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Par6, T., Chalifour, F.-P., Bourassa, J. and Antoun, H. 1992. Forage corn dry-matter yields and
N uptake as affected by previous legumes and N fertilizer. Can. J. Plant Sci. 72: 699-712. Field
experlments were conducted in 1987 and 1988 on a Rividre-du-Loup sandy gravelly loam (Ferro-Humic
Podzol) at St-Anselme and on a Chaloupe silty loam (Orthic Humic Gleysol) at Deschambault in Eastern
Quebec. In monoculture, or.following a legume, corn (Zea mays L.) Pioneer 3979 was fertilized with
0, 50, 100 or 150 kg N ha -' , and faba bean .(Vicia faba L.) Outlook and soybean (Glycine mox lL.l
Merr.) Maple Amber received 20 kg N ha ' as NH.NO3. In 1987, the whole-plant dry-matter yields
(DMY) of corn increased linearly with the supply of N at St-Anselme and Deschambault. The stover
and whole-plant N uptake, also increased linearly with the N levels at both locations, but the supply
of N had no effect on the ear N uptake. In 1988, at St-Anselme and at Deschambault, the ear, stover
and whole-plant DMY of plants not receiving N and following faba bean were significantly higher than
those in monoculture or following soybean and not fertilized with N; these differences between previous
crops were more evident at St-Anselme than at Deschambault. At both locations, the DMY of the stover,
ears and whole plants of corn were more responsive to the increased N levels following soybean or
corn. At both locations, the N uptake of corn following faba bean did not increase with the N levels
rn contrast to corn following corn or soybean. The N-fertilizer replacement values (NFRV) for soy-
bean (on the basis of corn DMY) were negligible or lower than 0 kg N ha ' at both locations. At St-
Anselme, the values for faba bean were higher than 150 kg N ha-r, but averaged 32 kg N ha I at
Deschambault (DMY basis). On the basis of corn N uptake, the NFRV of faba bean ranged from 92 kg
N ha I for ears and was higher than 150 kg N ha-r ior whole plants at St-Anselme, and varied from
37 kg N ha I for stover to 44 kg N ha-' for ears at Deschambault.

Key words: Previous crop, forage corn, soybean, faba bean, N-fertilizer replacement value

Par6, T., chalifour, F.-P., Bourassa, J. et Antoun, H. 1992. Effets des prdcddents ldgumineuses
et de la fertilisation azotde sur les rendements en matibre sbche et sur I'absorption d'N du mails
fourrage. Can. J. Plant Sci. 72: 699-712. Des exp6riences de champ ont 6t6 r6alis6es en 1987 et 1988
sur un loam sablo-graveleux de la s6rie Rividre-du-Loup (podzol feiro-humique) ir St-Anselme et sur
un ioam argileux de la sdrie Chaloupe (gleysol humique orthique) d Deschambault dans I'est du Qu6bec.
En monoculture ou subsdquemment i une l6gumineuse, le mais (Zea mays L.) Pioneer 3979 a requ
0,50, 100 ou 150 kg N ha-'et la fdverole (viciafaba L.) outlook, de mOme que le soja (Glycine
mar lL.I Merr.) Maple Amber ont regu 20 kg N ha-r, sous forme de NH.NO3. En 1987, les rende-
ments en matidre sdche (RMS) des plantes entibres de mais ont augment6 de fagon lin6aire avec les
doses d'N )r St-Anselme et ir Deschambault. L'absorption d'N des cannes et des plantes entidres a €,gale-
ment augmente proportionnellement aux doses d'N aux deux sites, mais I'apport d'N n'a pas eu d'effet
sur I'absorption d'N des 6pis. En 1988, ir SrAnselme et ir Deschambault, les RMS des 6pis, des cannes
et des plantes entibres de mais n'ayant pas regu d'N et subs6quentes d la f6verole, 6taient significative-
ment sup6rieurs d ceux suivant Ie mais et le soja et n'ayant pas regu d'N; les diff6rences 6taient pius
marqu6es h St-Anselme qu'ir Deschambault. Aux deux sites, les RMS des cannes, des 6pis et des plantes
entibres du mais ont augment6 avec les niveaux d'N aprbs le soja et le mals. Aux deux sites, I'absorption
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d'N du mais aprds la fdverole n'a pas augment6 avec la dose d'N contrairement au mais en monoculture
ou suivant le soja. Les valeurs de remplacement en fertilisant azote (VRFA) (sur la base du RMS du

mais) pour le so.1a 6taient n6gligeables ou inf6rieures h 0 kg N ha-r aux deux sites. A St-Anselme,
les VRFA pour la feverole dtaient supdrieures h 150 kg N ha '. mais ont 6td en moyenne de 32 kg

N ha-l h Deschambault (base du RMS). Sur labase de I'absorption d'N, les VFRA ont vari6de92kg
N ha I pour les 6pis ir plus de 150 kg N ha I pour les plantes entibres ir St-Anselme et de 37 kg N
ha ' pour les cannes d 44 kg N ha ' pour les dpis )r Deschambault.

Mots cl6s: Pr6c6dent cultural, mais fourrage, soja, f6verole, valeur de remplacement en fertilisant azot€

In agriculture, legumes play a major role since,
in addition to being a good source of protein,
they provide an alternate and inexpensive
source of N for themselves as well as for suc-
ceeding non-legume crops (Muyinda et al.
1988). Consequently, including legumes in
crop rotations with corn could be an economic
alternative to corn monoculture, common
throughout the Province of Qu6bec. Indeed,
it has often been observed that previous
legumes can enhance the yields of subsequent
cereal crops grown on the same soil (De et al.
1983; Hanson et al. 1988). Legumes can ful-
fill part of their N requirements by forming
N2-fixing symbioses with bacteria from the
Bra"dyrhizobium and Rhizobium genera. Under
conditions favoring N2 fixation, legumes can
also leave residual nitrogen in the soil that
becomes available to the succeeding crop
(Senaratne and Hardarson 1988). Some studies
indicate that legumes produce high yields of
good-quality grain or forage (Hesterman et al.
1986; Badaruddin and Meyer 1989). However,
harvesting the crop for grain or forage means
that only a small proportion of the fixed N2
is returned to the soil; nevertheless, usually
the earnings from harvest are considerably
higher than the cost of replacing the N with
commercial fertilizers, because other benefi ts,

called rotation effects, which are not directly
related to legurne N, can contribute to
subsequent crop yield increases (Baldock et
al. 1981; Wright and Coxworth 1987).
According to Baldock et al. (1981), in terms
of yield, the total rotation effect is the yield
differential with zero N application, the
rotation effect is the yield differential at the
highest N rate, and the N-rotation effect is the
total minus the rotation effect.

Many methods have been used to measure
the amount of N contributed by legumes to
nonJegumes in a cropping system (Hesterman
1988). The N-fertilizer replacement value,
defined as the quantity of fertilizer N required
to achieve the same yield in a continuous non-
legume crop, can provide an estimate of the

reduction in fertilizer N needs of subsequent
non-legume crops (Fox and Piekielek 1988).

Several rotation studies including soybean
(Glycine mar [L. ] Merr.) and corn have been

conducted (Claassen and Kissel 1984;
Hesterman et al. 1986; Power et a]. 1986;

Crookston et al. 1991). Hesterman et al.
(1986) reported that second-phase (i.e.,
second-year) corn grain yields were greater
after soybean than in corn monoculture.
Claassen and Kissel (1984) noted an increase
in DMY of nearly 2.5 times for corn grown
after soybeans and not receiving nitrogen than

for continuous corn. Few data have been

reported for faba bean (Vicia faba L.) as

previous crop to non-legume specles.
Recently, Wright (1990) reported subsequent

barley (Hordeum vulgare L.) yield increases

following faba bean in Northeastern Saskatch-

ewan. N balance studies for faba bean in
Eastern Canada by Patriquin et al. (1980)

showed that if the straw was removed from
the field, as it is when plants are used for
silage, there is a very large negative N balance

despite the high N2 fixation. Senaratne and

Hardarson (1988) quantified the residual N
effect of faba bean by using an isotopic
method and observed positive effects on the
soil N budget and on subsequent cereal
production.

In Quebec, about 61 000 ha are devoted to
forage-corn (Zea mays L.) monoculture
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(Tabi et al. 1990), and there are no available
data regarding the production of forage corn
following annual legumes. The objective of
this study was to determine the effects of two
annual legumes (faba bean and soybean) as
previous crops on subsequent forage-corn
DMY and N uptake compared to continuous
corn, and to evaluate interactions oforevious
legumes and N rates under the climiric con-
ditions of Eastern Quebec; this bioclimatic
zone is characterized by 1530 growing
degree-days, 126 frost-free days and 519 mm
of rainfall, from May to September (Dub6
et al. 1989).

MATERIALS AND METHODS
Field experiments were conducted during the 1987
and i988 growing seasons on a Rividre-du-Loup
gravelly sandy loam (Ferro-Humic Podzol) at St-
Anselme and on a Chaloupe silty loam (Typic Orthic
Humic Gleysol) at Deschambault in Eastern euebec.
As cropping history, at St-Anselme the field was
grown with barley (Hordeum vulgare L.) in 1982,
wheal (Triticum aestivum L.) in 1983. followed bv
barlel in 1984. alfalla (Medicago.sari ua L.1 in 1985
and barley in 1986. At Deschambault, from 1982
to 1986, the field was grown with barley. Some
properties of the soils are shown in Table 1; the
soil pH was measured in water (l:2) and available
P was assessed using the Bray P, method after
extraction with 0.03 N NHIF + 0.1 N HCI
(McKeague 1978). Exchangeable K, Ca and Mg
were determined by atomic absorption spec-
trophotometry after extraction with 1 N NHoOAc
(McKeague 1978). Soil organic marter was esti-
mated by the Walkley and Black modified method
(McKeague 1978). Soil from both locations was
analyzed before sowing in 1987 to determine P and
K requirements. In order to apply optimum levels
of nutrients (i.e., P and K) for corn growth, plots
grown with corn in monoculture in 1987 and
receiving the highest N level (i.e. , a total of 150 kg
N ha ') were used for 1988 soil tests. These ele-
ments were applied both years to maintain soil test
levels at those recommended for forase-corn

production by rhe Conseil des Productions Vdgd-
tales du Qudbec (CPVQ). In 1987, 44.2 and
40.5 kg ha - r of P , 112.1 and '7 6.9 kg ha I of K
and in 1988, 44.3 and 28.5 ks ha-r of P. and
112.2 and 72.2 kg ha I of K. as 0-15-20 lborh
years) were topdressed and disced at St-Anselme
and Deschambault, respectively. In 1987, at St-
Anselme, total precipitation was 563 mm which
was 126 mm below normal while at Deschambault
total precipitation was 745 mm, which was 40 mm
above normal; at both locations CHUs (2963 and
3150 at St-Anselme and Deschambault. resoec-
tively)were higher than normal: in 1988. rainfall
was 15 1 and 44 mm below normal for St-Anselme
and Deschambault, respectively, and CHUs (2899
and 3005 at St-Anselme and Deschambault. resoec-
tively) were higher than normal a[ both locations.

In 1987, crops were established on 5.25 x 5-m
plots in a randomized complete block design with
four replications at both locations. Pioneer 3979
corn, Outlook faba bean, and Maple Amber soy-
bean were used in these field experiments; in each
replication, there were four plots of corn monocul-
ture receiving different levels of N, and four plots
of each legume. The crops were sown on 13 and
l8 May 1987 aI St-Anselme and Deschambault,
respectively. For corn, between and within-row
spacings were72 and 15 cm, respectively, with a

tinal canopy density of 92 592 plants ha '. For
faba bean and soybean, 505 051 seeds ha I were
planted, with between and within-row spacings of
18 and i1 cm, respectively.

Atrazine (1.5 kg a.i. ha '), and metolachlor
[ 2 -chloro-N- (2-ethyl-6-methy lphenyl) - N-
(2-methoxy-1-methyl) acetamidel (1.8 kg a.i.
ha -') for corn, metobromuron [2-chloro-4
(ethy lam ino) -6- (isopropylamino) -S-triaz ine l
{l.5,kg a.i. ha r) and metolachlor tl.8 kg a.i.
ha ') fbr soybean and metribuzine [3-14-bromo-
phenyl- l-methoxy- l-methylureal | (0.6 kg a.i.
ha-') and metolachlor { 1.8 kg ha '1 ftrr faba
bean were used as postemergence herbicides. Fol-
lowing emergence and during the growing season,
weeds were hand-controlled when necessary. Corn
was fertilized tbanding rows l5 cm apan) twice
with a total of 0, 50, I00 or 150 ks N ha-' as

NH.NO,; one fiaction (0 or 25 kg il ha r; was

Table l. Some properties of the soils (0 l5 cm) at St-Anselme and Deschambault before sowins in 1987

Locations Texture pH Organic matter P (Bray 2)
KMgCa

_ exchangeable _

6.6
6.5

(o/o1

3.95
4.30

187

218

tl,o hq lr-
/

St-Anseime
Deschambauh

loam
silty loam

n0 t25 4.02
228 394 5.55
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applied at planting and the other fraction (0. 25.
75 or 125 kg N ha-') at the six- to eight-leaf
stage (tassel initiation). This method of application
corresponds to optimal timing of application for
forage corn production in Eastern Qu6bec
(Chalifour 1982). The legume seeds were inocu-
lated at planting into the drill row with granular
inoculum (Liphatech Inc., Milwaukee, WI) con-
taining strains of Bradyrhizobium japonicum (soy-
bean) and Rhizobium le guminosar um biov ar v iciae
(faba bean). The legumts received 20 kg N ha-r
as NH.NO, at planting. Each corn plot consisted
of seven rows and the three central rows were har-
vested on '7 and 9 October at St-Anselme and at
Deschambault, respectively, with a forage har-
vester after the ears were removed by hand to
evaluate the DMY of the ears, stover and whole
plants. Plant fractions were chopped and samples
were dried at 70"C, weighed and ground to pass

through a 32-mesh sieve. The N content was deter-
mined on ground samples after Kjeldahl digests
using a Technicon autoanalyzer (Morgan et al.
1966). The N uptake was determined by mul-
tiplying the DMY of the ears, stover and whole
plants by the N percentage ofthe respective com-
ponents. The legume grains were harvested with
a Wintersteiger plot combine (Wintersteiger, Salt
Lake City, UT), and the residues were incorpo-
rated with a moldboard plow. In a parallel study
at the same locations, Chalifour et al. (1990)
studied the \-fixing potential of soybean an faba
bean using ''N methodology.

In 1988, forage-corn production was estimated
on plots that received residues of the previous
legume crops and on corn monoculture plots.
Between- and within-row spacings and final canopy
density of corn were as in 1987. The experiment
was a factorial consisting of two locations, three
preceding crops, and four N levels, the
experimental design was a randomized complete
block with four replications at each location. Crop
sequences were corn monoculture (C-C), and
soybean-corn (S-C) and faba bean-corn (F-C)
sequences; within each replication there were fbur
plots of corn monoculture and of legume-corn
sequences; each plot received one of the four N
levels (i.e.,0, 50, 100 or 150 kg N ha ') applied
as in the first year of the study. Corn was sown
on 12 and 2l May at St-Anselme and Descham-
bault. respectively. Pre-emergence herbicides
(alrazine { I .5 kg a.i. ha ') and metolachlor
(1.8 kg a.i. ha r)) were used for corn as recom-
mended by the CPVQ. Corn was harvested from
the three central rows on 5 and 12 October at
Deschambault and St-Anselme, respectively, and

the DMY and N uptake were estimated. The N-
fertilizer replacement value (NFRV) of soybean

and faba bean was estimated following the method

described by Hesterman (1988), using N response

curves of corn grown in monoculture.
Statistical analyses were carried out using the

Statistical Analysis System Institute, Inc. (SAS

1985). The orthogonal contrasts were calculated

for first-year corn, and for second-year corn
following different first-year crops, to determine
significant linear or quadratic trends in corn N
response. Regression equations determining the N
response of corn were calculated on the basis of
orthogonal trend comparisons.

RESULTS

Dry-matter Yields and N Uptake of Forage
Corn in 1987
In 1987, at both locations, total precipitation
and CHUs were quite favourable for growth
of Pioneer 3919, the CHU requirements of
this hybrid being2325. The application of N
did not increase the ear DMY at St-Anselme
and Deschambault, but increased the DMY
of the whole plants at both locations (Fig. I ) .

The DMY response of whole plants to N fer-
tilizer can be described by the equations Y :
15.08 + 0.0017 N (P > F : 0.04andRr
: 0.26) and Y : 16.30 + 0.0226 N (P >
F : 0.01 and Rr : 0.38) at St-Anselme and

Deschambault, respectively. Furthermore, the

stover DMY increased with N application at

Sr-Anselme (Y : 6.06 + 0.0116 N, P > F
: 0.03. R2 : 0.38) but not at Deschambault
(Fig. l). At both locations, the ears con-
tributed more to the whole-plant DMY than
stover (Fig. l). The whole-plant DMY
reached a maximum at ca. 100 kg N ha-' at

St-Anselme, and at ca. 150 kg N ha ' at

Deschambault.
The stover and whole-plant N concentra-

tions, averaged from both locations, increased

linearly with N application, but N application
had no effect on the concentration of ear N
(Table 2). The stover and whole-plant N
uptake increased linearly with the N applica-
tion at both locations, but the supply of N did
not influence the ear N uptake (Fig. 1). For
stover N uptake. regression equations were

Y:40.30 + 0.21 N (P > F: 0.005. R',
: 0.55) at St-Anselme, and Y: 41.81 +
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Fig. 1. First-year forage-corn dry-matter yields and N uptake.
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0.15 N (P > F: 0.001, R2 : 0.55) at
Deschambault; the N uptake response of
whole plants to N fertilizer can be described
by the equations Y : 127.32 + 0.32 N (P
> F : 0.004, R' : 0.44) and Y: 130 *
0.31 N (P > F : 0.0006, R2 : 0.58) ar
St-Anselme and Deschambault, respectively.
The ear contribution to the whole-nlant N
uptake was higher than that of srovei, which
can be explained by the facr that the nitrogen
concentrations of the ear was nearly 1.5 times
greater than that of the stover (Table 2),
although the ear contribution to the whole-
plant DMY averaged 50% (data not shown)

at both locations and at any N level. The sig-
nificant linear response of whole-plant DMY
and N uptake to N application indicated that
Pioneer 3979 showed its yielding potential at
the highest N rates (i.e., 100 and 150 kg N
ha ').

Dry-matter Yields of Forage Corn in 1988
In 1988. climatic conditions were also
favorable for corn growth. Theprevious crops
had significant effects on the corn stover, ear
and whole-plant DMY (Table 3, Fig. 2).
Averaged across all N levels and locations,
corn DMY was significantly higher with faba
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Table 2. Mean N concentrations of forage corn as influenced by fertilizer N levels at St-Anselme and Deschambault
in 198'72 and 1988Y

1981 1988

N levels Regression

Plant fraction 150 NL Na150

Regression

NLt Ne*

N levels

(N concentration (%))

Stover
Ears
Whole plants

'Results are the means of 8 observations averaged from both locations.
vResults are the means of24 observations averaged from both locations and previous crops.
xLinear effect of N.
*Quadratic effect of N.
*s!**x Significant responses to N levels at the 0.01 and 0.001 probability levels, respectively. NS, nonsignificant.

Table 3. Summary from the analyses of variance for forage-corn dry-matter yields and N uptake at St-Anselme

and Deschambault in 1988

Dry-matter yields N uptake

Source of variation Stover Ears Whole plants Stover Whole plants

**x NS
** NS

a** NS

0.59 0.69 0.86 0.'73 *+* NS 0.61 0.6'7

I .05 l 05 | .02 I .08 NS NS I .35 1.31

0.83 0.87 0.87 0.94 *** NS 1.02 1.07

0.15 0.16
t.43 l 45
l.13 I.l4

Ears

Mean squares

Locations (L)
Repz (within) L
PCT

C* vs. S*'
C vs. Fv
Nitrogen (N)
NLU

Ne'
LXPC
Lx(C vs. S)

Lx(C vs. F)
LXN
N XPC
Nrx(C vs. S)
N,_x(C vs. F)
Nax(C vs. S)
Nax(C vs. F)
LXPC XN
Lx(C vs. S) x NL
Lx(C vs. F) x NL
Lx(C vs. S) x NO
Lx(C vs. F) x Na
Error
cv (%)

(0.10) (1.17)
0.62 0.89
6.38*x* 3.39*
0.03 0.04
9.75Er* -5.53*
5.66*x* 12.76*4>l

13.7 4*** 28.6'7+++
3 .24* 9.61 x *
2.05 1.98
0.41 0.34
3.93* 3.77
0.36 1 .61

| .41 I .58
0.01 0.02
L01 3.13
4.96+ 2.54
0.46 0.18
0.49 0.29
0.26 0.03
0.83 0.40
0.82 0.18
0.01 0.05
0.13 0.98
11.12 10.44

(0.32) (332.60) (6.12) (s501)

1 .85 68.32 72t .33 85 I .54

19.t6x* 198.71**+ I 106.91 4465**
0.09 1.26 16.53 141.83

30.29++ I lsSrxx 1473* 5600*
34.08xx* l'712+** 4]l22+4x 10310+t+
79.03*** 4503*** 10450*x* 25448x*x
21.17s* 502.65* 1764* 4178*

8.83 422.38* 484.64 2227

2.06 155.09 23.92 165.04

1.7.12* 839.26x* 840.81 3969*
L30 13.51 548.87 855.76

5.23 238.57* 526.7 | 1389

0.00 143.55 6.51 164.46

6.98 466.19* 1323 4168

l4,3ls 154.03 691.63 984.90
0.05 13.52 58.15 430.29

0.29 43.63 218.74 410.30

0. 14 15.43 2tt.70 174.04

0.10 41.92 |.10 58.00

1 .26 3l .76 601 .71 403.01

0.30 0.09 26s.56 9.61

3.05 97.69 368.56 811 .77

to.29 18.55 14.30 ls.l4

z Replications.
lPrevious crops.
* Corn.
t" Soybean.

" Faba bean.
uLinear effect of N.
tQuadratic effect of N.
*,**!x**Significant at the 0.05, 0.01 and 0.001 probability levels respectively.



bean compared with corn as previous crop,
whereas the DMY were generally similar with
soybean and corn as previous crops (C vs. F
and C vs. S, respectively, Table 3; Fig.2).
Averaged across all N levels, there were
greater differences between faba bean and
corn as previous crops at St-Anselme for corn
stover and whole-plant DMY than at
Deschambault (Lx(C vs. F), Table 3; Fig. 2).

Generally, the DMY of the ears, stover and
whole plants increased with N application,

705

and the degree of response varied among
previous crops (N1 and Nq, Tables 3 and 4;
Fig. 2). At both locations, in monoculture or
following soybean, the ear and whole-plant
DMY of corn increased significantly with N
application (Table 4; Fig. 2). Although corn
and soybean were similar as first-phase crops,
averaged from all N levels and locations,
there was a significant quadratic response to
N for corn following soybean, which was not
observed for corn in monoculture (Nq x
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Fig. 2. Dry-matter yields of second-year forage corn following faba bean (F-C), soybean (S-C) and
rn monoculture (C-C).



'706 CANADIAN JOURNAL OF PLANT SCIENCE

Table 4. Regression equations for forage corn dry-matter yields (If as a function of N rates (Af for fbrage corn,

soybean and faba bean treatments at St-Anselme and Deschambault in 1988

Previous crops Plant fraction Equations P>F p2

Soybean

Faba bean

Corn

Soybean

Faba bean

Stover
Ears
Whole plants

Stover
Ears
Whole plants

Stover
Ears
Whole plants

Stover
Ears
Whole plants

Stover
Ears
Whole plants

Stover
Ears
Whole plants

St-Anselme
Y:6.58+0.005N
Y : 8.41 + 0.01 N
Y:15.04+0.014N
I/: 5.98 + 0.04N - 0.002 N2

Y : 8.06 + 0.05N - 0.0002N2
Y : 14.05 + 0.09N - 0.0005N2

Y : 7.88 + 0.05 N
Y -- 10.34 - 0.001N
Y:18.23+0.003N

Deschambault
Y:6.60 +0.012N
Y:8.21 +0.015N
Y:14.95+0.025N
Y:6.65 +0.009N
Y: 8.ll + 0.015N
Y:14.77+0.024N
Y: 7.52 + 0.003N
v:8.75+0.010N
Y:16.29+0.012N

0.11
0.009
0.03

0.03
0.02
0.01

0.30
0.19
0.61

0.006
0.007
0.008

0.02
0.007
0.009

0.02
0.39
0.06

0.t]
0.39
0.30

0.42
0.43
0.48

0.07
0.005
0.01

0.42
0.41
0.40

0.31
0.41
0.39

0.32
0.05
0.21

(C vs. S), Tables 3 and 4; Fig. 2); this was
only observed at St-Anselme, although differ-
ences between locations were not significant
(L x (C vs. S) x Nq, Tables 3 and 4;
Fig.2). At both locations, and especially at
St-Anselme, without N application, the
stover, ear, and whole-plant DMY of corn
following soybean were lower than those in
monoculture (Fig.2). However, at St-
Anselme, the stover, ear, and whole-plant
DMY of corn following soybean were higher
than those of the monoculture when 50 and
100 kg N ha-' were applied (Fig. 2); this
was not observed at 150 kg N ha-', due to
a decrease in DMY of both plant fractions and
of the whole plant (Fig. 2). Similar results
were obtained for the Deschambault location,
except that DMY were similar at 50 kg N
ha ', and differences between corn and
soybean as previous crops were less than at
St-Anselme (Fig. 2). At St-Anselme, with
faba bean as previous crop, the DMY of
stover, ears and whole plants did not increase
significantly with N application (Table 4;
Fig. 2). At Deschambault, however, only the
DMY of ears did not increase significantly in

response to N application, although there was

a net tendency for increased DMY in response

to increasing N levels (Table 4; Fig. 2). At
both locations, without N application, the
stover, ear and whole-plant DMY of corn fol-
lowing faba bean outyielded those of corn in
monoculture (Fig. 2).

At both sites. with soybean as previous crop.
despite the apparent absence of a N contribu-
tion, *tere were rotational effects observed for
botlr plant liactions and the whole plant (Fie. 2);

they were most apparent at St-Anselme, at the

intermediate N levels (i.e., 50 and 100 kg N
ha-l;. At Descharnbault, they were observable

only at 100 kg N ha-'. Rotational effects

apparently not linked to N contribution were
o^UierveOior faba bean at 150 kg N ha-r at St-

Anselme, for both plant fractions and the whole
plant, but only up to 100kg N ha-' at

Deschambault, due to a decrease in DMY at the

highest N level (Fig.2).

N Concentrations and Uptake of Forage
Corn in 1988
In 1988, there were no significant differences
in N concentration in different plant fractions



due to locations or preceding crops (data not
shown); therefore, the data have been aver-
aged from locations and preceding crops
(Table 2). The stover, ear and whole-plant N
concentrations increased linearly with the N
levels applied (Table 2).

At St-Anselme and Deschambault, the N
uptake of stover, ears and whole-plant corn
following soybean or grown in monoculture
increased significantly with N application
(Tables 3 and 5; Fig. 3). In contrast, there
were no significant N uptake increases at
either location in response to N application
when corn was preceded by faba bean
(Tables 3 and 5; Fig. 3).

There were slight differences in N response
between the DMY and N uptake; at St-
Anselme, the stover N uptake of corn grown
in monoculture increased significantly in
contrast to stover DMY (Tables 4 and 5;
Figs. 2 and 3). The only other difference
noted was that at Deschambault, the stover
N uptake of corn following faba bean did
not increase significantly in response to
N application, unlike the stover DMY
(Tables 4 and 5; Figs. 2 and 3). The
additional significant effect of N application
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on stover N uptake is presumably due to sig-
nificant increases in N concentration in
response to N application.

N-fertilizer Replacement Values of
Legumes
At St-Anselme, the stovcr, ear and whole-
plant DMY of 0 N corn following faba bean
were greater than the continuous corn yield
at any N level, whereas the DMY of 0 N corn
following soybean was lower than DMY of
0 N corn in monoculture, making it impos-
sible to estimate the NFRV (DMY basis) by
the method described by Hesterman (1988).
Thus, we arbitrarily chose to estimate the
NFRV higher than 150 kg N ha-' for faba
bean and lower than 0 kg N ha ' for soy-
bean (Table 6). At Deschambault, the NFRV
of soybean were the same as those estimated
at St-Anselme (Table 6). At the same location
the NFRV of faba bean varied between 22
(ears) and 42 (stover) kg N ha-' (Table 6).

At St-Anselme, the NFRV of faba bean
based on N uptake varied between 92 (ears)
and.higher than 150 (whole plants) kg N
ha-' lTable6). At Deschambault, these
values varied between 37 (stover) and 44
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Table 5. Regression equations for forage-corn N uptake (If as a function ofN rates (A/) for forage corn, soybean
and faba bean treatments at SrAnselme and Deschambault in 1988

Previous crops Plant fraction Equations P>F R2

Corn

Soybean

Faba bean

Soybean

Faba bean

Stover
Ears
Whole plants

Stover
Ears
Whole plants

Stover
Ears
Whole plants

Stover
Ears
Whole plants

Stover
Ears
Whole plants

Stover
Ears

Corn

St-Anselme
Y : 37.50+0.15 N
Y : 117.67+0.20 N
Y : 155.42+0.39 N

Y: 37.50+0.45 N - 0.002 N2
Y:109.14+0.99 N - 0.0058N2
Y:145.25+t.48 N - 0.0082N2

Y: 58.32+0.084N
Y : 142.50+0.29 N - 0.0015N2
Y : 216.89-0.033N

Deschambault
Y : 37.67 +0.19 N
Y : 10'/.46+0.29 N
Y : 147.07 +O.46 N
Y : 39.62+0.12 N
Y: 100.99+0.34 N
Y : 140.61+0.46 N
Y : 48.36+0.067N
Y : 122.13+0.ll8N
Y: 171.09+0.185N

0.0001
0.010
0.010

0.015
0.057
0.015

0. 13

0.51
0.82

0.0001
0.003
0.0004

0.026
0.003
0.003

0.23
0.22
0.15

0.70
0.40
0.40

0.47
0.31
0.50

0.15
0.09'7
0.004

0.7 t
0.46
0.60

0.30
0.48
0.48

0.10
0.10
0.14Whole plants
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with all N levels; this suggests that substan-

tial amounts of available N were supplied to
corn through mineralization of soil organic
matter during the growing season, as has been

described by Bundy and Carter (1988). In
addition, remobilization of reduced N from
stover may have been sufficient to maintain
similar N uptake of ears at all N levels (Below

et al. 1981). In contrast, there were signifi-
cant increases in stover and whole-plant N
uptake at both locations, in response to N
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Fig.3. Nuptakeofsecondyearforagecornfollowingfababean(F-C),soybean(S-C)andinmonoculture
(c-c).

(ears) kg N ha '. At both locations, the
NFRV of soybean were lower than 0 kg N
ha-1 for forage-corn ear and whole-plant N
uptake, but were 4 and 8 kg N ha-r
for stover N uptake at St-Anselme and
Deschambault, respectively (Table 6).

DISCUSSION
In 1987, without N application, the DMY and
N uptake of ears obtained at St-Anselme and
Deschambault were similar to those obtained

.6/-i
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Table 6. N-fertiiizer replacement values (NFRV) of soybean and faba bean for forage corn as estimated by N fertilizer
response funclions

N-fertilizer replacement values (kg N ha-l)
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Dry-matter yield basis N uptake basis

St-Anselme Deschambaull St-Anselme Deschambault

Previous lesume Stover Ears WP" Stover Ears WP Stover Ears WP Stover Ears WP

Soybean
Faba bean

<0 <0 <0
> 150 > 150 > 150

<0/) 8<0<0
37 44 41

4<0
139 92

<0 <0
22 32

<0
> 150

zWhole plants.

application; under conditions of N shortage,
remobilisation of reduced N from vegetative
parts (i.e., stover) after anthesis may be more
important than under adequate N nutrition.

In 1988, at both locations, the DMY and
N uptake ofthe stover, ears, and whole plants
following faba bean were not influenced sig-
nificantly by the N levels applied, except for
the ear DMY at Deschambault; at St-
Anselme, the N requirements of corn. were
totally replaced following faba bean, and were
replaced partly at Deschambault, as based on
the respective DMY obtained without N appli-
cation. In contrast. soybean as a previous crop
did not contribute to the N requirements of
corn at either location.

These differences can be attributable in part
to a more significant N contribution from
symbiotic N2 fixation in faba bean compared
with soybean, and the subsequent minerali-
zation ofthis organic N from the residues. In
a parallel study at both locations, Chalifour
et al. (1990) reported that on average, the per-
centages of N derived from the atmosphere
(Ndfa) in the aboveground biomass were
67.5% for fababean and 4'7% for soybean at
Deschambault; at St-Anselme, the percen-
tages of Ndfa were 68% for faba bean and
51 .5% for soybean. When taking into account
grain harvesting, the amounts of Ndfa incor-
porated originating from stover would be
approximately 75 kg N ha-' for faba bean,
and 6 kg N ha - I for soybean at Descham-
bault; at St-Anselme, the estimates of Ndfa
incorporated were 63 kg N ha -l for faba
bean, and 15 kg N ha I for soybean. With
lower percentages of Ndfa in soybean than in
faba bean, more N is taken up from soil and

harvested in the grain. Thus, the net N gain
from faba bean cultivation was estimated at
51 kg N ha-r at Deschambault, and at 4l kg
N ha-' at St-Anselme. Soybean led to a net
N depletion estimated at 69 kg N ha-' at
both locations.

Our results for faba bean compare well with
those ofSenaratne and Hardarson (1988) who
observed increased DMY of sorghum (Sor-
ghum vulgare L.) and barley following incor-
poration of faba bean and pea (Pisum sativum
L.) stover and/or roots. In their study, both
legumes had positive effects on the soil N
budget and subsequent nutrition (i.e.,
increased DMY and N uptake) of non-fixing
cereal crops. The conservation of soil N by
legume cultivation (i.e., less soil N taken up
by legumes than by cereals) was also consi-
dered as a factor explaining the greater N
uptake by cereals following legumes
(Senaratne and Hardarson 1988). Fox and
Piekielek (1988) also reported that corn suc-
ceeding to alfalfa (M edicago sativa L.), birds-
foot trefoil (Lotus corniculatus L.) and red
clover (Trfolium pratense L.) took up more
N than corn following corn and which
received 0 or 54 kg N ha-t. According to
Barber (1972), the greater uptake of soil N
can also arise due to better and deeper root
growth of succeeding non-legume crops, as

a result of improved soil properties by culti-
vation of forage legumes.

Without N application, the lowiDMY and
N uptake of corn following soybean can be
attributed to the low percentages of Ndfa in
soybean, which resulted in little or no incor-
poration of fixed N2, and depletion of soil N.
In studies by Hesterman et al. (1986, 1987),
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it was found that hxed N2 originating from
nodulated soybean and incorporated into the
soil amounted to 15 kg N ha-' at one site,
and ll kg N ha -' at another site (Hesterman
et al. 1987); the corresponding increases in
grain yield were 14 and 84%, without N
application. In addition, Hesterman et al.
(1986) found no differences in the grain yields
of corn which followed nodulated or non-
nodulated soybean, within any level of N
applied. Their results suggest that factors
other than greater N availability following
soybean cultivation may be responsible for the
increased corn grain yields. In another study,
Heichel and Barnes (1984) found that the N
contribution of soybean residues was less than
that expected; indeed, these authors found that
the export of soil-derived N in the grain may
substantially exceed that of symbiotically-
derived N2 in the residue that is returned to
the soil; this confirmed that this legume grown
for grain had little effect on the subsequent
corn N requirements, as observed in our
study. Our results also contrast with those of
Gakale and Clegg (1987), who noted that
without N application, sorghum following
soybean yielded 85% more grain than con-
tinuous sorghum. In their study, however, the
N supply following soybean cultivation was
not as limiting as it appeared in our study, as

indicated by increased residual soil N (as

NOI-N) after soybean than after continuous
sorghum production.

Baldock et al. (1981) defined the rotation
effects (other than the N-rotation effect) as the
yield differential between the cereal in
monoculture and that following a legume at
the highest N level. For some crop sequences
(i.e., S-C at St-Anselme, and F-C and S-C
at Deschambault, Fig. 2), the DMY of stover,
ears, and whole plants of second-year corn
reached a maximum at 100 kg N ha ', and
decreased at 150 kg N ha-t. Thus, there
were definite rotation effects observed at the
N level where maximum yields were observed
(and not at the highest N level). This is par-
ticularly important for the S-C sequence at St-
Anselme; rotation effects were only observed
at the intermediate N levels (i.e.. 50 and
100 kg N ha-r). and led to the highest DMY

for whole plants at 100 kg N ha -' that were
similar to those for the F-C sequence. At
Deschambault, corn from the S-C sequence

also reached DMY similar to those for the F-
C sequence at 100 kg N ha-|. Rotation
effects would have not been observable for
soybean without N application, or at the
highest N level.

The NFRV obtained for faba bean varied
drastically between locations (Table 6), and

illustrate the difficulty in recommending a

range for the adjustment of N levels for forage
corn production in a year following legumes.
Similar observations (i.e., variation in NFRV
among locations for the same legume) have
been reported by Hesterman et al. (1986),
who used alfalfa and soybean as first-phase
crops. The NFRV obtained at Deschambault
were lower than those obtained at St-

Anselme, and may be due to different N
mineralization potentials of the two soils; it
may have been so high at Deschambault that
the total rotational effects of faba bean were
considerably reduced compared with St-

Anselme. Indeed, at St-Anselme, N fertiliza-
tion would have not been necessary for corn
following faba bean, while at Deschambault,
a substantial reduction in N fertilization would
have been possible (see NFRV of faba bean,
Table 6). At this latter site, corn grown in
monoculture reached maximum DMY and N
uptake at ca. 150 kg N ha-|. on the other
hand, NFRV values obtained for the F-C
sequence suggest a reduction in fertilizer N
ranging between 30 and 40 kg N ha-'
(whole plant data); this would mean that a N
rate of-ca. 110 kg N ha-r (considering a

maximum NFRV of 40 kg N ha r) would be

sufficient for corn following faba bean at this
site. The data show that the DMY and N
uptake would be adequate at this N level
(Figs. 2 and 3). If the optimal N requirement
of hybrid Pioneer 3979 following I year of
faba bean is considered to be 100 kg N
ha-', then 70 kg N ha-' would have been

adequate for corn when it was preceded by
faba bean at this site. The data for corn DMY
and N uptake obtained at Deschambault
(Figs. 2 and 3) certainly suggest that such a
reduction in the N level applied (i.e., from
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100 to 70 kg N ha-t) would not affect yields
significantly.

The estimation of the N-supplying poten-
tial of legumes to non-fixing crops by the
NFRV method is certainly useful for crops
having a positive impact on the soil N budget.
However, it does not take into account other
potential rotation effects such as those
observed with soybean as a first-phase crop,
particularly at St-Anselme. In addition,
whereas the DMY of corn in monoculture
generally reached maximum yields at 150 kg
N ha-', the DMY of corn preceded by
I year of either legume reached a maximum
at 100 kg N ha-' or less. Adiustment of N
levels for corn production in rotation with
legumes could contribute signihcantly to
reducing production costs.

In conclusion, our data indicate that faba
bean was more effective than soybean in
reducing nitrogen requirements for forage
corn the following year; this greater N con-
tribution to corn by a previous faba bean crop
is due in part to its posirive impact on the soil
N budget. At intermediate N levels, soybean
was effective as _ a first-phase crop, in
promoting higher DMY than corn as a first-
phase crop; however, rotation effects due to
soybean are presumably not linked to an
increased N-supplying power. In addition to
the N provided by faba bean to forage corn,
evidence of rotation effects other than greater
N availability were observed with faba bean,
and, to a lesser extent, with soybean, partic-
ularly at St-Anselme. Proposed causes to
explain rotation effects other than those
related to increased N availability are quite
diverse (Hesterman 1988). Factors that can
explain the growth-promoting effects of
previous legume crops on subsequent corn
production are being investigated.
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