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ABSTRACT

Two field experiments of Egyptian sandy soils waresen. The main objectives of this investigatimnta study
and evaluate the effect of natural raw minerald, conditioners, their mixtures and their applicati rates in sandy
soil subjected to different irrigation deficits dhe economic yield of wheat and maize crops as agelbn crop
water productivity. Four types of soil conditiondigentonite, compost, mixture of natural mineralvrenaterials
and their mixtures 1:1:1) were mixed well to saifdre cultivation. The application process was agidd through
two recommended rates, the first rate representltive (R1), while the second represent the high [(B&.
Irrigation treatments were scheduled accordinghte moisture depletion regimes in three levelsgation at 30,50
and 70 % depletion from soil available water. Bynsoarizing these results in easy readable chartdljredsoil
conditioners improved crop water productivity anldaincreased the farm net return. The mixture frdifferent
conditioners (1:1:1) treatment realized the supetyofor both experiments. The highly applicaticate (R2) was
better than the lowest application rate (R1). Alsdgation at 50 % depletion from available watachieved the
best values of water productivity and economic @at@bn in meaning of net return as well.
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INTRODUCTION

Egypt is the largest wheat importer worldwide. Acting to the Food and Agriculture Organization leé tUnited
Nations[1], the area of cultivated wheat in Egyp1j336,234 hectares and the yield that comesfdauiso6.58 tons
per hectare, resulting in a total wheat productidraround 8,795,483 tons. According to the USDA #@d4
domestic wheat consumption in Egypt was 19,100t608. With constant population growth and decrepairable
land in Egypt, the risk to demand levels is evarreasing. According to the United Nations (UN), tiebal
population is expected to jump from slightly ovén#o around 9.6bn by 2050, with most of that iaseeoccurring
in the developing world.1 As population and incoriresease in those regions, it is estimated thadl foroduction
will have to grow by 70% in order to meet demand§ndy soils widely exist in arid and semi-arid o&gi such as
the east and west desert areas of Egypt. Incretfgingroductive lands is one of the major targéth® agricultural
policy. The productivity of sandy soils is mostiynited by several agronomic obstacles. Their very Epecific
surface area caused its inert chemical and biakbgienditions. The fertility level of such soilsusry poor and is
controlled by their fine fractions, i.e. clay anthanic matter contents. In this respect, [3]showett nutrients
applied to raise the low fertility of sandy soilene subjected to loss by leaching. Due to low waggmtion of such
soll, it needs frequent irrigations at short intdsv Nowadays, the term of « sustainable agrioaltuis widely used
in Egypt, which is keystone of the rational utitib& of soils as one of our most important natuesburces. It is the
important aims of « sustainable agriculture » totget and maintain of the multifunction of soils].[4or
preservation and sustainability the productivity sufil we have to take special regard to sandy dudiging
unfavorable properties. Sandy soils characterimetbss than 18 % clay and more than 68 % sandeiritst 100
cm of the soil depth are the poor soils that odoumany parts of the world[5] Tackling these problems can be
achieved through applying organic amendments, akhttaw minerals and soil conditioners. These malteri
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improve the retentive capacities of these soilsallmv plants to get their water requirements ahgt@ —available
nutrients easily.

Cereal crops such as (wheat and maize) are vextegically important crops in Egypt because it'astiiuent and
indispensable part of Egyptian food diet. Generaligre is a great gap between the consumptiorperdlction of
such crops. On the other hand, itis worth notivad, the agriculture production in Egypt is mgidepending upon
irrigated agriculture. The gap between suppliesdardands of water is widening with increasing glqizgulation.
We are suffering from this trouble, especially wives know that we are under water poverty limit. &exe of the
water limitation, one of the most important targetsthe agriculture sector is how to save irrigatiwater and
increase water use efficiencies. So, new technigungk practices are needed to achieve water satiendiiag
irrigation water becomes important for project plgaig and irrigation management. Despite the prajveswater
shortage, the over irrigation practiced by the frsrusually using flood irrigation leads to lowigation efficiency.
So it is necessary to ascertain to what extenivder in the root zone can be depleted to prodigie économic
yield with using little water applied. Planning bésigation regimes is very important for maintimig available
irrigation water. The proper water managementiation scheduling ) not only accurate determimatid crop
water requirements but also helps to know whenteow much water should be applied to get high edfficy of
each unit of water,[6]. Regulated deficit irrigatics one of such practices. Many studies indicéived the deficit
irrigation was a successful technique in cropgation, [7]and [8] The agricultural sector faces the challenge to
produce more food with less water by increasing avater productivity results in either the samedpieiion from
less water resources, or a higher production filwansame water resources[6].Therefore, the mairctigs of this
investigation were to study and assess the effentitural raw minerals and soil conditioner typir mixtures
(1:1:1) and application rates in sandy soils subptto different soil moisture on the following pareters:

(i) Field water use efficiency (productivity) of wheatd maize crops under the studied conditions.
(ii) Evaluation the cereal crop production economically.

EXPERIMENTAL SECTION

One field experiment represents arable sandy aoéitéd at Abou-Omera Al-Sharkeya village , Baltiistritt, Kafr
El-Sheikh Governorate 31° 34 40.6 N latitude and BQ 55.5 E longitude with an elevation of aboutm&ters
above sea level was chosen. Soil was cultivatel twib cereal crops wheat and maize. Wheat cropcwtisated
during the winter season period 2014/2015, meaewmidize crop was cultivated during the summer sea$o
2015. The experimental plot area was 1@2x5 m).The experimental design was split-split @rrangement with
three replications. The main plots were devotethtee irrigation treatments as follows: after 3@&fpletion from
soil available water ; after 50 % depletion fronil swailable water and after 70% depletion fronil seailable
water. Wheat and maize plants were exposed toidafigation and started directly after life waiteg irrigation
(EI-Mohayaa irrigation) for achieving the selectadilable soil moisture depletion levels under aeration. The
sub —plots were assigned to five types of soil @mmkrs and their mixtures 1:1:1(w/w). The congliér treatments
(w/w) were applied as follows: Control (without diilths); Bentonite at application rates of 0.2 % @&nh3%. ;
compost at application rates of 0.3 % and 0.5 %tile of Natural Raw Minerals (MNRM) at applicaticates of
0.2 % and 0.3 %; and the mixtures of the threeipusvconditioners in 1:1:1 ratio at rates of 0.23886 0.367%.
The soil conditioner treatments were randomly isted in the three main plots. The initial anadysif the
experimental soil is shown in Tables 1and 2.

These conditioner types are mixed well with soilridg its preparation for cultivating before sowiramnd
incorporated into soil surface. Sub sub plots vareupied with two application rates as follows: &id R2 were
(low) minimum and (high) maximum recommended apgtian rates respectively. The chemical analysithefe
materials listed in Table 3. Seeds of wheat pléhtgicumaestivum, Sakha 93 variety) were obtaifiesn Crop
Agronomy Research Department, Sakha Agriculture eRes Station, Ministry of Agriculture and Land
Reclamation. Grains of maize plants (Zeamays,L¢dhtross 321 variety were obtained from Maize Rebea
Center, Agriculture Research Center, Ministry ofridglture and Land Reclamation. Two field- expentsgewere
carried out on cultivated area of Abou-OmeraEdiige ,Baltim district during the two successivewing winter
and summer seasons period 2014/2015.

We also carried out the co-composting process duhia summer growing season elongated five momntims May
2013 to October 2013. Pyramidical piles (heaps)2Z5 x1.5 m were built up under aerobic condgidbifferent
solid bio-wastes were used as substrates and ategnerganically with farmyard manure (10 % w/w)naisrobial
organic activator as well as with urea, super phaspand potassium sulfate as microbial chemidaladors. The
other certain additional materials were incorpatat#o for speeding up the conversion and improwvimg final
product quality and as growth promoting substanpéb,buffering agents and as bulking agents. Thaiobd
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chemical and physical characteristics of the usaturad compost after co- composting process aezllis Table
4. This matured compost was used as soil conditione

Table 1.Initiative physico-chemical characteristics of the selected arable experimental site

Soil Characters | Obtained valueg
Chemical analysis
Soil reaction pH (1:2.5 soil-water suspension) 7.90
Electrical conductivity, EC d&* (Soil past extract) at 25 CP 3.75
Saturation percentage(S.P) % 40.0
Total soluble salts(T.S.S) mg kg® soil 960(0.096%)
Calcium carbonate (CaGD % 0.60
Total solubleions(1:5 Soil-water extractions)
Soluble cations
Ca’meq L* 1.00
Mg*"meq L* 1.20
Na'meq LT 3.70
K'meq L? 0.10
Soluble anions
CO;meq LT 0.00
HCO;meq L* 1.50
CLmeq L* 2.00
SO “meq L 2.50
EC, d3n? (1:5 soil-water extraction) 0.602
lonic strength (.S)mnoles [* 4.45
Sodium adsorption ratio(SAR) 3.53
Soluble sodium percentage(SSP) % 61.7
Physical analysis
Particle size distribution 9/400g soil) |
Coarse sand fraction % 50.0
Fine sand fraction % 5.50
Silt fraction % 31.0
Clay fraction % 13.5
Soil texture class Loamy sand
Soil bulk density(Db) Mg m 1.55
Soil particle density (Dp) ) Mg th 2.66
Total porosityft) on volume basis % 41.73
Soil saturated hydraulic conductivity (S.H.C) mday* 2.65

Table2. Soil moisture constants and its nutritional status of the selected experimental site before planting

Soil variables | Obtained valued
Soil moistur e constants
Soil field capacity(S.F.C) % 18.0
Soil permanent wilting point(P.W.P) % 9.00
Soil available water capacity(A.W.C) % 9.00
Soil nutritional status
Total organic-C % 0.232
Organic matter(O.M) % 0.400
Available macro-nutrients
Available — N(K-sulphate extractableygkg” soil 21.5
Available — P(NaHC@extractable) ngkg® soil 8.90
Available — K(NH:-acetate extractableykg™ soil 53.5
Available micronutrients
Available — Fe(DTPA extractable)mgkg® soil 6.50
Available - Mn(DTPA extractable)mgkg® soil 5.00
Available-Zn(DTPA extractable) mgkg? soil 1.10
Available — Cu (DTPA extractablengkg® soil 0.66
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Table 3. Chemical analysisof the used natural raw mineralsand soil conditioners

Values
Bentonite] MNRM

Characteristics

Elemental oxides: %

SiO, 55.9 39.36
TiO, 0.20 0.81
Al,O3 20.0 7.68
Fe0s 0.70 4.05
MnO 0.001 0.67

MgO 0.65 3.20
Cao 2.70 15.07
Na,O 1.76 1.95
K,0 2.40 3.94
P,0s 0.80 7.33
SO - 5.83

Loss on ignition 10.0 9.14

ECed$n'(1:10 Bentonite-water extract(w/f)  1.82

pH ( 1:2.5 bentonite-water suspension (w/y) 7.12
Total soluble cations (meq L ™) (1:5 extracts)

Ca’ 0.79
Mg* 0.27
Na" 1.95
K* 0.02
Total soluble anions (meq L™) (1:5 extracts)

COs” -
HCO; 0.24
CI 1.59
SO 1.06
Cation exchange capacity, cmoles'kg 59.13
Calcium carbonate % 14.27
Particle sizedistribution %

Clay fraction 85.75
Silt fraction 10.54
Sand fraction 3.71

Table4. Chemical propertiesof the used co-compost directly after composting process

Characteristics Values
Dry weight (kg nt) 650.0
Moisture content (%) 25.5
Odour and colour Acceptable and dar
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 extractidr0}% 0.335
Saturation percentage % (. g/100g 175.0
Total soluble salts (compost material)% (g/100g jgost) 0.586
CEC (cmole kg) 64.34
Total organic — ¢ % 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 NaHC@ 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
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Available — Ni 62.7
Available — pb 120

Irrigation water supply:
Magnitude of irrigation applied water were calcathtusing the following soil moisture depletion etipma as
reported by [9]during wheat and maize growing segqseriods.

RESULTSAND DISCUSSION

1.1. Crop water productivity asinfluenced by different treatments:

Data in Fig.1 showed that wheat water productiviyues increased significantly as affected by aafitbn of
natural soil conditioners. It was also found thetond rate of application was better than firse fiatincreasing
water productivity (WP). Under irrigation at 30%piietion from available water, the highest valuesM®P was
recorded 1.81 kg thwith using mix of all under first rate of appli@ followed by 1.47, 1.3 and 1.18 kg°for
MNRM, bentonite and compost respectively compamdantrol 1.03 kg M. Whereas, under second rate of
application, the highest value of WP 1.77 kgwith adding mixture from all conditioners followdry MNRM,
Bentonite and Compost respectively.

2.5

m30 %AW
m50 % AW 0.5 A

70 % AW

Soil conditioner types

Fig. 1. Effect of natural soil conditionerson wheat Water productivity under different levels of water depletion

2.5

m30 % AW
m 50 % AW

70 % AW

Soil conditioner types

Fig.2. Effect of natural soil conditionerson maizewater productivity under different levels of water depletion
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Data also indicated that, values of WP increasefuimrigation at 50% depletion from available watad gave the
highest values 1.53 kg fas compared to irrigation at 30% and 70% depldiom available water. It was found
that, the highest values of WP, 1.9 kg mas recorded with adding mixture from all conditos followed by 1.83,
1.61 and 1.45 for MNRM, bentonite and compost, eetipely as compared to 1.13 kg*with control under second
rate of application. Such values decreased slighitly first rate of application, where the higheatue of WP 1.59
kg m*with mixture from all conditioners followed by 1.5%.38 and 1.28 for MNRM, bentonite and compost,
respectively. These results were in agreement ngghlts obtained by [10]and [11]. On the other hamiation at
70% depletion from available water gave the lowedues of WP as compared to irrigation at 30 anh.50his
may be due to decreasing grain yield in this iti@aregime as compared to others.

Regarding maize crop water productivity as affedigdifferent treatments, Data in fig. 2 shows timatize water
productivity increased with applying conditionerspecially with second rate of application as well &ith
increasing the rate of depletion from available ematWhere, under 30 % depletion, maize water prindtic
increased to 0.75 , 0.745 , 0.73 and 0.91 kjomcompost , mix of all , MNRM and bentonite restreely as
compared with control 0.46 kg“inWhile, under 50 and 70 % depletion this incregsmwater productivity took
the following order: mix of all > compost > MNRM bentonite. Data also indicated that values of water
productivity in case of second rate of applicatieere better than those in first rate. This may be t increasing
water saving with second rate of application. Wi#ispect to irrigation depletion and its effect omnize water
productivity. Data show that, under the same camulitr, increasing the level of depletion from aahie water
increased maize water productivity. Where , meduevaf water productivity under 70 % depletion vias5 kg m
which decreased to 0.73 kgmmder 30 % depletion passing by 0.95 kdumder 50 % depletion from available
water . These results were similar to those obthine[12] and [13].

1.2. Economic evaluation of wheat as affected by adding some natural and conditionersand irrigation regime
Economic assessment requires some items througthwihé evaluation process can be conducted. Thgesteq
items of the economic evaluation for each treatmefparately) in order to Trade — offs between them
economically are:

1 — Theoretical grain yield ; 2 — Total seasomatc 3 — Total seasonal return 4 — Net ret(MiR) = ( total return
— total cost ) ; 5 — Benefit Cost Ratio ( BCR ) tofal return / total cost ) ; and 6 — Specific Cpok.E/kg) = ( total
cost / theoretical grain yield ).

In order not to overlook one of the componentsnabime from the wheat crop (grain and straw) dutiegprocess
of its economic evaluation. It has been convertexdddash flow of the straw yield to what equivalinib terms of
weight of grains. Then added this assumed weiglkttécactual grain yield, to give what so — Called theoretical
grain yield. The latter is used in calculation soeeenomic indicators that contribute to the ecomoevialuation.
The following equation specialized to calculateotfe¢ical grain yield:

Theoretical grain yield ( kg acre™) = { straw weight ( kg acf8 x price of one ton of straw ( L.E/) price of grain
L.E } + grain yield (kg) .

Data in Table 5 pointed out that there was an seveelationship between the depletion level ofahailable soll
moisture and the theoretical grain yield , whiles tielation was positive with conditioners and algth increasing
the rate of application . It was obvious that, maxin value of theoretical grain yield 2648.37 kgedcwas
achieved by irrigation at 50 % depletion from aahie water and decreased to 2236.38 kg™ awith 70 %
depletion from available water passing by 2428 @&&ré' under irrigation at 30 % depletion from availablater.
Vice versa was observed with conditioners , whareder the same level of irrigation , values ofotietical grain
yield increased with increasing rate of conditianand took the following descending order : mixabhf> MNRM

> bentonite > compost . From the data tabulateBalnle 5 , it was clear that the mean values ofaked seasonal
return for various levels of soil moisture deplatizvere ranged in descending order from 50 % depieftiom
available water ( 6885.75 L.E acrg to the treatment of 70 % ( 5815.74 L.E &grpassing by the treatment of 30
% ( 6313.53 L.E acr® . Concerning natural soil conditioners, data skdvhat within each irrigation treatment,
increasing the rate of application resulting inr@asing the total seasonal returns. Mix of all é¢omaers achieved
the highest values of total seasonal return foltblwg MNRM , bentonite and compost respectively isTrend may
be due to increasing grain and straw yield by usingh conditioners.
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Table5. Economic criteriafor thefirst wheat experiment
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Control 1771.53| 4605.97| 4029 576.9 | 1.14| 2.27
Bl 2258.46| 5871.99| 5429 442.99| 1.08| 2.40
B2 2553.84| 6639.98| 6099 540.98| 1.08| 2.38
C1 1981.53| 5151.97| 5029 122.97| 1.02| 0.97
30% C2 2316.15| 6021.99| 5645 376.99| 1.06| 2.43
MNRM 1 2307.69| 5999.99| 6529 -529 0.91] 2.82
MNRM 2 2951.53| 7673.97| 7749 -75 0.99 2.67
Mix of all 1 2644.61| 6875.98| 5754 1121.98 1.19| 2.17
Mix of all 2 3069.23| 7979.99| 6539 144099 1.22| 2.13
Mean 2428.28 | 6313.53 | 5866.88 | 446.64 | 1.07 | 2.24
Control 2094.61| 5445.98| 3954 1491.98 1.37| 1.88
Bl 2451.53| 6373.97| 5154 1219.97] 1.23| 2.1
B2 2771.53| 7205.97| 6024 118197 1.19| 2.17
C1 2352.30| 6115.98| 4954 1161.98 1.23| 2.10
50 0 C2 2449.23| 6367.99| 5349 1018.99 1.19| 2.18
0 MNRM 1 2665.38| 6929.98| 6454 475.98| 1.07| 242
MNRM 2 3105.38| 8073.98| 7674 399.98| 1.05| 247
Mix of all 1 2746.92| 7141.99| 5679 1462.99 1.25| 2.06
Mix of all 2 3198.46| 8315.99| 6464 185199 | 1.28 | 2.02
Mean 2648.37 | 6885.75 | 5745.11 | 114064 | 1.20 | 215
Control 1893.07| 4921.98| 3859 1062.98 1.27 | 2.03
Bl 1910.76| 4967.97| 5259 -291 0.94 2.7%
B2 2367.69| 6155.99| 5929 1296.99 1.03| 25
Cl 1899.23| 4937.99| 4859 -541 1.01] 2.5%
70 % Cc2 2150 5590.00 5479 111 102 254
MNRM 1 2164.61| 5627.98| 6359 -731 0.8 2.93
MNRM 2 2930.76| 7619.97| 7579 -1951 1 2.58
Mix of all 1 2172.30| 5647.98| 5584 63 1.01] 2.57
Mix of all 2 2643.07| 6871.80| 6369 502.8 | 1.07| 2.40
Mean 2236.83 | 5815.74 | 5697.33 -53 1.02 | 2.53

Data in Table 5 and Fig. 3 revealed that the net@®al, revenue showed the same trend as in themeationed
indicator, (i.e. the seasonal total return ) .sTtiend may be due to that the production costefmrh system
separately , seem to be semi — fixed , or thatlifierences between them are relatively very smathpared to the
corresponding value of the differences betweerrehan for each system which are relatively larg€he highest
value 1851.99 L.E actewas obtained by adding mix of all conditionershwitaximum rate under irrigation at 50 %
depletion from available water. While, the lowesiue of net return — 1951 L.E acrevas recorded by adding
MNRM with highest rate under irrigation at 70 % #&jn from available water . This may be attriltlite
increasing initial cost of MNRM (1200 L.E /acre) esmpared to other conditioners. From the presedéd in
Table 5 and Fig. 4 it is clear that the same teogeh the abovementioned economic indicators agpelviously,
that it prevalent with this indicator. The highestio 1.2 was obtained by irrigation at 50 % dapkefrom available
water and decreased to 1.02 under irrigation a%70epletion from available water passing by 1.0deur80 %
depletion from available water. Data showed thratrdasing the rate of conditioners increased thefiiecost ratio.

It is defined as the relation between the totasseal cost (L.E acr§ and the theoretical grain yield ( kgaéje. It

is clear from the data exhibited in Table 5 and Bigthat the specific cost of the theoreticaimsaeld for different
treatments showed a reversal tendency to thoseewigus indicators , in which , the specific costeased as the
available soil moisture content increased . Whildding conditioners increased such values spedidNjRM1
under irrigation at 70 % depletion which gave th&ue of specific cost 2.93 L.E acte
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Fig.3. Net return of wheat yield as affected by the interaction between water depletion and conditioners
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1.3. Economic evaluation of maize as affected by adding some natural and conditionersand irrigation regime
Data in Table 6 pointed out that , the highest @aifi theoretical grain yield 3184.28 kg atmas obtained by
irrigation at 50 % depletion from available waterdadecreased to 2939.35 kg /acre under 70 % depléidm
available water passing by 3038.75 kg dcrender 30 % depletion from available water aspamd with control
which was 2038.75 kg acteRespecting to natural conditioners and theircefte theoretical grain yield, data show
that, under the same level of irrigation depletioalues of theoretical grain yield increased witltdiag soil
conditioners. This increasing took the followingsdending order: compost > mix of all > MNRM > barite. Data
also revealed that, second rate of application lveder than first rate of application in increasingize theoretical
grain yield.

Data in Table 6 and Fig. 6 showed that compost glag highest values of the net seasonal revetiogvéal by the
first rate of mix of all. While, other conditionevgere none economic. Where, under 30 % depletimm favailable
water, the highest values of net return 841 andL3B2acré' were obtained by compost followed by first ratevok
of all. Under 50 % depletion from available watéhe highest values of net return 679 L.E Zamas achieved by
second rate of compost followed by 423 L.E dcneith first rate of mix of all. While under 70 %egletion from
available water, first rate of compost gave thénbg value of net return. Vice versa, the loweievaf net return -
1936 L.E acré was recorded by adding MNRM with second rate urle#% depletion. This may be attributed to
increasing initial cost of MNRM (1200 L.E acheas compared with other conditioners. Fig.7 shiveshighest
ratio 0.97 was obtained by irrigation at 50 % dgptefrom available water. Data also indicated t@mnpost gave
the highest ratio followed by mix of all.Fig.8 imdites the lowest values of specific cost were nbthby adding
compost and mix of all. Data also indicated thagation at 50 % depletion from available water gjalre lowest
value of specific cost 2.05 L.E acras compared with 30 and 50 % depletion from askdlavater.

Table 6. Economic criteriafor the second experiment (maize growing season)
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Control 2038.75 | 4077.5 4664.0 -586.5 0.87 2.28
Bl 2972.50| 5945.0| 6064.0 | -119.0 | 0.98 2.04
B2 3026.00( 6052.0| 6734.0 | -682.0 | 0.89 2.22
Cl 3252.50 | 6505.0 5664.0 841.0 1.14 1.74
30 % C2 3323.00 | 6646.0 | 6284.0 362.0 1.05 1.89
MNRM 1 3156.25| 6312.5| 7164.0 | -951.5| 0.88 2.26
MNRM 2 3223.75| 6447.5| 8384.0 | -1936 0.76 2.60
Mix of all1 | 3226.75| 6453.5| 6389.0 | 64.50 1.01 1.98
Mix of all 2 | 3291.25| 6582.5| 7174.0 | -591.5| 0.91 2.17
Mean 3056.75 | 61135 | 6502.33 | -399.9 0.94 213
Control 2222.00| 4444.0| 4604.0 | -160.0 | 0.96 2.07
Bl 3091.75| 6183.5| 6004.0 | 179.5 1.02 1.94
B2 3187.50| 6375.0| 6674.0 | -299.0| 0.95 2.09
Cl 3340.00 | 6680.0 6504.0 176.0 1.02 1.94
50 % C2 3451.50 | 6903.0 | 6224.0 679.0 1.10 1.80
MNRM 1 3223.75| 6447.5| 7104.0 | -556.5| 0.90 2.20
MNRM 2 3331.25| 6662.5| 8324.0 | -1561 0.80 2.49
Mix of all1 | 3376.00| 6752.0| 6329.0 | 423.0 1.06 1.87
Mix of all 2 | 3434.75| 6869.5| 7114.0 | -2445| 0.96 2.07
Mean 3184.28 | 63685 | 6542.33 | -1515 0.97 2.05
Control 2092.50| 4185.0| 4534.0 | -349.0| 0.92 2.16
Bl 2892.50( 5785.0 | 5934.0 | -149.0 | 0.97 2.05
B2 2891.25| 5782.5| 6604.0 | -921.5| 0.87 2.28
Cl 3098.00 | 6196.0 | 5534.0 662.0 111 1.78
70 % C2 3198.30 | 6396.6 6154.0 242.6 1.03 1.92
MNRM 1 3078.75| 6157.5| 7034.0 | -976.5| 0.87 2.28
MNRM 2 3107.25| 6214.5| 8254.0 | -2039 0.75 2.65
Mix of all 1 | 3156.25 | 6312.5 6259.0 53.5 1.00 1.98
Mix of all 2 | 3213.75 | 64275 | 7044.0 | -516.5 0.91 219
Mean 2939.35 | 5878.7 | 6288.38 | -434.6 0.94 2.13
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CONCLUSION

Under sandy soil conditions where high infiltratiie and low water holding capacity, nutrient anglanic matter
poverty and Structure less soil. Adding some nato# conditioners like (compost, bentonite, MNRYid mixture
from them) is very important for enhancing crop &vaproductivity from such soils. The best condido used
economically were mix of all conditioners and comsipavhere decreasing bulk density and hydraulicdootivity,
increased ionic strength, soil available water, nmamnd micro nutrients, thus increasing the crapdpctivity and
enhancing the crop economic return. Also, undersirae conditioners, irrigation at 50 % depletianfravailable
water is the best scheduling method achieves titeekt value of crop water productivity economically
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