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ABSTRACT

Two field experiments were carried out at Menia Al-Kamh district- Sharkia province during two
summer successive growing seasons i.e. 2009 and 2010 to study the effect of FYM (Without, 20 and
40 m’/fad) and nitrogen fertilizer levels (Without, 45, 90 and 135 kg N/fad) on photosynthetic
partitioning parameters, yield and yield attributes of maize (Zea mays L.) — soybean (Glaycine max
(L.) Merr.) intercroppers. Soybean variety Giza-22 was sown at 93,333 plants/fad in pure stand and
intercropping whereas, maize variety TWC 324 was sown at 23,333 plants/fad as pure stand and
intercropping (3:3) system. Maize was planted in intercropping culture on one side and two plants /
hill (46,666 plants/fad) instead of one plant/hill in solid plots (23,333 plants/fad), simultaneously,
soybean was always sown and thinned as two plants/hill, 10 cm apart on the two sides of the ridge in
intercropping culture (186.666 plants/fad) instead of one side of the ridge in the solid plots.
Intercropping system significantly reduced Photosynthetic partitioning parameters (such as, relative
photosynthetic potential for grain yield/plant (RPP,yy), for biological yield/plant (RPPy,) and
migration coefficient (MC), but doubling [LAI for maize and soybean components. Also, intercropping
significantly reduced each of number of ears/plant, ear weight/plant, grain weight/plant, grain and
biological yields (ton/fad) as well as HI and number of branches and pods/plant, seed weight/plant,
pod yield (kg/fad), seed index as well as seed and biological yields (kg/fad.) of maize and soybean
components compared to the pure stand, (combined analysis). FYM application up to 40 m® followed
by increasing Photosynthetic partitioning parameters of maize and soybean components except LA,
LAI and MC which responded to FYM up to 20 m*/fad for soybean component. Also, addition of
FYM up to 40 m’/fad., significantly increased all yield and yield attributes of both components.
Otherwise, seed index and HI of maize and biological yield of soybean were significantly increased
due to applying FYM up to 20 m’*/fad. While, HI of soybean was significantly decreased due to
increment of FYM (combined analysis). Applying of N up to 135 kg N/fad significantly increased all
aforementioned traits of maize and soybean components except HI of soybean which was decreased
due to increments of N level (combined analysis).

Keywords: Soybean-maize intercropping, FYM, LAIL HI, migration coefficient, (RPPygins).

INTRODUCTION 1000-grain weight as well as grain yield of maize.

However, maize under monoculture recorded

Intercropping is a way to increase the
productivity/land unit area. The situation becomes
clearer in the developing nations. Where to day,
Egypt suffers from acute shortage in vegetable
oils. Panhwar ef al. (2004) revealed that
intercropping of soybean in maize rows did not
show any adverse effect on maize plant height,
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greater grain yield/ha. Soybean planted alone gave
better performance in respect of seed yield/ha and
yield contributing parameters, While, seed and
other yield contributing parameters of soybean
were significantly affected in intercrop
treatments due to competition with main crop.
Solank et al. (2011) recorded that maize +
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soybean intercropping accumulated higher dry
matter at each stage which than solid cropping
system. Grain yield of maize was significantly
reduced by 17.3 and 12.6% during 2007 and 2008
seasons, respectively as compared with that of
solid maize. Undie et al. (2012) reported that
intercropping maize with soybean reduced maize
LAI below its sole crop values. Similarly, soybean
number of branches/plant and seed yield reduced
below their sole crop values when intercropped
with maize.

Adu- Gyanfi et al. (2007) stated that, when N
fertilizer was added to the field of intercrops,
legumes use the inorganic N instead of fixing N.
from the air and thus compete with maize for N.
However, when nitrogen fertilizer is not applied,
intercropped legumes will fix most of their N
from the atmosphere and nol compete with
maize for N. Khan et al. (1999) found that,
various organic and inorganic nitrogen
treatments, significantly affected all parameters
except no. of grains / cob. Farmyard manure
application at 20 ton/ha combined with 60 kg
N/ha fformed better than all other treatments and
resulted taller plants, heavier 1000-grain weight,
greater leaf area index, grain and biological
yields. Shanwad et al. (2010) found that,
applications of FYM at (75 T/ha + 100%
recommended dose of fertilizers NPK) recorded
significantly higher maize yield (6348 kg/ha).

Watson (1952) stated that, N had far more
potent influence on the total photosynthesis of
plants through its effect on the leaf area and all
these might have cumulatively produced higher
grain vield under the highest level of N. Tijani et
al. (2000) showed that, plant height and leaf
area indices were significantly increased for
both maize and soybean from 6 weeks after
sowing by the application of N fertilizer. Also,
fertilizer increased dry matter by 17% at 50%
flowering in soybean and by 11% at 50% silking
in maize. Grain yield was increased by 32% due
to the application of 30 kg N/ha in soybean.
They added that, highest grain yield of maize
(3.25 t/ha) was obtained from 60 kg N dose.
Shivay and Singh (2003) found that, LAl of
soybean was higher when N at 40 kg/ha, was
applied compared with that of control. In
general, the yield attributing parameters (plant
height, branches/plant, pods/plant, seeds/pod,
seed weight/plant, 1000-seed weight) and yield

increased with increasing N up to 40 kg/ha in
soybean. The highest seed protein content was
recorded with N at 80 kg/ha for soybean. Mbah
et al. (2007) revealed that, applying fertilizer
significantly increased the vield of the
component crops than no fertilization. Undie ef
al. (2010) found that, application of 100 kg N/ha
to maize, increased 100-grain weight, cob yield
and grain vield by 46, 95, 35, 138 and 153%, in
the same follow order in 2007 and by 15, 63, 48,
88 and 109%, respectively in 2008, over no
nitrogen application. Similarly, application of
100 kg N/ha to soybean increased no. of
pods/plant and 1000-seed weight by 53 and 16%
respectively in 2007 and by 55 and 14%,
respectively in 2008 over no nitrogen
application. Undie et al. (2012) reported that, N
application up to 100 kg/ha, increased number
of branches in soybean and LAI in maize. Seed
yield in soybean responded optimalty at 50 kg
N/ha. Thus, the objective of this investigation
was to study the effect of FYM and N fertilizer
levels on Photosynthetic partitioning parameters,
yield and yield attributes of maize — soybean
intercropping.

MATERIALS AND METHODS

Two field experiments were conducted on
administration field in Menia Al-Kamh district-
Sharkia Governorate, during two successive
summer seasons (2009 and 2010) to study the
effect of FYM and N fertilizer levels on
Photosynthetic partitioning, vield and yield
attributes of maize (Zea mays L.) — soybean
(Glaycine max (L.) Merr.). The soil was clay in
texture and had an average of 125.5, 21.5 and
2245 ppm for N, P and K during the two
seasons. Farmyard manure had an average of 1.3
and 1.28 % for N and 26.3 and 25% for organic
matter during the two seasons, respectively. In
maize — soybean intercrop, each crop planted
separately as a solid stand and in association by
using 3:3 intercropping system i.e. growing
three ridges of maize in alternation with three
ridges of soybean. For those two planting
patterns, ridge width was 90 cm. in solid
plantings as well as intercropped patterns; the two
crops were planted in one side of the ridge.
Whereas, soybean was planted on both sides in
intercropping pattern but on one side in solid
planting. Here, the distances between and within
ridges are the same in both sowings i.e. 20 x 90 cm
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for maize and i0 x 90 cm for soybean. However,
each hill contained two plants in all cases of the
intercrops, except sole maize (one plant/hill).
Thus, total population percentages reach 200%
in 3:3 cropping system {100% component
population of each crop). Seeds of soybean and
maize were sown when soil moisture was
adequate for germination i.e. (14 May and 6
June) and (10 and 30 May) in 2009 and 2010
seasons, for the two crops in sole planting and
intercropping system, respectively. After three
weeks from soybean sowing, maize grains were
planted n solid as well as intercropping planting.
The plants were thinned into one plant / hill after 21
days for maize and into two plants / hill for soybean
after 30 days from planting,

A split-split plot design with three replications
was used. Thirty six treatments were applied i.e.
combination of three planting patterns, three
farmyard manure rates and four nitrogen levels.
Where, the planting patterns occupied the main
plots for solid and intercropped plantings. The
farmyard manure was arranged in 1™ order sub-
plots, the 2™ order sub plots were devoted to the
four nitrogen fertilizer levels. Each sub-sub plot
included six ridges, 3m long. Thus, the plot area
was 16.2 m’.

The different treatments were: A- Three
planting patterns 1-Pure stand of maize sown in
hills, 20 em apart (23,333 plants/fad) on one
side of the ridge and one plant/hill (100%
component population). 2- Pure stand of
Soybean sown in hill, 10 c¢cm apart (93,333
plants/fad) on one side of the ridge and two
plants/hitl. (100% component population). 3-
Intercropping of three ridges of soybean in
alternation with three ridges of maize (one side,
two plants/hill). While, soybean present on both
sides, two plants/hill. Thus, 3:3 cropping system
gives 200% total population i.e. 100% from each
component crop.

B- Three levels of farmyard manure (without
addition, 20 m*/fad. and 40 m’ /fad).

C- Four levels of mineral Nitrogen: (without
addition, 45 kg / fad., 90 kg / fad. and 135 kg
/fad.) were applied to sole and intercropped
maize and soybean at form of urea (46.5%
N} in three doses added at 20, 30, 40 days
after planting.

In this cropping system, both Giza 22
soybean cultivar and TWC 324 maize cultivar
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were used. Soybean seeds were inoculated with
specific bacteria (Bradyrhizobium japonicum L.)

at sowing time.
Egyptian clover (7)
the two seasons.
corresponding to 3
(15.5% Py0s)

The preceding crop was
ifolium alexandrinum L.) in

basal dose of P and K,
kg P,0O; as super phosphate
d 24 kg K,0 as potassium

sulfate (50% K,0) were uniformly broadcasted
at the time of seedbed preparation. Maize and
soybean component crops were harvested at
September 14™ and| 24" in the first season, and
10™ and 17" in second one, respectively. Other
agronomic practices were completed similar to
that prevailing in the region.

Photosynthetic P
Sample of 6

rtitioning Parameters

ded plants was taken from

each treatment at silking of maize (60 DAP) and
at flowering of soybean (55 DAP) to estimate:

1- Leaf area / plant
determined using

Saxena and Singh (
plant was determi
weight of 50 disks
leaves, according tq
and the dry weight
plant was calculate;

dm?). In maize leaf area was
the formula according to
1965). In soybean leaf area /
ned with the help of dry
{1cm diameter) taken from
» the total leaves dry weight
of 50 leaf disks, leaf area /
d. 2- Leaf area index (LAI)

was determined according to formula suggested

by Watson (1952).

3- Relative photosynthetic

potential for grain or seed yield / plant. RPP, =
Grain or seed vield / plant {(g)/LAl. 4- Relative

photosynthetic pote
plant. RPPy;, = bio
5- Relative
vegetative yield /
RPP,,. The values
biological yields / pl
according to the

phatosynthetic

ential for biological yield /
ogical yield / plant (g)/LAIL
potential  for
plant. RPPveg_ = RPPbiO -
of RPP of seed, grain and
ant at harvest were calculated
procedure documented by

Vidovic and Pokomy (1975). 6- Migration
coefficient (MC) for maize = Ears dry weight /
plant (g) /Biological yield / plant (g) at harvest.

Migration coefficie
dry weight / plant

nt (MC) for soybean = Pods
{g) /Biological yield / plant

(g) at harvest. Such parameter was estimated as
mentioned by McGraw (1977).

Yield and Yield A

\ttributes

At harvest, the central ridge of each

component crop wa
and its components
maize, components

5 used to determine the yield
For solid and intercropped
were number of ears / plant,
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ear weight / plant, grain weight / plant, hundred
grain weight (g), grain |yield (ton / fad),
biological yield (ton / fad) and harvest index
(HI): (HI = Grain yield / fad. /Biological yieid /
fad.) HI was calculated dccording to Abdel-
Gawad, et ai. (1987). Grain yield was adjusted
to a constant moisture content of 15%. Soybean
components were; number jof branches / plant,
number of pods / plant, podiyield (kg / fad), seed
weight / plant, seed index, seed yield (kg / fad),
biological yield (kg / fad) and harvest index. The
obtained data were statistically analyzed
according to Steel ef al. (1997). Least significant
differences were used fpor the comparison
between means. Means having the same letters
are not significantly different. A combined
analysis was made for the data of the two
seasons. In interaction tabl‘bs capital and small
letters were used for comparisons among means
of rows and columns, respectively.

RESULTS AND DISCUSSION

|
Photosynthetic Partitioning Parameters
of Maize Component

Leaf area / plant (dm#), leaf area index,
relative photosynthetic potential for grain
yield/plant (RPP,), biologic%l yield/plant (RPP,)
and migration coefficient (MC) for maize as
affected by intercropping, FYM and N-
fertilization in both seasons and their combined
analysis are presented in Tables 1 and 3. Data
recorded in both season‘§ and their mean
demonstrate that intercropping system had no
significant effect on plant LA during both
seasons and their combined analysis. Relative
photosynthetic potential for grain yield/plant
(RPP,ins) and biological yikld/plant (RPPy) of
maize component reduced by intercropping
compared to the pure stand |during both seasons
and their combined analysis.  Although,
intercropping system had the same plant
population density on half the area as compared
with solid planting system and resulted in the same
leaf area / plant. These results suggest that, the
combined leaf canopy or ropt systemn may make
greater and / or better use of light and N
particularly under this system of intercropping,
than when the same component crops are grown
separately. But, the intercropping exerted no
significant effect on LA / plant dm’ and migration
coefficient (MC) during both seasons and their

combined. Results of combined analysis indicate
that, plants fertilized with FYM up to 40m® / fad
had higher values of leaf area / plant (dm?), leaf
area index, relative photosynthetic potential for
grain yield/plant (RPP,) and biological
yield/plant (RPP;) as compared with the zero
level of FYM. The differences among the three
levels of FYM treatments did not reach the level
of significance on migration coefficient (MC)
during both seasons and their combined.
Applying N- fertilizer up to 135 kg N / fad
caused significant increases in leaf area / plant
(dm?), leaf arca index, relative photosynthetic
potential for grain yield (RPP;) and biological
yield/plant (RPP,). Hence, the variation in
photosynthetic partitioning parameters due to
different levels of N was related to the differences
in size of photosynthetic surface and to the relative
efficiency of total sink activity. Similar results
were reported by Patel ef al. (2006); Undie et a/.
(2012). In meantime, Watson (1952) stated that,
N had far more potent influence on the total
photosynthesis of plants through its effect on the
leaf area and all these might have cumulatively
produced higher grain yield under the highest
level of N.

As shown in the combined analysis, the
interactions effects between planting patterns
and N fertilizer levels on LAI, RPPg and on
migration coefficient (MC) of maize and
planting patterns and FYM levels on RPPg of
maize and migration coefficient of soybean and
the interaction effect between FYM and N
fertilizer levels on MC of maize were
significant. But, no additional information could
be obtained other than the main effects.
Therefore, interaction tables are not discussed.

Photosynthetic Partitioning Parameters
of Soybean Component

Leaf area / plant (dm?), leaf area index,
relative photosynthetic potential for seed yield
(RPP,) and biological yield/plant (RPP},), as well
as, migration coefficient (MC) for soybean
component as affected by intercropping, FYM
and N- fertilization are presented in Tables 2 and
3. Total leaf area of soybean plant reduced by
about 13.46% under intercropping culture than
solid planting (100%); this may be due to
doubling plant density under intercropping than
that of solid pattern. But, the converse was true
with LAI (see Table 2).



Table 1. Leaf area / plant (dm?), leaf area index (LAI), relative photosynthetic potential for grain (RPP,,.) and biological yield/plant
(RPPy;;) of maize as affected by planting patterns, FYM and N- fertilization in both seasons and their combined analysis.

Main effects and interactions  Leaf area/plant dm* LAI RPPyins RPPyis
2009 2010 Comb. 2009 2010 Comb. 2009 2010 Comb. 2009 2010 Comb.

Planting Patterns (P):

Solid planting 68.26 7583 7205 3.79 4.22 4.00 80.52 70.89 75.70  258.79 226.88 242.83
Intercropping 68.08 7379 7094 753 8.19 7.87 36.79 31.87 3483 12346 109.77 116.62
F_test NS NS NS Aok ¥k ¥k %ok ok %* %k 3k Ak %k
FYM levels (F): (m’/fad.)

Without 66.54b 72.92¢ 69.73¢ 556b 605¢c 580c 5723 4854b 53.63b 188.51b 165.17¢176.84b
20 67.49b 7493b 71.21b 5.6lab 622b 592b 5920 41.73c¢ 5547ab 189.21b 167.68b 178.44b
40 70.4%9a 76.59a 73.54a 582a 635a 6.09a 5953 5388a 56.70a 19566a 172.13a 183.89a
F-test * *ok ook #* *k * ok NS, ok ok *k * ok

N-fertilization N: (kg N/fad.)

Without 64.55c 6842d 66.48d 538c 568d 553d 5606d 5023 53.15c 183.71c 168.58 176.14c¢
45 66.71¢c 73.10c 6991c 555bc 6.08c 58lc 5884c 5229 5557b 19047b 167.72 179.09b
90 6899b 77.00b 72.99b 575ab 6.39b 6.07b 5935b 5209 55.72ab 193.44ab 167.16 180.30b
135 7244a 80.73a 765%9a 598a 668a 633a 6036a 5092 56.64a 1968%a 16985 183.37a
F_test * %k % %k P % % ek ¥k Ak NS %k ek NS %k
Interactions:

PxF N.S. N.S. N.S. N.5. ok N.S. N.S. N.S. *x ** N.S. N.S.
PxN N.S. N.S. N.S. N.S. *x ** * N.S. *x *x N.S. N.S.
FxN N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. ** N.S. N.S.

N.S., * and **, not significant, significant at 0.05 and 0.01 levels, respectively. FYM: farmyard manure, Faddan= 4200 m",
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Table 2. Leaf area / plant (dm?®), leaf area index (LAI), relative photosynthetic potential for seed (RPP,.4,) and biological yield/plant

(RPPy,;,) of soybean as affected by planting patterns, FYM and N- fertilization in both seasons and their combined analysis.

Main effects and interactions  Leaf area/plant dm’ LAI RPP,..,, RPP;,

2009 2010 Comb. 2009 2010 Comb. 2009 2010 Comb. 2009 2010 Comb.
Planting Patterns (P):
Solid planting 15.87 16.50 16.18 1.76 1.83 1.79 15.80 15.00 15.47 52.81 55.89 5435
Intercropping 1404 1446 1425 3.2 3.23 3.18 7.32 7.35 7.34 22.68 2272 2269
F-test * * A&k k% e %k dek Rk %%k ¥k %%k &%k
FYM levels (F): (m’/fad.)
Without 1425b 14.18¢ 1422b 2.36b 233c 234b 1084b 11.54 11.29b 40.18 3998  40.08
20 1571a 1546b 1558a 255a 2.52b 253a 1088b 11.11 10.99b 34.86 3996 3741
40 1491b 1682a 1586a 2.42b 2.74a 258a 1296a 1089 11.93a 3820 3796 38.08
F-test ok ok ok * wok >k ok N.S. ko N.S. N.S. N.S.
N-fertilization N: (kg N/fad.)
Without 1268d 12.76d 12.72d 2.04d 2.06d 205d 1123¢ 10.15d 10.82b 3465c 348!b 34.73¢
45 1434¢c 1471¢c 1453¢ 234c 239c¢ 237c¢ 1086d 10.52cd 10.69b 3501c 3748b 3624c¢
90 1563b 1637b 1601b 2.57b 271b 264b 1269a 11.18bc 11.94a 3843b 41.33a 39.88b
135 17.16a 18.09a 1763a 282a 296a 28%a 1146bc 1287a 12.17a 42.8%a 4359a 43.24a
F_test L2 ] * % %k *k ok ook Aok %k 3%k * ¥k €k *3k
PxF * * *x N.S. N.S. N.S. N.S. N.S. *x ** * *x
PxN *x N.S. N.S. ** *x N.S. N.S. *K b ok * *¥
FxN *x N.S. * N.S. N.S. N.S. N.S. N.S. *¥ ** N.S. N.S.

N.S., * and **, not significant, significant at 0,05 and 0.01 levels, respectively. FYM: farmyard manure, Faddan= 4200 m".
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Table 3. Migration coefficient (MC) for maize and soybean as affe¢ted by planting patterns,
FYM and N- fertilization in both seasons and their combined| analysis.

Maize Soybean

Main effects and interactions

2009 2010 Comb. 2009 2010 Comb,
Planting Patterns (P):
Solid planting 0.341 0.341 0.341 0.629 0.595 0.612
Intercropping 0.347 0.345 0.346 0.p67 0.582 0.575
F-test N.S. N.S. N.S. N.S. N.S. *
FYM levels (F): (m’/fad.)
Without 0.341 0.346 0.344 0.560b 0.575 0.3567b
20 0.348 0.344 0.346 0.606 a 0.590 0.598 ab
40 0.343 0.338 0.341 0.628 a 0.602 0.615a
F-test N.S. N.S. N.S. * N.S. *
N-fertilization N: (kg N/fad.)
Without 0.344 b 0339¢ 0341b 0.589 0.600 0.595
45 0.347 a 0.346ab 0.346a 0.698 0.582 0.590
90 0.344 b 0348a 0.346a 0.599 0.566 0.582
135 0.341b  0.340bc  0.341Db 0.p06 0.607 0.606
F-test ok ** le.S. N.S. N.S.
Interactions:
PxF N.S. N.S. N.S. N.S. N.S. *
PxN *x ok N.S. N.S. N.S.
FxN ok N.S. ** N.S. N.S. N.S.

N.S., * and ** not significant, significant at 0.05 and 0.01 levels, respectively. FYM: farmyard manure,

Faddan= 4200 m*

Solid planting surpassed intercropping in
relative photosynthetic potential for seed yield
/plant (RPP;) and biological yield/plant (RPP,)
during both seasons and their combined analysis;
this may be due to higher values of LAI of
intercropping pattern. With respect to FYM effect:
it would appear that, Leaf area / plant (dm?), leaf
area index and migration coefficient of soybean
component tended to increase with adding FYM
up to 20 m'/fad; but relative photosynthetic
potential for seed yield/plant (RPP;) significantly
increased when 40 m'/fad; FYM were applied.
Regarding N fertilization effect it was found that,
applying N up to 135kg/fad followed by a
significant increase in Leaf area / plant (dm?), leaf
area index, relative photosynthetic potential for
sced yield/plant (RPP;) and for biological
yield/plant (RPPy) as compared with the control
treatment during two seasons and combined mean.
N levels had no significant effect on migration
coefficient (MC) during both seasons and their

combined analysis.
application

signifi¢antly
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Yield and Yield Attributes of Maize
Component

Number of ears/plant, gar weight/plant, grain
weight/plant, seed index, grain and biological
yields (ton/fad) and HI of maize component as
affected by intercropping, FYM and N-
fertilization in both seasons' and their interactions
are presented in Tables 4 and 5. It is obvious that,
number of ears/plant, ear weight/plant, grain
weight/plant and harvest index, as well as, grain
and biological yields (ton / fad) were greater for
solid planting than those of ;intercropping system,
because plants were grown junder competition of
doubling densitics under intercropping as
compared with solid in general. Furthermore, these
results suggested that, the leaf canopy and root
system may make greater and/or better to use light
and N particularty under this system of
intercropping, than when the same component
crops are grown scparately. The results are in a
good connection with those reported by Ghosh
et al. (2004); Metwally et al. (2009) and Solank et
al. (2011). Data obtained show that, application of
FYM up to 40 m’/fad significantly increased
aforementioned traits except grain and harvest
indices which responded to FYM up to 20 m’/fad
during both seasons and their combined. This
favorable effect of FYM may be attributed to
improving soil physical, chemical and biological
pro/ties to better aforementioned traits, besides
providing essential nutrients to the crop. These
results are in accordance With those obtained by
Badr and Othman (2006).:Khan ef al. (1999)
found that, FYM application up to 20 ton‘ha
combined with 60 kg N/ha /formed better than
all other treatments and résulted higher 1000-
grain weight and greater | and biological
yields. Regarding N fertilization effect, adding N
up to the highest levet (135 k'g N/fad), significantly
increased all aforementiongd traits during two
seasons and their combined %mlysis. These results
are in agreement with those jobtained by Tijani et
al. (2000); Morgado and Willey (2003); Shivay
and Singh (2003); Panhwar et al. (2004);
Ayoola and Adeniyan (2006); Patel ez al. (2006);
Mbah et al. (2007) and Meena et al (2007).
Meantime, Undie et al. (2010), they found that
application of 100 kg N/ha td maize increased No.
of ears/plant, cob length, 100-grain weight, cob
and grain yields over no nitrogen application.

In the same mention, Ayoola and Makinde
(2007) reported that, maize performed best in
terms of growth and yield with complementary
application of inorganic and organic fertilizers.

As shown in the combined analysis, the
interactions effects between planting patterns
and FYM levels on grain weight/plant and
harvest index, planting patterns and N fertilizer
levels on number of ears/plant, grain
weight/plant and 100 grain weight and FYM
levels and N fertilizer levels on ear weight/plant
and grain weight/plant were significant. But, no
additional information could be obtained other
than the main effects. Therefore, interaction
tables are not discussed.

Yield and Yield Attributes of Soybean
Component

Number of branches and pods / plant, seed
yield/plant, pod yield (kg/fad.), seed index, seed
and biological yields (kg/fad.) and harvest index
of soybean component as affected by
intercropping, FYM and N- fertilization in both
seasons and their combined analysis are
presented in Tables 6 and 7. It is obvious that,
all aforementioned traits were greater in solid
planting than in intercropping system.

These results are similar to those obtained by
Panhwar et al. (2004); Mbah et al. (2007);
Meena ef al. (2007) and Metwally ef al. (2009).
Data obtained (Tables 6 and 7) show that,
application of FYM up to 40 m*/fad caused
significant increases in each of number of
branches, pods/plant, pod vield (kg / fad), seed
yield/plant and seed yield (kg/fad) during the
two seasons and pooled data, except seed index
in 2 season only, and up to 20 m’ for
biological yield (kg/fad). But harvest index
significantly reduced with increment of FYM up
to 40 m’/fad during both seasons and their
combined. These results are similar to those
obtained by Ayoola and Adeniyan (2006); Badr
and Othman (2006) and Khan et al. (1999).
Regarding N fertilization effect, adding N up to the
highest level {135kg N/fad) significantly increased
all aforementioned traits during the two seasons
and their combined analysis. Except HI trait
which significantly reduced due to applying N
up to 135 kg N/fad. Increase in various plant
growth characters such as leaf area, LAI, total



Table 4. Number of ears / plant, ear weight / plant (g) and grain weight / plant (g) of maize as affected by planting patterns, FYM and N-
fertilization in both seasons and their combined analysis.

Main effects and interactions Number of ears / plant Ear weight/plant (g) Grain weight/plant (g)

2009 2010 Comb. 2009 2010 Comb. 2009 2010 Comb.

Planting Patterns (P):

Solid planting 1.35 1.32 1.34 334.82 326.14 330.40 305.64 298.17 301.90

Intercropping 1.31 1.07 1.19 321.56 310.86 316.21 276.39 269.58 272.99

F-test N.S. ** ** N.S. * ** N.S. K *ox

FYM levels (F): (m’/fad.)

Without 1.25b 1.13¢ 1.19b 3i1392¢  306.79c¢ 310.23¢  27839c 269.67c 27417c

20 1.37a 1.19b 1.28 a 325.13b 317.88b 321.50b 288.75b 281.33b 285.04b

40 1.38 a 1.27a 1.32a 34554a 330.83a 338.19a 305.63a 30063a 303.13a

F-test * >k ek ok *ok ok *% *k **

N-fertilization N: (kg N/fad.)

2107 (1) *ON 6€ 'TOA “s9Y 218V [ SyzedeZ

Without 1.10d 1.04¢ 1.074d 298.78d  287.39d 292.92d 26244d 251.83d 257.14d
45 128¢ 1.19b 123 ¢ 32406c  31194c 318.00c 286.06c 27867c 28236¢
90 1400 1.22b 131D 336.89b 330.11b 333.50b 29944b 293.50b 29647h
135 1.54 a 1.34 a 144 a 353.06a 34456a 348.81a 316.11a 311.50a 3138la
F-tCSt #k * % sk d€e ok 3 % £33 %%k * ¥k
Interactions:

PxF N.5. N.S. N.S. N.S. N.S. N.S. * ok *¥
PxN ** *k ke N.S. ¥ N.S. N.S. N.S. *
FxN N.S. N.S. N.S. N.S. * *ok N.S. * ok

N.S., * and **, not significant, significant at 0.05 and 0.01 levels, respectively. FYM: farmyard manure, Faddan= 4200 m”,

LoS



Table 5. Seed index, grain and biological yields (ton / fad) and harvest index of maize as affected by planting patterns, FYM and N-
fertilization in both seasons and their combined analysis.

Main effects and interactions Seed index Grain yield (ton / fad.) Biological yield (ton / fad.) Harvest index
2009 2010 Comb. 2009 2010 Comb. 2009 2010 Comb. 2009 2010 Comb.

Planting Patterns (P):

Solid planting 3733 36.86 37.09  3.67 3.69 3.68 9.16 8.75 8.95 3986 42.15 41.11
Intercropping 3488 36.17 3553 297 3.06 3.02 7.91 7.59 775 3763 3965 38.96
F-test N.S. N.S. * * * *k *x N.S. *x N.S. N.S. N.S.
FYM levels (F): (m’/fad.)

Without 35.08 3520c 35.14b 296c¢ 295¢ 295¢ 747b 727c¢ 737c¢ 3973 4053 4013
20 36.38 36.55b 3646a 342b 344b 343b 891a 8.16b 866b 3822 41.06 4020
40 36.85 37.80a 37.33a 358a 3.74a 3.66a 923a 907a 9.15a 3829 41.12 40.00
F-test N.S. *x * *x ** ** ** *x ** N.S. N.S. N.S.
N-fertilization{N): (kg N/fad.)

Without 33.16d 33.29d 3322d 267d 268d 267d 6.74d 658d 6.66d 38.66 40.79 40.16
45 3527¢ 35.83c 3555c¢c 3.09¢ 3.18c¢c 3.13c¢c 799c 726c 763c 3879 4178 41.02
90 36.99b 3722b 37.11b 339b 3.57b 358b 928b 88lb 9.05b 3884 40.55 39.55
135 3900a 39.72a 3936a 392a 4.07a 399a 10.12a 10.03a 10.07a 3869 4049 3967
F-test %k * ok ek * ok ¥k %k ok %k e 3 Aok NS NS NS
Interactions:

PxF N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. *
PxN N.S. ** ** NS. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
FxN N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.

N.S., * and **, not significant, significant at 0.05 and 0.01 levels, respectively. FYM: farmyard manure, Faddan= 4200 m".
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Table 6. Number of branches and pods / plant, seed weight / plant and pod yield (kg / fad.) of soybean as affected by cropping system, FYM

and N- fertilization in both seasons and their interactions

M:fin effects and Number of branches/plant Number of pods/plant Seed weight/plant (g) Pod yield (kg / fad.)
interactions 2009 2010 Comb. 2009 2010 Comb. 2009 2010 Comb. 2009 2010 Comb.
Planting Patterns (P):
Solid planting 5.34 5.61 547 6456 6556 6506 2779 2772 2775 11665 11064 11642
Intercropping 4.63 480 471 5433 5499 5466 2290 2374 2332 10404 1055.8 1048.1
F'test Ak A3k %k * * ¥ e %%k * e ok * NS ek
EYM levels (F): (m’/fad.)
Without 427b 444¢ 435¢ 50.56b 50.88b 50.72b 22.81c 24.09c¢ 23.45¢ 1045.0b 951.8 1040.1b
20 516a 537b 526b 6428a 63.83a 64.05a 2542b 25.66b 2554b 11963a 10972 1146.7a
40 553a 580a 567a 63.51a 66.13a 64.82a 27.80a 2744a 2762a 1069.1b 11943 1131.7a
F-tCSt Hk * % ek ok * ¥k 3k % L2 ] 3%k * ¥k NS *3k
N-fertilization N: (kgN/fad.)
Without 396d 4.08d 4.02d 3871d 41.57d 40.14d 21.04d 19.48d 2026d 9255d 948.5d 937.0d
45 460c 483¢ 4.72c¢ 51.03c¢ 5128¢ S51.16¢ 22.66¢ 22.82¢ 22.74c¢ 1077.0c 10823c 1079.7¢c
90 533b 5.54b 544b 67.88b 67.75b 67.81b 2794b 2647b 2720b 1177.6b 11239b 11786b
135 6.04a 637a 621a 80.17a 80.52a 80.34a 29.74a 34.16a 3195a 1233.7a 11695a 1229.5a
F-test ek 3ok ok * & 3 ok ok ok e o Hese ok ok %%
Interactions:
PxF N.S. N.S. NS NS. NS NS ** N.S. ok N.S. N.S. N.S.
PxN N.S. N.S. NS * * * ek ok ok N.S. N.S. **
FxN N.S. N.S. >k NS. NS *x *x N.S. *k N.S. N.S. N.S.

N.S., * and **, not significant, significant at 0.05 and 0.01 levels, respectively. FYM: farmyard manure, Faddan= 4200 m’.

Z10Z (§) "ON 6€ ToA “soYy LSy 't Sizedez
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Table 7. Seed index, grain and biological yields (kg / fad.) and harvest index of soybean as affected by cropping system, FYM and N-
fertilization in both seasons and their interactions

Main effects and Seed index Seed yield (kg / fad.) Biological yield (kg / fad.) Harvest index

interactions 2009 2010 Comb. 2009 2010 Comb. 2009 2010 Comb. 2009 2010 Comb.
Planting Patterns (P):
Solid planting 19.79 18.65 1922 820.35 83585 82835 20334 20282 20308 4034 4121 40.75
Intercropping 18.25 1842 1833 71037 71404 71220 1963.1 1960.5 1961.8 36.18 3642 36.30
F-test * NS. *% * * # N.S. * *k * * ok
FYM levels (F): (m’/fad.)
Without 19.02 18.20b 18.61 73754 737.26c¢ 737.77c¢ 1815.4b 180490b 1810.2b 40.87a 41.38a 41.12a
20 19.12 1842b 1877 756.81 76597b 761.39b 2120.1a 2055.3a 2087.7a 36.03b 37.50b 36.76b
40 1892 1898a 1895 801.73 821.61a 811.67a 20594a 2122.8a 2091.1a 39.88a 39.05b 39.46a
F-tCSt NS & ok NS NS * % ¥k * % k¥ ek * * ok
N-fertilization N:(kgN/fad.)
Without 17.55d 16.91d 17.23d 682.58d 671.66d 677.12d 16558d 1652.5d 1654.2d 42.29a 40.85a 41.57a
45 1849c 18.25c¢ 18.37¢ 741.97¢ 745.79c¢ 743.88¢ 1879.1c 1869.0c 1874.1¢ 39.61 bc 40.11a 39.86 b
90 1960b 19.04b 19.32b 807.88b 826.62b 817.75b 2122.7b 2110.1b 211641b 38.19¢ 39.71a 3895b
135 2042a 1993a 20.18a 829.01a 855.70a 842.35a 23354a 23458a 2340.6a 35.61d 36.87b 36.08¢c
F-test ok % ok ok *ok ok "k #k ** * ok *k
nteractions:
PxF N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. NS
PxN N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. * N.S.
FxN * N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. NS

N.S., * and **, not significant, significant at 0.05 and 0.01 levels, respectively. FYM: farmyard manure, Faddan= 4200 m".
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dry matter, number of branches and pods / plant,
pod vield (kg / fad), seed yield / plant and seed
index ultimately results into increase seed yield.
This might be treasons responsible for
spectacular increase in overall seed yield of
soybean. The results of Tijani et al. (2000);
Morgado and Willey (2003); Shivay and Singh
(2003); Panhwar et af. (2004); Ayocola and
Adeniyan (2006); Mbah et al. (2007), Meena et
al. (2007); Undie et al. {2010) and Undie et al.
{2012) reported that, number of branches and
seed yield of soybean responded optimally at 50
kg N/ha.

Data given in Table (6-a) show the effect of
interaction between planting patterns with N
fertilizer levels on number of pods/plant of
soybean. Since, as in the combined analysis,
under solid planting and intercropping, any
increase in N level up to the level 135 kg N/fad,
was followed by a respective significant
increase in number of pods/plant of soybean.
For all N levels, intercropping depressed
number of pods/plant of soybean compared to
the solid planting.

Data given in Table (6-b) show the effect of
interaction between FYM and N fertilizer levels
on number of pods/plant of soybean. It was
clear that, number of pods/plant of soybean was
affected by addition of FYM up to 20 m’/fad.
Since, as in the combined analysis, any increase
in N level up to the level 135 kg N/fad was
followed by a respective significant increase in
number of pods/plant of soybean.

As shown from data in Table (6-c) that, seed
weight/plant of soybean as affected by
interaction of planting patterns and FYM levels
(combined analysis). It was clear that, seed
weight of soybean plant was affected by
addition of FYM up to 20 m'/fad under
intercropping. While, in solid planting, that seed
weight was significantly higher due to adding
the highest level of FYM (40 m’ /fad) compared
to the seed yield of soybean plant achieved in no
FYM treatment. For all FYM levels,
intercropping depressed seed weight of soybean
plant compared to the pure stand.

Data given in Table (6-d) show the effect of
interaction between planting pattern with N
fertilizer levels on seed weight (g) of soybean
plant. Since, as in the combined analysis, under
solid planting any increase in N level up to 90

kg N/fad was followed by a respective
significant increase in seed weight (g) of
soybean plant. For all N levels, intercropping
depressed seed weight (g) of soybean plant
compared to the solid planting,.

Seed weight/plant of soybean as affected by
interaction of FYM and N fertilizer levels
{combined analysis} is given in Table (6-¢). It
was clear that seed weight (g) of soybean plant
was not affected by addition of FYM up to 40
m" /fad. Since, as in the combined analysis, any
increase in N level up to the rate 135 kg N/fad
was followed by a respective significant
increase in seed weight (g) of soybean plant.

Conclusion

Intercropping system did not reduce relative
photosynthetic potential for grain yield/plant
{RPP_.i) and biological yield/plant (RPPy)
whereas migration coefficient (MC) and total LA /
plant did not affect by intercropping for both
crops, but increased LAI for maize and soybean.
Also, vield and yield attributes of maize and
soybean compared to the pure stand were
reduced relatively. FYM application up to 40 m’,
followed by increasing growth parameters of
maize and soybean components except LA, LAIT
and MC which responded to FYM up to 20 m’ /
fad for soybean component. Also, addition of
FYM up to 40 m*/fad significantly increased all
yield and yield attributes of both components
except seed index and HL Applying of N up to
135 kg N/fad.,, significantly increased all
aforementioned traits of maize and soybean
except HI of soybean.

REFERENCES

Abdel-Gawad, A.A., K.A. El-Shouny, S.A.
Saleh and M.A. Ahmed (1987). Partition and
migration of dry matter in newly cultivated
wheat cultivars. Egypt. J. Agron., 12 (1-2):
1-16.

Adu-Gyanfi, J.J., F.A. Mayaka, W.D. Sakala, R.
Odgaard, IM. Vesterager and H.H. Jensen
(2007). Biological nitrogen fixation and
nitrogen and phosphorous in farmer-
managed intercrops of maize/pigeon pea in
semi- arid southern and eastern Africa, Plant
and Soil, 295(1-2):127 — 136.



602 E}-Naggar, ef al.

Table 6-a. No. of pods/plant of soybean as affected by interaction of planting patterns with N-

fertilization
Panting Patterns N-fertilization
0 45 90 135
D C B A
Solid 4394 a 56.97 a 72.42a 86.92 a
D C B A
Intercropping 36.33b 4534 b 63.21b 73.77b
Table 6-b. No. of pods/plant of soybean as affected by interaction of FYM levels and N-
fertilization
N-fertilization
FYM levels 0 25 %0 135
D C B A
0 31.18b 44.18b 59.28 b 6822 ¢
D C B A
20 46.07 a 5523 a 7093 a 83.98b
C C B A
40 43.17a 54.05a 73.23a 88.83 a
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