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ABSTRACT

The present study entitled "Effect of mulches on soil properties, leaf nutrient status and weed
growth of pomegranate under rainfed conditions" at the experimental farm of HR&TS and KVK
Kandaghat at Jadari, Dr YS Parmar University of Horticulture and Forestry, Nauni, Solan, Himachal
Pradesh, during 2017-2018. The different mulches like Nylon mulch mat, Silver polyethylene mulch,
Black polyethylene mulch, Red polyethylene mulch and Coir mulch mat, Grass mulch were used in
this investigation. Results revealed that maximum soil temperature and moisture were recorded in
black polyethylene mulch. Nylon mulch mat was found effective in controlling weed growth followed
by silver polyethylene mulch and black polyethylene muilch. Soil and leaf nutrient content were
significantly higher found under grass mulch. The soil hydrothermal regimes were significantly
higher under black polyethylene mulch. This provides better prevention of soil water evaporation
and retaining soil moisture under rainfed conditions.
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1. INTRODUCTION

Pomegranate (Punica granatum L.), a member of
family Punicaceae, is a favourite table fruit of
tropical and subtropical regions. It is very much
liked for its cool refreshing juice, sweet-acidic
arils and valued for its medicinal properties. It is
an ancient fruit which has originated in Persia,
Afghanistan and Baluchistan [1].

Pomegranate can be grown throughout India but
due to its better adaptability to arid climate,
commercial cultivation is being done in
Maharashtra, Karnataka and Rajasthan. It is also
grown to a lesser extent in Uttar Pradesh,
Himachal Pradesh, Punjab, Haryana, Tamil Nadu
and Andhra Pradesh. Total area under
pomegranate in India is 2,16,000 hectares with
annual production of 26,13,000 metric tonnes [2].
Main cultivars grown in India are Kesar, Dholka,
Kabul, Alandi, G-137, Ganesh, Kandhari kabuli,
Mridula and Jyoti [3].

During past decades, pomegranate has been
introduced in the foot hills of Himachal Pradesh
and valley areas of shivalik hills (mainly in mid-
hill areas of Solan, Sirmour, Shimla, Chamba,
Mandi, Kullu and Kangra districts). In Himachal
Pradesh total area under pomegranate is 2670
ha with an annual production of 2,742 MT [4].

The ‘Bhagwa’ cultivar of pomegranate is
presently under commercial cultivation in
Himachal Pradesh. This cultivar is heavy yielder
and possesses highly desirable fruit characters.
This variety matures in 170-180 days. Fruits are
medium to large in size, attractive, smooth glossy
with dark saffron thick skin and arils are soft
sweet in taste with red colour and fetches good
price in the market. This cultivar is less
susceptible to fruit cracking. The growth habit of
tree is spreading type [5]. Considering all these
characters, ‘Bhagwa’ cultivar is good for
cultivation in pomegranate growing regions of
Himachal Pradesh.

In summer, the soil moisture becomes a limiting
factor in dry areas due to uneven rainfall.
Pomegranate cultivation exposed to prolonged
moisture stress in May and November due to
high rate of evapo-transpiration, becomes a
limiting factor for quality fruit production. Weeds
also reduce crop productivity and fruit quality
through competition for resources including
water, nutrients and light [6].
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To reduce the rate of evapo-transpiration and
competition between weeds and main crop,
different mulching materials are useful. Mulching
is an important soil management practice of
covering the soil surface in the basins of plants to
check the weed growth and to conserve the
available soil moisture and nutrients. Main
objective of mulching is to conserve soil moisture
and control weed growth. The other benefits of
mulching are regulation of soil temperature,
improvement of soil aeration and to increase
organic matter content. Two major types of
mulches used in production system are inorganic
and organic [7,8]. Inorganic mulches include
various types of gravel, stone and polyethylene
[9,10].

Plastic mulches reduce the amount of water lost
from the soil due to evaporation and reducing the
need for irrigation. Plastic mulches also aid in
even distribution of moisture to the soil which
reduces plant stress. Plastic mulches prevent
sunlight from reaching the soil so it inhibits the
growth of most annual and perennial weeds [11].
The most popular plastic mulches used
worldwide are black, white-on-black and clear
mulches [12,13] reported that white-on-black and
silver mulch reflects 39 and 48% of shortwave
radiation, respectively. Albert et al. [14] reported
that mulching significantly influence the soil pH
and nutrient content.

On the other hand, organic mulches such as dry
grass, rice straw, wheat straw, palm leaf,
compost and banana leaves are being used for a
long time. Presently, there is a general shift from
hay mulching to black or other colour plastic
mulches. Since different coloured mulches are
known to reflect different wavelengths of light,
and have a favourable effect on plant growth and
fruit quality which needs to be investigated. The
present study was carried out with an objective to
assess the effect of organic and inorganic
mulches on weed growth, soil properties and leaf
nutrient status of pomegranate.

2. MATERIALS AND METHODS

The study area is located at an elevation of 1,344
m above msl at 30°58'1.339”N latitude and
77°5'44.626”E longitude HR&TS and KVK

Kandaghat, Dr YS Parmar University of
Horticulture and Forestry, Nauni, Solan,
Himachal Pradesh. Nine-years-old plants of

pomegranate cultivar Bhagwa. The experimental



design used was Randomized Complete Block
Design (RCBD) with four replications and seven
treatments. Twenty-eight trees having uniform
vigour and size, planted at a spacing of 4 x 4 m
were selected for the study. These treatments
were: T4- Nylon mulch mat (90 gram per square
meter), T,. Silver polyethylene mulch (100
micron), T;. Black polyethylene mulch (100
micron) T4.Red polyethylene mulch (100 micron),
Ts . Coir mulch mat (10 mm)  Ts. Grass mulch
(10 cm) and T;. Control.

Soil samples (0-30 cm) were collected at the end
of season for analysis. Each sample was dried at
laboratory room temperature (25°C) to a
constant weight and sieved (2 mm) to eliminate
coarse soil particles. Organic carbon was
estimated by Walkley and Black wet digestion
method [15]. Total N was determined using the
macro Kjeldahl distillation method, available
potassium was determined using a flame
photometer [16]. Aavailable phosphorus was
extracted using 0.5 M NaHCO; solution and
measured calorimetrically using ammonium
molybdate procedure by spectrophotometer
according to Olsen et al. [17].

Leaf samples collected from fully mature leaves
located at the 8" position from the apex were
collected at least 50 leaves all around the
periphery of the tree on 15" August [18]. The leaf
samples collected, were brought directly to the
laboratory, thoroughly washed first under tap
water, followed by 0.1 N HCI, distilled water and
finally with double distilled water. The washed
samples were first air dried in the shade by
spreading on clean blotting papers and final
drying was accomplished in an oven at 65°C for
48 hours. The digestion mixture (potassium
sulphate 400 parts, copper sulphate 20 parts,
mercuric oxide 3 parts and selenium powder 1
part) was used for estimation of nitrogen as
suggested by [19]. For estimation of other
nutrients, 20 ml of diacid mixture of nitric acid
and perchloric acid in the ratio of 4:1 was used.
Total nitrogen was determined by Auto analyzer
Kjel Tech Model Foss Tecator 2300 and the
results were expressed as per cent on a dry
weight basis. Total phosphorus was estimated by
vanado molybdo phosphoric acid method [19].
The potassium in plant tissue was estimated on
flame photometer Jackson [19].

Soil moisture content was determined at
fortnightly interval by a portable soil moisture
monitoring system i.e. TZS-lIIW soil moisture
temperature analyzer at 15 cm depth. Soil
moisture was expressed as per cent. Soil
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temperature was recorded at 15 days intervals
with soil temperature monitoring system i.e. TZS-
IIW soil moisture temperature analyzer 15 cm
depth and temperature was recorded.

Weed count (No.) were estimated by the
permanent quadrants of 0.3 x 0.3 m were
randomly fixed at one location of each
experimental plot (tree basin) before the
emergence of weeds. The total number of weeds
present in the quadrant frame was counted at 30
days interval after initiation of treatment. The
weed count per 0.3 square meters was then
worked out. The sum of total weeds was
recorded as total weeds per 0.3 square meters.

3. RESULTS AND DISCUSSION
3.1 Organic Carbon

Data presented in (Table 1) clearly showed that
the levels of organic carbon among different
mulching treatments had statistical variation.
Mulching with grass recorded the maximum
organic carbon content (1.88%) in soil. Minimum
soil organic carbon content (1.03%) was found
with treatment control (T7).

The highest organic carbon content was found in
grass mulch, this mulch slowly decompose and
provide carbonaceous materials to the soil which
helped to keep the soil loose. Organic matter is a
source of plant nutrients and provides an ideal
environment for beneficial soil organisms. Similar
results were found by Leinfelder [20] in apple and
Shylla [21] in plum.

3.2 Soil Nutrient Content

Significantly higher available nitrogen,
phosphorus and potassium of (349.52, 37.91 and
359.24 kg/ha) were recorded in treatment grass
mulch which was found closely to coir mulch mat.
However, the minimum available nitrogen,
phosphorus and potassium (317.50, 29.65 and
327.03 kg/ha) were recorded in the treatment
control.

The available soil nutrients showed consistent
variation with different mulching treatments in
respect to N, P and K (Table 1) content. Grass
mulch was found to exert significant influence on
nutrient availability as compared to no mulch
treatment. Such an increased in the availability of
nutrients may be attributed to higher organic
carbon content more favourable soil moisture
(Table 2) and temperature (Table 3) and fast
decomposition of organic mulches resulting in
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better availability of nutrients in the soil under
mulch treatments. The results are similar to the
findings [22] in apple. Grass mulching resulted in
the increase in soil N build up probably on
account of higher organic carbon and low
leaching losses of N from the soil. The potential
to add significant nitrogen in soil by organic
mulches is well known [23]. The available soil P
increased under the grass mulches because of
increased microbial activity, fast decomposition,
mineralization of mulches in the presence of
nitrogen and elimination of competitive weeds.
Similar results were also found by Khokhar et al.
[24] in olive.

3.3 Leaf Nutrient Content

The highest leaf nitrogen, phosphorus and
potassium (1.85, 0.21 and 1.50%) were recorded
under grass mulch followed by coir mulch mat.
Whereas, the lowest leaf nitrogen, phosphorus
and potassium (1.21, 0.13 and 1.17%) was found
in control. The increase in leaf N may be due to
higher organic carbon content which increased
the biological activities under grass mulch (Table
1) possibly resulted in fast mineralization and

nitrogen availability and high translocation of N
from soil to the leaves. Deep and Khokhar [25]
found that grass mulch increased leaf nitrogen
content in apricot.

Different mulches increased the phosphate
content of leaves because surface soil was kept
moist for a longer time. The highest potassium
uptake under mulched plots may be due to the
presence of a higher moisture regime,
maintenance of optimum level of soil temperature
and reduction in temperature fluctuation [26].
Merwin et al. [27] observed that apple leaf N and
K concentrations were greater with hay mulch
than clean cultivation. [28] found that rice straw
mulching in Balady lime (Citrus aurantifolia)
improved leaf content of P and K. Similar results
were recorded by Shylla et al. [29] while studying
the effect of orchard floor management practices
on leaf nutrient status of plum observed that
mulching with hay resulted in higher leaf
phosphorus content closely followed by black
polyethylene mulch treatment. They also
reported that hay mulch treatment recorded
higher leaf K content as compared to other soil
management practices.

Table 1. Effect of organic and inorganic mulches on soil and leaf nutrient status of

pomegranate cv. Bhagwa
Treatments Organic N P K N (%) P (%) K(%)
carbon (%) (kg/ha) (kg/ha) (kg/ha)
Nylon mulch mat 1.57 330.19 31.33 34397 1.51 0.17 1.28
Silver polyethylene mulch 1.62 334.69 32.05 34517 1.57 0.18 1.33
Black polyethylene mulch 1.69 336.90 32.59 347.38 1.65 0.19 1.38
Red polyethylene mulch  1.48 326.85 30.97 340.84 1.44 0.16 1.24
Coir mulch mat 1.83 346.91 35.92 357.61 1.78 0.20 1.48
Grass mulch 1.88 349.52 37.91 359.24 1.85 0.21 1.50
Control 1.03 317.50 29.65 327.03 1.21 0.13 117
CDy0.05) 0.15 11.23 297 10.85 0.10 0.01 0.04

Table 2. Effect of organic and inorganic mulches on soil moisture in pomegranate cv. Bhagwa

Treatments 01 15 01

15 01 15 01 15

April  April May May June June July July

Nylon mulch mat 12.2 12.6 11.3 10.6 12.7 17.9 21.9 214
Silver polyethylene mulch 12.9 13.7 12.3 12.5 13.6 18.9 224 22.0
Black polyethylene mulch 13.3 14.7 13.1 13.0 14.7 19.2 22.7 225
Red polyethylene mulch 12.8 14.1 12.6 12.7 14.0 18.3 21.8 21.9

Coir mulch mat 10.0 10.7 9.3 9.9 1.1 16.5 19.2 19.5
Grass mulch 10.0 10.3 9.1 9.3 10.9 16.1 18.8 194
Control 8.0 8.6 74 6.5 7.95 14.0 17.3 18.0
CDyg .05 0.4 0.6 0.7 0.5 0.8 0.5 0.4 0.9
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3.4 Soil Moisture and Temperature

Observations pertaining to soil moisture and
temperature were presented in the (Tables 2 and
3) showed that different mulching treatments
significantly influenced the soil moisture at 15 cm

depth. Black polyethylene mulch recorded
highest (13.35%, 14.70%, 13.15%, 13.02%,
14.77%, 19.27%, 22.75% and 22.55%) soil

moisture content from 1% April to 15™ of July. In
case of 1% April, 15" June and 1% July was at par
with silver polyethylene muilch, in case of 15"
April, 1% May and 1% June black polyethylene
mulch was at par with the red polyethylene
mulch. In case of 15" May and 1% July black
polyethylene mulch was statistically at par with
the silver polyethylene mulch and red
polyethylene mulch. However, the minimum soil
moisture was recorded in control and is ranged
from 18.02 to 6.52 per cent.

The higher soil moisture content was found in
black polyethylene mulch which was almost on
the same level of significance to other treatments
i.e. silver polyethylene mulch and red
polyethylene mulch. This was due to the
prevented moisture loss through evaporation
from the surface of the soil and control weed
growth [30] in apple, Kathiravan [31] in plum).
Mulches increased soil water by increasing
percolation and retention, reducing evaporation
and weed population. Mulches also protected
soils from water, wind erosion and compaction,
thereby maintaining the soil moisture at an
optimal level which was conducive for plant
growth. Similar findings with [32,33] in strawberry
and Scott [34] who also reported that black
polyethylene mulch recorded higher soil
moisture.

The data presented in the (Table 3) indicating
that different mulching treatments had a
significant effect on soil temperature at 15 cm
soil depth, maximum soil temperature was
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recorded under the black polyethylene mulch in
all dates of observation, which ranged from
17.92°C to 24.45°C. However, temperature
values with respective dates were found
statistically at par with the silver polyethylene
mulch, red polyethylene mulch and control.

On 1% April, 15" April, 15" May and 1% June
black polyethylene mulch was statistically at par
with silver polyethylene mulch, red polyeth¥lene
mulch and control. On 1% May, 15" June, 1% July
and 15" July black polyethylene mulch was
statistically at par with silver polyethylene mulch
and red polyethylene mulch. The minimum soil
temperature ranging from 15.25°C to 20.46°C on
all dates was observed in grass mulch.

The effect of different mulching treatments on
soil temperature at 15 cm depth showed variable
values. Treatment black polyethylene, silver
polyethylene mulch and red polyethylene mulch
enhanced the soil temperature as compared
to the organic mulches. However, lower
temperature was found in grass muilch, coir
mulch mat and nylon mulch mat. An increase in
soil temperature in respect of inorganic mulches
(black polyethylene mulch, silver polyethylene
mulch and red polyethylene mulch), may be
attributed to the fact that these mulches absorb
more sun radiation and caused physical barrier
to heat loss as compared to other organic
mulches. These results are in accordance with
the findings of [35,36,37] in strawberry cv.
Chandler who reported higher soil temperature
under black polyethylene mulch as compared to
the organic mulches.

3.5 Weed Population per 0.3 m?at 30, 60,
90 and 120 Days Interval

The data pertaining to weed population per 0.3
m® was recorded after 30, 60, 90, 120 days
intervals in treated basins The data recorded, is.

Table 3. Effect of organic and organic mulches on soil temperature in pomegranate cv.

Bhagwa

Treatments 01 15 01 15 01 15 01 15

April  April May May June June July July
Nylon mulch mat 16.9 16.8 19.1 214 21.9 22.0 20.4 20.9
Silver polyethylene mulch  17.6 17.8 20.2 23.7 242 23.9 22.6 23.8
Black polyethylene mulch  18.1 17.9 204 24.0 244 242 23.1 24.0
Red polyethylene mulch 17.7 17.7 20.0 23.8 24.0 23.8 22.8 23.7
Coir mulch mat 15.3 16.3 18.7 20.6 20.9 20.9 19.7 20.1
Grass mulch 15.2 15.6 18.5 20.4 20.0 20.4 19.5 19.9
Control 17.5 17.4 19.8 23.2 23.9 231 21.9 23.1
CDg 5 0.7 0.6 1.0 1.0 0.9 0.6 0.7 0.4
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Table 4. Effect of organic and inorganic mulches on weed population per 0.3 m?in
pomegranate cv. Bhagwa

Treatments 30 days 60 days 90 days 120 days
Nylon mulch mat 0.00 0.00 0.00 0.00
Silver polyethylene mulch 0.00 0.00 2.50 3.50
Black polyethylene mulch 0.00 0.00 2.00 3.00

Red polyethylene mulch 0.00 0.00 2.75 3.25

Coir mulch mat 14.75 26.00 22.75 53.25
Grass mulch 13.00 24.50 21.50 50.75
Control 209.50 287.50 318.50 328.50
CDg 05 13.29 26.28 23.19 42.56

presented in (Table 4) with respect to weed
population The different mulching treatments
significantly affected the weed population. There
was no weed growth recorded under nylon mulch
mat. Maximum weed population after 30 da;/s
(209.50 weeds/m?), 60 days 2287.50 weeds/m°?),
90 days (318.50 weeds/m“) and 120 days
(328.50 weeds/m?) was recorded under control
and less weed population was recorded in coir
mulch mat and grass mulch. In case of black
polyethylene mulch, silver polyethylene mulch
and red polyethylene mulch there was
emergence of few weeds after 90 days. The
significant weed control by mulching treatments
was also observed in the studies of earlier
workers [38] in peach and [39] in apple.

4. CONCLUSION

The results of the study indicated that different
mulches showed significant difference on soil
temperature, moisture, weed growth and nutrient
status of soil and leaf. On the basis of results
obtained, it is clear that the different mulching
treatments responded differently to different
parameters. The soil moisture and temperature
was recorded higher under black polyethylene
mulch at 15 cm depth. Nylon mulch found to be
effective in weed control was counted at 30 days
interval after the application of treatments.
Furthermore, grass mulch was effective in
maintaining soil and leaf nutrient status.
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