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Abstract. The effects of three commerical conditioners on available water. water conserved, and crust
strength of a loamy sand soil {Typic Torripsamments) were investigated. The conditioners uscd included
Agromousse (AGR), Perlite (PER), Peters (PET), and a mixture of equal amounts of PER and PET
(PERT).

Treatments consisted of two irrigation intervals: 7 and 14- days. and four rates for each conditioner:
0, 0.5. I, and 2 times the rate recommended by producers {RC). The RC rates were 0.6, 4, 8, and 6 % for
AGR, PER, PET, and PERT, respectively. The application of RC, PER, PET, and PERT increased soil
available water {AW) but did not significantly affect the amount of water conserved (WC) by the end of
the 14- day cycle. Agromousse at this rate did not significantly affect soil AW but increased WC in both
intervals. Al conditioners applied at double RC substantially increased soil AW, but to a less extent
reduced WC by the end of the fourth 7- day cycle. Furthermore. this rate did not significantly affect WC
by the end of the 14- day cycle. The addition of all conditioners increased the modulus of rupture of the
soil but not to the level that causes crusting problems.

Introduction

Most of the agricultural soils of Saudi Arabia are coarse-textured. These soils have
low water holding capacity, excessive deep percolation losses, high evaporation
rates, and in some cases surface crusting. Some of these constraints have been over-
come by adding organic residues. Organic residue have been found to reduce evap-
oration rate and thus increase the amount of water conserved [1]. Relatively recent
research have suggested that synthetic gel-forming conditioners may be the solution
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since they increasc the ability of sandy soils to retain water [2-7]. Recently new forms
of synthetic non gel-forming conditioners have been introduced to the market, The
producers claim that their conditioners improve soil condition for better plant
growth and productivity.

Thus the purpose of this study is to investigate the effect of three synthetic com-
merical conditioners on: (i) available water, (ii) intermittent water conserved in col-
umns irrigated every 7 or 14 days, (iii) and crust strength of a loamy sand soil.

Materials and Methods

A bulk surface (0-0.25 m) sample from a loamy sand soil (Typic Torripsam-
ments) was obtained from the college experimental and research farm located at
Dierab. The sample was air-dried, crushed, and passed through a 2 mm sieve.
Selected soil propertics were determined by standard procedures [8]. Sand, silt, and
clay were 81, 12, and 8 %, respectively. The percentage organic matter, pH, ECe
(saturated extract), and CaCO, percent were 0.22, 8.0, 1.3dSm™!, and 36.4, respec-
tively.

Threc commercial conditioners, namely, Agromousse (AGR), Perlite (PER),
Peters (PET) and a mixture of equal amounts of PER and PET (PERT) were used
in this experiment. Agromousse is a white synthetic resin foam made from urea and
formaldehyde. Perlite is silicon volcanic rock heated to produce material which has
a white color, light weight, and granular shape. Peters is a potting soil, medium in
weight and composed of Canadian sphagum peat moss, processed bark, and ver-
miculite. Soil subsamples (4 kg cach) were separately and thoroughly hand-mixed
(wet) with predetermined amounts of conditioners, air-dried, crushed, and passed
through 2 mm sieve. Four application rates; 0, 0.5, 1, 2 times the rate recommended
{RC) by producers (1:2, conditioner:soil by volume) were prepared for cach con-
ditioner. The RC rates calculated on weight basis were 0.6, 4, 8, and 6 9% for AGR,
PER, PET, and PERT, respectively.

Relative swelling index was defined as the amount of distilled water (g) retained
at 1 -kPa suction per gram of soil minus the amount of 1 M CaCl, solution similary
retained by a nontreated samplie. The procedure used was simitar to that described
by Al-Omran er al. [6].

Water conscrvation studics were investigated, using 450 mm long columns (70
mm treated over 380 mm untreated soil} packed into glass tubes, 500 mm long with
55.3 mm i.d.. ard closed at one end by a piece of cloth firmly held by strings.
Untreated soil was hand-packed to a depth mark of 380 mm and treated soil was
packed on the top 70 mm of each column to simulate the application of conditioners
into the plow layer. Resultant average bulk density was 1.56 Mgm?,
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Treatments consisted of two irrigation intervals: 7 and 14 days and four con-
ditioners each with four application rates. The quantity of water applied every 7, or
14 days were 25, or 50 mm, respectively. The application rates were 0, 0.3, 0.6, and
1.2 % for AGR;0,2,4,and 8 % for PER; 0,4, 8, and 16 % for PET;and 0, 3,6, and
12 % for PERT. Each treatment was replicated thrice.

Soil columns were placed in circle on the bench of a walk-in growth chamber
with controlled light of 25.7 Wm 2, a constant temperature of 28°C, and a day/night
cycle of 14/10 hr. Soil columns were hand-shifted daily around the table. Water loss
was determined by periodic weighing. The percentage of water conserved (WC) was
calculated as the amount of water conserved in the whole column divided by cumula-
tive quantity of water applied and multiplied by 100. Soil columns werc samples for
gravimetric soil water content distribution by the end of the experiment. The study
included four 7- day and one 14- day irrigation cycles.

Pressure-cooker and pressure plate apparati were used to determine the mois-
ture contents at pressure 10 (FC, field capacity), and 1500 (PWP, permanent wilting
point) kPa, respectively. Three determinations were made at each pressure. Moduli
of rupture (MOR) of simulated crusts (briquets) were measured following the proce-
dure suggested by Richards [9]. The details of the procedure are given in Richards
[10]. The force required to break each briquet was measured in 6 briquets for gach
treatment. All variables measured were subjected to analysis of variance, Means
comparisons were determined using the least significant differences (LSD) proce-
dures [11].

Results and Discussion

Relative swelling

There was a significant increase in relative swelling index with increase in rate
of all conditioners (Table 1). Relative swelling indices for 0.5RC, RC, and 2RC were
about 2.3, 4.1, and 10.0 for AGR; 4.5, 7.8, and 16.7 for PET; 3.2, 6.4, and 9.3 for
PER: and 2.7, 6.7, and 11.3 for PERT times those of the control, respectively. In
general the relative swelling indices between conditioners ranked: PET > PERT >
PER > AGR. The high swelling associated with PET and PERT is related to the ver-
miculite contained on them.

Infiltration
Time required for 25 (7-day cycle) or 50 (14-day cycle) mm of water to infiltirate

(TRI) aloamy sand soil treated with four conditioners at four rates each, and for four
successive 7- day and one 14- day irrigation cycles are shown in Table 2. For con-
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Table 1. Relative swelling indices ! as affected by four conditioners at four rates each

Rate conditioner
Y%
Agromousse Perlite Peters Peters and Perlite

0.0 RC? 0.015 0.015 0.015 0.015
0.5RC 0.035 0.048 0.067 0.040
1.ORC (1.062 0.096 0.117 0.101
2.0RC 0.150 0.139 (.250 0.169
LSD0.05* 0.003 0.035 0.029 0.035

I Relative swelling index is the amount of distitled water retained at 1 kPa by each sample minus 1 M
CaCl, solution retained at | kPa by the non-treated sample.

2 RC= the ratcs recommended by producers. They are 0.6, 4, &, and 6 % for Agromouse, Perlite, Peters,
and Peters and Perlite mixture. respectively.

FLSD0.0S = least significant differences at 0.05 level.

ditioners other than AGR, the TRI increased significantly (P=0.05) with increase in
application rate for all cycles. For AGR the increase of TRI with increase in applica-
tion rate was significant only in the first 7- day cycle and TRI was highest at RC (0.6
%) rate. For the first 7- day cycle the TRI for soil columns treated with 0.5 RC (4.3
%), RC (0.6 %), and 2RC (1.2 %) Agromousse were about 1.5, 2.0, and 1.6 times
that of the control, respectively. The TRI of soil treated with 2RC rates of PER,
PET, and PERT was significantly higher than that of the control. For 1st, 2nd, 3rd,
and 4th 7- day cycle, the time required for 25 mm of water to infiltrate the soil col-
umns treated with 2RC of PER were, respectively, 3.8, 2.0, 1.9, and 1.9 times that
of the control. For PET, these TRI ratios for the same successive 7- day cycles in
sequence were 3.3, 3.4, 3.5, and 3.5. Whereas for PERT these TRI ratios for the
same cycles in sequence were 3.1, 2.9, 2.9, and 3.0. For the 14- day cycle, the time
required for 50 mm of water to infiltrate into the soil columns treated with 2RC of
PER, PET, and PERT were, respectively, about 1.8, 2.0, and 2.5 times those of the
control. The addition of all conditioners caused soil swelling, and consequently
reduced soil pore-sizes and increased infiltration time. In view of its fluffy structure,
Agromousse applied at a rate of 2RC caused a more open pore system and hence
reduced the infiltration time.

Available water

In general, field capacity and available water (AW =FC-PWP) of the soil treated
with 0.5RC for all conditioners were equal to or significantly lower than those of the
control (Table 3). Whereas FC and AW of the soil treated with RC and 2RC rates of
all conditioners with the exception of AGR were significantly higher (P=0.05) than
those of the control. The FC and AW of the soil treated with RC Agromousse were
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Table 2.  Times required of water to infiltrate sandy loam soil treated with four conditioners at four rates
each, and four successive 7- day irrigation cycles or 14- day cycle.

Time required for water! to infiltrate (min.)

Rate 7-day cycle
o 14- day cycle
15[ an 3rd 4(11
AGROMOUSSE
0.0 2.55 3.67 3.93 4.24 18.78
0.3 3.88 4.03 4,91 4.67 14.27
0.0 4.98 4.14 5.07 5.65 24.88
1.2 4.20 4.04 4.58 4.42 17.06
LSD0.05 1.09 ns’ ns ns ns
PERLITE
0 2.55 3.67 393 4.24 18.78
2 5.93 4.32 5.35 5.74 30.44
4 6.01 4.59 5.47 5.90 29.74
8 9.79 7.35 7.55 7.92 32.87
LSD0.05 3.52 2.37 2.14 1.61 4.29
PETERS
0 2.55 3.67 3.93 4.24 18.78
4 4.78 7.08 7.91 9.47 26.35
8 7.47 9.62 10.60 12.04 33.81
16 8.34 12.34 13.75 14.65 37.61
LSD0.05 1.30 217 3.51 3.01 2.17
PERLITE and PETERS
0 2.55 367 3.93 4.24 18.78
3 4,22 5.74 6.07 6.37 25.18
6 5.80 6.84 7.83 8.57 29.03
12 7.88 10.65 11.28 12.77 46.22
LSDO.05 1.75 2.41 2.54 2.88 11.57

125 mm for 7- day cycle and 50 mm for 14- day cycle.
2 L.8SD0.05 least significant differences at (.03 level.
¥ ns = not significant.

equal to those of the control. In general PWP of soil increased with addition of 0.5RC
rate of all conditioners (Table 3). The PWP increased with further increase of all con-
ditioners with the exception of PER. The PWP of PER decreased significantly with
further increase in application rates.
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The AW of the soil treated with 0.5RC (0.3 %), RC (0.6 %), nd 2RC (1.2 %)
Agromousse were (.86, 0.97, and 1.12 times that of the control. The lower FC and
AW of0.5RC (0.3 %) treated soil compared to the control and their gradual increase
with higher rates may be explained in view of two opposed cffects: the promotion of
higher percentage of macropores by AGR and its ability to retain water. The counter

Table 3.  Field capacity (FC), Permanent wilting point (PWP), and available water (AW) of loamy sand
soil as affected by conditioner type and rates.

Rte FC PWP AW
%
AGROMOUSSE
0,0 14.71 2.86 11.85
0.3 13.40 325 10.15
0.6 14.80 3.33 11.47
1.2 16,80 3.52 13.28
LSD0.03! .83 0.4 0.%1
PERLITE
0 14.71 2.86 11.85
2 14.91 3.30 11.61
4 15.28 315 15.13
8 24.86 2.97 21.89
LSD0.03 124 0.6 1.32
PETERS
o 14.71 2.86 11.85
4 15.92 3.51 12.40
8 18.90 4.22 14.68
16 28 43 577 22.66
LSDO.05 1.38 0.13 1.38

PERLITE AND PETERS

(1 14.71 2.86 11.85
3 14.77 3.78 H)L99
6 17.97 4.07 13.90
12 22.83 4.90 17.87
LSDO.)5 (.56 011 0.4%

LLSDA.05 least significant differences at 0,03 level.
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balance between the two effects resulted in more water drained from 0.5RC (0.3 %)
treated soil and equal or more water retained in soils treated with higher rates com-
pared to the control.

For Perlite, the addition of 0.5RC (2 %) had no significant effect on AW.
Whereas the addition of RC (4 %) and 2RC (8 %) significantly increased FC,
decreased PWP, and consequently increased AW. Avaliable water was increased by
about 28. 85 % due to addition of RC (4 %) and 2RC (8 %) of PER, respectively.
This response is mainly due to the ability of PER to retain water at high soil water
potential (-10 kPa), and its failure to retain it at low water potential (-1300 kPa).

Field capacity, PWP, and AW increased with increase in rate of Peters applica-
tion. The increase in AW was not significant at 0.5RC (4 %). Whereas at RC (8 %),
and 2RC (16 %) the increase in AW was about 24, and 91 %. The effect of PERT was
a combination of the effects of PER and PET. The addition of 0.5RC (3 %) PERT
reduced the AW by about 7 %. Whereas the addition of RC (6 %), and 2RC (12 %)
increased the AW by about 17, and 51 %, respectively.

In comparison among conditioners, the increase in AW compared to the control
for the soil treated with 2RC ranked PET > PER > PERT > AGR (Table 3).

Water conserved

In most cases for 7- day irrigation cycle, the addition of all conditioners at 0.5RC
did not significantly affect the percentage of water conserved (WC) by the soil (Table
4). In the third and fourth 7- day cycle, the addition of RC (0.6 %) of AGR signific-
antly increased WC. By the end of fourth 7- day cycle, the addition of 2RC reduced
the WC by about 7, 12, 26, and 21 for AGR, PER, PET, and Pert, respectively. The
addition of 0.6 % AGR increased WC by 20 %. For the 14- day irrigation cycle, the
addition of PER, PET, and PERT did not significantly affect the WC. In the case of
AGR, the addition of 2RC significantly increased the WC. The ncgative effect on
WC is mainly due to the ability of conditioners to retain water at the treated top soil
columns (Figs. 1 and 2) and make it accessible for higher evaporation.

Splitting the same quantity of irrigation water into two doses reduced the
amount of water conserved. This effect was much pronounced in high rates. The WC
by the end of 14- day cycle in soil columns treated with 2RC were higher than those
by the end of second 7- day cycle by about 39, 45, 25, and 30 % for AGR, PER, PET,
and PERT, tespectively. General comparison among conditioners used in term of
WC showed that conditioners ranked PER = AGR > PERT > PET.

Figs 1 and 2 show the soil water profiles at the termination of the fourth 7- day
cycles and the 14- day cycle, respectively. All profiles show a drying zone at the sur-
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Tabled.  The percentage of water conserved as affected by four conditioners at four rates each, and four
successive 7- day irrigation cycles or 14- day cycle.

Rate 7- day cycle

Yo 14- day cycle

lsl znd 3rd 4(h
AGROMOUSSE
0.0 32.4 316 293 26.9 33.0
0.3 31.8 31.6 3.9 3.6 34.7
0.6 33.0 334 327 32.1 34.7
1.2 27.0 26.7 254 24.9 37.3
LSD0.05! 4.3 4.2 3.6 16 2.6
PERLITE
0 32.4 31.6 29.3 26.9 3340
2 30.3 30.1 29.8 28.4 36.6
4 29.6 28.0 26.7 27.0 35.2
8 28.4 26.6 24.6 23.8 38.5
LSD0.05 2.7 33 33 ns’ ns
PETERS

0 32.4 3.6 29.3 26.9 3340
4 36.5 26.8 24.7 23.1 33.9
8 27.6 25.2 22.6 20.9 33.4
16 20.7 24.9 22.0 19.8 31.1
LSDO.05 2.0 31 2.8 2.8 ns

PERLITE AND PETERS

0 324 3.6 29.3 26.1 330
3 2u.1 279 26.3 252 33.1
6 27.9 26.3 244 228 32.1
12 28.0 26.1 233 20.7 34.0
LSDO.0S 32 3.7 3.2 3.1 ns

V'LSD0.05 Icast significant differences at 0.05 level.
% ns = net significant.

face, transmission zone in the middle, and a wetting zone at the bottom. The PER,
PET, and PERT profiles by the end of the fourth 7- day cycle (Fig. 1). and PET, and
PERT profiles by the end of the 14- day cycle (Fig. 2) showed water storage zoncs at
a depth of 35- 70 mm. In general at that zone for the three conditiners, the soil water
content increased with increase of application rate. This effect was more marked in

the 7- day cycle than 14- day cycle.
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Fig. 1. Soil water profiles at the end of the fourth 7- day irrigation cycles as affected by four con-

ditioners at four rates each. The rates recommended (RC) by producers were 0.6, 4, 8, and 6
% for Agromousse, Perlite, Peters, and Peters and Perlile mixture, respectively.
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Fig. 2. Soil water profiles at the end of the 14- day irrigation cycle as affected by four conditioners at
four rates each. The rates recommended (RC) by producers were (1.6, 4, 8, and 6 % for
Agromousse, Perlite, Peters, and Peters and Perlite mixture, respectively.
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Moudulus of rupture

The MOR vs. application rate relationships exhibited maxima at 0.5RC for PER
and PET. and at RC for AGR and PERT. Half the recommended rate of all con-
ditioners was sufficient to cause significant increase in MOR of the soil. Increasing
AGR and PERT rates to 1RC resuited in significant increase of MOR and then
decreased with further increase to 2RC. A further increase of PER and PET
decreased the MOR., The reductions were slight as rates increased to 1RC and signit-
icant as rates increased to 2RC.

Bulk density of briquets at the time of measurement decrcased with rate
increase of all conditioners. The maximum bulk density ditferences between treat-
ments were 0.25, 0.15, 0,25, and 0.12 Mg m™ for AGR, PER, PET, and PERT,
respectively. The bulk density coefficient of variations between treatments for par-
ticular conditioner, and for all conditioners were less than 6 %. Water content of
briquets at the time of measurement increased with rate increase of all conditioners.
The maximum water content differences between treatments for particular con-
ditioner, and for all conditioners were less than 0.005 g g !. These data indicated no
drastic changes in bulk density and water content of briguets with conditioners rate
increase to affect the MOR in this experiment. Thus the response of MOR among
treatments of particular conditioner or among conditioners is mainly related to the
direct conditioners effect.

Increasing conditioner rate to 0.5RC of PER and PET and RC of AGR and
PERT caused complete cross-linking between the loamy sand microaggrigates and
thus cementing them by the drying process that followed the water saturation process
resulted on maximum MOR. It seems that with further increase of rates beyond
those which caused maxima, some cross-linking occurred between conditioner parti-
cles themselves. This weakened the strength of bonds between soil particles and
resulted in reduced MOR. At rates that caused maxima, the MOR increased by
about 2.0, 2.8, 2.1, and 2.6 times those of the contro! for AGR, PER, PET, and
PERT, respectively. Alymore and Sill [12] selected a MOR value of 60 kPa as the
lower limit for soils with crusting problems. The maximum MOR values measured
were 41.0, 58.3, 43.3, and 54.1 kPa for AGR, PER, PET, and PERT, respectively.
Thus although the addition of these conditioners may increase MOR of loamy sand
soil, no crusting problems are expected to occur.

Conclusions

The addition of all conditioners increased modulus of rupture of the loamy sand
soil to a level that are not expected to cause crusting problems.
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Fig. 3. Moduli of rupture as affected by four conditioners at four rates each. I'he rates recnm-

mended (RC) by producers were 0.6, 4, 8, and 6 % for Agromousse, Perlite, Peters, and Peters
and Perlite mixture, respectively.

The addition of Peters and Perlite and Peters mixture at the rate recommended
by producers (RC) increased the soil available water (AW) but reduced the amount
of water conserved (WC) by the end of the fourth 7- day cycle to the same extent.
However, this rate did not significantly affect the amount of water conseryed by the
end of the 14- day cycle. Thus application of RC Peters and Perlite and Peters mix-
ture may prove effective in improving the soil moisture condition in the 14- day cycle
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but not the 7- day cycle. Since RC Perlite increased soil AW but did not significantly
affect WC for both intervals, it may prove to be effective. Although RC Agromousse
did not increase soil AW it might prove effective at this rate since it increased WCat
both intervals.

Doubling RC for all conditioners resulted in increases in AW higher than reduc-
tions in WC by the end of the fourth 7- day cycle. This suggest that at this rate all con-
ditioners may prove effective at the 7- day interval. However, their effcctiveness may
be improved by the use of heavier irrigation with longer interval,
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