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ABSTRACT

A pot experiment was carried out to study the effect of three kinds of soil
conditioners on the changes of soil physical properties and N, P, and K uptake by
wheat in different soils. The tested polymers were: Aequa Kept “P1”, Super-Hydro
~P2", and Polyvinyllalkohol “P3” these were tested at three levels of 0.05 “L1", 0.10
“L2", and 0.15% “L3” under three types of soils used (sandy, calcareous and alluvial
soils).

Results obtained indicated that:
The application of synthetic soil conditioners significantly decreased the bulk
density after cultivation and increased the porosity, saturation percentage and
organic matter content of the studied soils.
The dry weights .of wheat plants significantly increased with increasing the levels
of polymers application. The highest dry weights are recorded in different types of
treated soils with the P2L3 treatment.
N, P and K uptake significantly increased with soil conditioners and their
application rates.
Resuits obtained indicated that both wheat dry weight and N,P,K uptake by wheat
plants increased due to application of soil conditioners especially with"P2" at L3,
following the order: Super-Hydro “P2” > Aequa Kept “P1” > Polyvinyllalkohol “P3"

INTRODUCTION

Soil physical condition is one factor thatcan limit crop production.
Poor soil physical condition can restrict water intake into the soil and
subsequent movement, piant root development, and aeration of the soil.
Producers and researchers alike are interested in improving the physical
condition of the soil and, thus, enhance crop production. These goals can be
accomplished in part through the use of good management techniques. In
addition, there are amending materials that claim to improve the soil physical
condition. Such material are call soil conditioners (El-Ghamry, 1996; El-
Hadidi et al., 1998).

Soil conditioners are not new, however, recent emphasis on
maximum economic yield had renewed interest in them. Soil conditioners
vary greatly in their composition, application rate, and expected or claimed
mode of action. Claims for various products include, but are not limited to
improve soil physical properties.

Several polymers have been shown to improve various soil physical
properties. Polymers received a lot of attention in the 1950s when a particular
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polymer (Krilium) was marketed. The product was shown to improve physical
properties and even crop yields on certain soils.

This paper is one in a series of publications for many researchers
focusing on the use of synthetic soil conditioners for improving physical
properties in different soils i.e. improving sandy soil (Salem et al., 1991;
Sabrah, 1993), calcareous soil (Sadek et al. 1993) and alluvial soil (Nadler
and Letey, 1989), also improving plant growth (Wallace and Wallace, 1986;
El-Hady and Lotfy, 1987; Sabrah et al., 1993), the other publication consider
biological inoculants and activators (EI-Ghamry et al., 2000). Soil conditioners
were defined as materials added to the soil, with primary function of
improving the physical condition of the soil.

The new polymers applied at much lower rates have been promoted
as soil conditioners. These polymers include natural polysaccharides, anionic
and cationic polymers, and polyacrylamides. The compounds are very high
molecular weight, long-chain, polymeric, organic compounds, which bind
particles together and form stable aggregates (Wallace et al., 1986).

The present study aimed to investigate the effect of three kinds of
synthetic soil conditioners on some soil properties and wheat growth and its
nitrogen, phosphorus, potassium uptake under different Egyptian soils.

MATERIALS AND METHODS

Soils
The experimental soils used in the present study were sampled from

the surface layer (0~15 cm). Sandy soil (sandy in texture) was collected from
Alabsho area Dakahlia Governorate near the cost, Calcarous soil (sandy
loam in texture) from Nobaria area Alexandria Governorate, and Alluvial soil
(clayey loam texture) from El-Mansoura City, Dakahlia Governorate. The soils
were air-dried, passed through a 2-mm sieve and stored. A subsample of
each soil was taken and analyzed for various physico-chemical
characteristics listed in Table 1.

Table 1: Characteristics of the experimental soils

‘ Water
Character ":::la"'i‘;" retention | EC™ |PH™"| CaCO; | O.M. [Total N
ys (% weight) |dS m" % % | %

Soiltype | Ciay [ Siit [Sand | HW* [S P
andy 1.50)0.10| 98.4 | 0.82 [25.53| 065 | 7.7 | 0.130 | 0.27 | 0.010
Calcareous | 3.10[26.9| 80.0 | 1.64 (38.26| 1.74 | 7.3 | 33.07 | 0.75 | 0.021
Aluvial 28.1141.4] 30.5/9.01 [7741] 059 | 76 | 1.740 | 1.89 | 0.038
* % hygroscopic water ** saturation percentage *** in soil paste extract **** in soil past

Polymers Used:
(1) P1 Aequa Kept - EDX5 GEL (Polyacrylamide)

Product name: Aequa Kept - EDX 5 GEL, Company Name : Chemil
S.R.L. Milano ltaly, Appearance: White Graings, Solubility: Virtually insoluble
in water and organic solvents. Active Substances:Co-polymer of acrylic acid
and sodium acrylate. Bulk density (Dry): 0.8 - 0.85 g/cm3. Absorption
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Capacity: Deionized water 500-600 g/g polymers, Time of form Gel: 40-60
second.

(2) P2 Super-Hydro-gel (Polyacrylamide)

BDH laboratory Supplies. Poole, BH 15 1TD, England. Tel: (0202)
669700. Description: off - white granual powder, Viscosity: (0.5% aqueous
solution at 25C. About 280 CP, M.W.: over 5.000.000.

(3) P3 Polyvinyllalkohol 72000

Art.821038 Polyvinylalkohol 72000 Zur Synthese (-C2H4O)n
MERCK-chuchardt Schuchardt,8011 Hohenbrunn bei Munchen spezifi Kation
Mittlere Mol. Mass 72000 Hydrolysierungs grad (bezogen auf polyvinylacetat,
ber. Auf Trocken Substanz) > 98% Trocknung Sver lust. (110C, 4 Stunden) ~

3% .

Soil treatments

In 5 kg capacity plastic pots (25 height x16 cm diameter), wheat grain
(Sakha 69) was sown in sandy, calcarous and alluvial soils and three
Polymers [Aequa Kept - EDX5 GEL (P1), Super-Hydro-gel (P2) and
Polyvinyllalkohol (P3)] were applied at the concentrations of: 0 (control),
0.05% (L1), 0.10% (L2), and 0.15% (L3). All the treatments were replicated
thrice.

Wheat plants were fertilized with N, P, and K at recommended dose
(as ammonium nitrate, single superphosphate and potassium sulphate). The
sowing and harvesting of wheat was done on 1st November and 15th
December, respectively.

Soil and statistical analyses

Soil mechanical analysis and CaCO3 % was done according to piper
(1947), pH, EC, as by Jackson (1967). Total organic carbon in soil was
measured by the dichromate digestion method (Nelson and Sommers, 1982),
Total nitrogen in soil will be measured by Kjeldahl digestion (Bremner and
Mulvaney, 1982)

The statistical analysis was done according to the methods described
by (CoStat software, 1991) using L.S.D. to compare the treatments and
Duncan’s Multiple Range test to compare each treatments. A Randomized
Complete Block Design (RCBD) was used.

RESULTS AND DISCUSSION

Effect of polymers on some physical properties

Data in Table 2 illustrate that there is considerable change in bulk
density, porosity, saturation percentage and organic matter with application of
synthetic soil conditioners (polymers used) under different soils used (sandy,
calcareous and alluvial soils).
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Table 2: Some soil physical properties as affected by kinds and rates of
synthetic soil conditioners application in different soil types

Sandy Soil Calcareous Soil Alluvial Soil
Treatment| guik p [P Bulk D|Poro%| S.P. Bulk D|Poro%| S.P. |4 o
glem’ s?:y S.P. OM% glem?| sity | % OM % glem®| sity | % OM %

ControllCo | 147 |44.53{ 25,53 | 0.27 | 1.43 [46.04 38.26 0.75 | 1.22 | 53.96 (77.41| 1.98
L1 1.4 147.17) 28.45 | 0.47 | 1.4 | 47.17 ]40.56| 0.82 | 1.18 | 55.47 |83.78 2.12
P1 L2 1.35 149.06| 32.67 | 0.54 | 1.35 [49.06 |44.65( 0.89 | 1.17 | 55.85 [85.64| 2.27
13 1.28 [51.70| 35.07 | 0.74 | 1.32 | 50.19|47.4|0.89 | 1.13 | 57.36 |88.31| 2.49
L1 1.36 (48.68/ 27.12 | 0.4 | 1.38 | 47.92|39.89 0.82 | 1.16 | 56.23 |82.14 ZH
P2 L2 1.3 [50.94) 29.74 | 0.54 | 1.34 | 49.43 [43.56| 0.89 | 1.14 | 56.98 83.46| 2.42
L3 1.22 [53.96| 33.56 | 0.54 | 1.3 |50.94 46.39| 0.96 | 1.1 |58.49 (85.04 2.49
L1 1.47 (4453 26.1 | 0.47 | 1.42 | 46.42[39.21) 0.96 | 1.19 | 55.09 180.17| 2.49
P3 1.45 14528/ 28.43 | 0.61 | 1.38 | 47.92 4255/ 1.09 | 1.18 |55.47 |81.12| 2.71
L3 1.43 [46.04] 30.05 | 0.67 | 1.34 | 49.43 |44.35| 1.16 | 1.15 | 56.60 82.86| 3.00
0.05| 0.087 [3.279] 2.999 [0.047| 0.049 | 1.833 (3.320/0.054| 0.040 | 1.498 |4.066/0.053

0.01] 0.119 4.473| 4.090 |0.065| 0.066 | 2.500 |4.529|0.073| 0.054 | 2.044 (5.547|0.071

P1=Aequa Kept, P2=Super-Hydro,and P3=Polyvinyllalkohol (at three levels L.1=0.05%,
L2=0.10% and L3=0.15%)

LSD

The obtained results could be discussed as follows:

The application of synthetic soil conditioners (Aequa Kept “P17,
Super-Hydro “P2”, and PVA “P3”) significantly decrease the bulk density
after cultivation, under sandy, calcareous and alluvial soils. The highest
decrease in bulk density was recorded at P21.3 under different types of soil
used.

Other favorable effects of the synthetic soil conditioners include the
porosity which increases with increasing the addition of polymers, the highest
increase observed with P2L.3 treatment in different soils used.

Data of saturation percentage (SP) of the tested soils with different of
application rates of synthetic soil conditioners (Table 2) have positive
relationships, it indicate that with increasing the rate of soil conditioners SP
increases in different soil types.

Addition of synthetic soil conditioners P1, P2, and P3 to different soils
used increase organic matter content with increasing the level of polymers
addition.

The improving bulk density, porosity, and saturation percentage in
different studied soils may attributed to improving soil structure, where neutral
polymers are believed to attach to clay by hydrogen bonding or adsorption
{De Boodt, 1972; Greenland, 1965; Harris et al., 1966). While cationic
polymers are believed to attach to clay by binding to negative charges on clay
(Harris et al., 1966; Schamp and Huylebroecd, 1972). On the other hand
Dzhanpeisov (1984) found that soil conditioners improved carbon content
when converted to humus.
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The results above also, in harmony with many investigators, (El-
Ghamry, 1996; El-Hadidi et al, 1998; sadek et al, 1993; and Wright and
Rajper, 2000)

Effect of polymers on dry weight (g/pot) of wheat plants

The results obtained in Figures (1-3) show that dry weight of whole
wheat plants increase significantly with increasing the polymers addition
under different soils (sandy Fig. 1; calcareous Fig. 2; and alluvial in Fig. 3).
The dry weights of piants are increased with increasing the levels of
application of polymers at ail treatments compared to the control. the highest
dry weights are recorded in different types of treated soils with the P2L3
treatment, the mean values are 7.61, 6.21 and 9.72 g/pot under different soil
types of sandy, calcareous and alluvial soils respectively.
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Fig. (1) Dry weight (g/pot) of wheat piants as affected by synthetic soil
conditioners in sandy soil.

Letters means Duncan’s Multiple Range test at 5% with LSD= 0.257 and F-test **

Pi=Aequa Kept, P2=Super-Hydro,and P3=Polyvinyllalkoho! (at three levels L1=0.05%,

L2=0.10% and L3=0.15%)
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Fig. {2) Dry weight {g/pot) of wheat plant as affected by synthetic soil conditioners in
calcareous soil.

Letters means Duncan’s Multiple Range test at 5% with LSD= 0.491 and F-test **

P1=Aequa Kept, P2=Super-Hydro,and P3=Polyvinyilalkohol {at three levels L1=0.05%,

L2=0.10% and L3=0.15%)
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Fig. (3) Dry weight (g/pot) of wheat plant as affected by synthetic soil

conditioners in alluvial soil.
Letters means Duncan’s Multiple Range test at 5% with LSD= 0.529 and F-test **
P1=Aequa Kept, P2=Super-Hydro,and P3=Polyvinyllalkohol (at three levels L1 =0.05%,
L2=0.10% and £3=0.15%)

The dry weight at all treatments have a significant effect compared to
the control, while in all polymers used it was observed that there is no
significant effect between dry weight with L2 and L3 in all types of soils used.
The obtained results could be discussed as follows:

In sandy soil using synthetic soil conditioners increase the dry matter
of wheat this may be due to decrease the loss of applied nutrients especially
N, by leaching with mixing PAM (El-Hady et al, 1986; Monem et al, 1995)
also using synthetic soil conditioners improving the hydrophysical properties
and nutritional status of sandy soils (El-Hady et al, 1983; Sabrah, 1993;
Rajpur and Wright, 1999).

In calcareous soil the increase of dry matter with application of
polymers may attributed to their characteristics of preventing the formation of
surface crust which is considered the main obstacle in cuitivation such soils
(El-Hady and Lotfy, 1987), also soil conditioners can convert soil evaporation
into plant transpiration. This causes an increase in dry matter.

In aliuvial soil the beneficial effect of soil conditioners on dry matter
could be related to their ability to bind clay particles together, this binding
action may subsequently increasse porespace and water infiltration and
reduce crusting of soils finally lead to increase dry matter. It was known that
there is a very high degree of correlation between physical state of soil and
crop production (Martine 1953)

Effect of polymers on N, P, and K uptake

The uptake of macro nutrients by wheat plant are shown in Table 3. It
shows that N, P and K uptake are generally increase with soil conditioners
and their application rates. The highest rate of N uptake reached to 57.08,
68.93, and 121.50 mg/pot, rate of P uptake reached to 9.13, 9.32, and 23.33
mg/pot, and K uptake reached to 85.99, 78.25, and 204.12 mg/pot caused by
using P2L3 with sandy calcareous and alluvial soils respectively compared to
the control.
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Table (3) illustrates that NPK uptake at all treatments have a
significant effects compared to the control, while in all polymers used it was
observed that there is no significant effects between NPK uptake with L2 and
L3 treatments in all types of soils used.

The positive effects of the polymers used on the N, P, and K uptake
by wheat piant could be attributed to the creation of an artificial soil structure
and their effect on enhancing aggregation, reducing crust formation,
improving hydraulic properties of the soil and conserving water, either PAM or
PVA may be added to the soil. This may affect the nutrients uptake by plants
grown in treated soils with such conditioners (Kachinskiy et al., 1967 and
Varnavskaya ef al., 1967, EI-Ghamry, 1996, El-Hadidi et al., 1998)

Soil conditioners are known to improve the nutrient uptake by plant
and their yields. Khader et al. (1988) showed that super absorbent hydrogel
has promotive effect on alfalfa yield especially in first year and increase the
total amount of N and P in plant when its application rate exceeded 0.2% to a
sandy soil.

Also El-Hady and Lotfy 1987 iliustrated that dry weight of plants and
N, P and K uptake were positively affected by gel treatments. Produced yield
by the unit of either irrigation water or added fertilizers refer to the beneficial
effect of examined hydrogel for reducing water consumption and increasing
both water and fertilizers use efficiencies by plants.

From the above results, it can be conciuded that high application
rates used of P2 improve soil physical properties and subsequently increase
dry weight and also nutrient uptake by wheat plants in different soils used.
Results obtained indicate that both dry weight and N,P,K uptake in wheat
plant increased by application of soil conditioners especially with P2 at L3,
following the order: Super-Hydro “P2” > Aequa Kept “P1” > Polyvinyllalkohol
uP3n

REFERENCES

Bremner, J. M. and C. S. Mulvaney (1982). Nitrogen-total. pp 595-624. In A.
L. Page (Ed.) Methods of soil analysis Part 2. Amer. Soc. Agron.,
Madison, USA.

CoStat Statistical Software (1990). CoStat. Manual Revision 4.2 pp 271.

De Boodt, J. (1972). Proceedings Symposium of Fundamentals of Soil
Conditioning. Ghent, Belgium, 17-21 April (1972) M. F. De Boodt (Ed).

Dzhanpeisov, R. D.; N. S. Popova; Z. G. Akkulova; L. A. Kricheskiy; T. M.
Sokolova; A. Ye.Marchenko and A. R. Ramazanova (1984). Study of
new polymeric soil conditioners based on the humic acid of coal. Sov.
Soil Sci., 16: 83-89.

El-Ghamry, A. M.( 1996). Improving hydraulic conductivity of different soils by
using polymers. M.Sc. Thesis, Mansoura Univ. Faculty of Agric. Egypt.

El-Ghamry, A. M.; A. Subhani; H. Changyong and X. Jianming.( 2000). The
influence of synthetic- soil conditioners on the size of soil microbial
biomass in a loamy sand soil. Pakistan J. of Bio. Sci., 3 (4) 549-551.

5056



J. Agric. Sci. Mansoura Univ., 27 (7), July, 2002

El-Hadidi, E. M; S. A. Hammad; Kh. H. El-Hamdi and A. M. El-Ghamry.
(1998). Evaluation of two polymers for the improvement of some soil
physical properties in some Egyptian soil. J. Agric. Sci. Mansoura
Univ., 23 (7): 3453-3461.

El-Hady O. A. and A. A. Lotfy.(1987). Soil conditioners for promoting seedling
emergence and plant growth in crust forming highly calcareous soils.
Egypt. J. Sail .Sci., 27 (4): 467-476.

El-Hady, O. A.; A. A. Lotfy; B. M. Abdel Hady and A. B. Moustafa. (1986).
Minimizing Nutrients losses from sandy soils through some fertilizers
polyacrylamide combinations. Egypt. J. Soil Sci., (Special Issue) 129-
143,

El-Hady, O. A.;R. Azzam; A. A. Lotfy and M. K. Hegala.(1983). Sand RAPG
combination simulating fertile clayey soil. IV. Plantation and nutritional
status” Isotope and radiation technique in soil physics and irrigation
studies 342-349. IAEA, Vienna.

Greenland, D. J.(1965). Interactions between clays and organic compounds
in soils. 2- Adsorption of soil organic cempounds and its effect on soil
properties. Soils Fert.,, 28: 521-532.

Harris, R. F.; G. Chesters and O. N. Allen (1966). Dynamics of Soil
Aggregation. In Advances in agronomy, vol. 18, A. G. Norman (Ed).
Academic Press, New York 107-169.

Jackson M. L. (1967). "Soil Chemical Analysis". Printice -Hall of India New
Delhi.

Kachinskiy, N. A.; A. I. Mosolova and L. Kh. Taymurazova (1967). Use of
polymers for structure formation and amelioration of soils. Soviet Soil
Sci., 12: 1660.

Khader, M. S.; A. H. Abd El-Hady; Y. H. Mohamed and M. O. El-Moatasem
(1988). Effect of some soil amendments on the productivity of a sandy
and a calcareous alkaline soil. Int. Symp. On the Use of Soil
Conditioners 11-13 Oct. (1988) Cairo, Egypt.

Martin, W. P.(1953). Status report on soil conditioning chemicals: 1. Soil Sci.
Soc. Am. Proc., 17: 1-9.

Monem, M. A.; S. Soliman; A. M. Gadlla and K. Abbady. (1995). Lysimeter
and greenhouse studies using nitrogen-15 on N losses and N uptake
by wheat and corn as affected by soil conditioner and nitrification
inhibitar. Egypt. J. of Soil Sci., 35 (3): 347-358. )

Nadier, A. and J. Letey. (1989). Organic polyanions effect on aggregation of
structurally disrupted soil. Soil science, 148 (5) 346-354.

Nelson, D. W., and L. E. Sommers (1982). Total carbon, organic carbon, and
organic matter. p. 539-577. In A. L. Page (ed.) Methods of soil
analysis. Part 2. ASA and SSSA, Madison, W\.

Piper C. S. (1947). “Soil and Plant Analysis”. Univ. Adelaid. Enter Science
Publisher Inc. New York.

Rajpur, 1; D. Wright. (1999). Relative effects of adverse chemical and
physical properties of sodic soil on the growth and yield of wheat.
Irrigation symposium, JUST, Irbid, Jordan, 304-310.

Sabrah, R. E. A. (1993). Improving water availability in some sandy scils
using a petro-chemical soil conditioner. Egypt. J. Soil.Sci.33 (1): 63-72.

5057



El-Ghamry A. M. etal.

Sabrah, R. E. A.; M. F. Ghoneim; R. K. Rabie and H. M. Abdel Magid.(1993).
Effect of soil conditioners and irrigation regime on the growth and
nutrient uptake by alfalfa plants. Egypt. J. Soil .Sci., 33 (1) 73-84.

Sadek, M. I, A. A. Mohamed; W. E. Ahmed and S. A. El-Raies. (1993).
Improvement of calcareous soil structure through synthetic polymers.
J. Agric. Sci. Mansoura Univ., 16 (7): 2155-2163.

Salem, N; G. V. Guidi; R. Pini and A. Khater. 1991. The use of a
polyacrylamide hydrogel to improve the water holding capacity of a
sandy soil under different saline conditions. Agr. Med., 121: 160-165.

Schamp, N. and J. Huylebroech.(1972). Physical chemical interaction of
polyacrylamide on clay particles. In Proc. Symp. On Fundamentals of
soil conditioning. M. F. DeBoodt (ed.). Ghent, Belgium, 17-21 April
37(3): 1150-1159.

Varnavskaya, N. Y.; N. N. lllovayskaya and Y. K. Moldavanova. (1967). Some
experimental data with artificial soil structure formers. Soviet Soil Sci.,
(5): 611.

Wallace, A. and G.A. Wallace (1986). Effects of soil conditioners on
emergence and growth of tomato, cotton, and lettuce seedlings. Soil
Science, 141 (5) 313-316.

Wallace A; G.A. Wallace and J. W. Cha. (1986). Mechanisms involved in soil
conditioning by polymers. Soil Science, 141 (5): 381-386.

Wright, D.; l. Rajper. (2000). An assessment of the relative effects of adverse
physical and chemical properties of sodic soil on the growth and yield
of wheat (Triticum aestivum L.). Plant and Soil, 223 (1/2): 277-285.

5058



J. Agric. Sci. Mansoura Univ., 27 (7), July, 2002

a3 (6 <Y 003N juabiall (abuaial § Aunsdall 4y 51 (el g (B ) )
S padd gl il caad ) ) 5l clida A palll J guana

frrclagh ue o poea 9t el dgana Bl ¢ % g ekl daaa Gad

«paa =5 ) guattial) = guda) YV auid —Ae) 30 DS =5 guariall Aaala®

e —b ) gealall —Braudl pughi S %"

s = 3l = Ae )5 Sagll 58 e - Adnll g oluall g el Y Sgay dgrattt

S ad ll ool DY) G Ailie £ Y geadl) A ggudlly ) gie gill g G g Sl (o S el
o Ul Dy sinae 30 P3 Jiiid sl J5aSy P2 g8 srpedl (P18 2 Dl jall cins
‘ L__;J._n.“ ¢ ;__LL_)M) PR ELAA || L_,_):.H Q‘t‘yi s:n)\h;u.’-L:i ‘%)-,o 5L2 %0,\~cL1 ‘%ﬂ,'o
(sl

ol s g

il ) LS il Aol 2ny | gina T AUl ACH aidd) A linall 4 il Silivae Ailals—)
A gaaall 30D e 4l (s giae ISy anlill dus S

e Clia J Ao el y il jad gl Ailia) Gy ghane 335 e &y gina 5255 Ailal ol Lo a5
Saaiiudl 4l gl yf Galisa i P2L3 dila)

o Glas A il ae 4y gina 335 o sgel gl g ) sheasill g s g il e JS Qalealal of 5 T
RWRT FESCRS AR, R H SO

OGSy it AL} die 3y 55 6y peabinll aliaiely Giladl Gl e ISt pis milali- ¢
VS LD G

P3 il sl JpaS < P1 iy < P2 5 u ppaed

5059



