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Introduction

Among abiotic factors, salt stress is a universal 
constraint for sustainable agriculture 

production. To increase agriculture production, it is 
imperative to explore the potential of unproductive 
salt-affected soils by employing suitable remedial 
strategies. Removal of toxic Na+ out of root zone 
through some suitable amendments like gypsum, 
sulfur, H2SO4 is a usual way to reclaim the sodic or 

saline-sodic soils. Gypsum being a direct source of 
Ca2+, low price, and ease in handling, is the most 
used inorganic amendment. According to Hamza 
and Anderson (2003), gypsum effectively removes 
the exchangeable Na+ and decreases the soil pHs, 
ECe and SAR. Integrated use of gypsum with some 
organic amendments like compost, farmyard manure, 
and poultry manure not only increased the solubility 
and the reclamation efficiency of gypsum but also 
improved the health of salt prone soils (Tajada et al., 
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2006; Singh et al., 2015). Gypsum application with 
humic substance and biochar enhanced the quality 
and yield of two quinoa genotypes and restored the 
health of salt prone soils (Alcivar et al., 2018). 

Humic substances, may perform multiple roles in 
improving the soil health and nutritional status 
of salt-affected soils. Turhan (2019) evaluated the 
effect of humic acid @ 0, 1 and 2 g kg-1 of soil on 
physiological and yield components of cauliflower 
under the saline conditions (0.3, 4, 6, and 8 dS m-1). 
They stated that the HA showed a positive effect on 
low to moderate salinity levels and 2 g of HA per 
kg of soil remarkably improved the yield and curd 
weight of cauliflower. Jamal et al. (2018) examined the 
performance of wheat crop to humic acid application 
(0 and 500 g ha-1) in combination with phosphorus 
(control, 60, 90 and 150 kg ha-1). They found that HA 
@ 500 g ha-1 with 60 and 90 kg P2O5 ha-1 positively 
influenced the yield of wheat crop while humic acid 
@ 500 g ha-1 with 90 kg P2O5 was an optimal dose 
for the maximum wheat yield and improving the 
soil properties. According to Manzoor et al. (2014), 
humic acid @ 2 kg ha-1 along with micronutrients 
like Cu and Zn significantly improved the yield 
components of wheat under saline conditions. Asik 
et al. (2009), applied the 0, 1 and 2 g of HA per kg of 
soil on the wheat crop grown at 15 as well as 60 mM 
salinity stresses. Twenty and thirty-five days after the 
seedling emergence, HA was also sprayed @ 0, 0.1 
and 0.2 %. Results revealed that HA application in 
soil counteracted the negative effect of salinity, and 
improved the nitrogen uptake whereas foliar spray 
improved the uptake of Zn, K, and P. Similarly, in a 
field trial, Shaaban et al. (2013) applied the gypsum 
with FYM and HA in saline-sodic paddy field. They 
described that the gypsum alone or combined with 
FYM and HA remarkably improved the paddy yield 
and properties of salt-affected soils. 

Humic acid not only showed the positive effects 
on yield of crops but also improved soil physical 
(moisture contents, aeration, aggregation) and 
chemical properties (pHs, ion uptake etc.) (Khan 
et al., 2012). Hoda and Fatma (2016) evaluated the 
effect of HA (control, 800, 1600, and 2400 ml) on 
health of salt prone soils and fodder beet productivity. 
After two years of experimentation, they stated that 
O.M. content, cation exchange capacity, aggregates 
stability, hydraulic conductivity and available water 
content increased while bulk density decreased 

with applying the HA. They concluded that HA @ 
2400 ml /400 L of water was the optimum dose for 
increasing the fodder beet productivity and improving 
the soil health under saline conditions. Khattak et al. 
(2013) added the HA @ 1.5 and 3.0 mg kg-1 in salt-
affected soils and studied the chemical, physical and 
microbial activities. They reported that HA improved 
the moisture contents, microbial activity, enzymatic 
activities and cation exchange capacity. 

Therefore, this study was planned to determine 
the best combination of HA and gypsum for the 
amelioration of saline-sodic soil and its impact on 
rice and wheat crops yield.

Materials and Methods

The present research work was investigated from 
2015 to 2018 at Soil Salinity Research Institute, 
Pindi Bhattian, Pakistan. A field having ECe 
(electrical conductivity of soil extract) = 4.71 dS m-1, 
pHs (pH of soil saturated past) = 9.10, SAR (sodium 
adsorption ratio)= 31.82, BD (bulk density) = 1.52 
Mg m-3, GR (gypsum requirement) = 7.31 t ha-1, HC 
(hydraulic conductivity) = 0.41 cm hr-1 was selected. 
The treatments tested were: T1 - control, T2 - gypsum 
@ 100 % GR, T3 - gypsum @ 75 % GR+ HA @ 15 kg 
ha-1, T4 - gypsum @ 75 % GR+ HA @ 30 kg ha-1, T5 - 
gypsum @ 50 % GR+ HA @ 15 kg ha-1, T6 - gypsum @ 
50 % GR+ HA @ 30 kg ha-1. The experimental design 
was RCBD with 3 repeats. Gypsum was applied 
thirty days before rice transplantation followed by 
irrigation to facilitate the leaching. While humic 
acid was applied 15 days before rice transplantation. 
Rice nursery (Shaheen Basmati) was transplanted 
in mid of July and the fertilizers dose of (150-90-
60 NPK kg ha-1) was applied. Agronomic and plant 
protection measures were employed uniformly. Yield 
and yield characteristics of rice were documented at 
the physical maturity of the crop. After the harvest 
of rice, in the same layout, wheat (Faisalabad 
2008) was sown in November following the same 
methodology and treatments. The fertilizer dose @ 
160-114-60 NPK kg ha-1 was applied. Yield and yield 
characteristics were documented at the harvest of 
crop. At the end of study, compositive soil samples 
were collected and analyzed for pHs, ECe, SAR, 
bulk density and hydraulic conductivity according to 
U.S. Salinity Laboratory Staff (1954). The collected 
crop data (rice and wheat) was statistically analyzed. 
The treatment mean comparison was made using 
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the Least Significant Difference (LSD) Test @ 5% 
probability (Steel et al., 1997) using STATISTIX 8.1 
package software.

Results and Discussion

Rice crop
Pooled data of rice crop depicted that humic acid 
and gypsum significantly influenced the growth 
characteristics of rice crop. However, at the similar, 
combined use of humic acid and gypsum had more 
positive effects than sole application of gypsum. Data 
concerning the plant height (Table 1) displayed that 
the highest plant height of 134.33 cm was observed 
with addition of gypsum @ 75 % GR + HA @ 30 kg 
ha-1 which was non-significant with gypsum @ 100% 
GR. Whereas, the lowest plant height of 119.67 cm 
was documented in control (T1). Data about tillers m-2 
and spikelet panicle-1 showed that maximum number 
of tillers (230.67) and spikelet (215.67) were recorded 
with gypsum @ 75 % GR + HA @ 30 kg ha-1 followed 
by gypsum @ 100 % of GR and statistically both 
treatments were alike. On the other hand, minimum 
number of tillers (214.33) and number of spikelet 
(196.67) were observed where no amendments were 
used, the control (Table 1). Similarly, the highest 
1000-grain weight (30.33 g) was divulged at gypsum 
@ 75 % GR + HA @ 30 kg ha-1 and gypsum @ 
100 % of GR and both the treatments were at par 
(Table 2). While, control recorded the lowest grain 
weight (24.66 g). Data about paddy and straw yield 
showed that humic acid and gypsum in combination 
performed better than gypsum alone and the highest 
paddy (4.30 t ha-1) and straw yield (9.96 t ha-1) was 
documented in gypsum @ 75 % GR + HA @ 30 kg 
ha-1 followed by gypsum @ 100 % of GR and both 
treatments were insignificant from each other (Table 
2). On the contrary, minimum paddy (2.35 t ha-1) and 
straw yield (5.42 t ha-1) were documented in control 
(T1). 

Wheat crop
Data about wheat crop exhibited that different levels 
of humic acid combined with gypsum significantly 
improved performance of wheat crop and HA @ 30 kg 
ha-1 when used with gypsum @ 75 % GR performed 
equally as gypsum alone @ 100 % GR in most of 
the studied parameters. Data in (Table 3) showed 
that taller plants (71 cm) were observed in gypsum 
@ 75% GR + HA @ 30 kg ha-1 statistically similar 
with gypsum @ 100% of GR. Data also showed 

that maximum grain spike-1 (30.33), 1000-grain 
weight (33.33 g) and number of tillers (163.33), were 
obtained when HA @ 30 kg ha-1 was applied with 
gypsum @ 75 % of GR. However, these attributes 
were alike (P ≤ 0.05) with gypsum @ 100 % of GR. 
Minimum number of tillers (132), 1000-grain weight 
(25.33 g), and grain per spike (24.66) were divulged 
in control. Maximum grain (3.96 t ha-1) and straw 
(4.98 t ha-1) yield were achieved with application of 
gypsum @ 75 % GR + HA @ 30 kg ha-1 statistically 
alike with gypsum @ 100 % of GR (Table 4). Whereas 
minimum grain (2.50 t ha-1) and straw (3.23 t ha-1) 
yield were recorded by control.

Figure 1: Effect of humic acid and gypsum on bulk density (Mg m-3) 
of soil at the end of study. 

Figure 2: Effect of humic acid and gypsum on hydraulic conductivity 
(cm hr-1) of soil at the end of study. 

Soil properties 
Soil analysis data indicated that HA and gypsum 
substantially improved the soil chemical and physical 
properties. At the end of study data regarding the ECe 
revealed that maximum reduction of 30.78% over its 
initial value was noted with gypsum @ 100% of GR 
followed by gypsum @ 75 % of GR + HA @ 30 kg ha-1 
with a reduction of 27.60% over its initial value (Table 5). 
With respect to soil pHs maximum reduction (6.92%) 
was observed with gypsum @ 100% of GR followed 
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Table 1: Effect of humic acid and gypsum on rice growth characters (average of three seasons).
Treatments Plant height (cm) No. of spikelet panicle-1 No. of tillers m-2

T1 Control 119.67 d 196.67 c 214.33 d
T2 Gypsum @ 100% GR 132.00 a 213.33 a 229.67 a
T3 Gypsum @ 75 % GR + HA @ 15 kg ha-1 127.00 b 213.33 a 224.00 b
T4 Gypsum @ 75 % GR + HA @ 30 kg ha-1 134.33 a 215.67 a 230.67 a
T5 Gypsum @ 50 % GR + HA @ 15kg ha-1 125.33 bc 204.33 b 221.67 bc
T6 Gypsum @ 50% GR + HA @ 30 kg ha-1 123.67 c 200.00 bc 217.67 cd
LSD 2.8379 6.3948 4.5663

Table 2: Effect of humic acid and gypsum on rice yield and yield components (average of three seasons).
Treatments Paddy yield (t ha-1) Straw yield (t ha-1) 1000 grain weight (g)
T1 Control 2.35 d 5.42 d 24.66 c
T2 Gypsum @ 100% GR 4.25 a 9.84 a 30.33 a
T3 Gypsum @ 75 % GR + HA @ 15 kg ha-1 3.74 b 8.65 b 29.00 ab
T4 Gypsum @ 75 % GR + HA @ 30 kg ha-1 4.30 a 9.96 a 30.33 a
T5 Gypsum @ 50 % GR + HA @ 15kg ha-1 3.32 c 7.71 c 26.33 bc
T6 Gypsum @ 50% GR + HA @ 30 kg ha-1 3.79 b 8.77 b 25.00 c
LSD 0.3851 0.8868 2.8119

Table 3: Effect of humic acid and gypsum on wheat growth characters (average of three seasons).
Treatments Plant height (cm) No. of grain spike-1 No. of tillers m-2

T1 Control 59.33 d 24.66 b 132.00 c
T2 Gypsum @ 100% GR 69.33 ab 29.33 a 161.33 a
T3 Gypsum @ 75 % GR + HA @ 15 kg ha-1 67.33 b 29.00 a 161.00 a
T4 Gypsum @ 75 % GR + HA @ 30 kg ha-1 71.00 a 30.33 a 163.33 a
T5 Gypsum @ 50 % GR + HA @ 15kg ha-1 63.33 c 26.33 b 151.00 b
T6 Gypsum @ 50% GR + HA @ 30 kg ha-1 60.33 d 25.00 b 150.33 b
LSD 2.9460 2.6503 6.8313

Table 4: Effect of humic acid and gypsum on wheat yield and yield components (average of three seasons).
Treatments Grain Yield (t ha-1) Straw Yield (t ha-1) 1000 grain weight (g)
T1 Control 2.50 e 3.23 e 25.33 c
T2 Gypsum @ 100% GR 3.68 b 4.66 b 32.66 a
T3 Gypsum @ 75 % GR + HA @ 15 kg ha-1 3.34 c 4.26 c 28.66 b
T4 Gypsum @ 75 % GR + HA @ 30 kg ha-1 3.96 a 4.98 a 33.33 a
T5 Gypsum @ 50 % GR + HA @ 15kg ha-1 3.04 d 3.85 d 27.66 bc
T6 Gypsum @ 50% GR + HA @ 30 kg ha-1 3.31 c 4.18 c 26.66 bc
LSD 0.1458 0.3128 2.5657

Table 5: Effect of humic acid and gypsum on soil chemical properties at the end of study.
Treatments ECe % decrease over initial value pHs % decrease over initial value
T1 Control 4.38 7.00 8.95 1.64
T2 Gypsum @ 100% GR 3.26 30.78 8.47 6.92
T3 Gypsum @ 75 % GR + HA @ 15 kg ha-1 3.95 16.13 8.87 2.52
T4 Gypsum @ 75 % GR + HA @ 30 kg ha-1 3.41 27.60 8.49 6.70
T5 Gypsum @ 50 % GR + HA @ 15kg ha-1 4.03 14.43 8.86 2.63
T6 Gypsum @ 50% GR + HA @ 30 kg ha-1 3.96 15.92 8.83 2.96
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Table 6: Effect of humic acid and gypsum on soil chemical properties at the end of study.
Treatments SAR % decrease over initial value
T1 Control 26.73 15.99
T2 Gypsum @ 100% GR 13.16 58.64
T3 Gypsum @ 75 % GR + HA @ 15 kg ha-1 22.3 29.91
T4 Gypsum @ 75 % GR + HA @ 30 kg ha-1 14.33 54.96
T5 Gypsum @ 50 % GR + HA @ 15kg ha-1 25.46 19.98
T6 Gypsum @ 50% GR + HA @ 30 kg ha-1 24.1 24.26

by gypsum @ 75 % of GR + HA @ 30 kg ha-1 with a 
reduction of 6.70% while minimum reduction (1.64%) 
was noted in control (Table 5). Similarly, soil sodicity 
indicator, the SAR was also significantly improved 
by the gypsum alone or combined with humic acid. 
Maximum reduction (58.64%) in soil SAR was 
recorded with gypsum @ 100% of GR followed by 
gypsum @ 75 % of GR + HA @ 30 kg ha-1 which 
reduces the SAR by 54.96% over its initial value. 
While minimum reduction (15.99%) was observed 
in control (Table 6). Gypsum @ 100% of GR and 
gypsum @ 75 % of GR + HA @ 30 kg ha-1 performed 
almost equally in improving the soil bulk density 
with a maximum reduction of 4.60% and 3.94% 
respectively over its initial value and on the other 
hand minimum reduction of 1.31% was documented 
in control (Figure 1). Soil hydraulic conductivity 
was also remarkably improved by gypsum alone or 
combined with humic acid. A maximum increase 
(17.07%) in hydraulic conductivity was documented 
where gypsum was incorporated @ 100% of soil GR, 
while gypsum @ 75 % of GR + HA @ 30 kg ha-1 
increased the hydraulic conductivity by 9.75% over its 
initial value. On the contrary, a minimum increase of 
2.43% was observed in control (Figure 2).
 
Use of inorganic (gypsum, calcium chloride, acids) 
and organic (humic substances, compost, press mud, 
organic manures) amendment is a very well established 
and effective technology for improving health of salt 
prone soils and crop productivity. Hence, the current 
study was planned to explore the effectiveness of 
integrative use of HA and gypsum for the reclamation 
of saline-sodic soil and crop production. Growth 
and yield attributes of both crops i.e. wheat and rice 
were influenced remarkably with the combination of 
humic acid and gypsum, however, gypsum @ 75% 
GR incorporated with HA @ 30 Kg ha-1 proved more 
superior over other treatments and performed equally 
as gypsum @ 100% GR. A plausible reason for 
improved growth and yield components may be that 

the soil properties are amended by addition of gypsum 
as it removed excessive Na+ out of the root zone 
(Muhammad and Khattak, 2011) and accelerated the 
reclamation process (Abdel-Fattah, 2012) by leaching 
the soluble salts and decreasing the salinity as well 
as sodicity. It has also been stated by Ghafoor et al. 
(2008) that gypsum application in a paddy field under 
the submerged condition results in the removal of 
Na+ which causes the lowering of SAR, ECe and pHs. 
In the present study, gypsum alone or with HA @ 30 
Kg ha-1 also significantly reduced the SAR, pHs, and 
ECe, and all these values were under the safe limits as 
classified by US Salinity Laboratory Staff Parameters 
(1954). These results are strengthened by earlier 
findings of Ahmed et al. (2015) and Murtaza et al. 
(2017) that gypsum application-alone or with some 
organic amendments lowered the salinity and sodicity 
indices of soil. Therefore, lowered pHs, ECe, and SAR 
provided the favorable growth conditions and more 
yield was obtained in this treatment (gypsum @ 75% 
GR + humic acid @ 30 Kg ha-1). 

Deteriorated physical and chemicals properties of salt 
prone soils limit the water availability and nutrients 
uptake and a negative correlation occurs between plant 
growth and soil salinity indices (Rasouli et al., 2013). 
Present results clearly demonstrated that gypsum 
and HA application also significantly improved the 
physical properties e.g. the hydraulic conductivity 
and bulk density which may be primarily cause of 
increased yield of wheat and rice crops (Hanay et al., 
2004). 

Improved crop growth and soil properties by HA 
may be explained that HA retained more moisture, 
improved soil structure, microbial activities and 
increased the available plant nutrient contents (Ounia 
et al., 2104; Hua et al., 2008). Therefore, application 
of humic acid directly or indirectly exert the several 
encouraging effects on plant functions, and increased 
the photosynthesis, oxygen and phosphorus intake 
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and respiration (Nardi et al., 2002; Pizzeghello et 
al., 2013). Under the condition of moderate salinity, 
HA application increased the fresh and dry weight of 
shoots/roots and lengths of the pepper plant (Çimrin 
et al., 2010) which is in agreement with our results. 
Humic substances increased the stress tolerance while 
acting as a growth regulator of plants (Çimrin et al., 
2010). Application of organic matters and humic 
substances inactivate the soil Na, decreased soil pH 
and EC mainly due to supply of potassium, magnesium 
and calcium. High supplies of these minerals reduced 
the Na adsorption on exchange sites and increased 
its leaching (Lakhdar et al., 2009). Furthermore, 
humic acid immobilizes the organic matter (Oste et 
al., 2002), improved the nutrients uptake (Tahir et al., 
2012), and increased the microbial activity (Wong et 
al., 2009). Hence all these factors might contribute to 
increased yield of rice and wheat crops.

Conclusions and Recommendations

Under salt stressed (saline-sodic) field conditions, 
addition of gypsum and HA remarkably improved the 
soil physical and chemicals properties. These amended 
soil properties produced the favorable growth 
conditions for stressed plants which was reflected by 
improved plant height, tillers m-2. 1000-grain weight, 
paddy/grain and straw yield of rice and wheat crops. 
Consequently, the integrated use of gypsum @ 75% 
GR + humic acid @ 30 Kg ha-1, is equally effective as 
gypsum @ 100 % GR in improving the yield of rice 
and wheat crops and to reclaim/restore the health of 
saline-sodic soils. 
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