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Abstract. Disposal of industrial wastewater is a current issue of urbanization. However, this problem can
be sorted out by using wastewater as an alternate source of irrigation after the addition of some
amendment. The present study was performed at the Shakarganj Sugar Research Institute (SSRI) Jhang,
Pakistan to determine the influence of different combinations of distillery spent wash (DSW) and NPK
fertilizers on growth, yield and nutrient uptake of wheat crop. The experiment was composed of different
combinations of DSW and NPK (0:0, 0:100, 25:75, 50:50, 75:25, 100:0). The results revealed that the
application of different combinations of DSW and NPK significantly improved the growth, yield, and
nutrient uptake in wheat crop. The maximum improvement in growth attributes (LAI, LAD, CGR and
TDM) was recorded with the application of 25:75% DSW and NPK fertilizers. Similarly, application of
25:75% DSW and NPK improved the plant height, fertile tillers, 1000 grain weight, biological yield grain
yield nitrogen uptake, phosphorus uptake and potassium uptake up to 32.88%, 37.5%, 38.87%, 34.61%,
78.42%, 62.42%, 92.55% and 73.25% respectively, over the control. In conclusion, application of 25:75%
DSW and NPK was proven superior to other combinations in terms of growth, yield and nutrient uptake.
Keywords: wheat, spent wash, yield, grain, N. P. K.

Introduction

The imperious issue of water scarcity has devastating impacts on the economic growth,
livelihoods and environmental supremacy around the globe. The rapid increase in
industrialization excretes immense amount of waste water, as demands for fresh water is
amplifying day by day, therefore, waste water often seen as a valuable asset, thus it can be a
prime alternate source to irrigate the crops (Noori et al., 2013). Additionally, the agricultural
crops also require a huge quantity of water for their growth and development. Therefore, the
use of waste water in agriculture will solve both problems, and will improve the
environmental quality and crop yield. Moreover, the use of waste water can improve the soil
physical and chemical properties, soil nutrition status (Kiziloglu et al., 2007) and crop growth,
yield as well as quality (Nagajyothi et al., 2009; Nath et al., 2009). Therefore, the wise use of
waste water would be helpful in water conservation, nutrient recycling, reduction of water
pollution and input application (Thapliyal et al., 2009; Vasudevan et al., 2010).
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The sugar industry plays a pivotal part in the economic development of Pakistan. There are
88 sugar mills in Pakistan (PSMA, 2014). These mills have limited capacity to store and to
treat this spent wash, therefore, much of the spent wash is disposed into surrounding areas of
mills. The poor handling and management of DSW create the problems of water pollution
and deterioration of soil health (Chhonkar et al., 2000).

DSW is a by-product of sugar industry, it is purely of plant origin and contains appreciable
amount of macro nutrients (N, P, K, Mg, Ca, and S), micronutrients (Fe, Zn and Mn) and
organic matter, and therefore it can be a valuable fertilizer when applied to soil along with
irrigation water (Vadivel et al., 2014). Likewise, DSW also contains a significant amount of
growth promoting substances, i.e. auxins and gibberellins, which further increases its value as
a fertilizer. The higher amount of calcium in DSW has the potential to reclaim the sodic soil,
similarly to gypsum effect (Suganya and Rajannan, 2009).

The application of DSW not only controls the water pollution, but also improves the crop
growth and productivity (Suganya and Rajannan, 2009). The application of DSW
substantially improved the yield of sugarcane crop (Haron et al., 2004), rice and wheat yield
(Pathak et al., 1998), and ground nut owing to improvements in soil quality and nutrient
uptake (Ramana et al., 2001). Moreover, the use of DSW appreciably improved the crop
productivity without affecting the soil fertility (Ramana et al., 2001).

The land application of DSW improved the microbial biomass, and enzymatic activities,
which increased the mineralization of organic matter, thus improved the uptake and
availability of nutrients (Mahimairaja et al., 2004). The judicious application of DSW
enhanced the nutrient uptake in root vegetables (Chandraju et al., 2008), top vegetables
(Basvaraju and Chandraju, 2008), leafy vegetables (Chandraju et al., 2007) and pulses
(Chandraju et al., 2008).

The conjunctive application of synthetic fertilizers along with the organic fertilizers further
improves the growth, yield and quality of crops. The combined application of DSW and NPK
fertilizers, improved the growth, yield and nutrient uptake in sugar cane crop (Sharma, 2013).
Likewise, the application of diluted DSW and NPK fertilizers improved the soil health,
growth and yield and quality of sugarcane crop (Kaloi et al., 2017). On the basis of these
facts, the present investigation was carried out to determine the suitable combination of spent
wash and inorganic fertilizers, which has the best effect on growth, yield and nutrient uptake
in wheat crop.

Materials and methods
Study site and experimental design

A Field study was conducted for two consecutive years (2013-14, 2014-15) at the
farm of Shakarganj Mills Farms, Jhang, (longitude 73-8°E, latitude 31-8°N, and altitude
184-4 m asl) Pakistan to investigate the influence of different combination of distillery
spent wash and NPK fertilizers on growth, yield and quality of wheat crop. The study
site comes under sub-tropical region, moreover, the prevailing conditions during both
growing seasons are given in Figure 1. Composite soil samples were taken from the site
in order to determine the different physical and chemical properties of soil. The soil
samples were analyzed by standard procedures of Homer and Pratt (1961). The soil was
sandy loam, containing 0.74% organic matter, 0.058% nitrogen (N), 4.63 ppm
phosphorus (P), 121 ppm potassium (K), and has a pH of 7.94. The experiment was laid
out in randomized complete block design having four replications.
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Figure 1. Prevailed climatic conditions during the growing seasons. A: Maximum and minimum
temperature during 2013-14 and 2014-15, B: Relative humidity during 2013-14 and 2014-15,
C: Rainfall during 2013-14 and 2014-15

Collection of spent wash and analysis

Spent wash (SW) was collected from distillery of Shakarganj Mills. The spent wash
samples were preserved in polycarbonyl sterilized air-free containers, after that they
were transported into the laboratory and kept in refrigerator at 4 °C till use. The
different components of spent wash like pH, total solids, N, P, K, Ca, Mg, Na, BOD and
COD (Table 1) were determined by the standard procedures of AWWA and WEF
(1998).

Table 1. Characteristics of spent wash used in study

EC(dSm™) 7.7 Total Na (mg L™) 223
pH 41 Total P (mg L™) 75
Organic matter (%) 1.25 Total N (mg L™) 410
BOD (mg L") 232 Total K (mg L ™) 2303
COD (mg L™ 6109 HCO3 (mg L ™) 101
Total Ca(mg L) 124 Indole acetic acid (mg L™) 41
Total Mg (mg L) 63 Gibberellic acid (mg L™) 3119

Treatment and crop husbandry

The study was composed of the following treatments: T;: 0%DSW+0%NPK, T:
0%DSW+100%NPK, T3 25%DSW+75%NPK, Ts 50%DSW+50%NPK, Ts:
75%DSW+25%NPK and Ts: 100%DSW+0%NPK. The seed bed was prepared as
recommended by the department of agriculture, Punjab, Pakistan (Govt. of Punjab,
2013-14). The recommended rates of NPK for wheat crop were, 120:90:60 kg ha™ and
they were applied in the form of urea, diammonium phosphate and sulphate of potash.
All the P and K fertilizers were applied at the time of sowing, while N was applied in
two splits, i.e., at sowing and with first irrigation. The spent wash was applied with the
first irrigation to the plots according to treatments. The distance between the sugarcane
distillery and field was 1387 m. The Punjab-2011 was used as test cultivars and sown in
23 cm apart lines by manual drill. During, both the growing seasons’ five irrigations
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were applied to the wheat crop. All the management practices were kept uniform in
order to get good production.

Collection of growth and yield data

Leaf area was measured by leaf area meter (Model: Licor 3000), whereas the leaf
area index (LAI) was measured by the standard procedures of Watson (1947). Similarly,
the leaf area duration (LAD) and crop growth rate (CRG) was measured by standard
methods (Hunt, 1947). The unit area was selected to determine the number of fertile and
un-fertile tillers, whereas, twenty plants were selected from each plot to determine the
different yield and yield components (Chattha et al., 2017). At harvest grain and
biological yield of each plot were measured and later on converted to ton per hectare
basis mathematically (Chattha et al., 2017).

Chemical analysis

At harvesting, grain samples were collected from each plot, for analysis of grain
NPK. The collected grain samples were dried in over at 72 °C until constant weight,
after that they were grinded and sieved. The grinded samples were digested by adding
di-acid mixture (H,SO4 and H,0; in 2:1 ratio). The grain N contents were determined
by standard procedure of nitrogen Chapman and Parker (1961), whereas the P contents
were measured by the Olsen et al. (1954) methods. Moreover, K was determined by
flame photometer by using standard curve (Chapman and Parker, 1961).

Statistical analysis

In combined analysis the interaction of year (2013-14 and 2014-15) and treatments
were found non-significant, therefore, the data was pooled for both years (2013-14 and
2014-15) and an average of two years was taken. The collected data regarding growth,
yield and chemical analysis were analyzed by using analysis of variance technique and
treatment means were compared by least significant difference test (Steel et al., 1997).

Results

Influence of different combinations of spent wash and NPK fertilizers on growth
attributes of wheat crop

Different combinations of distillery spent wash (DSW) and NPK fertilizers
significantly improved the growth attributes of wheat (Triticum aestivum L.) crop as
compared to control (No DS and NPK) (Fig. 1). Crop attained maximum leaf area index
(LAI) 75 days after sowing (DAS) with highest LAI value under the application of
25%DSW+50%NPK fertilizers, that was comparable to the application of
50%DSW+50%NPK, whereas the non-application of both DSW and NPK fertilizers
remarkably decreased the LAI. Nonetheless a declining trend in LAl was recorded 75
DAS, whereas this declining trend was more pronounced when no DSW or NPK were
applied followed by a 100% DSW application, whereas the minimum declining trend
was found with the use of 25% DSW+75% NPK (Fig. 3). Likewise, the effect of
different combinations of DSW and NPK fertilizers was also significant on LAD, CGR
and TDM. Crop attained maximum LAD and CGR 60-75 DAS, and this maximum
LAD and CGR was recorded with the use of 25% DSW and 75% NPK, followed
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closely by the application of 50%DSW+50%NPK whereas the lowest LAD and CGR
was recorded with no DSW and NPK application (Fig. 3). Similarly, TDM also
increased with different combination of DSW and NPK, however, the highest TDM was
recorded with the use of 25% DSW+75% NPK, whereas no application of DSW and
NPK fertilizers remarkably reduced the TDM (Fig. 3).

Influence of different combinations of spent wash and NPK fertilizers on root growth
and flag leaf length of wheat crop

The influence of different combinations of DSW and NPK on root length and flag
leaf length was substantiated (Table 2). The maximum root length (13.10 cm) and flag
leaf length (18.1 cm) were recorded with application of 25% DSW and 75% NPK
fertilizers, however, it was similar to application of 50% DSW and 50% NPK,
meanwhile the lowest root length (7.5 cm) and flag leaf length (11.20 cm) were
recorded when no DSW or NPK were applied, nonetheless it was also comparable with
application of 100% DSW.

Table 2. Effect of different combinations of DSW and NPK fertilizers on growth and
attributes of wheat crop

Treatments Root length Flag leaf length Plant height No. of fertzile tillers

(cm) (cm) (cm) (m%)

Control 7.50c 11.20d 73.00d 226.67c

0%DSW+100%NPK 10.80b 16.51c 87.66hc 297.33ab

25%DSW+75%NPK 13.10a 17.70ab 95.00a 305.67a

50%DSW+50%NPK 12.93a 18.06a 97.00a 311.67a

75%DSW+25%NPK 11.36b 16.83bc 91.66ab 277.67b

100%DSW+0%NPK 8.23c 12.23d 82.33c 246.33c
LSD (p <0.05) 0.97 1.10 6.82 20.05

Values sharing same letter(s) in a column do not differ at 5% probability

Influence of different combinations of spent wash and NPK fertilizers on yield
attributes of wheat crop

Distillery spent wash and inorganic fertilizers significantly increased the yield
attributes of wheat crop as compared to alone application of DSW, whereas the yield
attributes considerably decreased when no DSW or NPK were applied (Tables 2 and 3).
A significant increase in plant height was recorded with the use of DSW and NPK
fertilizers compared to control. The application of 25%DSW and 75%NPK exhibited
maximum improvement in plant height of wheat crop up to 32.88% over the control,
nonetheless, it was comparable with 50%DSW+50%NPK and 100% DSW, whereas a
substantial reduction in plant height was recorded under control treatment. Likewise, the
effect of DSW and NPK on fertile and unfertile tillers was also significant. Maximum
fertile tillers (311.67) was found with 25%DSW and 70% NPK, followed by
50%DSW+50%NPK, similarly, minimum fertile tillers were recorded in the control
treatment. Additionally, minimum number of unfertile tiller (13.33) were counted from
plot fed with 25%+75%NPK that was the same with the application of
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50%DSW+50%NPK, moreover, the maximum unfertile tillers (26.67) were found in the
control treatment. Regarding the 1000 grain weight combination of
50%DSW+50%NPK increased the 1000 grain weight up to 26.24% that was the same
with the application of 25%DSW+75%NPK, whereas lowest 1000 grain weight was
recorded with no DSW + NPK. Similarly, different levels of DSW and NPK fertilizers
also had a significant effect on the biological yield and grain yield (Table 3). Similarly,
up to 36.18% and 78.42% increase in biological and grain yield was found with the
application of 25%DSW+75%NPK, compared to control, however it was at par with the
application of 50%DSW+50%NPK.

Table 3. Effect of different combinations of DSW and NPK fertilizers on yield attributes of
wheat crop

Treatments Not.i |c|)(z|ysn(fr$12;”e 1000 gr?gi;;l weight Bioltztgiﬁgll)yield Gr(iliga)_/li;eld

Control 26.66a 30.01d 7.60d 2.92e
0%DSW+100%NPK 18.66¢ 35.33c 9.11c 4.44c
25%DSW+75%NPK 14.66d 41.66a 10.23ab 5.07ab
50%DSW+50%NPK 13.33d 40.66ab 10.35a 5.21a
75%DSW+25%NPK 19.33c 37.00bc 9.75b 4.74bc
100%DSW+0%NPK 22.33b 34.33c 8.16d 3.53d

LSD (p <0.05) 1.78 4.16 0.58 0.33

Values sharing same letter(s) in a column do not differ at 5% probability

Influence of different combinations of spent wash and grain NPK uptake and grain
NPK concentration

The results revealed that the application of different combinations of DSW+NPK and
alone DSW, NPK and control treatment had considerable effects on the nutrient uptake
in wheat crop (Fig. 2). The maximum increase in nitrogen uptake was found with
25%+75%NPK application, i.e. 69.18% over the control, and similar trend was found
with 50%DSW+50NPK application. Moreover, minimum nitrogen uptake was found in
the control treatment. A significant increase in phosphorus uptake was found with the
use of 25%DSW+75%NPK treatment, i.e. 92.70% over the respective control (no DSW
and no NPK application). Furthermore, K uptake also increased by application of DSW
and NPK and maximum increase of 73.26% in K uptake was found by
25%DSW+75%NPK, followed by 50%DSW+50%NPK that was similar to 100%DSW,
meanwhile the minimum K uptake was found in control (No DSW+ No NPK).
Similarly, different combinations of DSW+NPK fertilizers also had the considerable
effect on the grain NPK concentration (Fig. 2). Maximum grain nitrogen concentration
(2.8%), phosphorus concentration (0.49%) and potassium concentration (1.05%) was
recorded with application of 25%DSW+75%NPK, however, it was comparable with
50%DSW+50%NPK, whereas the minimum grain nitrogen (1.10%) phosphorus
(0.24%) potassium (0.40%) was observed in the control treatment.
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Figure 2. Influence of different combinations of DSW+NPK fertilizers on grain NPK uptake
(a,b,c) and grain NPK concentration (e,f,g)

Discussion

The rapid growth of the population substantially increased the quantity of industries
around the globe. These industries excrete a huge amount of waste water, which is
continuously deteriorating our environment. As the fresh water resources are declining
and the demand of fresh water is increasing day by day due to blooming population,
waste water usage in agriculture for irrigation purposes may offer a solution to this
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problem. Moreover, this waste also contains undesirable substances which can
deteriorate the soil health, crop yield and environmental quality. However, the use of
this water along with certain amendments can reduce its negative impacts on soil health,
crop, environment and microbial activities. The application of NPK fertilizers along
with DSW is a viable strategy to reduce the negative impacts of DSW on soil and crop.
The present study determines the effectiveness of different combinations of DSW along
with NPK fertilizers on the growth, yield, and nutrient uptake in wheat (Triticum
aestivum L.) crop. The results revealed that the application of different combinations of
DSW+NPK significantly improved the growth attributes, i.e. LAIl, LAD, CGR, TDM,
as compared to alone application of DSW and no application of DSW and NPK (Fig. 3).
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Figure 3. Influence of different combinations of DSW and NPK fertilizers on LAI, LAD, CGR
and TDM

The increase in growth attributes of wheat crop (LAI, LAD) at lower concentration of DSW
might be due to improved root length, which resulted in better absorption of nutrient and
water thereby improved the growth attributes. Likewise, the maximum CGR and TDM were
found with application of 25%DSW+75%NPK. This improvement in CGR and TDM can be
due to increased flag leaf length; therefore, the plants having longer flag leaf absorbed more
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light, that resulted in production of more assimilates; thus produced more CGR and TDM.
Similarly, Ramana et al. (2001) and Nandy et al. (2002) reported that application of DSW at
lower concentrations significantly improved the growth attributes of rice and maize crop due
to better availability of nutrients. Similarly, the reduction in growth attributes of wheat crop at
higher concentration of DSW might be due to the presences of higher quantity of organic
matter and BOD, which resulted in depletion of soil oxygen and accumulation of carbon
dioxide in soil (Rath et al., 2010).

Likewise, the DSW+NPK also improved the root length, flag leaf length and plant height
of wheat crop. The improvement in root length, flag leaf length, by application of the lower
concentration of DSW, can be due to the presence of decreased amount of salts. Therefore,
the application of DSW has substantially improved microbial activities which improved the
decomposition of organic matter thus improved the nutrient uptake and therefore the plant
growth. These results are supported by previous findings of Rajkishore and Vignesh (2012),
who found that application of DSW at lower concentration substantially improved the
microbial activities, therefore, increased the nutrient uptake and availability and thereby
improved plant growth. Similarly, the various combinations of DSW and inorganic fertilizers
had considerable effects on the yield and yield attributes of wheat crop (Table 3). The
improvement in yield attributes of wheat crop by lower doses of DSW might be due to the
improvement of soil properties, which resulted in better availability of nutrient and thereby
improved the growth attributes. Moreover, the lower dose of DSW and application of higher
dose of NPK might have increased the concentration of nutrients in soil solutions that
overcome the toxic effects of heavy metals. Conversely, higher concentration of DSW might
have increased the salt accumulation in the root which resulted in higher osmotic pressure
within the root zone. This increase in osmotic pressure can substantially reduce the nutrient
uptake, thereby, reduced the crop yield and yield components. These results are in line with
previous findings of earlier researchers who reported that application of DSW at lower
concentration remarkably improved the growth, yield and yield attributes (Mahimairaja and
Bolan, 2004; Chandraju et al., 2008; Chidankumar et al., 2009). Similarly, Rath et al. (2010)
reported that application of higher concentration of DSW significantly decreased the growth,
and yield of sugarcane crop.

The results showed that conjunctive application of DSW+NPK fertilizers
considerably improved the nutrient uptake in wheat crop (Fig. 2). The increase in
nutrient uptake by DSW+NPK might be due to the presence of appreciable amounts of
nutrients in DSW and improvement in soil conditions due to DSW application. Similar
results were reported by many researchers who reported that application of DSW
improved the uptake of nutrients (Chandraju et al., 2008; Chidankumar et al., 2008;
Basvaraju and Chandraju, 2008). Moreover, the application of DSW remarkably
improved grain NPK concentration. The improvement in grain NPK concentration by
lower DSW might be due to the counter effect of beneficial nutrients, reduction in metal
toxicity, and improvement of microbial activity that produces chelate and hormones,
which improved growth, yield and nutrient uptake in wheat crop.

Conclusion

Distillery spent wash contains many important nutrients; therefore, it can be used to grow
the crops along with inorganic fertilizers. This study implies that combination of
25%DSW+75%NPK could be a viable strategy, and it can remarkably improve the growth,
yield, and quality of wheat crop.
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