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ABSTRACT

A field experiment was carried out for two successive seasons (summer season 2017 and winter season 2017/2018) on sandy
soil at Ismailia Agric. Res. Station, Ismailia Governorate, Egypt (Latitude, 30°35' 41.901" N and longitude, 32°16' 45.834" E) cultivated
with sesame and wheat crops respectively, to highlight the effect of applying natural minerals and synthetic soil conditioners alone or in
combined on some sandy soil properties and productivity of sesame and wheat crops. Three natural clay minerals (bentonite, vermiculite
and zeolite) were added at the rate of 2 ton fed™. Alone or in combination with three synthetic soil conditioners; hydrogel (HG),
polyvinyl alcohol (PVA) and anionic polyacrylamide (PAM) which were added at the rate of 6 Kg fed™ Results indicated that
application of natural minerals and synthetic soil conditioners alone or in combination increased significantly values of soil moisture
characteristics (field capacity (FC), wilting point (WP), available water( AW), total porosity(TP)), soil nutrients availability (N, P and K),
yield components and total content of macronutrients (N, P and K) in straw, seeds and grains of sesame and wheat. Bentonite being
superior as compared to other clay minerals for increasing (FC), (WP), (AW),(TP), EC values , soil nutrients availability (N, P and K),
yield components and total content of macronutrients (N, P and K) in straw, seeds and grains of sesame and wheat followed by
vermiculite and zeolite while values of soil reaction decreased slightly as compared to control. As for the effect of synthetic soil
conditioners, application of synthetic soil conditioners significantly increased total porosity (TP), field capacity (FC), wilting point (WP),
available water (AW), EC values, soil nutrients availability (N, P and K), yield components and total content of macronutrients (N, P and
K) in straw, seeds and grains of sesame and wheat while pH values decreased as compared to control especially in presence of hydrogel
combined with bentonite. Bentonite combined with hydrogel recorded the highest values of soil moisture characteristics (FC, WP and
AW), TP, EC values, soil nutrients availability (N, P and K), yield components and total content of macronutrients (N, P and K) in straw,
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seeds and grains of sesame and wheat. While the inferior treatment values were zeolite combined with polyvinyl alcohol (PVA).
Keywords: Physical, chemical, clay minerals, synthetic conditioners, yield, sesame, wheat.

INTRODUCTION

Natural and synthesized soil conditioners improve
some sandy soils properties and their productivity (Arafat and
El-Hady 2002).

In this concern, Sallam et al. (1995) concluded that
mixing bentonite with sandy soil improved the soil moisture
characteristics and cation exchange capacity. Tawfiq (2009)
mentioned that bentonite is natural clay minerals with high
cation exchange capacity (CEC) and ion adsorption capacity;
applied natural soil conditioners such as bentonite improve
the sandy soil fertility, growth, yield and chemical
composition of plants.

At the same time, bentonite increased the nutrients
content, the colloid content of soil and decreased leaching of
nutrients (Sitthaphanit et al 2010). Also, Iskander et al.
(2011) showed that bentonite could raise the storage
capacities of soil for water and fertilizer. Besides, bentonite
reduced soil fixation for phosphorus and potassium and
increase yield productivity of potato (Jena and Kabi, 2012).

Vermiculites are present in soil fractions ranging from
fine clay through coarse sand. Vermiculite has a very high
cation exchange capacity and hence, other exchangeable
cations may supply a ryegrass plant with macronutrients.
Also, vermiculite has a very high water absorbing capacity
than other minerals thus increasing available soil moisture,
and this will affect positively dry matter production, (Seddik
2001).

Zeolite is naturally clay mineral have high cation
exchange and ion adsorption capacity (Mumpton, 1999).
Furthermore, Erdem et al. (2004) mentioned that zeolite hold
high potential for the sorption of several cations. Moreover,
Ramesh and Reddy (2011) mentioned that zeolites have high
porosity, cation-exchange capacity (CEC) and incorporation
zeolite in the soil led to increase in crop yields and enhance
nutrient use efficiency.

Zeolite addition improves soil conditions in arid and
semi-arid soil. Noori et al. (2007) reported that adding zeolite

improves soil properties, suitable carriers for fertilizers and
increases crop Yyield productivity. Also, Sheta et al. (2003)
mentioned that zeolite and bentonite have a high potential for
nutrient retention. Moreover, Bernardi et al. (2010) found that
zeolite enriched with N, P and K with lettuce, tomato and
rice, act as a slow-release nutrient source for plants and
increased significantly fresh and dry weight of them.

Synthetic polymers play an important role in
agricultural by enhancing plant growth especially for sandy
soils, which have a low content of organic matter, low
retention capacity of water and nutrients due to the excessive
deep percolations losses, which consequently reduce the use
efficiency of water and fertilizer ( Ekebafe et al .,2011). A
synthetic polymer such as a hydrogel, polyvinyl acetate,
polyvinyl alcohol and polyacrylamide have been
recommended to evaluate their impact on improving physical
and chemical characteristic of soil and increasing crop yields
productivity.

The hydrogels are improving plant-soil water
relations in sandy soil, as compared to bentonit and farmyard
manure (Moustafa et al., 1995). Also, Buchholz and Graham
(1997) reported that superabsorbent polymers are compounds
that absorb water and swell to many times their original size
and weight. They are lightly cross-linked networks of
hydrophilic polymer chains .Wu et al. (2008) reported that
hydrogels act as a controlled release system by enhancing the
uptake of some nutrients, resulting in improved growth..
Moreover, Dabhi et al. (2013) mentioned that super
absorbent polymers are safe, biodegradable, non- toxic and
inert with increased self-life, super absorbent polymers could
be improving irrigation efficiency.

Nazarli et al. (2010) reported that the application of
polymer has a beneficial effect on all characteristics of the
plants in all levels of water stress treatments and suggests that
it is reduced 15 to 50 % of total water irrigation requirement.

The presence of soil conditioners especially for
polyvinyl alcohol (PVA) decreased the values of pH and
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increase EC.; high concentration of polyvinyl alcohol under
75 % from the irrigation requirements was superior for both
peanut and sesame crops (Eletr and Osman, 2014).
Moreover, Gales et al. (2016) found that applying the
aquasorb hydrogel had a direct influence on increasing the
bulk density, soil moisture, and soil water reserve and
decrease the total porosity. Also, polyacrylamide is one of the
most widely employed soil conditioners. Application of
polyacrylamide to soils at a rate of 5 to 10 g kg-1 reduced
water infiltration by 87 to 94% relative to control. Polymers
have a good effect in improving the physico-chemical
properties of soils (Lentz, 2007).

The present work aims to investigate the effect of
applying natural clay minerals and synthetic soil conditioners
alone or in combined on some sandy soil properties and its
productivity.

MATERIALS AND METHODS

A field experiment was carried out at Ismailia Agric.
Res. Sta. ARC during summer season (2017) with sesame
(Sesamum indicum L. var., Giza 32) and winter season
(2017/2018) with wheat (Triticumaestivum L., CV. Giza
168) cultivated on sandy soil under drip irrigation system to
evaluate physico-chemical behavior of natural clay mineral
along with synthetic soil conditioners application alone or in
combination on nutritional status and yield productivity of
sesame and wheat crops. The soil under study was analyzed
according to Cottenie et al., (1982) as shown in Table (1),
natural minerals (Bentonite, vermiculite and zeolite)
constituents were described in Table (2).
Table 1. Some physical and chemical properties of the

experimental soil

Soail characteristics Values Soil characteristics ~ Values
Particle size distribution So_luble cations and
o anions (meg/l)
) Ca™ 0.82
Coarse Sand 50.20 Ma™ 0'7 4
Fine Sand 4060 2 19
Silt 3.20 K* 0'34
Clay 6.00 - ’
Texture class Sandy 388 1 '22
1 3 .
. . Cr 0.94
Chemical properties SO, 0.96
. .
CaC0; % ) 140 Available nutrients
pH(Suspension 1: 2.5) 7.92 (bpm)
EC dS/m (saturated paste  0.32 I\FIJ P 74.00
extract) p 9 60
Organic matter (%) 0.40 K 50‘ 00

Table 2. Some chemical properties of natural clay
minerals (bentonite, vermiculite and zeolite)
used in the experiment.

Characteristics  Bentonite Vermiculite  Zeolite
pH 8.01 7.45 6.90
EC (dSm™) 3.77 0.44 0.07
CEC 64.0 52.00 45.00
Auvailable macronutrients (ppm)
N 13.0 11.60 0.00
P 2.10 3.50 0.03
K 151.00 76.10 300.00
The experiment was designed in completely

randomize design with three replications. Three natural clay
minerals (bentonite, vermiculite and zeolite) were added at
the rate of 2 ton fed-1 alone or in combination with three

synthetic soil conditioners forms, hydrogel (HG), polyvinyl
alcohol (PVA) and anionic polyacrylamide (PAM) which
were added at the rate of 6 Kg fed-1. All treatments of soil
conditioners were added to soil surface before cultivation
alone or in combination with three synthetic soil conditioners
forms. The formulation of the used soil conditioners were
hydrogel, with pH near natural , PVA (C2H30) n, with pH of
5.0-6.5 and PAM(C3H5NO) n with pH of 4-9.

All treatments received mineral fertilizers as
ammonium sulphate (20.6 % N), super phosphate (15 %
P205) and potassium sulphate (48% K20) as recommended
dose for sesame and wheat production.

At maturity, sesame and wheat were harvested to
determine yield components (seeds or grains and straw) and
nutrient status. Plant samples were oven-dried at 70 C° for 48
hours, up to constant dry weight, ground and digested using
of sulfuric acid and hydrogen peroxide mixture as described
by Page et al. (1982). Soil chemical properties along with
analyses for natural minerals were evaluated according to
Cottenie et al. (1982). Obtained results were subjected to
statistical analysis according to Snedecor and Cochran
(1982), the treatments were compared by using the Least
Significant Difference (L.S.D) at 0.05 level of probability.

RESULTS AND DISCUSSION

Effect of applying natural clay minerals and synthetic
soil conditioners alone or in combination on some soil
physical, chemical properties and its productivity.

A-physical properties:

Results presented in Fig. (1) indicated that natural
clay minerals and synthetic soil conditioners amendments
alone or in combination increased significantly field capacity
(FC), wilting point (WP) , available water (AW) values and
total porosity (TP) as compared to control treatment.

Concerning the effect of natural clay minerals
(bentonite, vermiculite and zeolite) for both studied seasons,
the application of natural minerals significantly increased
Field capacity (FC), wilting point (WP), available water
(AW) and total porosity (TP), values of the studied soil as
compared to control. Bentonite, being superior as compared
to other clay minerals. This may be due to its positive effect
on water holding capacity. Treatments of natural minerals
arranged as follows: bentonite> vermiculite > zeolite for both
seasons. These results agree with those of Iskander et al.
(2011) who found that bentonite could raise the storage
capacities of soil for water and fertilizer. The same trend was
found by Hassan and Mahmoud (2013) who revealed that the
application of bentonite and zeolite increased Field capacity
(FC), available water and total porosity (TP).

As for the effect of synthetic soil conditioners
Hydrogel (HG), anionic polyacrylamide (PAM) and polyvinyl
alcohol (PVA), data indicated that, for both seasons, the
addition of synthetic soil conditioners significantly increased
FC, WP, AW and TP values as compared to control.
Treatments of synthetic soil conditioners arranged as follows:
Hydrogel (HG) > polyacrylamide (PAM) > polyvinyl alcohol
(PVA). Hydrogel application may stabilize the soil structure,
increase the erosion resistance and the infiltration rate and may
decrease the surface drain (Jihoon et al.,2015).These results
are similar to those of Gales et al. (2016) who showed that
applying the Aquasorb hydrogel increased soil moisture and
soil water reserve.
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The interaction effect showed that values of (FC),
(WP), (AW) and (TP) at the two studied seasons were most
positively affected by application of natural minerals in
presence of synthetic soil conditioners. The highest values of
TP and soil moisture were obtained with the application of
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bentonite combined with hydrogel followed by bentonite
combined with polyacrylamide and vermiculite combined
with polyacrylamide. On the other hand, the lowest values
were observed with zeolite combined with polyvinyl alcohol.

Wheat
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Fig. 1. Effect of applying natural clay minerals and synthetic soil conditioners alone or in combination on some soil

physical properties for both tested crops.
B-Chemical properties:
1-Soil reaction (pH)

Data presented in Table (3) indicate that the
application of natural clay minerals and synthetic soil
conditioners alone or in combination caused a positive
response in soil pH values as compared to control in the soil
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after harvesting of both sesame and wheat crops under
investigation.

As for the individual effect of natural minerals, the
data presented indicated that, the values of soil reaction
decreased slightly in presence of bentonite, followed by
vermiculite and zeolite as compared to control and other
natural minerals.
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Table 3. Effect of applying natural clay minerals and synthetic soil conditioners alone or in combination, on some

soil chemical properties for both tested crops.

Sesame Wheat
Treatments H EC Available (mg Kg™h) H EC Available (mg Kg?)
P dsmi ~ N P K P" dsm1 T N P K

Control 7.93 0.30 105.7 1311 4433 8.00 0.62 101.0 15.40 60.33
Bentonite 7.45 0.50 1650 1633 96.00 754 1.09 1563 19.13 97.83
Vermiculite 7.49 0.37 1553 1505 89.00 7.71 1.01 1550 17.92 94.13
Zeolite 7.52 0.35 146.7 1428 83.67 7.93 0.88 151.0 15.63 90.33
Hydrogel 7.60 0.42 1337 1983 7533 784 102 1223 16.33 89.67
Polyvinyl alcohol 7.81 0.30 1083 1302 520 813 065 1003 1461 65.33
polyacrylamide 7.67 0.34 120.7 1610 613 7.94 0.73  102.7 15.87 80.00
Bentonite+ Hydrogel 7.41 0.72 1843 2123 9560 7.69 1.04 1727 2497 113.00
Bentonite+ PValcohole 7.67 0.54 1417 1309 8233 7.90 090 1517 18.04 98.33
Bentonite+polyacrylamide 7.59 0.61 151.3 1423 93.00 7.78 1.04 1523 18.99 104.53
Vermiculite+ Hydrogel 7.60 0.55 1318 1377 7933 773 091 1450 1587 90.33
Vermiculite+PValcohole 7.87 0.52 1147 1288 4933 8.00 072 1025 1491 61.33
Vermiculite+polyacrylamide 7.44 0.60 1543 1624 9467 751 096 1617 1757 99.80
Zeolite + Hydrogel 7.64 0.47 1587 1680 8533 7.74 1.01 1507 21.42 101.22
Zeolite +PValcohole 7.67 0.42 1317 1449 8120 800 088 1423 1797 88.30
Zeolite + polyacrylamide 754 0.51 1643 1797 1010 754 112 1640 19.83 106.33
LSD. 0.05 0.149 0226 7337 2016 3920 0.192 0.082 7506 2726 3.995

Concerning the individual effect of the synthetic soil
conditioners forms, the values of soil reaction decreased
slightly in the presence of hydrogel followed by
polyacrylamide and polyvinyl alcohol (PVA) as compared to
control and other synthetic soil conditioners. These
observations due to the use of synthetic soil conditioner,
which is low pH as mentioned earlier in materials and
methods. Such results agree with (Eletr and  Osman, 2014).

The interaction effect of natural clay minerals and
synthetic soil amendments application on soil reaction (pH),
the values of soil reaction decreased in presence of bentonite
combined with synthetic soil conditioners especially for
hydrogel as compared to other clay minerals combined with
synthetic soil conditioners, followed by polyacrylamide
combined with vermiculite or zeolite. These observations due
to, the use of synthetic soil amendment, which is low pH as
mentioned earlier in materials and methods.
2-Electric conductivity (EC):

Data in Table (3) show the changes of electric
conductivity as affected by applied natural minerals and
synthetic soil conditioners alone or in combination.

Generally, electric conductivity values increased in
the presence of natural clay minerals as compared to control,
this due to high cation exchange and ion adsorption capacity
of bentonite and zeolite .Bentonite could raise the storage
capacities of soil for water and fertilizer, reduced the velocity
of the downward water movement and restricted the deep
percolation and leaching out nutrients (Iskander et al. 2011).
Moreover, electric conductivity values increased in the
presence of bentonite as a natural clay mineral followed by
vermiculite and zeolite.

While for synthetic soil conditioners, EC values were
slightly increased and the superior was the hydrogel followed
by polyacrylamide and polyvinyl alcohol (PVVA) as compared
to control and other synthetic soil amendments, this trend was
true in the soil for both seasons.

With respect to the interaction effect of natural
minerals and synthetic soil conditioners application on
electric conductivity, EC values were superior in presence of
bentonite combined with synthetic soil conditioners
especially HG, followed by polyacrylamide and polyvinyl

alcohol , this may be due to high cation exchange and ion
adsorption capacity of natural minerals (Iskander et al.2011).
3- Available macronutrients in soil.

Data presented in Table (3) show the changes in soil
nutrient availability (N, P and K) after sesame and wheat
harvesting. Generally, all applied treatments increased
significantly the soil nutrients availability (N, P and K) as
compared to control treatments; this trend was noticed for
both tested crops. Obtained data may be due to increased
moisture retention that enhanced the nutritional supply
(Hayat and Ali, 2004), also soil conditioner amendments led
to prevent loss of the evaporated water from the soil surface
and increase of available water that enhance the availability
of nutrient (Ali, 2011).

Concerning to the effect of natural clay minerals, data
presented indicated that, natural clay minerals amendments
increased significantly the availability of N, P and K soil
content, especially for bentonite followed by vermiculite and
zeolite as compared with control treatment; this trend was
true for both crops. Similar results were obtained by Iskander
et al. (2011) who found that; bentonite could raise the storage
capacities of soil for water and fertilizer and enhance the
availability of the nutrients. Moreover, Barton and
Karathanasis (2002) found that vermiculite has a substitution
of Al;* for Si," in every fourth tetrahedral site results in an
excess of negative charge per formula unit. The negative
charge is satisfied by monovalent cations, primarily K*, that
reside on interlayer sites between the 2:1 layers ; the network
can swell in water and hold a large amount of water while
maintaining the physical dimension structure and enhance
nutrients availability.

As well as, Ramesh and Reddy (2011) suggested that,
adding zeolite increased N use efficiency by decreasing
nitrification and NH3 losses. On the other hand ammonium
(NH4") occupying the internal channels of clinoptilolite;
zeolite should be slowly set free, allowing the progressive
absorption by the crop which results in a higher dry matter
production of crops (Millan” et al., 2008)

While for the synthetic soil conditioners, the hydrogel
was more pronounced for increasing the nutrient availability
followed by polyacrylamide and polyvinyl alcohol (PVA) as
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compared with control and other synthetic soil amendments,
this may be due to the application of synthetic soil
amendments in sandy soil caused a slightly decrease in soil
pH, improve the availability of nutrients (Eletr and Osman,
2014).

With respect to the interaction effect of natural
minerals and synthetic soil conditioners application, the
availability of N, P and K in the soil increased significantly in
presence of bentonite combined with synthetic soil
conditioners especially HG followed by polyacrylamide

combined with vermiculite or zeolite as compared with
control and other treatments.
C-Yield components of sesame and wheat:

Concerning the effect of natural clay minerals along
with synthetic soil conditioners on the yield of sesame and
wheat, data presented in Fig. (2). showed that the application
of either natural clay minerals or synthetic soil conditioners
whether applied solely or in combination increased
significantly yield components as compared with control
treatment.
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Fig. 2. Effect of applying natural minerals and synthetic soil conditioners alone or in combination on yield
components of sesame and wheat crops (kg fed -1).

With regard to the individual effect of natural
minerals, results revealed that, yield components of sesame
and wheat increased significantly along with the application
of natural minerals especially for bentonite as compared to
other clay minerals. This may be due to bentonite and zeolite
act as carriers of chemical fertilizers and modifying the
fertilizers to become long-acting ones, to cause the release of
the available constituents of the fertilizers to be in balance
with the crop needs and raised the use ratio of yield
components (Gan 2005). The same trend was found by
Hinsinger (2001) who stated that bentonite and zeolite
increased macronutrient and micronutrients in the soil, thus,
encouraged plant growth.

Concerning the individual effect of the synthetic soil
conditioners forms, yield components of sesame and wheat
increased significantly with the presence of hydrogel
followed by polyacrylamide and polyvinyl alcohol as
compared with control. Such results agree with Orikiriza et
al. (2013) who found that the hydrogel amendment improved
the biomass production of tree seedlings before and after
water stress.

With respect to the interaction effect revealed that
bentonite combined with hydrogel obtained the highest
values of sesame and wheat yield components as compared
to other treatments. This may due to the application of
inorganic materials, which may be attributed to better soil
conditions, enhance the use efficiency of fertilizer by
controlled the release of the applied nutrients and reduced
nutrient losses (Sarwar et al., 2008). In this respect, Ali,
(2011) found that polymers, increase of available water that
enhances the availability of nutrients and yield.

Moreover, results indicated that the lowest value of
sesame and wheat yield components existed in zeolite
combined with polyvinyl alcohol at both studied seasons.
D- Total content of macronutrients for both sesame

and wheat crops.

Data in Table (4) show the response of total content
(kg fed-1) of macronutrient for both sesame and wheat crops

to the application of natural minerals along with synthetic soil
conditioners. The total content of macronutrients (N, P and
K) in straw, seeds and grains of sesame and wheat show that
all treatments increased significantly the total content of
macronutrients as compared with control treatment for both
seasons. As for , the effect of natural minerals, results indicate
that, the total content of N, P and K increased significantly in
presence of bentonite followed by vermiculite and zeolite,
this may be due to presence of bentonite could raise the
storage capacities of soil for water and fertilizer (Iskander et
al. , 2011).Moreover, bentonite does not break down over
time but remains in the soil to improve nutrient retention; act
as a carriers of chemical fertilizers and modifying the
fertilizers to become long-acting ones , to release of the
available constituents of the fertilizers to be in balance with
the crop needs, increasing nutrients in rhizosphere area which
increase the absorption by plants, consequently increased the
ability of plants roots to uptake more nutrients in plant
tissues(Gan,2005) ; while vermiculite has very high cation
exchange capacity and hence, other exchangeable cations
many supply plant with macronutrients.

Also, vermiculite has very high water absorbing
capacity than other minerals thus increasing available soil
moisture, and this will affect positively with uptake and dry
matter production, (Seddik 2001). Also, presence of zeolites
reduce NH3 volatilization, besides several organic forms of
nitrogenous sources; reduce in nitrogen by volatilization and
increased efficiency of N utilization and can enhance the
nitrogen use through the control of retention of ammonium
ion, contributing to increase N uptake(Ramesh et al., 2015).

Concerning the synthetic soil conditioners, results
indicate that the total content of N, P and K in straw, seeds
and grains for both crops under investigation increased
significantly in presence of HG followed by polyacrylamide
and PVA as compared to the other synthetic soil conditioners
due to enhance the use efficiency of fertilizer by controlling
of the nutrients release and reduced nutrient losses (Sarwar et
al., 2008).
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Table 4. Effect of applying natural clay minerals and synthetic soil conditioners alone or in combination on total
contents of macronutrients for both sesame and wheat crops.

Total contents of Sesame (kg fed ™)

Total contents of Wheat (kg fed 5

Treatments Seeds Straw Grains Straw
N P K N P K N P K N P K

Control 573 356 600 1020 514 1053 583 420 6.13 9.70 567  11.33
Bentonite 1200 863 1213 1443 921 2400 1270 833 1160 1373 953 2560
Vermiculite 1040 660 950 13.00 897 2367 1027 7.00 937 1263 850 22.00
Zeolite 777 448 828 1027 834 2233 840 540 827 9.67 880  20.67
Hydrogel 1053 760 9.07 1260 1020 2277 1033 800 9.10 1183 943 2067
Polyvinyl alcohol 6.63 430 647 1207 6.63 1347 653 500 690 1000 650 13.10
Polyacrelamide 877 613 807 1250 7.87 2000 867 643 767 1107 737 1617
Bentonite+ Hydrogel 1200 960 1213 1440 1033 2633 13.00 1020 1193 1433 973 2267
Bentonite+PValcohole 1040 707 787 1200 870 2300 1003 780 7.80 1003 800 1867
Bentonite+polyacrelamid 1117 833 960 1290 917 2473 1173 9.00 950 1223 880  20.00
Vermiculite+ Hydrogel 891 7.02 1129 1100 981 2110 967 713 1086 1100 900 19.40
Vermiculite+PValcohole 794 6.00 940 954 570 2000 850 670 924 9.03 6.00 18.00
Vermiculite+polyacrelam 1217 887 1240 1320 1092 2383 1223 947 1227 1277 1113 23.00
Zeolite + Hydrogel 1040 623 833 1020 850 1800 921 800 871 811 827 1640
Zeolite +PValcohole 717 403 723 820 780 1720 787 480 7.63 6.80 7.00 14.00
Zeolite +polyacrelamidee 110 650 950 1127 950 2000 1050 827 1022 9.00 9.00 17.20
LSD. 0.05 0.606 0596 0.858 0.292 1117 1894 0.626 0.633 0.828 0.953 0.989 1.695

Concerning the interaction of natural minerals and
synthetic soil conditioners are depends on both the properties
of soil and polymer and their ability to absorb and /or release
water. Application of bentonite combined with HG was
significantly superior either for straw, seeds or grains for both
crops as compared with control and or bentonite combined
with the other synthetic soil conditioners. Such results are
confirmed by those of Iskander et al. (2011) who stated that
bentonite could raise the storage capacities of soil for water
and fertilizer; the hydrogels act as a slow release system
makes the favoring uptake of some nutrient by holding them
tightly and delaying their dissolution.

Moreover, the total content of N, P and K in straw,
seeds and grains of sesame and wheat increased significantly
in presence of polyacrylamide combined with vermiculite or
zeolite as compared to other treatments this may be due to
zeolites can hold great potential for the sorption of several
metal cations enhance nutrient use efficiency, and gives high
productivity to sandy soils (Ramesh and Reddy, 2011).

CONCLUSION

From the obtained results, it could be concluded that
addition of natural clay mineral along with synthetic soil
conditioners alone or in combination had a significant
positive effect on soil moisture characteristics (FC, WP and
AW), availability of soil nutrients, nutritional status and yield
productivity of sesame and wheat crops.

Also, application of bentonite combined with
hydrogel followed by polyacrylamide and vermiculite
combined with polyacrylamide had a significant positive
effect on total porosity, soil moisture characteristics, EC
values, soil nutrients availability and yield components of
sesame and wheat.

REFERENCES

Ali Laila, K.M. (2011). Significance of applied cellulose
polymer and organic manure for ameliorating hydro-
physico-chemical properties of sandy soil and maize
yield. Aust. Basic Appl. Sci. , 5: 23-35.

Arafat, S. and O. El-Hady (2002). Potential use of natural and
synthetic conditioners for improving water and
fertilizers use efficiency for cotton crop. 17th World
Congress of Soil Sience, 14-21 August, Thailand

Barton, C.D. and A.D. Karathanasis (2002). Clay minerals.
Encyclopedia of Soil Science. Marcel Dekker, Inc.
AH rights reserved.

Bernardi, A.C.C., M.B.M. Monte, P.R.P. Paiva, C.G.
Werneck, P.G. Haim and F.D.S. Barros (2010) .dry
matter production and nutrient accumulation after
successive crops of lettuce, Tomato, rice, and
andropogon grass in a substrate with zeolite. Revista
Brasileira de Ciéncia do Solo, 34, 435-442.

Buchholz, F. L. and A. T. Graham (1997) “Modern
Superabsorbent Polymer Technology,” Wiley, New
York.

Cottenie, A., M. Verloo , L. Kiekens , G. Velghe and R.
mertynck (1982). Chemical analysis of plants and
soils. Laboratory of Analytical and Agro Chemistry
State. Univ., Ghent, Belgium. 50-70.

Dabhi, R., N. Bhatt and B. Pandit (2013). Super absorbent
polymers- an innovative water saving technique for
optimizing crop vyield. International j. of innov. Res.
In Sci., Engineering and ~ Technology .2 Issue 10:
5333-5340.

Ekebafe, L. O., D.E. Ogbeifun and F.E. Okieimen (2011).
Polymer application in Agriculture. Nigerian Soc. for
Experimental Biology. Biokemistri.2:81-89.

Eletr, M. T. W. and M. A. Osman (2014). Evaluation of
synthetic soil conditioners application along with
different irrigation requirements on soil chemical
properties and some crops productivity. Egypt. J. of
Appl. Sci., 29 (7).

Erdem, E., N. Karapinar and R. Donat (2004). The
removal of heavy metal cations by Natural
zeolites. Journal of Colloid and Interface Science
280, 309-314

Gales, D.C., F. Filipov , E. G. T. Soare , D.C. Topa and G.
J. Tareanu (2016). The effect of aquasorb on some
soil physical properties  under pedoclimatical
conditions of the moldavian plain ., Feodor
FILIPOV1 , Eugen Gabriel TEODORESCU
SOARET1 , Denis Constantin TOPA1 , Gerard JI1

Gan, Y. (2005). General situation of use of non-metallic
minerals as carriers of chemical fertilizers. J. of
Chem. Ferti. Indust. Issue , pp: 5

402



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 10 (7), July, 2019

Hassan, A.Z.A. and A. M. Mahmoud (2013). The combined
effect of bentonite and natural zeolite on sandy soil
properties and productivity of some crops. Topcls.J.
Agric. Res., 1(3)23:22-28

Hayat, R. and S. Ali (2004).Water absorption by synthetic
polymer (Aquasorb) and its effect on soil properties
and Tomato Yield. International J. OF AGRIC. &
BIO. 1560-530/2004/06-6-998-1002 http://mww.
ijab

Hinsinger, P. (2001). Bioavailability of soil inorganic P in the
rhizosphere as affected by root- induced chemical
changes: a review. Plant and Soil, 237(2):173-195.

Iskander, A.L., E.M. Khald and A.S. Sheta (2011). Zinc and
manganese sorption behavior by natural zeolite and
bentonite. Ann. agric. Sci., 56:43-48

Jena, D. and S. Kabi (2012). Effect of grom or sulphur
bentonite  sulphur pastilles on yield and nutrient
uptake by hybrid rice -potato-green gram cropping
system in an inceptisol. Int. Res. J. Agric. Sci. Soil
Sci., 2(5): 179-187.

Jihoon, K., R.A McLaughlin, A. Amoozegar , J.L.Heitman
and O.W. Duckworth (2015).Transport of dissolved
polyacrylamide through a clay loam soil. Geoderma,
108-118.

Lentz, R. D. (2007). Inhibiting water infiltration into soils
with cross-linked polyacrylamide: Seepage Reduction
for irrigated Agriculture Soil Science Society of
Amer. J., 71(4):1352-1362.

Millan, N., G. Agosto , F. Va'zquez , M. Botto , L. Lombardi
and L. Juan (2008). Use of clinoptilolite as a carrier
for nitrogen fertilizers in soils of the Pampean
regionsof Argentina. Ciencia e Investigacio'n
Agraria, 35, 245-254.

Moustafa, A.T.A, W.A. Abou-Zeid and W.E. Ahmed
(1995). Studies on some super absorbent polymers
(SAPs) and their effect on water retentivity of a sandy
soil. Conference On Farm lIrrigation and
Agroclimatology. 2-4 January, Giza, Egypt. Paper
No. 8, pp 224-231.

Mumpton, F.A. (1999). Uses of natural zeolites in agriculture
and industry. Proceedings of the National Academy
of Sciences USA, v.96, p.3463-3470, 1999. Available
from. Accessed: Mai. 13, 2013. doi: 10.1073/pnas.
96.7.3463

Nazarli,H., M.R. Zardashti, R. Darvishzadeh and S. Najafi
(2010). The effect of water stress and  polymer on
water use efficiency, yield and several morphological
traits of sunflower. J. Notulae Sci Biolo. 2: 53-58.

Noori, M., M. Zendehdel and A. Ahmadi (2007). Using
natural zeolite for the improvement of soil salinity and
crop yield. Toxicolo. Environ. Chem. 88(1):77-84.

Orikiriza 1 J. B., A Hillary , E. Gerald, D. K John, O. Martin
and A. Hittermann. (2013). Effects of Hydrogels on
Tree Seedling Performance in Temperate Soils before
and after Water Stress Lawrence Journal of
Environmental Protection, 2013, 4, 713-721.

Page, A.L., RH. Miller and D.R. Keeney (1982). “Methods
of Soil Analysis” Part for 2. Amer. Soc. Agron.,
Madison, Wisconsin, USA.

Ramesh, K. and D.D. Reddy (2011). Zeolites and their
potential uses in agriculture Article in Advances in
Agronomy 113:215-236.

Ramesh, K., R.K. Sammi , I. Rashmi , A.K. Biswas and A.
Subbarao (2015). Crystal Morphology and Meso-
Macro  Pore-Volume Distribution (MMPVD)
Patterns of Clinopti-lolite Fractions. Proceedings of
the National Academy of Sciences, India Section B:
Biological Sciences, 85, 85-91.http://dx.doi.org/
10.1007/s40011-014-0319-6

Sallam, A.S.H., AA. Elwan and F.H. Rabi (1995). Shale
deposits of El-Farafra depression (Egypt) as soil
conditioner for sandy soils. Arid Soil Res. Rhab.
9:209-217.

Sarwar, G., N. Hussain , H. Schmeisky and S. Muhammad
(2008). Use of compost an environment friendly
technology for enhancing rice-wheat production in
Pakistan. Pak. J. Bot., 39: 1553-1558.

Seddik, W. (2001). Biological weathering of K — bearing
minerals ph. D. theses. Ain shams univ., Egypt, pp 5-
6.

Sheta, A.S., A M., Falatah , M.S. Al-Sewailem , E.M. Khaled
and A.S. Sallam ( 2003). Sorption characteristics of
zinc and iron by natural zeolite and bentonite.
Microporous and Mesoporous Materials 61,127-136.

Sitthaphanit, S., W. Richard and V. Limpinuntan (2010).
Effect of clay amendments on nitrogen leaching and
forms in a sandy soil. World Congress of Soil Sci.

Snedecor, G.W. and W.G. Cochran (1982). Statistical
Methods. 7th Edition. lowa State Univ. Press., Ames.,
IA, USA.

Tawfig, A. J. (2009). Improvement of sandy soil properties
by using bentonite .Kufa J. of Eng., (1)-1:29-39.

Wu L.,M. Z Liu and R. Liang (2008). Preparation and
properties of a double-coated slow - release NPK
compound fertilizer with superabsorbent and water-
retention. Bioresource Technology 99(3):547-554.

Jganal) ualis) g Al dAal) s a8l g delial) 4 3l clivas g dagdal) claall (s - alal) & glead)
G5B laaa la e g olaic adiallae e ¢ (Ba daal deaa sldy
raa— B8l —de) )3 &gaad) 38 ja — Adll g olaall g ) Y gy 2g2a

Llelall de) )3l Comillilans b el 5 psandl Jsimna e 2018/2017 55t passas 2017 (st pns 50 ¢ (ol (o sa 3 Alia &y jad iy

G0 Al & el 5 avsanad] J seane Gl g Al yl) G N1 Gl i any o bee Aalitie ol 40 58 ¢l g Ao liall Clinadl s Sl (pobeal) 3} il Al il
o — ISl i s — dinsoam) Leliall 45l Cllivas (e )5l 36 ga Gl Gla 2 Jomay (o) — ol 58S 8 — Cisi) Apmplal) (oladll (10 )5
Aa ) 4l Akl al s (e DS a8 Ly sina 3y 55 Lo W sliie o) 83 e Fpeliall il 5 Fglal) (pobaall d8la) (o Y il < LS | ()8 / aaS 6 Janas (200l _iS)
— Con ) oSl lall IS (g ginall — J granall iS5 (gl — b b — O s i) el juad s A pabisall 5 (uall eldl) 5 — J oAl Adai Alia
Hll Gl A 5 A0S palnall Al el By A5 )y Juzad) S i gl o ) L il LS ) g sl (p0 ST o gan) 5 G (3 (sandli g — o 58
Sl s gl (& (N-P-K ) ool Al jualiall SN (5 ginall 5 — Jsmnall i Sa s (N-P-K ) &l o jusall dvall pualinll 5 (3 3¢S0 Jca il o5 4 5l
Gl Sl clirall (S ginall g geanall (g0 M B o sia il 3 il gl S8 daelicall 3 il Clisad Gl W el s ansandl (J geandd
s i g gl e Alalitie < gl Alalns o ) il <yl s i g pugdl sm 5 (8 Al g g S 455l pH Ul 4 Caaii) ety el 5 ansanadl Cagaall 5
oS Al paliall S (5 ginall 5 J gmnal) il Sag By il 5 sl ealinll g 2 5eSH a5l s A0S Apalisall 5 3 il Al ol A1) (4aDIS) ) e

A s el liuall JSY Al JB8 il ) b Y all e a5 50 Alabra Laty | gl 5 asandl Y o (3028 o gan) 5 il 8 (N-P-K)

403



