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In arid regions of the world, drought stress, lacégismcgfailability and micro nutrient deficient sandy soils
affect normal growth and development of plants resulted in poor growth and yield. The aim of the study was to
evaluate combined effects of mulching and zinc application on growth, physiological responses and yield of capsicum
(Capsicum annuum L.) under high altitude cold desert conditions. Field experiment was conducted in the cold desert
environment of trans-Himalayan Ladakh region with five levels of zinc (ZnSO,), viz. 0, 10, 20, 30 and 40 kg ha’!
with and without polythene mulching during 2013 and 2014 cropping season. Results showed that mulching with zinc
significantly improved leaves membrane stability index (MSI) and relative water content (RWC) and also helped in
reducing leaf water loss (LWL) and electrolyte leakage (EL) indicating better plant physiological responses. Significant
improvement in leaf chlorophyll content was also observed. Both mulching and zinc application remarkably enhanced
plant growth characters and capsicum yield. But, during 2014, sudden decrease in minimum and maximum temperature
at flowering and fruiting stage adversely affected proper fruit set and its development resulting into poor capsicum
yield. Application of mulch also reduced irrigation water requirement of plants. Knowledge from the present study
indicated that combined application of ZnSO, and mulching could be the feasible strategy against weather abnormality,
water savings and obtaining better yield of vegetables grown in zinc deficient sandy soils of arid regions.
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Irrigation water availability is a crucial input in crop
production systems. Among various environmental stresses,
drought stress holds significant effect (Kusvuran and Dasgan
2017) on plant growth and crop production in arid and
semi-arid regions of the world. This is mainly due to the
high rate of evapo-transpiration, particularly in arid and
most of the semi-arid regions having very little rainfall.
It causes changes in normal physiological function of all
plants, reduced biosynthetic capacity of plants, oxidative
damage of cell membranes resulting in poor plant growth
and yield (Avramova ef al. 2015).

Mulching has an influence on various aspects of soil
environments and crop requirements especially in arid
and desert regions. Mulches improve many soil properties
and conditions, either directly or indirectly. Mulching
provides many advantages which include: soil water
conservation, regulation of soil temperatures, reduced
crop-weed competition attributed to weed suppression and
consequently increased crop production and higher quality
produce (Murungu et al. 2011). Retention of soil moisture
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and increased soil temperatures due to mulch application
can also affect soil fertility by influencing the biological
activity in soils (Marinari et al. 2015) by increasing the
level of enzyme and mineralization rates making it available
to plants.

Zinc is an important and essential limiting micronutrient
for proper growth and development of plants. Zn is known
to have functioned as the metal component of enzymes or
as a functional, structural or regulatory cofactor of a large
number of enzymes (Wang and Jin 2005). Zn also plays
an important role in the production of plant biomass. Zn
deficiency in soils is prevalent worldwide, especially in high
pH calcareous soils of arid and semi-arid regions (Cakmak
2008). The problem of Zn deficiency is worldwide and
mainly found in coursed textured sandy, calcareous soils of
arid and semi-arid regions. The low solubility of Zn in soils
rather than the low total amount of Zn is the major reason
for the widespread occurrence of Zn deficiency problem in
crop plants (Cakmak 2008). Low availability of Zn in the
soil can lead to reduced plant growth and yield.

India contributes approximately one-fourth part of
world production of capsicum (Capsicum annuum L.) with
covered 0.885 million ha and annual average production
of 0.9 million tonnes with a standard productivity of 1266
kg per ha (Biwalkar et al. 2015). Capsicum is an important
vegetable of Ladakh region, a good cash crop in summer
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season (Kanwar et al. 2014) due to its high consumption in
fresh condition and fetches high value. Cold, arid and high
altitude regions of trans-Himalayas are exceptionally unique
in the world and are characterized by extreme temperature
variation, thin atmosphere with high UV radiation and less
oxygen availability. The soil of Ladakh is taxonomically
classified as typic cryorthids, physically thin, porous, with
low water holding capacity and sandy in nature, which may
be because of more quantity of stone and gravels content in
dry mountains of this region. Only one cropping season in a
year (span from May to October) is typical characteristics of
this region. In Ladakh (trans-Himalayan cold arid region),
major challenges in agriculture are less fertile sandy soil
with high pH, poor water holding capacity and availability
of water for irrigation because of very less rainfall (<100
mm annually). Although the literature on plastic mulch is
abundant, however very limited information is available
about the combined effect of mulching and zinc application
on plant physiological parameters and yield of vegetables
grown in sandy soils at cold desert regions. In view of the
above, the objective of the present investigation was to
examine the influence of mulching and Zn treatments on
physiological parameters and yield of capsicum in cold arid
environment of trans-Himalayan Ladakh region.

MATERIALS AND METHODS

The experiment was conducted at experimental field
of Defence Institute of High Altitude Research (DIHAR)
Leh, India (11526+32.30 ft. amsl) during the 2013 and 2014
cropping seasons. Due to high altitude and low humidity,
the radiation level is amongst the highest in the world (up
to 6-7 Kwh/mm). Longer photoperiod; about 325 sunny
days and only one cropping season in a year (May to
October) are typical characteristics of this region. Mean
monthly air temperature, relative humidity and total rainfall
during the period of study are presented in Table 1. Soils
of the experimental fields were sandy and coarse textured.
Physico-chemical properties of the soil of the experimental
site are shown in the Table 2.

Capsicum variety California wonder was selected for
the experiment. For mulching treatments, black polythene
sheet of 2mm standard size was used. Zinc sulphate (ZnSO,)
was used as a fertilizer with 21% Zn content. The study
was carried out with five application rates of ZnSO, with
and without black plastic mulch cover. The treatments are
depicted as follows: Control without ZnSO, and mulching
(TyM,); Control with only mulching (T M,); ZnSO,@10
kg/ha without mulching (T,M,)); ZnSO,@20 kg/ha without
mulching (T,M,); ZnSO,@30 kg/ha without mulching
(T;My); ZnSO,@40 kg/ha without mulching (T,M,);
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Table 1 Weather conditions during the period of study
Months ~ Minimum Maximum Mean Rainfall Relative

tempera- tempera- tempera- (mm) humidity

ture (°C) ture (°C) ture (°C) (%)
2013
May 2.4 26.8 14.6 5.01 46.45
June 4.6 33.6 19.1 13.21  38.53
July 12 36.6 243 6.40 36.97
August 11.0 33.8 22.4 6.11 47.29
September 4.6 28.8 16.7 0.80 39.14
October -4.5 26.4 10.9 6.00 45.94
2014
May 0.7 243 12.5 1.36 38.81
June 4.1 30.3 17.2 0.33 33.93
July 11.4 34.7 23.1 6.02 38.03
August 7.9 33.0 20.4 8.01 34.23
September 32 26.5 14.8 5.03 50.93
October -3.9 25.9 11.0 0.01 40.29

Table 2 Physico-chemical properties of soil at experimental fields
of Leh-Ladakh

Sand  Silt Clay PH EC(us/ SOC TDS

(%) (%) (%) cm) (%)  (ppm)
81.81 927 892 792 28942 0.92 143.00
N P K Zn Fe Cu Mn
(kg/ha) (kg/ha) (kg/ha) (ppm) (ppm)  (ppm)  (ppm)
3325+ 188+ 2196+ 029+ 6.1+ 14+ 439+

9.15 0.08 7.9 0.03 0.05 0.06 0.07

ZnSO,@10 kg/ha with mulching (T, M, ); ZnSO,@20 kg/
ha with mulching (T,M, ); ZnSO,@30 kg/ha with mulching
(T;M)) and ZnSO,@40 kg/ha with mulching (T,M,).
The experimental setup was two-factorial, completely
random block design, with three replications. ZnSO, was
incorporated and uniformly mixed into the soil before
transplanting. Each treatment applied in three plots randomly
and after capsicum seedling establishment, three plants
were selected randomly from each plot to observe growth
parameters and to evaluate plant physiological responses
on different levels of Zn and mulching treatments.

The size of each experimental plot was kept at 2.5m x
1.0m. Capsicum seedlings were planted with row spacing
of 30 cm and interplant spacing of 40 cm within one row.
Cropping history (Table 3) showed that in 2013 flowering
was stared at 57 DAT, fruiting at 63 DAT and finally fruit

Table 3  Year wise cropping history during the study period

Year Transplanting Starting of Staring of Harvesting

date flowering fruiting Ist nd 3rd Final
2013 20 May 17 July 23 July 05 Sept. 13 Sept. 26 Sept. 05 Oct.
2014 26 May 27 July 02 Aug. 16 Sept. 29 Sept. - 09 Oct.
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matured for harvesting at 109 DAT.

During this season capsicum fruit was harvested four
times and total crop period was 139 days. In 2014 crop
season flowering was started at 53 DAT and 59 days were
taken by plants for fruiting. Fruit was harvested three times
during this season and total crop period was 137 days. Black
waterproof polythene sheet was laid over the plots before
transplanting. Irrigation treatments were given on the basis
of soil moisture content in both years.

Growth parameters, viz. plant height, number of
branches, stem diameter were measured before harvesting
starts. During first flower initiation stage, number of
flowers per plant as influenced by various treatments was
also recorded. After each harvesting, total fresh capsicum
weight was measured from each and every treatment by
digital weighing balance and final data were calculated
per hectare basis. Fruit length and diameter were measured
with a digital vernier caliper. Leaf area was measured using
leaf area meter.

Leaf samples were collected after 50 DAT for
determination of physiological parameters as influenced by
mulching and zinc treatments viz. membrane stability index
(MSI), relative water content (RWC), electrolyte leakage
(EL) and leaf water loss (LWL) by methods described below.
MSI was calculated according to the method described by
Sairam et al. (1997). RWC was determined for detached
capsicum leaves using the method of Mata and Lamattina
(2001). EL was measured using an electrical conductivity
meter (HACH, USA) as described by Lutts et al. (1996).
LWL was measured according to the method of Xing et
al. (2004). Leaf chlorophyll content was determined by
portable chlorophyll meter in all treatments and control
plots after 50 DAT.

TSS content of capsicum in various treatments was
measured by refractometer Refractometer was cleaned
every time using methanol dipped tissue paper, washed
with distilled water and dried before taking the reading
and was standardized against distilled water (0 °Bx TSS).

All experimental data were expressed as mean + SD
using statistical analysis with SPSS 16 (SPSS Corporation,
Chicago, Illinois, USA) and MS excel 2007. Differences
between mean values were evaluated using one way analysis
of variance (ANOVA). Significant difference level was set
at P<0.05 for all the statistical analysis.

RESULTS AND DISCUSSION

Plant physiological responses

Plant physiological parameters in all treated and control
plants were recorded as influenced by mulching and zinc
treatments (Fig. 1). In relation to chlorophyll content except
T,M, and T,M, all other treatments showed significant
(P<0.05) increase in leaf chlorophyll content over control
in both the season (Fig 1A). But no significant variations
(Ps>0.05) in chlorophyll content was observed among T;M),
T,M, and T M,. Similarly, highest chlorophyll content was
recorded in T;M, and T,M, (63.53 and 65.23 CCI unit and
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60.74 and 63.41 CCI unit in 2013 and 2014 respectively)
but no significant difference between the treatments was
found. Increase in chlorophyll content at high Zn level
may be associated with high Zn and/or Mg because Zn
does not directly affect chlorophyll formation, but it can
affect the concentration of nutrients involved in chlorophyll
formation or which is part of the chlorophyll molecule (Fe
and Mg) (Kaya and Higgs 2002). Acharya et al. (2012)
also reported increase in chlorophyll content when Zn was
applied @ 0.1 and 0.5 mM in Jatropha curcas seedlings
grown hydroponically. The reduction of chlorophyll due
to drought stress is related to the increase of production of
free oxygen radicals in the cell.

Similar to chlorophyll content, Membrane Stability
Index (MSI) also showed considerable improvement with
the application of zinc and mulching as depicted in Fig.
1B. Increasing level of zinc improved the MSI with T,M,
showing the highest value of MSI 0£90.09 in 2013 and 75.37
in 2014 respectively. The most significant improvement in
MSI was observed in both mulching and zinc treatment i.e.
in T,M,, which shows an MSI of 94.54 in 2013 and 76.08
in 2014 respectively. Water stress causes accumulation
of reactive oxygen species resulting into decreased MSI
compared to non stress conditions (Gupta et al. 2012).
EL significantly affected by both crop seasons with mulch
and ZnSO, application (Fig 1C). Mean comparison results
showed highest EL in control plots in both crop seasons. EL
reduced in ZnSO,, treatment with the significant reduction
(P<0.05) of EL was recorded in T,M,,. In both crop seasons,
the highest result was found in T,M, followed by T;M,.
Combination of mulching and Zn also helped in reducing
EL. The increase in EL is an indicator of cell membrane
injury which was found in plants without mulch and Zn
treatments. Alexieva et al. (2001) reported that drought and
UV stress through amplification of reactive oxygen species
increased EL in pea and wheat plant. Similar result was also
shown in experiments of Srivastav et al. (2010) in water
stress condition.

Mulching and Zn effects on LWL were significant in
both the years. Reduced LWL was recorded with increasing
dosage of Zn. But application of mulch along with Zn
further reduced LWL (Fig. 1D). Consistent decrease in
LWL was recorded in increasing concentrations of zinc with
mulch (T,M>T;M >T,M,). T,M, showed most significant
decrease in LWL of 12.82% in 2013 and 16.08% in 2014
respectively.

Mulching along with increasing level of zinc
significantly improved RWC of capsicum leaves (Fig.1E).
Even in weather fluctuations during 2014, RWC significantly
improved in mulch with zinc applications. Among the
treatments, maximum value of RWC was recorded in T,M,
which is significant (p<0.05) compared to other treatments
except with T,M,. Higher RWC in wheat leaves grown
under rice husk mulch in semi-arid condition was reported
by Chakraborty et al. (2008). Results of Khadem et al.
(2010) showed the reduction of RWC in water/drought stress
is connected to soil moisture content and stomata closure.
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Interaction of Zn with membrane proteins contributes
to maintenance and stability of membranes (Dang et al.
2010) and also helps to reduce adverse effects of short
periods of environmental stress (Disante ef al. 2011). From
our results, it is clear that Zn and mulch plays an essential
role in protecting cell membrane damage.

Plant growth parameters

As evident from Table 4, it was observed that plant
growth characters viz. plant height, nos. of branches have
been increased in TM,; and in combined mulch and zinc
treatments. T, M, and T,M, did not significantly increased
plant height (p>0.05) over the control. But T;M, and T,M,,
was found to be quite effective in increasing plant height as
well as nos. of branches, stem diameter and individual leaf
area. Also, TyM, found to be equally effective as T;M,, and
T,M,,. Whereas, T,M, showed maximum increase in plant
height (41.33 and 35.78 cm in 2013 and 2014 respectively),
nos. of branches (6.22 and 3.55 in 2013 and 2014), stem
diameter (15.09 and 11.28 mm in 2013 and 2014) and
individual leaf area (41.02 and 34.44 cm? in 2013 and 2014
respectively) over control. Leaf area enhanced significantly

in T)M, as well as in combined zinc and mulching
application indicating the enhanced rate of photosynthesis
and improved plant vigour. Because of weather fluctuations,
during 2014, significant reduction in nos. of branches, stem
diameter, leaf area was observed. During first flowering
stage in both the season, it was observed that because of
fluctuations in diurnal temperatures especially in flowering
and fruit formation stage in 2014, nos. of flowers also
significantly reduced which resulted into less no of fruits
per plant. The results obtained from this experiment showed
that application of mulch with ZnSO, had increased all
plant growth parameters (Table 4) especially in 2014 crop
season. Improved crop growth and establishment under
straw mulch, due to reduced water stress during dry periods
was also reported by several researchers. Improvement in
growth characters as a result of soil application of zinc and
mulching might be due to the enhanced photosynthetic and
other metabolic activity which leads to an increase in various
plant metabolites responsible for cell division and elongation
(Hatwar et al. 2003). Enhancement of photosynthetic activity
in presence of zinc was also reported by researchers. Zinc
also activates synthesis of tryptophan, the precursor of IAA
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Table 4 Growth parameters of capsicum as influenced by mulching and ZnSO,, application during 2013 and 2014 crop season.

Treatment Plant height (cm) No. of branches No. of fruits/plant Stem diameter (mm) Leaf area (cm?)
2013 2014 2013 2014 2013 2014 2013 2014 2013 2014
ToM, 2967+ 2867+ 222+ 1.88 + 6.11 + 2.55+ 7.82 + 5.68 + 1975+ 1294+
2.52 4.42 0.42 0.7 1.5 0.42 1.32 1.6 5.12 1.3
T,M, 29088+ 2878+ 277+ 222+ 7.1 + 2.67 + 825+ 630+ 2227+  14.67+
3.0° 6.92 0.53 0.7 1.82 0.72 1.0%0 0.920 3.22 2.6%
T,M, 3178+ 31.89+  4.00+ 245+ 1055+ 489+ 9.29 + 652+ 2707+ 2020+
2730 6.6% 0.3bc 0.692 2.3be 0.73b 1.03be 1.22b 8.54¢ 2.6%
M, 3443+ 2678+ 478+ 2.56 + 11.99+ 655+ 113+ 7.14+ 3787+ 2712+
3.43b 4,12 0.8b¢ 0.512 3.3¢ 1.4ab 1.3abed 1.4abe 4.7¢ 3.4be
M, 3611+ 2644+ 522+ 233+ 1267+ 678+ 1175+ 804+ 3854+ 2926+
3.2 228 0.8dc 0.342 2.6° 1.3% 1.4bed 1.0acb 3.9¢ 3.9¢d
TM, 3466+ 3434+  3.11+ 222+ 7.44 + 411+ 8.81 + 802+ 2484+ 1970 +
4 a0 422 0.5% 0.512 0.920 1.220 1.30cb 1.7abe 4.6% 2.4abe
T,M, 33.56+ 3644+ 378+ 244 + 933 + 433 + 9.52 + 858+ 2551+ 2358+
3.9% 6.52 0.5% 0.20? 1.32¢ 0.72b 1.4abe 1.3abc 5.43b 2.4abe
T,M, 33.88+ 3311+ 444+ 2.56 + 1256+ 622+ 1255+ 923+ 3076+ 2720+
3.7%b 2.82 0.7¢d 0.20? 2.2cd 1.4ab 1.6%d 1.50bc 4 ;7abe 2.3abe
M, 3834+ 3745+ 567+ 3.00 + 1280+ 833+ 1454+ 1064+ 4048+ 33.62 %
6.42b 3.02 0.3de 0.332 1.7de 1.7° 1.64 1.5b¢ 4.0° 2.74
M, 4133+ 3578+ 622+ 3.55+ 1333+ 856+ 1509+ 1128+ 41.02+ 3444+
4.0b 5.83 0.5¢ 0.692 1.7¢ 1.8° 1.44 1.5¢ 3.9¢ 2.5d

Values represented are average of three mean + SD; mean values bearing same superscript within a column did not differ significantly

(P>0.05)

and is responsible for plant growth enhancement.

Capsicum yield and yield components

Both fruit length and diameter of capsicum significantly
(P<0.05) increased with the application of mulching (Table
5). Effect of mulching on fruit length is evident from the
results which showed an increase from 48.19 mm in T M,
to 60.41mm in T)M, in 2013 and from 32.45 mm in T M,
to 38.74mm in T M, in 2014 respectively. There was steady
increase in fruit length with increasing concentrations of
Zn when applied along with mulch in groups T,M,, T,M,,
T,M,, T,M, as compared to only Zn applications (T,M,,
T,M,, T;M and T,M,)). Similar effects were found with fruit
diameter where application of mulch and Zn significantly
increased fruit diameter in both the seasons. Among the
treatments, T;M, and T,M, showed significantly (£<0.05)
greater increase in size as compared to T;M, and T,M,,.
The maximum fruit length (98.58mm in 2013 and 77.65mm
in 2014) and diameter (74.69mm in 2013 and 65.47mm in
2014 respectively) in each season was recorded with the
highest concentration of Zn (40 kg ha'!) in combination
with mulch (T,M,).

Average fruit weight (g) was significantly influenced by
different treatments with soil application of Zn and mulching
treatments. During 2013 and 2014, it ranged from 58.12¢g to
116.35g and 44.77g to 103.9g respectively. Only mulching
(TyM,) significantly influenced average fruit weight and
46.3% and 65.8% increase in fruit weight was observed
compared to control during 2013 and 2014 respectively.

It was also observed that T,M, and T,M, had similar
effect as T M, on average fruit weight. Further significant
enhancement of fruit weight was recorded in T;M, and
M, whereas maximum fruit weight was recorded in T,M,
in both the seasons (100 and 132% increase in 2013 and
2014 respectively). It was observed that yield of capsicum
increased by only 12% in T M, (11.04 t/ha) over the control
(9.87 t/ha) during 2013 but about 96% (4.23 t/ha in T M,
and 2.16 t/ha in T)M,)) during 2014 (Table 5). Overall
yield was substantially reduced during 2014 because of
weather abnormality. Mulching could provide favorable
soil micro climate for plant growth and protected the plants
against diurnal temperature fluctuations. Hence, significant
yield improvement was noticed in T,M, over the control.
However, combined effect of zinc and mulching (T;M, and
T,M,) was substantially significant as it increased average
capsicum yield by 82.7% and 87.9% over control in 2013
and 4.5 and 4.9 fold in 2014 cropping season.

This was due to increasing number of branches
and fruits per plant besides increase in fruit size. It was
explained by the fact that, besides mulching, zinc plays an
important role in increasing nos. of flowers and fruiting
per plant resulting in overall significant yield enhancement
under zinc deficient conditions. Zinc helps in tryptophan
biosynthesis which induces production of auxin; potentially
useful in increasing fruit size as well as its quality (Alloway
2008). Zinc may play a key role in both flower and normal
fruit development. Minimum air temperature affects plant
respiration rates during the night and can potentially reduce
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Table 5 Capsicum fruit quality parameters, viz. fruit length, fruit diameter, fruit weight, TSS% and capsicum yield in mulching and

open field condition with ZnSO, application
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Treatment Fruit length (mm) Fruit Diameter (mm) Fruit weight (gm) Fresh yield (t ha'!) TSS (%)
2013 2014 2013 2014 2013 2014 2013 2014 2013 2014
ToM, 4819+ 3245+ 3670+ 2645+ 5812+ 4477+ 987+ 2.16 + 453 + 3.20 +
7.022 7312 5.65% 10.222 6.272 5.482 0.992 0.16° 0.352 0.36°
M, 5955+ 3610+ 3949+ 2844+ 6101+ 5133+ 1020+  2.83 =+ 48+ 3.07 +
8.693b 6.072 6.062 4.66° 6.492 7.122 1.25% 0.332 0.203b 0.25%
T,M, 60.13+ 4423+ 4670+ 3463+ 7112+ 5794+ 1212+ 325+ 5.07 + 333+
6.64% 6.512b 5.828 8.844b 7.032b 8.902be 1.514be 0.392b 0.458b¢ 0.212
T,M, 8092+ 5974+ 5532+ 413.+ 8485+ 6766+ 1487+ 474+ 5.87 + 423 +
8.265¢ 5.71bed 11.6820 6.383¢ 5.58b¢ 9.64b 1.29¢d 0.93¢ 0.45b¢d 0.403b
M, 8459+ 6428+ 57.88+ 4336+ 9044+ 7230+ 1558+ 5.70 + 6.07 + 4.63 +
6.63b¢ 8.63d 9.98b 7.40%¢ 9.31bed 5.37b¢ 1.46¢de 1.14¢d 0.45¢de 0.47°
TM, 6041+ 3874+ 4893+ 3735+ 8505+ 7426+ 11.04+ 423 + 5.57 + 413 +
8.663b 5.358 8.93% 5.062b 6.75% 6.36%¢ 0.933b 0.50b¢ 0.31abe 0.322b
M, 6441+ 4580+ 5061+ 4258+ 9164+ 7655+ 13.01+ 448+ 5.80 + 453 +
8.172b 6.6625¢ 7.25% 7.74%¢ 8.46bcd 7.61b¢ 1.40¢de 0.65¢ 0.26bcd 0.32b
M, 7313+ 6007+ 5678+ 4512+ 10284+ 9131+ 1461 + 7.14 + 6.07 + 5.00 +
7.873be 6.24bcd 9.073b 5.82¢ 11.1¢de 6.694¢ 0.97b¢d 1.114 0.5]¢cde 0.46b¢
M, 9412+ 7628+ 7044+  61.02+ 11097+ 10099+  18.03 + 9.89 + 6.83 + 6.00 +
16.12d¢ 5.994 10.64b 9.4Qbe 7.75% 6.254% 0.99d¢ 0.49¢ 0.55d 0.70¢d
M, 9858+  77.65+ 7469+ 6547+ 11635+ 10391+ 1854+ 1056+ 723+ 6.37 +
14.274¢ 6.98 4 10.59¢ 9.67¢ 8.32¢ 5.56¢ 1.40¢ 0.32¢ 0.47¢ 0.354

Values represented are average of three mean + SD; mean values bearing same superscript within a column did not differ significantly

(P>0.05)

biomass accumulation and crop yield (Hatfield ef al. 2011).
Yield of capsicum in the mulched treatments was higher
probably because mulching with black plastic film reduced
soil evaporation and augmented infiltration of water into soil
and helps in soil water retention (Ramakrishna et al. 2006).
Increased yield due to Zn and mulching application may be
attributed to enhanced photosynthetic activity, improvement
in soil microclimate and favorable effect on vegetative
growth and retention of flowers and fruits which eventually
increased number of fruits per plant beside increasing fruit
size and overall capsicum yield.

It was observed that zinc and mulching had significant
influence on TSS (%) of fruit. Highest TSS content of
capsicum was observed in T;M, and T,M, (6.83 and 7.23
and 6.00 & 6.37 in 2013 and 2014 respectively) whereas
year wise difference was also noted among the treatments
as seen in Table 5. T;M, found to be better than T,M, and
T,M, The result clearly indicated the beneficial effect of
added zinc and mulching on fruit quality.

Conclusions

Zinc and black polythene mulching improve
physiological and growth parameters of capsicum. Plant
growth and capsicum yield significantly enhance when
treated with ZnSO, @ 30-40 kg/ha and black polythene
mulching. From our field study, we conclude that ZnSO,
@ 30-40 kg/ha with black polythene mulching will provide
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significant yield benefits for small and marginal farmers
in zinc deficient sandy soils of cold desert high altitude
regions. Results from the present study provide a useful
guide for improving vegetable production in cold desert
high altitude regions of India.

ACKNOWLEDGEMENT

The present study was funded and supported by Defence
Research and Development Organization (DRDO), Ministry
of Defence, Government of India.

REFERENCES

Acharya S, Sharma D K and Joshi H C. 2012. Phytotoxicity of
zinc, chromium (VI) and cadmium in purging nut (Jatropha
curcas) seedlings grown in hydroponics. Indian Journal of
Agricultural Sciences 82 (8): 667-71.

Alexieva V, Sergiev I, Mapelli S and Karanov E. 2001. The
effect of drought and ultraviolet radiation on growth and
stress markers in pea and wheat. Plant, Cell and Environment,
24 (12): 1337-44.

Alloway B J. 2008. Zinc in soils and crop nutrition. International
Zinc Association, Brussels. International Fertilizer Industry
Association, Paris.

Avramova V, AbdElgawad H, Zhang Z, Fotschki B, Casadevall R,
Vergauwen L, Knapen D, Taleisnik E, Guisez Y, Asard H and
Beemster G T. 2015. Drought induces distinct growth response,
protection, and recovery mechanisms in the maize leaf growth
zone. Plant Physiology 169 (2): 1382-96.



306 SINGH ET AL.

Biwalkar N, Singh K G, Jain A K, Sharda R, Jindal S K, Singh
K and Chawla N. 2015. Response of coloured sweet pepper
(Capsicum annuum L. var. [rossum) to fertigation and irrigation
levels under naturally ventilated greenhouse. Agricultural
Research Journal 52(1): pp.19-25.

Cakmak I. 2008. Enrichment of cereal grains with zinc: agronomic
or genetic biofortification? Plant and soil, 302(1-2): 1-17.
Chakraborty D, Nagarajan S, Aggarwal P, Gupta V K, Tomar R
K, Garg R N, Sahoo R N, Sarkar A, Chopra U K, Sarma K S
and Kalra N. 2008. Effect of mulching on soil and plant water
status, and the growth and yield of wheat (7riticum aestivum L.)
in a semi-arid environment. Agricultural Water Management

95(12): 1323-34.

Dang H K, Li R Q, Sun Y H, Zhang X W and Li Y M. 2010.
Absorption, accumulation and distribution of zinc in highly-
yielding winter wheat. Agricultural Sciences in China, 9(7):
965-73.

Disante K B, Fuentes D and Cortina J. 2011. Response to drought
of Zn-stressed Quercus suber L. seedlings. Environmental and
Experimental Botany 70(2): 96-103.

Gupta S, Gupta N K, Arora A, Agarwal V P and Purohit A K.
2012. Effect of Water stress on photosynthetic attributes.
membrane stability and yield in contrasting wheat genotypes.
Indian Journal of Plant Physiology 17(1): 22-7.

Hatfield J L, Boote K J, Kimball B A, Ziska L H, Izaurralde R
C, Ort D, Thomson A M and Wolfe D. 2011. Climate impacts
on agriculture: implications for crop production. Agronomy
Journal 103(2): 351-70.

Hatwar G P, Gondane S V, Urkude S M and Gahukar O V. 2003.
Effect of micronutrients on growth and yield of chilli. Journal
of Soils and Crops 13: 123-5.

Kanwar M S, Mir M S, Lamo K and Akbar P 1. 2014. Effect of
protected structures on yield and horticultural traits of bell
pepper (Capsicum annuum L.) in Indian cold arids. African
Journal of Agricultural Research, 9(10): 874-80.

Khadem S A, Galavi M, Ramrodi M, Mousavi S R, Rousta M
J and Rezvani-Moghadam P. 2010. Effect of animal manure
and superabsorbent polymer on corn leaf relative water
content, cell membrane stability and leaf chlorophyll content
under dry condition. Australian Journal of Crop Science 4(8):
642-17.

Kusvuran S and Dasgan H Y. 2017. Effects of drought stress on

[Undian Journal of Agricultural Sciences 89 (2)

physiological and biochemical changes in Phaseolus vulgaris
L. Legume Research: An International Journal 40(1): 55-62.

Kaya C and Higgs D. 2002. Response of tomato (Lycopersicon
esculentum L.) cultivars to foliar application of zinc when
grown in sand culture at low zinc. Scientia Horticulturae,
93(1): 53-64.

Lutts S, Kinet J] M and Bouharmont J. 1996. Effects of salt stress
on growth, mineral nutrition and proline accumulation in
relation to osmotic adjustment in rice (Oryza sativa L.) cultivars
differing in salinity resistance. Plant Growth Regulation 19(3):
207-18.

Mata C G and Lamattina L. 2001. Nitric oxide induces stomatal
closure and enhances the adaptive plant responses against
drought stress. Plant Physiology 126: 1196-204.

Marinari S, Mancinelli R, Brunetti P and Campiglia E. 2015. Soil
quality, microbial functions and tomato yield under cover crop
mulching in the Mediterranean environment. Soil and Tillage
Research 145: 20-8.

Murungu F S, Chiduza C, Muchaonyerwa P and Mnkeni P N S.
2011. Mulch effects on soil moisture and nitrogen, weed growth
and irrigated maize productivity in a warm-temperate climate
of South Africa. Soil and Tillage Research 112(1): 58-65.

Ramakrishna A, Tam H M, Wani S P and Long T D. 2006. Effect
of mulch on soil temperature, moisture, weed infestation and
yield of groundnut in northern Vietnam. Field Crops Research
95(2): 115-25.

Sairam R K, Deshmukh P S and Shukla D S. 1997. Tolerance
of drought and temperature stress in relation to increased
antioxidant enzyme activity in wheat. Journal of Agronomy
and Crop Science 178(3): 171-8.

Srivastav M, Kishor A, Dahuja A and Sharma R R. 2010. Effect
of paclobutrazol and salinity on ion leakage, proline content
and activities of antioxidant enzymes in mango (Mangifera
indica L.). Scientia Horticulturae 125(4): 785-8.

Wang H and Jin J Y. 2005. Photosynthetic rate, chlorophyll
fluorescence parameters, and lipid peroxidation of maize leaves
as affected by zinc deficiency. Photosynthetica 43(4): 591-6.

Xing H, Tan L, An L, Zhao Z, Wang S and Zhang C. 2004.
Evidence for the involvement of nitric oxide and reactive oxygen
species in osmotic stress tolerance of wheat seedlings: inverse
correlation between leaf abscisic acid accumulation and leaf
water loss. Plant Growth Regulation 42(1): 61-8.



