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Abstract

A layer of organic matter between a clove tree's roots and the tropical sun can mean the difference
between a thriving plantation and one that struggles through every dry spell. This research documented
the effects of four mulching techniques on soil temperature, moisture retention, weed suppression, and
clove bud yield in the Thai Central Plain. Treatments included rice straw mulch (10 cm depth), coconut
husk mulch (8 cm), black polyethylene plastic mulch, a living mulch of Arachis pintoi, and an unmulched
control. The trial ran for 18 months at a 12-year-old clove plantation near Nakhon Pathom. Rice straw
reduced peak soil temperature at 10 cm depth by 3.4°C compared with bare soil and maintained dry-
season soil moisture 6.7 percentage points higher than the control. Black plastic achieved the strongest
weed suppression (89.3%) but raised soil temperature by 1.2°C above bare ground during hot months.
Clove bud yield was highest under rice straw mulch (4.87 kg/tree) and coconut husk (4.62 kg/tree), both
significantly above the control (3.71 kg/tree). Living mulch offered moderate benefits across all
parameters. These data confirm that organic mulching, especially rice straw, is a practical and low-cost
method for improving clove performance on the Central Plain.
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Introduction

Walk through a clove plantation on the Thai Central Plain in March and you'll feel the heat
radiating off bare soil surface temperatures can reach 48°C on cloudless afternoons. Those
temperatures don't just bake the topsoil; they accelerate organic matter decomposition, kill
shallow feeder roots, and drive moisture from the root zone faster than irrigation can replace
it 12, Mulching is one of the oldest and cheapest interventions available, yet its use in Thai
clove plantations remains inconsistent.

The Central Plain of Thailand, a flat alluvial lowland stretching from Bangkok northward
through Nakhon Pathom and Ayutthaya, isn't traditional clove country. Clove (Syzygium
aromaticum) originates from the Moluccas and grows best where rainfall exceeds 1,500 mm
with a brief dry season 4. The Central Plain receives about 1,200 mm annually with a
pronounced five-month dry period from November to March, during which irrigation becomes
necessary and soil management becomes a limiting factor P!,

Organic mulches like rice straw and coconut husk moderate soil temperature extremes, reduce
evaporation, suppress weeds, and add organic matter as they decompose [® 71, Plastic mulch
blocks weeds more effectively but doesn't contribute to soil biology and can trap heat. Living
mulches perennial ground covers planted beneath the main crop offer a self-renewing
alternative but compete for water and nutrients 1/,

Despite a wealth of mulching research on vegetables and annual crops, comparative data for
perennial spice trees in the Central Plain are sparse ). This research tested four mulch types
against a bare control over 18 months, focusing on the soil microenvironment and its
connection to bud yield % 1],

Crop growth stage documentation

Clove trees at the trial site followed the biannual flowering pattern common in tropical
Southeast Asia, with major flushing in April-May and minor flushing in September-October.
Buds were harvested at the mature unopened stage (BBCH 59), when they had turned from
green to pink but before the petals separated. Two harvests were recorded during the trial: July
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2022 and January 2023 for the major and minor flush
respectively, plus July 2023 for the second major flush.
Vegetative growth, measured as terminal shoot extension,
averaged 14.7 cm per flush in mulched plots versus 11.2 cm
in control plots 41,

Seasonal variations

The monitoring period (January 2022 to June 2023) covered
one and a half annual cycles. Dry season (November-March)
rainfall averaged 47 mm per month while wet season (May-
October) brought 156 mm per month. Soil temperature at 10
cm depth in bare plots swung from 26.3°C in December to
33.1°C in April. Mulched plots showed a compressed range:
rice straw plots stayed between 26.8°C and 29.3°C, a
moderation of 3.4°C at the hot extreme. The temperature-
buffering effect was most pronounced during the transition
from dry to wet season (April-May), when bare soil heated
rapidly before the monsoon rains arrived %,

Material and Methods

Material

The trial was conducted at a 12-year-old Syzygium
aromaticum (clone Zanzibar) plantation near Nakhon
Pathom, Thailand (13.82°N, 100.04°E, elevation 8 m). Trees
were spaced at 8 m x 8 m on a silty clay alluvial soil with pH
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6.4 and organic carbon of 1.47%. Five treatments were
applied to the 2 m radius basin around each tree: T1 = no
mulch (control); T2 = rice straw at 10 cm depth; T3 =
shredded coconut husk at 8 cm; T4 = black polyethylene
mulch (100 pm thickness); TS = living mulch of Arachis
pintoi established by stolon planting. Mulch was applied in
January 2022 and replenished every six months for organic
treatments. The research was done in collaboration with the
Addis Ababa School of Plant Sciences. Ethics clearance was
obtained (Protocol PS-2022-024, approved 12 January 2022).

Methods

Soil temperature was recorded hourly using iButton
DS1922L loggers buried at 10 cm depth in each plot. Soil
moisture at 20 cm was measured biweekly with a Delta-T
SM150 probe. Weed biomass was harvested quarterly from a
1 m? quadrat per plot, oven-dried at 70°C, and weighed; weed
suppression was calculated as percentage reduction relative
to the control. Clove buds were harvested at the mature pink
stage, sun-dried to 12-14% moisture, and weighed per tree.
Soil organic carbon was measured at baseline and at 18
months by Walkley-Black method [ 7 1%, The trial used a
randomized complete block design with four blocks and three
trees per treatment per block (60 trees total). Data were
analyzed by ANOVA with Tukey's HSD at p<0.05.

Results
Table 1: Soil microenvironment parameters and weed suppression under four mulch treatments (18-month means)
Treatment Seil temp. (°C) Soil moist. (%) Weed supp. (%) SOC change Bud yield (kg/tree)
No mulch 30.2+1.8 19.4+3.7 -0.04% 3.71+0.42
Rice straw 27.8+1.1 26.1+£2.8 78.4 +0.18% 4.87+0.38
Coconut husk 28.3£1.2 24.742.6 71.2 +0.14% 4.62+0.41
Black plastic 31.4+1.6 27.842.3 89.3 -0.02% 4.13+£0.47
Living mulch 28.9£1.3 22.3£3.1 62.1 +0.11% 4.28+0.44

Rice straw mulch delivered the best combination of
temperature reduction (27.8°C vs. 30.2°C for control) and
moisture retention (+6.7 percentage points) while
suppressing 78.4% of weed biomass (Table 1). Black plastic

achieved the highest weed suppression (89.3%) but actually
raised soil temperature above the control during hot months.
Bud yield under rice straw was 31% higher than the
unmulched control and 18% higher than plastic mulch.
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Fig 1: Monthly soil temperature at 10 cm depth under three mulch treatments and bare control over 12 months
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Table 2: Clove bud yield (kg/tree) by harvest period across treatments

Treatment Jul 2022 (major) Jan 2023 (minor) Jul 2023 (major)

No mulch 1.62+0.21 0.74+0.12 1.35+£0.19

Rice straw 1.94+0.18 1.12+0.14 1.81£0.16
Coconut husk 1.87+0.20 0.98+0.13 1.77+0.18
Black plastic 1.71+0.22 0.83+0.15 1.59+0.20
Living mulch 1.78+0.19 0.89+0.14 1.61+£0.21

The yield advantage of rice straw mulch was consistent
across all three harvests (Table 2). The minor harvest
(January 2023) showed the largest proportional gap: straw-
mulched trees produced 51% more buds than control trees in

this flush, likely because the minor flush falls in the dry
season when soil moisture differences between treatments are
greatest.

Rice straw

26.0%

23.7%

Coconut husk

No mulch
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20.6%
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Fig 2: Proportional weed suppression effectiveness of four mulch treatments relative to unmulched control

Discussion

Rice straw's superiority stems from its combination of low
thermal conductivity, high moisture-trapping capacity, and
steady nutrient release as it decomposes &7, The +0.18%
increase in soil organic carbon over 18 months, while modest
in absolute terms, represents a 12% gain over baseline a
meaningful improvement for the naturally low-carbon
alluvial soils of the Central Plain. And the rice straw is
essentially free for farmers in Thailand's rice bowl, where
post-harvest burning of straw creates air quality problems
that the government actively tries to discourage [,

Black plastic's thermal penalty is a genuine concern. By
trapping longwave radiation beneath an opaque barrier,
plastic mulch raised soil temperature by 1.2°C above bare
ground. For heat-sensitive feeder roots of clove, which
concentrate in the top 15 cm, this extra heat may offset the
moisture-conservation benefit and explain why plastic-
mulched trees yielded 15% less than straw-mulched trees
despite better weed control [ 191,

The living mulch (Arachis pintoi) occupied an intermediate
position on most parameters. Its nitrogen-fixing capacity
should, over time, improve soil fertility more than straw, but
its water demand during the dry season competed with clove
trees for the limited available moisture, reducing its moisture-
retention benefit '],

A practical note: rice straw requires biannual replenishment
as it decomposes, adding a labor cost that coconut husk

(slower decomposition) partially avoids. For growers
choosing between straw and husk, the marginal yield gain
from straw (5.4%) may or may not justify the extra labor
depending on local wage rates.

Conclusion

Rice straw mulch at 10 cm depth was the most effective
mulching technique for clove on the Thai Central Plain,
reducing soil temperature by 3.4°C, raising dry-season
moisture by 6.7 percentage points, suppressing 78% of
weeds, and increasing bud yield by 31% over unmulched
trees. Coconut husk performed nearly as well with slower
decomposition. Black plastic mulch excelled at weed control
(89%) but penalized yield through soil heating. Living mulch
of Arachis pintoi offered moderate improvements across all
parameters. These findings support a recommendation for
organic mulching as a standard practice in Central Plain clove
plantations, with rice straw as the preferred material where
availability is not a limitation.
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