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ABSTRACT

INTRODUCTION

Irmigated agriculture is extremely vital
for Egypt where rain fed agriculture does not
represent any significant part of arable far-
ming in Egypt. Therefore, maximizing the
retum obtained from irrigation water is very
important, Organic manuring has a significant
positive effect on improving soil fertility even
under conservation tillage (Reeves 1997); it
also could increase the efficiency of water
application beside its positive effect on yield

increase and soil improvement (Bhattacharyya
et al., 2007). The use of different equations to
determine irrigation water application is prac-
ticed and a number of different equations were
proposed for irrigation of arable crops such as
maize and other ficld crops. Elmarsafawy
(1991) observed that water evapotranspiration
calculated by equation was greater than
actually given as consumptive use for maize
grown in an alluvial soil.
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The aim of the current study is to
rationalize irrigation water and assess respo-
nse in terms of yield of maize, water use
efficiency, and some soil parameters. The
response 1s assessed under conditions of
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compost application and ordinary row cultiva-
tion or strew cultivation. Deficit irngation of
2640 m’fed’ (80 % of full irrigation) was

with a reference full irrigation of
3300 m’fed”

MATERIALS AND METHODS

Field experiments were conducted at

South of Sahl El-Hosainiya Research Station

in Port-Said Governorate, during two success-

ive seasons of 2006 and 2007 on a rather
saline clay loam soil (Table 1) newly reclai-
med from excessive salinity, Maize “Zeg
mays” cv. single Hybrid 10” was sown on

June 1%, and harvested on September 18", The

design was a randomized complete block

design, factonal in 3 replicates. Factors and
treatments of the experiment were as follows:.

Factor A: Irrigation (surface irrigation) (I):
Two water applications: Ij: irrigation with
3300 m’fed’ considered as full irrigation
treatment for maize in the areas similar to
the one of the current study (Vereiren and
Gopling 1984 and Allen ef al., 1993); L
deficit irrigation treatment -of 2640 m’fed’
which is 80% of I,Water was given
through surface application using a water
pump, and the amount of water was
measured in the light of the discharge rate
of the water from the pump (Vermeiren
and Gopling 1984). Irrigation was done at
15-day intervals.

Factor B: Method of cultivation (M): Two
methods: M, cultivation of maize on
ridges on which seeding was performed,
designated as “row cultivation tillage”;
M;: placing seeds in localized hole-spots
on untilled field surface, designated as
“strew cultivation tillage”.

Factor C: Compost (C): Four treatments: Co,
C,, Cz, and C; being: no compost applica-
tion, 5.5 Mg compost fed', 11 Mg fed”,
and 16.5 Mg fed” respectively (one mega-
gram “Mg” = 1000 kg).Compost was
added before sceding. Properties of the
compost are given in Table 2.

The execution of the experiment was
done in a randomized complete block design
{Gomez and Gomez 1984), split-plot with
irrigation as the main plots and the combina-
tion of cultivation —compost treatments as

subplots The main plots representing irrigation
were separated by 2m. The area of the
experimental plot was 10.5 m’. The experi-
ment was done in three replicates. Application
of compost at C, represents the recommen-
dations for organic amendment application for
plots reccived recommended doses of chemi-
cal fertilizers per feddan as follows:120 kg N
as ammonium sulphate ‘20.6 %N+ 13.1 kg P
as calcium super phosphate ‘6.6 % P” + 20 kg
K as potassium sulfate ‘40 % K’. Application
of P and K was done before sowing. Applica-
tion of N was done in three equal splits; before
sowing, two- wecks and five wecks after
sowing, Properties of El-Salam canal water
(used for irrigation) are given in Table 3.

A composite representative soil sam-
ple was taken from the field of the experiment
to represent the initial status of the soil. After
harvest of maize, soil samples were taken
from each plot in order to assess the effect of
treatments. The samples were taken form the
0-15 cm surface.

Parameters measured for assessment
of the treatment effects are as follows:-
1- Grain yield; measured at harvest of the
crop.
2- Water use efficiency (WUE); calculated
using the following formula:
WUE= Grain yield (in kg/fed')seasonal con-
sumptive use (in m*fed') = kg m*

i.e. kg grains/m’ water.

3-Soil measurements:

Particle size distribution was carried
out for characterization of the soil texture by
the pipette method (Piper 1942 and Gee and
Bauder 1986); Soil pH, salinity, organic
matter and total calcium carbonate (Page er
al., 1982) were also measured. Other para-
meters and properties measured for soil
characterization as well as for assessing the
effect of treatments include the followings:



Efficiency Of Compost Application For Maize Under Deficit Irrigation.... So. 41

A) Moisture contents retained at tensions of
0.01, 0.10, 0.33, 0.66, 1.00, and 15 atm;
carried out as described by Richards and
Weaver (1944) and Ascrof and Taylor
(1952) wusing the pressure membrane
apparatus (Richards 1947).

B) Bulk deusity (BD)using undisturbed soil
cores (Richards 1954).

C) Total Porosity(TP) calculated by equation
using bulk density and particle density

pores of >28.84u ¢; SDP (slowly
drainable pores of 28.8-8.62p ¢) WHP
(water holding pores of 8.62-0.19u ¢) and
FCP (fine capillary pores of <0.19: ¢);
according to Deleenher and De Boodt
(1965). (E) aggregation and aggre-gate
size distribution, done on dry basis
(Richards 1954) and wet basis (Yoder
1936 and Tbrahim 1964).

(PD) values as follows: TP = PD - 4-irrigation water analyses

(BD/PD).

Analysis include salinity soluble ions

D)Pore size distribution into 4 categorics and pH (Richards 1954).

determined as QDP (quickly drainable

Table 1): Pro ertles of the so:l of the pX erlment Slte

] Prrtx

roperty -

Sand % Moisture Yo(w/w) at:

Silt %
Clay %
Texture
OM%

Ca-carbonate %

Available moisture%
Bulk density (g cm-3)
Total porosity %
Pore-size distribution:

(.01 atm
0.10,.,
0.33,,
0.66,,,
1,00,
15.00,,,

QDP %
SDP %
WHP %

Notes no C03 was detected pH (1 25w/v soil water suspens:on) EC (satmahon extract )OM
{organic matter); QDP(quxckly drainable pores); SDP(slowly drainable pores,(WHP (water

holding pores); FCP (fine capillary pores)

Table (2): Properties of the compost used in the experiment and the El-Salam canal water

used for 1rngatlon.
N % P % K % | rati
_ _ 174 0.82 } 2.20 | 17.
(B Irrigation water ro ertles
] Iy, Anions (mme}., L™)*
pH (dgg“) Cations (mmol,. L™):

Ca” [ Mg” | Na” TK"

HCO,” | CI" | SO,”

7.11 3.53 200 | 450 | 264 1042
* no Carbonate was detected.

8.00 225 | 282 1467150
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Table (3): Maize grain yield (megagram/feddan “Mg ! %1 Mg=10° g; ie. metric ton”)
and water use efficiency (kg m™) as aﬂ'ected by compost addition under
u'r; atmn and cultwatmn treatments average of 2 seasons; 2006 200

Inon Treatment (T)

L

| Mean b, | L | Mean

Grain yield

Water use efficiency

2.647

2.206 0.776 1.165 0.970

2.922 2921

2921 1.015 1.405 1.210

4.930 6.602

5.766 1.705 2770 2238

3.668 5.370

4.519 1.526 2.498 2.012

3.321 4.385

3.853 1.256 1.960 1.733

1810 2318

2.064 0.617 1.035 0.826

2.594 3.163

2.878 0976 1.389 1.182

4.799 6.029

5414 1.577 2.592 2.083

3.565 3.956

3.760 1.438 2.279 1.858

3.192 3.867

3.529 1.152 1.824 1.488

3.257 4.126

3.691 1204 1.892 1.612

Means of com

ost Means of compost

1.788 2.482

2.135 0.696 1.100 0.898

2.757 3.042

2.900 0.996 1.397 1.196

4.364 6316

3.590 1.641 2.681 2.161

3.616 4.657

4.196 1.482 2.388 1.935

IM=0.074 IC=
| 0.105 IMC=0.148

Notes I: full irmgation 3300 m'f

I= 0.052 M= 0.052 C= 0,074
0.105 MC=

I= 0.020 M= 0.020 C= 0028
IM= ns IC= 0.040 MC= 0.040
IMC=0.057 _

; I deficit ungatlon 2640 m'f (80% of ﬁll] lmganon)

cultivation method: M, (rows), M, (Strew i.e. zero tillage with seeds sown in little holes on non-
tilled soil); Co(no compost), C,, C; and C; compost at, 5.5, 11.0, and 16.5 Mg f™' respectively

RESULTS AND DISCUSSION

The soil is medium-textured, loamy,
moderately saline, moderately alkaline, ten-
ding to be rather sodic {(Richards 1954);and
containing calcium carbonate

Grain yield (Table 3);

Compost caused marked increase in
grain yield particularly with the medium rate
(Cy). Increases due to C;, C,, and C; averaged
358, 1619, and 939 % respectively. This
shows that the increase was progressive up to
the rate of 11 Mg f' thus being the most
appropriate rate for compost application. The
highest rate of 16.5 Mg ' may have encou-
raged more immobilization of mineral avai-
lable nutrients (particularly N) since its effect,
though giving greater yield than the 5.5 Mg f*
was of less magnitude than the medium rate of
11 Mg fed' The superiority of the medium

rate over the high rate was most pronounced
under conditions of the deficit irrigation.
Under the standard irrigation the superiority of
the medium rate over the high rate was of less
magnitude. Beside its favourable effect due to
its available nutrients, (Gupta 2007} compost
was reported to increase soil organic matter,
particularly the soluble fraction of organic
matter in sotls (Wright ef ai., 2008).

Deficit irrigation I (80% of the full
amount ‘I,’) gave greater yield. It surpassed I,
by an average of 29.3%, and such superiority
was particularly marked under conditions of
the medium rate of compost (which was the
most efficient rate) giving about 30% more
yield. Under conditions of the Iow compost
rate it gave 10% over I,. Deficit irrigation may
have been more appropriate in creating more
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suitable conditions for plant growth improving
acration and reducing leaching losses of
soluble nutrients. These results show that 2640
m’fed’ are more appropriate for yield than
3300 m’fed”.

Row cultivation tillage (M;)} gave
9.2% greater yield over the strew method
(M.). The row method of cultivation is thus an
efficient method of many crops which are
most suited to row-tillage (Abd El-Salam ef
al., 2006) including maize (Elmarsafawy
1991).

Water use efficiency (WUE), Table 3:

Compost application increased water
use efficiency (WUE) by an overall average of
29.7 %.The highest increase was under the
medium rate of compost C; giving an average
increase of 40.1% as compared with 33.3%
under the low compost rate C,, or 15.6%
under the high compost rate C;. Thus, as
occurred with grain yield, the medium rate of
compost proved the most efficient rate of
organic matter addition with regard to WUE;
the least effective compost rate was Cs.
Superiority of C; over C; was most consi-
derable under conditions of I (giving 91.9%
increase over C,) rather than under conditions
of 1, (giving 64.8 % increase over C;). This
indicates that with deficit irrigation, applying
compost at the proper C; rate increased the
efficiency of water use. The positive effect of
compost was greater where the method of
cultivation was strew (M;) than where the
method was the ordmary row tillage (M,).
This means that the decrease caused by the
strew method could be alleviated by applying
the optimum compost rate.

Deficit irrigation I, surpassed the full
irrigation I, by an average of 57.2 %. The
increase was most prominent under the opti-
mum C, compost rate (where I, surpassed I,
by 63.7%) than under the low C, compost rate
(where the comparable surpass was 40.3
%).Also the increase caused by I; over I; was
rather greater under conditions of the strew
cultivation than under the row cultivation
method (an increase of 58.3 compared with
56.0 %). This indicates that deficit irngation
would alleviate the decrease in WUE caused

by strew cultivation, particularly where
compost was applied at an optimum rate.
Organic matter addition increases water use
efficiency by many crops including grass type
canopy (Stroosnijder 2008)) and improves
fertility of arable soils particularly those under
continuous cropping systems (Reeves 1997)
such type of systems is commonplace in
Egyptian agriculture.

Row tillage (M;) gave 16.4 % greater
WUE than strew tillage.

Soil moisture constants (Table 4):

The most effective factor which
affected soil moisture content was compost.
Thus, presentation of results will be confined
to its effect.

The pattern of response to compost
addition indicates marked increases in
moisture contents at nearly all points of the
moisture retention curve upon adding com-
post. The most pronounced effect was that at
the optimum rate¢ of compost (C;) where
contents of moisture increased by about one
third to about more than nine tenths by

compost application,

Increases were particularly marked at
the points of saturation (0.01 atm), near
saturation (0.10 atm), and field capacity (0.33
atm). Increased capacity for water retention as
a result of adding organic matter is a clear
indication of its positive effect in modifying
porosity and physical conditions of soil.

Therefore, compost, particularly
when applied at the optimum C, rate, increa-
sed the capacity of soil to retain greater
amounts of water within the soil matrix, a
characteristic feature of the positive effect of
organic matter addition (Tejada and Gonzalez
2008).Such effects of compost occurred under
all conditions of irrigation and cultivation.

Considering available water as the
difference between moisture at 0.33 atin and
that at 15.00 atm, results show a tendency for
increase upon compost addition where the
method of cultivation was M, and a tendency
for a decrease by compost addition where the
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method was M However taking the overall
average for the experiment, results show an
increase by compost addition: the overall
average of available water with no compost
was 17.71%, compared with 18.33 %,
18.51%, and 19.80% for the compost-treated
soils of C, C,, and C; respectively.

Increased available water is a direct
result of the increased moisture capacity
particularly field capacity (i.e. the 0.33 atm
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moisture tension): the no compost treatments
showed a range of field capacity moisture of
about 22% to about 30% contrasted with a
range of about 27 % to 39 % for the compost
treated soils. The positive effect of compost
application in increasing available water
reflects the high capacity of organic amen-
dments in retaining more moisturc in the soil
through creating more medium size pores in
the soil in particular as well as increasing soil
porosity in general.

Table (4): Soil moisture percent, (w/w) at different tensions (atm), and available water in
samples taken after harvest from the different treatments of compaost addition,

irrig

ation and cultivation tillage (average of 2 seasons -2006 - 2007

Treatment Moisture tension {(atm)
0.01 0.10 0.33 0.66 1.00 15

Co 33.77 | 23.71 21.81 2024 | 1933 7.56 | 1425

M, C, 4381 | 32.66 29.73 2657 | 2621 | 1178 | 1795

C, 52.15 ; 4148 38.14 3445 | 31.16 | 1699 | 21.15

I, Cs 4480 | 3736 31.81 3196 | 2498 | 1554 | 16.27
Cy 4117 | 31.14 29,99 28.93 | 2042 875 | 21.24

M, C; 39.82 | 31.61 29.47 2694 | 2564 | 1127 | 18.20

C: 5050 | 36.10 33.42 30.17 | 2584 | 1508 | 1834

Cs 4268 | 3399 32,96 3117 | 2635 | 11.84 | 21.12

Co 3741 | 26.64 24.25 22.03 18.40 8§84 | 1541

M, Ci 45,79 | 4057 38.71 3644 | 2885 | 1616 | 2255

C, 48.57 | 3443 32.69 3085 | 3344 | 1587 | 1682

L G 4391 | 36.17 32.86 2963 | 29.63 844 | 1242
Co 41.02 { 2871 29.12 23.53 18.03 9.17 | 19.95

M, C, 43.61 | 3270 26.66 2353 | 2024 | 12.06 | 14.60

36.00 32.70

Bulk density and porosity (Table 5):

The two properties of bulk density
and total porosity are closely related and
lingarly inversely correlated and decreased
bulk density is a direct function of increased
total porosity (Black ef al., 1965). The results
of the current study shows no definite trend of
the effect of compost on bulk density. There
was a tendency for increased bulk density by
compost application in many cases and a
decrease in some others.

Pore size distribution (Table 5):

There was an effect on the distrib-
ution of the different fractions of pores. The
most positively affected categories of pores

were the Quickly-drainable pores (QDP) and
the water-holding pores (WHP). These two
categories also represent major portions of soil
porosity, and they are of a very important
significance in soil fertility and plant growth.
Both were increased by compost application,
particularly marked with the C; by as much as
about 100% in some cases. The QDP average
values obtained in the current study are 7.78,
10.93, 15.53, and 12.67 % due to Cy, C;, C,,
and C; respectively. The WHP averages are
18.89 %, 20.77, 24.37, and 23.03 % respec-
tively. Increased values of such types of pores
is an evident manifestation of the positive
effect of organic matter addition in creating
favourable soil stmcture and forming pores
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which hold water useful for plant roots. The
slowly drainable pores (SDP) decreased by
compost addition; the average values were
3.28 %, 2.02, and 2.52 % for the Co, C,, Cy,
and C; treatments respectively. The capillary
pores (FCP) increased by applying compost
with average values of 9.92%, 13.71, 15.76
and 14.04 % for C,, C,, C;, and C; respec-
tively.

Therefore, the positive effect of com-
post addition from the viewpoint of porosity is
in terms of redistribution of pore size fractions
so as to increase the water-useful fractions in
particular, which represent a significant por-
tion of the pores and hold easily available
water for plants. Such changes in the pattern
of pore size distribution would be reflected in
increased water holding capacity, and would

most certainly contribute in greater plant
growth and ultimately higher grain yields as
shown by the relevant data of these para-
meters. The most effective compost treatment
was that of C,. Increased proportions of water
useful pores as a result of adding organic soil
conditioners was observed by Mostafa (1986),
and Abdel-Salam er al. (1988) who applied
organic manure of up to 27 Mg fed”', and
Evanylo ef al. (2008) who reported increased
porosity as well as decreased bulk density
upon adding rates of organic composts
equivalent to 70 to 340 Mg foed' under
different organic farming systems. Compost
addition with reduced tillage was reported by
Quattara ef al. (2007) to have modified pore
size distribution in a manner that increased
water infiliration in soils of very heavy
texture.

Table (5): Bulk density(BD), total porosity(TP), pore size distribution in soil after maize

harvest (average of 2 seasons - 2006 - 2007).

Treatment

Pore size distribution (%)

QDP SDP | WHP

8.98 2.82 19.99

982 234 20.10

15.80 1.37 27.36

11.93 1.16 23.90

7.43 3.54 16.95

11.31 4.12 19.51

13.60 2.27 21.60

11.97 3.23 15.83

8.51 342 23.70

11,61 4.45 24.29

1872 242 28.30

14.52 3.01 27.75

6.16 3.74 14.92

10.99 220 19.18

14.01 2.03 20.23

]
E
i
i
i
|
i
i

L14

See footnotes of tables 3, and 4; QDP (quickly drainable pores; 28.84uf); SDP (slowly drainabl

272

pores;28.8-8.6214); WHP (water holding pores 8.62-0.19:4); FCP (fine capillary pores <0.19u4).

Soil aggregation (Tables 6 and 7):
Aggregation was affected by treat-
ments. Distribution of stable aggregates sho-
wed marked variation associated with diffe-
rent treatments. The aggregate categories
studied in this experiment are of the following
diameters (mm ¢); 10-2, 2-1, 1-0.5,0.5-0.25,
0.25-0.125, 0.125-0.063 and < 0.063. For

reasons of data presentation they are
designated as follows, respectively: very large,
large, medium, sub-medium, small, very
small, and extremely small. Dry aggregation
covered the 7 categories, but wet aggregation
(because of its nature) covered the first 6
categorics.
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Table (6): Size distribution fractions (%) of dry- sieved aggregates, in soil after maize
harvest (Average of 2 seasons- 2006 - 2007) *.

0.5-

0.25-

0.125-

Dry aggregate

diameter (eam) 102 | 21 | 105 | 455 | 125 | 0063 | <0063

Initial Soil >>** 7003 | 28.04 | 148 0.17 0.09 0.11 0.08

C, 7294 | 1007 | 975 4.76 1.23 1.10 0.15

M C, 7812 | 850 7.78 3.60 1.15 0.75 0.10

1 C, 7840 | 2129 | 0.16 0.04 0.03 0.06 0.02

L C; 5196 | 2446 | 1230 | 8.10 2.07 1.06 0.05

C, 64.71 | 15.03 | 10.13 | 4.07 5.02 1.01 0.03

M C, 67.65 | 1876 | 8.68 2.98 0.71 0.62 0.60

2 C, 5582 | 1987 [ 1387 | 621 3.09 1.05 0.09

C, 5779 | 2529 | 1040 | 335 2.05 1.02 0.10

C, 82.10 | 480 6.38 530 0.74 0.52 0.16

M C, 6801 | 3056 | 041 0.04 0.03 0.03 0.02

! C, 5705 | 1235 | 1030 | 1015 | 707 3.06 0.02

L C, 5958 | 2033 | 1588 | 2.13 2.03 0.03 0.02

Co 6228 | 1755 | 1212 | 5.04 1.71 1.03 0.27

M C, 6094 | 2551 | 951 245 1.20 0.18 0.03

2 C, 5176 | 1247 | 1234 | 1000 | 960 373 0.10

C, 5051 | 2634 | 880 205 | 207 1.18 0.05

See footnotes of tables 3 for treatment designations; **: values for soil before executing the

experiment. Values are means, without statistical analysis

Table (7): Percentage of total of stable wet sieved aggregates “TSA”, and their different

size fractions in soil after harvest (Averag

e of 2 seasons- 2006 - 2007).*

wet aggregate 102 2.1 . 0.25- | 0.125- | Total
diameter (mm) X 0,125 0.063 | (TSA) |
Initial Soil 7.61 1094 | 838 16.07 8.03 628 | 5731 |
C, | 327 1010 | 15.10 | 9.69 5.01 5.63 43.80 |

M, C, | 264 8.14 10.17 | 12.63 3.24 443 4125

C, | 130 536 1791 | 13.23 520 816 | 51.16

I C: | 6353 1297 { 1062 | 1015 3.31 531 43.89
G | 759 1473 | 11.17 | 856 2.62 452 | 4919

M, | G| 671 13.25 9.29 14.85 4,09 541 53.60

C, | 364 984 1229 | 1894 | 3.76 720 | 55.67

C: | 611 1272 | 1294 | 18.01 3.58 3.48 56.84

C, | 185 581 1976 | 1679 | 246 277 | 49.44

M, G| 161 6.49 1776 | 1440 | 571 542 51.39
TG 189 6.87 11.32 | 10.14 755 596 | 4373

L C: | 874 1328 | 9.93 485 1.62 379 | 4221
C, | 4.6} 1068 | 1117 | 1952 | 4.06 754 57.58

M, LG | 541 1275 | 1405 | 1488 | 247 453 54.09

2 7.09

Data show marked changes in all presentatives for the effect of treatments on
categorics. Discussion will cover the three aggregation. discussed here to assess implic-

aggregate categories of “ very large, sub-
medium, and very small aggregates as re-

ations of treatments on soil aggregation.
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Different size fractions of dry-sieved

aggregates (Table 6):

Before cultivation, data for the initial
values of dry aggregate size distribution for
the 3 categories of the very large, (10-2 mm¢)
sub-medium, (0.5-0.25 mm¢) and very small
(0.125-063 mm¢) aggregates show respective
averages 0f70.03 %, 0.17% and 0.11 % . After
cultivation average values for all treatments
were 64.35 %, 4.39 %, and 1.03 % for the
three aforementioned categories respectively.
The decrease in very large aggre-gates due to
cultivation reflects the influence of tillage on
breaking the massive structure of soil. The
increase in the sub-medium and very small
aggregates may indicate the effect of tillage as
well as the rooting system of plants in
improving soil structure.

The very large aggregates shown by
different treatments at harvest ranged from
about 51.96 % (I,M,C; treatment) to 82.10%
(EM,Cy treatment). The sub-medium aggre-
gates ranged between (.04 % (LM;C;) and
10.15 % (LM,Cy); comparable values for the
very small aggregates were 39.69 {I,M,C,)and
58.26 % (I,M:Co).

Deficit irrigation, I, caused a decrease
in the very large as well as the very small
aggregates, giving respective averages of
62.77, and 8.38 %, compared with 65.92 and
14.25 % respectively caused by the higher I
irrigation. On the other hand the sub-medium
aggregates were decreased by deficit uriga-
tion.

Compost caused a decrease in the
distribution percentage of the very large
aggregates. The average values due to Co, Cy,
Cy, and C; were 70.52,.68.91, 60.76, and
57.21 respectively. Conceming the sub-med-
iumn aggregates, there was a decrease due to C;
and C; but an increase due to C; the
distribution values were 4.79, 227, 6.60, and
3.91 respectively. The very small aggregates
showed an increase due to compost addition
and this increase progressed with increasing
the rate of application. Averages of distribu-
tion were 1.53, 1.88, 5.75, and 5.50 % for C,,
Ci, C,, and C; respectively. The_positive and
favorable effect of compost on soil physical
properties is a manifestation of the influence

of organic matter in creating soil structure
favorable for plant growth.

Cultivation by the row method caused
an increase in the distribution of the very large
aggregates, giving an average value of 68.63
% as compared with 60.06% for the strew
treatment, Sub-medium aggregates and par-
ticularly very small agpregates of the row
cultivation were lower than those of the strew
cultivation, with averages of 4.27 % sub-
medium and 0.83% very small aggregates
found in the row method compared with 4.52
% and 1.23% found in the strew method.

Different size fractions of wet-sieved aggre-
gates (Table 7):

Before cultivation, data for the initial
values of wet aggregate size distribution for
the 3 categories of the very large, sub-
medium, and very small aggregates show res-
pective averages 7.61 %, 16.07% and 6.28 %.
After cultivation average values over all
treatments were 4.54 %, 13.63 %, and 5.26 %
for the three aforementioned categories res-

pectively

Value of total stable (wet) aggregates
before cultivation was 57.31 %.After execu-
tion of the experiment such values ranged
between 41.25% (LM,C, treatment) to 57.66
% (12M2C4 treatment)

Comparison between the different
compost treatments concerning total of stable
aggregates show little difference between the
no compost and the compost treatments. The
ne compost treatment gave an average of
51.25% stable aggregates, while those recci-
ving the low, medium and high compost rates
gave very comparable averages of 350.08,
5125, and 51.40% respectively. The effect
was rather clearer concerning distribution of
different sizes of aggregates. The C,, C,, C,,
and C; gave values for very large aggregates
of 433, 4.09, 2.94, and 6.79 % respectively,
and sub-medium aggregates of 13.64, 14.19,
1470, and 12,00 % respectively, and very
small aggregates of 5.12, 4,95, 6.29, and 4.68
% respectively. Thus there was a tendency for
increase by compost addition, particularly by
C, regarding large aggregates and C, regar-
ding medium and smail aggregates.
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Deficit irrigation (I;) gave average of
51.32% total aggregates while full irrigation
(I)gave 50.68%.Also I, gave more very small,
sub-medium and very larpe aggregates
(averaging 4.35, 14.01, and 5.00% respec-
tively) than given by I; (4.74, 13.26, and 5.52

respectively).

Row cultivation M, gave lower
values than strew cultivation M; with regard to
large medium and small aggregates. The M,
treatment gave averages of 3.5, 11.5, and 5.2
% for very large, sub-medium and very small
aggregates respectively as compared with 5.6,
15.0, and 5.3 % respectively given by the M,
treatment.
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Overall effect on aggregation:

Compost tended to aggregation and
aggregate stability in soil particularly with row
cultivation. There was no maked difference
between full and deficit irrigation. positive
effect of compost and row tillage is a direct
consequence of organic matter addition and
tillage. Increased aggregation and aggregate
stability were demonstrated by Mostafa
(1986) and Abdel-Salam (1988) assessing
effects of some organic conditioners on some
Egyptian clay loam soils. Increased aggregate
stability was also demonstrated by Tejada and
Gonzales (2008) upon addition of plant resi-
due compost as well as chicken manure to
solls in arid regions,

CONCLUSIONS

Compost increased grain yield mar-
kedly particularly with the medium rate
causing up to 162% increase by the medium
rate (11 Mg fed"') rendering it an appropriate
rate above which an immobilization of mine-
ral available nutrients may have occurred. The
increasc was also reflected in water use
efficiency WUE by an average of 30 %
particularly where the medium rmate was
applied (40% increase). Smaller increases
occurred with the high rate (16% increase) or
the low one (33% increase). Compost favou-
rably modified porosity. The effect was consi-
derable on the redistnbution of pore size
fractions increasing the more-water-useful
pores of QDP, SDP, and WHP, and decrea-
sing the less- water-useful ones such as the
FCP) This cansed more retention of available
water, hence greater plant growth and
ultimately higher grain yields. Compost affec-
ted aggregation through distribution of seven
aggregate categories ranging from “the very
large” to “the extremely small” aggregates
with marked variation associated with diffe-
rent treatments. The changes in the 3
aggregate categories of “the very large (10-2
mm ¢)”, “the sub-medium (0.50 -0.25 mm
¢)”, and “the very small (0.125 - 0.063 mm
$)” were marked. Concemning dry sicving,
“the very large aggregates” ranged from 52 %
{given by high compost + full irrigation, strew
or row cultivation} to 82% (given by the no
compost + full irrigation with row cultivation).
Deficit irrigation decreased “the very large” as
well as “the very small” aggregates being 63

%, and 8% respectively for I, compared with
66% and 14 % respectively for I;.Compost
decreased “the large™ aggregates in particular
by up to more than two thirds, and to a less
extent “the medium” aggregates but slightly
increased *the small” aggregates. Concerning
wet sieving, the total percentage of stable
aggregates for I, and I, were rather com-
parable with averages of about 50%. Aggre-
gate categories were also comparable by the
two treatments. Compost tended to increase
aggregates of these categories. The high
compost rate gave 7% of very large aggre-
gates while the no compost gave 4% only. The
medium compost rate gave 15 % and 6 % sub-
medium and small aggregates respectively.

Deficit irrigation (I;), which is 80% of
the full irrigation {I)) of 3300 m’fed’ gave
more yield than the full irrigation particularly
under conditions of the medium compost rate
of 11 Mg fed' when it increased the yield by
about one third. It may have created more
suitable conditions for plant growth such as
improved acration. Deficit irrigation also sur-
passed full irrigation regarding the water use
efficiency WUE by an average of 57 %, most
markedly under medium compost rate (64%
increase) and more so under strew cultivation
than under row cultivation.

There was no particular difference
between the two irrigation treatments with
regard to bulk density, porosity, water reten-
tion parameters or aggregation.
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Row cultivation gave lower values
than strew cultivation with regard to “the
large, medium and small aggregates. The row
method proved more efficient for maize, and

if the need arises to use strew cultivation,
compost application would improve its effi-
ciency.

REFERENCES

Abdel -Salam, AA; Habib, FM. and
Mostafa, M.F. (1988): Evaluating the extent
and duration of changes in sand properties
upon adding polyvinyl alcohol, polyvinyl
acetate, bitumen, Tafla and farmyard
manure, Int. Symp. on the use of soil con-
ditioners for reclamation and farming of
desert lands, 11-13 Oct.1988, Acad. Sci.
Res. & Technology, Cairo Egypt.

Abdel -Salam, A A ; Ibrahim, M. A M. Abass,
HH. and Kassab, M.M, (2006): Interaction
relationships of irrigation level and furrow
spacing on crop water parameters of
sunflower. Annals of Agric. Sci. Moshtohor
44(2): 769-774,

Allen, R. G.; Pereira, L.S.; Raes, D. and
Smith, M. (1998): Crop evapotranspiration.
Guidelines for computing crop water req-
uirements, Irrig. and Drain. Paper, No 56,
FAOQ, Rome, Italy. P. 300,

Ascroft, G. and Taylor, S.A.(1952). Soil
moisture tension as a measure of water
removal rate from soil and its relation to
weather factors. Soil Sci. Soc. Am. Proc.
17:171-174.

Black, C.A.; Evans, D.D.; Ensminger, LE;
White, JL., and Clark. F.E. (1965)
Methods of soil analysis Am. Soc. of
Agronomy, Agronomy Series No. 9,
Madison, Wisconsin, USA.

Bhattacharyya, R; Chandra, S.; Dingh, RD.;
Kundu, S.; Srivastava, AK_, and

Gupta, H.S. (2007). Long term farmyard
manure application effects on properties of
silty clay loam soil under irrigated wheat-
soybean rotation. Soil and Tillage Res. 97
386-396.

Deleenher, L. and De Boodt, M. (1963): “Soil
physics” Intemational Training Center for
Post Graduate soil scientists (ITC-Ghent),
Belgium.

Evanylo, G.; Sherony, C.; Spargo, J.; Starner,
D.; Brosius, M., and Hearing, K.(2008):
Soil and water Environmental effects of
fertilizer-, manure-, and compost-based
fertility practices in organic vegetable cro-
pping systems Agric. Ecosystems and
Environment 127: 50-58.

Elmarsafawy, S.M.(1991):Effect of nitrogen
fertilizer and water stress on growth and
evapotranspiration of com., M.Sc. Thesis
Faculty of Agriculture, Moshtohor, Benha
Branch, Zagazog University.

Gee, G.W. and Bauder, J.W. (1986): Particle
size analysis, In Methods of soil analysis
Part L second edition A: Kiute, Ed., Am.
Soc. Agron. Madison. Wisconsin, USA.

Gomez, K.A. and Gomez, A A. (1984): Statis-
tical procedures for agricultural research.
Second ed. Jon Willey and Sons Inc. New
York, US.A.

Ibrahim, S.A. (1964): Studies on the size dis-
tribution of water stable aggregates in the
soils of the Nile Delta. Univ. Egypt.

Mostafa, M\M.F. (1986): Effect of soil con-
ditioners on some physical and chemical
properties of some Egyptian soils. PhD
Thesis, Fac. Of Agric. Moshtohor, Zagazig
University, Benha.

Page, AL., Miller, RH. and Keeny, DR
(1982): Methods of Soil Analysis, Part2
Chemical and Microbiological Propertics.
(2™ Ed), Amer. Soc. Agron. Monograph
No. 9, Madison, Wisconsin. U.S A.

Ouattara, K; Ouattara, B Nyberg, G
Sedogo, M.P., and Malmer, A. (2007):
Ploughing frequency and compost applica-
tion effects on soil mfiltrability in a cotton-
maize (Gossypium hirsutum-Zea mays L.)
rotaion system on a ferric luvisol and Ferric
Lixisol in Burkina Faso. Soil and Tillage
Research 95:288-297.

Piper, C.S. (1942): Soil and plant analysis,
University of Adelaide, Australia.

Reeves D W.(1997).The role of soil organic
matter in maintaining soil quality in con-
tinuous cropping systems. Soil and Tillage
Research 43:131-167.

Richards, AL. (1947). Pressure membrane
apparatus construction and use. Agric.
Enger., 28:451-454

Richards, A.L. (1954); Diagnosis and mpro-
vement of saline and alkali soils. US Dept.
Agric. Hand Book, No, 60.USA.



50 So.

Richards, AL. and Weaver, IR (1944):
Moisture retention by some irrigated soils as
related to soil moisture tension. J. Agric.
Res,, 29:215-235

Stroosnijder, Loe (2008). Modifying land
management in order to improve efficiency
of rainwater use in African highlands. Soil
and Tillage Res.(in press)

Tejada, M. and Gonzalez, J.L.(2008): Influe-
nce of two organic amendments on soil
physical properties, soil losses, sediments

Annals Of Agric. Sc., Moshtohor, Vol 46(4), 2008

Vereiren, L, and Gopling, G.A. (1984):. Loca-
lized irrigation. FAO Frrigation and drainage
Paper No. 36, Rome, Italy.

Wrght, AL.; Provin, TL.; Hons, F.M;
Zubere, D.A. and White, R H.{(2008): Com-
post impacts on dissolved organic carbon
and available nitrogen and phosphorus in
turfgrass soil. Waste Management 28:1057-
1063.

Yoder, R.E. (1936): A direct method of aggre-
gate analysis of soils and a study of the
physical nature of erosion losses. J. Amer.

and runoff water quality. Geo-derma

145:325-334. Soc. Agron.28:337-351.

Al 3,00 o (compost Ciwspa sSll) 5 gaSall slaw o dilida G daa pladiu] B liS
strew 3 il 4 rows hghd o o)) iy el g gk Cas
Lol Aty 3h adluad 5 Jgaaall o 0 00y

M\mmi@r—w; "aeal 3 panes Hla ) tana g4 o ,_‘,u..dl‘_;!h.\lml.h
" el Sanee bl i ) id)

a6 3l edped 3 Cuganll S e il g Shalt 5 Ay il Cgay s

Jeas cleds daala ¢ peiday Aol )i 44K

Aldi ol 3 B Ayl (Yoo v 5 Yoo fpaage o Alia 4y 500 605530 Ao )
Y1,2 VY 0,0 ‘.,.) Cs, Gy, Gy, Co L_IYJJ.AC.IJ'!“.‘G"L\!LA| _,Lgy.acc.‘.nansuu).u,ﬂl
OBl ol O p—de =megagram  Mg' alsal ) cai il e (ghaill ol e laga) cifpaae
YR SR -u‘.n_;w,ll)) G fTa T = LS g thea (gl el piaS alasiad y (s e
'rOWs' kaghai e dol )30 L ol o Aed ) Wy (JelSH g e %A = Gl g1l 1))
‘a.‘L;IJ'I Claledl) o gaal) d}ma.-cj)a (Mz) ‘strew* iy U uh)i:ujial))“ (Ml)
C'L'"‘""“ L_F?.lu_..u.“ Eolalaall i L :._l/‘.:..';.n YOON YV G o piaall cluuﬂ
(GL—A /uJ.\A ?15) aL:n.dl fs}.Ja..b.»‘ oeLiSt_L;J‘).l_, t_l/l.aa.ai Y u.“" o0d¢ uﬁc_,[)n&_,a.‘u.“
YVV. Q_n VYA (i g gal) mliadd) G iy af A COedll Y000 B YY
plaaid Ao %Ye,0 cfe ) VY Lk Bl g gl mliaddl Led pasiid Al U
Al e el I dlalea 8 Blal alaiiul BeliS cilSy il e Cj, Cp, CpsaS Ci¥ane
M, Adtas padd (8 e ob il My dldaa b oball 36US Wi % oV, Y jlaia Tj dlalee dualall
O Yoty (R Tk ) linia) gl g LS (g2 e gk ) i 8 GlIS % A, i
RS Wy SRRV INIVEIV- P FPRRR TSR T W P 1 U I AP W T I S
1S (b 38 A liad Gaudl) (5 ga o, TF il AhES die duals W el Mo g i (5 giaal
Sy o=y W B o 5 aggregation dpa V1 clepenil 5 4 athll 260K L o) oL 4825
Gtasth (o ) Loy plsdll il 555 55 o o B0 OIS (S0 3 I AGASH e ) S s oS
el Lt S i Jlal Jaed) aied 3y Lo V1 Clagaadll e ady LS Ll sl Jlad)
o W) AL % A Ee %Y e Ve Y Q.aJ‘Uas’w cld (Al Clgeaill) 3 S
RN~





