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The current scenario of water scarcity and the disposal problem of sewage 
water leads to its use in agriculture. Despite being rich of organic matter; 
sewage water may suppress crop growth and yield due to nutrient toxicity. In 
such case, growth regulators usage can ensure crop productivity under sewage 
water irrigations. In this study, the effect of exogenously applied growth 
regulators Moringa (Moringa oleifera L.) leaf extract (MLE) and Thiourea (TU) 
on mung bean plants irrigated with sewage water was evaluated. Field trials 
were conducted at Bahauddin Zakariya University, Multan, Pakistan, during the 
spring season of 2016 and 2017, using Randomized Complete Block Design 
(RCBD) with factorial arrangements and three replications. Treatments 
included different irrigation water sources (Tube well (TW) as a control, 
sewage water (SW) and mixed water (TW + SW)) in main plots and exogenously 
applied plant growth regulators (30 times diluted MLE; TU at rate of 1000 ppm; 
distilled Water (DW) as control) applied before and after flowering in sub-plots. 
Results revealed that interaction of mixed water irrigation with foliar 
application of MLE significantly enhances leaf chlorophyll ‘a’ and ‘b’ contents, 
antioxidant activity and improves plant growth characters like number of 
branches, leaves, plant height, and number of pods during both years. In 
comparison to control, MLE interaction with mixed water irrigation 
significantly improved the yield of mung by producing 45.6% and 4.9% more 
grain yield, 138% and 13.3% biological yield, and 60.2% and 60.3% heavier 
thousand grains weight during 2016 and 2017, respectively. MLE exogenous 
application on sewage water irrigated plants also produced significantly better 
yield followed by thiourea sprayed on sewage water irrigated plants. It was 
concluded that sewage water can only be used for crop production after water 
analysis, and for higher yields under semi-arid conditions, foliar application of 
MLE followed by TU can be recommended. 
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INTRODUCTION 
Mung bean is considered to be the best source of protein 
(25%) and also known as the poor man’s meat  (Imran et 
al. 2016). In Pakistan it was previously cultivated as a 
summer crop after the successive monsoon season, but 
after the introduction of new varieties, it can be grown in 
the spring season in the south Punjab region to minimize 
the yield gap. For the year 2015-16  mung bean was 
cultivated on 146.3 thousand ha producing 98 thousand 
tons in Pakistan (Govt.-Of-Pakistan 2016) in which 113.14 

thousand ha area was cultivated only in Punjab and 
produced 81.55 thousand tons (Pakistan-development-
Statistics 2016 ). Per unit area yield of pulses is low in 
Pakistan because of insufficient irrigation. Rising issue of 
water scarcity puts a significant negative impact on the 
economy, human life, and environmental quality 
throughout the world (Singh et al. 2010). In agriculture, 
limited good quality water for irrigation forcibly increases 
the use of municipal wastewater (Palese et al. 2009). 
In developing countries, the use of sewage water in 
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agriculture is an old practice (Ullah et al. 2012). Domestic 
wastewater is considered to be a good source of enriched 
organic nutrient water supply for farmers (Ghosh et al. 
2012) and is used as the cheapest and reliable system of its 
disposal in agriculture (Faruqui et al. 2004, Perveen et al. 
2012). Wastewater contains organic matter and certain 
essential plant macronutrients (N, P, K, S, Ca, Cu, Zn, and 
Mn) (Kannan et al. 2005), and have reported yield increase 
in few crops (Lubello et al. 2004, Nagajyothi et al. 2009, 
Nath et al. 2009). However, continuous sewage water 
usage leads to soil and groundwater contamination, 
phytotoxicity (Hicks and Hird 2000), micronutrient 
accumulation at higher concentrations and produces 
undesirable effects on plants (Kocak et al. 2005). 
In such situation, exogenous application of plant growth 
regulators (PGRs) is effective for enhancing plant growth 
under normal and stressful environment (Bråthe et al. 
2002, Li et al. 2016), minimizing the harmful effects of 
heavy metal in crop and improve shoot growth 
(Ouzounidou and Ilias 2005). Although plants can produce 
PGRs endogenously, yet the plant responds better to 
exogenous applications and stores extra amount of 
hormones which activates when needed (Yasmeen et al. 
2012). Moringa leaf extract (MLE) is a natural PGR and is a 
rich source of antioxidants, calcium, potassium, iron, 
(Barciszewski et al. 2000), amino acids, and growth-
regulating hormones like zeatin (Basra et al. 2009a, Basra 
et al. 2009b, Yasmeen et al. 2013), ascorbates, carotenoids, 
flavonoids and phenols (Iqbal and Bhanger 2006). Zeatin 
is the cytokinin that promotes plant growth, anti-aging 
potential (Marcu 2005), cell division, and elongation (Taiz 
and Zaiger 2006). Exogenous application of MLE has been 
reported to improve seedling emergence, vigor, and 
growth in grasses (Nouman et al. 2012a, Nouman et al. 
2012b), suppressed the drought effects in maize (Ali et al. 
2011), produced more and larger fruits and increased 
resistance against pests and diseases (Fuglie 2000) and 
enhanced the growth and yield of mung bean (Abohassan 
and Abusuwar 2018). MLE was also reported to mitigate 
the heavy metal stress like cadmium in the bean plant by 
increasing chlorophyll, plant growth, and antioxidant 
status (Howladar 2014). 
Thiourea (TU) is a synthetic PGR and has been proven 
effective in breaking dormancy and stimulate germination 
(Mathur et al. 2006) by strengthening plants built-in 
mechanisms through physiological and molecular changes 
during biotic and abiotic stresses (Talukdar 2014). Several 
pieces of the research reported that exogenous TU 
application enhances heat stress tolerance in plants by 
reducing oxidative damage (Asthir et al. 2013), enhances 
salinity tolerance (Srivastava et al. 2011), reduces arsenic 
toxicity (Srivastava et al. 2014), and enhances plant 
resistance against parasitic weeds (Kannan and 
Zwanenburg 2014). Moreover, TU has effectively 
enhanced photosynthetic rate in cluster bean (Garg et al. 
2006), water use efficiency in moth bean (Garg et al. 2003), 
and yield of mung bean (Singh and Rathore 2003, Mathur 
et al. 2006).  
However, there is only limited literature available to show 
the effect of PGRs on the growth and productivity of mung 
bean. Moreover, no study has been conducted to 
determine the effect of natural and synthetic growth 

regulators on the morphological, physiological, and yield-
related character of mung bean irrigated with the sewage 
water. Therefore, the present study was conducted to 
evaluate the effect of irrigation water source and PGRs on 
the growth and yield of mung bean.  
 

METHODOLOGY 
Experimental Site and Layout 
The experiments to determine the effect of sewage water 
and foliar applications of PGRs were performed in the 
spring season of 2016 and 2017 at Agronomic Research 
Farm, Bahauddin Zakariya University, Multan, Pakistan. 
Experiments were laid out in Randomized Complete Block 
Design (RCBD) with a factorial arrangement and 
replicated thrice. The net plot size for each replication was 
3×2 m2.  
Experimental details 
Factors under study included sources of irrigation water 
and foliar application of plant growth regulators (PGRs). 
Source of irrigation water including tube well water (TW), 
sewage water (SW) and mixed water (TW+SW) were 
placed in main plots while foliar application of distilled 
water (DW), Moringa leaf extract (MLE), and Thiourea 
(TU) were placed in sub-plots, while replication was 
placed in sub-sub plot. 
During experiment conduction, four irrigations were 
applied including paleo watering during both years. 
Remaining irrigations were applied at 20, 35, and 50 days 
after sowing (DAS). For mixed water irrigation, an 
alternate irrigation method was used in which paleo 
watering was performed with SW followed by TW 
irrigation at 20 DAS, SW irrigation at 35 DAS, and TW 
irrigation at 50 DAS. Tube well water was taken from the 
farm tube well of the Agronomy Department, BZU, Multan 
while sewage water was taken from the sewerage system 
of BZU residential colony. Foliar application of 30 times 
diluted MLE (Yasmeen et al. 2013), 1000 ppm thiourea 
(Balai and Keshwa 2011), and distilled water was 
performed at 45 DAS using a hand sprayer. 
Water analysis 
Tube well and sewage water samples were collected to be 
analyzed by the procedure described by (Estefan et al. 
2013). EC was 0.49 dSm-1 and 0.12 dSm-1, potassium 
concentration 1.5 and 30.78 mg/L, calcium concentration 
30 and 51.1 mg/L, magnesium concentration 15 and 25.73 
mg/L in tube well water and sewage water, respectively. 
Detailed sewage water analysis is presented in Annex. 1. 
Preparation of Moringa Leaf Extract (MLE) 
Fresh Moringa oleifera leaves were taken from the 
Agronomic research area of Bahauddin Zakariya 
University Multan and washed with distilled water before 
storing them at -5℃ for 24 hours. Leaf extract was 
collected using a mechanical extractor (Yasmeen 2011), 
then extract was filtered using Whatman No. 1 filter paper 
followed by centrifugation at 8000 rpm for 15 min and 30 
times dilution with distilled water prior foliar application.  
Agro-Climatic Conditions and Meteorological Data 
The meteorological data for both growing years is 
presented in Table 1. 
 
Table 1 Meteorological data 
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Months 
Mean Temperature 
 (℃) 

Relative Humidity  
(%)  

Wind Velocity  
(km/hr) 

Total Rainfall 
 (mm) 

 2016 2017 2016 2017 2016 2017 2016 2017 
March 21.95 21.7 77.5 68.35 4.8 4.3 20.1 0 
April 28.5 30.0 86 53.5 5.0 5.5 13.1 5.7 
May 34.35 33.98 74.3 63.05 6.5 6.68 2.0 0.1 

Source: Pakistan Central Cotton Committee (PCCC), 
Multan 
Soil Analysis 
During both years, soil samples were collected from the 
experimental area before sowing and analyzed according 
to the procedure described by (Ryan et al. 2001). The soil 
texture of the experimental area was silt loam during both 
years having a pH 8.1 and 8.2, EC 2.13 and 2.15 µS cm-1, 
organic matter 0.5% and 0.55%, available phosphorous 
13.5 and 8.3 mg kg-1, available potassium 260 and 255 mg 
kg-1 during the first and second year, respectively. 
Crop Husbandry 
The seedbed was prepared using respective irrigation 
water source and half the dose of recommended nitrogen 
and full phosphorous dose were applied at the time 
seedbed preparation. Seeds of Vigna radiate cv. NIAB 
Mung 2011 were sown on 1st March 2016 and 2017 with a 
hand drill while maintaining 30 cm row to row distance. 
Thinning was performed at 30 DAS to maintain a 10 cm 
plant to plant distance. Irrigation was performed as per 
treatment details. No disease was reported during the 
experiment in both years. Weeds were removed manually 
throughout the growing season of mung bean during both 
years. All other agronomic practices that are necessary to 
raise crops were kept the same in all experimental units. 
Harvesting was performed at 80 DAS. 
Data Collection of Growth and Yield Parameters 
At maturity, plants were harvested randomly from each 
experimental unit from three different points using a 
quadrate and weighed and averaged to measure biological 
yield (g m-2) that was converted into biological yield (ton 
ha-1). Grains of harvested plants were weighed to 

determine economic yield (g m-2) and converted into 
economic yield (ton ha-1). 1000 grains were counted and 
weighed to obtain 1000 grain weight (g). 15 plants were 
randomly selected and tagged to record plant height (cm), 
number of pods per plant, and weight of pods per plant (g). 
Harvest index (%) was calculated by using the following 
formula (ur Rehman et al. 2005). 

HI =
𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑌𝑖𝑒𝑙𝑑

𝐵𝑖𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙 𝑌𝑖𝑒𝑙𝑑
× 100 

Biochemical analysis 
For biochemical analysis, leaves samples were taken 
before and after foliar application at 40 and 55 DAS and 
stored in liquid nitrogen immediately for transport from 
field to lab where they were preserved in a refrigerator at 
-20°C for further biochemical analysis. Chlorophyll a and b 
concentration was determined by following the 
methodology described by (Arnon 1949) using Agilent 
Cary 60 UV-Vis Spectrophotometer. Total soluble protein 
(mg g-1) was determined using Bradford assay (Bradford 
1976). Antioxidant enzymatic activity (IU min-1 mg-1 
protein) was also calculated by following the methodology 
described by (Giannopolitis and Ries 1977) for Superoxide 
dismutase (SOD) activity, and the procedure described by 
(Chance and Maehly 1955) was followed to determine 
Peroxide dismutase (POD) and Catalase (CAT) activity. 
Statistical Analysis 
MS Excel 2007 was used to record and arrange the data. 
Statistical variance analysis and treatments mean 
comparison was performed using Statistix 8.1 at 5% 
probability level. 
Annex. 1 Sewage water analysis 

Parameters Unit Results Parameter Unit Results 
pH - 5.9 NO3-N mg/L 3.9 
TSS mg/L 76.5 Iron mg/L 1.75 
TDS mg/L 610.9 Total Phosphorus mg/L 16.93 
EC dS/m 0.12 Potassium mg/L 30.78 
DO  0.2 Magnesium mg/L 25.73 
BOD mg/L 130.5 Calcium mg/L 51.1 
COD mg/L 160.2 Total Coli forms Count /100 ml 870 
Alkalinity mg/L 123.9 E-coli Count /100 ml 3035 
TN mg/L 19.3 Turbidity FAU 79 
NH3-N mg/L 6.4 Color Pt/co 595.7 

RESULTS 
Growth and yield analysis 
Irrigation water source and foliar application of plant 
growth regulators significantly affected growth and yield 
of mung bean during both years of field trials (Tables 1 and 
2). In 2016, irrigation with mixed water significantly 
affected all growth and yield-related parameters, however, 
in 2017, irrigation with sewage water significantly affected 
all physiological parameters under observation except the 
number of shoots and harvest index. No significant 

differences were recorded among irrigation water sources 
for grain yield and 1000 grain weight during the second 
year of the experiment (2017). Among foliar applications, 
MLE spray significantly affected all growth and yield 
parameter in both years except the harvest index. In 
comparison to control, Thiourea spray also showed a 
significant effect on growth and yield of mung bean during 
both years except the number of leaves and the number of 
shoots in the second-year trial (2017) where the control 
treatment performed better than thiourea (Tables 1 and 
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2). 
Table 1 Effect of Irrigation water source and foliar application of MLE and TU on growth and yield of mung bean 
during 2016  

 Plant 
height 
(cm) 

Shoot 
count 

Leaves 
count 

Pods 
count 

Pods 
weight (g) 

1000 
Grain 
weight (g)  

Biological 
yield (unit) 

Grain 
yield 
(unit) 

Harvest 
Index 

TW 30.12 c 13.16 c 25.33 c 9.64 c 4.026 c 39.94 c 47.03 a 1.86 c 4.016 c 

Mix 36.60 a 19.23 a 37.33 a 17.90 a 10.19 a 44.32 a 33.99 c 2.13 a 6.362 a 

SW 34.61 b 15.11 b 28.01 b 11.77 b 4.31 b 40.78 b 42.24 b 1.90 b 4.557 b 

DW 27.60 c 11.94 c 25.50 c 8.66 c 4.65 c 34.83 c 4.178 c 1.83 c 44.59 a 

MLE 42.00 a 21.11 a 36.34 a 18.23 a 8.63 a 48.83 a 6.192 a 2.17 a 36.06 c 

TU 31.73 b 14.44 b 28.83 b 12.42 b 5.25 b 41.38 b 4.564 b 1.88 b 42.61 b 

Note: Different letters in the same column indicate a 
significant difference between treatments at 5% 
probability level. Where TW = Irrigation with tube well 
water; Mix = Irrigation with mixed (TW+SW) water; SW = 
Irrigation with sewage water; DW = Foliar application of 
distilled water; MLE = Foliar application of moringa leaf 

extract; TU = Foliar application of Thiourea 

Table 2 Effect of Irrigation water source and foliar 
application of MLE and TU on growth and yield of mung 
bean during 2017 

 Plant 
height 
(cm) 

Shoot 
count 

Leaves 
count 

Pods 
count 

Pods 
weight (g) 

1000 
Grain 
weight (g)  

Biological 
yield (unit) 

Grain 
yield 
(unit) 

Harvest 
Index 

TW 35.86 c 10.49 c 15.46 b 9.82 c 7.00 b 53.56 a 4.911 b 2.02 a 40.98 b 

Mix 37.63 b 12.32 a 15.56 b 10.93 b 7.00 b 53.11 a 4.666 c 2.01 a 43.83 a 

SW 39.13 a 11.92 b 16.55 a 12.24 a 7.93 a 53.44 a 5.055 a 2.03 a 41.12 b 

DW 37.66 b 10.66 b 14.72 b 9.089 c 6.36 c 52.33 b 4.322 c 1.94 b 45.50 a 

MLE 39.71 a 13.42 a 18.84 a 12.97 a 8.36 a 55.89 a 5.577 a 2.13 a 38.44 c 

TU 35.25  c 10.64 b 14.02 c 10.93 b 7.20 b 51.89 b 4.733 b 1.99 b 42.00 b 

Note: Different letters in the same column indicate a 
significant difference between treatments at 5% 
probability level. Where TW = Irrigation with tube well 
water; Mix = Irrigation with mixed (TW+SW) water; SW = 
Irrigation with sewage water; DW = Foliar application of 
distilled water; MLE = Foliar application of moringa leaf 
extract; TU = Foliar application of Thiourea 
The interaction between the irrigation water source and 
PGR foliar application also showed a significant effect on 
all growth and yield contributing factors. Foliar 
application of MLE on mixed water irrigated plants 
provided with the best results in both years. All growth 
parameters under observation were significantly affected 
by the interaction of MLE and mixed water irrigation 
during both years of the experiment followed by MLE and 
sewage water irrigation interaction for plant height and 
number of shoots during both years (Table 3). Similarly, 

MLE interaction with mixed water irrigation significantly 
affected all yield contributing factors during the first year 
while, in the second year, MLE spray on plants irrigated 
with sewage water produced the heaviest pods per plant 
bearing the heaviest 1000 grains followed by MLE and 
mixed water interaction (Table 4). The significantly higher 
biological and economical yield was also observed for MLE 
and mixed water irrigation interaction during 2016, while 
in the second year (2017), the interaction of MLE with 
sewage water produced significantly higher biological and 
economical yield, that was statistically equal and at par, 
respectively, for MLE and mixed water irrigation 
interaction (Table 5). 
 
Table 3 Mean comparison of interaction of water 
source and foliar application on growth traits of mung 
bean during 2016 & 2017 

Irrigation 
source 

Foliar 
spray 

Plant height (cm) No. of shoots No. of leaves 
2016 2017 2016 2017 2016 2017 

Tube Well water 
DW 24.03 h 39.23 c 11.13 e 11.77 d 23.16 g 17.57 c 
MLE 37.67 c 34.83 e 15.66 c 10.73 e 28.33 d 16.76 d 
TU 28.67 f 33.53 ef 12.67 d 8.96 g 24.5 f 12.07 fg 

Mixed water 
DW 27.60 g 37.13 d 11.70 e 11.67 d 28.33 d 14.73 e 
MLE 49.33 a 43.30 a 30.33 a 14.97 a 49 a 19.83 a 
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TU 32.87 d 32.47 f 15.67 c 10.33 f 34.6 b 12.13 f 

Sewage Water 
DW 31.17 e 36.63 d 13.00 d 8.56 h 25 f 11.87 g 
MLE 39.00 b 41.00 b 17.33 b 14.57 b 31.7 c 19.93 a 
TU 33.67 d 39.77 bc 15.00 c 12.63 c 27.3 e 17.87 b 

Note: Different letters in the same column indicate a 
significant difference between treatments at 5% 
probability level. Where, DW = Foliar application of 
distilled water; MLE = Foliar application of moringa leaf 

extract; TU = Foliar application of Thiourea 
Table 4 Mean comparison of interaction of water 
source and foliar application on yield contributing 
traits of mung bean during 2016 & 2017 

Irrigation 
source 

Foliar 
spray 

Number of pods 
per plant 

Pods weight 
per plant (g) 

1000 Grain weight (g) 

2016 2017 2016 2017 2016 2017 

Tube Well water 
DW 9.00 e 10.77 d 3.43 h 8.33 d 34.33 e 54.33 a-c 
MLE 10.33 d 9.13 f 5.00 d 6.03 g 45.67 b 54.00 bc 
TU 9.60 de 9.56 e 3.64 g 6.63 e 39.83 d 52.33 cd 

Mixed water 
DW 9.33 e 8.30 g 6.33 c 5.53 h 35.33 e 53.00 c 
MLE 30.03 a 15.03 a 16.20 a 9.23 b 55.00 a 56.66 ab 
TU 14.33 b 9.46 e 8.03 b 6.23 f 42.63 c 49.67 d 

Sewage Water 
DW 14.33 b 8.20 g 4.17 f 5.23 i 34.83 e 49.67 d 
MLE 13.33 c 14.76 b 4.70 e 9.83 a 45.83 b 57.00 a 
TU 9.00 e 13.77 c 4.06 f 8.73 c 41.67 c 53.67 c 

Note: Different letters in the same column indicate a 
significant difference between treatments at 5% 
probability level. Where, DW = Foliar application of 
distilled water; MLE = Foliar application of moringa leaf 
extract; TU = Foliar application of Thiourea 

Table 5 Mean comparison of interaction of water source 
and foliar application on yield of mung bean during 2016 
& 2017 

Irrigation  
source 

Foliar 
Spray 

Biological yield Grain yield Harvest Index 
2016 2017 2016 2017 2016 2017 

Tube Well water 
DW 3.53 h 5.26 c 1.82 e 2.03 bc 51.46 a 38.73 d 
MLE 4.76 e 4.70 d 1.91 c 2.03 bc 40.18 d 42.93 c 
TU 3.74 g 4.76 d 1.85 d 2.00 c 49.45 b 41.30 c 

Mixed water 
DW 4.88 d 4.03 e 1.84 de 2.03 bc 37.62 e 49.33 a 
MLE 8.44 a 5.96 a 2.65 a 2.13 ab 31.38 h 35.53 e 
TU 5.76 b 4.00 e 1.90 c 1.86 d 32.97 g 46.63 b 

        

Sewage Water 
DW 4.11 f 3.66 f 1.84 d 1.76 d 44.69 c 48.43 ab 
MLE 5.37 c 6.07 a 1.96 b 2.23 a 36.62 f 36.87 de 
TU 4.18 f 5.43 b 1.90 c 2.10 bc 45.4 c 38.07 d 

Note: Different letters in the same column indicate a 
significant difference between treatments at 5% 
probability level. Where, DW = Foliar application of 
distilled water; MLE = Foliar application of moringa leaf 
extract; TU = Foliar application of Thiourea 
Biochemical analysis 
Biochemical analysis presented in Table 6 and 7 indicate 
that irrigation water source significantly affected 
biochemical traits of Mung bean before and after foliar 
application of PGR during both years of study. Before foliar 
application; maximum chlorophyll content, antioxidant 
enzyme activity, and protein content were observed for 
mixed water irrigation during both years followed by 
sewage water irrigation that showed significant higher 
chlorophyll content and CAT activity than control during 
2016, while during the second year, no significant 
difference for biochemical traits except SOD activity was 
observed between sewage water and tube well water 
irrigated plants. Similar results were observed after the 
foliar application of PGRs where mixed water irrigation 
significantly affected all biochemical traits during both 
years followed by sewage water irrigation (Table 6 & 7). 
Mean comparison of foliar application indicated that MLE  

 
and TU foliar applications significantly affected all 
biochemical traits during both years when compared to 
the foliar application of distilled water. In 2016, MLE foliar 
application significantly affected all biochemical traits 
followed by foliar application of TU, however, no 
significant difference was observed between MLE and TU 
foliar application for POD and SOD activity during 2017. 
Moreover, significantly higher chlorophyll “a” content and 
CAT were observed for TU foliar application, while MLE 
foliar application showed significantly higher chlorophyll 
b and protein content in Mung bean during 2017. Mean 
comparison of interaction of irrigation water source and 
foliar application of PGR showed that during the first year 
of study, MLE interaction with mixed water irrigation had 
a significant effect on all biochemical traits followed by 
MLE and sewage water interaction. However, in 2017, MLE 
interaction with mixed water irrigation significantly 
enhanced chlorophyll and protein content while all 
antioxidant enzyme activity was highest for MLE and 
sewage water interaction (Tables 6 and 7).  
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Table 6 Effect of irrigation water source, foliar application of PGR and there interaction on chlorophyll “a & b” 
content, antioxidant enzyme activity, and protein content of Mung bean during 2016

Note: CHL a = Chlorophyll a content in leaves; CHL b = 
Chlorophyll “b” content in leaves; SOD = Superoxide 
dismutase activity; POD = Peroxide dismutase activity; 
CAT = Catalase activity; I1 = Irrigation with tube well 
water; I2 = Irrigation with mixed water; I3 = Irrigation 
with sewage water; F1 = Foliar application of distilled 
water; F2 = Foliar application of MLE; F3 = Foliar 
application of thiourea 
 

DISCUSSION 
Water scarcity and mismanagement of wastewater have 
led to the usage of wastewater for irrigation purposes in 
developing countries. Wastewater is either used directly 
for irrigation or indirectly after it gets mixed with 
irrigation water due to mismanagement. The ability of 
sewage water to supply the soil with essentials nutrients 
can have a positive effect on plant development, while, an 
excessive amount of nutrient and heavy metals can have a 
negative effect as well (Aboukhaled 1991, Abou-Seeda et 
al. 1997). Therefore, this research was conducted to 
evaluate the effect of sewage water usage on crop growth 
and yield.  
Results revealed better vegetative growth of mung bean 
when irrigated with mixed water during both 
experimental years. (Dash 2012) also reported similar 
results while evaluating the effect of 50% diluted 
wastewater on the growth of wheat and rice. An increase 
in vegetative growth could be due to the presence of a 
moderate concentration of nutrients diluted by tube well 
water. The yield of mung bean plants irrigated with mixed 
water was also significantly higher than control. These 
results are consistent with the observation of  (Capra and 
Scicolone 2007, Al-Hadithy et al. 2011) who observed an 
increase in growth and yield of growing crops in soils 
treated with different levels of sewage water. Sewage 
water when mixed with tube well water serves as fertilizer 
and helps in yield improvement of crops. Researches like 

(Khan 2016) have reported a negative effect of sewage 
water because of excessive concentration of nutrients, 
however, no negative effects on growth or yield of mung 
bean were observed due to sewage water irrigation during 
2016 or 2017. It can be due to the lesser toxicity of sewage 
water used during the experiment, however, sewage water 
analysis is always recommended before using it for 
irrigation.  
Among plant growth regulators, moringa leaf extract spray 
significantly enhanced crop growth and yield. The 
presence of zeatin in moringa leaves can be a cause of 
better vegetative growth (Taiz and Zaiger 2006). Zeatin (a 
cytokinin) has been reported to enhance cell division, leaf 
area duration of crops, and postpone senescence (Foidl et 
al. 2001, Moyo et al. 2011, Yasmeen et al. 2014). Moreover, 
(Abbas et al. 2013) also reported an increase in 
photosynthetic pigments, antioxidant activity, and protein 
content due to the MLE application that leads to increased 
1000 grain weight. These results were confirmed in the 
present study where MLE application produced 
significantly higher biological and grain yield by boosting 
photosynthetic pigments, protein content, and antioxidant 
activity in Mung bean during both years. Enhanced 
photosynthetic pigments, antioxidant activity, and protein 
content can be due to the presence of magnesium 
(Yaméogo et al. 2011), cytokinins (Zhang and Ervin 2008), 
and nitrogen (Elzaawely et al. 2017) in MLE. 
MLE and mixed water irrigation interaction produced 
significantly better crop yield. Mung bean germinated and 
showed better growth characteristics when irrigated with 
mixed water. Similar plants when exposed to MLE 
application showed significantly higher chlorophyll 
content that leads to significantly higher biological yield 
during 2016 and 2017. Grain yield was significantly higher 
for MLE and mix water interaction in 2016 while at par 
with MLE and sewage water interaction during 2017. It 
can be due to antioxidant activity that was significantly 

Sampling time SOV CHL. A CHL. b SOD POD(10-3) CAT PROTEIN 

Before foliar 
application 

Irrigation water 
source 

I1 0.745 b 0.523 b 0.056 c 0.422 b 0.850 a 17.152 b 

I2 0.851 a 0.587 a 0.073 a 0.644 a 0.954 a 21.456 a 
I3 0.732 b 0.528 b 0.063 b 0.444 b 0.902 a 18.462 b 

After foliar 
application 

Foliar 
application 

F1 0.843 c 0.640 c 0.058 b 0.511 b 0.874 c 17.951 c 

F2 0.877 b 0.664 a 0.074 a 0.833 a 1.050 b 22.450 a 
 F3 0.892 a 0.654 b 0.074 a 0.800 a 1.095 a 20.661 b 

Irrigation water 
source 

I1 0.871 b 0.662 b 0.060 c 0.467 c 0.975 b 17.884 c 
I2 0.983 a 0.713 a 0.078 a 0.900 a 1.060 a 23.152 a 
I3 0.757 c 0.582 c 0.067 b 0.778 b 0.984 b 20.026 b 

Interaction 

F1I1 0.861 d 0.661 cd 0.048 g 0.300 e 0.816 f 14.603 h 
F1I2 0.955 b 0.699 b 0.066 e 0.500 d 0.893 e 20.850 e 
F1I3 0.712 g 0.562 g 0.060 f 0.733 c 0.913 e 18.400 f 
F2I1 0.864 d 0.669 c 0.071 cd 0.567 d 1.140 b 17.730 g 
F2I2 1.007 a 0.736 a 0.081 b 1.000 b 1.043 c 25.657 a 
F2I3 0.759 f 0.586 f 0.069 de 0.933 b 0.966 d 23.963 b 
F3I1 0.887 c 0.657 d 0.062 f 0.533 d 0.970 d 21.320 d 
F3I2 0.988 a 0.705 b 0.088 a 1.200 a 1.243 a 22.950 c 
F3I3 0.799 e 0.599 e 0.073 c 0.667 c 1.073 c 17.713 g 
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higher for mixed water and MLE interaction during 2016, 
while in 2017, sewage water irrigated plants in interaction 
with MLE produced significantly higher antioxidant 
activity. These results are in line with (Ayumi et al. 2004) 
and (Abbas et al. 2013) who reported that biological yield 
and grain yield are affected by chlorophyll content and 
antioxidant activity, respectively. 
 

CONCLUSION 
Direct or indirect usage of wastewater in agriculture is 
inevitable. Although, wastewater can be used as a source 
of irrigation water enrich with organic manure, yet, water 
analysis before its usage is highly recommended. 
Moreover, it was observed in the present research that the 

toxicity of sewage water can be reduced by mixing it with 
fresh water to obtain better growth and yield. The use of 
plant growth regulators particularly natural PGRs are also 
recommended to help plants against any stress caused by 
sewage water toxicity. With ever-increasing water 
demand and water scarcity; it is very important to reuse 
the wastewater but with proper handling. 
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