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M.Sc. 

ABSTRACT 

Margaret E. Hope-Simpson 

AN EVALUATION OP' CORN YIELD, INTERCROP GROWTH AND 
SOIL N LEVELS IN SILAGE AND GRAIN CORN IN'l'ERCROP SYSTEMS 

Renewable 
Resources 

The objectives of this study were to evaluate the effects of earlier 

corn (Z€"a mays l,.) harvest, on corn yield, intercrop growth, and soil N 

levels, and to evaluate the effects of red clover (TrifOlium pratense L.) 

compared to ryegrass (lolium multiflorum Lam.) as intercrops on corn yield 

and sail N levels. 

After two years, earlier corn harvest did not result in greater 

i ntercrop growth or higher soil N levels compared with later corn harvest and 

there was no significant soil N contribution by legume intercrops in either 

harvest period. Thus, no soil N benefit was found from using intercrops in 

early harvest for silage compared tolater harvest for grain cnrn, nor from 

using red clover compared to ryegrass as an intercrop. 

In the early harvested silage system, a quadratic corn yield response to 

added N suggested that nea.c-maximum corn dry matter yields were obtained at 

the rate of ] 40 kg N ha- 1
• Maximum total dry matter yields were not obtained 

in the late harvest grain ~ystem in any site-year. Legume a~j non-legurne 

intercrop species had sirnilar effects on corn yield. 
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RESUME 

M.Sc. Margaret E. Hope-Simpson 
Res::JOurces 
Renouvelables 

EVALUATION DES RENDEMEN'l'S EN MAIS, DE LA CROISSANCE DES CULTURES INTERCALAIRES 
ET DE LA TENEUR EN AZOTE DES SOLS DANS DES SYSTEMES DE CUL'l'URE INTERCALAIRE 
MAIS-ENSILAGE ET DU MAIS-GRAIN 

Le but de l'étude était de comparer les effets d'une récolte hâtive de 

ma~s-ensilage (~mays L.) sur les rendements, la cr()Ïssance des cultures 

intercalaires et la teneur en azote des sols, par rapport à la culture du 

ma~s-grain. On a aussi comparé les effets des cultures intercalaires du 

trèfle rouge (Trifolium pratense L.) et du lolium annuel (Lolium multiflorum 

Lam.) sur les rendements en ma~s et sur la teneur en azote des 5013. 

Après deux ans, la croissance des cultures intercalaires et la teneur on 

azote des sols du ma~s-ensilage n'étaient pas plus éleveés que pour le ma~s-

grain. De même, les cultures intercalaires de légumineuses n'ont pas auqmenté 

la L~,eur en azote des sols de l'un ou l'autre des systèmes. 

Dans le système ma~s-ensilage, le rendement quadratique en matière 

sèche, en réponse au taux d'azote présent, suggère des rendements près des 

taux maximums. Des rendements maximums en matière sèche pour le ma~s-grain 

n'ont pas été observés au cours de l'étude. Les différents types d'espèces 

utilisées pour les cultures intercalaires n'ont eu que p~u d'effets sur les 

rendements en ma~s et une forte compétition pour l'azote et l'eau fat observée 

entre le mais et les cultures intercalaires, qu'elles soient de type 

légumineuse ou non. 
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:IN'l'RODUCTION 

With an unsurpassed yield potential and concentration of total 

digestible nutrient, corn (~ mays L.) continues ta be one of the most 

important high energy livestock feeds in Canada (Statistics Canada 1989). The 

majority of Canadian corn production occurs in Ontario and Quebec, where 211 

and 944 thousand hectares of silage and grain corn respectively, are grown. 

This area accounts for 73 % of all silage and 96 'l; of aIl grain corn grown in 

Canada (Statistics Canada 1986) . 

The detrimental effects of corn production on soils are well documented. 

In particular, continuous corn grown for silage, with its low residue return, 

intensive cultivation and high fertilizer input, can result in degradaLion of 

sail structure and nitrate (NOJ -) pollution of ground water. Reduced soil 

productivity leads to a decline in yields over time, and studies by Mdrtel and 

MacKenzie (1980), Strickling (1975), and Richards et al. (1983) have shown 

grain yield reductions from 8-74 % (depending on soil type), resulting from 

long-term continuous cultivation of corn. These yield reductions were 

attributed to a depletion of soil organic matter, decreased structural 

stability and increased sail compaction resulting from the lack of residue 

addition and intensive cultivation. 

While the benefits of crop rotation are numerous, increasing pressure ta 

maximize the economic return from good arable land has discouraged its 

widespread adoption by Quebec farmers. Recent studies in bath Quebec and in 

Ontario (Tomar et al. 1988: Nanni and Baldwin 1987; Samson and Coulman 1989; 

Claude 1990) have shown that intercropping corn with legumes and other forages 

improved sail physical properties and tilth. These improve",ents in sail 

quality however, were mostly at the expense of corn yi':!ld. Corn yield 

reductions were largely due to nitrogen (N) deficiency and water deficits in 

intercropped plots, resulting from intercrop competition for sail and 

fertilizer N and sail water. 

1 
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Proposed methods of reducing intercrop effects on corn yield include 

lale intercrop seeding and increased corn populations. The earlier harvest of 

corn in silage production compared with grain, provides a late-season period 

of intercrop growth free from competition with corn. Few studies, however, 

have compared the use of intercrops in silage and grain corn systems with 

respect to the intercrop effect on corn yield, soil N level and soil quality. 

The orjective of this research was to evaluate earlier corn harvest in 

the silage system compared with grain, with respect to corn dry matter yields, 

intercrop growth, and soil N levels. 

In descr~bing t~e above research, the thesis consists of four chapters: 

a review of the literature, description of experirnental materials and methods, 

presentation of experimental results, and a discussion of the results. At the 

end of the thesis are the general conclusions, and sorne suggestions for future 

work. 
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CHAPTER ONE 

LITERATURE REVIEW 

1.1 Intercrops in Corn Production 

Intercropping is the growing of two or more crops simultaneously in the 

aame area. Crops are not necessarily sown or harvested at the same time, and 

the objec~ives for growing the intercrop range from increasing yield 

efficiency, to providing livestock feed or a green manure or cover crop (or 

soil enrichrnent and conservation. Intercropping has been practised for 

centuries in low-input agraecosystems (i.e., in Africa, Asia and Latin 

America) as a means to increase productivity (Allen and Obura 1983). More 

recently in North America, intercropping cereals (mainly corn and sorghum) 

with legumes and other forages is being considered as a possible way to 

maintain high productivity while imFroving the fertility and structural 

quality of soils. 

Intercropping literature includes a number of related cropping system 

terms (ie., "companion crop", "interseed", "undercrnp", "cover crop", and 

"green manure"). The use of these terms is intended to indicate the variely 

of possible temporal and spatial 'elationships between the component crops of 

an intercrop system. In the present study, the term "intercropping" will 

refer to the practice of growing legumes OL other forage species between the 

rows of corn. Intercrops may be seeded at the same time as corn or late-seeded 

when corn is 15-30 cm high, and are either plowed down as green-manure in the 

fall or allowed to over-winter as a cover-crop, to be incorporated the 

following spring prior to corn seeding. 

In the southeastern U.S., Pacific coastal plains and north to the 

midwest, intercropping corn with Legumes and other forages has been used 

successfully to increase corn yields and soil p~oductivity by adding 

biologically fixed N and organic matter. In sorne cases, corn yield increase:'3 

of 10-30 % (Ebelhar et al. 1984; Herbek et al. 1987; Decker et al. 1987) and 
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30il N gains of 90-200 kg/ha (Ebelhar et al. 1984; Flannery 1981) have been 

obtained when fall-seeded legumes are grown as winter covers in continuous 

no-ti11 corn. 

In more northern latitudes, however, a shorter growing seasop means both 

a lower potential for legume N-fixation and a greater proportion of time in 

which the corn and intercrop are simultaneous. In this situation, intensified 

corn-intercrop competition for aIl growth resources has resulted in 

significant corn yield reductions. Corn grain yields were reduced by up to 33% 

and silage yield reduced from 17-47% by alfalfa (Medicago sativa L.) 

interseeded at the time of corn establishment in Nebraska and Illinois 

(Nordquist and wicks 1974; Jackobs and Gosset 1956). In Quebec, a 20% corn 

yield depres5ion was found at aIl rates of applied N when intercrops were 

seeded at the same time as corn (Tomar et al. 1988). Both Nanni and Baldwin 

(1987) in Ontario and Scott et al. (lQS7) in New York State, reported 

sub5tantial contributions of dry matter and N from intercrops, but no yield 

benefit to corn. Kurtz (1952) suggested that competition in corn-intercrop 

systems i5 essential1y competition for N and water, and that when both of 

these are in sufficient supply, high corn yields can be obtained despite 

fairly luxuriant growth of the intercrops. In Quebec, a linear corn-yield 

response to applied N in intercrop plots suggested that N was present at a 

sub-optimal level (Tomar et al. 1988). That water was also often limiting, is 

suggested by the lack of a yield depression on some soils in years with high 

precipitation. 

1.2 Management Factors Affecting Corn Yield, Intercrop Growth 
and Soil N 

Efforts to eliminate the corn yie~d depression associated with 

intercropping have involved manipulating one or more of the management 

factors that influence the intensity of corn-intercrop competition. These 

fdctors have included intercrop seeding date, intercrop species selection, 

corn plant population and level of N fertilization. 

One factor that has received little attention is corn system, or corn 
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harvest date. Previous intercropping studies have not evaluated the impact of 

the earlier harvest of corn in silaqe production compared with grain, on 

corn-intercrop competition for soil N or water. The effect of intercrops on 

levels of soil organic C and N in the two corn systems, is aI 50 largely 

unknown. Furthermore, no comparisons have been made of the performance (ie., 

contributions of dry matter and N) of different species of intercrops under 

the two corn systems. Brief consideration will therefore be given to the 

effect of intercrop species on corn yield and soil N, and the effect of corn 

systems on soil organic carbon (C), N and growth of intercrops. 

1.2 . 1 Effect of Intercrop Species on Corn Yie·ld and Soil N 

In rotational cropping schemes, perennial forage legumes (ie. alfalfa, 

clovers) provide large amounts of residual N to subsequent crops. For example, 

Triplett et al. (1979) in Ohio found that 2-3 year o]j alfalfa stands supplied 

nearly aIl (up to 170 kg N/ha) of the N needed for subsequent corn crops. 

North of latitude 37° N (or where the growing season is less than 200 days and 

precipitation i5 less than 75 cm/year), however, there are few reports of 

adequate N contributions from these legumes when grown as intercrops 

(Papendick et al. 1976). When alfalfa was band-seeded into continuous corn, 

corn yields were 9 % lower than equally fertilized monocrop corn and 18% lower 

than corn yields in the corn-wheat-alfalfa rotation (Triplett 1979). In New 

York State, no significant corn yield respunse resulted from usjng intercrops, 

despite N contributions of 80, 20 and 40 kg N/ha from red clover (TrifoJium 

pratense L.), alfalfa and perennial ryegrass (Lolium perenne L.), 

respectively (Scott et al. 1987). The authors suggest 56 kg N/ha as the 

minimum intercrop contribution of N required to elicit a significant corn 

yield response. That no corn yield response occurred from any intercrop 

treatment was explained by the suggestion that only 50% of legume N would be 

available ta a subsequent corn cropi the best treatment (red clover) therefore 

only provided 40 kg available N. 

In the absence of a N benefit to corn from legumes, grass inlercrops 
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have advantages. More N fertilizer, however, may ce required. Annual and 

perennial grasses, with their high dry matter production and extensive root 

systems, may have a high~r capacity than legurnes for weed suppression, soil 

improvement, and interception af residual N03-N (Scott and Burt 1985; Kunelius 

and Goit 1982; Samson and Coulman 1989). In New York State, ryegrass 

intercrops produced the greatest amount of ground cover and more dry matter 

than either red claver or alfalfa. Dry matter yields of the intercrops prior 

ta plowdown (average of 4 years of data) were 2.08, 1.09, 3.18 and 2.24 t/ha 

far red claver, alfe~fa, annual ryegrass (Lo1ium multiflorum Larn.), and rye 

(Secale cereale L.), respectively (Scott et al. 1984). Sampsan and Caulman 

(1989) noted aovantages af ryegrass over L~d claver in weed control with corn 

grown in Ontario. In Quebec, late-seeded ryegrass intercrops allowed greater 

flexibility in the use of both tillage and herbicides, and repressed weeds 

more effectively than either early seeded or legume intercrops (Claude 1990). 

Groffman et al. (1987) noted higher lasses of N03-N by leaching and 

denitrification under clover compared to ryegrass plots. Leaching los ses of 

NOj-N were 1.95-2.04 mg/l under clover compared to 0.26-0.50 mg/1 under 

ryegrass. The ability of ryegrass to intercept and recycle N03-N can be 

exploited to enhance fertilizer N recovery in corn production (MacKenzie 

1990). Intercrops cou Id allow soil N leve15 to be maintained for optimum corn 

production during the summer, while reducing the hazards of N 1055 under high 

N at the end of the season. 

6 
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1.2.2 Effect of Corn Systems on Soil C, N and Growth of 
Intercrops 

1 .2 .2 . 1 Effect of Corn Systems on Soil C and N 

Studies measuring soil organic C and N changes under different 

cropping systelLls, established that systems containing corn had 10~ more 

Walkley-Black carbon (WBC) and 7% mor@ ~otal Kjeldahl nitrogen (TKN) than 

systems that did not contain corn. The quantity of residue returned was the 

major factor affecting WBC and TKN (Zielke and Christenson 1986) . Despite a 

high potential for dry matter production with corn, tlw evidence for soil C 

and N levels being maintained adequately is inconclusivf.'. Several studies have 

evaluated the effect of fall-incorporated corn stover rf:!sidues on the leveJ of 

soil organic C and N. In certain cases, stover resldues lncreased both soil 

organic C and total N (Morachan et al. 1972; Sanford 1968) whereas in others, 

both organic matter and total N declined despite annual additions of stover 

(Ketcheson and Beauchamp 1978). 

Corn stover residues generally remain on the soil surface when corn ls 

harvested for grain but are largely removed when the crop 13 harve3ted for 

sllage. The potential for 10ss of organic C and N in continuous corn soiln ls 

therefore more extensive and severe under silage than under grain corn 

systems (Barnhart et al. 1978). Obviously, the potential benefits to sail 

quality from increasing crop residues ln this system, are also greater than in 

the grain system. 

The amount of crop residues required to maintain sail C and N in 

rotations with corn has been estimated to be 6-7 t-:q/ha/year (Larson et al. 

1974; Cope et al. 1958; Liang et al. 1989). The amo~nt of residue generated by 

a given system depends on the type of crops grown, the latitude where grown, 

and the level of N fertilizer applied during the growing season. Cover crops 

and green manures have been used to increase soil organic matter and N in 

grain corn systems with mixed success. Bath organic rndtter and 30il N were 

increased after only one year of cover crops in no-till corn ln Kentucky (Frye 

and Blevins 1989), whereas there was no effect on organic matter and N from 
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four years of cover crops in corn on the coastal plains (McVicker et al. 

1946). Poyser et al. (1957) in Manitoba report a decrease of 27.9% in organic 

C and 15.9% in N 0ver 25 years, despite inclusion of green manure crops in a 

wheat-corn-wheat rotation. 

1.2.2.2 Effect of Corn Systema on Growth of Intercrops 

In Quebec, corn is harvested in ~arly ta mid September for silage, 

but in mid- ta la te October for grain. The silage sy~tem may offer an 

intercroppinq advantage by virtue of this competition··free period that follows 

the harvest of corn for silage. Previous intercropping literature, however, 

does not contain comparisons of silage and grain corn systems with respect to 

the organic matter and soil organic and inorganic N contributions of 

intercrops. 

Early removal of corn in silage production in Nebraska, permitted 

excellent fa Il growth of alfalfa under irrigated conditions (Nordquist and 

Wicks 1974). The effect ~f such a late-season period on intercrop growth in a 

shortt)r season region such as Quebec is largely unknown. It may be speculated 

however, that a greater amount of intercrop biomass and legume activity could 

result. Greater intercrop growth in the silage system could presumably result 

in a greater contribution tû the pool of either soil organic C or organic or 

inorganic N in that system compared to the grain system. 

8 



• 
1.3 Hypotheses 

Based on the assumption that the earlier harvest of corn in silage 

production compared with grain provides a late-season period of intercrop 

growth that i5 free from competition with corn, the following hypotheses aL~ 

proposed: 

1. Reduced corn-intercrop competition in silage production results in 

greater intercrop biomass. 

2. Reduced corn-inter~rop competition in silage production results in 

higher soil N levels (faii and/or spring) . 

3. There is an optimum level of N fertilization in corn-intercrop :lystem~, 

that maximizes corn yields while optimizing the N and dry mattet 

contribution of intercrops. 
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CHAPTER TWO 

MATERIALS AND METHODS 

2.1 Soil and Precipit~tion 

The experiment was conducted in southwestern Quebec from 1988 to 1989 

at two sites of contrasting soil types (Table 2.1). The soils were a Chicot 

sandy loam (Grey-Brown Luvisol) and a Ste.Rosalie clay (Humic Gleysol), 

located at the Emkikl A. Lods Agronomy Research Centre, Macdonald Campus, Ste. 

Anne de Bellevue and on rIe Perrot, respectively. These soils have been 

described by Lajoie and Baril (1956). Previous cropping histories were 

continuous cultivation of cereals and annual row crops at the Chicot site and 

15 years under pasture at the Ste. Rosalie site. 

Table 2.1 Sorne characteristics of the Chicot and Ste. Rosalie soils (based on 
samples taken from the 0-20 cm depth in 1988). 

Soil 
series 

Chicot 
Ste. Rosalie 

Organic Total 
carbon N 

Particle size 
distribution 

Clay Silt Sand 

------------- % ---------------
2.17 
3.12 

0.15 
0.20 

22 
33 

21 
47 

57 
20 

Texture 

sandy loam 
clay 

ZMethod of pH mea5urement i5 presented in section 2.5 

pH 
(1:1,5011: 

H20)Z 

6.5 
5.5Y 

YThe soil pH of samples taken in August 1989 at the Ste. Rosalie site was 6.1, 
as d result of the May 1989 application of limestone. 

Years were similar in terms of total precipitation during the growing 

season. In both years and at both sites, precipitation during the critical 

month of July wa5 below the 30-year average for this region (Table 2.2). 
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Table 2.2 Monthly precipitation during the 1988 and 1989 growing seasol1s 
at the two site:;, and the 30 year average for the region- . 
------------------------------------------------------------------------

Chicot site Ste. Rosalie site 30 year ave. 
1988 1989 1988 1989 

Month (rrun) (rrun) (nun) (rrun) (rrun) 
May 47 84 38 92 78 
June 75 100 89 100 37 
July 37 37 23 26 95 
August 113 94 134 64 112 
September 58 60 88 57 85 
October 33 26 44 100 34 
Total 360 393 416 439 441 

-Data from Ste. Anne de Bellevue weathe~ station 

2.2 Site Bstablishment 

ExperiQental Layout 

At each site, corn yield, intercrop growth and soil N levels were 

evaluated in two corn production systems (silage and grain), at three leveis 

of N fertilization (0, 70, and 140 kg N/ha), and with two intercrop species, 

red clover (Trifolium pratensE. L. 'Florex') and ryegrass (Lolium multiflorum 

Lam. 'Lemtal'). Treatments were arranged in a split-plot design with four 

replicates. In each replicate, corn production systems were main plots (lB m x 

5 m) and the six N-intercrop combinat ions were sub-plots (3 m x 5 m) withln 

each main plot. 

Soil Preparation 

In May 1988 at the Ste. Rosalie site, and each fall at both sites, soil 

was plowed with a conventional two-bottom moldboard plow (Kongskjlde) to a 

depth of 20 cm. Secondary cultivation in the spring consinted of two pas~e3 of 

a Massey Ferguson tandem-disk harrow to a depth of 10 cm followed by one paS5 

of a vibrashank ("Triple-K") hazrow (Kongskilde). 

11 
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Seeding 

The corn hybrid DeKalb 362 was seeded using a 4-row planter (model 

SP510; Gaspardo). In both corn systems, plots were seeded at a rate of about 

100,000 seeds per hectare and later thinned to 70,000 when corn was at a three 

to four leaf growth stage. Intercrops were seeded at the time of corn 

planting, by broadcasting either red clover or ryegrass seed on either side of 

the middle two corn rows of each plot. Thus, each plot contained four rows of 

corn and three rows of intercrop. Plots were seeded on May 24 in 1988, and on 

May 15 and 16 in 1989. 

Fertilization and Liming 

Nitrogen (urea) fertilizer treatments and potassium (300 kg of K20iha as 

nruriate of potash) were broadcast by hand, after discing and before planting. 

Phosphorus (140 kg PzOs/ha as triple super phosphate) was banded 5 cm below 

and beside corn seed at planting. The Ste. Rosalie site was limed in May, 1989 

to obtain a pH of 6.5. 1 Commercial limestone was applied to the whole field 

with a cust0m lime-spreader, and soil incorporated with a chisel JJlow and disk 

harrow. Rates of liming material were based on laboratory determination of 

soil water and buffer pH (method given in section 2.5) of urface (0-20 cm) 

samples taken in early May, 1989. 

IThe pH of surface (0-20 cm) samples taken at this site in August 
1989 was 6.1. 

12 



2.3 Site Management 

Weed Control 

The pre-plant incorporated herbicide Eradicane (S-ethyldi­

pr)pylcarbamothioate; ICI Chipman, Longeuil, Que.) was applied to red clover 

plots to control germinating annual grasses. The herbicide was applied at the 

rate of 5.0 L/ha (800 g/L (a.i.». Immediately following application, the 

Eradicane was soil incorporated with a vibrashanK ("Triple-K") harrow. No 

herbicide was used on ryegrass plots in 1988. In 1989, the pre-emergence 

herbicide Dicamba (3,6-dichloro-2-methoxy benzoic acid; Sandoz Agro Canada 

Inc., Mississauga, Ont.) was applied to ryegrass to control annual and 

perennial broadleaf weeds. Dicamba was applied at the rate of 0.25 L/ha (480 

g/L (a.i.» (Hurnburg, 1989). In addition to using herbicides, two sessions of 

hand-hoeing were performed in aIl plots at the Chjcot site between June and 

July of 1989. 

Pest Control 

In 1988, 0.75 9 per linear meter (0.15 g/m (a.i.» of Terbufos 

«5-)tert-butylthio) methyl o-o-diethyl phosphora dithioate; Cyanamid of 

Canada, Baie d'Urfe, Que.) was soil applied to corn at seeding time to prevent 

corn root worm (Diabrotica barberi, SmIth and Laurence) damage. No 

insecticide was applied at seeding in 1989. In early August of 1989, Furadan 

480F (2,3-dihydro-2,2-dimethyl-7-benzofuranyl methylcarbamate; Pfizer Canada 

Inc., Kirkland, Que.) was applied to corn at the rate of 1.1 L/ha (480 g/L 

(a.i.» to control European corn borer (Ostrinia nubialis, HBN.) 

13 
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2.4 Harvestinq and Sampling 

Corn Harvesting 

Silage corn was harvested in the first week of September, and grain 

corn in the second week of October. Whole-plant silage, stover and grain were 

sanlpled for yield and nutrient content. In silage plots, the two center rows 

of corn were harvested with a tractor mounted silage harvester. Chopped silage 

was collected, weigheè, and a subsample (approximately 0.5 kg) removed for 

moiature determination and nutrient analysis. Silage yields at 0% moisture 

content were determined by oven-drying at 70 0 C for 2-3 days. In grain plots, 

the ears of the two center rows were hand-picked. The number of ears harvested 

was noted as weIl as the number of plants. The ears were weighed and a 

subsample of eight ears weighed for shelling. Corn was shelled with a manual 

SCS-l corn sheller (Agriculex) and humid kernels were weighed, dried for 4 

days at 70" C, and reweighed for dry matter and moisture determination. Corn 

stover was harvested and subsampled in the same manner as silage, except that 

the excess stover was returned to the plot. After harvesting for stover and 

g~ain yield, aIl ears were removed and the stover remaining in the field was 

chopped and plowed down in la te October. Corn N-uptake and dry matter yields 

were reported for bath above-ground total dry matter (both corn systems), and 

grain and stover dry matter (grain system only). 

Xntarcrop Bioma.. Sampling 

Intercrop and weed biomass were deterrnined in each plot just prior to 

grain harvest. Biomass sampling involved selecting 4 locations at random 

within the plot and placing a c~adrat (0.25 m2
) in the center of the location. 

AlI vegetation inside the quadrat was eut ta 2.0 cm above sail, and either 

brought immediately to the lab for sorting, or stored at 10 C until sorting. 

Vegetation was sorted as to either "weed" or "intercrop", placed in paper 

bdgS, dried for 2 days at 70° C, and weighed. The above-ground dry matter yield 

of each component (weed, intercrop), and their relative contribution to the 

total biomass (weed plus intercrop), was then determined (Ghafar and Watson 

1983; Topham and Lawson 1982) . 

14 



1 

Soil Sampling 

For the determination of soil inorganic N (NOJ-N and NH.-N), soils were 

sampled in the spring prior ta fertilizer application and in the fall after 

harvesting using a tractor-mounted sail sampler. One 10 x 60 cm sail core was 

taken from the center of each plot and separated into 20 cm increments ta 

obtain three sampling depths (0-20, 20-40, and 40-60 cm). Each depth increment 

of sail was thoroughly mixed ta obtain a composite subsample. Samples were 

either brought immediately ta the lab for analysis or stored at 1" C unt.il 

extracted. 

Sail total N and organic C was determined using surface (0-20 cm) soil 

samples taken in May 1988 and in August 1989. The May 1988 samples were those 

of the 0-20 cm depth obtained for determination of sail inorganic N. The 

August 1989 samples were obtained using a manual sail auger. Three soil cores 

taken at random from each plot were bulked, mixed, and subsampled. Soil 

samples were dried at 1050 C and grounà ta pass a 2 mm sieve prior ta 

laboratory analysis. 

Sail bulk density was determined using a Troxler 3401 nuclear density 

gauge for the 0-20 cm depth, and by taking 10 x 20 cm soil cores for 20-40 and 

40-60 cm depths. 

2.5 Laboratory Analyses 

Laboratory analysis for sail NOJ-N and NH.-N involved extracting moist 

soils (15-20 g) with 100 ml lM KCl, and analyzing filtrates colorimetrically 

on a Technicon Auto-Analyzer (Keeney and Nelson 1982). Copper was used to 

reduce NOJ-N ta NOz-N, which was subsequently d(~termined by the Griess-! losvay 

procedure (Kamphake et al. 1967). Ammonium was determined using the indophenol 

blue procedure (O'Brian and Fiore 1962). Moisture determinations made ut this 

time were used to correct for the amount of soil solution present in exe 5S of 

the added 100 ml lM KCl. The concentration of NOJ-N and NH.-N in the soil wa!J 

converted ta total NOJ-N and NH4-N (in kg N/ha) by multiplying values (in ug N/ 

9 soil) by the volume of sail in 1 hectare (2.0 x 103 ml/ha) and the mean 
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values of soil bulk density for each depth. These values for NH4-N and NOJ-N 

were 3ummed, and the total reported as sail inorganic N. Soil total N was 

determined by the Kjeldahl method described by Bremner (1965), and sail 

organic C was determined by the W~lkley-Black procedure (Allison 1965). Soil 

water and butter pH were determined in a 1:1 soil/water or soil/buffer ratio 

using a glass-calomel electrode (Peech 1965; Woodruff 1948). 

2.6 Data analyses 

2.6.1 St.ti.tical Analysis 

Statistical analysis conslsted of analysis of variance with single 

degree of freedom comparisons, performed using the Statistical Analysis 

System (Barr et al. 1979). For certain comparisons, least significant 

difference values were used to locate differences among means (Steel and Tarie 

1980). To estimate effects of corn systems, intercrop species, and N 

fertilization on sail total N and organic C, covariance methods (using initial 

values as ~he independent variable) were used (Liang 1989). Due to a high 

amount of variability in N-recovery estimates, and because variances were in 

sorne cases proportional to the means, a log-transformation (log (N-recovery + 

1» was performed on the data prior to statistical analysis. 

2.6.2 Crop Residuea 

The amount of soil incorporated crop residues produced by each corn 

system-intercrop species combination, was determined by adding the amount of 

residues produced by either corn and/or intercrops that was to be plowed down 

in the fall. Crop residues from corn consisted of the stover residues produced 

by the grain system. Residues from intercrops were comprised of the biomass of 

seeded intercrops and weeds. 
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2.6.3 N-Recovery Basad on Fertilizer N Appliad~ 

N-Recovery in Corn, Intercrops, and Soi1 and 
Unaccounted for N 

The percent age of N recovered in corn (total above-ground dry 

matter), intercrops (seeded intercr,'ps plus weeds), and sail, expressed 

as a percent age of the amount of N applied, was determined by the 

difference method (Allison 1966). Recoveries were established =~. 

subtracting corn N-uptake, intercrop N-uptake, or sail inorganic N 

values of zero-N treatments, from the corresponding values for 

fertilized treatments. The difference of these values was divided by the 

rate of N applied, and expres:Jed as a percent age . The amount of 

unaccounted for N was determined from the difference between 100 % and 

the summed percentages of the N-recoveries. N-recovery of intercrops was 

only determined in 1989. 

N Balance Sheet for Corn-Intercrop Systems 

Data for the uptake of N by harvested corn, crop residues, and 

fall soil inorganic N was used to construct a N balance sheet, to 

indicate the amount of N removed from and retained by each corn­

intercrop system in 19893. In the N balance sheet: 

and 
N removed N taken up by harvested corn 

N retained = fall soil inorganic N + N taken up by soil­
incorporated crop residues. 

2Estimates for N-recovery are referred ta as "N-recovery based on 
fertilizer N applied", rather than "fertilizer N-recovery", due to the 
presence of aN-fixing crop in certain treatments. 

3The N-balance sheet was only prepared for 1989, as N-uptake by 
intercrops was determined only for that year. 
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ln th~ gra1n system, harvested corn consisted of grain dry matter, 

•. wd r~oil-lncorporated crop residues comprised corn stover, seeded 

1ntercrops and weeds. In the silage system, harvested corn was the total 

above-ground dry matter, and sojl-incorporated crop residues consisteà 

of the seeded intercrops and weeds. 
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CHAPTER THREE 

RESULTS 

3.1 lntercrop Biomass and N-uptake 

Results are presented for the effect of corn systems, intercrop 

species, and N fertilizer on above-ground biomaAs and N-uplak~ of threc 

intercrop yield components: seeded intercrops, weeds and Lhe Lotal 

intercrop growth (seeded intercrops plus weeds). For a given component 

(seeded intercrops, weeds or total intercrop growth), main effects ot d 

single factor are not discussed in the presence of interaction3. 

3.1.1 Intercrop Biomass 

Seeded Intercrop Biomass 

Intercrop species had an effect on seeded intercrop biomass in 

1988 at the Ste. Rosalie site (Table 3.1). Intercrop growth was poor fOL 

both species in that site-year. Seeded red clover had a greater biomd8~ 

(0.28 t/ha) when compared with seeded ryegrass (0.16 t/ha) intercrops. 

An interaction between corn systems and intercrop species o-curred 

at the Ste. Rosalie site in 1989, where seeded ryegrass had a 10 er 

biomass than seeded red clover intercrops only in the grain syt cm 

(Tables 3.1 and 3.2). 

There was no effect of N fertilizer on the blomass of sùedùd 

intercrops. 

Weed Biomass 

The effects of corn systems and intercrop species on weed biomass 

were modified by two-way interactions between these factors (Table 3.1) 

The interactions occurred at the Chicot site in 1988 and at the Ste. 

Rosalie site in 1989 (Table 3.]), and in bath cases, a great~r amount of 

weeds was found in ryegrass-grain treatments compared w~th wecds in 
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ûlther red claver-grain or ryegrass-silage treatments (Table 3.2). The 

SlL8S differed, however, ln that at the Chicot site, a greater amount of 

weeds was also found ln ryegrass-silago compared with red clover-silage 

t reatments, whereas corresponding treatments at the Ste. Rosalie site 

~id nol differ with respect to amount of weeds (Table 3.2) 

There was no effect of N fertilizer on weed biomass (Table 3.1). 

Total Intercrop Biomass 

Both corn systems and intercrop species had an effect on total 

intûrcrop biomass, and sorne two-way interactions were also present for 

t.hi[) variable. 

The corn system effect occurred in 1989 at the Ste. Rosalie site 

(Table 3.1), where a greater total biomass was found in the grain (1.57 

t/ha) compared with silage (1.20 t/ha) system. In the previous year at 

the same site, a greater total intercrop biomass was obtained with red 

clover (0.4~ t/ha) compared with ryegrass (0.28 t/ha) treatments. 

In an interaction between corn systems and intercrop species at 

the Chicot !>it€> in 1988, ryegrass treatments had a greater total biomass 

than red clover treatments in both corn systems, but differences between 

species were greater in the grain system (Table 3.2) . 

N fertilizer had no influence on total intercrop biomass (Table 

3. 1) . 
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Table 3.1 Significance of F-values from analysis of vanance of 
1ntercrop (seeded intercrop), weed, and total (seeded intercrop plus 
weed) biomass and N-uptake at the Chicot and Ste. Rosalie sites. 

Chicot Ste. Rosalie 

Source df Intercrop Weed Total Intercrop WÜèd Total 

--------------- Probability of > F --------------

S l 
Err ~ (a) 3 
l 1 
N 2 
l x N 2 
S xII 
S x N 2 
SxlxN 2 
Error (b) 30 

S 1 
Error (a) 3 
l 1 
N 2 
l x N 2 
S x 1 1 
S x N 2 
SxlxN 2 
Error (b) 30 

S 1 
Error (a) 3 
l 1 
N 2 
lin 1 
quad 1 

l x N 2 
S x l 1 
S x N 2 
SxlxN 2 
Error (b) 30 

ns 

ns 
ns 
ns 
ns 
ns 
ns 

ns 

ns 
ns 
ns 
ns 
ns 
ns 

ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 

** 
ns 
ns 

* 
ns 
ns 

ns 

ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 

** 
ns 
ns 

* 
ns 
ns 

ns 

ns 
ns 
ns 
ns 
ns 
ns 

Biomass 
1988 

1989 

N-uptake 
os 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 

ns 
ns 
ns 
ns 
ns 

ns 

ns 
ns 
* 

ns 
ns 

1989 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

*, ** significant at the .05 and .01 level, respecti vely 
ns = not significant 

ns 

ns 
ns 
ns 
ns 
ns 
ns 

* 

ns 
ns 
ns 
* 

ns 
ns 

ns 

ns 

ns 
* 

ns 
ns 
ns 
ns 

S = corn systems N = N fertilization l = intercrop specie:> 
lin, quad = linear, quadratic (p<.05), respectively 
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Table 3.2 Effprt of the interaction between corn systems and intercrop 
sp~r;j es on lC \ seeded interc rop), weed, and total (seeded intercrop 
plu!) weed) b~omass at the Chicot and Ste. Rosalie sites. 

1988 1989 

Biomass (t/ha) 

Corn lntercrop 
system species lC Weed Total lC Weed Total 
-----------------------------------------------------------------------

Chicot. 
Grain Ryegrass (RG) 1. 13 2.78 3.91 0.88 0.61 1. 49 

Red claver (RC) 0.88 0.14 l. 02 1. 04 0.45 1.49 
Silage Ryegrass (RG) 1. 03 2.00 3.03 1. 07 0.53 1.60 

Red clover (RC) 1.22 0.18 1. 40 0.95 0.66 1. 61 
Contrast 
Grain: RG vs RC nd ** ** nd nd nd 
Silage: RG vs Re nd ** ** nd nd nd 
RG. Grain vs silage nd * * nd nd nd 
Re: Grain vs sUage nd ns ns nd nd nd 

Ste. Rosalie 
Grain Ryegrass (RG) 0.20 0.10 0.30 0.83 0.71 1. 54 

Red claver (RC) 0.23 0.14 0.37 1.12 0.48 1. 60 
Silage Ryegrass (RG) 0.13 0.13 0.26 0.75 0.42 1.17 

Red clover (RC) 0.34 0.21 0.56 0.93 0.34 1.27 
Contrast 
Grain: RG vs Re nd nd nd * * nd 
Silage: RG vs Re nd nd nd ns ns nd 
RG: Grain vs silage nd nd nd ns * nd 
Re: Grain vs sUage nd nd nd ns ns nd 
------------------------------------------------------------------------
Contrast = single degree of freedom contrast 
nc! ~ not determined (simple effects were not determined when the 
lnteraction effect was not significant) 
.. , •• !Jignificant at the .05 and .01 level, respectively 
ns = nct significant 
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3.1.2 Intercrop N-uptake 

Seeded Intercrop N-uptake 

There was no effect of corn systems or N fertillzation on seeded 

intercrop N-uptake (Table 3.1). Intercrop species had a small effect at 

the Ste. Rosalie site in 1989 (Table 3.1), where N-uptakE- was highcr for 

seeded red clover c0!1'1pared with ryegrass intercrops. However, bath the 

amounts of N taken up and differences between species (20 dnd 14 kg 

N/ha, for red clover and ryegrass, respectively) were small. 

Total Intercrop and Weed N-uptake 

A small effect of N fertilizer on total N-uptake was found at the 

Ste. Rosalie site in 1989, as a result of an increase in the upLake 01 N 

by weeds (Table 3.1). The amount of N involved was of little agronomie 

importance, however. At this site, weed N-uptake increased quadrdt iCdlly 

from 7 at the 0 N rate to 16 kg N/ha at the 140 kg N/ha rate. 

3.2 Corn Dry Matter Yield and N-uptake 

The dry matter (DM) yield and N-uptake of co~n are presenLed for 

both above-gro.md total DM and grain and stover DM. Resulta are 

presented on a total DM basis for aIl comparisons that include lhe 

effects of corn systems. Grain and stover DM yield and N-uptake (qrain 

system only) were analyzed without corn systems includ6d as a factor; 

consequently, results for these corn yield components are preRented 

separately. 

As noted before, for a given variable within a given sit(:-yedr, 

main effects of a single factor are not discussed in the presence of 

interactions. 
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3.2.1 Tot~l Dry Matter Yield and N-uptake 

Total Dry Matter Yield 

Corn systems had an effect on corn total DM yields at both sites 

in 1989 (Table 3.3), and in both cases, corn yields were higher in the 

s1lage compared te grain system (Table 3.44). Corn yields were low in 

buth systems and at both sites in this year, and particularly low in the 

grd1D system at the Ste. Rosalie site. Two interactions with corn 

systems had an effect on total DM yield in 1988: one, with intercrop 

species at the Chicot site, and the other, with N fertilization at the 

Ste. Rosalie site (Table 3.3). 

In 1988 at the Chicot site, corn total DM yields were greater with 

red cLaver compared with ryegrass in both corn systems, and differences 

were part1cularly great in the grain system (Table 3.5). Higher corn 

yield3 with red clover intercrops in the grain compared with silage 

system, were largely the result of the high dry matter accumulation in 

corn grain associated with legume intercrops (Tables 3.6 and 3.7). A N­

rate-corn system interaction at the Ste. Rosalie site in this year, 

resulted in a linear total DM yield response to N in the silage system 

and a qUddratic response in the grain system; differences between yields 

with respect ta both systems and N-rates, however, were not great (Table 

3.4) . 

In 1989, corn total DM yields in bath corn systems were higher 

with red clover compared to ryegrass intercrops at the Chicot site, and 

higher with ryegrass compared to red clover intercrops at the Ste. 

Rosalie site (data not shown). At bath sites, corn yields and yield 

d1fferences were smaller in 1989 compared with 1988. 

Effects of N-fertilizer on corn total DM yield were more 

consistently related to site than ta either corn systems or intercrop 

~pecies. At the Chicot site, corn total DM yields increased 

qUddrat1cally with increasing amounts of N, whereas at the Ste. Rosalie 

site, the increase in corn yield was mostly linear (Table 3.4). 

;Not all main effects of corn system presented in Table 3.4 are 
ctiscussed, because of the presence of interactions. 
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Table 3.3 Significance of F-va1ues from ana1ysis of var~dn~e of corn 
above-ground total dry matter (DM) yield and N-uptake at the ChIcot and 
3te. Rosalie sites. 

Chicot Stt'. Rosdlie 

Source df 1988 1989 1988 1989 
-----------------------------------------------------------------------

------------- Probability of > F --------------

Total DM yield 
S 1 ** * n" -, 
Error (a) 3 
l 1 * '" • 
N 2 "'* ** * '" 

lin 1 .* ** '" '" 
quad l * *. '" 

l x N 2 ns ns ns 
S x l 1 * ns n'l 
S x N 2 ns ns 
S x l y. N 2 ns ns ns 
Error (b) 30 

Total DM N-uptake 
S 1 "'* *'" ns 
Error (a) 3 
l 1 ** "'''' ns 
N 2 "'''' "'* "'''' 

lin 1 "'* "'* '" '" 
quad 1 ns '" ns 

l x N 2 ns ns ns 
.:; x- l 1 *'" ns ns 
S x N 2 ns * ns 
S x l x N 2 ns ns rl.s 
Error (b) 30 

*, ** significant at the .05 and .01 level, respectiveJy 
ns = not significant 
S = corn systems N = N fertilization l = intercrop species 
lin, quad = linear, quadratic (p<.OSJ, respectively 
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'1 <ILL,;: :3. tj Mélln and ~nteract lon effects of corn systems and level of N­
f~rllllzation on corn total dry matter (DM) yield and N-uptake at the 
Chir::rJL Mid Ste. Rosé1l~e sItes. 

Leve l of 
N 

(kg IJ/ha) 

1988 

Grain 

1989 

Corn system 

Silage Grain Silage 

Total DM yield 
--------------------- t/ha ----------------------

Chicot 
0 8.6 7.5 5.0 6.4 

'/0 12.0 10.7 8.0 10.1 
140 13.0 10.0 9.5 10.1 
'J'rend quad quad quad quad 

(,ra i fi vs silage ** * 
Ste. Rosalie 

0 7.5 8.3 1.5 3.4 

"' 0 9.7 9.1 2.5 4.5 
HO 10.1 9.5 3.1 5.5 
'J'renrj quad lin lin lin 

(jl d ln vs silage ns ** 
Total DM N-uptake 

-------------------- kg N/ha --------------------
Chicot 

0 97 73 44 64 
'/0 148 116 76 134 

140 175 131 102 149 
'J'rend lin lin lin quad 

(,rcl i n vs silage ** ** 
Ste. Rosalie 

0 78 90 13 36 
70 116 106 22 55 

j 40 130 119 32 74 
Trend 11 n lin lin lin 

Grain vs silage ns ** 

" •• slgnificant at the .05 and .01 level, respectively ns = not 
signlficant Trend = orthogonal polynomial trend comparison; within a 
given site year, a dissj.milar trend (lin, quad) for corn systems 
indlcates a corn system-N rate interaction 
lIn, quad = linear, quadratic (p<.05l, respectively 
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Table 3.5 Effect of the interaction between corn systems and intercrop 
species on corn total dry matter (DM) yield and N-uptake at the Chicot 
site in 1988. 

Corn 
system 

Intercrop 
species Total DM yield T0tal DM N-uptake 

---- t/ha 
Grain Ryegrass (RG) 8.2 

Red clover (RC) 14.1 
Silage Ryegrass (RG) 7.6 

Red clover (RC) 11.2 
Contrast 

Grain: RG vs RC *'" 
Silage: RG vs RC * 
RG: Grain vs silage ns 
RC: Grain vs silage '" 
Contrast = single degree of freedom contrast 
*, ** significant at the .05 and .01 level, respectively 
ns = not significant 

Total Dry Matter N-uptake 

kg N/ha 
104 
177 

l)3 
1.21 

'" '" 
'" '" 
ns 

** 

Corn systems had an effect on total dry matter (DM) uptake of N by 

corn at both sites in 1989, and at the Chicot site in 1988 (Table 3.3) . 

In 1989 at the Ste. Rosalie site, more N was taken up hy corn tolùl DM 

in the silage compared with grain system (Table 3.4). At lhe Ch icot 

site, corn system effects on this variable were modified by 

interactions: between corn syslems and intercrop species in 1988, and 

between corn systems and N fertilization in 1989 (Table 3.3). 

At the Chicot site in 1988, total DM N-uptake by corn was greater 

with red clover compared with ryegrass in both corn systems, but the 

amount of N-uptake and magnitude of differences between lnlercrop 

treatments was greater ln the grain system (Table 3.5). As was noted 

for total DM yield, higher N-uptake with red claver intercrops in the 

grain system was the result of a high uptake of N by grain, dS there wa9 

no difference between intercrop treatments with respect to uptake of N 

by stover (Table 3.7). In 1989, an interaction between N-rate dnd corn 

systems resulted in linear total DM N-uptake i~ the grain sy3t~m and 

quadratic uptake in the silage system (Table 3.4). 
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At the Ste. Rosalie s1te, intercrop species had little effect on 

LOLal DM N-uptake by corn in either year of the experiment. In 1989, 

Corn total DM N-uptake was greater under ryegrass compared with red 

claver intercrops (data not shown); in this site-year, however, 

differences were of little agronomie significance. Total DM uptake of N 

hy corn was higher with rad clover intercrops in both corn systems at 

Lhe Chicot site in 1989 (data not shown). The amount of uptake and 

dlfferences between intercrop treatments was less in this year than in 

1988, however. 

N ferti11zer consistently increased corn total DM N-uptake, and in 

most cases, the increase in N-uptake with increasing amounts of N was 

llnear (Table 3.4). 

3.2.2. Grain and Stover Dry Matter Yield and N-uptake 

Dry Matter Yield 

Intercrop species had an effect on grain or stover dry matter (DM) 

yield in most site-years (Table 3.6). In most cases, however, DM yield 

ditferences between intercrop treatments were small. In 1988 at the 

Chicot site, both grain and stover DM yields were greater with red 

claver compared with ryegrass intercrops (Table 3.7). Stover DM yields 

W~re also greater with red clover intercrops at the Ste. Rosalie site in 

this yoar. Gra1n DM yields were higher with ryegrass compared with red 

chwer intercrops at the Ste. Rosalie site in 1989; in this site year, 

however, yield differences were not agronomically important (Table 3.7). 

N fertilizer had an effect on grain DM yields in aIl site-years, 

and both linear and quadratic yield responses were nbtained (Tables 3.6 

~nd 3.8). The stover DM yield response to applied N was linear at both 

s1teR in 1988, and either quadratic or not significant in 1989 (Tables 

3 . t' dlld 3. 8) . 

There was no interaction between intercrop species and N­

feltllization for e1ther DM yield or N-uptake in any site-year. 

28 



1 

N-uptake 

In 1988 at the Chicot site, greater amounts of N were taken up by 

grain DM with red clover compared with ryegrass intercrops. There was no 

difference between intercrop treatments for uptake of N by stover in 

this site-year (Table 3.7) . In the following year at this si te, stover 

N-uptake was greater with red clover compared with ryegrass intercrops: 

differences in N-uptake were not great, however. 

N fertilizer consistently increased the upt~ke of N by grain and 

stover DM (Table 3.8). The N-uptake response to applied N was linear for 

stover in ail cases, and both linear and quadratic for grain (Table 

3.8) . 

Table 3.6 Significance of F-values from analysis of variance of grain 
and stover dry matter (DM) yield and N-uptake in the grain corn system 
at the Chicot and Ste. Rosalie sites. 

Chicot Ste. Rosalie 
1988 1989 1988 1989 

Source df Grain Stover Grain Stover Grain Stover Graln Stover 

---------------- Probability of > F ---------------

DM yield 
l 1 ** ** ns ns ns ** 
N 2 ** * ** ** ** ** 
lin 1 ** * ** ** ** ** 
quad 1 ns ns * * ** ns 

l x N 2 ns ns ns ns ns ns 

N-uptake 
l 1 ** ns ns * ns ns 
N 2 ** ** ** ** ** ** 
lin 1 ** ** ** ** ** 1< 1< 

quad 1 ns ns .. ns * ns 
l x N 2 ns ns ns ns ns ns 

*, ** significant at the .05 and .01 level, respectively 
ns = not significant 
l = intercrop species N = N fertilization 
lin, quad = linear, quadratic (p<. 05), respecti vely 

29 

1< ns 
** ns 
** ns 
ns ns 
ns ns 

ns 
1< 1< 1< 1< 

• 1< 1< 1< 

ns ns 
na ns 



1 

Ta~le 3.7 Effect of intercrop species on grain and stover dry matter 
yield and N-uptake in the grain corn system at the Chicot and Ste. 
Rosalie sites. 

Intercrop 
species 

P.grass (RG) 
R.clover (RC) 

RG vs RC 

R.grass (RG) 
E.clover (Re) 

RG vs Re 

Chicot Ste. Rosalie 
1988 1989 1988 1989 

Grain Stover Grain Stover Grain Stover Grain Stover 

DM yield 
------------------------ t/ha --------------------------

3.5 4.7 3.5 3.6 4.3 4.6 1.4 1.3 
8.2 5.9 3.5 4.4 4.3 5.0 1.0 1.1 
** ** ns ns ns ** * ns 

N-uptake 
----------------------- kg N/ha -----------------------

58 44 35 34 69 37 14 11 
130 47 35 44 68 42 10 10 

** ns ns * ns ns * ns 

., *. significant at the 0.05 and 0.01 level, respectively 
ns a not significant 
R.grass = ryegrdss R.clover = red clover 

Table 3.8 Effect of level of N-fertilization on grain and stover dry 
matter (DM) yleld and N-uptake in the grain corn system at the Chicot 
and Ste.Rosalie sites. 

Level of N 
(kg N/ha) 

o 
70 

140 
Trend 

o 
70 

140 
Trend 

Chicot Ste. Rosalie 
1988 1989 1988 1989 

Grain Stover Grain Stover Grain Stover Grain Stover 

m~ yield 
------------------------ t/ha ------------------------
4.0 4.6 1.8 3.2 3.1 4.4 0.6 1.0 
6.1 5.5 4.1 3.9 4.9 4.8 1.3 1.2 
7.5 5.7 4.0 5.0 4.8 5.2 1.7 1.5 
lin lin quad quad quad lin lin ns 

N-uptake 
----------------------- kg N/ha ---------------------

64 3 '; 18 25 47 31 6 7 
98 50 U 35 76 40 13 9 

122 54 45 56 82 48 17 15 
lin lin quad lin quad lin lin lin 

'l'tend = orthogonal polynomial trend comparison 
lin, quad = linear, quadratic (p<.05" respectively 
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3.3 Crop Residues 

Soil incorporated crop residues consisted of total intercrop 

biomass (seeded intercrops plus weeds), and crop residues from corn. 

Crop residues from corn (i.e., corn stover) were only available for 

soil-incorporation in the grain system. 

Corn systems ~ad an effect on crop residue producLion in both 

vears at the the Chicot site, and in 1989 at the Ste. Rosalie site 

(Table 3.9). In all cases, the grain system produced a greater amount of 

crop residues than the silage system (Tables 3.10 and 3.11). At both 

sites in 1989, the corn system effect was modified by an interaction 

with N-rate: in the grain system, crop residue production increased 

linearly with increasing amounts of N fertilizer, whereas in the silage 

system, there was no effect of added N on the amount of crop residues 

produced (Table 3.11). 

In 1988 at the Chicot site, crop residue production was greater 

with ryegrass compared with red clover intercrops in both corn systems 

(Table 3.10). There was no effect of intercrop species on the amount of 

crop residues produced in either year at the Ste. Rosalie site. 

Table 3.9 Significance of F-values from analysis of variance of the 
amount of crop residues produced at the Chicot and Ste. Rosalie siLes. 

Chicot Ste. Rosa lie 

Source df 1988 1989 1988 1989 

----------- Probability of > F -------_ ..... ---

S 1 ** ** ns ** 
Error (a) 3 
1 1 ** ns ns ns 
N 2 ns ns ns * 

lin 1 ns ns ns • A 

quad 1 ns ns ns ns 
1 x N 2 ns ns ns ns 
S x 1 1 ns ns ns ns 
S x N 2 ns ** ns *. 
S x 1 x N 2 ns ns ns ns 
Error (b) 30 
---------------------------------------------------------------------
*, ** significant at the .05 and .01 level, respectively 
ns = not significant 
S = corn systems N = N fertilization 1 = intercrop species 
lin, quad = linear, quadratic (p<.051, respectively 
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Tablé 3.10 Main effects of corn systems and intercrop species on the 
amount of crop residues produced at the Chicot site in 1988. 
---------------------------------------------------------------------

Intercrop 
species 

Grain 
(Gr) 

Corn System 

Crop residues 

Silage 
(Si) 

------- t/ha -------

Ry8grass (RG) 
Red claver (RC) 
Systems mean 
HG vs RC 
Gr vs Si 

6.9 
8.6 
7.8 

** significant at the .01 level 
ns = not significant 

** 
** 

1.4 
3.0 
2.2 

Species 
mean 

4.2 
5.8 

Tdble 3.11 Effect of the interaction between corn systems and level of 
N-fertilizatlon on the 3mount of crop residues produced at the Chicot 
and Ste.Rosalie sites iJ 1989. 

Chicot Ste. Rosalie 

Level of 
N 

Corn system 

(kg N/ha) Grain Silage Grain Silage 

Crop residues 
--------------------- t/ha ---------------------

o 
70 

140 
'J'rend 

4.8 
5.4 
6.4 
lin 

1.9 
1.4 
1.5 
ns 

Trend = orthogonal polynomial trend comparison 
ns = not significant 

3 . 4 Soil C and N 

3 . 4 .1 Soil Organic C and Total N 

2.3 
2.7 
3.3 
lin 

1.3 
1.2 
1.2 
ns 

lin = linear 

There was no effect of corn systems, intercrop species or N 

fertilizet rate on either sail organic C or total N after two years. An 

l''(Cppt ~on was found at the Ste. Rosalie site, where an interact.i on among 

the three factors had an effect on sail organic C (Tables 3.12 and 

:3 .13) . 
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Table 3.12 Significance of F-values from analysis of variance of soil 
total N and organic C in the 0- ta 20-cm depth at the Chicot and Ste. 
Rosalie site in 1989. 

Source df 
Total N 

(% ) 
Organic C 

(%) 
Total N 

(%) 
Organic C 

n,) 

Chicot Ste. Rosalie 
S 1 ns 
Error (a) 3 
l 1 ns 
N 1 ns 
S x N 1 ns 
S x l 1 ns 
S x N 1 ns 
S x l x N 1 ns 
Error (b) 30 

** significant at the .01 level 
ns = not significant 

ns ns ns 

ns ns ns 
ns ns os 
ns ns ns 
ns ns ns 
ns ns ns 
ns ns • * 

S = corn systems l = intercrop species N N fertilization 

Table 3.13 Effect of corn systems, intercrop species and level of N­
fertilization on sail organic C in the 0- 20-cm depth at the Ste. 
Rosalie site in 1989. 

Grain Silage 
Corn 

system 
Intercrop 
species Ryegrass Red claver Ryegrass 

Level of N 
(kg N/ha) 

0 
70 

140 
Trend 

--------------- Sail organic C (%) 
(0-20 cm depth) 

3.10 3.16 2.95 
2.45 3.64 3.63 
3.51 2.60 3.19 

ns ns quad 

Trend = orthogonal polynomial trend comparison 
ns = not significant 
lin, quad = linear, quadratic (p<.05), respectively 
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3.4.2 Soil Inorganic N 

C0rn systems, intercrop species and N fertilization aIl had an 

effect on soil inorganic N. Significant two-way and three-way 

interactions between factors were also present at sorne depths (Table 

3.14). Main effects of a single factor at a given sampling depth cannot 

be discussed in the presence of interactions; consequently, interaction 

ef[ects are presented before main effects. 

3 . 4 .2 . 1 Three-way Interaction Effe,-:ts on Soil I:norganic N 

An interaction effect of all thr€e factors on soil N was 

found in the fall of 1988 at both sites in the 0-60 cm dept!1. The 

affect was aiso present in the 40-60 cm depth at the Ste. Rosalie site 

(Table 3.14). A similar interaction was found at both sites, in that the 

increase in soil N was quadratic under ryegrass in grain and under rad 

clover ln si1age, but linear under red clover in grain and under 

ryegrass in silage (Table 3.15). 

3.4.2.2 Two-vay Xnteraction Effects on Soil Inorganic N 

A few two-way interactions between corn systems and 

inlercrop species were noted; in the Chicot soil in fall 1988 at the 

0-20 cm depth and in spring 1989 at the 20-40 cm depth, and in the Ste. 

Rosalie soil in fall 1989 at the 40-60 cm depth (Table 3.14). At the 

Chicot site, ryegrass treatments had higher soil N levels than red 

clover in the grain system, whereas there was no difference between 

intercrop treatmcnts in the silage system (Table 3.16). At the Ste. 

Rosalie site, higher soi1 N under red clover intercrops was found in the 

silagp compared to grain systemi differences in soil N values, however, 

were small (Table 3.16). 
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Table 3.14 Significance of F-values from analysis of variance of soil 
inorganic N in the 0- ta 60-cm depth at the Chicot and Ste. Rosalie 
sites. 

Soil inorganic N 

Sampling depth (cm) 
Source df 0-20 20-40 40-60 0-60 0-20 20-40 4\)-60 0-60 

S 1 
Error (a) 3 
l 1 
N 2 
lin 1 
quad 1 

l x N 2 
S xII 
S x N 2 
S x l x N 2 
Error (b) 30 

S 1 
Error (a) 3 
l 1 
N 2 
lin 1 
quad 1 

l x N 2 
S xII 
S x N 2 
S x l x N 2 
Error (b) 30 

S 1 
Error (a) 3 
l 1 
N 2 
lin 1 
quad 1 

l x N 2 
S xII 
S x N 2 
SxlxN 2 
Error (b) 30 

ns 

** 
** 
** 
* 
* 

** 
ns 
ns 

ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 

** 
ns 
* 
* 

ns 
ns 
ns 
ns 

Chicot 
ns 

ns 
** 
** 
** 
ns 
ns 
ns 
ns 

ns 

ns 
* 

** 
ns 
ns 
ns 
ns 
ns 

Chicot 
* 

ns 
* 
* 

ns 
ns 
** 
ns 
ns 

ns 

ns 
** 
** 
ns 
ns 
ns 
ns 
ns 

Chicot 
* 

* 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 

ns 
** 
ns 
ns 
ns 
ns 
ns 
ns 

ns 

** 
** 
** 
** 
ns 
ns 
ns 
* 

FaU 1988 

ns 

ns 
** 
** 
ns 
ns 
ns 
ns 
ns 

Spring 1989 

* 
ns 
** 
** 
ns 
ns 
ns 
ns 
ns 

ns 

** 
* 

** 
ns 
ns 
ns 
ns 
ns 

Fall 1989 

ns 

ns 
** 
** 
ns 
ns 
ns 
ns 
ns 

ns 

ns 
*1< 

* 
ns 
ns 
ns 
ns 
ns 

Ste. Rosa J ie 
ns 

ns 
** 
** 
* 

ns 
ns 
ns 
ns 

ns 

115 

** 
** 
• 

ns 
ns 
ns 
** 

Ste. Rosalie 
ns 

ns 
** 
** 
ns 
ns 
ns 
ns 
ns 

ns 

* 
*. 
.* 
ns 
ns 
ns 
ns 
ns 

Ste. Rosalie 
ns 

ns 
** 
** 
ns 
ns 
ns 
ns 
ns 

ns 

ns 
** 
** 
ns 
TlS 

* 
ns 
n3 

*, ** sianificant at the .05 and .01 level, respecti vely 
ns = not significant S = corn systems l = intercrop speci~s 
N = N fertilization lin, quad = linear, quadratic (p<.05) 
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** 
** 
* 

ns 
ns 
ns 
** 

ns 

ns 
** 
1<* 
ns 
ns 
ns 
ns 
ns 

ns 

ns 
** 
1< 1< 

ns 
ns 
ns 
ns 
ns 
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Table 3.15 Effect of the interaction between corn systems, intercrop 
species and level of N-fertilization on sail inorganic N in the 0- ta 
60-cm depth at the Chicot and Ste. ~osalie sites in the fall of 1988. 

Sail iporganic N 

Grain Silage 
Corn 

system 
Intercrop 
~pecies Ryegras5 Red clover Ryegrass Red claver 

Level of N 
(kg N/ha) 

-------------- kg-(NH4+N03 )-N/ha -------------

o 
70 

140 
Trend 

o 
70 

140 
Trend 

34.1 
35.6 
82.4 
quad 

15.0 
20.0 

104.0 
quad 

Chicot 
19.1 22.3 
27.3 31.2 
42.0 48.9 
lin lin 

Ste. Rosalie 
21.3 15.6 
37.6 43.9 
67.0 58.4 
lin lin 

Trend ~ orthogonal polynomial trend comparison 
lin, quad = linear, quadratic (p<.05), respectively 

20.5 
26.9 
61.7 
quad 

21.1 
36.8 
96.7 
quad 

Only one interactjon of intercrop species with N rate was found; 

Hl the fall of 1988 at the Chicot site, in the 0-20 cm depth (Table 

3.14) . As fertilizer N was increased from 0 ta 140 kg N/ha, sail N 

increased linearly under red claver intercrops (from 6.6 to 12.6 kg 

N/ha) but quadratically under ryegrass (from 11.8 to 26.6 kg N/ha). As 

noted earlier, soil N levels were higher under ryegrass intercrops. 
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Table 3.16 Effect of the interaction between corn systems and 
intercrop species on soil inorganic N at various sampling depths al the 
Chicot and Ste. Rosalie sites. 

Corn 
system 

Intercrop 
species 0-20 

Soil inorganic N 

Sampling depth (cm) 
20-40 40-60 0-60 

--------- kg (NH4+N03) -N/ha ---------

Chicot, fall 1988 
Grain Ryegrass (RG) 23.4 15.8 10.1 

Red clover (RC) 10.3 11.6 9.5 
SUage Ryegrass (RG) 11. 6 10.9 Il. 6 

Red clover (RC) 8.6 18.1 10.5 
Contrast 
Grain: RG vs RC * ... nd nd 
Silage: RG vs RC ns nd nd 
RG: Grain vs silage ** nd nd 
RC: Grain vs silage ns nd nd 

Spring 1989 
Grain Ryegrass (RG) 26.3 20.9 15.1 

Red clover (RC) 17.6 13.7 15.7 
SUage Ryegrass (RG) 32.3 12.9 Il. 0 

Red clover (RC) 29.3 15.9 14.5 
Contrast 
Grain: RG vs RC nd ** nd 
Silage: RG vs RC nd ns nd 
RG: Grain vs silage nd *. nd 
RC: Grain vs silage nd ns nd 

Ste. Rosalie, faU 1989 
Grain Ryegrass (RG) 10.8 6.2 5.3 

Red clover (RC) 13.1 4.7 3.8 
Silage Ryegrass (RG) 17.9 5.2 4.7 

Red clover (RC) 12.2 7.5 6.9 
Contrast 
Grdin: RG vs RC nd nd ns 
Silage: RG vs RC nd nd 1< 

RG: Grain vs silage nd nd ns 
RC: Grain vs silage nd nd ** 

Contrast = single degree of freedom contrast 
nd = not determined (simple effects were not determined when the 
interaction effect was nct significant) 
*, ** significant at the .05 and .01 level, respectively 
ns = not significant 
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49.3 
31.4 
34.1 
37.2 

** 
ns 
•• 
nt) 

62.3 
47.0 
r)6.2 
59.7 

• 
ns 
ns 
ns 

22.3 
21.6 
27.8 
26.6 

ns 
ns 
ns 
• 



3.4.2.3 Main Effects on Soil Inorqanic N 

Corn systems had a small effect on sail inorganic N in the 

fall of 1989 at the Chicot site (Table 3.14). Sail N was higher under 

the silage system compared to grain at 20-40 cm; the difference in 

values, however, (8.0 kg and 6.1 kg N/ha for silage and grain, 

respectively) was of little agronomie significance. 

Intercrop species effects were noted at several depths in the fall 

of 1989 in the Chicot soil, whereas species effects were noted at only 

one depth in the Ste. Rosalie sail in the spring of 1989 (Table 3.14). 

At the Chicot site, sail inorganic N was higher under ryegrass compared 

with red clover in both 0-20 and 20-40 cm depths (Tables 3.14 and 3.17). 

At the Ste. Rosalie siLe, a small difference was found in the spring of 

1989 at the 40-60 cm depth, where higher sail inorganic N was found 

under red clover ccmpared to ryegrass (Table 3.17). 

N fertilization had an effeet on soil inorganic N at bath sites in 

aIl samplings (Table 3.14). The effect in 1988 was modified by the 

lwo-way and three-way interactions discussed previously. Sail N 

increased linearly with added N in the 0-60 cm profile in all 1989 

samplings (Tables 3.14 and 3.1B). At the Chicot site in the spring, 

there was no effect of N rate at the 0-20 cm depth. Sail inorganie N 

jncreased linearly with added N, however, in bath the 20-40 cm and 40-60 

cm depths (Table 3.18). In the fall sampling of the Chicot sail, the 

effect of N rate on sail inorganie N was due to effects in the 0-20 em 

depth. In this sampling, however, sail N decreased at the high 

[ertilizer rate (Table 3.18). 

At the Ste. Rosalie site, sail N increased linearly witn added N 

al aIl sampling depths in 1989 (Tables 3.14 and 3.1B). In the spring, 

while surface effects were absent in the Chicot soil, the effect of 
. 

added N remained significant at the 0-20 cm depth in the Ste. Rosalie 

Svil (Table 3.18). The influence of added N in the fall in the Ste. 

Rosalie soil was due ta effects in the 0-20 cm depth. Unlike at the 

Chicot site, however, surface sail N at the Ste. Rosalie site increased 

at the high N rate (Table 3.18). 
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Table 3.17 Effect of inlercrop species on soil inorganic N at various 
sampling depths at the Chicot and Ste. Rosalie sites. 

Intercrop 
species 

Ryegrass (RG) 
Red claver (RC) 

RG vs RC 

Ryegrass (RG) 
Red claver (RC) 

RG vs RC 

0-20 

Il. 1 
5.4 
** 

31. 3 
26.1 

ns 

Sail inorganic N 

Sampling depth (cm) 
20-40 40-60 

kg (NH4+N03)-N/ha 

Chicot, faU 1989 
9.0 9. l 
5.2 5.6 

* ns 

Ste. Rosalie, spring 1989 
15.4 8.4 
13.8 11.5 

ns 

*, ** significant at the .05 and .01 level, respectively 
ns = not significant 

0-60 

29. ~ 
16.~ 

"'''' 

5~.1 

51. 4 
ns 

Table 3.18 Effect of level of N-fertilization on soil inorganic N al 
various sampling depths at the Chicot and Ste. Rosalie sites in 1989. 

Level of N 
(kg N/ha) 0-20 

Inorganic soil N 

Sampling depth (cm) 
20-40 40-60 0-60 

----------- kg (NH4+N03)-N/ha ------------

Chicot 
Spring 

0 23.2 14.3 8.8 
70 27.6 14.1 10.3 

140 27.5 18.8 22.0 
Trend ns lin lin 

Fall 
0 5.0 5.3 9.1 

70 10.3 6.5 5.0 
140 8.4 9.1 8.7 
Trend quad ns ns 

Ste. Rosalie 
Spring 

0 20.9 7.9 5.6 
70 27.0 13.5 8.6 

140 38.3 22.3 14.9 
Trend lin lin lin 

Fall 
0 5.6 3.5 3.0 

70 12.9 4.6 4.6 
140 22.0 9.7 7.9 
Trend lin lin lin 

Trend = orthogonal polynomial trend comparison 
lin, quad = linear, quadratic (p<.05), respecti~ely 
ns = not significant 
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46.3 
52 0 
68.3 
lin 

19 4 
21.8 
26. ;> 
lin 

34.4 
49. ] 
75 ') 
lin 

12.1 
22.1 
39.6 
lin 



3.5 N-Recovery Based on Fertilizer N Applied 

3.5.1 N-Recovery in Corn, Intercrops and Soil and 
Unaccounted for N 

Results are presented for the effect of corn systems, 

Intercrop specles and N-rate on the amount of N recovered in corn total 

dry matter (corn), seeded intercrops plus weeds (IC), and sail, as weIl 

as the amount of unaccounted for N in silage and grain corn-intercrop 

systems. The N-uptake and soil N data used ta estimate the recoveries is 

given ln the Appendix: Table Al. N-uptake by intercrops was only 

determlned in 1989; consequently, N-recovery in intercrops was only 

detcrmlned for that year. 

Due ta a high amount of variability in the original data, and the 

fclet that variances were ln sorne cases proportional to the means, data 

WdS log-transformed prior ta statistical analysis. The statistics 

presented ln Tables 3.19 and 3.20 are far the transformed data, whereas 

the means in Table 3.20 are the original N-recovery values. 

Once transformed, there was litt le effect of factors other than N-

rdte on N-recovery values (Table 3.19). There was an effect of N-rate on 

N-recovery ln sail at. bath sites in 1988 (Table 3.19). In bath cases, 

more N was recovered in soil at the high compared tu J.ow rate of N 

lertilizatlon (Table 3.20). N-rate had an eff~ct on the recovery of N 

in corn in bath 1988 and 1989 at the Chicot site (Table 3.19). In both 

years at this site, a higher percentage of N was recovered in corn at 

th0 low compared with the high N-rate (Table 3.20). 
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Table 3.19 Significance of F-values from analysis of variance of log­
transformed N-recovery based on fertilizer N applied at the Chicot and 
Ste. Rosalie sites. 

log (N recovery + 1) 

Chicot Ste. Rosdlie 

Source df Corn lC Soil Unacc Corn le sail Unacc 

-------------- Probability of > F --------------

S 1 
Error (a) 3 
l 1 
N 1 
l x N 1 
S x l 1 
S x N 1 
S x l x N 1 
Error (b) 60 
CV (%) 

S 1 
Error (a) 3 
l 1 
N 1 
l x N 1 
S x l 1 
S x N 1 
S x l x N 1 
Error (b) 60 
CV (%) 

ns 

ns 
** 
ns 
ns 
ns 
ns 

23.8 

ns 

ns 
* 

ns 
ns 
ns 
ns 

15.8 

ns 

ns 
** 
ns 
ns 
ns 
ns 

44.9 

ns ns 

ns ns 
ns ns 
ns ns 
ns ns 
ns ns 
ns ns 

19.2 46.1 

ns 

ns 
ns 
* 

ns 
ns 
ns 

69.5 

ns 

ns 
ns 
ns 
ns 
ns 
ns 

70.4 

1988 

1989 

ns 

ns 
ns 
ns 
ns 
ns 
ns 

28.2 

ns ns 

ns ns 
ns ns 
ns ns 
ns ns 
ns ns 
ns ns 

28.5 24.0 

*, ** significant at the .05 and .01 level, respectively 
ns = not significant 
S = corn systems N = rate of N fertilization 
l = intercrop species CV = coefficient of variation 

ns 

ns 
** 
ilS 

ns 
ns 
n~ 

4!L 1 

ns 
ns 
ns 
ns 
ilS 

fiS 

6').2 

Corn = corn total dry matter lC = seeded intercrops plus weed~ 
Unacc = unaccounted for N 

41 

ns 

ns 
ns 
ns 
ns 
ns 
ns 

81. '1 

ns 

ns 
ns 
ns 
ns 
ns 
113 
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TaLle 3 20 Effect of N-rate on N recovery in corn total dry matter 
(c0rnl, seeded intercrops plus weeds (intercrops), soil, and unaccounted 
[(.Ir tI at the Chlcot and Ste. Rosalie sites. 
------------------------------------------------------------------------

Level of N 
(kg N/ha) 

70 
140 

70 vs 140 

70 
140 

70 vs 140 

70 
140 

70 vs 140 

70 
140 

70 vs 140 

Corn 

71.6 
47.6 

** 

84.1 
59.9 .. 

38.7 
29.1 

ns 

23.2 
25.1 

ns 

N recovery (%)" 

Intercropsv Sail 

Chicot 

1988 
10.7 
26.5 

** 
1989 

-20.3 8.9 
-7.7 6.2 

ns ns 

Ste. Rosalie 

2.3 
3.6 
ns 

1988 

1989 

13.5 
22.3 

** 
14.7 
19.7 

ns 

, ** significant at the .05 and .01 level, respectively 
ns ~ not slgnificant 

Unaccounted 
for N 

18.7 
26.4 

ns 

10.8 
38.1 

ns 

32.3 
22.3 

ns 

62.9 
55.3 

ns 

WStdtistics for N-recovery were performed on log-transformed data, 
whereas the means presented aLe the original untransformed data. 
VNegative recovery values resulted when N-uptake by intercrops was 
greater on unfertilized than on fertilized treatments (see Appendix: 
'l'able AlI. 

The interaction between N-rate and intercrop species had an effect 

O!l l he amount ot t.naccounted for N at the Chicot site in 1988 (Table 

3.19). The amount ot unaccounted for N was similar at both Iow and h1gh 

N-rates under ryegrass intercrops (38.3 vs 34.7%), whereas a greater 

ilnlOunt of unaccounted for N was found at the high compared with low N­

lùte under red claver intercrops (18.0 vs 1.0 %). 

In both years, the amount of N recovered in corn was lower and 

1lI\dC~()llnted for N was higher at the Ste. Rosalie compared with the 

C!llcot site (Table 3.20). 
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3.5.2 N Balance Sheet for Corn-Intercrop Systems 

Statistics for the data' from which the N balance sheet (Table 

3.21) was constructed, have been presented in previous tables. In the 

following section, sorne of these tables are referred ta in the 

presentation of the balance sheet, in order to account for differences 

in the amount of N removed from or retained by the system. 

N Removed 

A higher removal of N by harvested corn in the si1age 

compared with grain system, was found at aIl rates of N ferti1ization 

(Table 3.21). In most cases, differences between systems were similar 

for low (70 kg N/ha) and high (140 kg N/ha) N rates. A greater removal 

of N by harvested dry matter in the silage system in 1989, was due to a 

higher N-uptake by corn total dry matter in this system compared with N-

uptake of either ar.:lin dry matter or above-ground total dry matt.er in 

the grain system (Tables 3.4 and 3.8). 

Intercrop species had little effect on the amount of N removcd by 

harvested corn. An exception was at the Chicot site, where a grealer 

removal of N by si1age corn occurred with red clover compared witt! 

ryegrass inte.ccrops (Tables 3.21 and 3.3) . 

'N-uptake by silage and gra~n corn, N-uptake by crop u:sidue.'3 (corn 
stover, seeded intercrops plus weeds), and fall soil inorgarac Il. 
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Tdbh~ 3.21 N-balance sheet: The amount of N removed trom and retained 
by ~ilage and grain corn-intercrop systems at the Chicot and Ste. 
IJosalie sites ~n 1989. 
----------------------------------------------------------------------

Level 
Intercrop of N 
species (kg N/ha) 

N 
removed 

Corn System 

Grain 

N 
retained 

N 
removed 

SUage 

N 
retained 

----------------------------------------------------------------------
------------- N-uptake (kg N/ha) --------------

Chicot 
Ryegrass 0 19.7 72.4 51.5 65.5 

70 60.0 90.5 113.2 72.5 
140 70.2 120.3 138.7 67.4 

Hed clover 0 24.3 89.3 76.9 72.8 
70 60.6 86.2 154.9 51.3 

140 77.4 116.8 159.5 57.3 

Ste. Rosalie 
0 15.3 35.4 35 2 41.9 

70 23.2 48.5 59.7 63.5 
140 43.4 96.2 78.1 57.9 

Red clover 0 6.0 50.9 37.6 38.0 
70 22.1 49.8 49.2 51. 4 

140 25.7 88.0 70.7 75.3 

N rernoved = N taken up by harvested corn 
N retalned = fall soil inorganic N + N taken up by soil incorporated 
crop res~dues 

N Retained 

At the Chicot site, a greater amount of N was retained 

(recovered in soil and crop residues) by the grain compared with the 

silage system, and differences between systems were greatest at the high 

(140 kg N/ha) compared with the low PO kg N/ha) N rate (Table 3.21) . 

FI mn crop residue and soil N data, di fferences between corn systems in 

t v 1 m~, ot th", amount ot N lE:tained were the result of N-uptake by corn 

RtpVül residues ~n the grain system, as there was no difference between 

:;ystcms ~n t.erms of N-uptake by intercrops or fa Il soil N levels (Tables 

3.1,3.8 and 3.14), At the Ste. Rosdlie site, differences between corn 

"y~;t l>l\1S in terms of the amount of N retained were small, and only 

appdrent at the high (140 kg N/ha) N-rate. 

There was no conslstent effect of intercrop species on the amount 

"t N let dined by the system at either site (Table 3.21). 
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CHAP'l'ER FOUR 

DISCUSSION 

4.1 Intercrop Biomass as Affected by Corn Systems and Intercrop Species 

The first hypothesis proposed that reduced corn-intercrop 

competition late in the season with silage production, wou Id result in a 

greater intercrop biomass. This hypothesis was based on the assumption 

that the earlier harvest of corn in silage production compared with 

grain, would result in a late-season period of intercrop growth free 

from competition with corn. The hypothesis was rejected, as there WdS no 

effect of corn systems on the biomass of seeded intercrops at either 

site. When total biomass was considered (intercrops plus weedsl, the 

grain corn system at the Ste. Rosalie site had a greater total intercrop 

biomass in 1989. This was primarily due to the greater biomass of weeds 

in that system compared with the silage system. Differences were not 

great, and thus it was not considered to indicate a trend. 

One reason proposed for the failure to achieve higher intercrop 

yields under silage corn, is that silage harvesting operations damaged 

intercrop vegetation and subsequent growth was reduced. An additional 

reason however, is that competition from corn for N and .,/aler, appears 

to have prevented intercrops in either corn system from achicving high 

dry matter yields. Intercrop dry matter yields in this study (0.10-2.0 

t/ha) were similar to those reported by other interclopping 3ludies in 

this region (Tomar et al. 1988; Nanni and Baldwin 1987; Claud~ 1990), 

but lower than those reported by Scott et al. (1987) in the wHtheast.ern 

O.S. (1.0-3.0 t/ha). Furthermore, the short six week "competition-free" 

period after silage harvest was relatively cool and dry in bath 1988 

and 1989, resulting i'l a reduced intercrop growth potential dunng this 

less favorable period. The excellent fal! gr0wLh of aHaltcl f()llowing 

corn silage harvest in Nebraska reported by Nordquist and Wl~~~ (1974), 
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was for alfalfa under irrigated conditions, and with a longer growing 

season than occurs in Queb8~. Under the experimental and climatic 

cond1tions of the present study, however, it is unlikely that intercrop 

growth wou Id be greater in a silage compared to a grain corn system for 

the reasons given. 

There were a few corn systems by intercrop species interactions 

for Lotal intercrop biomass. At the Chicot site in 1988, ryegrass 

trp.dLments had a higher total intercrop biomass compared with red clover 

in both corn systems, and differences between treatments were 

particularly great in the grain corn system. At this site however, the 

effect was due to the greater biomass of weeds in ryegrass-grain 

treaLmcnts, rather than to differences in the biomass of seeded 

int~[crops. The severe weed infestation in ryegrass at the Chicot site 

wa~ due ta the fact that no herbicide was used on ryegrass plots in 

1988 The other two-way interaction was at the Ste. Rosalie site in 

1989, where red clover treatments had a higher intercrop biomass in the 

grain compared to silage system. Differences among treatments were not 

agronomically important, however. 

In any case, it appears that intercrop biomass was not related 

conslstently ta any particular corn system or intercrop species. It also 

i1ppC,HS thal for both corn systems and both intercrop species, weeds 

comprised a large proportion of the total intercrop biomass, emphasizing 

the Importance of weed control in intercrop management. 

4.2 Soil N and C as Affected by Corn Systems and Intercrop Species 

The second hypothesis proposed that reduced corn-intercrop 

competition in silage production would result in higher soil N levels in 

ellher fall or spring, following plowdown of the intercrops. It was 

lurthet speculated that greater intercrop growth in the silage system, 

could resull in a greater contribution to the pool of soil organic C or 

N by intercrops in that system compared to the grain system. Flnally, 

legume dnd non-Iegume intercrop species were compared as to their effect 

on ~lOll N levels and N-recovery in the system. 
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4.2.1 Soil N and C as Affected by Corn Systema 

There was essentially no corn system effect on soil 

inorganic N. A small effect in the fall of 1989 at the Chicot site, 

where soil N was higher under the silage system compared to gtain al the 

20-40 cm depth, was of little agronomic significance. The la~k of a 

system effect on soil inorganic N is not surprising, as this second 

hypothesis was proposed as an anticipated consequence of the first, 

(ie., that the silage system would result in greater intercrop growth), 

which was rejected. 

There was no consistent corn system effect on either soil total N 

or organic Cafter two years. An interaction among systems, species and 

N rate at the Ste. Rosalie site was difficult ta interpret, and thougllt 

to be an artifact due to soil variability. As the firsl and second 

hypotheses proved incorrect, the lack of a system effect on soil C and N 

was to be expected. The amount of crop residue required to maintain 

soil C and N levels in rotations with corn has been estimated to be 6-7 

t/ha/year (Larson et al. 1972; Cope et al. 1958; Liang 1989). The lack 

of added stover residues in the silage system compared ta grair, (and 

consequently greater loss of soil C and N (Barnhart et al. 1978», means 

that d much higher intercrop biomass production would be necessary lo 

maintain soil C and N in that system compared to grain. In this 

experiment, total intercrop biomass in the silage system was weIl below 

the critical values of 6-7 t/ha/year. Critical values for resldue 

production were only obtained in the grain corn-intercrop qyslem in one 

site-year of the experiment. 

The N balance sheet for 1989, Indicated that a grealer T8movaJ of 

N by harvested corn occurred in the silage compared with the gldin 

system at aIl rates of applied N. Furthermore, a lesser dmount of N was 

retained (recovered in soil and crop residues) in this system r;r)rnpared 

with the grain system. 

These results indicate that, not only was the contributIon of t/ 
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élnd C tu sail t rurTI crop residues less in the silage system, but aiso 

ttwt rernoval of added t. f rom so~l was greater in this system compared to 

the grain corn system. 

Given the Iow res~due return in the present study, it appears that 

soil C and N levels would decline in both corn systems over an extended 

pF~r lad. Such an evalua t ~on was not possible in this study, however, 

g l Vf!fl thE: short durat ~on of the experiment. 

4 .2.2 Soi1 N as Affected by Intercrop Species 

There was no consistent effect of intercrop species on soil 

~nurganic N at either site. The effect of two-way and three-way 

lnterdctions, however, were noted at several samplirg depths. In both 

UH' fall of 1988 and spring of 1989 at the Chicot sjte, ryegrass 

treatments had higher sail N levels compared with red clover in the 

grdin system, whereas there was no difference between intercrop species 

HI the silage system. Ryegrass treatments also had a higher total 

intercrop biomass and lower total dry matter N-uptake by corn than red 

clover 111 both corn systems. Given that non-growing season soil 

temperature5 were unlikely to favor significant N mineralization, high 

sail N levels ~n ryegrass-grain plots were more likely to have been the 

rcsult 'lt low N-upt'lke by corn, rather than a N contribution from 

lncorporated ryegrass ~ntercrops. 

In the three-way interaction, the effect of corn systems, 

1l1lprc rop spec~es and N-rate on sail inorganic N was less clear. At bath 

slles in 1988, t.he increase in soil N was quadratic under ryegrass in 

g 1 dUl and under red claver in silage, but linear under red clover in 

q J cl i Il and under ryegrass in silage. Obviously a complex interaction is 

l'CCUrI..lng, in th~s case however, the causes and effects of the 

1 ntt'ract .lon are t.oo obscure ta enable valid or meaningful prediction of 

sOll N levels in a given system-intercrop species combination. 

Thete WdS no advantage of red clover. over ryegrass intercrops, in 
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terms of a contribution to sail N, in any site year of the experiment. 

Second year N-benefits to corn from residual legume N could only be 

evaluated in one year of the experiment (section 4.3.2). The likelihood 

of such benefits occurring was not obvious, however, f rom the low 

amounts of residual N in red clover treatments in the fall of bath years 

and spring of the second year of the experiment. 

The ability of ryegrass to intercept and recycle NO,-N has been 

noted by Groffman et al. (1987), who found lower lasses of NO,-N by 

leaching and denitrification in ryegrass treatments compared with red 

clover. In the present study, it was hoped that ryegrass intercrops 

might reduce fall soi! N levels in treatments fertilized at the high N 

rate, thereby enhancing the overall recovery of fertilizer N in Lhe 

system. The three-way interaction effect on soil N, indicated that 

intercrop species had an inconsistent effect on end of season sail 

accumulations of fertilizer N. End of season N-recovery est imates 

suggested no effect from intercrops species on N recovery in soi l, and 

recovery of N in the intercrops themselves was low. The absence of a 

"sponge crop" (or N-intercepting) effect of ryegrass intercrops in the 

present study, was presumably the result of a low dry matter yield and 

N-uptake potential of the intercrops. 

Values obtained for "unaccounted for Nil were variable, and nol 

related to a particular corn system. An interaction between l.nLcrcrop 

species and N rate was found at the Chicot site in 1988, where a greater 

amount of unaccounted for N was obtained with red clover i ntercrops 

ferti1ized at the high compared with the 10w N rate. GredLer arnounts of 

unaccounted for N were also associated with the Ste. Rosa1ü: site, where 

N rates appear ta have exceeded crop assimilat ion capacity. Because crop 

residues from the previous season were still large1y undecorr:p')s(.;!d in the 

spring when N was applied, it is likely that sorne of the fert i lL~er N 

was immobilized by soil microflora during the growing sea:30fl. Short-terrn 

net jmmobilization of N wou1d bave increased estirnates of unaccounted 
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f rH tl by temfJoranly removing N from both soil inorganic N and crop N-

uptake reservoirs. The lik, lihood that N-irnmobilization was significant 

in the present study, was further supported by the fact that the highest 

values for unaccounted for N were obtained at the Ste. Rosalie site, 

wh~re the greatest amount of organic C would have been available to soil 

rnlcro[ lora. Although no attempt was made to determine the possible 

pdt hway::, of N-loss, i t is likely that most los ses occurred through 

drnrnunia volatilization and/or denitrification. Leaching was unlikely to 

have been significant, as precipitation was low during the growing 

sr~ason, and residual soil inorganic N was low at the onset of the 110n-

<J rowing season. 

Several studies nave indicated the need for caution when 

j ntt"rpret ing estimates of unaccounted for N determined by the difference 

rnethod, because of the large amount of systematic error associated with 

lhis method. Systematic errors are introduced when one or more of the 

path~ays of N recovery or loss is omitted from the calculation 

procedure. Errors have been found to accumulate in the final department 

(l.~ , unaccounted [or N) when this is determined by difference (Legg 

and Meiscnger 1982; Allison 1966). In the present study, a certain 

cllTlOllllt of the variabillty dssociated with estimates for unaccounted for 

N was probably the result of differences in the amount of N removed from 

tht:> inorganlc N pool by immobilization. Variability was undoubtedly also 

lIlCH>clsed, however, by the imprecision associated with the estimation 

m~~tl1('d used. 

4 .3 Corn Dry Matter Yield and N-Uptake as Affected by N Rate, Corn 
Systems, and Intercrop Species. 

The tl1ird hypothesis proposed that in both silage and grain corn 

systems, there is a level of N fertilization that maximizes corn yields 

whil~ optlmlzing intercrop growth. It was also speculated that higher 

c"ln yields and N-uptake by corn would result with a legume compared 

wilh non-Iegume species of intercrop. 
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4.3.1 Corn Dry Matter Yield and N-Uptake as Affected by N Rate 
and Corn Systems 

Nitrogen fertil~zation consistently increased both total 

dry matter N-uptake and y~eld of corn. There was no main effect ot corn 

systems on N-uptake; total dry matter yie1ds, however, were higher in 

the si1age compared to grain system at both sites in 1989. Some N-rate 

by corn system interactions were a1so present; linear and quadratic 

yield response trends were more consistently related ta site, however, 

than to a particular corn system. 

At the Chicot site, total dry matter yield response to applied N 

was quadratic, whereas the response was mostly linear at the Ste. 

Rosalie site. One interpretation of these trends is that, in lerms ot N-

rates, near-maximum yields were more easi1y obtained at the Chicot than 

at the Ste. Rosalie site. Another interpretation, however, is suggested 

by comparisons with monocrop corn yields from previous experiments on 

these soUs (Claude 1990; Tomar et al. 1986; Warnaars 1972). 'rhese 

comparisons indicate that corn tata] dry matter yields in the present 

study were 0-40% and 25-80% lower, at the Chicot and Ste. Rosalie siles, 

respectively, than those normally obtained on th~ same soi1s al these 

sites. In the presence of low yj~l~s, quadratic yie1d responses suqgest 

that water stress or sorne other factor was limiting the palent ial of 

intercropped corn to exploit added N at the high rate. In the absence uf 

monocrop controls, the degree to which low yields were due to low 

growing season precipitation, intercrop competition, al uth8r tdctors, 

is not clear. It is likely, however, that a combination of faclors waa 

responsible for low corn yie1ds, and that moisture stress ~ncreased the 

intensity of corn-intercrop competition for water. 
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Chicot Site 

In 1988 at the Chicot site, despite a relatively low total 

dry matter yield and quadratic total dry matter yield response to N in 

the grain system, yields of grain increased linearly with added N , and 

at the high N rate were comparable (7.5 t/ha) to yields of monocrop 

grai/l corn obtained by Claude (1990) and Warnaars (1972) in previous 

~~/pr-"r irnents al the sarne site. This site-year differed from the others 

prirnarily ln having a less severe moisture-deficiti a result of the more 

favorable distribution of growing-season precipitation in 1988 compared 

with 1989, and the greater capacity of soil to to supply plant-available 

waler at lhe Chicot cornpared with the Ste. Rosalie site6
• The high grain 

yields dnd linear yield response to added N obtained in the wetter site-

year, further support the supposition that quadratic yield responses 

were the result of moisture stress rather than a fully exploited yield 

polential. 

A mostly linear total dry matter N-uptake response ta applied N at 

the Chicot site, suggested that N-uptake in both corn systems was 

limited by Inadequate amounts of fertilizer N. Nitrogen recovery data, 

however, indl.cated that for aIl quadratic yield responses (total dry 

matter yield in the silage system in bath years, and in the grain system 

in 1~89), fertilizer N recovery in corn was higher at the low rate than 

cH the high rate of applied N, whereas for the linear yield response 

(gldin yield in 1988), a higher recovery of N occurred at the higher N 

l <Ile. 'l'hese results suggest that while increasing amounts of fertilizer 

N LnClCdsed yields in both systems, N opplied at the high rate was more 

t~itect ively utilized by corn in the grain system compared with silage. 

Thal corn total dry matter yields were hig!1er in the grain compared with 

the sildge system in 1988 at t~e Chicot site, may be attributed ta the 

"Alth0ugh the Ste. Rosalie soil was a clay and the Chicot sail a 
s~ndy 10am, the finer-textured sail did not poss~ss greater moisture­
supplylng ability, due LJ imperfect drainage and poor sail structure. 
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fact that silage corn was harvested prior to physiological maturity'. It 

is therefore likely that dry matter accumulation continued in the corn 

after silage harvest and was, in fact, not complete at the time of grain 

harvest. In 1989, although moisture contents of corn at harvest were 

similar to those obtained in the previous year, corn yields in the grain 

system were not higher than in the silage system. In this year, yield 

advantages that could have resulted from the additional period of growth 

in the grain system did not occur because of the ~~miting effects of 

moisture stress. In a year characterized by moisture deficit during 

pollination and early ear development, a greater yield reduction in the 

grain system compared with silage can be attributed to the critical role 

of water supply to ear-growth, and the typically greater contribution of 

ear-weight to total dry matter in grain corn (47-61 %) compared with 

silage corn (40-58 %) (Hanway 1963; Giskin and Efron 1986; Jokela and 

Randall 1989). 

Ste. Rosalie Site 

Both linear total dry matter N-uptake and corn yield 

responses to applied N, and even lower corn yields at the Ste. Rosalie 

compared with Chicot site, suggested that N was more limiting than water 

at this site. Although maximum N-uptake by corn was never obtained at 

this site, no evide~ce of an N d0ficiency was found in corn plant 

tissues'. Furthermore, lcw N-recoveries in corn at both N-rates, 

indicated that corn N-uptake was consistently less than the potential 

amount of uptake possible at the levels of N present. Both of these 

observations can be explained by the fact that the d~mand for N of corn 

is largely a function of its dry weight (Greenwood 1982). With such low 

1The percentage of moisture in corn at harvest in both years at the 
Chicot site, was 43% and 72% in the grain and whole-plant silage, 
respectively. The percent age of moisture associated with physiological 
maturity of corn in Canada is 35% for grain and 65-70% for whole--plant 
silage (Agriculture Canada 1974). 

'Total N content of grain and silage corn plant tissues at hacvest 
(1.48 and 1.15 %, for corn grain and whole plant silage, respeclively), 
were similar to N contents reported by Olson and Kurtz (1982) for corn 
grown under conditions where N was non-limiting. 
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rtrrl'Junt:o cd Cvrfl dry matter present, low yields at the Ste. Rosalie site 

W(;[f.; pr0fJéJbly th{; result of sorne factor other than insufficient levels 

of )J. Evidence of solI desiccation (a hard, cracked soil surface) and 

low uptdke of water by corn (wilting plants) at various times throughout 

both grow1ng seasons, suggested low soil moisture and/or a low plant-

aVdilabi11ty of water to be the most likely other factor causing low 

yhdds. 

Because of the slower movement of N and other nutrients to plant 

rClots at low soil moisture contents, some studies have suggested that 

hlgher rates of fertilizer N than those applied in the present study are 

Il;qulred [or corn under limited soil moisture conditions (Warnaars 1972; 

.Joke 1 d and Randall 1989). At the Ste. Rosalie site, however, very low 

[I;cover les of N in corn at the 10w N rate were not irnproved by applying 

greater amounts of fertilizer N. Although corn yield reduction appeared 

ta ~e cau5ed primarily by moisture stress, other factors, such as poor 

~oil aelation resulting from a compacted 50il structure, may have been 

lnvnlvecl. W1th such low values for both N-uptake and N-recovery in corn, 

,Hld a nurn~er of possible factors lirniting corn yields, it was not 

possible to conclude that a higher N rate would have increased yields at 

lhe Ste R08~lie s1te. 

4.3.2 Corn Dry Matter Yiel.d and N-Uptake as Affected by 
Intercrop Species 

ùncE:' the confound1ng effects of weeds was removed, there was 

111 t le eftecl of 1ntercrop species on either corn N-uptake or dry matter 

yleld in either site-year. Intercrop species were found to have an 

inconsistent effect on corn yie ld in an adjacent experiment on these 

soil:'> (Claude 1990) . 

ln b0th years on the Ste. Rosalie soil, the effects of intercrop 

speCles on Corn total dry matter N-uptake and yield were limited by 

rnolsture streSs. Insufficient soil rnoisture resulted in peor intercrop 

qt,'wth in 1 QS8, and 10l~ corn yields in 1989. 
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At the Chicot site, intercrop speCles effects on COln N-uptak~ and 

dry matter yie1d in 1988 were confounded with a greater weed infestatlon 

in ryegrass plots. In 1989, corn total dry matter N-uptake in both 

systems and yie1ds in the silage system were higher wlth red clover 

intercrops. Corn yield differences were not great in t,.:: ' site-year, 

however. The evidence for N benefits from intercrop Iegumes from the 

adjacent study (Claude 1990) was inconclusive. In this €"xpel1menl, 

si1age corn appeared to be benefiting from a legume intercrop 

N-contribution, and supporting evidence was the fact that a qrealer 

amount of N was recovered in corn than was applied as fertilizer. As to 

whether this contribution was from residua1 N (N mineralized from lhe 

previous seasons legume biomass), or from a current season N-l ransLer 

or N-sparing effect (Simpson 1965; Haystead and Marriott 1979), was not 

determined. In any case, it must be emphasized that the evidence for an 

N-contribution was found only in one soil, one season and one corn 

system. Thus, conclusions about the N-contribution (let aione the corn 

yield benefit) from legume intercrops to corn remain tentatJve. 
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GENERAL CONCLUSIONS 

After two years, earlier corn harvest in the silage system did not 

rf.:!'3ult in greater intercrop growth compared to later corn harvest in the 

graIn system, due to both the effects of a sub-optimal growing period 

lo11owing silage harvest, and the damaging effects of the harvesting 

oper ation on subsequent ~ntercrop growth. As no intercrop growth 

advantage was found in the silage system, no advantages in terms of soil 

N or yield of subsequent corn, were realized ln this system compared to 

the grain system. 

The lack of a contribution to soil total N and organic C in either 

sy~;tern was attributed to low residue production. The lack of residues 

was particularly evident ~n the silage system. In southwestern Quebec, 

the potential for hIgh dry matter production in corn-intercrop systems 

i5 l.imited by frequent soil moisture deficits and a short growing 

season. The use of intercrops is therefore not seen as a means of 

preventing soil C arld N 1055 in silage corn systems in this region. 

There ".. -s no significant sail N contribution by legume intercrops 

J II ellher Lorrl system, and intercrop species had an inconsistent effect 

on end of season accumulations of soil N in treatments fertilized at the 

li 19t1 N rate. Thus, there appeared to be little difference between 

intercrop species in terms of either their contribution to sail N, or 

lheir ability to intercept and recycle residual NOJ-N. Moreover, 

1lll0lcrop species had essentially the same effect on sail N ln each corn 

-,y~,tt'm_ SOlI N data obtalned for one species/system combination, could 

th.>ll"tl1t'e be exttapolated to the other. 

III the silage system, a quadratic response to applied N in both 

yt~<lrS at the Chicot site indicated that in terms of N-rates, 

"llear-lllclxlmum" corn total dry matter yields were obtained. Intercropped 

S 11 age corn yields however, viere still 30-40 % below the average 

l1bt alned ln previous experiments at this site, and it is Ijkely that 

YI,> l,ob weIt? Illnited by mOl sture deficits. Although maximum corn total 
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dry matter y~elds were not obtained in the grain system, tllqh gl <lin 

yields were obtained in one favorable site-year. The hl.qheJ tc't al dry 

matter yields obtained in the grain compared with the s11age system in 

this year, appeared to be due to the fact that sildge corn Wd~, hal-vested 

prior to physiological maturl.ty and dry matter accumulatl.on continued in 

the corn after silage harvest. In all other cases, however, tl)t.al dry 

matter yields were higher ln the silage system, and yield ,1dv,mtdges Dt 

the grain system that could have resulted from the addit ion.:ll peliod ot 

growth did not occur because of the limiting effects of moistu re st ress. 

It is likely that in both systems, corn yields wou Id have been l.ncreased 

by hlgher rates of applied N only in years that. mOisl'Jre WclS not 

limi t ing, 

Intercrop species had little effect on corn yieJ d. In um~ C,I:Il!, 

silage yields and N recovery in corn were higher t,.:ith red cl o VI..? 1 

intercrops, and there was evidence that corn was benefitting frorn cl 

legume-N contribution. In this study however, N-transfer was an 

exceptional occurrence; in most cases, competition with corll t or N ilnd 

water by l.ntercrops was severe, and similar for bath legurnl! dnd 

non-legume intercrop specl.es Conclusions about the legurne-N 

contribution to intercropped corn thereEore rernain, al best, LPfjldllVp. 
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Suggestions for Future Work 

110dify silage harvesting procedures, to minimize damage to 

lf.V-,rcrop::, and subsequent 1ntercrop growth. One suggestion, is the use 

{Jf ct 4-rCJw 1nstead of a 2-row silage harvester, to reduce the number of 

1 rll '-,[crap rows over wrHch tractor and harvester must pass (0' Halloran 

B';l) . 

2 Reduce intercrop competition with corn for N and water, to improve 

cur:n yields. Corn-intercrop competition could be reduced through a 

r;urnLlrwt lon of increased rates of applied N, more effective weed 

cnnlt01, ctnd delayed 1ntercrop seed1ng dates. previding irrigation te 

lrlt.ercrop-corn is not a practical option for most farmers at this time; 

t hl' l'rdClice could have merit experimentally however, in allowing the 

dry matter productic.n potential of the system in the absence of moisture 

stress, to be determined (O'Halloran 1991). 

3 Include sorne monocrop corn plots at each experimental site. The data 

11 DJJI t.hese plots cou] d be used, not 50 much for statistical comparisons 

,1:, t () provldt:= "background" or control information, in standardizing 

yluld dnd other data as weIl as confirmlng the presence of confounding 

<1. lllciudf' the use of a labelled N source applied to confined 

mlCloplots, to im~rove the accuracy of quantitative N-recovery and N­

t><I 1 dnct.! deterrnlnatlons 

58 



Literature Cited 

Agriculture Canada. 1974. Growing Corn. Pub. No. 1025. Ottawa, Canada. 

Allen, J.R. and R.K. Obura. 1983. Yield of corn, cowpea, and soybean 
under different intercropping systems. Agron. J. 75:1005-1009. 

Allison, F.E. 1965. Organic carbon. In C.A. Black (ed.). Methods of sail 
analysis. Part 2. Chemical and microbiological properties. 
Agronomy 9:1367-1378. 

Allison, F.E. 1966. The fate of nitrogen applied to soils. Adv. Agron. 
18:219-258. 

Barnhart, S.L., Shrader, W.A. and Webb, J.R. 1978. Comparison of soil 
properties under continuous corn grain and silage cropping 
systems. Agron. J. 70:835-837. 

Barr, A.J., J.H. Goodnight, and J.P. Sall. 1979. Statistical analysis 
system. 

Helwig, J.T., and K.A. Councel, eds. S.A.S. Institute Inc., Raleigh, 
N.C. 

Bremner, J.M. 1965. Organic nitrogen in soils. In Bartholomew, W.V. and 
F.E. Clark (eds.) Soil Nitrogen. Agronomy 10:93-149. 

Claude, P.P. 1990. Effets des cultures intercalaires dans le ma~s-qrain 
sur le rendement en grain, la qualité édaphique, et la teneur en 
azote inorganique des sols. PhD Thp.sis, Faculty of Graduôtc 
Studies and Research, McGill University, Montreal, Canada 86 pp. 

Cope, J.T., Jr., D.G. Sturkie, and A.E. Hiltbold. 1958. Effects of 
manure, vetch, and commercial nitrogen on crop yields and carbon 
and nitrogen contents of a fine sandy loam over a 30-year period. 
Soil Sci. Soc. Amer. Proc. 22:524-527. 

CPVQ (Conseil des Productions Végétales du Québec), 1989 Resultas 
d'essais 1985-1987. Comité des plantes industrielles. Québec, Qué. 

Decker, A.M., J.F. Hoderbaum, R.F. Mulford, J.J. Meisinger and L.R. 
Vough. 1987. Fall-seeded legume nitrogen contributions to no-t':'.!.l 
corn production. ln. Power, J.F. (ed.) The role of lcgurncs ln 
conservation tillage systems. Proc. Nat. Conf. AprJl 27-29, 1987. 
Univ. of Georgia, Athens. Soil Cons. Soc. of P~erica. 

Ebelhar, S.A., W.W. Frye and R.L. Blevins. 1984. Nitrogen from winter 
legume cover crops for no-tillage corn. Agron. J. 76:51-~~. 

Flannery, R. L. 1981. Conventional vs. no-tillage corn silage 
production. Better Crops LXVI (Summer-Fall): 3-6. 

Frye, W.W., and R.L. Blevins, 1989. Economically sustainôble crop 
production with legume caver crops and conservation tillage. J. 
Soil Water Conserv. pp.?7-60. 

Ghafar, Z. and A.K. Watson. 1983. Effect of corn (Zea mays L.) 
population on the growth of yellow nutsedge (Cyperu3 esculentus 
1..). Weed Sei. 31: 588-592. 

, 



Giskin, M. and Y. Efron. 1986. Planting date and foliar fertilization of 
corn grown for silage and grain under limited moisture. Agron. J. 
78: 426-429. 

Greenwood, D.J. 1982. Nitrogen supply and crop yield: The global scene. 
Plant.:. 'Soil 67:45-59. 

Groffman, P.M., P.F. Hendrix, C.R. Han, and D.A. Crossley, Jr. 1987. 
Nutrient cycling processes in a southeastern agroecosystem with 
winter legumes. l.!!. Power, J. F. (ed). The raIe of legumes in 
conservation tillage systems. Proc. Nat. Conf. April 27-29, 1987. 
Unjv. of Georgia, Athens. Soil Cons. Soc. of America. 

Hanway, J.J. 1963. Growth stages of corn (~mays, L.). Agron. J. 
487-492. 

Haystead, A. and C. Marriott. 1979. Transfer of legume nitrogen to an 
associated grass. Soil Biol. Biochem. 11: 99-104. 

Herbek, J.H., W.W. Frye, and R.L. Blevins. 1987. Nitrogen from legume 
caver crops for no-till coro and grain sorghum. ln Power, J.F. The 
role of legumes in conservation tillage systems. Proc. Nat. Conf. 
April 27-29, 1987. Univ. of Geargia, Athens. Soil Cons. Soc. of 
America. 

Hurnburg, N.E. 1989. Herbicide Handbook of the Weed Science Society of 
America. Sixth Ed. Weed Sci. Soc. of AIn., Charnpaign, Illinois 
61820 ISBN 0-9]1733-13-2 

Ippersiel, D., I. Alli, A.F. MacKenzie, and G.R. Mehuys. 1989. Nitrogen 
distribution, yield, and quality of silage corn after foliar 
nitrogen fertilization. Agron. J. 81:783-786. 

Jdckobs, J.A. and D.M. Gosset. 1956. Seeding alfalfa over corn with a 
cultipacker type seeder. Agron. J. 48(4) :194-195. 

Jokela, W.E. and G.W. Randall. 1989. Corn yield and residual soil 
nitrate as affected by time and rate of nitrogen application. 
Agron. J. 81; 720-726. 

Kamphake, L.J., S.A. Hannah, and J.M. Cohen. 1967. Automated analysis of 
nitrate by hydraxine reduction. Water Res. 1:205-216. 

Ketcheson, J.W., and E.G. Beauchamp. 1978. Effects of corn stover, 
rnanure, and nitrogen on soil properties and crop yield. Agron. J. 
70:792-797. 

Kunelius, H.T. and J. Goit. 1982. Italian and Westerwolds ryegrasses: 
Performance, management and use. Publication No. 136. Atlantic 
Provinces Agricultural Services Coordinating Committee. 

Kurtz, T., S.W. Melsted, and R.H. BI:ay. 1952. The importance of nitrogen 
and water ln reducing competition between intercrops and corn. 
Agronomy J. 44:13-17. 

Keeney, D.R. and D.W. Nelson. 1982. Nitrogen: inorganic forms. In Page, 
A.L. (ed). Methods of soil analysis, Part 2. 2nd ed. Am. SOc. of 
Agron., Madison, Wis. 

Lajoie, P. and R. Baril. 1956. Les sols de l'1le de Montréal, de l'lIe 
Jesus et de l'lIe Bizard dans la province de Qué~ec. Rapport 
d'étud~s pedologiques. Ministère de l'agriculture du Canada et du 
Québec, Ottawa. p. 48. 

60 



Larson, W.E., C.E. Clapp, W.H. Pierre, and Y.B. Morachan. 1972. Effect 
of increasing amounts of organic residues on continuous corn. Il. 
Organic carbon, nitrogen, phosphorus, and sulfur. Agron. 
J.64:204-208. 

Legg, J.O., and J.J. Meisinger. 1982. Soil nitrogen budgets. ln F.J. 
Stevenson (ed.) Nitrogen in agricultural soils. Agronomy-
10:503-566. Amer. Soc. of Agron., Mad~son, Wis. 

Liang, B. 1989. Soil organic carbon and soil nitrogen fractions in a 
Quebec soil as influenced by corn plant population, hybrid, 
irrigation and feIc11ization. M.Sc. Thesis. Faculty of Graduate 
Studies and Research, McGill Univers~ty, Montreal, Canada. 

MacKenzie, A.F. 1990. Optirnization of a ryegrass/corn intercrop system 
for enhanced soil quality and reduced herbicide use. 
NSERC-strategic grant (STRGP-039). 

Martel, Y.A., and A.F. MacKenzie. 1980. Long-terrn effects of cultivation 
and land use on soil quality in Quebec. Can J. Sail Sei. 
60: 411-420. 

McVickar, M.H., E.T. Batten, E. Shulkcurn, J.D. Pendleton, and J.J. 
Skinner. 1946. The effect of cover crops on certain physical nnd 
chernical properties of Onslow fine sandy loam. Soil Sei. Soc. 
Amer. Proc. 2:47-49. 

Mead, R. and Stern, R.D. 1980. Designing experiments for intercropping 
experiments. Expl. Agric. 16:329-342. 

Morachan, Y.B., W.C. Moldenhauer, and W.E. Larson. 1972. Effects of 
increasing arnounts of organic residues on continuous corn. 1. 
Yields and soil physical properties. Agron. J. 61:199-203. 

Nanni, C. and C.S. Baldwin. 1987. Interseeding in corn. ~ Power, J.F. 
(ed.) The role of legumes in conservation tillage systems. Proc. 
Nat. Conf. April 27-29, 1987. Univ. of Georgia, Athens. Soil Cons. 
Soc. of America. 

Nordquist, P.T. and G.A. Wicks. 1974. Establishment methods for alfalta 
in irrigated corn. Agron. J. 66:377. 

O'Brien, R.T., and J. Fiore. 1962. Ammonium deterrnination by autornated 
analysis. Wastes Eng. 33:352-353. 

O'Halloran, I. 1991. Personal communication. 

OIson, R.A. and L.T. Kurtz. 1982. Crop nitrogen requirements, 
utilization, and fertilization. In F.J. Stevenson (ed.) Nilrogen 
in agricultural soils. Agronorny 10:503-566. Amer. Soc. of Agron., 
Madison, wis. 

Papendick, R.I., P.A. Sanchez, and G.B. Triplett. 1976. Multiple 
Cropping. A.S.A. Special Pub. No. 27. A.S.A. Madison, W.I. 378 p. 

Peech, M. 1965. Hydrogen-ion activity. In C.A. Black et al. (ed) Method3 
of soil analysis, Part 2. Agronorny 9:914-926. 

Poyser, E.A., R.A. Hedlin, and A.O. Ridley. 1957. The effect of farm dnd 
green manures on the fertility of Blackearth-Meadow clay 30ils. 
Cano J. Soil Sei. 37:48-56. 

61 



Remillard, M. 1987. Effect of hybrids, plant populations, rates of 
fertilizer and irrigation on soil test levels, field and nutrient 
uptake with corn (~mays L.) in Quebec. M.Sc. Thesis. Faculty of 
Graduate Studies and Research, McGill University, Montreal, 
r:anada. 

Richards, J.E., S.C. Sheppard and T.E. Bates. 1983. Nitrogen 
fertillzation of land continuously cropped to corn (~ mays L.) 
Cano J. Soil Sei. 63:547-556. 

Samson, R. and B.E. Coulman. 1989. Proc. 44th Annual Northeast Corn Imp. 
Conf. Feb. 16-17; 33-38. 

Sanford, J.R., R.R. Bruce, and D.C. Myhre. 1968. Corn stover residue and 
nitrogen management modifies crop response. J. Sail Water Conserv. 
23:94-96. 

Scott, T.W., R.F. Burt and D.J. Otis. 1984. Corn intercrop and cover 
crop systems. Agronomy Mimeo C4-S. 

Scott, T.W. and R.F. Burt. 1985. Cover crops and intercrops for New 
York. Cornell Fac Sheet, p. 452. 

Scott, T.W., J. Mt. Pleasant, R.F. Burt and D.J. Otis. 1987. 
Contributions of ground caver, dry matter, and nitrogen from 
intercrops and cover crops in a corn polyculture system. Agron. J. 
79:792-798. 

Simpson, J.R. 1965. The transference of nitrogen from pasture legumes ta 
an associated grass under several systems of management in pot 
culture. Aust. J. Agric. Res. 16:915-926. 

Statistics Canada. 1986. Catalogue 22-002 Seasonal/rSBN 0575-9548, 
Vol. 65, NO.4. Ottawa, Canadë. 

Statistics Canada. 1989. Canada Year Book 1990. Ottawa, Canada. 
pp . 9 : 10 -11 . 

Steele, R.G.D. and J.H. Tarie. 1980. principles and procedures of 
statistics: A biometrical approach, 2nd edition. McGraw-Hill Book 
Company, New Ycrk, U.S.A. 

StricKling, E. 1975. Crop sequences and tillage in efficient crop 
production. 1975 Abstracts, Sastern section of Canadian Society of 
Agronomy and North-east branch of the American Society of 
Agronomy. Guelph, Ontario, July 13-16, 1975. pp. 20-29. 

Tornar, J.S., A.F. MacKenzie, G.R. Mehuys and I. Alli. 1988. Corn growth 
with foliar nitrogen, soil-applied nitrogen, and legume 
intercrops. Agron. J. 80:802-807. 

Topham, P.B. and H.M. Lawson, 1982. Measurement of weed species 
diversity in crop/weed competition studies. Weed Res. 22:285- 293. 

Triplett, G.B., JR., F. Haghiri, and D.M. Van Doren, Jr. 1979. Legumes 
supply nitrogen for no-tillage corn. Ohio Report 
(Nov. -Dec.) : 83-85. 

Warnaars, B.C. 1972. Soil factors affectinlj corn (Zea pays L.) root 
growth, fertilizer nitrogen uptake and nitrogen Jeaching losses in 
three Quebec soils. PhD Thesis, Faculty of Gradu~te Studies and 
Research, McGill University, Montreal, Canada. 34 pp. 

62 



Woodruff, C.M. 1948. Testing 50ils for lime requirement by means of a 
buffered solution and the glass eleetrode. Soil Sei. 66:53-63. 

Xie, R. and A.F. MacKenzie, 1986. Urea and manure effeets on soi1 
nitrogen and carn dry matter yields. Soi1 Sei. Soc. Am. J. 
50:1504-1509. 

Zielke R.C. and D.R. Christenson, 1986. Organic carbon and nitrogen 
changes in sail under seleeted eropping systems. Sail Sei. Soc. 
Am. J. 50:363-367. 

63 



APP END IX 



Table Al. Data for N-recovery: Uptake of N by corn total dry matter 
{corn}, seeded intercrops plus weeds (IC), and sail in silage and grain 
corn intercrop systems at the Ch1cot dnd Ste. Rosalie sites. 

Level 
Intercrop of N 
species (kg N/ha) 

Ryegrass 

Red claver 

Ryegrass 

Red claver 

Ryegrass 

Red claver 

Ryegrass 

Red claver 

o 
70 

140 

o 
70 

140 

o 
70 

140 

o 
70 

140 

o 
70 

140 

o 
70 

140 

o 
70 

140 

o 
70 

140 

Corn 

63.8 
99.9 

139.2 

122.2 
1cn.0 
211.4 

42.3 
91. 9 

116.5 

52.4 
98.5 

143.5 

76 l 
113.2 
127.5 

79.4 
117.8 
132.7 

22.0 
32.1 
59.8 

12.5 
31. 2 
39 3 

Gra1n 

lC 

29.8 
34.8 
38.2 

50.9 
34.9 
32.7 

18.5 
27.4 
35.6 

32 4 
24.0 
38.2 

Corn system 

Sail Corn 

N-uptake (kg N/hd) 

Chicot 
34.1 

1988 
62.4 
99.4 

116.4 
35.9 
83.1 

14.2 
27.3 
45.0 

83.9 
133.0 
145. 7 

Chicot 
20.0 

1989 
51.5 

113.2 
138. 7 

23.8 
35.8 

10.3 
13.4 
17.9 

Ste. 
15.0 
20.0 

103.5 

21.3 
37.6 
67.0 

76.9 
154.9 
159.5 

Rosalie 1988 
B1.B 
97.9 

125 4 

97.4 
114.2 
111 .9 

Ste. Rosalie 1989 
10.2 35.2 
12.2 59.7 
44.2 78.1 

11. 9 
16.7 
36.2 

37. fi 
41j.~ 

70 1 

Sllage 

le 

37.8 
29.9 
41.2 

60.3 
3', 3 
3] .2 

2') 8 
23.1 
~) 4 . ') 

?4.0 
30 ] 
30.H 

Soil 

2~.4 
31.2 
48.9 

20.5 
27.0 
(, 1. 1 

27.7 
42.7 
26.2 

12.5 
14 0 
26.1 

1 ~J .6 
43.9 
~) U . 4 

21.1 
36.8 
96.7 

12. J 
40.2 
33.4 

14.0 
21 3 
44. '.' 


