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ABSTRACT

Mulching is a surface management practice that improves soil environment. A field experiment was
conducted on sandy loam soil in mid hills of Himachal Pradesh, India to evaluate the effect of
different types of mulch on plant available nutrients and total nutrient contents in cauliflower crop. In
two years (2010 & 2011) of experiment four types of mulching material i.e., black plastic mulch
(BPM), grass mulch (GM), pine needle mulch (PNM) and no-mulch (NM) were used in RBD with
three replications. After completion of two years of experiment the practice of mulching significantly
increased the soil organic carbon (SOC) as well as available nutrients (N, P, K, Ca & SO,*-S) as
compared to NM. However, the higher content of SOC was found in organic mulching (GM & PNM)
and the highest content of available nutrients was observed in BPM followed by PNM, GM and NM.
Concentration of N, K and Ca nutrient in plant was significantly influenced by mulching treatments
while the highest concentration of nutrients was estimated in BPN followed by PNM, GM and NM.
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Thus, practice of mulching could be the better option for improving the nutrient status in soil as well
as plant for improvement of quality and quantity of cauliflower crop in mid hill conditions of Himachal

Pradesh.

Keywords: Mulching; available nutrients; plant nutrients; cauliflower crop.

1. INTRODUCTION

Cauliflower (Brassica oleracea var. botrytis L.),
an important vegetable crop of many countries of
the World and a member of cole crops, belongs
to family Cruciferae. India ranks first in
cauliffower production in the world [1]. In
Himachal Pradesh, cauliflower is cultivated
commercially as  off-season crop  for
remunerative returns. There is more demand in
the market even during the dry season.
Increased nutritional awareness of people
has attracted the farmers to bring large area
under cauliflower cultivation. But, owing to poor
irrigation facilities which are just limited to 21 per
cent of the total cultivated area, the availability of
plant nutrients is poor and variable. To overcome
these problems the practice of mulching can
play an important role in mid hill condition of
Himachal Pradesh to meet the partial irrigation
water requirement through reduced evaporation
and erosion by wind or water, reduced surface
run-off and weed growth [2]. Mulching also helps
in moderating the soil temperature, increasing
soil organic matter and providing plant nutrient
source [3] and enhancing the availability of
applied and native nutrients. Mulches have the
potential to improve soil structure by increasing
organic matter, and establish patterns of nutrient
cycling as recognized by Fang et al. [4].
However, the effect of mulching on the soil
properties may be different for different soils.
Also, type and mode of application of mulch
materials are important considerations. Many
materials have been used as mulch, such as
plastic film, crop residue, straw, grass, forest
litter, paper etc. [5]. Compared to inorganic
mulch, organic mulches provide an attractive and
an eco-friendly option [6]. While Barajas-
Guzman et al. [7] indicated that polyethylene was
the most effective mulch type for early
successional species of high growth rate. As
mulching materials, organic resources are not
only the sources of all essential major and minor
nutrients, but also fulfil a number of other
functions such as conserving soil moisture,
improving soil available nutrient status,
ameliorating soil organic matter pool and its
quality, and reducing the accumulation of
leached nitrate [8]. The application of organic

mulch with recommended dose of nutrients
provides additional nutrients and humic material
through decaying of organic materials (viz.,
organic mulch and crop biomass) and thus
provides sustainable source of macro- and
micro-nutrients to crops in addition to increasing
the nutrient retention capacity of the soil [9].
The inorganic mulch such as plastic sheet of
different thickness is largely used nowadays
because of limited availability of organic
mulches. Mulching prevents direct sunshine, thus
checks evaporation from the soil and maintains
optimum soil moisture and temperature
regimes. Among the mulching materials, the
increased usage of polyethylene mulch is due to
its benefits when applied in the field, ie.,
increases soil temperature, especially in winter,
reduces weed problems, enhances moisture
conservation, increases crop yields and leads
to more efficient use of soil nutrients [10,11].
Generally, researchers using mulching instead
of bare soil have recorded higher yield of many
crops. Nevertheless, the current study aimed
to investigate the effect of different types of
mulch on plant available and total plant nutrients
in cauliflower crop under mid hill conditions of
Himachal Pradesh.

2. MATERIALS AND METHODS
2.1 Description of Study Area

The two years field experiment was initiated
during 2009-10 and 2010-2011 at the
experimental farm of Department of Soil Science
and Water Management, Dr. Y.S. Parmar
University of Horticulture and Forestry, Nauni,
Solan, Himachal Pradesh. The soil was gravelly
sandy loam in texture. The important physico-
chemical properties of the experimental site for
0-15 cm soil depth are presented in Table 1.

2.2 Treatments and Design

The experiment was laid out with 12 treatments
replicated thrice in randomized block design
during 18" December 2009 to 17™ April 2010
and 30" October 2010 to 18" February 2011
(two seasons). The treatments comprised four
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Table 1. Physico-chemical properties of experimental soil in 0-15 cm depth before the start of

experiment
Properties Value Methods
Soil reaction (pH ) 6.88 1:2.5 soil : water suspension [12]
Soil organic carbon (SOC) 79gkg’ Chromic acid titration [13]
Available nitrogen (N) 339.8 kg ha™ Alkaline permanganate [14]
Available phosphorus (P) 36.2 kg ha” Ascorbic acid method [15]
Available potassium (K) 242.6 kg ha™ 1N NH4OAc (pH 7.0) reagent [16]
Available calcium (Ca) 685.9 kg ha™ 1N NH,OAc (pH 7.0) reagent [17]
Available magnesium (Mg) 422.8 kg ha™ 1N NH,OAc (pH 7.0) reagent [17]
Available sulfate sulfur (SO,*-S) 51.1 kg ha” Turbidimetric method [18]

types of mulches, viz., black plastic mulch
(BPM), grass mulch (GM), pine needles (Pinus
roxburghii) mulch (PNM), no-mulch j.e. control
(NM).

2.3 Field Preparation and
Management

Crop

The cauliflower seeds of Sweta cultivar were
sown in well prepared raised nursery beds about
one month before transplanting. Three-weeks-
old cauliflower seedlings were transplanted in
3.0 m x 2.5 m plots at the spacing of 60 cm x 45
cm on 18" December 2009 and 30" October
2010. After transplanting (up to two weeks after
transplanting), the crop was irrigated daily with
pot, thereafter, the crop was given 4 cm life
saving irrigations at 15-20 days interval
depending upon the prevailing climatic
conditions and four irrigations were applied each
year. Recommended dose of FYM, N, P,O5 and
KO ie, 25 t ha', 125, 75 65 kg ha’,
respectively, were applied as per the schedule of
the experiment in the form of calcium ammonium
nitrate (CAN), single superphosphate (SSP) and
muriate of potash (MOP). The whole dose of P
and K fertilizers was applied at the time of field
preparation. The nitrogen fertilizer was applied in
two equal split doses, first dose at the time of
transplanting and second one month after
transplanting.

2.4 Mulch Application

The UV resistant black plastic sheets were cut in
rectangular shape, slightly larger than the
dimension of the plots and holes were made by
scissor so as to fit the plants in the holes. The
mulch sheets were laid in the plots before the
transplanting of seedlings. One kg of 100 micron
thick black plastic sheet covered about 10 m?
area. The mulch sheets were placed beneath the
soil at the periphery of plots to prevent it from

being blown away by wind. The air-dried grass
and pine needles mulch materials were spread
evenly in the plots to have uniform mulch at the
rate of 10 t ha™ just after the establishment of
the seedlings (15 days after transplanting). The
plastic mulch was removed after the completion
of experiment. During second year, beds were
prepared and plastic mulch was laid like first
year. All the cultural operations were done and
doses of nutrients were applied as per the
treatment details. The partially decomposed
grass mulch and pine needle mulch was allowed
to remain in the plot which was later on mixed
with soil.

2.5 Soil and Plant
Analysis

Sampling and

Three representative soil samples from top 15
cm layer were collected after crop harvest from
each treatment for the estimation of SOC,
available N, P, K, Ca, Mg and 8042'—8 following
standard methods (Table 1). The nutrient
content in leaves and curd were determined as
per the standard procedures [15].

2.6 Statistical Analysis

Statistical analysis was performed using the
SPSS statistical package 13.0. The same letters
with table value represent statistically identical
values of the examined mulching practices
according to Tukey's HSD test determining the
least significant difference (LSD) at 5% for
testing the significant difference among the
treatment means.

3. RESULTS AND DISCUSSION
3.1 Plant Available Nutrients

Availability of soil nutrients depend upon the
organic carbon contents in soil, often called as



black gold of soil. The two-years data on organic
carbon indicates that application of mulching
significantly (P=0.05) affect the organic carbon
for second year (Table 2). Among the different
mulch treatments, grass mulch (GM) enhanced
the soil organic carbon (SOC) by 28.0, 25.0 and
6.06% over no-mulch (NM), black plastic mulch
(BPM) and pine needle mulch (PNM),
respectively while the comparison with initial
value of SOC recorded before execution of
experiment (2009) the GM increased SOC by
32.9% due to accumulation of carbonaceous
material. Organic mulch has the capability to
improve the SOC may be due to the fact that
organic mulches provide carbonaceous material
to the soil upon decomposition. These findings
are in accordance with the studies of Shylla and
Chauhan [19] and Singh et al. [20] who also
observed higher organic carbon contents in soil
with organic mulches in fruit crops.

Plant available major nutrients viz., nitrogen (N),
phosphorus (P), potassium (K), calcium (Ca) and
sulphur (S) were significantly (P=0.05) influenced
with the application of different types of mulch
during both the years of study. During first year
(2010), the BPM maintained the highest level of
available N as compared to NM which was
statistically similar to PNM and GM. However,
PNM, GM and NM produced similar effect on
available N. During second year (2011)
application of mulch materials viz., BPM, GM and
PNM produced statistically similar effect on
available N but significantly superior to NM.
When compared with the initial value, the
increment in availability of N varied from 3.6-
4.1% under mulching whereas, NM treatment
recorded 2.8% increment after completion of
experiment (after two crops). The increase in
available nitrogen under plastic mulch is in line
with the findings of Raina [21], Gupta and
Acharya [22] and Himerlrick et al. [23]. Gao et al.
[24] who reported that plastic mulch resulted in
significantly increased mineralization of soil
organic N, residual nitrate accumulation in the
soil profile and reduction in N loss from the soil
profile.

Available P was recorded significantly highest in
BPM which was statistically at par with GM and
PNM however; GM and NM were at par with
each other during first year. During second year
all mulch treatments were statistically at par with
each other but significantly superior to NM.
Availability of P was increased by 27.6-35.1%
after completion of experiment under mulch
treatments over initial value recorded before
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execution of the experiment. It may be attributed
to better hydrothermal regimes, more
proliferation of root system and efficient weed
control which minimized the P mining. Other
possible reason may be that the organic acids
produced during the decomposition of organic
materials (crop root biomass and organic mulch)
complex the metal cations Ca, Al and Fe, thereby
helping in solubilization of native P and reduction
in P sorption [25].

Available K was significantly improved by 4.3 &
4.0, 3.6 & 3.9 and 2.8 & 2.9% in BPN, PNM and
GM during both the years of study, respectively
over NM. However, mulch treatments like BPM &
PNM, and GM & NM produced statistically similar
effect during first year. Likewise, during second
year, BPN & PNM, and GM & UM treatments
were statistically similar with regard to available
K content in soil. When compared to initial value
mulch treatments (BPM, PNM and GM)
enhanced the available K by 6.3-7.8% in 2010
and 6.7-7.9% in 2011. NM treatment also
improved the available K by 3.4 and 3.7% over
initial value in respective years. The increase in
available K content of soils under mulching may
be due to increased elimination of competitive
weeds, better hydrothermal regime, higher root
biomass which released potassium in soil.
Similar explanation has also been given by
different workers [22,26,20].

Application of mulch materials i.e., BPM, PNM
and GM significantly improved the available Ca
as compared to NM but statistically at par with
each other during both years of study. However,
enhancement in availability of Ca under mulching
by 1.6-2.2% and 1.9-2.4% after first and second
year, respectively over initial value recorded
before start of experiment. NM treatment also
increased the available Ca by 1.3% over initial
value in both the years. The higher availability of
Ca in mulch treatments may be due to
breakdown of organic material which releases
soluble Ca nutrients and fulvic acid to the soil
and in turn increases the soil nutrient availability
under mulch [26,20,27].

The available Mg content in soil was not
significantly influenced with mulching but
numerically the highest was observed in BPM
which was followed by PNM, GM and NM during
both the years of study.

Availability of sulphate sulfur under mulching i.e.,
BPM, PNM and GM were also significantly
improved by 18.6, 15.7 and 13.3% as compared
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Table 2. Effect of different types of mulch on plant available nutrients under cauliflower

Treatments SOC (g kg™) N (kg ha™) P (kg ha™) K (kg ha”) Ca (kg ha™) Mg (kg ha™) S0,””S (kg ha™)

2010 2011 2010 2011 2010 2011 2010 2011 2010 2011 2010 2011 2010 2011
BPM 8.2a 8.4a 352.6a 353.8a 48.3a 489a 261.6a 261.8a 700.9a 702.3a 429.3a 430.8a 64.9a 67.7a
GM 9.9a 10.5b 349.2ab 352.0a 45.2ab 46.2a 257.8b 258.8b 697.0a 699.4a 428.6a 429.9a 62.0a 64.3b
PNM 9.7a 9.9b 350.2ab 353.6a 46.4a 472a 259.8ab 261.4a 698.5a 701.1a 429.1a 430.2a 63.3a 66.1b
NM 8.2a 8.2a 348.0b 349.4b 40.9b 41.3b 250.8c 251.6b 694.2b 694.8b 427.1a 427.5a 54.7b 56.3c
LSD (0.05 NS 0.50 2.56 1.41 5.13 4.10 2.43 2.55 5.07 4.76 NS NS 3.12 3.21

BPN: Black plastic mulch; GM: Grass mulch; PNM: Pine needle mulch; NM: No-mulch
Different letters in a column indicate significant difference (at 5% level) between the means according to Tukey’s HSD test
Table 3. Effect of different types of mulch on total plant nutrients (leaves + curd) under cauliflower
Treatments N (%) P (%) K (%) Ca (%) Mg (%) S (%)
2010 2011 2010 2011 2010 2011 2010 2011 2010 2011 2010 2011

BPM 2.51a 2.72a 0.31a 0.34a 2.10a 2.25a 1.86a 0.23a 0.24a 0.23a 0.25a
GM 2.47a 2.67b 0.28a 0.33a 2.07a 2.20b 1.82a 0.23a 0.23a 0.21a 0.23a
PNM 2.49a 2.69ab 0.30a 0.32a 2.08a 2.23a 1.84a 0.23a 0.24a 0.22a 0.24a
NM 2.41a 2.45¢c 0.25a 0.26a 2.02a 2.09c 1.64b 0.21a 0.21a 0.19a 0.19a
LSD (g.05 NS 0.03 NS NS NS 0.02 NS 0.04 NS NS NS NS

BPN: Black plastic mulch; GM: Grass mulch; PNM: Pine needle mulch; NM: No-mulch

Different letters in a column indicate significant difference (at 5% level) between the means according to Tukey’s HSD test
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Fig. 1. Polynomial relationships between (A) plant available N and total plant N (B) plant
available P and total plant P (C) plant available K and total plant K (D) plant available Ca and
total plant Ca (E) plant available Mg and total plant Mg and (F) plant available S and total S in

different mulch treatments

to NM but statistically at par with each other
during first year. During second year, the BPM
maintained the highest (67.7 kg ha'1) level of
available SO,*-S as compared to rest of the
treatments, whereas, PNM and GM were
significantly superior to NM but statistically at par
with each other. When compared to initial value
the mulch treatments in BPM, PNM and GM
increased the available SO4* -S by 32.5, 294
and 25.8%, respectively after completion of
second year of experiment. This may be due to
the reason that organic residues upon
decomposition, under mulching, add organic

acids to the soil resulting in low soil pH, which
may increase the bioavailability of sulfur
[6,26,17].

4. TOTAL PLANT NUTRIENTS

Maijority of nutrients in plant were not significantly
influenced with the application of mulch during
first year of experiment (Table 3). Nevertheless,
the highest content of N, P, K, Ca, Mg, and S
was recorded in BPM followed by PNM, GM and
NM. During second year of experiment, nutrients
like N, K and Ca were significantly (P=0.05)



influenced with application of mulching (Table 2).
Treatment BPM maintained the highest (2.72%)
level of N content in plant which was statistically
at par with PNM (2.69%) while the GM and PNM
produced statistically similar effect on N content
in plant. K content in plant was also significantly
the highest in BPN (261.8%) which was
statistically similar to PNM. Ca content in plant
was also significantly affected by mulching as
compared to NM but all mulching treatments
(BPM, PNM and GM) were statistically at par
with each other. The efficient utilization of
nutrients under mulch treatments could be
expected because of enlarged, more fibrous, and
more active surface feeder roots as conditioned
by favorable moisture and thermal regimes,
thereby resulting in greater uptake of nutrients by
plants under mulch. The significant effect of
different mulching materials on nutrient content in
plants is in conformity with the work of Bhat [26]
and Panwar [28].

5. RELATIONSHIP BETWEEN SOIL AND
PLANT NUTRIENTS

A positive relationship existed (R2 = > 0.90)
between the plant available nutrients and
nutrients content in plant (Fig. 1). All the soil
nutrients were highly correlated with plant
nutrients. This indicated that greater amount of
soil organic matter was added to soil by organic
mulch, and also mulching provided better
hydrothermal regime which enhanced the
availability of nutrients in soil as well as uptake of
nutrient by crop.

6. CONCLUSION

The results of this study exhibited that mulching
is beneficial for achieving higher availability of
plant nutrients in soil as well as total nutrient
content in crop in coarse-textured soils under
rainfed conditions in mid-hill region of Himachal
Pradesh. Application of black plastic mulch
(BPM) is as good as grass (GM) and pine needle
(PNM) mulches for inducing hydrothermal
conditions  congenial for higher nutrient
availability and better correlation with plant
nutrients. The decomposition of GM and PNM,
however, supplied soil nutrients and improved
soil fertility.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

Kumar et al.; CJAST, 24(1): 1-8, 2017; Article no.CJAST.36644

REFERENCES

1. FAO, STAT. Food and Agriculture
Organization of the United Nations; 2013.

2. Merwin TA, Stiles WC, Van ESHM.
Orchard ground cover management
impacts on soil physical properties. Journal
of American Society of Horticultural
Sciences. 1994;119(2):216-222.

3. Ashworth S, Harrison H. Evaluation of
mulches for use in the home garden. Hort
Science. 1983;18:180-182.

4. Fang S, Xie B, Liu D, Liu J. Effects of
mulching materials on nitrogen
mineralization, nitrogen availability and
poplar growth on degraded agricultural
soil. New Forests. 2011;41:147-162.

5. Blanco-Garcia A, Saenz-Romero C,
Alvarado-Sosa P, Lindig-Cisneros R.
Native pine species performance in
response to age at planting and mulching
in a site affected by volcanic ash
deposition. New Forest. 2008;36:299-305.

6. Ramakrishna A, Tam HM, Wani SP, Long
TD. Effect of mulch on soil temperature,
moisture, weed infestation and vyield of
groundnut in northern Vietnam. Field
Crops Research. 2006;95:115-125.

7. Barajas-Guzman MG, Campo J, Barradas
VL. Soil water, nutrient availability and
sapling survival under organic and
polyethylene mulch in a seasonally dry
tropical forest. Plant Soil. 2006;287:347-
357.

8. Abarchi |, Zhang ZY, Vanlauwe B, Guo XP,
Wang WM, Ongor BTI, Timbely D. Effects
of plant age and rock phosphate on quality
and nutrient release of legume residue.
Pedosphere. 2009;19:78-85.

9. Atayese MO, Liasu MO. Arbuscular

mycorrhizal fungi, weeds and earthworm

interaction in the restoration of soil fertility
in the guinea savannah region of Nigeria.

Moor Journal of Agricultural Research.

2001;2:103-109.

Berihun B. Effect of mulching and amount

of water on the yield of tomato under drip

irrigation. Journal of Horticulture and

Forestry. 2011;3:200-206.

11.  Kumar SD, Lal BR. Effect of mulching on
crop production under rainfed condition: A
review. International Journal of Research
in Chemistry and Environment. 2012;2:

10.

8-20.

12. Jackson ML. Soil chemical analysis.
Printice Hall, India Pvt. Ltd. New Delhi;
1973.



13.

14.

15.

16.

17.

18.

19.

20.

21.

Walkely AJ, Black CA. Estimation of sail
organic carbon by the chromic acid titration
method. Soil Science. 1934;37:259-260.
Subbijah BW, Asija GL. A rapid procedure
for estimation of available nitrogen in
soils. Current Sciences. 1956;25(1):229-
260.

Olsen SR, Culs CV, Wortanade FS, Deam
LA. Estimation of available phosphorus by
extraction with sodium bicarbonate. United
States Department of Agriculture. 1954;
939:19-23.

Merwin HD, Peech M. Exchangeability of
soils potassium in the sand silt and clay
fractions as influenced by the nature of the
complementary exchangeable cations. Soil
Science Society of American Proceeding.
1951;15:125-128.

Tandon HLS. Methods of analysis of soils,
plants, waters, fertilizers and organic
manures, 2" ed. Fertilizer Development
and Consultation Organization. New Delhi:
India; 2005.

Chesnin LA, Yien CH. Turbidimetric
determination of available sulphates. Soil
Science Society of American Proceeding.
1951;15:149-151.

Shylla B, Chauhan JS. Influence of
orchard floor management practices on
cropping and quality of Santa Rosa plum
grown under mid hill conditions. Acta
Horticulturae. 2004;662:213-216.

Singh, AK, Singh S, Rao VVA, Bagle BG,
More TA. Efficiency of organic mulches on
soil properties, earthworm population,
growth and vyield of aonla cv. NA7 in
semi-arid ecosystem. Indian Journal
Horticulture. 2010;67:124-128.

Raina SS. Effect of herbicides, mulching
and clean cultivation on the growth, yield,
quality and leaf nutrient content of ‘Royal

Kumar et al.; CJAST, 24(1): 1-8, 2017; Article no.CJAST.36644

22.

23.

24,

25.

26.

27.

28.

Delicious’ apple trees. M.Sc. Thesis, Dr. Y.
S. Parmar University of Horticulture and
Forestry: Nauni. (In Indian); 1991.

Gupta R, Acharya CL. Effect of mulch
induced hydrothermal regimes on root
growth, water use efficiency, yield and
quality of strawberries. Journal of the
Indian Society of Soil Science. 1993;
41(1):17-25.

Himerlrick DG, Dozier WAJR, Akridge JR.
Effect of mulch type in annual strawberry
plasticulture system. Acta Horticulturae.
1993;348:207-209.

Gao Y, Li Y, Zhang J, Liu W, Dang Z, Cao
W, Qiang Q. Effect of mulch, N fertilizer
and plant density on wheat yield, wheat
nitrogen uptake, and residual soil nitrate in
a dryland area of China. Nutrient Cycling in
Agroecosystems. 2009;85(1):109-121.
Dahiya R, Malik RS. Trash and green
mulch effects on soil N and P availability.
2002;2011-11-13.
Available:www.tropentag.de/2002/proceedi
ngs/node19.htm

Bhat DJ. Effect of herbicide, N, K and
orchard floor management practices on
growth, yield and fruit quality of apricot.
Ph.D. thesis, Dr. Yashwant Singh Parmar
University of Horticulture and Forestry:
Nauni. (In Indian); 2004.

Lalitha M, Kasthuri V, Thilagam,
Balakrishnan N, Mansour M. Effect of
plastic mulch on soil properties and crop
growth-A review. Agricultural Research
Communication Centre. Agriculture
Review. 2010;31(2):145-149.

Panwar R, Singh SK, Singh CP, Singh PK.
Mango fruit yield and quality improvement
through fertigation alongwith mulch. Indian
Journal of Agricultural Sciences. 2007;
77(10):680-684.

© 2017 Kumar et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/21309




