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Abstract

A study was conducted on a farmer’s field at village Majokay, Charsadda in Peshawar valley (NWFP)
during Rabi 2004-05, in order to investigate the effect of gypsum and FYM on the properties of saline-sodic soils
and yield of wheat crop irrigated with brackish tubewell water. Treatment combinations were control (T;), FYM
@ 20t ha’ (T,), gypsum @ 50% GR (T3), gypsum @ 50% GR + 10 tons FYM ha! (T,), gypsum @ 100% GR (Ts)
and gypsum @ 100% GR + 10 tons FYM ha (Ts) arranged in RCB design with three replications. Gypsum was
calculated on the basis of water gypsum requirement. Results showed that gypsum at half rate and manure
individually improved wheat yield, though non-significantly, to the tune of 70 and 45%, respectively over control.
Significantly higher increases occurred with their combined application or with gypsum at full rate. 1000-grain
weight showed significant increases with all the treatments over control. Gypsum application at full rate gave
14.3% increase in grain yield than that at half rate. Regarding growth parameters, the effect of manure was non-
significant whereas gypsum combined with manure significantly improved growth over control. Maximum
increases in the number of spikes m, number of leaves plant”, number of grains spike”, grain yield, straw yield,
1000-grain weight and harvest index were 128, 46, 48, 133, 34, 47 and 76%, respectively in case of combined
application of gypsum @ 100% GR and manure @ 10 tons ha’ over control. The treatments also improved soil
properties by reducing pH, EC, SAR and gypsum requirement. Combined application of manure with full rate of
gypsum resulted in reducing these parameters by 9, 18, 55 and 85%, respectively as compared to control. It may
be concluded that manure and gypsum both in combination are most effective in mitigating the ill-effect of

brackish water, improving soil conditions and increasing wheat yield raised with brackish tube well water.
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Introduction

Salinity, sodicity and water logging are the most
serious problems affecting the irrigated agriculture and limit
crop production over a large area of Pakistan. The present
estimates show that nearly 6 m ha area of Pakistan is in the
grip of salinity and sodicity (Manzoor and Salim, 2001). It
has been recognized that major damage occurs due to these
problems, where crop productivity is either completely
eliminated or is greatly reduced. Crop production in the arid
and semi-arid regions is dependent on irrigated agriculture.
The hot and dry climates of these regions require that the
irrigation water should not contain soluble salts in amounts
that are harmful to plants or have adverse effects on soil
properties. Water of such quality is usually not available in
sufficient quantities to satisfy the water requirements of all
the crops grown. Over 100 MAF of water being diverted into
canals, net water available at the water course head is only
70.3 MAF, against the requirement of 134 MAF. The deficit
to the tune of 34 MAF is met through tubewells but over
70% of tubewells pump water of poor quality (Qureshi and
Barrett-Lennard, 1998). Under these conditions the farmers
are forced to use irrigation water of salt content resulting in
poor growth and lower yields of most crops. Indiscriminate

use of such water can often lead to crop failures and to the
development of saline or sodic soils which, in turn, require
expensive treatments to make them productive again.
However, when saline water is skillfully used, it can
contribute to the successful production of a variety of crops.

Salinity problem related to water quality occurs when
the total quantity of salts in irrigation water is such that
accumulate salts in the root zone to the extent to adversely
affect crop yields. Ground waters in arid and semi-arid
regions are generally higher in salinity varying from less
than 1 dS m™ to more than 12-15 dS m™. Under favorable
conditions groundwater with salinity of more than 10 dS m™
has been used for the production of semi-tolerant crops like
wheat in coarse textured soils with only slight yield
reductions. On the other hand unfavorable soil and climatic
conditions and/or poor management have resulted in serious
salinity problems even with the use of water of as low
salinity as 0.4 to 0.5 dS m’! (Paliwal, 1972; Marchanda,
1976).

Prolonged use of certain irrigation water results in
reduced crop yields due to deterioration in the soil physical
properties. The adverse effect of irrigation water quality on
soil physical properties is associated with the accumulation
of sodium ion on the soil exchange complex which imparts
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instability to the soil aggregates and whose disruption
followed by dispersion of clay particles results in clogging
of soil pores. Sodium adsorption ratio (SAR) of the
irrigation water has been suggested as a measure of the
sodicity/alkali hazard of irrigation water (Richards, 1954).
For SAR values greater than 6 to 9, the irrigation water
could be expected to cause permeability problems in soils,
which contain swelling type clay minerals (Ghafoor et al.,
2004).

Soil amendments are materials, such as gypsum or
calcium chloride, that directly supply soluble calcium for the
replacement of exchangeable sodium (Alawi, et al., 1980) or
other substances, such as sulphuric acid and sulphur
(Mughra et al., 1996), that indirectly through chemical or
biological action, make the relatively insoluble calcium
carbonate commonly found in sodic soils, available for
replacement of sodium. Organic matter (i.e. straw, crop
residues and green manures), decomposition and plant root
action also help dissolve the calcium compounds found in
most soils, thus promoting reclamation but this is relatively a
slow process (Goel, 1999). The kind and quantity of a
chemical amendment to be used for replacement of
exchangeable sodium in the soils depend on the soil
characteristics including the extent of soil deterioration,
desired level of soil improvement including crops intended
to be grown and economic considerations.

The scarcity of irrigation water presently being felt
will further multiply with passage of time as pressure on
land and consequent demand of water increases. It is
therefore, highly desirable to use our water resources
scientifically and learn to live with saline conditions so as to
meet the challenges of 21* century.

Keeping the above scenario in mind, this research was
initiated to manage brackish tube well water so as to keep
the soil productive on sustainable basis and to combat the ill
effect of use of such water.

Materials and Methods

The research study was conducted on a farmer’s
field at village Majokay, district Charsadda in Peshawar
valley (NWFP, Pakistan) during Rabi season 2004-05, with
the objectives to investigate the effect of various
amendments on yield of wheat crop and on properties of
saline-sodic soils irrigated with brackish tubewell water.

The soil under study was saline sodic having alkaline
pH of 9.5, EC 6 dS m, SAR 46 and sandy loam texture
(Table 1). Each treatment got an area of 64 m”. Treatment
combinations were 1) control, 2) FYM @ 20 t hal, 3)
gypsum @ 50% GR, 4) gypsum @ 50% GR + 10 tons FYM
ha', 5) gypsum @ 100% GR and 6) gypsum @ 100% GR +
10 tons FYM ha’'. These six treatments were randomly

assigned to the plots in three replications arranged in RCB
design as described by Gomez and Gomez (1984).

The quantity of the required gypsum was calculated on
the basis of the SAR of water i.e. the relative concentrations
of Na* and Ca®* + Mg?* in mmol, L of the tubewell water
as devised by Qureshi et al. (1996).

Half dose of N with full of P and K @ 120:90:60 N,
P,05 and K,O kg ha' to all the treatments was applied
before crop sowing and the remaining half dose of N as urea
was applied before spike initiation.

Water sampling

To determine the water quality status, water sample
from the tubewell under study was collected in plastic bottle
of one litre with screw cap. Before taking the sample, the
bottle was washed properly, labeled with the name of farmer
and location with waterproof ink. Prior to sampling, bottle
was rinsed several times with water from which sampling
was being made and filled a small portion of the bottle from
the water after running the well for 5-10 minutes. The bottle
was filled with the addition of water bit by bit after intervals
of about 5 minutes. The bottle thus filled was capped and
brought to the laboratory for chemical analysis. Water
sample was analyzed for EC, pH, SAR, K and residual
sodium carbonate (RSC) calculated according to the
procedures given by Richard (1954). Gypsum Requirement
(GR) of water was calculated using the method reported by
Qureshi et al. (1996).

Wheat growth and yield

Wheat was grown as test crop to see whether
amendments had done well or not in reducing harmful
effects of brackish irrigation water. The data on number of
leaves plant”’, number of spikes m™, number of grains spike
! 1000-grain weight, grain yield, straw yield and harvest
index of wheat were recorded at appropriate stages of crop
growth during the year 2004-05.

The crop was harvested on 14" May 2005. Data
collected were analyzed statistically using Fisher’s analysis
of variance technique and differences among treatment
means were compared by LSD test (Steel and Torrie, 1980).

Soil sampling

Composite soil sample at 0-20 cm depth was
collected from experimental soil before treatment
application. After crop harvesting, soil samples at 0-20 cm
depth from each treatment were collected separately. These
samples were also brought to the laboratory, dried at room
temperature, ground to pass through 2 mm sieve, labeled and
were stored for analyses.
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Laboratory analysis

Electrical conductivity (EC) in soil extract and in water
sample was determined by EC meter according to the
method given in Ryan et al. (2001). Soil pH was determined
using pH meter by the method of McLean (1982). Soil
texture was determined by the procedure given by Tagar and
Bhatti (1996). Sodium (Na*) was determined by flame
photometer and Ca®*, Mg** concentrations were determined
by titration method. The SAR in soil extract or water sample
was calculated using the following expression.

SAR = Na'/ {(Ca’*, Mg *")/,}*°

Gypsum requirements (GR) of soil samples, soluble K*
in soil extract or water sample and CO32' and HCOj”
concentrations by titration procedure were determined by the
method as described by Richards (1954). Soil organic mater
was determined using the method as described by Nelson
and Sommers (1982). Lime content was determined by acid
neutralization method (Ryan et al., 2001).

Results and Discussion

The research study was conducted to mitigate the
harmful effects of brackish irrigation water by applying
gypsum and farmyard manure alone or in combination. Data
concerning various plant parameters, viz. growth and yield
components of wheat and physico-chemical properties of
amended soils are hereby presented and discussed. The
salinity sodicity status and other properties of the native soil
are given in Table 1, while the chemical properties of
tubewell irrigation water used in the experiment are given in
Table 2a.

Comparing with the established guidelines for
irrigation water quality (Table 2b), pH of the irrigation water
used in this study was in the normal range, EC, was
marginal whereas RSC and SAR were hazardous and
beyond the safe limits.

Effects of amendments on the growth of wheat

Results pertaining to wheat growth and yield are
presented and discussed as under:

Average number of spikes at maturity recorded (Table
3) in different treatments ranged from 172 to 400 spikes m™>.
Both the amendments in different combinations increased
the number of spikes significantly over control. Maximum
increase of 132% was obtained with full rate of gypsum.
Beneficial effect of amendments may be attributed to their
ameliorative effects in mitigating the effect of salts.
Reduction in spike bearing plants capacity with increasing
salinity has also been reported by Maas et al. (1996).

Number of leaves plant” was significantly affected by
most of the amended treatments (Table 3). Remarkable

increases occurred when manure was added along with
either rate of gypsum. Maximum increase of 46% over
control was obtained with combined application of manure
and gypsum at full rate. Number of leaves per plant is a good
indicator of the plant health as the photosynthetic activities
occurring in leaves contribute towards yield of crops
(Fageria et al., 1997). Manure and gypsum improve soil
properties for prolific root growth of plants which may have
contributed to the vegetative growth of plants. The findings
regarding number of leaves plant™ are in line with the work
of Grewel (1984), who found gypsum and FYM in
improving soil health and hence good plant growth.

Treatment means of number of grains spike’ were
statistically non-significant. However, there existed a trend
of increase in the number of grains per spike. Increase in
number of grains spike'1 was 48, 36, 34, 28 and 22% in T,
Ts, T4, T3 and T, respectively as compared to control. FYM
applied with half rate of gypsum had 4.81% more grains
than the gypsum applied at half rate alone. Similarly, FYM
applied with full rate of gypsum had 8.5% more grains than
the full rate of gypsum applied alone. Gypsum along with
FYM was the best treatment in obtaining maximum number
of filled spikelets, which might be due to the lower value of
Na® concentrations in these treatments as compared to
control. The results are also supported by the findings of
Singh (1985).

Effects of amendments on the yield of wheat

The data presented in Table 4 showed that mean grain
yield of wheat in T was significantly (P < 0.05) higher from
T, and T, only. Application of either FYM or gypsum at half
rate, though statistically non-significant, increased yield by
45 and 70%, respectively over control. Significant increases
were recorded in the treatment of gypsum at full rate or
when FYM was added along with either rate of gypsum.
Application of FYM gave 9% increase in grain yield with
half rate of gypsum and 20% with full rate of gypsum as
compared with gypsum alone. Gypsum application at full
rate gave 14.3% higher grain yield than at half rate.
Maximum increase of 133% over control was recorded in
FYM combined with full rate of gypsum. These results
suggest that gypsum and FYM amendments helped in
increasing the yield of wheat, which may be attributed to
directly nutritional effect as well as indirectly through
improving soil properties. Similar findings were also
reported by Singh (1985), Wassif ef al. (1995) and Mughra
et al. (1996).

The data of straw yield of wheat crop indicated in
Table 4 showed that maximum straw yield was obtained by
the combined application of FYM and gypsum at full rate
and minimum in the control. Treatment means were non-
significantly different among each other, however, T¢ gave



Izhar-ul-Haq, Muhammad and Igbal 167

Table 1. Physico-chemical properties of the native soil prior to experimentation

Property Unit Concentration
pH e 9.50

EC dS m’ 5.60

Na* mmol. L 45.00

K* mmol L™ 1.00

Ca®* + Mg* mmol L™ 1.92

COs™" mmol L 3.23

HCO5 mmol L™ 14.81

Cr mmol L™ 15.57

SO,* mmol L™ 19.35

Sodium Adsorption Ratio (mmol, L'H" 46.00

CaCO;, % 6.10

Soil Organic matter % 0.35

Sand % 56

Silt % 25

Clay % 19
Texturalclass e Sandy loam
Gypsum Requirement tons ha 18.28

Table 2a. Properties of the irrigation water used in the experiment

Parameter Unit Concentration
pH - 8.07

EC, dS m’ 2.70

Na* mmol, L 13.00

Ca® + Mg** mmol, L™ 0.71

SAR (mmol, L™)" 22.03

CO5™ mmol. L 2.60

HCO;y mmol L 5.1

RSC mmol. L 7.00

K* mmol, L' 10.26

Table 2b. Guidelines for irrigation water quality

Class ECdS m’ SAR RSC Reference
Good <1.35 <10 <25 Hussain, 1978
Marginal 1.35-2.70 10-15 2.5-5.0 Hussain, 1978
Hazardous >2.70 >15 >5.0 Hussain, 1978

Normal pH range 6.5-8.4

Ayers and Westcot, 1985

35, Ts 24, T4 21, and T, and T; 25%, respectively higher
straw yield as compared to control (T,). Application of FYM
with full rate of gypsum gave 9.14% increase in straw yield
over the full rate of gypsum alone. These results suggest that
both these amendments helped in increasing wheat straw
yield also, attributed to nutritional as well as ameliorative
effects as stated by Srivastava and Srivastava (1994).

All the treatments gave significant increases in 1000-
grain weight as compared to control (Table 4). Gypsum
application produced heavier grains than manure did.
Maximum 1000-grain weight of 39.07 g followed by 36.11 g
were obtained in treatments Tg and Ts, representing an
increase of 43 and 36%, respectively over control. The

application of FYM gave 1.3% increase in 1000-grain
weight with half rate of gypsum and 8% increase when used
with full rate of gypsum. Gypsum application at full rate
gave 9.3% higher 1000-grain weight than at half
recommended rate. These results suggest that both these
amendments were quite effective in boosting wheat yield
through increasing grain weight. The results are in
conformity with those reported by Tiwari and Jain, (1992).

The data indicated that gypsum at full rate alone or in
combination with manure significantly improved harvest
index as compared to control (Table 4). A maximum value
of harvest index was obtained in treatment Ty representing
an increase of 49% over control. The results indicate that
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Table 3. Effect of amendments on growth parameters of wheat crop

Treatments Number of Spikes m? Number of leaves Plant”  Grains Spike™
Control 17230 b' 8.00¢ 36.93b

FYM @ 20 t ha' 283.70 ab 9.45 be 45.13 ab
Gypsum @ 50% GR 307.30 a 9.24 bc 47.13 ab
Gypsum @ 50% GR+10 t ha' FYM 36730 a 9.63b 49.40 ab
Gypsum @ 100% GR 400.00 a 10.54 ab 50.00 ab
Gypsum @ 100% GR+10 t ha FYM 394.00 a 11.70 a 5473 a
LSD0s) 124.4 1.581 14.992

"Means sharing similar letter(s) within columns do not differ statistically at P<0.05.

Table 4. Effect of amendments on the yield parameters of wheat crop

Grain yield Straw yield 1000-Grain weight .

Treatments (ke ha) (ke ha™) (@) Harvest index
Control 1375 ¢ 4792 26.52¢ 2230b
FYM @ 20 tha 2000 bc 6000 29.73 d 25.00 ab
Gypsum @ 50%GR 2333 abc 6000 33.02c 28.00 ab
Gypsum @ 50% GR+ 10 t haFYM 2542 ab 5792 3343 ¢ 30.50 ab
Gypsum @ 100% GR 2667 ab 5916 36.11b 31.07 a
Gypsum @ 100% GR+10tha' FYM 3208 a 6458 39.07 a 33.19a
LSDg 5 1063 N.S 1.241 8.683
"Means sharing similar letter(s) do not differ statistically at P < 0.05.
Table 5. Effect of amendments on the uptake of nutrients by wheat crop

SO~ P K Zn Fe Mn
Treatments T Bl

_ gkg mg kg

Control 0.80¢' 3.109d 24.95 3290b 221.0b 43.90d
FYM 20 t ha 1.20 de 351 cd 27.75 33.17b 235.0b 46.03d
Gyp 50% GR 1.50 cd 3.75 bc 27.69 40.37b 241.3b 75.03 ¢
Gyp 50% + 10 t ha' FYM 2.00c 3.95 abc 2743 76.17 a 265.7b 82.30b
Gyp 100% GR 2.60b 4.12 ab 27.00 37.67b 367.0 a 72.37 ¢
Gyp 100% +10 t ha' FYM 330a 436 a 2742 90.53 a 348.0 a 95.63 a
LSD0s) 0.57 0.449 N.S. 23.04 69.48 6.47

"Means sharing similar letter(s) do not differ statistically at P < 0.05.

plots having full rate of gypsum and manure applied together
had avoided the osmotic shock as well as specific-ion
toxicities and supplied the crop with ample nutrition thereby
increasing reproductive growth to a greater extent as
compared to control. Vegetative nourishment thus produced
higher values of harvest index. These outcomes corroborate
the work of Minhas et al. (1991).

Effects of amendments application on the
nutrient composition of plants

Gypsum application significantly increased P uptake
which was further improved by the application of FYM also
(Table 5). Gypsum along with FYM helped improve P
uptake by counteracting the nutrient imbalances within the
plants. Similar results were also reported by Sharma (1986).
ANOVA of the results pertaining to leaf K showed non-
significant differences (P < 0.05) among treatment means.
However, T, and Tz had 11, T4 10, T¢ 9.8 and T5 8.2%,

respectively higher K concentration of wheat leaves than
control. Half rate of gypsum resulted in 78% more SO,*
over control and a further increase of 30% was obtained
when FYM was also supplemented. Similarly, 205% higher
SO,* was recorded with full rate of gypsum, and when
manure was supplemented a further increase of 27% was
observed. FYM supplemented plots had the highest SO,*
uptake as compared to the plots treated with only gypsum or
FYM, which might be due to the fact that organic matter
provides good amount of plant available SO,*. Mughra et al.
(1996) and Singh (1985) also reported similar results,

The data showed that Zn concentration was increased
significantly with application of amendments especially
when used together. It might be due to the fact that FYM and
gypsum tends to lower the pH of the soil which favors the
solubility of Zn (Lindsay, 1979). Gypsum at full rate either
alone or in combination with manure was effective in
improving Fe uptake by plants. Due to the application of
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Table 6. Effect of amendments on Soil pH, Electrical Conductivity (EC), SAR and Gypsum Requirement of soils

Treatments Soil pH EC SAR Gypsum Requirement (tons
(dSm™) ha™)

Control 9.00a 4.56 a 3548a 1393 a

FYM @ 20 t ha' 8.89a 449b 30.05 a 12.68 b

Gypsum @ 50% GR 8.83 ab 443 ¢ 21.54b 12.25¢

Gyp 50% GR + 10 t ha FYM 8.63 bc 394d 19.68 b 10.63 d

Gypsum @ 100% GR 8.45¢ 3.89d 17.99 be 891e

Gyp 100% GR + 10 t ha' FYM 8.15d 373e 12.12 ¢ 211f

LSD s 0.230 0.057 7.23 0.05

"Means sharing similar letter(s) do not differ statistically at P<0.05.

gypsum and FYM, the worse effect of irrigation water
regarding EC,, was reduced which favored the uptake of Mn
ad Fe as reported by Padole et al. (1995).

Effects of amendments on soil properties

Table 6 indicated that neither FYM nor gypsum at
half rate reduced soil pH significantly. Their combined
application or gypsum at full rate, however, had a significant
effect on lowering the pH of surface soil. The lowest
significant (P < 0.05) pH value was attained in T compared
to other treatments closely followed by Ts and T,
represented 9, 6 and 4% reduction, respectively from
control. The results suggested that decrease in soil pH value
with gypsum occurred due to replacement of exchangeable
Na* by Ca®. Decrease in pH was more remarkable in
combined application of gypsum and FYM treatments.
Because both are good contributors to the cause, gypsum
provides Ca”* to replace the sorbed Na* and manure further
boosts the process by producing organic acids and CO, to
dissolve native CaCOj to liberate more Ca** for replacement
of Na*. This result is in agreement with the works of Alawi
et al. (1980), Singh (1985) and Tiwari and Jain, (1992).

The data in Table 6 demonstrated that all the treatments
decreased soil EC significantly. Perusal of the data showed
that FYM alone or gypsum at half rate caused slight
reduction (1.5 and 2.9%, respectively) in EC, while major
reduction (13.6, 14.7 and 18.2%, respectively) occurred due
to their combined application or with gypsum at full rate.
The results showed that amendments have significantly
flushed down the toxic concentrations of soil soluble ions
thereby decreasing soil conductivity (Alawi et al., 1980).
FYM when applied with full dose of gypsum produced
better results as compared to application with half dose, thus
the former combination worked efficiently Favorable effect
of the manure and gypsum on decreasing EC may be
attributed to the improvement in porosity and infiltration
which might have resulted enhanced salts leaching. These
results are also supported by the findings of Ghafoor et al.
(1986) and Sharma et al. (1981).

The data presented in Table 6 indicated that gypsum
alone or in combination with manure was effective in
reducing SAR significantly (P < 0.05). FYM alone, on the
other hand, had no significant effect. Maximum reduction of
66% in SAR was obtained with combined application of
gypsum 100% and FYM 10 tons ha™. The reduction in SAR
may be the result of increased Ca®* + Mg** and/or decreased
Na* with the application of amendments. The FYM
application enhanced the efficiency of gypsum in reducing
the soluble Na* concentrations more when applied with full
of the recommended dose than the application with half
dose, so it will not be out of place to say that FYM effect is
more pronounced with gypsum in decreasing pH, EC, and
SAR and increasing Ca” + Mg?" . Similar findings were
also reported by Ghafoor and Muhammad (1981).
Muhammad and Khaliq (1975) and Shad and Hashmi (1970)
showed that gypsum + manure was more effective in
reclaiming calcareous saline sodic soils than gypsum or
manure alone.

Date regarding gypsum requirement of the soil showed
highly significant (P<0.05) differences in the treatment
means (Table 6). The data demonstrated soil improvement
by decreasing its gypsum requirement. The FYM alone
reduced gypsum requirement by 9% from control. Gypsum,
on the other hand, decreased it by 12 % with half rate and by
36% with full rate. Combination of both the amendments
resulted in remarkable decrease in GR by flushing out Na*
through the supply of Ca**. It is clear from the data that the
treatments which have lowered SAR a big deal, have got
minimum gypsum requirement. This can be attributed to the
fact that these treatments have got low concentration of
sorbed Na* on the exchange site of the soils and thus
highlighting the efficiency of different amendments in
combating the ill-effects of the brackish water. Beneficial
effect of gypsum on soil improvement was also reported by
Verma and Abrol (1980).
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Conclusion

It may be conclude that amendments such as gypsum
and manure proved to be effective, especially when used in
combination, in improving properties of salt affected soils
and wheat yields irrigated with brackish tube well waters.
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