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ABSTRACT

Two field experiments were carried out at Sakha Agriculturai Research

Station, Kafr El-Sheikh Governorate, during two successive.seasons of 2007 and

2008. The objectives of the present study are increasing maize yield, decreasing the

applied mineral fertifizer and saving irrigation water. Maize (hybrid single cross 10}

was evaluated in a split plot demgn with four replicates. The main plots were assigned

to three irrigation intervals, irrigation every {10 (l;), 15 (iz) and 20 days (I3)). The sub
plots were assigned to three fertilization treatments of F, {application of the

recommended dose of mineral NPK fertilizer ,120, 30 and 48 unit/fed. for N, P and K,

respectively). Fz {5 ton/fed. Rice straw compost augmented with organic activator +

75% of the recommended mineral fert, 90, 22.5 and 36 unit/fed. NPK). F3 (10 ton/fed.

rice straw compost augmented with organic activator + 50% of the recommended

mineral fert. 60, 15 and 24 for N P K, respectively).

The results can be summarized as follows:

1. Irrigation treatment I; was the best freatment since it saved water irrigation of about
19.8% (497 ma) and had no significant decrease in maize grain yield compared to
the traditionai irrigation treatment (Iz)

2. The highest maize yield value of 4113.43 kgffed. was obtained with |;F; treatment,
while the lowest one was with 1F2.

3. The highest water productivity (WP) of 1,82 kgIm3 was obtained with |sF treatment.

Keywords: Saving irrigation water, Maize yield, Rice straw compost, Water

. productivity.

INTRODUCTION

In semiarid regions, irrigation is one of the most important inputs fo
increase crop productivily. The good management of water means
application of water at the limited time of actual need of crop, with just
enough water to refil the effective root zone. The interval between two
irrigations should be as will as possible to save irrigation water without any
adverse effect on the growth and yield (Majumder, 2002).

Mahfouz , (2003), Oraby et al,( 2005), indicated that water stress
{irgation every 25 days) caused sever reduction in yleld and Yyield
components of hybrids 10. Grain yield of maize was significantly increased
with the decrease in irrigation period (Kamara et al,, 2003 and lbrahim ef al,
2005). Seif et al., (2005) found that the highest vield was obtained when
maize plants were irrigated at 40% of available soil moisture depletion,
whereas the lowest yield was recorded at 80% of the available soil moisture
depletion where the imigation role in corn production arises from crop
sensitivity to drought
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Nagy (1995, 1997) have indicated that irrigation improves the
efficiency of fertilization and there is a strong correlation between fettilizer
utilization and the water supply of a plant. In irrigated treatments — which
means a higher yield level — economic fertilizer doses are greater, due to the
" positive comrelation of irrigation x ferilization, than in unirrigated treatments. in
irrigated treatments, the effect of year is moderate and yield fluctuation
decreases. The favorite effect of fertilization increases with optimal water
supply and decreases when harmful water excess is reached (Nagy, 2001)

Soil organic matter is a key component of soil fertility because it
consider as a source of plant nutrients, energy for micro-organisms and soil
fauna. It also enhances a stable and friable soil structure that increased
aeration, water holding capacity, improved root development, nutrient uptake,
decline in soil erosion and nutrient ieaching losses. This means that less
water and fertilizer have to be applied and that these smaller amounts are
then available for a longer period. Although saving on water and fertilizer
there is better plant growth due to less stress in-between watering. The
decline in soil organic matter content, in the arid regions, is considered as
one of the main problems in maintaining soil fertility.

The objectives of the present study are: increasing maize yield,
saving irrigation water, reducing mineral fertilization, decreasing the
environmental pollution by using the straw rice as organic fertilizer and
appropriate irrigation interval.

MATERIALS AND METHODS

Site:

Two field experiments were conducted during two growing seasons
2007 and 2008 at Sakha Agricultural Research Station farm, Kafr Ei-Sheikh
" Governorate. Some physical and chemical properties of the experimental
soils are presented in Table (1). The experimental site is located near to the
. main open drain and was served by tile drainage established since 1989. The
. titie drainage system consiets of subsurface, 10 cm inner diameter, PVC
" pipes spas at 20 m apart and buried at 1.65 m depth. Soil texture of the
experimental site was clayey and contained 46.5% clay, 29.8% silt and
23.7% sand The average of electrical conductivity of the irrigation water was
0.48 dSm™",

Experimental layout:

Maize (Zea maipe 1) of hybrid single cross 10 was sown at 1 and 3
jully in 2007and 2068 wmespectively. Dates of harvesting were Oct.,
. 24,2007and Dct., 26, 20A8.

Al agronomic poeoctines were the same .25 recommended for the
studied Bren, sxcept the two study factors whrch i.e. lmigation interval and
fertilization ireatrenis. The plat asea was 90 m?, the distance between ridges
was 70:cmand the apeds were sown at 25 cm between hills within the ridge.
. The compost materials mere dnspmorated into soil surface, 15 days before
planting.
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Table {1):Some soil physical and chemical properties of the

experimental site
Hydre physical properties Chemical properties
Soll . Available
Buik Field .
Depth o | PWP | Available EC nutrients
om density | capacity W% fwater W % pH dsm™ SAR N P K

Mgm’ W%

o115 | 1.14 4720 (2538 21.82 [8.15( 1.5 |246
15-30 | 1.15 4050 |21.85| 1885 | 8.0 1.57229]|14.0] 55 |200.
3045 | 1.24 39.00 (2119 17.81 80} 1651{429
4560 ] 1.26 3850 120.81| 1769 |79 )278 467

Ppm ; ppm | ppm

Split piot design was used with four replicates. The main plats were
assigned to three irigation intervals i.e. (10 ( l;), 15 (Iz ) and 20 days(l3)) .
While the sub treatments { F,, F; and F; ) were assigned to compost
application rates.F; was applicated as the recommended dose of the mineral
nutrients (100% NPK + 0 compost ). F; was 5 ton/fed. organic fertilizer (rice
straw compost) + 75% of the recommended NPK dose of the mineral
nutrients.Fy was 10 tonffed. Of organic fertilizer rice straw compost + 50% of
the recommended NPK dose of the mineral nutrients. The treatments of
mineral fertilizer were applied at the rates of 120, 30 and 48 unitfed. for N,
P05, and K:O, respectively. The used mineral fertilizers were (NH,), SO,
{20% N), ordinary super phosphate {15.5% P; Os) and K;S0, (48% K;0) .The
used compost in this study was prepared from the rice straw, and some of its
properties are given in Table (2).

Table 2: The characteristics of rice straw compost:

Avaiiable :
Buk IMaisture| EC | pH_|Organic| Total [CN| mutrients  Fumitumic 7n |pa| cu
v m‘l{ ontent elSim:(1:2.5)carbon%piltrogent ratio [N | P | K | 22 | 828 pomppmppn)
g/kg [g/kg; g/kg

521 | 23.27 |4.11] 7.22 | 24.02 | 1.897 [12.68{1.16500.991]1.83620.19{39.73|256/195;9.3

Irrigation water applied (Wa):
Submerged flow orifice with fixed dimension was used to convey and

measure the irrigation water applied, as the following equation (Michaet,
1978).

Q=CA |2gh

Where

Q = Discharge through orifice, (cm® sec™").

C = Coefficient of discharges (0. 61).

A = Cross sectional area of orifice, cm®,

9 . = Acceleration due to gravity, cmisl,ec2 (980cm/sec).
H . = Pressure head, over the orifice center, em.

"Total number of imgation were events 10, 7 and 5 for treatment i;, I,
and |3, respectively including sowing irrigation.
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consumptive use (CU):

Water consumptive use was caiculated using the following
equation (Hansen ef al,, 1979).

Cu = 1=4 D < D|,1 PW, —-PW,
100
CU = Water consumptive use (cm) in the effective root zone (60 cm).
Dy = Soil layer depth (15 cm each).
Doy = Soil bulk density, (g/cm?) for this depth.
PW; = Soil moisture percentage before irrigation (on mass basis, %).
PW, = Soil moisture percentage, 48 hours after imigation (on mass
basis, %).

t = Number of soil layers each (15 cm) depth.
Water productivity (WP):

It was calculated according to {Ali ef al., 2007).

WP = GY/ET.

Where WP (kg/m?), GY is grain yield (kglfed)
and ET total water onsumption of the growing season (m>/fed.)
Productivity of irrigation water (PIW)
was calculated as (Ali of af,, 2007)
PIW= GY
Where | is irrigation water applied (m°fed.).
Grain samples from each plot were analyzed for protein and oil
percent by standard A.O.A.C. methods. The obtained data were statistically
analyzed according to Gomez and Gomez, 1984.

RESULTS AND DISCUSSION

Irrigation water applied (Wa):

As shown in table(3) the total number of irrigation events were 10, 7
and 5 for I, , I; and |, respectivily, including sowing irrigation. Amounts of
irrigation water applied (Wa) throughout the two seasons for different
treatments, are tabulated in Table (3). Mean values of applied water (means
of 2 seasons) were 3123, 2504 and 2007 m>fed. for I, 1; and 1; treatments
respectively. Irrigation water for I, treatment was the lowest, and the amount
for |; treatment was the highest. These data |nd|cate that using |5 irrigation
treatment saved water by about 19.8%(497m®) compared with irrigation
treatment i(the oonventlonal irrigation), while |, treatment consumed exess
water by about 24.7% (61 oam® } relative to the conventional irrigation |2
Water consumptive use (CU):

The obtained results in Table (4) show that seasonal cu values were greatly
affected by imigation intervals, where CU values decreased with: increasing
the imigation intervals. Seasonal average values of CU during the two
seasons were 65.3, 44.0, and 36.0 cm for |,, |; and I3 treatments respectively.
The values of CU during the two seasons were 35.0 cm and 67.0 cm
respectively for the driest (F,l;) and wettest (F3l,) treatments. These results
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indicate that consumptive use decreased as the available soil moisture
decreased in the root zone. These results are in agreement with those
obtained by El-Tantawy et al., (2007)

The effect of applied fertilizer on CU data show that slightly clear
evidence of fertilizer freatment on value of this trait under fixed irrigation
interval, Values of CU were 47.3, 48.3 and 49.7 cm during the two seasons
which addressed to Fi, F; and F;, respectively. Values of CU increased with
increasing addition of rice straw compost due to the highest moisture
condition. These results are in geod agreement with those given by Kanany
et al. (2004),

Table (3): Date of irrigation events and lrrigation water applied m*/.fed
for maize under different irrigation treatments during the two
seasons of 2007and2008.

Season 2007 Season 2008 Mean of two

Data Data seasons

10 15 20 10 [ 15 [ 20 | I A

days | days | days days | days {daya | 2 2
3076 504 | 504 | 504 177 500 | 500 | 500 | 502 | 502 | 602
1077 252 - - 10/7_ | 240 | - - | 246 | - -
157 - 274 - 15 - 260 ] - < |37 | -
0/7 280 - 280 2007 | 270 | - | 270 | 275 | - | 275
07 290 | 300 - 307 1280 | 290 | - | 290 | 245 | -
10/8 300 - 320 10/8 | 280 | - [ 310 | 290 | - | 315
15/8 - 340 - 15/8 - 1330 - - | 235§ -
2078 320 - - 20/8 | 340 | - - [ 330 | - -
30/8 360 | 380 | 470 30/8_ | 350 | 390 | 470 | 355 | 285 | 470
079 320 - - 10/9 | 300 | - - 1310 - -
5/8 - 400 - 1579 - | 240 | - - 410 [ -
0/9 280 5 450 209 [ 270 | - | 440 [ 275 | - | 445
EEJQ 260 | 320 | - 309 | 250 [ 300 | - ] 255|310 -
Yvig.no. 10 7 5 img.no. | 10 7 5 10 7 5
Water Water
Luantity 3166 | 25818 | 2024 | oo, | 3080 | 2490 | 1990 | 3123 | 2504 | 2007

Table (4): Average values of Seasonal consumptive use in cm during
the two growing season 2007 and 2008.

irrig- T

Fertt l L s Mean
o 64.0 430 358.0 473
F2 65.0 44.0 36.0 48.3
F 87.0 45.0 37.0 49.7

ean 65.3 44.0 38.0 48.4
Irrlg. t= irrigation treatment  Fert. t =Fertiflzation treatment
Grain yield ‘
Effect of irrigation interval:

. Regarding the main effect of irmigation intervals, grain yield was
highest under 1, water regime as compared with the other two regimes. This
occurred in both seasons. The meanh grain yields for the two seasons
obtained by 1;, Iz and |; water regimes are 3666.83, 3906.49 and 3726.30

11553



Eid, S.M. et al.

kgifed.respectively .(Table 5). The increase caused by the |, regime in
relation to 1, regime was 6.5% and the increase over 1 regime was 4.8%. The
greater yield given by the |, regime over the other water regimes occurred
with all fertilizer treatments. With Fy mean yields (over the two seasons) were
3639.33, 3861.97 and 3647.70 kgffed. for the |;, I, and |; water regimes
respectively, With superiority of |, regime over the 1; regime was 6.11%and
the increase over [ regime was5.8 %. With the F; the mean yields were
3609.77, 3744.07 and 3635.60 kgHfed. for Iy, |, and i;, respectively with a
superiority of the |, regime over |, regime of 3.7%.and slightly increase over |,
regime .with the F; the mean vyields were 375140, 4113.43 and
3895.60kg/fed. for Iy, |2 and I; water regimes respectively,; with a superiority
of I; regime over |, regime of 9.6%.and the increase over |5 regime 5.6%
Effect of fertilizer:

Regarding the effect of fertilizer treatments, grain yield was greater
with F, treatment than the other two fertilizer treatments. This occurred under
each of the imigation intervals regimes since the interaction between the
fertilizer treatment and irrigation intervals was significant (Table 5). Mean
yields for the two seasons due to fertilization treatments of Fy, F; and F, are
3716.33, 3663.14 and 3920.14 kgffed., respectively. Thus the F, treatment
gave the highest yield. The- percent of increase in yield given by this
treatment was 5.2% as compared with Fy and 6.4% as compared with Fj,
treatment.

The highest grain yield was obtained by I.F; treatment which gave
4113.43 kgffed. The lowest yield was obtained by the ||F; treatment which
gave 3609.77 kg/fed.

it worth to mention that the obtained yield of treatment 1,F5(3895.6
kgffed) was about the same yield of treatment 1,F(3861.97 kg/fed),which
represent the traditional irrigaticn and the recommended mineral fertilization
for the studied area , i.e the control treatment. In other hand, yield of
treatment §3F; was slightly little than treatment 1,F;, which had the highest
yield (table, 5) , by about 5.0% . Therefore, treatment I;F, could be considerd
the best treatment and could be recommended for thje management of maize
crop under the condition of the studied area, since this treatment saved water
by about 19.8% (497 m* and had no significant decrease in grain yield
compared to that |;F; which had the highest yield.

Table (5): Average values of grain yisld of maize as affected by
irrigation interval and fertilizer treatments in combined

analysis of 2007 and 2008 seasons.

Fertt 100% NPK 75% NPK 50% NPK
F, F2 Fs Mean
rrig.t RSC {0 ton} RSC (5 ton} RSC (10 ton)
[, (10 days) 3639.33 3609.77 3751.40 3666.83
I (15 days) 3861.97 3744.07 4113.43 3606.49
I {20 days) 3647.70 3635.60 3895.60 3726.20
3716.33 3663.14 3920.14

L.S.D. 5% 55.71

S5.D. 1% 78.04

RSC = Rice straw compost. Fertt aFertilization treatment. Irrig.t= lrrigation treatment
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Oil percentage:

As shown in table (8) , oil percentage has highest with the 20 days
intervals as compared with the two cother irrigation intervals regimes, This
occurred in both seasons. The mean oil percentage for the two seasons due
to Iy, |; and Iy water regime were 4.367, 4.497 and 4.543% for each of thus
regime respectively (Table 6). Under all fertilizer treatment, the oil percentage
of the treatment |3 was higher than those of |; or |; irrigation freatment, The
means that by increasing irgation intervals oil percentage increased. With
the F, fertilization treatments average values of oil percentage were 4.033,
4.150 and 4.180% for |y, |; and |; water regime, respectively. Superiority of |3
water regime over |y was 3.6% and was 1.0% when compared with the [;
water regime, With the F; treatment the average values of oil percentage
were 4.367, 4550 and 4.590% for l;, I; and l;, regimes, respectively.
SBuperiority of 1; regime over |y was 5.1% and was 0.8% when compared with
I water regime. With the F; means of oil percentage were 4.700, 4.790 and
4.860% for the 3 tested water regimes, respectively, with superiority of I3 over
the 1y and I; of 3.4 and 1.4%, respectively. The highest oil percentage of
4.860% (mean over 2 seasons) was obtained by I;F; treatment and the
lowest of 4.033% was obtained by I1F, treatment. Similar resuits were
obtained by Khalil et al. {2000); Zein et al. (2000) and Khalil and Aly (2004).

Table (6): Average values of Oil percentage of maize as affected by
irrigation interval and - ferfilizer treatment in combined
analysis of 2007 and 2008 seasons. -

Fert.treat] 100% NPK 75% NPK 50% NPK
Fy Fa2 Fs Mean
JrTig. intervals RSC(0ton) | RSC (5ton) [ RSC (10 ton)
l1 (10 days) 4.033 4.367 4700 4.367
I2 (15 days) 4150 4.550 4,790 4,497 7
I3 (20 days) 4.180 4.590 4.860 4.543
4121 4.502 4.783
Comparison L.S.D. 5% L.S.D. 1%
2-0 min. 0.099 0.134 °
-0 min. 0.057 0.080

RSC=Rice straw compost Forttreat= Fertilization treatment lrrig. Intervals=lrrigation
intervals :

Protein percentage:

. Regarding the effect of irrigation intervals regimes Table (7) protein
percentage has highest with 15 days intervals as compared with the two
other irrigation intervals mean protein percentage for the two seasons due to
h, Iz and |; water regimes were 7.53, 8.53 and 8.23% for each of thus regime
respectively. Under all condition of irrigation interval |, were higher than those
I, or Iy irmigation intervals. With the F fertilization treatments means of protein
percentage were 6.90, 7.30 and 7.46% for I;, l; and |3 water regime,
respeciively, by increasing irrigation intervals protein percentage increased.
Superiority of |; water regime over [; was 8.1% and was 2.1% when
compared with |2 water regime. With the F, the means of protein percentage
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were 7.40, 8.00 and 7.86% for Iy, I; and |, regimes, respectively; superiority
of 1; over 1, was 8.1%; it was 1.7% over ;. With the F; means of protein
percentage were 8.30, 10.31 and 8.36% for each of the 3 irrigation intervals
regimes |y, [; and |y, respectively; superiority of the [ over [, was 24.2%; it
was 2.3% over i;.

Concerning, the effect of rice straw compost the protein percentage
was greatest with F;, The means of protein percentage (over the two
seasons) due to Fy, F; and F; were 7.27, 7.75 and 9.32%, respectively. Thus
the 10 ton rice straw compost + 50% mineral NPK F; gave greater
percentage of protein ih comparison with the other two fertilization
treatments. The percent of increase in protein percentage given by F3 over F,
and Fy being 20.3% and 28.1%, respectively. The highest protein percent are
10.31% was obtained by I;F,. The lowest 6.9% was obtained by I,F,. These
results are in agreement with thase obtained by Khalil ef a/. (2000) and Khaiil
et al. (2004). i

Table (7): Average values of Protein percent of maize as affected by
irrigation interval and fertilizer treatment in combined analysis

of 2007 and 2008 seasons.

RSC NPK ly . Iz Iy Maan
2 0 + 100% NPK 65%0c 730¢ 746¢ 7.27

F2 5 ton + 75%NPK 740b 8.00a 7.86b 7.75
3 10 ton + 50%NPK 830a 10.31a 8.36a 9.32
gan 7.53 8.53 8.23

In rows L.S.D. 5% 0.155

in rows L.S.0. 1% 0.217

RSC= rice straw compost

Water productivity (WP)

Regarding the effect of water regimes (Table 8) WP was highest with
the 1; as compared with the other treatments. The mean WP (over the two
seasons) due to |y, |; and I; water regimes were 55.73, 87.60 and 102.60
kg/fcm respectively. The increase due to {; regime in relation to |, regime was
17.12% and the increase over |; was 57.7%. Under condition of F, treatment
mean WP values for |y, 1; and |; were 56.54, 88.36 and 102.24 kg/ecm
respectively indicating a superiority of I; regime over the others. 1t gave
increases of 17.12% and 57.7% relative to 1, and I, regimes respectively
With F, the pattern was rather similar to that with F, and the mean values of
(WP were 55.11, 84.37 and 100.23 kg/cm for the 1y, |; and 1, respectively,
indicating fncrease due to 15 over I; and |, of 18.78 and 81.87%, respectively.
With F; mean values of WP were 55.55, 90.18 and 103.81 kgfem for 1, 1, and
I; watet regimes, indicating that 1; gave increases in WP of 15.11% and
86.87% over 1; and |y, respectively, The highest WP was obtaiwed by the 1,F;
{reatrvent which gave 103.81 kg/fem. The lowest WP was obtained by the 1F,
treatment which gave 56.54 kglem. The results indicate that mcreasing the
imigation intervals as well as the sddition of rice straw compost enhanced the
WP of rhaize crop under the comdition of the studied area.

11556



J. Agric. Sci. Mansoura Univ.,, 34 (12), December, 2009

Table (8): Average values of grain yield (| :glfed .), consumptive use (Cu)
cm/fed. Water applied (Wa) m /fed. Crop water productivity
(WP) kgicm and productivity of irrigation water (PIW)
kg/m’(average of two seasons 2007 and 2008 ).

jrrigation ertilization Grain yleld Wa mHfed Cu PW PIW
kreatment atment _kgtfed. | emfed. | kglem kg/m’
Fi 3639.33 3123 64.0 56.54 1.16
h F2 3609.77 3123 65.0 55.11 1.15
Fi 3751.40 3123 670 | 5555 1,20
lean 3666.83 3123 55.73 1.17
Fs 3861.97 2504 43.0 88.36 1.54
I, F2 3744.07 2504 44.0 84.37 149
4113.43 2504 45.0 90.18 1.64
Mean 3806.49 2504 87.8 1.56
L ? 3647.70 2007 3530 103.24 1.80
3 2 3635.60 2007 36.0 100.23 1.81
3 3895.60 2007 37.0 103.81 1,94
ean 3726.30 2007 102.48 1.85

Productivity of lmgatlon water (PIW)

As shown in (Table 8), PIW values were highest with I; as compared
with the other two treatments. This was particularly true under conditions of
F3.The average of PIW (over the two seasons) due to Iy, I and I3 water
regimes were 1.17, 1.56 and 1.85 kglm respectlvely The increase due to |;
regime in relation to |4 regime was 58.1 % the increase over |, was 18.6 %.
Concerning the effect of fertilization treatment, PIW values were highest with
Fa. The average vajues of PIW (over the two seasons) due to F;, F, and Fj
were 1.50 , 1.48 and 1.59 kglm respectively . The increase due to F;
treatment in relation to F, was 6.0 % and the increase over F; was7 .4 % .The
hsghest PIW vaiue was obtained by the i3 F3 treatment which gave 1.94 kg/

whlle the lowest one was obtained by the I1F; treatment which gave 1.15
kglm of irrigation water applied.

Conclusion:

Treatment i3F; , i.e. irrigation maize every 20 days with 10 ton rice
straw compost+50% recommended mineral fertilizer, could be recommended
for the management of maize crop under the condition of the studied area.
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