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Abstract. The joint effect of different rates of gel-forming conditioner (commercially called Culture Plus)
and water quality on aggregation and intermittent water evaporation from sandy soils was investigated.
Twenty-two mm of water was applicd every seven days to cach column during three weeks of the experi-
ment. The aggregation index significantly increased by 2.23, 10.86. and 17.06% and the available water
increased by 51.0, 73.0, and 122.0% as a result of adding (1.2, 0.4, and (.6% Culture Plus, respectively.
The water absorption capacity of the conditioner decrease signilicantly by 59.3, 73.6 and 85.5% with the
merease in EC of waterto 1, 2, and 4 dS m !, respectively, The Culture Plus rate of (1.4% had significantly
lower evaporation compared to other treatments at different water quality, which resulted in higher water
conserved. Also, the result showed that, at the first cycle, there was no significant difference between
water quality at specific rate of Culture Plus.

Introduction

The soils in eastern and central regions of Saudi Arabia are calcarcous, sandy, and
low in fertility status [1] and characterized by their low water holding capacity and
excessive deep percolation. The use of soil amedments (super absorbents) in particu-
lar soil conditioners, may alleviate some of the above limitations. Super absorbent
matcrials are capable of absorbing water hundreds of times their own weight. These
polymers were found to increase soil water holding capacity [2] and swelling [3 and
4], while decreasing infiltration [5 and 6]. Moreover, these super absorbents were
found to decrease sorptivitics of some sandy soils [7]. improve crop water use effi-
ciency |8 and 9], suppress evaporation (2, 3, and 10], and increase aggregates stability
of the soils [3, 11, and 12].

In Saudi Arabia the average annual rainfall is 100 mm and water resources for
agriculture are limited to relatively medium to saline ground water [13]. In addition,
the gross water requirement will be higher to compensate the increased leaching
requirements as a result of using saline ground water. The combined effect of super
absorbents and saline water on soils has been reported in many studies. Helalia and
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Letcy [14] found that the polyacerylamide soil conditioner called “PAM” at rate of
5 mg L~V increased flocculation of soils with different water quality. Mustafa er al. [6]
found that soils in general tend to decrecase in swelling and increase in water penetra-
bility and diffusivity with increase in water salinity and the decrease in polyac-
charides soil conditioner (commercially called Jalma) rate. In previous studies Al-
Omran et al. [15] reported on the effect of different conditioners and watcer salinity
on cumulative evaporation.

The main objective of this study is to investigate the joint effect of “Culture
Plus™ get conditioner and differing water quality on aggregation index and evapora-
tion.

Materials and Methods

Calcareous bulk topsoil (0-0.25 m) sample (Typic Torripsamments) was col-
tected from the College of Agriculture Experimental Station at Dirab, Saudi Arabia.
The sample was air-dricd and passed through 2-mm sieve. Its propertics, determined
using standard procedures {16], were percentage of clay (5%), sikt {53%), sand (90%),
organic matter (.12%, CaCO;(32%), pH (paste) (8.1), EC, (1.1dS m™"), and SAR
(0.9). The conditioner used is commercially called Culture Plus*. Three kilograms of
soil subsamples were thoroughly hand mixed with predetermined amount of Culture
Plus as a gel. The mixture was dried and passed through a 2-mm sieve. Four subsam-
ples, each containing 0.0, 0.2, 0.4, and 0.6% of dry Culturc Plus, were prepared for
each water quality trcatments, In addition to distilled water, three synthetic water
sotutions of a mixture of NaCl-CaCl, were used in the experiment. The electrical
conductivites {EC) of the water solution were 1, 2, and 4 dS m~! at sodium absorption
ratio (SAR) of 10. The variables measured included: water absorption capacity of
the gel, aggregation index, availatle water, evaporation versus time for three cycles,
and soil water content and soil salinity distribution at the end of the third drying
cycle.

The absorption capacity (ml gm™') of the conditioner was tested using four dif-
ferent water qualities, The Culture Plus (0.2 gm) was added to 100 ml of water {rom
cach treatment in 250 ml glass beaker. The beakers were covered with aluminium foil
and left for 24 hours to ensure complete absorption by the conditioner, The excess
water was then drained off using filter paper and weighed to determine water absorp-
tion capacity.

*The use of trade nume is for the information and convenience of the reader. Such use does not constitute
an official endorsement of the praduct.
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Aggregation index is defined as the amount of water-nondispersible silt plus clay
of the soil. Twenty grams of soil sample were put into a cylinder and then filled with
water. The suspension was stirred for 15 scconds, using a plunger. The silt plus clay
was determined by pipette method [16]. Total silt plus clay was similarly determined
using a completely dispersed sample. Pressure-cooker and  pressure  plate
apparatuses were used to measure the moisture content at the field capacity (FC)and
permanent wilting point (PWP) to determine the available water [16]. Three deter-
minations were made at each pressure for each treatment.

Evaporation studics were made using 0.32 m long soil columns (0.05 m treated
soils over 0.27 m untreated soils) packed into glass tubes, 0.40 m long with 0.059 m
i.d., and closed at onc end by cloth firmly held by strings. Uniform packing was
achieved by adding the soil sample in small aliquots and dropping the column 10
times over a vertical distance of about 0.05 m on a level bench. The average bulk
density of packed soils was 1.56 gm c¢m=. The soil columns were placed in a walk-in
growth chamber with light intensity of 25.7 w m™!. a constant temperaturc of 28°C
and 14/10 hours day/night cycle. Twenty-two mm of water was applicd weekly for
three wecks. At the end of the third cycle the water content and salt distribution in
each column were determined. Each treatment was replicated thrice in completely
randomized design in the growth chamber. The procedurc adopted was similar to
that reported elsewhere [3].

Results

Aggregation index and available water

For convenience. the 0,0, 0.2, 0.4, and 0.6% Culture Plus rate may be referred
to hereafter as C,, ;. Cy) 5, Cy 4, and C, ¢, respectively. The aggregation index signific-
antly increased by 2.23, 10.86 and 17.06% as a result of adding 0.2, 0.4 and 0.6% of
Culture Plus, respectively (Table 1), and the available water contentincreased by 51,
73, and 122%. The aggregation index at the diffcrnt synthetic water solution was
about 100% with different rate of Culture Plus.

Absorption capacity

Table 2 shows the effect of water quality on the absorption capacity of the soil
conditioner. The absorption capacity decreased significantly by 59.3, 73.6 and 85.3%
as a function of ECs of 1, 2, and 4 dS m™ respectively.

Cumulative evaporation

The cumulative cvaporations for three (7-day) cycles as a function of con-
ditioner and water quality ar¢ shown in Table 3. The results showed that C, , had sig-
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nificantly lower evaporation than other treatments. The cumulative evaporation (E)
at different water quality ranked as follows: C,, , > C, , > C, . > C, ;. The E versus
time (1) relationship as affected by the rate of conditioner is shown in Fig. 1. The
etfect of water quality on evaporation at C, ,is shown in Fig. 2. The eftect of the water
quality appeared at the third cycle only. The data showed that there was no signifi-
cant difference between the water quality trecatment at the same rate of Culture Plus.

The amount of water conserved by different water quality and conditioner rate
is shown in Table 4. The results showed that the water quality of 4 dS m! with C, |
gave higher percent of water conserved than other treatments. For water quality of
4 dS m~! the water conserved at the end of the first cycle increased by 68.36, 128.56,
and 127.82% for C 5, C,, , and C,, , respectively. For the third cycle, the increase of
water conserved was 62.44, 160.0, and 119%, respectively, for the same rate in
sequence.

Table 1. Aggregation indices!, water content at F.C., P.W.P. and available water as affected by “Culture
Plus™ rate.

Culture Plus Aggregation Watercontent Available

rate { %) index at¥.C. atP.W.P. water
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e
Controi 66.29 13.00 2.75 10.25

0.2 67.77 I15.67 319 15.48

0.4 73.49 21.07 3.3 17.77

0.6 79.93 39.07 16,31 2276
[.8D,.* 2.97 315 1.85 3.66

s

I Aggregation index = (A-B)/A X100, where A and B are silt plas clay of a completely dispersed and
not dispersed sample. respectively,

*Significant at .05 level.

Table 2. Water absorption capacity ml/gm of Culture Plus at different water quality.'

Water quality Maximum absorption capability ml/gm
Distilled water 333.37
EC 1 dS/im 135.83
EC2dS/m S8.07
EC4dS/m 49.17
18D, 5" 2.92

1 Culture Plus of .02 gm was added to 100 ml of different water quality.

"Significant at 0.05 level.
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Table 3. Cumulative evaporation of soil columns as affected by “Culture Plus” concentration and water

quality.
Culture Plus Cumulative evaporation (mm)
raies cycle
1 2 3
Distilled water
Control 1880 38.33 59.08
0.2% 17.70 32,30 5137
0.4% 14.66 2986 47.16
0.6%, 16.88 32.86 S1.8S
LSD, 5" 0.75 .85 145
Electrical conductivity | {(dSm™!)
Control 18.50) 37.99 3916
0.2% 17.56 36,17 56,26
0.4% i4.53 31.36 4R8.84
0.0% 17.23 32.84 50074
LSDy, 0.93 1.25 2.24
Electrical conductivity 2 (Sm=")
Control 18.12 3593 5492
0.2% 17.20 33.93 52.86
0.4%, 14.92 30.02 46.55
0.6% 17.31 35.35 56.36
LSD, 5 1.08 1.47 2.33
Flectrical conductivity 4 (dSm 1)
Control 18.71 . 37.99 58.22
.2% 16.46 34.33 53.37
0.4%; 14.48 28.94 45.87
(0.6% 14.51 3031 48.91
15D, 4 1.30 2.02 3.34

“Significant at 0.05 level.
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Table 4. The percentage of water conserved! in soil columns as affected by “Culture Plus” concentration
and water quality.

Culture Plus Water conserved (%)
rates cycle
1 2 3

Distilled water

Contruol 14.56 12.88 4.33
0.2% 19.48 26.59 23.68
0.4% 3334 3213 28,54
0.6% 23.27 2531 21 .44
LSD,, 5" 337 1.95 2.20
Electrical conductivity 1 (dSm™")
Control 15.91 13.91 10.63
0.2% 20.16 17.79 14.75
0.4% 33.97 28.73 26.00
0.6% 21.67 25.37 23.11
LSD, 5 4.26 277 3.10
Electrical conductivity 2 (dSm-"}
Control 17.65 18.35 1678
0.2% 21.79 22.89 19.91
0.4% 32,18 31.7% 29.47
0.6% 21.33 19.67 14.6]
LSDy, - 4.91 3.35 353
Flectrical conductivity 4 (dSm-!)
Control 14.95 13.65 11,78
0.2% 2517 21.97 19.13
(.4% 34.17 3422 30,51
0.6'% 34.06 3110 2580
LSD,, s 5.90 4.59 5.02

1) Pereentage of water conserved is the amount of water conserved divided by cumulative guantity of
water applicd and multiplied by 100,
*Significant at (1.05 level.
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The effect of the conditioner rate and water quality on infiltration is shown in
Table 5. Infiltration was affected by the rates of the conditioner and water quality.
For distilled water, infiltration decreased with addition of gel-conditioner. The third
cycle required more time to infiltrate as compared to first or second cycles with the
exception of C,, ,. During the third cycle at distilled water the infiltration time ranked
as follows: C, , > C, , C, ; > C, ,. For the water quality of EC 1, 2, and4dS m™, all
the treatments gave lower infiltration time than the control of the distilled water at
each cycle. At water quality of EC 1and 2dSm, C, , a higher significant infiltration
time than other treatments — including the control — was given. Whereas, EC of 4 dS
m!, C, ¢ gave lower time than the C, , and C, , in the three cycles.

Figure 3 shows the soil moisture content at the end of the experiment for differ-
ent conditioner rates and water qualities. For the conditioner rates, the soil moisture
profiles showed that the higher the conditioner rate, the higher the moisture content.
The soil moisture profiles of C, , and C, , at EC of 2 dS m™! showed a drying zone at
the surface. a transmission zone in the middle, and a dry zone at the end. However,
at C,, and C, ., the moisture content was higher at the surface and gradually
decreased with depth of the soil columns. The moisture content profile for the differ-
ent water quality showed a drying zone at the surface, a transmission zone in the mid-
dle, and a dry zone at the bottom. Also Fig. 3 shows that there was no difference
between distilled water, EC 1, EC 2, and EC 4 dS m™!. Conditioning sandy soil with
a high rate of Cuiture Plus gel-conditioner increased its water content.

Figure 4 shows the EC profiles at the end of the experiment. For the conditioner
rates the EC profile showed a higher EC at the top and then decreased with depth.
At the surface the EC of the treatment was in the following order: C) , > C, , > ,
> C, . whereas at the 0.25 m depth the EC ranked as follows Cy , > C ;> C, >
C, ¢ The EC profiles at different water quality showed a high EC at the top then
decreased with depth the exception of the distilled water. For the distilled water the
EC was low at the top and increased with depth. The variation of water content and
EC of soil profiles depend on the rate of conditioner and the water quality used for
irrigation.

Discussion and Conclusions

Decreased water absorption capacity of the conditioner with different water
quality is a result of increased salt concentration in the water. The improved aggrega-
tion of conditioned soils might be attributed to the properties of the gel-forming con-
ditioners which acts as a cementing agent in the soils. However, the increase of aggre-
gation index of conditioned soils with salt solution is due to flocculation effect.
Helalia and Letey [14] reported that the rate of 5 mg L-! of polyaccrylamide (PAM)
increased the flocculation of the soils. They found that the increase was higher with
higher salt concentration in irrigation water (well water).
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Table 5. Time required to infiltrate 22 mm into the soil columns as affected by soil conditioner and water

quality.
Culture Plus Time (seconds)
rates cycle
1 2 3
Distilled water
Control 58.33 81.33 97.33
0.2% 26,00 24.67 23.07
0.4% 29.67 14.67 17.33
0.6% 47.67 33.00 36.00
LSDy, os* 7.29 13.38 8.63
Electrical canductivity 1 {dSm~)
Control 25.00 32.33 30.00
0.2% 19.00 17.63 20.00
0.4% 13.33 13.00 15.67
0.6% 42.33 30.00 30.33
LSD,, 5.38 4.68 3.95
Electrical conductivity 2 (dSm )
Control 26,67 28.67 30,33
0.2% 18.67 22.00 21.06G
0.4% 17.00 13.33 19.33
0.6% 41.67 41.33 43.67
LSDy, 5 4.37 2.66 2.66
Electrical conductivity 4 {dSm 1)
Control 18.71 37.99 5822
0.2% 16.46 34.33 53.37
0.4% 14.48 28.94 45.87
.6% 14.51 30.31 48.91
LSDy, s 1.30 2.02 3.34

*Significant at .05 level.
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The influence of Culture Plus conditioner rate on evaporation may be duc to its
cffect on aggregation and swelling as reported in previous work [3}. The result
showed that the C, , has lower cumulative evaporation, which indicated that the Cul-
ture Plus caused an aggregation effect. Thus, it promoted the infiltration rate.
limited capillary rise and suppressed evaporation. The results showed that the higher
rate of Culture Plus C, . increased the cumulative evaporation which might be attri-
buted to the swelling effect.

The reduction in cumulative evaporation with high salt water is mainly due to
aggregation effect which resulted in high infiltration rate to the bottom of the column
and consequently suppressed evaporation. For the water quality treatment at the
same rate of Culture Plus, the nonsignificant ¢ffect of the gel-forming conditioner on
the cumulative evaporation may be due to the nature of the gel conditioner itself
when salt solution is added to it. This was suggested by the result of the water absorp-
tion capacity of the conditioner at different water quality.

It can be concluded that the beneficial effect of Culture Plus at a rate of 0.4% or
lower was to reduce the cumulative evaporation by increasing aggregation effect
which enhanced infiltration. The use of saline water will reduce the absorption
capacity of the gel conditioner. Vhile this decreases the beneficial use of gel con-
ditioner, the use of such conditioner should be restricted to water with low salt con-

centration.
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