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Influence of Some Soil Amendments on Calcareous
Soil Properties and its Production of Wheat Under
Saline Irrigation Water

M.M. Wassif, M.K. Shabana*, S.M. Saad*,

S.E. El-Maghraby and LA. Ashour

Desert Research Centre, Cairo and *Fac. Agric. at Mosh-

tohor, Zagazig Univ.,, Branch, Egypt.

IN ORDER to study the effect of sulphur, organic ma-
nure and bitumenous emulsion in single or combined ad-
ditions on the chemical propertes of calcareous soil and its
production of wheat under high saline irrigation water,
two field experiments were carried out at Wadl Sudr Hx-
perimental Station, seuth Sinai during 1989-1990 and 1990
.1991 seasons. Results showed a sharp decrease in soil pH
values as a result of adding soil amendments under inves-
tigation and the combined treatment sulphur4-organic ma-
nure-bitumenous emulsion was the best. Also, adding soil
amendments led to reduce soil salinity at root zone rela-
tive to the control treatment.

Also, data indicated a sharp decrease in the concen-
trations of Na+ and Cl— ions while the concentrations
HCO,— and SO,~ ions in soil solution were increased by
adding such amendments.,

The addition of amendments increased the percentages
of soil organic matter especially in 0-10 cm soil depth
and such percentages varied according to the treatment
type.

Data indicated a significant increase in both grain and
straw yields of wheat in two seasons relative to the con-
trol treatments. The combined treatment of sulphur--orga-
nic manure -+ bitumenous emulsion led to highest yield.

It can be recommended that, the application of sul-
phur-+organic manure-+bitumenous emulsion is important to
control soil salinity, overcome hazard effects of Nat and
Cl— and increasing wheat yield under irrigation with high
saline water.

Key words : Calcareous soil, Sulphur, Farmyard manure,
Bit., Combinations, Saline water, Wheat.
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Egypt is semi arid in the north and arid in the south.
Under these conditions the problems of soil salinity and alkali-
nity are widely spread, especially when highlp saline water;is
used in irrigation.

Recently, the good management of such soils by using na-
tural or synthetic soil amendments has become one of the most
important practices for improving physical and chemical pro-
perties of these soils, consequently enhancing its productivity. To
achieve this aim many studies were carried out. Application of
sulphur to soil resulting in reducing scil pH, EC and SAR val-
ues (Khafagi and Abdelhadi (1990).

Also, sulphur application led to a significant increase;of
straw and grain yields of wheat plants grown on calcareous soil
(Abdalla, 1991).

Adding organic manures to soil decreased its pH and SAR
values, meanwhile increased the solubility of its ions (Abou El-
Defan, 1990).Also, it increased the yield of wheat (Chen and
Wang, 1987).

Several studies showed thal mulching calcareous soil with
bitumenous emulsion decreased salt content of soil, Tayel etal.
(1988) and increased crop yields, El-Shabassy etal. (1971) and
Hanna (1988).

However, limited informalion was available about the rcle
of soil amendments under highly saline irrigation water

The aim of this work is to study the efflect of elemental
sulphur, farmyard manure and bitumenous emulsion as well as
their combinations on some soil properties and yields of wheat
plants grown on calcareous soil under highly saline irrigation
water.

Material and Methods

Two field experiments were conducted during 1989/1990
and 1990/1991 growing seasons at Wadi Sudr Agricultural Ex-
perimental Station, Desert Research Centre, South Sinai Gover-
norate. The physical and chemical properties of the soil in which
the experiments were carried out are shown in Table 1. The
fﬁl is highly calcareous, highly saline and of sandy loam tex-

e.
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TABLE 1. Some physical and chemical properties of the investigated soil

at Ras Sudr.
. "3[! T Chechat & et ksl DS “-1
Soil depth * Farticle gize distzibulion 8 Texlore clays  Buick Field
{en) g et e e e i e i densily  capacity
Cosrse Fine sift Clay {g/cn? %
send 2aud
0-10 3.0 39.70 4.57 12,30 Sandy loan 1.1} 13.90
10-20 37.20 431.33 12.20 7.21  Sendy loan 1310 13.60
20-38 .30 2.13 12.50 0.07  Sandy loan 1.51 12,60
B- Chemical properties - o
Sonl Sotuble calions (peq/1)  Setuble amons (eeq/!)
depl [0 weme ceoscmmmmmnmemmansnssssseroomcacns seseceeceess S G0y O,
{aa) (6 & oo o &t e ) t
‘”Jh
019 2.0 122 6.7 A L33 - 236 0.0 8097 1049 50.70 6.2
100 2.3 1. S0 90.52 1.3 - 451 V.40 .00 1151 A L4
00 140 940 .39 LD - A5 40 4.0 103 SLtho 60 J

TABLE 2. Chemical composition of the saline wej]l water used for sur-

face irrigation.

Sampling EC Soluble calions (meq/l) Soluble antons (meq/l)

dale Q5/n  ---m-meemmeoeseesesessmses emscsseooomsosossoosocsseseses SR
Ca?*1Kg?* Ha* & €0, neo, S04 cl

Hov, 1919 6,49 30,67 31,91 6.12 - .10 2905 29,17 Il,[!v

Jaa, 1990 6,01 44.1) 38,27 6.1% - 5.0 .42 10,06 1.1

Kar, 1938 0,60 46,70 12,0 0.14 -~ 5,10 35,00 45.75 8.70 J

treatments were

The experiments were carried out in a completely randomi-
zed block design with four replicates for each treatment The
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Without adding amendments (control treatment).
Elemental sutphur (S) at the rate of 0.5 ton/fed:
Farmyard fanure (FYM) at the rate of 20 m3/fed Table 3.

Bitumeneous emulsion (Bit.) at at the rate of 0.2 L/m2
The combined treatment of the same rates of S+FYM.
The combined ireatment of the same rates of S + Bit.
The combined {reatment of the same rates of FYM + Bit.
The combined freatment of the same rates of S+FYM+Bit

Either S or FYM was mixed with the upper 30 cm depth of
the soil before cultivation, whereas Bit. was sprayed on the wet
soil surfaie one day after cultivation.

Wheat grains (Triticum aestivam L.) Sakha 8 were plant-

ed in 10th November of both off the two seasons at the rate
of kg/fed. All treatments received the following basis fertilizer

dressings

RS O

- Superphosphate at the rate of 30 kg P.O, /fed added be-

- fore cultivation- '
- Ammonium nitrate at the rate of 60 kg N/fel added at two
doses (40 and 2 kg/fed) applied 2 and 6 weeks| after sowing.
- Potassium sulphate at the rate of 50 kg K, 0/fed divided
into two equal doses and added at the same time of add-
ing N fertilizer
Saline irrigation waler from a well was added every week
and stopped after ear formation till maturity. The chemical analy-
sis of saline irrigation water are shown in Table 3. It is clear

TABLE 3. Chemical composition of the applied farmyard manure amend-

ments.
Organic Tolal C/ Tolal Total Total
pi carbonr ailroges ralie phosphorss polassien sulphate
b 9 g 4 g
200 19.34 1.4 1.0 0.2 SR R])
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that the TC values allover the season had averaged to 7.73dS/
m and the SAR values ranged between 7.7 to 8.7. Consequent-
ly such irrigation water is considered as highly saline (FAO,
1990)-

The crop was harvested at maturity in April 22th, off both
the two seasons and the biological yield as well as grain and
straw yields were recorded-

Soil samples were taken at tillering, heading and the end of
harvesting stages from equal depths of 0-10, 10-20 and 20-30 cm
at the first seapon. Therefore, prepared for chemical analysis.
Soil, water anh FYM analysis were determined according to the
mentioned decreased by Page et al. (1982).

Results and Discussion

Effect of soil amendments on some soil chemical properties
1- At tillering stage

Data presented in Table 4 show the effect of soil amend-
ments on some soil chemical properties at tillering stage. With
respect to the effect of sulphur, data indicated that the pH and
SAR values were decreased slightly meanwhile the EC values,
the concentrations of soluble cations and the concentrations of
soluble anions (except Cl-) as well as soil organic matter content
were increasel as a result of sulphur application- These can be
discussed as follows Sulphur can be oxidized by many soil mi-
croorganisms to sulphuric acid. Consequently the pH values dec-
reased, meanwhile SO,— concentrations increased. Such sulphuric
acid reacts with soil CaCO, resulting in CaSO, . H,CO; The
latter can be ionized to H+ and HCO,— . Therefore, the HCO,;—
concentrations increased. The resulting CaSO, led toincrease
both EC values and the concentration of soluble Ca’t+ , M.*+
The latter may be exchanged with K+ ions in the exchange
sites. Consequently the K+ 1ons concentrations increased. The flav-
ourable effect of sulphur on reducing the concentrations of Cl~
ions may be due to improving the infiltration rate of the soil
(Alawi et al., 1980). On the other hand, the effect ofl sulphur on
increasing soil organic matter content may be resulted from inc-
reasing root growth.

Concerning the effect of FYM, data in the same table clear-
ly appear that the addition of FYM ledto reduce soil pH, EC
and SAR values as well as the concentrations of soluble Ca’+
+ Mg+, Nat+ and ClI— ions. On the other hand the concentra-
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TABLE

...........................................................................................

Soluble cations (neq/L)

Treatoeats BDepth

M-M. WASSIF' et al.

4. Effect of adding soil amendments on some 80il chemical properties
at tillering stage.

(en)

pHl

EC
(d5/m)

Soluble anvons (neq/l)

Conirol

FYH

Bit,

Serve

Sekit,

FYKeBit,

6-18
18-28
26-30

6-10
10-20
20-30

0-1¢
19-20
20-30

6-10
10-20
20-36

6-18
10-20
20-30

6-10

StPYN¢Bit 10-20

18-30

1270
16.60
16,20

15.10
16,30
21.30

11.64
7.00
.60

9,30
16.20
8.90

20,80
21,20
2.6

14,60
12,70
13.10

12,00
10,30
9,00

11.10
10,12
$.00

63.33
75.60
81.34

62.50
109.16
123.70

75.04
45.00
44.16

£3.03
63.34
50,84

109.34
81,00
137.50

§2,16
79.1¢
€7.50

62.00
60,84
37.58

62,33
61,34
39,84

60.87
71.30
82,61

.39
74.64
07.67

3.4
23.%1

B3 19

37.61
.13
36,89

66,52
86,96
93.63

53,00
42,60
36.96

42.61
46,09
43,91

46,09
41,74
37,39

N

2,00
1.62
1L

4.20
4,50
.

394
6.81
6,81

23,64

99.59

12,28 139,03
29,03 128,40

7

89.63

74,20 112,46
91.50 116.78

27.30
13,19
29,45

.23
nn
5%.18

110.16

82.17
42.00
.

68.28
nmn
89.20

93.60

98.71 110,73
98,07 122,40

29.09 110,62

29.18
.65

8.5
26.41
3.4

38,63

.1
05,61

83,78
13,63
66,49

69,38

41,00 56.79

39,94

46,50

0.26
0.8
0.14

0.2¢
0,20
0,18
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tions of soluble K+, HCO,— and SO~ ions as well as the soil
organic matter content were increased in the FYM treated plots.
These results can be discussed as follows : The FYM decompo-
sition produces organic and inorganic acids. Accordingly, the
pH values were decreased. Also, these organic acids chelate
(Ca’+ | Mg+) ions and consequently the concentrations of
such ions were decreased. Meanwhile the ionization off H,CO;,
led to increase the concentrations of (HCO; - ) ions The reduc-
tion in EC values resulting from FYM may be due to improb-
ing the physical properties of calcareous |soil as structure
permeability and infiltration rate. Consequently more salts can
be leached out from the upper 30 cm depth of the soil and mov-
ed downward with the -movement of the water- The positive ef-
fect of FYM application of increasing the concenfrations of sol-
uble K+ and SO,— ions as well as the soil organic matter con-
tent may be due to the higher initial content of such ions and
organic matter in the applied FYM. Table 3.

Regarding the effect of bitumenous emulsion, data in the
same table show isimilar trends which previously mentioned for
both S and FYM treatments (except for soluble Ca’+ [ M+,
and SO,— ions). The effect of Bit. on reducing EC values as
well as the concentration of soluble Ca’+ | Mg+, Na+, K+ ,SO,—
and CI- ions may be due to reducing the evaporation processes
from the soil surface and increasing the moisture content of the
soil (Lenvain and De-Boodt, 1976. Accordingly, more soluble
ts_a,lts have the chance to be leached out by the following irriga-
tion.

The positive effect of Bit. on increasing soluble HCO,—
ions can be explained on the basis of ils effect on increasing soil
moisture content and root growth. Such effect produced more
soluble CO, which was resulting from root respiration. Conse-
quently more HCO,— was produced. Also, the positive effect of
Bit. on so0il organic matter content may be due toits chemically
composition which contains a large amount of hydrocarbon cha-
ins whereas the soil organic matter was estimated ‘from the deter-
mination of soil organic carbon.

The effect of the used soil amendments on the rate of de-
rement of Na was higher than that Ca+Mg. This reflected on de-
creasing SAR values.

The above mentioned results were confirmed when either
two or three amendments were applied together ,i.e., (S+FYM),
(S+Bit.), (FYM+Bit.) and (S+FYM+Bit.) treatments.

Egypt. J. Soil Sci. 85, No. 4 (1995)
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2 - At heading stage

At heading stage sulphur application had similar trends to
those previcusly mentioned at tillering stage for pH and SAR
values as well as the concentrations of soluble anions and soil
organic matter content (Table 5). On the other hand, the EC
values and the concentrations of soluble cations were decreased
at heading stage as compared with those of tillering stage.
The favourable effect of sulphur on reducing EC values may
be due to sulphur oxidation to sulphuric acid along with increa-
sing the infiltration rate of the soil. The reducing of soluble ca-
tions concentrations at heading stage may be due to increasing
either plant growth or infiltration rate as a result of increasing
the rate of sulphur oxidation with time progressed till 8 weeks
period according to Ibrahim (1979). Consequently such cations
were lost to the lower soil depths.

Regarding the effect of both FYM and Bit. treatments, data
in the same table show similar trends to their effects at tiller-
ing stage as previously mentioned.

The above mentioned results were supported when either

two or three soil amendments were applied together aspreviously
indicated at tillering stage.

3-At the end of harvesting

Data in Table 6, indicated that, all treatments had similar
trends to those previously mentioned at heading stage.

The reduction of the EC values at heading stage over the two

other stages may be due to sampling time of heading stage which
were taken after heavy rainfall

Effect of soil amendments on wheat yield

With respect to the effect of sulphur application, data in
Table 7 show a significant increase in wheat yields as a result
of s application. The magnitude of increase over the control
treatment reached 30.5, 48.0 and 37.5%, for straw, grain and
straw plus grain yields respectively. This is due to its favour-

able effect on reducing both pH and EC values as previously
mentioned.

The magnitude of increase over the control treatment for
the.FYM treated plots reached 209, 38.4 and 27.9% for straw
grain and straw pll_ls grain yields regpectively: The favourable
effect of FYM on increasing the yields of wheat plants may be
Egypt. J. Soil Sci. 85, No. 4 (1995)
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TABLE 5. Effect of adding soil amendments om some soil chemical pro-
properties at heading stage.

Treatpests Depth Pl EC  =--coooeeceeccemeecees meseooeeeeooaeoeo S 0N
(cp) ) (d5/8) Ca2*4Hg?* Na* Ke #2054~  S042- €1- %

010 790 910 4930 43.62 1.23 233 1990 7040 709 013
Control 1020 7.85 1200 55.30 54.50 1. 10,40 90.40 10.36 0.1
< 2030 7.85 1400 60.90 49.90 162 270 254011250 850 010

(%)
~
~
o

©8-10 7.40  8.20 45.90 3660 §.03 370 3018 3050 7.64 0.10

s 10-20  7.40 8.90 5140 34.50 1.03 320 3450 54.90  6.01 0.1
2030 7.35 10,10 56.30 45,30 1.03 | 3.20  37.60 64.50  6.39 0,13

0-10 7.4 6.90 56.10 3320 1.70 475 2096 60.90  6.16 0.27

FYN C10-20 0 7.35  106.20 6970 34.00 2.10  5.40 2580 6720 5.09 0.18
20-30  7.40  10.00 71.90 4050 2.7¢ 6.2 32.20 66.10  6.75 n.13

0-10  7.4% 760 27.20 35.50 1.03 3.80 10.20 55.50  6.70 0.22
Bit. 10-20  7.40 910 53.80 37.30 1.15 475 16.30 64.50  6.94 0.16
20-30  7.50 8.90 53.50 40.50 1.15 4.75  25.00 85.60  7.83 0.14

8-10 7.3 9.30 52.30 40.76 1.03 2.51  40.50 52.50 7.96
StFYN 10-20 7,25 10.30 63.00 44.50 1,03 251 38.50 65.50 7.93
20-30  7.25  10.90  69.40 4520 1.03  2.51  49.30 60.20 7.79

Lo 618 7.4 6.70 4270 2620 1.03 2,51 22,40 53.80 5.67
SiBite  10-20 7.4 770 52.70  25.00 1.03  3.70 19.50 57.40 5.03 .
TOW-307.50 870 50.90 37.80 1.03  4.22  26.40 60.30 7.49 0.19

0-10  7.50 7.40 49.10 2430 115 370 2250 56.90
FYNeBit. 10-20 7 48 7.60 47.90  36.40 11§ 4.22  25.30 96.30
20-30  7.45 6.6 5370 40.50 115 5.50  26.60 b0.80

0-10  7.20 9.40 56.60 37.20 160 5.00 36.70 36.33  6.87 0.32
S+FYH:Bi2.10-20 7.206  10.60 68.70 4530 2.10 622 49.50 6760 7.7} 0.2}
20-33 72 1150 T71.72 46,48 210 6.22  54.20 4050 7.75 0.19
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TABLE 6. Effect of adding soil amendments en some soil chemical pro-

perties at the end of harvesting.

Treatments Depth  pll | s SAR or
(ca) (dS/m) Ca?*tMg?* Na* Ke HCOy~  S§0,%~ C1- 3

9-19  7.85 11,88 64,00 56,50 1,70 3,02  25.80 91.30  9s99 0.15

Comtrel 10-20 7,75 17.i0 79.30  76.20 1,96  1.58  26.40 141.00 12.42 0.12

20-30 7,75 18,90 92.40 93,70 2,18 3.9 34,10 150.80 13.79 0.12

0-13 715 5.80 54.80 43,70 1,24 4,42 34.20 60.40 8.3 0.79

1 1-20 1.5 A0 6710 4497 1,34 4017 45,00 T71.60 7.7 0.20

2.3 7.0 13,20 7626 59.200 L34 4.8 49.00 8430 9.59 0.13

g-10 7,35 10.60 69,29 39.54 2,02 5.66  29.90 72.50  6.72 0,28

M 18-26 7,300 13.3% 65,60 45.35  2.74  7.04  33.60 B7.60  6.94 0.22

-3 7.3 15,60 10380 56i50 2,90 8.84 46,30 95,50  6.12 0,13

8-15  7.40 9,26 63.45  41.87 1,22 4,48 2147 65.50  7.27 0,25

Bite 18-25 7.4 16,76 £7.94 43.86 1,35 5,59  24.62 75,04 7.2 0,16

20-30 7.%6 1LTH O 70.3 53.24 1,39 6,24 03,39 11253 8,90 0.13

-1 7.2 8.4 47.34 36,76 1,22 2,27 38,58 47.42  7.56 0.42

SIFTH 19-20 7,20 14,40 88,10 62,21 1,44 3,51 53,83 9157 9.7 0,23

29-30 7.20 1560 96,46 64,09 1.4 3.5 70,56 B6,16 9.31 0.17
! 0-10 7.2 §.70  55.4% 3460 L3 3.26 20,10 69.86  6.46
SiRit.  10-200 7.25 11,40 v6.02 0 30,2060 1.3 548 20,87 61,98 6,12
20-30 7.3 13,20 71.82 57 6,40  38:54 91,79 9.23

6-10  7.25 9.00  67.68 3218 1.52 490 29,20 75.3%  5.03
FYNeBit, 10-20 7,20 11.90 7498 56.99 L84 6,61 36,61 60,15  9.31
20-30  7.30 12.60 76,90 57.9% 1,04 7.08 39,51 67.10 9.3 0.17

0-10  7.15 10,20 63.58  40.37 1.9 5.42 39,02 61.31
SEFYEIBILI0-20  7.20 10680 76.48  50.43 2,34 6.92 55,10 64,12 i .
26-30 7.2 15.40 96,04 62.14 2.74 8,33 72.50 61.20  8.97 0.19
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TABLS 7. Effect of soil amendments on the yield of wheat for two sea.
sions (ton/fed).

First season Second season
Grain Grain
Treatments Straw  Grain + Grain Straw +
Straw Straw
Treatments 2.50a 3.06a 564a 238a 289a 52T7a
Control 2.50a 3.06a 564a 238a 289a 527a
S (0.5 ton/fed) 2.08b 228c 4.36b 2.15b 2.33cd 4.4Thc
FYM (20 m3/fed) 2.03 be 225¢c 4.27bc 2.09b 227cd 4.36Dbc
Bit. (0.2 L/m3) 2.00 cd 243b 4.43b 207Tb 24Thc 454D
S +FYM 1.94d 220c 4.14c 189c 244bc 4.33bc
S + Bit. 1.73 ¢ 226c 399d 1.76d 250bc 4.26c
FYM + BRit. 1.86e 244b 429bc 182cd 2.56b 4.38bc
S 4+ FYM + Bit. 125g 187d 3.12e 118e 1.77Tc 295d

The same letter in each column means that there is no any sig-
nificant differences according to Duncan’s multiple range lost at 5%
level.

due to one or more of the following reasons; reducing soil pH
values, improving soil structure and decreasing soil salinity as
mentioned before.

It is also obvious that the yields of wheat plants were sig-
nificantly increased by Bit. application. The magnitude of increase
over the control treatment reached 1.7, 55.2 32.7% for straw
grain and straw plus grain yields respectively. This may be due
to its influence on increasing soil moisture content, and reducing
soil salinity, as a result wheat plants will grown betier under such
conditions.

The above mentioned results were supported by adding two
or three of such soil amendments together and the best treat-
ment was the combined treatment of S+FYM+ Bit.

It is worthwhile to note that, the yields of wheat plants had
the same trends for the two seasons except thatthe values of
the 1st one were greater by 5-8%.

It can be concluded from this investigation that applica-
tion of S FYM and Bit. either alone or together reduced pH
and EC values of calcareous soil, meanwhile increased the yields
of wheat. Therefore, high saline water can be used for irriga-
ted wheat in the presence of such amendments.

Egypt. J. Soil Sci. 85, No. 4 (1995)
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