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ABSTRACT 
      

Two experimental sites of arable sandy soil located at Abou Omera Al-
Sharkeya village , Baltim district, Kafr El-Sheikh Governorate were chosen. The 
selected locations represent the conditions of circumstances of northern part of Nile 
Delta region. Site 1 ( fruit field) was devoted for collecting composite surface soil 
sample for carrying out wheat pot experiment in plastic pots during the growing winter 
season period 2010/2011. Site 2 (nearby site 1) was occupied for conducting maize 
field experiment during growing summer season period 2011. The main objectives of 
this investigation were to study and evaluate the effect of natural raw minerals, soil 
conditioner types, their mixtures and application rates in sandy soil subjected to 
different irrigation deficits on the following parameters: ( i ) soil properties( chemical, 

physical, moisture constants and nutritional status after cereal crops harvesting and   
( ii ) agronomical production of wheat and maize crops after full maturity in the studied 

soil under consideration.   

Four types of soil conditioners [bentonite , compost , mixture of natural mineral 
raw materials (MNRM)and their mixtures 1:1:1(w/w)] were applied before cultivation in 
two recommended application rates low (R1) and high (R2). Three levels of soil 
moisture depletion regimes were used ( 30, 50 and 70 % ) from its available water 
capacity. The N,P,K mineral fertilizers were added according to the recommended 
doses for sandy soils. Applying natural soil conditioner types, their mixtures and 
application rates in the studied sandy soil subjected to moisture depletion regime 
realized improving soil chemical, physical, water holding capacity and macro 
nutritional status. Soil salinity (soil reaction, electrical conductivity and ionic strength), 
hazard sodium parameters (soluble sodium percentage and sodium adsorption ratio), 
soil porosity, available water capacity and phyto – available nutrients were increased. 
On the other hand, hydraulic conductivity and bulk density were decreased. Generally, 
high application rate achieved the best values of soil properties in comparison with 
low application rate. Conditioner mixtures 1:1:1 treatment realized the superiority 
under wheat pot experiment, meanwhile, compost treatment achieved the best values 
under maize field experiment. Irrigation after 50 % AWSMD gave moderate values of 
such properties between wet (30% AWSMD) and dry (70% AWSMD).  Increasing 
grains, straw, protein, grains weight, harvest index and other yield components 
significantly for wheat and maize crops, as a result of adding soil conditioners 
compared with control. Conditioner mixtures 1:1:1 treatment realized the superiority 
under wheat pot experiment, meanwhile, compost treatment achieved the best values 
under maize field experiment. Also, high application rate was better than low 
application rate. Results also indicated that , from view point of water and economic , 
the highest values of crop yield were obtained from irrigation at 50 % depletion from 
its available water capacity rather than 30 % and 70 % respectively.  

Keywords: Guelph permeameter apparatus; Time Domain Reflectometer  

(TDR apparatus); Composting; Nutrients – phytoavailability; Sandy soils; 
Water irrigation management; Soil conditioners; Cutthroat flumes.  
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INTRODUCTION 
 

           Nowadays, the term of « sustainable agriculture » is widely used in 
world wide, which is keystone of the rational utilization of soils as one of our 
most important natural resources. It is the important aims of « sustainable 
agriculture » to protect and maintain of the multifunctions of soils (Varallyay, 
2005).   For preservation and sustainability the productivity of soil we have to 
take special regard to sandy soils having unfavorable properties.  Sandy soil 
characterized by less than 18 % clay and more than 68 % sand in the first 
100 cm of the soil depth are the poor soils that occur in many parts of the 
world (van Wambeke,1992). There are other problems facing agriculture 
sector caused by, mainly, inappropriate soil, water and fertile management 
practices as well as rapid decreasing of agricultural land particularly in Delta 
soils. Therefore, we have to find rapid solutions to face these problems. 
Sandy soils hold little water as the large pore spaces allow water to drain 
freely from soil. The productivity of these soils is limited by low water holding 
capacities, high infiltration rates, high evaporation, low inherent fertility levels, 
very low organic matter content and excessive deep percolation losses. Also, 
the water use efficiency of the crops cultivated in such soil is low. 

Tackling these problems can be achieved through applying organic 
amendments, natural raw minerals and soil conditioners. These materials 
improve the retentative capacities of these soils and allow plants to get their 
water requirements and phyto –available nutrients easily.  

        Cereal crops such as (wheat and maize) are very strategically important 
crops in Egypt because it’s constituent and indispensable part of Egyptian 
food diet. Generally, there is a great gap between the consumption and 
production of such crops. On the other hand, it is worthnoting that, the 
agriculture production in Egypt is mainly depend upon irrigated agriculture. 
The gap between supplies and demands of water is widening with increasing 
global population. We are suffering from this trouble, especially when we 
know that we are under water poverty limit. Because of the water limitation, 
one of the most important targets in the agriculture sector is how to save 
irrigation water and increase water use efficiencies. So, new techniques and 
practices are needed to achieve water save. Estimating irrigation water 
becomes important for project planning and irrigation management. The over 
irrigation practiced by the farmers usually leads to low irrigation efficiency. So 
it is necessary to ascertain to what extent the water in the root zone can be 
depleted to produce high economic yield with using little water applied . 
Planning best irrigation regimes is very important for maintaining available 
irrigation water. The proper water management ( irrigation scheduling ) not 
only accurates determination of crop water requirements but also helps to 
know when and how much water should be applied to get high efficiency of 
each unit of water. Regulated deficit irrigation is one of such practices. Many 
studies indicated that the deficit irrigation was a successful technique in crops 
irrigation, Omran(2005) and Seif et al.(2005). The main objectives of this 
investigation were to study and asses the effect of natural soil conditioner 
types, their mixtures and application rates in sandy soils subjected to 
irrigation regimes on: 
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(i):Soil physico-chemical properties, moisture constants and nutritional status. 

(ii):Agronomical production of wheat and maize crops after full maturity.   
 

MATERIALS AND METHODS 
 

Two selected sites represent arable sandy soil located at Abou-Omera 
Al-Sharkeya village , Baltim district, Kafr El-Sheikh Governorate 31° 34 40.6 
N latitude and 31° 10 55.5 E longitude with an elevation of about 5 meters 
above sea level were chosen. Site 1 ( fruit field) was devoted for collecting 
composite surface soil sample for carrying out wheat pot experiment in plastic 
pots during the growing winter season period 2010/2011. Site 2 (nearby site 
1) was occupied for conducting maize field experiment during growing 
summer season period 2011. After wheat and maize plants full maturity, 
representative composite disturbed soil surface samples were collected, air 
dried, crumbled by hand, homogenized and finely ground in steel mill to pass 
through 100-mesh (0.15 mm opening sieve) and thoroughly mixed. 

Generally, soil chemical characterizations of the studied soils before 
cultivation and directly after cereal crops harvesting as well as properties of 
the used matured co-compost and irrigation waters were performed using 
classical methods as reported and explained by Cottenie et al.(1982); Page 
et al.(1982); Carter(1993); Rowell (1996); Tan(1993) and Burt(2004) as 
tabulated in all Tables in this work. Ionic strength (mmoles L

-1
): was 

calculated using the following equation as explained by Tan(1993). 

Ionic strength (mmoles L
-1

) = ½ ∑i= 1
i=n

 Mi Zi
2
 

Where: Mi = conc. of ion (i) in mmoles L
-1

 and Zi = charge of ion ( i). 

Additionally, undisturbed vertical cylindrical volumes of field-moist soil 
samples were gently obtained using cylindrical sharp edged core samplers 
for estimating soil physical properties and soil moisture constants using 
routine work analysis methods as reported and described by Garcia(1978); 
Klute(1986); Okalebo et al.(1993) and Reynolds 1993(a,b). Soil moisture 
constants (field capacity, permanent wilting point and available water 
capacity) were measured and calculated by means of pressure cooker and 
pressure membrane apparatus for measuring moisture contents at pressures 
of 0.33 and 15 bar according to Garcia(1978) and reported by Klute(1986). 
Bulk and particle (real) densities were estimated as described by Blake and 
While, field saturated hydraulic conductivity in situ was determined using 
constant head well permeameter method employing Guelph permeameter 
apparatus as mentioned by Reynolds(1993b).  All soil obtained values were 
calculated on oven dry weight basis 105 C ° for 24 hours. Some chemical 
properties of the different irrigation water sources under consideration during 
the carrying out of pot and field experiment periods are listed in Table (3).The 
suitable experimental design was selected for both pot- and field 
experiments. The wheat pot experimental cross-sectional area was 0.0453 
m

2
, while maize experimental plot area was 4.5 m

2
 (1.5x3 m).The 

experimental design was split-split plot arrangement with three replications. 
The main plots were devoted to three irrigation treatments as follows: Wet –
treatments (light irrigation) after 30 % AWSMD from soil available water 
capacity; Medium – treatments (moderate irrigation) after 50 % AWSMD from 
soil available water capacity (50% AWSMD)and Dry treatments (heavy 
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irrigation)after 70% AWSMD from soil available water capacity (70% 
AWSMD).Wheat and maize plants were exposed to deficit irrigation and 
started directly after life watering irrigation (El-Mohayaa irrigation) for 
achieving the selected available soil moisture depletion levels under 
consideration.Detailed experimental obtained data about irrigation scheduling 
and the actual seasonal applied water for wheat and maize crops production 
cultivated in loamy sand soils subjected to soil moisture depletion regimes 
over the growing winter and summer season periods 2010/2011 and 2011 
are tabulated in Tables(6 and 7). The sub –plots were assigned to five types 
of soil conditioners and their mixtures 1:1:1(w/w). The conditioner treatments 
(w/w) were applied as follows: Control (without additions); Bentonite at 
application rates of 0.2 % and 0.3%. ; Co-compost at application rates of 0.3 
% and 0.5 %; Mixture of Natural Raw Minerals (MNRM) at application rates of 
0.2 % and 0.3 %; and the mixtures of the three previous conditioners in 1:1:1 
ratio at rates of 0.233% and 0.367%. The soil conditioner treatments were 
randomly distributed in the three main plots.  
 

Table (1): Initiative physico-chemical characteristics of the selected arable 
experimental sites under consideration located at Abou-Omera Al-
Sharkeya village, Baltim district before planting 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Site(1): Properties of disturbed and undisturbed surface soil(0-30 cm)just before 
collection and transportation for wheat crop cultivation in pot-experiment. 

* Site(2): Properties of disturbed and undisturbed surface soil just before cultivation of 
maize crop field –experiment.  
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These conditioner types are mixed well with soil during its preparation for 
cultivating wheat before sowing and incorporated into soil surface before 
plowing during soil service process and its preparation before maize planting. 
Sub sub plots were occupied with two application rates as follows: R1 and R2 
were (low) minimum and (high) maximum recommended application rates 
respectively Mixture Natural Raw Minerals (MNRM) and bentonite were 
purchased from Al-Ahram company for mining, natural minerals (ores) and 
fertilizers. These materials are the new products from Al-Ahram Company for 
improving soil properties and fertility. The chemical analysis of these 
materials listed in Table (4). The analytical data of elemental oxides were 
kindly obtained from Al-Ahram company. These natural minerals were used 
as soil conditioners for wheat pot – and maize-field experiments. 
 Seeds of wheat plants (Triticum aestivum, Sakha 93 variety) were 
obtained from Crop Agronomy Research Department, Sakha Agriculture 
Research Station, Ministry of Agriculture and Land Reclamation.Wheat pot-
experiment was conducted on experimental research area of Sakha 
Agriculture Research Station, Kafr El-Sheikh city. Pot experiment was 
performed using cylindrical perforated plastic pots having (mean internal 
diameter 24 cm and height 21 cm) under wire proof greenhouse conditions. 
Pot cross-sectional area was 0.0453 m

2
 and its interval volume 9.504 liters. 

Composite loamy sand soil was collected and brought from fruit field (Site 1) 
located at Abou-Omera east village, Baltim district as mentioned before. Each 
pot contained 10 Kg soil on oven dry weight basis , wheat cultivation 
elongated 135 days. Throughout the wheat growth period, a freely drained 
water was collected from each plastic pot and reused again with irrigation 
water and also whenever it was necessary. 
 Grains of maize plants (Zea mays,L) three cross 321 variety were 
obtained from Maize Research Center, Agriculture Research Center, Ministry 
of Agriculture and Land Reclamation. Maize field- experiment was carried out 
on cultivated area of Abou-Omera east village (Site 2), Baltim district during 
the growing summer season period 2011elongated 93 days. Total rented 
area = 3.5 kyrat =612.5 m

2
 and net cultivated area 405 m

2
 (90 plots). 

Experimental plot area was 4.5 m
2
 (1.5 x 3) and its weight 1046.25 kg loamy 

sand soil on oven dry weight basis.  
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Table (2): Soil moisture constants and its nutritional status of the selected 
experimental sites under consideration located at Abou-Omera Al-
Sharkeya village, Baltim district before planting. 

Notes : See feet notes of Table(1). 

 

Aerobic / Thermophilic co-composting process was carried out at the 
experimental farm of Soil Improvement and Conservation Research 
Department, Sakha Agriculture Research Station during the summer growing 
season elongated five months from May 2010 to October 2010. Pyramidical 
piles(heaps) 2.5 × 2.5 ×1.5 m were built up under aerobic conditions. 
Different solid bio-wastes were used as substrates and augmented 
organically with farmyard manure (10 % w/w) as microbial organic activator 
as well as with urea , super phosphate and potassium sulfate as microbial 
chemical activators. The other certain additional materials were incorporated 
into for speeding up the conversion and improving the final product quality 
and as growth promoting substances, pH buffering agents and as bulking 
agents . The obtained chemical and physical characteristics of the used 
matured co-compost after co- composting process are listed in Table (5). This 
matured co-compost was used as soil conditioner. 

 

 

Soil variables 

Obtained values 

Site (1)* 
Pot-experiment 

Site(2)** 
Field-experiment  

Soil moisture constants 

Soil field capacity(S.F.C)                                % 17.0 18.0 

Soil permanent wilting point(P.W.P)          %   8.50 9.00 

Soil available water capacity(A.W.C)           % 8.50 9.00 

Soil nutritional status 

Total organic-C                                                % 0.174 0.232 

Organic matter(O.M)                                     % 0.298 0.400 

Available macro-nutrients 

Available – N(K-sulphate extractable)  mgkg
-1
 soil 18.28 21.5 

Available – P(NaHCO3 extractable)     mgkg
-1
 soil  7.62 8.90 

Available – K(NH4-acetate extractable)           mgkg
-1
 

soil 
50.15 53.5 

Available micronutrients 

Available – Fe(DTPA extractable)    mgkg
-1
 soil 6.00 6.50 

Available - Mn(DTPA extractable)   mgkg
-1
 soil 4.45 5.00 

Available-Zn(DTPA extractable)      mgkg
-1
 soil 1.20 1.10 

Available – Cu (DTPA extractable)  mgkg
-1
 soil 0.34 0.66 
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Table (4): Chemical analysis of the used natural raw minerals and soil 
conditioners 

Notes:  

1- MNRM: Mixture of Natural Raw Minerals 

2-  The analytical results of the elemental oxides were kindly obtained from Al-Ahram 
company for mining and natural fertilizers. 

 

 

 

 

 

 

 

Characteristics 
Values  

Bentonite MNRM 

Elemental oxides: % 

SiO2 55.9 39.36 

TiO2 0.20 0.81 

Al2O3 20.0 7.68 

Fe2O3 0.70 4.05 

MnO 0.001 0.67 

MgO 0.65 3.20 

CaO 2.70 15.07 

Na2O 1.76 1.95 

K2O 2.40 3.94 

P2O5 0.80 7.33 

SO3 - 5.83 

Loss on ignition 10.0 9.14 

ECe dS m
-1

(1:10 Bentonite-water extract(w/v) 1.82  

pH ( 1:2.5 bentonite-water suspension (w/v) 7.12  

Total soluble cations (meq L
-1

) (1:5 extracts) 

Ca
+2

 0.79  

Mg
+2

 0.27  

Na
+
 1.95  

K
+
 0.02  

Total soluble anions (meq L
-1

) (1:5 extracts) 

CO3
=
 -  

HCO3
-
 0.24  

Cl
-
 1.59  

SO4
=
 1.06  

Cation exchange capacity, cmoles kg
-1

 59.13  

Calcium carbonate  % 14.27  

Particle size distribution   % 

Clay fraction 85.75  

Silt fraction  10.54  

Sand fraction 3.71  
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Table (5): Chemical properties of the used co-compost directly after 
composting process 

 

Irrigation water supply: 

Irrigation water supply and number of irrigations were limited according 
to the levels of soil moisture depletion regimes. Consequently, soil moisture 
content at demand depletion levels determines the timing of irrigation. Soil 
moisture content directly before irrigation at which calculated applied water 
must be added immediately for arriving at soil field capacity was measured in 
situ using TDR apparatus (Time Domain Reflectometert). Magnitude of 
irrigation applied water were calculated using the following soil moisture 
depletion equation as reported by  (Israelson and Hansen, 1962) during 
wheat and maize growing season periods. 

Characteristics Values 

Dry weight (kg m
-3

) 650.0 

Moisture content (%) 25.5 

Odour and colour Acceptable and dark 

pH (1:10 compost-water suspension w/v) 7.16 

EC (1:10 compost – water extraction w/v) 5.23 

Total soluble salts(soil paste –water extraction 1:10)% 0.335 

Saturation percentage % ( g/100g 175.0 

Total soluble salts (compost material)% (g/100g compost) 0.586 

CEC (cmole kg
-1

) 64.34 

Total organic – c %  25.5 

Total organic matter % 43.96 

C/N ratio  21.98 

Total macro-nutrients % 

Total – nitrogen      % 1.16 

Total – phosphorus % 0.53 

Total – potassium    % 0.37 

Available macro-nutrients (mg kg compost) 

Available – N (potassium sulfate) 100 

Available – P (0.5 M NaHCO3- pH 8.5) 50 

Available – K (ammonium acetate pH 7) 85 

Available micro-nutrients (mg kg compost) 

Available – Fe 450 

Available – Mn 100 

Available – Zn 35 

Available – Cu 135 

Total micro-nutrients (mg kg compost) 

Total –Fe  753 

Total – Mn  361 

Total – Zn  297 

Total – Cu  168 

Available heavy metals (mg kg compost) 

Available  – cd  13.2 

Available  – Ni  62.7 

Available – pb  120 
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Where: Q = Quantity of applied water m

3
 pot

-1
 /irrigate for pot-experiment, 

and  m
3 

plot
-1

 /irrigate for field –experiment ;SFC = Soil field capacity (%) in 
percent by volume; CMC = Soil moisture content just before irrigation using 
TDR apparatus; Bd = Soil bulk density Mg m

-3
 ; D  = Soil depth (m), effective 

root depth or soil depth required to be irrigated; and A = pot or plot 
experimental area (m

2
) that would be irrigated. With respect to maize field 

water measurements, the magnitude of planting and life watering irrigates 
were measured and applied using cutthroat flume(20 ×90 cm)according to 
Early(1975).   

 A common NPK-fertilization was applied to the soil active root zone 
during the wheat and maize growing seasons according to the recommended 
doses of  Ministry of Agriculture for wheat and maize crops under sandy soil 
conditions. 

 At harvesting time after wheat and maize plants full maturity, biomass 
grains and straw yields were fairly hand pulled and collected from each wheat 
pot experiment as well as from inner two rows of central area of maize plots. 
Some agronomical characteristics of these cereal crops and their productions 
such as (biomass grains, straw, biological yields and weight of 1000 wheat 
grains and 100 maize grains) as well as yield vegetative features as affected 
by soil conditioner types, their mixtures and application rates under irrigation 
deficits in the studied sandy soil were weight, measured, estimated, recorded 
and calculated some other parameters. Harvest index(%) was calculated as 
follows: 

HI % = biomass grains yield / biological crop yield × 100 

Statistical analysis: 

 Analysis of variance was done according to (Snedecor and 
Cochran,1976) using the Irristat software, version 4.1 according to Biometrics 
Unit,1998, IRRI(1998). 
                            

RESULTS AND DISCUSSION 
 

Effect of applying soil conditioners under irrigation deficits on soil 
properties after cereal crops harvesting  

Chemical characteristics of soil suspensions and extractions: 

 Concerning the effect of applying natural soil conditioner types, their 
mixtures(1:1:1) and application rates in sandy soils subjected to soil moisture 
depletion regimes (30%, 50 % and 70 %) from their available water capacities 
after wheat and maize crops harvesting on soil salinity (pH, EC dS m

-1
, and 

ionic strength mmole L
-1

) and hazard sodium parameters (SAR and SSP %) 
are listed in Tables (8.1 and 8.2). Generally, the analytical chemicals results 
listed in aforementioned tables illustrate that values of these chemical 
parameters in the studied soil on the average of other studied parameters 
(irrigation treatments and conditioner application rates) were markedly 
increased due to the application of soil conditioner types in comparison with 
control values (without additions). These increase could be arranged in the 
following descending order as follow: Mixtures (1:1:1) > MNRM > Bentonite > 
Compost >> control . 
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It is obviously that, the highest values were achieved as a result of mixtures 
application, meanwhile, the lowest values were obtained by dressing the 
compost treatment. However, the highest pH values were recorded at MNRM 
application under wheat pot experiment. Meanwhile, the lowest values of I.S 
were obtained at the application of bentonite under field-maize experiment.  

 On the other hand, these studied chemical properties, on the average 
of the other studied parameters (conditioner types, and their application 
rates),were markedly increased with increasing the depletion regimes from its 
soil available water capacity. Where, the highest values of these chemical 
parameters were achieved under dry treatment (70 % AWSMD), meanwhile, 
the lowest values were recorded under wet treatment (30 % AWSMD). 
Medium treatment had the moderate values between wet and dry treatments. 
The analytical obtained increments could be rearranged in the following 
ascending order: Wet –treatment (30 % AWSMD) < Medium – treatment (50 
% AWSMD)  < Dry – treatment (70 % AWSMD). This could be attributed to 
the dilution effect , since, salt concentration was decreased with increasing 
irrigation applied water. As delineated in Tables (8.1 and 8.2), obtained 
values of the studied chemical properties on the average of the other studied 
parameters (condition treatments and irrigation regime treatments)were 
higher under high application rate(R2) rather than under low application rate 
(R1) at the same conditions. Data listed in Table (8.2) reveal also that under 
maize field experiment , the studied chemical properties were increased with 
adding soil conditioner types and their mixtures (1:1:1) on the overall average 
of the other studied parameters (irrigation treatments and conditioners 
application rates) in comparison with their control –values (without additions) 
at the same conditions. These parameters mannered the following 
descending order:  Mixtures (1:1:1) > MNRM > Bentonite > Co-compost > 
Control. Generally, the obtained values of chemical properties after wheat 
crop harvesting were higher than those obtained after maize crop harvesting. 

Soil physical properties: 

        Concerning the effect of natural soil conditioner types, their mixtures 
1:1:1 (w/w) and application rates under soil moisture depletion levels from its 
available water capacity on soil physical properties after wheat and maize 
crops harvesting are presented in Tables(9.1 and 9.2).  Generally, the results 
collected in Table(9.1) show that, on average of other studied parameters  
(irrigation treatments and conditioner application rates), that saturated 
hydraulic conductivity SHC (m day

-1
) and bulk density Db(Mg m

-3
)were 

markedly decreased as a result of adding soil conditioner types and their 
mixtures (1:1:1) in the studied soil after wheat crop harvesting in comparison 
with their control values. The magnitude of these decrements which less the 
control values were depended upon the types of these conditioners. It is 
clearly that, the lowest values were achieved and accompanied with applying 
conditioner mixtures 1:1:1 (w/w) treatment. Meanwhile, the highest values 
were obtained with the dressing compost conditioner in comparison with their 
control values. These decrements could be arranged in the following 
descending order as follows: Mixtures 1:1:1 > MNRM > Bentonite > compost 
> control. Oppositely, as demonstrated in the above mentioned Table,  
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soil porosity values were mannered the opposite trend, where such values 
were increased over the control –values with adding soil  conditioners and 
had the following sequence:  

Mixtures (1:1:1) < MNRM < Bentonite < Compost < Control 

 Commonly, the obtained values of all studied physical properties on 
the average of the other studied parameters ( conditioner treatments and 
irrigation treatments) under the high application rate (R2) were lower than 
those obtained under the low application rate (R1). On the other hand, it was 
clearly apparent that, SHC values were gradually increased with increasing 
water irrigation deficits. However, Db and ρτ had the opposite trend, which 
decreased with increasing soil moisture depletion levels for its available water 
capacity. SHC – increments as well as Db and ρτ decrements with increasing 
moisture depletion levels could be arranged in the following descending order 
as follows:  

Wet – treatment (30% AWSMD) > Medium – treatment (50% AWSMD) > Dry 
– treatment (70% AWSMD) 

 In respect of maize field experiment, data demonstrated in Table (9.2) 
show on average of irrigation treatments that, application of all natural soil 
conditioner types and their mixtures (1:1:1) resulted in decreasing saturated 
hydraulic conductivity and soil bulk density, as well as led to increasing total 
porosity in comparison with their control values at the same conditions. It was 
clear that, conditioner mixtures (1:1:1) realized the lowest values of SHC and 
ρτ besides the highest values of Db in comparison with their control values. 
However, application of co-compost treatment mannered the opposite trend, 
which gave the highest values of SHC and ρτ  in addition to the lowest values 
of Db. Generally, it was apparent from the results that, on average of irrigation 
treatments and conditioner treatments that, adding high application rates 
lowered gradually SHC and Db and raised the values of ρτ. In this direction, 
the low application rates led to the opposite trend. Commonly, analytical data 
listed in Tables (9.1 and 9.2) illustrate, on average of all other studied 
parameters(conditioner treatments and application rates) that, SHC and ρτ 

values were gradually increased with increasing soil moisture depletion levels 
from its available water capacity. However, Db values were decreased with 
increasing irrigation deficits.  

Soil moisture constants:  

 As concerns, field capacity (SFC %), permanent wilting (PWP %) and 
available water capacity (AWC%) values of the studied sandy soils which 
reflect their soil water holding capacity after wheat and maize crops 
harvesting as affected by soil conditioner types, their mixtures and application 
rates under soil moisture depletion regimes, are presented in Tables (10.1 
and 10.2) respectively. The obtained results, demonstrate, on average of the 
other studied parameters (irrigation treatments and conditioner –application 
rates) that, these soil moisture constants were obviously increased by 
applying soil conditioners and their mixtures (1:1:1) in comparison with their 
control values at the same conditions.  
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 Generally, these increments over the controls in studied soil after 
wheat crop harvesting could be arranged in the following sequence as 
follows:  

Mixtures (1:1:1) > MNRM >Bentonite > Compost > Control  

 Regarding maize field experiment, data listed in Table (10.2) reveal, 
on average of other studied parameters that, values of  soil moisture 
constants also were increased in comparison with their control values at the 
same conditions by applying soil conditioner types and their mixtures (1:1:1). 
These increments of all soil moisture constants in studied soil after maize 
crop harvesting could be rearranged in the following sequence as follows :  

Compost > Mixtures (1:1:1) > MNRM > Bentonite > Control  

High conditioners application rate generally was realized higher values 
than those obtained by low conditioners application rate. As delineated in 
Table (10.1) it was clearly apparent on average of the other studied 
parameters, that these water properties were gradually decreased with 
increasing soil moisture depletion levels for its available water capacity. The 
highest values were achieved under wet – treatment (30% AWSMD) while, 
the lowest values were given by dry – treatment (70% AWSMD). Medium –
treatment (50% AWSMD) recorded the moderate values of these soil 
moisture constants between wet(30 % AWSMD) and dry(70 % 
AWSMD)treatments.  

Analytical results show that applying conditioner-mixtures (1:1:1) show 
its superiority over all other conditioner types under wheat –pot experiments. 
Meanwhile, applying compost treatment show its superiority over all other 
conditioner types under maize field experiment. 

Effect of applying soil conditioners under irrigation deficits on soil 
macronutrients content: 

Concerning residual contents (concentrations) of (N and P) after wheat 
and maize crops harvesting as affected by soil conditioner types, their 
mixtures and application rates subjected to irrigation deficits were listed in 
Table (11.1). Analytical results listed in this table reveal that, on average of 
other studied parameters (irrigation treatment and conditioner application 
rates), that N and P macronutrients content in studied sandy soils were 
increased by adding soil conditioner types and their mixtures (1:1:1) after 
wheat and maize crops harvesting in comparison with their control values. 

 The highest values of residual N and P were achieved and accompanied by 
mixtures (1:1:1) treatment. Meanwhile, dressing compost treatment gave 
lower values than those obtained by applying mixtures treatment in 
comparison with their control after pot wheat experiment at the same 
conditions.  

Oppositely, residual N and P macro nutrients in the studied soil after 
maize crop harvesting behaved the opposite trend, where, the highest 
contents of these nutrients were achieved by applying compost treatment. 
However, the dressing conditioner mixtures gave values lesser than those 
obtained by adding compost treatment. The lowest values were absolutely 
obtained in the studied soil by adding bentonite treatment after either wheat 
or maize crop harvesting. These increments of the residual N and P 
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macronutrients content after wheat crop harvesting could be arranged in the 
following sequence as follows: 

Mixtures treatment > MNRM > Compost > Bentonite > Control. Moreover, on 
average of other studied parameters, obtained residual values of these 
macronutrients under high rate realized  slightly values higher than those 
obtained under low application rate for either wheat or maize crops 
harvesting.  

It was clearly apparent as delineated in Table (11.1) on average of 
other parameters, that content of macronutrients (N and P)in the studied 
sandy soil after wheat and maize crops harvesting under medium –treatment 
(50% AWSMD) were realized the highest values then under wet –treatment, 
while, the lowest values were obtained under dry-treatment. Residual 
contents of N and P macronutrients after maize crops harvesting could be 
also arranged in the following descending order: Compost treatment > MNRM 
> Mixtures > Bentonite > Control. Residual N and P macronutrients in studied 
sandy soils after wheat and maize crop harvesting could be arranged in the 
following descending order as: Medium –treatment (50%AWSMD) > Wet –
treatment (30% AWSMD) > Dry-treatment (70% AWSMD). From the 
abovementioned results, it could be concluded that, on average other studied 
parameters, residual N and P macronutrients content in studied soils after 
crops harvesting means low exhausting nutrients from soils during the 
growing seasons of wheat and maize crops. 

Effect of dressing soil conditioners under moisture depletion regimes 
on agronomical crops production 

Biomass grains and straw yields: 

         Regarding wheat crop pot experiment after full maturity, data listed in 
Tables (12.1, 12.2 and 12.3) demonstrate, on average other studied 
parameters ( irrigation treatments and conditioner application rates), that 
application of soil conditioner types and their mixtures (1:1:1) resulted in 
significantly increasing wheat biomass grains yield, thousand grains weight, 
harvesting index and biomass straw yield in comparison with their control 
values at the same conditions.  

          Moreover, on average of the other studied parameters, the values of 
these agronomical features under high application rate (R2) were higher than 
those obtained under low application rate (R1). The increments of these 
agronomical traits could be arranged in the following descending order as: 
Mixtures (1:1:1) > MNRM > Bentonite > Compost > Control. So, the highest 
values of these agronomical features in studied sandy soils were achieved 
and accompanied by applying conditioner – mixtures treatment. Meanwhile, 
applying compost treatment gave the lowest values. However, the analytical 
obtained data, on average of the other studied parameters (conditioner 
treatments and their application rates) reveal that all agronomical features 
with the exception of harvest index were gradually decreased with increasing 
soil moisture depletion levels from its available water capacity. The 
magnitude of these decrements could be arranged in the following 
descending order as: Wet-treatment ( 30% AWSMD) > Medium –treatment 
(50% AWSMD) > Dry –treatment (70 % AWSMD).  
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However, harvest index (%) was slightly increased with increasing irrigation 
deficits. Therefore, these increments could be arranged in the following 
sequence as: Dry–treatment (70 % AWSMD) > Medium–treatment (50% 
AWSMD)>Wet-treatment (30% AWSMD).  

         Concerning field maize crop after full maturity, tabulated data show on 
average other parameters (irrigation treatments and conditioner application 
rates) that, dressing soil conditioner types and their mixtures 1:1:1 (w/w) led 
to increasing significantly biomass maize grains yield, hundred grains weight, 
harvesting index and biomass straw yield in comparison with their control 
values at the same conditions with the exception of harvest index. Moreover, 
the values of these agronomical features under high application rate (R2) 
gave higher values than those obtained under low application rate (R1) with 
exception of H.I which behaved the opposite trend i.e. R1 > R2. On the other 
hand, the obtained data under wet treatment (30% AWSMD) on average of 
the other studied parameters (conditioners treatment) that compost treatment 
gave the highest values of these studied parameters except harvest index 
which had an opposite trend, where the highest values were obtained by 
adding their mixtures in comparison with compost application. It could be due 
to increasing straw yield of compost treatment as comparison with under their 
mixtures treatment. The lowest obtained values were generally recorded 
under bentonite treatment. However, such parameters under medium and dry 
treatments behaved the opposite trend in comparison with wet treatment, 
since the maximum values of biomass grains yield, 100 grain weight and 
harvest index were realized under mixtures treatment. Meanwhile, the 
biomass straw yield under compost treatment was higher than those obtained 
under mixture treatment. Generally, mean values of these parameters under 
medium treatment were higher than those obtained under wet and dry 
treatments and behaved the following order: Medium > Wet > Dry. Such 
results were obtained by Abdel-Reheem and Hassan (2011) , they found that 
the highest values of wheat water productivity and yield were achieved when 
irrigation at 50 % depletion from available water , compared to 70 % and 40 
% depletion in the loamy soils. confirming this conclusion, similar responses 
of maize crop production under field conditions was also reported by Khalifa 
(2013), who stated that, irrigation at 50 % SMD gave the highest values of 
yield and its components of maize crop. 

Crop yield components:  

As regards to wheat and maize crops vegetative features after full 
maturity as affected by soil conditioner types, their mixtures and application 
rates subjected to different levels of irrigation deficits were presented in 
Tables (12.4 and 12.5). Obtained data shown in Table (12.4) reveal on 
average of the other studied parameters that, the following wheat crop 
vegetative features ( plant height, number of tillers/ spike; number of 
spikelets/spike; spike length and panicle mean weight were markedly 
increased as a result of adding soil conditioners and their mixtures 1:1:1 
(w/w). These increments could be arranged in the following descending 
order:  
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Mixtures 1:1:1 treatment > MNRM treatment > Bentonite treatment > 
Compost treatment > Control. Furthermore, the mean values of these crop 
vegetative features under high application rate (R2) were higher than those 
obtained under low application rate (R1) i.e. R2 > R1. On the other hand, on 
average of the other parameters, all these features were gradually decreased 
with increasing soil moisture depletion levels from its available water 
capacity. Consequently, these obtained decrements could be arranged in the 
following order as: Dry –treatment (70% AWSMD) < Medium –treatment  
( 50% AWSMD) < Wet-treatment (30% AWSMD).  

        With respect to maize field crop vegetative features after full maturity, 
data were listed in Table (12.5). Obtained data show, on average of the other 
parameters, that some maize crop vegetative features such as plant height, 
ear weight, and ear length were obviously increased by adding soil 
conditioners and their mixtures 1:1:1 (w/w). High application rate (R2) 
recorded values higher than those obtained by low application rate (R1). So, 
under field experiment, compost treatment gave the high values in 
comparison with mixtures treatment at the same conditions, bentonite 
treatment realized the lowest values. Respecting irrigation regimes under 
field experiment, data show on average of the other studied parameters that 
medium –treatment (50% AWSMD) gave the highest values followed by wet 
–treatment (30% AWSMD), while, dry –treatment recorded the lowest values.  
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لى ضافة محسنات التربة الطبيعية تحت مستويات استنزاف رطوبى عإفاعلية 
 وانتاجية محاصيل الحبوبخواص التربة الرملية 

 و2، محمود احمد ابوالسعود2مروة جمال محمد على ،1القماح محمد محمد على
 1سمير على مشالي

 كفر الشيخ، مصر.،  كفر الشيخ، جامعة  ، كلية الزراعة والمياه األراضيقسم  -1

 مصر، كفر الشيخوالبيئة، محطة البحوث الزراعية بسخا،  والمياه األراضيمعهد بحوث  -2
 

تأثٌر اضافة محسنات التربة الطبٌعٌة ومخالٌطها تحت مستوٌات من االجهاد الهدف من البحث هو دراسة  
 الرطوبى على خواص التربة الرملٌة وانتاجٌة بعض محاصٌل الحبوب.

الرملٌة بمصر بقرٌة ابوعمٌرة الشرقٌة، مركز  األراضًفً موقعان ٌمثالن لهذا الغرض اقٌمت تجربتان  
. الموقع االول حقل فاكهة اخذت منة عٌنات سطحٌة مركبة مثارة واخرى غٌر مثارة، تم دراسة كفر الشٌخ، محافظة بلطٌم

قصارى لزراعة القمح بمحطة البحوث الزراعٌة بسخا خالل الموسم  تجربة صفاتها الكٌمٌائٌة والفٌزٌائٌة والمائٌة إلجراء
تجربة حقلٌة لزراعة  قرٌب من االول تم استخدامه إلجراء  ثانًالٌوم، والموقع  035استمرت  0202/0200  الشتوي
بها، واتبع  الموصًٌوم. اضٌفت االسمدة االزوتٌة والفوسفاتٌة والبوتاسٌة  33استمرت  0200 الصٌفًالموسم  فًالذرة  

 وحدة تجرٌبٌة(. 32ثالث مكررات) فً تصمٌم القطع منشقة المنشقة

ة معامالت للمحسنات الطبٌعٌة ) مخلوط خام المعادن الطبٌعٌة، الكمبوست، تضمنت المتغٌرات الدراسٌة: اربع 
، ثالث مستوٌات به الموصً(، معدلٌن اضافة اعلى واقل من  0:0:0المحسنات بنسبة  هذهالبنتونٌت و مخلوط شامل من 

 %(.72% ،و52% ،  32التربة ) فًمن االستنزاف الرطوبى من الماء المٌسر 

 -سية المتحصل عليها يمكن تلخيصها فيما يلى:اهم النتائج الدرا

( 0:5والقوة االٌونٌة لمعلقات ومستخلصات التربة ) الكهربىازدٌاد قٌم صفات الملوحة ورقم تفاعل التربة، التوصٌل   -0
المحسنات الطبٌعٌة  إلضافة( بعد حصاد القمح والذرة نتٌجة %SAR,SSPوكذلك قٌم محددات ضرر الصودٌوم )

( 0:0:0المتغٌرات الدراسٌة مقارنة بالكنترول. وقد حققت اضافة المخلوط الشامل ) باقًة كمتوسط لتأثٌر للتربة الرملٌ
قٌم اعلى من معدل  الثانًاعلى القٌم مقارنة بالكمبوست بالتربة بعد حصاد القمح والذرة. وقد سجل معدل االضافة 

المتغٌرات بزٌادة مستوى االستنزاف  باقًة متوسطة لتأثٌر المتغٌرات الكٌمٌائٌة كقٌم هذهقٌم وازدادت االضافة االول. 
،  AWSMD %30قٌم وسطٌة بٌن المعاملة الرطبة   AWSMD % 50الرطوبى وقد اعطت المعادلة المعتدلة 

 . AWSMD %70والمعاملة الجافة 

قٌم المسامٌة الكلٌة  ارتفاعوب الهٌدرولٌكًالخواص الطبٌعٌة للتربة بانخفاض قٌم الكثافة الظاهرٌة والتوصٌل  فًتحسن   -0
 :التالً التصاعديللتربة مقارنة بالكنترول وتأخذ قٌم  االنخفاض والزٌادة الترتٌب 

Mixtures (1:1:1) > MNRM > Compost > Bentonite > Control 

االضافة االدنى ، قٌم المسامٌة الكلٌة مقارنة بمعدل  فًوارتفاعا  HC, Dbوقد حقق معدل االضافة االعلى انخفاضا فً قٌم 
حٌن ان  فًالخواص الطبٌعٌة  فًتجارب االصص للقمح حققت اضافة المخلوط الشامل افضل تحسن  فًوعموما 

 تجارب الذرة الحقلٌة حققت اضافة الكمبوست افضل النتائج.

قٌم  AWSMD % 50فقد حققت المعاملة المعتدلة  المائًوقد ازدادت قٌم الخواص الطبٌعٌة بزٌادة مستوى االجهاد 
 وسطٌة بٌن المعاملة الرطبة والجافة.

زٌادة ثوابت رطوبتها االرضٌة ) السعة الحقلٌة ، نقطة الذبول  فًتحسنت قدرة التربة على االحتفاظ بالماء متمثلة   -3
الخواص المائٌة تحت  لهذه، فقد حققت اضافة المخلوط الشامل قٌم اعلى المحسنات الطبٌعٌة  بإضافةوالماء المٌسر( 

حٌن حققت اضافة الكمبوست اعلى القٌم تحت ظروف التجارب الحقلٌة. واظهرت  فًظروف تجارب االصص ، 
الثوابت عند اضافة المعدل االعلى مقارنة بالمعدل االدنى. ومن ناحٌة اخرى انخفضت قٌم  هذهالنتائج اٌضا زٌادة قٌم 

التجارب الحقلٌة .  فً العكسً االتجاهواخذت  الثوابت بزٌادة مستوى االستنزاف الرطوبى فلى تجربة االصص هذه
 اعطت نتائج وسطٌة بٌن المبتلة والجافة. AWSMD % 50عموما المعاملة المعتدلة 

القمح والذرة  محصولًزٌادة محتوى التربة من العناصر الغذائٌة الكبرى) النٌتروجٌن والفوسفور( المتبقٌة بعد حصاد   -4
تجارب  فًالعناصر  لهذهلمحسنات وقد حقق المخلوط الشامل اعلى تركٌز متبقى ا إلضافةمقارنة  بالكنترول نتٌجة 

الكمبوست ، ومعدل االضافة االعلى حقق اعلى  إلضافةاالصص اما تحت ظروف التجارب الحقلٌة فكانت السٌادة 
 بة والجافة.المعتدلة ادت الى قٌمة وسطٌة بٌن الرط الريتركٌز متبقى مقارنة بمعدل االضافة االدنى. معاملة 

 محصولًمحصول الحبوب والقش والبروتٌن ووزن وحدة الحبوب ، دلٌل الحصاد وكذلك مكونات  فًزٌادة معنوٌة  -5
المحسنات الطبٌعٌة مقارنة بقٌم الكنترول. وحقق معدل االضافة االعلى  إلضافةالقمح والذرة بعد تمام النضج نتٌجة 
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حٌن  فًالمخلوط الشامل تحت ظروف تجربة االصص ،  هًمعاملة  افضل من معدل االضافة االدنى، وكانت افضل
اعطت نتائج مرضٌة كانت معاملة الكمبوست لها السٌادة تحت ظروف التجارب الحقلٌة. وعموما المعاملة المعتدلة 

 وسٌطة بٌن المبتلة والجافة
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Table ( 6 ): Irrigation scheduling and actual seasonal applied water at different regular- intervals for wheat crop 
production cultivated in loamy sand soil under different soil moisture depletion regimes over the 
growing winter season period 2010/2011. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Notes : 1- Total applied water/season = calculated applied water +planting and life watering irrigations.  
  2-Life watering irrigation = El-Mohayaa irrigation 
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Table ( 7 ): Irrigation scheduling and actual seasonal applied water at different regular - intervals for maize crop 
production cultivated in loamy sand soil under different soil moisture depletion regimes over the 
growing summer  season period 2012. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Irrigation scheduling 
 
 
 
 
 

Wet – treatment 
30 % AWSMD 

Light irrigation 
Short- intervals(every day) 

Medium– treatment 
50 % AWSMD 

Moderate irrigation 
Median -intervals(3 days) 

Dry  – treatment 
70 % AWSMD 

Heavy  irrigation 
Long -intervals(8 days) 

   

Irrigation 
date 

Applied water Irrigation 
date 

 Applied water  Irrigation 
date 

Applied  water 

Lplot
-1
 m

3
fed

-1
 Lplot

-1
 m

3
fed

-1
 Lplot

-1
 m

3
fed

-1
 

Planting irrigation 
( 6.48 % SMC) 

5/7/2012 241 224.6 5/7/2012 241 224.6 5/7/2012 241 224.6 

Life watering irrigation 
 (9.75 % SMC) 

10/7/2012 172.6 161.12 10/7/2012 172.6 161.12 10/7/2012 172.6 161.12 

Summation 413.6 385.7 Summation 413.6 385.7 Summation 413.6 385.7 

Soil moisture content % 15.33 %SMC 13.5 % SMC 11.7 % SMC  

Regular- intervals Short- intervals ( every day) Median- intervals(3 days) Long- intervals (8 days) 

First irrigate 13/7/2012 56.5 52.73 15/7/2012 94.17 87.89 18/7/2012 244.82 228.5 

Final irrigate 27/9/2012 56.5 52.73 25/9/2012 94.17 87.89 20/9/2012 244.82 228.5 

Number of irrigates 
77 irrigates plus planting and life 

watering irrigations 
25 irrigates plus planting and life 

watering irrigations 
9 irrigates plus planting and life 

watering irrigations 

Total irrigation period 
86 days 

5/7/2012 – 28/9/2012 
86 days 

5/7/2012-28/9/2012 
86 days 

5/7/2012-28/9/2012 

Maize harvesting time October ,5,2012 October , 5, 2012 October , 5, 2012 

Maize  growing season period 93 days 93 days 93 days 

Calculated applied water /season 4351 4060 
 

2354 2197 
 

2203 2057 

Total applied water /season 4764 4446 2768 2583 2617 2442 
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Notes: Amounts of applied water for planting and life watering irrigations (ml plot
-1
/irrigate) were measured using cutthroat flume (20×90) 

according to Early(1975). 
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5- A common NPK-fertilization was applied to the soil active root zone during 
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Table (8.1): Soil salinity, sodicity and the ionic strength of its extracts after wheat crop harvesting as affected by natural soil 
conditioner types, their mixtures and application rates under different soil moisture depletion regimes. 

N
o
t
e
s
 
:
1
-
E
a
c
h
 
v
a
l
u
e
 
i
s
 
a
 
m
e
a
n
 
o
f
 

3 replications and all obtained values were calculated on oven dry weight basis at 105 Cº for 24 hours. 
2-  Cylindrical plastic pots cross-sectional area (0.0453 m

2
) containing 10 kg loamy sand soil on oven dry weight irrigated with tap water 

3-Winter growing season period of wheat crop elongated 135 days 
4- Analytical data were determined and calculated  using 1:5 soil water extracts (except pH) 
5-Wet – treatment ( light irrigation ) : 30 % AWSMD for short –intervals ( 3 days)and actual seasonal applied water was 1107.4 m

3
 fed

-1
(11.94 Lpot

-1
) 

6-Medium – treatment(moderate irrigation) : 50 % AWSMD for median –intervals ( 6 days)and actual seasonal applied water was 998.1 m
3
 fed

-1
( 10.76 Lpot

-1
) 

7-Dry – treatment( heavy irrigation):70 % AWSMD for long –intervals ( 9 days)and  actual seasonal applied water was 972.4 m
3
 fed

-1
( 10.49L pot

-1
). 

Soil 
conditioner 
types and 

their 
mixtures 

 
 

Conditioners 
application 

rates 
( w/w) 

 

Soil moisture depletion levels from its  available water capacity ( AWSM D-levels) 

Wet- treatment 
(30 % AWSMD) 
Light irrigation 

Short – intervals( 3 days) 

Medium - treatment 
(50 % AWSMD) 

Moderate irrigation 
Median-intervals (6 days) 

Dry-treatment 
(70 % AWSMD) 
Heavy irrigation 

Long-intervals (9 days) 

14.45 % SMC 12.75 % SMC 11.08 % SMC 

Chemical parameters  

pH 
EC 

dSm
-1

 

H.S.   
parameters I.

S
 

m
m

o
l 

L
-1

 

pH 
EC 

 dSm
-1

 

H.S. 
 parameters I.
S

 
m

m
o

l 
L

-1
 

pH 
EC 

dSm
-1

 

H.S. 
 parameters I.

S
 

m
m

o
l 

L
-1

 

SAR SSP % SAR SSP % SAR SSP % 

Control Without additions 7.80 0.32 2.86 64.71 3.64 7.60 0.35 2.86 63.36 4.45 7.40 0.44 3.26 63.13 5.36 

Bentonite 
low R1 8.06 0.58 3.76 62.50 8.63 8.12 0.62 3.85 62.69 8.78 8.30 0.75 4.14 62.82 9.88 

high R2 8.20 0.68 4.20 64.79 8.87 8.16 0.67 4.04 63.01 9.64 8.14 0.87 4.32 63.41 10.12 

Mean 8.13 0.63 3.98 63.64 8.60 8.14 0.645 3.94 62.85 9.21 8.22 0.81 4.23 63.11 10.00 

Compost 
low R1 7.83 0.54 3.24 60.00 6.76 8.12 0.68 4.04 63.01 7.63 8.10 0.73 3.51 61.20 8.24 

high R2 8.10 0.69 4.61 63.51 8.52 8.15 0.72 3.71 58.97 9.05 8.30 0.87 4.59 63.44 9.52 

Mean 7.96 0.61 3.92 61.76 7.64 8.13 0.70 3.87 60.99 8.34 8.20 0.80 4.05 62.32 8.88 

MNRM 
low R1 8.13 0.81 4.11 61.44 11.25 8.30 0.75 4.25 62.96 12.52 8.25 0.92 4.76 63.64 12.95 

high R2 8.21 0.97 4.63 62.38 12.67 8.18 0.74 4.24 63.29 13.28 8.40 0.94 4.77 63.37 14.72 

Mean 8.17 0.89 4.37 61.91 11.96 8.24 0.745 4.24 63.13 12.90 8.32 0.93 4.765 63.50 13.84 

Their mixtures 
(1:1:1) 

low R1 8.15 0.86 4.53 63.04 11.53 8.15 1.20 5.47 64.06 13.65 8.20 1.01 5.00 63.89 14.66 

high R2 8.15 1.13 4.29 63.64 13.36 8.20 1.12 5.17 63.33 14.95 8.22 1.07 5.09 63.48 15.28 

Mean 8.15 0.995 4.41 63.33 12.45 8.17 1.16 5.32 63.69 14.30 8.21 1.04 5.05 63.68 14.97 

Average 
low R1 8.04 0.698 3.90 61.74 9.54 8.17 0.813 4.40 63.18 10.65 8.21 0.86 4.58 63.47 11.42 

high R2 8.17 0.867 4.43 63.58 10.86 8.17 0.813 4.29 62.15 11.73 8.28 0.93 4.69 63.43 12.43 

Overall mean 
8.10

3 
0.781 4.17 62.66 10.18 8.17 0.813 4.345 62.67 11.19 8.24 0.895 4.64 63.45 11.93 
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8- SMC represents soil moisture content ( %) directly before irrigation at which calculated water applied must be applied immediately for arriving  its field 
capacity. 

Soil 
conditioner 
types and 

their 
mixtures 

 
 

Conditioners 
application 

rates 
( w/w) 

 

Soil moisture depletion levels from its  available water capacity ( AWSM D-levels) 

Wet- treatment 
(30 % AWSMD) 
Light irrigation 

Short – intervals( every day) 

Medium - treatment 
(50 % AWSMD) 

Moderate irrigation 
Median-intervals (3 days) 

Dry-treatment 
(70 % AWSMD) 
Heavy irrigation 

Long-intervals (8 days) 

15.33 % SMC 13.5 % SMC 11.7 % SMC 

Chemical parameters 

pH 
EC 

dSm
-1

 

H.S. 
parameters I.S 

 mmol L
-1

 
pH 

EC 
 dSm

-1
 

H.S. 
parameters I.S  

mmol L
-1

 
pH 

EC 
dSm

-1
 

H.S. 
parameters 

I.S 
 mmol L

-

1
 SAR 

SSP 
% 

SAR 
SSP 
% 

SAR SSP % 

Control 
Without 

additions 
7.84 0.35 2.69 64.52 3.58 7.64 0.38 2.58 62.50 4.46 7.42 0.46 2.17 54.05 5.35 

Bentonite 

low R1 8.10 0.66 4.20 65.63 7.65 8.00 0.68 4.46 58.46 8.25 8.13 0.83 4.80 60.85 8.26 

high R2 8.24 0.68 3.90 64.52 7.96 8.50 0.70 
 
4.91 

71.68 9.37 8.14 0.97 4.85 62.00 10.05 

Mean 8.17 0.67 4.07 65.07 7.81 8.25 0.69 4.68 65.09 8.81 8.24 0.90 4.83 61.43 9.15 

Compost 
low R1 7.80 0.57 3.25 59.50 7.65 8.17 0.53 3.44 53.06 8.00 7.80 0.82 3.41 55.80 9.02 

high R2 8.19 0.69 4.20 62.63 8.36 8.19 0.61 4.56 58.80 8.58 8.50 0.90 4.72 60.81 9.68 

Mean 7.99 0.63 3.73 61.06 8.01 8.18 0.57 4.00 55.94 8.29 8.18 0.86 4.06 58.30 9.35 
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Table( 8.2): Soil salinity, sodicity and the ionic strength of its extracts after  maize  crop harvesting as affected by natural soil 
conditioner types , their mixtures and application rates under different soil moisture depletion regimes  

Notes:          1- Each value is a mean of 3 replications and all obtained values were calculated on oven dry weight basis at 105 Cº for 
24 hours. 

2- Analytical data were determined and calculated using 1:5 soil water extraction (except pH). 

3- Field plot sectional –area 4.5 m
2
 and its weight 1046.25 kg loamy sand soil on oven dry irrigated with drainage water 

(Kotshner). 

4- Summer growing season period of maize crop elongated 93 days 

5- Wet – treatment ( light irrigation ): 30 % AWSMD for short –intervals ( every day)and  actual seasonal applied water 
was 4446 m

3
 fed

-1
(4764 Lplot

-1
) 

6- Medium – treatment (moderate irrigation): 50 % AWSMD for median –intervals ( 3days)and actual seasonal applied 
water was 2583 m

3
 fed

-1
( 2768 L plot

-1
) 

7- Dry – treatment ( heavy irrigation): 70 % AWSMD for long –intervals ( 8 days)and actual seasonal applied water was 
2442 m

3
 fed

-1
( 2617L plot

-1
). 

MNRM 
low R1 8.10 0.85 4.15 61.05 10.13 8.23 0.74 3.38 57.97 10.08 8.05 0.92 4.09 59.78 10.62 

high R2 8.16 0.97 4.32 62.50 12.45 8.28 0.75 4.66 67.56 11.36 8.50 0.94 4.66 64.44 11.40 

Mean 8.13 0.91 4.24 61.78 11.29 8.25 0.745 4.02 62.77 10.72 8.30 0.93 4.38 62.11 11.01 

Their 
mixtures 
(1:1:1) 

low R1 8.18 0.88 5.51 68.83 10.95 8.15 1.20 5.88 64.79 11.50 8.08 1.11 4.35 64.62 12.65 

high R2 8.35 1.50 6.99 69.57 12.66 8.39 1.90 5.92 67.77 12.54 8.60 1.17 5.45 67.33 14.24 

Mean 8.265 1.19 6.25 69.20 11.81 8.27 1.55 5.90 66.28 12.02 8.34 1.16 5.89 65.96 13.45 

Average 
low R1 8.05 0.74 4.28 63.75 9.10 8.14 0.79 4.29 58.57 9.46 8.07 0.90 4.16 60.26 10.39 

high R2 8.23 0.96 4.85 64.79 10.36 8.33 0.99 5.01 66.47 10.45 8.45 0.96 5.42 63.14 11.34 

Overall mean 8.139 0.85 4.56 64.27 9.73 8.237 0.89 4.65 62.57 9.96 8.265 0.963 4.79 61.70 10.86 
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8- SMC represents soil moisture content ( %) directly before irrigation at which calculated applied water must be done 
immediately to arrive its field capacity. 
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                   Table (9.1): Saturated hydraulic conductivity, bulk density and total porosity of studied soils after wheat crop harvesting 
as affected by natural soil conditioner types, their mixtures and application rates under different soil moisture depletion regimes . 

Soil conditioner 
types and their 

mixtures 

Conditioner 
application 

rates 
( w/w)  

Soil moisture depletion levels from its available water capacity( AWSMD-levels) 

Wet - treatment 
(30 % AWSMD) 
Light irrigation 

Short – intervals 
( 3 days) 

Medium - treatment 
(50 % AWSMD) 

Moderate irrigation 
Median – intervals 

(6 days) 

Dry -treatment 
(70 % AWSMD) 
Heavy irrigation 
Long-intervals 

(9 days) 

14.45 % SMC 12.75 % SMC 11.08 % SMC 

Physical  parameters 

SHC 
m/day 

Db 
Mg /m

3
 

ρτ  
% 

SHC 
m/day 

Db 
Mg /m

3
 

ρτ  
% 

SHC 
m/day 

Db 
Mg /m

3
 

ρτ  
% 

Control Without additions 2.48 1.55 41.51 2.54 1.56 41.13 2.47 1.57 40.7 

Bentonite 
low R1 2.43 1.43 46.00 2.52 1.45 45.28 2.55 1.42 46.42 

high R2 2.41 1.45 45.28 2.40 1.41 46.79 2.43 1.40 47.17 

Mean 2.42 1.44 45.66 2.46 1.43 46.04 2.49 1.41 46.79 

Compost 
low R1 2.45 1.46 44.91 2.51 1.44 45.66 2.71 1.46 44.91 

high R2 2.43 1.45 45.28 2.43 1.42 46.42 2.53 1.30 50.94 

Mean 2.44 1.455 45.09 2.47 1.43 46.04 2.62 1.39 47.90 

MNRM 
low R1 2.40 1.44 45.66 2.40 1.44 45.66 2.41 1.45 45.28 

high R2 2.38 1.43 46.00 2.36 1.40 47.17 2.37 1.35 49.06 
Mean 2.39 1.435 45.85 2.38 1.42 46.42 2.39 1.40 47.17 
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Their mixtures 
(1:1:1) 

low R1 2.38 1.41 46.79 2.48 1.42 46.42 2.45 1.36 48.68 

high R2 2.32 1.34 49.43 2.34 1.31 50.57 2.39 1.32 50.19 
Mean 2.35 1.375 48.11 2.41 1.365 48.50 2.42 1.34 49.43 

Average 
low R1 2.41 1.430 46.04 2.47 1.437 45.77 2.53 1.423 46.30 

high R2 2.38 1.423 45.42 2.44 1.385 47.74 2.43 1.343 49.32 
Overall mean 2.395 1.426 46.33 2.455 1.411 46.75 2.48 1.383 47.81 
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                 Notes: 1-Each value is a mean of three replications and the obtained results were calculated on oven dry weight basis at 
105 C˚ for 24 hours 

                          2- SHC : Soil hydraulic conductivity  ; Db : Soil bulk density and ρt  : Soil porosity in volume  percent . 

         

Table (9.2): Saturated hydraulic conductivity, bulk density and total porosity of studied soils after maize crop harvesting as 
affected by natural soil conditioner types, their mixtures and application rates under different soil moisture depletion 
regimes. 

 

Soil conditioner types 
and their mixtures 

Conditioner 
application 

rates 
( w/w)  

Soil moisture depletion levels from its available water capacity( AWSMD-levels) 

Wet - treatment 
(30 % AWSMD) 
Light irrigation 

Short – intervals 
( every day) 

Medium - treatment 
(50 % AWSMD) 

Moderate irrigation 
Median – intervals 

(3days) 

Dry -treatment 
(70 % AWSMD) 
Heavy irrigation 
Long-intervals 

(8 days) 

15.33 %SMC 13.5 % SMC 11.7 % SMC 

Physical  parameters 

SHC 
m/day 

Db 
Mg /m

3
 

ρτ  
% 

SHC 
m/day 

Db 
Mg /m

3
 

ρτ  
% 

SHC 
m/day 

Db 
Mg /m

3
 

ρτ  
% 

Control Without additions 2.63 1.50 43.40 2.60 1.48 44.15 2.55 1.52 42.64 
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     Notes:1-Each value is a mean of three replications and the obtained results were calculated on oven dry weight basis at 105 C˚ 
for 24 hours. 

                        2- SHC : Saturated hydraulic conductivity ; Db: Soil  bulk density and  ρt  : Total porosity( in volume percent). 

Bentonite 
low R1 2.60 1.41 46.79 2.84 1.35 49.06 2.55 1.42 46.41 

high R2 2.32 1.33 49.80 2.31 1.30 50.94 2.40 1.22 53.96 

Mean 2.46 1.364 48.34 2.575 1.33 49.81 2.475 1.32 50.19 

Compost 
low R1 2.80 1.38 47.92 3.00 1.35 49.57 3.95 1.35 49.06 

high R2 2.42 1.35 49.06 2.32 1.30 50.94 3.17 1.28 51.70 

Mean 2.61 1.365 48.50 2.66 1.325 50.00 3.56 1.315 50.38 

MNRM 
low R1 2.64 1.40 47.17 2.50 1.28 51.70 2.86 1.38 47.92 

high R2 2.20 1.34 49.43 2.48 1.40 47.17 3.10 1.30 50.94 
Mean 2.42 1.37 48.30 2.49 1.34 49.44 2.98 1.34 49.43 

Their mixtures (1:1:1) 
low R1 2.44 1.39 47.54 2.38 1.38 47.92 2.30 1.37 48.30 

high R2 2.34 1.37 48.30 2.35 1.35 49.06 2.00 1.32 50.19 
Mean 2.39 1.38 47.92 2.365 1.365 48.40 2.15 1.35 49.06 

Average 
low R1 2.62 1.39 47.55 2.68 1.34 49.34 2.915 1.38 47.92 

high R2 2.32 1.35 48.67 2.366 1.344 49.83 2.660 1.28 51.70 
Overall mean 2.47 1.371 48.26 2.523 1.342 49.36 2.79 1.33 49.77 
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                 Table(10.1): Field capacity, permanent wilting point and available water capacity of studied soils after wheat crop 
harvesting as affected by natural soil conditioner types, their mixtures and application rates under different soil moisture  
depletion regimes.   

Soil conditioner 
types and their 

mixtures 

Conditioner 
application rates   

( w/w)  

Soil moisture depletion levels from its available water capacity( AWSMD-levels) 

Wet- treatment 
(30 % AWSMD) 
Light irrigation 

Short – intervals 
( 3 days) 

Medium - treatment 
(50 % AWSMD) 

Moderate irrigation 
Median – intervals 

(6 days) 

Dry - treatment 
(70 % AWSMD) 
Heavy irrigation 
Long- intervals 

(9 days) 

14.45 % SMC 12.75 % SMC 11.08 % SMC 

Soil moisture constants 

SFC% PWP % AWC % SFC% PWP % AWC% SFC% PWP % AWC% 

Control Without additions 17.0 8.5 8.5 16.6 8.2 8.4 16.4 8.2 8.2 

Bentonite 
Low R1 17.7 8.7 9.0 17.4 8.6 8.8 16.8 8.4 8.4 

High R2 18.4 9.0 9.4 17.8 8.8 9.0 17.3 8.5 8.8 

Mean 18.05 8.85 9.2 17.6 8.7 8.9 17.05 8.45 8.6 

Compost 
Low R1 17.7 8.8 8.9 17.3 8.5 8.8 17.2 8.5 8.7 

High R2 18.1 8.8 9.3 18.5 8.9 9.6 17.5 8.8 8.7 

Mean 17.9 8.8 9.1 17.9 8.7 9.2 17.35 8.65 8.7 

MNRM 
Low R1 19.2 9.5 9.7 18.5 9.2 9.3 17.9 8.9 9.0 

High R2 19.5 9.8 9.7 18.7 9.3 9.4 18.2 9.0 9.2 
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Mean 19.35 9.65 9.7 18.6 9.25 9.35 18.05 8.95 9.1 

Their mixtures 
(1:1:1) 

Low R1 19.6 9.8 9.8 18.8 9.4 9.4 18.5 9.2 9.3 

High R2 20.4 10.0 10.4 19.4 9.7 9.7 19.0 9.4 9.6 

Mean 20.0 9.9 10.1 19.1 9.55 9.55 18.75 9.3 9.45 

Average 
Low R1 18.55 9.2 9.35 18.0 8.93 9.075 17.6 8.75 8.85 

High R2 19.10 9.4 9.70 18.6 9.18 9.425 18.0 8.93 9.07 

Overall mean 18.83 9.3 9.53 18.03 9.05 9.25 17.8 8.84 8.96 
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                Notes:  1-Each value is a mean of three replications and the obtained results were calculated on oven dry weight basis at 
105 C˚ for 24 hours  

                                2- SFC : soil field capacity ; PWP : permanent wilting point and AWC : soil available water capacity 

 

                 Table(10.2): Field capacity, permanent wilting point  and available water capacity of studied soils after maize crop 
harvesting as affected by natural soil conditioner types, their mixtures and application rates under different soil moisture 
depletion regimes. 

 

Soil 
conditioner 
types and 

their 
mixtures 

Conditioner 
application rates 

  ( w/w)  

Soil moisture depletion levels from its available water capacity( AWSMD-levels) 

Wet- treatment 
(30 % AWSMD) 
Light irrigation 

Short – intervals 
( every day) 

Medium - treatment 
(50 % AWSMD) 

Moderate irrigation 
Median – intervals 

(3 days) 

Dry - treatment 
(70 % AWSMD) 
Heavy irrigation 
Long- intervals 

(8 days) 

15.33 %SMC 13.5 % SMC 11.7 % SMC 
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Soil moisture constants 

SFC % PWP % AWC % SFC % PWP % AWC % SFC % PWP % AWC % 

Control Without additions 18.0 9.0 9.0 17.8 9.2 8.6 17.9 8.8 9.1 

Bentonite 
Low R1 18.5 9.3 9.2 18.3 9.5 8.8 19.2 9.0 10.2 

High R2 18.9 9.5 9.4 18.8 9.6 9.2 19.8 9.2 10.6 

Mean 18.7 9.4 9.3 18.55 9.55 9.0 19.5 9.1 10.4 

Compost 
Low R1 19.5 9.8 9.7 19.6 10.0 9.6 20.3 10.1 10.2 

High R2 19.7 10.0 9.7 20.3 10.4 9.9 20.5 10.3 10.2 

Mean 19.6 9.9 9.7 19.95 10.2 9.75 20.4 10.2 10.2 

MNRM 
Low R1 18.6 9.5 9.1 18.7 9.6 9.1 18.9 9.3 9.6 

High R2 18.9 9.6 9.3 18.9 9.8 9.1 19.3 9.5 9.8 

Mean 18.75 9.55 9.2 18.8 9.7 9.1 19.1 9.4 9.7 

Their 
mixtures 
(1:1:1) 

Low R1 19.4 9.7 9.7 19.5 9.9 9.6 19.8 9.8 10.0 

High R2 19.5 9.8 9.7 19.7 10.0 9.7 20.2 10.2 10.0 

Mean 19.45 9.75 9.7 19.6 9.95 9.65 20.0 10.0 10.0 

Average 
Low R1 19.0 9.58 9.43 19.02 9.75 9.275 19.55 9.55 10.0 

High R2 19.25 9.73 9.53 19.43 9.95 9.476 19.95 9.8 10.15 

Overall mean 19.12 9.65 9.47 19.23 9.85 9.375 19.75 9.67 10.07 
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                   Notes : 1-Each value is a mean of three replications and the obtained results ere calculated on oven dry weight basis at 
105 C˚ for 24 hours 

                                      2- SFC : soil field capacity ; PWP : permanent wilting point and AWC : soil available water capacity 
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Table(11.1): Phyto-availability (concentration) of  soil macro-nutrients after wheat and maize crops harvesting as affected by 
natural soil conditioner types, their mixtures and application rates under different soil moisture depletion regimes. 

 

Soil 
conditioner 
types and 

their 
mixtures 

Conditioner 
application 

rates 
  ( w/w)  

After pot-wheat crop cultivation After field-maize crop cultivation 

Wet- 
treatment 

(30 % 
AWSMD) 

Light irrigation 
Short – 
intervals 
( 3 days) 

Medium - 
treatment 

(50 % 
AWSMD) 
Moderate 
irrigation 
Median – 
intervals 
(6 days) 

Dry - 
treatment 

(70 % 
AWSMD) 

Heavy 
irrigation 

Long- intervals 
(9 days) 

Wet- 
treatment 

(30 % 
AWSMD) 

Light irrigation 
Short – 
intervals 

( every day) 

Medium - 
treatment 

(50 % 
AWSMD) 
Moderate 
irrigation 
Median – 
intervals 
(3 days) 

Dry - 
treatment 

(70 % 
AWSMD) 

Heavy 
irrigation 

Long- intervals 
(8 days) 

14.45 % SMC 12.75 % SMC 11.08 % SMC 15.33 %SMC 13.5 % SMC 11.7 % SMC 

Soil nutritional status Soil nutritional status 

Soil macro-nutrients phytoavailability (mg kg
-1

 
soil) 

Soil macro-nutrients phytoavailability (mg kg
-1

 
soil) 

N P N P N P N P N P N P 

Control 
Without 

additions 
25.0 7.5 26.7 8.5 23.8 6.0 22.0 9.9 23.0 10.9 21.0 8.9 

Bentonite  
low R1 30.5 8.5 32.4 9.5 31.0 7.5 22.5 10.8 23.5 11.8 21.5 9.8 

high R2 35.6 9.5 35.5 10.5 31.3 8.4 25.5 11.5 26.5 12.5 24.5 10.5 

Mean  33.05 9.0 33.95 10.0 31.15 7.95 24.0 11.15 25.0 12.15 23.0 10.15 

Compost  low R1 38.5 8.7 34.8 9.7 35.0 7.8 35.5 13.1 36.5 14.1 34.5 12.1 
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              Notes :    1-Each value is a mean of 3 replications and all obtained values were calculated on oven dry weight basis at 105 
Cº for 24 hours 

                         2-Each experimental plastic pot received ( w/w) 120.6 kg-N fed
-1

 ( 1.206 g-  N pot 
-1

) as ammonium nitrate ( 33.5 % 
N); 13.54 kg-P fed

-1
( 135.4 mg-P pot

-1
)as normal super phosphate ( 15.5 % P2O5) and 28.8 kg-K fed

-1
(  199.15 mg-K pot

-1
) as 

potassium sulfate ( 48 % K2O). 

                 3- Each experimental  plot area received 260 kg fed
-1

 urea  (46.5% N) equivalent  0.127  kg – N plot
-1

 ; 200 kg fed
-1

  
ordinary super phosphate  (15.5 % P2O5) equivalent (14.16  g-P plot

-1
) and 50 kg fed

-1
 potassium sulfate  (48 % K2O) equivalent 

20.84 g-K plot
-1

. 

high R2 39.9 9.5 39.8 10.9 36.5 8.5 40.8 13.5 41.8 14.5 39.8 12.5 

Mean  39.2 9.1 37.3 10.3 35.75 8.15 38.15 13.3 39.15 14.3 37.15 12.3 

MNRM 
low R1 37.8 10.2 46.5 11.2 37.2 9.2 30.2 12.5 31.2 11.5 29.2 11.5 

high R2 40.5 10.5 47.3 11.5 40.0 9.9 35.3 12.8 36.3 13.8 34.3 11.8 

Mean  39.15 10.35 46.9 11.35 38.6 9.55 32.75 12.65 33.75 12.65 31.75 11.65 

Their 
mixtures 
(1:1:1) 

low R1 43.5 11.2 49.3 12.2 43.0 10.2 36.3 12.9 37.3 13.9 35.3 11.9 

high R2 46.5 13.9 49.5 14.9 44.5 12.9 39.5 13.2 40.5 14.2 38.5 12.2 

Mean  45.0 12.55 49.4 13.55 43.75 11.55 37.9 13.05 38.9 14.05 36.9 12.05 

Average  
low R1 37.58 9.65 40.75 10.65 36.55 8.67 31.13 12.33 32.13 12.83 30.13 11.33 

high R2 40.63 10.85 43.03 11.95 38.08 9.93 35.28 12.75 36.28 13.75 34.28 11.75 

Overall mean 39.10 10.25 41.89 11.30 37.31 9.30 33.21 12.54 34.21 13.29 32.21 11.54 
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  Table(12.1): Biomass grains and straw yields of  wheat and  maize crops after full maturity as affected by natural soil 
conditioner types, their mixtures and application rates under wet-treatment (light irrigation) . 

Soil conditioner 
types and their 

mixtures 

Conditioner 
application 

rates 
  ( w/w) 

 

Biomass wheat crop yield Biomass maize crop yield 

Light irrigation (short – intervals 3 days) Light irrigation (short – intervals every day) 

 Biomass grains 
yield 

1000 
grains 
weight 
(gm) 

H
a
rv

e
s
t 

in
d

e
x
 (%

) 

Biomass straw 
(tepn)yield 

  Biomass grains 
yield 100  grains 

weight (gm) 
H

a
rv

e
s
t 

in
d

e
x
 (%

) 

Biomass straw yield 

g pot
-1

 (kg fed
-1

) g pot
-1

 (kg fed
-1

) 
(kg plot

-

1
) 

(kg fed
-

1
) 

(kg plot
-1

) (kg fed
-1

) 

Control 
Without 

additions 
13.77 1276.5 30.5 30.75 31.01 2875 1.950 1820 40.6 47 2.199 2053 

Bentonite  
low R1 17.55 1627.5 40.5 34.14 29.84 2767 2.904 2710 42.5 49.18 2.999 2800 

high R2 20.19 1872.0 40.8 40.35 33.87 3140 2.942 2746 42.8 47.72 3.219 3005 

Mean  18.87 1749.8 40.65 37.25 31.86 2953 2.923 2728 42.65 48.45 3.110 2903 

Compost  
low R1 15.81 1465.5 40.2 33.29 30.63 2840 3.129 2920 44.7 45.15 3.800 3547 

high R2 18.72 1735.5 40.5 37.93 31.68 2937 3.185 2973 45.0 44.39 3.989 3724 

Mean  17.26 1600.5 40.35 35.61 31.16 2888 3.157 2946 44.85 44.77 3.895 3635 

MNRM 
low R1 19.66 1822.5 42.6 36.75 33.36 3093 3.054 2850 43.1 50.44 2.999 2800 

high R2 23.93 2218.5 43.5 41.76 33.84 3137 3.107 2900 43.8 47.94 3.299 3080 

Mean  21.79 2020.6 43.05 39.26 33.6 3115 3.080 2875 43.45 49.19 3.182 2970 

Their mixtures 
(1:1:1) 

low R1 23.67 2194.5 46.2 38.64 36.35 3370 3.111 2903 43.7 47.05 3.500 3267 

high R2 24.19 2242.6 44.5 40.30 37.07 3437 3.161 2950 44.5 44.89 3.879 3621 

Mean  23.93 2218.6 45.35 39.47 36.71 3403 3.136 2926 44.10 45.94 3.690 3444 

Average  low R1 19.17 1777.0 42.37 35.89 32.54 3017 3.049 2846 43.5 47.95 3.325 3103 
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Notes: 1- Each figure is a mean of 3 variables and all obtained data were calculated on oven dry weight basis at 70 Cº  for 18 hours 
            2- Ardeb of wheat grains = 150 kg and heml straw (tepn) = 250 kg,   while, ardeb of maize grains = 140 kg 
            3-Winter growing season elongated 135 days for wheat and growing summer season period elongated 93 days. 
            4- Wet – treatment (light irrigation): 30 % AWSMD (short – intervals)( 3 days) for wheat and every day for maize crop. 
 
 
Table(12.2): Biomass grains and straw yields of  wheat and  maize crops after full maturity as affected by natural soil 
conditioner types, their mixtures and application rates under medium-treatment (moderate irrigation). 

high R2 21.75 2017.0 42.32 40.17 34.11 3162 3.099 2892 44.0 46.23 3.697 3357 

Overall mean 20.46 1897.3 42.35 38.05 33.33 3090 3.074 2869 43.75 47.09 3.461 3230 

Soil 
conditioner 
types and 

their 
mixtures 

 Biomass wheat crop yield Biomass maize crop yield 

 Moderate irrigation (median – intervals 6 days) Moderate  irrigation (median – intervals 3 days) 

Conditioner 
application rates 

 Biomass grains 
yield 

1000 
grains 
weight 
(gm) 

H
a
rv

e
s
t 

in
d

e
x
 (%

) 

  Biomass straw 
(tepn)yield 

  Biomass grains 
yield 

100 
grains 
weight 
(gm) 

H
a
rv

e
s
t 

in
d

e
x
 (%

) 

   Biomass straw yield 

( w/w) g pot
-1

 
(kg fed

-

1
) 

g pot
-1

 
(kg fed

-

1
) 

(kg plot
-

1
) 

(kg fed
-1

) (kg plot
-1

) (kg fed
-1

) 

Control 
Without 

additions 
14.04 1302 30.6 32.69 28.91 2680 2.118 1977 41.2 42.46 2.870 2676 

Bentonite  
low R 1 17.22 1596 40.3 36.25 30.28 2807 3.003 2803 42.6 49.21 3.099 2893 

high R 2 20.16 1869 40.6 37.89 33.04 3063 3.096 2890 43.5 49.17 3.200 2987 

Mean  18.69 1732.5 40.4 37.07 31.66 2935 3.050 2846 43.05 49.19 3.150 2940 

Compost  low R 1 15.97 1480.5 40.0 34.81 29.91 2773 3.204 2990 42.2 44.48 3.999 3733 
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Notes: 1- Each figure is a mean of 3 variables and all obtained data were calculated on oven dry weight basis at 70 Cº  for 18 hours 
         2- Medium – treatment (moderate irrigation): 50 % AWSMD (median – intervals)( 6 days) for wheat and 3 days for maize crop. 
          3-  Harvest index (%) =[ Biomass grains yield(g pot

-1
) /Biological crop yield (g pot

-1
)] x 100 on oven dry weight basis at 70 Cº for 

18 hours. 
Table(12.3): Biomass grains and straw yields of  wheat and  maize crops after full maturity as affected by natural soil 
conditioner types, their mixtures and application rates under dry-treatment (heavy irrigation). 
 

high R 2 18.07 1675.5 40.2 36.84 30.98 2878 3.304 3084 45.2 44.03 4.199 3920 

Mean  17.02 1578 40.1 35.82 30.45 2823 3.254 3037 43.7 44.26 4.100 3827 

MNRM 
low R 1 19.25 1785 42.2 38.09 31.28 2900 3.107 2900 43.9 49.11 3.219 3005 

high R 2 22.81 2115 42.9 41.05 32.76 3037 3.204 2990 44.5 45.16 3.894 3631 

Mean  21.03 1950 42.5 39.57 32.02 2969 3.155 2945 44.2 47.14 3.565 3318 

Their 
mixtures 
(1:1:1) 

low R 1 19.85 1840.5 43.6 38.56 31.63 2933 3.242 3026 44.5 44.83 3.989 3724 

high R 2 23.67 2194.5 45.2 40.85 34.27 3177 3.296 3076 45.0 44.89 4.100 3827 

Mean  21.76 2017.5 44.4 39.77 32.95 3055 3.269 3051 44.75 44.86 4.045 3776 

Average  
low R 1 18.07 1675.5 41.53 36.99 30.78 2853 3.139 2930 43.3 46.91 3.579 3338 

high R 2 21.178 1963.5 42.23 39.26 32.76 3038 3.225 3010 44.6 45.81 3.848 3591 

Overall mean 19.63 1819.5 41.88 38.19 31.76 2946 3.182 2970 43.93 46.36 3.713 3465 

Soil 
conditioner 
types and 

 Biomass wheat crop yield Biomass maize crop yield 

Conditioner 
application 

Heavy  irrigation (long – intervals 9 days) Heavy   irrigation (long – intervals 8 days) 
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their mixtures rates 

  ( w/w) 
Biomass grains 

yield 
1000 
grains 
weight 
(gm) 

H
a
rv

e
s
t 

in
d

e
x
 (%

) 

 Biomass straw 
(tepn)yield 

  Biomass grains 
yield 

100  
grains 
weight 
(gm) 

H
a
rv

e
s
t 

in
d

e
x
 (%

) 

   Biomass straw 
yield 

 g pot
-1

 (kg fed
-1

) g pot
-1

 
(kg fed

-

1
) 

(kg plot
-

1
) 

(kg fed
-1

) 
(kg plot

-

1
) 

(kg fed
-

1
) 

Control 
Without 

additions 
10.79 1000 30.3 34.45 20.53 1903 2.036 1900 40.0 49.22 2.099 1960 

Bentonite  
low R 1 13.09 1213 39.5 36.22 23.05 2137 2.818 2630 41.0 49.45 2.88 2688 

high R 2 18.38 1704 40.1 38.87 28.91 2630 2.807 2620 42.1 48.35 2.99 2800 

Mean  15.74 1458 39.8 37.72 25.98 2408 2.812 2625 41.55 48.89 2.939 2744 

Compost  
low R 1 12.26 1137 38.9 33.24 24.62 2283 2.982 2783 41.2 46.43 3.44 3211 

high R 2 15.92 1476 40.1 37.41 26.64 2470 3.107 2900 42.3 44.4 3.89 3631 

Mean  14.09 1306 39.5 35.47 25.63 2376 3.044 2841 41.74 45.42 3.665 3421 

MNRM 
low R 1 15.06 1396 42.9 39.52 23.05 2137 2.989 2790 42.7 49.92 2.99 2800 

high R 2 24.79 2298 44.5 47.67 27.21 2523 3.001 2801 42.8 48.39 3.20 2987 

Mean  19.93 1847 43.7 44.23 25.13 2330 2.995 2795 42.73 49.16 3.099 2893 

Their 
mixtures 
(1:1:1) 

low R 1 16.31 1512 42.5 35.79 29.26 2713 3.054 2850 42.5 47.83 3.33 3108 

high R 2 20.31 1882 44.2 40.06 30.38 2817 3.096 2890 44.0 46.59 3.54 3313 

Mean  18.30 1697 43.4 38.02 29.82 2765 3.075 2870 43.25 47.21 3.44 3211 

Average  
low R 1 14.18 1314 40.95 36.2 24.99 2317 2.961 2763 41.9 48.41 3.16 2951 

high R 2 19.86 1840 42.51 41.23 28.29 2610 3.003 2803 42.7 46.93 3.41 3182 
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Notes :  

1- Each experimental plastic pot received (w/w)360 kg fed
-1

 NH4NO3(33.5 % N) equivalent 1.206 g-N pot
-1

;200 kg fed
-1

 ordinary 
superphosphate ( 15.5 % P2O5 )equivalent ( 135.4 mg –P pot

-1
) and 50 kg fed

-1
 K2SO4 ( 48 % K2O) equivalent 199.15 mg-K pot

-1
). 

2- Each experimental plot  area received 260 kg fed
-1

 urea (46.5 % N) equivalent 0.127 kg-N plot
-1

; 200 kg fed
-1

 ordinary 
superphosphate ( 15.5 % P2O5 )equivalent ( 14.16 g –P plot

-1
) and 50 kg fed

-1
 K2SO4 ( 48 % K2O) equivalent 20.84 g-K plot

-1
). 

3- Each figure is a mean of 3 variables and all obtained data were calculated on oven dry weight basis at 70 Cº  for 18 hours. 

                       4- Dry – treatment (heavy irrigation): 70 % AWSMD (long – intervals)( 9 days) for wheat and 8 days for maize crop. 

Table( 12.4 ): Yield components of wheat crop after full maturity as affected by  soil conditioner types, their mixtures and 
application rates under different soil moisture depletion regimes over the growing winter season period 2010/2011. 

 

Overall mean 17.02 1577 41.61 38.98 26.64 2463 2.982 2783 42.32 47.67 3.285 3067 

Soil 
conditioner 
types and 

their 
mixtures 

Conditioner 
application 

rates 
( w/w)  

Soil moisture depletion levels from its available water capacity (AWSMD-levels) 

Wet - treatment 
(30 % AWSMD) 
Light irrigation 

Short- intervals (3 days) 

Medium- treatment 
(50 % AWSMD) 

Moderate irrigation 
Median - intervals ( 6 days) 

Dry -treatment 
(70 % AWSMD) 
Heavy irrigation 

Long-intervals (9 days) 

14.45 % SMC 12.75 SMC  11.08 %SMC 
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Notes: Each figure is a mean of 3 replicates. 

Table( 5.5 ): Yield components of maize crop after full maturity as affected by  soil conditioner types, their mixtures and 
application rates under different soil moisture depletion regimes over the summer growing season period 2011. 

Control 
Without 

additions 79.5 2.2 17 10.8 1.0 77.5 3.3 17.2 10.7 1.32 72.5 3.2 16.8 10.5 1.19 

Bentonite 

low R1 85.6 3.6 17.5 11.5 1.76 82.5 3.4 17.2 11.3 1.75 80.5 3.1 16.9 11.0 1.55 

high R2 88.5 3.8 17.9 11.8 2.06 84.5 3.6 17.5 11.5 2.04 81.5 3.3 17.5 11.3 1.83 
Mean 87.05 3.7 17.7 11.65 1.91 83.5 3.5 17.35 11.4 1.895 81.0 3.2 17.2 11.15 1.69 

Compost 

low R1 82.4 3.3 17.2 11.2 1.64 80.5 3.2 17.2 11.0 1.61 78.5 2.9 17.0 10.9 1.53 

high R2 84.5 3.6 17.5 11.5 1.85 82.5 3.4 17.3 11.3 1.77 79.9 3.1 17.1 11.2 1.70 

Mean 83.45 3.45 17.35 11.35 1.745 81.5 3.3 17.25 11.15 1.69 79.2 3.0 17.05 11.05 1.615 

MNRM 

low R1 88.5 4.2 18.5 11.8 1.65 87.5 3.9 18.2 11.5 1.71 83.5 3.2 18.0 10.9 1.67 

high R2 90.5 4.5 18.8 12.3 1.90 89.5 4.2 18.5 12.1 1.87 85.5 3.8 18.2 11.8 1.80 
Mean 89.5 4.35 18.65 12.05 1.775 88.5 4.05 18.35 11.8 1.79 84.5 3.5 18.1 11.35 1.735 

Their 
mixtures 
(1:1:1) 

low R1 91.5 4.6 19.2 12.0 2.03 90.5 4.3 18.8 11.9 2.00 85.5 4.0 18.4 11.5 1.88 

high R2 92.5 4.7 19.8 12.8 2.37 91.5 4.6 19.5 12.5 2.37 87.4 4.3 19.2 12.2 2.12 

Mean 92.0 4.65 19.5 12.4 2.20 91.0 4.45 19.15 12.2 2.185 86.45 4.15 18.8 11.85 2.00 

Average 

low R1 91.3 4.5 19.2 12.3 2.09 90.3 4.35 18.95 12.1 2.08 85.96 3.98 18.6 11.7 1.93 

high R2 91.8 4.6 19.44 12.3 2.17 90.84 4.42 19.10 12.1 2.16 86.32 4.10 18.7 11.81 1.98 

Overall mean 91.6 4.6 19.36 12.34 2.10 90.6 4.38 19.02 12.13 2.12 86.14 4.04 18.69 11.77 1.95 

Soil conditioner types and  Soil moisture depletion levels from its available water capacity (AWSMD-levels)  
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 their mixtures  
 

Conditioners 
application 

rates 
( w/w) 

 
 

Wet - treatment 
(30 % AWSMD) 
light irrigation 

Short- intervals  
(every day) 

Medium- treatment 
(50 % AWSMD) 

Moderate irrigation 
Median - intervals  

( 3 days) 

Dry -treatment 
(70 % AWSMD) 
Heavy irrigation 

Long-intervals (8 days) 

15.33 %SMC 13.5 % SMC 11.7 % SMC 

Ear 
weight 

(g) 

Plant 
height 
(cm) 

Ear 
length 
(cm) 

Ear 
weight 

(g) 

Plant 
height 
(cm) 

Ear 
length 
(cm) 

Ear 
weight 

(g) 

Plant 
height 
(cm) 

Ear 
length 
(cm) 

Control 
Without 

additions 
251.5 180.0 14.5 252.0 182.5 15.5 250.0 177.0 13.8 

Bentonite 
low R1 288.4 190.0 15.5 290.0 195.3 16.0 287.5 188.0 15.0 

high R2 290.4 195.0 16.0 292.5 196.0 16.7 290.0 194.0 14.5 
Mean 289.4 192.5 15.75 291.25 195.65 16.35 288.75 191.0 14.75 

Compost 
low R1 340.8 204.0 19.0 342.5 208.0 20.0 340.0 203.0 19.0 

high R2 355.9 206.0 20.0 360.0 210.0 22.0 352.7 205.0 19.5 

Mean 348.35 205.0 19.5 351.25 209.0 21.0 346.35 204.0 19.25 

MNRM 
low R1 310.3 195.5 16.6 315.0 196.0 17.5 309.7 194.9 16.0 

high R2 322.2 197.5 18.5 325.0 200.0 19.0 320.0 195.5 18.0 
Mean 316.25 196.5 17.55 320.0 198.0 18.25 314.85 195.2 17.0 

Their mixtures (1:1:1) 
low R1 333.6 200.0 19.0 335.0 205.0 20.0 332.0 199.0 18.7 

high R2 343.7 203.0 19.5 340.0 205.5 22.0 340.0 204.0 19.0 

Mean 338.65 201.5 19.25 337.5 205.25 21.0 336.0 201.5 18.85 
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         Notes: Each figure is a mean of 3 replicates. 

Average 
low R1 318.27 197.37 17.52 320.6 201.07 18.37 317.3 196.22 17.05 

high R2 328.05 200.37 18.50 329.4 202.87 19.92 325.7 199.63 17.38 

Overall mean 323.16 198.87 18.01 324.98 201.97 19.14 321.48 197.92 17.21 
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6-  

Soil Characters 

Obtained values 

Site (1)* 

Pot-experiment 

Site(2)** 

Field-experiment  

Chemical analysis 

Soil reaction pH (1:2.5 soil-water suspension) 7.56 7.90 

Electrical conductivity, EC dSm
-1
 (Soil past extract)at 25 Cº 2.60 3.75 

Saturation percentage(S.P)                                       % 38.0 40.0 

Total soluble salts(T.S.S)                               mg kg
-1
 soil 632(0.063%) 960(0.096%) 

Calcium carbonate (CaCO3)                                                % 0.40 0.60 

Total soluble ions(1:5 Soil-water extractions) 

                                   Soluble cations 

Ca
+2

                                               meq L
-1
 1.10 1.00 

Mg
+2

                                             meq L
-1
 1.46 1.20 

Na
+
                                                meq L

-1
 1.50 3.70 

K
+
                                                  meq L

-1
 0.14 0.10 

                                   Soluble anions 

CO3
=
                                               meq L

-1
 0.00 0.00 

HCO3
-
                                              meq L

-1
 2.30 1.50 

CL
-
                                                  meq L

-1
 1.40 2.00 

SO4
-2
                                               meq L

-1
 0.30 2.50 

EC , dSm
-1
                       (1:5 soil-water extraction) 0.416 0.602 

Ionic strength (I.S)                                    mmoles L
-1
 4.50 4.45 

Sodium adsorption ratio(SAR)    1.327 3.53 

Soluble sodium percentage(SSP)                             % 35.71 61.7 

Physical analysis 

Particle size distribution                        (g/100g soil)   

Coarse sand fraction                                            % 65.0 50.0 

Fine sand fraction                                                 % 10.0 5.50 

Silt fraction                                                            % 15.0 31.0 

Clay fraction                                                          % 10.0 13.5 

Soil texture class Loamy sand Loamy sand 

Soil bulk density(Db)                                       Mg m
-3
 1.57 1.55 

Soil particle density (Dp) )                               Mg m
-3
 2.66 2.66 

Total porosity(ρt) on volume basis                        % 34.21 41.73 

Soil saturated hydraulic conductivity (S.H.C)       m day
-1
 2.52 2.65 
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