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Introduction

Nutmeg (Myristica fragrans Houtt.) represents a high-value
perennial spice crop with significant economic importance
in tropical regions, particularly in India, Indonesia, and Sri
Lanka (Sasikumar, 2021). The crop yields two valuable
products nutmeg (seed) and mace (aril), which find extensive
applications in food, pharmaceutical, and cosmetic industries
(Thomas & Mathew, 2020). In India, one of the world’s
leading producers, nutmeg is predominantly cultivated in
coconut-based intercropping systems, where productivity is
heavily influenced by soil moisture availability and water
management practices (Nair, 2019).

Water management plays a crucial role in nutmeg production
due to the crop’s distinctive characteristics, including high
transpiration rates, dense foliage, and shallow root systems,
which make it particularly susceptible to moisture stress
(Singh & Rao, 2021). While efficient irrigation scheduling
and soil moisture conservation techniques have proven
critical for enhancing yield and water productivity in
perennial crops (Sharma et al., 2020), research specifically
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Abstract

This study investigates the impact of irrigation and mulching strategies on nutmeg (Myristica fragrans Houtt.) production
to address critical research gaps in water management for this high-value perennial spice crop. Conducted at Agronoimic
Research Station (ARS) Chalakudy over three consecutive years (2016-2019), the research evaluated the effects of different
irrigation levels (60%, 80%, 100%, and 125% pan evaporation) and mulching materials (coconut husk and paddy straw
mulch) on nutmeg cultivation. The findings reveal that irrigation at 100% pan evaporation combined with coconut husk
mulching significantly enhanced crop performance. Key outcomes include: highest nut and mace yields, improved water
productivity, and the most favourable benefit-cost ratio. Soil moisture content was notably higher in plots with coconut
husk mulch, which also contributed to lower soil temperatures. Relative leaf water content and fruit drop metrics further
confirmed the importance of optimal irrigation and mulching. Notably, irrigation at 60% pan evaporation led to substantial
yield reduction and potential plant stress, while treatments at 100% and 125% pan evaporation demonstrated the best crop
performance. The study conclusively demonstrates that coconut husk mulching and preciseirrigation management can
substantially improve nutmeg productivity, water use efficiency, and overall crop resilience.

Keywords:Coconut husk, Crop yield, Irrigation management, Mulching, Nutmeg (Myristica fragrans), Pan evaporation,
Water conservation, Water productivity

focused on standardized irrigation and mulching practices
for nutmeg remains notably limited (Verma et al., 2022).

Previous studies in tree-based cropping systems have
established that optimized irrigation scheduling can
significantly improve yields while reducing water wastage
(Gupta et al., 2018). Additionally, organic mulching materials
have shown promise in moisture retention, temperature
regulation, and soil health improvement (Das et al., 2021).
However, several critical research gaps persist, including the
lack of quantitative data on nutmeg’s water requirements
under varying irrigation regimes (Das & Mohan, 2020),
insufficient comparative studies of different organic mulches
(Verghese et al., 2018), and limited economic evaluations of
irrigation-mulch combinations (Nambiar et al., 2021).

Nutmeg grows well in humid tropical regions, particularly
in areas adjacent to perennial water sources; however,
adequate summer irrigation is essential for flower initiation,
fruit set, and fruit retention. Moisture stress during dry season
often results in flower drop and reduced yield. In recent years,
water scarcity during summer has been aggravated by climate

Journal of Tropical Agriculture 64(1): 89-96, 2026
ISSN 0971-636X (Print), ISSN 0973-5399 (Online)



90

variability, including erratic rainfall and prolonged dry spells,
posing a major constraint to nutmeg cultivation.

This study aims to address these research gaps by evaluating
the impact of different irrigation levels (60%, 80%, 100%,
and 125% pan evaporation) and assessing the effectiveness
of various mulching materials (coconut husk vs. paddy straw
mulch) on nutmeg cultivation. The research hypothesizes
that irrigation at 100% pan evaporation combined with
coconut husk mulch will yield optimal results in terms of
both productivity and water use efficiency (Nair et al., 2020;
Rao et al., 2019). Through comprehensive field trials and
economic analysis, this study seeks to develop scientifically
validated irrigation and mulching strategies that can enhance
nutmeg productivity, optimize water resource utilization, and
promote climate-resilient agricultural practices.

Materials and Methods

Experimental Site and Design
The study was conducted at the Agronomic Research Station
(ARS) Chalakudy in Kerala, India, in an existing nutmeg-
coconut intercropping system. The experiment was carried
out over three consecutive years (2016-2019) to evaluate
the long-term effects of treatments and account for seasonal
variations.

The experimental site is situated at 10°18’N latitude and
76°20’E longitude, at an elevation of 26 m above mean sea
level. The region experiences a tropical humid climate with
an average annual rainfall of 3,000 mm, primarily distributed
between June and November. The mean annual temperature
ranges from 23°C to 34°C, with relative humidity varying
between 70% and 90% throughout the year. The soil at the
experimental site is characterized as a sandy clay loam with
pH 5.8-6.2, organic carbon content of 0.9-1.2%, and medium
levels of available nitrogen, phosphorus, and potassium.

The experimental design employed was a randomized
complete block design (RCBD) with factorial arrangement
of treatments. The treatments consisted of four irrigation
levels and two mulching materials, with three replications
per treatment combination. Each experimental plot contained
three 15-year-old bearing nutmeg trees spaced at 8 m × 8 m,
with coconut palms as the main crop at a spacing of  9 m × 9
m.

Treatments

Irrigation Levels
I1 : Basin irrigation (control)
I2 : Drip irrigation at 100% pan evaporation (PE)

I3 : Drip irrigation at 80% pan evaporation
I4 : Drip irrigation at 60% pan evaporation

Based on preliminary findings and expert recommendations,
the I1  treatment (60% PE) was replaced with irrigation at
125% PE from 2018 onwards due to severe negative impacts
observed in plants under the 60% PE regime, including leaf
wilting, excessive fruit drop, and visible stress symptoms.

Mulching Materials
M1 : Coconut husk mulch
M2 : Leaf mulch (paddy straw)

Irrigation System
A drip irrigation system was installed with four drippers per
tree, positioned equidistantly around the trunk at
approximately 1 m from the base. Each dripper had a
discharge rate of 8 L h-1. Irrigation scheduling was based on
daily pan evaporation data collected from a Class A open
pan evaporimeter installed at the experimental site. Irrigation
was applied every one day interval based on cumulative pan
evaporation data, calculated using the following formula:
Volume of water per tree (L) = Pan evaporation (mm) ×
Canopy area (m²) × Crop factor × Treatment factor

For this study, a crop factor of 0.8 was used for nutmeg based
on previous research and recommendations for evergreen
tree crops in the region (Rao et al., 2019; Nair et al., 2020).
The treatment factors were 1.0, 0.8, 0.6, and 1.25 for the
100% PE, 80% PE, 60% PE, and 125% PE treatments,
respectively. Irrigation was scheduled at one day interval
based on cumulative pan evaporation.The basin irrigation
treatment followed the conventional practice of flood
irrigation, with water applied weekly to maintain soil
moisture at field capacity.Canopy area was calculated by
measuring the canopy diameter in two perpendicular
directions (north–south and east–west), averaging the two
values, and computing canopy area using the formula
Canopy area (m²) = π × (D/2)², where D is the mean canopy
diameter.

Mulch Application
Mulching materials were applied at the base of each nutmeg
tree in a 1.8 m radius around the trunk. Coconut husk and
paddy strawmulch were applied to a thickness of
approximately 10 cm and replenished as needed to maintain
consistent coverage throughout the experimental period.
Coconut husks were placed in two layers with the concave
side facing downwards to enhance moisture retention and
reduce evaporation (Fig.1). Paddy strawmulch consisted of
dried paddy straw collected after harvest. Initial mulch
application occurred at the beginning of the experiment, with
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subsequent replenishments every three months or as required
to maintain the designated thickness. Paddy straw mulch was
applied @ 10 kg tree-¹, while coconut husk mulch consisted
of 25 husks tree-¹, arranged in two layers with the concave
side facing downwards.

Data Collection
Comprehensive data collection was conducted throughout
the three-year experimental period to evaluate treatment
effects.

Yield parameters were assessed by measuring the nut and
mace yield. All mature fruits were harvested manually at
regular intervals, and the fresh weight of nuts was recorded
after removing the mace and pericarp. The cumulative annual
yield was calculated and expressed as kg/ha.The mace was
carefully separated from harvested fruits, dried to a standard
moisture content of 8-10 %, weighed, and expressed as kg/
ha. Nutmeg flowering occurs mainly during December to
March, followed by fruit development, with harvesting
extending from June to December. Fruit maturity varies
depending on climatic conditions, and multiple harvests were
carried out during the fruiting season each year.

Soil parameters were monitored by measuring soil moisture
content and soil temperature.Soil moisture content was
determined by using the gravimetric method at 0-30 cm
depth. Soil samples were collected fortnightly from three
locations within each treatment plot, and moisture content
was calculated as the percentage weight loss after oven-
drying at 105°C for 24 hours.Soil temperature was measured
at 10 cm depth using digital soil thermometers at fortnightly
intervals. Readings were taken between 2:00 PM and 3:00
PM to capture peak day time temperatures.

Plant physiological parameters included relative leaf water
content and number of immature fruit drop.Relative leaf
water content was determined by using the standard method
described by Barrs and Weatherley (1962). Mature, fully

expanded leaves from the middle portion of the canopy were
collected monthly during critical growth stages. Relative leaf
water (RLWC) content was calculated using the formula:
RLWC (%) =  [(Fresh weight - Dry weight) / (Turgid weight
- Dry weight)] × 100

Number of immature fruit drop was quantified by counting
the number of fallen nuts per plant throughout the fruiting
season with weekly observations. Collection nets were
installed beneath each tree to facilitate accurate counting of
dropped fruits.

Economic parameters were calculated to assess treatment
viability, including water productivity (kg/m³), Benefit-cost
ratio and Gross returns (Rs/ha). Water productivity was
determined as the ratio of yield to water applied, calculated
separately for nut and mace yields.Benefit-cost ratio was
computed from total returns (revenue from nuts and mace)
and production costs (including irrigation system, water,
labor, mulching materials, and other inputs).Gross returns
were calculated based on prevailing market prices for nutmeg
(Rs. 385/kg) and mace (Rs. 1,035/kg) during the
experimental period.

Statistical Analysis
The collected data were subjected to analysis of variance
(ANOVA) using WASP (Jangam& Wadekar, 2004) standard
statistical procedures. Treatment means were compared using
the least significant difference (LSD) test at a 5% level of
significance (p ≤ 0.05). Pooled analysis was performed for
data collected over the three-year period to determine the
consistent effects of treatments.

Results and Discussion

Yield and Economic Parameters
The results of pooled analysis on the effect of treatments on
yield, water productivity, and economics of nutmeg
cultivation are presented in Table 1. The analysis revealed
significant differences among treatments for all measured
parameters.

Nut and mace yield
Irrigation levels significantly affected both nut and mace
yields, with drip irrigation at 100% PE (I2) recording
significantly higher nut yield (652.133 kg/ha) and mace yield
(137.270 kg/ha), which were statistically at par with basin
irrigation (I1). This 8.9% yield increase over basin irrigation
demonstrates the efficiency of properly scheduled drip
irrigation in delivering water directly to the root zone,
minimizing losses through evaporation and runoff, as
similarly reported by Gupta et al. (2018) in tree crops.

Figure 1.Coconut husk mulched nutmeg basin
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The substantial yield reductions of 26.1% and 48.4%
observed at 80% PE and 60% PE, respectively, indicate that
nutmeg is highly sensitive to water deficit, likely due to its
shallow feeding root system and high transpiration rate
through its large leaf surface area (Singh and Rao, 2021).
This finding aligns with research by Mohan and Patel (2023),
who classified nutmeg as one of the most drought-sensitive
spice crops, requiring consistent soil moisture for optimal
production. The severe yield decline under the 60% PE
regime underscores the critical importance of avoiding water
stress during key phenological stages, particularly flowering
and fruit development.

Mulching treatments significantly influenced nut yield, with
coconut husk mulch (M2) resulting in 11.9% higher yield
compared to paddy strawmulch (M1). This superior
performance of coconut husk mulch aligns with findings by
Das et al. (2021), who reported enhanced moisture
conservation and soil physical properties with coconut-based
mulching materials. The non-significant interaction between
irrigation and mulching suggests that these factors
independently affect nutmeg productivity, allowing farmers
to implement them separately based on resource availability.
The differential response of nut and mace yields to treatments
may be attributed to their distinct developmental pathways
within the fruit. Mace, as an aril part, develops later in the
fruit maturation process and might be more resilient to short-
term water fluctuations compared to the seed (nutmeg)
development. However, the overall trend remains consistent
across both products, reinforcing the importance of optimal
water management throughout the reproductive cycle.

Water productivity and economic parameters
Water productivity and economic parameters showed similar
trends, with 100% PE drip irrigation and coconut husk mulch
providing the highest values. The impressive B:C ratio (2.29)
and water productivity (0.028 kg/m³) under 100% PE
irrigation represent substantial improvements over lower
irrigation levels, making this approach economically viable
despite higher initial investment costs. These findings
corroborate Nambiar et al. (2021), who emphasized the
economic advantages of optimized irrigation in perennial
crops.

The combination of 100% PE drip irrigation with coconut
husk mulch yielded the highest B:C ratio (2.743), indicating
that this treatment combination offers the most economically
sustainable approach for nutmeg cultivation. Although the
initial investment for drip irrigation systems and procurement
of coconut husk is higher compared to conventional practices,
the significant yield enhancement and reduced water
consumption provide a compelling economic justification
for adoption.

When examining the interaction between irrigation levels
and mulching materials, while not statistically significant,
certain trends emerge that warrant attention. For instance,
the 100% PE irrigation treatment exhibited marginally better
performance with paddy strawmulch in terms of nut yield
(672.778 kg/ha vs. 631.489 kg/ha with coconut husk), yet
the economic advantage remained with coconut husk mulch
due to its durability and reduced replacement requirements.
This highlights the importance of considering multiple
performance metrics when evaluating agricultural practices.

Table 1. Effect of treatments on yield, water productivity, and economics of nutmeg (pooled analysis)
Treatments Nut yield (kg/ha) Mace yield (kg/ha) BC ratio Gross Return (Rs/ha) Water productivity (kg/m³)
Irrigation levels (I)
I1 – Basin irrigation 598.78 126.03 1.80 361198.50 0.025
I2 – Drip-100%PE 652.13 137.27 2.30 398147.50 0.028
I3 – Drip-80%PE 442.42 93.12 1.54 266411.00 0.019
I4 – Drip-60%PE 308.89 60.74 1.11 190817.17 0.013
CD (0.05) 78.52 19.40 0.81 140350.68 0.003
Mulch (M)
M1 - Coconut husk 528.68 109.82 2.02 332083.75 0.022
M2 - Leaves 472.43 98.76 1.35 276203.33 0.020
CD (0.05) 55.52 NS 0.57 NS 0.002
Irrigation x Mulch
I1 X M1 681.78 143.45 2.07 381147.67 0.029
I1 X M2 515.78 108.60 1.52 341249.33 0.022
I2 X M1 631.49 132.95 2.74 431491.67 0.027
I2 X M2 672.78 141.60 1.85 364803.33 0.028
I3 X M1 481.00 101.20 1.86 292756.67 0.021
I3 X M2 403.84 85.04 1.22 240065.33 0.017
I4 X M1 320.44 61.69 1.42 222939.00 0.014
I4 X M2 297.33 59.79 0.80 158695.33 0.013
CD (0.05) NS NS NS NS NS
NS: Not significant
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The economic analysis confirms that water management
strategies must be evaluated holistically, incorporating both
direct production costs and long-term benefits. The reduced
water application in optimized drip irrigation systems
translates to lower pumping costs and energy consumption,
further enhancing the economic sustainability of these
approaches.

Soil moisture and temperature
The effects of treatments on soil moisture content and soil
temperature are presented in Tables 2 and 3, providing
insights into the soil environment under different irrigation
and mulching regimes across the study period.

Soil moisture content
Soil moisture content was consistently higher in plots with
coconut husk mulch compared to paddy strawmulch across
most irrigation levels and years, with differences up to 62.8%
in the first year. This superior moisture retention is
attributable to coconut husk’s fibrous structure and slower
decomposition rate, which creates a longer-lasting barrier
against evaporation (Verghese et al., 2018).

The highest soil moisture content (12.13%) recorded in the
100% PE with coconut husk treatment during 2016-17
corresponds with the highest yield results, establishing a clear
relationship between soil moisture availability and nutmeg
productivity. The progressive decline in soil moisture as

irrigation levels decreased from 100% PE to 60% PE
confirms the efficacy of the irrigation treatments in creating
distinct moisture regimes for evaluation. The replacement
of the 60% PE treatment with 125% PE in 2018-19 resulted
in the highest soil moisture content (10.64% with coconut
husk mulch), demonstrating the cumulative effect of
increased irrigation rates coupled with effective moisture
conservation through mulching.

The year-to-year variations in soil moisture content, with
generally lower values in 2017-18 compared to 2016-17,
reflect differences in ambient climate conditions, particularly
rainfall distribution and atmospheric evaporative demand.
The basin irrigation treatment maintained relatively high soil
moisture levels, especially with coconut husk mulch (10.9%
in 2016-17), despite less frequent water applications
compared to drip irrigation treatments. This can be attributed
to the larger volume of water applied per irrigation event in
basin irrigation, which saturates a greater soil volume,
creating a reservoir that sustains moisture availability
between irrigation intervals. However, this approach is less
water-efficient as evidenced by the lower water productivity
values (Table 1).

Soil temperature
Soil temperature was generally moderated by coconut husk
mulch, which maintained temperatures 0.5-1.0°C lower than
paddy strawmulch. This temperature regulation, though
seemingly minimal, can significantly influence root activity,
microbial processes, and nutrient cycling in the rhizosphere
(Sharma et al., 2020). The consistent cooling effect observed
across years demonstrates coconut husk mulch’s durability
and sustained functionality compared to paddy strawmulch,
which typically decomposes more rapidly and loses its
insulating properties sooner.

While differences in soil temperature among irrigation levels

Table 2. Effect of treatments on the moisture content and temperature of soil during 2016 and 2017.
Treatments Soil moisture content(%) Soil temperature(°C)

2016-17 2017-18 2016-17 2017-18
M1 M2 M1 M2 M1 M2 M1 M2

Basin irrigation (I1 ) 10.90 8.80 7.50 7.63 31.50 32.00 29.33 29.20
Drip-100%PE (I2) 12.13 10.62 6.70 6.60 31.50 32.00 30.80 31.00
Drip-80%PE (I3 ) 11.98 7.36 6.20 5.20 31.25 31.25 30.20 30.80
Drip-60%PE (I4 ) 10.28 7.27 4.50 5.83 31.00 31.25 30.00 29.80

Table 3. Effect of treatments on the moisture content and
temperature of soil during 2018.
Treatments Soil moisture Soil temperature

content(%)  (°C)
2018-19 2018-19

M1 M2 M1 M2
Basin irrigation (I1) 8.55 9.04 30.50 31.00
Drip-100%PE (I2) 9.18 6.82 31.00 31.50
Drip-80%PE (I3 ) 7.93 6.46 31.00 31.00
Drip-125%PE (I4 ) 10.64 8.62 31.00 31.00

Table 4. Effect of treatments on Relative Leaf Water content during 2017 and 2018
Treatments Relative Leaf Water Content (%)

2017-18 2018-19
I1 I2 I3 I4 I1 I2 I3 I4

(Basin (Drip-100% (Drip-80% (Drip-60% (Basin (Drip-100% (Drip-80% (Drip-125%
irrigation)  PE)  PE)  PE)  irrigation)  PE)  PE)  PE)

Mulching with coconut husk (M1) 92.98 89.83 77.87 74.75 82.09 85.47 77.85 95.30
Mulching with leaves (M2) 91.55 95.22 79.64 80.67 81.95 82.26 77.26 92.39
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were minimal, a trend toward slightly higher temperatures
in drip-irrigated plots compared to basin irrigation was
observed, particularly in 2017-18. This could be attributed
to the localized nature of water application in drip systems,
which creates wet zones immediately surrounding the
drippers while leaving intervening areas relatively dry,
potentially influencing the average soil temperature readings.

Plant physiological responses

Relative leaf water content
The effects of treatments on relative leaf water content
(RLWC) of nutmeg plants are presented in Table 4, providing
critical insights into the plant water status under different
irrigation and mulching regimes.

Relative leaf water content (RLWC), a key physiological
indicator of plant water status, showed significant response
to irrigation treatments. The substantially lower RLWC
values in 80% PE and 60% PE treatments during 2017-18
(as low as 74.75% in 60% PE with coconut husk mulch)
indicate water stress conditions that align with the observed
yield reductions. Kumar & Pillai (2016) similarly reported
RLWC as a reliable stress indicator in nutmeg, with values
below 80% typically associated with reduced photosynthetic
efficiency and growth inhibition.

The replacement of 60% PE with 125% PE in 2018-19
resulted in the highest RLWC values (95.3% with coconut
husk mulch), confirming that abundant water supply
promotes optimal tissue hydration. However, the marginal
yield differences between 100% PE and 125% PE treatments
suggest that while excess irrigation may enhance
physiological parameters, it doesn’t necessarily translate to
proportional yield improvements, indicating potential
diminishing returns from over-irrigation.

The inconsistent effect of mulching on RLWC across years
suggests complex interactions between mulching,
microclimate, and plant water relations that are influenced
by seasonal variations. This finding highlights the primary
importance of irrigation over mulching in maintaining
favourable plant water status, although mulching provides
complementary benefits for overall plant performance.

Immature fruit drop
The effects of treatments on immature fruit drop in nutmeg
plants are presented in Table 5, providing critical insights
into reproductive stress responses under different water
management regimes.

Immature fruit drop, a critical indicator of reproductive stress
in perennial crops, showed a strong response to irrigation
regimes. The dramatic increase in fruit drop observed with
decreasing irrigation levels in 2017-18 (up to 387.6% more
fruit drop in 60% PE compared to basin irrigation with
coconut husk mulch) provides compelling evidence of
nutmeg’s sensitivity to water deficit during fruit
development. This physiological response is consistent with
findings by Krishnamurthy et al. (2018), who identified water
stress as a primary trigger for hormonal imbalances leading
to enhanced fruit abscission in nutmeg.

The inconsistent response of fruit drop to mulching
treatments across years highlights the complex interactions
between water availability, soil conditions, and plant
physiology. In 2017-18, paddy strawmulch showed superior
performance in reducing fruit drop under 100% PE (34.333
nuts/plant compared to 98.167 with coconut husk), while in
other treatments, coconut husk generally performed better.
This variability warrants further investigation into the
specific mechanisms by which different mulching materials
influence the microenvironment around nutmeg roots and
subsequent physiological responses.

The substantial reduction in fruit drop observed in the 100%
PE treatment during 2018-19 (24.16 nuts/plant with coconut
husk mulch) represents a 75.4% decrease compared to basin
irrigation, underscoring the importance of precise water
management. This improvement may be attributed to the
cumulative benefits of consistent moisture availability over
multiple seasons, leading to enhanced tree vigor and
reproductive stability.

The observation of wilting symptoms in 60% PE treatments,
combined with the severe yield reduction and high fruit drop,
validates the decision to modify the experimental design by
replacing this treatment with 125% PE from 2018 onwards.
The introduction of 125% PE resulted in moderate fruit drop

Table 5. Effect of treatments on fruit drop of nutmeg (No. of nuts/plant)
Treatments Fruit drop of nutmeg (nuts/plant)

2017-18 2018-19
I1 I2 I3 I4 I1 I2 I3 I4

(Basin (Drip- (Drip-80% (Drip-60% (Basin (Drip-100% (Drip-80% (Drip-125%
irrigation) 100% PE)  PE)  PE) irrigation) PE)  PE)  PE)

Mulching with coconut husk (M1 ) 44.333 98.167 162.333 216.167 66.33 24.16 122.83 100.83
Mulching with leaves (M2) 68.333 34.333 220.833 149.667 139.66 62.83 175.33 83.33

Drip irrigation and coconut husk mulching: Effects on nutmeg productivity and water use efficiency



95

levels (83.33-100.83 nuts/plant), suggesting that while
excessive irrigation might alleviate water stress, it could
potentially create other physiological challenges, such as
reduced soil aeration or nutrient leaching, that influence
reproductive performance.

Conclusion

This three-year study provides comprehensive evidence for
standardizing water management practices in nutmeg
cultivation. The findings conclusively demonstrate that
irrigation at 100% pan evaporation through drip irrigation
system significantly enhances nutmeg productivity, resulting
in the highest nut and mace yields compared to other
irrigation regimes. Coconut husk mulching proved superior
to paddy strawmulching, leading to improved soil moisture
retention, moderated soil temperature, reduced fruit drop,
and higher yield across experimental conditions. The
combination of drip irrigation at 100% PE with coconut husk
mulching emerged as the optimal strategy for sustainable
nutmeg production, offering the highest water productivity
and benefit-cost ratio among all treatment combinations. The
research clearly indicates that irrigation below 80% PE is
detrimental to nutmeg growth and productivity, potentially
leading to severe plant stress and yield losses, as evidenced
by increased fruit drop and visible wilting symptoms. The
consistently superior performance of treatments receiving
adequate irrigation (100% PE or higher) confirms nutmeg’s
classification as a high water-demanding crop due to its dense
foliage and shallow root system. Although nutmeg is a
perennial crop and longer-term yield evaluation would
provide additional insights, the present three-year dataset
adequately captures treatment responses through years.These
findings highlight water management in nutmeg cultivation,
contributing to more efficient resource utilization and
sustainable production practices.

Future line of work
Further studies evaluating locally available organic mulches
such as cocoa pod husk, coir pith, arecanut leaf, and
glyricidia, along with mulch decomposition dynamics and
nutrient release patterns under varying irrigation regimes,
are recommended for long-term sustainability assessment.
Since the study was conducted at a single location
(Chalakudy) under specific soil and climatic conditions,
extrapolation of results to other nutmeg-growing regions
should be done with caution in further studies.
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