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ABSTRACT

Field experiments were carried out at the Agriculture Research and Experimental Center Faculty of
Agriculture Moshtohor, Banha Univ. in 2008 and 2009 seasons to study the performance of 5 maize varieties i.e.,
( S.C. Hitec, S.C.10, T.W.C Hitec, T.W.C 329 and Giza 2) under 4 irrigation levels (100% field capacity (I1), 80%
field capacity (l2), 60 % field capacity (Is) and 40 % field capacity (l4)). A split plot arrangement of a randomized
complete block design with three replications was used with irrigation levels as main plots and maize varieties as
subplots The obtained results could be summarized as follows: single crosses of maize significantly surpassed
other cross hybrids in growth characters, yield and yield components .Increasing irrigation levels from I3 (60 % of
field capacity ) to 11 , (100 % of field capacity ) gives significant for growth, yield and yield components with

insignificant differences between I, ( 100% of field capacity ) and I> ( 80 % of field capacity ).
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INTRODUCTION

Maize (Zea mays L.) is one of the most important cereal crops in Egypt and the
world. Maize is still a major traditional food and feed crop in many regions.
Furthermore, the grain is a key industrial raw material for very diverse purposes. In
Egypt great attention has been paid to increase its total production. This could be
achieved by using high vyielding cultivars. Egypt lies in arid and semi-arid regions.
Field crop production in such soils is faced by the prevalence of a number of rather
extreme and detrimental conditions i-e, limited water supply and drought conditions.
Irrigating for maximum crop yield and quality is often a matter of timing as well as
correct amounts, it is necessary to have a good understanding of the crop water
needs and timing, as well as knowledge the physical and chemical soll

characteristics such as available water holding capacity and infiltration rate.



Water supply is limiting factor for crop production. Nour EI-Din et al. (1986)
found that decreasing available moisture content in root zone significantly impaired
maize yield, El Refaie et al. (1988) concluded that seasonal water consumptive use
values for maize were 58.3 54.9 and 4 when irrigated at 25, 50 and 75% deficit from
the available water, respectively. Diab (1994) found that most of maize growth
attributes, yield and its components decreased when water supply of drip irrigation
decreased from 3300 to 1800 m®/fed. Haikel and El-Badry (1995) found that drip
irrigation system with 2688 or 3160 m®fed was more effective to produce higher
values of yield and its components of maize as well as water use efficiency. El-
Moweihi et al. (1999) reported that increasing drip irrigation intervals from 4 to 7
days decreased growth and yield attributes of maize as well as the value of water

use efficiency.

El-Ganayni et al. (2000) showed that shortening irrigation intervals delayed
flowering, decreased 100-kernels weight of maize. On the other hand, increasing the
available soil moisture depletion to 20% gave the highest grain yield, followed by 35
and 50%. Hussein et al. (2001) found an increase in yield and its attributes of maize
by using 3360 m*® water/fad, with drip irrigation comparing with 1680 or 5040 m
water/fad. Monthly water consumptive use reached its peak during July and August.
Saied (2002) found that the impact of both soil moisture depletion and nutrient on
elemental composition of plant organs and their yields are also importance for the
growing crops. Also, Ibrahim et al. (2005) showed that the irrigation of maize plants
at 50% available soil moisture depletion (ASMD) achieved a significant increase for
plant height, ear length, 100-kernels weight and grain and straw yields/fad, as well as
water use efficiency as compared with the other treatments (30 and 70% ASMD). El-

Sayed (2006) indicated that irrigation maize plants at 25% available soil moisture



depletion (ASMD) gave the highest values for plant height and ear length, while 50%
ASMD gave the highest values for 100-grain weight, ear weight and ear and grain
yields/fad; on the other hand, irrigation at 75% ASMD gave the highest values for

shelling percentage and protein percentage in the two seasons.

In this connection, maize cultivars differ in grain yield and yield components as
reported by El-Bana (2001); EI-Wakil (2002); Hamed (2003); El-Aref et al (2004);

Nofal et al (2005); Moser et al (2006); Atta (2007) and Hassan et al (2008).

The aim of this investigation was to study the effect of soil moisture on yield and

yield components of five maize varieties.

MATERIALS AND METHODS

This investigation was conducted at the Agricultural Research and Experimental
Center of the Faculty of Agriculture, Moshtohor, Kalubia Governorate, Benha
University, Egypt, in 2008 and 2008 seasons, to study the effect of 4 irrigation levels
[100% field capacity (I1), 80% field capacity (I2), 60 % field capacity (I3) and 40 %
field capacity (14)] on yield and yield components for five maize varieties [Single cross
10 (S.C. 10), Single cross Haitec (S.C. Haitec), Tray way cross Haitec (T.W.C.
Haitec), Tray way cross 329 (T.W.C. 329) and synthetic variety Giza 2 (G 2)].

The soil type was clay with pH value of 8.06 and 8.02 in the first and second
growing seasons, respectively. The experimental sites were preceded by clover in
the two seasons. Maize hybrids namely S.C. Haitec and T.W.C. Haitec were
developed by Haitec Company. Maize varieties namely S.C. 10, T.W.C. 329 and
Giza 2 were developed by Maize Research Section, Field Crops Research Institute,
ARC, Giza, Egypt.

In each experiment, 20 treatments which were the combination of four irrigation
levels and five maize varieties are tested in a split plot design with three replicates.
Irrigation levels were devoted to the main plots, while maize varieties were assigned
to the sub-plots. Each sub-plot was 10.5 m? (1/400 fed) consisting of 5 ridges, 3.5 m

long and 70 cm width while, the distance between plants was 25 cm.



Moisture content and water consumptive use per unit area w calculated

according to the equation described by Israelsen and Hansen (1962). The physical

properties of experimental soil site i.e. field capacity, wilting point percentage,

available moisture and bulk density were determined and recorded. The average

values of these measurements at different soil depths down to 45 cm are presented

in Table (1).

Table 1. Physical properties of the experimental soil site in 2008 and 2009

seasons

2008 season 2009 season

Soil Field Available | Wilting Bulk Field Available | Wilting Bulk

depth capacity water point densit%/ capacity water point densit%/

(cm) % % % (gcm™) % % % (gcm™)

0-15 44.65 25.40 19.25 1.24 44.81 25.23 19.58 1.23

15-30 41.50 23.65 17.85 1.28 42.21 24.11 18.10 1.26

30-45 39.40 22.46 16.94 1.33 39.85 22.82 17.03 1.30
Average 41.85 23.83 18.00 1.28 42.29 24.05 18.23 1.26

At planting, super phosphate (15.5%), at a rate of 30 kg P,Os/fad was applied. Maize

grains were planting on 15" and 25" May in the first and second seasons,

respectively. Thinning took place 21 days after sowing to secure one healthy plant

per hill. All recommended cultural practices for the region were followed in both

seaso

ns.

Studied attributes:

At harvest ten individual plants were taken at random from middle ridge each sub-

plot to determine plant height (cm), ear height (cm), stem diameter (cm), No of ears

plant?, ear weight (g), ear length (cm), ear diameter (cm), No. of rows ear™, No. of

grains row™, ear grain weight (g), 100-grain weight (g), shelling percentage and grain

yield plant™(g). Grain yield feddan™ (kg) was determined on the whole sub plot basis.

The grain yield was adjusted to 15.5% moisture content.

Analysis was done for the data of variance of each season separately and

combined analysis of variance for two seasons was conducted testing the error

homogeneity according to Gomez and Gomez (1984). L.S.D test at 0.05 level of

probability was used to compare between means.

Effect of Irrigation levels:

RESULTS AND DISCUSSION




Data presented in (Tables 2, 3, 4, 5 and 6) showed the effect of irrigation levels
on yield and yield attributes of maize in the two seasons and their combined analysis.
Irrigation levels had significant effects in both seasons and their combined analysis
on plant height, ear height, stem diameter, ear weight, ear length, ear diameter, No.
of rows ear™, No. of grains row™, ear grain weight, 100-grain weight, grain yield plant
! and grain yield feddan™. These characters were increased with increasing irrigation
levels from 14 (40% of field capacity) to I; (100% of field capacity) with no significant
differences between |; (100% of field capacity) and 1, (80% of field capacity) in ear
weight in the combined analysis, ear diameter in the first season and No. of rows ear
1in the first and second seasons. The relative increase (combined data) due to
increasing irrigation levels from 14 to I, were 13.5, 15.0, 20.7, 11.2, 27.4, 21.1, 4.0,
40.1, 13.7, 27.8, 10.0 and 19.7% in plant height, ear height, stem diameter, ear
weight, ear length, ear diameter, No. of rows ear®, No. of grains row™, ear grain
weight, 100-grain weight, grain yield plant™ and grain yield feddan™, respectively.

Results in (Tables, 3 and 5) indicated that increasing irrigation levels from 14
(40% of field capacity) to 1; (100 % of field capacity) did not significantly affect No. of
ears plant™ in the second season and shelling percentage in the combined analysis.
Combined data revealed that, maximum average of No. of ears plant™ (1.13 ear) and
shelling percentage (86.3%) were recorded when irrigation level was I; (100% of field
capacity), while minimum average of spike length (1.08 ear) and shelling percentage
(85.2%) were recorded when irrigation level was 14 (40% of field capacity).

The decreases in yield and yield attributes due to maize irrigate at 1,4(40% of field
capacity) may be due to changes patterns of plant growth and development.

In general, the aforementioned results of soil moisture stress, increasing or

decreasing soil moisture stress, may be attributed to the unbalanced soil water-air



Table 2. Plant height, ear height and stem diameter of maize as affected by
irrigation levels, varieties and interaction in 2008(S1), 2009(S2) and
combined analysis.

Treatments

Plant height (cm)

Ear height (cm)

Stem diameter (cm)

S1 | S2 |[Comb| S1 | S2 [Comb| S1 | S2 |Comb
Irrigation levels (1)
|y 311.6 | 303.6 | 307.6 | 141.7 | 137.0 | 139.3 | 2.52 | 2.38 | 2.45
l, 299.8 | 290.5 | 295.2 | 131.2 | 128.9 | 130.0 | 2.34 | 2.23 | 2.28
B 290.3 | 276.8 | 283.6 | 127.8 | 124.2 | 126.0 | 2.19 | 2.08 | 2.14
I 276.4 | 265.6 | 271.0 | 122.5|119.8 | 121.1 | 2.08 | 1.97 | 2.03
L.S.Dat5% | 3.5 | 3.9 2.3 1.3 | 21 1.1 [ 0.06 | 0.06 | 0.04
Varieties (V)

S.C.10 [308.5][296.4] 3025 |137.2]132.0] 1346 | 2.45 | 2.31 | 2.38
S.C. haitic | 290.8 | 283.2 | 287.0 | 133.5 | 131.0 2.35 | 2.24
T.W.C.haitic | 283.8 | 275.1 | 279.5 | 127.0 | 126.0 | 126.5 | 2.20 | 2.10 | 2.15
T.W.C.324 | 2885 |277.0 | 282.8 | 126.5 | 124.1 | 125.3 | 2.25 | 2.10 | 2.18

Giza 2 301.0 | 288.8 129.7 | 124.1 | 126.9 | 2.15 | 2.07 | 2.11
L.S.Dat5% | 48 | 35 2.9 1.9 | 25 1.6 | 0.08 | 0.06 | 0.05

1,=100% field capacity, I,- 80% field capacity, Is- 60 % field capacity, ;= 40% field capacity

Table 3. No. of ears plant, ear weight and ear length of maize as affected by
irrigation levels, varieties and interaction in 2008(S1), 2009(S2) and
combined analysis.

Treatments | No. of ears plant™ Ear weight (g) Ear length (cm)
S1 | S2 [Comb| S1 | S2 [Comb| S1 | S2 |Comb
Irrigation levels (1)
l1 1.18 | 1.13 | 116 | 276.6 |266.2 | 2714 | 21.6 | 20.2 | 20.9
I 1.16 | 1.10 | 1.13 | 270.3 | 261.0 | 265.6 | 204 | 18.7 | 19.6
I3 1.13 | 1.10 | 1.11 | 262.4 | 256.0 | 259.2 | 18.8 | 16.8 | 17.8
4 1.09 | 1.08 | 1.08 |248.8|2394 | 2441 | 17.2 | 15.7 | 164
L.S.Dat5% | 0.08 | N.S | 0.06 3.5 3.7 7.5 0.8 0.8 0.5
Varieties (V)
S.C. 10 1.28 | 1.19 1.23 | 278.0 | 270.1 | 274.0 | 21.9 | 20.0 21.0
S.C. haitic | 1.18 | 1.10 273.5]266.0 | 269.7 | 20.5 | 18.6
T.W.C.haitic | 1.05 | 1.06 | 1.06 | 257.8 | 250.7 | 254.2 | 185 | 17.2 | 17.9
TW.C.324 | 1.10 | 1.09 1.10 | 254.5|244.0 | 249.2 | 18.3 | 16.6 17.5
Giza 2 1.08 | 1.06 | 1.07 |258.8|247.5| 253.1 | 184 | 16.7 | 17.6
L.S.Dat5% | 0.04 | 0.07 | 0.04 2.8 2.6 6.0 0.6 0.5 0.4

1,-100% field capacity, |,- 80% field capacity, Is- 60 % field capacity, ;= 40% field capacity

relations that lead to reducing the photosynthesis activity and unbalanced relations

between plant hormones and biological processes in the whole plant organs. These

adverse conditions in the treated soils are undoubtedly of great importance

throughout the vegetative growth and dry matter accumulation in the maize plants.




These results are in agreement with those obtained by Nour EI-Din et al.
(1986), ElI Refaie et al. (1988), Diab (1994), Haikel and El-Badry (1995), El-
Moweihi et al. (1999), El-Ganayni et al. (2000), Hussein et al. (2001), Saied
(2002), Ibrahim et al. (2005) and El-Sayed (2006).

Table 4. Ear diameter, No. of rows ear and No. of grains row of maize as

affected by irrigation levels, varieties and interaction in 2008(S1),
2009(S2) and combined analysis.

Treatments Ear diameter (cm) No. of rows ear™ No. of grains row™

S1 | S2 |[Comb| S1 | S2 |Comb| S1 | S2 |Comb

Irrigation levels (1)

4 5.29 | 528 | 528 | 13.0 | 128 | 129 | 486 | 47.1 | 47.9
P 5.28 | 514 | 521 | 126 | 125 | 126 | 459 | 442 | 451
I3 495 | 491 | 493 | 124 | 123 | 123 | 395 | 374 | 384
4 433 | 440 | 436 | 124 | 124 | 124 | 357 | 32.7 | 34.2

L.S.Dat5% | 0.06 | 0.05 | 0.04 0.4 0.3 0.2 1.3 1.9 1.0

Varieties (V)

S.C. 10 5.27 | 5.02 | 515 | 127 | 125 | 126 | 464 | 442 | 453

S.C. haitic | 5.11 | 4.95 124 | 124 | 12.4 | 45.0 | 43.7

T.W.C.haitic | 486 | 5.05 | 495 | 123 | 123 | 12.3 | 408 | 38.3 | 395

TW.C.324 | 477 | 491 | 484 | 125 | 12.7 | 126 | 39.9 | 383 | 38.8

Giza 2 479 | 472 | 475 | 13.0 | 12.7 | 129 | 40.1 | 37.8 | 39.0

L.S.Dat5% | 0.07 | 0.06 | 0.06 0.5 0.2 0.3 11 1.4 0.9

1,=100% field capacity, |,- 80% field capacity, Is- 60 % field capacity, l,= 40% field capacity

Table 5. Ear grain weight, shelling% and 100-grain weight of maize as affected
by irrigation levels, varieties and interaction in 2008(S1), 2009(S2) and
combined analysis.

Treatments | Ear grain weight (g) Shelling% 100-grain weight (g)

S1 | S2 [Comb| S1 | S2 [Comb| S1 [ S2 [Comb

Irrigation levels (1)

l1 2358 | 232.7 | 2343 | 85.2 | 875 | 86.3 | 352 | 33.7 | 345
I 228.6 | 226.8 | 227.7 | 84.6 | 869 | 857 | 334 | 32.0 | 32.7
I3 2208 | 2176 | 219.2 | 84.1 | 850 | 845 | 315 | 296 | 305
4 208.1 | 204.0 | 206.1 | 83.6 | 85.2 | 844 | 28,6 | 255 | 27.0

LSDat5% | 3.8 2.9 2.1 0.7 1.0 N.S 1.1 0.8 0.6

Varieties (V)

S.C. 10 232.8 | 228.8 | 230.8 | 83.7 | 84.6 | 84.2 | 348 | 32.7 | 33.7

S.C. haitic | 229.5 | 226.5 83.8 | 85.1 | 845 | 334 | 315

T.W.C.haitic | 220.0 | 2179 | 2189 | 85.3 | 86.8 | 86.1 | 31.8 | 29.7 | 30.7

TW.C.324 | 218.0|214.7 | 2164 | 856 | 88.0 | 86.8 | 30.5 | 28.3 | 294

Giza 2 2164 12135 | 215.0 | 83.6 | 86.2 | 849 | 30.3 | 28.7 | 295

LSDat5% | 2.0 1.8 1.3 1.3 1.2 2.1 0.7 0.9 0.6

1,-100% field capacity, I,- 80% field capacity, 13- 60 % field capacity, 1,- 40% field capacity




Table 6. Grain yield plant™ and grain yield Fed™ of maize as affected by irrigation
levels, varieties and interaction in 2008(S1), 2009(S2) and combined

analysis.
Treatments Grain yield plant™ (g) Grain yield Fed*(Kg)
S1 | S2 | Comb S1 | s2 | Comb
Irrigation levels (1)
I 282.3 277.2 279.7 3480 3317 3398
I» 275.0 270.5 272.7 3328 3202 3265
I3 267.9 262.8 265.3 3131 3020 3076
[ 256.8 251.6 254.2 2860 2816 2838
L.S.D at 5% 3.5 4.4 2.5 60 59 37
Varieties (V)
S.C. 10 280.4 274.4 277.4 3400 3280 3340
S.C. haitic 274.5 270.1 3366 3229
T.W.C. haitic 267.7 263.5 265.6 3055 3000 3028
T.W.C. 324 265.2 259.6 262.4 3075 2962 3018
Giza 2 264.6 259.9 262.2 3101 2973 3037
L.S.D at 5% 2.3 2.5 1.7 44 43 30

1,-=100% field capacity, |,- 80% field capacity, Is- 60 % field capacity, l,= 40% field capacity
2- Varietal differences.

Results in (Tables 2, 3, 4, 5 and 6) indicated that maize varieties exhibited significant
differences for grain yield and all studied yield attributes in both seasons and their combined.

The combined analysis data in Table (2) revealed that, S.C.10 hybrid significantly
surpassed other varieties in plant height, ear height and stem diameter of maize. S.C.10
gave the highest values of plant height (302.5 cm) followed by Giza 2 variety (294.9 cm), ear
height (134.6 cm), followed by S.C. haitic (132.2 cm) and stem diameter (2.38 cm) followed
by S.C. haitic (2.30 cm), while T.W.C. haitic had shorter plants (279.5cm), T.W.C. 324 gave
the lowest value of ear height (125.3 cm) and Giza 2 gave the lowest value of stem
diameter(2.11 cm).

The average of both seasons data in Table (3) demonstrate that S.C.10 produce highest
values of No. of ears plant, ear weight and ear length of maize follow by S.C. haitic.

Combined data given in Table (4) showed significant differences among maize varieties in
each of ear diameter, No. of rows ear and No. of grains row of maize. It is clear from Table
(4) that S.C.10 significantly surpassed other varieties in ear diameter and No. of grains row.

Meanwhile, Giza 2 variety significantly surpassed other varieties in No. of rows ear.



Data in (Tables 5 and 6) show effect of the varietal differences on weight of
grains ear™, shelling percentage, 100-grain weight, grain yield plant® and grain yield
feddan™ of maize were significantly affected by the five maize varieties under studly.
Maize hybrid S.C.10 gave higher mean values of the above mentioned parameters
except shelling%. These differences may be due to the genetical differences
between the five studied maize varieties. The results of varietal differences in yield and
yield attributes in this study are in agreement with those obtained by El-Bana (2001); El-
Wakil (2002); Hamed (2003); El-Aref et al. (2004); Nofal et al. (2005); Moser et al.
(2006); Atta (2007) and Hassan et al. (2008).

3. Interaction effect:

Significant effect of interaction between irrigation levels and maize varieties was
obtained for growth, yield and yield components except No. of ears plant®, ear
length, No. of rows ear™, ear grains weight, grain yield plant™ and shelling% in the
combined analysis (Table 7). This result indicates that the maize varieties responded
similarly to the irrigation levels. For eight exceptional traits, significant interaction
indicates that factors were not independent in their effect, the simple effects of a
factor differ and the magnitude of any simple effect depends upon the level of the
other factor of the interaction term. Where factors interact, a single factor experiment
will lead to disconnect and possibly misleading information. With regard to plant
height, ear height, stem diameter, ear weight, ear diameter, No. of grains row™, 100-
grain weight and grain yield fed” S.C. 10 gave the highest values followed by S.C.
haitic at I, treatment (100% field capacity). The significance of this interaction may be

due to the different responses of each hybrids to the different irrigation levels.



Table7. Effect of the interaction between irrigation levels and maize varieties on
yield and yield components (combined analysis over two seasons 2008
and 2009).

Irrigation
evels
Varieties

Plant height (cm) Ear height (cm)
S.C. 10 309.6 300.1 138.1 132.1
S.C. haitic 294.6 280.0 135.3 130.1
T.W.C. haitic 283.1 274.5 128.6 123.5
T.W.C. 324 286.6 273.0 122.8 121.3
Giza 2 301.8 290.3 125.3 123.1
L.S.D. at 5% 5.8 3.1

Stem diameter (cm) Ear weight (g)
S.C. 10 2.50 2.25 278.0 272.0
S.C. haitic 2.40 2.15 273.8 269.1
T.W.C. haitic 2.18 2.11 261.8 252.6
T.W.C. 324 2.18 2.08 255.8 249.0
Giza?2 2.16 2.10 258.8 253.3
L.S.D. at 5% 0.10 9.0
Ear diameter (cm) No. of grains row ™
S.C. 10 5.35 5.13 49.8 42.5
S.C. haitic 5.23 4.95 49.1 40.3
T.W.C. haitic 5.28 4.98 43.0 37.6
T.W.C. 324 5.15 4.81 41.3 35.5
Giza?2 5.05 4.78 42.1 36.3
L.S.D. at 5% 0.09 1.8
100-grain weight (g) Grain yield (kg fed™)
S.C. 10 36.0 31.6 3525 3220
S.C. haitic 33.8 315 3480 3190
T.W.C. haitic 315 30.6 3090 2983
T.W.C. 324 31.0 29.1 3095 2973
Giza 2 31.1 29.8 3137 3013
L.S.D. at 5%

1:1=100% field capacity, I,- 80% field capacity, Is= 60 % field capacity, 1,= 40% field capacity

E- Correlation study:

The simple correlation coefficients between some possible pairs of the studied
maize traits of the combined analysis are presented in Table (8). Grain yield per
feddan was positively and high significantly correlated with, plant height, ear height,
stem diameter, No of ears plant?, ear weight, ear length, No. of rows ear™, No. of
grains row*, ear grain weight, 100-grain weight and grain yield plant™. Therefore,
selection for each of these traits, is more effective for obtaining new higher yielding
hybrids. Also, significant positive phenotypic correlation values were observed

between grain yield/plant and each of the other yield components. These results



Yield components

might indicate that selection for high values of the characters are more effective for
increasing grain yield per fed and plant. Significant positive phenotypic correlation
values were found between ear grain weight and each of plant height, ear height,
stem diameter, No of ears plant?, ear weight, ear length, No. of rows ear®, No. of
grains row™, 100-grain weight and grain yield plant® indicating that selection for
these traits are very effective for increasing grains weight ear™. Similar results were

obtained by Hamed (2003).

Table 8. Correlation coefficient between yield and some yield components of maize varieties
(combined over the two seasons 2008and 2009).

Gr
1

2
3
4
5
6
7
8
9

10
11

- Plant height (cm)

- Ear height (cm)

- Stem diameter (cm)
- No of ears plant

- Ear weight (g)

- Ear length (cm)

- No. of rows ear™

- No. of grains row™

- Ear grains weight (g)
- Yield plant™ (g)
-100-grain weight (g)

ain yield (kgfed™)
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