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Abstract: A field experiment was conducted to study the effect of irrigation intervals and mulches on growth and yield of
cabbage (Brassica oleracea var. capitata L.)” during Rabi season of 2021 at Horticulture Farm, Rajasthan Agricultural
Research Institute, Durgapura, Jaipur. The experiment consisted of sixteen treatment combinations with four irrigation
intervals (6, 9, 12 and 15 days) and four types of mulches (control, white polythene, black polythene and mustard straw) in
randomized block design with three replications. The results of study clearly indicated that application of irrigation at 9 days
interval as well as black polythene mulch significantly increased the growth parameters like (plant height, number of leaves,
plant spread, leaf area and total chlorophyll content in leaves) and yield (head yield per plot, head yield per hectare) of
cabbage. The interactive effect of irrigation at 9 days interval along with black polythene mulch was found statistically at par
to application of irrigation at 12 days interval along with mustard straw mulch with respect to head yield kg/plot (11.33

kg/plot) and yield g/ha (349.63 g/ha).
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INTRODUCTION

abbage (Brassica oleracea var. capitata L.) is by

far the most important member of the genus
Brassica grown in the world. It is a biennial crop of
temperate region. However, The major cabbage
growing states are Orissa, West Bengal, U.P., Bihar,
Karnataka, Maharashtra, Gujrat, Punjab and
Himachal Pradesh (Fageria et al., 2003). The area
under cabbage cultivation in India is 4.01 lakh ha
with an annual production of about 90.86 lakh tonnes
(Anonymous, 2014). In Rajasthan, it is mainly grown
in Jaipur, Ajmer, Alwar, Sriganganagar, Tonk, Sikar,
Jodhpur, Bundi, Bharatpur, Nagaur and Rajsamand.
Cabbage is rich in minerals and Vitamins. It contains
Vitamin-A (2000 1U), thiamine (0.06 mg), riboflavin
(0.03 mg) and vitamin-C (124 mg) per 100 g edible
part. It also contains minerals like potassium,
phosphorus, calcium, sodium and iron (Fageria et al.,
2003). Cabbage is used as salad, boiled, cooked,
dehydration and pickling purposes. It neutralizes
acidity, improves digestion and appetite (Katyal and
Chadha, 1985).
Mulching plays an important role in maximizing
yield potentials of the crop in the arid and semi-arid
regions as it may be proved beneficial by reducing
water losses. Mulching has been advocated as an
effective means for conserving soil moisture inside
the soil. It works as an insulating material against
heat or cold and also as a surface barrier to check
evaporation from soil surface. Mulches can be
differentiated in to organic and inorganic mulches.
Organic mulches include pine bark, bark chips,
compost, leaf mould, lawn clippings, pea straw,
stable straw, spoiled lucerne, seaweed, mushroom
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compost, hay, feathers, eucalyptus mulch, manures,
papers and others. However, Inorganic mulches
include: gravel, scoria, crushed rock and synthetic
plastics of various colours (Unger, 1975).

Black polyethylene mulch is used most widely
because it effectively decreases or eliminates most
weed growth by inhibiting photosynthesis. The use
of black polyethylene mulch increases yield and
earliness of vegetables in the spring (Dittmar &
McRae, 2012). Black polyethylene is popular for
cool seasons because it warms the soil by contact
(Hochmuth et al., 2008). Mulches were found to act
as a barrier to the action of rainfall that compacts soil
and inhibits root growth. Black plastic significantly
enhanced root growth and facilitated higher nutrient
uptake, thereby promoting plant growth and
development (Kumara and Dey, 2011).

Besides Mulching, Irrigation also plays an important
role in maximizing yield potentials of crop. Water is
one of the most important factors in successful crop
production. It makes up by weight, the major portion
of vegetables (about 75% or more) and regulates
growth and development in the plants. It is essential
for photosynthesis as solvent, act as carrier of
nutrients and maintains turgidity of living cells. It is
also a constituent of protoplasm reagent in many
important  physiological  processes including
photosynthesis and hydrolytic processes such as
hydrolysis of starch to sugar and promotes activity of
soil micro-organisms. Efficient utilization of
available water is therefore, necessary to ensure
maximum crop production. Water economy in crop
production is of special importance in Indian
agriculture and particularly in Rajasthan state where
nearly 6.24 lakh ha out of 22.2 lakh ha of cultivated
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area is under irrigation. Appropriate Irrigation
interval is to increase irrigation efficiencies by
applying the amount of water needed to replenish the
soil moisture to desire level, saves water resources
and energy. Therefore, it is important to irrigate the
crop at right stage under prevailing climatic
conditions in order to utilize scare water resources
effectively for crop production. Surface irrigation
such as furrow, check basin and border are the most
common methods in India.

MATERIALS AND METHODS

A field experiment entitled “Effect of irrigation
intervals and mulches on growth and vyield of
cabbage (Brassica oleracea var. capitata L.)” was
conducted at the Horticulture Farm, Rajasthan
Agricultural Research Institute, Durgapura, Jaipur,
during Rabi season 2021. The climate of Durgapura
is typically semi-arid characterized by extremes of
temperature both in summer and winter, low rainfall
and moderate relative humidity. The crop was
transplanted on 07/02/2021 and harvested as last
picking on 20/05/2021. The maximum and minimum
temperature during the growing season of cabbage
fluctuated 35.0 and 2.0°C, respectively. The relative
humidity ranged from 52 to 70 per cent. While, the
mean value of evaporation from USWB class pan
ranged from 2.0 to 5.3 mm. Total rainfall received
during the experimentation was 22.4 mm. The soil of
experimental site was loamy sand in texture, slightly
alkaline in reaction, poor in organic carbon with low
available nitrogen, phosphorus & sulphur and
medium in potassium content. Water of this area is
partially saline in nature. The pH and EC of water
were 8.1 and 1.9 d/Sm, respectively.

Treatment details and methods of application

The experiment was laid out in Randomized block
design with comprised of 16 treatment combinations
viz. four irrigation intervals (6, 9, 12, and 15 days)
and four different mulches (control, white polythene,
black polythene and mustard straw). The treatments
were randomly allocated to different plots using
random table of Fisher and Yates (1963). The crop
was irrigated immediately after transplanting.
Further, irrigation was given twice at an interval of
2-3 days upto the establishment of seedlings.
Thereafter, irrigation was applied as per treatment (6,
9, 12 and 15 days intervals) through check basin
method. FYM procured from college dairy farm was
applied in the experimental field @ 300 g/ha as basal
and thoroughly mixed in the soil. A uniform dose of
manures and fertilizers were also applied manually at
the time of field preparation. Both the white & black
polythehes of 200 gauge and mustard straw were put
into bed size 1.8 x 1.8 m and the holes of 1 x 1 inch
were made on polythene sheets as per the plant and
row to row distance. These prepared polythene sheets
and mustard straw @ 5t/ha including 1 cm thickness
as mulch on top soil of the beds were spread over the

randomly selected beds and thereafter, transplanting
was done. About five weeks old seedlings of cabbage
were transplanted in the field, when average height
of seedlings was about 10 cm. and between row to
row and plant to plant distance was kept 45 cm x 45
cm. The root portion along with leaves attached to
the head was cut with the help of sharp sickle and
observations of tagged plants were recorded.

RESULTS AND DISCUSSION

Effect of Irrigation Intervals on Growth
attributing characters

The analysis of data indicated that irrigation intervals
and mulches significantly affected the growth
parameters (Table 1) of cabbage at different stages of
crop growth. Application of irrigation at 9 days
interval (l;) recorded the maximum plant height
(22.31 cm), number of leaves per plant (19.12) and
average leaf area (280.48 cm?) at 45 DAT (days after
transplanting) while minimum were recorded under
I, (15 days interval) and proved superior over 6 days
(1) and 15 days (1) irrigation interval with 18.99 and
45.82 per cent higher plant height, 11.87 and 27.28
per cent more number of leaves per plant and 16.80
and 30.18 per cent higher average leaf area
respectively. Application of 12 days (l3) irrigation
interval was found to be statistically at par with
application of 9 days (l,) irrigation interval.

This pattern of results, obtained reflect that the
negative trend of increasing the irrigation intervals
from |5 to 14 level that is 6 days to 15 day interval, in
no mulch plot was safely and almost completely
counteracted by the placement of white and black
polythene and mustard straw mulch in their
respective irrigation plots. But this negative trend
could not be completely counteracted by the presence
of mulches in 14 level of irrigation i.e. 15 days of
interval. Similar results were obtained by Rahman et
al. (1989) who reported that the growth of cabbage
increased with increasing irrigation rates. Growth of
plant depends on cell expansion and enlargement
which is probably most sensitive physiological
aspect of a plant to water deficit leading to reducing
plant productivity (Larson, 1992) and ultimately
affect plant height. Phenolic compounds produced in
plants during water stress also respond to reduce
plant growth (Lyu and Blum, 1990, Blum et al., 1991
and Einhelling and Souza, 1992).

Plant spread had significant effect on different
irrigation intervals and mulches at 50 days after
transplanting of cabbage crop (Table 1). The
maximum plant spread (2660.05 cm? and total
chlorophyll content (0.764 mg/g) in leaves were
observed with treatment I, (9 days irrigation interval)
at 50 days after transplanting. This treatment was
found to be significantly superior over rest of the
treatments with an increase in plant spread as 17.67
and 37.28 per cent and 10.8 and 36.68 per cent as
chlorophyll content in leaves (mg/g) over treatment
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I, (6 days) and 1, (15 days irrigation interval),
respectively. Whereas, it was found statistically at
par to treatment I3 (12 days interval). In case of
plants it might be due to that number of irrigations
improved photosynthetic efficiency. Which could be
attributed to the developed canopy with the increase
of irrigation level (Begum et al., 2001 and Gohari,
2013). Frequent watering to the soil especially during
the early growth stages of the crop prevented water
stress and kept the soil in available moisture
condition that help to improve plant growth and the
increased curd yield (Gomes et al., 2000). Xylem
water potential varied with water supply and
therefore, it may be quite effective to monitor
moisture stress in plants (Katerji et al., 1987).
Increasing the soil water stress decreases leaf water
potential. The obtained results are in good harmony
with those of Byari and Rabighi (1996) who found
that increasing of irrigation frequency caused an
increase in number of leaves of eggplant.

Effect of Mulches on Growth attributing
characters

The data regarding the effect of different mulches on
the Growth characters of cabbage has been also
presented. The perusal of data in the same Table
revealed that the plant height, number of leaves per
plant and average leaf area at 45 days after
transplanting was significantly affected by various
mulches. The maximum plant height (22.66 cm),
number of leaves per plant (19.47) and average leaf
area (278.97 cm?) of cabbage at 45 days after
transplanting was recorded with application of black
polythene (M,) which was significantly superior
than rest of the treatments but treatment M; (white
polythene) and Ms (mustard straw mulch) were
found statistically at par to it. The increase in average
leaf area was registered at the tune of 28.63 per cent
under treatment M, over control at 45 days after
transplanting. It might be due to that black polythene
mulch significantly enhanced root growth and
facilitated higher nutrient uptake, thereby promoting
plant growth and development (Kumara and Day,
2011). Mulches were also found to act as a barrier for
weed growth. Begum et al. (2001) and Gohari (2013)
also observed the similar results of mulching.
Similarly, application of different mulches also
significantly influenced plant spread and total
chlorophyll content in leaves over control, M; (white
polythene) and M; (mustard straw mulch) of
cabbage. The maximum plant spread (2701.43 cm?)
and chlorophyll content (0.772 mg/g) was recorded
with treatment M, (black polythene), being
significantly superior over rest of the treatments. The
increase in plant spread was recorded at the tune of
35.27 per cent over control and 38.03 and 10.58 and
6.77 per cent higher chlorophyll content in leaves
over control, M; (white polythene) and M; (mustard
straw) at 50 days after transplanting, respectively. It
is known that the moisture conserving effect of straw
mulch increases with the amount applied. Russel

(1940) stated that an amount of 3000 pounds of
mulch per acre (3.4 t/ha) is about the smallest rate
that is effective to minimize the evaporation rate.
Therefore, the relatively small amounts of straw
applied would not be expected to be effective in
conserving soil moisture (Verma and Kohnke
1951). The reason for soil moisture retained by white
plastic mulch to be lower than soil moisture retained
by mustard straw mulch might be due to that White
plastic mulch allowed less amounts of water into the
soil. However, mustard straw allowed more water
thus being able to retain more water in the soil
(Masarirambi et al. 2013).

Effect of Irrigation Intervals on yield

The data presented in Table 1 revealed that
application of different irrigation intervals
significantly increased head yield of cabbage. The
maximum and significantly higher head yield of
10.87 kg/plot and head vyield (335.56 g/ha) were
obtained with the irrigation at 9 days interval (l)
followed by treatment 15 (12 days interval). However,
it was noticed as minimum head yield of 8.07 kg per
plot and 249.01 g/ha were registered under I; (15
days interval). The increase in head yield kg/plot and
g/ha of cabbage under I, was recorded as 34.7 per
cent and 34.76 per cent higher over treatment 1,. The
increase in yield and vyield attributes obtained with
irrigation intervals might be due to increased
photosynthesis favoured by improved photosynthesis
effect as well as source to sink relationship. The
significant improvement in the mustard seed yield
might be due to the cumulative effect of significant
improvement in the value of yield attributes like
number of siliqua per plant, number of seeds/siliqua
and test weight (Piri et al. 2011). Prassad and
Ehsanullah (1988), Katole and Sharma (1991) and
Ehsanullah et al. (1991) reported an increase in seed
yield of mustard due to irrigation.

Effect of Mulches on yield

Data (Table 1) further indicated that use of different
mulches also had significant effect on head yield of
cabbage. Use of black polythene mulch (M,)
observed to be the most superior treatment to head
yield (10.44 kg per plot and 322.10 g/ha) over rest of
treatments and registered 22.25, 10.82 and 8.07 per
cent more head yield kg per plot and 22.26, 13.12
and 10.31 per cent more yield g/ha of cabbage over
control, white polythene (M;) and mustard straw
(M), respectively. Moniruzzaman et al. (2007) also
reported the increase in curd yield of cauliflower due
to black polythene mulching might occur from better
moisture utilization by fall of temperature during
winter checking evaporation loss and lesser
competition of weeds. Similar results were also
reported by Pessala (1994) in cabbage and khol rabi,
respectively. Plants under polyethylene mulch (silver
on black) produced larger fruit and have higher fruit
yield per plant because of better plant growth due to
favourable hydro-thermal regime of soil complete
weed free environment (Parmar et al. 2013). These
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results were in consonance with those of Rudich et
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al. (1978), Battikhi and Ghawi (1987).

Table 1. Effect of irrigation intervals and mulches on growth attributes and yield of cabbage

Treatments Plant Number of Plant Leaf Chloroph_yll Yield Yield
height leaves per spread area content in per plot per
plant leaves hectare
Irrigation intervals
1; (6 days) 18.76 16.87 2260.66 240.14 0.688 9.03 278.77
I, (9 days) 22.33 19.14 2660.06 280.50 0.763 10.87 335.56
I3 (12 days) 21.58 18.29 2517.57 272.33 0.744 10.07 310.86
1, (15 days) 15.32 13.83 1937.64 21547 0.558 8.07 249.01
SEm+ 0.50 0.48 72.35 4.57 0.013 0.14 4.14
CD (P=0.05) 1.42 1.37 208.94 13.18 0.041 0.40 11.94
Mulches
Mg (Control) 15.79 13.64 1997.09 216.86 0.559 8.54 263.46
M, (White polythene) 19.15 17.25 2277.88 | 249.13 0.698 9.42 290.62
M, (Black polythene) 22.76 19.47 2701.43 278.97 0.772 10.44 322.10
M3 (Mustard straw) 20.40 17.76 2399.54 263.48 0.723 9.66 298.02
SEm+ 0.50 0.48 72.35 4.57 0.013 0.14 4.14
CD (P=0.05) 142 1.37 208.94 13.18 0.041 0.40 11.94
Table 2. Interactive effect of irrigation intervals and mulches on head yield (kg/plot and g/ha) of cabbage
Mulches levels Irrigation intervals
Head yield (kg/plot) Head yield (g/ha)
Treatments I, I, I3 Iy I, I, I3 I,
Mg 7.98 10.26 8.74 7.17 246.42 316.54 | 269.63 | 221.23
M, 8.85 10.83 10.02 7.97 273.09 334.32 | 309.14 | 245.93
M, 10.70 11.33 10.91 8.80 330.37 349.63 | 336.79 | 271.60
M; 8.59 11.07 10.62 8.34 265.19 341.73 | 327.90 | 257.28
SEm+ 0.28 8.27
CD (P=0.05) 0.80 23.88
Interaction effect on head yield
Interactive effect of different irrigation intervals with REFERENCES

mulches was found to be significant on head yield
per plot and per hectare (Table 2). The combined
application of irrigation at 9 days interval + black
polythene mulch (I,M,) proved significantly higher
over rest of treatment combinations except treatment
combinations 1,Ms, 13M,, 1,M4, 1:M, and 1;M3 which
were found statistically at par to it. This treatment
combination (I,M,) registered 58.02 per cent higher
head yield kg per plot and treatment combinations
LM,, 1LMs, I5M,, LMy, 1M, and 13M;3 registerEd
58.04, 54.46, 52.24, 51.12, 49.33 and 48.22 per cent
higher yield quintal per hectare than 1,M, (15 days
irrigation interval without mulch), respectively. The
significant increase in yield under the application of
irrigation intervals and mulches was largely a
function of improved growth and subsequent
increase in average weight of head (kg/plant), head
yield (kg/plot), head yield (g/ha) and other yield
attributes as described above. The interactive
advantages of combined application of irrigation
intervals and mulches generally proved superior to
the use of each component separately.

Battikhi, A. M. and Ghawi, 1. (1987). Muskmelon
production under mulch and trickle irrigation in the
Jordan valley. Horticulture Science, 22 (4): 578-581.

Google Scholar
Begum, M.N., Karim, A.J.M.S., Rahman, M.A.
and Egashira, K. (2001). Effect of irrigation and
application of phosphorus fertilizer on the yield and
water use of tomato grown on a clay terrace soil of
Bangladesh. Journal Faculty Agriculture, Kyushu
University, 45 (2): 611-619.

Google Scholar
Blum, A., Janson, JW.E., Ramseur, L. and
Tollner, EW. (1991). The effect of drying top soil
and a possible non hydraulic root signals on wheat
growth and yield. Journal Experiment Botany, 42 :
1225-1231.

Google Scholar
Byari S.H. and Rabighi S.M.S.A.L. (1996). Yield
and growth responses of eggplant cultivars to water
deficit. Egyptian Journal of Horticulture, 23 (1): 89-
100.


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Battikhi%2C+A.+M.+and+Ghawi%2C+I.%2C+1987.+Muskmelon+production+under+mulch+and+trickle+irrigation+in+the+Jordan+valley.+Horticulture+Science%2C+22+%284%29+%3A+578-581.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Begum%2C+M.N.%2C+Karim%2C+A.J.M.S.%2C+Rahman%2C+M.A.+and+Egashira%2C+K.+2001.+Effect+of+irrigation+and+application+of+phosphorus+fertilizer+on+the+yield+and+water+use+of+tomato+grown+on+a+clay+terrace
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Blum%2C+A.%2C+Janson%2C+J.W.E.%2C+Ramseur%2C+L.+and+Tollner%2C+E.W.%2C+1991.+The+effect+of+drying+top+soil+and+a+possible+non+hydraulic+root+signals+on+wheat+growth+and+yield.+Journal++Experiment++Bot

JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 14(9)

Google Scholar
Ehsanullah M.D., Prasad U.K. and Prasad T.N.

(1991). Effect of irrigation and nitrogen on yield,
functional relationship and economics of mustard
(Brassica juncea). Indian Journal of Agronomy, 36
:150-152.

Google Scholar
Einhelling, F.A. and Souza, LF. (1992).
Phytotoxicity of sorgoleone found in grain sorghum
root exudates. Journal of Chemistry and Ecology, 18
1-11

Google Scholar
Fisher, R.A. and Yates, F. (1963). Statistical
Tables, Oliver and Boyd. Edinburgh, Tweeddate
Court, London.

Google Scholar
Gohari, A. (2013). Effects of Water Infiltration of
Soil on Yield and Water Use Efficiency of Common
Bean (Phaseolus vulgaris L.). International Journal
of Agronomy and Plant Production, 4 (3): 459-463.

Google Scholar
Gomes, R., Khan, M.S. and Islam, M.M. (2000).
Effect of irrigation and nitrogen on broccoli in Grey
Terrace Soil. Bangladesh. Journal Agricultural
Research, 25: 423-430.

Google Scholar
Katerji, A.N., Itier, B., Ferreira, I. and Pereira,
L.S. (1987). Plant stress indicators for tomato crops.
International Conference on Measurement of Soil
and Plant Water Status, 2, Utah State University,
Logan, UT.

Google Scholar
Katole, N.S. and Sharma, O.L. (1991). Effect of
irrigation scheduled and nitrogen levels on seed
yield, consumptive use and water use efficiency of
mustard (Brassica  juncea). Indian Journal of
Agronomy, 36: 147-149.

Google Scholar
Kumara, S. and Dey, P. (2011). Effects of different
mulches and irrigation methods on root growth,
nutrient uptake, water-use efficiency and vyield of
strawberry. Scientia Horticulturae, 127: 318-324.

Google Scholar
Larson, K.L. (1992). Drought injury and resistance
of crop plants. In Physiological aspects of dryland
farming. Editor, S.U. Gupta, 147-162. Oxford and
IBH Publishing Company Private Limited, New
Delhi.

Google Scholar
Lyu, SW. and Blum, U. (1990). Effect of ferullic
acid and allelopathic compounds on N. P, K and
water use uptake by the cucumber seedlings in a split
root system. Journal of Chemistry Ecology, 16 :
2424-2434.

Google Scholar
Masarirambi, M.T., Mndzebele, M.E., Wahome,

P.K. and Oseni, T.O. (2013). Effects of White
Plastic and Sawdust Mulch on ‘Savoy’ Baby
Cabbage (Brassica oleracea var. bullata) Growth,
Yield and Soil Moisture Conservation in Summer in
Swaziland.

Google Scholar
Moniruzzaman, M., Faisal, S.M., Sarkar, M.AR.,
Hossain, M., Ismail Ali, M. and Afsar Talukder,
M. A. H. March (2007). Effects of Irrigation and
Different Mulches on Yield Profitability of
Cauliflower. Asian Journal of Plant Sciences, 6 (2) :
338-343.

Google Scholar
Parmar, H.N., Polara, N.D. and Viradiya, R.R.
(2013). Effect of Mulching Material on Growth,
Yield and Quality of Watermelon (Citrullus Lanatus
Thunb) Cv. Kiran. Universal Journal of Agricultural
Research, 1 (2): 30-37.

Google Scholar
Pessala, R. (1994). Influence of covering with fiber
cloth and plastic on timing, yield and quality of khol
rabi. Acta Horticulture, 371: 291-295.

Google Scholar
Piri, 1., Nik, M.M. Tavassoli, A. and
Rastegaripour, F. (2011). Effect of irrigation
intervals and sulphur fertilizer on growth analyses
and yield of Brassica junca. African Journal of
Microbiology Research, 5 (22): 3640-3646.

Google Scholar
Prassad, U.K. and Ehsanullah, M. (1988). Effect of
irrigation and nitrogen on vyield and vyield attributes
of mustard. Indian Journal of Agronomy, 33 (1): 47-
51.

Google Scholar
Rahman, M.A., Guha, D, Golder, P.C. and Saltar,
M.A. (1989). Effect of irrigation and mulch on
growth and yield of cabbage in the hilly region.
Bangladesh Horticulture, 1 (1) 37-39.

Google Scholar
Rudich, J., Elassar, G. and Shefi, Y. (1978).
Optimal growth stages for the application of drip
irrigation to muskmelon and watermelon. Journal of
Horticulture Science, 53 (1): 11-15.

Google Scholar
Russel, J.C. (1940). The effect of surface cover on
soil moisture losses by evaporation. Soil Science
Society American Proceddings, 4:65-70.

Google Scholar
Verma, A.B.S. and Kohnke, H. (1951). Effects of
organic mulches on soil conditions and soybean
yields, Soil Science, 72: 149-156.

Google Scholar


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Byari+S.H.+and+Rabighi+S.M.S.A.L.+1996.+Yield+and+growth+responses+of+eggplant+cultivars+to+water+deficit.+Egyptian+Journal+of+Horticulture%2C+23+%281%29+%3A+89-100.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ehsanullah+M.D.%2C+Prasad+U.K.+and+Prasad+T.N.+1991.+Effect+of+irrigation+and+nitrogen+on+yield%2C+functional+relationship+and+economics+of+mustard+%28Brassica+juncea%29.+Indian+Journal+of+Agronomy%2C
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Einhelling%2C+F.A.+and+Souza%2C+I.F.%2C+1992.+Phytotoxicity+of+sorgoleone+found+in+grain+sorghum+root+exudates.+Journal+of++Chemistry+and+Ecology%2C+18+%3A+1-11.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fisher%2C+R.A.+and+Yates%2C+F.+1963.+Statistical+Tables%2C+Oliver+and+Boyd.+Edinburgh%2C+Tweeddate+Court%2C+London.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gohari%2C+A.+2013.+Effects+of+Water+Infiltration+of+Soil+on+Yield+and+Water+Use+Efficiency+of+Common+Bean+%28Phaseolus+vulgaris+L.%29.+International+Journal+of+Agronomy+and+Plant+Production%2C+Vol.+4+
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gomes%2C+R.%2C+Khan%2C+M.S.+and+Islam%2C+M.M.%2C+2000.+Effect+of+irrigation+and+nitrogen+on+broccoli+in+Grey+Terrace+Soil.+Bangladesh.+Journal+Agricultural+Research%2C+25+%3A+423-430.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Katerji%2C+A.N.%2C+Itier%2C+B%2C+Ferreira%2C+I+and+Pereira%2C+L.S.+1987.+Plant+stress+indicators+for+tomato+crops.+International+Conference+on+Measurement+of+Soil+and+Plant+Water+Status%2C+2%2C+Utah+S
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Katole+N.S.+and+Sharma+O.L.+1991.+Effect+of+irrigation+scheduled+and+nitrogen+levels+on+seed+yield%2C+consumptive+use+and+water+use+efficiency+of+mustard+%28Brassica++juncea%29.+Indian+Journal+of+Agro
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kumara%2C+S.+and+Dey%2C+P.+2011.+Effects+of+different+mulches+and+irrigation+methods+on+root+growth%2C+nutrient+uptake%2C+water-use+efficiency+and+yield+of+strawberry.+Scientia+Horticulturae%2C+127%2C
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Larson%2C+K.L.%2C+1992.+Drought+injury+and+resistance+of+crop+plants.+In+Physiological+aspects+of+dryland+farming.+Editor%2C+S.U.+Gupta%2C+147-162.+Oxford+and+IBH+Publishing+Company+Private++Limited%252
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lyu%2C+S.W.+and+Blum%2CU.+1990.+Effect+of+ferullic+acid+and+allelopathic+compounds+on+N.+P%2C+K+and+water+use+uptake+by+the+cucumber+seedlings+in+a+split+root+system.+Journal.+of+Chemistry+Ecology%2C+
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Masarirambi%2C+M.T.%2C+Mndzebele%2C+M.E.%2C+Wahome%2C+P.K.+and+Oseni%2C+T.O.%2C+2013.+Effects+of+White+Plastic+and+Sawdust+Mulch+on+%E2%80%98Savoy%E2%80%99+Baby+Cabbage+%28Brassica+oleracea+var.+bulla
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Moniruzzaman%2C+M.%2C+Faisal%2C++S.M.%2C+Sarkar%2C+M.A.R.%2C+Hossain%2C+M.%2C+Ismail+Ali%2C+M.+and+Afsar+Talukder%2C+M.+A.+H.+March%2C+2007.+Effects+of+Irrigation+and+Different+Mulches+on+Yield+Profit
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Parmar%2C+H.N.%2C+Polara%2C+N.D.+and+Viradiya%2C+R.R.+2013.+Effect+of+Mulching+Material+on+Growth%2C+Yield+and+Quality+of+Watermelon+%28Citrullus+Lanatus+Thunb%29+Cv.+Kiran.+Universal+Journal+of+Agric
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pessala%2C+R.+1994.+Influence+of+covering+with+fiber+cloth+and+plastic+on+timing%2C+yield+and+quality+of+khol+rabi.+Acta+Horticulture%2C+371+%3A+291-295.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Piri%2C+I.%2C+Nik%2C+M.M.%2C+Tavassoli%2C+A.+and+Rastegaripour%2C+F.+2011.+Effect+of+irrigation+intervals+and+sulphur+fertilizer+on+growth+analyses+and+yield+of+Brassica+junca.+African+Journal+of+Micr
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prassad%2C+U.K.+and+Ehsanullah+M%2C+1988.+Effect+of+irrigation+and+nitrogen+on+yield+and+yield+attributes+of+mustard.+Indian+Journal+of+Agronomy%2C+33+%281%29+%3A+47-51.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rahman%2C+M.A.%2C+Guha%2C+D%2C+Golder%2C+P.C.+and+Saltar%2C+M.A.+%281989%29.+Effect+of+irrigation+and+mulch+on+growth+and+yield+of+cabbage+in+the+hilly+region.+Bangladesh+Horticulture.+1+%281%29+37-39
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rudich%2C+J.%2C+Elassar%2C+G.+and+Shefi%2C+Y.+%281978%29.+Optimal+growth+stages+for+the+application+of+drip+irrigation+to+muskmelon+and+watermelon.+Journal+of+Horticulture+Science%2C+53+%281%29+%3A+11
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Russel%2C+J.C.+1940.+The+effect+of+surface+cover+on+soil+moisture+losses+by+evaporation.+Soil+Science+Society+American++Proceddings%2C+4%2C+65%E2%80%9370.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Verma%2C+A.B.S.+and+Kohnke%2C+H.+1951.+Effects+of+organic+mulches+on+soil+conditions+and+soybean+yields.+Soil+Science%2C+72%2C+149%E2%80%93156.&btnG=

810 R.S. MEENA, SANTOSH KUMAR, RAHUL KUMAR, SWETA SINGH AND V.S. MEENA



