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ABSTRACT

The main objectives of this research were to evaluate the effect of global warming on
phenology and focused on the carbon stock in different varieties of Thai rice. This research was
conducted at NamKo sub-districtld which was a main research site (NK I and NK II), and also
Nongsawang sub-district (NW), Lomsak district, Phetchabun Province. Physical factors in
Phetchabun which formed secondary data were collected from the Thai Meteorological
Department. This research monitored the phenology of three rice varieties: RD 10, Khao Dawk
Mali 105, and Phitsanulok 80, and this research investigated the pattern of phenology every week
through the growing season. Moreover, the physical factors were measured, and Organic carbon
and biomass were analyzed in a laboratory by Walkley-Black procedure. The results revealed that
the average temperature between 1999-2008 increased by approximately 0.36-0.86°C throughout
the Province, though this increase could not lead to the rice cultivation period. On the other hand,
the high temperature had effected on the spikelet sterility, especially in KK 10. Comparing the
carbon stock in three types of Thai rice revealed that the total carbon storage in the standing
biomass excluding below-ground biomass of Khao Dawk Mali 105 was significantly higher than
RD 10 and Phitsanulok 80. The conclusion is that climate warming will induce high-temperature
stress on Thai rice i.e. KK 10. Therefore, if we intend to contribute to the decrease in the problem
of global warming, we should promote the Khao Dawk Mali 105 planting base linked with good

management practice.
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Abstract

The main objectives of this research were to evaluate the effect of global warming on phenology
and focused on the carbon stock in different varieties of Thai rice. This research was conducted at NamKo
sub-districtd which was a main research site (NK I and NK II), and also Nongsawang sub-district (NW),
Lomsak district, Phetchabun Province. Physical factors in Phetchabun which formed secondary data were
collected from the Thai Meteorological Department. This research monitored the phenology of three rice
varieties: RD 10, Khao Dawk Mali 105, and Phitsanulok 80, and this research investigated the pattern of
phenology every week through the growing season. The conclusion is that climate warming will induce
high-temperature stress on Thai rice i.e. KK 10. The results revealed that the average temperature between
1999-2008 increased by approximately 0.36-0.86°C throughout the Province, though this increase could
not lead to the rice cultivation period. On the other hand, the high temperature had effected on the spikelet

sterility, especially in KK 10 (26.71-40.71%).
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HNANUIN VU
a J aay a J = 3 s I A
1. NANSAATITHNNEDANIENTAATIEHANNLYTUTWMuReIve sl suauana UV

FaeRugn 10

ANOVA
Sum of
df Mean Square F Sig.
Squares
UNFER Between
965.824 3 321.941 5.637 .003
Groups
Within Groups | 1827.446 | 32 57.108
Total 2793.270 | 35
UNF_PANI Between
17.941 3 5.980 12.886 .000
Groups
Within Groups | 14.850 32 464
Total 32.791 35

a 4 aay a 4 = J I d I A
2. Waﬂﬁ’Jm‘JW‘VmNE‘TaG}ﬂwﬂﬁ’JLﬂﬁ1$Wﬂ’J13JLLﬂ5‘]Ji’Ju‘VlNLﬂﬂ%ﬂjﬂﬁlﬂﬁlil%uﬁmaﬂauﬁum

¥ o A
VIFWWWUFVIoNUSA 105

ANOVA
Sum of
Squares df Mean Square | F Sig.
UNFERT Between
157.250 2 78.625 1.418 262
Groups
Within Groups | 1331.143 |24 55.464
Total 1488.392 | 26
W_PANICL Between
10.623 2 5.311 24.884 .000
Groups
Within Groups | 5.123 24 213
Total 15.746 26
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a 4 aay a J = J 3 d I A
3. HaNISAATIEHNNTDAAIMIT AT IEHANULY TUsImuReIveulesisuamaaauues

Y v JIa
IMEeiugNEs lan 80

] Q

ANOVA
Sum of
df Mean Square F Sig.
Squares
UNFER Between
372.610 2 186.305 4.979 .016
Groups
Within Groups | 897.992 24 37.416
Total 1270.602 26
SEED PAN Between
4.170 2 2.085 5.085 .014
Groups
Within Groups | 9.841 24 410
Total 14.011 26

Y
a 4 aan y a 4 o o
4, Naﬂ']5')!?]ﬁ'lgﬂﬂ'lﬂﬁﬂﬁﬂ'JﬂﬂWﬁ')min’Viﬂ'NiJlLﬂiﬂi’)uﬂWQlaﬂﬁlﬂJ@Q‘HWWUﬂ 1,000

< v o o
IWAUDIVNITIWNUTNY 10

ANOVA\
THOUS SE
Sum of
df Mean Square F Sig.

Squares
Between Groups | 9.344 3 3.115 3.414 .073
Within Groups 7.300 8 912
Total 16.644 11
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a o ana a J oy o <
5. HAMIAATIEHNNADAG M IAATIZHANNILTUsIWMaReIveuimin 1,000 waeves
IaeuEouza 105

ANOVA
THOUS SE
Sum of
df Mean Square F Sig.

Squares

Between Groups 8.832 2 4.416 1.293 341

Within Groups 20.489 6 3.415

Total 29.322 8

Y
a aa a ° o <
6. Nﬁﬂ"l'i?l!,ﬂﬁ"Igﬁ"VINﬁﬂGIi’?{’JEJﬂTi’JLﬂ3131’??]’JHJLL‘IJﬁ‘iJﬁ?HTINLﬁEJ’JﬂJ’ENHWWuﬂ 1,000 tuaovod
9 Y] dAa
IMEeiugNEs lan 80

a q

ANOVA
THOUS_SE
Sum of
df Mean Square F Sig.

Squares

Between Groups | 4.192 2 2.096 4.280 .070

Within Groups 2.938 6 490

Total 7.130 8

7. HAMIUATIZHNNADARINITAATIZHANNLYTUTIUMARBIVRINaNAAT1IVOIT A8

4
WAV 10

ANOVA
VAR00002
Sum of
df Mean Square F Sig.
Squares
Between Groups 887679.87
3 295893.291 20.675 .000
2
Within Groups 114494.27
8 14311.784
2
Total 1002174.1
11
44
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a J an a L4 a
8. Wafﬂi'JlﬂiT%ﬂﬂNﬁﬂ@ﬁjﬁﬂﬂ'ﬁ'Jlﬂﬁ'lzﬁﬂ']'mLL‘]Ji‘]Ji’Ju“VI'NLa‘(’J’J‘U@QWﬁNﬁ@]slsllW'Jéll@\iélsl}W'JﬁWﬂ

o J

ufrioNua 105

ANOVA
VARO00002
Sum of
df Mean Square F Sig.
Squares
Between Groups 54773.991 2 27386.995 976 429
Within Groups 168280.74
6 28046.791
3
Total 223054.73
8
4

a J aay a 4 a 9 9y
9. Waﬂ’]iglﬂﬁ'lgﬂtﬂ’l\iﬁﬂmﬂ"]ﬂﬂqjjlﬂiqgWﬂj']llllﬂiﬂi’)uw']maﬂjﬂ]aqwa WNAAU1IVDIVIITY

v Ia

Wugieg lan 80

ANOVA
PROD
Sum of
df Mean Square F Sig.

Squares
Between Groups | 44972.437 2 22486.219 2.843 135
Within Groups 47454.768 6 7909.128
Total 92427.205 8
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a aa a 4 = a a A Jdo
10. Namiﬂlﬂﬂzﬁifﬂﬁﬁﬂﬂﬁ’lﬂﬂﬁﬁllﬂﬁ%‘ﬁﬂ’l udsdsriumafeives ﬂﬁuwmaumé ﬂqiu
au
ANOVA
Sum of
Squares df Mean Square F Sig.
OMT Between
1.240 2 .620 1.202 364
Groups
Within
3.094 6 516
Groups
Total 4.334 8
OMS Between
.534 2 267 .300 751
Groups
Within
5.341 6 .890
Groups
Total 5.875 8
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11. HamanzEMeananems iz ianuulslsiumadeveslsinasunidinglu
AIUA) VBINIATININNY
ANOVA
Sum of
Squares df Mean Square F Sig.
OCL Between 113584.25
9 12620.472 13.184 .000
Groups 0
Within Groups | 19145.461 | 20 957.273
Total 132729.71
29
2
OCB Between
172.099 |9 19.122 2.329 055
Groups
Within Groups | 164.223 | 20 8.211
Total 336323 |29
OCS Between
60892.946 | 9 6765.883 15.004 .000
Groups
Within Groups | 9018.894 | 20 450.945
Total 69911.840 |29
OCSEED Between
42861.995 |9 4762.444 2.654 033
Groups
Within Groups | 35888.269 | 20 1794.413
Total 78750.264 | 29
TOTALOC | Between 490917.03
9 54546.337 11.148 .000
Groups 5
Within Groups | 97861.686 | 20 4893.084
Total 588778.72
29

2
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12. HaMIIRTIZENEDARIEMTAATIEH AN T IumaRevesguautiaay
ANOVA
Sum of
df Mean Square F Sig.
Squares
OCS Between
.180 2 .090 .300 751
Groups
Within
1.800 6 .300
Groups
Total 1.980 8
OCT Between
420 2 210 1.212 361
Groups
Within
1.041 6 173
Groups
Total 1.461 8
PHT Between
123 2 .062 .891 458
Groups
Within
416 6 .069
Groups
Total .539 8
PHS Between
.220 2 .110 6.181 .035
Groups
Within
.107 6 .018
Groups
Total 326 8
BD Between
.035 2 .018 2.139 199
Groups
Within
.050 6 .008
Groups
Total .085 8




2. YoyagailenInevess unenandn daniamysysel

Year rain avgrh meantemp mintmpT maxtmpT Year rain avgrh meantemp mintmpT maxtmpT
1970 2.999885 68.30534 27.1806 21.64321 32.77152 1995 2.959686 71.73311 27.71903 22.09842 33.39143
1971 2.670942 88.05525 26.30282 20.58962 32.06465 1996 4.029546 73.33245 27.22372 21.76136 32.73608
1972 2.576647 87.95173 27.18432 21.58484 32.82283 1997 3.324805 71.77127 27.45898 21.71004 33.25582
1973 2.147759 87.99114 27.16739 21.18531 33.18982 1998 2.714901 73.48979 28.60097 22.64073 34.6116
1974 2.733649 88.25107 26.93922 21.29662 32.62437 1999 2.596129 72.87218 27.69746 22.33329 33.11366
1975 2.938816 68.96389 26.84418 21.38782 32.34375 2000 3.806628 74.37618 27.22272 21.69466 32.8053
1976 3.32725 68.16747 26.48449 20.77344 32.23681 2001 2.243342 75.79627 27.8496 22.47823 33.26697
1977 2.326514 65.70664 27.12496 21.37039 32.91832 2002 3.833081 75.49637 27.76148 22.2909 33.27275
1978 3.383952 88.31436 27.23109 21.77444 32.73345 2003 2.10823 77.69656 28.07582 22.42768 33.77432
1979 2.627364 65.94343 27.54001 21.50135 33.61547 2004 2.657052 71.84221 27.50209 21.67554 33.3737
1980 3.45413 66.97161 27.47222 21.86552 33.12157 2005 2.517213 71.56648 27.98366 22.26439 33.75398
1981 2.584347 26.85196 21.43173 32.31229 2006 3.730444 72.78246 27.7132 22.13913 33.3911
1982 2.628727 26.94443 21.26797 32.66249 2007 3.125621 76.09577 28.8577 22.49615 36.05946
1983 2.587124 27.14019 21.41901 32.90555 2008 3.249787 73.28676 26.97985 21.24768 33.17459
1984 3.003705 26.86865 21.33361 32.44806
1985 2.95446 27.09647 21.78316 32.45428
1986 1.84857 67.84105 27.10923 21.56873 32.6967
1987 2.996882 71.35933 27.7084 22.09909 33.36464
1988 2.498204 72.18495 27.57865 22.16048 33.04627
1989 2.766721 71.56021 27.49123 21.89605 33.13025
1990 2.996647 72.41733 27.70555 22.38396 33.07825
1991 3.088575 65.03057 25.79721 20.75352 30.88546
1992 2.37224 69.6429 27.28945 21.63803 32.98788
1993 1.790636 68.67152 27.67423 21.80901 33.58901
1994 3.754979 70.77877 27.46513 21.96453 33.01299




3. YoyagaiisnInevesdunetiios JanIamysysal

Year rain avgrh meantemp maxtmpT mintmpT Year rain avgrh meantemp maxtmpT mintmpT
1951 3.159146 74.17837 26.57328 32.7234 20.47012 1980 2.80229 71.91442 27.75149 33.42076 22.12203
1952 4.492354 76.63866 26.89174 33.048 20.92813 1981 2.935595 70.23452 27.94827 33.90474 22.03716
1953 3.894351 76.96227 27.13901 32.99544 21.33221 1982 2.771983 71.32627 27.69066 33.49883 21.92529
1954 3.720095 71.63645 26.98461 33.05193 20.45805 1983 2.652303 73.78283 27.6416 33.33408 21.9986
1955 2.526848 71.43662 2631717 32.98523 19.69961 1984 2.810626 74.74358 27.49583 33.09927 21.94292
1956 2.831605 70.30822 26.55048 33.38882 19.74448 1985 2.975606 75.46336 27.42723 33.03612 21.86882
1957 3.031999 72.8845 27.16689 33.75607 20.6231 1986 2.486185 75.15665 27.55448 33.50828 21.64933
1958 3.266823 72.29937 26.95019 33.42137 20.52801 1987 3.483337 74.17945 27.87221 33.51233 22.28076
1959 3.674727 72.31644 27.26271 33.57153 20.99887 1988 2.653488 81.05768 29.10466 34.50545 25.49034
1960 2.1951 67.6828 27.31819 33.68965 20.99322 1989 3.123656 73.58669 27.66067 33.26931 22.09919
1961 3.385248 71.20129 26.90808 32.73971 21.12635 1990 3.517252 74.74539 27.81867 33.32076 22.3637
1962 3.081649 69.04199 26.54233 32.64676 20.39135 1991 2.865308 74.56604 28.03324 33.69711 22.41674
1963 4.825671 70.54687 26.49207 32.44338 20.58903 1992 1.875205 71.28875 27.56502 33.37525 21.80977
1964 4.142537 71.8861 26.59013 32.65219 20.57586 1993 1.664946 69.16121 27.90545 33.8581 22.00254
1965 2.982494 70.23516 26.93852 33.13852 20.78493 1994 4.085784 73.20151 27.72579 33.307 22.19554
1966 3.174556 69.05026 27.75081 33.82547 21.72297 1995 2.804319 72.96327 27.74328 33.42305 22.11432
1967 2.805483 67.15269 26.96216 33.08599 20.88679 1996 3.493764 75.13924 27.44584 33.05265 21.88501
1968 2.661461 67.79959 27.24398 33.44025 21.0974 1997 3.291301 73.46971 27.86196 33.68549 22.08636
1969 3.215887 68.8751 27.57851 33.46016 21.75038 1998 2.606224 71.43429 28.78619 34.53411 23.08959
1970 3.61935 71.56535 27.46037 33.29016 21.68228 1999 3.266667 73.52178 27.51828 32.6935 22.38927
1971 2.394256 69.47679 26.77047 32.93138 20.65883 2000 4.077363 75.62666 27.70459 33.18863 22.26759
1972 2.759434 69.35098 27.90305 34.02506 21.82969 2001 2.556317 77.09361 28.10854 33.44946 22.81822
1973 2.874266 68.48733 27.61852 33.80569 21.47954 2002 4.06706 76.30561 28.11587 33.46848 22.81601
1974 2.162773 72.3389 27.52067 33.4969 21.59654 2003 3.09573 74.7602 27.9372 33.60371 22.32091
1975 2.978054 74.48329 27.13107 32.76181 21.54949 2004 2.550459 74.21956 27.87588 33.83699 21.96724




a o v [ d
3. YoyagaHuaIng1ve B UNBINBI FINTANT Y50 (A1D)

Year rain avgrh meantemp maxtmpT mintmpT Year rain avgrh meantemp maxtmpT mintmpT
1976 4.281726 74.13957 27.33969 33.10846 21.62278 2005 2.514579 76.75679 28.48786 33.97757 23.04739
1977 2.477294 71.30489 27.59711 33.49752 21.74436 2006 4.602213 74.30858 27.96162 33.61918 22.64919
1978 3.375492 73.27295 27.49325 32.90645 22.12904 2007 3.217219 72.82665 27.06254 33.49206 22.52778
1979 2.165052 71.11279 27.73338 33.71899 21.79643 2008 4.406717 73.98945 27.34937 33.42889 23.21222
4. YoyagaHaaIneN Ve d UNDITEIY3 darTamrsysol

Year rain meantemp maxtmpT mintmpT avgrh Year rain meantemp maxtmpT mintmpT avgrh
1970 3.673119 27.61925 33.14144 22.15007 67.13899 1996 3.223729 28.10886 33.53499 22.72704 72.43167
1971 2.942468 27.12975 32.83411 21.4755 86.88105 1997 3.037823 28.66355 34.43946 22.93497 68.97311
1972 3.004417 28.03282 33.5554 22.56194 85.7326 1998 3.940997 29.26364 34.69364 23.87834 70.37913
1973 2.593799 27.8345 33.60474 22.11494 86.20769 1999 3.791959 28.07442 33.15613 23.03781 75.32418
1974 3.991117 27.3693 32.87826 21.90662 87.08893 2000 2.769363 28.21278 33.45489 23.01692 76.24613
1975 4.171937 27.28789 32.6708 21.95447 67.56488 2001 3.118244 28.63978 33.82973 23.49794 73.96775
1976 3.531749 27.05026 32.82436 21.32119 65.51696 2002 3.365152 28.70399 34.04584 23.40792 74.67732
1977 2.787679 27.56431 33.7183 21.45463 63.70571 2003 3.341757 28.47235 34.11568 22.87399 72.24837
1978 4.746355 27.45009 33.22452 21.72237 92.59165 2004 3.450776 28.47033 34.49679 22.48925 69.18842
1979 3.031087 27.92172 34.06043 21.82988 66.11895 2005 2.504597 28.96674 34.65132 23.33083 71.64423
1980 3.529831 27.57671 33.52538 21.6775 68.40408 2006 4.038098 28.55686 34.49033 22.88772 72.90394
1981 3.534105 27.07853 32.61266 21.59393 - 2007 3.119213 27.86685 34.56304 22.85267 69.26609
1982 2.951864 27.51192 32.96398 22.11108 - 2008 5.788531 27.97463 34.24436 23.31975 70.70254
1983 2.668262 27.82261 33.35152 22.34385 -

1984 3.521208 27.4006 32.80454 22.04729 -
1985 3.658504 27.31625 32.94943 21.73868 -
1986 2.587518 27.69627 33.32768 22.1136 67.25393




a o a (Y [ d
4. JoyagAteIINgVe B UNDITIYS 9K TANY Y0l (D)

a'a
1987 2.9583 28.40452 33.75883 23.10011 68.72741
1988 3.301158 27.99055 33.24128 22.79097 71.70914
1989 2.906962 28.03202 33.69794 22.41718 69.40844
1990 3.120197 28.39774 33.95381 22.89333 69.86011
1991 2.796398 28.4366 33.99421 22.93373 68.85977
1992 3.030522 28.02819 33.77727 22.3332 69.24338
1993 2.712312 28.24441 34.02907 22.51246 67.9847

1994 3.079041 28.34158 33.94678 22.79017 69.33814
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