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INTRODUCTION

Since agriculture is very important in meeting the
food needs of an increasing global population, production
must be expanded, world -wide. More food must be produced
by adopting and adapting new technology in the field of
agriculture so as to optimize agricultural production
return . Since water is usually the major limiting factor
in agricultural develcpment in arid and semi-arid regions,
the major domain in such problem is the efficient use of

water.

The shortage of water for agriculture in arid and
semi-arid regions such as Jordan necessitates a good soil
moisture management which is probably the most critical
problem facing scil and water conservation researchers all

over the world .

The economical use of water is required especially
for crops grown during the Summer season, where the
rate of evapotranspiration is relatively high .Consequently,
the management strategy for such a problem recommends the
use of polymers (synthetic soil conditioners ) , which
have become very important during the last ten years due to
better economical justification of their uses . Improved
scientific understanding of their behavoir increased after

the symposium on the fundumentals of soil conditioning
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held in Ghent " Belgium " in 1972 .

Soil conditioning is not only concerned with the
imporve in the physical and chemical properties of the
soils, but also to give soils the needed physical
prperties that allow plant growth , reduce evaporation ,
enhance soil stability , save water and increase water

use efficiency.

Addition of polymers can change the physical pro-
perties of the soil dramatically . To understand this
effect, the complex phenomenon has to be broken into

simpler physico-chemical phenomena such as aggregaticn

stability , water behavior , fertilizer behavior, evapora-

tion and yield .

Four soils with different textures representing the
major portion of the cultivated areas in Jordan were chosen

in the present investigation and green - house experiments

were set-up with the aim of studying the enfluence of

application of two new polymers, namly Aquastock and Agri-

sC on

a . Some physical properties and water conservation of

the four socoils .

b . The yield of wheat (Triticum aestivum )} and tomato

(Lycopersicon esculentum ) in the four soils ,

respectively .
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c‘

The availability of some micronutrients in the

soils for wheat and tomatoes .

four
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LITERATURE REVIEW

Water shotage in Jordan is a major problem in
agricultural production . More than 90 % of the total
cultivated land in Jordan, which represents 1.8 % of

(1), depend on

Jordan's total area or 3.5 million dunums
limited and erratic rainfall for it's cultivation (Dar-Al-

Handash and Nedeco , 1969 ).

There has been a renewed interest in applying
chemical conditioners to soils for the alleviation of
certain agricultural problems in recent years (De-Boodt

(1975) and Pla (1975)).

Rare, indeed, would be a soil that possesses
perfect physical condition for all possible uses . To
day, there is a long list of physically and chemically
active materials that are added to the soil and can improve
its physical conditions . The physical condition , partic-
ularly , as it relates to soil water, is of major in

soil management.

Aggregate stability is one of the basic physicl
properties (Ram and Zwerman (1960) . Yield can be high or
low depending on the status of the soil aggregate and

their stability (De - Boodt et al.{1960)}.

(1) dunum is 1000 m2
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The addition of polyacrylaide (PAM), bitumen
emulsion and Black liquor increased aggregate stability
of sandy and calcereous soils (koch et al., 1974}).
Similar effect was found when adding "PAM" and " Aqua-
Gro " on fine - textured soil. (Hartmanin et al .(1975)).
This effect was reported when applying either " PAM" or

"Bitumen emulsion " on sand loam , silt loam , and clay

loam soils (PLa (1975) and Carr and Greenland (1975)). The.

formation of water stable aggregates was promoted in clayey
soil by the application of "Hydroxyaluminum " (Shiraishi,
(1980)). The same results were indicated whe adding
either " Gigtars-S " or "Magnafloc =-351 " on sandy and
loess soil (Szczypa and Monies, (1976)). Similar results
were obtained when treating soil of silty clay texture
with " Krillium Merloam " (Sepakhah et al (1980)). Labib
et al ({1983) found the same effect after the addition of
" PAM " and " Bitumen emulsion " to sandy and calcereous
soils . Gabrials (1975) reported similar result when
adding " Asphalt emulsion " and " Krillium emulsion " on
different textures . Moreover, adding "PAM " , polyvinyl-

chloride "PVC" and "Bitumen emulsion " to sandy , sandy-

loam and calcerecus so0ils gave the same effect (Tayel et al.

(198% ¢ })). Azzam and El-Hady (1983 ) found that water
stable aggregates of -"PAMGs " treated sand soil was more

than that of clay soil . These effects were acheived after

complete drying up to 10 % moisture or less (Groosens et al.

{1979)) .
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Water scluble polymers of high molecular weight
increased aggregate stability of the soil (Schamp et al.
(1975)) . The extent of this effect depends mainly on soil
texture (Hartmanin et al ; (1975)). Moreover, it was
indicated that improvement in aggregate stability could be
achieved even by using small doses of hydrolized Polyacry
lonitrile {HPAN) , "PAM" and dimethylalky-Lammonium
chloride (DMACI) (Vornin (1976).In addition to this ,
polymers had prevented the crust fomation up to 2 -cm
depth of the seed bed through out the growing season of

wheat crop (Oades (1976)) .

Since synthetic polymers affect soil aggregation,
it is expected that they would affect both soil apparant
specific gravity and porosity . Carpenter (1955) found
that Vinylacetate (VAMA) improved soil structure and that

the soil remained porous and in good physical condition.

The addition of "PVA" decreased apparant
specific gravity of clayey soil and decreased it's
porosity (Oades, (1976)). These results were idicated
after application of "Hygromull " and "Agrosil - LR " on
calcereous soil (Khoury et al . (1978)). Similar effects
were obtained when adding "Hydroxy aluminum " on clayey
soil (Shiraishi, (1981}) and " PAMGs " on sandy soil

(Azzam and El-Hady (1983) and labib (1983}).

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



The real challenge in arid and semi-arid
regions, like Jordan , 1s to conserve water, or in other
words , to prevent runoff, decrease evaporation , reduce
perculation , manage water for crops, and to increase
water use efficiency . De-Boodt(1975) indicated that
synthetic soil conditioners have the ability to c¢ondi-
tion the s0il and to conserve water . Therefore , soil

conditioners and their effects on the water holding

capacity of soil can provide a tool for water conservation.

Water requirement of a 100 - day rice crop
grown in sandy loam was reduced from 346 to 255 cm by
the application of "Bentonite "to the soil (Das and
Dakshnamuri {(1975}). In addition , irrigation intervals
in the field of sandy so0il were extended from 3 to 7
days after "Hygromull" application (sayegh et al. (1282)).
Same results were obtained after "Gigtars " and "Magna-
floc -351 " were added to sandy and loose structure soil
(Szczypa and Monies (1976)}. Moreover, adding "PAM" ,
“pVA " and Bitumen emulsion " to sandy soil improved
water retention (Mcguire et al (1978})). Similar results
were found after "Mendina " application to silt loam
soil. Water holding capacity and available water were
increased after the application of "PAMG's " on sandy
and clayey soils (Azzam and El-Hady (1583}), or

"Hygromull " and " Agrosil - LR " (Nimah et al . (1983).
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The increase was found to be directly proportional to

polymer concentrations (Azzam (1983}).

"PAM" conditioner {Labib et al (1983)) or
"Betumen emulsion (Lenvain and De~Boodt (1976a)) were
found to increase water use efficiency of barley in sandy

and calcerecus soils or coarse-textured soils.

Soil conditioning is thought of as to modify
structure and to improve water budget in the soil . This
would indirectly improve water budget in the so0il and
micro and macronutrients availability. Some polymers has
the ability to improve the fertility of the soil bécouse
they contain some macro—and micronutrients within their

structure such as Agrosil-LR.

Carpenter (1955) reported that " VAMA" polyner
tended to inhibit the uptake of phosphorous fertilizer by
oat in silt clay soil . Similar result was found after
"Krillium Merloam " polymer adding to silt clay soil
grown with sugar beet, especially at high rates (Sepaskhah
et al. (1980)). Phosphorous up take by barley was increased
by the addition of "PAM" , “PVAC“ and " Bitumen "
conditioners , while , k-uptake was enhanced in sandy
soil when treated with “PVAC * and in calcereous soil
when treated with "PAM" (Abed et al. (1981) El-Hady et al,.

(1983)) indicated that p-uptak by pepper from sandy soil
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was five times more than that of the control by adding

0.2 % of 30 ¥ anionic "PAMG " whereas, k-uptake increased
up to 146 % . Moreover, the addition of "PAM" to sandy
soil increased p-uptake by barley in all treatments,

where as, k-uptake was enhanced in calcereous soils only

(Labib et al " (1983}).

Sepashah et al . (1980) reported that the up-
take of Zn and Fe by sugar beet was reduced after socil
conditioning with " Krillium Merloam " . While the
addition of 30% anionic "PAMG " at arate of 0.2 % to
fertile clayey soil increased the uptake of Zn , Mn , Fe
and Cu. In addition , Fe uptake by barley was increased
by the addition of "PAM" on sandy soils (Labib et al.

{1983)).

Polymers was found to have a direct effect on
yield. Significant increase in yield of tomato and barley
was obtained when grown in "PVA" conditioned 1loam soils
(Carr and Green land (1975)). Agrosil-LR also was
reported to increase the yield of bean grown in sand and
calcereous soils (sakr and Imam (1978) ). The yield of
vegetables was increased when adding" Hygromull" and Agrosil
to calcereous clayey and loam soils (Sayegh et al .{1982)).
The increase in yield was also obtained when applying
"PAMGs " to sandy soil grown with pepper. Similar rasult

was obtained when adding "PAM" on calcereous and sandy
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soils, grown with barley ({(Labib et al - (1983}). Both yield
height of corn and soybeans grown in silt loam soil

were not affected by " Mendena " application {Jones et al.

(1978 )).

The germination rate of barley seeds were increased
in "PAM" treated sandy and calcereous soil, whereas , Black
liquor had no effect on seed germination (Labib and Awad
(1981}) (Azzam (1983) and El~ Hady (1983)). “PVAC" and
"Bitumen emulsion found to delay barley germination in
sandy and sandy loam soils (Tayel et al . (1981)). Similar
decrease was obtained when adding "PAM" to calcereous and

sandy soils.
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MATERIALS AND METHODS

I Sampling and Soil Preparation :

Bulk samples of the soils surface were collected

from four different areas in Jordan : namely Maryro (Irbid),
Series 31 (Ramtha ), Zizia, and Ghour (University of Jordan .
"Agricultural Research station " in the central region of
the Jordan Valley (Figure 1 )). The texture of Irbid ¢
Ramtha, Zizia and Ghour soils were clay , clay loam, silt
loam , and sandy , respectively . Through the discussion

r

the four soils will be refered to by their locations.

The bulk soil samples were air-dried , then
thoroughly mixed . Representive subsamples of 4-kg each
were taken for anlysis and soil charactarization . The
subsamples were passed through a 2-mm sieve , except the
samples for aggregate stability which were passed a 4-mm
seive. The following soil properties were measured
(table 1 ) . Particle size distribution (natural clod
samples ) was determined after carbcnates and organic
matter were removed by hydrometer method (Paul R.D.{(1965}).
Electrical conductivity was measured for the saturated
extract using the conductivity bridge (Jackson, {1958)).
PH was measured on Paste extract using glass electrode
method (Jackson (1958)). Carbonate was dedermined by.

Acigd-Neutralization Method {(Allison and Moodle {1965) ).
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Figure 1 : A map of Jordan showing the locations
of the four soils used in the study.
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Table 1 :- Sone physical and Chemical Froperties of the four di‘ferent soils used in the study 1984/1985

soil Particle size distribution {1) cerbonate Apparant wm EC xuou
wanme % Svecific €
S (mmhos fem
gravity
with cut removing carbonate soil with removing carbonzate soil gmfc.c
Sanat S5ilt % Clayt texture Sandt siltt Clavt texture
Irbia 1.6 32.0 66.4 clay 2.1 31.8 66.1 clav 2.39 1.25 7.8 7.39
Glour 73.6 10.0 16.4  Sanéy  60.1 36.8 3.1 s.1'? 203 1.62 7.9 2,75
Ramtha &.6 45.2 46.2 c.L. _  18.1 40.3 41.6 n.ﬁﬁuv 6.7 1.13 7.8 0.146
Zizia 17.6 56.0 26.4 S.L. 8.2 56.8 33.0 m.n.ﬁnbu 19.1 1.34 7.9 n.29

{1} Classifiication ¢f soil type accordinge to textural triangle.
(2} Sandy Loam .
(>} Clay Loam .

- =

(4) Scondy Clay Loan.
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Moodle (1965)).

II. Green House Experiment ;

The pot experiments were conducted in the green .
house at the university of Jordan campus in Jubieha. The
design used in the experiments was Latin square design
(Figure 2 ) . Four levels of both " Agri-SC " (first year)
and "Aquastock " ({second year ) were applied to the four
soils. Each treatment was replicated four times to give

a total of 16 pots.

"Agri-SC " was applied at the rates of 0.0 , 14.2,
28.4 , and 56.8 grams/15 liters / dunum, and "Aquastock "
was applied at the rates of 0, 1,2, and 4% (by weight),

These rates were used following the manufacturer recommenda~

tion .

a - First Year Experiment :

The experiment was conducted in plastic pots having
an inside diameter of 25 cm filled with 8 kg of air -dried
soils. Pertilizers were added at rates of 12 kg/dunum of
ammonium sulfate (21 % N ) and 5kg/dunum of triple super-

phosphate (45 % p205 ) before planting .

"Agri-SC " was diluted with water, prior to

application and was sprayed on the air-dried soils.Care
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Figure 2 :Layout of latin square design used

the study in green house at University
of Jordan (1984/1985) .

in
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was taken to ensure homogeneous soil~polymer mixing . The
pots were subjected to four wetting and drying cycles
before planting (De-Boodt (1975)). 17 seed of "Horani "

wheat (Triticum aestivum ) were planted on Dec . %th,1983,

in each pot and were thinned to 11 plants per poty, after
one and half a week.Pots were irrigated with water at o.7

bar tension using tensiometers,

The wheat grains from each pot were harvested on
May 25th, 1984 . The yield in grams was calculated as gram
per pot . The data were statistically analysed, and the
means of treatments were compaired using the Duncan's
Multiple Range Test. Finally the dried grains were milled

for micreonutrients measurements.

b - Second Year Experiment :

The experiment was conducted in the same place
using the same pots, filled with 6 kg of air-dry soil .
Fertilizers were added at rates of 50 kg/dunum of
ammonium sulfate (21 % M) and 25 kg dunum of triple super-

phosphate (45 % p205 } before planting .

"Aquastock " aggregates were mixed with soil as
homogeneously as possible, the pots were wetted and dried

four times before planting .

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Three seeds of "Rafia " tomato (Lycopersicon

esculentum ) were planted in each pot on Aug. 4th, 1984,
and were thinned to one plant per pot after one week. pots

were irrigated at 0.3 bar tension using tensiometers.

The tomato yield was calculated as grams per pot.
In addition , tomato shoot lengths, fresh and dry mass,
root lengths and dry mass were measured just before plants

were harvested on Jan. 29th, 1985

The yield, shoot length, fresh and dry mass, root
lengths and dry mass were statistically analysed and the
means of treatments for each soil were compaired using the
Duncan's Multiple Range Test . The leaves of tomatoes
were ground and milled for micronutrients measurements. The
juice of tomato plant was tested for total soluble solids,

PH , and titratable acid.

ITI Amount and Times of Irrigation

Water applied to plants was calculated by the
amount of water needed to restore each soil to tension
needed (suction measurements by tensiometers before
starting the experiments (Ritchards and Marsh (1961)
started . Tensiometers were installed in each pot as
indicators for timing of irrigation . The average volume

in milliletters of water applied in each irrigation per pot
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is shown in table 2

IV  Analysis on Polymer-treated soils (With no Plant ).

2- and 4mm Seived - Soils were treated with
different rates of "Agri-SC " and " Aquastock " (after
four wetting - drying cycles ) the treated and untreated

solls were prepared for physical and chemical analysis .

a - Physical Properties : (Average of 3 samples ) .

Spil moisture desorption measurements were
determined using the ceramic plate apparatus (Richards
(1948 } . _The soil moisture by weigh determinations
were made at tensions of 0.1 , 0.3 , 0.5 , 0.7 , 1.0 ,
3.0 , 5.0 , 7.0 , 10.0 and 15,0 bar. The apparant
specific gravity was determined (from each pot in the
experiment before planting ) by using the core method
(Blake G.R. ) . The porosity (3%3P) was calculated by
assuming real specific gravity (Rs ) to be egual to
2.65% using the folleowing relationship‘:

As ;
e ) 100 .{(Vomocil , J.A.)

P& = (1-
Aggregate stability was determined by wet sieving ,
using the following relationship :

i=n
MWD = S  Dn Wn/Do (van Bavel (1950}

i=1

Where :

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



- 19 =

_ (1)
Table 2 : Total amount of water applied (ml) in each irrigation/

pot according to tensiometer readings.

Site Irbid Ghour Ramtha Zizia
tension
0.3 bar 1500 742 1118 988
0.7 bar 1885 815 1415 1115

(1) milliliter .

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



- 20 -

MWD : Mean weight diameter

Dn : Diameter of a sieve

n : numbers of sieves

a. : Weight of s0il after sieving at each sieve
WO : Total oven dry soil sieved weight .

The aggregates size were also determined by
relating aggregate weight at each sieve to the total sieved

weight multiplied by 100 using the following relationship:

Aggregate size % = 50il oven weight at each sieve x 100 %

Total oven dry sieved soil

Liquid -limit was determined by mechanical liquid
device (Sowers , G.F. ). Plastic - limit was determined
also by sowers, G.F. The water use efficiency (EW) was
determined by the following relationship : (Israelsen and

Hansen (1976)} .

EW = 100(Yield/Volume of water consumed )

b - Chemical analysis

Extractable scil Fe , Mn , cu , and 2n were
determined by using DTPA as an extractant as described
by Lindsay and Norvell(1978) . Extractable phosphorous
with sodium by carbonate was determind by spectrophotometry

{Watanabe and Olsen (1965) . Potassium was extracted with
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ammonium sulfate and was determined by flame photometry

(Pratt and Morse(1954)).

v Micronutrient Measurment in Plant:

The wet digestion of ground dry tomato leaves
(70 co) and milled grain of wheat was used . Total Fe,
Cu, Zn , and Mn for each crop were determined by atomic
absorption spectrometer as recommended by jones and Ulrich

(1959) .

IV Aquastock analysis :

The manufactures chemical analysis of this polymer

is as follows

Chlorine

Copper

- Carbon 45 %

= Nitrogen 12 %

- Hydrogen 5.5 %

- Oxygen 27 %
Sulfur <10 ppm

<10 ppm

11 ppmn.
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RESULTS AND DISCUSSIONS

Aggregate Water Stability and Aggregation Size :

Aggregate water stability represented by mean
weight diameter (AWD) after four wetting-drying cycles,
for the four different soils as affected by different
concentrations of Agri-SC. and Aquastock are shown in
figures 3 through 6 . Using Agri-SC ,Aggregate stability
of the Ghour sandy soil had increased at the first and
second concentrations, the agyregate stability was 105 %
for the control as shown in figure 3 . Agri - SC, had a
negative effect on the agcrecate stability of the Irbid
clayey s0il at all concentrations as shown in figure
4. Aggregate stability was improved by Agri-SC application
in both zizia silt loam and Ramtha clay loam soils at all
concentrations as shown in figures 5 and 6 , respectively.
The correlation between polymer concentrations and MWD
was only significant for Ramtha clay loam soil and was

insignificant for the other soils ( Appendix ) .

Aquastock as shown in figures 3 through 6 gave
better aggregation stability and had increased the water
stability of aggregates for all soils . It 1is clearly

shown that the aggregate stability had increased as the

polymer concentration increased . The increase in aggregate

stability at the highest concentration was 688 , 390 , 389,

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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and 205 % of the untreated soil for Ramtha clay loam, Irbid
clayey, Zizia silt loam, and Ghour sandy soils, respectivly.
Addition of Agquastock at all concentrations significantly
increased aggregate stability of all soils (Appendix).These
results are in general agreement with other findings.(De-
Boodt et al .(1960); Koch et al.(1974); Hartmanin (1975);
Szczypa and Monies (1976);Grossens et al. (1979); Sepaskhah
(1980); Tayel et al.(1981,C); Nimah et al.(1983); and Azzam
and El-Hady (1983). The effect of polymers on aggregate
stability could be contributed according to Shirashi (1981),
to the coating of aggregates by the polymers thus protecting
them and making them more stable against breaking and dis-
persion. According to Greenland et al (1962), this effect
could be due to the occupation of polymers to the weak sites
of the aggregates which leads to the stabilization and
strengthening of the aggregates without changing the surface
properties of soil.Comparatively small doses of polymers
increased water stability as was indicated by voronin (1979).
According to Schamp (1975) high molecular weight polymers
increased aggregate water stability of the soil more than

other polymers

Aggregation size after four wetting-drying
cycles of the four soils treated with different
concentrations of Aquastock and Agri-SC, are shown
in tables 3 through 6 . Aggregation size of more

than 2mm had increased by addition of Aquastock and
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was 36,24,12, and 7 times more than tﬁat of untreated soils,
for Ramtha,Irbid, Zizia and Ghour scil, respectively.It is
clear from tables 3 through & that aggregation size of Agri-
SC. trecated soils could be decreased, increased,or remain
unhanged.It is obvious that Aquastock polymer had increased
the aggregation size much more than that of Agri-SC.Generaly,
Ia satisfactory way in fighting wind and water erosion is one
of the main prerequisites for opening new farm land. This
will acheive by good stabilization of aggregates and good
aggregate stability.These results are in agreement with

Sepaskhah (1980); Nimah(1983); and labib (1983)).

Apparant Specific Gravity and Porosity :

The effect of different concentrations of Agri-SC,
and Aquastock on the apparant specific gravity of Irbid,Ghour,
Ramtha, and Zizia soils after four wetting-drying cycles are
shown in figures 7, 8, 9, and 10 respectively.Aquastock had
decreased the soil apparant specific gravity greatly.The
decrease in apparant specific gravity at the highest concent-
ration of Aguastock was 77, 71, 71, and 58% of the untreated
soils for Irbid, Zizia,Ramtha, and Ghour soils,respectively.
The decrease in soil apparant specific gravity was greatest
at the lowest polymer concentration and the decrease in
apparant specific gravity of all soils started to decrease
with increasing the @olymer concentration.It is c¢lear that
apparant specific gravity of clayey soil was affected more
than the apparant specific gravity of sandy soil by the

addition of Aquastock.
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The effect of Agri-SC on apparant specific
gravity of different soil types are shown in figures 7
through 10 . In general , Agri-SC. had decreased the
apparant specific gravity of all soils except for the sandy
soil. The decrease in apparant specific gravity at the
highest concentration of Agri~scl was 24, 22, 11, and zero%
of the untreated soil for Zizia , Irbid , Ramtha and Ghour
solls, respectively .These findings are consistant with the
other findings {Oades(1976) ; Khoury et al. (1978});shiraishi
{1981); and Azzam (1983)). The effect of polymers on
apparant specific gravity could be contributed according

to Carpenter (1955) to the improvement in soil structure.

The effect of different concentrations of Agri-SsC
and Aquastock on the porosity for the four soils after four
wetting-drying cycles are shown in figures 11, 12, 13 ,and
14 respectively . Aquastock had increased soil porosity

greatly. The increase at the highest concentration was 152,

169, 179 , and 190% of the untreated soil, for Ramtha, Irbid,

Zizia and Ghour soils, respectively . The increase in soil
porosity was greatest with the lowest concentration of
Aquastock then the increase in soil porosity started to
decrease with increasing Aquastock concentration for all
soils . The increase in soil porosity at the highest
concentration of Agri-SC was zero, 7,18 , and 23 % of the

control for Ghour , Zizia , Irbid , and Ramtha
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soils, respectively . It is clear that Aquastock was
significantly more effective in increasing porosity and
improving structure more than the Agri-SC {Appendix)) .These
fingdings are similar to the results of Khoury et al .(1978);
azzam (1983) and Labib et al. (1983). Generaly, the increase
in soil porosity of the soil will increase water holding
capacity and oxygen diffusion which will enhance microbial
activities and plant growth. The correlation between apparant
specific gravity and porosity and Aquastock concentration
was significant for all soils, whereas, the correlation

between apparant specific gravity and porosity and Agri-SC

concentration was only significant for Zizia and Irbid soils.

Water Conservation and Water Holding Capacity :

The effect of different consentrations of Aqua-
stock on the moisture charactaristics curves for the four
soils are shown in figures 15 through 18 . Table 7 shows
the effect of different concentrations of Agri-SC on

moisture charactaristics curves of the four soils.

Aquastock had increased the water content
for all soils at different suctions as shown in figures 15
through 18.The increase in water retention was the greatest

with the highest concentration. The retained water at 0.1

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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Table 7: Soil moisture desorption measurements ( $ by weight )
of four different soils after four wetting-drying cycles as

affected by different concentrationgsof Agri-SC., 1984,

So0ils Treatment 0.1 0.3 0.5 0.7 1.0

bars
Irbid Control 58.67 48.24 40.90 33.20 31.85
14.2 (1) 58.29 48.84 41.19 34.87  32.80
28.4 58.91 48.33 41.16 34.18 32.25
56.8 60.77 47.92 39.37 33.00 31.06
- Ghour Control 16.8 8.78 7.88 7.06 6.25
i 14.2 16.93 8.95 8.43  7.62 6.57
28.4 18.58 8.96 8.36  7.21 6.40
56.8 19.04 8.48 7.77 7.06 6.25
Ramtha Control 45.60 37.38 31.54 28.40 26.74
14.2 43.66 37.58 31.90 29.40 27.60
28.4 43.30 37.16 31.35 29.01 27.07
56.8 43.47 36.88 30.57 27.16 25.95
Zizia Control 35.14 29,75 25.59 22.91 22.52
14.2 38.12 30.80 26.03 23.80 23.20
8.4 38.38 30.40 25.68 23.20 22.88
56.8 38.94 29.21 24.73 22.72 21.72

(1) grams/15 liters / dunum
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Table 7: Continued .......
Soils Treatments 3.0 5.0 7.0 10.0 15.0
bars
Irbid Control 29.67 28.00 26.96 25.16 25.01
T4.2(1) 30.51 28,22 27.37 25.28 25.14
28.4 30.17 27.90 26.61 25.04 24.91
26.8 30.41  27.12 26.66 24.78 24.15
Ghour Control 4.22 4.10  3.99  3.91 3.87
14.2 4.54 4.31  4.44 4,10 3.96
28.4 4.28 4.16 4.36 3.84 3.81
. 56.8 4.17 4.04 4.02 3.72 3.56
Ramtha Control 24,08 22,94 21.86 20.35 20.13
14.2 24.30 23.14 21.53 20.46 20.25
28.4 24.10 22.77 21.52 20.19 20.05
56.8 23.58 21.92 21.80 20.04 19.89
zizia  Control 20.74 19.04 18.52 17.68 16.21
14.2 20.56 19.41 18.40 17.90 16.61
a9k 20.83 18.88 18.66 17.62 16.51
56. 8 19.87 17.99 19.07 16.96 15.62

{1) grams/15 liters / dunum
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bar with 4% Aquastock concentration was 5, 6.7 ; 8.5,
and 11 times that of untreated soils, and it reached 5,4.6,
5.3, and 12 times of the untreated soils at 15 bars for
Irbid,Ramtha, Zizia, and Ghour soil,respectively . These
results are supported by those obtained by Szczypa and
Monies (1976);and Azzam(1983).It is clear from table 7 that
the Agri-SC had no significant effect on the water retention
of all soils, It could be decreased , or remain unchanged.
These findings are consistant with Khoury et al. (1978 )} ;
Mcgurine et al. (1978) ; and Jones et al. {1982) . It is
obvious that Aguastock had increased the water retention

much more that of Agri-SC .

Available water (FC-PWP )* after four wetting-
drying cycles as affected by different concéntrations of
Agri-SC and Aguastock, are shown in table 8. Agri-SC had
either increased or did not change the available water .
The correlation between Agri-SC concentration and available
water was significant for Ramtha soil and insignificant
for other soils {Appendix ). These findings are in agreement
with the findings of (Xhoury et al. (1978); and Jones et al.
(1982)) .On the other hand , available water had increased
py the addition of Aquastock.At the highest Aquestock con-
centration,the available water was 7.3,8.7,11.2 and 11.8

times that of the untreated soil, for Irbid,Ramtha,Ghour and
zizia soils, respectively.The available water had increased

by the increase in Aquastock Concentration.
*) field capacity PWP: Permanent wilting noint.
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Table 8:Available water % by weight, FC-PWP) after four wetting-
drying cycles of Irbid, Ghour, Ramtha, and Zizia soil
previously treated with different concentrations

of Agri-SC. and Agquastock, 1984/1985.

Soils Treatments Available water % Available water %
: Agri-SC Agquastock

Irbid Control 23.21 18.21

1 23.717 40.14

T2 23.36 61.47

T3 23.14 132.55
Ghour Control 13.01 13.01

T 12.58 35.98

T2 14.78 65.43

T3 15.48 146.02
Ramtha Control 17.21 17.21

T1 17.13 38.94

T2 17.11 "79.92

T3 16.99 149.51
Zizia Control 13.54 13.54

T1 14.19 43.52

T2 ©13.89 79.72

T3 13.18 159.84
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It is clear from table 8 table addition of
Agquastock had made the available water in sandy soils high,
The correlation between Aquastock concentrations and
available water were highly significant for all soils
(Appendix ). Similar results were recently reported by

{Szczypa and Monies (1976); sayegh et al. (1982) ; and Azzam

{1983)).

The effect of different concentrations of Aquastock
on the volume of water added to the four different soils
planted with tomatoes are shown in figure 20. Table 9 whows
the effect of different concentrations of Agri-SC polymer on

the volume of water added to the four soils planted with,wheat,

It is clear from figure 20 that the decrease in the
volume of water consumed by tomatoes grown in Irbid soil was
29.27 , 26.83 , and 31.71 % of the untreated soil at the
first, second , and highest concentration of Aguastock ,
respectively. Aquastock had decreased volume of water
consumed by tomatoes grown in Zizia soil by‘29.2? % of the
control at the first and second concentration . the decrease
was 31.71 & of the control at the highest concentration of
Aquastock . The decrease in the volume of water consumed by
tomatoes grown in Ramtha soil was 30.95 ¢ of the control
at the first concentration and it was 33.33 % of the

control at the second and highest concentrations of

Aguastock.
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Table §

water applied and water use effeciency of wheat as

: Average yield, Numbers of irrigation, Total volume of

affected. by different concentrations of Agri-SC, 1984,

1984

Soils Treatments Average Number of Water Water use

yield Irrigations applied effecience

(gm/pot) (liter) (gm/L)(1)

Irbid Control 4.968° (1) 23 43.355  0.114P12)
o ) 5.463° 21 39.585  0.138°
28.4 6. 533 21 39.585  0.172°
56.8 8.1532 22 41.470 0.1972
Ghour Control 3.730" 16 13.040  0.286°
14.2 4.090b 16 13.040 0.334°
26.4 4.850° 15 12.225  0.372°
56.8 5.530% 16 13.040 0.424°2
Ramtha Control 6:423° 22 31.130  0.206°
14.% 6.308° 20 28.300  0.223°
28.4 7.80698 20 28.300  0.279°
~56.8 9.163° 21 29.715 0.3082
zizia Control 5.758C 20 22.300  0.258°
14.2 6.955%P 19 21/185  0.329°
28.4 6.623° 19 21.185  0.313P
- 56.8 7.7882 20 22.300 0.3502

(1) F- test is not significant

(2) Numbers having different letters are significantly different

at the 5% level according to Duncans' Multiple Range Test.

{(3) grams/15 liters / _dunum
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The decrease in the volume of water consumed by tomatoes
grown in Ghour soil was about 40 % of the control for all
concentrations of Aquastock .In addition, figure 19 shows
that Aguastock had significantly decreased the volume of
water consumed by tomatoes at all concentrations .It was
noticed that the irrigation interval was extended from 4 to
7 days for all treated soils at all polymer concentrations.
These findings were consistant with those reported by
Dakshinamuri (1975);0ades(1976); and Sayegh et al. (1982). It
is clear from table 9 that Agri-SC had no effect on the
amount of water consumed by wheat. There was a negative
significant correlation between the volume of water added
to tomatoes and Aquastock concentration, whereas, the
correlation between water added to wheet and Agri-SC

concentrations was not significant .

The effect of different concentrations of Aquastock
on water use efficiency of tomatoes are shown in figure 21.
Table 9 shows the effect of different concentrations of Agri-
SC on water use efficiency of wheat.Figure 21 shows that the
increase in water use effeciency of tomatoes grown in
Aquastock treated soils was highly signigicant according to
Duncan's Multiple Range Test for all soils . The increase in
water use efficiency for tomatoes was greatest with the
highest concentration of Aquastock.The increase in water use
efficiency then started to decrease with decreasing Aquastock
concentrations . These results agree with 1labib

et al. (1983 ) findings . Table 9 shows that the

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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increase in water use efficiency of wheat grown in Agri-SC
treated soils according to Duncan's Multiple Range Test was
significant for all scils only at the highest concentration.
In addition,the correlation between water use efficiency of
wheat and Agri-SC concentration was insignificant. This

finding was consistant with the finding of De-Boodt (1976).

Plastic and liquid limits after four wetting -
drying cycles for Irbid, Ramtha, and Zizia soils as affected
by different concentrations of Agri-SC and Aquastock are
shown in table 10 .Plastic and liquid limits of Agri-sC
treated soils did not change obviously and could be less,
or remain unchanged for all soils .At the highest concent-
ration , plastic limit had increased by the addition of
Aquastock , and was 1.7 ,1.7, and 1.9 times more than that
of untreated soils for Irbid , Ramtha and Zizia .respectively.
On the other hand , at the highest concentration of Aquastock
the liquid limit had increased, and was 3.3, 3.8, and 4.9
times more than that of the untreated soils for Irbid, Ramtha,
and Zizia soils, respectively. However, it is obvious that
Aquastock had increased plastic and liquid limits more than
that of Agri-sSC . The correlation between plastic limit and
Aguastock concentrations was insignificant for all soils.
There was insignificant negative correlation between Agri-SC
and plastic limit for all soils . The correlation

between liquid limit and Aquastock concentrations
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Table 10: Plastic and liquid limits ( % by weight } of three diff-

erent soils after four wetting drying cycles previously
treated with different concentrationsof Agri-s¢, and

Aquastack , 1984/1985%

Soils Treatments Plastic L. Liquid L. Plastic L. Liquid L.
(Agri-scC.) {Aquastock)
Irbid Control 38.16 48.21 38.16 48,21
T 1 35.10 48.91 44,17 67.20
T 2 35.61 48,27 49,17 100.29
T 3 32.81 47.86 64.52 157.45
Ramtha Control 25485 37.38 25:95 37.38
T 1 25.12 37.58 39.16 66.92
T 2 25.55 37.16 42.42 100.98
T .3 25.20 36.88 44.22 143.69
Zizia Control 23.58 29..75 23.58 29.75
T 1 20.78 30.80 39.05 63.86
T 2 21.55 30.40 - 42,00 98.42
T 3 20.58 29.21 44.26 145.86
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was significant for all soils, while it was insignificant
with Agri-SC concentrations (Appendix).From previous dig-
cussions, it is clear that the increase in the so0il water
content in the most favorable range of tention to crops
(0-1.0 bar).This increase will enable farmers to improve
the management of their irrigation, expand their irrigation
intervéls by the respective increase in the water holding

capacity of soils .

Nutritional Status as Affected by Polymers:

The effect of different concentrations of Agri-sC
and Aquastock on the availability of certain micronutrients
(Fe , Mn , Zn , and Cu) , PH, and the availability of
phosphorous and potassium for the four soils are shown in
table 11 and 12 . The availability of micronutrients (Fe, Mn,
Zn, and Cu) had increased in scils treated with AQri—SC
(table 11 ). The increase of iron availability at the highest
concentration of Agri-SC was 24.6 , 134,134 , and 231% of the
control for Ghour, Irbid, Ramtha, and Zizia soils ,
respectively . Aquastock as shown in table 12 had increased
Iron availability . This increase at the highest concentra-
tion of Aquastock was 73, 152 , 175 , and 220 % of the
untreated soils, for Ghour , Ramtha , Irbid , and
Zizia soils , respectively . Manganese , Zinc ,

and copper availability were increased in both polymers .
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Table 11: Micronutrients ( Fe, Mn, 2n,and Cu),PH, and Macronu-
trients (P and K)of four different soils after four
wetting-drying cycles previously treated with different

concentrations of Agri-S5C., 1984

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit

Soils Treatments Fe Mn Zn Cu pHQ P K
pem 1) (2) PPm
Irbid Control 22.6 280.1 11.2 37.2 8.3 4.0 580
{3)
14.2 46.4 878.0 24.0 37.2 7.5 .18 460
28.4 44.2 686.0 19.8 43.4 7.7 18 500
56.8 53.0 786.0 19.8 38.2 8.0 20 460
Ghour Control 26.8 172.0 7.6 9,2 8.1 4.0 110
[ 37.8 184.0 9.4 7.4 7.5 9.0 110
28.4 33.4 210.0 10.6 4.8 7.5 13.0 110
56.8 33.4 328.0 9.4 @ 7.9 27.90 110
Ramtha Control 22.6 240.0 10.6 3t.2 B.2 6.0 540
14.2 48.6 748.0 14.8 34.9 7.6 24 550
28.4 53.0 770 18.8 33.8 fis s 24 570
56.8I 53.0 826.0 18.0 38.2 7.8 26 670
Zizia Control 22.6 172.0 11.2 16.0 8.1 10 500
14.2 68.2 640.0 12.4 27.6 7.8 33.8 &30
28.4 68.2 710.0 13.6 28.6 7.9 33.9 630
56.8 74.8 754.0 19.6 26.8 8.1 35.1 680
(1) Part per million.
: Water ratio is 1 2.5

(2) Soil

(3) grams /15 liters/dunum.

(4) Trace
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Table 12: Micronutrients ( Fe, Mn, Zn andCu) PH,and Macronutrients
(P and K) of four different soils after four wetting-
drying cycles previously treated with different concent-

rationsof Aquastock , 1985

Soils Treatments Fe Mn Zn cu P, P K
PPm (1} PPm
Irbid Control 22.6  280.1 11.2 37.2 8.3 4.0 580
1% 44,2 668.0 28.8 32.4 8.3 10 480
2% 50.8 732.0 24.0 38.2 8.3 10 510
4% 62.1 812.0 28.0 ‘ 42.4 9.4 18 550
Ghour Control 26.8 172.0 7.6 9,2 8.1 4.0 110
1% 48.6 138.0 16.8 10.8 8.1 6.0 110
2% 46.4 118.0 13.0 8.2 8.2 10.0 140
4% 46.4 158.0 10.0 12.6 8.2 12.0 300
Ramtha Control 22.6 240.90 10.6 31.2 8.3 6.0 540
1% 53.0 662.0 18.6 33.8 8.3 21 640
23 55,2 740.0 231.4 42.6 8.4 18 680
4% 57.0 790.0 26.2 46.8 g.5 21 710
Zizia Control 228 172.0 11.2 16.0 8.2 10.0 500
1% 66.0 458.0 17.4 37.2 8.3 9.0 650
2% 68.2 482.0 18.0 40.0 8.3 20.0 750
4% 72.4 510.0 18.6 46.0 8.4 23.0 984

(1)Part per million

(2)Soil : Water ratio is 1 : 5
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The increase in Mn availability at the highest concentration
of Agri-SC was 90.7 , 181, 244 , and 338 % of the control
for Ghour, Irbid, Ramtha, and Zizia soils , respectively,

and was -9 , 190 , 196 , and 229 % of the control for Ghour,
Irbid, zizia, and Ramtha soils treated with Aquastock ,
respectively. Zinc availability in Aquastock treated soils
had increased at the highest concentration the increase was
32 , 66, 147 and 150 % of the control for Ghour, Zizia,Ramtha,
and Irbid soils. In Agri-S8C treated soils, the increase in
zinc availability at the highest concentration was 23.7,69.9,
75 , and 76.8% of the control for GhOur:Ramthé,Zizia,and Trbid
solil, respectively.Copper availability in Agri-SC treated
soils had increased. At the highest concentration the
increase was zero, 16,22, and é?.5 % of the control for
Ghour,Irbid , Ramtha, and Zizia soil, respectively . In
Aquastock treated scils, the increase in copper availability
at the highest concentration was 14, 37, 50, and 187 % of

the contrel for Irbid ,Ghour , Ramtha, and Zizia seoils ,
respectively . In general, from tables 11 ahd 12 it can
concluded that the micronutrients availability had increased
by increasing these two polymers. The availability has
increased with the increase in the polymer concentrations .
The correlakbion between Fe , Mn ; Zn , and Cuavailability
and Aguastocx and Acri-SC concentrations were insignificant

for all soils (Appendix)
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- Soil ph

The effect ¢f Agri-SC on soil pH is shown in
table 11. It is clear that this polymer had slightlv dec-
reased the soil pH for all soils. The increase in the
micronutrients availability could be contributed to the
gffect of this polymer on the soil pH . Table 12 shows that
Aguastock had slightly increased the soil PH for all soils
although the micronutrients availability had increased.This
unusual effect might be explained by the nature of the
Aquastock polymer itself which helped in increasing the
micronutrients availability in a mechanism not affected by
soil_pH.
- Phosphorous

Agri-SC had increased phosphorous availability
as shown in table 11 .At the highest polymer concentration
the increase was 200, 333, 400, and 575 % of the control for
Zizia, Ramtha, Irbid, and Ghour, respectively .It is clear
from table 12 that Aquastock application had increased
phosphorous availability . At the highest concentration the
increase was 130, 200, 250, and 350 % of the contrel , for
2izia, Ghour , Ramtha, and Irbid soils , respectively . The
correlation between Aquastock ana Acri-SC concentrations
ana phosphorous availability was not sicnificant for all

s0ils except for Ghour so0il treated with Agri-SC

- Potassium
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Table 12 shows that potassium availability had
increased by using Aquastock .It was- 5,31,97,and 172 % of the
control at the highest concentration,for Irbid,Ramtha,Zizia,
and Ghour respectively.The potassium availability increase
using Agri-SC were -20,zero, 24,and 36% of the contr%l at the
highest concentration, for Irbid,Ghour,Ramtha, and Zizia soils,
respectively.The correlation between potassium availability
and Aguastock concentrations was significant for all soils,
while this correlation between Agri-SC concentrations and
potassium availability was not significant except for Ramtha

soil (Appendix).

Micronutrients Uptake:

The effect of different concentrations of Agri-sScC
on the uptake of Fe,Mn,Zn, and Cu by wheat grains is shown in
table 13 Table 14 shows the effect of different concentrations
of Aguastock on the uptake of Fe,Mn,Zn, and Cu by tomato
leaves.It is clear from table 9 that wheat grains uptake of
Fe, Zn,Cu, and Mn from Agri-S5C treated soils was either
slightly increased or remained unchanged.Copper uptake was

the same for all soils at all concentrations (76 ppm).Fe uptake

by tomato leaves from Aguastock treated soils was slightly
decreased with increasing Aquastock concentration for Ghour
and Zizia soils as shown in table 9,while in Irbid and Ramtha
soils the Fe uptake had slightly increased...:Manganese-:and
zinc:. had the same trend 1like Iron for all soils .
copper uptake was not affected by Aquastock for all

soil. The Correlation between Fe , 2n , Mn and
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(1}
Table 13: Iron Manganese, Zin and Copper uptakes (ppm )} by wheat

plants as affected by different concentrationsof Agri—

sC, 1984
Soils Treatments Fe Mn in Cu
PPm
Irbid Control 254 44 44 76
14.2 %) 276 54 86 76
26.4 298 66 80 78
26.8 276 66 56 76
Ghour Control 276 64 80 76
14.2 298 60 56 76
28.4 232 64 73 76
26 .8 232 64 66 76
Ramtha Control 276 58 44 76
14.2 254 64 62 76
28.4 276 66 62 76
56.8 232 68 68 76
Zizia Control 254 64 56 76
14.2 298 56 62 76
28.4 298 66 44 76
'26.8 276 64 56 76

(1) Part per million

(2) grams/15 liters / dunum
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(1)
Table 14 : Iron, Manganese, Zinc, and Copper uptakes ( ppm } by

tomato leaves as affected by different concentrations

of Aguastock , 1985,

Soils Treatments Fe Mn Zn Cu
PPM

Irbid Control 526 1368 338 Tr ()
1% 562 1628 123 Tr.
2% 650 1548 322 Tr.
4% 606 1718 353 Tr.

Ghour Control 608 1608 277 Pr.
1% 859 1164 345 Tr.
2% 504 1176 202 Ty
4% 575 ¥32 138 TE

Ramtha Control 775 1096 362 5
1% 754 646 189 Tr.
2% 631 1246 189 Tr.
1% 879 978 262 TE.

Zizia Control 506 1234 246 Tr,
1% 483 732 151 T
2% 525 944 153 T
4% 462 1188 236 Tr.

(1) Part per million

(2) Trace
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Cu uptake and Aquastock and Agri-SC concetrations were
not significant ( Appendix ). These results agree with
other findings of ( Sepakah ( 1980 ) ; El-Hady (1983 } and

abib (1983)).

Germination and Growth as Affected by Polymers :

The emergence of wheat in Zizia and Ramtha soils
was affected by Agri-SC application . After 6 days the
emergence was complete in the treated and untreated Irbid
and Ghour soils and the treated Zizia and Ramtha soils .
The emergence of the untreated Zizia and Ramtha soil
after 6 days was 74 and 71% of the treated seoils , res-
pectively . After eight days the emergence was 87, and 80 %
of the treated soils for Zizia and Ramtha soils , res-—

pectively

Aquastock had great effect on germination of
tomato seeds. Germination was 5 days er}ier in all
treated soils , for all soils at all concentrations . Similar
results were reported by ( Labib and Awad (1981 ) ;El-Hady
(1983) ; and Labib { 1983 )). Beneficial effect of Agri-SC
on Zizia and Ramtha , and Aquastock on all soils could
be related to their effect on soil structure , thus
preventing the formation of surgace c¢rust which i;

considered the main obstacle in cultivating these soils .
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I+ was noticed that the growth of tomato seedlings
continued higher at higher concentrations , these finding

were similar to the results of Azzam (1983) .

The effect of different concentrations of Agri-SC
on the average yield of wheat for the four different soils
are shown in table 9 . Agri-SC gave significant increase
in wheat yield according to Duncan's Multiple Range Test
only at the highest concentration of polymer. The increase
in wheat yield at the highest concentration was 35 , 43 ,48,
and 64 % of the untreated soils , for Zizia, Ramtha, Ghour
and Irbid soils , respectively . There was a significant
increase in yield of wheat for Zizia soil only . The effect
of different concentrations of Aquastock on avarage yield
of tomato for the four soils are shown in figure 22.
Aquastock polymer gave a highly significant increase in
yield in all soils . The increase 1in yield at the
highest concentration was 120 , 130 , 218 , and 303 %
of the control , for Zizia , Irbid , Ghour , and Ramtha
soils ; respectively . Simillar findings were indicated by
De-Boodt (1976 ) ; Sakr and Iman (1978 } ; Sayvach (1982 )

Lahibh (1983 ) : and El-Hadv (1983} .

The effect of different concentrations of
Aguastock on tomato length for the four different

soils are shown in figure 23 . According to Duncan's
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Multiple Range Test this effect was highly significant at
the highest polymer concentration . The increase in tomato
Lengths were 41.9 , 45.7 , 55.2 and 60.3 % of the control
for ﬁizia, Irbid , Ramtha, and Ghour soils , respectively.
The higher the concentration of Aquastock the more the
increase in tomato length . The correlation between polymer
concentration and yield and tomate length were significant
(Appendix } for all soils .

Average root length of tomato as affected by
different concentrations of Aquastock are shown in figure
24 . Aguastock gave a highly significant increase in root
lengths for all soils at all concentrations . The increase
at the highest concentration was 125 , 184 , 194 , and
258% of the untreated soils , for Ghour , Zizia , Irbid ,
and Ramtha soils , respectively . Aquastock gave statis-
ticaly significant increase in tomato root weight accord-
ing to Duncan's Multiple Range Test for all soils at all
concentrations . These findings agree with the findings of

aAzzam (1983). The correlation between Aquastock concent-

ration and root Length was significant for all soils (Appendix).

Generally, an. important key to the promotion of
crop growth lies in the management of soil structure , which
has a considerable influence on water and air relations of

the soil - plant system . The direct effects of the soil
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structure on crop nutrition exists mainly in the area of

root extension and root contact.

The effect of different concentrations of Aquastock
for the four different soils on the fresh and dry matter
weight of tomato are shown in figqures 25 and 26,respectively.
It is clear from figures 25 and 26 that Aquastock effect on
the fresh matter and dry weigh of tomato were highly sig-

nificant .

The increase in fresh weight of tomato at the
highest concentration was 98 ,11, 189, and 219 % of the
control for Irbid, Zizia, Ghour , and Ramtha, respectively.
Dry matter increase was 60 , 96,100, and 149 % of the
control at the highest concentration , for Irbid , Zizia ,
Ghour, and Ramtha soils , respectively . The increase in
both, fresh and dry matter was highly significant for all
soils according to Duncan's Multiple Range Test . These
results were in agreement with the results of Azzam (1983).
The correlation between fresh and dry matter weight and
Aquastock concentrations was highly significant for all
soils (Appendix ) Fresh and dry matter increased more

with the increase in Aquastock concentration .

Average dry root weight of tomato as affected
by different concentrations of Aquastock for the four
different soils are éhown in figure 27 . It is obvious that
Aquastock polymer effect on dry root weight was highly

significant for Irbid soil only {Appendix}.
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The increase in dry root weight at the highest
concentration was 9 , 12, 16 , and 46 % of the untreated
soils , for Ghour , Zizia , Ramtha and Irbid soils , .
respectively . The increase in dry root weight was
relatively insighificant for all soils at all concentrations

according to Duncan's Multiple Range Test

The chemical properties of tomato Jjuice, including
pH, percent total soluble solids and percent titritable
acid as related to different cohcentrations of Aquastock
polymer for the four soils are shown in lable 15 . It is
clear that Aquastock had increased the PH . Value of the
tomato Juice and decreased tityxitable acid in all soils
at all concentrations . Juice pH of all soil at higher
concentrations reached 4.2 . In addition , percent total
soluble solids (TSS %) was increased with increasing
polymer concentrations for all soils . Percent titritable
acid increased with increasing polymer concenration for

ramtha and Zizia soils , In contrast it decreased with

increasing polymer concentrations for Irbid and Ghour soils.
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Table 95 : PH, total soluble solids (%)and Titratable.acid (%) of
tomato fruit as affected by different concentrations

of Aquastock 19865.

Soils Treatment PH $TSS $TA
Irbid Control 3.9 5.5 0.3816 .
1% 4.0 6.0 0.3912
2% 4,0 6.2 0.3709
42 4.2 7.5 0.2999
Ghour Control 3.5 5.0 0.4122
1% 4.0 5.8 0.3921
2% 4.1 6.0 0.3311
4% 4.7 6.2 0.3662
Ramtha Control 3.8 5.5 0.3492
1% 4.0 6.0 0.3885
2% 4.1 6.8 0.3708
4% 4.2 7.4 - 0.3670
Zizia Control 3.9 5.0 0.3529
1% 4.0 6.1 0.3722
2% 4.0 £.8 0.3812
4% 4.2 7.2 0.3791
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SAMMARY AND CONCLUSION

Green house experiments were conducted in Jordan
University site to study the effect of two so0il conditioners
namely Agri-SC. and Aquastock polymers on the yield of wheat
and tomato, respectively , on four different soils of e#treme
textures in Jordan . Some physical properties, water éonser-
vation , and micronutrients availability were also studied

in the laboratory .

Results obtained revealed that Aquastock application
had significantly increased aggregate water stability,
aggregation size, water retention , available water, plastic
and liguid limits, for all soils . This polymer had signi-
ficantly decreased bulk density and significantly increased
porosity for all soils. Availability of Zine, Copper, Iron ,
and manganese was also insignificantly for all soils. Tomato
yield , length, root length , and fresh and dry matter weight
were significantly increased for all soils, whereas , dry

root weight was not significantly affected in all soils.

Agri-SC. polymer had improved aggregate water
stability and aggregation size for Ramtha clay loam and
Zizia silt loam soils . Bulk density was significantly
decreased and porocity was significantly increased for Irbid
clayey and Zizia silt loam =so0ils only . Agri-SC. application

did not affect water retention and avallable water fo; all
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soils . It increased availability of Zinc, Manganese, Iron
and Copper for all soils . Wheat yield was not significantly

affected by Agri-SC.

It is , therefore , recommended that Aquastock
polymer be used under conditions similar to this investiga-
tion to improve plant growth and production , water
conservation , water air soil system, and soil aggregation .

However , further field studies are needed for different crops.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



"x_’l

%

i Y1 Ameladl adge b Boale It o g Q’,Ju_u-uﬁ-awfl

T e— WY I WP AR S gadl oo ot otlo Gut ol

a1 o ( Aquastock ) Wam!sS¥is ( Agri-sCc. ) g—o!
4 Sl ool o esdy Goa ¢ o liadl Blie B Y1 @RI YT e gl

—t ¥ peid { AgTi-SC L) e isb Bl dlalaadl ol 3t el pos
At Ll P Ly e Gy g dde Ay o B gl o ! oSYIo s el
| Y1 a3 ARSI peliadl b bay *ladd dymdl N T i WY I B

o Ouosledl ulte 1:1..\5&”_’-

sl Lo i loodl o ebl

sl e loee comdS 0o ( Aquastock ) YeieisSIt i)
Y — PRI SRS ) JST iy ueted! PLladl Bolo s Lo R

el gl 9SY1 ol SiSwte @ ol poend doelustl wal s i etbll WSS Gand Geall
¢ p—miiiodl 3l g dpandl g Wasdl e JS phpt b Bhoun 0Ly, Lan| fa o)
el ey W Jeby e bandt Jeby djgaiedl glisl Sl add oJiS
e slaligditadl Lsdadl gy b Bolyy Jaer e ol Sl g asdl

. goﬂ)f‘

> Gd o 230 { pgri-sc. ) ot @l Wl

el
J_...._....‘;L. dls oS, pdg o D Lows Ca I .?_,éi_ﬂc-l_'a..,._mdl pry) oy
——T % [ -SSR R IR PR (  Agri-sC.) gww! ¢,
1 Y et ]l EsLas ol 5 Goaluedt 315 ( AGri-=sc. ew ot S

e Boledl adm el WSl Alan o paddl plood ol LaS « hid boymng Syl

: . T e - ” v 4 - ' % h‘uu
(Aquastock) Jsme!sSIl plaiuly paiy ALt ptlsodt ooy

:EL_._...._‘iéﬂi oy ¢ el }A—‘lw}&-]&uéjy‘,l-_ﬁ:a—“ sam g b Joie

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



...82_

PR T

ol

NSOAR(T SISAYJ, JO IQU)) - URPIOf JO AJSIQATU) JO ATRIQUT - PRAIISY SIS [V

AU e, B W DV WU
P Legady

v Gl ieltides ey JHind|

2ol e dosedl 1l Laol ey W3,

ol



- 83 -

*
LITERATURE CITED

Abed , F.M., M.Y. Tayel, and O0.A. El-Hady, 1981 . The
influence ©f so0il conditioners on nutrients
uptake. Egypt.J. Scoil Sci. Special Issue, P;43-

50 .

Allison, F.E., 1968. Soil aggregation-Some facts and
fallacies as seen by amicrobiologist . Soil

science.

Azzam , R.A.I. , 1983 . Polymeric conditioner gels for
desert soil . Soil Sci. plant anal. Vol. 14, No,

8 ,p, 739 - 759 .

Azzam ,R., and O.A. El-Hady , 1983 . Structure stability
and maintenance. In FAO of united nation
International Symposium on Isotope and Radiation
Techniques in soil physics and Irrigation study.

TAFA - SM - 267 / 15 . P; 9 =13 .

Azzam, R. and 0.A. El-Hady, 1983, Water Preaservatiocn
In FAO of united nation. Inter national S?mposium
on Isotope and Radiation Techniques in soil
physics and Irrigation study. IAFA-SM - 267/15 .p;

14 - 17 .

*)Accoruance to the American Soil Science Society Regulations.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



10

11

_84_

Black,C.a& (Editor } , 1965 . " Methods of soil
analysis " part I . Agronomy & . Amer., Soc.

of agronomy , Madison, Wisconsin , U.S.A

Black ,C.a. (Editor )} , 1965 . " Methods of scil
analysis " part II, Agronomy 9. Amer. Soc. of

agronomy, Madison , wisconsin, U.S.A.

Callebout, F., and M. De-Boodt, 1981 . Effect of wvariocus
soil conditioners used as mulches on soil
tewperature : Laboratory study .Egypt, J. Soil

Sci.,Special Issue, p ; 13 - 20.

Carpenter , p.N., 1955 . The effect of the addition of
"VAMA " to soil upon uptake of phosphorous and
utilization of Phosphorous applied in fertilizer

by the plant.Agronomy J.Vol .47,p; 530-531.

Carr, C.E.,and D.J. Greenland. Potential application
of polyvinyl Acetate and polyvinyl Alcohol in
the structural improvement of sodic soil.In
Gardner , W.R, (Editor) , (19735) . " Soil
conditioners " , soil Sc¢ci . Soc. of Amer.,
special publication , No . 7 , Madison,

Wisconsin , U.S.A.

Dar Al-Handash , and Nedeco, (1969). Jordan valley

project. Argo-and Socio-Economic study.Vol.II.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



12

13.

14.

15.

16.

- 85 -

Das, D.X.,and C,Dakshinamurti, 1975. Bentonite as a soil
conditioner. In Gardner, W.R., (Editor), 1975 ,
"Soil Conditioners " , Soil Sci. Soc. of Amer.,
Special publication , No. 7 , Madison , Wisconson,

Uu.s.a .

De - Boodt, M., 1975. Use of soil conditioners around
the world . In Gardner, W.R., (Editor),1975.
"Snil conditioners " , Soil Sci. Soc. ¢of Amer.,
special publication, No . 7, Madison , Wisconson,

U.S5.A.

De-Boodt, M., and D.De-vleeschauwer, 1981. Effect of
Various soil conditioners as mulch on the
resistivity of a sandy soil against wind ercosion
: A laboratory Experiment . Egypt J. Soil Sci.,

special Issue, p ; 53 - 59 .

De-Boodt, M., L.Ee-Leenheer, and D.Kirkham, 1960. Soil
aggregate stability indexes and crop yield.Soil

Science, p ; 138 - 146 .

De La Pend , E. , and D. Gabriels, 1976. Evaluation of
soil conditioners for protection of steep slopes
from water erosion . Med. Fac. Lnadhouww.

Rijksuniv. Gent, p ; 327 - 334 .

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



_86..

17 - El-Hady , 0., R. Azzam , A. Lotfy , and M. Hegela,
1983 , Plantation and Nutritional status.In
FAO of united nation , International symposium
on Isotope and Radiation Techniques in soil
physics and Irrigation study . TIAFA - SM -

267/15. p ¢ 19 = 25 .

18 - Ennis, D.M. , A. Kramer, P.H. Mazzoschi, C.W. Jameson
and W. Bailey . 1975 . Synthetic N-releasing
biodegradable soil conditioners. Hort, Sci . Vol.

101 5) , p;505~ 506 .

19 = Four Star Agricultural services , Inc. From J.E.A.,
Effect of AGRI-SC on salt and water movement in

palouse soils . A-report, 1983 . Colfax , WA.

20 -~ Gabriels, D., 1975 . The use of asphalt emulsions as
s0oil conditioners. Med. F. Landbouww. Rijksuniv

Gent . P ; 1399 - 1405 .

21 - Gabriels , D. , and M. De-Boodt , 1975 . Erosion
reduction for chemically treated soil . A
Laboratory study . In Gardner, W.R. , {(Editor),
1975 . " Soil Conditioners , Soil Sci. Soc. of
Amer. , Special publication , No . 7 , Madison ,

Wisconson, U.S.A.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



- 87 -

22 - Gabriels, D., M. De-Boedt, and DP. Minjauw, 1974. Dune
sand stabilization with synthetic soil condi-
tioners : A Laboratory Experiment . Soil Science

vol. 118, No . 5 , P ; 332 - 343.

23 - Greenland, D.J. , G.R. Lindstrom , and J.P. Quirk, 1962.
Organic material which stabilize natural soil

aggregates. So0il Sci. Soc. Pro., p ; 366 - 370 .

24 - Groosens , F., W. Dierickx , D. Gabriels, and M. De
Boodt. Scil conditioners for stabilizing trensh
backfill in an unstable loam soil of low
permeability . J. Sci. Food Agric., vol. 30, p ;

1139 - 1147 .

25 = Hartmanin, R., H. Verplancke , and M. De-Boodt, 1975.
The influence of so0il conditioners on the
liquid ~ soild contact angles of sands and silt
loam soils soil SCi.vol.121 , Né . 6 , p; 346 -

352 .

26 - Hartmanin , R. , H. Verplancke, and M -De -Boodt, 1976.
The effect of nonionic surfacant on the penet-
rability in sand and silt loam treated with
different soil conditioners. Med Vac. Land

bouww. Rijksuniv. Gent, p ; 1407 - 1418 .

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



27

28

39

30

31

32

- 88 -

- Jackson, M.L. , 1958 . " Soil Chemical Analysis " ,

- Jones,

- Khoury

- Koch ,

- Labib,

prentice Hall , Englewood Cliffs, N.dJ.

J.H. , F.J. Olsen , B.J. Cate, and R.G. Hoormann,
1981 . A.G. Review , School of Agriculture

progurlmint section , current serial records.

;, M.H., A.H. Sayegh, and N.J. Atallah , 1978 .
The effect of soil conditioners on pore size
distribution and water retension of a calcareous
soil . Aust. J. Soil Res. , veol. 29, No . 29, p;
23T~ 2B% .

J.T. , B.D. Kay , and G.L. Lange, 1974 . A

Postulated mechanism for increasing the efficiency

of organic soil conditioners , Soil Sci . Soc.

Amer. Proc. , Vol . 38, p ; 586 -590.

F.B., and F., Awad, 1981 . A&pplication of soil
conditioners in the reclamation of sandy and

calcarecus soils . Agrochimica, vol. xxv, No.

3 -4, p: 356 - 366 .

F.B.,F. Awad and O.A. El-Hady , 1983 . The
interaction between calcium carbonate and soil
conditioners on improving sandy soils . Egypt.J.

Soil Sci. , vol,23 , No . 3 , p : 267 = 275

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



_89_

33 - Lenvain , J.I, and M. De- Boodt , 1976 . An effective
way in fighting soil erosion, : promoting
growth of young trees through plant pit treat-
ment with soil conditiconers med. Fac. Landbouww.

Rijksuniv, Gent, P ; 141 - 157

34-- Lenvain , J. , and M . De- Boodt, 1976 b . The effect of
small quantities of hydrophobic soil conditioners
on evaporation and the beneficial development
of veliveria zizanides (L) stapt in the tropics,
Med. Fac. Landbouww . Rijksuniv, Gent. p ; 159-

167 .

35 - Lindsay , W.L. , and W.A. Norvell, 1978 . Development of
a DTPA soil test for Zinc, iron, manganese,and

copper. Soil Seci. Soc.Amer . J., 42 : 421 - 428 .

36 - Mcgurine, E., R.N. Carrow, and J. Troll, 1978.Chemical
soil conditioner effects on sand soils and
Turf grass growth . Agronomy J., Vol. 70, p i

317 - 321 .

37 - Metting , B., and w.R. Rayburn , 1983 . The influence
of a microalgal conditioner on selected
washington soils : An empirical study . Soil

Sci . Soc. Amer. J. ,Vol . 47 , p; 682 - 685.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



42 -

43 -

44 -

- 40 -

Miller, H. , 1982 . Four star agricultural services ,

Inc. Agri~SC, " Agricultural advisors "

Morin , J. , and M. Agassi, 1976 . A method to evaluate
the efficiency of soil conditioners to fight
water erosion . Med. Pac. Landbouww. Riijiksuniv

Gent. p ; 301 - 316 .

Mustaf, M.A. , and J .Letey , 1969 . The effect of two
noionic surfacants.on aggregate stability of

soils . Soil Science, vol. 107 , p ; 343-347 .

Nimah , M.N. J . Rayan, and M.A. Ghaudhry , 1383 .
Effect of synthetic conditicners on soil water

retention , hydroulic conductivity, porosity and

aggregation . Soil Sci . Soc. of Amer . J. , Vol.

47 , p ; 742 - 745 .

Oades, J. M. , 1976 . Prevention of crust formation in
scils by polyvinyl alcohol . Aust. J. se¢il

Res., Vol. 14, p ; 133 - 148 .

Peterson , R.G. , 1979 , " Introduction to statistics

and experimental design " , Technical manual No .

7 . ICARDA.

PLa , I., 1975 ., Effect of bitumen emulsion and
polyacry—~lamide on some physical preoperties of

Vaenezuelan soils.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



_91.._

45 - Ram , D.N. , and P.J . Zwerman , 1960 . Influence of

management systems and cover crops on soil

physical conditions , Agronomy J., vol . 52 , p;

473 - 476 .

46 - Rawitz, E. , and A. Hazan, 1978 , The effect of
stabilized , hydrophobic aggregate layer
properties on soil water regime and seedling
emergence. soil Sci. Soc. Amer . J. , vol.42 ,

P ; 787 - 793 .

47 - Rolff, G.L. , and W.R. Boggess, 1973 . So0il conditioners

under old field and forest cover in southern
Illioneois , Soil Sci . Soc. Amer . Proc., Vol.

73 , P ; 314 - 318 .

48 - Sadones, M., F. Gallebaut, G. Goor, and N. Schamp,
1976 . The effect of surfacants on the
distribution of soil conditioners in soil. Med.

Fac. Landboww, Rijksuniv. Gent . p ; 193 - 198

49 - Sakr, R., and M . Imam , 1978 . Application of
Agrosil- LR and super-phosphate to a calcareaus
so0il as related to the yield of beans under
different soil moisture tension ., Arab Develop-
ment Jjournal for Science and Technology , P ;

5-19 .

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



"_,92 -

50 - Sayegqh, A.H., A.M.osman, B. H Hatter , M., Baasiri, O ,
C MM, Chaudhry , and M . Nimeh, 1982 . Effect

of " hygromull " and " Agrosil " on crop produc-
ticn on two Lebanese soils . Agrochimica vol.

xxvi , No . 1, p; 22 - 31,

51 - Schamp , N., 1976 . Chemical used in soil conditiones
survey paper. Med. Fac. Landbouww . Rijksuniv.

Gent . p; 13 - 18 .

52 - Schamp , N.,J. Huylebroeck ,and M. Sadones, 1975 .
Adhesion and adsorption phenomena in soil
conditioning . In Gardner, W.R. , {Editor),
1975 . " S0il Conditioners " , Soil Sci. Soc.
of Amer . , special publication , No . 7 ,
Madison , Wisconsin, U.S.A.

53.- Sepaskhah, A.R.,S.A.A.Moosavi, and A. Kashired. 1980,
Growth and nutrients uptake of sugar beetl

influenced by applications of soil conditioner.

Agronomy J. , Vol. 72 , P ; 480 -482.

54 -~ Shiraishi, K., 1981. Studies on the effect of hydroxy
aluminum on scoil physicai properties . Jap

J., vol. 22, No . 2 , p ; 203 - 257.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



56

57

60

Stout, W.L., and E.J. Clolkosz, 1974. "YAMA" Stabiliza-

_93..

tion of broken fragipan material . Scoil Science,

vol. 118, Noe . 6 , p ; 405 - 411.

Szczypa J., and A, Monies , 1976 . The influence of

Tayel

Tayel

Tayel

Tayel

some conditioners on soil properties. Med.Fac.

Landbouww Rijksuniv . Gent , p ; 389 - 395 ,

, M.Y. , F.M. Abed, and 0.A. El-Hady, 1981a.
Germination as affected by s0il conditioners.
Egypt J . Soil Sci., Spectiél Issue. p ;

35 = 42 .

, M.Y., F.M. Abed, and Q.A. El- Hady , 1981 b.
soil conditioners and drain filters.Egypt.

J. Soil Sci , Special Issue, P ; 69 ~ 77.

, M.Y. , F.M. Abed , and O.A., El-Hady , 1981 C
Soil conditioners and erosion control : A
Laboratory Evaluation , Egypt . J. Soil Sci,

Special Issue, p ; 61 - 67 .

, M. Y. , F. M. Abed and O.A.EL.Hady , 19814d.
Soil conditioners and water coss through
evapouation process. Egypt , J. soil . Sci.,

Special Issues p ; 21 = 32 .

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



= Qd &

61 - Verplancke, H., H., R. Hartmanin and M. De-Boodt. 1976.
The of soil condition on the water transmission
properties of different textured soils, Med.Fac.

Landbouww Rijksuoiv . Gent, P ; 211-218 .

6¢ - Voronin, A.D. , 1976 . Effect of so0il conditioners on
surface properties of soils . Med . Fac. Land-

bouww, Gent, p ; 427 - 430 .

63 - Voronin , A.D. , and V.G. vityazeu , 1979. Effect of
hydrophilic and hydrophopic polymers on the
surface properties of s$0il particles. Trans-
lated from Agrokhimiva, soviet soil science,

No . 1, p: 85 - 89

64 - Zanchi , camillo , 1979 . Candizionamento Del Suolo
come pratica consevativa in terreni Argilosi
collinari . Annali, 1,t. Sper. Studio, e Difesa

Suclo-Firenze, P ; 151 - 160 .

| All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



- 9 -~

Word or sentence Columns

Polymer concentration 1
Seil apparant specific gravity 2
Soil porosity 3
S0il available water 4
Soil aggregate stability 5
Yield of crop 6
Length of tomato . 7
Fresh weight of tomato 8
Dry weight of tomato 9
Root length of tomato 10
Root Dry weight of tomato 11
Quantity of water added for irrigation 12
Water use effeciency 13
Scil plastic limit 14
So0il liquid limit 15
Soil Zinc 16
Soil Copper 17
S50il Manganese 18
Soil Iron 19
Scil Phosphorous 20
Soil Potassium 21
Soil PH 22
tomato leaves zinc _ 23
tomato leaves Manganese 24
tomato leaves Iron 25
Wheat Zinc 26
Wheat Copper 27
Wheat Manganese 28
Wheat Iron 29

Table 1 : List of columns used in correlation coeficients analysis.
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Table 2

* X

_9?_

Correlation coefficient between matrix of itens
list in table 1 for Irbid clayey soil as
affected by différent concentrations of Aguastock,
1985 . '
Sigaificant at 5 %

Significant at 1 % or less .
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Table 3

-
N

- 99 -

correlation coefficient between matrix of items
1ist in table 1 for Ghour sandy soil as affected
by different concentrations of Aquastock. 1985.
Significant at 5 % only

Significant at 1 % or less
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Table 4

- 101

Correlation coefficient between matrix of items

list in table 1 for Ramtha Clay Loam soil as
affected by different concentrations of Aquastock

1985 .

* Signidicant at 5 % only

** Significant at 1 % or less
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Table 5

Correlation coefficient between matrix of items
list in table 1 for Zizia silt loam soil as
affacted by different concentrations of Aquastock,
1985

* Significant at 5 % only .

** Significant at 1 % or less .
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ar A k3 E T * &
0.50 0.8 0.90 0.79 -0.71 0.8/ 0.81 0.53 0.76 0.85 0.76 0.74 0.91 0.95° 0.93* 0.10 0.20 -0.49
£l -k - drdr [ ] "k * & #
0.96 0.95 0.73 -0.93 0.98 0.83 0.92 0.6 0.97 0.95 0.9% 0.83 0.92% 0.96% -0.33 -0.21 -0.31
& * * L] * E3 ]
0.58 0.93 -0.83 0.97 0.90 0.33 0.87 ©0.93 0.86 0.85 0.85 0.95° 0.98% -0.06 0.02 -0.51
N ) ik wi * * i * ]
0.70 -0.9 0.5 0.58 0.97 0.9%5 0.5 0:98 0.95 0.81 0.92% 0.97% -0.32 -0.22 -0.36
-0.45 0.62 0.59 0.77 0.52 0.58 0.52 0.49 0.95 ©.71 0.61 0.02 0.31 0.13
* e e L3 * *d x
-0.97 -0.93 0.78 -0.55 o0.98 -0.5% 0.85 -0.56 -0.77 -0.90 ©0.57 0.5 0.3
1 & Py - " L)
0.5 0.89 0.35 0.55 0.35 0.33 0.72 0.88 0.96% -0.44 -0.36 -0.35
.nnU_. i T * A
= BD.A7 OB.98 0.9% 0.99 0.89 0.70 O.Bs 0.95% 0,47 -0.40 -0.34
L 3
i 0.82 0.8% 0.62 0.81 0.91 0.9 0.96% 0.00 0.10 -D.48
EE. oy dr .33
0.58 1.0° 1.0° 0.63 0.81 0.93* -0.56 -0.48 -0.33
E. R EE 1
0.58 0.98 0.71 D.89 0.97% <0.41 -0.35 -0.32
L]

o.88 0.78 0.1} 0.33 -0.16

0.%6* D.CY 0.1 -0.56

-0.18 -0.i% -0.56

0.93* -0.36

-0.16




Table 6
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Correlation coefficient between matrix of items
list in table 1 for Irbid clay soil as
affected by different concentrations of Agri-
sCc , 1984 .

Significant at 5% only

Significant at 1 % or less

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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1soda(] s1sey], Jo

JI2UD) - UBPIOf JO AJISIQATU) JO ATRIQUT - PRAIRSYY SIS [V

2 3 4 5 6 1213 14 15 16 17 18 19 0 2?26 7 8 29
-0.924 0.92% -0.37 -0.51 -0.36 -0.25 0.98 -0.52¢ -0.58 0.43 0.25 0.59 0.82 0.7 —0.69 -0.12 0.06 0.0 0.85 0.¢8
-1.8"  0.48 0.31 -0.87 -0.08 -0.83 0.85 0.64 -0.25 0.12 -0.43 -0.67 0.5 0.57 —0.13 0.2 0.0 -0.62 -0.10

) -0.47 -0.31 ©0.87 0.05 0.83 -0.86 -0.63 0.25 -0.12 0.43  0.67  0.55 0.57 0.12 -0.24 0.0 0.62 0.10
© -0.€0 -0.45 -0.69 -D.28 ©0.02 0.97* 0.67 0.1 -0.53  0.21 0.29 -0.41 -0.83 0.82 0.0 -0.21 0.2

-D.24 0.90* —0.60 0.75 -0.39 -0.99°* 0.2% —0.99* —0.90% —0.93% 0.95% 0.90* <085 00 <0 €1 =551

-06.23 0.98% -0.8¢ -0.65 0.35 0.37 0.50 0.77 0.72 —0.60 -0.07 0.01 0.0 0.92¢ 0.53

-0.49  0.45 -0.52 -0.40% -0.52 -0.83 -0.70 -0.80 0.74 0.97% -0.97% 0.0 -0.54 —0.85

-0.91 -0.50 ©0.52 0.40 0.65 0.87  0.8% -0.73 —0.26 0.26 0.0 0.95%  0.63

0.26 -0.70 -0.07 -0.83 -0.95% -0.90% 0.90 0.40 —0.29 6.0 <0.78  ~0.47

0.48  -0.18 0.32 -0.03  0.05 -0.19 -0.6¢ 0.70 0.0 -0.43 0.06°

‘ 0.17 0.98%r Q.86  0.89 ~0.94% -0.93% 0.86 0.0 0.52 0.65

0.13  0.2¢ 0.3 '-0.08 -0.31 0.41 0.0 0.67 0.85

0.94% 0.95% -0.93° -0.8% 0.75 0.0 0.61 0.63

0.95+% -0.97% -0.64 0.56 0.0 0.B1 0.67

-0.96* -0.73 ©0.67 0.0 0.83  0.77

0.74 -0.64 0.0 -0.65 —0.58

-0.99% 0.0 -0.39 -0.70

) 0.0 0.3%4 0.74

n.o LA 4




Table 7

-— 107 i

Correlation coefficients between matrix of items

l1ist in table 1 for Ghour  Sandy s¢il as effec-

ted by different concentrations of Agri-SC,1984.

* Significant at 5 % only .

** gignificant at 1 % or less .
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NSOAR(T SISAY, JO IJU)) - URPIOf JO AJSIQATU) JO ATRIQLIT - PRAIISY SWSIY [V

Fd 3 4 b 5 12 13 16 17 18 19 g 2t 22 26 23 28 29
0.29 -0.26 D0.51 0.42 0.95" -0.10 0.92% 0.54 -0.95" ©0.9e*  0.35 0.9% 0.0 -0.51  -0.29 0.0 0.79 -0.75
-0.81 0.65 0.75 0.38 -0.33 0.4 -0.03 -0.3% 0.37 -0.73 0.25 0.0 0.47 0.83 0.0 1.0° -0.78
-0.%9 -0.28 ~0.38 0.8 <-0.57 -0.41 0,76 -B.14 ©0.38 -0.1%£90.0 Q.01 -0.67 0.0 -0.81 D.B81

0.58 0.58 o“mu- —0.313  0.95% D0.49 -0.%3* 0.83 0.02 0.8% 0.0 -0.21 0.12 0.0 0.6% qo.om

0.50 0.30 0.3} -D.42 -0.47 0.62 -0.653 0.45 0.0 0.85 0.53 0.0 0.78 =0.53

-0.25 0.97 0.67 -0.99" 0.92¢« 0.31 0.96* 0.0 -0.43 -0.1% 0.0 0.38 -0.8¢

0.46 =0.73 0.00 O0.13 -0.08 0.0 0.0 0.47 -0.268 0.0 -0.33 0.56

0.71 ~-0.9 0.82 0.26 0.83 0.0 -0.47 -0.07 0.0 0.48 Im.o_m

-0.51 0.29 0.69 0.45 0.0 -p.91* -0.4 0.0 -0.C&8 -0.51

-0.97% -0.30 -0.95 0.0 0.37 0.24 0.0 -0.3% 0.77

0.17 0.98" 0.0 -0.16 -0.13 0.0  ©.37 -0.69

0.31 0.0 -0.91% -0.93 0.0 -0.73 0.1t

108

6.0 -0.33 -0.29 0.0 0.29 -D.70

0.9 0.0 0.0 0.0 0.0

0.71 0.0 G.a7 0.16

0.0 0.8} -0.3%

0.0 D.0




Table 8
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Correlation coefficlents betwecen matrix of itews
list in table 1 for Ramtha clay loam soil as
affected by different concentration of Agri-scC,
1984 .

Significant at 5 % only

Significant at 1 % or less
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1soda(] s1sey], Jo

JUD) - UBPIOf JO AJISIQATU) JO ATRIQLUT - PRAIISY SIS [V

2 3 4 5 5 12 13 1 15 16 17 13 i9 20 21 22 26 21 m 19
062 0.62 -095" 0.85  0.96+ -0.25 0.95% -0.£0 -0.86 C.81  0.96¢ ©.77 0.75  0.75  0.36* -0.43 0.8% 0.9 0.90 0.7
-1.8% 073 -0.8¢ -0.41 0.79 0.51 0.974 0.18 -0.7% -0.73 -9.95 -0.3% -0.56 -0.49 0.93* -0.94% 0.0 -0.36 0.3

071 082 0.9 -0.82 0.49 -0.97 -0.15 0.7% 072 0.98 o0.9f .58 0.5 -0.9f 0.524 0.0 o035 065

-0.9% -0.90x 0.30 -0.33 0.71  0.73 -0.79 -0.53" -0.81 -o.78 -0.80 -0.55 0.50 -0.69 0.0 -0.52~ p.23
.70 -0.36 0.71 -0.87 -0.55 0.65 0.97+ 0.81 0.76 0.81 0.55 -0.60 0.89 0.0 0.55 —0.93

-0-09 0.95* -0.3¢  -0.57 0.77 0.85 0.60 0.6 0.58 0.91 -0.21 0.68 0.0 0.70 ~0.59

-0.25 0.67  -0.13 -0.70 -0.27 -3.81 —0.83 -0.82 0.02 0.96¢ —0.70 0.0 -0.6% 0.09

-0.21  -0.53 0.87 0.84 Q.71 0.72 0.68 0.88° -0.36 0.76 0.0 0.37 0.5

0.12 -0.59 -0.75 -0.87 -0.62 -0.85 -0.5  0.85 -0.88 0.0 -0.77 —0.7¢

-0.62 ~0.73 -0.39 -0.41 -0.36 -0.89 -0.07 -0.69 0.0 -0.61 0.4t

0.73  0.81%  0.94% 0.8% 0.61 -0.73 0.69 0.0 0.95% -D.3c
0.7 0.75 D0.78 0.9i* -0.49 0.828 0.0 0.8 -0.50-

0.99"" 1.0" 0.58 -0.91% 0.8% 0.0 0.55% -3¢

0.55 0.53 -0.50% 0.97 0.0 0.96% 0.5

0.56 -0.92% 0.58 0.0 0.55 -0.5¢

-0.20  0.69 0.0 0.75 -0.5}

-0.8% 0.0 -0.76 0.6

0.0 0.95*% -0.70

a.0 a.0

-0.¢x




Table 9

*k

- 1=

Correlation coefficients between matrix of items
list in table 1 for Zizia Silt: loam-soil as’
affected by different concentrations of Agri-
sC , 1984 .

Siguificant at 5 % only

Significant at 1 % or less .
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1S0da(] s1sayJ, Jo

I - UBPIOf JO AJISISAIU[) JO ATRIQIT - PIAISSY SIYSHY [[V

T 13 YA 15 16 17 13 19 20 2 i 15 27 23 za

-0.5% 0.62% -0.54 -0.43 0.93% 0.17 0.57 -0.73 -0.51 0.97% 0.62 .79  0.77 0.55 0.86 0.0 -0.15 0.6 €.23 0.23

-1.0%  0.30 -0.21 -0.79 0.15  -0.76 0.73 0.25 -2.22 -0.78 -0.83 -0.64¢ -0.74 -0.83 0.22 0..2 0.0 -0.33 -9.%9

-0.31 -0.21 0.78 -0.13 0.76 -0.72 -0.27 0.82 0.77 O0.6§ 0.81 ©0.73 0.857 -0.21 -0.4% 0.0 0.33 0..3

0.95" 0.23 -0.59 -C.0% -0.11 0.9% . -0.63 0.32 0.08 0.12 0.36 -5.05 -0.8% 0.67 0.0 -0.61 0.67

—0.27 -0.9% -0.05 -D.12 0.99 —0.85 0.33 0.14 0.15 0.51 -0.0f -0.35 -0.09 0.0 -0.49 0.72

-0.0t 0.58" -p.93 -0.26 -0.83 0.73 0.86 0.88 0.73 0.9 -0.26 0.16 0.0 —-0.16 0.43
-0.22  0.39 -0.52 0.37 -0.65 -0.46 -0.47 -0.68 -0.30 0.95* 0.2} 0.0 0.39 -0.50¢

-0.55 -0.04 0.76  0.85 0.92¢ 0.55 0.B5 0.97% -0.47 0.25 0.0 -0.23 0.6}

-0.12 -0.65 -0.31 -0.9% -0.¢7 -0.93 _0.97* 0.62 -0.13 6.0 0.3%6 -0.73

-0.66 0.35 0.12 0.15 0.35 -0.02 -0.86 0.02 0.0 -0.57 0.70

it 0.45 0.65 0.6¢ ©0.42 0.7 0.15 -0.05 0.0 0.27 0.03

2 0.97% £.97% 0.95 0.§1* -0.77 -0.12 0.0 -0.15 0.5l

1 - 0.93" 0.96* 0.98" -0.61 -0.21 0.0 -0.95 0.79
2 . 0.97% 0.98" -0.64 -0.10 0.0 -0.18 0.50
= 6.91% -0.81 -0.16 0.0 -0.26 0.93%
v -0.4% -0.07 0.0 -0.12 0.68
0.0 0.0 0.58 -0.95¢

0.0 -0.81 -0.21

0.0 0.0

-0.35
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