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Two field experiments and a growth chamber experiment \{ere conducted

to quantitatively determine the availability of wheat plant residue N to

a wheat crop, and to compare the availability of residue-N to ní-trogen

applíed as urea. Additional objectives of the fÍeld experiments were to

observe the effect of two different tillage practices on the availability

of resídue-N, compare the utilization of N from residues v¿ith different

C:N ratios, and determine the residual effects of residue and urea N

application on a wheat crop the year following the N addition.

ABSTRACT

Field experiments initiated Ín L986 and 1987 used a split plot

design with zero and conventional tillage treatments as the main

treatments. Subtreatments consisted of residue applied at 5000 kg ha-l

combined with one of two urea N rates (50 and 100 kg tl ha-l) in such a \ray

that only one source of N added was labelled wíth lsN. Residue used in the

1986 field experiment had a C:N ratio:18, while residue used in the 1987

experÍment had a C:N ratio : 4L.

In 1986 and 1987, the utilization by the wheat crop of residue-N at

Ëhe end of che first growing season \^ras 108 and 2.Bt respectively. The

average utilization of urea-N vras 24z. and 2IZ in L986 and L987

respectively. There were few differences found between results from the

crops receiving different tillage treatments. These differences were

probably due to differences in soil moisture contents and the methods used

to incorporate the residue into the soil for the different tillage

treatments. At the end of the first growing season in L986, the

distribution of lsN-l"b.lled residue-N within the soil showed N originating

from the residue r./as found mainly within the top L2 cm of the soil
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surface, however, some of the N had moved dor¡m through the soil. Tillage

treatmenËs did affect the distribution of residue-N in the soil. At the

end of the first growing season in 1987, the distribution of residue-N

within the soil showed results similar to L986 but also indicated the

additíon of the urea along with the residue resulted in íncreased

concentration of resídue-N at depth between 12 to 42 cm from the soil

surface. At the end of the first growing season in both 1986 and 1987 ,

the concentration of residue-N remaining in the soil r{as considerably

higher than that of the urea-N remaining in the soil at the end of the

first growing season in 1986.

The utilization by wheat of residual urea and residue N applied the

previous spring \¡ras very small, approximately 38 and lt for the residue

and urea N respectively. The distribution of residual lsN-1"b"1led

residue-N within the soil at the end of the second growing season showed

the concentration of residue-N was becoming uniform throughout the top 30

cm of the soil profile. The concentration of chis residue-N had not

greatly decreased from that found at the end of the first growing season.

Results from the growth chamber \¡rere consistently higher than those

found for the 1986 field experiment employing residue of similar C:N ratÍo

and N content. In the growth chamber, utilization of residue-N was 188

while utilization or urea-N was 27* and 418 for the 50 and 100 kg N ha-r

urea rate treatments respectively.
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Although today's farm management systems rely heavily on commercial

fertilizers Lo supply much of a erop's need for nitrogen, a considerable

amount of N is often provided to the crop by the soil. Even though the

total N content of a surface soil may be many times the amount of N the

growing crop requires, only a very small portíon of soil N exísts in forms

plants are able Eo utilize. In most cases, the surface layer of soil

contaj-ns over 908 of its N in organic forrns which are not immediately

available to the plant (Stevenson, 1-982). Plant available soil N is

released v¡hen soil organic N is transformed into inorganic N following a

complex series of reactions and transformations involving the soil

microbial biomass. This release of N as organic materials are decomposed,

results only as a by-product of the soil microorganisms' metabolic

ÏNTRODUCTION

processes.

Plant residue added

microorganisms and

of crop residues to

practice and seems

conservation and environmentally friendly alternatives to chemical

fertilizers. In addition, farmers return crop residues to the soil to

enhance the organic maLter content, to protect the soil from erosion, and

as an alternative to burning strav/ after harvest.

The effect of the addition of plant residue on the inorganic N status

of a soil at a particular time depends on the properties of the residue

added and the activity of the soil microbial community. Since N is one of

the essential nutrients of plant growth, knowledge concerning the amount

1

can contribute to plant available soil N

to a soil is readily acted on

the soil has always been an important farm management

to be on the increase as farmers see a need for soil

by the soil

The return



of N released following decomposition of crop residues, and information

documenting the subsequent reactions the released N undergoes , are

important and allow for the more effective use of inorganic fertilizers.

The objective of this study v/as to determine what amount of the N

contained in plant residue added to a soil can be utilized by r wheat

crop. The residue was incorporated into the soil to simulate zero or

conventíonal tillage and residue N uptake was monitored in the first and

second years following residue addition. The ability of the crop to use

the residue N was then compared to the use of inorganic N added as urea

fertilizer. Finally, under field conditions in Manitoba during 1986 and

I98l , the uptake by wheat of N contained in decomposing crop residue with

a low C:N ratio l¡¡as compared to that from residue with a higher C:N ratio.



The clecomnos i tÍ on of c-rÕn res i rilres

Returning crop residues to the soíl is an important farm management

practice which can benefit both the soil and subsequent crops. There are

cwo types of crop residues which are incorporated into agricultural soíls;

immature plant material at the mid-season stage of growth (green manure),

and mature plant material, generally the stra\^r remaining after grain has

been harvested.

The practice of green manure cropping is an alternative to

summerfallow and consists of discing legume crops, such as lentils or

II LITERATURE REVTEI^I

sl¡/eet clover, into the soil when the crop reaches full bloom. Legumes are

used because they form a s¡rmbiotic relationship ruith Rhizobíum to fix

atmospheric N2, resulting in the capture of an N source otherwise

unavailabl-e for crop use. This N2 fixing capability results in an elevated

N content of the plant rnaterial. Once incorporated inLo the soil the

green manure crop is rapidly decomposed, releasing the N contained in the

residue. The practíce ís called a surnmerfallow alternative because

although the inorganic N level in the soil is increased as in the case of

summerfallow, the source of Che N is not the native soil organic N but the

N contained in the legume residue decomposing in the soil. The purpose of

the green manure crop is to provide a source of inorganic N for the next

crop while preserving Che organic N of the soil. In addition, the residue

protects the soil, otherwise left bare, from wind and T¡rater erosion

(Brady, 1974) .

Farmers have recently come under pressure to find environmentally

friendly alternatives to the burning of strahr residues. One alternative

3



to dealing with the large volume of straw produced as a by-product of

agricultural grain production is to incorporate it into the soí1.

Incorporating straw will help maintain the organic matter content of the

soil, improve such properties as structure and r^rater holding capacity, and

protect the soil from erosion (Troeh et al., 1980).

The degradation of plant residue, once added to the soil, can lead to

the release of nutrients in forms required by plants. The path leading to

the release of these nutrients is complex, involving enzymatic reactions

and transformations which are mediated by the soil microbial community.

Although earchiÀrorms and other soil anímals physically breakdown plant

residue into particles of smaller si-ze and help to míx the residues into

the soil (Stevenson, 1986), the soil microorganisms are responsible for

decomposition of plant residue in the soíl. Since agricultural soils are

most corffnonly aerobic (Paul and Clark, L989), bacteria, actinomycetes, and

fungi wiIl aII play important roles in plant residue breakdown (Stevenson,

1986).

\fhen the breakdown of plant residue occurs, the constituents of the

plant materíal are used as a source of nutrition by the soil

microorganisms. The nutrients contained in plant material can be used in

three r^rays. Carbohydrates (hemicellulose, cellulose, starch) , organic N

compounds (proteins, amino acids) and other organic compounds (lignin,

hydrocarbons, organic acids) are used as energy sources. The oxidation of

these organic substances releases energy used for growth (Alexander,

L97t).

Some nutrients are used as acceptors for electrons released when the

organic substances are oxidized to provide energy for growth. Biological

4



oxidation often ínvolves dehydrogenation of the compounds being reduced.

In aerobes, oxygen acts as an electron acceptor to dispose of H+ ions by

reactí-ng with them to form r{ater (Alexander, 1977).

Nutrients provide rnaterial for protoplasmic synthesis. In addition to

C, H, and O, a microbial cell contains macronutrients such as N, P, K, S,

Ca, Mg and micronutrients such as Zn, Cu, Co, Fe, Mn, and Mo (Alexander,

r97t).

Although the individual constituents of plant residue are decomposed

at different rates, they are intimately combined so that decomposition is

not simply a step-wise process of breakdown of the less to more resistant

compounds. Aerobic decomposition of plant residues is, however, composed

of two distinct phases (Pinck et al., 1950; Jenkinson, 1965; Sorenson,

L966; Shields and Paul, I973; Abd-eI-malek et aI., 1977; Ladd et al.,

1983a). The inítial phase is characterized by a rapid loss of C from

easily decomposable organic substances such as sugars, starches, and amino

acids (Vaughan and Ord, 1985). The amount of C used for cell synthesis

will vary from 10 to 70* during this stage and depends on the nature of

the soil microbial populations present (Alexander, L977; Stevenson, 1986).

Once the readily available organic substances have been broken down,

the decomposition process enters a slower phase associated with the

breakdown of organic materials more resistant to microbial attack. This

phase is characterized by a much slower rate of C loss which lasts for

extended periods of time (Jenkinson, 1965; Shields and Pau1, I973;

Jenkinson and Rayner , L9'/-/; Ladd et al. , 1983a) . The primary plant

constituent associated with the second slower phase is lignin. Lignin is

composed of cross-linked aromatic polymers and because of iCs stable

5



structure, is resistant to microbial attack (Jenkinson, 1981). Lignin ís

acted on mainly by actinomycetes and fungi. A second reason for the

slower phase of decomposition ís that only molecules small enough to

penetrate into the microbial cells can be utilized by the soil

microorganisms. Enzymes excreted by the soil microorganisms break down

the large molecules into smaller organic molecules, which can only then be

used as a source of nutrition by the soil microorganisms. This

simplification process yields energy only indirectly through the

subsequent metabolism of the end products. One example of the action of

microbially produced soil enzymes is the conversion of cellulose Lo simple

sugars which are then used to provide energy for cell synthesis

(Stevenson, 1986).

The breakdown of organic intermediates by all types of mícroorganisms

and repeated recycling of the biomass C and N occur continuously

throughout all phases of decomposition (Stevenson, 1986).

The extent of decomposition that has occurred at a particular point

during the fast initial phase of decomposition of plant material is

variable. Results from studies monitoring the temporal change in the

amount of residue C remaining in the soil have indicated approximately 508

of the residue C originally contained in the residue no longer remained in

the soil after four or five weeks had passed (Amato and Ladd, 1980; Ladd

et C-L., 1981a). Tn contrast, results from other experiments lasting

similar periods of time, measuring the loss in weight of the residue with

time (Parker, 1962), or the amount of C02 released during decomposition

(Kanamori and Yasuda, 1979), have indicated the extent of decomposition to

be about half the amount reported by the other authors. The variability

6



is not unexpected since there are many factors which affect the ability of

the microorganisms to decompose fresh plant material.

Results determined by different researchers studying the extent of

decomposition of plant materials at particular points of time during the

second slower phase are more cornparable. Fie1d experiments by Smith and

Douglas (1968), Shields and PauI (1913), Sauerbeck and Gonzalez (1977),

and Douglas et aI. (1980), using wheat stra\¡r, and Jenkinson (7965) using

ryegrass, have aII shown that two-thirds of the plant material added was

decomposed within a yeay. Research monitoring decomposition after four or

five years has shown consistent results with approximately 80S of the

plant material added to the soil being decomposed (Jenkinson, L965;

Shields and Paul, L973; Broadbent and Nakashima, L974; Ladd ec al.,

1981a).

The use of r5N labelled residues has allowed direct measurement of the

fate of crop residue N in a soil. Studies show that N exhibits a gradual

but progressive decrease similar to that associated with the C of the

material. Amato and Ladd (1980), Ladd et al. (1983a), and Azam et aI.

(1985), respectÍvely reported 67%, 83å, and B9E of plant residue N

remained in the soil after approximately one month. After 16 months of

decomposition, Moore (L974) and Ladd et a1. (1983a) determined values of

668 and 658, respectively. By the time four or five years have passed

Broadbent and Nakashima (L974), Ladd et al. (1981a), and Ladd er al.

(1983a), respectively indicated that 3BB, 45-50t, and 4Bt of rhe rsN added

initially in plant residue could remain in the soil.

The apparent relationship between C and N should not be surprising

sÍnce much research has demonstrated an intimate link between these two

l



elements. McGill et al. (L975) reported that N transformatíons qrere

highly dependent on C transformations during the decomposition of organic

residue. Studies using 14C and r5N I"belled alfalfa strar¡r showed that the

maximum rate of l4CO2 evolution and inorganic l5N accumulation occurred in

the soil after exactly the same period of time (7 days), and the rates of

decomposition and changes in the distribution of rac and l5N residues

followed similar patterns (Amato and Ladd, 1980). McGill and CoIe (1981)

reported that C and N are stabiLized together into organic matter, and are

also released together through biological mineralization. Marumoto et al.

(L982) reported a significant, positive correlation between COz

mineralization and net N mineralizatíon. One study, in contrast, has

demonstrated the C and N contained in certain organic compounds (amino

acids and nucl-eic acids) are processed separately by soil microorganisms.

The authors concluded that the metabolism of the compounds containing

covalent C-N bonds is not solely for the production of energy (Smith et

aI., 1989).

Factors affectins the rate of olant residue decomoositíon

Soil factors such as temperature, moisture, aeration,pH, as well as

the amount of residue added will affect the rate of microbial degradation

of plant residues added to a soil.

microbial activity by ics effect on the microbial cellular components

(membranes, proteins) or through its effect on the \,/ater contained in the

ce11 (Paul and Clark, 1989). For moderate temperatures (5-30'C) an

increase in temperature increases the activity of the aerobic heterotrophs

in the soil (Alexander, T917).

Soil temperature can influence



Soil water is very important ín determining the level of activity of

aerobic heterotrophs in a soil. A maximum release of nutrients from

residues for a particular soil can be related to particular moisture

levels (Clement and \^lilliams, T962), because vrater is required in the cell

and water affects soil microorganisms indirectly by influencing the soil

aeratÍon status (Jenkínson, 1981), and the solubility of nutrient

materials in the soil (Paul and Clark, 1989). Soil water can also affect

the level of microbial activity in a soil through cycles of drying and

rewetting (Yaacob and B1air, 1980; Marumoto et a1., 1982; vanVeen et al.,

L984), and freezing and thawing (van Veen et al., 1984).

Soil pH affects the rate of degradation of plant residues and the

formation of soil organic matter by affecting the degree of microbíal

metabolic activity ín the soil. Fresh organic material has been shown to

decompose more slowly in acid soil than in neutral soil (Jenkinson,

7977b). fn soils of neutral pH, the microbial communíty is composed of

mixed populations of microorganisms, all of which take part ín the

degradation of plant resÍdues.

community is predominated by fungi and the rate of decomposition is

decreased (Alexander, 1977).

Various methods have been implemented in order to determine the effect

of rate of residue addition on the speed of decomposÍtion. Results have

been somewhat conflicting. While some report an increase in decomposition

as raLes of addition increase (Jenkinson, L977a; Ladd et al., 1983a),

others have reported no effect (Leuken et al,, L962; Jenkínson,7965), or

a decrease as rates are j-ncreased (Barcholomew, 1966; Brown and Dickey,

I91O). The explanation for the increase in decomposition following the

9
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addition of larger amounts of residue to a soil suggested by Ladd et al.

(1983a) \¡/as that a soil has only a limited number of sices capable of

protecting organic material therefore leaving the remainder easily

accessible to the microorganisms. The suggested reason for the decrease

in decomposition with increasing rate of addition of plant residue was

that the microbial population may become self inhibitory when the

microbial population becomes dense (Bartholomew, 1966). Jenkinson (L977a)

summarizes that when residue is added in amounts relevant to the natural

soil system, and when N supply is adequate, then the percentage of

decomposition ís independent of the amount added.

The role and function of plant residues in the formation of organic matter

and release of inorsan'i c N

The release of N within a soil occurs as soil heterotrophs decompose

organic C compounds of soil organic matter to provide themselves wíth

energy. At this time, âDy other nutrient, such as N, is released if not

also required by the microorganisms. Most of the C and N stabilized into

soil organic matter originates from plant and animal remains that were at

one time added to the soi1. Therefore, the primary contribution of plant

resídue to inorganic soil N is made indirectly chrough the role plant

residue plays Ín the formation of soil organic matter.

Soil organic matter (humus) consists of nonhumic and humic substances.

Nonhumíc substances include biochemical compounds including the

metabolÍtes of the soil microorganisms and compounds released following

decay of their cells. Hurnic substances include humin, relatively stable

in the soíI; and humic and fulvic acids, the most active fractions of soíl

10



organic matter (Stevenson, L982).

Humic and fulvic acids are formed from the more resistant fractions

remaining after decomposition of plant residue. Humic and fulvic acids

form in a process beginning with the decomposition of all plant components

into monomers, metabolism of the monomers by the soil microorganisms, a

subsequent increase in size of the microbial population, the recycling of

the biomass C and N and the synthesis of new cells, and ending with the

condensation of reactive monomers into polymers (Vaughan and Ord, 1985;

Stevenson, 1986).

Nitrogen contained in humic and fulvic acids can be a significant

source of inorganic soil N and is released through the functioning of the

internal N cycle in the soil.

The cycling of N between inorganic and organic forms is referred to as

the internal soil N cycle. The internal N cycle revolves around the

organic N contained in soil organic matter and results as a consequence of

the soil microorganisms breaking down organic matter as they require

energy. Because most inorganic soil N is released during decomposition of

soil organic matter, the soíl fertility level can often be direcÈly

related to the soil organic matter content. A soil with a high amount of

organic matter can supporX a large population of soil- microorganísms. A

high amount of microbial activity can lead to the release of soil

nutrients as long as an energy source is present.

Mineralization and immobilization of soil N

Microorganisms contain

process of converting the C

approximately 508 C in

in the organic residue

ll

their bodies. The

to protoplasmic C is



called assimilation or ímmobilization. In aerobic conditions, 20-40S of

the substrate C is assirnilated into bacterial cells; the remaining

portion is released as COz or accumulates as metabolic \.,/aste products.

Ilhen C is utilized by the soil mieroorganisms, there is an accompanying

requirement for other nutrienLs. Of these nutrients, N is required in the

largest amounÈs since it is necessary for the formation of many cell

constituents (proteins, vitamins, nucleic acids) (Alexander, 1977).

The extent to which the soil microorganisms can use the C in the plant

residue may depend on the level of nutrients, particularly N, provided in

the newly incorporated material, as well as that in the soil environment.

The release of organic N to mineral forms and the assimilatíon and

transformation of mineral N into organíc forms are termed mineralízation

and immobilization, respectively. Because mineralizatíon and

immobilization occur simultaneously but in opposing directions, a net

effeet is evident. If the N contained in the residue undergoing

decomposition does not meet the N requirement of the microorganisms for

metabolization of the residue, then the N of the soil is used as a source

of nutrition. If the soil is unable to provide adequate N, then microbial

activity may be restricted. If the N contained in the material is in

excess of that required, then inorganic N will be liberated. In most

cases for an unamended soil, net míneralization will be most conmon

(Agarwal et al., 1972; Broadbent and Nakashima, I974; Abd-el-malek et al.,

I97l). Upon the addition of any C and/or N containing compound to the

soil, the balance of the two processes may shift and a change in the net

effect may occur.

fn the soil system there exists an energy-nutrient (E-N) relationship
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that will ensure a maximum leve1 of microbial activity, and the E-N ratio

of the material added affects the extent and rate of decomposition

(Stevenson, L982). There are several indicators of the E-N status of

compounds. The two most widely used are the I total N and the C:N ratio.

The C:N ratio equals the percent by weight of organic C of the material

divided by the percent by weight of total N in the material. A C:N ratio

greater than 30 results in net immobilization of N, a C:N ratio of 25-30

does not effect the ongoing balance, and a C:N ratio of less than 25

results in net mineralization of N (Allison and Klein, 1962; Jenkinson,

1981). I^Iith respect to ? total N, the critical level to maíntain the

ongoing balance of mineralization and immobilization, has been determined

to be in the 1 to 1.58 N range (Broadbent and Norman, 1946; Pinck et al,

L947; Pinck et al., 1950; AllÍson, 1966).

Not only is the N content of the plant residue important when

considering whether minerali-.zaxlon or immobilization of N will result, but

also the ability of the microorganisms to decompose the material and

utilize the energy contained in it. The use of the C:N ratio or the I

total N to predict what effect plant residue will have on the soil N

status should be limited to materials known to have relatively low lignin

contents since high amounts of lignin slow decomposition and therefore

affect the N requirement of the soil microorganisms.

demonstrated in a study (i^Iallace and Smith, 1954) using orange and avocado

leaves.

recovery of N from the orange leaves vras approximately five times greater

Lhan that from che avocado leaves. This was attributed to the fact that

Ehe avocado leaves contained four times more lignin than the orange
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Even though both leaves contained approximately 2Z N, the
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leaves.

Many studies have demonstrated that the addition of plant material of

low N content (high C:N ratio) results in rapid and immediate net

immobilization of N (Al1ison and K1ein, L962; Broadbent and Nakashima,

1967; Brown and Dickey, I970; Chae and Tabatabai, 1986; Jawson and E11iot,

1986). This period of immobilization may last for days, weeks, or months

depending on the properties of the material added, and the soil. Tracer

studies have made it possible to determine that the origin of the

imrnobilized N is eíther the plant material itself (Amato and Ladd, 1980),

native soil N (Chae and Tabatabai, 1986), or inorganic N provided as

fertilizer (Broadbent and Tyler, 1962). In contrast, the incorporatíon of

residue of a higher N content (lower C:N ratio) is believed to result in

the net mineralization of N soon after the residue is added (Pinck et al.,

1947; TiI1 et al., 1982; Chae and Tabatabai, 1986). A net release of N

does not mean that immobilization is not also occurring. An experiment

using corn leaves (2.98C N) showed that even though net mineralization

occurred throughout the course of the study, a significant amount of N was

also being immobilized (Stojanovic and Broadbent, L956). It is necessary

to remember that by monitoring the inorganic soil N level, only the net

effect of residue addition is determined. A soil vigorously mineralizíng

N may also be vigorously immobilizing N.

The requirement by the soil microorganisms for inorganic N, as the C

containing compounds are oxidized, depends on several factors including

the composition of the material added, the sLze and type of microbial

population present, and the soil chemical and physical environment.

Consequently, much of the research carried out has provided different
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values for mineralization or ímmobilization of N upon the addition of

plant material to a soil.

The potential of the soil microbial community to mineralize N will

infl-uence the degree to which residue addition will affect the soil

inorganic N leve1. For example, the addition of residues that should

promote ímmobilization, to a soil with a high N mineralization potential,

may only cause in a srnall decrease in the available N content of the soíl.

If the same material is added to a soil with a low N mineralization

potential, a more drastic effect on the soil available N content may be

realized (Agarwal et al., L972).

Studies have shown that when determining whether plant matería1 will

mineralize or immobilize N, the period of time in which the results are

noted can be important (Parker et aI, L957; Parker, 1962; Douglas et al.,

f9B0) . In these experiments, net immobilization preceded the net

mineralization that resulted at the end of the experiments.

It has been demonstrated that location of plant residue on or in a

soil has a sígnificant effect on decomposition and the potential for the

residue to mineraLize or im¡nobilize N. An incubation experiment by Parker

et al. (L957) showed that subsurface placement of residue resulted inmore

rapid decomposition and a more rapid loss of residue N than that of

surface placement.

Brown and Dickey (1970) investigated the decomposition of wheat stra\^r

for three sites of placement in a soil under field conditions. The

percentage loss by weight after 1B months exposure at one site vras

approximateLy 22*, 318, and 934 for the above soi1, on soíl surface, and

buried treatments, respectively. Results from a second site followed a
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similar pattern. The N contents of the straw were monitored to determj-ne

whether the strar¿ was causing immobilization or mineral-izaLion of soil N.

For the above and on soil treatments, N percentage of the wheat strav¡

residue remained near the initial conLent for the first 12 months of che

study. For the buried soil treatment, the N percentage increased wíth

time. The amount of immobilization that occurred vrithin a one month

period \,las greatest in that between the second and third months.

Douglas et aI. (1980) reported results similar to Brown and Dickey

(1970). After 26 months of exposure in the field, average residue losses

were 252, 318, and 858 by weight for placements above, ofl, and

incorporated in the soi1, respectively. They also demonstrated that

decomposition of the above and on surface residue was nearly constant and

was not affected by seasonal changes in precipitation, humidity, or air

temperature, whereas, for buried stra\,/, decomposition was affected to some

extent by low soil moisture or low soil temperature.

In the same study, the effect of the residue on soíl inorganic N was

studied by monitoring the net change in the total N content of straw

placed either above, oD,or in the soil. For each placement, straws of

three differing N contents v/ere used (0.78E N, 0.492 N, and 0.19t N).

Alchough N was imrnobilized for the two stra\^ls lowest in N during a period

of several months midway through the study, all three buried stravl

treatments showed a net negative change in total N content by the end of

the three year study. Net mineralization equalling approximately 17, 11,

and 2 kg N ha-r had occurred. For the above and on surface residue

treatments, a net negative change in total N indícated mineraLization

equalling 6 and 4 kg N ha-I for the straws with the two higher N contents.
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The straw with the lowest N content caused immobilization of 4 kg N ha-l

Plant resírlue âs â solrrce of N

Most of the N contained in crop residues undergoing decomposition is

first assimilated into the microbial biomass (Amato and Ladd, 1980). Many

studies have been carried out in attempts to determine what portion of the

N immobilized by the soil microorganisms will subsequently be released as

mineral N. Most have concluded the remineralizatíon of the immobilized N

occurs very slowly and that only a very small portion will be released, at

least in the short term (Stewart et al., 1963; Stojanovic and Broadbent,

L965; Broadbent and Nakashima, L965; Broadbent and Nakashima, 1967; Ladd

et al. I97l). For example, results from a greenhouse experiment using 15N

as a tracer (Broadbent and Ty1er, L962) showed that true biological

turnover, the rernÍneralízaxion of the same molecule of N that had

previously been imrnobilized, r¡ras non- existent in an 1l . 5 week sÈudy

period.

In the long term, the remineraliza1cion of immobilized N may make a

significant contribution to the inorganic N of the soil. Allison and

Kleín (L962) and Marumoto et al. (1982) suggest that approximately one-

third of immobilized N is not tied up as long or as tenaciously as some

experiments have shown.

Once N added to a soil in the form of plant residues is first

immobilized, its fate is the same as any other N entering the soil. A

portion of it may be released as mineral N which in turn may be taken up

by a growing crop, utilized by subsequent generations of microorganisms,

lost to the soil environment, or stabilized into organic compounds.
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Only a limited number of studies have attempted to determine Ëhe

availability to plants of N released following the decomposition of crop

residues added to a soil. Many of these demonstrate that direct upcake of

N added in crop residues is relatively low and that residue N contributes

only slightly to total plant N uptake.

Field studies using residues of lower N contents show the lowest

uptake of residue N. Research by Fribourg and Bartholomew (1956) showed

that for soybean residue (0.96S N) added alone, there was virtually no

uptake by corn until into the second growing season when uptake \¡/as

estimated to be only two percent of soybean N added originally. Myers and

Paul (197f) showed an uptake of 5.8t of oat straw N (1.078 N) by wheat

plants after the first crop year, and an additional 3.58 during the second

crop year. Research by Norman et al., (1980) showed rice grovrrt under

flood conditions, h/as able to take up 38, llt, and 378 of rice (0.688 N),

soybean (2.68 N), and wheat (1.18? N) residue N respectively. However,

both the soybean and rice residues were incorporated seven months prior to

the seeding of the rice crop, while the wheat residue was incorporated the

same day seeding occurred. Frederickson et aI. (1982) showed an uptake of

1.82 to LL.4Z of wheat stra\"/ N (1.20S N) by wheat after one cropping

season, an average of 4.8? of total plant N uptake. I,Iagger et a1 . (1985)

found a winter wheat crop could take up 10.38 and 1.6S of sorghum resídue

N (C:N:38) and wheat residue N (C:N:116) respectively on a soíl with

a sandy loam texture. Uptake by the winter wheat crop growrt on a silty

loam soil was 5.9t and 1.18 of the sorghum residue N (C:N:26) and \^rheat

residue N (C:N : 96) respectively.

The addition of residues with lower C:N ratios results in a greater
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upÈake of residue N, however, the contribution to total plant N remaíns

low. This was demonstrated in a field experiment where uptake of legume

N (C:N:15, 2.664 N) by wheat was investigated (Ladd et a1., 1981b).

After a total of fifteen months of decornposition, uptake of legume N

amounted to 10.98, 13.88, and I1 .32 in three different soi1s, a

contribution on average of only 88 co total plant N. A similar fíeld

experiment (Ladd et al., 1983a) showed an uptake of legume N (C:N:11) by

a first crop of wheat to be as high as 2J.8? and 20.22 for two different

soils. The contribution to total plant N in this case \¡/as 6.18 and 10.88

for the t\^/o soil-s. Further research on one of the t\^ro soils studied,

determined a second wheat crop r¡ras able to recover an additional 4.88 of

the N applied in the residue 25 months earlier. Results within the range

of the earlier experiments v/ere reported by Varco et a1. (1989). Recovery

of N added in legurne residue (3.762 N) by corn durÍng the first year

cropping season averaged 322 and 202 for conventional and no ti11

treatments, respectively. Recovery at the end of a second cropping season

amounted to 7% and 38 for the t\^ro respective tillage treatments.

Although recoveries of residue N over several months or after one

cropping season seem to be somewhaL variable depending on the experimental

conditions, determinations of residue N uptake over much shorter terms can

be extremely variable. Variability in many cases can be atLributed to the

particular parameters of the experiment.

characteristics of the residue added as well as those of the soil

receiving the addition can strongly influence decomposition,

imrnobilization, mineralíza:ui-on, and subsequently the availability of the

N contained in the residue.

As already díscussed,
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Results of a five week pot experiment showed a 4.86* uptake of legume

N (C:N : l-9, 2.158 N) by rnaize (Azam et al. , 1985). This residue was

added at a relatively high rate equivalent to approximately 20 t ha-r. In

contrast, results from a twelve week glasshouse experiment showed a

recovery of 55.58 of Siratro (Macroptillium atropurpureum) residue N (C:N

- 16, 2.61-2 N) by Rhodes grass (Yaacob and Blair, 1980). In this case,

the soil used was collected from pots that had gro\,irt six previous Siratro

crops and received organic residue returns from each crop. In addition,

the soil was subjected to wetting and drying cycles during the course of

the study.

Research by Norman and l,,Ierkman (1943) showed that soybeans r^rere able

to take up 26.52 of soybean residue N (2.158 N) in eleven weeks, while

TiII et al. (L982) reported an uptake of 322 of N contained in white

clover tops (C:N: 12, 2.942 N) by oats in ten weeks.

Thus, it seems, the availability of residue N may depend on a number

of factors; one of the most important of which is the C:N ratio (or N

content) of the organic material added.
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Two lysimeter experiments, and a growth chamber experíment, r{ere

initiated to deÈermine the availability of N in plant resídue to a

growing crop. All experiments used ¡,rrheat (Triticum aestiwum var.

Columbus) as the test crop. The sites for lysímeter experiment #1 (soil

#1) and lysimeter experiment #2 (soil #2), were located on NE 22-8-7-WL,

north of St. Claude, MB, on a Willowcrest (Gleyed Orthic Black) fine sandy

loam soil. The gro\^rth chamber experiment \^ras conducted using a

l{illowcrest (Gleyed Orthic Black) fine sandy loam soil (soil #3),

collected from a site near the lysirneter experiments. The characteristics

of the soils used are reported in Table 1. The pH values were determined

with a glass electrode (soíl:\^rater ratio, 1:1) on 12 nm air-dry soil

(Mcl-ean, 1982). Organic C was determined by a dichromate oxidation method

(Mebius, 1960) and total N was determined by macro-Kjeldahl method, with

a preËreatment to include NO3 (Bremner, 1965b). Nitrate-N was deÈermined

by the phenoldisulfonic acid method (Bremner, L965a); P was extraeted

using 0.5M NaHCO3 (pH:8.5) and phosphate determined by a colorimetric

rTI. MATERTALS AND METHODS

Table 1. Chemical properties of the experimental soil. f

Soil No. *

1

2

3

pH Organic C

7.5

7.3

7.3

r
*

Analyses r,¡ere done on
I,'7i11or.¡crest fine sandy

2.3

2.4

2.6

Total N

0. 19

0.20

o.2r

N03-N

surface samples of soil (0-15 crn).
loam

2L

9.1

3.7

5.2

Pg E-T

7.7

7.9

7.7

308

247

198

SOr'

3.2

2.8

3.3



method using acid molybdate-ascorbic acid reduction method (Olsen and

Soumers, L982); exchangeable K lras extracted using 1.0 N NHaOAc and

analyzed with an atomic absorpËion spectrophotometer (Isaac and Kerber,

1-980); and sulfate v¡as determined by a turbidimetric method (Hauun et al.,

L973).

Lvsímeter Exoeriment #'l 11986)

The experíment was arranged in a split-plot design (Little and Hi1ls,

L978) with three replicaÈes. Two tillage methods, conventional or zero-

till, \¡trere the main treatments. The tillage methods were sirnulated by

manually rnixing Ëhe soils to different depths. The subtreatments, which

consisted of nine treatments of various rates and sources of N (Table 2),

r\rere arranged in a randomized complete block (Little and Hills , L97B).

The sources of N were fertilizer (urea) and wheaÈ plant residue.

To determine the partitioning of N from the different sources, to the

wheat crop and to that remaining in the soil, fertilizer or wheat plant

residue labelled with I5N, vras applied. The unlabelled residue treatments

were chosen to match the labelled residue treatments in crop gro\,rth scage

and N content (labelled sËrar^/, C:N ratio 18; unlabelled stravr, C:N

racio : L7).

In order to obÈain labelled wheat plant residue for the experimenË,

wheat vras grown in the growth chamber, in a Willowcrest fine sandy 1o¡m

collected from the same site as the lysimeter experiments. Potassium

nitrate enriched \üith l5N at 518, was supplied to the wheat co ensure

adequate enrichment of the residue. The above-ground portions of the

plants were harvested aÈ inflorescence (60 days after seeding), oven-dried
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(60'C), and ground to pass a 2 rnm screen. Since this labelled residue was

very highly enriched with rsN lapproximately 20t IsN excess), it was first

diluted with unlabelled residue of the same crop, growth stage, and total

N content, before being applied as treatments ín the lysimeter experiment.

The open-ended polyvinyl chloride lysimeters used in this experiment

erere 40 cm in lengÈh, with a cross-secËional area of 490 cmz. Each

lysimeter hras pressed into the soil with a front-end loader until only Èhe

top 5 cm remaí.ned above ground. All wisible native residue was removed

from the soil surface in each lysimeter.

The two main treatments were simulated conventional or zero-till. For

the conventional tillage treatment, the surface 10 cm of soil were removed

from the lysimeter, thoroughly mixed, and then placed back into the

lysimeter. For the zero-till treatment, only the top 3 cm of soil vrere

removed, rnanually mixed, and returned to the lysirneter.

The nine subtreatments consisted of various rates and sources of N

(Table 2). The rates of urea applied were at the soil test reconmendation

(100 kg N ha-t) and one-half the soil tesr recommendarion (50 kg N ha-l).

The residue \^ras applied at a rate of 5000 kg ha-I, which represents a rate

approximating that left in an actual field situation (Shields and Paul,

L973; Douglas et al., 1980). Since the residue conrained 3.0 B N, this

was equívalent to adding 150 kg N ha-I.

For the N fertilizer subtreatments, a syringe and inj ection needle

were used to apply the appropriate amount of urea-N solution in a single

point source into the soil in the lysimeter to a depth 9.0 cur. To ensure

even distribution of the ferxíLizer, a t+90 cm2 template, with 10 sites for

injection, !/as used. For the residue subtreatments, appropriate amounts
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Table 2. DescripËion of rate and label
experiment #1 (1986).

Treatment No.

1

2

3

4
5

6

7
I
9

Rate of N applicaCion
Urea

-- kg N ha-r

0
50^

1000
0

50^
looo

0
50

100

o labelled with lsN.

of N treatments for lysimeter

of residue qrere incorporated into Ëhe soil duríng the manual rnixing of the

soil for the tillage main treatments. After the application of all

treaÈments, the surface soí1 of each lysimeter received a nutrient

suspension containing CaHa(POt)z,HzO, K2SO4, and KCl, for a resulting

concentration of 50 kg P ha-r , 2OO kg K ha-I, and 30 kg S ha-r.

Each lysimeter received 20 seeds of wheat, planted to a depth of 5 cm,

and was eovered with a plastic lid until the plants emerged. The plant

population within each lysimeter was thinned to ten.

Guard rows of wheat were sowrr around the lysirneters to ensure a crop

canoPy. Ï,Ieed control hras rnaintained by hand weeding throughout the

growing season. Ileed resídue was returned to the appropriate lysimeter.

Plant samples Írere collected twice during the growing season, six

weeks (approximately 758 of the plants rrere at the heading stage) and 14

weeks (maturity) after emergence. At each harvest, the entire above-

ground portions of five plants '$¡ere removed from each lysimeter. The
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0
0
0

1s0
1s0
l-50
1500
15Oo
15Oo



s.qmples were placed in cloth drying bags and allowed to air dry until

constant weight was achieved (about three weeks). Samples were weighed

for dry matter determination. Final harvest samples were separated into

seed and stra\^t components in order to determine grain and straw yield.

All samples were ground to pass a 2 r¡un screen. The dry materíal was

analyzed for total N (Nelson and Sommers, L973) and for isotope-ratio

analysis of 15N (Bremner, 1965b), modified ro use H2soa in place of H3Bo3.

At f inal harvest, soil samples \4rere collected near the perimeter

inside each lysimeter. For each lysimeter, tr4ro cores were taken at 0-5,

5-10, L0-15, L5-20,20-35, and 35-50 cm depths. The soil samples were

combined for each depth increment, air-dried, and analyzed for total N and

for isotope-ratio analysis of rsN (Bremner, 1965b), modified to use H2soa

in place of H3BO3. The soil samples from each lysimeter were also combined

for the top three depth increments (0 - 15 crn) and analyzed for inorganic

N (Keeney and Nelson, L982).

Lvsimeter Exoeriment #l 11S87')

The lysimeter experiment was repeated at the same site during the

sunmer of L987, to determine the effects of residual N from the treatments

of the previous year on wheat growth.

The experiment was conducted as described for the lysimeter experiment

#1 (1986), however, the lysiurecers did not receive any additional N or S.

Plant samples rrere collected only once, 13 weeks (maturity) after

emergence. The plant samples were handled as described for the samples

collected for the second harvest of lysimeter experiment #1 (1986). The

dry material was analyzed for total N (Nelson and Sommers, L973) and for
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ísotope-ratio analysis of l5N lBremn.r, 1965b), modified to use H2SOa in

place of H3803.

Soil samples from lysimeters receiving labelled residue (treatnnent

numbers 7,8, and 9) $/ere collected near the perimeter inside each

lysimeter. For eaeh lysimeter, ttro cores were taken at 0-10, 10-20, and

20-35 crn depÈhs. The soil samples v¡ere combined for each depth increment,

air-dried, and analyzed for total N and for isotope-ratio analysis of rsN

(Bremner, 1965b), modified to use H2S0a in place of H3BO3.

Lvsirneter Experiment #2 11987)

The second lysimeter experiment r,ras located adjacent to the site of

lysimeter experiment #1 and was also arranged in a split-plot desígn

(Little and Hills, L978) with three replicaces. Two tillage methods,

simulated conventional or zeÍo-cill, r¡rere the main treatments. The

subtreatments, v¡hich consisted of nine treatments of varÍ.ous rates and

sources of N (Table 3), were arranged in a randomized complete block

(Little and Hills, 1978). The sources of N were fertilizer (urea) and

wheat plant residue.

Lysimeter experimenx #2 I¡ras conducted as described for lysimeter

experiment #1 (1986). The only difference betr^¡een the two experiments r^ras

in the C:N ratio of the planc residue added (labelled straw C:N ratio:

41; unlabelled sËraw C:N ratio:42). The residue contained 1.2 B N,

which was equivalent to addíng 60 kg N ha-I, when added at the rate of 5000

kg ha-l.

The sampling dates of the tl/o harvests occurred at the sâme

physiological stage of growth as in the lysimeter experiment #1 (1986), at
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Table 3. Description of rate and l-abel of N treatments for the lysimeter
experiment #2 (L987).

TreatmenË No.

l-
2
3
4
5

6

7
I
9

Urea
Rate of N application

-- kg N ha-l

0
50'

10oo
0

50-
lOOO

0
50

100

" labelled with lsN.

seven and 12 weeks after emergence. The plant samples were handled as

described for lysimeÈer experiment #1 (1986). The dty maÈerial r\ras

analyzed for total N (Nelson and Sommers, 1973) and for isotope-ratio

analysis of rsN (Bremner, 1965b), modified to use H2SOa in place of H3BO3.

The soil samples, which \¡Iere collected as described in lysimeter

experiment #1 (1986), but only from lysimeters of treatment numbers 7, 8,

and 9 were analyzed for total N and for isotope-ratio analysis of l5N

(Bremner, 1965b), rnodified to use H2SOa inplace of H3BO3. The soil samples

from each lysimeter were also combined for the top three depth íncrements

(0 - 15 cm) and anaLyzed for inorganic N (Keeney and Nelson, 1982).

Ilheat plant
res idue

0
0
0

60
60
60
600
60^
60^

Growth Chamber Experiment

The experiment was arranged in a completely randomized design with

three replicates (Little and Hills, L978). The 15 treatments consisted of

various rates and sources of N (Table 4). The sources of N were
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f.erxlLizer (urea) and wheat or alfalfa plant residue. The rates of urea

applied vrere at the field soil test recommendation (100 kg tl ha-l) and one-

half the soil test recommendation (50 kg tl ha-l).

To determine the partitioning of N from the different sources, to the

wheat crop and to that remaining in the soi1, fertilizer or residue

labelled wich r5N were applied. The unlabelled residue treatments r¡rere

chosen to match the labelled residue treatment in crop gror¡rth stage and N

content (labelled a1falfa, C:N ratio : 15 and 3.2 Z N; unlabelled alfalfa,

C:N ratio:17 and 3.2 Z N; unlabelled wheat C:N ratio:17 and 2.9 S N;

labelled rvheat, C:N ratio: 17 and 3.2 I N). The plant residue was added

at a rate of 5OOO kg ha-l r,rrhich resulted in the application of residue N

in the amounts shown in Tab1e 4.

The soil used (Table 1) was air-dried, ground, and sieved (<2 uun) to

remove as much naÈíve strav/ as possible. Samples of air-dried soil (2.5

kg) were placed in 6 L pots and treated with sufficient lrater to bring the

soil to field capacity. An additionaL 2.5 kg of soil was thoroughly rnixed

with the appropriate strahr treatment and added to the soil in the pot. A

40 mL suspension containing CaHa(PO¿)2.H20, K2SO4, and KCI (50 kg P ha-l,

200 kg K ha-I, and 30 kg S ha-l) was applied to Èhe soil surface, followed

by sufficient water to bring che total 5 kg of soil ro field capacity.

For the N fertilizer treatments, the appropriate amount of urea-N

solution was injected into the soil in the pot, to a depth of 6.5 cm. To

ensure even distribution of the fertilizer, a 330 cmz template, lrith 10

sites for injection, r¡/as used.

EighC wheat seeds per pot hTere

emergence, the pots qrere thinned to

planted to a depth of 2.5 cm. After

four plants per pot. After 12 days on
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Table 4. Description of
chamber experimenc.

Treatment No.

1
2
3

4
5
6
7
I
9

10
11
L2
13
L4
15

rate and label of N treatments for the growÈh

Residue

None
None
None
l{heat
llheat
Ifheat
Alfalfa
Alfalfa
Alfalfa
Idheat
Ifheat
Ilheat
Alfalfa
Alfalfa
Alfalfa

Rate of N application

o labelled ¡,¡ith lsN.

Urea

kg N ha-l

0
50^

lOOO
0

50-
10oo

0
50'

1000
0

50
100

0
50

t_00

a growth bench, the pots r.rere placed in a growth chamber. l^Iithin two days

most seedlings had died, probably due to root rot. Therefore it \^ras

necessary to reseed all pots at the same rate, thinning the pots to four

plants after emergence. After replanting, all pots were placed in a

growth chamber thatwas maintained at a 14hour (20'C, 608 R.H.) - l0hour

(15'C, 80t R.H.) day-nighc cyc1e. The light source consisted of Sylvannia

cool-white florescent, supplemented ¡,¡ith 108 incandescent 1ight.

Photoslmthetically active radiation r¡/as measured at 555 ¡lmo1 photon m-2

s-l. The pots $rere maintained at two-thirds to three-quarters field

capacity (by weight) by addÍng v¡ater to the soil surface as required.

Pots were not maintained at fu1l field capaeity because it appeared that

this would have resulted in saturated soil moisture conditions for much of
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0
0
0

L52
Ls2
Ls2
L66
L66
L66
16 30
763^
163"
16 go

16go
16 go



the growing period.

Ten days after reseeding, a 40 mL solution containing CuSO4 and ZnSOa

(10 kg Cu ha-l and 16 kg Zn ha-l) was applied to the soil surface of each

pot.

The plants \¡¡ere harvested when the wheat reached the inflorescence

stage (10 weeks after ernergence). The above-ground portions vrere oven-

dried at 60'C until consÈant weight was achieved, weighed for dry matter

determination, and then ground to pass a 2 mm screen. The dry, ground

material was analyzed for total N (Nelson and sommers , 'J-973) and for

isotope-ratio analysis of lsN 1Br**n"r, 1965b), modified. to use H2SOa in

place of H3BO3.

After harvest, the soil was air-dried in Èhe pots, removed, thoroughly

mixed, and sieved (<2 mm) removing alr visible root material. soil

samples from each pot vlere analyzed for total N and for isotope-ratio

analysis.
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IV. RESULTS AND DISCUSSION

Lvsimeter experiurent #1 (1986)

The effects of fertilizer applieation on growËh of the l¡heaË croP lrere

first observed at the tillering stage. The wheat plants in the lysimeters

receiving the 100 kg N ha-l urea rate (treatrnents 3, 6, and 9) produced

nore tillers and heads than the plants in lysimeters receiving eicher the

0 or 50 kg Nha-r urea rates (treatments l-, 2, 4, 5,7, and 8). There were

no visible differences in growth betr.qeen Ëhe crop in lysimeters with

different tillage or resldue treatments throughout the course of the

experimenË.

For all lysimeter experiments, stacistical significance !¡as determíned

using the Duncan Multiple Range Test at the 95t confidence level where

analysis of varí.ance indicated the presence of significant differences.

Statistical analyses for all experiments are shown in Appendix A.

Dry matter yíeld and total planË N upUake for the first harvest are

shown in Table 5. Yield was not significantly affected by either tillage

or reóidue application. Nitrogen uptake showed no significant effect of

tillage. However, the average total N uptake for all treatments r'rith

plant residue (treatments 4 to 9) r{as sígnificantly greater than the

average total N uptake for all treatments having no plant residue added

(creatments 1 to 3). This statistical significance of residue over all

fertilizer rates may be attributed to the very large effect residue

addition had on total N uptake r,¡here there was no fertí-l-izer added.

Comparison of treatment 1 (no residue, no urea) with treatmencs t+ and 7

(residue, no urea) shows the addition of residue alone largely increased

yield and total N uptake. The increase was equivalent to aPproximately
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Table 5. The effecË of urea and residue
and total N uptake by wheat for Lysimeter

Trt.
No.

N applied
Fert. Residue

1
2
3

4
5

6

7
I
9

-- kg N

0
50^

l-00*

0
50^

l-00*

0
50

100

ha-r- -

0
0
0

1s0
1s0
1s0

15Oo
1500
1500

Dry Matter Yield
zr

6.49
12.42
16.16

9 .00
1_4.08
14. s1

9.76
Ls.44
L4.96

N addition on
Experiment #1

t

g pot-l----

6 .69
T2.7L
]-5.22

11. 11
11. B9

13.16

9 .9s
L2.44
13.65

Z and C - zeto and conventional
labelled with lsN

cr

dry matter yield
(1986) -Harvest 1.

Total N Uptake

110
230
303

161
260
299

l-79
308
324

mg pot-r--

LLz
220
288

L9s
266
280

L84
2s9
291

Eillage treatments respecÈively

32



51g for yield and 62* for total N uptake. Comparison of treatments 2 and

3 (no residue) with treatments 5, 6, B, and 9 (residue) shows only a

slight effect of residue on yield and total N uptake at the 50 kg N ha-r

urea rate and no effect of residue at the 1OO kg N ha-r rate'

All treatments demonstrated a significant increase in dry matter yield

and total N uptake as the emount of N added as urea was increased from 0

to 50 to 100 kg ha-r. ïhe most extreme example of this was the doubling

of yield and N uptake l¡here no stravl was added and the rate of urea-N was

increased frorn 0 to 50 kg N ha-l.

The contribution of each N source (urea or residue) to the percent and

âmount of N contained ín the crop as well as the percent of eaeh N source

utilized by the crop is shown in Table 6.

Tn all the following tables, PNDFL was defined to be the percent of

plant N deríved from the labelled source. However, in subsequenË

discussion, if the source of the label Ìvas urea it will be designated as

pNDFF, and if che source of label vras stral¡r residue it r^rilI be designated

as PNDFS. Similar abbreviations will be used for NDFL.

The percent of wheat N derived fron Ëhe straw (PNDFS) llas the only

variable affected by ti11age. The PNDFS was significantly greater under

conventional than zero tillage. This could be due to the addition and

rnixing of the residue with a greater volume of soil in the conventional

tillage situation. A sinilar response to tillage was demonstrated by the

amount of N derived from the residue (NDFS) although the differences were

not significant. The percent utilizatíon of residue-N by wheat \'/as 
'

however, not affected by cillage treatment.

The addition of residue had no effect on either the percent of plant

33



Table 6. Percent and amount of
residue and utilizaxíon of urea
Experiment #1 (1986) - Harvest 1.

Trt.
No. Fert. Residue

N applied

2
3

kg N ha-l--

50^
Loo*

50'
100'

0
50

100

5

6

wheat N derived
and residue N

7
8

9

0
0

150
150

1s0'
150'
150^

PNDFL+

7'l

* ptlOpl - percent nitrogen derived from labelled source
S nlft - amount of nitrogen derived from labelled source
1f UIS - utilization of labelled source
Ï Z and C - zero and conventional tillage treatments respectivelyo labelled with rsN

22.3
39.4

23.5
41.5

22.s
L6.2
1s .4

6t

from labelled urea and
by wheac for Lysímeter

23.3
40.4

20.9
37 .3

26.9
20.8
20.2

NDFLS

51
118

58
r23

4L
50
50

mg pot-r--

50
116

55
105

49
53
58

ULSIf

20.4
24.2

23.2
25.3

5.4
6.6
6.6

L9.9
23.8

22.2
2L.5

6.5
7.L
7.8
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N derived from the urea (PNDFT), the amount of N deriwed from the urea

(NDFF), or the percent utilization of fertilizer N'

Both PNDFF and NDFF showed a significant increase as the rate of urea-

N was increased from 50 to 100 kg ha-I. consequently, the PNDFS for

treatments 8 and 9 (urea, residue) were significantly less than the PNDFS

fof treatment 7 (no urea, residue) due to a dilution effect. lncreasing

the urea rate affected the actual ámounL of N derived from the residue

(NDFS) in an opposite way. The NDFS for treatments 8 and 9 (urea,

residue) were significantly greater than the NDFS for treatment 7 (no

urea, residue). It is possible ühat the addition of urea stimulated

growthandimprovedtheabilityofthecroptotakeupresidue-N.Thisis

further supported by the significant íncrease in percent utilization of

both fert lLizer and residue-N as the urea rate was increased from 50 to

100 kg N ha-l. It is also possible that the addition of urea promoted

mineralization of residue-N resulting in an increased uptake of residue-N'

The ¡mount of urea-N utilized by the crop at the first harvest (uLS of

Tablé 6) was approximaxeLy 224 and the utilization of ferxíIizer N frorn

the treatment with the least amount of N added (treatment 2) I¡¡as

significantly less than that of the other treatments receiving larger

amounts of additional N (treatments 3, 5, and 6). Specifically' the

addition of residue at the 50 kg N ha-r urea rate caused a significant

increase in fertilizer N utilization. The positive effect of residue on

fertilizer N utilizationwas not present at the 100 kg N ha-r urea rate'

ThecontributionfromthesoiltototalplantNrangedfrom

approximately 768 for treatments 2 and J; to 60* for treatment 3, 5, and

8; and to 438 for treatments 6 and 9 '
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The data indicate approxiuately six percent of the residue-N had been

taken up by the crop at the time of first harvest and that the residue

provided approximately one-fifth of the total plant N'

Finally, comparison of the NDFF for treatments 2 and 5 (50 kg N ha-l

urea) and NDFS for treatments 7 , 8, and 9 (150 kg N ha-l residue) indicates

the crop derived approximately equal .âmounts of N from the 50 kg N ha-t

urea treatment (54 rng) and the 1-50 kg N ha-l residue treatment (50 ng) '

This suggescs that at the time of the first harvest, the relative

availabllíty of the N to the crop from this residue with a low C:N ratio

was only one-chird of that of uhe fertilizer N'

Table 7 shows Èotal dry matter yield and total plant N uptake for the

second harvest (maturity). Neither yietd nor N uptake were significantly

affected by tillage. Both the average yield and average total N uptake

for all Creatments vrith plant residue added (treatments 4 to 9) were

significantly greater than the average yield and average total N uptake

for aII treatments havíng no plant residue added (treatments I to 3) '

This Statistical significance of residue over all fertilizer rates is most

apparent when yield and total N uptake of treatments 1 a¡d 2 are compared

to yield and total N uptake of treatments 4 and 5' and' 7 and 8'

Comparison of treatment 3 (no residue, 1OO kg N ha-l urea) with treatments

6 and 9 (residue, 100 kg N ha -l urea), shows no positive effect of residue

on either yield or N uptake. This suggests the applieation of urea at the

100 kg N ha-l ra¿e provided adequate N nutrition to the cIoP and the

application of additional N was not necessary for optinal growth'

All treatments demonstrated a significant increase in dry matter yield

and total plant N uptake as the âmount of N added as urea increased from
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Table 7. The effecË of N urea
and Èotal N upÈake by wheat for

Trt.
No.

N applied
Fert. Residue

t_

2
3

4
5

6

7

I
9

-- kg N ha-r--

00
5OO O

100* 0

and residue N addiËion on dry matËer yield
Lysirneter Experiment #1 (1986)-Harvest 2.

0
5Oo

1OO*

0
50

100

Dry Matter Yield
7t

---- g Pot-r----

1s0
150
1s0

150"
150*
150*

t

22.26
3L.44
38 .81

30. 81"

36.67
42.24

27 .25
43.27
44.sL

Z and C - zeto ar'd
labelled with rsN

6T

18.81
31. 14
4L.5L

36.67
3s.L7
40. 51

32.86
40.59
37 .36

Total N Uptake

convenËional tillage treatments respectively

329
459
s66

454
528
631

4Lt
6L4
633

mg pot-r--

289
43L
633

437
533
s73

445
623
547
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O to 50 to L00 kg ha-l. Ilhen compared to the control (treatment 1), the

addition of urea at the 100 kg N ha-r rate resulted. in a doubling of yield

and total N uptake regardless of whether residue was added.

Table 8 shows the conËributlon of each N source (urea or residue) to

the percent and amount of N contained in the crop as well as the percent

of each N source utilized by the crop. None of the variables !¡ere

signifÍcantly affected by tillage or residue addition. However, as for

harvest 1, the PNDFS, NDFS, and percent utilization of residue-N were

larger under conventional tillage than under zero tillage.

Both the PNDFF and NDFF showed a sígnificant increase as the rate of

urea-N was increased fron 50 kg N ha-r to 100 kg N ha-r. The increased

addition of urea-N 1ed Èo a significant decrease in PNDFS. In contrast to

harvest 1, the addition of urea did not significantly affect NDFS although

the data do show the såme trend as the first harvest where the

contribution of the residue-N to the crop and the percent utilizaËion of

residue-N by the crop srere higher where there was fertilizer added.

Again, this could probably be attributed to a cause and effect situaÈion

with the fertilizer improving growth and therefore íncreasing uptake and

utilization of any N source present.

At the end of the growing season the average percent utilization of

fertilizer N equalLed 248 (ULS of Table 8). The percent utilizaËion of

fercilizer N \üas greatest for treatment 6 which had the highest amount of

additional N added.

The contribution to total plant N from the soil increased from the

tirne of fírst harvest. At second harvest, the amount of N in the crop

originating frorn the soil ranged from approximately 888 for treatment 2
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Table 8. Percent and amount of
residue and utilizaxion of urea
(1-986) - Harvest 2.

Trt.
No.

N applied
Fert. Residue

2
3

-- kg N ha-r--

50"
looo

50^
10oo

0
50

1-00

5
6

wheat N derived
and residue N by

7

I
9

0
0

150
1s0

l-5oo
l-5oo
l-50*

zt

PNDFL+

l-3.6
2L.0

10. 9
22.0

L6.4
12.2
LI.7

* pNlnl - percent nitrogen derived from labelled source
S UlF't - amount of nitrogen derived from labelled source
1l UIS - utilization of label-led source
r Z and C - zero and conventional tillage treatments respectivelyo laburred with rsN

cr

from labelled urea and
wheat for Lysirneter #l-

II.2
2L.2

10.4
22.9

t7 .0
13.8
13.6

NDFLS

61
118

55
138

65
74
74

48
133

55
130

76
85
75

ULSIf

z

24.4
24.3

22.2
28.5

8.7
9.9
9.9

c

L9.4
27.t+

22.2
26.7

10.1
]-t.4
10.0
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(50 kg N ha-r urea, no residue); to 838 for treat'ent 3 (no urea' residue);

to 768 for treatments 5 and S (50 kg N ha-l urea' residue); and to 658 for

treatments 6 and 9 (l-00 kg N ha-l urea' residue) '

Íhe data indicate approximately 10& of the residue-N (15 kg N ha-l) had

been taken up by the crop at the end of the growing season and that the

rDature wheat crop derived approxlmately 14g of its total plant N from the

plant residue added. Similar values for percent utilizaËion of legume

residue-N (118 and l-0.98) have been determined by some researchers (Norman

er al., 19BO; Ladd et al. 1981-b) while values from 208 to 32* have been

found in other studies (Ladd et al., 1983a, Varco et al. 1989).

comparíson of the total N uptake data for the tvro harvests of

lysimeter experiment #1 (l-986) (Table 5, page 32 and Tab1e 7' page 37)

shows that total plant N uptake at the tirne of first harvest was

approximately one-half of the total plant N uptake at the time of the

second harvest (i.e. the plants took up N throughout the growing season

at a relatively constant rate). However, comparison of the percent

utilization of fertilizer N for the tv¡o harvests (Table 6, page 34 and

Table 8, page 39) shows thaLutilization ofurea-N didnot change from the

tine of the first to the time of the second harvest. It apPears that,

after the tÍme of the first harvest, the urea-N had become unavailable to

the plant. Comparison of Table 6 and Table 8 also shows the percent

utilízation of residue-N only slightly increased from the time of the

first to second harvest. Therefore, since neither the utilization of

urea-N nor residue-N increased greatly frorn the time of the first harvest,

and since N uptake was contínuous over the growing season it appears that

during the period from sí-x weeks to 14 weeks after emergence, the only
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available source of N to the crop was the native soll N.

Analysis of the grain and straw components of the Eature planÈ

(harvest 2) showed, for all treatments, approximately 35-40C of the urea-N

or resldue-N taken up by the crop was found in the straut; the remaining

60-658 of the N frorn either of the t!¡o sources \ras found in the grain

(Appendix B).

The distribucion of lsN, originating from che rsN-labeIled urea, in the

soil after the second harvest is presented in Figure 1. Figure la and l-c

show that when urea was applied wíthout residue, the N originating frorn

the urea decreased to a depth of vithin 27 cm of the soil surface and then

stabilízed to a depth of. 42 cm. Figure lb shows a similar trend in the

distribution of I5N originating from the urea, however, for the zeto

tillage treatment che addition of residue along with the urea resulted in

a zorle of increased r5N concentration just belor,r the layer of soil the

residue was added to. It is possible that the addition of residue to a

smaller volume of soil in the zeîo tillage ureatment stimulated the

nicrobial activity closest to where the residue r^ras added resulting in a

greater degree of imurobilization of r5N urea in this zone. This

irnmobilized N could have persisted in the soil as it continued to be

recycled ínto microbial structures or because it \¡¡as converted into

components of the soil organic uatter. Because the residlle v¡as applied to

a much larger volume of soil in the case of the conventional tillage

treatment, the effect of the residue on the iumobilization of the

inorganic N may not have been as pronounced. The figure for treatments

of 100 kg N ha-l applied with residue is not shown since the soil rvithin

several of the lysimeters of these treatments \^ras disturbed by gophers
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43



burrowing inside them.

The distribution of N, originating from the rsN-labelled residue, in

the soil after the second harvest ís shown in Figure 2. It appears that

for the simulated zero tillage treatments, the zone of elevated 15N

concentration occurred within the first saupling depth (0-5 cn) while for

the simulated conventional t1llage treatments the zorre of elevated rsN

concentration occurred within the top two sampling depths (0-10 cru). This

is líkely due to the fact that the rsN labelled residue was added to the

top 3 and top L0 cn of soil f,ot zero and conventional tillage treatments

respectively. Below 15 cB, the N concentration remains relatively

constant.and does not appear to be affected by the addition of increasing

âmounts of urea. The data does show that at least a portion of the N

originating from the residue has moved down through the soil profile.

This N could be present in organic or ínorganic forms. Even accounting

for the proportionally greater uptake of fertilizer N, the concentration

of N ín the soil originating from the residue is considerably higher than

the concentration of N in the soil originating from the urea applied at

the 100 kg N ha-l rate. This reinforces the idea of plant residues

contributing to soil organic matter and plant residue-N playing a

significant role in the functíoning of the soil N cycle.

Lvsímeter exoeríment #l 11987)

The effect of residual N originating from urea-N and residue-N applied

Ëhe previous spring on dry matter yield and total plant N uptake are shown

in Table 9. There r^rere no residual effects of either urea or residue N

application on yield or total N uptake for the wheat crop at the end of
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Table 9. The residual effect of urea and
and total N uptake by wheat for Lysimeter

Trt.
No.

N applied
FerË. Residue

1
2
3

4
5

6

7

I
9

-- kg N ha-I--

00
5oo o

100* o

0 1s0
500 150

1000 150

o 15oo
50 1500

100 150"

Dry Matter Yie1d
zt

24.82
26.22
2L.42

23.88
30. 83
25.07

30.46
33.79
26.09

residue N on
Experirnent #1

t
*

g pot-1----

18 .01
26.83
23.82

20. l_8

30 .67
17.80

25.80
28.L4
25.56

Z and C - zero and
labelled with r5N

61

dry matter yield
(Le87).

Total N Uptake

conventí.onal tillage treatments respectively

356
375
304

339
4s0
3s1

435
45s
372

mg pot-r--

237
408
342

277
4s9
238

367
388
361
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Table 10. ToÈal N and inorganic N contents of soil at the end of the season for
Lysineter Experiment #1 (1986).t

Treatment No. i Tíllage

z
C

z
C

z
C

z
C

Z
C

Z
C

Z
C

z
c
Z
c

'n^ + ^'l ì'l
IULAI II

oö

o.2I
o.2r
0.20
o.2t
0.2L
o.2t
o.22
0.22
o.2L
0.22
0.2L
0.23
0.22
o.2L
0.22
o.22
0.22
0.22

I Analyses $/ere done on surface samples of soil (0 - 15 cm).
* Treatment no. corresponds to the same treatments for Èhe lysirneËer experiment

#1- (1-986) as reported in Table 2, page 24.
s (NH,, + No3) - N

Z zero tillage treatmenc
C conventional tillage treatment

Inorganic-Ns

pE c'

18.8
L9.9
20.L
ls.8
19.s
20.4
25.5
2L.O
19.5
18 .4
25.0
23.2
25.4
17.0
2L.2
2L.7
22.8
22.7
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the second growing season. soil analysis data for surface soil samples

taken at the end of the first growing season are shown in Table 10' This

informatiort suggests the absence of residual effects was due to the very

slight effect the application of urea and/or residue had on total soil

organic N content and inorganLc N concenËratlon. The effect of tillage on

yield and Èotal N uptake vlas non-existent'

The residual effect of each N source (urea or residue) on the percent

and ¡mount of N contained in the crop, as well as the percent of each N

source utilized by the crop at the end of che second growlng season is

shown in Table 11. Although signifieant differences for NDFS and

utilization of residue-N did exist due to tíllage, Èhe differences are

diffieutt to inrerpret. Tillage had no significant effect on any of the

other variables.

Thestatisticalanalysis(AppendixA)ofthedatapresentedínTable

lL indicared significantly greater PNDFF and NDFF values for Che 1-00 kg N

ha-l urea rate than the 50 kg N ha-l urea rate, however, the contribution

to total plant N from either of these fertilizer treatments was very low

(less than 28). The reason for the significant differences emongst urea-N

rates observed for PNDFS and percent utilizatj-on of urea-N are unclear but

are probably due to variations in yield'

At the end of the second growing season the croP llas able to use

approximately 3.4t of the N provided in the residue 16 uonths earliex'

Although this v¡as a relatively srnall amount in terms of total plant N

uptake(approximately6.48),theutilizationofresidualurea-N

(approximately 1.4s) v/as only about half the utilization of residual

residue-N and the contribution of the residual urea-N to plant N \{as
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Table 11. Percent and amount of wheat
residue N and utilization of residual
Lysimeter Experiment #1 (1987).

Trt.
No.

N applied
FerÈ. Residue

2
3

--kgNha

5oo
loo"

50'
100*

0
50

100

5

6

-l_ _

0
0

150
1s0

15Oo
15Oo
15Oo

7
8

9

zt

PNDFL+

N derived from resídual urea and
urea and residue N by wheat for

+ ptllpl - percent nitrogen derived from labelled source
S tqlr.l - amount of nitrogen derived from labelled source
1l uls - utilízation of labelled source
I Z and C - zero and conventional tillage treatments respecËivelyo l"b"lled with rsN

6t

1.0
L.7

0.9
1.9

6.t
6.4
6.8

1.0
L.7

1.1
1.8

6.7
5.3
7.2

NDFLS

4
5

4
7

25
29
25

4
6

5

5

24
20
26

ULSIf

1.6
1.1

1.6
L.4

3.4
3.9
3.4

l_.5
L,2

2.L
0.9

3.1
3.3
3.4
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1987 after harvest (N applied in 1986)
a) 1-50 kg N ha-I residue
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almost negligible (approxinately 1.49) .

The distributlon of rsN in the soil, orlgínatíng from the lsN-labelled

resldue applied 16 nonths earlier, is shown in Figure 3. Figures 3a and

3b show the concentratí-on of the resí-due-N is becomlng uniform ¡sithin a

depth of 30 cm of the soil surface. In both instances the concentratíon

of N originating from the residue under zero tillage r.ras somewhat higher

than under conventional tillage. This could be due to the original manner

in ¡shlch the resldue rüas added to the soil . The figures show Èhat the

zoÍLe of elevated l5N concentration discovered at the end of the first

growing season had almost dísappeared and suggest that some of the N

oríginating from the residue has been distributed at least within 30 cn of

the soil surface. In addition, the concentrations of the N originating

from the residue approximated those found at the end of the first growing

season which seems to indicate that a portion of the resídue-N is either

continually being recycled within the rnicrobial system or has become

somewhat stabilized ín the soil or both.

Lvsimeter exoeriment #2 (1987\

The effects of fertíl-izer applicaËion on growth of the wheat crop lrere

first observed at the tillering stage. The wheat plants in the lysimeters

receiving the 100 kg N ha-t urea rate (treatments 3, 6, and 9) produced

more tillers and heads than the plants in lysirneters receiving either the

0 or 50 kg Nha-l urea rates (treatments 1, 2, 4, 5,7, and 8). There were

no wisible differences in growth between the crop in lysimeters with

different tillage or residue treatments throughout the course of the

experiment.
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Table 12. The effect of urea and residue
and total N uptake by wheat for Lysimeter

Trt
No.

N applied
Fert. Residue

t
2

3

4
5

6

7

I
9

-- kg N ha-r

00
500 0

looo o

0
50'

1000

0
50

100

Dry Matter Yield
zt

---- 8 Pot-r----

N addition on
Experiment #2

60
60
60

I

t0.97
L4.70
1s.33

9.89
13 .30
L9.s4

6.44
13.04
]-6.44

Z and C - zero and
labelled with rsN

cr

60'
60'
60'

10. s4
L4.46
20.49

L0.67
1s.33
L7.89

8.02
L7 .L6
21.08

dry rnatter yield
(1987) -Harvest 1.

Total N Uptake

conventional tillage treatments respectively

L74
247
278

1s9
22L
383

to7
2L8
297

mg poË-r--

161
22L
344

161
226
336

725
256
333

51



Dry matter yield and total plant N uptake for the first harvest are

shown in Table L2. Neither yield nor total plant N uptake &rere

significantly affected by tillage treatment or residue addition (see

Appendix A, page 93 for statístical analysis of thls experirnent).

Comparison of yield and total N uptake data for treatments 1, 2, and

3 (urea, no residue) and treatments 4, 5, and 6 (urea, residue), and

treatments 7, 8, and 9 (urea, resldue) demonstrates the addition of

residue wlth a relatively high C:N ratio did not appear to have negative

effect. All treatments demonstraÈed a sígnlficant increase in dry maÈter

yield and N uptake as the rmount of N added as urea was increased from 0

ro 50 ro.1O0 kg ha-I.

Table 13 shor¿s the contribution of each N source (urea or residue) to

the percent and ârqount of N contaíned in the crop as well as the percent

of each N source utilized by the crop. The PNDFS and NDFS, and percenc

utilization of residue-N were significantly greater under zero than under

conventíonal tillage. This is in contrast to what occurred throughout

lysirnelter experimenc #1 (1986) where values from the conventional tillage

treatment were greater than values from the zero tillage treatment. This

may be attributed to the moisture conservatíon aspect of the zero xíLLage

treatment and che low amount of precipitation that occurred during the

fírst half of the 1987 growing season. An iinproved soil moisture contenL

could have directly affected growth and improved uptake or indirectly

affected uptake by the favourable effect on microbial activity or both.

The addition of residue had no effect on either the PNDFF, NDFF, or

the utilization of fertilizer N.

The PNDFF, NDFF, and percent utilization of fertilízer N showed a
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Table L3. Percent and amount of
residue and utilization of urea
Experiment #2 (1987) - Harvest 1.

Trt.
No.

N applied
Fert. Residue

2

3

-- kg N

50'
l-00*

50'
loo*

0
50

100

5
6

ha-r - -

0
0

60
60

60'
60'
60^

7

8

9

wheat N derived
and residue N

7I
PNDFL+

23.6
37 .B

22.L
3s.l-

3.7
'3.2
3.1

+ ptllpl - percent nitrogen derived from labe11ed source
S Unpl - amounÈ of nitrogen derived from labelled source
1l UtS - utilization of labelled source
t Z and C - zero and conventional tillage treatments respectivelyo labelled with rsN

cr

I -----

22.9
36.4

23.0
39.3

r.4
L,4
1.0

from labelled urea and
by wheat for LysimeÈer

NDFLS

z

58
10s

49
L34

4
7

9

rng pot-r - -

51
L2s

51
133

2
4
3

ULST

24.2
20.9

20.2
26.6

L.4
2.4
3.2

20.8
25.0

2L.0
26.s

0.6
L.2
1.1
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signlficant íncrease as the rate of urea-N added was increased from 50 to

1-00 kgha-r. In contrast to lysimeter experiment #1 (1986) data, PNDFS was

not signlficantly affecÈed by the addition of fertillzer though there does

seem to be a trend towards a lower conLribution of residue-N to total

plant N as urea ruas added. The additlon of urea slgnlficantly íncreased

the actual smount of N in the plant contributed to by the residue (NDFS)

and the utillzaÈion of the residue-N. It is possible that the addition of

urea stÍmulated growÈh and improved the ability of the plant to take up

the residue-N. This is further supported by the significant increase in

percent utilization of both fertíLizer and residue-N as the urea rate \^tas

increased from 50 to 100 kg N ha-I. It is also possíble that the addition

of urea promoted mineralization of residue-N resulting in an increased

uptake of the residue-N.

Table l-3 shows that the âmount of urea-N utilized by rhe crop at the

tíme of the first harvest was approxiuately 238. The utilization of

fertilizer N from the treatnent with the highest ãmount of additional N

added'(treatment 6) was significantly greater than the oËher treatments

receiving r5N-labelled urea (treatments 2,3, and 5). The average percent

utilization of urea-N compares consistently wíth that found at the first

harvest for lysimeter experiment #f (f986) , which was 22* (Table 6, page

34).

The contribution from the soí1 to total plant N ranged from

approximately 972 for treacment 7 (no urea, resídue); to 76+ for

treatments 2, 5, and I (50 kg N ha-r urea); co 61t for treatments 3, 6, and

9 (100 kg N ha-r urea).

The data indicate approximately 1.7* of residue-N had been taken up by
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the crop at the tirne of first harvest. Thls is only about one-quarter of

the portion taken up by the crop at the sâme harvest for lysineter

experimenu #1- (1986). The residue provided only about 28 of total plant

N. This cornpares Ëo 208 for the firsu experiment. If the utilization of

N from the fertílizer for treatment 2 (50 kg N ha-r urea, no residue) is

compared to the utilizaxLon of N from the residue for treatmenË 7 (no

urea, 60 kg N ha-l residue) iÈ appears Ëhat the residue r,ras only about 48

as efflcient at providlng N as the urea. The residue with the lower C:N

ratio applied in lysimeter experiment #l- (1-986) was able to supply N at a

308 effíciency rate when compared to urea.

Table 14 shows total dry rnatter yield and total plant N uptake for the

second harvest (rnaturity) of lysimeter experiment #2 (1987). Although

significant differences were noted only for total N uptake, both yield and

N uptake were larger under zero Èhan under conventÍonal tillage.

Differences were most obvious at the 0 and 50 kg N ha-I urea treatments.

Comparison of data for treatnent 2 with treatments 5 and 8, and treatmenË

3 with treatments 6 and 9 demonstrates total N uptake was lower where

fertilizer and residue were added than r+here fertlLizer was added a1one.

This nay lead to the suggestion that the residue used in this experiment

(C:N ratio:4L) hras affecting the availability of the fertilizer N,

possibly through the process of immobilization. Opposíte to these

results, the residue (C:N ratio:18) had contributed positively to yield

and total N uptake at the time of the second harvest for lysimeter

experiment #1 (1986) indicating the mtneralízation of the residue-N.

All treatments demonstrated a significant increase in dry matter yield

and total N uptake as the amount of N added as urea was increased. The
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Table 14. The effect
and ËoÈal N uptake by

Trt.
No.

N applied
Fert. Residue

1
2
3

4
5
6

7
8

9

-- kg N ha-r--

of N urea and residue N addition on dry matter yield
wheat for LysirneÈer Experiment #2 (L987)-Harvest 2.

0
50'

1OO*

0
50^

1000

0
s0

100

Dry Matter Yield

0
0
0

7I

---- g por-r----

60
60
60

60'
60^
60'

T

2L.40
24.39
34.95

18.37
24 .67
3L.26

t7 .30
27 .L6
28.4L

Z and C - zero and
labelled wich rsN

6t

L5.92
21 .37
32.66

14. 83
2L.87
29.L2

13.69
l8 .06
29.28

Total N Uptake

conventional tillage treatments respeetively

mg pot-I-

22t+
385
475

2rs
3L7
433

198
2s9
424

299
3s8
s11

267
336
454

2s8
390
40L
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Table 15. Percent and amount of
residue and utilization of urea
Experiment #2 (L987) - Harvest 2.

Trt.
No. Fert. Residue

N applied

2
3

-- kg N ha-r--

50'
1oo"

50'
100^

0
50

100

5

6

7

8

9

wheat N derived
and residue N

7t
PNDFL*

0
0

60
60

60^
60^
60-

L2.9
22.6

L3.7
22.8

r.2
2.L
1.5

+ ptmfl - percent nitrogen derived frorn labelled source
S tqOfl - amount of nitrogen derived from labelled source
tf UIS - utilization of labelled source
t Z and C - zero and conventional tillage treatments respectivelyo labelled ¡^¡ith rsN

6T

from labelled urea and
by wheat for Lysimeter

Ls.2
28.3

13 .4
24.7

3.4
4.0
3.0

NDFL$

46
11s

46
101

5

I
6

58
13s

42
106

7

10
13

ULSIf

L8.7
22.8

18.6
20.2

L.7
2.9
2.L

23.4
26.8

L7.L
2L.2

2.3
3.5
4.3
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extent of thfs f.ncrease was lor,¡er than in the flrst field experÍment.

Table 15 shows Èhe contribucion of each N source (urea or resldue) to

the percent and amount of N contal-ned in the crop as well as the percent

of each N source utilized by the crop.

As for both harvests of lysinecer experí-ment #1 (1986), but 1n

contrast to the first harvest of this experimenÈ, a positiwe influence of

conventional tillage on PNDFS, NDFS, and Ëhe utilizaxion of residue-N was

shown. For PNDFS the positLve influence of conventional tillage rsas

significant. By the end of the growíng season, the total amount of

precipitatÍon reached that equivalent to the previous year and Èhe

moisture. conservation aspect of zeto tillage was obliterated. It is

possible that the effect of mixing the residue with a greater volu¡ne of

soil became a stronger factor in residue-N utilization.

The addition of residue was shown to significantly decrease the NDFF

and the percent utilization of urea-N. Conparing values for treatments 2

and 3 (urea, DO residue) with treatments 5 and 6 (urea, residue)

demonstrates these decreases. It is possible that the addítion of residue

r.rith a higher C:N ratio caused a reduction in the availability of

inorganic N through the process of imnobilization.

The PNDFF, NDFF, and the utilization of urea-N significantly increased

as the rate of urea-N was doubled. As for both harvests of the fírst

experiment, the expecÈed decrease in PNDFS by a dílution effect and

increase in NDFS and utilization of residue-N resulted as the rate of

urea-N was increased from 50 to 100 kg N ha-r.

At the end of the growing season the average percent utilization of

fertilizer equalled nearly 218. This is somewhat lo¡¿er but does compare
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with the value (242,) found for fertilízer N utÍlization at the end of the

season in Èhe first experiment (Table 13, page 53).

The contribution to total plant N from the soil increased frorn the

time of first harvest. At second harvest, the aeount of N in the crop

originating from the soil ranged from 97* f.or treatnent 7 (no urea) to

approximately 848 for treatments 2, 5, and 8 (50 kg N ha-r urea); and to

74È for Ëreatments 3, 6, and 9 (1-00 kg N ha-l urea) .

The data índlcate approximaxeLy 2.88 of the residue-N (i-.7 kg ¡l h"-r)

had been taken up by the crop at the end of the growing season and that

the mature wheat crop derived approxinately 2.62 of its total plant N from

the plant residue added. Other field research has indicated values for

percent utilization of N from residues of si¡nilar N content to range from

5.88 to 11.4s (Fredrickson, L982; Ilagger et al., 1985). The resulcs of

this second field experiment contrast sharply with the values determined

for the second harvest of the lysimeter experiment #1 (1986) and clearly

depict the effect of adding residue of high versus lovr C:N ratios

(lysirneter experiment #1 C:N ratio : 18; lysiraeter experimenx #2 C:N ratio

: 4f). In lysimeter experiment #1 (1986), values determined at the time

of second harvest for utilization of residue-N and percenË of total plant

N uptake contributed to by the residue were 108 and 148 respectively.

Sinilar to the first experiment, comparison of the total plant N

uptake data for the two harvests of lysimeter experiment #2 (L987) (Table

L2, page 51 and Tab1e 14, page 56) shows that uptake of N by the wheat

crop occurred ower the entire growing season. However, comparison of the

percent utilization of fertilizer N for the two harvests (Table 13, page

53 and Table L5, page 57) shows that utilization of urea-N did not
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íncrease from the time of the first to Ëhe time of the second harvest. It

appears that, after the time of the first harvest, the urea-N had become

unavailable to the p1ant. ComparÍ-son of Table 13 and Table 15 also

indicates the percent utilization of residue-N was slightly increased from

the tirne of the first to second harvest. Since neither the utilizaËion of

urea-N nor residue-N increased greatly after the tlme of the first

harvest, and since N uptake was continuous over the growing season, during

the period from seven weeks to L2 weeks afËer emergence, the only

avaílable source of N Èo the crop was the native soil N. These findings

are similar to those of the first lysirneter experiment.

Analysis of the grain and stravr couponents of the mature plant

(harvest 2) showed, for all treatments, approximately 308 of the urea or

residue N taken up by the crop was found in the stravr; the remaining 708

of the N from eicher of the two sources was found in che grain (Appendix

B).

The distribution of N orlginating from the rsN-labelled residue in the

soil profile after the second harvest is presented ín Figure 4. Sirnilar

to the figure for 1986 (Figure 2, page 43), although not as evident, the

zone of elevaued l5N conc"ntration occurred within the top two sanpling

depths (0-10 cn) for the sirnulated conventional tillage treatments while

for the simulated zeto tillage treatments the zorre of elevated l5N

concentration occurred within the first sampling depth (0-5 cm). This is

likely due to the fact that the r5N 1"b.11ed residue vras added to the top

3 and top 10 cm of soil for zero and conventional tillage creatments

respeetively. The concentration of N originating from the residue was

lowest at a depth of approximately 12 crn below the soil surface. After
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Figure 4. Distribution of lsN-1abel1ed residue-N within soil after second
harvest (7987)
a) 60 kg N ha-1 residue
b) 60 kg N ha-l residue + 50 kg N ha-l urea
c) 60 kg N ha-1 residue + 100 kg N ha-l uïea.
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thls point, the concentratlon f.ncreased gradually to a soil depth of 30 cn

and then stabilized to 42 crn. The figures show a very noticeable portion

of the N origlnating from the residue had moved down through the. soil

profile. Ihis N could be present ín organic or inorganic forms. Figure

4 also shows that the addition of urea along with the residue resulted in

a somewhat higher concentration of residue-N at depËh between 12 to 42 cm

from the soil surface than where residue was added alone. This effect of

f.ert.lLí-zer on residue-N concenÈration ín the soil at the end of the

growing season v¡as not evident in the 1986 field experiment where much

nore of the residue-N was utilized by the crop.

Growth chamtler exoeriment

The effects of fertilizer application on growth of the wheat crop were

first observed approximately one month after emergence. The growth of

wheat in pots receiving the 100 kg N ha-r uïea rate r,ras superior to the

growth in pots receiving either the O or 50 kg N ha-r urea race. The

growth of wheat plants in pots without urea-N addition vras inferior to

growth of all wheat plant in pots with urea-N addition. Throughout the

course of the study, no visible differences in growth were observed

between the crop in pots with different resídue treatments.

Dry matter yield and total plant N uptake are shown in Table 16. For

the growth chamber experiment, statistical signifícance vras determined

using the Duncan Multip1e Range Test at the 958 confídence level where

analysis of variance indicated the presence of signifÍcant differences.

Statistical analyses for the growth chamber experiment aTe shown ín

Appendix A, beginning on page 101. Over all residue treatments, the yield
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Table 16. The
yield and total

Trt.
No. e

effect of
N uptake

1
2

3

4
5

6

7
8

9

10
11
L2

13
t4
15

N applied
Fert. Residue

fertilizer and residue N

by wheat for the growth

-- kg N ha-l --

0
50^

10oo

0
50^

1000

0
50'

looo

0
50

100

0
50

100

0
0
0

Ls2
Ls2
L52

L66
L66
166

L63^
163^
16 3"

16 go

16go
16g*

Dry Matter Yield

---- 8 Pot-t ----

25.83 aT
31.95 bcde
34.57 cde

28.35 ab
31.56 bcd
32.69 cde

3L.20 bc
35.89 de
34.03 cde

30.88 bc
32.43 bcde
34.L4 cde

33.Lt+ cde
33.81 cde
36.16 e

addition on dry matter
chamber experimenÈ.

treatment nos. 4 to 6 and 10 to 12 wheat residue added
treaËment nos. 7 to 9 and 13 to 15 alfalfa residue added
values are significantly different at P(0.05 using the Duncan Multiple
Range Test when not followed by Èhe same letter
labelled with rsN

ToÈal N Uptake

-- ng pot-l --

L87
2s6
381

255
341-
445

272
389
sL7

273
397
44s

306
336
489

63



of wheat was significantly increased with the addition of urea. However,

the yields of wheat from pots ïeceíving the 50 or l-00 kg ha-r urea-N rates

were not significantly different. Over all fertilizer treatments,

significant differences rrere found betl¡een wheat yields from pots

receiving differenË residue treatments. Yields were significantly higher

where alfalfa residue was applied compared to trhere either wheat residue

or no residue was applied. However, there $Iere no significant differences

between ¡,¡heat yields of treatments with wheat resídue additlon or ¡,¡lthout

residue addítion. The wheat yield for treatment l- (no additional N added)

was significantly lower than yields for all the other treatments except

treatment 4. For the labelled wheat and labelled alfalfa treatments, the

addition of fertilizer did not significantly increase yield. Several

other statistically significant differences r,rere also observed, however,

the differences are diffícult to interpret because the rates of residue-N

addition for the residue treatments varied.

Over all residue treatments, total plant N uptake significantly

increased as the urea rate was increased frou 0 to 50 to 100 kg N ha-r.

Over all fertilizer treatments, the addition of residue significantly

increased total plant N uptake.

Table 17 shows the contribution of each rsN-labe1led source (urea or

residue) to the percent and :mount of N contained in the crop as well as

the percent of N frour each labelled source utilized by the crop. In all

the following tables, PNDFL was defined to be the percent of plant N

derived from the labelled source. However, in subsequenL discussion, if

the source of the label was urea it will be designated as PNDFF, and íf

the source of label was straw residue it wíll be designated as PNDFS.
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Table 17. Percent and âmount of nitrogen derived
fertilizer and residue and utilization of fertilizer
wheat for the grol¡th chamber experiment.

Trt.
No. e FerÈ.

N applied

2

3

5
6

I
9

10
1l_

L2

13
L4
15

-- kg

50'
1000

50'
1OO"

50^
1000

0
50

100

0
50

100

Residue

N ha-r --

0
0

L52
L52

L66
]-66

163^
1630
l-630

16 go

i-6 g*

16go

PNDFLT

-- I --

23 bt
39d

from rsN-1abe11ed

and residue N by

treatment nos. 5, 6, 10, 11, 12 wheat residue added
treatment nos. 8, 9, 13, L4, 15 alfalfa residue added
PNDFL - percent nitrogen derived from labelled source
NDFL - amount of nitrogen derived from label1ed source
ULS - utilization of labelled source
values are significantly different at P(0.05 using the Duncan Multiple
Range Test when not followed by the same letter
labelled with lsN

NDFLS

+

s

1t

t

13
28

L5
27

27
26
24

27
26
2¿+

-- mg pot-r--

57
L47

45
L26

5B
L40

74a
103 bc
109 bc

82a
88 ab

l-l-6 c

c

a
c

ULSlI

--- I ---

29
44

23
37

30
42

L4
20
2L

d

bc
c

16a
L7 ab
22c
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Sinílar abbreviations will be used for NDFL.

Over all residue treatments, PNDFF and NDFF slgnificantly Íncreased as

the rate of urea-N was increased frorn 50 to 100 kg ha-l (Appendix A).

Consequently, over all residue treatments, PNDFS was signifícanËly less

for the wheat crop receiving the 100 kg N ha-r urea rate (treatments 12 and

f5) than the value for the crop receiving the 50 kg N ha-r urea rate

(treatrnents 11 and 14) due to a dilutíon effect. Significant differences

vrere not observed for PNDFS values fron the wheat crop from pots recelvíng

treatments of 0 and 50 kg N ha-r urea. Increasing the urea-N rate affected

the actual ¡mount of N derived from the residue (NDFS) in an opposite way

to PNDFS. The NDFS values significantly increased as the urea rate was

increased from 0 to 50 to l-00 kg N ha-l urea. These results are similar

to those found in the field experiments and could likely be attributed to

the stimulated growth of wheat where higher rates of urea-N v¡ere added or

the possibility that the addition of urea promoted mineralízation of

resídue-N resulting in an increased uptake of the residue-N.

Over all fertilízer rates, PNDFF was lowered by the addition of

residue indieating the residue supplied considerable amounts of N to the

wheat. The NDFF also showed a negative response to residue addition,

however, the value v¡as only significantly lower when comparing the

unlabelled wheat residue treatments to the treatments receiving no residue

addition. This is in contrast to lysirneter experiment #1 (1986) where

there $¡as no effect of residue on the percent and amount of fertilizer N

found in the crop. There were no significant differences between the

sources of the residue added (ie: unlabelled r+heat or unlabelled alfalfa)

on PNDFF, however , NDFF values \,rere signif Ícantly greatet for the
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unlabelled alfalfa than the unlabelled wheat residue.

Statistical analyses (Appendíx A) indicated there were no significant

differences for PNDFS and NDFF amongst the treatments when considering the

interaction of straqr and fertilizer and looking at values for each

individual treatment. Significant differences among Èhe values for PNDFF

and NDFS were found. The PNDFF for treatments including the 50 kg N ha-1

rate (treatments 2, 5, and B) were significantly less than treaËments

including the 100 kg N ha-r rate (treatments 3, 6, and 9). The PNDFF

values for treatments receiving residue addition (treatments 5, 6, B, and

9) were significantly lower than for values for the treatmenËs receiving

the corresponding urea rate without residue (treatments 2 and 3). For the

labelled wheat residue, NDFS was significantly lower at the 0 kg N ha-l

rate than the other two fertílízer rates, while for the 1abelled alfalfa

residue, NDFS at the 100 kg N ha-r rate vras significantly higher than the

NDFS at the two lower urea-N rates.

Over all residue treatments, the percent utilization of urea-N was

significantly greater for the 100 kg N ha-l urea rate than the 50 kg N ha-l

urea rate. Over all fertiLízer treatments, the utilization of urea-N was

significantly lower r,rhere unlabelled wheaË residue was added than l¡here

unlabelled alfalfa or no residue were added. Table 17 shows the amount of

urea-N utilized by the croP !7as approximaXeLy 27\ for the 50 kg N ha-l rate

and 41t for the 100 kg N ha-r rate. These results are higher than those

found in the field, approximately 242 and 2LZ in the 1986 and L987

lysimeter experiments respectively. The higher values found in the growth

chamber experiment could be due to the absence of losses due to leaching

or because the roots of the crop vrere forced to explore the entire wolume
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of soíl in the pots or both.

Over all residue treaËments, the utilization of residue-N

significantly increased as urea rates vrere increased from 0 to 50 to 100

kg N ha-l. Over all fertilizer treatments, the utilization of residue-N

from the labelled alfalfa t'¡as not significantly different from the

labelled wheat. For the labelled wheat residue, the utilization of

residue-N was significantly lor¡er at the 0 kg N ha-l raËe than the other

t\,ùo fertilizer rates , while for the labelled alfalfa residue, Ëhe

utilization of residue-N aÈ the 1-00 kg N ha-r rate v¡as significantly higher

than the utílization of residue-N at the two lower urea-N rates. The data

indicate 
,approximately 

188 (30 kg N ha-l) of the residue-N had been taken

up by the crop. This compares with approximately lOE (15 kg N ha-1) fron

the wheat residue vrith a a:* ratio of L7 used in the first lysimeter

experiment applied at the same rate (5000 kg ha-l). In the growth chamber

experiment, the wheat crop derived an average of 26* of its total plant N

from the plant residue added.

The data suggest the availability of the residue-N was higher than in

the growth chanber than ín the field. Thís could probably be due to the

more fawourable soil moisture content maintained in the growth chamber,

the subsequent effect on the rate of decomposition of the residue, and the

liurited volume of soil ín the pots compared to the lysimecers.

Even under the conditions of this growth chamber experiment, Èhe

residue-N l¡ras approximately one-ha1f as efficient at prowiding N to the

crop as the urea-N.

Even though the C:N ratios and the N contents were símilar, L7 and 3*

respectively, total N uptake, NDFF, and utilization of urea-N vtere
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Table 18. Recovery of rsN

residues, after crop harvest

Trt
No. Fert. Residue

-- kg N ha-r --

25000
3 100* 0

N applied

5

6

8

9

10
11
L2

13
L4
15

from r5N-1"be11.d urea, and wheat and alfalfa
in the growth chamber experiment.

50^
10oo

50u
looo

0
50

100

0
50

100

Soil NT Soil N

L52
L52

L66
L66

r630
1630
1630

16 go

16go
l-6go

- ^ tç-- ,Recovery of "N from labelled source

rng pot-r

40
70

50
80

50
70

270
220
240

240
200
240

I total soil N analysis included NO3-N
labelled r^'ith rsN

- I recovery -

20
2L

26
24

26
2T

53
43
47

46
38
46

Ifheat plant N Total

29
44

23
37

30
42

L4
20
2I

L6
L7
22

49
65

49
6L

46
63

67
63
68

62
55
68

69



signlfícantly lower wíth the addition of unlabelled wheat than rtrfth the

addition of unlabelled alfalfa residue. This suggests that perhaps other

factors such as the composition of the residues (i.e.lignin and

carbohydrate content) nay have played a role ín the availability and

utilization of the residue-N (Hernan et al., L977; Wagger er al., 1985).

The recovery of lsN fron the rsN-labelled urea or residues added is

shown in Table l-8. For pots receiving both urea and residue addition

(Ëreatments 5 to 9), about 244 of the urea-N was recovered ín the soil

organic N plus NO3-N fraction of the soi1. This value is somewhat lower

in the absence of residue (treatments 2 and 3) where nearly 218 of the

urea-N lras recovered. For pots receiving residue-N addition (treatments

10 to 15), approximately 458 of the residue-N was found to remain in the

organic N plus NO3-N fraction of the soil. The total recovery of rsN from

che 15N-labelled urea as measured by adding the amount of 15N found as soil

organic tsN, I5NO3-N, and planE l5N was 488 at the 50 kg N ha-r urea raËe

and 63t at the 100 kg N ha-l urea rate. In contrast, other data from

growth chamber experiments conducted using Manitoba soils and combinations

of fertilizer and residue as N sources have shown total recoveries of

fertilizer N to range from 85t to 958 (Tomar, 1981; Grenier, L992).

Although plant recovery of fertilizer N in all experiments vrere símílar,

soil N recovery of fertilizer N found by the earlier authors exceeded

those found in thís growth chamber experiment.

The total recovery of residue-N was 668 for the labelled wheat and 62t

for the labelled alfalfa. Apparently, significant portíons of both

residue-N and urea-N rrere lost, possibly through the processes of

volatilization and denitrification.
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Field studies undertaken to determine the availability of N frout

plant residues added to a soíl to a wheat crop indicated that a relatively

small amount of residue-N was utilized by the crop. The amount of

residue-N taken up by the crop largely depended on the C:N ratio or N

content of the residue added. In the l-986 field experiment, the r.r¡heat

crop used approximately 10s of che N added in the resídue. This residue,

applied at 5000 kg ha-l, contained approximately 3g N and had a C:N ratio

of 18. In uhe 1987 field experiment, the wheat crop utilized only 1.78 of

the residue-N added. This residue was applied at the same rate as that in

1-986 but contained 1.2s N and had a C:N ratio of 4L. In Ëhe same field

experiments, Ëhe average utilization by the wheat crops of urea applied at

rates of 50 and 1OO kg N ha-r $ras 244 and 21-Z in L986 and L987

respectively.

The field studies demonstrated only a very minor number of

differences between results for the dífferent tillage treatments. These

differences could probably be aÈÈributed to differences in soíl moisture

content and the methods used to incorporate the residue in the soil.

Distribution of spring applied urea-N \,rithin the soil at the end of

the first growing season showed N originaùing from the urea-N was found

nainly within the top 27 em of the soil surface and could possibly have

been influenced by resídue addition. In L986, the distribution of

residue-N within the soil at the end of the first growing season showed N

originating from the residue was found rnainly withÍn the top 12 cm of the

soil surface and was influenced by the tillage Èreatments and assoeiated

zone of residue application. By the end of the first growing season some

7L
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residue-N had becone distributed down through the soíl profile. In L987,

the distribution of residue-N within the soil at the end of the first

growing season showed results similar to 1986 but also indicated the

addition of urea along with the residue resulted in a somewhat higher

concentration of residue-N at depÈh between L2 to 42 cm from the soÍl

surface than where resídue was added alone. At the end of the first

growing season in both 1986 and L987, the concentration of residue-N

rernaining in the soil was considerably higher than that of the urea-N

remaining in the soil at the end of the first growing season 1986.

The 1987 field study undertaken to determine the utilizatíon of

residual urea and residue N by a wheat crop found the utilization of N

frorn the N sources applied the previous spring \¡/as very small,

approximately 3S and 18 for the residue and urea N respectively. However,

the amount of N provided to Èhe wheat crop by the residual residue-N was

six times Èhat of the resídual urea-N. The distribution of residual

residue-N within the soil at the end of the second growing season showed

the concentration of residue-N was becoming uniform Ëhroughout the top 30

cm of the soil profile. The concenÈration of this residue-N had not

greatly decreased from that found at the end of the first growing season

and seems co suggest that some portion of residue-N was continually beíng

recycled \'üithin the microbial system or had become somewhat stabilized in

the soil or both.

Results from the growth chamber experiment were consi.stently higher

than those found for the 1986 field experiment ernploying residue of

similar C:N ratio and N content. In the growth chamber, utí1-ization of

the residues added T¡ras approxímately 18? while utilization of urea-N was
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274 and 418 for the 50 kg N ha-I and 100 kg N ha-t urea rate treatments

respectively. The higher values could probably be attributed to the nore

favourable soil moisture content found in the growth chamber. After

harvest, approximately 388 of the residue-N (235 ng pot-r) and 238 of the

urea-N (45 to 75 mg pot-l) remained in the soil. For the 50 and 100 kg N

ha-r urea raxe treatmenÈs, 522 and 37& of the N respectively was not

recovered in either the soil or wheat crop, for the residue-N

approximately 36t was not recovered.
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APPENDIX A

The statistical analyses for the observations of the lysineter and
orawflr nlramlrer avnorímanÈc ñrêeêñf o¡l ín fha Þoo"1 r-c an¿l ní ê^rrêêí nn aaari nn

are reported in this appendix.
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Table 41. Effect of til1age, residue, and fertilizer treatment on dry
matËer yield of wheat.
Source
Model
Error
Corrected Total

Source
Residue
Fert

Analysis of Variance Procedures
Lyslneter Experinent #1 (l-986) - Harvest 1

Test of hypothesis using
Source
Tillage

DF
2I
32
53

Duncan Multiple Range
Factor: Fert

SS

s30.40
140.0s
670.4s

ANOVA SS

10. 90
325.28

ANOVA MS Block
ANOVA SS

5.99

Fert
100

50
0

DF
2

2

the
DF

1

MS

2s.26
4. 38

F-value
r.25

37 .L6

x Tillage as
F-value

0. 20

matter yield

Mean
14.6LT
L3.L62
8.833

Table 42. Effect of Ëillage, residue, and fertilizer treatment on toËal
N upCake of wheat.

Test for variable dry
DMRTP=. s5 : I.492

Grouping
a
b
c

Source
Model
Error
Correeted Total

Source
Residue
Fert

Test of hlrpothesis
Source
Tillage

F-value
5.77

Pr>F
.3014
.0001

an error
Pr)F

.7011

Pr)F
.0001

DF
2L
32
53

DF
2

2

using the
DF

1

Duncan Multiple Range Test for variable total N uptake
Factor: Residue Factor: Fert
DMRTp=.os : 30.02 DMRTp=.s5 : 30.02

SS I4S

266224.93 L2677.38
s6686.3s L771.45

3229LL.28

ANOVA SS F-value
20895.99 s.90

L88L65.26 53.11

ANOVA MS Block x Tillage as
ANOVA SS F-value
7041,.92 0 .07

term

Resídue
I.A,

UL
NO

Mean
257 .40
243.4I
2LO.t+7

Groupine
a
a
b

F-wa1ue
7 .L6

Pr>F
.0066
.0001

an error
Pr)F

. 8189

Pr)F
.0001

Fert Mean
100 297.27
s0 257 .L2
0 1s6.89
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Table 43. EffecÈ of tillage, residue, and fertilizer treatment on the
percent of wheat plant N derived from the urea (PNDFF).

Source
Model
Error
Corrected Total

Souree
Residue
Fert

Test of hlrpothesis using the ANOVA MS Block x
Source DF ANOVA SS

Tillage 1 21.51

Duncan Multiple Range Test for variable PNDFF
Factor: Fert DMRTp=.os : 1.848

Fert Mean Grouping
100 39.566 a
s0 22.397 b
0 0.000 c

DF
2L
32
53

DF
2

2

SS

14330. 90
2r4.83

It+545.73

ANOVA SS

L.42
L4L70.89

MS

682.42
6.7L

F-value
0. 1l

10ss .41_

Tillage as
F-va1ue

0.86

Table A'4. Effeet of
amount of wheat plant
Source
Model
Error
Corrected Total

Source
Residue
Fert

F-walue
101.6s

Pr)F
.9000
.0001-

an error term
Pr)F

.4522

Pr)F
.0001

tillage, residue, and fercilizer treatment on the
N (mg pot-r) derived from the urea (NDFF).

Test of hypothesis using the ANOVA MS Block x
Source DF ANOVA SS

Tillage 1 350.98

Duncan Multiple Range Test for variable NDFF
Factor: Fert DMRT'=. os : 7 .1-sL

DF SS

2L 12L709.54
32 32L5.52
s3 L24925.06

DF ANOVA SS

2 15.92
2 LL8947.98

Fert
l-00

50
0

Mean
114. 909
54.406
0.000

MS

s795.69
100.48

F-value
0.08

59t.87

Tillage as
F-value

0. s3

Grouping

b
c

F-va1ue
57 .68

Pr)F
.9240
.0001-

an error term
Pr)F

.5439

Pr)F
.0001
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Table 45. Effect of
plant N deríved frorn

Source
Model
Error
Corrected Total

Source
Fert

Test of hypothesis using the ANOVA MS Block x Tillage as
Source DF ANOVA SS F-value
Tillage 1 124.82 752.3L

Duncan Multiple Range Test for variable PNDFS
Factor: Tillage Factor: Fert
DMRTp=.os:0.477 DMRTp=.os:1.098

Tíllage Mean Grouping Fert Mean
Conv 15.059 a 0 16.437
Zexo 12.018 b 50 L2.329

100 LL.849

tíllage and fertiLizer treatment on the percent of
the residue (PNDFS)

DF
2T
32
53

SS

sszL.62
7s.80

5591.42

DF ANOVA SS F-value
2 228.9L 48.32

MS

262.93
2.36

Table 46. Effect
wheat plant N (rng

Source
Model
Error
Corrected Total

Source
Fert

F-walue Pr)F
111-.00 .000L

Pr)F
.0001

an error term
Pr)F

.001-3

of tillage and fertilizer treatment on
pot-l) derived from the urea (NDFS).

Test of h¡¡pothesis using the ANOVA MS Block x
Source DF ANOVA SS
Tillage L 275.00

Duncan Multiple Range Test for variable NDFS
Factor: Fert DMRTp=.os: 4.523

Fert Mean Grouping
100 35.876 a
50 34.249 a
o 29.839 b

DF
2L
32
53

SS

31s63 . 58
L286.72

328s0. 30

ANOVA SS

3s1. 21

Grouping
d

b
b

DF
2

MS

1503 . 03
40.2L

F-value
4.37

Tillage as
F-value

2.23

the amount of

F-va1ue
37.38

Pr)F
.021-0

an error term
Pr)F

.2738

Pr)F
.0001
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Table 47. Effect of
percent uÈilization of
Source DF SS MS F-value Pr)F
Model 2L 6402 .7 5 304 . 89 48 . 09 .0001
Error 32 202.89 6.34
Corrected Total 53 6605.64

Source DF ANOVA SS F-value Pr>F
Residue 2 4.98 0.39 .6782
Fert 2 6222.8L 490.73 .0001_

Test of hypothesis usíng the ANOVA MS Block x Tillage as an error term
Source DF ANOVA SS F-value Pr)F
Tillage 1 19 .00 0. 39 .5972

Duncan Multiple Range Test for variable percent utilization of urea-N
Factor: Fert DMRT'=. s5 : L.796

Fert Mean Grouping
100 23.594 a
s0 21.8s0 b
0 0.000 c

ti11age, resídue, and fertilizer treatment on the
urea-N by wheaË

Table 48. Effect of tillage and fertilízer treatment on the percent
utilizaÈion of residue-N by wheat
Source DF SS MS F-value Pr)F
Model 21 562.67 26.79 37 .30 .0001
Error 32 22.98 0.7I
Corrected Total 53 585.65

Source DF ANOVA SS F-value Pr>F
Fert 2 6.26 4.36 .02L2

Test of hypothesis using the ANOVA MS Block x Tillage as an error term
Source DF ANOVA SS F-value Pr)F
Tíllage L 4.9I 2.23 .2740

Duncan Multiple Range Test for variable percent utilization of residue-N
Factor: Fert DMRTp=.os : 0.605

Fert Mean
100 4.79I
s0 4.57L
o 3.984

Grouping
a
a

b
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Table 49. Effect of tillage, residue, and fettí-lizer treatment on dry
matter yield of wheat.
Source
Model
Error
Corrected Total

Source
Residue
Fert

Analysls of Varíance Procedures
LysimeÈer Experiment #1, (1986) - Harvest 2

Test of hypothesis using
Source
Tillage

DF
2L
32
53

Duncan Multiple Range Test for variable dry matter yield
Factor: Residue FaeËor: Fert
DMRTp=. s5 : 2.794 DMRTp=. s5 : 2.794

SS

2983.L3
490. 90

3474.03

Residue

DF
2

2

the
DF

1

I.A
UL
NO

ANOVA SS F-value Pr)F
47 6 .8L t_s . s4 . 0001

L78t.79 s8.07 .0001

ANOVA MS Block x Tillage as an error
ANOVA SS F-value Pr)F

L3.78 0.19 .7044

Mean
37.64L
35 . 938
30.661-

Table 410. Effect of tillage, residue, and fertilizer treatment on total
N uptake of wheat.

MS

L42.Os
1s.34

Source
Model
Error
Corrected Total

Source
Residue
Fert

Grouping
4

4

b

F-value
9.26

Pr)F
.0001

Test of hypothesis using
Source
Tillage

Fert Mean
100 40.822
s0 36.379
0 27 .O3B

DF
2L
32
53

Duncan Multiple Range Test for variable total N uptake
Factor: Residue Factor: Fert
DMRTP=.o5 : 40.80 DMRTP=.o5 : 40.90

SS MS

623265.06 29679 .29
L04662.L5 3270.69
727927.2L

ANOVA SS F-value
89010.04 13.61

385704.48 58.96

ANOVA MS Block x Tillage as
ANOVA SS F-value
2103.13 0.1s

term

Straw Mean Groupíne
LA 545.28 a
UL 525.89 a
NO 4s1.l-1 b

DF
2

2

the
DF

1

Grouping
a
b
c

F-value
9 .07

Pr)F
.0001
.0001

an error term
Pr>F

.7383

Pr)F
.0001

Fert Mean
100 596.89
50 s3t".33
o 394.06
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Table All. Effect of tíllage, resídue, and ferxiLizer treatment on the
percent of wheat plant N derived from the urea (PNDFF).

Source
Model
Error
Corrected Total

Source
Residue
Fert

Test of hypothesis using the
Source DF
Tillage 1

DF
2L
32
53

DF
2

2

Duncan Multiple Range
FacËor: Fert

SS

4430.43
1"16.93

4547 .36

ANOVA SS

o.2r
4353.86

ANOVA MS Block x
ANOVA SS

0.23

Fert
100

50
0

Mean
2r.993
LL.24L
0.000

MS

2L0.97
3.6s

F-value
0.03

s95.74

Tillage as
F-va1ue

0.04

Test for variable PNDFF
Dl'tRTp=. s5 : L.364

Grouping
a
b
c

Table 412. Effect of
amount of wheat plant
Source
Model
Error
Corrected Total

Source
Residue
Fert

F-va1ue
57 .73

Pr>F
.97L7
.0001

an error term
Pr)F

.8s7 6

Pr)F
.0001_

tillage, residue, and fertilizer treaument on the
t{ (rng pot-r) derived from the urea (NDFF) .

Test of hypothesis using the ANOVA MS Block
Source DF ANOVA SS

Tillage L 36.56

DF
2I
32
53

Duncan Multiple Range
Factor: FerÈ

Fert
100

50
0

SS

158419.88
2088.07

L60507 .95

ANOVA SS

113.38
157000.02

DF
2

2

Mean
r3L.492

54.99L
0.000

MS

7543.80
65.25

Test for variable NDFF
DMRTp=.s5:5.762

Grouping
a
b
c

F-va1ue
0.87

1203.02

x Tillage as an
F-value

0.74

F-value Pr)F
lls.61 .0001

Pr)F
.429L
.0001

error term
Pr)F

.48L6
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Table AL3. Effect of tillage and
plant N derived from the residue
Source
Model
Error
Corrected Total

Source
Fert

Test of hlrpothesis using the ANOVA MS Block
Source DF ANOVA SS

Tillage L LL.74

Duncan Multiple Range Test for variable PNDFS
Factor: Fert Dl'IRTp=. s5 : 1- . 359

DF
2L
32
53

DF
2

ferXiLizer treatment
(PNDFS)

Fert
0

50
100

SS

2585.28
116 . 13

270L.4L

ANOVA SS

81.0s

Mean
LT.L47
8.677
8.436

MS

L23.LL
3.63

Table 414. Effect of tillage and fertilizer treatmenÈ on the amount of
wheat plant tl (rng pot-l) deríved from rhe residue (NDFS).

on the percent of

Source
Model
Error
Corrected Total

Source
Fert

Test of hypothesis
Source
Tillage

F-value
LT.L7

x Tillage as an
F-value

1. ls

Grouping
a
b
c

F-value Pr>F
33.92 .0001

Pr)F
.0002

error term
Pr)F

.39s4

DF
2T
32
53

DF
2

using the
DF

1

SS

68720.79
30L3.25

7l-73¿+.04

ANOVA SS

339.18

ANOVA MS Block
ANOVA SS

MS

3212.t+2
94.L6

F-value
1. 80

x Tillage as
F-value

6.6r336 .00

F-value Pr)F
34.75 .0001_

Pr)F
.1815

an error term
Pr)F

.L239
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Table 415. Effect of
percent utilization of
Source DF SS MS F-value Pr)F
Model 2L 7559 .85 359 .99 7¿+.L8 .0001
Error 32 155.30 4.85
correcred Toral 53 7715.L5

Source DF ANOVA SS F-value Pr)F
Residue 2 5.48 0.56 .5744
Fert 2 7445.4L 767 .OB .0001_

Test of hypothesis using the ANOVA MS Block x Tillage as an error tern
Source DF ANOVA SS F-value Pr)F
Tillage 1 5.18 0.57 .5275

Duncan Multiple Range Test for variable percent utilization of urea-N
Factor: Fert DMRT'=. os : L.57I

tillage, residue, and ferxíIizer treatment on the
urea-N by wheaÈ

Fert
100

50
0

Mean
27 .O0I
22.084
0.000

Table 416. Effect of tillage and fertilizer treatment on the percent
utilization of residue-N by wheat

Source
Model
Error
Corrected Total

Source
Fert

Grouping
a
b
c

Test of hypothesis usíng
Source
Tillage

DF
2L LL2,.LO
32 s3.82
s3 L278.92

DF ANOVA SS

2 6.05

the ANOVA MS Block x
DF ANOVA SS

1 6.00

SS MS

s8.34
1.68

F-va1ue
1. 80

Tillage
F-value

6.54

F-value
34.69

Pr)F
. 1819

as an error term
Pr)F

.L249

Pr)F
.0001
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Analysis of Varlance Procedures
LysineÈer ExperimenË #1 (1987)

Table 417. Effect of tillage, residue, and fertilizer
matter yield of wheat.
Source
Model
Error
Corrected Total

Source
Residue
Fert

Test of hypothesis using Ëhe ANOVA MS Bloek
Source DF ANOVA SS

Tillage 1 L10.37

DF
2L
32
53

Duncan Multiple Range
Factor: Fert

Fert
50

0
100

SS

L340.82
L367.40
2708.22

ANOVA SS

222.83
41L.97

DF
2

2

Mean
29.4r4
23.857
23.294

MS

63.8s
¿+2.13

Test for variable dry
DMRTP=.os:4.663

Grouping
a
b
b

Table 418. EffecË of tillage, residue, and fertilizer Èreatment on total
N uptake of wheat.

treatment on dry

Source
Model
Error
Corrected Total

Source
Residue
Fert

F-value
2.6L
4.82

x Tillage as an
F-va1ue

r.4s

matter yield

F-value Pr)F
L -49 .1492

Pr)F
.0893
.0148

error ferm
Pr>F

.35L7

Test of hlrpothesis using the ANOVA MS Block x
Source DF ANOVA SS

Tíllage L 21760.30

DF
2L
32
53

Duncan Multiple Range
Factor: Fert

Fert
50

0
100

SS

335183 . 33
344602.37
679785 -70

DF ANOVA SS

2 34287.26
2 99342.37

Mean
t+22.44
335.22
328.LI

MS

ls961.11
LO7 68 .82

Test for variable total
DMRTp=. s5 : 7 4 .O27

Grouping
a
b
b

F-value
1. s9
4 .6L

Tillage as an
F-value

0.89

N uptake

F-value Pr)F
1.48 . 1540

Pr>F
.2L92
.0L74

error Lerm
Pr)F

.4448
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Table 419. Effect of tillage, residue, and fertilizer treatment on the
percent of wheat plant N derived fron the urea (PNDFF).

Source
Model
Error
Corrected Total

Source
Residue
Fert

Test of hypothesis using the
Source DF
Tillage 1

DF
2L
32
53

DF
2

2

Duncan Multiple Range
Factor: Fert

Fert Mean

SS

30.62
1.09

3L.7L

ANOVA SS

0.03
29.93

ANOVA MS Block x
ANOVA SS

0.01

100
50

0

MS

L.46
0.03

F-va1ue
0.4s

438.68

Tillage as
F-value

0.02

T.82L
0.992
0.000

TesÈ for variable PNDFF
DMRTp=.os : .132

Grouping
a
b
c

Table 420. Effect of
arnount of wheat plant
Source
Model
Error
Corrected Total

Source
Residue
Fert

F-value
42.74

Pr)F
.64L9
.0001

an error term
Pr)F

.907L

Pr>F
.0001

tillage, residue, and fertilizer treatment on the
N (mC pot-r) derived from the urea (NDFF).

Test of hypothesis using the ANOVA MS Block
Source DF ANOVA SS

Tillage L 0.4/+

DF SS

2L 393.54
32 111.70
53 s05.24

DF ANOVA SS

2 L.L6
2 3l_s.93

Duncan Multiple Range
Factor: Fert

Fert
100

50
0

MS

L8.74
3.49

F-value
0.L7

45.25

x Tillage as
F-value

0.09

Mean
5.654
4.356
0.000

Test for variable NDFF
DMRTp=.s5 : 1.333

Grouping
a
b
c

F-value Pr)F
5 .37 .0001

Pr)F
.8475
.0001

an error term
Pr)F

.7976

90



Table 421. Effect of
plant N derived from
Source
Model
Error
Corrected Total

Source
Fert

Test of hypothesis usíng the ANOVA MS Block x
Source DF ANOVA SS

Tillage l- 0. 01

Duncan Multip1e Range TesÈ for variable PNDFS
Factor: Fert DMRTp=.s5 : 0.444

Fert Mean Grouping
100 4.670 a

0 t+.246 b
50 3.888 b

tillage and
Ehe residue

DF
2L
32
53

DF
2

fertilizer treatment
(PNDFS)

SS

sIz.87
L2.43

525.30

ANOVA SS

5.52

TabLe A22. Effect of tillage and fertílizer treatmenÈ on the amount of
wheat plant n (mg pot-r) derived from the residue (NDFS).

MS

24.42
0.39

on the percent of

Source
Model
Error
Corrected Total

Source
Fert

F-value
7.LT

Tillage as an
F-value

o.02

F-value Pr)F
62.88 .0001

Test of hypothesis using the ANOVA MS Block
Source DF ANOVA SS

Tillage 1 68.59

Pr>F
.0028

error term
Pr)F

. 9066

Duncan Multiple Range
Factor: Tillage

DF
2T
32
53

Tillage
Zero
Conv

SS

7723.68
4L2.68

8136.36

ANOVA SS

6.23
DF

2

Mean
L7.743
L5.489

MS

367 .79
L2.90

F-va1ue
0.24

x Tillage as
F-value

30. 13

Test for varíable NDFS
DtlRTp=. os : I.767

Grouping
a
b

F-va1ue
28.s2

Pr)F
.7 867

an error
Pr)F

.0316

Pr)F
.0001

term
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Table 423. Effect of
percent utilization of
Source DF SS MS F-value Pr)F
Model 2L 35 .25 1. 68 4.73 .0001
Error 32 i-1. 36 0. 36
Corrected Total 53 46.6L

Source DF ANOVA SS F-value Pr>F
Fert 2 28.57 40.24 .0001_

Test of hlrpothesis using the ANOVA MS Block x Tillage as an error term
Source DF ANOVA SS F-value Pr)F
Tillage 1 0.01 0.01 .9518

Duncan Multiple Range TesË for variable percent uÈilization of urea-N
Factor: Fert DMRTp=.s5 : 0.425

Fert Mean Grouping
50 L.75L a

100 1.163 b
0 0.000 c

tillage, residue, and ferLí-Lí-zer treatment on the
urea-N by wheat

Table 424. Effect of tillage and ferxllízer treatment on the percent
utilization of residue-N by wheat
Source DF SS MS F-value Pr)F
Model 21 L37 .76 6 .56 28 .35 .0001-
Error 32 7 .40 0.23
Corrected Total 53 L45.L6

Source DF ANOVA SS F-value Pr)F
Fert 2 0.LL 0.25 .783L

TesÈ of hypothesis using the ANOVA MS Block x Tillage as an error term
Source DF ANOVA SS F-value Pr)F
Tillage L L.22 29 .92 .031-8

Duncan Multiple Range Test for variable percent utílization of residue-N
Factor: Tillage DMRTp=.os : 0.236

Tillage Mean Grouping
Zero 2.370 a
Conv 2.069 b
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Table 425. Effect of tillage, resídue, and ferËilizer treatnenr on rlrv
matter yield of wheat.
Source
Model
Error
Corrected Total

Source
Residue
Fert

Analysls of Variance Procedures
Lyslmeter ExperinenÈ #2 (1987) - Harvesr I

Test of hypothesis using the ANOVA MS Block
Source DF ANOVA SS

Tillage L 42.67

DF
2I
32
s3

DF
2
2

Duncan Multiple Range
Factor: Fert

Fert
100

50
0

SS

926.82
L98.45

LLzs.27

ANOVA SS

6.37
74r.82

Table 426. Effect of tillage, residue, and fertilizer treatment on total
N uptake of wheat.

MS

44.L3
6.20

F-value
0. 51

s9.81

x Tillage as
F-value

4.77

matter yield

Mean
L8.462
14.663
9.422

Test for variable dry
DMRTP=. os : I.776

Grouping
a
b
c

Souree
Model
Error
Corrected Total

Source
Residue
Fert

F-va1ue
7 .L2

Test of hypothesis using the ANOVA MS Block x
Source DF ANOVA SS

Îillage 1 1057.80

Pr>F
.6032
.0001-

an error
Pr)F

.]-607

Pr)F
.0001

DF
2L
32
53

Duncan Multiple Range
Factor: Fert

Fert

SS

347206.83
s7030. 15

404236.98

ANOVA SS

57L3.8L
294623.8L

l_00
50

0

DF
2
2

term

Mean
328.56
23L.72
I47.78

MS

L6533 .66
L7 82 .r9

F-value
1. 60

82 .66

Tillage as
F-value

2.3s

N uptakeTest for variable total
DMRTp=.s5 : 30.11

Grouping
4

b
c

F-va1ue
9.28

Pr)F
.2]-70
.0001

an error
Pr)F

.2647

Pr)F
.0001
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Table A27. Effect of tillage, residue, and fertilizer treatmenË on the
percent of wheat plant N derived from the urea (PNDFF).

Source
l{odel
Error
Corrected Total

Source
Residue
Fert

Test of h¡rpothesis
Source
Tillage

DF
2T
32
53

Duncan Multiple Range Test for variable PNDFF
Factor: Fert DMRTp=.s5 : 2.408

Fert
100

50
0

SS

L2726.s5
364 .67

L309r.22

ANOVA SS

0.4s
L2646.54

DF
2

2

using the ANOVA MS Block x
DF ANOVA SS

1 11.66

Mean
37 .169
22.792
0.000

MS

606 .03
11.40

F-va1ue
0.02

554.87

Tillage as
F-value

L.82

Table 428. Effect of
amount of wheat planc
Source
Model
Error
Corrected Total

Source
Residue
Fert

Grouping
a
b
c

F-value
s3 .18

Pr>F
.980s
.0001

an error ferm
Pr)F

. 3093

Pr)F
.0001

tillage, residue, and fertilizer treatment on the
N (ng poÈ-l) derived from the urea (NDFF).

Test of hypothesis using the ANOVA MS Block x
Souree DF ANOVA SS

Tillage I 35.67

Duncan Multiple Range Test for variable NDFF
Factor: Fert DMRTp=.s5 : 11.960

DF
2L
32
53

Fert
100

50
0

SS

L59875.29
8994.73

L6BB70.02

ANOVA SS

588.13
155610. 85

DF
2
2

Mean
1-30. s64

51.782
0. 000

MS

76L3.LT
281 .08

F-value
1 .0s

27 6 .80

Tillage as
F-value

1.51

Groupins
a
b
c

F-value
27.08

Pr)F
.3630
.0001

an error term
Pr>F

.344t+

Pr)F
,0001
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Table 429. Effect of tillage and
planË N derived from the residue
Source
Model
Error
Corrected Total

Source
Fert

Test of hlryothesis
Source
Tillage

Duncan MulËiple Range Test for variable PNDFS
Factor: Tillage
DMRTp=.os : 0.823

DF
2I
32
53

DF
2

fertilizer treatment
(PNDFS)

Tillage
Zero
Conv

SS

1-05 .46
6.18

111.64

ANOVA SS

1.00

usíng the ANOVA MS Block x
DF ANOVA SS

L 25.79

Mean
2.2L3
0. 830

MS

s.02
0. 19

F-value
2.60

Tillage as
F-value

57 .64

Table 430. Effect of cillage and ferxLlizer treatment on the amount of
wheat plant N (rng pot-l) derived from the urea (NDFS).

on the percent of

Grouping
4

b

Source
Model
Error
Corrected Total

Source
Fert

F-value Pr)F
26 .02 .0001

Pr)F
.0900

an eTror term
Pr)F

.0188

Test of hypothesis using the ANOVA MS Block x Tillage as
Source DF ANOVA SS F-value
Tillage 1 83.38 30.78

Duncan Multiple Range Tesc for variable NDFS
Factor: Tillage Factor: Fert
D¡ÍRTp=.os: L.927 DMRTP=.}5:0.725

DF
21
32
53

DF

Tillage
Zero
Conw

SS

49s.93
33 .06

s28.99

ANOVA SS

2 48.54

Mean
4.306
I.875

MS

23.6r
1.03

F-wa1ue

Grouping
a
b

F-value Pr)F
22.86 .0001

23.49
Pr>F

.0001

an error term
Pr>F

.0310

Fert Mean
100 4.L32
s0 3.369
0 1.8s1
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a
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c



Table 431. Effect of
percent utilization of
Source
Model
Error
Corrected Total

Source
Residue
Fert

Test of hlrpothesis using the ANOVA MS Block x Tillage as an
Source DF ANOVA SS F-value
Tillage 1 0.83 0.22

Duncan Multiple Range Test for variable percent utilization
Factor: Fert DMRTp=.s5: 2.825

Fert Mean Grouping
100 25.462 a
s0 2L.049 b
0 0.000 c

til1age, residue, and fertilizer treatment on the
urea-N by wheat

DF
2L
32
53

DF

SS

6826.34
sOL.97

7328.3L

ANOVA SS

2 6.22
2 6665.26

MS

325.06
15.69

F-value
0. 20

2L2.45

Table 432. Effect of tillage and fertilízer treatment on the percent
utilization of residue-N by wheat

Source
Model
Error
Corrected Total

Source
Fert

F-value Pr)F
20 .72 .0001

Pr)F
,82LL
.0001

error term
Pr)F

.6877

of urea-N

Test of hypothesis using the ANOVA MS Block x Tillage as an
Source DF ANOVA SS F-value
Tillage I 9.93 30.77

Duncan Multiple Range Test for variable percent utilization
FacÈor: Tillage Factor: FerÈ
DIfRTP=.os : 0.665 DMRTP=.05 : 0.250

DF
2T
32
53

Tillage Mean
Zero 1-. 504
Conv I.347

DF ANOVA SS

2 5.77

SS

59.03
3.94

62.97

MS

2.8r
o.L2

F-va1ue
23 . t+6

Grouping
a
b

F-value Pr)F
22.8s .0001

Pr)F
.0001

Fert
100

50
0

error term
Pr)F

.0310

of resídue-N

96

Mean Grouping
L.426 a
r.162 b
0.639 c



Table 433. Effect of tillage, residue, and fertilizer treatment on dry
matËer yield of wheat.
Source
Model
Error
Corrected Total

Source
Residue
Fert

Analysfs of Varfance Procedures
Lysfmeter Experimenx #2 (L987) - Harvest 2

Test of hypothesis using the ANOVA MS Block
Source DF ANOVA SS
Tillage 1 105.09

DF SS

2L 2186.56
32 692.65
s3 2879 .22

DF ANOVA SS

2 138.73
2 L770.73

Duncan Multiple Range
Factor: Fert

Fert
100

50
0

Table 434. Effect of ti11age, residue, and fertiLÍ-zer treatment on total
N uptake of wheat.

MS

L04.L2
2L.64

F-value
3.20

/+0. 90

x Tillage as
F-value
15.50

matÈer yield

Mean
30.947
23.9L9
L6.92L

Test for variable dry
D¡ÍRTP=.os : 3.319

Groupins
d

b
c

Source
Model
Error
CorrecÈed Total

Source
Residue
Fert

F-walue
4. 81

Test of hypothesis using the ANOVA MS Block x Tillage as
Source DF ANOVA SS F-value
Tillage 1 19570.07 29.90

Pr)F
.0s39
.0001

an erroT
Pr)F

.0589

Pr)F
.0001

DF SS MS

21 46653s.92 222L5.99
32 1s0991 .41 47L8 .48
s3 6L7527.33

DF ANOVA SS F-value
2 27386.LI 2.90
2 383982.LL 40.69

Duncan Multiple Range
Factor: Tillage
DlfRTp=. s5 : 29 .96L

Tillage Mean
Zero 363.815
Conv 325.74L

term

Test for variable total N uptake
Factor: Fert
DI'tRTp=. os : 49 . 00

Grouping
a
b

F-value
4.7L

PrlF
.069s
.0001

an error
Pr)F

.0319

Pr)F
,0001

Fert
100

50
0

Mean
449.94
340.89
243.s0

97

term

Groupins
d

b
c



Table 435. Effect of tillage, residue, and fertilizer treatment on the
percent of wheat plant N derived fron the urea (PNDFF).

Source
i{ode1
Error
Corrected Total

Source
Residue
Fert

Test of hlrpothesis using the ANOVA MS Block x Tillage as
Source DF ANOVA SS F-value
Tillage L 20.40 44.06

Duncan Multiple Range Test for variable PNDFF
Factor: Tillage Factor: Fert
DlfRTp=. os : 0.797 DlfRTp=. os : L.L24

Tillage Mean Grouping Fert Mean
Conv L3.283 a 100 24.298
Zero I2.O54 b 50 13 .7O7

0 0.000

DF
2L
32
53

DF
2

2

SS

5428.35
79.s0

s507 . 8s

ANOVA SS

6.54
5342.79

MS

258.49
2.48

F-value
L.32

L075.23

Table 436. Effect of
amount of wheat plant
Source
Model
Error
Corrected Total

Source
Residue
Fert

F-value
104.04

Pr>F
.2822
.0001

an error
Pr)F

.0220

Pr)F
.0001

ti11age, residue, and fertilizer treatment on the
N (ng poÈ-r) derived from the urea (NDFF).

Test of hypothesis using the ANOVA MS Block x
Source DF ANOVA SS

Tillage 1 185.63

DF
2L
32
53

Duncan Multiple
Factor: Residue
DMRTp=. s5 : 9.4L2

Resídue Mean
NO 58.947
UL 1+9.028

term

SS

LL4478.37
5s70.32

]-20048.69

ANOVA SS

1180. 61
110883. s3

DF
2

2

Grouping
a
b
c

Range Test for variable NDFF
Factor: Fert
DMRTp=. 05 : 9.412

MS F-value Pr)F
5451.3s 3L.32 .0001

L7t+.07

Grouping
a
b

F-value
3.39

318 . s0

Tíllage as
F-value

1. 30

Pr)F
.0462
.0001

an error
Pr)F

.3727

Fert
100

50
0

Mean Grouping
LI0.532 a
46.t+7I b
0.000 c

9B
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Table 437. Effect of tillage and
plant N derived from the residue
Source
Model
Error
Corrected Total

Source
Fert

Test of hypothesis using Ëhe
Source DF
Tillage

Duncan Multíple Range Test for variable PNDFF
Factor: Tillage Factor: Fert
DlfRTp=.os : 0.848 DMRTp=. 05 : 0.243

DF
2L
32
53

DF
2

f.ext|Lizer treatment
(PNDFS)

SS

Il-L.7L
3.7L

L15.42

ANOVA SS

2.s7

ANOVA MS Block
ANOVA SS

Tillage
Conv
Zero

MS

s.32
0.r2

F-value
11.09

x Tillage as
F-value
29.3r

Mean
2.288
L.221

Table 438. Effect of tillage and fertilizer creatment on Ëhe amount of
wheat plant t{ (ng pot-l) derived from the residue (NDFS).

on the percent of

Grouping
d

b

1s.38

Source
l"lodel
Error
Corrected Total

Source
Fert

F-value Pr)F
45.89 .0001

Pr)F
.0002

an error term
Pr)F

.032s

Test of hypothesis using the ANOVA MS Block
Source DF ANOVA SS
Tillage I 69.59

Fert
50

100
0

Duncan Multiple Range
Factor: Fert

DF
2I
32
53

Mean
2.026
r.747
L.49L

Fert
100

50
0

SS

1048.78
56.88

1105.66

ANOVA SS

66.LL

Grouping
a
b
c

DF
2

Mean
6.187
6.L70
3. 831-

MS

49.94
L.7 8

F-value
18.60

x Tillage as
F-value
13.26

matter yieldTest for variable dry
DMRTP=.os : 0.951

Grouping
a
a
b

F-walue
28.10

Pr)F
.0001_

an error term
Pr)F

.067 8

Pr)F
.0001
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Table 439. Effect of tillage, residue, and f.erxiJi-zer treatment on the
percent utilization of urea-N by wheat

Source
Model
Error
Corrected Total

Source
Residue
FerË

Test of hlrpothesis using the ANOVA MS Block x Tillage as
Source DF ANOVA SS F-value
Tillage 1 14. 80 0. 53

DF
2L
32
53

Duncan Multiple Range Test for
Factor: Residue
DMRTp=. s5 : 2.402

Residue Mean Grouping
NO L5.274 a
uL 12.753 b

SS

L3246.38
727 .72

L3974.L0

DF ANOVA SS F-value
2 260.2L s.72
2 17829.67 260.09

MS

630.78
22.74

Table 440. EffecÈ of tillage and fertilizer treatment on the percenÈ
uËilízation of residue-N by wheat

Source
Model
Error
Corrected ToËal

Source
Fert

variable percent utilízation
Factor: Fert
Dl'tRTp=. s5 : 2.402

F-value Pr>F
27 .74 .0001

Pr)F
.007s
.0001

Test of hypothesis usíng the ANOVA MS Block x Tíllage as an error term
Source DF ANOVA SS F-value Pr)F
Tillage L 8.27 L3.29 .0677

Duncan Multiple Range Test for variable percent utilization of residue-N
Factor: Fert DMRTp=.s5 : 0.328

Fert
100

50
0

an error Cerm

DF
2I
32
53

DF
2

Pr)F
. s410

of urea-N

Mean
21.888
18 . 891
0.000

Fert Mean
100 2.L32
50 2.128
0 1.319

SS

L24.66
6.76

L3L.42

ANOVA SS

7 .89

Grouping
4

b
c

MS

5.93
0.2r

F-va1ue
18.68

Grouoins
a
a
b

F-value
28 .09 .0001-

Pr)F

Pr)F
.0001

100



Table 437. Effect of fertilizer treatment and residue addition on dry
matter yield of wheat.
Source
Fert
Residue
Residue x Fert
Error
Total

Analysis of Variance Procedures
Growth Chamber Experiment

Duncan Multiple Range Test for variable dry matter yield
Factor: Fert Factor: Residue
DlfRTp=. s5 : I.269 DMRTp=.s5 : 1.638

DF
2

4
I

30
44

Fert
100

50
0

SS

1sB . L7
94.77
57 .29
86.84

397 .07

Mean
34. 318
33.L29
29.882

Grouping
a
a
b

MS F-value
79.08 27 .32
23.69 8.18

7 .16 2.47
2.89

Table 438. Effect of fertilízer xreatmenÈ and residue addition on total
N uptake of wheat.
Source
Fert
Residue
Residue x Fert
Error
Total

Pr)F
.0001
.0001
.0344

Fert
LA
UA
LIJ
III^I

NO

Duncan Multiple Range Test for variable total N uptake
Factor: Fert Factor: Residue
DMRTP=.o5 : 23.32 DMRTp=.os : 30.10

DF
2

4
I

30
4/+

Mean
34.369
33.706
31.48s
30. 869
30.786

Fert
L00

50
0

SS

29L809.5I
777LL.6s
1s091. 66
29332.I0

413944.92

Groupíng
a
4

bc
bc
c

Mean
455.3L
343.9I
2s8.64

MS

L45904.75
L9427.9L

1886 .46
977.74

Grouping
a
b
c

F-value
r49.23
L9.87
1.93

Fert
UA
LA
LW

i]LI
NO

Pr)F
.0001
.0001_
.092L

Mean
392.66
377.04
37L.44
347 .L3
214.83

Grouoins
4

ab
ab
b
c

101



percent of plant N derÍved from the urea (PNDFF)

Source
Fert
Residue
Residue x Fert
Error
TotaI

Duncan Multiple Range Test for variable PNDFF
FacÈor: Fert Factor: Residue
DlfRTp=.os : l-.1-7 DMRTp=.os : 1.51

DF
2
4
8

30
/+4

Fert
100

50
0

SS

6687.69
3l-0.00
17s. s1
73.77

7246.97

Mean
29.85
15.65
0.00

Table 440. Effect of fertilizer Xreatment and residue addition on the
amount of plant N (mg pot-l) derived from the urea (NDFF)

Grouping
a
b
c

MS

3343.84
77 .50
2L.94
2.46

Source DF
Fert 2
Residue 4
Residue x Fert 8

Error 30
Total 44

F-va1ue
13s9.83

3L.52
8.92

Duncan Mulciple Range Test for variable NDFF
Factor: Fert Factor: Residue
DMRTp=.s5 : 5.66 DMRTp=.e5 : 7.30

Fert
NO

UA
I]I^I

Pr)F

Fert
100

50
0

.0001-

.0001-

.0001

SS

140304. 13
1103 . s9

627 .89
L726.60

L437 62 .2L

Mean
20.4r
1-3. 98
L3.73

Mean
L35.62

52.45
0.00

Grouping
a
b
b

MS

70152.06
275.90
78.49
57.55

Grouping

b
c

F-value
1218 . 90

4.79
L.36

Fert
NO

UA
til[

Pr)F
.0001_
.0041
.252L

Mean
68.17
65.93
56.7L

Grouping
a
a
b

IO2



Table 441. Effect of fertilizer tteatment and residue addition on the
percent of plant N derived from the residue (PNDFS)

Source
Fert
Residue
Residue x Fert
Error
Total

Duncan Multiple Range Test for variable PNDFS
Factor: FerÈ Factor: Residue
DltRTp=.s5 : 0.98 DMRTp=.e5 : 1.51

DF SS

2 4s.35
4 4767.99
8 L3.77

30 sl. BB

44 4878.99

Fert
0

50
100

Mean
2L.63
20.90
L9.23

Table 442. Effect of fertilizer xxeatment and residue addition on the
amount of plant N (ng pot-l) derived from the residue (NDFS)

Grouoins

a
b

MS

22.67
LtgL.99

L.72
L.73

Source DF
Fert 2
Residue 4
Residue x Fert I
Error 30
Total 44

F-value
1"3 . 11

689.28
0.99

Duncan Multiple Range Test for varíable NDFS
Factor: Fert Factor: Residue
DIíRTP=.05 : 6.13 DMRTP=.os : 7.30

Fert
LI^I

t^4,

NO

Pr)F
.0001
.0001
.4598

Fert
1-00

50
0

SS

5591. 98
6s244 .7 6
2368.s2
2029.09

75234.35

Mean
2s.89
25.s7
0.00

Mean
89.66
76.43
62.36

Grouping
a
4

b

MS

2795.99
16311. 19

296.06
67.64

Grouoins
a
b
c

F-value Pr)F
4L.34 .0001-

24t.L6 .0001
4.38 .0014

Fert
LI4I

l^a
NO

Mean
9s.2L
95.L7
0.00

Groupins
a
4

b

103



Table 443. Effect
percent utilization
Source
Fert
Residue
Residue x Fert
Error
TotaI

Duncan Multiple Range Test for variable percent utilizatíon of urea-N
Factor: Fert Factor: Residue
D¡[RTp=. os : 2.LL DMRTP=. os : 1. 51

of
of

fertilizer Ëreatment and residue addition on the
urea-N by wheat

DF
2

4
8

30
44

Fert
100

50
0

SS

12642.7L
L73.06
100.44
239.94

13155 .55

Mean
40.36
26.69
0.00

Table 444. Effect of fertilizer xreatment and residue addition on the
percent utilization of residue-N by wheat

Groupíns
4

b
c

MS

632L.06
43.26
L2.s5

7 .99

Source DF
Fert 2
Residue t+

Resídue x Fert I
Error 30
Total 44

F-value
790.34

s.4L
L.s7

Duncan Mu1tiple Range Test for variable percent utilization of residue-N
Factor: Fert Factor: Resídue
DMRTP=.o5 : 1.20 DMRTp=.os : l-.56

Fert
NO

UA
uüI

Pr)F
.0001
.002L
.17s8

Fert Mean
100 L7.47
50 L4.92
0 12.1s

SS

2L2.70
2482.44

90.22
78.34

2863.70

Mean
24.36
23.73
20.02

Groupine
a
4

b

Grouping
a
b
c

MS

l_06.35
620.6L
r]-.28
2.6L

F-value
40.72

237.6s
4.32

Fert

Pr)F
.0001
.0001
.0015

LId

LA
NO

Mean
18.82
18.30
0.00

Grouping
a
a
b
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The partitioning of urea or residue N in grain and straw components
of wheat for ihe lysíineÈer experimenis presented in the Results and
Discussion section are reporÈed thÍs appendix.

APPENDIX B
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Table Bl-. Partítioning of
of wheat for Lysirneter #1

Trt. Treatment
No' Fert. Residue

2

3

kg N ha-l

50* 0
1000 o

50* 150
1oo" 150

0 150*
50 15Oo

toO 15oo

5

6

urea or resídue
(1e86).

Straw

7
I
9

zr 6t

NDFLS

2T
50

l-9
48

26
26
28

$ nn¡l - amount of nitrogen derived from labelled source* ptlOpl, - percent of nitiogen deríved from labelled sourcet Z and C - zero and conventional tillage treatments respectivelyo lab"lled wíth rsN

Grain

N in grain and stravr components

2t 40
52 68

L9 36
44 9I

32 39
3l" 48
22 45

pot- I

28 61 49
61 118 113

36 ss 55
86 L39 130

44 6s 76
54 74 8s
53 73 7s

Total

Table 82. Partitioning of urea or residue N in grain and strar^l components
of wheat for Lysirnexer #2 (L987).
Trt. Treatment
No. *t

Straw
PNDFL+

ZC

34 s7
42 46

35 35
35 34

40 42
35 37
38 29

kg N ha-l

500 0
100* 0

5oo 60
100" 60

o 60*
50 60o

l-oo 60*

2
3

Grain

5

6

66
58

65
65

60
65
62

Straw

7

I
I

7t 6r

43
s4

65
66

58
63
7L

NDFLS

15
32

L2
30

2

2

2

s

+

t

NDFL - amount of nitrogen derived from labelled source
PNDFL - percent of nitrogen derived from labelled source
Z and C - zero and conventional tíllage treatments respectively
labelled with lsN

106

Grain

16 31
42 84

15 33
31 7r

pot-1

42 46 s8
93 116 13s

27 t+5 42
74 101 10s

s57
7810
96L2

Total
z

2
3

3

3

6

4

Straw
ZC

PNDFL+

33
28

27
30

40
25
33

Grain
zc

28
31

36
30

29
30
25

67
72

73
70

60
75
67

72
69

64
70

7L
70
7s


