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Executive Summary

Background of the project

Climate is an important factor affecting agricultural production, especially in
Thailand mostly depend on rainfed and natural seasons in areas more 75%. There
are impacts on their income, yield per area, and quality. Highland Research and
Development Institute (Public Organization) has studied on an impact of climate
change on fruit production in the highlands under Royal Project since the year 2557.
Given the trend of highland weather in the next 50 years showed likely to change by
no more than 2 degrees Celsius. Weather may rise an average of the maximum and
minimum temperatures, as well as a total annual precipitation. Then they affect on
growth and development of fruit crops in the highlands. Our studies presented the
climate models for forecasting the highland climate and plant models for forecasting
fruit crop yield which suitable for future forecasts in the specific study area (Surin et
al., 2557). The climate and plant models have been developed with the reliable
level. However, it should also be tested for accuracy in the El Nino and La Nifa
phenomena before they can be used.

Therefore, this study tested climate models of the highlands for predicting
climate change and plant models for predicting the yield of persimmon, mango
‘Chiin Hwang’, and avocado ‘Buccania’ in the year 2559. Study on the impacts of
climate on the critical period of flowering development and yield of fruit crops in the
highland. This will lead to the use of climate models and plant models for the Royal
Project’s staffs and highland fruit growers in anticipation of the effects of climate

variability.

Objectives

1. To test climate models and plant models for predicting the impacts of
climate on yields of persimmon, mango, and avocado in the highlands

2. To study the climate impacts on the critical stage of flowering

development and the yield of persimmon, mango, and avocado in the highlands



3. To provide guidance on the use of climate models and plant models (fruit

crops) in preparation for the impacts of climate variability

Processing research separated by purpose
1. Validation of climate models and plant models for predicting the impacts of
climate on yields of persimmon, mango, and avocado in the highlands

The results showed that the monthly average of the maximum temperature,
minimum temperature, and precipitation during 26 years ago (2531-2556) where
grown persimmon mango and avocado areas had only a few months of relatively
higch correlation with average 3 months by SOI, especially in the year of El Nifio and
La Nifa at medium and strong levels. It predicted the maximum temperatures in
March, May, and June of Ang Khang Royal Agricultural Station by showing no more
than 5%. While climate model of Huai Nam Khun Royal Project Development Center
could expect the maximum temperature only in March. But, the precipitation
forecast was too high to be acceptable. The validate results of climate models
revealed in a fairly accurate deviation from the measurable data and no prophecy in
every month of the year.

This study showed the tendency of impacts under the abnormal conditions in
the year of El Nifo and La Nifa affected an increase or decrease through yield of
persimmon, avocado, and mango in growing areas of the Royal Project. From the
severe level of El Nifio and La Nifa phenomena compared with the normal year on
yield (Fig. 1) showed that the moderate El Nino phenomenon decreased all yield of
three fruit crops, especially in mango crop loosed by the 68. For the impact of the
medium La Nifa phenomenon on the yield of persimmon increased by 45%, but it
did not affect the yield at the medium and strong levels. At the level of weak,
medium, or strong La Nifa phenomena did not affect the output in case of avocado.
Therefore, the prediction of El Nifio and La Nifa level since the beginning of the year

may be a guideline to utilize the forecast on advance fruit yield of the Royal Project.
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Figure 1 Impact of El Nifio (EN) and La Nina (LN) phenomena at the levels of weak
(W), medium (M), strong (S), and normal (N) on yields of persimmon, mango,

and avocado in growing areas of the Royal Project

The result of the study in the year 2559 compared the water balance (ETc-
Rainfall) in each month of the year occurred the El Nifo phenomenon in medium
type. It found that rainfall was less than normal, the especially early rainy season in
May and June. Water balance values of three fruit crops showed negative values
from January to June. The water balance values in persimmon and avocado were
lower when compared to mango. Since mango had higher ETc values which more
consistent with the weather impacts of the medium El Nifo phenomenon. It showed
that effect decreased the mango yield due to a long duration of drought condition.
Moreover, the evapotranspiration volume of three fruit crops in each growing area
was likely to increase every year. It may be due to the rising temperature in that
area. Based on the study of abnormal weather impacts, there is an important cause
of the balance of the amount of water evaporation of plants and water derived from
the rainfall in each month.

A study on validation of plant models that predicts the effects of climate on
yields of persimmon, mango, and avocado in the Royal Project area was determined
based on the weather data in the year 2559 and 2560. The results showed that the
plant model (persimmon) of Ang Khang Royal Agricultural Station (YPasg) was a
relationship between the numbers of rainy days of March to June and predicted
yield with negative correlation during 2 months before harvest. The deviated

differences of the plant model (YPAsg) showed at 31 and 16%, respectively. For the
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plant model (persimmon) of Mae Hae Project Development Center (YPMsg) was
calculated by the frequency of rainy days in January. It revealed that the results of
the year 2559 and 2560 were deviated differences of the plant model (YPms,) at 28
and 20%, respectively. So, the predictability model could be used for predicting the
yield of persimmon during 6 months before harvest and also used to maintain the

impacts of weather on productivity (Fig. 2).
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Figure 2 Efficacy evaluation of plant models of persimmon in Ang Khang Royal
Agricultural Station (YPAsg) and Mae Hae Royal Development Study Center

(YPMsg) YPAS9 = 8713.64 - 83.005b, ., YPM59 = 3830.93 + 6382.18b,

To validate the plant model of mango (MJ3) of Mok Jam Royal Project
Development Center, the predictable model during 2.5 months before harvest was
tested by the data in the year 2559-2560. Efficacy evaluation of this plant model was
deviated 33 and 31%, respectively. Therefore, the yield has much smaller forecast
errors. For the plant model for mango (NK3) of Nong Keaw Royal Project
Development Center showed a high coefficient of 0.876, which was predictable
during the 2 months before harvest and calculated by the accumulated rainfall in
January and February, the average maximum temperature and the average minimum
temperature in January and February variables. The testing result showed that in the
year 2559 the various deviations were 35%. Thus, it could be used to warn of the
impact of weather conditions on productivity (Fig. 3). Whereas the result in the year
2017, the various deviations were found very different from the recorded yield value.

The yield of mango was 1,393 kg due to damaged and its low quality to sell.
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Figure 3 Efficacy evaluation of plant model of mango ‘Chiin Hwang’ in Mok Jam
Royal Project Development Center (MJ3) and Nong Keaw Royal Project

Development Center (NK3)

MJ3 = 471129.72 - 214.77a, - 160.59a, — 2138.30c, — 11875.50c, + 5993.91d, - 3205.45d,
NK3 = 129499.96 — 259.83a, — 322.81a, + 3839.26¢, — 6293.65¢, + 4772.66d, — 5920.64d,

To validate the plant model YVnk3 of avocado ‘Buccania’ in Nong Keaw Royal
Project-Development Center, this plant model was calculated by using the weather
data in the year 2559 and 2560 to predict the avocado yield during 2 months before
harvest. It revealed that the yield forecast showed the deviation at 55 and 76%,
respectively. For the plant model YVTRr4 for avocado ‘Buccania’ in Thung Reang Royal
Project Development Center, it had the coefficient of determination at 0.982 and
also quite different on yield when calculated by using weather data in the year 2559
for predictability during 4 months before harvest. (Fig. 4)

Therefore, the relationship between yield and weather variables was showed
the statistical relationship ‘and also considered for useful purposes of the weather
impact on yield. The plant models are used to explain and predict the dependent
variable and are used to associate with the requirements in those plant models. It
should not be influenced by the other factors. In some years, there are variable and
abnormal recorded vyields due to many reasons, such as the quality of the damage
caused by the product in the area, the problem cannot control the purchase or sale,
including marketing measures. For this reason, the plant models cannot be used to

accurately yield forecasting.
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Figure 4 Efficacy evaluation of plant model of avocado ‘Buccania’ in Nong Keaw
Royal Project Development Center (YVnk3) and Thung Reang Royal Project

Development Center (YVTRra)

YWNK3 = 240025.23 - 64.69a, - 1061.81b, — 4407.88c, - 2519.04c,
YVTR4 = 5009.74 - 1943.18a, + 8209.34b, + 10961.36b, — 16222.86¢, + 3094.22d,

2. Impacts of climate on the critical stage of flowering development and the
yield of persimmon, mango, and avocado in the highlands

Study on the climate impacts on the critical stage of flowering development
and yield was investigated on persimmon ‘P2’ at Ang Khang Royal Agricultural
Station area. It was found that the flowering had not affected flower drop by
temperature, but fruit drop correlated with the daily maximum temperature on day
3 before dropping. For the climate impact predicting on the fruit drop of persimmon
‘P2’ was calculated as shown in the equation.

The flowering study of mango ‘Chiin Hwang” was conducted during December
to February after past sufficient to drought and cool weather at Nong Keaw Royal
Project Development Center. Flowering on the inflorescence emerged at the
terminal bud. The flowering sex expressions had a high percentage of male flowers
compared to perfect flowers. Therefore, there were found only 0.93-1.27% of the
total flowers. Occurring of perfect flowers correlated with the difference between a
minimum and maximum temperature on day 6 and day 5 before blooming. It found
that the different environments affected the flowering and the fruit setting of mango
‘Chiin Hwang’. The development of mango fruit had only a small number of fruit

when compared with the number of flowers in their inflorescence. Young fruit drop



was also occurring after the fruit developed. It was found that the daily minimum
temperature on day 2 before dropping related to the significant effect on the fruit
drop. However, it could not find the possible relationship with the environment at
the fruit growth stage.

The flowering of avocado ‘Buccania’ emerged from the terminal bud before
the blossom in February. The number of flowers per inflorescence was observed
about 84-406 flowers. Floral sex expression was found to be more than 90% as the
male flower, while as female flower be less than 2%, so there was a chance of less
fruit setting. Relationship of floral sex expression and daily weather data were
analyzed. It was found that the daily minimum temperature on day 4 before
blooming affected increase number of male flowers which did not develop to fruit
sets and caused a lot of flower drop. In addition, a relationship of fruit drop was
studied that the daily mean temperature on day 3 before dropping showed a
significant difference. So, the climate condition impacted on fruit drop at the young
fruit more than fruit growth stages. The equations for predicting the impact of

climate on the floral sex expression and fruit drop were manipulated. (Table 1)

Table 1 Relationship of environmental factors on developmental stages of

persimmon, mango, and avocado in studied areas

Developmental ; 2

Kind of plant Equation P-value R R
stages

Persimmon  Young fruit drop TS 027A 0.049  0.668 0.446
iP2}
Mango Perfect flower Y2 = 13.325 - 11.067 In(AB) 0.024 0976 0953
‘Chiin Hwang”  Young fruit drop ¥3 = 113.952 = 3.897C 0.035 0.843 0.711
Avocado Female flower Y4 = 188.528 - 25.572D + 0.871D2 0.035 0982 0.965
‘Buccania’

Young fruit drop Y5 = - 691.300 + 53.497E - 0.985E2  0.001  0.884  0.782

Remarks A = the daily maximum temperature on day 3 before fruit drop

AB = the difference of minimurm temperature on day 6 and day 5 before blooming
C = the daily minimum temperature on day 2 before fruit drop

D = the daily minimurm temperature on day 4 before blooming

E = the daily mean temperature on day 3 before fruit drop

Therefore, the results revealed that temperature was a factor as affecting the

flowering development, flower and fruit dropping, and also its fruit crop yield. These



data will provide information of a guideline for preparation of climate variability
impacts on production plan and marketing of the fruit growers in the highlands and

officers of Royal Project.

3. Suggestions to take advantage of climate models and plant models of fruit
crops in preparation for the impacts of climate variability

Utilization of climate models and plant models should be designed to
facilitate easy access to information on climate and fruit production and timely
situational awareness for the staffs and growers in highlands. Especially, the impacts
of climate variability at the critical period of the crop developmental stage affected
on the flowering and fruit setting stages that related to their yields. Preparation of a
meteorological monitoring and information system implements by the directly
responsible officers for the development of preparedness for the impacts of climate

variability on fruit growers in the Royal Project areas.

Conclusion

The validated results of climate model on the highlands were forecasted only
in some-months of the year on a specific area. The forecasts for El Nifio and
La Nifa phenomena will be used to estimate the fruit yield. Validation of plant
models with meteorological data in the year 2559 and 2560 of persimmon, mango
‘Chiin Hwang’, and avocado ‘Buccania’ in yield predictions were reliable deviated
and predicted 2-6 months before harvest. A study of the impact of climate on the
critical stage of development in persimmon ‘P2’ did not affect at flowering, but it
related to drop of young fruit. Climate on daily temperature influenced the floral sex
expression and fruit drop at the young fruit more than the fruit growth stages of
mango ‘Chiin Hwang’ and avocado ‘Buccania’. Utilization of climate model and plant
model should be designed to facilitate easy access to information and timely
situational awareness for the staffs and growers in highlands. Preparation of a
meteorological monitoring and information system implements by the directly
responsible officers is necessary for the development of efficiency and accuracy of

the model for fruit yield forecast on the highlands.
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Abstract

The validation of climate model had shown the differences no more than 5%
of maximum temperature for forecasting only in March, May, and June of Ang Khang
Royal Agricultural Station, but the rainfall was very high the errors The effects of
El Nino and La Nifa phenomena at the severe level decreased the yields of mango
and avocado when compared with the normal year. All levels of La Nina
phenomenon did not affect the yield of avocado. Forecasting the level of
phenomena at the beginning of the year may as a guideline for estimating the yield
in advance. The results of the evapotranspiration of three kinds of fruit crop had
tended to increase every year. It was found that the water balance in persimmon
and avocado was also lower than in mango. The validation of plant model in
station/center for forecasting in year 2559 and 2560 showed that the results of
persimmon - models of Ang Khang (YPasy) and Mae Hae (YPmsy), the mango
‘Chiin Hwang’ models of Mok Jam (MJ3) and Nong Kaew (NK3), and the avocado
‘Buccania’ models of Nong Kaew (YVnk3) and Thung Rueng (YVTR4) gave the
reasonable deviations and predicted for about 2-6 months before harvest.

A study on the impact of climate on the critical stage of the development of
‘P2’ persimmon was not found to correlate with flower dropping, but the young fruit
was related to the daily maximum temperature on day 3 before the drop. The daily
temperature influenced floral sex expression of mango ‘Chiin Hwang’, according to
the daily minimum temperature correlated with the young fruit on day 2 before the
drop, but there was no correlation in the other stages of fruit growth. Similarly, the
floral sex expression of avocado ‘Buccania’ was correlated with daily maximum
temperature on day 4 before blooming and the daily mean temperature was
recorded on day 3 before the young fruit drop. Climate impacts the fruit dropping at
the young fruit more than the fruit growth periods. The equation of correlation used
to predict the impact of climate on the fruit drop results.

Utilization of climate models and plant models should be designed to
facilitate easy access to information and timely situational awareness, especially at
the critical period of the crop developmental stage that affected the yields.
Preparation of a meteorological monitoring and information system implements by
the directly responsible officers for the development of preparedness for the

impacts of climate variability on fruit growers in the Royal Project areas.

Keywords: Royal Project, climate change, model, persimmon, mango, avocado



