
 

~ 4753 ~ 

The Pharma Innovation Journal 2023; 12(6): 4753-4757 

  
 
 
 
 
 
 

 

 

 
ISSN (E): 2277-7695 

ISSN (P): 2349-8242 

NAAS Rating: 5.23 

TPI 2023; 12(6): 4753-4757 

© 2023 TPI 

www.thepharmajournal.com 

Received: 02-04-2023 

Accepted: 13-05-2023 

 

Basavarajappa Bhogi 

College of Agricultural 

Engineering, UAS, Raichur, 
Karnataka, India 

 

B Maheshwara Babu 

College of Agricultural 

Engineering, UAS, Raichur, 
Karnataka, India 

 

Nagarajappa Adivappar 

ZAHRS, Navile, KSNUAHS, 

Shivamogga, Karnataka, India 

 

Premanand BD 

College of Agricultural 

Engineering, UAS, GKVK, 

Bangalore, Karnataka, India 

 

Srinivasa Reddy GV 

College of Agricultural 

Engineering, UAS, Raichur, 
Karnataka, India 

 

Krishnamurthy D, 

ARS, Hagari, Bellary, 

Karnataka, India  

 

Ramesh G 

College of Agricultural 

Engineering, UAS, Raichur, 
Karnataka, India 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author: 

Basavarajappa Bhogi 

College of Agricultural 

Engineering, UAS, Raichur, 
Karnataka, India 

 

 

 

 

 

 

 

 

 
 

 

Investigation of irrigation and mulching on yield and 
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Abstract 
Investigation was taken up to assess the combined effects of drip irrigation and mulches on yield, water-

use efficiency and economic return of cucumber. The treatments of the study comprised of different 

combinations of three drip irrigation levels (100, 80 and 60% of crop water requirement, ETc) and three 

mulches (white polyethylene sheet, black polyethylene sheet and no mulch). The yield of cucumber 

increased with the increasing amount of irrigation water in mulched treatment. The yield per plot was 

71.93 kg, yield per 1000 square meter 11.07 t and yield per ha 110.70 t ha-1 under treatment consisting of 

100% crop ET with white plastic mulch as compared to black mulch and without mulch. The average 

water use efficiency was highest in treatment consisting of drip irrigation at 60% crop ET with white 

plastic mulch (9.70 t ha-1cm-1). 

The study thus reveals that drip irrigation with mulch has an explicit role in increasing the land and water 

productivity of cucumber. 

 

Keywords: Irrigation, mulching, yield, water use efficiency and application efficiency 

 

Introduction 

Efficient use of available irrigation water is essential for increasing agricultural production for 

the alarming Indian population. Water availability for irrigation is going to be a major 

constraint for agriculture in the near future. Hence, judicious use of the available water 

resources through more efficient methods of water application like drip irrigation under 

conditions of protected cultivation becomes necessary to enhance the yield and water use 

efficiency (Dunage et al., 2009) [4]. Protected cultivation of vegetables provides the best way to 

increase the productivity and quality of vegetables, especially cucurbits. Naturally ventilated 

greenhouses are highly suitable for year round cultivation of parthenocarpic cucumber 

varieties. Water management by drip irrigation provides daily requirement of water to the root 

zone of each plant and maintains a high soil matric potential in the rhizosphere to reduce plant 

water stress (Nakayama and Bucks, 1986) [10]. Cucumber (Cucumis sativus L.) is an important 

vegetable belonging to the family cucurbitaceae. Cucumber has tremendous economic and 

dietic importance. The immature fruits are eaten raw as salad. Keeping in view the above facts, 

the present study was undertaken to determine the most suitable irrigation requirement for 

salad cucumber grown under naturally ventilated polyhouse. 

 

Material and Methods 

The experiment was conducted at Zonal Agricultural and Horticultural Research Station 

(ZAHRS), Keladi Shivappa Nayaka University of Agricultural and Horticultural Sciences 

(KSNUAHS) Navile, Shivamogga which is situated at 13058`North latitude and 75034`East 

longitude with an altitude of 650 meters above mean sea level. It comes under agro-climatic 

region-4 and zone-VII (Southern Transition Zone) of Karnataka. 

 

The experiment consisted of two factors Factor 1 consisted of irrigation levels (I) 

i.e., I1: Drip irrigation at 60 percent of ET I2: Drip irrigation at 80 percent of ET and 

I3: Drip irrigation at 100 percent of ET. Factor 2 consisted of Mulching levels (M) 

i.e., M1: Mulching with white polythene sheet M2: Mulching with black polythene sheet 

and M3: Without mulching (Control) 
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Land preparation 

The selected experimental land inside the polyhouse was 

brought to fine tilth and as per the plan 9 beds of 1 m width, 

15 m length and 15 cm height (15 m2 bed) were prepared and 

0.5 m distance was maintained in between the beds to 

facilitate the intercultural operations. 

 

Installation of drip system  

In the experimental plot, drip irrigation system was installed 

after the raised beds preparation. The drip irrigation unit 

consisted of main line, laterals, valves and filters. The main 

lateral line having the emitting point at every 50 cm was laid 

on the centre of the beds connecting to the pumping line. To 

the pumping line, screen filters were provided to prevent the 

impurities entering into the drip system. Separate valves were 

installed to each main line to regulate the water flow. White 

and Black LDPE sheets of 40 micron thickness were used to 

cover the beds for mulching treatment. After covering the 

beds with mulching sheet, 10 cm diameter holes were made 

on the sheet as per the treatment plan. 

 

Mulching 
White and Black LDPE sheets of 40 micron thickness were 

used to cover the beds for mulching treatment. After covering 

the beds with mulching sheet, 10 cm diameter holes were 

made on the sheet as per the treatment plan. 

 

Manure and fertilizer application 

During final land preparation, the FYM @ 20 t ha-1 (50 kg / 

25 m-2) was applied 10 to 15 days prior to sowing. The 

specific dose of fertilizer for the cucumber under fertigation 

has not yet been standardized. Hence the RDF for this crop 

was taken into consideration. 

 

Sowing 

The first season sowing of the crop was taken up during June, 

2020-21 and the second season sowing of crop during June, 

2021-22. The required quantity of seeds was treated with 

trichoderma and one seed per hill were dibbled manually at 2-

3 cm depth. Gap filling or resowing was done after 5-6 days 

of sowing, where the seeds were not germinated, in order to 

maintain the optimum plant population in each treatment. 

The weight of fruits from tagged plants was recorded in each 

picking. Finally, yield from the total field in each picking 

were summed and average yield per plot was worked out and 

expressed in kg per plot. Total yield obtained from an area of 

1000 square meter computed and expressed in tonnes. Total 

yield obtained from an area of 1 hectare area computed and 

expressed in t ha-1. 

 

Water use efficiency (WUE)  

The WUE of each treatment was estimated by (Ram et al., 

2013) in kg  

ha-1 mm-1. 

 

 
 

Water application efficiency  

The application efficiency of drip irrigation was computed 

using equation given by Nakayama and Bucks (1986) [10]. 

The equation is expressed as follows. 

 
 

Where, 

ea  = Application efficiency in percent  

e  = Total number of emitters  

qmin = Minimum emitter flow rate in litres hr-1 

T  = Total irrigation time in hours 

V = Total volume of water applied in litres 

 

Statistical Analysis 

The data on the observations made and characters studied 

were statistically analyzed by using two factorial experiment. 

Wherever the results are significant, the critical difference at 5 

percent level was worked out and presented. The data were 

analyzed by using ‘OPSTAT’ software. 

 

Results and Discussion 

Yield per plot  

The data pertaining to yield per plot of cucumber is provided 

in Table 1. Among irrigation levels, 100 percent crop ET 

recorded significantly higher yield per plot (64.42 kg, 74.27 

kg and 69.35 kg during 2020-21, 2021-22 and pooled data, 

respectively) over 80 percent crop ET. Drip irrigation at 60% 

crop ET recorded lower yield per plot (56.42 kg, 57.49 kg and 

56.95 kg during 2020-21, 2021-22 and pooled data, 

respectively).  

Among three levels of mulching, maximum yield per plot was 

documented under white polythene mulch i.e., 63.12 kg, 69.33 

kg and 66.23 kg during 2020-21, 2021-22 and pooled data, 

respectively. Whereas minimum yield per plot was 

documented under no mulch conditions i.e., 56.62 kg, 62.43 

kg and 59.53kg during 2020-21, 2021-22 and pooled data, 

respectively. 

When the interaction effect was noticed it was found that the 

yield per plot was maximum in treatment consisting of drip 

irrigation at 100% crop ET and white polythene mulch i.e., 

67.60 kg, 76.27 kg and 71.93kg during 2020-21, 2021-22 and 

pooled data, respectively. The yield per plot was minimum in 

treatment consisting of drip irrigation at 60% crop ET and un 

mulched condition i.e., 52.87 kg, 54.60 kg and 53.73kg during 

2020-21, 2021-22 and pooled data, respectively. 

Higher yield per plot might be due to adequate moisture 

availability in the soil which might have increased various 

crop physiological processes, better plant nutrient uptake, 

higher rates of photosynthesis, which reflected in more 

number of fruits and higher fruit weight. (Ngouajio et al. 

2007). Added to this, the combined influence of irrigation 

levels and mulching might have significantly affected the fruit 

yield of cucumber in polyhouse. Fruit yield increases with 

increase in irrigation level. Irrigation level at 100% CPE was 

found to be the best for producing higher fruit yield. Similar 

effect of irrigation levels was reported by Lee et al. (2005). 

Similar results are found by Rincy et al. (2017) [15], Dillip 

Kumar et al. (2018) [3], Om Prakash et al. (2018) [11], Pawar et 

al. (2018) [12] and Karki et al. (2020) [7] in cucumber. 

 

Yield per 1000 square meter 

The data pertaining to yield per 1000 square meter of 

cucumber is provided in Table 1. Among irrigation levels, 

100 percent crop ET recorded significantly higher yield per 

1000 square meter (9.91 t, 11.43 t and 10.67 t during 2020-

21,2021-22 and pooled data, respectively) over 80 percent 
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crop ET. Drip irrigation at 60% crop ET recorded lower yield 

per 1000 square meter (8.68 t, 8.84 t and 8.76 t during 2020-

21, 2021-22 and pooled data, respectively). Among three 

levels of mulching maximum yield per 1000 square meter was 

documented under white polythene mulch i.e., 9.71 t, 10.67 t 

and 10.19 t during 2020-21, 2021-22 and pooled data, 

respectively. Whereas minimum yield per square 1000 meter 

was documented under no mulch conditions i.e., 8.71 t, 9.60 t 

and 9.16 t during 2020-21, 2021-22 and pooled data, 

respectively. When the interaction effect was noticed it was 

found that the yield per 1000 square meter was maximum in 

treatment consisting of drip irrigation at 100% crop ET and 

white polythene mulch i.e., 10.40 t, 11.73 t and 11.07 t during 

2020-21, 2021-22 and pooled data, respectively. The yield per 

1000 square meter was minimum in treatment consisting of 

drip irrigation at 60% crop ET and un mulched condition i.e., 

8.13 t, 8.40 t and 8.27 t during 2020-21, 2021-22 and pooled 

data, respectively. 
 

Table 1: Effect of drip irrigation and plastic mulching on yield per plot, yield per 1000 square meter and yield per hectare in cucumber 
 

Treatment details 
Yield per plot (kg) Yield per 1000 square meter (t) Yield (t ha-1) 

2020-21 2021-22 Pooled 2020-21 2021-22 Pooled 2020-21 2021-22 Pooled 

Irrigation treatments (I) 

I1 56.42 57.49 56.95 8.68 8.84 8.76 86.80 88.40 87.60 

I2 61.39 67.02 64.21 9.44 10.31 9.88 94.40 103.10 98.80 

I3 64.42 74.27 69.35 9.91 11.43 10.67 99.10 114.30 106.70 

S.Em. ± 0.64 1.41 0.67 0.09 0.22 0.10 0.90 2.20 1.00 

CD @ 5% 1.90 4.23 2.00 0.29 0.65 0.31 2.90 6.50 3.10 

Mulching treatments (M) 

M1 63.12 69.33 66.23 9.71 10.67 10.19 97.10 106.70 101.90 

M2 62.49 67.02 64.75 9.61 10.31 9.96 96.10 103.10 99.60 

M3 56.62 62.43 59.53 8.71 9.60 9.16 87.10 96.00 91.60 

S.Em. ± 0.64 1.41 0.67 0.09 0.22 0.10 0.90 2.20 1.00 

CD @ 5% 1.90 4.23 2.00 0.29 0.65 0.31 2.90 6.50 3.10 

Interaction effect (I×M) 

I1M1 58.07 60.67 59.37 8.93 9.33 9.13 89.30 93.30 91.30 

I1M2 58.33 57.20 57.76 8.97 8.80 8.89 89.70 88.00 88.90 

I1M3 52.87 54.60 53.73 8.13 8.40 8.27 81.30 84.00 82.70 

I2M1 63.70 71.07 67.38 9.80 10.93 10.37 98.00 109.30 103.70 

I2M2 63.27 68.47 65.87 9.73 10.53 10.13 97.30 105.30 101.30 

I2M3 57.20 61.53 59.37 8.80 9.47 9.13 88.00 94.70 91.30 

I3M1 67.60 76.27 71.93 10.40 11.73 11.07 104.00 117.30 110.70 

I3M2 65.87 75.40 70.63 10.13 11.60 10.87 101.30 116.00 108.70 

I3M3 59.80 71.15 65.48 9.20 10.95 10.07 92.00 109.50 100.70 

S.Em. ± 1.10 2.45 1.16 0.169 0.38 0.18 1.69 3.80 1.80 

CD @ 5% NS NS NS NS NS NS NS NS NS 

I1:Drip irrigation @ 60% ET M1:White polythene mulch 

I2:Drip irrigation @ 80% ET M2:Black polythene mulch 

I3:Drip irrigation @100%ET M3:Without mulching (Control) 

 

Total yield per hectare  

The data pertaining to total yield per hectare of cucumber is 

provided in Table 1. Among irrigation levels 100 percent crop 

ET recorded significantly higher total yield per hectare (99.10 

t ha-1, 114.30 t ha-1 and 106.70 t ha-1 during 2020-21, 2021-22 

and pooled data, respectively) over 80 percent crop ET. Drip 

irrigation at 60% crop ET recorded lower total yield per 

hectare (86.80 t ha-1, 88.40 t ha-1 and 87.60 t ha-1 during 2020-

21, 2021-22 and pooled data, respectively).  

Among three levels of mulching maximum total yield per 

hectare was documented under white polythene mulch i.e., 

97.10 t ha-1, 106.70 t ha-1 and 101.90 t ha-1 during 2020-21, 

2021-22 and pooled data, respectively. Whereas minimum 

total yield per hectare was documented under no mulch 

conditions i.e., 87.10 t ha-1, 96.00 t ha-1 and 91.60 t ha-1 during 

2020-21, 2021-22 and pooled data, respectively. 

When the interaction effect was noticed it was found that the 

total yield per hectare was maximum in treatment consisting 

of drip irrigation at 100% crop ET and white polythene mulch 

i.e., 104.00 t ha-1, 117.30 t ha-1 and 110.70 t ha-1 during 2020-

21, 2021-22 and pooled data, respectively. The total yield per 

hectare was minimum in treatment consisting of drip 

irrigation at 60% crop ET and un mulched condition i.e., 

81.30 t ha-1, 84.00 t ha-1 and 82.70 t ha-1 during 2020-21, 

2021-22 and pooled data, respectively. 

Higher soil moisture content maintained under plastic 

mulched treatments and better control of weeds when 

compared to un mulched plots had positively reflected on the 

vegetative and yield parameters. Consequently, use of plastic 

mulch as soil cover increased the yield of cucumber in the 

current trial. Mulch is a covering placed over the soil around 

the plants. Plastic mulch on the surface of the soil causes 

change in the microclimate around the plants. This results in 

moisture conservation, less soil compaction and higher CO2 

levels around plants (Mane and Umrani, 1981) [9]. Mulching is 

an effective method of manipulating the crop growing 

environment to increase crop yield and improve product 

quality by controlling soil temperature, retaining soil moisture 

and reducing soil evaporation Chakraborty et al. (2008) [2]. 

These results are in agreement with the study conducted by 

Rincy et al. (2017) [15], Dillip Kumar et al. (2018) [3], Om 

Prakash et al. (2018) [11], Pawar et al. (2018) [12] and Karki et 

al. (2020) [7] in cucumber. 

 

Water use efficiency  

The data pertaining to water use efficiency of cucumber is 

provided in Table 2. Among irrigation levels, 60 percent crop 

ET recorded significantly higher water use efficiency (10.46, 

https://www.thepharmajournal.com/


 
 

~ 4756 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
8.19 and 9.33 t ha-1cm-1 during 2020-21, 2021-22 and pooled 

data, respectively) over 80 percent crop ET. Drip irrigation at 

100% crop ET (I3) recorded lower water use efficiency (7.19, 

6.35 and 6.77 t ha-1cm-1 during 2020-21, 2021-22 and pooled 

data, respectively).  

Among three levels of mulching maximum water use 

efficiency was documented under white polythene mulch i.e., 

9.07, 7.58 and 8.33 t ha-1cm-1 during 2020-21, 2021-22 and 

pooled data, respectively. Whereas minimum water use 

efficiency was documented under no mulch conditions i.e., 

8.16, 6.81 and 7.49 t ha-1cm-1 during 2020-21, 2021-22 and 

pooled data, respectively. 

When the interaction effect was noticed it was found that the 

water use efficiency was highest in treatment consisting of 

drip irrigation at 60% crop ET and white polythene mulch i.e., 

10.76, 8.64 and 9.70 t ha-1cm-1 during 2020-21, 2021-22 and 

pooled data, respectively. The water use efficiency was lowest 

in treatment consisting of drip irrigation at 100% crop ET and 

un mulched condition i.e., 6.67, 6.08 and 6.38 t ha-1cm-1 

during 2020-21, 2021-22 and pooled data, respectively. 

Drip irrigation significantly increased the crop yield of 

cucumber and there by improved WUE due to consumption of 

less water. However, integrated use of drip irrigation and 

plastic mulch was more appropriate and profitable. Therefore, 

drip irrigation in combination with plastic mulch was found to 

be more effective in improving WUE and increasing crop 

yield of cucumber. Mulches reduced the rate of water loss 

through evaporation from soil surface. So, the soil-water-plant 

relationship was better in low irrigation regime than high 

irrigation regime that might have helped to produce higher 

yield and thereby higher WUE. In general, the trends for the 

WUE related to the total water use showed that lower the 

amount of water use, higher was the WUE. Besides, low 

irrigation regime reduced deep percolation and increased 

water use from soil root zone (Ayars et al., 1999) [1]. 

These results are also in agreement with the results of Jain et 

al. (2000) [6], who concluded that drip irrigation and plastic 

mulch markedly affects applied water and water use 

efficiency. The percent of water use reduction was 65%, 64% 

and 57% for the transparent mulched drip irrigation, black 

mulched drip irrigation and no mulch drip irrigation, 

respectively compared to the furrow surface irrigation. 

Dunage et al. (2009) [4], Huimeng et al. (2017) [5], 

Parameshwarareddy et al. (2018) [13] and Yaghi et al. (2013) 

[16], recorded similar results in cucumber.  

 
Table 2: Effect of drip irrigation and plastic mulching on water use efficiency in cucumber 

 

Treatment details 
Water use efficiency (t ha-1cm-1) 

2020-21 2021-22 Pooled 

Irrigation treatments (I) 

I1: Drip irrigation @ 60% ET 10.46 8.19 9.33 

I2: Drip irrigation @ 80% ET 8.59 7.16 7.88 

I3: Drip irrigation @ 100% ET 7.19 6.35 6.77 

S.Em. ± 0.09 0.17 0.15 

CD @ 5% 0.26 0.50 0.44 

Mulching treatments (M) 

M1: White polythene sheet 9.07 7.58 8.33 

M2: Black polythene sheet 9.00 7.30 8.15 

M3: Without mulching (Control) 8.16 6.81 7.49 

S.Em. ± 0.09 0.17 0.15 

CD @ 5% 0.26 0.50 0.44 

Interaction effect (I×M) 

I1M1 10.76 8.64 9.70 

I1M2 10.81 8.15 9.48 

I1M3 9.80 7.78 8.79 

I2M1 8.91 7.59 8.25 

I2M2 8.85 7.31 8.08 

I2M3 8.00 6.57 7.29 

I3M1 7.54 6.52 7.03 

I3M2 7.35 6.44 6.90 

I3M3 6.67 6.08 6.38 

S.Em. ± 0.15 0.29 0.25 

CD @ 5% NS NS NS 

I1:Drip irrigation @ 60% ET M1:White polythene mulch 

I2:Drip irrigation @ 80% ET M2:Black polythene mulch 

I3:Drip irrigation @100%ET M3:Without mulching (Control) 

 

Application efficiency  

The data pertaining to water application efficiency of 

cucumber is provided in Table 3. The application efficiencies 

were higher in 80% ET i.e., 94.68, 95.00 and 94.84 during 

2020-21, 2021-22 and pooled data, respectively. This was 

followed by 60% ET and 100% ET.  

The application efficiencies were on par with each other in all 

the drip irrigation treatments, I1, I2 and I3. The above findings

of application efficiency under the present study agree with 

the earlier findings of Nakayama and Bucks (1986) [10]. The 

higher application efficiency in drip irrigation may be due to 

the fact that through drip irrigation, water is applied as 

required by plant, thus the percolation losses will be zero, 

below the crop root zone and the surface runoff losses would 

be very negligible. 
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Table 3: Effect of drip irrigation and plastic mulching on water 

application efficiency in cucumber 
 

Treatment details 
Water application efficiency (%) 

2020-21 2021-22 Pooled 

Irrigation treatments (I) 

I1: Drip irrigation @ 60% ET 94.45 94.50 94.48 

I2: Drip irrigation @ 80% ET 94.68 95.00 94.84 

I3: Drip irrigation @ 100% ET 93.80 94.00 93.90 

 

Summary and conclusions 

The yield per plot, yield per 1000 square meter and yield per 

ha was higher with drip irrigation at 100% crop ET and white 

polythene mulch. The water use efficiency was highest in 

treatment consisting of drip irrigation at 60% crop ET with 

white polythene. The water application efficiencies were 

higher with 80% ET. 

 

References 

1. Ayars JE, Phene CJ, Hutmacher RB, Davis KR, 

Schoneman RA, Vail SS, et al., Subsurface drip irrigation 

of row crops: A review of 15 years of research at the 

Water Management Research Laboratory. Agric. Water 

Mgt. 1999;42:1-s27. 

2. Chakraborty D, Nagarajan S, Aggarwal P, Gupta VK, 

Tomar RK, Garg RN, et al. Effect of mulching on soil 

and plant water status, and the growth and yield of wheat 

(Triticum aestivum L.) in a semi-arid environment. Agril. 

Water Mgt. 2008;95:1323–1334. 

3. Dillip KD, Patil SS, Biradar MS, Mantur SM. Influence 

of different protected conditions on growth and yield of 

parthenocarpic cucumber (Cucumis sativus L.) hybrids. 

Int. J Curr. Microbiol. App. Sci. 2018;7(5):1619-1624. 

4. Dunage VS, Balakrishnan P, Patil MG. Water use 

efficiency and economics of tomato using drip irrigation 

under net house conditions. Karnataka J Agric. Sci. 

2009;22(1):133-136. 

5. Huimeng Z, Yunwu X, Guanhua H, Xu X, Quanzhong H. 

Effects of water stress on processing tomatoes yield, 

quality and water use efficiency with plastic mulched drip 

irrigation in sandy soil of the Hetao irrigation district. 

Agril. Water Mgt.. 2017;179:205-214. 

6. Jain N, Chauhan HS, Singh PK, Shukla KN. Response of 

tomato under drip irrigation and plastic mulching. In: 

Proceeding of 6th International Micro irrigation Congress, 

Micro-irrigation Technology for Developing Agriculture. 

22–27 October 2000, South Africa, 2000. 

7. Karki A, Sapkota B, Bist P, Bista K, Dutta JP, Marahatta 

S et al. Mulching materials affects growth and yield 

characters of cucumber (Cucumis Sativus cv. Malini) 

under drip irrigation condition in chitwan, Nepal Journal 

of Agriculture and Forestry University. 2020;4:153-159. 

8. Lamont WJ, Przolek MD, Otjen L, Simpson T. 

Production of potatoes using plasticulture. Proc. of Nat. 

Agric. Plastic Congress. 2000;29:599-601. 

9. Mane VS, Urmani NK. Application of mulch at various 

stages of crop growth under dry land condition. Indian J 

Agron. 1981;26:1-6. 

10. Nakayama FS, Bucks DA. Trickle irrigation for crop 

production, design, operation and management. Elsevier 

Scientific Publishers, Netherlands, 1986.  

11. Om Prakash R, Verma IM, Bhunia SR, Suresh Kumar C. 

Effect of Irrigation Levels and Mulch on Growth and 

Yield of Cucumber (Cucumis sativus L.) under Poly 

House Int. J Curr. Microbiol. App. Sci. 2018;7(3):3748-

3756. 

12. Pawar DP, Bhakar SR, Lakhawat SS, Kothari M, Patil V. 

Interactive Impact of Irrigation and Fertigation Level on 

Growth and Yield Attributes of Cucumber under 

Naturally Ventilated Polyhouse. Int. J Curr. Microbiol. 

App. Sci. 2018;7:2604-2612. 

https://doi.org/10.20546/ijcmas.2018.706.308 

13. Parameshwarareddy R, Angadi SS, Biradar MS, Patil 

RH. Water productivity of tomato as influenced by drip 

irrigation levels and substrates. J Pharmacogn. 

Phytochem. 2018;7(2):1343-1346. 

14. Ram H, Dadhwal V, Vashist KK, Kaur H. Grain yield 

and water use efficiency of wheat (Triticul aestivum L.) 

in relation to irrigation levels and rice straw mulching in 

North West India. Agrl. Water Manag. 2013;128(1):92-

101. 

15. Rincy KA, Munsi PS, Dulal CM. Yield performance and 

profitability of bitter gourd cultivation as influenced by 

drip irrigation, fertigation and plastic mulching. Int. J 

Curr. Microbiol. App. Sci. 2017;6(10):638-645. 

16. Yaghi T, Arslan A, Naoum F. Cucumber (Cucumis 

sativus sL.) water use efficiency (WUE) under plastic 

mulch and drip irrigation. Agril. Water Mgt. 

2013;128:149- 157. 

https://www.thepharmajournal.com/

