IOSR Journal of Agriculture and Veterinary Science (IOSR-JAVS)
e-1SSN: 2319-2380, p-ISSN: 2319-2372. Volume 2, Issue 3 (Jan. - Feb. 2013), PP 24-29
www.iosrjournals.org

Evaluation of Variety, Cropping Pattern and Plant Density on
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Abstract: An intercropping experiment of sorghum/cowpea intercrops was carried out in summer season of
2009 and 2010 at Agricultural and Research Station, College of Food Science and Agriculture, King Saud
University. The main objective of the study was to evaluate the growth and yield potential of sorghum/cowpea
intercrops over sole cropping pattern. The experiments included 18 treatments three sorghum varieties, i.e., two
semi dwarfs (Pioneer and S-1007) and a tall one local variety (Shahlaa), theses varieties were planted in two
cropping patterns as solid culture at the densities of 200, 300 and 400 10° plants/hectare for semi dwarfs
varieties, whereas tall variety at 160,240 and 320 10° plants/hectare. These densities for the three varieties are
equal to 100, 150 and 200 % of the solid recommended culture .The intercropping was alternating two rows of
grain sorghum with other rows of cowpea (2 & 2) pattern. The data obtained indicated that sorghum plants,
when intercropped with cowpea, exhibited greater potentiality and recorded higher values of most of the studied
criteria viz., plant height, number of leaves per plant, stem diameter, leaf area, dry matter accumulation and
grain yield /plant .Grain yield per hectare was lower in intercropping pattern than solid pattern. The increase in
grain yield per plant and plant density could not compensate the decrease of the area occupied by the crop
under solid culture.
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. Introduction:

Intercropping is one of the most important practices, especially under limited cultivated area. One of
the greatest attractions of intercropping is that a yield advantage can usually be achieved simply and cheaply by
growing crops together rather than separately, particularly when components are cereals and legumes (Singh et
al., 2003 and Aliyu and Emechebe, 2006). Intercropping of cereals with legumes is a predominant feature in the
cropping systems as a means of maximizing the use of limited farmlands and also for food security to the
subsistence farmers (Bhupinder et al., 2003). The relationship between the two crops under intercropping is
somewhat complex because the maximum vyield to be obtained will depend upon many factors including;
species, cropping systems and environmental conditions. Carruthers et al., (2000) reported that legume/ grass
intercrop has the most frequency in multiple cropping researches due to their ability for more efficient use of
environmental resources. Zand and Ghaffari Khaligh (2002) indicated that intercropping cowpea and grain
sorghum in 50/50 (1:1) ratio gave 19 % preference to sole cropping. They investigated the aggressively index for
intercrop treatment and stated that cowpea was the dominant species. Homayouni (2004) studied that forage
sorghum intercropped with some legumes in different mixing ratios. They reported that intercropping of 2:1
sorghum and legume ratio increased fresh and dry forage yield.

The crops are not necessarily sown at the same time and their harvest time may be quite different, but
they are usually simultaneously grown for significant growing periods (Willey, 1990). Moreover, intercropping
allows efficient use of both space and time to optimize beneficial effects (Potts, 1990).

Intensive cropping through cereal-legume intercropping was reported by several investigators and
practiced by many farmers (Spitters 1983, Crauford, 2000, Singh et al., 2003, Mohamed et al., 2008, Ahmed Nur
et al., 2011 and Surve and Arvadia 2011).

Sorghum (Sorghum bicolor L.) is predominantly a crop of drier areas. With the introduction of early
maturing and high yielding hybrids the crop has gained importance in the semi-arid regions also (Mohamed et
al., 2008). It has great potential of adaptation to drought conditions and also shade-tolerant and therefore used as
an intercrop with legumes for higher production and profits per unit area and time (Singh et al., 2003). Spitters
(1983) and Odion (1990) reported that the practice of growing sorghum and cowpea on the same piece of land is
one of the most important cropping systems in the Nigerian savanna and more than 80% of all cultivated
sorghum and cowpeas are grown in combination with each other.
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Cowpea is one of the most important legume crops. Cowpea grains form an important source of cheap
vegetable, containing approximately 25% protein (Oyenuga, 1959). It is cultivated for both food and fodder
(Singh et al., 1997). According to Henriet et al., (1997) and Van EK et al., (1997) the bulk of cowpea production
in the Sudan savanna is produced under intercropping with millet and sorghum. Previous studies had shown that
improving the productivity of Sorghum /cowpea intercrop lies in improving the performance of the cowpea
component which include among others the choice of appropriate genotype (Willey, 1979; Ntare, 1989 and
Reddy and Oumara, 1985).

Different planting patterns for cereal-legume intercropping have conflicting experimental results on the
potential yield advantage of mixed cropping over sole cropping involving cereal and legume mixtures. Similarly,
the yield advantage of intercropping has not been so marked in several situations possibly due to the use of
supra-optimal plant population proportions and, in some cases, to the use of sub-optimal population proportions
for component crops.

Shivay and Singh, (2000) and Pal and Sheshu (2001) studied the direct and residual contribution of
legumes to the yield and nitrogen uptake of maize and found that all the legume crops contributed to the yield
and N uptake of maize either intercropped with the legume or grown after legumes as a sole crop.

The challenge therefore is to identify crops capable of sustaining their potential yield when grown in
specific row arrangements with other crops.

Keeping this view in mind, the objective of the present experiment was to evaluate the growth of some
sorghum genotypes under different cropping pattern with cowpea under arid environment of Saudi Arabia.

Il.  Materials and Methods

Field experiments were conducted in summer season of 2009 and 2010 at Agricultural and Research
Station, College of Food Science and Agriculture, Derab, near Riyadh, King Saud University, Saudi Arabia
(24°42N latitude and 46 ° 44 E Longitudes, Altitude 600 m). The main objective of the study is to maintain the
maximum growth rate and grain yield of sorghum / cowpea intercrops under different densities.

Two semi-dwarf varieties (pioneer and S1007) were planted in solid cultures at the densities of 200,
300 and 400 10 * plants / ha. Whereas the tall variety (shahlaa) was planted in solid culture at densities of
160,240 and 320 10° plants /ha. . These densities for the three varieties are equal to 100, 150 and 200 % of the
solid recommended culture which were attained by lifting 2, 3 and 4 plants / hill. Thus each experiment included
18 treatments arranged in a split plot design with four replications as described by Gomez and Gomez, (1984);
the main plots were devoted to sorghum varieties, whereas the possible combinations of the cropping patterns
and different plant densities were allocated in the sub-plots.

Before sowing, soil sites were prepared as recommended i.e. soil ploughing twice, ridges and divided
into plots. Each plot included 6 ridges 60 cm apart and 5 meter length. The total plot area was 18m? Soil
samples were taken from 0-30 cm. depth from eight sites for physical and chemical analyses by the methods
described by Cottenie et al., (1982) and But (2004). The results are presented in Tablel. Chemical properties of
the irrigation water were also analyzed according to APHA (1992).The results are presented in Table 2. During
seed bed preparation phosphatic fertilizer was applied at the rate of 150 Kg ha™ as calcium superphosphate (16%
P,Os); Potassium fertilizer was also applied in the form of potassium sulphate (48% K,0) at 50 kg ha™ and
Nitrogen fertilizer was top-dressed at the rate of 200 Kg ha™ in the form of Potassium Nitrate (KNO3- 13 % N),
in three equal doses i.e. at sowing, after 21 days from sowing, and at silk initiation. Flood irrigation system was
followed once every week. Weeding was accomplished using hand hoes at 3 and 6 weeks after cereal planting.
The conventional agricultural practices for both crops were followed.

Cowpea Seeds were sown on 15" and 18 ™ May in 2009 and 2010 seasons ,respectively either in one
drill/ridge, 5 cm spaced and 60cm apart (solid 1), or in two drills at both sides of the ridge, 5 cm space and 60 cm
apart (solid Il). The intercropped cowpea was applied in the assigned two ridges in 2 drills/ ridge.

Two weeks later sorghum was sown in hills 15 cm spaced for each of semi-dwarf varieties and 20 cm for tall
variety. At first weeding both sorghum and cowpea were each thinned to 2, 3 and 4 plants/hill to obtain the
different plant populations. A boarder of 1 meter space was left between each two experimental plots to avoid
shading effects.

At the heading stage, a random sample of 10 plants from each plot was pulled and following characters were
studied:

Growth parameters:

A- Plant height. Was measured from ground level to the tip of the top cm.

B- Stem diameter (cm.). Was measured for main stem diameter 10 cm from ground level using vernier.
C- Number of leaves/plant. The number of leaves was recorded.

D- Leaf area /plant

LA= maximum length x maximum width x 0.75 (Adjustment factor).
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E- Fresh weight of leaves, stems + panicles, then sample of each plant organ was
taken to dried in an air —draft oven at 70° and weighed to record :

F- Dry weight of leaves.

G- Dry weight of (stems + panicles).

H- Total dry weight /plant.

At harvest, 20 plants of each plot were taken at random and the heads of each were cut, weighed, air dried,
shelled and yield component characters were determined.

Data obtained were subjected to analysis of variance using the methods described by Gomez and Gomez,
(1984).and New least significant difference (LSD) was used to differentiate between treatment means.

Table (1): Physical and chemical properties of the experimental soil site during the growing season of 2009 and
2010 season

pH EC | O.M | Saturation Field | Wiltin | Mechanical Properties
properties | (soil (dS/| (%) | percentage | CaC | capaci g Sa | Silt | Clay | Text
paste m™) (%) O; | ty(%) | point | nd | (%) | (%) | ure
1:5) (%) %) | (%
Soil depth )
0- 30
2009 7.86 3.88 | 0.46 29.70 29.4 | 16.30 | 7.67 27.2 | 14.8 | Sand
2 57. 0| 8 y
92 loam
5 | 27.2]14.9 | Sand
2010 7.81 3.91 | 047 29.45 29.6 | 16.42 | 7.71 | 7.8 5|0 y
3 2 loam
Available macro and micro nutrients (ppm)
2009 N P K Fe Mn Zn Cu
35.40 14.80 243.50 3.27 2.44 6.07 0.70
2010 35.80 12.76 251.42 3.24 2.61 6.13 0.74
Table (2): Chemical properties of the irrigation water during the growing seasons
of 2009 and 2010.
Chemical pH EC oM Solule Soluble Anions Total N PK
properties % Cations(meq./L) (meq./L) (ppm)
(dS/m’ Ca Na | K+ |HCO; | CI" | SO5 | N P K
Seasons b + | Mg+ | + - :
2009 710 | 145 | 002 | 63| 1.75| 73|04 | 240 | 48| 9.14| 10. | 9.2 | 17.
0 51| 4 5 5| 3 0
2010 717 | 173 | 002 | 55| 187 | 76| 04| 260 | 48| 856 | 11. | 11. | 17.
0 5 6 0 0|0 1

I1l.  Results and Discussion:
Effect on some growth parameters:

Data presented in Table (3) revealed that legumes intercropping have a substantial effect on the growth
of sorghum viz., plant height, stem diameter, number of leaves and leaf area. As expected, plants under
intercropping pattern seemed to be shorter than those of solid plantings. Such effect may be due to plants under
intercropping pattern decreased the competition between sorghum plants for light, water and nutrients. In this
respect Ashour et al., (1993) and Aliyu and Emechebe (2006) concluded that any difference in plant height
between intercropping and monoculture would indicate a competition for growth factors during the vegetative
development of the crop.

Data also indicated that semi-dwarf varieties had thicker stalk than the tall variety. Nearly, the same
number of leaves per plant was produce by the three tested varieties. Such criteria may be explain why the plants

www.iosrjournals.org 26 | Page



Evaluation of Variety, Cropping Pattern and Plant Density on Growth and Yield Production of Grain

of the semi-dwarf varieties seem to be more compact that of the tall variety, since nearly the same number of
leaves is distributed along shorter stalks in semi-dwarf varieties .

Similarly, the same trend was observed in stem diameter, intercropping advantaged stem diameter of
sorghum plants. Intercropping grain sorghum with cowpea under different plant densities resulted significant
increase in stem diameter. This is in agreement with the data reported by Shivay and Singh (2000) and Aliyu and
Emechebe (2006).

It is worthy clear from the data in Table2 that the leaf area per plant of S1007 variety was significantly
greater than that of the other two varieties. Under intercropping pattern the leaf area per plant exceeded that
under solid culture. Furthermore, increasing plant density per hill, either under solid or intercropping pattern,
decrease leaf area of grain sorghum plant. Also, it is observed that under intercropping conditions, the leaf area
per plant in the case of 3 plants /hill was larger than in the solid recommended density (2plants/hill). Leaf area is
the primary factor of photosynthetic activity and photosynthates accumulation. Larger leaf area and high
chlorophyll content accumulate more photosynthates and produce higher biological yield. Similar results were
earlier reported by Ashour et al., (1993).

Effect on dry weight of leaves, stems + panicles and total dry weight per plant:

From the data in Table 4 it can be noticed that the plants of S1007 cultivar produce heaviest leaves;
meanwhile, the tall variety Shahlaa produce the heaviest of both stems+ panicals and the total dry weight. This
finding was confirmed that the weight of stems + panicals limits the final product of the dry weight per plant.

Cropping pattern significantly affected the dry weight of different plant parts; leaves and stems + panicals
per plant. At each sorghum plant density, the dry matter content per plant was higher under intercropping
conditions than that in solid culture. Such increment in dry weight may be due to the increased plant height and
number of leaves, this is in consorance with Surve and Arvadia (2001) who reported that intercropping of pulses
with sorghum enhances the dry matter accumulation in sorghum.

The obtained data also clearly show that grain sorghum plants, when intercropped with cowpea, could
tolerate the increase in the plant density up to 50 % of the solid recommended density (up to 3 plants/ hill).lt is
meaning that, the competition for light and nutrients among the sorghum plants grown in the same hill is
diminished in the intercropping culture as compared with solid culture. Zand and Ghaffari Khaligh (2002)
reported that inter- plant competition, when measured as a final dry weight per plant, was obvious in high
densities than in low densities with sorghum/cowpea intercrops. The decrease of competition between plants
when intercropped was reported by several investigators (Ashour et al., 1993; Henriet et al., 1997; Craufard
2000; Carruthers et al., 2000 and Ahmed Nur et al., 2011).

Effect on grain yield per plant and per hectare:

Data presented in Table 4 show significant differences in grain yield per plant among tested varieties. In
general , the semi — dwarf varieties ( S1007 and Pioneer) surpassed the tall variety (Shahlaa) in grain yield per
plant ,where the Pioneer variety gave the highest grain yield per plant. Such effect could be associated to the
genetic makeup of the varieties.

Intercropping of grain sorghum with cowpea increased sorghum grain yield per plant. However, it is also
clear that increasing plant density per hill decrease the grain yield per plant either in solid or in intercropping
pattern.

The data obtained of grain yield per plant revealed the beneficial effect of intercropping of grain
sorghum with cowpea. The highest increase of grain yield per plant was obtained when Pioneer variety was
intercropped at 2 plants per hill with cowpea. Pal and Sheshu (2001) studied the direct and residual contribution
of legumes to the yield and nitrogen uptake of maize and found that all the legume crops contributed to the yield
and N uptake of maize either intercropped with the legume or grown after legumes as a sole crop. Similarly,
Singh and Balyan (2004) indicated that the intercropping systems registered significant increase in total
productivity (sorghum equivalent) over sale sorghum.

With regard the total grain yield per hectare, significant differences among different varieties were
recorded. In general, the semi-dwarf varieties (51007 and Pioneer) yielded more grain yield per hectare than did
the tall variety (Shahlaa). Such superiority of the semi-dwarf varieties was expected due to the recommended
plant density of these varieties is higher as compared with tall variety. The grain yield of the solid pattern
surpassed that of the intercropping pattern, because in the latter case, only 50 % of the area is occupied by
sorghum plants and the increase in the grain yield per plant could not compensate the decrease of occupied area
which was replaced by cowpea. The present results are in line with those reported by (Ashour et al., 1993;
Shivay and Singh, 2000).
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Table (3): Growth criteria of sorghum varieties at heading stage as affected by cropping pattern and hill density
(combined data of 2009 and 2010 seasons).

Koo Cropping Plant height Number of Stem diameter Leaf area
Variety -""--.,__Apattcrns(B) (cm) leaves/ plant (cm) (dm?/plant)
(A) e Solid | Inter Solid Inter Solid | Inter Solid Inter
Plant dcnslﬁ"‘f‘\_
hill (C) A
" Pioneer | 2 plants /hill | 1522 | 1456 | 10.1 11.7 20 | 30 | 746 | 895
3plants / hall 1495 134.7 98 10.5 2.0 2.7 67 .4 83.2
4 plants / hall 152.4 140 8 9.8 8.8 1.9 2.1 53.8 659
Mean 1514 | 1404 99 10.4 1.97 277 652 79.3
General mean 1459 L 10.2 2.4 72:3°
S1007 2 plants /hill 155.2 152.2 11,7 10.7 3.0 3.1 85.8 111.4
3plants / hill 146 3 140.5 10.6 12.1 23 2.6 77.2 105.0
4 plants / hill 149 6 145 8 10.2 10.5 2.0 2.4 71.3 80.5
Mean 150.3 | 146.1 10.8 11.1 2.43 2.67 78.1 99.0
General mean ) 148.2 110 2.6 _88.6
Shahlaa 2 plants /hill 2934 | 301.5 10.5 11:7 1.80 2.40 77.4 87.4
3plants / hill 301.5 | 3125 10.8 10.5 1.80 1.90 G629 73.4
4 plants / hall 3245 | 334.1 98 10.1 1.40 1.70 52.9 64.5
Mean 3065 | 3160 10.4 10.8 1.67 2.00 64 4 75.1
General mean 311.3 10.6 1.8 69 8 —
General mean of cropping 202.7 | 200.8 10.4 10.8 2.0 TS 69.2 84.5
pattern (B)
plant 2 plants /hill 2003 | 199.8 10.8 11.4 23 2.8 79.3 96.1
density 3plants / hill 199.1 1959 10.4 11.0 2.0 2.4 69.2 842
(C) 4 plants / hill 208.8 | 206.9 9.9 9.8 1.8 2.1 593 70.3
LSD for Variety (A) 1.7 N.S 0.13 34
Crop Pattern (B) N.S 0.38 0.10 2.2
Plant density (C) N.S 0.46 0.12 2.7
A XB N.S N.S N.S 39
AXC 21.5 N.S N.S N.S
BXC 17.6 N.S N.S N.S
AXBXC 304 1.13 N.S 6.7

Table (4) : Dry matter and grain yield of sorghum varieties at heading stage as affected by cropping pattern and
hill density (combined data of 2009 and 2010 seasons).

Cropping Dy matter accumulation (g/plant) Gram vield Gram vield
Variety erns(B) Leaves stems + panicles Total plant (g/plant) (tonvha.)
(A) Solid Inter. Solid Inter. Solid Inter. |Solid |Inter. |Solid Inter.
Plant densii!
hill {C)
Pioneer | 2 plants /hill 490 353 1547 | 1646 2040 | 2200 | 471 | 61.7 (4821 | 3.674
3plants / hill 431 426 1395 | 1481 1826 | 190.7 [ 379 | 458 [5.155 | 4260
4 plants / hill 336 391 1183 | 1042 1517 | 1433 | 257 | 390 [4821 | 4274
Mean 420 457 1375 139.0 1794 | 1847 [ 399 | 488 (4931 | 4.069
General mean 42009 1385 182.1 4209 4.500
51007 | 2 plants /hill 54 8 336 1373 181.0 1921 | 2346 | 465 | 52.0 |4.760 | 3.095
3plants / hill 426 307 106.8 139.6 1470 | 1903 | 400 | 408 [5424 | 3.786
4 plants / hill 395 46.1 883 117.7 126 8 | 1638 | 26.2 | 302 [4371 | 3305
Mean 456 5.01 1108 46.1 154.5 1962 | 376 | 41.0 (4852 | 3395
General mean 479 1285 1754 393 4124
Shahlaa | 2 plants /il 46.0 491 196.1 2088 | 2421 | 2580 | 423 | 459 (4326 | 2.733
3plants / hill 412 480 1683 188.1 2093 | 2368 | 30.1 | 36.5 (4083 | 3390
4 plants / hill 333 410 1272 1441 1606 | 1852 [ 167 | 254 |3.021 | 2.783
Mean 402 46.0 163.9 2040 | 226.7 | 297 5.9 |3.810 | 2969
General mean 431 1722 2154 328 3.390
General mean of cropping | 42.3 473 1374 1551 1793 | 1971 347 | 419 [4531 | 3479
pattern (B)
plant 2 plants /hill 50.0 327 1627 1848 2119 | 2375 | 453 | 532 (4636 | 3.167
density | 3plants / hill 423 471 1382 1586 1796 | 2059 | 36.0 | 41.0 |4.888 | 3.810
(C) 4 plants / hill 353 421 1113 122.0 1464 | 1641 | 229 | 315 |4071 | 3.452
LSD | Vanety (A) 1.6 6.8 6.3 1.40 0.79
for Crop Pattern (B) 23 53 153 1.20 1.03
[Plant density (C) 28 6.5 6.8 1.40 0.90
AXB NS 92 97 2.00 0.93
AXC NS 113 11.9 NS 1.26
BXC NS NS NS NS 1.02
AXBXC N.S N.§ N.§ NS 1.78
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