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Introduction

Water is one of the most common and most 
important substance on earth’s surface. Water 

stress is the key component which has negative effect 
on crop productivity. In major agricultural countries 
various techniques are used to save water for increasing 
a sustainable crop production (Shahid et al., 2012). 
In low rainfall regions water shortage is taken into 

consideration as most forbidding factor because of 
low rainfall. Water shortage is the main problem 
of arid and semi-arid regions because good quality 
water is used for other purposes and waste water is 
used for irrigation purpose (Minhas et al., 2007).

In Pakistan, water shortage is noticeable stress which 
has adverse impact on the yield of various plants. 
So improving the wise use of available resources of 
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irrigation water is excellent way to enhance the water 
use efficiency in low rainfall areas (Pawlowski et al., 
2009). The shortage of fresh water resource limits the 
crop production. 

Sorghum (Sorghum bicolor L.) is locally recognized 
as “Jawar” in Pakistan and India and in Africa and 
China as “durra” and “kaffir corn” (Iqbal, 2015). 
Sorghum is extensively adopted as fodder and forage 
crop and has a primary function in cattle farming 
and has grown extensively throughout the summer 
time (Amandeep, 2012). Sorghum is suitable for arid 
to semi-arid regions and accounts for 6% of total 
cereal production. The field sorghum production is 
low @ 1.4 tons/ha with extensive adaptation (Reddy 
et al., 2011). In developing countries, economic 
improvement is based upon processing of domestically 
grown sorghum to valuable products and beverages. 
For human intake, more than 35% of sorghum is 
grown while, remaining is used in the animal feed 
industry. (Taylor, 2002). It is the cheapest sources 
of energy and provides 50% of micronutrients and 
vitamins specifically in rural India where people do 
no longer have easy access to nutrient-wealthy foods 
(Kumar et al., 2011). It is second cheapest sources 
of power and micronutrients after millet and the 
majority of human beings in Africa and India rely on 
it to fulfill energy requirements and micronutrients 
(Parthasarathy et al., 2006). It is efficient in water use 
and is suitably perfect to semi-arid regions, whereas 
in saline environment it could be the most important 
economic plants especially when groundwater is a 
source of irrigation (Rooney and Waniska, 2000). 
Soil salinity is the main factor that restricts the 
productivity of agricultural crops, affecting 5-10% of 
arable land, approximately 75 to 100 million hectares 
internationally, in line with estimates (Munns, 2005). 
In the world, soil salinity and/or sodicity represents 
extra risk to sustainable agriculture. Keeping in view 
with a report by (FAO, 2000) that within the world 
greater than 8×108 ha lands are affected either with 
sodicity (4.34×108 ha) or salinity (3.97×108 ha), each 
of which constitute about 6% of the total area in the 
world. Around 56% of Pakistani soils are saline/sodic 
(Mirbahar and Sipraw, 2000) and require an external 
supply of calcium for improvement (Ghafoor et al., 
2012). Because of higher ranges of SAR, EC and 
RSC inside the pumped ground water of Pakistan 
that negatively affect the crop production and soil 
properties (Murtaza et al., 2009). While, this water 
when used appropriately with different management 

strategies could be helpful in the reclamation of saline 
soils (Qadir et al., 2001).

It is known that sorghum is relatively extra salt tolerant 
than different vegetation such as corn or legumes, and 
has the capacity to be grown as replacement of corn 
in saline soils (Igartua et al., 1994). Gill et al. (2003) 
additionally found that at 37℃ the seeds of sorghum 
showed reduction in the germination due to salt stress 
in saline soils. Many researches on sorghum had 
evaluated its tolerance at the germination stage. But 
it showed a little tolerance at later stages (Munns et 
al., 2008). Sorghum is characterized by way of being 
moderately tolerant to salinity. However, salinity 
reduces its production and biomass (Almodares and 
Sharif, 2005). It was known that growth of sorghum 
was considerably reduced at all salinity stages from 50 
to 150 mm. The growth of sorghum is significantly 
reduced by salinity and this reduction is greater at 
250 mm than at a 125 mm NaCl (Ibrahim, 2004). 
Percentage of germinated seeds is reduced by the 
burden of salt pressure (Almodares et al., 2007) 
although at maximum salt concentration the greatest 
decrease in germination occurred. However, the 
first choice to increase productivity in soils is by 
improvement of high yield salinity tolerant sorghum 
genotypes (Igartua et al., 1994).
 
Materials and Methods

This experiment was carried out at College of 
Agriculture, University of Sargodha sited 32.08o 
North range and 72.67o East longitude. Its elevation 
is above the sea degree is 193 meters.

This study was performed in (RCBD) design with 9 
treatments that were replicated four times. The plot 
size was 3.5m × 3.5m having row to row spacing of 75 
cm and plant to plant distance 25 cm. The treatments 
of the experiments were as under:
T1 = Irrigation of canal water (control); T2 = 
Irrigation of water of EC 2.0 dS m-1; T3 = Irrigation 
of water of EC 3.0 dS m-1; T4 = Irrigation of canal 
water (control) with 10% Leaching fraction; T5 
= Irrigation of water of EC 2.0 dS m-1 with 10% 
Leaching fraction; T6 = Irrigation of water of EC 3.0 
dS m-1 with 10% Leaching fraction; T7 = Irrigation 
of canal water (Control) with 20% Leaching fraction; 
T8 = Irrigation of water of EC 2.0 dS m-1 with 20% 
Leaching fraction; T9 = Irrigation of water of EC 3.0 
dS m-1 with 20% Leaching fraction.
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Before sowing the sorghum seeds the seed beds 
were prepared by cultivating the field for 2-3 times 
with tractor-installed cultivar. Sorghum cultivar 
“Hegari” was sown @ 40 kg acre-1. To keep plant to 
plant distance 25 cm thinning was done. The hoeing 
was done two times in the whole growing season to 
reduce weed-crop competition. The first irrigation 
was applied after 10 days of germination while other 
irrigations were applied to the crop according to 
water requirements of the crops. Fertilizers like SOP, 
SSP and Urea were the N, P, K sources used in the 
experiment. At maturity the crop was harvested and 
different parameters were noted. Sorghum biomass, 
plant height, plant diameter and no of plants/m2 were 
noted. Before sowing and after harvesting the crop, 
soil analysis was carried out. The soil sample were 
collected from the depth of 0-15 cm with the help of 
soil auger. From every plot soil sample was collected. 
The analysis was made according to the methods 
written in Hand Book 60 of U.S Laboratory Staff 
(1954). Soil samples dried in oven were used for all 
determinations. Physio-chemical properties of soil 
before cultivation were as indicated here:

Parameters Unit Value
pHs - 8.1
ECe dSm-1 0.89
SAR - 3.62
Soil textural class - Clay loam

Results and Discussion

Plant height (cm)
The height of plants is an important feature of the 
plants on which the strength and growth of the 
plant depends. The height of the plant is directly 
proportional to the growth rate. The maximum height 
of the sorghum plants was obtained from the plots 
which were under the canal water irrigation followed 
by the plots irrigated with the water of EC 2.0 dS m-1 
and EC 3.0 dS m-1. Similar effect of leaching fraction 
was observed within treatments and sub treatments. 
Plant height of the plots having 20% leaching fraction 
was noted to be higher than those having 10 and 0% 
leaching fraction. The treatment T7 demonstrated 
dominance over all the other treatments because of 
canal water with 20% leaching fraction. As the EC of 
irrigation water increased and the leaching fraction 
decreased plant height was reduced. The minimum 
plant height was observed in the plots of treatment T3 

which were irrigated with the water of EC 3.0 dSm-1 
with 0% leaching fraction followed by T6 (water of 
EC 3.0 dS m-1 with 10% leaching fraction) and T9 
(water of EC 3.0 dS m-1 with 20% leaching fraction) 
respectively (Figure 1). The treatments, T6 and T9 
were statistically similar with each other in term of 
sorghum plant height. These results are supported by 
Noaman and El-Haddad (2000) who reported that 
plant height of crop plant improved significantly by 
increasing leaching fraction from 0.25 to 0.50% under 
irrigation with saline water. According to Glenn et al. 
(1991) high leaching fraction under irrigation with 
seawater increase the plant height of crop.

Figure 1: Impact of canal and saline water with and without 
leaching fraction on plant height (cm) of sorghum.

Stem diameter (cm2)
Stem diameter indicates the girth of the plant stem. 
Generally, it determines the growth and vigor of the 
crop plant. Stem diameter shows substantial response 
to saline water. Data about stem diameter is presented 
in Figure 2 which indicated that saline water impart 
significant effect on stem diameter of sorghum. The 
highest stem diameter of the sorghum plants was 
obtained from the plots which were under the canal 
water irrigation followed by the pots irrigated with 
the water of EC 2.0 dS m-1 and EC 3.0 dS m-1. 
Similar effect of leaching fraction was observed within 
treatments and sub treatments. Stem diameter of the 
plots having 20% leaching fraction was noted to be 
higher than those having 10 and 0% leaching fraction. 
The treatment T7 demonstrated dominance over all 
the other treatments because of canal water with 
20% leaching fraction. As the EC of irrigation water 
increased and the leaching fraction decreased stem 
diameter was reduced. The minimum stem diameter 
was observed in the plots of treatment T3 which were 
irrigated with the water of EC 3.0 dSm-1 with 0% 
leaching fraction followed by T6 (water of EC 3.0 dS 
m-1 with 10% leaching fraction) and T9 (water of EC 
3.0 dS m-1 with 20% leaching fraction) respectively 
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(Figure 2). The treatments, T6 and T9 were statistically 
similar with each other in term of sorghum stem 
diameter. These results are similar to the findings of 
Almodares et al. (2007) who reported that growth 
and stem diameter of sorghum decreases under 
irrigation with saline water. The work of Noaman 
and El-Haddad (2000) showed that irrigation with 
saline water under high leaching fraction reduced 
the negative impact of salinity on growth traits of 
halophytes species.

Figure 2: Impact of canal and saline water with and without 
leaching fraction on stem diameter (cm2) of sorghum.

Number of plants/m2 

Number of plants/m2 is one of the most essential 
characters in term of crop yield. To obtain the maximum 
crop growth and yield optimum plant population 
is essential. The data indicated that irrigation with 
saline water had no impact on number of plants/m2. 
However, the maximum number of plants/m2 (29) 
of sorghum was recorded in the treatment grown 
under canal water with 10% of leaching fraction (T4). 
The treatments, T1 (canal water with 0% leaching 
fraction), T7 (canal water with 20% leaching fraction) 
and T8 (water of EC 2.0 dS m-1 with 20% leaching 
fraction) produced 27 plants/m2 (Figure 3). Similarly, 
the 26 number of plants/m2 produce by T2 (water of 
EC 2.0 dS m-1 with 0% leaching fraction), T5 (water 
of EC 2.0 dsm-1 with 10% leaching fraction) and T9 
(water of EC 3.0 dSm-1 with 20% leaching fraction). 
The minimum number of plants/m2 (25) of sorghum 
was recorded where irrigation was applied with water 
of EC 3.0 dSm-1 with 0% leaching fraction (T3). 
According to Almodares et al. (2007) salinity has 
little effect on seed germination but they cannot grow 
continuously under high level of salinity. Jamil et al. 
(2005) also applied different levels of salt stress (0.0, 
4.7, 9.4 and 14.1 dS m-1) on cauliflower, canola and 
cabbage. They revealed that germination % in all three 
species decreased significantly with increasing salinity 
up to 14.1 dS m-1.

Figure 3: Impact of canal and saline water with and without 
leaching fraction on number of plants/m2 of sorghum. 

Figure 4: Impact of canal and saline water with and without 
leaching fraction on fresh weight/biomass (t ha-1) of sorghum. 

Fresh weight (t ha-1)
Fresh weight of plant determines the biological yield 
of sorghum. More the fresh weight more will be 
the total green fodder yield that improved the crop 
productivity under salt stress. Data showed that use 
of saline water affected fresh weight of sorghum 
significantly. Among all the treatments, fresh weight 
of the sorghum plants was obtained from the plots 
which were under the canal water irrigation followed 
by the plots irrigated with the water of EC 2.0 dS m-1 
and EC 3.0 dS m-1. Similar effect of leaching fraction 
was observed within treatments. Fresh weight of 
the plots having 20% leaching fraction was noted 
to be higher than those having 10 and 0% leaching 
fraction. The treatment T7 demonstrated dominance 
over all the other treatments because of canal water 
with 20% leaching fraction. As the EC of irrigation 
water increased and the leaching fraction decreased 
fresh weight was reduced. The minimum fresh weight 
was observed in the plots of treatment T3 which were 
irrigated with the water of EC 3.0 dS m-1 with 0% 
leaching fraction followed by T6 (water of EC 3.0 dS 
m-1 + 10% leaching fraction) and T9 (water of EC 3.0 
dS m-1 + 20% leaching fraction) respectively (Figure 
4). The treatments, T6 and T9 were statistically similar 
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with each other in term of sorghum fresh weight. 
These results are supported by the findings of Gill et 
al. (2003) who indicated that irrigation with saline 
water cause reduction in the fresh weight of sorghum 
by increasing salinity levels. According to Glenn and 
O’Leary (1985) higher fresh weight were obtained 
from halophytes species under daily irrigation of 
seawater at high leaching fraction.

Conclusions and Recommendations

The results of the experiment revealed that 
management technique of leaching fraction proved 
effective in reducing the detrimental effects of saline 
water. The results of the study demonstrated that 
application of saline water with leaching fraction 
at various rates mitigated the deleterious effects of 
saline water on the growth of sorghum by improving 
the properties of soil. Among all the treatments, T7 
(canal water + 20% leaching fraction) performed the 
best which produced the highest values of growth 
parameters like sorghum biomass, plant height, plant 
diameter and no of plants/m2.
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