0.00204 d) x 0.125 x 2 = 10.9 g root m2 
For core F: 
(0.0362 g + 0.00204 m3 x 0.0625 x 2 = 2.2 g root d 

Total for 0-5 cm layer = (148.4 + 13.7 +2.6 + 50.0 + 10.9 + 2.2) g m-2 
= 227.8 g root me* 

Total for aU soil layers = 1 of al1 root dry weights in ai i  soil layers 
= (227.8 + 35.2 + 38.4 + 41.0 + 35.7 + 12.2 + 7.7 + 5.5) g root m-2 
= 403.5 g root m-2 

From carbon determination: carbon concentration of root = 0.287 g C g roof1 

Total root C = 403.5 g root m-2 x 0.287 g C g root-' = 115.8 g C m-2 
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Appendix C 

Example calculation of the total C rernauiing in soil: 

Caiculated proportion of below-ground C remaining at t ., = 65.9% 

Total below-ground C present at t,, = 144.3 g C m-2 

Total ~ow-ground c remauling at t 0.46 = 0.659 x 144.3 g c m-2 = 95.1 g C m-' 

Calculated proportion of above-ground C rernaining at t ,,, = 65.2% 

To ta1 above-ground C present at t,, = 28 1 -2 g C 

Total above-ground C remaining at t ,,, = 0.652 x 281.2 g C m** = 183.3 g C m-2 

Total residue c remaining at t 0-46 = 144.3 g c m-' + 183.3 g c m-2 = 278.4 g C m" 

Proportion of total residue C remaining = (278.4 g C m-' + (144.3 g C m" +281.2 

g C rn-3) = 65.41 
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Appendix D 

Example calculation of stabiiized C accumulated for mode1 inputs: 

Given data for soybean-wuiter wheat rotation under conventional tillage: 

Total wheat residue C inputs = 270.2 g C m2 

Proportion of wheat C entering stabilized residue C soil pool = 31.0% 

Specific decay rate constant for stable component of wheat residues = 0.133 y*' 

Total soybean residue C inputs = 324.7 g C mS2 

Proportion of soybean C entering stabiiized residue C soi1 pool = 30.5% 

Specific decay rate constant for stable cornponent of soybean residues = 0.140 y-' 

Calcdatio ns : 

Simulation starts in November of year 1 beginning with winter wheat crop 

incorporated into soil in previous August :. t, = 1.238 years 

% C wheat C remaining at this time = 3 1 .0e'0-133 ' laU8 = 26.36 

Wheat C accumulated in stabilized pool = 0.263 x 270.2 g C rn-' = 7 1.1 g C m-2 

During first year, soybean is produced and residues added in September 

:. t, = 1.052 

% soybean C remaining at this tùne = 30.5e"14 ' '.OJ2 - - 26.3% 

Soybean C accumulated in stabilized pool = 0.263 x 324.7 g C m" = 85.5 g C m-* 

% wheat C rernaining at this time = 3 1 .0e'0.133 = 23.0% 

Wheat C accumulated in stabilized pool = 0.230 x 270.2 g C m" = 62.2 g C m-* 

Total C in stabiiimi residue pool at t, = 85.5 g C rrf2+62.2 gC m'* = 147.7 g C m*' 
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During second year, wheat is produced and residues added in August :. t, = 1.238 

% wheat C remaining at this time = 3 1.0e-"-'~~ x1.238 = 26.3% 

Wheat C accumulated in stabilued pool = 0.263 x 270.2 g C m-2 = 71.1 g C rn" 

% soybean C remaining at this t i m  = 30.5e4-la x2052 = 22.9% 

Soybean C accumulated in stabilized pool = 0.229 x 324.7 g C m-* = 74.4 g C me' 

% wheat C rernaining at this tirne = 3 1 .0e-0-'33 ' 3U8 = 20.2% 

Wheat C accumulated in stabïiized pool = 0.202 x 270.2 g C m-2 = 54.6 g C m*2 

Total C in stabilized residue pool at t, = 85.5 g C m-' + 62.2 gC ni2 + 54.6 g C m-' 

= 202.3 g C me* 

In this way, vaiues of the cumulative stabilized residue C for each year of the 50- 

year penod were calculated. The first order enponential rnodel describing the 

amount of stabilized residue C accumulated in soil was then fitted to these vaiues 

to generate the curves presented in Figure 4.62 and the values shown in Table 

4.64. 
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Appendix E 

Example calculation of total C accumulated in soil after 50 years of cropping: 

Given data (calcuIated fkom Table 3.1): 

Total soil dry weight = 442,000 g soil m-' 

Initiai soil C = 2504.1 g C m-2 

From Table 4.64 predicted equilibrium concentration of residue C in rye-to bacco 

rotation managed under conventionai tiiiage is 523.4 g C m-2 

Stabilized residue C concentration = 523.4 g m-' + 442,000 g soi1 

= O.OOll8 g C g SOC' 

Assuming that the rye-tobacco is at steady state, then residue addition equal losses 

of native soi1 C and losses of native soi1 C is equal to 523.4 g C m-2. 

Native soil C = 2504.1 g C m-' - 523.4 g C m-* = 1980.7 g C ni2 

Estimate of losses of soiI C under conservation tillage is 50% less than under 

conventional tillage. 

Estimated loss of native soil C under conservation tillage = 0.5 x 523.4 g C m-' 

= 261.7 g C 

Calcuiation of total C accumuiated in continuous corn system managed under no- 

tillage: 

Predicted equilibrium residue C = 858.9 g C m-' 

Stabilized residue C concentration = 858.9 g C m*2 + 442,000 g soil 

= 0.0019 g C g soil-' 

Native C rernaining in soil = 2504.1 g C rne2 - 261 -7 g C m-2 = 2242.4 g C m-2 
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Native C concentration = 2242.4 g C m-2 + 442,000 g soil = 0.0051 g C g soX1 

Total C remaining in soi1 = 858.9 g C m-2 + 2242.4 g C m*' = 3101.3 g C ni2 

Total C concentration = 3101.3 g C rrï2 + 442,000 g soi1 m-2 = 0.0070 g C g soûl 
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