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Abstract

This research has main objectives to collect knowledges and skills of the best practicing
rubber agroforestry farmers, study plant community structure and crown cover of the rubber
agroforestry plots related to environment, simulate margins of the rubber agroforestry plots from
2017 to 2026, and simulate resilience of margins of the rubber agroforestry plots when have
confronted with price hazards from 2022 to 2026. Plots data are collected via field survey,
drawing, and interview and analized via content analysis, descriptive statistic and Olympe
software. The target group covers 25 rubber agroforestry plots of 25 farmers in lower Southern
Thailand. The plots are composed of 22 plant associated rubber plots, 2 plant and livestock
associated rubber plots, 1 livestock associated rubber plot. The results discover the knowledges
and skills for practicing rubber agroforestry systems that can be classified as (1) knowledges
and skills at the intercrop planting, maintaining, harvesting, processing and marketing; (2)
knowledges and skills at the livestock raising, maintaining, harvesting and marketing; and (3)
mutual support between rubber, intercrops, and livestocks. In term of the plant community
structure of the rubber agroforestry plots, they show the rubber trees with upper canopies and
the intercrops with lower canopies, activities of interception, stem flow and through fall by
rubber trees and intercrops, including the litter layer. These help decrease soil erosion caused
by rain drops. Also, the crown cover of the rubber trees and intercrops in the plots ranges from
79 to 99.7 percent that indicate potential for reducing soil erosion in the plots from good to
excellent level. Margin simulations of the rubber agroforestry plots for 10 years (2017-2026)
show the margin decrease of most plots in 2018 because of rubber price decrease. Fixed price
in 2018 leads to three tarjectories of the plot margins during 2019-2026: the margins vary
according to rubber yields in case of rubber with timber and rubber with intercrop with fixed
yield; the margins vary according to rubber yields and livestock raising round in case of rubber
with livestock: and the margins vary according to rubber and Sala yields in case of rubber with
Sala. In 2019, the top ten of plot margins range from rubber with Sajor-caju Mushroom, rubber
with Vegetable Fern (SK6), rubber with Straw Mushroom, rubber with Sala, rubber with Bamboo
(TR1), rubber with Pineapple/Baegu, rubber with Sala/Baegu, rubber with duck/Longgong,
rubber with goat to rubber with Vegetable Fern(TR 3). Finally, margin resilient simulation of the
rubber agroforestry plots confronted with price decrease from 2022 to 2026 discover seven
plots with high flexibility to return to the normal margin, fifteen plots with mediam one, and three

plots with low one.
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AMAaNKIN 1
Manuscript

Title name: Comparative study between rubber agroforestry systems and rubber monocultures
and soil erosion decrease via rubber agroforestry profile and crown cover in lower southern of
Thailand
Abstract

This study aimed to compare the long-term economic margins of four pairs of rubber
agroforestry systems (RASs) and rubber monocultures (RMs). The methodology consisted of
data collection in the farm plots and then simulation and comparison of each pair via Olympe
software as well as assessment of soil erosion decrease via profile and crown cover of the
rubber agroforestry plots. The results discover that the margins of rubber products per rai of the
four pairs depend on many factors that can be divided between pros and cons. For ten years
(2017-2026), the margins of a bamboo and rubber plot, Fan Palm and rubber plot, and Yellow
Palm and rubber plot will be higher than the paired mono rubber plots. Meanwhile, the margins
of an Eagle Wood and rubber plot during 2017-2025 are lower than of the monoculture but in
2026 the margins will be tremendously higher than the monoculture because the Eagle Woods
will be harvested. Also, the bamboo and rubber plot and the Fan Palm and rubber plot have the
flexibility to increase the margins by adding value to the products of the intercrops through
processing. These RASs give some environmental services, especially soil erosion decrease
ranking from good to excellent level.
Keywords: economic margin, monoculture, profile and crown cover, rubber agroforestry, soil
erosion
Introduction

Currently, most mono agricultural systems can increase farm productivity and efficiency
via technology, management, economy of scale. These can generate satisfactory income when
crop prices are good but also suffer from perturbations, especially economic and climatic
uncertainties. In Thailand, most rubber farmers practice monoculture on small farms. They have
still been confronted with rubber price instability and some negative impacts. The aim of this
study was to explore, through a ten-year simulation, how RASs can be a better option than
RMs in terms of economics. The other objectives were to show some environmental benefits of

the systems, especially soil erosion decrease.
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Literature Reviews

Rubber monocultures show some risks such as loss of cover crop protected the soil
surface, years of agrichemical use resulting in soil acidification (Jongrungrot et al., 2014). Also,
externalities of rubber monoculture were the impacts on stream sedimentation or biodiversity
(Langenberger et al., 2016). Meanwhile, RASs can generate substantial incomes (Snoeck et al.,
2013) and income diversification and better resilience (Stroesser et al., 2016). Kheowvongsri
(2008) observed that when tapping was not possible, income from rubber associated crops
were a good substitute. Simien and Penot (2011) indicated the bigger the share of income from
the associated crop, the better it would help the farmer survive a decline in rubber price. Also,
modeling by Stroesser et al. (2016) showed that most agroforestry farms were more resilient to
rubber price volatility, due to the flexibility of their systems. RASs provide environmental
services ( Joshi et al., 2003), for instance, land and water conservation, micro-climate
improvement (De Leeuw et al.,, 2014), soil organic carbon stocks (Pierret et al., 2011).
Kheowvongsri (2008) asserted that loss of soil in a cultivated land is inversely proportional to
crown cover of canopies. Chunkao (2008) described that functions of tree canopy in term of
interception process, throughfall and stemflow could reduce soil loss and the amount of soll
loss will be directly proportional to the slope. Splash erosion amounts decreased with
increasing coverage, and the closer the cover is to the ground, the lower are the splash erosion
amounts (Ma et al., 2014). A study of Ribolzi et al (2017) in the Houay Pano catchment
discovered that teak understorey after a fire (litter and vegetation cleared) degraded soil surface
with erosion crust and exposed teak roots.
Methods

(1) Study period: collected data in 2017-2018 via several surveys and simulated data of a
10-year period, 2017-2026

(2) Study pairs: identified four pairs of rubber agroforestry plots and mono rubber plots
through purposive sampling: 1) plots located in lower Southern Thailand; 2) products of rubber-
associated crops have profit potential or the value can increase via local processing.

(8) Matching criteria for each study pair: 1) Same rubber clone; 2) Same or similar rubber
tree age and rubber planting densities; 3) Rubber agroforestry plot is adjacent to mono rubber
plot. Other factors depended on the decision and planning of the farmer, such as fertilizer
application, number of tapping days per year, type of tapping labor.

(4) Method: 1) Reviewed literatures and collected technical and economic data of the four

pairs; 2) Surveyed, measured, and sketched profile and crown cover of the sampling area of

118



the four rubber agroforestry plots; 3) Used Olympe Program to analyse and compare the
economic margins of study pairs under normal conditions (Changes in products and farm inputs
from 2018 to 2026 were based on farmers’ planning as and academic data. All related prices
were fixed in 2017); 4) Described the tree profiles and calculated the crown cover of the
sampling area of the four rubber agroforestry plots to indicate soil erosion decrease.

Results

Study pair 1: Bamboo ( Bambusoideae) associated rubber plot (BRP) and mono rubber plot
1(MRP1)

Both plots were the same in terms of the rubber clone planted in 1993, number of rubber
trees per rai and rubber planting density. In 2017, some chemical fertilizer was applied in MRP1
while none was applied in BRP. The DRC amount per tree per day and per rai per day of BRP
was higher than of MRP1. However, the DRC amount per rai per year of MRP1 was rather
higher than of BRP because the number of annual rubber tapping days of MRP1 was
considerably more than of the BRP. However, in 2017 the annual rubber margin per rai of BRP
(13,011 Baht) was more than double of MRP1 (6,135 Baht) because the tapping labor was
family labor while MRP1 was share-tapper. The annual rubber and associated crop margin per
rai of BRP was 16,611 Baht compared with 6,135 Baht of MRP1 (Table 1). The ten year
simulation of the study pair shows that annual margins per rai of BRP are more than double
that of MRP1. The margins of this pair are stable due to stable yields of old rubber trees and
optimum number of bamboo cuttings. Therefore, the margin gaps between BRP and MRP1 for
the ten years amount to 10,476 Baht per rai per year. The BRP has more flexibility to increase
income. From 2019 the farmer will change from selling only bamboo stems to selling chicken
nests. Annually 150 chicken nests per rai will be made from 375-m bamboo stems. The chicken
nests are environmentally friendly products that may be used by customers for various
purposes such as raising chickens, decorating gardens. This will increase the margin gaps

between BRP and MRP1 starting in 2019. (figure 1)
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Figure 1 Comparative margins between BRP and MRP1, 2017-2026
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Figure 2 shows the profile and crown cover of BRP in sampling 5x30 m rectangle area.
The profile is a vertical plant community structure composed of rubber trees with upper
canopies and bamboos with lower canopies. The rubber tree and bamboo heights in the area
range from 15.4 to 20.0 m and 4.2 to 10.0 m, respectively. When rain coming, the rubber
canopies will do firstly “interception” by absorbing rain drops until saturated. The rest of rain
drops will be “stemflow” and “throughfall” to the ground and bamboo canopies. Likewise,
bamboo canopies will absorb the throughfall and the rest will be also stemflow and throughfall
to the ground that cover with some grass as well as leaves and branches of the rubbers and
bamboos that fallen and decayed. These factors help prevent soil erosion caused by rainfall.
Liu et al. (2016) indicated that throughfall erosivity beneath multiple-layered canopies was
greatly reduced and an intact litter layer in RAS has importance for preventing splash soil
erosion. The course of rainfall through crop canopies can be divided into three parts:
throughfall, stemflow, and interception and the power of splash erosion is related to the size,
shape, terminal velocity, and kinetic energy of raindrops. It is closely related to slope, soll
properties, and vegetation cover (Ma et al., 2014). For the bird eye view crown cover in figure
2, it means the cover of canopies of the rubber trees and bamboos in the sampling area which
is about 90.3 percent of the area. Meanwhile, Ruangpanit (2014) asserted that soil cover by
having a canopy density, not less than 70 percent can reduce soil erosion. So, the crown cover

in BRP has potential for reducing the erosion at excellent level.

120



Figure 2 The profile and crown cover of Bamboo

& rubber plot in 5x30 m rectangle area

Study pair 2: Eagle Wood (Aquilaria crassna Pierre ex Lecomte) associated rubber plot (EWRP)
and mono rubber plot 2 (MRP2)

Both plots were the same in terms of the rubber clone and rubber planting density. In
2017, average percentage of DRC and DRC amount per tree per day of MRP2 and EWRP
were similar. Also, both plots were taken care of and tapped by the plot owners. DRC amount
per rai per year of MRP2 was much higher than of EWRP because of several factors, including
more rubber trees per rai, more rubber tapping days per year, more chemical fertilizer applied
and more DRC amount per rai per day. Therefore, in 2017, the annual rubber margin per rai of
MRP2 amounted to 23,213 Baht, and 16,609 Baht of EWRP. The rubber and associated crop
margin per rai of EWRP in 2017 was only 16,609 Baht because EW trees had not started to
yield. (Table 1) The simulation of this study pair shows higher annual margins per rai in MRP2
during 2017-2025 than in EWRP. But the margin gaps will fluctuate because the quantity of
rubber latex of MRP2 and EWRP will change with tree age. In 2023 the EWRP farmer will
stimulate all 189 eighteen-year-old Eagle Wood trees to produce dark aromatic resins, which
will gradually result in dense, dark, resin embedded wood. The farmer will pay to have the trees
drilled and filled with stimulate, causing a negative margin of about -3,053 Baht per rai in 2023.
Then, in 2026 the farmer will sell all 189 twenty-one-year-old Eagle Wood trees, at a low
estimate of 2,500 Baht each. The buyers will cut and haul the trees themselves. The margin will
increase from 11,526 Baht per rai in 2025 to 146,527 Baht per rai in 2026. This will

compensate for the lower margins of the previous 9 years (2017-2025). (figure 3)
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Figure 3 Comparative margins between EWRP and MRP2, 2017-2026

The profile of the sampling EWRP area is composed of the rubber trees with upper
canopies and the Eagle Woods with lower canopies. The rubber tree and Eagle Wood heights
range from 15.3 to 17.1 m and 10.8 to 14.5 m, respectively. Two layers of the rubber and Eagle
Wood canopies absorb rain drops. The rest become stem flow and through fall reduced erosion
power by lower canopies and organic matters that cover the soil. The crown cover of the rubber
trees and Eagle Woods in the sampling area is about 88.4 percent higher than the minimum
ratio of Ruangpanit (2014) for reducing moving away the soil. Therefore, the crown cover ratio

in EWRP has potential for reducing soil erosion at good level.

Figure 4 The profile and crown cover of Eaglewood & rubber

plot in 5x30 m rectangle area

Study pair 3: Fan Palm (Licuala paludosa Griff.) associated rubber plot (FPRP) and mono rubber
plot 3 (MRP3)

Both plots were the same in terms of the rubber clone planted in 2002, the number of
rubber planting density, and number of rubber tapping days per year. In 2017, the average
percentage of DRC of MRP3 and FPRP was the same, 35 percent. The DRC amount per tree
per day, per rai per day and per rai per year of MRP3 were higher than of FPRP. These were
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probably and partially due to more fertilizer application per rai per year on MRP3. Also, MRP3
got chemical and organic fertilizers applied in alternating years, while FPRP received only
chemical fertilizers. However, the annual rubber margin per rai of FPRP was substantially
higher than MRP3 because the tapping labor was family labor, while that of MRP3 was share-
tapper. Furthermore, in 2017 the total margin per rai of FPRP was 21,762 Baht compared with
11,113 Baht of MRP3 (Table 1). The ten-year simulation of this study pair shows stable annual
margins per rai of FPRP during 2017-2019. Then, from 2020 the margins will decrease and
stabilize at 19,007 Baht. This will be the result of the decrease in rubber latex due to old age of
the trees, and optimum number of Fan Palm leave cuttings. Meanwhile, the margins of MRP3
during the ten years are considerably lower than of FPRP and change in the annual margins
will be rather parallel with FPRP margins owing to the same age of the rubber trees. However,
there are mild fluctuations of the MRP3 margins during the ten years because of different costs
of chemical and organic fertilizers, applied in alternating years. FPRP has more flexibility to
increase income. From 2021 the farmer will change some fan palm products from selling the
leaves (1.5 Baht each) to some traditional fans (23 Baht each) made of 20 percent of all the
leaves products. This adjustment can increase the margin of FPRP from 19,007 Baht per rai in
2020 to 29,007 Baht per rai starting in 2021. Meanwhile, the margins of MRP3 will be stable at
8,871-9,160 Baht per rai per year.

Margin per rai (Baht)
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Figure 5 Comparative margins between FPRP and MRP3, 2017-2026

Moreover, the FPRP farmer said that the Fan Palm can resist diseases and insect pests,
and withstand flooding for a month; its root system is similar to that of Rakam (Salacca
rumphii Wall.) in that it helps hold topsoil in place. Figure 6 shows profile and crown cover of
FPRP in the sampling 5x30 m rectangle area. The profile is composed of the rubber trees with
upper canopies and the Fan Palms with lower canopies. The rubber tree and Fan Palm heights
range from 18.5 to 19.0 m and 5.5 to 8.3 m, respectively. The shapes of the Fan Palms under

the rubber shades are balanced. The rubber canopies absorb rain drops and generate stem
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flow and through fall. But the through falls are reduced erosion power by lower Fan Palm
canopies and litter layer. Also, the crown cover of the rubber trees and Eagle Woods in the
sampling area is about 87.6 percent higher than the minimum rate. Therefore, the crown cover

ratio in EWRP has potential for reducing soil erosion at good level.
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Figure 6 The profile and crown cover of Fan Palm &

rubber plot in 5x30 m rectangle area

Study pair 4: Yellow Palm (Chrysalidocarpus lutescens H. Wendl.) associated rubber plot (YPRP)
and mono rubber plot 4 (MRP4)

YPRP and MRP4 were the same in terms of the rubber clone planted in 1987. In 2017,
the average percentage of DRC and DRC amount per tree per day and per rai per day of
MRP4 and YPRP were similar. But DRC amount per rai per year of MRP4 was higher than of
YPRP because of more rubber tapping days per year (157 days compared with 130 days). On
MRP4, chemical and organic fertilizers were applied in alternating years while YPRP received
only chemical fertilizers. The tapping labor of MRP4 was family labor while YPRP was share-
tapper. So, annual rubber margin per rai of MRP4 (17,426 Baht) was substantially higher than
YPRP (7,594 Baht). However, in 2017 the total margin per rai of YPRP was 21,588 Baht
comparable with the 17,426 Baht of MRP4 because of many income from Yellow Palm leaves.
(Table 1) The simulation of this study pair shows stable annual margins per rai of YPRP during
2017-2020 because of the stable amount of latex of old rubber trees and the optimum number
of Yellow Palm leaves while the margins of MRP4 show a little fluctuation owing to different

costs of chemical and organic fertilizers that the farmer applies in alternating years. Also,
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annual margins per rai of YPRP are higher than of MRP4 but in 2021 the margins of MRP4
(42,853 Baht) will be much higher than YPRP (21,588 Baht) owing to high income from cutting
and selling all rubber trees in the plot. It will compensate for the lower margins of MRP4 during
2017-2020. In the same year (2021) the MRP4 farmer will plant new rubber trees with funding
from the Rubber Authority of Thailand. However, during 2022 to 2026 the margins of MRP4 will
drop to zero because there will be no products of small rubber trees, unless the farmer makes
new investments such as planting annual crops or multi annual crops. Meanwhile, YPRP will
maintain stable margins from the sale of latex of the old rubber trees and Yellow Palm leaves.

(figure 7)
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Figure 7 Comparative margins between YPRP and MRP4, 2017-2026

The YPRP farmer said that he preferred the existing of old rubber trees because they
could give some incomes and Yellow Palms under the shades of the rubber trees had delicate
and glossy leaves, consistent with market demand. Additionally, the shade from both crops
decreased weeds in the plot. However, over density of Yellow Palms planted in the rubber plot
led to a fungal disease on some leaves of Yellow Palms. Figure 8 shows the profile and crown
cover of YPRP in the sampling 5x30 m rectangle area. The profile is composed of the rubber
trees with upper canopies and the Yellow Palms with lower canopies. The rubber tree heights
range from 17.3 to 18.4 m. The average height of Yellow Palms is 1.5 m. Activities of
interception, stem flow and through fall by rubber trees and Yellow Palms, including the topsoil
mostly covered by the fallen and decayed leaves of rubber trees and paddy husk mixed with
chicken manure applied for Yellow palms and plain area help decrease soil erosion caused by
rain drops. Also, the crown cover of the rubber trees and Yellow Palms in the sampling area is
about 99.7 percent. Therefore, the crown cover ratio in YPRP has potential for reducing soil

erosion at excellent level.
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Figure 8 The profile and crown cover of Yellow Palm &

Rubber plot in 5x30 m rectanale area
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Table 1 Comparative Data of the Rubber Agroforestry Plots and Mono Rubber Plots in 2017

Age  Number Number Rubber Rubber DRC amount Share of rubber Rubber  Rubberand
Rubber  of hemical rganic (kg Average fevenue margin associated
. Area planting rubber c.e.mlca 0.9 d g. .
Rubber plot Province  Clone . fubber rubber density tapoi fertilizer per  fertilizer per ) ~ DRC . per rai crop margin
rai) o tree per UCNSIY (PDING o ear  raiperyear POTUEE perral perrai oo (Plotowner:Share e perraineryear
(year) rai (metre) pggzar (kg.) (kg.) perday perday peryear tapper) (Baht) (Baht)
Study pair 1 Songkhla RRIM 5 25 75 7x3 133 _ 0023 17 22616 3316 100:0 13,011 16,611
Rubber+Bamboo plot 600
Mono rubber plot 1 Songkhla RRIM 4 25 75 7x3 164 50 _ 0021 154 25256 3463 50:50 6,135 _
600
Study pair 2 Songkhla RRIM 35 15 64 7x3 140 50 _ 0034 216 3027 3422 100:0 16,609 16,609
Rubber+Eagle Wood 600
Mono rubber plot 2 Songkhla RRIM 175 16 73 7x3 166 57.14 _ 0035 253 420 3406 100:0 23213 _
600
Study pair 3 Phatthalung RRIM 6 16 72 7x3 150 75.00 _ 0031 222 3325 K 100:0 18,026 21,762
Rubber+Fan Palmplot 600
Mono rubberplot3 ~ Phatthalung RRIM 8 16 72 7x3 150 875 875 0037 263 387 3B 50:50 11,113 _
600 (Applying  (Applying
Altemately)  Alternately)
Study pair 4 Phatthalung RRIM 30 31 68 6x3 130 80 _ 0029 200 260 34 55: 45 7,594 21,588
Rubber+Yellow palm 600
Mono rubberplot4  Phatthalung RRIM 975 31 73 7x3 157 50 50 0027 197 310 3H 100:0 17,426 _
600 (Applying  (Applying
Alternately)  Alternately)

Note. DRC = Dry rubber content
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Discussion

(1) In the rubber agroforestry plots (RAPs), we see an efficiency use of agricultural land
because at least two kinds of plant can co-exist well in the same area. In contrast, rubber
monocultures have only rubber trees and no distribution of income risk among various products
as RAPs.

(2) Most RAPs have total annual margins per rai higher than their paired-MRPs, even
the YPRP (which used share-tappers) due to the margin potential of Yellow Palm leaves. Only
the EWRP margins during 2017-2025 were lower than the MRP margins. However, the EWRP
margin in 2026 will overcome that of the MRP and compensate for all of the previous nine
years of lower margins because the Eagle Wood will give a desirable yield and income.

(3) The RAPs have flexibility to increase income from the products of rubber associated
crops through the local wisdom or simple processing. These value added products are also
environmentally friendly because they are made of local and natural materials that help reduce
the energy use such as transportation fuel and are easily to decompose. However, marketing is
an essential module to check and increase demand of the products such as customer
satisfaction survey, brand creation, packing, e-commerce and so on.

(4) If there are many products of a rubber associated crop of farmers in a community,
setting up farmer groups or local enterprises to process and sell the products will be option to
reduce costs, increase product quality and standard, raise the bargaining power, for instance.
However, the group progress and success depend on many factors, especially honest of the
group leaders, enthusiastic members, and good check and balance system.

(5) The margins of rubber products per rai of RAPs and MRPs depend on many factors
that can be divided between pros and cons (figure 9). Family tapper or share-tapper seems to

have an effect on the margin more than other factors.
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Figure 9 Some pros and cons factors of the margin of rubber products per rai

(6) Most RAPs can be consumed: Bamboo shoots for cooking traditional savory foods;
Fan Palm leaves for wrapping stick rice mixed with coconut milk, salt and sugar, and then
steamed them as a traditional sweet; and young leaves of Eagle Wood for making a healthy
tea. In contrast, the MRPs give only rubber products.

(7) The fallen leaves and small branches of rubber trees and associated crops and the
complex plant community structure increase soil moisture that create a more attractive
environment for soil organisms, helping decompose the organic matters to be natural fertilizers.
Kaewsin (2001) asserted that there were 80 individual/m? soil macro-faunas in rubber
agroforestry comparing with 46 individuals per/m? ones in rubber monocrop. So, the farmers can
reduce the quantity and expense of chemical fertilizers in the plots.

(8) The profiles of the four RAPs compose of the rubber trees with upper canopies and
the intercrops with lower canopies. The RAPs increase soil cover and provide at least second
layer of canopy that is LIKELY to reduce erosion. The crown covers of the RAPs indicate the
outstanding potential for reducing soil erosion in place. All RAPs outperform the mono rubber
plots in terms of environmental services. These services ought to be evaluated more for their
tangible and intangible values in order to reflect the total real economic value.

Conclusion and Recommendation

This study is different from the previous studies in that it focused on rubber agroforestry
systems whose products of rubber associated crops had profit potential or a value-added
product through processing. The results show higher long-term potential margins of RAPs than
MRPs. The potential of RAPs derives from many factors and gives both economic benefits and

environmental services in term of soil erosion control via RAPs profile and crown cover. In
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Thailand, various crops can grow well with rubber trees but many of them have not yet been
academically discovered. In agricultural land and forest, plants that like to live under shallows of
other trees should be surveyed, collected, tested, and evaluated, whether any of them can be
planted well as rubber associated crops in the future. Finally, exchange of the knowledge and
experiences between academics, officials, and farmers should be promoted. Subsequently, the
extension of these crops should be formulated and implemented effectively by the government
and all related agencies.
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