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Abstract: Mixing forage crops is the simultaneous cultivation of more than one crop species on the same land
and time as a practical application of basic ecological principles; diversity, competition and facilitation, to
encourage sustainability in agriculture and livestock production. Two field experiments were carried out in
North Sinai Governorate, Egypt (31°08'04.3" N, 33°49'37.2"E) to investigate the effect of different water stress
levels (normal irrigation, 100 % field capacity; FC and water stress conditions; 75 and 50 % FC) combined with
four forage mixing ratio (pure stand and mixing ratio of 1:1; 1:2; 1:3 of cowpea/sorghum (C/S) mixtures) during
2011 and 2012 summer seasons. Results indicated that irrigated cowpea with 100% FC gave superiority of some
growth characters but gave slight decrease with 75 % FC for fresh forage yields, while, the best sorghum growth
characters and fresh forage yield was recorded from 75% FC treatment. Plants could accumulate more
carbohydrates in their roots with mixing ratio of 1:3 C/S at the 2 & 3 cuts for sorghum and with 1:2 C/S rationd rd

for cowpea at the 3 cut. Also, the highest means of cowpea fresh forage yield were obtained when plantsrd

irrigated with 75% from field capacity and 1:2 mixing ratio at the 3 cut. However, the maximum fresh foragerd

yields of sorghum plants were achieved with 75% FC and pure stand treatment at the first and second cuts,
which gave 30.95 and 15.33 t/ha, respectively. It could be concluded that cowpea-sorghum mixtures have
alternative enhancement for both crops under semi-arid regions and gave economic fresh forage yield. For
achieving this goal, mixtures should be irrigated when field capacity reached 75% (5833 m /ha) and mixed with3

1:2 mixing ratio.

Key words: Cowpea-Sorghum  Forage mixing ratio  Fresh forage yield  Leaves/Shoot ratio  Relative
growth rate  Root length  Water stress

INTRODUCTION species [3-6]. Also, cowpea could fix up to 70 – 350 kg

Fodders are the most valuable and cheapest source bacteria (Bradyrhizobium spp) and replenishes the soil
forlivestock feeding; having rich source of energy, with 40 – 80 kg N/ha/year made it a potent soil
nutrient elements, carbohydrates and protein. By quality amendment, rich forage, green manure and cover crop [7].
nutritional fodder, milk production can be increased up to It is generally grown in pure culture or in mixtures with a
100% [1]. Legume crops constitute a major group of crops large number of traditional crop species especially, maize,
in the world. They provide human food, animal feed and sorghum, cassava and soybeans [8], as it can improve the
material for industrial uses. Their nutritional value as a productivity of cereal crops by increasing the amount of
source of protein has long been recognized. Cowpea nitrogen available for uptake [9]. The higher crude protein
(Vigna unguiculata L.) is an important grain legume percent was recorded in cowpeas grown alone than that
grown in arid and semi-arid regions for fodder and grain of the pure stand of maize [10]. Cowpea/maize cropping
yield as it is considered a drought tolerant crop [2] and system increased significantly crude protein of maize
well adapted to water stress, high temperatures and other grains [11], while the highest fresh and dry fodder yield
biotic  stresses  when compared to other crop plant were recorded from mixture of alfalfa/ Rhodes grass [12].

N/ha from the atmosphere in association with nodule



World J. Agric. Sci., 9 (4): 325-334, 2013

326

Fodder sorghum, a cereal crop is considered poor in Therefore, the main objective of this study is to
quality due to low protein contents and presence of determine the best water stress level and mixing ratio of
hydrocyanic  acid  [13].  It  is  also  low  yielder  due to cowpea-sorghum as compared to pure stand plants for
non-ratooning ability. Therefore, a need was felt to each other under normal and stress conditions in semi-
improve quality and quantity of sorghum fodder. Mixed arid regions. 
cropping, especially, with legumes can improve both
forage quality and yield; because legumes are a good MATERIALS AND METHODS
source of protein [14]. Growing of sorghum and maize in
mixture with cowpeas and soybeans in 1:1 and 2:1 row Experimental Site and Treatment: Two field experiments
proportions produced high fresh, dry weight and crude were carried out at the Experimental Farm of Faculty of
protein per hectare than their sole crops [15]. Also, Environmental Agricultural Sciences, El-Arish, Suez Canal
increasing the seeds of rice bean in mixture increased University, Egypt (31°08'04.3"N, 33°49'37.2"E) during two
sorghum crude protein and decreased crude fiber summer seasons (2011&2012). This study aims to compare
contents [16]. The forage quality of cereal hay is generally between cowpea and sorghum plants in vegetative
lower than that required to meet production goals for growth, growth analysis and fresh forage yield as pure
many livestock classes, whereas legume-cereal mixtures stand and in mixtures by different proportions (1:1, 1:2, 1:3
are important protein and carbohydrate sources for Cowpea-Sorghum, C/S) under different irrigation regimes,
livestock [17]. Cultivating sorghum alone (50 kg/ha) and i.e.  normal   irrigation   level   (100%   field   capacity, %
mixed with cow pea seed mixture (45+5, 40+10, 35+15 and FC,  =  8076 m /ha)  and  water  stress  levels  (75,  50 %
30+20 kg/ha) increased proportion of cowpea in mixture FC, = 5833 m /ha & 3634 m /ha, respectively). Water
increased fresh fodder yield, ash and protein contents but salinity ranked between 3500 and 4100 ppm and drip
decreaseddry matter content [18]. Also, mixtures gave irrigation system was used. Some physical and chemical
higher green forage yields than the pure stands; these properties of the experimental soil site and irrigation water
were reported by Karadau [17], Osman and Nersoyan [19] are shown in Tables 1 and 2, respectively.
and Tukel et al. [20]. For improving forage mixtures
quantity and quality, a suitable balance of legumes and Experimental Design: The experiments were laid out in
cereals mixing ratio is very essential. two factorial randomized complete block design with three

3

3 3

Table 1: Some physical and chemical properties of the experimental soil site (Means of 2011 and 2012 seasons).
Soil depth (cm)
--------------------------------------------------------

Soil properties 0-15 15-30
Physical Properties
Sand % 66.22 75.32
Silt % 14.00 9.00
Clay % 19.78 15.68
Soil texture class Sandy clay
Bulk density 1565 1574
Organic matter % 0.18 0.14
CaCO  % - -3

Saturation percentage (0kPa) 29.76 30.23
Soil water content of field capacity % (-10 kPa) 11.91 11.88
Soil water content of welting point % (-1500 kPa) 5.15 5.03
Chemical properties (soluble ions in 1:5 soil water extract; meq/l)
Ca 4.44 2.89++

Mg 3.56 2.46++

Na 7.93 6.61++

K 2.57 1.04+

CO - -3
--

HCO 3.11 2.083
-

Cl 13.05 9.26-

SO 2.34 1.664
--

EC (dS/m) 1.83 1.26
pH (in 1:2.5 soil water suspension extract ) 7.88 8.11
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Table 2: Some chemical properties of irrigation water (Means of 2011 and 2012 seasons)
Soluble cations (meq/ l) Soluble anions (meq/l)
-------------------------------------------------------------- -----------------------------------------------------------------

EC (dS/m) pH Ca Mg Na K CO HCO Cl SO++ ++ ++ + -- - - --
3 3 4

7.24 8.33 10 23 39 2.22 -- 4.22 56.1 13.9

replications; Irrigation regimes were occupied the main at the three cuts in combined analysis (2011 & 2012) are
plots, while, the mixing ratios were assigned randomly to presented in Table 3. The results indicated that increasing
the sub plots. A well prepared seed bed was used with net water stress levels decreased plant height, numbers of
plot area of 20 m  (2 m width x 10 m length). leaves and shoots per plant, but increased root length at2

Agricultural Practices: The seed rate for pure stands of However,  there  were no significant differences between
cowpea was  80 kg/ha  and  for sorghum was 50 kg/ha. 75 and 50 % field capacity treatments in number of leaves
The sowing rate of mixtures was based on that of pure for  sorghum at  the  2  cut  and they are superior than
stand with the obvious mentioned mixture rates. The pure 100 % FC one. This may refer to that sorghum as a cereal
stand and blended seed of mixtures were sown on April plant more adapted to water stress than cowpea.
15 and 20 with single row hand drill (25 cm apart) in 2011 Leaves/Shoots ratio (L/S, based on fresh weight) reflectsth th

and 2012 seasons, respectively. The basal dose of 48 m / plant ability to avoid water stress. The maximum cowpea3

ha organic fertilization was applied at seed bed L/S ratio (1.094; 0.891 at 1  and 2  cuts, respectively) were
preparation. NPK fertilizers with a rate of 100 kg/ha were obtained when soil field capacity reached 75 %, where, at
applied at sowing. Nitrogen fertilizer (50 kg/ha) was added oldest growth stage (3  cut), plants couldn't avoid water
after six weeks from planting. Drip irrigation system was stress as the maximum L/S ratio (0.532) was gained with
used by saline water of 4632 ppm. All other cultural 100 % FC. An opposite trend was observed for sorghum
practices were kept normal and uniform for all treatments. plants at the first and second cuts, where, the highest L/S

ratio (0.349 & 0.762) was obtained with 100 % FC. The
Recorded Data: Fodder plants were harvested after two highest crop growth rate (4.685, 3.315 & -12.653, 13.078
months from planting (1 cut; 60 cm plant length) and left g/week for cowpea & sorghum) were obtained whenst

for re-growth for one month (2 cut; 60 cm), then plants forage plants irrigated with 75 and 100% FC at thend

were leaved to another one month (3 cut). Plants were cut respective first and second growth periods. The reductionrd

at harvesting time after four months (16 & 23 August) in in leaves and shoots weight resulted in decreased
both successful seasons. The growth parameters and numbers of leaves and shoots might be a drought
yield attributes for each cut were taken as follows: plant avoidance mechanism. In this concern, Qasem and Biftu
height (cm), number of leaves and shoots per plant, root [23] reported that water stress at early growth stages
length (cm), leaves and shoots fresh weight (g). Crop reduced plant height, shoot dry weight, leaf area, leaf dry
growth rate (CGR, g/week), Leaves/Shoot ratio (L/S) were weight and lowered poddry weight of cowpea and the
computed based on fresh weight [21]. Fresh forage per other mixed plant. Also, water stress during early
square meter (kg) was weighted to compute fresh forage vegetative growth reduced growth [24], shortened
yield (FFY, t/ ha) for each cut and total forage fresh yield internodes and reduced rate of leaf appearance, number of
over the three cuts. expanding leaves and final leaf area per plant of wheat [25]

Statistical Analysis: Data were statistically analyzed for water content and turgor pressure [26].
the two seasons and their combined by using Fisher’s Effect of different water levels on cowpea and
analysis of variance technique and Duncan multiple range sorghum fresh forage yield of the three cuts and total of
test at 0.05 probability level to compare the treatments them is shown in Table 4. The highest forage yields
means [22]. (31.08, 15.84, 8.46 t/ha) were obtained when cowpea plants

RESULTS AND DISCUSSION sorghum at 100 and/or 75 % FC was superior for fresh

Effect of Water Stress Levels: The responses of growth observed in the total fresh forage yield (FFY) over the
characters and analysis of cowpea and sorghum plants to three cuts for both plants, where, at 100 % FC, total FFY
different irrigation water levels from field capacity (FC %) surpassed  75  and  50%   treatments  by  5.76,   24.87% for

most of the studied cuts for both cultivated plants.

nd

st nd

rd

and cellular expansion resulting from decrease in plant

irrigated at 100 % field capacity treatment. Irrigation

forage yield as compared to 50 % FC. Similar trend was
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Table 3: Growth characters and analysis of cowpea and sorghum plants as affected by different irrigation water levels from field capacity % at three cuts of
combined analysis in 2011 and 2012 growing seasons

1  cut 2  cut 3  cutst nd rd

---------------------------------- ---------------------------------- ---------------------------------
Characters FC (%) Cowpea Sorghum Cowpea Sorghum Cowpea Sorghum
Plant height (cm) 100 51.54 a 118.76 a 43.39 a 111.03 a 52.04 a 85.70 a

75 32.94 b 102.60 b 38.21 b 72.890 b 49.90 b 50.82 c
50 31.78 c 97.110 c 36.12 c 62.970 c 41.11c 62.27 b

Significance ** ** ** ** ** **
Root length (cm) 100 8.39 c 19.04 a 8.36 b 8.82 c 7.84 c 9.43

75 9.63 b 17.08 b 8.40 b 10.27 a 8.76 b 9.58
50 11.14 a 14.56 c 9.77 a 9.73 b 10.84 a 10.28

Significance ** ** ** ** ** NS
Root weight (g) 100 2.30 15.12 a 4.58 a 4.06 c 2.41 5.94 a

75 1.32 7.31 b 3.88 b 5.68 a 2.27 2.40 b
50 2.04 4.79 c 2.73 c 4.76 b 1.78 2.01 b

Significance NS * ** ** NS *
No. of leaves 100 9.43 a 12.77 a 24.10 a 7.27 b 11.79 a 8.72

75 8.41 b 9.82 b 17.16 b 8.79 a 10.16 b 8.58
50 8.39 b 9.53 b 10.68 c 8.71 a 8.87c 7.77

Significance * * ** * ** NS
No. of shoots 100 2.41 a 1.33 3.53 a 2.22 a 3.21 a 1.79

75 1.70 b 1.14 2.30 b 1.86 b 2.11 b 1.32
50 1.41 c 1.21 2.07 c 1.24 c 1.56 c 1.38

Significance ** NS ** ** ** NS
L/S ratio 100 0.827 c 0.349 a 0.874 b 0.762 c 0.532 a 0.440

75 1.094 a 0.327 b 0.891 a 0.675 a 0.447 b 0.408
50 0.841 b 0.223 c 0.759 c 0.465 b 0.426 b 0.349

Significance ** ** ** ** * NS
First growth period Second growth period

CGR (g/week) 100 0.183 c -8.953 b -- 3.315a 13.078 a --
75 4.685 b -12.653a -- 2.308b 0.103b --
50 4.505 a -6.363c -- -2.386c -0.240c --

Significance ** ** -- ** ** --
FC=Field capacity; L/S = Leaves/Shoots ratio (based fresh weight; g); CGR = Crop growth rate (g/week); *, ** and NS = significant at 0.05, 0.01 and not
significant, respectively. Means with the same letters are not significantly different at 0.05 level by Duncans Multiple Range Test.'

Table 4: Fresh forage yield (t/ha) of cowpea and sorghum plants as affected by different irrigation water levels from field capacity; FC%) at three cuts of
combined analysis in 2011 and 2012 growing seasons.

1  cut 2  cut 3  cut Total FFY (t/ha)st nd rd

------------------------------ ------------------------------- ------------------------------- -----------------------------
Field capacity (%) Cowpea Sorghum Cowpea Sorghum Cowpea Sorghum Cowpea Sorghum
100 31.08 a 28.02 a 15.84 a 12.66 a 8.46 a 8.19 a 56.33 a 48.88 a
75 30.12 b 27.90 ab 14.96 b 12.64 ab 8.25 ab 6.67 b 53.26 b 46.28 b
50 27.15 c 26.28 b 12.48 c 11.35 b 4.38 c 5.65 c 45.11 c 44.12 c
Significance ** * ** * ** ** ** **
FFY= Fresh forage yield; *, ** and NS = significant at 0.05, 0.01 and not significant, respectively. Means with the same letters are not significantly different
at 0.05 level by Duncans Multiple Range Test.'

cowpea  plants  and  by  5.62, 10.79% for sorghum ones. accelerating leaf senescence, shortening re-growth period
In this concern, low water stress reduced cowpea yield by [27] and reducing final yield. Board and Harvile [28]
decreasing number of leaves and shoots per plant, which reported that soybean yield was most affected by water
reflected the sensitivity of plants to water stress is stress that reduced crop growth rate, when occurred
particularly acute during the reproductive stage by during theearly reproductive period.
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Table 5: Effect of forage mixing ratios on growth and fresh forage yield of cowpea and sorghum plants as compared to pure stand at three cuts of combined
analysis in 2011 and 2012 growing seasons

1  cut 2  cut 3  cutst nd rd

------------------------------- -------------------------------- ------------------------------
Characters Forage mixing ratio Cowpea Sorghum Cowpea Sorghum Cowpea Sorghum
Plant height (cm) Pure stand 38.73 b 106.17 b 39.35 82.25 c 47.61 c 76.25 c

1:1 C/S 43.29 a 111.18 a 39.36 89.12 a 50.14 a 79.22 a
1:2 C/S 37.34 c 106.13 c 40.88 83.71 b 43.67d 71.52 d
1:3 C/S 35.63 d 100.52 d 37.49 74.06 d 49.24 ab 78.04 ab

Significance * ** NS ** * *
Root length (cm) Pure stand 9.75 16.86 b 8.86 9.55 9.13 9.72

1:1 C/S 10.02 18.16 a 8.74 9.94 9.11 9.57
1:2 C/S 8.89 17.81 b 8.91 9.28 9.36 9.70
1:3 C/S 10.23 14.71 c 8.87 9.60 9.01 10.03

Significance NS ** NS NS NS NS
Root weight (g) Pure stand 1.96 9.11 3.73 4.82 b 2.13 c 3.46 b

1:1 C/S 2.91 8.72 4.01 4.78 b 1.43 b 2.27 d
1:2 C/S 1.20 9.09 3.61 4.14 c 2.89 a 3.12 c
1:3 C/S 1.56 9.41 3.57 5.57 a 2.13 c 4.97 a

Significance NS NS NS * ** **
No. of leaves Pure stand 10.83 a 11.36 21.20 a 8.25 11.91 a 8.45 b

1:1 C/S 8.88 b 10.70 17.11 d 8.01 9.47 c 7.33 d
1:2 C/S 8.20 b 10.51 17.65 c 8.51 10.32 b 9.53 a
1:3 C/S 6.93 c 10.11 13.27 b 8.24 9.42 c 8.21 c

Significance * NS ** NS * *
No. of shoots Pure stand 1.82 b 1.24 2.62 b 1.75 2.32 1.49

1:1 C/S 2.37 a 1.19 3.24 a 1.76 1.99 1.66
1:2 C/S 1.33 c 1.18 2.46 c 1.67 2.56 1.56
1:3 C/S 1.82 b 1.32 2.20 d 1.90 2.33 1.28

Significance ** NS ** NS NS NS
L/S ratio Pure stand 0.763 c 0.286 c 0.445 d 0.322 d 0.473 cd 0.215 d

1:1 C/S 1.164 a 0.267 d 0.993a 0.332 cd 0.567 a 0.513 b
1:2 C/S 0.768 b 0.338 a 0.693 c 0.805 a 0.507 b 0.559 a
1:3 C/S 0.749 d 0.314 b 0.942 b 0.721 b 0.466 d 0.294 c

Significance ** * ** * * **
First growth period Second growth period

CGR (g/week) Pure stand 2.926 c -6.616 b -- 1.075 c -5.077 c --
1:1 C/S 3.025 b -4.811 d -- -2.035 d -10.743 d --
1:2 C/S 3.558 a -9.582 a -- 1.893 a 2.678 a --
1:3 C/S 2.191 d -5.621 c -- 2.385 b 0.208 b --

Significance * ** -- ** ** --
C/S=cowpea/sorghum ratio; L/S = Leaves/Shoots ratio (based fresh weight; g); CGR = Crop growth rate (g/week); *,** and NS = significant at 0.05, 0.01
and not significant, respectively. Means with the same letters are not significantly different at 0.05 level by Duncans Multiple Range Test.'

Table 6: Fresh forage yield (t/ha) of cowpea and sorghum plants as affected by different irrigation water levels for field capacity; FC%at three cuts of combined
analysis in 2011 and 2012 growing seasons

1  cut 2  cut 3  cut Total FFY (t/ha)st nd rd

-------------------------------- ----------------------------- ----------------------------- ----------------------------
Forage mixing ratio Cowpea Sorghum Cowpea Sorghum Cowpea Sorghum Cowpea Sorghum
Pure stand 13.202 a 12.321 b 6.926 a 4.535 b 3.911 a 3.612 b 24.113 a 18.966bc
1:1 C/S 12.345 b 12.826 a 6.125 b 5.836 a 3.307 b 4.451 a 21.677 b 21.633a
1:2 C/S 11.668 c 11.666 c 5.366 d 4.688 cd 2.431 c 2.612 c 19.466 c 18.875c
1:3 C/S 11.182 d 11.253 d 5.822 c 4.434 d 2.121 d 2.369 d 19.122 d 18.111 d
Significance ** ** ** * ** ** ** *
FFY= Fresh forage yield; *, ** and NS = significant at 0.05, 0.01 and not significant, respectively. Means with the same letters are not significantly different
at 0.05 level by Duncans Multiple Range Test.'
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Effect of Forage Mixing Ratio: Data in Table 5 revealed compared with pure stand and mixing ratios of 1:2 and 1:3
the response of cowpea and sorghum growth to forage C/S, respectively. The improving effect of mixing cowpea
mixing ratios (1:1, 1:2, 1:3 Cowpea/Sorghum, C/S) as with sorghum on crop growth rate may refer to the ability
compared to pure stand for both plants at the three cuts of cowpea as legumes in soil nitrogen fixation which
in  combined  analysis  of  both seasons (2011 & 2012). reflects on fresh plant, leaves and shoots weights for both
The results indicated that mixing ratio of 1:1 C/S is itself and sorghum, where the latest responded
surpassed pure stand and all other ratios in plant height significantly for this nitrogen addition which gave more
for both plants at the three cut and in root length for fresh forage yield for sorghum. In this concern,
sorghum plants at the first cut only. However, plants Okigboand Lai [33] revealed that the superiorities of
could accumulate more carbohydrates in their roots with cowpea mixtures could be dueto the fact that, prostrating
mixing ratio of 1:3 C/S at the 2 & 3  cuts for sorghum and local cowpea could conserve andincrease moisturend rd

with 1:2 C/S ratio for cowpea at the 3  cut. Cowpea gave content which later leads to increase of crop growth [16].rd

more number of leaves with pure stand than any mixing
ratios followed by 1:1 C/S ratio at the three studied cuts, Effect of Interaction: The significant interaction effects
but for number of shoots, 1:1 C/S ratio gave the highest between irrigation levels and forage mixing ratios on
values (2.37&3.24) as compared with other treatments at cowpea and sorghum growth characters and analysis are
the 1 and 2 cuts. While, sorghum number of leaves and presented in Tables 7, 8, 9 and Fig. 1. Results showed thatst nd

shoots responded non-significantly to forage mixing irrigation at 100% FC x 1:2 C/S treatment gave the
ratios at all cuts except the third one, as the 1:2 C/S ratio maximum values of cowpea and sorghum plant height at
gave the maximum number of leaves (9.53). Basing on the 2 cut and root weight of cowpea at the 2  cut, but the
fresh leaves and shoots weight, the maximum cowpea interaction between 100% FC and 1:1 C/S gave the longest
Leaves/Shoots values (L/S=1.164, 0.992, 0.567) were roots of cowpea at the 1 cut. However, the highest root
obtained with mixing ratio of 1:1 at 1 , 2  and 3  cuts, length of sorghum (12.80 cm) was obtained by thest nd rd

respectively, but for sorghum, they were 0.338, 0.805 and interaction between 50 % FC and 1:2 C/S treatment, while
0.559 which obtained from 1:2 ratio at the three respective the sorghum plants could accumulated more dry weight in
cuts. Mixing ratio of 1:2 C/S gave superiority of crop its roots under moderate water stress level (75% FC) and
growth rate (CGR) as compared with the other ratios and mixing with cowpea by ratio of 1:1 C/S. This improving in
surpassed pure stand by 21.59 and 76.73 % for cowpea sorghum root length and dry weight may refer to that
and by 44.83 and 89.58 % for sorghum at the first and sorghum is more adapted to water stress than cowpea and
second growth periods. In this concern, the enhancement responded significantly to nitrogen fixation by cowpea
of productivity by mixed legume crop couldlead to the roots. The maximum leaves number of cowpea was
increase of crop growth [29,30], which could be attributed obtained from 100 % FC and pure stand interaction, while,
tothe advantage of legume/cereal intercropping and to the minimum value was from the interaction of 50 % FC
better  utilization  of  natural  resources  such as water, and 1:3 C/S ratio at the 1 and 2 cuts (Table 8). However,
light andnutrients. Similar results were reported by the highest sorghum number of leaves (12.00) was
Ntoukam et al. [8] andrews [31] and El Naim et al. [32]. achieved from the interaction between 75 % FC and 1:2

Data in Table 6 revealed that the response of cowpea C/S at the 3 cut. Also, the highest shoots number of
and sorghum fresh forage yields to mixing ratios as cowpea (3.34) and sorghum (1.57) were achieved when
compared with pure stand at the three studied cuts and plants irrigated by 100 % FC treatment under mixing ration
the  total  of  them  in  combined  analysis (2011&2012). of 1:1 C/S at the 1 cut, but improved for cowpea by
The superiority of fresh forage yield of cowpea was adding more sorghum seeds at the 3 cut (100% FC x 1:2
achieved from pure stand followed by 1:1 C/S mixing ratio ratio). This may be referring to the positive response of
at all cuts, where the reduction of 1:1 C/S ratio from pure sorghum to nitrogen fixation from cowpea roots under
stand were by 6.49, 11.57 and 15.44 % for cow pea at the moderate water stress. Irrigated fodder plants when FC
three cuts, respectively. An opposite trend was observed reached 75 % gave superiority of leaves/shoot ratio at the
with sorghum plants, where 1:1 C/S ratio was superior 1  and 2  cuts for cowpea with 1:1 C/S ratio and for
when compared with pure stand and the other forage sorghum; 1:3 C/S ratio at the 2  cut and with 1:1 C/S ratio
mixing ratio, where these superiority were by 3.94, 9.04 ant the 3  cut (Table 9). However, the maximum relative
and 12.26 at the first cut, by 22.29, 19.67 and 24.02 % at the growth  rate  of  cowpea (4.850 g/week) and sorghum
second cut and by 18.85, 41.32 and 46.77% when (7.650  g/week)  were achieved from 50 % FC x 1:3 C/S ratio

nd nd

st

st nd

rd

st

rd

st nd

nd

rd
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Table 7: Effect of water stress levels and forage mixing ratio interaction on some significant characters of cowpea and sorghum plants at three cuts of combined
analysis in 2011 and 2012 growing seasons

Plant height (cm) Root length (cm) Root weight (g)
---------------------------------- --------------------------------- ------------------------------------------------------
2  Cut 1  Cut 3  Cut 2  Cut 3  Cutst nd rd nd rd

---------------------------------- --------- ---------- -------------------------------- ---------
FC % Mixing ratio Cowpea Sorghum Cowpea Sorghum Cowpea Sorghum Sorghum
100 0:0 PS 43.42 c 111.03 b 19.05 c 7.81 d 4.55 ab 4.05 de 5.91 b

1:1 C/S 44.00 ab 123.33 a 22.90 a 8.40 c 5.47 a 4.17 d 2.73 de
1:2 C/S 45.53 a 124.00 a 21.53 b 7.83 d 5.57 a 3.93 e 5.70 b
1:3 C/S 41.13 c 85.77 cd 12.70 h 7.30 d 3.00 c 4.07 de 9.40 a

75 0:0 PS 38.25 cd 72.88 de 17.30 de 8.77 c 3.88 b 5.66 bc 2.43 ef
1:1 C/S 30.77 e 76.73 d 16.37 ef 9.10 bc 3.27 bc 7.57 a 1.47 g
1:2 C/S 43.20 c 69.40 e 17.43 de 7.43 d 3.13 bc 4.47 cd 2.20 f
1:3 C/S 40.67 c 72.53 de 17.43 de 9.43 bc 5.23 a 5.00 bc 3.53 cd

50 0:0 PS 36.10 d 62.95 f 14.55 g 10.71 b 2.71 d 4.76 cd 2.11 h
1:1 C/S 43.30 c 66.30 ef 15.20 fg 9.83 bc 3.30 bc 2.60 f 2.60 ef
1:2 C/S 34.40 d 58.73 g 14.47 g 12.80 a 2.43 d 4.03 de 1.47 g
1:3 C/S 30.67 e 63.87 f 14.00 g 10.00 b 2.47 d 6.63 b 1.97 fg

Significance ** ** ** * ** ** **
FC=Field capacity; C/S=cowpea/sorghum mixing ratio; PS=Pure stand.

Table 8: Effect of irrigation water levels and forage mixing ratio interactions on the significant characters of cowpea and sorghum plants at three cuts of
combined analysis in 2011 and 2012 growing seasons.

No. leaves No. Shoots
------------------------------------------------------------------------------------ -----------------------------------------------------
1  Cut 2  Cut 3  Cut 1  Cut 3  Cutst nd rd st rd

--------- --------- ---------------------------------- --------------------------------- ---------
FC % Mixing ratio Cowpea Cowpea Cowpea Sorghum Cowpea Sorghum Cowpea
100 0:0 PS 12.11 a 31.30 a 11.85 b 8.70bc 2.38 bc 1.33 c 3.22 ab

1:1 C/S 9.48 c 24.83 b 11.50 b 9.43 b 3.43 a 1.57 a 2.90 b
1:2 C/S 8.27 d 24.13 b 15.57 a 8.87bc 1.33 d 1.00 d 4.20 a
1:3 C/S 7.83 e 16.17 c 8.30 cde 7.87 c 2.47 b 1.43 b 2.53 b

75 0:0 PS 10.37 b 18.27 c 10.16 bc 8.68bc 1.72 cd 1.11 cd 2.11 b
1:1 C/S 8.81 d 17.23 c 9.07 bc 5.27 d 2.33 bc 1.00 d 1.77 c
1:2 C/S 8.20 d 18.13 c 10.67 bc 12.00 a 1.43 d 1.43 b 2.07 b
1:3 C/S 6.56 f 15.07 c 10.73 bc 8.50bc 1.33 d 1.00 d 2.50 b

50 0:0 PS 9.12 c 14.17 d 8.92 cde 7.85 c 1.40 d 1.31 c 1.56 c
1:1 C/S 8.43 d 9.30 d 7.83 cde 7.30 c 1.33 d 1.00 d 1.30 c
1:2 C/S 8.17 d 10.69 d 9.53 bc 7.73 c 1.23 d 1.00 d 1.40 c
1:3 C/S 6.50 f 8.57 e 9.23 bc 8.27bc 1.67 cd 1.53ab 1.97 c

Significance ** ** * * ** * **
FC=Field capacity; C/S=cowpea/sorghum mixing ratio; PS=Pure stand;*, ** and NS = significant at 0.05, 0.01 and not significant, respectively. Means with
the same letters are not significantly different at 0.05 level by Duncan  s Multiple Range Test.,

Fig. 1: Response of fresh forage yield (t/ha) of cowpea and sorghum plants to water stress levels and forage mixing ratio
interaction over both seasons (2011 & 2012)
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Table 9: Effect of irrigation water levels and forage mixing ratio interaction on some significant characters of cowpea and sorghum plants at three cuts of
combined analysis in 2011 and 2012 growing seasons.

Leaves / Shoots ratio (based fresh weight, g) Crop growth rate (g/week)
----------------------------------------------------------------------- ----------------------------------------------------------------------
1  cut 2  cut 3  cut 1 growth period 2  growth periodst nd rd st nd

--------------------------------------------------- --------- ----------------------------- ---------------------------
FC % Mixing ratio Cowpea Cowpea Sorghum Sorghum Cowpea Sorghum Cowpea Sorghum
100 0:0 PS 0.766 e 0.443 f 0.154 f 0.285 d 0.188 e -0.953 b 3.306 bc -13.111 g

1:1 C/S 1.207 b 0.743 d 0.279 e 0.461 b 0.585 e 7.650 a -1.835 d -29.153 h
1:2 C/S 0.692 ef 0.577 d 0.305 e 0.686 b 1.958 d -6.775 d 4.052 bc -9.983 g
1:3 C/S 0.642 ef 1.735 b 0.711 b 0.329 c -2.001 f -3.735 e 7.735 a -0.112 d

75 0:0 PS 1.023 c 0.336 f 0.463 d 0.147 e 4.085 c -12.536 f 2.316 c -1.846 f
1:1 C/S 1.439 a 2.043 a 0.410 d 0.938 a 4.300 b -20.043 g -1.125 d -3.133 e
1:2 C/S 0.838 d 0.654 d 0.558 c 0.315 c 4.323 b -10.868 f 5.768 b -4.418 e
1:3 C/S 1.078 c 0.529 e 1.279 a 0.233 d 3.725 c -7.168 d 2.275 c 0.975 b

50 0:0 PS 0.511 f 0.564 e 0.346 e 0.216 d 4.504 b -6.356 d -2.454 e -0.264 d
1:1 C/S 0.916 d 0.529 e 0.509 cd 0.176 e 4.193 c -2.533 c -3.150 f 0.048 c
1:2 C/S 1.000 c 1.009 c 0.565 c 0.654 b 4.475 b -11.102 f -1.133 d -2.468 d
1:3 C/S 0.939 d 0.938 c 0.348 e 0.352 c 4.850 a -5.962 d -2.858 e 1.723 a

Significance ** ** ** ** ** ** ** **
FC=Field capacity; C/S=cowpea/sorghum mixing ratio; PS=Pure stand;*,** and NS = significant at 0.05, 0.01 and not significant, respectively. Means with
the same letters are not significantly different at 0.05 level by Duncan,s Multiple Range Test.

and  100  %  FC x 1:1 C/S ratio at the first growth period. one 1:1 and/or 1:3 mixing ratio of cowpea to sorghum
An  opposite  trend  was  observed at the 2  growth plants.  Moreover,  it  may  be  due  to the considerablend

period for CGR of sorghum, where, the highest value high  soil  moisture  content  of  mixing treatments over
(1.723 g/week) was obtained from the interaction of 50% that of purestand crops. Similar results were reported by
FC and 1:3 C/S ratio. This may refer that sorghum could Ma et al. [36] and may be related to the benefits of the
accumulate more photosynthesis products and using trap crop (cowpea) in reducing striga infestation besides
nitrogen fixation by cowpea roots. This is in agreement its contribution in soil moisture retention and low
with the findings of Pal et al. [34], who found out growth competition to sorghum plants for nitrogen through its
and yield advantages of legumes-cereal intercropping capability of fixing its own nitrogen which finally led to
over sole cropping. The spatial arrangement had no better  and  high  forage  and  grain   yield   of  sorghum
significant effect on cowpea pod yield. This was mainly [30, 36, 37].
due to the absence of sorghum competition.

Fig. 1 illustrated that the fresh forage yields of CONCLUSION
cowpea and sorghum plants were responded significantly
to water stress levels and forage mixing ratio at all the It can be recommended from the obvious field trails
recorded cuts. The highest values of cowpea fresh forage that mixing cowpea with sorghum plants could gave
yield were obtained when plants irrigated with 75 % from economic  growth  and  forage  yield  when  plants
field capacity and 1:2 mixing ratio at the third cuts, where, irrigated  with  75 %  of  soil  water field capacity and
this treatment yielded 60.27 t/ha and 37.53 t/ha as total of mixing  ratio  of 1:2 cowpea/sorghum under semi-arid
the third cuts for cowpea and sorghum plants, region conditions as North Sinai Governorate and similar
respectively. However, the maximum fresh forage yields of regions.
sorghum plants were achieved with 75% FC and pure
stand treatment at the first and second cuts, which gave REFERENCES
30.95 and 15.33 t/ha, respectively. This may refer to
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