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ABSTRACT

Two field experiments were conducted at the Agricultural Experiments and Research Station,
Faculty of Agriculture, Cairo University, Giza, Egypt, during 2008 and 2009 summer seasons, to study
the intercropping of forage cowpea (Vigna unguiculata L., var. Buff) with maize (Zea mays L.), stay
green and single cross hybrid 122. The experiment was planted at the 1 of July after wheat in both
seasons. The experimental design was a split-split plot design arranged in randomized complete blocks
with three replicates. The main plots were devoted to three intercropping patterns: 1) Maize on one
side of the ridge and forage cowpea on the other side, 2) Solid maize, 3) Solid forage cowpea. Sub-
plots were arranged with plant density of forage cowpea, one and two plants hill”* at 20 cm between
hills, Sub-sub plots were four nitrogen levels viz,, zero, 60, 90 and 120 kg N fed.’ N was added in two
equal doses after 21 and 60 days from planting (after the 1” cut of forage cowpea).

The results indicated significant differences between intercropping patterns, plani density and
nitrogen levels for dry yield. Light intensity at top, middle and bottom of cowpea 'and maize were
obtained at each cut in both seasons. Light intensity under solid cowpea was greater for the three
levels of light intensity reading than intercropped cowpea plants. At the top of intercropped cowpea
plants, light intensity was greater as compared with readings at the middle and bottom of plants. At the
middle, light intensity was greater for solid cowpea compared to intercropped cowpea. One plant hill”
was superior to two plants hill’ in light intensity at top, middle and bottom of cowpea plants
intercropped with maize at each cut in both seasons. The percentage of increases in light intensity gave
lower values between the two plant intensities, it could be recommended with planting two plants hill™
when intercropped cowpss with maize for obtaining high dry forage yield of cowpea. Nitrogen
application was significanily decreased light intensity at top, middle and bottom plapt of forage
cowpea at each cut in both seasons. Nitrogen from zero to 120 kg N fed™caused reduction in light
intensity, While total dry forags yield of cowpea was increased. The highest value of light intensity
was obtained by solid cowpea, one plant hill’ and zero nitrogen fed™, while the lowest value of light
intensity was at intercropped cowpea with maize, two plants hill” and 120 kg N fed.” For maize plants
there were significant differences in light intensity as affected by intercropping patterns at top, middle
bottom of maize plants in both seasons except between intercropping two plants hill™ of cowpea with
maize and solid maize at top plant before the 1% cut of cowpea in the first season. Nitrogen levels was
significantly decreased light intensity at top, middle and bottom plant of maize, with not significant
differences between 90 and 120 kg N fed.” While, grain yield and dry stover yield were increased.
Zero N level had the highest value of light intensity at top, middle and bottom of maize plants
comlmed with the other N levels, The highest value was obtained by solid maize and zero nitrogen
fed,'l while the lowest value was at intercropping two plants hill” of cowpea with maize and 120 kg N
fed.
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- L INTRODUCTION financial stability for farmers, decreases pest
Growing mixed stands of two or more crop  damages, suppresses weed growth, improves soil

species, defined as intercropping, has many
advantages over sole cropping. It provides for
efficient utilization of environmental resources,
reduces the cost of production, provides greater

fertility when legumes are included and improves

forage yield and quatity (Ofori and Stern, 1987).
Li et al, 2003 indicated that intercropping

maximizes the use of the above ground and
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environment resources, including space, light
and nutrients, and improve crop yield and
quality.

The advantages from intercropping was
maximized when the intercropped species

complement each other and use the
environmental resources more efficiently. Also,
they improve the efficiency of using both above-
ground and below-ground resources compared to
growing the crops as pure stands. The total
productivity of an intercropping system is often
more than sole cropping of the component crops
{Marsalis and Angadi, 2009).

The present investigation aimed at studying
the effect of intercropping forage cowpea with
maize as a main crop, on light intensity under
intercropping, plant density and nitrogen levels to
improve forage quality and quantity of
intercropped crops for late summer season.

2. MATERIALS AND METHODS

Two field irials were carried out during 2008
and 2009 summer seasons at the Agricultural
Experiments and Research Station, Faculty of
Agriculture, Cairo University, Giza, Egypt.
Forage cowpea (Vigna unguiculata L., var, Buff)
was grown, using the maize hybrid S.C. 122,
which has short stafiire plant that stay green afier
grains maturity. The experiments were planted in
the 1* of July, following wheat in both seasons,
and were designed as split-split plots arranged in
randomized complete blocks with three
replicates. The mair; slvis were devoted to three
intercropping patterns, viz,, one side of the ridge
for maize and the other side for forage cowpea,
solid maize and solid covpesa. Sub-plots were
devoted to two plant densities of cowpes Le., one
and two plants hill”" (30000, 60000 plants/fed)
with hills space 20 ciu apart, maize was planted
as recommended density (24000 plants/fed) solid
or intercropping with forage cowpea with 25 cm
between hills and thinning at one plant hill.”
Sub-sub plots were allotted to four nitrogen
levels gUrea 46%) viz., zero, 60, 90 and 120 kg
N fed.” N was added in two equal doses after 21
and 60 days from planting (after the 1% cut of
cowpea). The experimental unit (sub-sub plot)
consisted of 5 ridges, 4 m long and 70 cm apart,
with area of 14.0 m* (1/300 fed). Representing
soil samples at a depth of (0 -30 cm) were taken
before sowing for mechanical and chemical soil
analyses in both scasons (Table 1). Forage
cowpea was cut twice in both seasons, the 1* cut
after 60 days of planting for estimating fresh
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forage yield of cowpea, while the 2 one
included maize stover mixed with fresh forage
from cowpea after 60 days from the 1% cut, Light
intensity (Lux) was measured before cufting at
the top, middle and bottom (20 cm from the soil
surface) of forage cowpea and maize plants using
a Lux-meter at 12 p.m. Dry yield (t fed.™) of
cowpea forage, grain and stover yields of maize
(t fed.) were recorded. Data were analyzed by
MSTAT-C Computer program 1986-V4 (Freed,
2005).

Table (1): Mechanical and chemical analyses of soil
of the experimental sites before planting

in 2008 and 2009,

Mechanical analysis (%) 2008 2009
Coarse sand 21 24
Fine sand 24.14 2334
Silt 18.44 20.30
Clay 47.82 46.28
Soil type classification Clay loam | Clay loam
Chemical analysis

Available N (ppm) 54 51
Available P (ppm) 26 28
% CaCOy 3.83 3.51
% Organic matter 1.76 1.85

Soil pH 7.24 732

3. RESULTS AND DISCUSSION
3.1, Forage cowpea

3.1.1. Effect of treatments on light intensity

Data of light intensity {lux) (Tables 2 to 7)

show the effect of intercropping patterns, plant
density and nitrogen levels at top, middle and
bottom of cowpea plants at the 1¥ and 2" cut in
both seasons.

3.1.1.1 Intercropping patterns

Significant differences were observed in light
intensity as affected by intercropping patterns at
top, middle and bottom of cowpea plants during
the two cuts in both seasons. These results are in
agreement with Badr (1998) who demonstrated
that light interception by soybean plants was
significantly affected by intercropping systems.

Light intensity was greater for solid cowpea at
all three levels of plant canopy reading than
intercropped cowpea.

Light intensity was the greatest at plant tops
as compared with the intensity at the middle and
bottom levels. At plant tops light intensity for
solid cowpea was 3.4% and 2.3% greater than
intercropped cowpea at the 1% and 2%cuts in the
first season, Light intensity was 3.2% and 3.3%
greater for the same treatments in respective
order, in the second season (Tables 2 and 3).

Light intensity at the middle of the plant was



greater for solid compared to inte

cowpea by 8.3% and 6.8% at the 1% and 2™ cut

in the first season, whereas it was greater by
12.1% and 11.2% during the same cuts in the
second season (Tables 4 and 5).

Light intensity readings at the bottom of the
canopy was increased by 14.6% and 15.1% for
solid cowpea compared to intercropped cowpea
at the 1% and 2™ cut in the first season, and was
greater by 21.2% and 19.9% for the same
treatments in the second season (Tables 6 and 7).

These data indicate that the increase in light

intensity for solid cowpea culture compared to
the intercropped cowpea was due to the
competition between forage cowpea and maize
for light during vegetative growth. Shading
increases in intercropped cowpea than solid
cowpea culture. These resulis are in harmony
with those obtained by Abdel-Wahab, (2010)
who found that light intensity within soybean
canopies is significantly affected by the cropping
system. Light intensity was higher for solid
soybean as compared with intercropped soybean.
Light intensity at the middle and the bottom of
soybean canopies decreased under intercropping
as compared with recommended solid planting,
due to shading effects of adjacent maize plants.
3.1.1.2, Plant density

Light intensity was higher for one plant hill”
than two plants hili” at the top, the middle and
the bottom of cowpea canopy intercropped with
maize at each cut in both growing seasons.

Light intensity in the first season, increased
under one plant hill' then two plants hill! at the
top level of the canopy by 2.3% at the 1% cut and
1.3% at the 2" cut, whereas in the second season,
the percentages of increases were 2.3% and 2.0%
at the 1" and 2™ cuts, respectively (Tables 2 and
3).

At the middle level of plant canopy the
increases in light intensity under one plant hill”
compared to two plants hill”* were 4.4% and 4.8%
at the 1% and 2™ cuts in the first season, and 4.9%
and 3.8%, respectively at each cut in the second
season (Tables 4 and 5).

At the bottom level of the canopy, light
intensity was higher under one plant hill’ than
two plants hill”’ by 8.1% and 6.3% at the 1" and
2™ cuts, respectively in the first season and by
8.9% and 8.8%, respectively at each cut in the
second season (Tables 6 and 7).

It was clear that the percentages of increases in
light intensity were lower between the two plant
intensities. Thus, it could be recommended to
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plant two cowpea plants hill’! when cowpea is
intercropped with maize in order to obtain high
dry forage yield of cowpea.

3.1.1.3.Nitrogen levels

Nitrogen application significantly decreased
light intensity at top, middle and bottom levels of
cowpea canopy at each cut in both seasons.

Under zero N fertilization light intensity was
higher at plant tops compared with N treatments
(60, 90 and 120 kg N fed"), being 1.6, 2.6 and
3.7% higher at the 1% cut, 2.6, 3.5 and 5.8%
higher at the 2 cut in the first season.
Corresponding increases were 2.2, 3.4 and 4.3% at
the 1% cut, and 1.4, 3.1 and 5.5% at the 2* cut in
the second season (Tables 2 and 3).

At the middle level of the canopy, zero
fertilizer treatment showed the highest value of
light intensity compared with 60, 90 and 120 kg N
fed.” these increases as percentage were 8.2, 12.4
and 16.4% at the 1% cut, 4.6, 9.9 and 21.9% at the
second one in the first season. In the second
season, these increases were 9.0, 16.4 and 24.9%,
by 9.5, 17.0 and 24.9% at the 1% and 2“ cuts,
respectively (Tables 4 and 5).

The check treatment {0 kg N fed™) showed the
highest level of light intensity at the bottom level
of the canopy reaching 10.5, 19.4 and 24.0% at
the 1% cut, and 10.0, 16.0 and 21.7% at the second
one in the first season. Also, increases were 6.2,
20.6 and 28.2% at the 1% cut, 7.6, 19.2 and 29.6%
at the 2™ cut in the second season, respectively
(Tables 6 and 7).

Applying nitrogen at 120 kg N fed” reduced
light intensity, while increased total dry forage
yield of cowpea. This may be due to shading
effect of maize on cowpea plants and
consequently light interception. These results are
in agreement with those obtained by Bowes ef al,
(1970) who found that plant height of soybean
increased in response to reduced light intensity.
Moreover, Abou Keriasha et al,, (2009) found that
cowpea intercropped with maize could be
attributed to shading effect by maize plants and
hence a low amount of intercepted light by
cowpea plants. This shading effect increased stem
elongation resulting in the tallest plants were
observed when cowpea was intercropped with
maize on all ridges.
3.1.1.4. Effect of the interaction :

The interaction of intercropping patterns, plant
density and nitrogen levels influenced light
intensity on cowpea intercropped with maize, with
the highest valuc obtained by solid cowpea, one
plant hill? and zero N fed.,” while the lowest
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Table (2): Effect of inferero
AR

paiteru, plant density and nitrogen application ¢n light intensily flux) at the top of forage cowpea canopy in 2004.

Piani density ™ emt 2™ cot
Intercropplng (Plant hil?) Nitrogen levels (g 20 Nitrogen levels (g fod )
Pattera Zaxo 0 " 12 Mean Faro 0 % 2 Meea
One plant 13980 13820 13850 1345.0 1370.0 13540 1317.0 13148 1295.0 1320.0
Solid Cowpea Twa plants 13659 13300 13158 13870 13250 13410 1310.0 1302.0 1283.0 1309.0
Mean 1383.0 1356.0 1335.9 1316.6 13475 13475 13135 1308.0 1289.0 13145
Omne pingt 13250 17100 13040 1360.0 1310.0 13340 1298.0 1295.0 12630 1295.0
Maize +Cowpes Twoplants | 13740 1295.0 1291.0 12720 1293.0 13270 12910 1270 12040 1273.0
Mean 513 | 730 12975 12860 13015 13303 12945 12775 12335 12840
General mean COne. plaat 13615 | 1465 13293 13228 1340.0 13449 13015 12995 1279.0 13075
Two plarts L4i0 | Ls12S 1363.8 12795 1309.0 13349 1300.5 11868 1245 12910
Overall mean 13513 13098 13163 13810 13245 1339.0 1304.0 129238 12613 12993
L.S.D, at 0.05 jevel:
Intercroppiug pattern (A) 54 4.9
Plant deusity (B) = -
| Nitrogen levels (C) 43 3s
AxB 4.8 4.7
AxC 6.0 K 55
BxC 60 55
AxBxC 8.5 78
Table (3): Etfect of intercropping pattern, plant density and nitrogen application on light intensity (lux) at the top of forsge cowpea canopy in 2009,
Intercropping Plant de 1" cut 27 cut
Pattern (Plant m"ﬂf Nitrogen fevels (kg fed) Mean Nitrogea levels (g fed "} —
Zero 60 2% 120 Zero 60 90 120
One plant 1395.0 1370.0 13514 13400 1364.0 1373.0 1356.0 13370 1314.0 13450
Solid Cowpes Two plants 13610 13370 13214 13170 133440 1362.0 1340.0 1319.0 1291.0 13280
Megn 13780 13535 1336.0 13285 13498 13§75 13480 1328.0 13025 13365
Oue plant 13620 1320.0 1315.0 1201.0 13220 13480 13270 1362.0 12670 1311.0
Maize + Cowpes Two plants 1326.0 1299.0 1270.0 1261.0 1289.0 13118 1294.0 1269.0 1226.0 1275.0
Mean 13440 1309.5 12923 12760 13053 3295 1310.5 12855 124635 1293.0
nean One plant 13785 1345.0 1333.0 13155 1343.0 1360.5 13415 13195 12905 13280
Genenal Two planis 13435 1318.0 12955 1289.0 13115 1336.5 13170 1294.0 12585 13015
Overall mear 1361.0 13315 13143 13023 13273 13483 13293 13068 12745 13143
L.S.D. 51 0,05 level:
Intercropping pattern (A) 4.7 74
Plant density (B) 49 53
Nitrogen levels (C) 45 59
AxB 7.0 75
AxC 64 84
BxC 6.4 84
AxBxC 9.1 119
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Table (4): Efflct of istercropping pattern, plant density uad nitrogen application on light (atensity (wx) at the middie level of cowpes camopy i 2008.
1 cmt 2~ cut
llwl:.ml'l'"l Plant d::}! Nifroges levels (g fed™) Nitrogen levels (kg fed )
ferm (Plan 1) P 9% - 120 Mean Zero o % o | Mew
Omplast | g0 5799 5590 s280 | 5710 616.0 - 582.0 5360 | 4580 | S480
Solid Cowpea _ Two planis Si8.0 5458 §23.0 $12.0 542.0 5510 532.0 5200 490 513.0
Mean [ 557.5 5410 Y 5565 585 557.0 280 4538 5305
e | e plamt 5840 £3L0 5028 4630 §20.0 547.0 524.0 4960 4410 5020
Maize + Cowpea - —_Two plants §13.3 4760 | 4620 500.8 541.0 513.0 480.0 414.0 487.0
;e Mean 5654 221 4850 4625 5104 5440 518.5 488.0 4275 4945
General matem S Ome plant 5055 £50.5 530.5 4955 5455 5815 553.0 5160 | - 4495 5250
Two planty T 5292 495 | . 4870 214 540 515 500.0 4313 500.0
Overall mean T I 5878 "1 sMx 3150 | 43 53385 5638 5378 $08.0 4405 5125
LS.D, at 0,05 level: - - — : N T
| Intercropping patiern (A) i Y A Y - , o 52 - -
Pant density (B) R ‘ [ - - T
Nitrogen levels (C) — I 4.5 g T
AxB ‘ : 55 7 R
64 ; 54 3
A 54 T
9.0 7.8
a m o light at the mﬂdhlevdotbn‘gwmumhm
I 1%cut . 2 ;_%‘)
Pattern : Zero 60 et nu) 120 Mean Zero m - % 120 Mean
662.0 608.0 576.0 5340 595.0 6370 5810 538.0 516.0 568.0
Solid Cowpes 640.0 5910 536.0 4730 560.0 633.0 5774 5340 4630 553.0
6510 595 5560 5030 75 6350 5790 5368 | 4np 5605
504.0 5410 370 446.0 517.0 5520 540.0 4830 4390 SiL0
Maize + Cowpea ) 586.0 519.0 4770 410.0 498.0 5770 500.0 4610 4020 4850
i 596.0 530.0 4840 4280 507.8 3798 5200 2.0 £20.5 480
General taten 6289 5740 5315 4900 2550 6095 5605 510.5 47158 5395
$13.0 5550 50635 s 5290 605.0 5385 4975 4350 519.0
Overall mean 620.5 5648 5190 46538 5425 6073 5495 504.0 456.3 5293
L.S.D, at 0.05 level:
Intercropping patiern {(A) _ 49 8
Pland density (B) — -
Nitrogen levels (C) 4.5 49
AxB 93 24
AxC 63 6.9
BxC 6.3 6.9
AxBxC - 89 59
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Table (6): Effect of__imer’u_vml_-am nt density and oa wwwmamﬂhm
1ot 2™ cut
Intercropping FMani density o
: 5 1 Nitregeslevels (kg fod™) Nitroges Jevels (kg fed”)
Puttern Pusthl) ] % ] M o ) % 170 Mean
Ouc plant 1258 1160 9.0 920 108.0 1210 1040 | 970 90.0 103.0
Solid Cowpen Two piasis 120 33.0 10 ) s 108.0 1000 | 90.0 86.0 9.0
Mean 1185 1070 95,0 15X 102.5 1145 1020 | 935 880 995
One nlant 1084 L0 84.0 $0.0 20.0 96.0 88.0 84.0 80.0 870
Maize + Cowpen Two plasts 9L ) [TE] 750 850 93.0 84.0 80.0 710 §2.0
Mesa LD 295 820 s [YE] 945 86.0 82.0 755 845
can [ Omeplast | 1158 i35 gL 6.0 990 1085 96.0 90.5 850 95.0
General Two plants 1045 930 858 sLo 9106 100.5 2.0 85,0 785 $9.0
Overall wean 1093 %3 383 [ 950 1045 940 | 878 818 [7X]
L.S.D. at 0.85 level:- ‘ N
_Intercropping patiers (A) 2 19
| Plant density (B) - s
| Nitrogen levels (C) 29 25
AxB 56 49
AxC 42 36
BxC 42 3.6
AxBxC 59 5.1
Table (7): pping p o at the bottom kevel of canopy ln 2009
Intercropping Plant density N@gﬁnhwké;;; huhz ;s
pattern Plant i) e = 5 Mean s _N‘.L:.g'_ = 5 Mean
One plant 118 123.0 107.0 99.0 1180 1260 1180 108.0 92,0 109.0
Solid Cowpea Twoplasts | 1220 [ 1150 910 | 800 1020 1170 106.0 950 70.0 )
Mean 1262 119.0 9.0 895 108.5 1215 1128 738 818 1030
One plant 1010 950 82.0 740 880 974 90.9 sLO 2.0 250
Maize + Cowpes | Two plants 9.0 8.0 _T19 70.0 830 92.0 85.0 73.0 700 0.0
Mesn 9.5 92.0 795 72.0 [T 945 875 e 718 ns
: mcan One plant 116.0 1090 945 865 1018 1115 104.0 0S5 82.0 7.0
Geaeral Twoplants | 109.0 102.0 840 75.0 925 104.5 955 84.0 70.0 L]
Oversll mesn 1125 1055 893 $0.8 7.0 108.0 9.3 873 76.0 CTIE
LS.D. at 0.05 level: ‘
Intercroppiog pattern (4) 62 31
Plant density (B) - a-
Nitroges levels (C) 28 EX]
AxB 42 17
AxC 4.1 L 47
BxC 4.1 47
53 67

AxBxC




value of light intensity was noted for

intercropped with maize at two plants

fertilized by 120 kg N fed.”

3.1.2. The effect of light intensity on cowpea
dry forage yield

Intercropping patterns significantly affected
the dry forage yield of cowpea. The average dry
forage yield (t fed™'} of cowpea intercropped with
maize and solid cowpea reached 1.0 and 1.1 t fed™
1.4 and 1.6 t fed.” at the 1 and 2" cuts, in the
first season. Corresponding values for the second
season were 0.8 and 1.0t fed” 1.1 and 1.3 t fedat
the 1* and 2™ cut, respectively (Tables 8 and 9). It
was clear that solid cowpea gave the highest dry
forage yield because light intensity at plant tops of
solid cowpea was greater by 3.4% and 2.3%
compared to intercropped cowpea at the 17 and 2%
cuts in the first season. While, corresponding
increases were 3.2% and 3.3% in the second
season (Tables 2 and 3). Also, light intensity at the
middle of the canopy increase for solid cowpea
compared to intercrc;gped cowpen by 8.3% and
6.8% at the 1% and 2™ cut in the first season, and
by 12.1% and 11.2% for the same cuts in the
second season (Tables 4 and 5). Moreover, bottom
reading of light intensity increased by 14.6% and
15.1% for solid cowpea compared to intercropped
cowpea at the 1 and 2™ cut, in the first season.
Also, corresponding increases in the second
season were 21.2% and 19.9% at the 1% and 2*
cut (Tables 6 and 7). Therefore, shading increased
in cowpea intercropped with maize than solid
cowpea. These results are in agreement with El-
Zanaty, (2006) who repotted that dry forage yield
of cowpea in pure stands significantly surpassed
its yield under intercropping in both seasons.

Two plants hill! gave the highest dry forage
yield compared with one plant hili” at each cut in
both seasons. However, the light intensity at one
piant hill” was lower than two plants hill” at each
cut for top, middle and bottom in both seasons. So
it could be recommended with planting two plants
hili* when intercropped cowpea and maize for
obtaining high dry forage yvield of cowpea.

Dry forage yield was significantly affected by
nitrogen levels below 90 and 120 kg N fed’
applied at the 2* cut in both seasons. The average
dry forage yield (t fed") of cowpea supplied with
zero to 120 kg N fed™” recorded 0.6 and 1.3 t fed,”
1.0 and 1.8 t fed™ at the 1* and 2 cut in the first
season. Also, it was 0.5 and 1.1t fed,” 0.8 and 1.5
t fed' in the second season for the same
treatments. On the other hand, the controi
treatment (zero N) was superior than other

co .
1:u]1E and
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nitrogen levels (60, 90 and 120 kg N fed™) in light
intensity at the bottom level. These increases were
10.5, 19.4 and 24.0% at the 1% cut, and 10.0, 16.0
and 21.7% at the 2 cut in the first season. Also,
corresponding increases in the second season were
6.2, 20.6 and 28.2% at the 1% cut, and 7.6, 19.2
and 29.6% at the 2 cut. The interaction between
intercropped cowpea with maize at two plants hill’
! with the addition of 90 kg N fed™ gave 3.6 t fed”
for total dry forage yield, while solid cowpea in
the same treatment was 4.1 t fed.” in the first
season without significant effects between the two
levels 90 and 120 kg N fed'(Tables 8 and 9).
3.2.Intercrepped maize
3.2.1. Effect of different treatments on light
intensity

Light intensity (Lux) at the top, middle and
bottom of intercropped maize plants before the 1%
and 2™ cuts of cowpea was significantly affected
by intercropping patterns and applied nitrogen
levels in the first and second seasons.
3.2.1.1 Intercropping patterns

There were significant differences in light
intensity at the top, middle and the bottom level of
maize plants due to intercropping patterns before
the 1% and 2™ cuts of cowpea in both seasons,
except between intercropping two plants of
cowpea hill? with maize and solid maize at top
plant before the 1% cut of cowpea in the first and
second seasons and the 2* cut of cowpea in the
first season. These results are in agreement with:
those obtained by Metwally et al, (2005} who
mentioned that maize canopy architecture (spatial
distribution of shoot organs) plays an important
role in the amount of sunligit radiation
intercepted by soybean under intefcropping.

On the other hand, light intensity at the tno‘P of
the plants of intercropped maize before the 2* cut
of cowpea was not significantly affected by
intercropping patterns, except for intercropping
one plant hill” of cowpea with maize and solid
maize in the first season, while, it was significant
in the second season except between intercropping
one plant hill’ of cowpea with maize and
intercropping two plants hill' cowpea of with
maize in the second season.

In the first season, light intensity at the top of
maize plants before the 1% cut of cowpea (one
plant hill') increased by 0.3% compared with
solid maize. However, light intensity of solid
maize increased by 0.1% ' compared o
intercropping two plants hill' of cowpea with
maize (Tables 10 and 11).

In the second season at the 1 cut, solid maize
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Table (8): Dry forage yield (tfed™) for 1~ and 2 = cuts of forage cowpea as affected by Intercro paitern, plant density and :i!mggn application in 2008, X
2% cut

1% cnt
Intercropping Plant density T T ey
1 Nitrogen levels (kg fod™) Nitrogeun levels (kg fed™)
Patters PlantMl) e T @ 9% a0 | M 5o 60 % 20 Mean
One pisnt o6 0.5 13 1.0 09 o8 13 L5 L6 13
Solid Cowpea Twoplants | 08 11 18 13 14 13 1.7 23 22 19
Mean 0.7 10 15 1.4 11 1.1 1.5 19 1.9 16
| Owe plant [ 0.7 14 X 08 8.7 0.9 14 15 1.1
Makze + Cowpea Two plasts 0.7 12 1.6 14 12 1.1 1.5 24 Ly 16
Mess [ 03 13 12 1.0 29 12 17 17 14
General mean One plant 6.5 07 | 11 [T [Y] [Y] Ll 14 1.6 12
Two plants [¥] 11 1.7 1.6 13 i2 L6 2.1 2.0 1.7
Overall ' Y3 0.9 14 L3 L1 L0 13 L8 138 15
L.S.D. at 0.05 level: T
ttern 0.01 0.05
Plant density (B) - —
| Nitroges levels (C) 0.05 0,06
AxB 0.05 0.10
AxC 0.06 0.08
BxC 0.0% 0.08
AxBxC 0.09 0.12
Table (%): Dry forage yield {t fed") for £ “amd 2 * cuts of forage cowpea as affected by intercrop pingpattern, plant density and =Ml application in 2009.
1" cut 2% cut
Intercropping Plant density . -
Pattern 1 Nitrogen levels (kg fed” ) Mean Nitrogen levels (kg fed™)
Ptk e [ 60 90 120 Zero ) @go 120 Meaz
One plant 0.5 0.2 L1 09 08 0.7 1.0 12 13 1.1
Solid Cowpes Two plants 0.7 09 15 15 1.1 LI 14 19 18 16
Mean [Y] [T 13 12 10 09 12 1.6 16 13
One plant 04 [X] 99 08 0.6 [Y3 [¥] 12 13 09
Maize + Cowpea Two plants 0.6 10 13 12 1.0 9 12 1.7 16 13
Mean 0.5 0.8 1.1 1.0 0.8 07 10 14 14 LI
Oue plang 04 0.6 1.0 08 0.7 0.6 (Y] 12 13 1.0
General Twoplants | 06 | 09 | 14 ia 11 1.0 3 18 17 15
Overall mean 0.5 08 12 L1 09 0.8 1.1 15 L5 12
L.S.D. at 0,05 level: )
Intercropping pattern (A) 0.01 0.04
Plant dengity (B) e —
| Nitrogen levels (C) 0.04 0.05
AxB 0.04 0.09
AxC 0.05 0.07
[BxC 0.08 0.07
AxBxC 0.08 0.10




increased by 0.1% compared with intercropping
one plant hill' of cowpea with maize, and by
0.4% as compared with intercropping two plants
hill” of cowpea with maize (Tables 10 and 11).

On the other hand, light intensity of
intercropped maize before the 2 cut of cowpea
increased for solid maize by 0.4% as compared
with intercropping one plant hill” of cowpea with
maize, by 0.1% as compared with intercropping
two plants hill”" of cowpea with maize in the first
season. Also, it was increased by 0.2% and 0.3%
for the same respective treatments in the second
season (Tables 10 and 11).

Light intensity at the middle level of maize,
before the 1% cut of cowpea in the first season was
greater for solid maize than intercropped maize by
3.3% and 5.0% when intercropping one plant hill™
and two plants hill’ of cowpea with maize,
respectively. Corresponding of increases were
3.5% and 59% for the same tr¢atmemts in
respective order, in the second seasom. Light
intensity increased by 2.5% and 4.5% for solid
maize over maize intercropped at one plant hili®
and two plants hill”! of cowpea before the 2* cut
in the first season, and by 4.1% and 6.1% for the
same treatments in the same order in the second
season (Tables 12 and 13}.

On the other hand, bottom reading of light
intensity increased by 6.1% and 12.1% for solid
maize compared to maize intercropped with one
and two plants hill* of cowpea before the 1% cut of
cowpea in the first season, and was increased by
8.0% and 10.7% for the same treatments in the
second scason.

Light intensity readings ai the bottom of maize
canopy before the 2% cut of cowpea was greater
by 6.8% and 12.3% for solid maize compared to
intercropping one plant and two plants hill* of
cowpea with maize in the first season.
Corresponding increases were 7.6% and 10.0% in
the second season (Tables 14 and 15).
3.2.1.2. Nitrogen levels

The addition of nitrogen significantly
decreased light intensity at the top, middle and
bottom levels of maize before the 1% and 2™ cuts
of cowpea in both seasons, except between th

first season, respectively.

Zero fertilizer treatment had the highest value
of light intensity at the top of maize plants
compared with the applied N levels (60, 90 and
120 kg N fed ™), reaching 0.5, 0.9 and 1.1% before
the 17 cut of cowpea, and 0.5, 0.8 and 1.2% before

e, | Eimegsity at the top of maize plants before the 17
two levels 90 and 120 kg N fed™ at top and middlef |

reading before the 1% and 2 cuts of cowpea in the

|
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the 2™ cut of cowpea in the first season.
Coemresponding values in the second season were
0.3, 0.7 and 1.2% before the 1% cut of cowpea, and
0.4, 0.8 and 1.6% before the 2™ cut of cowpes,
respectively (Tables 10 and 11).

On the other hand, at the middle level of maize
planis, zero fertilizer treatments showed the
highest value of light intensity compared with the
60, 90 and 120 kg N fed’ treatments, these
increases in light intensity were 1.6, 3.0 and 4.1%
before the 1% cut, and 1.4, 2.9 and 3.3% before the
2%t of cowpea in the first season.
Corresponding increases were 1.8, 3.5 and 5.0%
before the 1* cut of cowpea, and 1.7, 3.2 and 4.0%
before the 2™ cut of cowpea, in the second season
respectively (Tables 12 and 13).

Zero N fertilizer treatment was superior in light
intensity to nitrogen added levels at the 60, 90 and
120 kgNfed' at the bottom of maize plant,
showing increases of 7.0, 11.6 and 16.7% before
the 1% cut of cowpea, and 4.7, 8.0 and 12.7%
before the 2™cut in the first season. Corresponding
increases in the second season were 6.4, 10.2 and
15.5% before the 1% cut, and 5.2, 9.3 and 13.8%
before the 2* cut of cowpea in the second season,
respectively (Tables 14 and 15).

The application of nitrogen up to 120 kg N fed™
caused increased reduction in light intensity. As a
result, grain yield and dry stover yield were
increased.
3.2.1.3. Effect of the interaction between

intercropping patterns and N levels

The interaction effect of intercropping patterns
and nitrogen levels on light intensity under maize,
indicate that the highest light intensity was
obtained by solid maize and zero N fed,” while the
lowest value was obtained under intercropping two
plants hill* of cowpea with maize fertilized with
120 kg N fed.
3.2.2.The relationship between light intensity

and maize grain yield

Intercropping patterns significantly affected
grain yield of maize except when maize was
intercropped with two plants hili”’ of cowpea and
.solid maize in both seasons. At the same time light

il of cowpea (one plant hill'") was higher by
10.3% compared with solid maize. While, light
‘intensity of solid maize increased by 0.1%
compared to intercropping two plants hill’ of
cowpea with maize in the first season {Table 10).
These results are in agreement with those obtained
by Metwally et al.(2009) and disagree with Searie
et al. (1981). r
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Table (10): Eﬂeaoﬂnmmgp&rnmdllh'mlﬂ*u___lkllhuwﬂux}ttthehpafmnineplanlxbefmﬂullrﬂcutoﬂorugeeowpuinlﬂ“udm.

Intercropping 2009
tiern Nitrogen levels (kg fed ) Mean Nitrogen levels (kg fed”) Mean
Pa Zero 60 2% 120 Zero 60 % 120
Solid Maize 1593.0 15%3.0 15780 | 15749 1582.¢ 1503.0 1596.0 1592.0 1581.0 1593.0
Maize + Cowpen (one plat hill™ ) 15950 | 15905 | 1583 [ 15809 | 15870 1598.0 15930 | 1590.0 1583.0 1591.0
Maize + Cowpea (two planis bill*) Esele | 13808 | 15740 15738 1580.0 1596.0 15920 15819 1575.0 15860
Mean 1593 5683 | 1579.9 1575.7 1583.0 1599.0 1593.7 15817 1579.7 1590.0
L.S.D. at 0.05 level:
Intercropping pattern (A) 4.1 8.7
Ni levels (B) 36 s
AxB 62 6.1
Table (11); Effect of intercropping patterns and nitrogen levels on ¥ght intensity (lnx) at the top of maize plants before the second cut of forage cowpea 2008 and 2009.
2008 2009
Intercropping Nitrogen levels (kg fed ) Nitrogen levels (kg fed )
Pattern Zero 60 %0 120 Mean Zero 60 % 120 Mean
Solid Maize 1592.0 15830 1578.0 1567.0 1580.0 1600.0 1595.0 1588.0 1569.0 1588.0
[ Maize + Cowpea (one plant hill™ ) 1581.0 1576.0 1573.0 1566.0 1574.0 1597.0 15%0.0 1584.0 156%.0 1585.0
Maize + Cowpea (two plants hill* ) 1588.0 1580.0 15740 1570.0 1573.0 1591.0 1586.0 1580.0 1575.0 1583.0
Mean 1587.0 1579.0 1575.0 1567.7 1877.3 1596.0 15903 1584.0 1571.0 1585.3
L.S.D. at 0.05 level:
Intercropping pattern (A) 4.5 15
Nitrogen levels (B) 4.3 4.7
AxB 74 8.1
Table (12): Effect of intercropping pattern and nitrogen levels on light intensity (tux) at the middle of maize plants before the 1* cut of forage cowpea 2008 sad 2009,
Intercropping 2008 2009
Nitrogen Jevels (kg fed™) Nitrogen levels (kg fed™)
Pattern Zero 50 % 12 Mean Zero ) % 20 Mean
Solid Maize 985.0 971.0 954.0 946.0 964.0 987.0 968.0 958.0 931.0 961.0
Maize + Cowpea (one plant hill" ) 953.0 936.0 924.0 915.0 932.0 958.0 936.0 912.0 9020 927.0
Maize + Cowpea (two plants hill™) - 9370 921.0 910.0 896.0 916.0° 921.0 210.0 896.0 889.0 904.0
Mean 9583 942.7 9293 919.0 9373 9553 938.0 220 %9073 930.7
L.S.D. at 0.05 level:
Intercropping pattern (A) 5.1 36
Nitrogen levels (B) 35 44
AxB . 6.1 7.6
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Table (13): Effect of intercropping pattern and nitrogen levels on light intensity (tux) st the middle of ml:ephnubefareﬂ:ez"mtnffongemmdnﬂngzmwm.

2008 2009
Intercropping Nitropen levels (kg fod ') ' Nitrogen levels (kg fed )
Pattern Zero ) % 20 Mean Zero 60 90 130 Meaa
Solid Matze 968.0 9550 9410 936.0 950.0 973.0 950.0 941.0 936.0 950.0
Maize + Cowpea (e plant bill* ) 942.0 ) 917.0 914.0 926.0 933.0 21,0 900.0 890.0 911.0
Maize + Cowpea (two plants hill | ) 927.0 910.0 8970 | 8940 907.0 910.0 $96.0 884.0 878.0 892.0
Mean 945.7 932.0 9183 | 9147 027.7 938.7 9223 9083 901.3 917.7
L.S.D, at 0.05 level:
Intercropping pattern (A) : 34 6.9
Nitrogen levels (B) 38 4.1
AxB 6.5 7.2
Table (14): Effect of intercropping pattern and nitrogen Jevels on light intensity (ux) at the bottom of maize plants before the 1 cut of forage cowpea during 2008 and 2009.
2008 2009
Intercropping Nitrogen levels (g fed ) Nitrogen levels (kg fed ) —
Pattern Zero 0 % 120 Mean Zero 7] 9% 120 Mean
Solid Maize 2600 37,0 2200 207.0 231.0 246.0 310 218.0 20L.0 224.0
Matze + Cowpes (one plant hill”® ) 235.0 2200 2110 202.0 217.0 222.0 206.0 2010 195.0 206.0
Maize + Cowpea (two plants hil ') 219.0 207.0 200.0 186.0 203.0 217.0 204.0 196.0 163.0 200.0
Mean 238.0 2213 2103 1983 2170 2283 2137 2050 193.0 210.0
L.S.D. at 0.05 level;
Tntercropping pattern (A) 33 38
Nitrogen levels (B) 53 3.1
AxB 9.1 54
Table (15): Effect of lutercropplng pattern and pitrogen levels on light intensity (lux) at the bottom of maize plants before the 2 ™ cut of forage cowpea daring 2008 and 2009.
Intercropping Nitrogen levels gﬁ*) Nitrogen levels zgl)
Pattern Zero 0 % 120 Mean Zero 0 % 120 Mean
Solid Maize 2390 227.0 2190 195.0 2200 221.0 213.0 2100 | 1960 210.0
Maize + Cowpea (one plant Will'* ) 220.0 208.0 198.0 194.0 205.0 209.0 196.0 1890 | 182.0 194.0
Maize + Cowpea (twoplangs hili') | . 2010 | 1940 | 1900 187.0 193.0 208.0 196.0 1800 | 1720 189.0
Mean 220.0 209.7 2023 192.0 206.0 2127 | 2017 1930 | 1833 197.7
L.S.D. at 0.05 level:
Intercropping pattern (A) 1.9 48
Nitrogen levels (B) 55 39
AxB %6 69
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Table (16): Grain yield (¢ fed™") of maize as affected by intercropping patiern and nitrogen levels during 2008 and 2009.
2008

Intercropping 2009
Nitrogen levels (kg fed ) Nitrogen levels (kg fed™)
Pattern Zero | 60 | 50 | 120 V™ Zoro | 60 | 90 [ dz0 | Mear
Solid Maize 30 | 39 | 41 42 38 | 25 | a2 34 35 32

Maize + Cowpea (one plant hill" ) 33 | 39 | 42 43 39 28 33 3.5 3.6 33
Maize + Cowpea (twoplantshill’) | 32 | 39 | 40 4.2 38 | 26 | 32 33 35 32

Mean 32 3 | 41 4.2 s 26 32 34 35 32
L.S.D. at 0.05 level:

Intercropping pattern (A) 0.1 0.1

Nitrogen levels (B) 0.1 0.1

AxB 0.2 02

Table (17): Effect of intercropping patterns and nitrogen levels on stover dry yield (t fed™) of maize during 2008 and 2009,

Intercropping 2008 2009
Nitrogen levels (kg fed™) Nitrogen levels (kg fed )
Pattern Zero [ 60 | 90 | 120 M [ Zeo | 60 | 90 | 120 | M
Solid Maize 21 [ 27 [ 34 ] 38 30 | L8 | 22 29 31 25

Maize + Cowpea (one plant hill* ) 24 30 | 37 4.2 a3 L9 25 kK | 3s 2.7
Maize + Cowpea (two plants hill ') | 2.8 35 | 4.6 4.5 a8 23 29 3.7 s 32

Mean 24 31 | 39 4.2 34 2.0 25 32 3.5 2.8
L.S.D. at 0,05 level:

Intercropping pattern(A) 0.2 0.2

Nitrogen levels (B) 0.2 0.2

AxB 03 03




Nltrogen apphcauon significantly affected
grain yield of maize when applied at levels below
90 and 120 kg N fed™ in both seasons. "

The data indicate that grain yield of maize
increased with increasing mtrogcn fertilizer
levels from 210 to 120 kg N fed” recording 3.2
to 4.2 t fed™ in the first scason and 2.6 to 3.5 t
fed” in the second season (Table 16). Nitrogen
levels significantly decreased light intensity at
the top, middie and bottom levels of maize
canopy before the 1% and 2* cuts of cowpea in
both seasons, except between the two levels of 90
and 120 kg N fed” for the top and middle
readings before the 1* and 2™ cuts of cowpea in
the first season. The same trend was obtained by
(Searle et al, 1981; Baker and Blamey, 1985;
Rana et al., 2001 and Safina, 2007).

The interaction between intercropping
patterns and mtrogen levels was maost favorable
when one plant hill? of cowpea was intercropped
with maize and 120 kg N fed” in both seasons,
reoordmg43 t fed™ in the first season and 3.6 t
fed” in the seccnd season (Table 16) These
resulis ars in agreement with those given by
Metwally, (1973). On the other hand, the lowest
value was obtained by solid- maize and zero
nitrogen level in both seasons. It was recorded
3.0 t fed™” in the first season and 2.5 t fed” in the
second one (Tabie 1€). These results are in line
with Safina, (2007).

3.2.3. The relationship Detween light intensity
and dry stever yield

Significant differences between mtercroppmg
patterns for dry stover yield (t fed™) in both
5easons, except between the mtercroppmg of one
plant hill? of cowpea with maize, as well as solid
maize in the second season. These results are in
agreement with those given by Metwally er al
(2009) on the effect of cropping systems and
maize varieties on maize intercropped with
soybean, The workers found that the cropping
system had significant effects on maize dry
weight.

The highest dry weight was obtained by
intercropping two cowpea plants hill"? with maize
in both seasons.

Nitrogen fertilization significantly increased
dry maize stover yield in the first and second
seasons and reduced light intensity.

Dry stover yleld of maize supplied with zero
to 120 kg N fed™ rangedfrom24to42tfed in
the first season, 2.0 to 3.5 t fed” in the second
one. The greater dry stover yield average was
obtained by intercropping two cowpea plants
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hill! with maize fertilized with 120 kg N fed™ in
both seasons (Table 17).
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