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Executive Summary

Background of the project

The study of global warming in Thailand over the past 30 years has seen a
rise in temperature of 1 degree Celsius, which results in natural disasters such as
severe droughts, heavy rain, floods, and overflows. These impacts affect the high
damages on agriculture and the economy (Poolsiri and Nuanprang, 2550). Changes in
global temperature reflect the true long-term trend that horticultural crops are being
damaged by the effects of global warming (Kriat-anan, 2556), especially in rainfed
area where agriculture is sensitive to climate change for the production of temperate
fruit trees grown in cold weather on the highland areas under seasonal conditions
related to plant development.

The study of relations between the weather by meteorological data as a
variable influenced on the production of persimmon, mango, and avocado in the
Royal Project areas used to forecast the yield before harvest which influencing by
climate change as the tool in order to plan the fruit production, marketing, or its
situation (Surin et al., 2560). It should be considered the specific weather factor in
each locality to that area for planning the extension work. Therefore the study on
the weather relates to the production critical stage of persimmon cv. P2 and plum
cv. Dang Ban Luang in the Royal Project areas is determined modeling to prepare for

climate change on the impact of highland fruit yield in the highlands.

Objectives
1. To study the relationship of climate chanege to the vield of persimmon and
plum
2. To create a model for predicting plum and plum yield by meteorological
data
3. To provide guidance for fruit grower on the impact of climate variability on

persimmon and plum yields



Processing research separated by purpose

1. Study on the relationship of climate change on the yield of persimmon and
plum

1.1 Study of the El Nifno or La Nira phenomenon at the past period of the
climate change

The climate change during the 32 years in the years 2530-2561 had the 25 %
normal climate of the study period. The variation of the ENSO phenomenon was
quite high, up to 75%, the phenomenon of El Nino more than La Nina at 40.7% and
34.4%, respectively. In the year 2561, it showed a tendency of La Nifa phenomenon
in weak type that the weather was cooler than the normal year and the precipitation
happened higher in some months which there was an impact on increasing of the
persimmon yield.

A study of the relationship between the occurrence of the El Nifo or La Nifa
phenomenon in the years 2546-2560 over a period of 15 years, variated in
persimmon productivity both of increased and decreased yields from the mean. The
effect of La Nina in weak type, medium type, and El Nifio in strong type decreased
slightly the persimmon yield (less than 20%). In contrast to the La Nifa in strong
type, there was a tendency for decreasing the persimmon yield in the Ang Khang
Royal Agricultural Station. Whereas in the Mae Hae Project Development Center area
had not correlated with the increase and decrease in the persimmon yield but it
showed a trend of decline in the occurrence of the La Nina in strong type as same as
the increase dramatically in the year of the EL Nifio in strong type similarly to
Ang Khang Royal Agricultural Station. The results of the study on the variation of
plum cv. Dang Ban Luang yield during the EL Nifo or La Nifa events in the year 2550-
2560 during the 11-year period did not find any correlation to the variance in the
three study locations. But the year of El Nifio in strong type at the beginning of the
year with high temperatures and arid conditions had a trend of increased vyield, it
should have a long-term positive impact on yields in this study area.

The relationship between the ENSO phenomena of SOI type between the 3-
month mean, from November-December-January (NDJ) to October-November-

December (OND) at the dormant period of persimmon trees was studied during the
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period of 15 years in the Ang Khang Royal Agricultural Station and Mae Hae Royal
Development Project areas. The relationship was relatively low with a negative
coefficient of 0.50, except in the area of Ang Khang Royal Agricultural Station during
April-May-June (AMJ) to July-August-September (JAS) was a positive coefficient. For
the area of plum cv. Dang Ban Luang in the years 2550-2560, the period of 11 years
of Ang Khang Royal Agricultural Station. Mae Poon Luang Royal Development Project
and Huay Nam Khun Royal Development Project during November-December-
January (NDJ) to October-November-December (OND), which affected the dormant
period of plum trees was no statistically significant relationship. Therefore, the
average of 3 months SOl was not suitable to be used in relation to the yield of fruit

trees in the study areas.

1.2 The study of climate data on the impact to productivity critical period of
persimmon and plum cv. Dang Ban Luang yields in the Royal Project areas

The weather data of the Ang Khang Royal Agricultural Station area was cool
throughout the year with the maximum temperature not over 30 degrees Celsius and
the minimum temperature below so happened the frost. Differences in daily
temperature were high from January to February. There was a rising temperature and
the rainy with high humidity in March especially maybe rain and hail in April. Rainfall
had sporadically affected at the young fruit stage and the rainfall distribution was
consistent at the fruit ¢rowth stage.

The weather of the Mae Hae Royal Project Development Center area was
cool in January with maximum temperature under 30 degrees Celsius and the
minimum temperature be lower than 10 deegrees Celsius. The daily temperature
continued to rise since February. The difference in daily temperatures was high from
January to March. It was usually rainy days, hazy conditions, haze or hail from March
to April at the young fruit stage of persimmon.

The weather of the Mae Poon Luang Royal Project Development Center area
was cool all day and foggy weather in January with the average maximum
temperature of 26 degrees Celsius and the average minimum temperature of 9
degrees Celsius. The daily temperature continued to rise since February. The

differences in daily temperature were high from February to April.



The growth of persimmon cv.P2 emerged from the bud after a break of rest in
the winter at the end of February. Shoots and branches grew rapidly in March.
Flowering found at the leaf axile from the base position of new branches. In the past
study of the year 2560, the weather was not correlated to flower drop in the
Ang Khang Royal Agricultural Station area. Fruit setting was happened continuous,
however, the young fruit drop occurred from March to April under variable weather.
The weather in early April affected continuously the young fruit drop until May as a
critical period. The linear correlation coefficient was statistically significant by the
maximum temperature at 3 days before the fall (3dTmax) as followed the equation
was YD = - 58.467 + 2.027 (3dTmax).

In the year 2561, a study on the impact of weather on the productivity critical
period of persimmon cv.P2 in Ang Khang Royal Agricultural Station was repeated.
Results showed that the fruit drop occurred from mid-April to early May in young
fruit with 1.5-2.2 cm of diameter and a slight decrease after fruit growth. The linear
correlation coefficient was statistically significant by the daily maximum temperature
at 4 days before the fall (4dTmax) as followed the equation was Ypp, = 368.981 -
13.020(ddTmax) with the correlation coefficient (R) of 0.998, the determination
coefficient (Rz) of 0.996, and the P-value of 0.042. For the persimmon cv.P2 in
Mae Hae Royal Project Development Center, it found the fruit drop occurred from
mid-April in young fruit with 1.5-2.2 cm of diameter. The linear correlation coefficient
was statistically significant by the daily maximum temperature at 5 days before the
fall (5dTmax) as followed the equation was YPppy, = = 104.507 + 3.694(5dTmax) with
the correlation coefficient (R) of 0.999, the determination coefficient (Rz) of 0.999,
and the P-value of 0.022.

The growth of plum cv. Dang Ban Luang emerged from the floral bud in late
January. Flowering had a short period before the young fruit development
continuous under the daily variable weather from February to March. The differences
in daily temperature were not high at the mature stage in May. Under the Ang Khang
Royal Agricultural Station area found the young fruit drop at 1.0-2.0 cm of diameter
in the mid-February to mid-March. The linear correlation coefficient was statistically

significant by the daily maximum temperature at 9 days before the fall (9dTmax) as



followed the equation was Ygps = 280.285 - 9.421(9dTmax) with the correlation
coefficient (R) of 1.000, the determination coefficient (Rz) of 0.999, and the P-value of
0.016.

Study results in the Mae Poon Luang Royal Project Development Center were
found the young fruit drop at more 1 cm of diameter before pit hardening in the
mid-February to early March. The linear correlation coefficient was statistically
significant by the daily maximum temperature at 5 days before the fall (5dTmax) as
followed the equation was Ygper = = 16.591 + 24.670(5dTmax) with the correlation
coefficient (R) of 1.000, the determination coefficient (RY) of 1.000, and the P-value of
0.010. Harvesting time of plum cv. Dang Ban Luang in the Mae Poon Luang Royal
Project Development Center was in early May faster than the Ang Khang Royal

Agricultural Station areas in late May.

Table 1 Relationship of climate factors on fruit drop in fruit trees on highlands in the

Royal Project Foundation areas

Kind of ) . 2
) Location Equation P-value R R
fruit tree

Persimmon  Ang Khang Station Yeon = 368.981 - 13.020(4dTmax) 0.042 0998  0.996

Ccv. P2 Mae Hae Center Yppu = -104.507 + 3.694(5dTmax) 0.022 0999  0.999
Plum cv. Dang: Ang Khang Station  Ygou = 280.285 - 9.421(9dTmax) 0.016  1.000  0.999
Ban Luafig Mae Poon Luang Center Y., = - 16.591 + 24.670(5dTmax) 0.010 =~ 1.000  1.000

Rernarks 4dTmax = the daily maximum ternperature on day 4 before fruit drop
SdTrmax = the daily maximurm temperature on day 5 before fruit drop

9dTmax = the daily maximum temperature on day 9 before fruit drop

2. Modeling for forecasting of persimmon and plum yield by meteorological
data

Plum production of 700 meters above sea level area had imported the
cultivars from the other countries. Total yield in the year 2560 was more than 60,554
kilograms. The yield data were still not clear. Including to the growing areas were
affected by climate change damaged yield at the fruit development of plum. The
data analysis of the Huai Nam Khun Royal Project Development Center and the

Mae Poon Luang Royal Project Development Center were incomplete and



insufficient, then no results for suitable modeling predicted plum vyield. For the
Ang Khang Royal Agricultural Station, linear regression analysis was performed from
the data for the 3 years period during the years 2558-2560, which the minimum
temperature in January correlated to plum yield as followed the equation of YB =
- 3965.129d1 + 33808.294 with the correlation coefficient (R) of 0.982, the
determination coefficient (RQ) of 0965 and the P-value of 0.035 was statistically
significant. This plant model could be used to predict yield in the 4 months before
harvest. It is used to prepare for the impact of weather conditions on the yield of
plums.

The validated results of the plant model of persimmon in the year 2559 were
calculated with the correlations of precipitation frequency before the harvest
months when the impact on persimmon production. It was proposed as a plant
model (YPasg) of Ang Khang Royal Agricultural Station with the determination
coefficient (R') of 0.487 which correlated with the rainy day’s number of March to
June at the fruit developmental stage and predicted for 2-6 months before harvest.
The validation of the model (YPasg) was compared with YPA, YPA(1), YPA(2), YPA(3),
and YPa(4). The model (YPAsg) showed not so much deviation while the other models
of YPa(1), YPA(2) and YPA(3) gave only 0.5, 9, and 4% of the deviations, respectively.
The results showed similar values with the approximated yields. The validated
results of the year 2561 followed as YPA, YPA (1), YPA (2), YPA (3) and YPA (4) was
about 2,182-2,560 kilograms, while the model (YPass) gave 3,734 kilograms compared
with the actual yield was 2,800 kilograms in the year 2561.

For the Mae Hae Royal Project Development Center area, the equation of
YPMsg = 3830.93 + 6382.18b; was proposed as a plant model (YPmsq) which correlated
with the rainy day’s number of January and predicted for 6 months before harvest.
The validated results of the plant model in the year 2560 expected to yield up to
61,217 kilograms, which closed to the output yield of 50,707 kilograms with a
deviation of 20%. However, in the year 2561, of the plant model was estimated only
3,831 kilograms, but the actual yield of 48,561 kilograms cave a deviation of 92%,

which was a huge mistake in representing the plant model by the number of rainy



days in January with a high probability of error. The effectiveness of this plant model
was not accurate.

In the previous study, the YPHss model of the Huai Nam Khun Royal Project
Development Center revealed the differences from the forecasted yield in the year
2560. It reduced to just over 20 kilograms, which was reduced from the quantitive
production of more than 11,300 kilograms. In the year 2561, it also gained erroneous
differences in yield data of 64,168 kilograms from their productivity amount of 17,000
kilograms. They may be irregularities in yield which related to management. If there

are other factors influencing it, then the model can not be used forecasting in yield.

3. Suggestions for growers' preparedness guidelines on the effects of climate
variability on persimmon and plum yields

Approach to deal with the climate change situation, farmers must consider
attention the importance of the fluctuations in climate impact for reducing the risk
arising the production of persimmon and plum on the highland areas in the future.
They should have plans to adapt to a wide variety of plant production, appropriated
planting area and estimating the crop production accordance with marketing and the
agricultural extension policy, proper natural resources use, water resources supply,
planting forests, environmental protection to remain in the community, including
non-destructive to the existing natural resources diminish that affect environment
and the natural ecosystem.

Actions to future change arrangement, it needs to consider in spatial context
according to the height levels of the area. Each type of fruit grows under different
climatic conditions suitable for production. The appropriate technology of crop
production has been adapted. Crop quality improvement can be the replacement
the lost quantity to prepare for climate change impacts on livelihoods and
agricultural occupations in different areas. Community-based adaptation to the
holistic view of alternative cropping in the highlands under the Royal Project

Foundation for climate change in the future is needed.



Conclusion

The variable of the ENSO phenomenon was quite high, reaching 75%. It was
the situation of the El Niho more than La Niha. As the weather of the year 2561
involved by a trend of La Nifa phenomenon in weak type that affected relatively
cool air temperature and the higher rainfall in some months. The relationship
between the La Nifa in strong type showed likely a trend of the decreased
persimmon yield, while no significant relationship on the yield of plum cv. Dang Ban
Luang. Also, the 3-month mean of SOI was not suitable to use in relation to fruit
yield. It should be continued in the long-term study.

A study on the relationship of climate to the production critical period of
persimmon cv.P2 and plum cv. Dang Ban Luang related to weather factor of the daily
maximum temperature before the fall It was used in the models for predicting the
fruit drop percentage of persimmons in the Ang Khang Royal Agricultural Station
(Ypon) and the Mae Hae Royal Project Development Center (Yppw) and the models for
the fruit' drop percentage of plum cv. Dang Ban Luang in the Ane Khang Royal
Agricultural Station (Ygpa) and the Mae Poon Luang Royal Project Development
Center (Ygop). The linear correlation coefficient was statistically significant. The
correlation coefficient and the coefficient of the decision were satisfactory that could
forecast the impact of climate change.

The impact of climate on the yield of plum cv. Dang Ban Luang in the
Huai Nam Khun Royal Project Development Center and the Mae Poon Luang Royal
Project Development Center did not produce the appropriate results for the plant
model. For Ang Khang Royal Agricultural Station, the linear regression analysis was
related the minimum temperature in January to yield data from the years 2558-2560
with a statistically significant. The carrelation coefficient and the decision coefficient
were satisfactory that used predictable yields during the 4 months before harvest for
the impact on plum yield.

The validated results of the persimmon model (YPAs) in Ang Khang Royal
Agricultural Station gave a very close approximation of the yield. In the year 2561,
according to the plant model estimated the yield between 2,182 - 2,560 kilograms

when compared with the actual yield was 2,800 kilograms. The results of YPm,



model in the Mae Hae Royal Development Project of the year 2561 gave a deviation
of not more than 20%. Whereas the results of the YPH,, model in the Huai Nam Khun
Royal Project Development Center gave a lot of errors. Therefore, if there are other
factors influencing it, then the plant model cannot be used to predict the yield.
Approach to farmer in the highlands preparedness for the impacts of climate
variability should be provided the information, agricultural occupation, appropriated
planting area and adjustment of the proper environment in their community, using
the appropriate technology for crop production to prepare under climate change
impacts, and finding ways of strategies for farmers' adaptation to the effects of

climate change in the future.
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Abstract

The phenomenon of El Nino or La Nifa was relatively high at 75 percent,
which is the state of the El Nifio phenomenon more than La Nina at 40.7 percent
and 34.4 percent, respectively. The weak level of La Nina affected the weather
cooler than normal weather and had a higher rainfall in some months which had
some impact on the fruit yield. It was found that the weak, medium and strong
levels of El Nino phenomenon affected slightly the persimmon yield decreasing (less
than 20%). For plum cv. Dang Ban Luang, they were found no correlation with yield
variability. However, a tendency for yields may be increased under high temperature
and arid conditions in the early period of a year. The correlation of ENSO
phenomena type SOI between the 3-month mean was not significantly correlated. It
was not suitable for the relationship with the fruit yield in the study areas.

A study on the relationship of climate on the critical period of persimmon
cv. P2 and plum cv. Dang Ban Luang was studied the modeling that used to forecast
the impact of weather factors on the fruit developmental stage before harvesting
period. The results showed that the young fruits of persimmon cv. P2 at 1.5-2.2
centimeters of fruit diameter in the middle of April to early May, correlated to the
maximum daily temperature of 4-5 days before fall. The linear correlations showed
the percentage of fruit drop in the Ang Khang Royal Agricultural Station and the
Mae Hae Project Development Center were Yppy = 368.981 — 13.020(4dTmax) and
Ypom = —104.507+3.694(5dTmax), respectively. While fruit drop of plum cv. Dang Ban
Luang related to the maximum daily temperature of 5-9 days before fall at the
young stage at 1.0-2.0 centimeters of fruit diameter before pit hardening in middle
February to March. The linear correlations showed also statistical significance of the
fruit drop percentage in the Ang Khang Royal Agricultural Station and the
Mae Poon Luang Project Development Center were Ygp, = 280.285 - 9.421(9dTmax)
and Ygpp = - 616.591 + 24.670(5dTrmax), respectively. The correlation coefficient (R)
and the determination coefficient (RZ) values were satisfactory levels. It is used as a
guideline to study the impact of climate change on fruit yield forecasting in the

Royal Project Foundation areas.



The study of the impact of climate change on the vyield of plum
cv. Dang Ban Luang in the Huai Nam Khun Royal Project Development Center and
the Mae Poon Luang Project Development Center had incomplete and insufficient
data, then no results for suitable modeling. For the Ang Khang Royal Agricultural
Station, linear regression analysis was performed from the data for the 3 years period
during the years 2558-2560, which the minimum temperature in January related to
yield as followed the equation of YB = - 3965.129d1 + 33808.294 with the correlation
coefficient (R) of 0.982, the determination coefficient (Rz) of 0.965 and the P-value of
0.035 was statistically significant. This plant model could be used to predict yield in
the 4 months before harvest. It is used to prepare for the impact of weather
conditions on the yield of plums.

The validation results of the plant model of persimmon in Ang Khang
Royal Agricultural Station (YPasg) that related to the number of rainy days on March
to June and predicted for 2-6 months before harvest, were compared to the other
plant models. Their deviations did not so much. The estimated yields of plant model
were close to the actual yields. According to the plant model, estimated yields were
between 2,182-2,560 kilograms when compared with the actual yield was 2,800
kilograms in the year 2561. For the validation of the plant model in the Mae Hae
Development Center (YPMmso) that related to the number of rainy days or the
frequency of precipitation in January and predicted for 6 months before harvest,
showed the deviation no more than 20% in the year 2561. Whereas the plant model
of the Huai Nam Khun Royal Project Development Center (YPHss) provided significant
deviations, so if there were the other factors influencing it, then the plant model
could not be used to predict the yield.

Approach to farmer in the highlands preparedness for the impacts of climate
variability should be provided the information, agricultural occupation, appropriated
planting area and adjustment of the proper environment in their community, using
the appropriate technology for crop production to prepare under climate change
impacts, and finding ways of strategies for farmers' adaptation to the effects of

climate change in the future.
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