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Abstract

Study on Climate Change Adaptation and Mitigation to Crop Production Systems in
Thailand sub-program was continually’ conducted for development on early warning of pests
particularly oil palm, coconut and'sugarcane, and study on climate change impact for economic
crops especially oil palm and-durian including evaluation on water footprint of oil palm, cassava,
sugarcane, coffee;nand corn during 2016 — 2021 at economic crop production sites throughout
the country. The results showed that climate factors had significantly affected to outbreak of
coconut hispine beetle and coconut black-headed caterpillar including oil palm dama furva
wileman at the given plantation. The relation of environment and outbreak of 3 pests involved
many factors, that machine learning could predicted outbreak. Developed models required a set
of data. The B. longissima and O. arenosella models had high accuracy while D. furva models
had lowest. The specificity should be considered, so B. longissima model that required historical
daily weather data and evaluate and visual first leave destructive assessment had choose to
develop the information service system. To predict outbreak of B. longissima via internet, that

give information for pest early warning decision and effective control. Relationship between
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environmental factors and outbreak of sugarcane white leaf disease, early shoot borer and
sugarcane white grub were significantly determined at sugarcane plantation throughout the
country. From the results data, the on-the-job training could be continually transferred to
sugarcane grower including cane mill staff approximately 880 participants around the sugarcane
mill throughout the country for controlling of outbreak of sugarcane white leaf disease. The
climate variability between year was significantly affected to yield of oil palm plantation in the
upper southern part of Thailand. The trend model has also effective for forecast fresh fruit bunch
of oil palm. Moreover, climate factors effected to phenological trait of durian at the given
production area. It was found that different environment from different planting area not only
affected to the different timing on the development and fruiting but also.altered critical problem
facing. The result also showed that the application of coating particle and brassinosteroid spraying
could reduce the damage from water deficit. In case of unsuitable temperature during flowering,
active pollens of some varieties were suggested to increase fruit setting in Monthong. Moreover,
low quality of fruit from leaf flushing after raining during fruit development stage could solve with
micronutrient and supplementary solvent foliar.or new leaf breaking with mepiquat chloride.
They also evaluated water footprint of oil"palm, cassava, sugarcane, coffee, and corn under
various crop management which used-as a tool to measure crop water used. The results also
found that the plant growth-promoting bacterias namely Azospirillum sp. and Azotobacter sp.
from the Pai River basin could be continually developed to bio-fertilizer products. The soil
microorganisms namely Bacillus-velezensis isolate 2CMC-1.1 and Paenibacillus xylanilyticus
isolate 1Ch 2.4 could be effectively produced as useful agricultural enzymes i.e. cellulase and
chitines and its" continually developed to biodegradation and pesticide industry. Moreover,
climate factors effected to phenological trait of durian at the given production area. They also
evaluated water footprint of oil palm, cassava, sugarcane, coffee, and corn under various crop
management which used as a tool to measure crop water used. It is concluded that this research
results can be used to CSA technology for National Climate Adaptation Plan (2020-2037) to
prepare information for greenhouse gases mitigation on agricultural and forestry sectors for

Nationally Determined Contribution in 2030.

12



1ASIN15I8N 1

AnnunisszunnuasdngusniuazdruduneldnisilasunuasanmglanniAuwazvaun

FTUURBUNY
Coconut and Oil Palm Pest Outbreak Change under

Climate Variability and Early Warning System Development

v

Wens AvAUsEAn Batlow Seius USTR Y WITTN AAed

[ € o U 6 s [ a
BUIRU UNTIFIIIU dUUR heausEaU ‘UEN‘WQ‘H WAFITIUNUAT ‘U'TL!(E]

ANEALY (Key words) wuasdng U3 Urduniiu msdsullasanmgiiennia szuuiiieussy
Insect pests, coconut, oil palm,climate change, early warning

UNAnga

[%
o w

N1SANMINNITTEUINLLAIARFHENEIbAE UGN maléfmuﬂ%uuﬂammwgﬁmmﬂu,az
WAIUNTEUULRBUAY fﬂoﬂL‘ljumiﬁ’ﬁi]ﬁ]LLazLﬁU%@ﬁﬂﬁﬁﬂ’]WLL’mé/EJjJGiEJLﬁj@QELu%EJSEJ’]’J RAwlasuan uay
wlasinany Salszruaududuvesnisinmusiedy azam’fagaﬁy’ﬂuﬁfmnmﬁﬁmiizmwLLavam'izmm
ﬁwﬁy’aﬂszaumiamazmmLé’?j'msmauj W lUimunsyuudauaImt sening ganau 2558 - 1AL 2564

NsEsIRAnnINNsUABULUasUSEINTVRIMNAIIMIUNINENS Y TIimgayy  Jminginugisnd uay

uauiImLEnSIluIUTSNeNeyYS  FMTAUTLIVATTUS WU MISIVINaIELasU T8N THUAIR

3

LY [

muuNznEITANLUTIUAINGgN1a W3e seasonal uazduiusiuntsnnuesiy wWesidudmsluusniign

ane guniuarAuTY dIunuauiImuEnig wull IuunusuTINiaNdTusiuTmIunaly

ngnruswaazni1vihats Usinaslusiu nuiudusndeuntr Suiuvueuniuvesieuney u

[ '
A )

vesnfilulesuazanmemafewilinshaneiiuty  wuialasgniaeneunasiienisluni
pgfunndeddd dmsunueuniuanlutiduingu madwhatesansun ganianisssuin daulvgnu

UG UAUNLIY HUANETUNTINEANITTZUIALS dNINDINIALTILAS HutpenInAund nun1svinae

g9t NunnvausemuaSuiarmsvaniusesamurilianmuindeuuandiseanii nunsssuialugig

Y

wastaauiulesn Teaduklasnduseiinuuinon  AuduNuSYaIEN INWINAaURUNISEUINYRITa 3

=

wuasdmsiiell Svaneladudiuniertes awnsaldnsseuivenasedlunmsviuenisssuinasadila

Y

13



Mndeyanunnudisamsvesarlaafiiauty  lusasiuimendnng - wesvusuiaiugni i
ANuiugIgs  vniginueumiwniteyamnnisainsssueiitesnnmsviunesinausiugiia
Fonlumanimanudumnzlunsinnensssueaiigaosiuasimuimznini dwiosmsdoyandnain
anmerniaseiunasnsUssdiumsluusn uimduwuuliuInsteyayinuensseuinvesulam
yunuugnduduseiidn  ieliteyadmiunisdndulafeunisssuiauaznistostuidaldedie

UZANTN N
ABSTRACT

Coconut and oil palm pest outbreak change under climate variability and early warning
system development, conducted on survey and collect long-term environmental data from 2 key
fields, that difference intensively follow. Between October 2015 and December 2021, collect data
covered both outbreak and non-outbreak periods including experiences and specialization, in
order to construct an early warning system. The population change of Brontispa longissima
(Gestro) study in Suratthani province's Samui island and Opisina arenosella Walker in
Prachuapkhirikhan province's Amphoe Kuiburi. The result shown that, B. longissima population
and infestation are seasonal and destroying percentage of first leaf related with rainfall,
temperature and air humidity. While amount of O. arenosella related with number of leaves
destroyed, rainfall, rainy-day, amount of worn in previous month. In low rainfall and hot weather
area destroyed increased. Open area was the first attractive area and direction to south-west. For
Dama furva Wileman, is rapidly destructive, mostly found in late rainy season to early winter, rain
stop the outbreak. Drought and lower normal rainfall made more attractive. Irrigation area and
ridge plantation found during the drought to the beginning of the rain again, usually historical
found. The relation of environment and outbreak of 3 pests involved many factors, that machine
learning could predicted outbreak. Developed models required a set of data. The B. (ongissima
and O. arenosella models had high accuracy while D. furva models had lowest. The specificity
should be considered, so B. longissima model that required historical daily weather data and
evaluate and visual first leave destructive assessment had choose to develop the information
service system. To predict outbreak of B. longissima via internet, that give information for pest

early warning decision and effective control.
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Abstract

Study the.relationship of environment on Sugarcane white leaf disease, early shoot borer
and sugarcane white grub. Case study survey by selected Risk area on Sugarcane white leaf and
early shoot borer in 2016 for data collection in each sugarcane planting area and using the
Quantum GIS program for designate study area. The relationship was determined using a stepwise
regression statistical analysis. It was divided into 3 steps: 1) collecting data on the environment
on sugarcane white leaf disease, 2) collecting data on farmer fields, and 3) assessing the sugar
cane yield lost from sugarcane white leaf disease. The statistical analysis revealed that there was
a correlation between the 30-day mean minimum temperature, soil texture, varieties and the
percentage of sugarcane white leaf disease as shown in the equation %SWLD = 12.1038 + (soil

texture x 0.76923) + (varieties x -2.05701) + (30-day mean minimum temperature x -0.43107),
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where R2 = 0.46. From statistical analysis as show that soil texture, variety and 30-day mean
minimum temperature had effect on the percentage of sugarcane white leaf disease with P-Value
of 0.0150, 0.0004 and 0.0011, respectively. In the case study of environment on early shoot
borer. The statistical analysis revealed that there was a correlation between soil texture, 14-day
mean maximum temperature ,cumulative rainfall and the percentage of early shoot borer as
shown in the equation %EarlyShootBorer = 32.1989 + (soil x-1.82637) + (temperature mean
maximum 14 days x - 0.72945) + ( 14 days cumulative rainfall x (5.698x10-3)), where R? =
0.41.From statistical analysis as show that soil texture, 14-day mean maximum temperature
,cumulative rainfall had effect on the percentage of early shoot borer with P-Value of 0.0142,
0.0342 and 0.0031, respectively. And the statistical analysis revealed that there was soil texture
and age of sugar cane and percentage of sugarcane white grub as shown in the equation
%sugarcane white grub = -17.7470 + (soil x 13.4450) + (cane‘agex 6.73066) where Rz = 0.27.
From statistical analysis as show that soil texture and age of sugar cane had effect on percentage

of sugarcane white grub with P-Value 0.0041 and 0.0333, respectively.
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Research on Climate Change to Oil Palm Yield
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Abstract

Form to change of environment of the world lead to climate change and adaptation of
plants. Growth and yield of oil palm in southern of Thailand derive from rainfall factor so this the
project has objectives for collected the weather data, bunch yield and oil to bunch of Surat
Thani, Krabi and Chumphon province that are the main of plantation of Thailand. And correlation
analyze between weathers with fresh fruit bunch (FFB; kg/palm/year) for forecast yield by linear
trend model. They recoded weather data since 2014-202 1 while FFB were measured between
2016-2021 form 30 palms per province and oil to bunch (O/B; %) were extracted from 20 bunches
per province. The result of the highest rainfall, relation . humidity and minimum temperature in
2017 about 2,277.33 mm per year, 83.89% and 22.08-°C, respectively. While the maximum yield
in 2019 (FFB 325.28 kg per palm and 19.47 bunch per palm) and high O/B in 2017 and 2018
(28.73% and 28.82%, respectively). In addition, found that FFB=2.997+0.1291rainfall has moderate
level with forecast yield (R?=56.08%) for next 2 years. This data and model can adapt to
preliminary assessment effect of climate change per yield and develop model to accurate in next

research project.
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Abstract

Analysis of the water footprint of oil palm seedling production had been conducted
between October 2015-September 2018 at Suratthani Oil Palm Research Center and 12
smallholder private sectors of oil palm seedling production in order to analyze water use of
germinated seed and seedling production for improving water use efficiency. Surveying,
interviewing, and water use data was recorded for three years. The result showed that the rate
of water use for germinated seed production was different and the minimum of water use was
correspond to the water footprint by 0.20 liters/seed (only Blue Water Footprint value). For seven
smallholder private sectors of seedling production, the management with good practice and
watering by mini sprinklers was lowest in water use by 0.04-0.74 liters/plant/day and the others
were 0.08-24.07 liters/plant/day. For water footprint value, the minimum. values was 0.13-0.19
cubic meters/plant obtained from Green water footprint, Blue water footprint and Gray water
footprint by 0.08-0.09 0.04-0.10 and 0.00 cubic meters/plant respectively. The different in water
footprint is depending on the management of seedling production. The management with good
practices enhances water use efficiency.

Water footprint analysis of Southern.oil palm production was conducted in 8 provinces
which are Surat Thani Krabi Chumphon Nakhon Si Thammarat Phangnga Ranong Trang and Satun
between October 2015-September 2019 to analyze water footprint or water consumption per
unit of fresh fruit bunch 1 ton. For the allocation and utilization of water for oil palm production
efficiently and sustainably. The calculation from agro-meteorology average 30 years results
showed that Ranong province has the highest irrigated water requirement 380 mm year, followed
by Trang Krabi Satun.Phangnga Chumphon Surat Thani and Nakhon Si Thammarat have irrigated
water requirement 350 290 283 264 231 217 and 153 mm year ™ respectively. For water footprint,
the result showed that Ranong province has the highest efficiency of water consumption per unit
of ton fresh fruit bunch or the lowest water footprint 567.0 m® ton™, followed by Nakhon Si
Thammarat Trang Surat Thani Phangnga Krabi and Chumphon 624.7 798.8 805.5 842.0 845.8 979.2
m>ton! respectively, and the Satun province has the lowest water efficiency 1,167.7 m’ ton™. The
main factors that have an effect on water footprint are oil palm age, precipitation efficient,
Irrigation according to irrigated water requirement and nutrient management for oil palm
production.

Water footprint analysis of Eastern and Western oil palm production was conducted in 4

provinces which are Trat Chon Buri Kanchanaburi and Prachuap Khiri Khan between October 2016-
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September 2020 to analyze water footprint or water consumption per unit of fresh fruit bunch 1
ton. For the allocation and utilization of water for oil palm production efficiently and sustainably.
The calculation from agro-meteorology average 30 years results showed that Chon Buri province
has the highest irrigated water requirement 835 mm year, followed by Prachuap Khiri Khan
Kanchanaburi and Trat have irrigated water requirement 804 641 and 328 mm year ! respectively.
For water footprint, the result showed that Trat province has the highest efficiency of water
consumption per unit of ton fresh fruit bunch or the lowest water footprint 811.8 m? ton™,
followed by Prachuap Khiri Khan Kanchanaburi and Chon Buri 972.3 1,016.7 and 1,035.8 m’ton™
respectively. The main factors that have an effect on water footprint are oil palm age,
precipitation efficient, Irrigation according to irrigated water requirement and nutrient
management for oil palm production.

Water footprint analysis of Northeastern oil palm production was.conducted in 6 provinces
which are Nong Khai Bueng Kan Udon Thani Sakon Nakhon Loei.and Ubon Ratchathani between
October 2016-September 2020 to analyze water footprint or water consumption per unit of fresh
fruit bunch 1 ton. For the allocation and utilization .of water for oil palm production efficiently
and sustainably. The calculation from agro-meteorology average 30 years results showed that
Ubon Ratchathani province has the highest irrigated water requirement 859 mm year, followed
by Udon Thani Nongkhai Sakon Nakhon and Loei have irrigated water requirement 735 649 573
and 524 mm year ' respectively. Forwater footprint, the result showed that Nong Khai province
has the highest efficiency of water 'consumption per unit of ton fresh fruit bunch or the lowest
water footprint 739.4 m>ton, followed by Loei Ubon Ratchathani Bueng Kan and Sakon Nakhon
1,233.7 1,347.9 1,390.8 and 1,648.4 m>ton™ respectively, and the Udon Thani province has the
lowest water efficiency2,187.5 m?ton'!. The main factors that have an effect on water footprint
are oil palm age, precipitation efficient, Irrigation according to irrigated water requirement and
nutrient management for oil palm production.

Sugarcane production need the water for producing sugarcane yield. Recently, effect of
climate change and increasing of planting area cause to increasing of water used for sugarcane
production. So, water management needs to be optimized. This study had analyzed the water
footprint of sugarcane to assess the water footprint of sugarcane production under irrigation
condition. The experiments were conducted at 6 locations, including Nakhon Sawan Field Crops
Research Center, Khon Kaen Field Crops Research Center, Loei Horticulture Research Center,
Mukdahan Agricultural Research and development Center, Kanchanaburi Agricultural Research

and development Center and Prachinburi Agricultural Research and development Center.
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Sugarcane was planted using 3 cultivars- 95-2-213 or KKO7-050, K95-84 and KKO07-037 and 3
planting dates. Applied water 24 mm every 2 weeks by springer. Weather data, water for irrigation
and vyield of sugarcane were collected. The results showed that the water footprint had many
different values. The average of the water footprint was 93.6 m?/t. The minimum value was 35.2
m?/t for sugarcane cultivar KK07-037 with planting date 1 at Nakhon Sawan Field Crops Research
Center. The maximum value was 243.9 m*/t for cultivar K95-84 with planting date 2 at Prachinburi
Agricultural Research and Development Center. This result indicated that irrigated will increase
the sugarcane yield but not equal, depending on cultivar planting date and location. Therefore,
proper watering in each cultivar and environment will result in efficient water utilization and
reduced cost of sugarcane production.

Sugarcane production need the high volume of water for producing’ sugarcane yield.
Recently, effect of climate change and increasing of planting area cause to increasing of water
used for sugarcane production. So, water management needs to be optimized. This study had
analyzed the water footprint of sugarcane to assess the water footprint of sugarcane production
under rainfed condition. The experiment was conducted by observed yield and field management
from farmer field in 13 provinces for 119 samples. Field management, weather data and yield of
sugarcane were collected. The results showed that the water footprint had many different values
ranged from 25.9 - 455.6 m*/t. The main cause was from the various of sugarcane yield. Therefore,
the good management will result in<higher yield and more water use efficiency.

Water is importance resource. Due to Climate change, irrigation rapidly need in cassava
production, so its risk if not practiced. Water footprint is a tool that measure both direct and
indirect water uses. This study use water footprint to assessment cassava production in 3 water
management: irrigation area (Nakornratsrima), limited-irrigation area (Kampangpet) and rainfed
area (Rayong), one ton of cassava-based product was set as a functional unit from 2 season during
2015-2017. The study show that the averaged water footprint of cassava equals to 147-366
m3/ton comprised of 48-87 % or 92-339 m3/ton green, 0-9 % or 0-21 m3/ton blue and 13-48 %
or 29-97 m3/ton grey water footprints. Irrigation area has the low water footprint average 211
m3/ton, while limited-irrigation and rainfed area higher 224 and 301 m3/ton, respectively. Higher
yield give low water footprint, optimal time irrigation give higher yield. Variety and planting time
shown variability water footprint although in the same farm. Planting in June, water not adequate
for crop water used, need irrigation, in water-limited area should irrigate in initial stage of growth
combination with optimum planting date. Growing in late rainy season made deficit water during

growing period that irrigation required. In limited water resource area, optimum growing period is
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better choice and avoided planting in June due to inadequate rainfall for crop water use. In
rainfed area, planting in November will lack of water during 3-5 MAP more than January and
specific varieties would increase yield.

Analysis of the water footprint of palm oil mill process was investigated the direct and
indirect water usage from oil palm plantations. The oil palm plantations as a source for collection
date were located in Krabi, Trang, Chon Buri, and Sakon Nakhon province. The experiment was
studied from October 2017 to September 2019. It exhibited that the extraction 1 ton of crude
palm oil used fresh fruit bunches from 4.05-6.05 ton. The oil extraction rate of mill was in the
range of 16.53-24.70 %. In addition, the direct and indirect water usage of palm oil mill process
ranged from 3.43-6.91 m*/ton CPO. An investigated the water footprint values excluded the fresh
fruit bunches were from 3.34-6.62 m>/ton CPO. Moreover, the water foetprint values included
the fresh fruit bunches were in the range of 4,309-6,437 m?>/ton CPO.

Analysis of the water footprint of palm oil mill process was investigated the direct and
indirect water usage from oil palm plantations. The oil palm plantations as a source for collection
date were located in Krabi province, including Khlongthom Estate Cooperative Limited and Krabi
Oil Palm Farmers Cooperatives Federation Limited."The experiment was studied from October
2018 to September 2019. It exhibited that the extraction 1 ton of crude palm oil of Khlongthom
Estate Cooperative Limited and Krabi Oil Palm Farmers Cooperatives Federation Limited used
fresh fruit bunches 5.23 and 5.09 ton, the oil extraction rate of mill was 19.12 and 19.65 %, the
direct and indirect water usage was 3.40 and 6.21 m*/ton CPO, respectively. An investigated the
water footprint values excluded the fresh fruit bunches of Khlongthom Estate Cooperative Limited
and Krabi Oil Palm Farmers Cooperatives Federation Limited was 3.16 and 6.05 m?/ton CPO,
respectively. Moreover, the water footprint values included the fresh fruit bunches of Khlongthom
Estate Cooperative Limited and Krabi Oil Palm Farmers Cooperatives Federation Limited was 5,563
and 5,409 m®/ton CPO, respectively.

This study investigated the water footprint (WFP) of Robusta coffee productions in main
area coffee cultivation as Chumphon, Ranong and Surat-thani Province in the south of Thailand
during 2013 - 2017. It was found that the average water footprint of Robusta coffee bean in
Thailand was 35.7 m>/kg. Most of the water footprint (65%) was from the evaporation of rainwater.
Surat-thani was the province that used the highest amount of water, which was 51 m?®/kg. And
Chumphon was the province that used the lower amount of water, which was 26.5 m®/kg. Thus,
to decrease the amount of water used, we should focus on researching and developing the

efficiency water system to increase the crop production.
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Abstract

According to the price of durian’s fruits is continuous increasing in recent year, leading to
the increasing of planting area in every region of Thailand. However, climate ‘change is a major
hindrance in the production. So, the study on the implications and adaptations to climate change
in each region of Thailand on productivity of durian was conducted. The 2 main objectives on
the effect of climate in different production area to the development of durian and procedure
to solute those problem were concerned. It was found that, different environment from different
planting area not only affected to the different timing'on the development and fruiting but also
altered critical problem facing. In the term of technology developing for diminishing the damage
from climate change, the result showed that the application of coating particle and
brassinosteroid spraying could reduce the.damage from water deficit. In case of unsuitable
temperature during flowering, pollen of Chanthaburi 6 and Chanthaburi 3 were suggested to
increase fruit setting in Monthong. Moreover, low quality of fruit from leaf flushing after raining
during fruit development stage could solve with micronutrient and supplementary solvent foliar
or new leaf breaking with mepiquat chloride. However, the study on climate change in durian

production should be continuously done for more completely data.
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Abstract

Climate change may prevent some of the beneficial soil microorganisms from adapting.
This project was conducted on study of the types and populations of useful soil microorganisms
in the ecosystems of areas affected by climate change including screen and select soil
microorganisms with potential to produce useful agricultural enzymes and the growth-promoting
soil microorganisms at the Pai river basin of Mae Hong Son province during 2016-2020. The
population and species of bacteria from areas affected by climate change in Pai River basin, where
the number of bacterial populations found in each area varied according to land use conditions.
In addition, the number of bacteria found depends on the season, however, bacterial populations
depend on the.land use nature. Study of the potential of rhizobium isolated from climate
change-affected areas of Pai River Basin were found suitable and efficient in nitrogen fixation of
soybeans namely DASA32019, DASA32025 and DASA32116. There were classified into two genera:
Azospirillum and Azotobacter. It was found that bacteria isolate AP1 had the highest growth-
promoting ability of all three test plants namely maize, upland rice and garlic. The results found
that microbial selection namely Bacillus velezensis isolate 2CMC-1.1 and Paenibacillus
xylanilyticus isolate 1Ch 2.4 to produce effectively agricultural enzymes i.e. cellulase and chitines
could be selected from the soil of the Pai River basin. It was also found that the use of bacteria

to promote the growth of both genus Azospirillum sp. and Azotobacter sp. together with the
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application of chemical fertilizers, the recommended rate based on soil analysis values can help
increase the yield of indigenous rice cultivars. The results showed that the two genera of growth-
promoting bacteria, Azospirillum sp. and Azotobacter sp. area were not different in cultivation of
maize and found that the use of bacteria promoted the growth of both genera combined with
chemical fertilization could be improved yield and yield quality of maize. The effect of using
bacteria promotes plant growth in garlic production in Pai River basin indicated that each type of
growth-promoting bacteria was not different in garlic yield when compared with chemical
fertilizers. However, the growth-promoting bacteria of Azotobacter sp. AT9 could be promoted as

a bio-fertilizer due to show the highest nutrients accumulation.
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