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ABSTRACT

The study was conducted during summer, autumn and winter seasons of 2014/15 and 2015/16 at
the experimental farm of the Faculty of Agricultural Sciences, University of Gezira, Wad Medani,
Sudan, to investigate the effect of mixing on forage yield of selected three legumes namely: cowpea
(CP), black-eyed bean (BB) and lablab bean (LB) and their mixtures with three selected grasses,
Sudan grass (SG), maize (MZ) and forage sorghum (Abu70). Legumes were grown in pure stand
and mixed with grasses in 1:1 and 1:2 ratios. Treatment combinations were arranged in a randomized
complete block design (RCBD) with four replications. The results showed that mixing significantly
increased plant fresh weight, LAI, and fresh forage yield during most seasons and decreased number
of branches per plant during different seasons. Land equivalent ratio mostly was greater than one.
Based on the results of this study to obtain high forage yield, it was recommended to use seed
combinations of 30 kg seeds/ha LB + 30 kg seed/ha MZ during autumn and winter and 30 kg
seeds/ha BB + 30 kg seed/ha SG during summer season.
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INTRODUCTION

Major forage legumes in the Sudan include alfalfa (Medicago sativa L.), kordofan pea (Clitoria
ternatea L.), lablab bean (Lablab purpureus (L.) Sweet). and philipesara (Vigna trilobata Verd.).
Forage legumes have better quality than forage grasses, since they are rich in proteins, vitamins and
minerals (Giller, 2001). In the Sudan, forage legumes especially alfalfa are grown mainly under
irrigation in large schemes and around cities.

Mixed cropping system provide a forage of higher yield and nutritive value than in monocrops
because the legumes reduce the danger of grass tetany and give better nutrient balance. Moreover,
the deep-rooted legume species provide more production during the drought period of the year
(Lithourgidis and Dordas, 2010). Legumes utilize different soil strata that enable them to benefit
from water and nutrients at different soil depths.

Hussain (2000) reported that mixed cowpea, lablab bean and phlipisara in a 1:1 ratio with
Abusabeen (Sorghum bicolor L) and two hybrids of sorghum had no significant effects on plant
height of legume crops and number of branches per plant as a result of mixing. Plant dry weight was
higher for sole legumes. The highest yielding mixture in winter (8.30 t/ha) was that of Speed Feed
+ lablab bean, whereas in autumn Pioneer 988+ lablab bean (6.72 t/ha) was the best producing
mixture. He concluded that lablab bean was the best legume for mixing.

Ibrahim et al. (2006) working with legume-maize mixtures concluded that, plant height of maize
was affected significantly by legume species for example Sesbania grown in mixture with maize had
a depressing effect on plant height of maize while cowpea and cluster bean had beneficial effects.
Differences in plant height of maize sown with legumes might be due to the different growth
behavior of the companion legumes. Alhaj (1995) studied the growth and yield of intercropped
cowpea and maize as influenced by intercropping pattern, reported that cowpea plant height, plant
dry weight, leaf area per plant, leaf area index and dry matter production were decreased as a result
of intercropping. Elobaid (2001) working with lablab and forage sorghum Abu70 mixtures
concluded that mixing significantly decreased number of branches per plant, plant fresh weight and
fresh forage yield of the lablab bean. He recorded highest fresh forage yield by the combination of
40 kg seeds/ha of Abu70 + 40 kg seeds/ha of lablab. Osman (1995) working with selected cultivars
of sorghum under mixing with lablab bean at Gezira University Farm concluded that taller cultivars
of sorghum compete quite well with lablab bean for growth factors and reduced its yield and yield
components through shading.

In the Sudan, research dealing with forage production is of special importance due to the large
number of animals and limited natural pasture especially during winter season. This fact necessitates
more efforts and research to solve the problem of forage shortage.

The general objective of this study was to evaluate forage yield potential of pure cowpea, black
eyed bean and lablab bean and their mixtures with Sudan grass, maize, forage sorghum Abu70,
under irrigation. The specific objective was to identify the most suitable combination of the mixtures
forage yield during autumn, summer and winter seasons.
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MATERIALS AND METHODS

The experiment was executed for six seasons during, summer (March), autumn (July) and winter
(November) seasons of 2014/2015 and 2015/2016 at the experimental farm of the Faculty of
Agricultural Sciences, University of Gezira, Wad Medani, Sudan (latitude 14° 6 ' N, longitude 33°
38 "' E and altitude 407 masl). The monthly selected meteorological data recorded during March
2014 to February 2016 at Agricultural Research Corporation, Wad Medani, Sudan are shown in
Table 1.

The soil was a typical central clay plain soil (58% clay), which is characterized by its deep
cracking, heavy alkaline clay (pH 8.0), low in organic matter (0.02 %) and nitrogen (0.03 %).
However, its available phosphorus (6 mg/kg soil) and potassium (3.0 %) values were considered
adequate for normal plant growth (Soil Survey Staff, 1999).

The experimental material consisted of three legumes, cowpea (CP) (Vigna sinensis), black-eyed
bean (BB) (Vigna unguiculata subsp unguiculata. (L.) Walp) and lablab bean(LB) (Lablab
purpureus (L.) Sweet) and three grasses, namely: Sudan grass (SG) (Sorghum sudanense (Piper)
Stapf.), maize (MZ) (Zea mays L.) and forage sorghum Abu70 (Sorghum bicolor (L) Moench).
Legume crops were grown in pure stand and mixed in 1: 1 and 1:2 ratios with grasses, which made
a total of 21 treatments. Seed rate of 60 kg/ha was used for the pure stand of cowpea, black eyed
bean and lablab bean and as follows for mixtures.

30 kg seeds/ ha SG + 30 kg/ha CP, 40 kg seeds/ ha SG + 20 kg/ha CP, 30 kg seeds/ ha SG + 30
kg/ha BB, 40 kg seeds/ ha SG + 20 kg/ha BB, 30 kg seeds/ ha SG + 30 kg/ha LB, 40 kg seeds/ ha
SG + 20 kg/ha LB, 30 kg seeds/ ha MZ + 30 kg/ha CP, 40 kg seeds/ ha MZ + 20 kg/ha CP, 30 kg
seeds/ ha MZ + 30 kg/ha BB, 40 kg seeds/ ha MZ + 20 kg/ha BB, 30 kg seeds/ ha MZ + 30 kg/ha
LB, 40 kg seeds /ha MZ + 20 kg/ha LB, 30 kg seeds/ha Abu70 + 30 kg/ha CP, 40 kg seeds /ha
Abu70 + 20 kg/ha CP, 30 kg seeds /ha Abu70 + 30 kg/ha BB, 40 kg seeds /ha Abu70 + 20 kg/ha
BB, 30 kg seeds/ ha Abu70 + 30 kg/ha BB and 40 kg seeds /ha Abu70 + 20 kg/ha LB.

Seeds were obtained from the local market. The experimental site was disc plowed, harrowed,
leveled and ridged into 80 cm apart after broadcasting of the seeds on flat land. The experiments
were sown on the second week of March, July and November in the two seasons. The experiments
were irrigated immediately after sowing, then every 7-10 days intervals according to the crop needs.
Treatment combinations were arranged in a randomized complete block design (RCBD) with four
replications. The plot size was 20m2.

Data for number of branches per plant and plant fresh weight (g) were taken and leaf area index
(LAT) was determined as follows:

_ Areaof leaves/plant in (m?)

Area of ground (m?)

In addition to fresh forage yield (t/ha), relative yield (RY) and land equivalent ratio (LER) were
determined according to the following equations
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RY — Yield of the crop in the mixture

Yield of the sole crop

LER = RY1 + RY2
where RY1 and RY2 are relative yields of cropl and crop2, respectively.

Data were subjected to the standard analysis of variance procedure. Means were separated using
Duncan's Multiple Range Test (DMRT).

RESULTS AND DISCUSSION

Plant growth parameters and forage yield of legume crops
Number of branches per plant

The effect of mixing on number of branches per plant of legumes is shown in Table 2. Results
showed significant differences among treatments for number of branches per plant. The highest
number of branches per plant was obtained by the sole black eyed bean during all seasons, whereas
the lowest number of branches per plant was recorded by lablab bean when mixed in 40 Abu70 +
20 LB, 40 SG + 20 LB and 40 SG + 20 CP during autumn, summer and winter seasons, respectively.

The increase in number of branches per plant of the sole black eyed bean during all seasons can
be attributed to the less competition for nutrients and light and because of the physiological
branching habit of the crop especially in monoculture. Results were in agreement with the findings
of Ofori and Stern (1987) working with cereal-legume intercropping systems who reported that
growth parameters of the legume were higher in monoculture and decline normally with mixing by
about 52% of the sole crop. Elobaid (2001) working with lablab-sorghum mixture found that mixing
significantly decreased number of branches per plant of lablab bean.
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Table 1. Monthly selected meteorological data recorded during March 2014 to February 2016 at
Agricultural Research Corporation, Wad Medani, Sudan.

Temperature (C°)

Year Month Max Vi Rainfall (ml)
2014  March 39.32 22.59 Nil
2014 April 41.42 25.70 Nil
2014  May 41.68 25.20 21.8
2014 June 40.99 25.62 24.4
2014 July 36.87 23.48 87.0
2014  August 32.78 22.67 97.8
2014  September 34.18 22.69 40.68
2014  October 37.62 22.02 12.9
2014  November 37.21 19.55 Nil
2014  December 35.57 17.23 Nil
2015  January 33.25 13.70 Nil
2015  February 38.39 17.65 Nil
2015  March 39.63 21.65 Nil
2015  April 40.56 20.92 Nil
2015 May 42.93 25.78 8.8
2015  June 40.94 25.99 12.6
2015  July 39.81 24.93 9.6
2015  August 37.45 23.17 33.2
2015  September 37.45 23.17 27.0
2015  October 39.08 23.67 2.0
2015  November 40.94 25.93 Nil
2015  December 31.98 13.24 Nil
2016  January 31.78 12.76 Nil
2016  February 35.45 14.23 Nil

Plant fresh weight

Significant differences among treatments on plant fresh weight of legumes as affected by mixing
were observed (Table 3). The highest plant fresh weight of (173 and 135.8 g.) and (156.3 and 145.5
g.) during autumn and winter seasons of 2014/15 and 2015/16, respectively, were obtained by 30
LB + 30 MZ, whereas plant fresh weight of 120 and 139.2 g during summer seasons of the first and
second years, respectively, were obtained by 30 LB + 30 SG.

As affected by cropping system, the increase in plant fresh weight with mixing can be
attributed to the effect of favorable growth conditions on lablab bean during autumn and winter
(Table 1). These results corroborate with the findings of Ibrahim (1994) working with Sudan grass-
lablab mixtures who stated that mixing significantly increased plant fresh weight of lablab bean.
Albakri et al. (2003) stated that mixing significantly increased plant fresh weight of cowpea. Results
were in disagreement with the finding of Osman (1995), working with selected cultivars of sorghum
under mixing with lablab bean at Gezira University Farm, who concluded that taller cultivars of
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sorghum compete quite well with lablab for growth factors and reduced its yield and yield
components through shading.

Table 2. Effect of mixing on number of branches per plant of cowpea (CP), black eyed bean (BB) and lablab
bean (LB) grown in monoculture and in mixture with Sudan grass (SG), maize (MZ) and Abu70 during
autumn, summer and winter seasons of 2014/2015 and 2015/2016.

Treatments 2014/15 2015/16
Autumn Summer Winter Autumn Summer
Winter
Mean Rank Mean Rank Mean Rank Mean Rank Mean Rank
Mean Rank
CP mono 9.60 3 850 8 5.0 16 95 8 80 e 8 47 16
f de Im de Im
BB mono 138 a 1 105 1 12.4 1 1 99 1
1 110 a
a a 10.5a a
LB mono 6.90 .. 15 8.0 8 75 13 5.5 15 7.3 8
1CP:1SG 8._43 11 8.00 ef 9 45 18 9.0 9 75ef 10 4.0 18
ghi mno ef no
. 6.0
1CP:2SG 7__.90 12 550 ij 14 35 21 80 12 o 14 3.0 21
hij p fg 1) p
1BB : 1 124cd 4 09 a 2 10.0 2 12.0 2 10.2a 2 95 2
SG ' ab a ab
1BB : 2 115de 6 0.0 abc 4 98 3 10.5 6 9.0 6 9.0 3
SG e abc bc cd bc
LB : 1 6.20 Ly 17 7.6 9 50 18 4.4 18 7.0 9
SG Im 17 450k gh K Im fq
LB : 2 6.50 21 6.8 12 44 19 33 n 21 6.0 12
SG am 6 3501 hij Im i
1CP : 1 935 10 57 15 8.6 10 7.0 11 5.0 15
MZ fg 9 7501g K ef fq K
1CP : 2 753 12 438 17 69 14 6.5 12 45 17
MZ jk 13 6.70gh mn hi gh mn
1BB : 1 126 3 05ab 3 90 5 11.5 3 9.8 4 84 5
MZ bc e cde ab abc cd
1BB : 2 118 6 95 4 10.8 5 9.3 5 87 4
MZ cde 5 940cd bcd bc bcd c
1LB : 1 5.50 18 7.3 10 6.0 16 5.0 17 6.7 10
MZ mno 1O 400K gh i K gh
1LB: 2 5.00 20 370 | 20 64 13 40 20 4.0 19 5.5 13
MZ no ijk m mn jk
1CP : 8.80 10 7.00 11 4.0 19 83 11 7.8 9 36 19
1Abu70 fgh 204 nop fg ef op
1CP : 2 7.00 . 13 37 20 6.4 15 13 3.3 20
ADUTO  jK 14 6.00hi op i 6.2ghi 0
1BB ;135 5 838 6 11.0 4  10.0ab 3 80 6
1AbU70 b 2 9.70bc def be de
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1BB
2Abu70
1LB:
1Abu70
1LB
2Abu70
CV.%

110 e

6.00
Imn
4.50
0
7.87

7 9.00 cd
18 4.90 jk

21 3.90 ki

9.41

16

19

7 85

8.1

7 10.0
cd
11 55
jk
14 3.0
n
8.2

7

17

21

8.8
d
5.2
ikl
3.7
mn
7.69

7 7.6 7
ef
6.3
hi
5.3
Kl

16 11

20 14

7.2

Means followed by the same letter (s) are not significantly different at P = 0.05 according to Duncan's Multiple Range

Test (DMRT).

Table 3. Effect of mixing on plant fresh weight (g.) of cowpea (CP), black eyed bean (BB) and lablab bean (LB) grown
in monoculture and in mixture with Sudan grass (SG), maize (MZ) and Abu70 during autumn, summer and winter
seasons of 2014/2015 and 2015/2016

Treatments 2014/15 2015/16
Autumn Summer Winter  Autumn Summer Winter
Mean Rank Mean Rank Mean Rank Mean Rank Mean Ranl
Jean Rank
CPmono 917 b 8 726 65.8 15 814 ¢ 8 80.9 14 674 ef 14
12 . -
fgh ghi ghij
BB 82.1bc 10 79.6 ef 9 845 d 3 76.6 cd 9 91.0 10 879 d 8
mono efg
LBmono 166.7 a 3 115 ab 5 131.6 ab 5 151.1 ab 3 132 3 1416 at 2
ab
1CP 76.20 13 78.0 10 58.2 ij 18 734 cd 10 925 ef 9 558fgt 18
1SG bcd efg
1CP 65.4cd 20 46.7 k 419 k 54.7 ef 20 599 | 21 440 h 21
9SG 21 21
1BB 723cd 16 851 e 77.4 def 67.8 cdef 14 989 e 8 80.1de 10
15G 8 11
1BB 63.1 d 21 703 67.6 fgh 539 f 21 80.1 15 66.6 ef 15
) 13 14 ..
25G ghi hij
1LB 1699 a 2 120 a 123.9 bc 153.2 ab 2 1392 a 1 1375ab 3
1SG 1 S
1LB 161 a 6 100 d 1184 ¢ 142.2 ab 6 1173 d 7 1242 ¢ 7
25G ! !
1CP 83.0 bc 9 70.2 14 62.5 hij 16 71.3 cdef 12 86.0 12 620 fg 16
AMZ ghi fgh
1CP 69.9 cd 17 54.6 jk 52.0 jk 62.0 def 18 67.3 kI 20 489 gF 20
SMZ 19 20
1BB 75.4bcd 14 67.4 hi 74.3 def 66.1 cdef 15 86.6 11 78.6 de 11
i 16 12
IMZ fgh
1BB 69.1cd 18 63.0 ij 71.8 efg 59.7 def 19 76.9 17 69.7 ef 13
i 17 13 ..
2MZ hijk
1LB 173 a 1 113.3ab 1358 a 156.3 a 1 134.9 2 1455 a 1
) 3 1
IMZ ab
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1LB
:2Abu7
0

CV.%

Gezira j. of agric. Sci 15 (2((2017)

1624 a 5 108.5 5
bcd

79.3bcd 11 67.9 hi 15

724 cd 15 610 i g

79.2bcd 12 73.9

fgh 11
66.9cd 19 51.2 k 20
165.1 a 4 1116 4

abc
157 a 7 103.0cd
6

10.4 7.10

126.2 abc 4 1450 ab 5

60.2 ij 17 68.1 cdef 13

56.1 ij 19 64.8 cdef 16

81.6 de 9 724cde 11

79.0 de 10 62.9 def 17

129.4 abc 3 148.2 ab 4

1203 c 1382 b 7

8.31 14

128.8
bc
79.2
hij
72.0
ijk
82.5
fghi
71.3
jk
125.0
bcd

4

16

18

13

19

5

134.4 at
59.0 fg
52.1 gt
84.8 d
76.4 de

131.6 ab

121.0cd 6 128.5bc

6.85

21

17

19

12

6

Means followed by the same letter (s) are not significantly different at P = 0.05 according to Duncan's Multiple Range
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Leaf area index (LAI)

Leaf area index (LAI) for legumes as affected by mixing is shown in Table 4. The highest leaf
area index was obtained by 30 MZ + 30 LB during autumn seasons of both years. However the
highest LAl was obtained by 30 SG + 30 CP and by 30 SG + 30 LB during summer seasons of the
first and second years, respectively, and by mono LB during winter seasons of both years. The
increase in LAI was due to the increase in plant fresh weight. Autumn and summer results were in
agreement with the finding of Igbal et al. (2012) working with cowpea- maize mixture, who reported
higher LAI for cowpea sown in alternate rows with forage maize.

Fresh forage yield of legume crops

Significant differences among treatments for fresh forage yield of legumes as affected by mixing
were found (Table 5). The highest fresh forage yield during autumn and winter seasons of both years
were achieved by 30 LB + 30 MZ, whereas the highest fresh forage yield during summer seasons of
the first and second years were attained by 30 CP + 30 SG.

The increase in fresh forage yield can be attributed mainly to the increase in plant fresh weight
as a result of mixing and favorable growth condition for lablab during autumn and winter seasons
and for cowpea during summer season. These results concur with the findings of Elobaid (2001)
working with sorghum-lablab mixtures who reported that mixing significantly increased fresh forage
yield of lablab bean. However, the results disagreed with Singh (1981) working with sorghum-
cowpea mixtures and Ofori and Stern (1987) working with cereal-legume intercropping systems
who reported that yield of the legume was higher in the monoculture than in mixtures.

Relative yield (RY) of legumes

Table 6 shows the relative yield (RY) of legumes during the different seasons. The highest
relative yield during autumn and winter seasons were achieved by the mixtures of lablab bean and
maize when grown in 30 LB + 30 MZ ( 1:1 ratio), whereas the best RY during summer seasons were
attained by the mixture of 30 BB and 30 SG (1:1 ratio).

Relative yield during the different seasons ranged between 1.13 to 0.57 and mostly less than
one, which indicated that the mixtures yield was lower than the monocultures yield. The decrease in
RY of most legumes was mainly due to the reduction in mixtures forage yield due to shading by
forage grasses , whereas the increase in RY of lablab could be explained by the increase in forage
yield of lablab in the mixture over the sole crop, which indicated the suitability of lablab bean for
mixing. These results agreed with those of Hussain (2000) who worked with some grass and legume
mixtures and found that mixtures out-yielded the sole crops in dry matter yield and concluded that
lablab was the best legume crop for mixing.

Land equivalent ratio (LER)

Table 7 shows the land equivalent ratio of the mixtures during different growing seasons. The
highest LER during autumn seasons of the first and second years were obtained by 20 LB +40 MZ,
whereas the highest LER during summer seasons were obtained by 20 CP +40 SG, whereas the
highest land equivalent ratio during winter seasons were obtained by 20 LB + 40 SG.
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Table 4. Effect of mixing on leaf area index (LAI) of cowpea (CP), black eyed bean (BB) and lablab bean (LB) grown
in monoculture and in mixture with Sudan grass (SG), maize (MZ) and Abu70 during autumn, summer and winter
seasons of 2014/2015 and 2015/2016

Treatments 2014/15 2015/16
Autumn Summer Winter Autumn Summer Winter
Mean Rank Mean Rank Mean Rank Mean Rank Mean Rank Mean
Rank
6 5.1 4 48d 5 79 6 4.3 efg 8 45 d 5
CP mono 6.0b cd '
c cd
BB mono 15 2.0 1 18kim 1 25 1 26 k 15 17Imn 15
25 .
hi J 5 5 kI 5
i
m
LB mono 3 50 5 78a 1 90 3 57 b 3 6.8 a 1
9.8a cd ab
C
1CP : 1SG 45 9 6.3 1 28 1 55 9 5.5bc 4 2.8 hij 11
def a hi 1 fg
1CP : 2S5G 32 gh 14 28i 1 20 1 30 1 3.2 j 14 20klm 14
<9 4 jkl 4 jk 4
1BB: 1SG 17 13 1 1.5kl 1 18 1 2.0Im 18 13nop 17
1.8 ij Kl 8 mn 7 Im 7
n
1BB : 25G .21 094 2 09 2 095 2 12 n 21 08 p 21
1.0 j
| 1 n 1 n 1
1LB : 1SG 2 6.0 2 6.7 4 93 2 6.5a 1 55 ¢ 4
10.0a
ab c ab
1LB : 2SG 7 4.0 36fg 8 7.0 7 3.7 hij 11 3.5efg 8
53 cd
ef 8 de
1CP :1MZ 11 45 3.2 9 45 1 50cd 5 3.3fgh 9
3.9efg de 7 gh fg 1
h
1CP :2MZ 13 1 23 1 .. 1 3.6 ij 12 2.2kl 13
3.51gh soghi 2 ik 3 Sk 3
1BB :1MZ 16 15 1 1.6kl 1 20 1 2.1kl 17 1.5mno 16
2.0 ij jk 7 mn 6 Im 6
n
1BB :2MZ 12 20 097 2 095 2 10 n 2 1.5mn 20 09 op 20
| 0 n 0 0
1LB :1MZ 10.5a 1 55 3 75 2 972 1 6.0 ab 2 6.5 ab 2
bc ab
1LB: 2MZ 5 1 45 6 5 4.2 fgh 9 4.0 de 6
6.6b 37fg 0 de 8.2 bc
1CP:1Abu 40 10 3.9 3.0 1 50 1 4.8 de 6 3.0ghi 10
70 ) ef 9 ghi 0 fg O
efg h
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1CP : 3.7
2Abu70 fg
1BB :
1Abu70 1.4 ij
1BB :
2Abu70 1.3 j
1LB :
1Abu70 9.5a
1LB : 5.0
2Abu70 cde
CV% 164

12

18

19

Gezira j. of agric. Sci 15 (2((2017)

35
fgh
1.6
jk

1.1kl
49
cd
3.0

hi
12.9

oOPR Rk P

O =

2.5
hij

1.3l

mn
1.0

mn

7.0
bc

4.0
ef

15.3

4.0 hij

6.0 ef

16.2

(oo Bl NS RN ol

O =

3.9 ghi

2.1 ki

1.81Im

4.5 def

34 ij

10.5

19

2.5 ijk

1.2 nop

1.0 op

6.0 bc

3.7 ef

14.18

Means followed by the same letter (s) are not significantly different at P = 0.05 according to Duncan's Multiple

Range Test (DMRT).
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Table 5. Effect of mixing on fresh forage yield (t/ha) of cowpea (CP), black eyed bean (BB) and lablab bean (LB) grown
in monoculture and in mixture with Sudan grass (SG), maize (MZ) and Abu70during autumn, summer and winter seasons
of 2014/2015 and 2015/2016.

Treatments 2014/15 2015/16
Autumn Summer Winter summer Winter
Autumn ~ombined
Mean Rank Mean Rank Mean Rank Mean Rank Mean Rank Mean Rank
an Rank
CP mono 50.8 5 482 2 346 5 451 5 2 375
b a b bc 55.1 c 5 4521 5
a c
BB mono 3.7 1 302 1 246 1 269 1 343 1 263 1 12
d 3 cd 5 cdef 2 g 4 cd 5 gh 29.0h
LB mono 609 3 383 7 404a 2 498 3 433 8 447 5 46.23 3
a b a b b b
1CP:1SG 473 7 486 1 336b 8 400 7 560 1 337 8 43.20 7
b a d a de de
1CP:2SG 295 1 303 1 213 1 248 1 354 1 217 1 2717 18
d 5 cd 4 gf 8 ¢ 5 cd 4 i 8 k
1BB : 1 287 1 314 1 233 1 241 1 366 1 236 1 2795 15
SG d 7 ¢ 1 ef 4 g 7 ¢ 1 hi 5 ]
1BB : 2 184 2 199 2 150h 2 154 2 233 2 150 2 17.83 21
SG e 1 f 0 1 h 1 f 0 j 1 m
1LB:1SG 621 2 39.0 420a 4 507 2 454 5 421 46.88 2
4
a b 5 a b b b
1LB:2SG 409 1 252 1 280 1 334 1 285 1 302 1 3108 10
c 0 e 8 cd 0 e 0 e 8 f 0 ¢
1ICP:1MZ 469 8 474 3 345b 6 390 8 548 3 349 6 4292 8
b a d a cd e
1CP:2MZ 302 1 316 1 215 1 280 1 367 1 224 1 2840 14
d 4 ¢ 0 fg 7 fg 2 ¢ 0 i 7 1
1BB : 1 283 1 1 24.0 1 238 1 356 1 238 1 17
MZ d 8 305 2 def 3 g 8 «cd 2 hi 4 27.67
cd j
BB : 2 192 2 200 1 150h 2 161 2 234 1 156 2 18.22 20
MZ e 0o f 9 0 h 0o f 9 j 0 m
LB : 1 627 1 389 6 458a 1 511 1 452 6 485 1 48.70 1
MZ a b a b a a
1LB:2MZ 413 9 274 1 290c 9 338 9 318 1 308 9 3235 9
c de 6 e de 6 ef f
1ICP : 1 474 6 470 4 340b 7 445 6 521 4 348 7 43.30 6
Abu70 b a Cc a cd d
1CP : 2 323 1 319 9 220 1 272 1 371 9 227 1 28.87 13
Abu70 d 2 ¢ fg 6 ¢ 3 ¢ hi 6 h
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1BB © 291
1Abu70 d
1BB 2 19.6
Abu70 e
1LB: 1 60.3
Abu70 a
1LB: 40.0
2Abu70 c
CV.%
8.8
2

30.4
cd
19.4
f

38.1
b
255
€

6.43
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-

=N

o

23.0f

18.0
gh

44.0

27.6
cde
10.05

49.1
ab

32.2
ef
9.06

35.5
cd
22.6
f

44.3
b
29.7
€
7.13

24.3
hi
16.2]
44.1

29.5

7.91

16

19

Means followed by the same letter (s) are not significantly different at P = 0.05 according to

Duncan's Multiple Range Test (DMRT).
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Table 6. Relative yield of cowpea (CP), black eyed bean (BB) and lablab bean(LB) grown in
mixture with Sudan grass (SG), maize (MZ) and Abu70 during autumn, summer and winter
seasons of 2014/2015 and 2015/2016.
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Treatments 2014/15 2015/16
Autumn Summer Winter Autumn Summer Winter
verall
Mean Rank Mean Rank Mean Rank Mean Rank Mean Rank Mean Rank
Mean Rank

1CP: 1SG 0.92 5 1.00 4 097 7 0.90 6 1.00 7 090 7 0093 7
1CP: 2SG 058 17 060 17 062 16 056 18 062 18 058 17 059 18
1BB : 1SG 0.89 8 1.04 1 095 8 0.89 7 1.07 1 0.88 9 094 6
1BB : 2SG 057 18 064 13 060 18 057 17 067 13 057 18 0.60 17
1LB : 1SG 1.02 2 1.02 2 1.04 3 1.02 2 1.05 2 094 3 1.02 2
1LB : 2SG 067 11 063 14 069 12 067 11 064 16 068 11 0.67 11
1CP: 1MZ 0.91 6 0.96 8 1.00 4 0.88 8 0.99 8 0.93 4 0.95 5
1CP: 2MZ 059 16 065 12 063 15 063 13 065 15 060 15 0.63 15
1BB :1MZ 0.90 7 0.99 5 0.98 6 0.87 9 1.03 4 0.89 8 0.94 8
1BB :2MZ 061 15 062 15 061 17 060 16 068 12 059 16 0.62 16
1LB :1MZ 1.03 1 101 3 1.13 1 1.03 1 104 3 1.09 1 1.06 1
1LB :2MZ 068 10 072 10 072 11 068 10 0.73 10 069 10 0.70 10
1CP:1Abu70 0.93 4 0.95 9 0.99 5 101 3 095 9 0.92 5 0.96 4
1CP:2Abu70 064 13 066 11 064 14 062 14 066 14 061 14 065 13
1BB:1Abu70 0.88 9 0.98 6 0.93 9 091 5 1.01 6 0091 6 0.93 9
1BB:2Abu70 062 14 061 16 073 10 061 15 063 17 062 13 064 14
1LB:1Abu70 0.99 3 0.97 7 1.09 2 0.99 4 1.02 5 0.99 2 1.00 3
1LB:2Abu70 066 12 059 18 068 13 065 12 069 11 066 12 0.66 12
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Table7. Land equivalent ratio (LER) for cowpea (CP), black eyed bean (BB), lablab bean (LB), Sudan grass (SG),
maize (MZ) and Abu70, mixtures during winter, summer and autumn seasons of 2014/2015 and 2015/2016.

Treatments 2014/15 2015/16

_Autumn _ Summer Winter Autumn Summer
Winter

Mean Rank Mean Rank Mean Rank  Mean Rank Mean
Rank Mean Rank

1CP:1SG 194 16 213 4 194 17 195 15 210 6 192 16
1CP : 2 SG 195 15 221 1 203 10 19 14 228 1 2.01 9
1BB : 1SG 190 18 2.06 7 197 15 189 18 1.99 17 191 17
1BB : 25G 191 17 215 2 1098 14 194 16 214 3 194 14
1LB:1SG 2.07 6 209 5 207 6 2.08 3 201 15 2.03 7
1LB:2SG 2.13 2 214 3 218 1 210 2 212 4 2.20 1
1CP : 1MZ 7 13 208

2.06 2.00 ' 5) 200 10 2.07 9 2.08 4
1CP : 2MZ 4 8 209

2.11 2.05 ' 4 2.01 9 223 2 2.17 2
1BB :1MZ 14 18 201

1.96 1.94 ' 12 198 12 198 18 198 12
1BB :2MZ 5 16 206

2.10 1.97 ’ 7 199 11 208 8 2.04 6
1LB: 1MZ 3 10 205

2.12 2.03 ’ 8 2.05 6 204 12 2.07 5
1LB: 2MZ 1 9 216

2.17 2.04 ’ 2 2.13 1 206 10 2.13 3
1CP:1Abu70 198 12 198 15 196 16 2.06 5 202 14 197 13
1CP:2Abu70 2.03 8 201 12 204 9 207 4  2.05 11 199 11
1BB:1Abu70 197 13 196 17 1.89 18 192 17 200 16 1.89 18
1BB:2Abu70 2.00 11  2.07 6 202 11 197 13 2.03 13 193 15
1LB:1Abu70 2.01 10 199 14 199 13 2.02 8 2.09 7 200 10
1LB:2Abu70 2.02 9 202 11 215 3 203 7 211 5 2.02 8
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These results were in line with those of Raposo et al. (1995), working in intercropping of maize
and beans in different plant arrangements and densities, who recorded high LER in intercrop
involving 2:2 row arrangements than with monocrop. Fininsa (1997) reported that LER for intercrop
was far above that of monocrop with maximal relative yield advantage of 28%.

CONCLUSION

The highest forage yield was obtained when the ratio 1:1 (30 kg seeds /ha for each legume and
grass) for lablab bean and maize was used in autumn (62.5 and 51.1 t/ha for 2014 and 2015,
respectively) and winter (45.8 and 45.5 t/ha for 2014 and 2015, respectively) and 1:1 for cowpea and
Sudan grass in summer (48.6 and 56 t/ha for 2014 and 2015, respectively) was practiced.
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