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ABSTRACT

Three maize/ sunflower intercropping patterns (Si, S2 and Ss) were tested
compared to pure maize (Pm) and pure sunflower (Psu) grown in solid planting under
three irrigation treatments during 2005 and 2006 seasons. Intercropping unit, that
repeated twice, consisted of four ridges, of which 3 were sown with sunflower and the
fourth was sown with maize on one side (S1) or two sides (Sz) of ridge. In S3, maize
was grown as in Sz with additional side on the third sunflower ridge. Irrigation
treatments were frequent irrigation (l1) every 15 days and skipping either second (12)
or the third (l3) irrigation (at 35 or 50 days after sowing, respectively). Frequent
irrigation of maize gave significantly greater plant height, percent of fertile plants, 100-
grain weight and grain yield/ fed., under (I1) irrigation regime compared to maize
grown under Iz and Iz irrigation levels. Maize intercropped with sunflower in Sz system
produced the tallest plants, while pure maize in (Pm) plots, followed by that of S
system, produced heavier 100-grain weight and greater grain yield/ fed. than those
obtained from Sz and Ss systems. Pure maize, followed by maize in Si, gave higher
values for plant height, number of grains/ ear and grain yield/ fed., compared to Sz
and S systems over Iz and Is irrigation regimes.

Frequent irrigation followed by early drought (I2) significantly surpassed late
drought (I3) for sunflower characters of seed yield/ plant, 100-seed weight and seed
yield/ fed. The Si system with frequent irrigation produced greater sunflower 100-seed
weight and seed yield/ fed. than from Sz and S3 over Iz and Is irrigation treatments.

The maximum LER (1.59) was obtained from Si applied with (l1) irrigation
treatment. It is suggested that as total populations in the intercrop are higher (S2 and
Sz3) than that of sole cropping, yields could be less than sole crop yields because of
the increased competition for moisture under high stress conditions (1s).

INTRODUCTION

Water availability is thought to be the most critical limiting factor for
photosynthesis and hence for agricultural production. A lack of water has
deleterious effects on numerous plant processes which can impinge on
photosynthesis with productivity reduction, however, the reverse is true for
plants best supplied with water (Opik et al., 2005). Response of plants to
water stress is influenced by the degree of stress conditions, growth stage of
stressed plants and growth habits of plants during water stress (Lorens et al.,
1987).

In Egypt, competition for cultivated area and irrigation water in favor
of cotton and rice at the expense of other summer crops, as maize and
sunflower, has shifted the agronomists' interest towards increase efficiencies
of land use and growth resources utilization through maize-sunflower
intercropping (EL-Doubi, 1992 and Khalil, 1994). Sunflower has a tap root
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system whereas maize has a fibrous one, consequently, there is
complementarity in the use of soil water by the two crops during intercropping
(Nyakata and Nyati, 1998).

Sunflower plants, when water stressed in early growth stages, give
acceptable yield (Connor and Sadras, 1993) because of deeply penetrating
roots (d'Andrie et al., 1995) to enable the plant to extract soil water, but when
stressed in the period from flowering to achene filling, sunflower gives low
yields (Hedge and Havanagi, 1991).

Exposure of maize to drought during vegetative phase inhibits shoot
growth and endangers the development of reproductive organs. However,
there is a negative response of number of grains/ ear, 100-grain weight and
yield as drought occurred, during grain filling period (Weerathaworn et al.,
1992).

Several studies have reported that maize/ sunflower intercropping
can produce higher yields than sole stands (Adetunji, 1993; Khalil, 1994;
Nyakata and Nyati, 1998; EL-Doubi (1992), Khalil (1994) and Nyakata and
Nyati (1998) concluded that sunflower-maize associations gave LER values
of >1, <1 or =1 to indicate different advantages of these associations.

This investigation was conducted to study maize and sunflower
performance when grown either alone or in association and to investigate the
water economic advantage of their intercropping through the skipping of one
irrigation throughout the growth period of the crops.

MATERIALS AND METHODS

Two field experiments of maize (3-way cross hybrid, Giza 310) and
sunflower (Vedok cultivar) were conducted at Agriculture Research Station,
Alexandria University, under 3 levels of irrigation during 2005 and 2006
seasons. The present work aimed to study maize and sunflower performance
when grown either alone or in association and to investigate the water
economic of their intercropping throughout the skipping of one irrigation
throughout the growth period of the crops. Soil chemical analysis of the
experimental site showed the following properties: pH= 8.3, organic matter=
0.19%, total N= 0.13% and total P= 1.6% (as an average of the two seasons).
A split plot design with three replications was used in both seasons, where
irrigation levels and cropping patterns occupied the main and sub plots,
respectively. Each experimental unit comprised 12 ridges, 3 m long and 0.7
m apart with an area 25.2 m2. Water irrigation treatments were irrigation as
recommended (li,every 15 days after irrigation) and irrigation with skipping
either the second (l2, 35 days after sowing), or the third (Is, 50 days after
sowing). The cropping patterns were:
1-Pure stands of maize (Pm)
2-Sunflower (Psu)
3-Single ridges of maize (one side of ridge) in alternate with 3 ridges of

sunflower (Sz1).
4-Single ridges of maize (grown on two sides) in alternate with 3 ridges of
sunflower (Sz).
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5-One ridge of maize (grown on two sides) followed by maize intercropping
with sunflower on the second ridge (each of the crops grown on one side of
ridge) in alternate with 2 ridges of sunflower (Ss).

Sowing dates for pure or intercropping crops were on May 10 and 15
during the two successive seasons, in hills (one plant/ hill) spaced either at
20 cm for (Vedok cultivar) sunflower or at 30 cm for maize (3 way cross
hybrid Giza 310). Other agricultural practices were uniformly applied
according to the recommendations in the region.

At harvest, the inner eight ridges were taken to denote the
representative samples of each crop characters. Recorded traits for maize
were plant height (cm), number of leaves/ plant, fertile plant percent (%),
number of grains/ ear, 100-grain weight (g) and grain yield/ fed. (ardab).
Measured traits in sunflower were plant height (cm), number of leaves/ plant,
head diameter (cm), 100-seed weight (g), seed yield/ plant (g) and seed yield/
fed. (kg). Analysis of variance for each crop was separately applied according
to Gomez and Gomez (1984).

Land use efficiency measurement, as land equivalent ratio (LER),
was used to express intercropping advantages compared to monocultures as
proposed by Willey (1979).

RESULTS AND DISCUSSION

1- Effects of irrigation level and cropping pattern on maize:

The results pointed out that, water supply treatments significantly
influenced plant height, fertile plants percent, number of grains/ ear and grain
yield/ fed. In addition, cropping pattern caused significant variations in plant
height, 100-grain weight and grain yield/ fed. In both seasons.

Frequent irrigation (1) produced the tallest plants followed by plants
of l2 (skipping the second irrigation) treatment, whereas skipping the third
irrigation (I3 applied) produced the shortest plants. Increase, in plant height of
I1 were 18.63 and 38.29 cm compared to Iz and I3, as an average of the two
seasons, respectively. Increasing soil moisture with 11 applied increased plant
water uptake, thus accelerating division and expansion of intercalary cells, in
addition to increasing auxin level which affects internodes elongation
(Gardner et al. 1985). Lack of water during vegetative stage (early drought)
exhibited hormones unbalance within plants, resulting in a reduction of stem
height (Weerathaworn et al., 1992). On the other hand, drought happening at
later period (late drought), accompanied with high temperature and increased
tendency towards water loss by evaporation increased the relative severity of
drought in term of drastic decrease in plant height (Sinha, 1987).

Application of I1 irrigation level proved superior to Is but similar with 12
in fertile plants (%) over the two seasons (Table 1). Compared to Is,
increases in l1 and Iz irrigation levels for such trait, as an average of the two
seasons, were 35.33 and 26.03%, respectively. Several studies reported that
increasing the period of water deficit, early in the season, increased the
period from anthesis to silking in maize and increases plant sterility (Bolanos
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and Edmeads, 1993 and Edmeads et al., 1993). Wilhelm et al. (1999)
showed that the late drought caused pollen grains mortality or/ and sterility at
higher temperature during this period.

Data in (Table 1) indicated that the treatments I» and Iz had
statistically the same number of grains/ ear and both exceeded significantly
that of Is over the two seasons, Compared to the number of grains/ ear for
plants in I3 plots, decreases in such trait were 31.50 and 40.17 grains in the
first season while respective values for the second season were 10.91 and
57.75 grains in |2 and |1 treatments, respectively. Reductions in
photosynthesis and translocation of assimilates to ears due to severe drought
conditions (in I3) increased spikelets abortion, and pollen infertility, hence
decreased number of grains/ ear (Schussler and Westage, 1991).
Weerathaworn et al. (1992) pointed out that early drought endangered the
development of reproductive organs, while drought during grain filling
reduced number of grains/ ear.

Grain yield/ fed (Table 1) varied significantly with the irrigation level in
both seasons. Average over the two seasons, yield decreases (in ardab)
were 1.175 for |2 and 3.14 for Is, compared to that of 11 regime. Increases in I1
grain yield may be due to increases in number of fertile plants and number of
grains/ ear in addition to 100-grain weight (though insignificant). In
conclusion, the magnitude of yield reduction, as affected by drought, depends
on the growth stage and environmental conditions under which stress occurs.
During vegetative stage, early drought inhibits the growth of leaves and
stems, consequently decreases the florets development, while drought during
reproductive periods (late drought) adversely affected fertility, formation and
number of spikelets followed by decreased in ear grain number and grain
yield/ fed.

Data in (Table 1) further indicated that intercropping increased
heights of maize plants compared to those of sole cropping (Pm) in both
seasons. Differences in plant heights were significant between Pm and S:
(one ridge of maize: 3 ridges of sunflower) plots, Sz (maize in one ridge with
two sides: 3 ridges of sunflower) and Sz, (one ridge with two sides maize,
followed by maize intercropping with sunflower in the second ridge alternated
with two ridges of sunflower). Maize in Ss had the tallest plants, however, the
shortest were obtained from pure maize. The shade effect and higher
competition due to plant crowding, attributable to the overseeding in Sz and
Sz intercropping patterns, resulted in internode and plant elongation
(Adetunji, 1993 and Edmeads et al., 1993). These results agreed with Khalil
(1994) and contradicted with EL-Doubi (1992) who found a tendency for an
increase in maize plant height at lower population density.

Differences in 100-grain weight due to studied cropping patterns
were significant in both seasons (Table 1). The highest value for such trait
was obtained from pure maize, meanwhile theSz and Ss intercropping pattern
produced the lowest record for 100-grain weight. Uniform plant distribution
and lower intra-competition of pure maize increased capture of growth
resources, photosynthesis and dry mater accumulation in grains causing
increases in 100-grain weight (Gardner et al., 1985, Vandermeer, 1989 and
Loomis and Connor, 1992).
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Data in Table (1) also revealed that all intercropping patterns were
significantly lower in grain yield/ fed., compared with that grown solid over the
two seasons. These results could be expected due to lower maize plant
population density and higher intercompetition between mixture components,
compared to maize under sole planting. Increases in grain yield of sole maize
over Si, Sz and Sz intercropping patterns were 166.3, 279.1 and 278.1% in
the first season while corresponding values were 169.7, 281.5 and 275.6% in
the second season. Nevertheless, increasing maize plant population in the
intercrop combinations of Sz and Ss, compared to Si intercropping pattern,
reduced maize grain yield. These results may be attributed to greater
competition in Sz and Ss (due to higher plant population) in addition to better
plant orientation in S: that favored better utilization of resources by maize
leading to vyield increase (Clark and Francis, 1985). In conclusion,
modification of growth environment by using appropriate pattern could
idealize utilization of growth resources, resulting in higher dry matter
production and translocation into grains, that is expressed in higher grain
yields.

The two factor interaction i.e, irrigation x cropping pattern (Table 2)
indicated that intercropping patterns were superior in maize plant height to
sole cropping over the three irrigation levels in the two seasons. These
results may be due to higher intercompetition in all intercropping patterns
compared to the intracompetition in pure maize overall the irrigation levels.
Furthermore, increasing maize population density in Sz and Ss intercropping
patterns increased greatly plant height due to higher competition and shade
effects on increasing plant height. In addition, over the different cropping
patterns, frequent irrigation compared to the other two irrigation levels,
produced taller plants. As concluded, the shortest plants were obtained from
pure maize under late drought and the tallest were the results of |1 application
to Ss cropping pattern.

Interaction of irrigation supply treatment x cropping pattern revealed
that maize gave the lowest number of grains/ ear with Ss cropping pattern at
water supply of I3, but gave the highest record for such character when it was
grown solid or in cropping pattern at I1 application. Increasing plant
population density, within the intercropping patterns (S2 and Ssz) or/ and
drought shifting into period of high temperature increased drought severity
thus decreasing number of grains/ ear as a result spikelets abortion and
pollination failure (Sinha, 1987).

In addition, data of irrigation supply and cropping pattern interactions
(Table 1) showed that intercropping decreased maize grain yield across the
irrigation treatment, due to lower population density of maize compared to
maize in solid planting over the two seasons. Furthermore, data indicated that
S1 pattern performed better than the other two intercropping patterns (S2 and
Ss) through all the different irrigation levels in utilization of environmental
resources and hence in producing higher grain yield. Meanwhile, yield
reduction was greatly affected by timing of drought where the later the water
shortage (s treatment) the greater the yield reduction obtained across the
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different cropping patterns. Therefore, the treatment combination of Sz and Sz
cropping patterns and Iz irrigation supply produced the lowest grain yield/ fed.
These results could be attributed to overseeding in Ss with greater water loss
(in 13) that increased relative severity of drought leading to reductions in grain
number and grain weight which were reflected in decreased grain yield
(Natarajan and Willey, 1986 and Nyakata and Nyata, 1998).

II- Effects of irrigation level and cropping pattern on sunflower:

Results in Table (3) showed that differences in seed yield/ plant
between the irrigation treatments of |1 and |2 were insignificant in both
seasons and both were significantly superior to Is. These findings confirm the
ability of sunflower to tolerate early water drought and to bear high seed yield/
plant (d'Andrie et al., 1995). The significant reduction in seed yield/ plant of I3
compared to |1 treatment revealed the sensitivity of sunflower to late drought
which increased the number of empty achenes leading to a decrease in seed
yield/ plant (Connor and Sadras, 1993).

Variations in 100-seed weight between the various irrigation levels
were significant and more pronounced than seed vyield/ plant during the two
seasons (Table 2). Increases in 100-seed weight due to I1 over |2 and I3 were
0.58 and 1.06 g in 2005 season and 0.19 and 1.72 g in 2006 season,
respectively. Increases in such trait for I1 level may be a result of more plant
canopy expansion, more light use efficiency and more assimilates production
and translocation into seeds. Decrease in 100-seed weight due to I2 and Iz
irrigation levels were, on average of the two seasons, 0.39 g and 1.39 g,
respectively, compared to l:. Severe reduction in 100-seed weight with late
drought (Is) may be attributed to water greater loss by evapotranspiration as
drought shifted into a period of high temperature, in addition to its
coincidence with the beginning of seed formation.

Differences in seed vyield/ fed. between the irrigation levels were
significant, being in the order of 11 > I2 > I3 in both seasons (Table 3).
Reductions in seed yield/ fed. of 12 and Is compared to |1 irrigation treatment
were 73.72 and 102.32 kg in the first season and 77.52 and 99.28 kg in the
second season, respectively. These results were in accordince with Hedge
and Havanagi (1991) who reported that sufficient water supply caused better
utilization of water in photosynthesis and dry matter production that was
translocated into heads increasing the head fertile surface and single seed
weight, hence total seed yield/ fed. (Cox and Jollif, 1986 and 1987). d'Andrie
et al., (1995) reported that water stress during vegetative phase of sunflower
stimulated deeply penetrating root for water extraction, associating with
acceptable vyields. However, Hedge and Havangi (1991) reported that
sunflower was sensitive to water stress in the phases between flowering and
achene filling.

Regarding cropping pattern (Table 3), recommended plant orientation
and uniform light interception by plant canopy decreased plants competition
for light in pure sunflower producing the shortest plants compared to those of
all intercropping patterns. Increasing sunflower plant crowding, as a result of
increasing maize plant density per intercropping unit within the intercropping
pattern, increased both inter and intra-competition for light associated with
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increase in internodes and plant elongation. Differences in plant height were
significant between the three intercropping patterns, where pattern (S1) was
significantly shorter in plant height than S2 and Ss patterns in the first season
only. These results were in agreement with Kamel et al. (1990) and Khalil
(1994) who reported that plant height of sunflower was increased by
intercropping.

Table (3): Means of sunflower characters as affected by irrigation
supply and cropping patterns in 2005 and 2006 seasons

Plant Number off Head |[Seed yield/{100-seed Yield/

Height leaves/ | diameter plant weight fed.

(cm) plant (cm) @) @) (kg)
2005 [ 2006 [2005]2006|2005[2006 | 2005 [2006[2005[2006] 2005 | 2006

Treatment

Irrigation supply

Iy 155.32(170.00[23.3320.68(15.70{17.47|38.10(39.306.21|7.36| 953.20 | 944.05
I2 155.00[170.00[23.2820.61{15.60{17.45|37.80(39.10/5.63|7.17| 879.48 | 866.53
I3 155.34{168.10j23.2320.62|15.50/17.45|33.63|37.50{5.15|5.64| 850.88 | 844.77
L.S.D.oos N.S. | N.S. [N.S.|[N.S.|N.S.|N.S.|0.76 |0.36 |0.30|0.16| 26.27 | 33.35

Cropping pattern
Pure (Psu)  [143.30[165.8023.35[20.70[15.63|17.50(37.00(39.90|5.25|6.89(1071.43[1041.77|

S: 144.90166.60123.2320.63|15.60/17.50(35.10(38.20|5.24|6.74| 853.3 [852.43
S 148.60(171.90123.2220.62|15.5917.48|33.80(36.60/5.15|6.66| 773.07 | 775.43
Ss3 146.25/169.4023.2020.64(15.62/17.50|34.50(37.18/5.20|6.59| 700.90 | 709.43
L.S.D.o.05 1.48 | 2.36 |[N.S.|[N.S.|N.S.|N.S.|N.S. |N.S.[0.08]0.15| 23.50 | 22.66

Data in Table (3) indicated that intercropping patterns were lower in
yield/ fed than sunflower grown solid during the two successive seasons. This
could be expected due to increased capture and conversion of growth
resources and hence in dry matter accumulation in pure sunflower. Such
evidences were results of uniformity in light distribution (i.e., idealism of light
uptake and conversion into assimilates) and plant to plant competition,
compared to sunflower sown in different intercropping patterns, respectively.
Decreases in seed yield/ fed. were 203.74 , 285.35 and 351.44 kg to for Su,
Sz and S3 compared to sunflower grown solid, as an average of the two
seasons, respectively. These results were in conformity with Shafshak et al.
(1986), Cox and Jollif (1986 and 1987), Abdel-Gelil (1993) and Khalil (1994)
who reported the vyield superiority for solid-grown sunflower over the
intercropped plants. Concerning intercropping patterns, alleviation in
crowding of plants and idealism of plants orientation in Si intercropping
pattern was associated with lower intra as well as inter-competition compared
to those of Sz and Sz patterns. That also was associated with greater seed
yield/ fed. for S1 over the other two intercropping patterns.

Irrigation level x cropping pattern interaction affected significantly on
100-seed weight over the two seasons (Table 4). Variations in 100-seed
weight between the irrigation levels were significant over all the cropping
patterns in both seasons. Compared to I1 irrigation level, decreases in 100-
seed weight were greater at Is than at Iz irrigation treatment in both seasons.
Treatment combination l1. and Psu levels gave the heaviest 100-seed weight,
however, the lowest value for such trait was obtained from the combination of
Is and Sz level, as compared to the remaining treatment combinations.
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In addition, the two factor interaction (Table 4) indicated that seed
yield/ fed. was decreased by combined effect of intercropping and water
drought, as compared to solid planting under frequent irrigation in both
seasons. Consequently, sunflower intercropping with maize in three sides of
the two adjacent ridges (Ss) produced the lowest seed yield/ fed., in both
seasons as it was subjected to late drought.

In conclusion, data showed the ability of sunflower to tolerate a short
period of water deficit and to maintain acceptable behavior of growth aspects,
however, greater severity of drought due to skipping an irrigation during
reproductive phases caused drastic declines in sunflower growth characters.
In addition, intercropping affected growth aspects of sunflower compared to
sunflower grown in pure standing. Suitable orientation of sunflower, as maize
was inter planted in one ridge (on one side) between sunflower strips (3
ridges per such) produced greater yield compared to the two other
intercropping patterns. That gave an indication that the more favorable
sunflower response to Si: cropping pattern resulted in the intercropping
advantages. Generally, timing of drought incidence had a negative effect on
the yields of both crops especially maize which suffered significant reductions
in grain yield when it was subjected to early or late drought periods. On the
other hand, sunflower showed considerable tolerance to early drought
incidence but seed yield was considerably decreased by late drought periods.

Table (4): Means of 100-seed weight and seed yield/ fed. of sunflower as
affected by irrigation supply and cropping pattern interaction
during 2005 and 2006 seasons

100-seed weight (9) Seed yield/ fed. (kg)
Treatment Pm [ Si | S: | Ss | Pm | S | S | Ss
Irrigation supply 2005
1 6.30 | 6.25 | 6.15 | 6.21 | 1176.00 | 926.70 | 870.00 | 840.00
I2 5.60 | 5.69 | 5.59 | 5.65 | 1118.30 | 813.30 | 798.30 | 788.00
I3 5.24 | 5.24 | 5.15 | 5.08 | 920.00 | 670.00 | 653.30 | 636.70
L.S.D.o.os 0.28 52.81
Irrigation supply 2006
l1 7.70 | 7.57 | 7.13 | 7.36 | 1162.30 | 917.30 | 863.30 | 833.30
I2 733|730 | 7.03 | 7.17 | 1089.70 | 806.70 | 789.70 | 780.00
I3 6.71 | 6.65 | 6.39 | 5.04 | 873.30 | 683.30 | 673.30 | 665.00
L.S.D.o.os 0.50 90.52

Ill- Competition relationships as affected by intercropping pattern and
irrigation level

Relative yields of sunflower and maize (Table 5) exhibited similar
trends either as S1 > Sz > Sz for intercropping patterns at all irrigation levels
or as |1 > Iz > I3 for irrigation levels under each of the intercropping patterns.
As previously reported, relative yields for the two crops were proportionately
decreased with increases of plant crowding in S2 and Sz patterns and also
declined by drought, especially late drought (I3) occurrence. These results
gave an indication that the more competitive relationships of sunflower and
maize to water increased with the increase in both population density per
intercropping unit and water deficit (especially late drought).
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Table (5): The intercropping patterns and irrigation supply effects on
land equivalent ratio (LER) obtained from yields of maize
and sunflower in 2005 and 2006 seasons

Character Irrigation 2005 2006

system S; S; S;3 mean S S, S3 mean
Relative Iy 0.782 | 0.740 | 0.714 | 0.745 | 0.809 | 0.773 | 0.747 | 0.776
yield of I2 0.727 | 0.714 | 0.705 | 0.715 | 0.740 | 0.725 | 0.686 | 0.717
sunflower I3 0.742 | 0.730 | 0.722 | 0.731 | 0.762 | 0.741 | 0.751 | 0.751

(RYSu) mean 0.750 | 0.728 | 0.714 0.770 | 0.746 | 0.788
Relative Iy 0.377 | 0.270 | 0.254 | 0.300 | 0.383 | 0.323 | 0.293 | 0.333
yield of Iz 0.392 | 0.280 | 0.260 | 0.311 | 0.379 | 0.236 | 0.233 | 0.283
Maize I3 0.394 | 0.303 | 0.285 | 0.327 | 0.352 | 0.250 | 0.266 | 0.289

(RYM) mean 0.388 | 0.284 | 0.266 0.371 | 0.270 | 0.264
Iy 1.159 | 1.010 | 0.968 | 1.046 | 1.192 | 1.096 | 1.04 | 1.109
LER [P 1.119 | 0.994 | 0.965 | 1.026 | 1.119 | 0.961 | 0.929 | 1.03
I3 1.136 | 1.033 | 1.007 | 1.059 | 1.114 | 0.991 | 1.017 | 1.042

mean 1.138 | 1.012 | 0.980 1.048 | 1.016 | 0.992

However, late drought severely reduced the yield of both crops, since
it coincided with the reproductive phase in both crops. Water deficit in that
stage affects fertility of pollen grains, in addition to inhibition of fertilization,
hence less seeds are formed and that was reflected in lower yields.

The LERs of maize-sunflower mixtures (Table 5) at the intercropping
population ratios were greater or lesser than unity when frequent irrigation
was applied. However, they were also more than 1 for S1 intercropping
pattern (1 ridge with one side maize: 3 ridges of sunflower) over all the
irrigation treatments.

Data indicated that the response of sunflower and maize to
intercropping pattern depends upon the ratio of each component in the
intercropping unit in addition to the type of competitive relationship of the two
intercrops. Reduction in the intracompetition for each component in Si (in
addition to frequent irrigation) increased the resources uptake and utilization
for dry mater formation and translocation. However, the mutual inhibition due
to increases in the total competition between the two intercrops as a result of
increasing plant density and drought severity led to yield reductions (Ss
systems) under Iz and Iz irrigation treatments, hence LER value were less
than one. That could be explained by the more favourable above ground
conditions in S1 which was reflected in higher equivalent ratios (Willey, 1979
and 1986, Fukai and Trenbath, 1993 and Morris and Garrity, 1993).

REFERENCES

Abdel-Gelil, A.M. (1993). Efficiency of some field crop intercropping patterns.
M.Sci. Thesis, Fac. Agric., EL-Azhar Univ., Egypt.

Adetunji, LA. (1993). Growth and vyield of intercropped sorghum and
sunflower (Helainthus annus, L.) in semi-arid Nigeria. J. Agron. And
Crop Sci., (17): 351-357.

Bolanos, J. and G.D. Edmeads, (1993). Eight cycles of selection for drought
tolerance in tropical maize responsive in reproductive behaviour. Fields
Crop Res., (31): 253-268.

6540



J. Agric. Sci. Mansoura Univ., 34 (6), June, 2009

Clark, E.A. and C.A.Francis (1985). Transgressive yields in bean-maize
intercrops, interference in time and space. Field Crops Res., (11): 37-
53.

Connor, D.J. and V.O. Sadras (1993). Physiological yield expressions in
sunflower. Field Crops Res., (30): 333-389.

Cox, W.J and G.D. Jollif, (1986) Growth and yield of sunflower and soybean
under soil water deficits. Agron. J., (78): 226-230.

Cox, W.J and G.D. Jollif, (1987). Crop water relations of sunflower and
soybean under irrigated and dryland condition. Crop Sci. (27): 553-557.

d'Andrie, R., F.Q. Chiaranda, V. Mogliule and M.Mori (1995). Yield and soll
water uptake of sunflower sown in spring and summer. Agron. J., (87):
1122-1128.

Edmeads, G.O., J. Bolanos, M. Hernandez and S.Bello (1993). Causes for
silk delay in a low land tropical maize production. Crop Sci., (33): 1029-
1035.

EL-Doubi, K.A.A.H. (1992). Response of maize grain yield to different
intercropping patterns. Ph.D. Thesis, Fac. Agric., Moshtohor, Zagazig
Univ., Egypt.

Fukai, S. and S. Trenbath (1993). Intercropping bases of productivity. Field
Crops Res., (34): 239-245.

Gardner, F.B., R.B. Pearce and R.L. Mitchell (1985). Physiology of crop
plants. lowa State Univ., Press., Ames.

Gomez, K.A. and A.A. Gomez (1984). Statistical Procedures for Agriculture
Research. 2 Ed. John Wiley and Sons, New York.

Hedge, M.R. and G.V. Havanagi, (1991). Effect of moisture stress at different
growth phases on seed setting and yield of sunflower. C.F. Field Crop
Abst., (43): 8360.

Kamel, A.S., M.A. EL-Masry, K.E. EL-Habbak, F.M. Seif EL-Nasr and Zahira
M. Attia (1990). Varietal responses of sunflower to interplanting with
cotton. Proc.4" Conf.Agron.,(1):591- 601,Fac.Agric.,Cairo Univ., Egypt.

Khalil, H.E. (1994). Evaluation of some intercropping patterns in relation to
land equivalent ration and competitive relationships. Ph.D. Thesis, Fac.
Agric., Moshtohor, Zagazig Univ., Egypt.

Loomis, R.S. and D.J. Connor (1992). Crop Ecology, Productivity and
Management in Agriculture Systems. Cambridge Univ. Press.

Lorens, G.F., J.M. Bennett and L.B. Loggaie (1987). Differences in drought
resistance between two corn hybrids. Components analysis and growth
rate. Agron. J., (79): 808-813.

Morris, R.A. and R.A. Garrity (1993). Resources capture and utilization in
intercropping. Field Crops Res., (34): 273-301.

Natarajan, M. and R.W. Willey (1986). The effects of water stress on yield
advantages of intercropping systems. Field Crops Res., (13): 117-131.

Nyakata, E.Z. and C.T. Nyati (1998). Yield of maize and sunflower in relation
of sowing time and rainfall distribution under three cropping systems in
semi-arid region of Ziambabwe. Trop. Agric., (75): 428-433.

Opik, H, A.R. Stephen and J.W. Arthur (2005). Water Relations. The
Physiology of Flowering Plants, 4" Ed, 06-100. Cambridge Univ. Press.

6541



Nawar, A.l. et al.

Schussler, J.R. and H.E. Westage (1991). Maize kernel set at low water
potential sensitivity to reduced assimilated at pollination. Crop Sci.,
(31): 1196-1203.

Shafshak, S.E., B.A. EL-Ahmer and M.A. Madkour (1986). Studies on
soybean and sunflower intercropping. 1- Plant characteristics, yield and
yield components of soybean and sunflower. Ann. Agric. Sci.,
Moshtohor, Zagazig Univ., Egypt, (14): 1733-1795.

Sinha, S.K. (1987). Drought tolerance in winter cereals. 28- Drought
resistance in crop plants: A critical physiological and biochemical
assessment. ICARDA, pp. 349-363, John Wiley and Sons.

Vandermeer, J. (1989). The ecology of intercropping in Cambridge,
Cambridge Univ. Press.

Weerathaworn, P., A. Soldati and P.Stamp (1992). Yield and agronomic
characters of tropical maize (Zea mays L.) cultivars under different
irrigation regimes. J. Agron and Crop Sci., (168): 326-336.

Wilhelm, E.P., R.E. Mullen, P.L. Keeling and G.W. Singletary (1999). Heat
stress during grain filing in maize: Effects on kernel growth
metabolism. Crop Sci., (39): 1733-1741.

Willey, R.W. (1979). Intercropping: Importance and research needs. 1-
Competition and yield advantage. C.F. Field Crop Abst., (32): 1-10.

Willey, R.W. (1986). Evaluation of present intercropping advantages. EXxp.
Agric., (21): 119-133.

dalil) 5 M g Cuaddl Ml Jyaray sai o slall s laidy) aladiuy) Ll

Cralaaal)

a4 asaal s PSS\ N FRIOA WP | VY

Tl pla) Jals

4 sy daaly - bl e )3l Ads -

saa e j 31 Egad) 38 e LABal) Jualaall dgaa - ganall GRS Eigay and Y

A Yol e Yoo amse JA L aiK ) Aaals -Ae ) ) IS de ) Jay lilia il ja ol

Bas g i oK ady gy O lelaa ML A Aol 3l QK el sle 5 dnalal 3 A1 e SIS Jraad dilaiad 4l

e s s gl laall g 5 Laty Guadll Sl Lgie (81 ASDEN Aol ) a3 (0 e 55 _8e) Jashad (£) e Jaanill

Al e (S) Alslaall Jia (S3) Jaenill dlalaa i€ Laiyy Aalill 5,001 iy (Sp) Gy y 5 (S) sas)y Ay

O ass 10 IS alatiall 5yl 1) O elae cliad 5 Guadill sy g Sl i) Jadll e AYT cailall e 553

(13) Ao 30 (0 s 00 2ny AN S (I2) Aol 30 o g 7O A8l 450 (s s s M (1) el

lgale Juaniall milil) aa) cuils g

Voo 055y el Jsbe (e SIS b A gina 5305 ) (1) pliiiall W Alls B as V0 IS Sl (5l el T2
AN ol VA 8 aie 3 A0 bkl dnadll il dans s 3 VG aill J geana s das

Ore oaill s} e g da Bla ¢ 5 JEBT (Sp Jaenll Alalra (3530 L) 53 jiie Ao ) Jaall Al 5,300 cadaef o
RUTE FEPIN |

aliiall 50 Ala 8 (el sl 553 A8l 55 NS5 sl (g ladll Al y (g il ol Ay a3 =Y
(A 3 ads) o s i

a8 Sg ¢ Sp Cilebadl LK 8 Lgie Sy Jveaill dlalan o8 (el slund oladll dualis) 53,3 L) ()55 B
o I3 ¢ I2 ¢l Slelae

s152) gn S1 Aldadl) (8 Guadll dle 501 Jrand o Laie (1,1712) lalual G )31 SOl (S0 e il ¥
AV (5l e cini Sz ¢ S (pilelaally 3l altiall gl

6542



J. Agric. Sci. Mansoura Univ., 34 (6): 6531 - 6542, 2009

Table (1): Means of maize characters as affected by irrigation supply and cropping patterns in 2005 and 2006

seasons

Plant height Number of Fertile plants Number of 100-grain Grain yield/
Treatment (cm) leaves/ plant | percentage (%) grains/ ear weight (g) fed (ardab)
2005 | 2006 | 2005 | 2006 | 2005 2006 2005 2006 | 2005 | 2006 | 2005 | 2006

Irrigation supply
I1 243.50 | 273.67 16.43 19.77 90.08 85.58 479.92 | 521.17 | 30.46 | 36.78 7.87 9.25
I, 231.83 | 248.09 16.46 19.59 76.50 80.55 471.25 | 474.33 | 30.28 | 36.70 8.43 8.34
I3 216.00 | 224.59 16.33 19.49 50.50 54.50 439.75 | 463.42 | 30.25 | 36.20 8.92 6.92
L.S.D.oos 6.03 8.56 N.S. N.S. 14.20 8.46 21.05 24.98 N.S. N.S. 0.30 0.49

Cropping pattern
Pure (Pm) 220.00 | 236.89 16.50 19.70 71.00 75.47 462.78 | 487.78 | 31.07 | 39.10 14.86 16.75
S 22455 | 24445 | 16.16 | 19.60 | 70.36 75.39 462.11 | 487.67 | 30.59 | 37.67 | 5.58 6.21
S, 232.44 | 251.67 | 16.52 | 19.56 | 70.22 75.11 469.22 | 484.39 | 29.60 | 3556 | 3.92 4.39
Ss 244.78 | 262.11 16.38 19.57 69.81 74.92 460.45 | 485.44 | 29.08 | 34.47 3.93 4.46
L.S.D.o.os 3.81 3.98 N.S. N.S. N.S. N.S. N.S. N.S. 1.27 2.08 7.07 7.94

e |;= Frequent irrigation, I, and I;= skipping an irrigation 35 or 50 DAS, respectively.
e Three sunflower ridges alternate with maize on one side of ridge. (S1), two sides of ridge (S;) or three sides of two adjacent ridges (Ss)

Table (2): Means of plant height, number of grains/ ear and grain yield/ fed. for maize as affected by irrigation
level x cropping system interaction during 2005 and 2006 seasons

Plant height (cm)

Number of grains/ ear

Grain yield/ fed. (ardab)

Treatment Pm | S | S | Ss Pm | S | S | Ss | Pm [ S ]| S | S
Irrigation supply 2005
1 233.67 | 235.67 | 247.33|243.50 | 564.67 | 567.33 | 450.00 | 479.92 | 15.86 | 6.08 | 5.12 | 4.29
I2 223.33 | 225.33 (233.00| 231.83 | 516.67 | 512.00 | 476.67 | 461.25| 1453 | 550 | 3.43 | 3.03
I3 208.00 | 213.33 | 217.00| 216.00 | 457.00 | 457.00 | 433.00 | 419.75| 12.67 | 446 | 3.17 | 3.37
L.S.D.oos 8.57 20.14 0.72
Irrigation supply 2006
l1 256.00 | 269.67 | 280.33| 273.67 | 570.33 | 570.33 | 545.00 | 551.17 | 18.57 | 7.70 | 5.79 | 5.50
I2 238.67 | 241.67 | 249.00| 248.09 | 510.33 | 510.00 | 460.67 | 474.33 | 16.40 | 6.43 | 459 | 4.27
I3 216.00 | 222.00 | 225.67 | 224.59 | 512.78 | 512.67 | 474.33 |445.44 | 1475 | 5.81 | 4.47 | 4.20
L.S.D.oos 8.95 13.43 0.80
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