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Environment and Rice Production
Chapter 1 Introduction
1-5,1999

Chapter 1 Introduction

Chien-Yih Lin!, Fu-Hsiung Lin? and Chwen-Ming Yang'
Taiwan Agricultural Research Institute
2K aohsiung District Agricultural Improvement Station

ABSTRACT

Rice is one of the major food crops in the world, and Asia is the main
production and consumption area among all. There are two types of rice
varieties, Oryza sativa L. and Oryza glaberrima Steud. With highly genetic
variability and diversity, rice adapts to variable environments and spreads
widely to varied habitats. However, the growth and yield of rice are governed
by environment and limited to stress conditions. This book has ten chapters
describing rice-environment relations. The chapters tell professional
knowledge about bettering rice production in dealing with environment.
Moreover, one can learn further from the behind lecture about the appropriate
manner of agriculture. Knowledge and technology in agriculture advance with
time while environment goes worse and worse day by day to against érop
production. The problem is there, how human being gains the profit without
breaking the nature law. To sustain human life, first of all is to make
agriculture sustainable. Short cut gives short view yet long head gets long
price. The key is in your hand.

Key words: Rice, Environment, Production potential, Precision agriculture,
Manner of agriculture.
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Table 1. Rough rice production (1000 ton), by geographical region, 1951-1990@

Year World Asia Sout.h A N & .C Africa Europe Oceania
America  America
1951 170532 158520 4246 2768 3218 1477 103
(100) (100) (100) (100) (100) (100) (100)
1952 183168 170719 4200 2872 3377 1715 83
1953 197906 184772 4388 3171 3450 1802 102
1954 194240 179870 4708 3637 3968 1732 103
1955 209786 195022 5057 3334 4253 1735 121
1956 219699 205477 4753 3163 4384 1560 113
1957 216542 201372 5498 2831 4943 1583 105
1958 224093 209608 5324 2898 4274 1649 126
1959 219896 203993 5565 3408 4858 1705 150
1960 218874 202021 6509 3532 4983 1485 __ 158
1961 215813 198923 7136 3435 4318 1615 139
1962 226659 207518 7506 3973 5680 1552 158
1963 247119 227518 7534 4199 5834 1498 160
1964 262932 242052 8474 4263 5925 1586 162
1965 254303 232369 9865 4499 5495 1333 169
1966 261238 240221 8095 4932 5579 1501 198
1967 277766 253835 9212 5230 6697 1667 231
1968 289048 264245 8983 5936 7061 1517 242
1969 295603 270693 8983 5476 7206 1864 276
(1970316676 290304 __ 10443 5263 7328 __ 1787 271 __
1971 318108 292425 9364 5344 7413 1809 323
1972 308259 282568 9556 5297 7337 1586 268
1973 336405 308894 10260 5790 7406 1963 327
1974 333343 304007 10478 6893 7736 1886 429
1975 359124 326780 11929 7940 8184 1903 414
1976 350151 317438 13509 7076 8049 1635 443
1977 371805 339890 13229 6477 7962 1475 555
1978 387739 355541 11686 7942 8136 1807 515
1979 377372 343554 12269 8064 8350 2021 722
(1980 399199 362269 14283 8747 8619 1845 646 __
1981 412012 374418 13380 10633 8559 1773 759
1982 423941 385230 15294 9200 8975 1886 885
1983 451490 418251 12425 6853 9079 1737 545
1984 469430 431903 14542 8678 8961 1967 664
1985 472118 433836 14308 8803 9525 2175 898
1986 471334 431978 15268 8390 10022 2300 743
1987 464420 424848 15848 8209 10017 2182 632
1988 492137 449252 17741 9509 9785 2211 773
1989 512727 469851 17077 9467 10705 2229 838
1990 518823 478573 14271 9174 10666 2408 930
(304) (302) (336) (331) (331) (163) (903)

@: Adapted from World Rice Statistics 1990, IRRI.
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Table 2. Harvested area of rough rice (1000 ha), by geographical region, 1951-1990@

South N&C

Year World Asia . . Africa Europe Oceania
America  America
1951 103725 96855 = 2444 1238 2683 340 30
(100) (100) (100) (100) (100) (100) (100)
1952 104958 98077 2395 1212 2736 375 29
1953 109025 101723 2614 1348 2792 382 29
1954 108841 101008 2971 1480 2813 403 30
1955 110868 103038 3106 1246 2904 402 30
1956 117322 109485 3113 1199 2984 362 30
1957 115497 107725 3085 1056 3036 347 34
1958 117017 109288 3119 1107 3015 350 33
1959 116325 108197 3316 1222 3093 368 33
...1960 118483 __ 110106 ____ 3668 _____ 1249 2987 .. 344 .33
1961 115484 106961 3911 1238 2894 330 32
1962 119561 110390 4174 1321 3209 314 34
1963 120218 110784 4484 1300 3151 317 35
1964 125206 114953 5090 1266 3335 336 35
1965 124996 114259 5593 1264 3299 331 34
1966 125860 115491 4990 1350 3413 332 35
1967 127712 116694 5234 1397 3722 345 39
1968 129450 117941 5272 1569 3852 364 - 41
1969 131375 119683 5540 1505 3882 392 45
_.1970 133130 120950 5961 1403 4016 397 52
1971 134802 122885 5681 1375 4134 396 52
1972 132583 120858 5412 1377 4064 399 50
1973 136863 124384 5737 1598 4226 402 54
1974 137156 124352 5745 1783 4307 397 77
1975 142202 128230 6489 2008 4514 374 87
1976 142536 127493 7761 1768 4530 374 86
1977 144312 129738 7208 1662 4660 395 104
1978 144001 129502 6871 1882 4665 397 103
1979 141285 126626 6761 1893 4889 383 123
__ 1980 144414 128743 7528 2026 . 4952 .. 368 _____129_ .
1981 145274 129343 7498 2302 5034 347 116
1982 141919 126032 7511 2063 5163 362 140
1983 143213 129090 6393 1590 5060 340 89
1984 145294 130274 6820 1860 5137 383 132
1985 144318 129944 6194 1803 5177 393 136
1986 144809 129682 6929 1686 5355 420 121
1987 141754 125961 7485 1656 5478 417 110
1988 145913 129957 7499 1863 5373 430 120
1989 147459 132085 6833 1859 5497 415 113
1990 145861 131803 5717 - 1793 5352 455 131

(140) (136) (240) (145) (199) (134) (437)

@. Adapted from World Rice Statistics 1990, IRRI.
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Table 3. Rough rice yield (t ha™'), by geographical region, 1951-1990@
South N&C

Year World Asia . . Africa Europe Oceania
America America
1951 64 64 74 24 20 34 47
(100) (100) (100) (100) (100) (100) (100)
1952 1.75 1.74 1.75 2.37 1.23 4.57 2.90
1953 1.82 1.82 1.68 2.35 1.24 4.72 3.53
1954 1.78 1.78 1.58 2.46 1.41 4.29 . 3.44
1955 1.89 1.89 1.63 2.68 1.46 4.32 4.06
1956 1.87 1.88 1.53 2.64 1.47 4.31 3.73
1957 1.87 1.87 1.78 2.68 1.58. 4.56 3.06
1958 1.92 1.92 1.71 2.62 1.42 4.72 3.81
1959 1.89 1.89 1.68 2.79 1.57 4.64 4.53
_.. 1960 18 1.8 178 .. 283 _____1.67______ 431 ____. 482 .
1961 1.87 1.86 1.82 2.77 1.49 4.90 4.32
1962 1.90 1.88 1.80 3.01 1.77 4.94 4.71
1963 2.06 2.05 1.68 3.23 1.85 4.72 4.56
1964 2.10 2.11 1.66 3.37 1.78 4.73 4.65
1965 2.03 2.03 1.76 3.56 1.67 4.03 5.02
1966 2.08 2.08 1.62 3.65 1.63 4.53 5.64
1967 2.17 2.18 1.76 3.74 1.80 4.83 5.88
1968 2.23 2.24 1.67 3.78 1.83 4.17 5.89
1969 2.25 2.26 1.62 3.64 1.86 4.75 6.11
_.J 1970 238 ____. 240 ______ L75_ 375 1.8 - 450 _____5.18
1971 2.36 2.38 1.65 3.89 1.79 4.57 6.25
1972 2.33 2.34 1.77 3.85 1.81 3.97 5.33
1973 2.46 2348 1.79 3.62 1.75 4.88 6.07
1974 2.43 2.44 1.82 , 3.87 1.80 4.75 5.55
1975 2.53 2.55 1.84 3.95 1.81 5.08 4.76
1976 2.46 2.49 1.74 4.00 1.78 4.38 5.16
1977 2.58 2.62 1.84 3.90 1.71 3.74 5.35
1978 2.69 2.75 1.70 4.22 1.74 4.55 4.98
1979 2.67 2.71 1.81 4.26 1.71 5.27 5.87
_. 1980 276 .. 281 . 190 _____ 432 174 . 301 499 _.
1981 2.84 2.89 1.78 4.62 1.70 5.11 6.52
1982 2.99 3.06 2.04 4.46 1.74 5.21 6.32
1983 3.15 3.24 1.94 4.31 1.79 5.10 6.14
1984 3.23 3.32 2.13 4.66 1.74 5.14 5.02
1985 3.27 3.34 2.31 4.88 1.84 5.54 6.60
1986 3.25 3.33 2.20 4.98 1.87 5.48 6.16
1987 3.28 3.37 2.12 4.96 1.83 5.24 5.76
1988 3.37 3.46 2.37 5.10 1.82 5.14 6.45
1989 3.48 3.56 2..50 5.09 1.95 5.35 7.40
1990 56 63 50 12 99 30 10

217) (221) (144) (229) (166) (122) (205)
@: Adapted from World Rice Statistics 1990, IRRI.
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RBI(6.16) ; B (6.08) ; HARGIN) ; B
KFI(ST) ; FBIKEEGST72) ; THE

(5.50) « BRI ZEF EER KWK EGH
B » ZRE B A HEEES 2.00 ton ha o
H R EER B ETEK Basmati AYHES » B
BRI > CAEE RIEE 2.47 ha! > T
ZEERERT FNENEBRERLNS
4.60 t ha! (B T HIZE HETERELEH
W) o BEAIIT S8 B MR AR AT B 2R o sth 3
SR RTRE(GREHEEZEHR) -
EMEEN - LIBEAERZ 30-40 Kk

& 30-45 M ERRENEEERSZ
fE [ o PLE - R Bl B3 BAHE R R BTS2 A »
{H i & E 89 i & B 7€ i 7% (De Datta,
1981) o

SR 1970 FLURH R EKE O
RZIER < 1970 EHHRBAELEERES
316,676,000 WE(F 1) Ak EH DO ES
8,397,000 Wf > HKH OE(GREKMEERE
Bz 38%(RHEMHEE » M kEERER
HKZGRELL 0.7 518) ; T 1989 £ 274
K FREERR 512,727,000 HH(FE 1) > H
AKHCOER 14,897,000 WH » FLAD 1989 £
ZEKRHEOEGHEEERSZ 4.2% A0k »
H 1970 £ 1989 &£ » R HKHOE
LHRBHEE 177%  BRZEEZLH
K O RIE S FEERKEER LA
LA A K » BERBERRT ST RED
THEEATH T 5 o

MBS > mMEHRER S T EE
E(x ) ARtEHRE ERFEIHK
Ty Y (5% 5) 0 DL 1989 £ 5 » HHNE K
B RIERREAKRHEZ 66.1% ; X
b3 {5 20.6%; BRSNS 7.2% o
HerZWMBERHOES S > SHEEN
3.2% ; KEEMILE.3% ; JEM 0.2% o FE
RER LT ENEREEE - DL 1989
EEA > HEHENEHAERRERS
42.3%(E RN H &2 64.1%) ; KBS
R AR EEAKBHE » & 1989 £
ZHEOEEZRMEELZ 20.5%(5 4k E

ME H Bz 99.9%) o Hgk > it E &
FERKEEOEREBEEELYE  mMEEE
1988 FELIF < B H I#ER % » {H 1989 £
ZHIOEHIEZE 1,383,000 HE > {5 1989
FEZREAXBHEELZ 9.2% ; {5EE M E
Z 14.0% o ZEAIFFEERBHINE o &
EMMBECFEAKRBHEEESRE » 15
MEHXBHEES 564% BNz IEH
AKHEOBEREBEEKRF > 15@’%!5*%&%
Z 48.3% > M RILFIREHE R
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RIEERSE
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Bl 2 BB E KB R B FURE# 300-350
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Bl > T&3E 3465 EIT/ME > FEH K
Z 15, EREEE » H 1989 EFEK
fEIRZE 1775 £/ > BEREEHASE
EXREZ—F  BIBEKEZ 5.5 % 85
REEZ ZHEY 1988 FEKEHE 959 £
JC/WE » HAERNES 1988 FFHAZEXK[E

Ly —» BRI OS2 = ; BEEKE
=% o L R = BE K E & BRI
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MRS R - B REk R
KEER BB - 7 4> BiF
BEREEAEISBREZELERSE
1979 £EfE > EREIHIE 70 E 80 BHAE
2o 1980 £ LIR HIESE B R » B 1998
FEMEFR 36 BAE  HBRERESIE
28 EREBEETIAESHILEKS
RIS BOA S e EEEECEA > R
R ES o & 7 ARETR » ZHREZR
FEEELE—HES » HE 1986 F£ifE
ok > B — IR R TR 5
5% o BERBEMNEEEE ST » SEKXK—
HE  —HFE HESRE » METYE
{37 T R 7 3 R S A SR B IR 2 P o2 BB
E(F 3) o & 8 B 1997 ERETH— - ZH#
ESAEREER » BHRY > BIFEESR
SRR B EME » BEE - B - &
LG EEEEEHEEREEEESZ
BT > TR 2RI EN 1 AE
SACFEHTFLRE o

B2~ BREEZRERRIER

P e R (climate) 2 5% — By E AT
RNZRKEARTE » 1T KE (weather) T HHf E
RHEZARKE  MEZEREREZM
BRAE - LH > KEMEYRERSE
HEERRR - M THRREEKRE > A
EHRETEA R HRMREImMR
M7k ~ HHE =~ HE ~ BE - HERE -

AFE—REGER B ERER R R
KSR - 2ol i o R A 1 AE B B 5 B SR MR
RBRZRFBAT » ERFRRHRETLZ
AEERERHZEARL > FHEAEL
BAHBSE -

— ~ [97k(rainfall)

HYLEEEE KD » BERFE
o AEHBRABTHCAREEANANE
o KB 4R TFEHERAEHERE K
(flooding)Z IRRET ; BEFGHIEE/KTE5E 24
Kz > HHEKEY » ZEWNARHE—Z
/K13 35 (De Datta, 1981) ; BR7KFE iR Ha
Z X E 4 F H & dt Kk Hi (flooding
period) » L HI ] 2 W & & & & &
1.1m(Catling et al., 1988) c PR IEZ
KR ERFEE ML B E » HRRKS
HRAEEEMS > WABRFEZKMGEK
{8 » [KlZ De Datta(1981)f5H] : Fa 2%
EEKKEEZKRKEMFEITEEX
(rainfed)Ed 7 E (irrigated) $R 5% R K3H o
MERREXTE—TET K FRAKE
(rainfall lowland rice) ~ €7k §4 (deepwater
rice)~¥F2F5(floating rice) J [# 5 (upland rice)
ZNETEIRERR -  ERAMNERER
&5 AN EBE - E— i R
G ZKREFERRFEBERKEIFFAK > W
FEF KRR ER B BT 7k S0 i RE TR B
FAZE(CE R AHEBRK) o B RREEH]
7K BN —ZKRZKIR » FEHERT » FaZ
REERENERLSEE RRAIBSMm
HFHF#E(De Datta, 1981) 0

FiERsEETEEEK - BREE
ZEBTIEEE o IRYMERIN > TR
BEERN - AEE RPN TTENG
HEEHEZEK » BT Ry 7K B /KH] 5 i
TEMESN > BEEREEAENZE > L2
REBRHHABFTERER > AHERER
NESMERFERECBERERR o —
BARABERIREEEFNERFE
1000mm A | » MEMEACER » B
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Table 7a.Rough rice production in Taiwan, 1938-1998

Year - Harvested area (ha) Rice yield (ton ha'!) Rice production (ton)

total 1*crop 2" crop Mean 1*crop 2™ crop total 1*crop 2™ crop
1938 625398 282462 342936 2263 2471 2054 1402414 697934 704480
1939 626126 267203 358923 2097 2155 2038 1307391 575877 731514
_1940_ 638622 277811 360811 1814 _ 2171 _ 1456 1128784 603378 525406
1941 656927 292640 364287 1870 2042 1697 1281016 679652 601364
1942 616529 267800 348729 1917 2048 1786 1171182 548404 622778
1943 610051 271838 338213 1862 2010 1713 1125804 546350 579454
1944 580688 269330 311358 1804 2062 1547 1068121 555347 512774
1945 502018 231897 270121 1287 1475 1099 638832 342014 296818
1946 564016 204545 359471 1647 1872 1422 994021 382917 611104
1947 677557 287395 390162 1496 1640 1352 945012 417419 527593
1948 717744 311598 406146 1504 1649 1365 _ 1068421 513880 554541
1949 747675 320152 427523 1647 1804 1490 1214523 577487 637036
(1950770262 336957 433305 1864 2012 1716 1421486 678004 743482
1951 789075 346518 442557 1902 2067 1736 1484792 716326 768466
1952 785729 348718 437011 2016 2172 1860 1570115 757289 812826
1953 778384 344264 434120 2113 2150 2076 1641557 740124 901433
1954 776660 535636 423024 2212 2365 2060 1695107 386452 858655
1955 750739 306185 444554 2176 2323 2033 1641953 711305 903648
1956 783629 339395 444234 2330 2672 1988 1789829 906724 833105
1957 783267 346454 436813 2383 2689 2077 1839009 931699 907310
1958 778189 344032 434157 2463 2715 2211 1894127 934027 960100
1959 776050 341432 344618 2426 2725 2131 1856316 930233 926083
(1960773983 339047 434936 2531 __ 2719 2924 1912018 901393 1010625
1961 774936 331473 443463 2614 2896 2332 2016276 981966 1034310
1962 794228 343215 451013 2710 3081 2340 2112874 1057416 1055458
1963 749220 315019 434201 2871 3226 2516 2109037 1016395 1092642
1964 764935 332178 432757 2981 3317 2645 2246639 1101967 1144672
1965 761918 318683 443235 3086 3418 2755 2348041 1127041 1221000
1966 788635 339745 448890 3045 3248 2843 2379661 1103426 1276235
1967 787097 337376 449721 3110 3416 2804 2413790 1152556 1261234
1968 790186 340069 449817 3235 3583 2886 2518103 1220141 1297949
1969 786592 341877 444715 2530 2625 2434 2321633 1239141 1082492
1970 776139 341225 434914 3218 3715 2720 2462643 1279891 1182752
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Table 7b.Rough rice production in Taiwan, 1938-1998

Year Harvested area (ha) Rice yield (ton ha™) Rice production (ton)

total 1%crop 2™ crop Mean 1%tcrop 2" crop total 1*crop 2" crop
1971 756451 336621 419830 3143 3773 2513 2131802 1258675 1055127
1972 741570 329610 411960 3330 3680 2980 2440329 1212801. 1227528
1973 661164 321331 339833 3146 3460 2832 2254730 1122289 1132441
1974 777849 345275 432574 3212 3738 2686 2452417 1290707 1161710
1975 790248 358087 432161 3232 3694 277 2494183 1332602 1171581
1976 787516 361605 425911 3484 3895 3072 2712984 1407624 1305360
‘1977 779487 358723 420764 3440 3863 3017 2608870 1382400 1226470
1978 752791 352133 400658 3285. 3851 2720 2444490 1356125 1088365
1979 722171 338889 383282 3421 3768 3073 2449817 1276539 1173278

1980 6s8aes 327520 330925 3680 4133 3227 2333090 1352878 1000172
1981 668825 319099 349726 3575 3900 3250 2375096 1241951 1131145
1982 660292 316516 343776 3775 4001 3548 2442602 1226258 1216344
1983 645855 324449 321406 3845 4167 3531 2485197 1350396 1134801
1984 595920 285903 310017 3738 4073 3402 2843311 1163712 1709599
1985 564392 277533 286859 3861 4201 3521 2170536 1162778 1007758
1986 537723 268872 268851 3706 4351 3061 1973823 1169536 804287
1987 502081 255356 246725 3782 4202 3362 1900475 1072813 827662
1988 474460 240828 230632 3904 4467 3341 1844785 1075134 769651
1989 476552 243215 233337 3902 4566 3247 1864590 1110037 754553
1990 455418 242423 | 212995 3947 4389 3506 _ 1797596 1063499 734097

1991 428938 227517 201421 4191 5016 3367 1818732 1140749 677983
1992 397252 209476 187776 4064 4698 3430 1627854 984158 643696
1993 - 391460 212088 179372 4628 4947 4310 1819775 1047762 772013
1994 366340 196331 170009 4546 5129 3963 1678776 1006962 = 671814
1995 363499 197591 165908 4605 5002 4209 1686536 988167 698368
1996 350957 182897 168060 4584 4973 4196 1613991 909188 704803
1997 369798 202039 167768 4541 5020 4062 1695404 1014078 681326
1998 367083 202829 164254 4290 4707 3873 1537000 915000 622000

source: Department of Agriculture and Forestry, Taiwan Provincial Government
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TR R th e B E I B
EEREEEQE > 1966) o E(1965)8(E :
ERREATE - HRTE  MBEEE2
REHEANEBMLETESTHS > NEBE
B BEERZEIR o RELTEAFR MR E
W BEEAESINIERZERECE
BEE -

EERKERERAT  BENNES
RS | BEEEEH - BERBEEER
BE)EREREMINE  EELE BN
BEMEEERTWMEZASR (evaporation) ~
FRER (transpiration) ~ {8 3% (percolation) &
Vik(unoff)z 8 ; A A RBERNLE
Hz RS Y. EHBEEE > R
MEHRIER 2B BE » EXFIHERZ
HEEREBEMARNIE - MEARB
B2 RS TE 4 B AR 2 R W E 52 1% (tolerance
of submergence) £ {ff K BE J7 (ability of
elongation)i@ F 2 » BB E ZFE/KE
TERTEER - 1S HER/KBE BRI

EETaRE W EE SR B EEHKRE
RARARE o FHINBLEREIEZE T HE 2 BEFS
BREANSBFE G (heavy rainfal)Z & »
MENER HMEMRE AN Madhya Pradesh
HINEBD - fiEHERSEE 5 HE 11
AR WEAMERA 500 mm » EEFA]
¥ 2000 mm o PHIEZ BEFEIE Y BRAG LB
A MR 3AE7 A - MEmENE
BN E £+ K EIER (unimodal) » EER
FEZRAE 7-8 A+ BrimKk g
(biomodal) o

B ZEREER > —EBEW
?ﬁ@ﬁﬁﬁﬂﬁlﬁZﬁZ(drﬂiﬁﬁ(wet)%ﬁﬁ
F > GEREFRESCINEREREM
THEBRML  HEEREHRZHE » 8
IEBBAEFLRAENE > FIE45&1N
B M o A1 [B) R 2 AR A 7 B AR R R R
EZHBEEHmEEZBIELERE - Hit
REZHHBHIRAHABHIREERNS »
MARRFEZKMKIE » BRAEELE
MR AEEARFRE T ZMK » mEEE

FTWEERZEZHA  FHZ  EHNENE
Z T0-90%ERFEEC A ERR - AR
BB ~ L2 RN ~ EEHE R
& 87 K #& i (water conserving cultural
practices) ¥J % B W /K Z F]-H &% =
(Mikkelsen and De Datta, 1991) » |22
BEER > RERHERE - MEHB4EE
ECSBAFEYZRBEER FEFANE
HOoMEBEFEYCHGR  BZ
Huke(1976)$% FY /K B9 E EL 43 1A i BH P 2 76
g U ER R &R (B —) » LES
ERfFAERET EEEL - REFEHREA
HEREESR  WEFBAT
1. F§Z 4 & (home area of rice) | &
TEnEERERIHE » HERE—
HIEZ B0 T R R o
LHBFEER  FHFETWEBREZR
> ERNFEHRIA-WNERSHEEEK o
Wtk > HEEH BRI EH - AREET
£ o .
3.IEREER . ABRB—EMERIHZ
FRAEER > RETSZHEBRNE » g
BERECHBKE -
4. A ER  AERMCEEFAEEE
P o

— ~ H8JE (solar radiation)

H Yt 5 7E ¥ 5% & {E B (photosynthesis)
ZEEREXRIE o fEYEBKHYCMERH
HE®RE -HR -ZE -MREVYABE
MEMEEER  HEEBRERHREM
HUBRFHMBLEH BHREEL
B o fFZ v B R EERIHEY I 2 (E IR 1Rk
BER IR EEEYA R - ZHGERHEEKK
RIAHEREZ AR » ERRERE o
WEHIHHERF - MBAEERBHRE
WHRHNEFEEEE - EREUEAEE
HERPZEERTHECIHEE » kE
AvriE H R BESRE B s H S
& 2 B[ 1 AH %} %5 87 (Mikkeisen and De
Datta, 1991) o
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Fig. 1. Climate and rice. 1. Home areas of rice where the crop may be raised year after year

with no climate modification by man. 2. Important rice-producing areas where at

least one parameter of climate is frequently less than the ideal for successful crops.

3.Areas where rice production is widely scattered and where climate must be
modified to produce a crop. 4.Areas with no important production of rice.(Adapted

from De Datta, 1981).

## De Datta(1981) 2§55 . FFEZ=RE,
H# & (monsoonal tropics){E¥IRLEVHAE » H
D HSEBER 1463 joule cm™? day™
(FEHHEEMNEWHRER » RETSE
{Z L 1 calories = 4.18 joule A EF18) » E
MR HEIE A - BEEMAET o B
Tror N A B A < H 5 £ FR
HMERZEEEL > 5 1672 joule cm?day? »
HRBEFEMNEBEERFEEETHH
BB E AN SR E - FTLUERT
B EZBEFTERBEA/NFZ HEERER
WHREEEERR o HiTEERER - EEK

PR R B fE R E R H 5 E— s Em
BEKETFZEHRECFHHHESN
4180 joule cm*day! o HE | » B
BEEH HETEXIE 2506 joule cm™?day
LEBREE T HHNERFKEDE 2926
joule cm?day! » [B —FBE TERMEH
HEB(L AR
Yoshida(198 )fg Hifatk & EAE BT
HHERRKAE » EBE R (vegetative
growth stage)ECEH EER K EREE
ECEEEM £ £ R (reproductive
stage)[HESE RIS —HEEEBEBARZE
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Fig. 2. Average daily solar radiation values by month in some rice-growing areas in temperate
countries and in Los Banos Phillipines, in the tropics.(Adapted from De Datta, 1981).

B BOAR B (ripening stage) ] 3 Y H
I B SRR T 2B 350 o R > 4R
RICHNEHNRREECHERE K
REBBREFH  MUABRERCRE
m/h o MTE(1966)F8 5% @ H 4T &8 H EEE
Bl H RAFEER )R B4 EfE
ERZRREE » B TR RS2
wl o BBEBUE - HE - TR - HERIE
KMAEBRGR ZMA » Kt H 5 & $ sk
LERRGEZERE o Stansel(1975)7R

HHHHBRHEEKERKAREEGSEY]
ZBAR o ik (young seedling)¥f HEI &~
FTREHET » WAETEE BN E
BREREMN B EHEBEEBALEE
FafEd » HRECEEHEBE » MaeH
PEREEE R SR - B LR R
HiRT 10 REXABHE B AT
(Stansel, 1975) o BIREREFE KRBTSR FT &2 45
REUR | BREEHIIER] 30 £ 45 RZHE
HS &g EAHR - #EAHEKRZH
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HECHARREERZ HREBEEER
?’i  BEBERHCHHNEMEZEHENE
» EEREEE > Yoshida(1973)E9HE LT
juaaﬁﬂlﬂi FATERTHR EZ EEM o KLU
TERATE 2 AT B 1R B TEE 4 5 I FA Mk Bt £
= CO BEEHH R R » R BHFITERT 33
KEEHEBBIGE 33% > MHTER 30 K
FREE > FARESE 10% > ErEHHS
258 E Y8 R M (accumulation of dry
matter)Z EHEM o Bt » FEET 4 HAH
MR - BRREEZREER > MEZH
HENFREGZEZE > De Datta(1981)f8H : i
PRERRAEEE MM A5 08
REZERE > WNEECRREERTR
REERS , AR BTHEEZEE - 55“'
WEERBRCEEH BN HENE o
Mikkelsen and De Datta (1991)HIE% ﬁ?ﬁ‘"’*
HMEREESATHMPERIRE » 2555)
ZEEHHEBRETHESE  KES
BRI EE SN RERZ— -

= -~ HE(day length)

BZER— ﬂx?&ﬁ}lﬂz 3 EEERH -
LEBERI | BFELH I b(panicle
initiation) ; 2.4 EH | $hFES{LER
& 3BCRIR A | TR RN 2%
B CARTd o ERF > —REBEEM
#1035 K MBR LB 30-35 K2
M e | HAMIE » Bh RBEAK 45
R o MR T4 R HI R R AL B AR+
TREERAEARAFRS RPN ERR
BRZEE) MBRE R S/LHIHE
EX IRREREEBTHZREENA
TE[RIZE o Vergara and Chang (1985) % &
ARME—SESR EXABREREM
(basic vegetative phase, BVP)Ed Y HA i %
#H (photoperiod-sensitive phase, PSP) o %t
RERERMIEBRKZIGEL » T2
Mg BEEBEMRTREAERER
M HEASCHIRUZEAER » RRIBBTEZ X
JEA BEBH -FMEAEELERHENR 10-60

RIZERE 25

Kz BEEEA ; CHBERET %
& &FB 10 K (Vergara and Chang,
1985)

(1-1001ux) B[] 7] R & FF < FE (Vergara and
Chang, 1985) > K » BERBKERZH
F (B EH, photoperiod)fg K 2 (daylight)
B i (civil twiligh)ERIHARIZ BE B
EIEH R H 2 [ERLEE ; faisa &
REBFERKGF LR ERKER 6° &
PR > BERFEOEMEIR » ENEHTARAER
X 1 (Mikkelsen and De Datta, 1991) o %f
B S EES » & E 5t (optimum
photoperiod) £ 10 /NEF ; 1 B 5L 5L #7
(critical photoperiod)f% 12-14 /NEF(Vergara
and Chang, 1985) o Ttk X EA FHHifE 2
HREGEERMB)ESEEMELNH
ZRHY Sapporo Z #EEL A > W[3E 5 /NE
WTIREEFIEEPEEE 2 Bogor B HE 28
BRI IR 3 /N o BT EERE
FERETE W H &2 R/ HEE K 7S Uberaba
M HEBERREZKFIEER Ibadan
& £5 A (De Datta, 1981; Mikkelsen and
De Datta, 1991) c B =& FHEZEH
REBAEEE -

Fa—iE R E S E HEY - BEHFE
RHUE > R HEMH ks IEE B TE (Vergera
and Chang, 1976)) » ‘E HRRE{EEEFEL
(critical point) » BOETRMAEEIFATE - 38
iR 4 B ARz B BB 2 BT
& ¥ Ot H B & B (photoperiod
sensitivity) £ c WERHEMH#Z K
JER FEERBEARERLE REN (basic
vegetative growth pattern)Z ok o IFHIFEF
miEEZ BRBBEEZERK - H&5E
BOCEASRE M, BESHEG L
ROLMERRSE > MATHEZBHELEXE
2 EOEHASIR o R0 E R B
LELFHMEH RS R R EE
/N ERBEATEEETEEARBRET
TR ESE—E M » JRIMR ERRRE »
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R R HREBRE R REH
R KERBITEERE - RIE M & » #ER
RERLER O BREEEREA - |

ViR HMSnTERTE (Chang, and Vergera,
1972; Vergara and Chang, 1985; Mikkelsen
and De Datta, 1991) ¢
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Fig. 3. Day length (including civil twilight)

patterns during the main crop season in various

rice-growing countries. Heavy lines indicate the main cropping season for lowland
rice.(Adapted from De Datta, 1981).

~ ;B [E (temperature)

EEBRRENEERARE - B
(1965)i8 : L—ENED A FHRBRE
10°C DEZ A% 5 @A > EMZTY
KK 17-18°C, BEFBZEFRE |
TfL—ERED B FEREE 10°C LLE
ZAHE 7-8 @A > LA FHRRNS
20> BAETHERE 15°C Ll EZ#7 »
ARBRETREMEROTEES ° &
(1966) B35 R FAL B2 MB RS EEE

MME » FPEHIL 60 HZREREAT
#4iE 2000°C L2 » T 160 HZHEFEHIFE
4000°C o Ty EH A 7K TG 2 M RRAE S 7k B A
Bk BREZRES » KFENAEE EEE
2k B Z B o 2 Yoshida(1981)Z #73t
T % 7F B #8 (panicle primordia) H{ ¥ &
i - FARREE -~ SEE RN AEREN BTN
REEHEAFZT » KiBEEEZE LM
R ERAZE CETERR > LHEGER -
NFRZ £ BV RERA S KB EHK
P8 o K] 3 ot L T AR B WV EA (SRR v 1
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THELE(LI, 1975) o fith 2 EESR I #R B R f
R BRZERIZRIBEAKEZILEF
8 BEEMEREREEAR B
PREKBERR) - ERENESHEH
KRPHEZE (KHE S > reduction
division stage) » /K Z ZERK > MRIE
MEREREERABRNRENTIER
F ootk > RIBHAKBANERREEHER
RECEZEBEBTHCTAME - E45F
IH > AKBACFE SRR - SN RE
BREFRPEER | FLEEERY > /B
HEFE T R B RS B R 22 & & B (Yoshida,
1981) o KRB EHERRT ZHRIER]
R Z m AR E K BRI E » F— iRk
T KBRS Ik g Rk
BRI E R ZHAR » BLRD » BERET
BEEREFEEZT » £ ZEE ik
B 15-20cm » EREBHREREKERRE
51 % & T 5 % 89 H B 5 % (Yoshida,
1981) o
BRRERBSZBREY  REE
BB B TR R TR E 20-38°C 2
Ml o fR i I8 B (extreme temperature )R
R E R > Yoshida(198)EGRfs i 75

EEAERBECHFAEESEES B
1% 20°C K& 30°C > iRAEBHZ R
TR I SR R R R~ R SR B AR
HE L REFREBRENE - BREKHE
MM EE R B MR TE s - BB
20°C BEHEEEEWELREE E
fi R ] 22 AR K o AN S LAY BB Ak 20
e 15°C RIEEE 5 K> SI%EERR ;-
M {E 3 B9 Hayayuki 78 45 [F] & B 22 6 ¢4
T FBIEDREES 5% Wit MK
IEERESH A &% 2 K 12°C KR
BRE » WAEEERER &% 6 KW
12°C (R RE » FIEFE 100% 52 o (KR
FEARRERNMERE - B ESHETY
B BERBZBE o £ HREER
THRIARIIR 14°C [ZH 9 K> HIRJIRES 14°C
F > BIEFIEE 41% ; Hi 26°C BF > £8
TEARER 2% RHEFTZBEMERS
ZEHHEEOESE  RMRREAHE
BZEingk > At > SEHMEEHE
PR 13-13.5°C TR ; /kEBE A
TEHTHEE 15-155°C BHETERB
H -BERBRECEETSUNERE -5
H IR E A 9 (Yoshida, 1981) o

Table 9. Response of the rice plant to vary temperature at different growth stages.

Growth stage

Critical Temperature (°C)

Low High Optimum

.Germination 10 45 20-35
Seedling emergence and establishment 12-13 35 25-30
Rooting 16 35 25-28
Leaf elongation 7-12 45 31

Tillering 9-16 33 25-31
Initiation of panicle primordia 15 - -

Panicle differentiation 15-20 38 -

Anthesis’ 22 35 30-33
Ripening 12-18 30 20-25

1: Adapted from Yoshida (1981).
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Yoshida (1981) EHigfEH : HMX44FT
HerAZEBELeE AR E—#&EH
SR EEE RS 20°C 1Rs > FERRBNTI RESZSEE ©
AR RERZE R AFER T R ERATHE
e 2 INEE 5 2 o De Datta (1981)
Yoshida (198)EEHFHL | CEBWE
AFER ~ & nhL ~ S fwEhas ~ ENE B 5 aE ~
EVEE ~ JBiAR ~ B8 ~ ITEH R~ PEK
EEEFENE 20 ERRXEWENE - BE
R RV R BT IUETE - Z0ENEE Kashmir &
Bz BEREHARZICEEREL - BEAR
EEREZS, £ LEEFEHE > wER
EELEMERELEENRFET  -mES
BEZEFHEAENREFBIREHE
HARFH > FHFREIARBETEER
5°C s A ERBAIZHE ; £XH
7 18°C MEEZAKB THNEHERBER
HTERT 10-14 KER 15°C By EFREE M
INFETEER AT 1912 F£LIR—HUFE
E ¥ 2 B (Rutger and peterson, 1979; De
Datta, 1981; Yoshida, 1981) ¢ i E HZ
BEEHR 35°C K> AktigzE o #X
ERNGMEEETHNE - BIEHER

BRzENHERSEELE R RRES
JEM(De Datta, 1981; Yoshida, 1981) o [y
BHREERHEERESRBECERU
F10e

B EHEERRG R RIERABIERE
BEZCHBEARDPHEER > B
Yoshida(1981) 8 3 5 H1 [t 1 38 B B 2 £y ik
FEZ R RRME R REGREL - B EmEEA B
HZERKE - EBRFBZAREANK
BEREFBCARHEBESE=8 -8 ME
EENBHEANRKESE » HRIZHE
HBREERCERAEREZEFERER
F o BREMRBEFAERR RS » &
TS EMEEC RERAE > KinEi
BREER , EEEFRIAREAILRRE
FHERE BT 2 16°C (KRR EH -
ERBB A RERERIERER G INmE
e EEREEHBGEEREFRER
19T AIE I IMER BB RBIRIE
BRARE ; ERMERFEBC AT
RAERHR > ERESHASEEHEER
BHARBEEZAFHIE » ABEZK
FH T A ©

Table 10. Symptoms of low- and high-temperature stress of the rice plant.

Symptom

Growth stage

Low-temperature

High-temperature

Vegetative Failure to germinate White leaf tip
Delayed seedling emergence Chlorotic bands and blotches
Stunting White bands and specks
Leaf discoloration Reducing tillering
Reducing height
Reproductive Panicle tip degeneration White spikelets,
White panicles
Reduced spikelet number
Anthesis Incomplete panicle exertion Sterility
Delayed flowering
Spikelet sterility
Ripening Irregular fnaturity Reduced grain-filling

1: Adapted from Yoshida (1981).
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T~ HBYHEE (relative humidity)

MEHRERART S ARREE o
AT HENREHBRZEEE R
2 RIBEIRETTE (De Datta, 1981) 0 —fif
B REHEBREERERRN » HE
RENREEEKZERER > MEELY
(long dew period)fE 13 3 fNFE bk FE B FE L
Whlash 2B g > FEEBEBERT > =AY
REJHEATHENRENINS—HER
F--EHRERE ° ’

X ~ [ (wind)

© BT ZERZULE o De Datta (1981)F5
H D RZOLEER R BRGNS
{BJEE#E® 0.75-2.25cm sec! HIfE IR
A ER A o Rt kA FHIM »
B £R £ 18 0 78 PR 7€ (canopy) & it £ Uit
B WHEAAE SRS ENEY

BREERZRS - ZHHE » METEHE

FEREE | B EEHMER > FEEK
B B Z R (lodging) BL 4R B ~ TS TE AR 7k
(desiccation of panicle)~ FEIEA TR & ;
BEFTEHEMNEBRMEERELRE
(bacterial leaf diseases) Z{H#& o i BHF
= AN HE [ B B\ FBR B A > B 1E
AHRERERAK > HEGRCBGEEKRK - H
"E AN R B A JE MR B AR I P e

ZBE R E R B (De Datta, 1981;

Mikkelsen and De Datta, 1991) o EE[H
F -EEKAEFEREESLLE  AESE
AERERDRLENE - RERRAESEH
W o RN o

m-# &

FEEEREREE NS  BNZH
MR A AR EE » MHLZHRE
EERHEEZI KRR H o TEERRER
BEEERN  EHEEMRADORER
REGRERLSIEEZRS] » EHHENg

(Mikkelsen and De Datta, 1991 Khush,
1997) o Mikkelsen and De Datta (1991)$g
> KEHFACORERENEERESER
g2 - A mECE R EAE
BRI R - ERAHFLEERAHE »
H 5| & &% ¥ a7 (Green revolution) IR 8 F
B MIFEE SRS I YR LK - B
RIS AT X IEREBRKIFE 21 fHACZFERY.
kBl (Khush, 1996) » MEEMEARE - &
HEEERS » 21 BT REESHE
E o MFRZEE ) MELFTRUENE
AR ZREEMNEIRRZAESE
77 o Mikkelsen and De Datta (1991)&3#1E
] 2% v B 9% 3 JE R R A B Y R (B B AN SR
= LERER - TR~ BB - maEE
AR ~ B REREEEME R
BHEABEBCSENSE  2HRES
e ER R R ~ KB REEH - BWERE
FRHERIE o KR ARFE » HEMEHN
BEESTER -BE-BRE - Ra
A AR B 18 EREBRES
BERXBMERZBIEE  ERCHE
B R ImR SR ER CWEHEER - &
THER - RERFEONEBERIEEN
F o

EE MR AT » P RE » R
IRt Er L » fNKEN » mBZR > B
MZER - i » RADKBREZE R
BHENBEREY o LIE » EEL2MEL -
BEFEEAMNEERHAESGMCEREN
T mEEEERL  RESXMEHSA
o JREE o Rk > TBIEHEBEAER
BRI > FTEREER B AREE
FEL  MEHLCEERRZEREE -~ H
HEERBEENRERXTEAEZIN
o EHAETEEREEALE » HEE
—EZKE > KW EE A BWA » AFH
B BS54 BHERANIEERE; &
BAEFRREREOHE | RERRE
FHEEABREZ R ~ 15 - BHE:K
WHEBHEESSE  EOTREHAGHLHE
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T8 SRR RS (R 3R S R B R W 1 [ R Y
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REIUTRBEZEL  MEREYERE
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Chapter 2 Climate Environment and Rice Production

Yih-Chuan Kuo

Department of Agronomy, Taiwan Agricultural Research Institute,
Taichung Hsien, Taiwan 41301, ROC

ABSTRACT

Rice is one of the most important food crops in the world and is grown in
more than 100 countries on every continent of the world except Antarctica.
However, rice is primarily grown and consumed in Asia. Only about 4-5% of
the world's rice production is traded internationally. Thailand is the world's
leading rice exporter and The United States is the second largest exporter. The
world's average rough rice yield was 3.56 ton ha'! in 1990. It was found that
'temperate areas have historically produced the highest average rice yield per
hectare. In Taiwan, annual average rice yield was 4.3 ton ha™! in 1998 and the
first rice crop has higher average rice yield than the second rice crop. Although
rice is originated in tropics, remarkable ecogenetic diversification and
adaptability to adverse environment exists because of its long history of
cultivation selection under diverse hydro-edaphic-seasonal regime. Therefore,
rice can be grown in adverse climate environmental conditions. The climatic
factors such as rainfall, solar radiation, day length, temperature, relative
humidity, and wind were discussed in the Chapter on the standpoint of rice
production. A detailed physiological discussion will be given in other chapters
of the volume. '

Key words: Rice, Food crop, Hydro-edaphic-seasonal regime, Ecogenetic
diversification, Climate.
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E=F
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w» m»» %“*

#id

BEFRRCRRE#EEN

B2 w#e?
BERERBRAEL A
BRERERBRAENHERE

3

BB WRBEPREN—FELEEY - BRTRERS R TR 4F
BB EE - EHEE L > BMERBE(Oryza) » ¥ 13 [BERTTEBHRN
i ELA¥(Gondwana) 3 » 3 5 32 R FL A% e 24 3 50T B 45 AW o 22405 I »
BEE 2 EREER 203 2)EF4E - ENERERIREER TR
HRKER - FFMERIEERIFE/ NIRRT - RREEEE—F
HFESL - MARET AA LERH SUEEPEREHBHERAS
REBEEETEREBL  BMEABESESSHWRAS - LEEER
EVPER T 20K ~ ESERENBUE - BRI RS HESRE
EEBEESR  BEEEE > BEILE 3 EmE 10 AR ZRES o
WP EREE - HEERERCBEREHEL - :

BAEE : A~
MR LTS o

=

~ B

hl]H
i

BEHR EBEENEEYC— 2
HABPLMAOZEER » HEESHESE 90%
FEABEFHEEETN » HRAZH
KERBIRIFEEN > RZEkedisiEs
B BEAIMARBKEER s%ueid
KA Bl BE 4 K 7 35 (Efferson, 1985) o 41
It > A BRE » BEEMAEESEBY
/NEE R B - TR EERIERG % LB
MEMAEE - HEREREHE > HEE
HuHlEE - LEBEBEH > ke RET
HEEREEZRMEEYRERESZ 2% H
EniEEASREEREYIERN ZE AN
(Webb,1992) ; M &RE » #7R EHANE
KB > 1989 2k EE &5E

PIREN—FLFEY - 88 - FEM - SEMNERER - 3k

1,768,949,000 £5C(IRRL,1991) ; ZEEHREH -
R EERKIERERERCILEA
¥& > HRWIED - FRTHBRERR/D > (BEEE
KEIREE AHADEREEE AR o

HEAR A AT SR BV RE TR IR AN B 4
& BE—-RERBERKREN—FELEEY
(sumiaquatic annual plant) o THFEHAREE
#J 5000 FZBRAREESL - BYESEN
7K - £ - Z #j B # (hydro-edaphic-seasonal
regimes) R ABEEEESZEEANET
HZEAREETRE) B EAEEE
FRECEE  MeSHEEBEHEER

(ecogenetic diversification)iz X E & >

X B

FEVEARE - fEdbig S3° (R 400 fEsk
PHEHEEN 3000 AR ; FEHRKE] B

AR o H AT fER BT T R & K (R
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HiMERSY) > FEEEFEE® 100 #EHLL
[ (Lu and Chang, 1980) c Ef§ KR #E
GRE - BB ESHRACERE  EHEX
DRWEHERN B FEERE—EmMES
HRIESZFHZRZERER o

ZEHYBER AN IEETIER
RGNS  MEMEEZISHE
O PREFEFEETE 25800 ~ 978 88 R i
EHERMCEERLEZHERIEFESSE
BRI REBEHAERE > EWEE=4
RRCBIEHHEYERESZEREE
FBUIZBR » A2 FE B EERGRTE
MR CECEERTAEEERSBE - &
FEEH SRR EIERE R BRIERE
THEFERGER)E » BB IELERE
BEEUGE - RSB ERN R
TGN HBEEER ©

B~ EREREEER

EHEYSEZ L BEBREFEYMN
(Phylum Spermatophyta) » #% F T2 ¥ i
(Class Angiospermae) » B F T ©Th #j
(Subclass  Monocotyledoneae) » %8B 1t H
(Order Glumifiorae) » K 7K F} (Family
Gramineae or Poaceae) > T B (Genus
Oryza) o IaBIEWE S » BIZ 53 FAEIEM ~
FERIINPTS ~ I ~ BRFEAE ~ AR ~ A
FIERZ REEM ~ hETRINEHE - IS
% {1 (Chatterjee,1948;
Chang,1976¢; Oka,1988) 4k Mayr(1942) :
f (biological species)E B8 A @ #& R 7]
Rt R H B H B o B AR —
HRCESR ; RPRBHEEBMERZ b ~
MEFERR R 2 B R EIERE - S
7 B Bt 88 #H 53 #7 (karyotype analysis and
genome analysis) At 2 B (2 Jb 0 08 45 18 2=
B BRERRAER R TR - Sk
-~ ARRBER KRR RERBEEZ
FREHET RN EEY R KRB RBEW
SrEERS 22 FE(EREE 23 f#,Chatterjee, 1964) »

Tateoka,1964;
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MR BEREEELTABRMZENT
EEERR | ZEHEY 28 EE K (rich
variation) J 57 48 82 58 4 1 B 1B - 43 7 B
Y EET S | F (the arbitrary use of various
morphological-distributional treatment by
taxonomist) % [ #F (Oka,1988) » {H M 3 4l
il > EREthEE LB EREnE R A E
R ©

HRIAVHEE - BB XS ERERE
BT 20 fE(EEE 21 A o EFE
RED (B REREETE)S T (2n=24) »
B 55 VU TT #8 (20=48) o i %4 J& 119 7R 18
B 53 BB Oryza sativa Linn. (EENFER
2%, Asian cultigen)f Oryza glaberrima
Steud. (FEMFERLKEEFS, African cultigen) o
Hep > mERER(XBLERER,
common cultigen) Bt RAERKEEZTE
FOTE o JEMERISHREERIEES TR
B > A ERESEINERAR S -
ERERcEAEE  BESAEH4AE
FEHRERGIAREESEEZEE » €K
Halarn and De Wet(1971)Z B EYIZ
FARRK  RBHFEEEREE RS
RE2 BF (isolation barriers) B 58 {# K iE R <~
#t 5} (ease of gene transfer) e fE 2 B 4
BHER=H  BMEYERBRER IR
F:[KJEE (primary gene pool) ~ — ¥ 2 [K| &
(secondary gene pool) & = # # K &
(tertiary gene pool)e #R1f » £ Oryza BN »
FERE—EDRR M E o AE B B %
e FE ] 2 38 {3 BE B (genetic distance) i
—E > FFF - =B RER BRI R
EIESHA » (EMEGRAONM - BIER 22 fH
Oryza %65 T8 #& H B {H 4 28 2 (numerical
taxonomy){E g = {8 H A ANE FEF
HEEBZ o H Morishima and Oka
(1960)ffF 92 16 AFSTE 42 HEBEHEIR
(morphological traits)Z 7 2 » B Oryza
B =8F ¢ (1) Oryza sativa Jp EABRARG
¥ | (2) Oryza officinalis J HAHRIFATE;
B Q)YHMEZAAERE - BailikRs B
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RREEFAZOHR ~ Rk SR EFE o
R 1IBE=ZRBERESBES - 55

MR s

%~

BE%H (zenome) ~ HIFH 43 AT

Bt
— & BRI Z AR o

Table 1a. Chromosome number, genomic composition and potentially useful traits of Oryza
sativa complex (primary gene pool)

Species 2n Gemone Distribution Useful or potentially useful traits®
O. sativa L. 24 AA  Worldwide Cultigen
O. nivara Sharma et 24 AA  Tropical and subtropical Asia  Resistance to grassy stunt virus, blast,
shastry drought avoidance
O. rufipogon Griff. 24 AA  Tropical and subtropical Asia, Elongation ability, resistance to BB, soruce
tropical Australia of CMS
O. breviligulata A Chev. 24  A®A®  Affica Resistance to GLH, BB, drought avoidance
Rochr.
O. glaberrima Steud. 24 ABA®  West Africa Cultigen
O. longistaminata A. 24 AgA®  Africa Resistance to BB, drought avoidance
Chev. Rochr.
O. meridionalis Ng 24 A™A™ Tropical Australia Elongation ability, drought avoidance
O. glumaepatula Steud. 24  A®A®  South and Central America Elongation ability, soruce of CMS

@:BPH = brown planthopper; GLH = green leathopper; WBPH = white-backed planthopper; BB = bacterial
blight; CMS= cytoplasmic male sterility. (Adapted from Khush, 1997)

Table 1b. Chromosome number, genomic composition and potentially useful traits of Oryza
officinalis complex (secondary gene pool)

Species 2n Gemone Distribution Useful or potentially useful traits@

O. punctata Kotschy ex 24 BB  Africa Resistance to BPH, zigzag leathopper

Steud BBCC

O. minuta 1.S. Pesl. Ex 48 BBCC Philippine and Papu New Resistance to sheath blight, BB, BPH,GLH,

C.B. Presl Guinea »

O. officinalis Wall ex Watt 24 ~ CC  Tropical and subtropical Asia  Resistance to thrips, BPH, GLH, WBPH

O. rhizomatis Vaughan 24 CC  Sri Lanka Drought avoidance

O.eichingeri A. Peter 24 CC  South Asia and East Africa Resistance to yellow mottle virus, BPH.
WBPH, GLH

O. latifolia Desv. 48 CCDD South and Central America Resistance to BPH, high biomass
production

O. alta Swallen 48 CCDD South and Central America Resistance to striped stemborer, high
biomass production

O. grandiglumis (Doell) 48 CCDD  South and Central America high biomass production

Prod.

O. australiensis Domin. 24 EE Tropical Australia Drought avoidance, resistance to BPH

O. brachyantha A Chev. 24 FF Africa Resistance to striped stemborer, leaf-folder,

et Rochr.

whorl maggot, tolerance to laterite soil

©:BPH = brown planthopper; GLH = green leathopper; WBPH = white-backed planthopper;
BB = bacterial blight; CMS= cytoplasmic male sterility. (Adapted from Khush, 1997)
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Table 1c. Chromosome number, genomic composition and potentially useful traits of Oryza
species (tertiary gene pool)

Species 2n Gemone Distribution ' Useful or potentially useful traits®

O. meyeriana complex

O. granulataNeeset Am. 24 GG  South and Southeast Asia Shade tolerance, adaptation to aerobic
ex Watt soil

O. meyeriana (Zoll. Et 24 GG Southeast Asia Shade tolerance, adaptation to aerobic
Mor. ex Steud soil

O ridleyi complex
O. longiglumis Jansen 48 HHIJ Iran Jaya, Indonesia and Papua  Resistance to blast, BB
New Guinea
O. ridiryi Hook. F. 48 HHIJ South Asis Resistance to stemborer, whorl maggot,
blast, BB

Unknown genome

Q. schlechteri Pilger 48 unknown Papua New Guinea Stoloniferous

%:BPH = brown planthopper; GLH = green leathopper; WBPH = white-backed planthopper; BB =
bacterial blight; CMS= cytoplasmic male sterility. (Adapted from Khush, 1997)

Table 1d. Introgression of genes from wild oryza species into cultivated rice

Trait transferred to O sativa Donor oryza species
(AA genome) wild species Genome Accession number
Grassy stunt resistance O. nivara AA 101508
Bacterial blight resistance O. longistaminata AA -
: O. officinalis CcC 100896
O. minuta : BBCC 101141
O. latifolia : CCDD 100914
O. australiensis EE 100882
0. brachyantha FF 101232
Blast resistance O. minuta BBCC 101141
Brown planthopper resistance O. officinalis CC 100896
O. minuta BBCC 101141
O. latifolia CCDD 100914
O. australiensis EE 100882
O. granulata GG 100879
Whitebacked planthopper resistance O. officinalis CC 100896
Cytoplasmic male sterility O. sativa f. spontanea AA -
O. perennis AA 104823
O. glumaepatulla AA 100969
Yellow stem borer resistance O. brachyantha FF 101232
0. ridley HHIJ 100821
Sheath blight resistance O. minuta BBCC 101141
Tungo tolerance O. rufipogon AA 105908
O. rufipogon AA 105909
O. rufipogon AA 105220
Increased elongation ability O. rufipogon AA CB751
Tolerance to acid sulfate soils O. rufipogon AA 106412
O. rufipogon AA 106423

Adapted from Brar and Khush, 1997.
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TEM =RREREE S > FRIEFE O. sativa ~
0. glaberrirha KEFEERS O. nivara ~ O. rufipogon ~
O. breviligulata ~ O. longgistaminuta ~ O.
meridionalis ~ O. glumaepatula % 8 {EFSFE(FE
la) Bt Wk BRI R » EL AA Yt fsse »
P [ R B (R R e i s A B
TREIEISERL © % 1b FIEER _HERE O.
officinalis complex HYFSHER » O. officinalis
complex HIFSTEF B BEFS O. sativa FERTHE »
F R i 7% 5 15 18 FH IR RUI8 £ 17 (embryo
rescue technique) DGERK » (HAIS AA Yifhfa
#HEZ BB ~ CC~ CCDD ~ EE J FF Yfnidsg
Z B R EEME(imited homology) » ZE{H#EfT
N MEERINADBERG ISR EREEE 0.
sativa © Z{R A ERE O. meyeriana ~ O.
ridleyi J¢ O.schlechteri complex & (& 1c) »
ZARERERETESEREIE O. sativa XK
FEERER » BERC ERBHEEL » 58—
$ER B INRYES o 2% 1d 22 Brar and Khush(1997)
BEMBEEERIISIARSEEETFEER
RZIBTE ©

2 - BERRLHESE

B Oryza22 {H(Z 23 EEFEHMY
REGE M GEM ~ Bhmd ~ B~
FIEE ~ AR ~ FIWAFIEEZ KW ~ iEg
M Ak ) BEREYRRERES
HKELEFHMAYME B+ Kk - 5
B O. sativa THEBRFAZHZE(EEER
H#— SRR RS R EREER
BELBERBEEELIRHAAME—Z
MBERZE | XASHROE T ERERERE
B S 0 PE R MIRE LR
B LS sinica Efp NEBRIICE BB
e HIRTERELRE BB LB U
Japonica EFETERS L & H )°Chang(1976b)
REFGHRBZ (REERMES
By~ ELHE - NEE - £ YHEE S H
{LEYE - BERLEFMEAEREE
B > ERMAE Oryza22 fE(ER 23 fE)HENE

£ 13 (BERTRE > FRME#(Gondwana
land) 3 8 M A 2L TR BT 3 B (B —) 5 TR
R ETA R 0 EEAC AR B iR e
HBHETH—EE ST X FEHER S BT
B EREE—EEEZENERERE—
REEREEEREERNTITREE
D)o EILZBER | ZELTFAE(vild
perrennial)---— £ A B 4= fE(wild annual)---
— A4 FR BS fE (cultivated annual)---—4E 4
Bll{ft.#8 (domesticated annual) ©
— ~ INRIERE 2 R

HE B M 2 — T AR e R T B
(10,000-15,000 BP)BA#A H B AF —F A BF 4
e EE G- T EAE RN I e E
Hig » PEEFEFEETR T o JFrEEd
R R REHEZREBEREELK
ISRENE R R R ALES ~ R g e ch R g
HihE —EEBERIRE c BURERE
5 E[ B 4F FE Hh B BY (indica or Indica, Fl
hsien or Hsien)(Chang, 1976b; 1983) » 3§k
R — R EM TR - a0t
EMEEERLZRHEBHNERT » BEEE
BRUELAESC TE  EEEEMEEL
—E4EFAEEILS c MEENHEILEE
B AR ER e KRR LR Sl 2
tEFEEEEFRIEERS R EEER
FIRHE - MABEZBHEEBGKZEBE
IR RSB 2 2 #1T (Chang, 1976a) °

ARG RIS AT
(Brahmaputra River, Hsiangchuan R.) %
Z BB S > WA - B
(sinica or Japonica,fif keng or Keng){¢ Ff4
75 BN B BY 43 {b H 2K (Chang, 1976b;
1983) » MEMEBFER HABIEZEN
R mMB B EHIERANE AR
(japonica)(Kato et al., 1928) » BESRHA A
EAERT 2,300-30,00 A FHE B F R ES
& fEfE (Morinaga, 1968) » i £l F§ H A ZYEH
B HEZ TBIEY 240 2R E0E,
1987) ©



39 a2 JEERC

Middle East :
‘India & SE Asia mainiand
Malogasy

, Australia
Afnca———r—— - BBCC
\ CC 7?
o
\Antorctico

Figure 1. A reconstruction of the Gondwana components, showing the genomes of wild
species found in different areas (adapted from Chang, 1985)

GONDWANALAND
Common
oncestor
SOUTH and SJOUTHEAST ASIA TROHCAL AFRICA

wild ial { rufipogon (AA) WEEDY ANNUALS Iongtsfarmafa(A' Al)
o 1 Lot :
wild i fanea barthii ( A9 £8)
anme { nivara (AA) / spon _ /

- it TN
- ——""L"“—~-~~ qu’ﬁi / ( I" S

~ . /] \
cultivated |/~ ﬂ"”’i (an = {_ goberrima (i) |
onnual ‘\ indica Sinica or Jﬁm/ \\~ "I
\‘ ) N ” L TP ——— -

Figure 2. Evolutionary pathway of two cultigens. Taxa boxes by solid lines are wild
perennials. Taxa boxed by broken lines are annuals. Arrow with solid line indicates
direct descent. Arrow with broken line indicates indirect descent. Double arraw
indicates introgressive hybridization (adapted from Chang, 1985).
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55 > HEEE KRN B EE -
—HE R H KRB AYTE R B AR B 7
ER R  E TETATE AR R 4 b B TR BY
(javanica)(Chang,1976¢c) o Morinaga(1954)
CREBGTELE S/ SRETH bul
ERfET=RY gundil EREAE > M Morinaga i
RETE LRSI R - ok s~ EY
A ©

ERESRRRE— KN —EEES
MIKE  REEBNEEERZETE
[RI(wx) > (] BRF A 3t 388 b H B 28 STBR LA
ZBRAN © i > B ERRELEFRSE »
ERRAEIERK IR - MEELEER
FiBEARERBER R L ERERS
* o

= IENREEC AR

Porteres (1956) #t &% JE M 3 5% f& (0.
glaberrima) 8 F R B HM =AM - O.
glaberrima WFIGEBETLEERHMA L
WFEEAN  MEXRRE D LR E
Par > SENTRANERIGIE o WE @R AL
FIFEFEILAT 1,500 R » KB E L,
HIFSTEITHT 500 SRR o FEMREER
ER—E4FEE 0. barthii ¥ EHYEE
MBI YTE A 88 B o #f > Porteres (1956) 3%
BIE O. glaberrima WAEMHMEEERE » B
vulgaris J¢ humilis; T Oka Kz H |5 (Chu
and Oka, 1972; Oka, 197)EIFE{E barthii-
glaberrima o R BU T 3% 43 1k 5 W 8 48 RE
R R/KEEHMRE o (HERKIE » JE
MRS PR TREMNREES
4 (Changetal., 1977) o

HLBIML o B ot B e oA S R S AR T
0. sativa Z53HLEEFEIEZ O glaberrima
7% B (Chang1976a) o 2 8H JNTE R SR
B JENARRIETAE 30 RSB ERKRSZ
FHE 4 R 5H R (relative growth rate) ~ B{%
HIRIZEEAEETT - ERERRER - B
TEFEBL © T O. sativa ZAEREBH R O
glaberrima F5YTH » BIEERENE HEKE

ZIEMBBEAEZBIEGE 2)o e
ELELTFERE(O. glumeapatula) B 8]
HIZ A B FE(O. meridionalis)Z REH|
LEREE >  REABESEME T E
FITRBWATEZ &BEMED -

Table 2. Contrast in diversification: Oryza
sativa and glaberrima

Factor Asia Africa
Latitudinal ~ 10°S-53°N 5°N-17°N
spread
Topography  hilly flat
Population high low
density
Movement of continous little
people
Iron tools many none or few
Draft animal waterbuffalo ?

and oxen

Adapted from Chang, 1985.

FH 7 RE PN R S PR EN B BY B [ A BU R
4 RE B (ecotype) FH 88 2 S 3 » Cheng et
al (1986) Fe 35 T+ HH Bl 2235 B A Al B fF B A
Rl 2 5 (Han dynasty » £ 1,800BP)E[]
BHEERCEEMER | AR AR
& Bl B H A& #Y (Indica and Japonica or
indica and japonica)LIFIBSFE » H 2SS
B HAZEE Oka(1988). 258 ° B4t »
Glaszmann(1987)%!| F3 [5) T B§ 43 #7 (isozyme
analysis)» 2% 35 JTUE: B RS EE H AR BUFSAHL »
# DL B8 8 2K i 22 AT (International Rice
Research Institute, IRRDES £ &7 2% K &1
B DLETE H A Bl (tropical japonica)BL )T
B 5 DR FF H A2 (temperate japonica)
HY A5 H AT B B985 o Khush(1997)
i Chang(1976¢)Z T 55 18 HE (L3R R LA
$E78 > # Khsuh(1997)% EF1REE R ER H &K
HRFBCFE  FARERGIEMNERREAE
FHMMCEE > WERERCELERR
F—BRBHEZBROE= -
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Chapter 3 Diversification and Environmental Adaptation of Rice
33-51,1999
GONDWA
Common Ancestor
South and Southeast Asis West Africa
Wild perennial O. rufipogon O. longistaminata
Wild Annual O. nivara O. breviligulata
7\ |
Cultivated O. sativa O. Sativa O. glaberrima
Indica Sinica(Japonica)
temperate tropic upland deepwater

Figure 3. Evolutionary pathway of two cultivated species of rice(adapted from Khush, 1997).

52~ MR ZEEM

EMERKEHZELS » KE/E
B ERL > EMEREE I E BB
A 15 BRIE S 4 TE B Y 538 FE M (adaptation) o
IRBE FE M R EY & B B MR R B
RZERE » BEM4ERBENBESR
JE o — OB BELE TG
(physiosological homostasis)&d & 55 U w] 98
(phenotypic plasticity)3ic & %5 HH 8 B 1 55
1B JFE 7 {18 7% 5% FE % (individual adaptability)
B 4= ¥ 30 JE 1% (physiological adaptability) ;
B8 SR A R OB LH E B BB I 8 )
< B8 38 FE M (population adaptability)BERi&
& & FE I (genetic adaptability) o i
Oka(196 ) A EIE M B R A BB IR 12
NREFE ERE T & — % 58 FE 7% (general
adaptability) B2 %F Bk 3R 3% & 7 ok 3 FE %
(specific adaptability) o fE#3EFE % &2 255
HER AL RF - (BB > BRI

MEBHRET S RARRFLEWELE
WM RBERE T EERE G ERKE - &
IR L B G ISR R E
ELT - KPR LR bz 81 o
EMEREBRARSYLELE  ®E
IR E TR - iR - &5
B ~ R R o B P R L R A o B
SRR M E & B WA R R4
(Chang,1976¢; Nayar, 1973; Oka, 1988,) o
F I T RE 2 H B B B E K 52 (direct
seeding and without standing water ) » H%%
£ R R U M B (puddling) & & 14
(transplanting)# 55 » FA H IF#EI{L
8BS > 0. sativa FELRREERE D »
FHERREHAE DR AR o HANE
T REENEERBEREOBHEGERK
RE#K  c HEMEHHEEREE - —%
IR BB R B ~ Sh i 4F RS ~ 43 BERE ST ~
TEERE YT AL - BB L
REINGEIRM - B4 > BIEPNERM
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38 5a R & A K B R 18 K 5% (Chang,
1976a) o FITEZ HEHAR ~ WEREEH
& (Cook and Evans,1983)° [A]Rf > ZEFE ~
HEAREEER) - BREK - BKE
BEEST ~ T~ B ~ BORIIRAREARS ~ JEHA
K FE ~ (K8 BURME FE RSB (Chang,
1976a; Cook and Evans,1983) o BIEHIKG4H
BEIRMER » R EBRBFEEREBRE®
%3 (Oka and Morishima, 1967) o [ &
PR S e RREATE - BREMERTSE
PRz i1k > BEKRERE P2
8 E TR EE 4 FREE - B4 EE -
BORTE— B~ HAENRE - B RiRME
s R RIS S TUCE o &
BEILY  SEEREAEBARL %
BEE - THESHRARZHEGTXE
HESTHNRIER 0. sativa BHRAEBEKX
FIAEREIE BIFFE o EEMECERTHHEE
IEBI{t(Chang, 1976b) o #5%#& i ~ it
GEHERERAREEES PR R
MK R EERNEE - BN
KANEANTE ~ BRI EE -~ FEAFEEHEEE ~
UEERE - EHEEO  BREC &
FE - BEEBNEE  KRARBREES

(Chang, 1976a) °

— ~ Rk E M EE R R

#8 De Datta(1981) » T2 3R Bk it
# 2 R R A & 53 B E K (rainfed) B2 7 1
(irrigated) Wi K 28 [ 7B K H X 0 77 5l B H
(upland) ~ & K7k HH (rainfed lowland) ~ %
7k FH (deepwater)] » FEH KLk f3 & H#H 2

FF(dryland, upland)&FiE » M RKEHZK
3k (water regime) » FHXA[HE—F &
S5 AR TE K (no standing water)HY
B2H -~ HE®RE 5-50 Ao ifEKeRE
B 50 A E 5-6 ARIEFEARBEKHE
SH o REZBERERCIXAESE I K
B -h % -5 (semidwarf to medium to
tall, 100-200cm)fy 7k F&(lowland rice) ; £k
B b & -5 (130-150cm) B9 & #8 (upland
rice) ; fE/K BBk E & -5(120-150cm) ~
R 7K ER T R S 2-3 AR (2-3m with rising
water level)HY¥E7K 7 (deepwater rice) ; K
/KR RREHEIR 150 A4 ~ EZKIRTTRS
% 5-6 /2R (5-6m with rising floodwater)fy
1#F4(floating rice) (2L _F) o

Woter depth {m)

Upland | trrigated lowland
{10%) (45%)

Roinfed owlond Deepwoter IFloaﬁng
(30%) M%) | (@4%)

Figure 4. The world’s rice lands classified by water regime and predominant rice types.
Figures in parentheses are the percent of the world’s rice-growing area that grows
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that type of rice culture

B/RBEESRESINBL - FIE -~ 8
BRI A > EHE MG TR R E
B2 S%AER » EfFEkAREAEER
£ 1-2 M2 R B~ ERTEE -
EHREA - S BRI BARZERAE
HREENZE - BRHEREEREETE
FH & A [ 32 (bounded) - HH & 3 fi% BLi% /&
R HAREET - ABM—KBRK
B o RN RELE - MG
FEELZ 10%E4G » BRTFERES o
EH M AN EE R A 0.5-1.5 1 ; JEN 0.5
WH ; 7 T EIMNH 1-4 BF (De Datta, 1975) o

Itk B A H i e R AE T AU BRI R
K B REEE RS EBEENERY
WEKMER  R2FEEHFLE O
rufipogon G HIZFEM o HILERK
FERKRTE T HRIERE - BB S
ok BEERRAE » S ERE
IR~ Bt B — R AR A B — 25 % B U
% (Chang, 1976a) - FE/ABER 2 ELE
BHt-EREREBRRAAERENE
(Harlan, 1970) o »

ERWGSIA L EEIRIEE M T KA
WEFEE » ELH R~ E2BERES ~
REERRZERER) - £HERBEHK
e - BLEERARR B A MIBAIRY LA - 3Bk
RESEHBEHUMEEHEEZRR » &M
BEREBRRRFLIHERETERRE
(Chang et al., 1972) c ZF s BERZ
IRERFTE/NEE A ELARRI, 1975) o

=~ FEI-K-TIEEZEL

FERM =AM > BREAEEE > K
BERE  CEIEHE B - KSR
RYFETR o B LEFATE IR S I h S FI B R
BEERRMBZE boro, aus, K aman o
L RET B EEMNERE » FEHEES
(main; kharif, maha) % #=E (off; rabi; yala)
RIS ZTA - A EHm AR EL
R EEENSIA » EEERERER

(adapted from De Datta, 1981).

FERARWEHEEREYE  LEESRSR

T(ERBEEXH) ~ KRE - B &8

FrEtE P AR L) ~ B ~ 60 ~ B

WHEF)EF o BiE LAY S fEIL i

BHEREEERTERESHRE » LIRS

B BVEURZ PR R B R ~ BERAY

STEERETT ~ BRFEEIHIR UERE - SRR

HERL - BREWERNATELY - EHNEHE

ENE BERERSEMKRIEBEL

R > MRS E MR A B A BB T o SEE

WACHERETRF R ERfREET

2 2E P B U RS S5 WA AEAE JR (Chang, 1976a) o

£ O. sativa FIEFERN » BHEERH
7R ST 3 FE 1 4 R B A B AR K AR FR TR IR

fZtHE F 8 AY (Chang and Oka, 1976;

O'Toole and Chang, 1979) » L fTEHT

7] 4F RE BU BE R O 51 8L 2 8 Hh LB BE (AR

T LRE+SEE c BHEZ s LT

A ZH > FBAETRE > BEEREZ

i AES ,

1.Boro : & Z=F(winter rice) ~ 35 ~ T2 -
AREIEI2HESH -

2. Aus | EZFEFE(summer rice) ~ #IE ~ i
BE-4ARHBM4HETH-

3. T. Aman (Transplanted Aman) | XEH
(autumn rice) ~ BAE ~ HEARUR - £ E
M 7HE12H

4. B. Aman (broadcast Aman) . /K ~ #
&L - AR 4AE 1B o

5. Rayada @ ZE7K7G ~ #(#% ~ JEHIRURE ~ &£
RUOMEMHEE H3HAZE12H-

6. Ashina © ZE7KkHAY Aus ~ #(3% ~ £ E IR
4HE8H-

7. Hill rice ! P RERFFZH - E# -
EREM6HAEIR o

W EFmd  FERSERERENE

REESMLEBERREEB/ICER R

R E BRI HE LT B = R R 2 iy A 3

& - AR R EEZURILGEERS

RHEMERESH > EREREZHREA
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SR > SRR EE £ (Chang, 1976b) o
SR AMIATEEREENEIIERER
A - PR FERDBE R 1,800 4o
RELEESE  drigil &g AR B B B El
FERLEEE ; MsiER 1,000 2 RE
HIZRENE R (Ting, 1961) o FsEHTANREK
FS—ELEMNAREREAGETRES
Ryl o FUKHEEHEmERER RS
FEREKENHNENBER S » BHE
F(hEE)thES RHAREE » BHERK

BiEE - MEMBRREREARESRL
> BEERE TR REREMNAREZ
EHfE R IR R EEE Z Aus B
TR (IRRL, 1984) o fif ¢y o 18 7] 4E = BU FE
FE# s > REFACETHE-ER
JFE (growth stage-specific response)f~[g] o
Chang(1985)#r &% 2R EHIMLEREE T
o > R En N R B TR iR AR e BR A
7R- TR R B A S S AN E Y o

Conventional classification of O. sativa cultivars.

Eco-geographic
differentiation

' Yro-edaphic-cultural-
' f;e%ream “

| |

uplond :(d'ylond)i

aus (smmtlar)
boro (w':nter)

Indica roce

Javanica race

T on?on {outumn)
cereh , hsien,others

]
deepwater , Boman

floating

/ bulu (awned)
! {

]
{
t
| )

Sinica race

N

— qundil (ownless)

' l

( Japonica)

|
'lowbnd {keng)
! |
P YYYYYYYVYY R W
0 I

Water depth{m)

Figure 5. Grouping of Asian rice cultivars by ecogenetic race, hydrologic-edaphic-cultural

regime and crop season. Cultivars grown in standing water belong to the lowland

type. (Adapted from Chang, 1985).
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f -~ BREZ SIS

MBERMEREEZERT » &K
HESCERECE:  AREZILEBREILE
49° B9 §E 78 (Czechoslovakia) ; FH RIS E
35° 2 M BB i (New South Wales) o 2§
B Jb#E 50° iR BIRAL A IR S E
RERZRE M 53° WENAEFEESE
AR ZER - AR HEET4ERESK
T EKREERE T » HLORRERER
BR#EE o MEBERMRNRESEGR S
ZVGEIBIE o UL » B T EMIEFH
AN BN EEHEN T EBEREREERE 5
A RE B A E IR £ Y% (biotic
and abiotic stress)fiZ o FELA Wi iiE A
EHE > BLEE - A2 -BA-BE -+
% BRERRE - XESB R SEKIR
ZHERYESE > FEYHEVEARASHME
BT HEE—F 25w » ARE AR
MR T EREE o

EYERREEREREET BE
B RTESRESHMAEY - BEHEERE
BELARERRENEERHAREER
4 (allelopathy)(Moody,1996) » H#ELL T Z X
L AEREERRRESCHEEE -
RZRER 60 FE » IR Ou(1972)i% %
ZIRE SR EE R E (fungal diseases) ~ #fi
BEiJR &= (bacterial diseases) ~ JREIR = (virus
diseases) K %5 & J§ =& (diseases caused by
nematodes)ZELH I, Fa.2 F &1 100 & »
— i EREER | MRS E (stem borer) ~ FREHH
(plant hopper) ~ ZEi8 45 (leafhopper) J £
¥ (gall midge)FVUHH o MAEEHE D 2R ik
E > FEZEEN ; ANEIBEEME -
A £ 2 & 1% (endemic) ; F & ZH LR
(epidemic) ° HEF R B EHBIFZRE
HEAH  FEHBCEETE-FRHEA
Ou(1972) % IRRI R FIAE B H i i o

EXEaBEE LXK Painter(1951)%E &
EH BECTNE  FYWE A EEEY
ERRREERENEERE | E—F

BWHHEERS B © RE(mmunity) ~
(high resistance) ~ #$T (low level of
resistance) ~ & (susceptibility) f #& & (high
susceptibility) o 554} » FLLEBEGTEFEE
JEEEMN MARERFEZEZHARERS
&1 (pseudo-resistance) » [thTE B 114 57
£ ¥k BE 35 22 (host evasion) ~ % E 1 &
(induced resistance) ~ )jk%li,%(escape)%';-
Ho Z YT ] (mechanism of resistance)
B 5 . JE R 4F M (nonperference) B¢ fL B 4
(antixenosis)--I3 B & B R EE R H HEAFY
mEEEMRTEHFH IS | FLEME
(antibiosis)--E N E RS FIERFEE ~
BEAR B8/  BEREELIRE
2 ;WX (tolerance)--{FY R ZHE M E
ZEBBE  MABGIREFMERZEE
EmBEREK o

ERVIREMETTE > EIFEYREER
Van de plank(1968)H{E¥I 2 Hiim it 725
B XX PuiE (vertical resistance) ; BARE L4
(horizontal resistance) o B 211 BB 5 5%
1 M (specific resistance) R EWH X HE R
ZH—EHAETMYE  HE SO BER
FriZdl » REENWEEH L —HNFELEER
HytERIETER » GRIERR - &=
BiE N — iR P4 (general resistance)s H
R 15 (field resistance)@y & {7 14 (partial
resistance) » RIZFENWEAWIEMER
HEMR TS » HBEGEEBOER T
el o RBIEWZ IR & B ARy 4B/
& (physiological race) » FrLGER B At
ZmE—HHFRER LR KA PR
Fri & (breakdown) o JRE » HXHUIEI AR
5E o fffE P B & KB R L o 2
Hyumae s - EEZEYRE ISR
BT > RIRFRELEZSER  EREE
(gene deployment)--f~ [B] i ¥ (& 3% AR 55
BEFRAREXRIEERZLE  ERE
i (pyramiding genes)--Z2EE T AFAEX
PHEERRA—ELE , Z2HRnE
(multilines)--1& & 43 B # B A~ R B 1tk
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HRZETRITREERE > CrETE=

FERHEZRWE o

®IJHERETRNWBEERRE &

Az

JERAZ

B PRSI R ANRE £ 4 BISR

FEE B YU Z MR B8 (ennings

et al., 1979) o

Table 3. Variability of major rice pathogens and sources of resistance

Diseases Pathigen or vector Variability Type of resistance Resistan Donor varieties
' ce genes
Blast Pyricularia oryzae very high vertical ; horizontal 12 or many but Tetep, Carreon
suspected to exist more and Tadukan have provef
quite stable
Sheath blight  Rhizoctonia solani  low unknown ; but probably not Ta-poo-cho-z
horizontal defined
Bacterial blight Xanthomonas oryzae intermediate vertical with modifying Xa 1
genes Xa?2
Xa3
Xa4d TKMé,Sigadis, IR22,
MTU135,Pelital/1
Xas BI1, DZ192, Kele,
Chinsurah Boro I, Dular,
Hashikalmi
Xa6 Zenith
Xa7 DV8s5
Tungo virus nephotettix virescens intermediate vertical not many but Peta, Gam pai,
to low defined and Sigadis have been
widely used
Grassy stunt Nilaparvata legun low vertical GS O. nivana
virus
Adapted from Jennings et al., 1979.
Table 4. Variability of major rice insects and sources of resistance
Insect Scientific name Variability Type of resistance Resistance ~ Donor varieties
. genes
Brown planthopper  Nilaparvata lugen high antibiosis Bph 1 Mudego, TKM 6,
bph 2 ASD 7, PTB 18
Bph 3 Rathu Heenati
bph 4 Babawee
Green leathopper Nephotettix virescens low antibiosis Glh1 Pankhari 203
' Glh 2 ASD9
Glh3 IR8
glh 4 PTB 8
Glhs ASD 8
rice planthopper Sogatodes oryzicola  low antibiosis IR §, CICA 4
Whitebacked Sogatella furcifera low antibiosis N22
planthopper
Gall midge orseolia oryzeae intermediate antibiosis PTB 18, PTB 21
Stem borer low antibiosis and

striped rice borer
yellow rice borer

Chilo suppressalis
Tryporyza incerttulas

antixenosis

TKM 6
IR1820-52.

Adapted from Jennungs et al., 1979.
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Hot o ERBEREKIF TR EE R
ERAHEET > BREEBFERERIE
T HZERERSMRESEHEREK
W E AR - BERE LT RAERR
M EESE TEREEAEAREER > H
HERSBFERZERAIG B > —
I £ 23 - 48 Chang er al.(1982)H91H
it > JELEEARYE IR ¢
1 PEMRER R E L (Deo-geo-woo-
gen) K H FERBEEE (ZEILIET
1949 FHEFRBERBREZFER 1
e BB REERERNE LT
1962 4 IRRI 5IAfEH) ; EHFER
(Ai-jiao-nan-te) B2 %% {¥ 5 (Ai-zai-zhen)
REHFHEAREMBEERGEEHEIT 1956
1958 Ffl]# 8 E B FERD) o

2. BE B EREE LB LB ~
S ENE R HA ISR o

3. RIB R E(ER 3 CLEMRIEDTERR) &
B4R ER - BEEERE)SERE
B L iE o

4 BREEZME  KEEEEALR -~ BiF
W HBREREA; EREREERRE
ERETRAE o

5. By A =M I KRBT ERREEE o

6. R/KERE /KB 1 3K E Znhr LRI
EAEIRE o

7. B #EAR  PREFEAEEREY
Wild Abortive, WA) o

B~ #E  FE

BHEPEREHZIRE - £5EES
MRS ~ DEREEAYSEETEIK
REEHRECHE MoERBEREKE
(ecogenetic diversification) ¥ E B & o 7F
FRHES BEE KB KSR R I BT
B EBREENENT  BREEXCE
PREBETTRENRE  #FRIBEE
F&EARAMN > REWEREER 100 fFHLL
Lo fifE 20 B EADOZIEE - HEH

BETR BREBERIAOEEERS
1.8% > AIH AT 560 B EMHAREESE

E 2025 FEEEME 850 H EWA(Khush,

1997) o MEYIBEZ RRAN FRET
BZEMEBENEEBEERIIESEFRR
HEE L  [EEEREZFE T R
T REEREEES N S REES
TRIEZEMTFZHE > MELHMBHE
CHEREEH A EEEEES TREERE
ZZEM o BER » BFERKIFEFREME
BRMMEF A ECKREETEERACZE
e - MEBEREERFGANATESZ
HEEHEERFEEAERRCEER
EyJyo

ERBEMEEEREZSEN  BEEZ
AREEEAKENEZEEACAGER
1997) e B—BILLEZ » FTeE " fkEBES
A B B BE R ORI SR v B R AR R I RS
fhfE IR-8 M REKEES MREY
2 o1 IR-8 MEZ BRK/IHEZENR
FEEABEERIIERNSEEERPA
HREREPFHER - 7T 1949 £
HIFEEENRBEEEARREELEE
EXRERNSLHEERBEHER » B 1957
FELBERER 1 5 nERQERA
KA FEFT 2 5 R SRR AR EE I KR
% Rim5 8BRS R Rl
IR-8 Z B RKHEH: » AETaE AR EE
Z Bl:& (philosophy of breeding) » {FEFKE
¥RMEL—E# - MEmEMERER
SIHEBIFYEXEZEZHFILLER
(Kt _REEZE r MEEH---TREE
ER)  FEHOCEERBHAZLEHE - T—H
R—t 5750 &S o

BEMEREE > RBELNE 23 BF
Bl > NS ENEEEERREME
BE o hEBRHREFEXRCEDERER
ARZ BB > (Bt K 5 B E
EANEERERER TEER —LRE -
BERNRHERRHEREARETHZ
FERE > HaTEEARE AT R RUR ST T & &
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A > B0 R BERBIRFRMEER
SEEE > MR EERL o REESIASR
AR FFERBEARERR R > EHLERHK
ZEBUEHER > BEIPL BRESTE
VIR B X3 - EERERER AEE
H—EZ 5 HERIE A K oPaterson(1991)
MO EEREEEEL - £YRHE---
H RS (genetic marken)EFE—HER
Y% 778974 ] T H (a potentially valuable
tool) » MEMLF HKEBEMBEY EER
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ABSTRACT

Rice is generally considered a semiaquatic annual plant, although it could
survive as a perennial in the tropics or subtropics. Taxonomically, rice belongs
to the genus Oryza. The genus Oryza was probably originated about 130
million year ago in Gondwanaland and different species were distributed into
different continents with breakup of Gondwanaland. Academically, there are
two cultivated and twenty (or twenty-one) wild species of the genus Oryza.
The Asian cultivated rice, O. sativa, is grown all over the world. O. glaberrima,
the African cultivated rice, is grown on a small scale in West Africa. The
cultivated species originated from a common ancestor with AA genome. A
number of important morphological and physiological changes took place
during the long history of cultivation and domestication. Furthermore,
selection under diverse climate, edaphic environments and biotic stress
frequently in geographically separated areas, dispersal of human to many
geographic areas and adaptation to diverse environments have further
diversified the genus Oryza and resulted in numerous cultivars. Rice is now
grown between 53°N to 40°S latitudes. Valuable sources of useful traits,
evaluated and identified from various rice stock including culitvated and wild
species, are enumerated.

Key words: Rice, Semiaquatic annual plant, Oryza, Gondwana, O. sativa,
0. glaberrima.
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Fig. 1. Light intensity and photosynthetic rate in rice community underdifferent LAL

(Adapted from Tanaka, 1972)
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Fig. 2. Relationship between light intensity and photosynthetic rate and efficiency of light
utilization in rice. (adapted from Ishihara, 1987)

2. XEMEHKBRNAER - ZERE
LR E

HE CO, IRBERIEAE » RILWEE
= RDERY B E TR E o KKHSEEL COo,
REZT  BERRILE > HERER
SORATBAFL o — R B TR B EE
FLAYBA B iz i tH BR B A dh 45 2 BRAR( Dale,
1961 ; Totsuka, 1963 ) 7/KFEHYEIMIFE
RALETRCEER IS T » EBE 8RS
WYBE > BEMEBRER 0.6 calem
min”' I RS B/ ME - AN SRR
RPAGERL (B=) KILEFHE/)

M55, ERLEEEGH LS FRERE A

ERFEOLRERE/DN (FIR, 1972) o FHiE
BT ER R EE BT - B CO, HEUR
REPE-EIFRRRNEE - it
BRI/ o T A1EFE RIS
UAEPTEES St oyt PR

K- NEFERZHGR > KRB ER

[RI3R BE M 3R 358 R 71 3B o 3308 T AYOE
REFIAREE » R LERNETF » Fla
EERHE (BRS, 1987)~ {7 ( Akita et
al., 1968 . £k ~ & > 1980 ) » RS E
HAEITMEREZE » —KkEEEMRIER
REBEEWE > BDLREFIRRERRE - B
— JTTH BRI TR L A E R R »
THENAREEREHE B2
Fraction I # H B ( & & RuBP
Carboxylase ) Y& H R .2 M EH =HAYFERS
BAfR (WHEE, 1982) 0 CO, & TEFRE
RIERIVEE » KETHY CO, BRI
—XEFRAZHFREEBRNEZE - 5 Co,
REGET » SRS LEMNEE - Rt
A TEEEFRAERAEH S (BEH,
1971) o BARBEESF - (BB EETH
EIFRSEREE WX — e FRAMEe
HE AR 2 HEE E iR
BT > HEEW RS ZBE o o#EH
= EROEE R AR o



SRz

HEREHAFEEC R 57

S
(=

Relative _¢cn 4 9 g
humidity 6713%

W
(=

...t

» LT =30C =20C g9

e ® Pn wo@o= .
/7 Ny E wadb oo -4

O s oope-
* o

et
(=]
1

-~
-
-
- -

Photosynthetic rate Pn (CO, mg "dm® hr )
Transpiration rate Pn (H,0x10 g" dm™ hr'')
[

o
L]

-~ -
\*------‘”----ﬂ"
‘\

. -1
Stomatal resistance, rs (sec cm™)
. -1
Leaf resistance, rm (sec cm™)

§ 0% 05

‘th—Eyfﬂio
0.75 1.0

Light intensity (Iy min™)

Fig.3. Effect of light intensity on photosynthesis, transpiration, stomatal resistance and leaf

resistance in rice plants. (Adapted from Horie, 1978)
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Fig. 5. The increased of photosynthesis with light spectrum in rice leaf. (Adapted from Inada, 1978)
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day) for 6 days starting at 14 days after germination. The upper part of columns

showed soluble composition.
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Cultivar: Reimei. Cultivate under different colored films for 13 days after sowing in the
natural light room. The light (400-700nm) transmission rate for the films is

approximately 26%.
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The different inclined leaf angle in two rice communties. (adapted from Tanaka, 1972)
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Fig. 9. The light-photosynthetic curves of two rice communities with different inclined leaf

angle. (adapted from Tanaka, 1972)

A: Smaller leaf angle community. B: Larger leaf angle community
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) Time of Treatment Days after Transplanting
Plant Fraction .
(Days after transplanting) 50 60 70 80 90 100
CK 11.8 10.5 8.5 8.0 6.4 4.0
21-30 10.4 9.2 7.9 7.1 4.6 4.6
_ 31-40 9.9 8.1 6.8 5.9 4.1 34
: 41-50 8.1 8.0 7.6 6.6 4.9 3.5
Leaf blade 51-60 85 91 77 55 56
61-70 7.0 6.6 4.6 3.3
71-80 5.7 3.7 3.6
81-90 : 4.3 4.0
CK 119 182 200 203 13.6 7.9
21-30 7.9 11.3 16.4 18.7 14.2 8.5
31-40 8.4 12.8 17.1 18.2 13.4 9.1
Culm 4 Leaf 41-50 7.8 14.5 18.8 18.0 13.3 7.7
sheath 51-60 12.1 18.7 17.6 14.5 8.3
: 61-70 12.9 15.5 11.1 10.1
71-80 16.1 10.8 11.3
81-90 12.6 9.5
CK 6.2 11.7 21.2 26.6
21-30 - 3.8 10.5 21.5
31-40 2.8 8.8 19.4 25.0
. 41-50 4.3 8.7 16.6 24.9
Panicle
» 51-60 5.8 10.1 16.9 25.4
61-70 5.4 10.4 16.2 22.1
71-80 11.2 17.7 24.5
81-90 15.2 21.9
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Chapter 4 The Effect of Light Environment on Rice
Production

Jin-Chuan Tsai

Department of Agricultural Engineering, Taiwan Agricultural Research Institute,
Taichung Hsien, Taiwan 41301, ROC

ABSTRACT

This chapter reviews two parts. The first part discusses the effect of
light intensity and light quality on photosynthesis and physiological
characteristics in rice plants. The relationship between light intensity and
photosynthesis is hyperbolic. = The stomatal resistance decreases in an
exponential function with increasing light intensity. The photosynthetic rate
of rice plants shows the Emerson effect. It indicates that the combination of
photosystem I (> 685nm ) and photosystem II ( < 685nm ) makes higher
photosynthetic rate than the single system. The second part discusses about
the light reception of rice population. The ideal plant type of rice variety has
the small leaf angle and the short leaf with lower light extinction coefficient. It
appears that this type of rice plant has more light intensity among the varietal
community. The period of shading is found to be critical to the decrease of
dry matter production and yield. The first critical period is at the meiosis
stage and the second is at the milky and dough stage.

Key words: Dry matter production, Light intensity, Photosynthetic rate, Plant
type, Shading, Yield.
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Figure 2. Probabilities of typhoon passing through Taiwan from the six major pathways.

(Adapted from Kuo, 1980).
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Table 5. Percent damage of paddy rice by various conditions of flooding. (Adapted from Wang,

1974; and Hayakawa,1991)

Number of Days Flooded

Stage Condition 12 34 5.7 ~7
Transplanting CW/tip flooded - — 5 20
Tillering CW/tip flooded 10 20 30 35
MW/tip exposed 20 50 85 85
Booting CW/tip exposed 10 30 65 >90
CW/tip flooded 25 45 80 >90
MW/tip exposed 20 50 85 >90
MW/tip flooded 70 80 85 >90
Heading CW/tip flooded 15 25 50 70
MW/tip flooded 30 80 90 >90
Ripening CW/tip flooded - 15 20 20
MW/tip flooded 20 20 30 30

Note: CW means clear water, MW means muddy water.
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Table 6. Drought tolerance of paddy rice at
different growth stages. (Adapted
from Wang, 1974)

Stage Tolerance
Transplanting Weak
Tillering Less Weak
Panicle primodia ~ Medium
Panicle Initiation Weak
Booting Weakest
Heading Weak
Anthesis Weak
Milky Less Weak
Dough Strong
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Table 7. Critical temperatures to paddy rice at different growth stages. (Adapted from Yoshida, 1977)

Stage Low Temp.(C) High Temp.("C)
Germination . 10 45
Seedling emergence and establishment 12-13 35
Rooting 16 35
Leaf elongation 7-12 45
Tillering 9-16 33
Panicle initiation and differentiation 15-20 38
Anthesis 22 35
Ripening 12-18 30
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ABSTRACT

Wind (typhoon, salt-spray, and foehn), rain (Mei-Yu and storm), drought,
and cold Temperature are four major agrometeorological disasters to rice
production in Taiwan. Accumulated total loss during the past twenty years
exceeded ten billion NT dollars. As the results of topography and changing
direction of monsoon, the probabilities of experiencing damages showed
significant. differences among locations and seasons. Taipei, Taoyuan,
Taichung, Changhwa, Yunlin, Chiayi, Kaohsiung, and Yilan were prefectures

" experiencing wind damages most. Changhwa, Yunlin, Chiayi, and Yilan were
prefectures experiencing rain damages most. Miaoli, Yunlin, Yilan, and
Taitung were prefectures experiencing drought damages most. Taichung,
Yunlin, and Yilan were prefectures experiencing cold damages most. Due to
the extensive use of land, the rice-cropping period in Taiwan usually do not in
accordance with the climatically safe period. Therefore, various preventive
techniques to modify microenvironment of rice field are needed to reduce the
damages by those agrometeorological disasters. Among all the possible
measures, establishing windshelters and increasing soil percolation rate worth
more emphases because these two measures will make significant contribution
not only from the perspective of increasing production but also from the
perspective of ecological preservation and living environment improvement.

Key words: Typhoon, Salt-spray, Foehn, Mei-Yu, Storm, Drought, Cold,
Paddy rice, Preventive techniques.
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FNE

KR ESHKBEEEZRE

2R &
ByesBAERE4

m B

PEABERNHASAT RN  BEEEMEERBEREE
o BikGEay LK > KB EHE WS EERW R E - SN
BELIZeRE > M RDEREE L > B REEENE - HElEkB
M RIS EERE ST » RIRT A E £ - 4 7 > DUS /K FREE & o Bk T/kEHE

HORFMER Bl - RANASHESE > MEYWESREA@ER Na

R RME  MEDESIER > WINEER 2 o ABELHEEEHHE
FHRESEBEE  SLEYREGREENEE > EMPEIRTERE
o> BEMER - KB MENEREAENIRA » KIS LSS RS
BAR L (TRBAEERHLUAEER o (DU SHEY SRS - #ERK
L o (Z)FHIAEABZRE o W EBREREETSE o ELiitkrigs
EEBRSERNER > L 2EERNEERIE » MLLBENEE LS
BB R o BEF LA RS T A WEH - i HEEE - 267 H R £
B ERRYE MR B R EE » I FZefE R o SEERMERDIIZE » L
AT REHBERNREHESEREESN - BERMENEEAR - HE
RENRFBERE R BRI it B KA KTE - DURSR/K B FLNEEREST -

BRSRER - KT ~ Bhuk - BB - BBEETTAT ~ ERE AR o

ull}
)

_‘ﬁﬁ

HkBEEBEUARMEYZ— RHERE

RS EREESNERET B
Rt FRA DI BE 56 {8 » Hb#E 27 (&
D EKEREABRTIEEE ) HAORKES
B E » FEATT 2050 LIS - A CTHEEL
HJBEEE] 100 % » BFAFRA OB
GRS > EHLAEE Ak ER S
B T B Y R A B o

PEEBRWEREES  FETHHD
MEHE : REEMCEREERERRLE
T o EEE 1960 R ARG AES

KIS SHIUGE - KB REE - B
Ft~ BT - JEE B IR T KRR
EHEESR - RIVHZERIEEER - B2
AR =TEREE LUK » BAIE T E Ery8 L
ER MR TR B - MR REES
REEIIZEn - T HERZE - [E8ErRE
A Al 8 KEFRIREAL » AR
BERKERE o K& - MRAEHEGE
BRIEENE - AR EBPEEREHRY o
HER R HAER - RE SRR
T PEERLF R - MEMA 52%F
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HEMHE > 19%E5HERE X MEEHEE
kﬁﬁitﬁ » I TEY) A E R E R ARSIF

o IKFRTTHE WA BN » FERHFL 1.46
f’z NEREREEET > A1 —PEmER
CRBAIER 0 FrAEEMNRK RAERES
K E EIY 45 2 — (Hanson et al.,
1990) » [X 1 35 77 o 7k 6 i 22 B e B
71 BERERABREEE (REEEN
BRI o AT KBELZERES
R THAERKRARETIESE > YWilH
WA FE R 3 F SR W # B S 1T KRR TR B R
e R o

%%EXZ%T%@??&E& P BIRABR
EOELETREN  AREARTSEY
FI&E » Rt > Bk RS KBETH
FEERETHERAMUE > ARG
B AR BLRY A B B8 N EL BT o

(—) IKFEHIER K B J e

KRG RREEYWEENEERT » 4
TEVI RS EE L - BUESEIEYNTE
RE > —IRIEHE S FWREAERE =
RTBEE | EYWEE -

KBRRAERSWIEY > &5EM
RHEERNEZR  MAZIBRENZE

& H7k)iﬁﬁﬁ¥j7kﬁ$ﬁ R E FEARDER ~ B ~ 1A - HIEIREE
T KRBT KRERE - R—ESHHATR
£ H R B Y »EEEF' R ERRERUKIRE FTHEAE - BERH

HEEREMENIER -  MUSNEEE
EEWMERT BEBRYERETHE
¥z 5 M & bR T H BB RSN > R

F2HIEEF (upland rice, strong) ~ BN 2
HYBEFRS (upland rice, weak) ~ 7K ¥ R EI
BUFSSE > S BUGELLA R By Bk B 28

Table 1. Varietal differences in water requirement per total dry matter production and per
grain yield, and effects of water stresses on the water requirement

Water requirement per total day matter Water requirement per grain yield (g g™")

production (g g)

Cultivar
pF Average pF Average
1.0 1.4 1.8  Cultiva Group 1.0 1.4 1.8  Cultiva Group
Uoland Urasan 1 384 356 345  362a 1,261 1,178 1,079 1,173a
r.P Sensho 476 361 410 416a 402 1,347 937 1,288 1,191a 1253
ice a
(st ) Kuni Ichi 509 435 402  449a 1,333 1,160 1,360 1,284a
ron
& Hidenshirazu 379 389 383 384a 869 952 2,272 1,364a
Upland Tokyo Shina Mochi 422 418 365 402a 1,335 1,234 1,672 1,414a
.p Akayakan 449 358 352 386a 1,751 1,697 985 1,478a
rice ; 439a 1,604ab
(Week) Norin 12 651 401 381 478a 2,102 1,147 1,745 1,665ab
Norin 21 613 528 335 492a 2,196 1,774 1,608 1,859ab
Reimei 359 377 412  383a 806 955 1,104 955a
Paddy Toyominori 403 373 409  395a 4122 1,334 1,278 1,616 1,409 1.812ab
,812a
rice Nipponbare 494 383 394  424a 1,673 1,597 1,941 1,737ab
Nakate Shinsenbon 497 411 437 448a 1,802 2,353 5,283 3,146bc
Sankanka 368 456 352 392a 873 1,178 1,230 1,194a
Indica Kinandang-puti 404 376 324 368a 390 1,077 2,032 2,913 2,007ab 2 469b
a
rice Hakkokunen 437 404 340 394a 2,516 2,071 2,933 2,507ab
Boushitou 405 413 399  406a 2,585 2,543 7,678 4,269c¢
Mean 453b 402a 378a 1,554a 1,506a 2,294b

(Adapted from Jodo, 1986)




90 ZIER

(pF=1.0, 1.4, 1.8) » ¥ERER > HLIAEE
HEMENTARESE » TRERFRZH
WEHEZR > MkEE > HlgRERS
K& BEUEEBRZNTFREZHE > A
TREHBERAEERETE - LHENBEFE
KREEECHETENS EESEHET »
R7KEEE R e T REEGI » RIER K
BB R A BT EE (Jodo, 1986) ©
A > AREEETHNTFAERR
F R ILB Matsubayashi et al. » (1955)
B Kato et al. » (19659 EafE R » B2

AKR—E » (BEEE R EEIRT R K
ERE -EFNAER TARERME M
HRTRERI B E S BER AR ME M »
FRMESEZYE > MENAERIAER
WE » MAZYE » AEZEETEKE -

R AKBEETERENSE » HE
ZEREERRER (NDER—EEBHRR
7K QERKEFERE - B Q)BKNERE
F o Bl —EEITE K ABEETERD
HE S UEHNSHERESKEENH
% o

Table 2. Water requirements at various growth stages of the rice plant

Matsubayashi et al. Kato et al.
Growth stage
(1955) : (1965)
Beginning of tillering 1046 g g! 274 g g
Panicle formation 464 326
Beginning of heading 410 264
End of heading 232 329
Early period of grain ripening 315 331
Late period of grain ripening 1081 354
BEWE » ARUKERET » KEEK EREE-

AR ZE S (leaf rolling) »
FIRFSRFLBABA LI A 7K Ry 288 » B S
EEMZEILT (O’Toole and Cruz, 1980) o
7RS4 TE A HA 2 B R K B B R IR
B ERESHREELR » HRELY
R COEREEMER > SERETR
(Namuco and O’Toole, 1986; Sheoran and
Saini, 1996) » H.f& & E #I HIFEH R FE R H
(Cruz and O’Toole, 1984; O’Toole and
Namuco, 1983) » R /KGRI EERFE
BER > BEBEEFRESAKS AR
At » KIELRMERERI R » TR S B AR A
K B k3R 5 (Ekanayake et al, 1989,
1993) » WHNHITEERHA » RIEHTHF -
BAETERf2E J7 (Ekanayake et al., 1990;
O’Toole and Namuco, 1983) » B EEE

(Z)KEHE DRI FE

RiEEHESBENEY > 5—ERE
BNARBZETHGZEIZE > BHE
RO HA 2 S e BRI BAAEHA o /K FEAE S e HA
38 NaCl K> gilf B ERER -
H NaCl JRE#E 50mM I > A[ELhESE
= (Yeo et al., 1990) o NaCl ¥ B4 T
gk Kk EBESR (a -amylase) FETE >
A o RS E R
#LL GA, (gibberellic acid) BRI » AJ LI
B EI A RAVHDIE] (Lin and Kao,
1995a) » LA T T SR AR AH -
HESERE T2 > IIFIiR 4R (Lin and
Kao, 1996a) °
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GRAIN YIELD

Grain sink

capacity
spikelet formation
spikelet retention

Source supply
to fill grains

grain size

Dry matter growth
during drought or
during recovery

green leaf retention

toxicity, pH, diseases,

timing and severity
of water stress

A

]
Adaptive traits Adaptive traits
for water stress for other stress
resistance factors
shoot and root nutrient availability/
related traits

insects
DROUGHT

Fig. 1. A flow diagram showing processes of the effect of drought on grain yield, including
possible influence of traits associated with drought resistance.
(Adapted from Fukai and Cooper, 1995)
EERAERY > ERRIAYE s R E

HEERE ~ R~ %@EEF Eh R
KRF - REANR > BRFEHIES RE
HI Na GEZERPRE > IGDEEFER
AR ZE Fr By E AL (Yeo et al, 1990;
1991)° FL 2R 09 58 — fBE AR =2 A I Y

EiEds . ERERESR > RERKB
7 fﬂﬁﬁ&z%_@ » B R DUEAR B S T R E H
HERME - ZEFWIMEEGRELEOBN

Befi » BB LERE R YRS

(Lutts et al., 1996) o [L4} » fE S EEEREE T »

RIBEEGREERKS Na & Cl> SIEEAIE
ZHE % K (Khatun and Flowers, 1995;
Yeo et al., 1985) » &R IETE 53 AT #E Il 62
AT NESEF NaEHCIEEE > 7
DU S ERAIIESE » BRI RIZED
G EYEERI RN RENVBENZEE
# /N (Yeo and Flowers, 1985) » [K|[LE# 43
EREENBAOTERBHRE T EENE
o

B E KA EHN S ERBEE -
£ 50 mM NaCl ZHE T » Ho2 BRI
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- HE#l#E R (Cruz and O’Toole, 1984;
Ekanayake et al., 1989) » Bt FRYFEH]

G RR EEE ~ TR (Khan er al,

BETERy RAEEEIE J T RE » AHIIER B 5 -
EE LKW E J7 (Khatun and Flowers,
1995 a, b; Lutts ef al., 1995) o FZ=HAJHER

1992; Singh and Sharma, 1993) ~ ZE4ERH FEo< o KIS NaCl BEHE » N R/{E
T~ BABETEESE BEREZREREN BRAZBER > HELKREREHER

MEE BENEEREHERSD
(Khatun and Flowers, 1995 a, b; Lutts ef al.,
1995) o E—F R EREENEE -
BT AEER AL £ Na I CIEE S »
KIREBA » fE3 Na fI C1 IRERYEES »

& » ®t NaCl HIEM REETEZE -
MmEEMmKAZE (Khatun and Flowers,
1995) » hEHETREEEREERD &
FEFERA °

Table 3. Frequency of seed set (percentage) in crosses between plants of the rice cultivar

IR36 grown at 0, 10 and 25 mol m™ NaCl in artificial sea water

Frequency of seed
set/panicle of each cross

Cross (femalexmale)

Percent seed set comparing
to 0x0 combination

0x0 415  (9.6) 100
0x10 372 (11.0) 89.6
0x25 33.1  (12.5) 80.3
10x0 25.7  (9.8) 62.0.
10%10 23.4  (11.3) 56.3
10%x25 22.4  (10.2) 54.0
25%0 11.3  (7.6) 28.1
25x10 10.0  (7.5) 23.0

The frequency of seed setting.is calculated from and average for 20 panicles. Values within

parenthesis are standard deviations.
(Adapted from Khatum and Flowers, 1995)

2 -~ JkiaTT 2 SR B A9 Kl

7I S o T S P R 7K B S 4 R R
FEERARZR > FEAEMERYLL
B W] DS AR ENT 52 B B R B - K
B BLUTRE T -

() REBETIFHLIERER

ke R BB R EE AL
R - AR IEHR BEERRITTIE )
Qe R A > BETE ¥ 5K Z AT SE R BA 1
FHE - AR B DU A 7k 89 7]
F o HHKRISREE - 8n] DUEEIEE 2L
R EREEEEHAE Blum, 1988;

Fukai and Cooper, 1995)

(Z) B MERERSEE - IRE KR -

RE R B E KD R o x EER
BE > HiRREEBESGZEEKRN
KRR X EERE (Ekanayake et al,
1985) c HE W] LIFEHEIERE K H
AIUEE A RARTEE » EEf it
WIEREREAREE T R G R] » — iR » B
ERRZRLEERMBUTHER  REER
DEMEM > TERRELEREALRE
e EE B R PR K SRR ER
(Yambao et al., 1992) » [RRF0] 2 R 5 % 85
REIT AR > S@IMRR#EE (RLD: root
length density) (Fukai and Cooper, 1995;
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Ingram et al., 1994; Yu et al., 1995) o i
ARBERRET > M2 HEE 10-30cm 1 /&
th o fREY RLD EIEHHEE > (HE2EF R
BF - i 51 BUSEAR 485 (TRL: total root
length) £ IEfHRA (Ingram et al, 1994) o [tk

s A BEWERRAEN - Hith IS

BEBL T8 20> (Blum and Ritchie, 1984) o
Hh B L EER RO EREHE -
B Ak o3 HE 7R B E » R B fE ay i

TER/ #h L EREZE L ERK > B E T
AL EBW RS Z— (Blum, 1988;
Nguyen et al.; 1997) o B E iy £ HITH
YRR H > /K FEZE R H 1B (epicuticular wax :
EW)E D » KB RALRARARR » AR5
SHREERE o ABLER EW WEE
K > 1 EW SERYSTE » AR B TR
FRERERBNER » EZ3H2HRER
(Haque et al., 1992; Nguyen et al., 1997) o

Table 4. Root tralts shewing genetic vartation in rice

Diameter/thickness

Water extraction

Maximum depth

Deep root-shoot ratio

Xytem vessel diameter

Root dry weight l
Thick root number

Japonica>Indica

0-10 cm, Indica>Japonice
below 30 cm, Japonica>Indicea

Branching ] Indical>Japonica
Number

(Adapted from Ingram et al., 1994)

—\ mman s flz—-e
(=) HETHRRAZER ¢

— R E TR KB T MM
EETBRERIE (osmotic adjustment :
OA) » ENREBZEWE » FlUNSTEEHE
ERFEES (mannitol, fructans, trehalose %) »
BRI -REBSKEMTEY (proline,
glycine betaine %) » WLUMFRB B ZERRIRE
HAHYE - #FMMWA (Gupta and
Berkowitz, 1987) K ZE#EEX (Robinson,

1987) HMBZEEKRENE  E—SHFEE
B4 E kX & A (Downton, 1983;

Seemann er al., 1986) o BRiE HEMIEE
o TEXKEFSHERENEERET
L2232 (Bohnert and Jensen, 1996; Bray,
1997; Hare et al., 1998; Ingram and Bartels,
1996; Zhu et al., 1997) » LR AZH
WrstE#E R - OA EHEYEI Y RAIERER

Lilley and Ludlow &43#7 61 fE/KHH
i BRHAESER SIS ES (lethal
osmotic potential : ¢ ,ma) ZERAK (E
Ty Ed 17 BRENEIERZE (¥ e ™
-6 MPa) » #FE 2 HATR - ARILE
] OA HYZIEJREA > H1 0.3 | 1.7 MPa
(mega pascal)e /K F OA HYIEH #iE 7£ 0.3 -
0.5 MPa» ¥ MPa K » R FRIENE
ERIRHIRE ST - R[REK S BRI EA
MR » BRI A MR R BE TR o — IR S >
EIERIFR OA B » IR yth#kiE » BHAE
FUFSHY OA BI#Z{K (Lilley and Ludlow,
1996) - HETEIR A RE S OA Bk
B EEFNBRGET SN  NERHRIY
BN REEE T UER ZEREREY
filgn IR52 ARERBILEES  HEE
Bl » EREE 2REREPHRER
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mfE (Garrity and O’Toole, 1994) » HAK  HRESTUERSHERMEEES, 2%

FRHILL IRATI3 BiREE o RAKBEYIE
BERE OA MIEEMABMR » LTI —

#£ (Fukai and Cooper, 1995) o

BK88 BR6

IR52

IR28

Binato

Mahsuri

IR22

IR72

Nam Sa Gui 19
Co39
IR13429-150-3-2-1-2
IR42

RD19

Intan

iR8

Taichung Native 1
Nona Bokra

TD6

IR50

{ IRAT13

Q2 e

iz

IR36
IR34583-19-3-3
Bala CR42-38
C22-51
IR64
IR20
Dutar
MGL2
IR480-5-9-3
i IR43
Pokkali
CPIC8
ARC 11554
Leb Mue Nahng 111
Khao Dawk Mali 105
IR29692-65-2-3

Lzzrzzzzza7z2

Wz aarddn ez N22

Toyonishiki

“ 1R29725-22-3-3-3

—] Kinandang Patong

Surjamkuhi
Salumpikit

BPI 76
|R442-2-58-2-1-2
Sigadis

Todoroki-Wase

0s4

Azucena

-

Rikuto Norin 21

Palawan

[
{

Rikuto Norin 12

Wizt iz

Jalamagna

Tachiminori

IAC25

{
L1 Japonica (VI) |

Lemont

M1-48

- Indica () :

Bulu Dalam

gzl Other (I, 1V

Goirol

IAC47

Moroberekan (2)

IAC1246

63-83

Moroberekan (1)

T T T T T

-10 -8

Lethal osmotic potential (MPa)

Fig. 2. Range in lethal osmotic potential (MPa) for 61 diverse rice lines. Isozyme grouping
for each line is shown. Horizontal bar show LSD (p=0.05).
‘ (Adapted from Lilley and Ludlow, 1996.)
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AKEREREWMLE R ZRYEREM
OA? HEIERMMERA S » LLEKEE
I » Rk RESPIEBUKBER T REE
proline (Dingkuhn ef al., 1991; Lin and Kao,
1996b; Roy et al., 1992) » {BZ proline E2
it B B i B R BRI R 5B 2= HERE © 440
proline JEZE » BESR O] DAFREREE B K Fa S H
ERHE - EEEIFEMNELR (Lin
and Kao, 1995b) c BAEAKBERF &
F 1 glycine betaine » BRI B E R K
F5Y8F cholcine monooxygenase (CMO)FI
betaine aldehyde dehydrogenase (BADH)EE
% (Rathinasabapathi et al., 1993) o {H#% 3K
BH/KEHEHE BADH EEHY > HEH
B{7f peroxisome P> RILTEEREE
Bz CMO % (Nakamura et al.,
1997) e ER/AKBEEEREHMAVEE
BYE - i@ EHEENRES - EEE
HE—FERES o

(P0) BB T BE -

2 K e T S =R
B> FEZ NaCl> HEBREEZE > 1
B —RERER > MELEHZHH
WERLEEA > B8 (1) R#l NaCl iy
W REE C FEEZREE NaCl FHiBR
R S M R R B Ry SR JF PR i E E
H EERRAE o (2) RIS NaCl fE#H 8%
RS 43 » {#F NaCl FEEE R ETEE S »
MAGEISHEE o (3) MHEE NaCl AU %
AE » TLLEZAFREE NaCl i92RE ©
D EEEREEREKBEE T LINE
FEIRFH EE Na R/8¢ Cl EBOLES
MfEEER =54 (Ramani and Kannan, 1986;
Yan et al., 1992; Yeo et al., 1986) °

bRy & B RRE - FERRETIYR
W IEE SR - FNEE T RKREN
IEIRA—EL » TEH—4& FH A iy 2 8
BE - N AEREA £ B HAE HERE
FTEAENEERAZEZE » K& SED
RS E—EE TS AR E R o

E2 ~ KiEm 2 RiIHEBRIRY 2 F 5%

JKFAEM 2 RS IR e H S ER
el > T2 EAA B X IR EE BEE -
HBREEMNRE RNENERE A ERREKE
B o HEHPS FEYBNRE > HiF
LRTHIEAMG o 1A ZRIBGE LR o Hf—
TER S B R EE R EEARER
BE (Quantitative trait loci : QTLs) » 415
BRI AR ER » WG ERENS » B
AR KRR BEFE MAS (marker-assisied
selection) B o

BrRIKGEERERIF S FESEE
» ZREYA# 0.9 ¢M (centi Morgan) A E
—{E#fZE (McCouch and Doerge, 1995) »
JEH B S R MME RAYENL © :EHRFE
ERAE > FHlZHEWE2ERA QTLs »
FEZFIH RFLP (restriction fragment
length polymorphism) FE{ » AT ¥ KAYIE
HIEREERENAE-REEN - RER -
ERRASERBERFRANEERA) &
LA ERAEE S AER o BRTKFBLL
4 HEHEEMIEY » fIanFEMN ~ XK
RE -~ BREMITEECAGE » sJUA
FRENE RS RV IEREN » ot REKEFE
HRHEE R - REN - EE
EMRAESERR  RS®REEENA -

&~ ¥ A& R EER S EK S
R Tiid B2 de

BER KSR IE T R e I =R
BA HERKETEENERHRASZ » 4
BRI LA AR B S ERE k
AN R R o PIMERE TFRFR
HA » 4800 putrescine FREE W] LIHES NaCl
R EAYHENE (Lin and Kao, 1994) o ¥4
BEAsRTEREYE TWERERE
JLRZ putrescine » IRATDUEEE R AR »
gk fiEE (Krishnamurthy, 1991) o ¥t
WEEEEAE Klebsiella sp. NG BIRTE
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RERETEAR WEEUESEYAERTAL
> KILTEfHE IAA ~ Kinetin B GA g
MERFGHAAFEEUFER (Razi
and Sen, 1996) » 3 HH F] "8 e iR B AR 5 5%
HRENEZE > WRLEAEE °

EER > KREREEEMEEEZN
HEL > ANimPIBL FHE S B (Christou,
1997) SRE21EE 5= (Chan et al., 1993) &

AR SR EEKEHE - B
SFEVBRNBRUESBKELSEHE
R K o HhafERS ZiHk K
FEZEER - MREEHESENEBE
ELEREREERAEG - HETRESHE
5 I /KRR 2 R T EERE ST - HETE
REBRSERNWEEEREBELUT&E
FEN):

Table 5. Summary of QTLs rated to drought resistance in rice

Trait No. of QTLs Effects
Root morphology 18 Root thickness
16 Root/shoot ratio
12 Root dry wt per tiller
(Champoux et al., 1995)
Root penetration ability 4 No. of deep-penetrating root
6 Root penetration index
19 Total root no.
10 Tiller no.
(Ray et al., 1996) _
Root growth 1 Root length at 28 days of growth (DAG)
vary QTLs at 3,7,14 & 21DAG, QTLs vary
with developmental stage.
1 Root volumn
2 Adventitious root thickness

(Price et al.,1997)

Leaf & stomatal conductance

(Price et al.,1997)

Leaf rolling

Stomatal conductance
Rate of stomatal closure
Date of heading

Osmotic adjustment and
dehydration tolerance

5
(Lilley et al.,1996)

I(major locus) Osmotic adjustment

Dehydration tolerance

Table 6. Expression of novel genes conferring stress resistance in transgenic rice

Gene Enzyme/protein Source Response Reference
HVAI LEA group Barley Drought/salt Xuetal, 1996
P5CS A-pyrroline-5-carboxylate  Mothbean Drought/salt Zhuetal, 1998
synthase
CodA Choline oxidase A. globiformis Drought/salt/ Sakamoto et al.,
temperature 1998
ADC Arginine decarboxylase Oat Drought Capell ef al., 1998
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(1) HvAl : BEREHHEHFRE A2
ABA FERENK » BEE=FF LEA (late
embryogenesis aboudant) FEHE - A
DIREBTRZHKEE - EEHEE
HIIHREMKR T2 T R - RKEIEB KA
% EERKRIERE - fKBTE 200
mM FEDQEBKERT  ERER
REETER ¥ HRAH A -

(2) P5CS (A-pyrroline-5-carboxylate synthase)
E1ES] proline G FEEER - &
P5CS %] ABA RIEHERBEH &
H - BEIEEKEE > AIEBRKYIER
T2 proline > 75 HIREMRAY 167 -
252 % -

(3) CodA (choline oxidase) : & #%l glycine
betaine SR FERERE - KBFRE
EEEE EEARFEH glycine
betaine < Sakamoto & A& Codd EH R
WA KK A6 BT mIREELET 0 4 Al
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Chapter 6 Effects of Drought and Salt Stress
on Rice Production

Li-Fei Liu
Department of Agronomy, National Taiwan University,
Taipei, Taiwan 106, R.O.C.

ABSTRACT

Drought and salt stress are two major constraints to rice production and
yield stability in many regions on earth. In general, rolled leaves and closed
stomata were easily found under drought stress. Accumulation of Na,
decreasing of photosynthesis and enhancing of senescence were also found
when plants were subjected to salt stress. Rice plant is most sensitive to both
stress during reproductive stage. Loss of grain set and yield is tightly
associated with the failure of panicle to exsert from the flag leaf, the reduced
floret number and the lower pollen fertility. Several drought / salt-resistance
mechanisms have been identified for rice: (1) drought escape via appropriate
phenology, (2) moderated water-use through morphological changes,  (3) the
capacity for osmotic adjustment, and (4) efficiently devoid the ion toxicity. In
the past, the breeding for both stress tolerance was slowly progressed because
the complexity and the involvement of multi genes in drought / salt-resistance.
However, recent development of molecular linkage markers for root traits and
osmotic adjustment as well as transgenic techniques offer new opportunities
for drought / salt-resistance breeding.

Key words: Rice, Drought, Salt stress, Osmotic adjustment, Transgenic rice.
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10 KAy 7 2L # i & /= °T DLE Bf 74C
(Ramachandran and Raghavan, 1989) o
ERBRANNBERET kG EE
SEWRE > MERNESENEEAS
B LT o RABBR RFEWRBERY
REEMEERRPBDN RS » £
B EHES (Matsushita, 1958) o £ 5%
Btk 4~5 KiF - R AERBAAE Bk
HISEME (Sato, 1964) ; TERKHR 7 KM
ML AT CIBA Ry B %2 E] protein body »
TR EOEEBHILENE 17 H#E
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HENSREATE » £HRFLEEMEE
protein body By S E® R o XK & 11 X
RF » B BLRYIE IR B IE KR protein o 7€
14 K » S EEEREEILE 80
% FEHTR 21 RIFRIREELHE protein 1Y
EEEF|RAE (Rosario et al., 1968) »
ERK 28 KK » NERMEERAME
Ak ERELEEREZEEER |
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Fig. 1. Thirty year’s averages on monthly
mean, maxmun, and minimun
temperatures for northen (Hsin-jue),
central (Taichung) and southern
(Kaoshiung) areas of Taiwan (1961 —
1990).
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B BEHKERARTIRE

DUKFZEEHMS » Y15 > 911E
SrALER ~ TEX R AR B A EE R 7
BHHRERRERE » LHDBR -4 FH
EREYETEITHEZENERERTRENE
(sterility)Sg N R EZ W) & T I » FrEE =il
BARETLL 3335°CERR » EERILL
17-15°CLA TN BER 5 > K AU A
[F] 7 B8 A #8 2 (De Datta, 1981) o

HREET > HEFNSEREERT
fe ~ BB/ RBEAR - HP R
EHPREEGE 36°CLLE)FEEETER sheding
FE A EERETER & E B (Matsui ef al.,
1997) o RFAH HBAY X FEFE SMFEHF T A
A » Dl—ix®E RAy/kBnEmS - Al
FERREESENERE » MERLECRH
15 BHEERY Z & (Yoshida and Hara, 1977;
Sato et al., 1973) o« ZIE/KFERBEBETLUE
BEE > MRS NEZENRY » D&
% 12 ReBRNHESEREBER » &
ENTREESRK  RBHREERZYE
EEMNERY SERTHEBEENT
B ¥EEAERENEELSERE
2> SRvHEREENNRESE 18
MEREE > MR HEENRIERRA
$HAE (Tashiro and Wardlaw, 1991) o R
BEZMEREL - kBB SE TR
B FETREEA R LA BT S ECE B (Inaba
and Sato, 1976; Sato and Inaba, 1976) ©

EEET » NRREEZEEN Nagato
and Chaudhry, 1969) o i EHMRTER
R R ek B o 22 AR B BE - TER R 5
LRI E (B R R, 1994) o LI
fiMmE @ AR TEERE S KR — R K
Bohs B A B R B TR Bk $HE
EUE (Nishiyama, 1983) » HIEIFE5 1L
Nt TFPTEEEEGEREE /NHE
(abnormal spikelet)dy3E N » FERPBEF
He FEEEEEEREREG TERRE

HBNRERE LR HEE
J5 IR LA MR B o0 SERA (I 1% 6-9 K) ©

ARG LIER 67 BREEDH] 10
FTERME > PEEBARRBEHSTAHE
BEREHE > BRUEE 67 BBAFIRE
— HEREREESREERNZEARR
iR DA R B R R U KR
20/15°C(H/EE) ~ SER 30/25°CHyERE
ErEREERN TRGE > 1995) ¢

BErNEL & BEETEHET
RZERRK o SRS ~ BEKE
ERIERTE ~ 56~ IBUKED ; EERR
NE L BN A E AR LS IEL
A BTrRER BEQEZERSF
E o # B 2t (Nagato and Chaudhry,
1969 ; Tashiro and Wardlaw, 1991 ; &,
1995) o Nagato et al. (1966)F He er al.
(19892 ~ )IE HEEBREH SR TE
HER - REERFER > BREEEES
BCHEYIRL ~ AR RPN ©

BN - ERES A TEREER
ERIRR RIS 18 Fr B B R EREA o

-~ REHEHBRENEECRE

KA RAIS G AR E - DI ~
BEOERIFEIEIFER RS - EEHEK
SRETEZEESRE 10 RRERE » £ 21
KBS IF (Hoshikawa, 1962 ; Del Rosario
et al., 1968 ; Yamagata et al., 1982) - Asaoka
et al. (19850)Ay¥k e SRR T < HHE M
B ¥ (amylose) B2 JF H # £ & &
(amylopectin) KER & #& 20-25 RKESR
RSTRL T E S SR B I E S R B
5k B f& o Hoshikawa (1962) K Wardlaw
(1970) EHBRER TFHBN L EZL®
& WA R R /D R E X
(enlargement) R 5 % S5URR #3104 B2 [F) 4L
Y8 AR A B (Jenner et al., 1991 ;
Tashiro and Wardla, 1991, Shi et al. 1994)
Shi er al. (1994) M RERHBEEEE
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K Bx ¥) B 4 B 40 5 & (hardness) ~ §5 1
(stickiness) e Y37 M (balance) ; {L 2 pEE .
BB E (gelinizational temperature ;
G.T )~ BBEEJH (gel consistency) ZEd
B R E B R ERE - ILE
R REPEEAL o

KNRE RGETREPEE GRS
BRI EZR | waEE - R
BMEEREBLEERY  E0EMNAREL
ZERE > EERNBREEMREER
BB (Jenner et al., 1991) o FHEE (1990)
K Juliano (1985)37%5 Hi g h 78 B AR i
FEBR IR OO SRR R R A o BRI

Table 1. The effects of temperature on spikelet fertility and yield of a japonica rice, Tainung
67. The temperature treatments were performed at milky, dough and mature stages.

Treat. Temp.(°C) Fertility Yield (g plant!)
Stage (Day/Night) kernel (%)
st crop, 1994

Milky 15/13 58.7+1.67@ 9.0+1.59
20/15 76.04.92 7.2+2.19
25/20 87.6+7.13 17.44+1.83
30/25 86.21+4.89 7.2%£1.09

Dough 15/13 73.2+£6.90 10.7£1.35
20/15 83.4+8.90 9.8:1.90
30/25 93.2+4.80 17.6=1.54

2nd crop, 1993 .

Milky 15/13 30.0%5.00 6.93£1.67
20/15 46.1£6.70 14.124+2.22
25/20 56.4+6.31 16.84+2.25
30/25 58.2+4.15 16.37+1.32
35/30 53.1+5.07 14.75+1.85

Dough 15/13 60.3+3.43 14.3441.18
20/15 62.5+3.58 15.34+£1.08
25/20 56.0+2.00 16.8541.65
30/25 57.5+2.48 17.73£1.35
35/30 58.3+£2.72 12.63+1.74

Mature 15/13 45943.97 11.64 £2.79
20/15 47.0+4.16 12.16 £1.65
25/20 51.4+4.71 11.41£1.67
30/25 51.0£4.93 16.08+1.54
35/30 48.0£2.57 11.17£1.52

Mean + S.E. (n=4)
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Singh and Juliano (1977)L1 IR28 }%
IR29 B# Kl » JBHRBA EFRTER 3 R
MR ETE » 5-9 REMEERERHL -
MEMIER 18-21 RAMEFRIEE , Mk
HRPAEZARRERNFEEREE o &
EREFRIERN TN EEERY S &
TMEEEKE o FaEE (1990) ~ Asaoka et al.
(19852 ~ )R HBZN A EIHEEER » K
hien B R EFEERG S EHEEM > B3
K EREE BB H I P A ~ REMERR (K CKRER
R IR (palatability) [X] [ B2 (R &, 1990 ;
Tamaki et al., 1989b ; He et al., 1989a~ b,
Asaoka et al., 1991) o 518 % FH Rl @] B (K
ANEHERLESE - HgINEERES
2o WEKNIRSHARERRASE
(Tamaki et al., 1989a,b) o '

Tamaki et al. (1989a) DI¥EK (waxy
rice) FIEFEK (non-waxy rice)LfERER
KRB LR ERBERNERENE
2, BHERKITCO)IREIEEREH
MRS A EEEREKRSERSERNEE ;
XNEBC9C0)REKHEEEMERD &
EREE > FimERSERERENSEE
AJREFR AR R HIFTEA o

18 EE U EA 5 1R] » Asaoka et al.(1985b)
DAL 7 B HARK B {EHA AR (R B R R
EEECRENEE > WIEHER 5-15
KRB BEE > (RIR TR E KRR R E
RS EE - SRR ey E SR
K& & o 8 Bajaj (199DFEHIKRFPEMNE
B e EE BN & R H{EAC/APC)
RS R R E - (R BRE O] RIS KA
FRAA) B M A T RO B o

ERBEEEERNTIEEERYD S
E2EHFER > Asaoka et al. (1985b)HEH]
B E AR R 2L P A B SR R
HMER T MK - ST SRS B
2% > amylose & BB {K(Sano et al.,
1985 ; Tamaki et al., 1989a) o {K{B T &%
RIS RERBGZRA - DUgmE
MHE#¥yS & (Tamaki et al., 1989a)8BF ;

M Sato et al.(1985)LI/KFEREA L, BFIE
BTHEHBENTH Wax EHBEARES
B mik—E B EEMERD S HEER
B> AMEERE T ESERHED -
Umemoto et al. (1995)E5HE 15°C{E{R 7] B8
Z 2 5 granule-bound starch synthase (3
%) > K amylose A& & ; HLEHIE
B K2 ERFZ E £ ¥ (differential
regulation) A H L EHMEFBE X
Ko FRENIFFCEE

U B A48 R R AL BB HH By BRI Y 3K
FE » B ER R B R (BE2K > rough rice)>k
R NEEEREE ZBRMLIEEE c He et
al. (1989a ~ b)LL “C R HAEE » IR
NEHWEBRBANERIERR > E0E
Bl » AT KBENZETFEGAMRE
FH % E 4 HE B K (physical gradity) »
B ERNNENEEERDZEEZEH
BEFZE BN ERIZBRIRERZ
2 BNANEEEERLEEES %
=2 RN A BRI ARSI EHM
MBS & B o TR (1990) B8 H AR
ok > ESEMEED S EEZRNTELTR
o E > FRE 2-3°CRiEE #H
¥ 1% » [RITy OJ 38 432 040 st BL R R & K
TR - (EEN O B HAR R P RGE AR
ERE > FERNTEHEERREE
A ERREBEAIREK

2 /KA B BB R AN
fi? KIFRENELEZR 67 SREEFH
10 sS4 E - BTG 7 B HAMK o b2 i
ERE > HERNCR2HENZELER
67 SERHIFIHERT » AR R amylose
EENEEREERE RS NE > FHEL
HHEKIRBEE . amylose S E&E ; B
B Rt ER B S consistency RY
Eme HMEHBENXERIETE amylose
MRA#EE o Z2RAl 10 G K
JE o BB REREEHELE CHE -
BHEENEHEENRRNE > EREXRMS
T BRI E A L EIMLEE o
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Table 2. The effects of temperature on grain chemical quality of a japonica rice, Tainung 67.
The temperature treatments were performed at milky, dough and mature stages of

2nd crop, 1994.

Temperature Alkali test Amylose Crude Gel
Treatment §0)) Protein consistency
stage (Day/Night) Spr@  Gel. (%) (%) (mm)*
Temp.
Milky 15/13 7 L 21.354+0.30%  10.10%0.04 M
20/15 7 L 20.00+0.06 10.824+0.00 M/S
25/20 6 L 17.10+0.10 11.78 +0.05 S
30/25 6 L 15.35+0.15 11.2540.02 S
35/30 5.6 I 12.12+0.61 12.03£0.02 M
Dough 15/13 7 L 21.70+£0.40  9.62+0.04 M
20/15 7 L 18.45+0.28 11.15+0.04 M
25/20 6.5 L 16.75+£0.32 11.16+0.01 S
30/25 6 L 14.8040.00 12.04£0.02 S
35/30 5.5 I 12.50+0.00 12.13+0.03 S
Mature 15/13 7 L 18.32+0.29 10.84£0.01 M
20/15 7 L 17.62£0.41 11.15+0.03 M
25/20 7 L 17.85+0.08 11.45+0.00 S
30/25 6.5 L 14.97+0.04 11.61+0.03 S
35/30 7 L 16.5040.00 11.15+£0.00 S

@ : Spreading value.

# : M: medium gel, 36-49 mm; S: soft gel, more than 50 mm.

3: Mean=S. E. (n=4)

bz~ mEHERPEAEMENEE

KBEHERBMNATERGZ— 1
{E#EEZE 10% > HESE - RIBBERE
HARBEEKX -BNEODEEEMHL -
BEEARFGANNAELE - RRAEERESE
BEL > AnE—EEEE - 5EQES
BRI B KA ( cooked rlce) W%
TNEHHEEREZWNHEGE ( Taimaki et
al., 1989¢c) > ﬁ)ﬁ%ﬁ.ﬁﬁ#ﬁﬂ&*&%
IR %2 T @ MoKER E ## % ( Litte and
Dawon, 1958 ) Wi NZEELEIREKE

TAT i e (B B o

LB (FFRR, 1989) 0 Fak

—RIEHERBEERESIEN R ERE
HReE (REREHESERE ) WA

BREBELE (Souza et al, 1993) [
MAEDEHRREEENRARESHES
i ©

BNHTHEAEREERE im o &KX
HEEHHEHKR  HENIABRANEREE
( Tamaki ef al., 1989b ; Lu and Luh, 1991 ;
Juliano, 1989 ) o # Harris and Juliano
(1977 ) fEHIE FERI S BETER 4 R
B> MEDBERAPBREER 7-8 RHEH o
BRPHTEEEOBREEES S
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(1) AEHR albumin : 0-10% ; (2)
BEYATERY globulin & 1-20% (3) BEYSERY

prolamine : 2-20% ( 4 ) B EERA % glutelin

(oryzenin) : 60-90% ° EEEEE LB F
REHEMEEBI) > MESHELE
HIEFFEREHER (PBI) (Tanaka et al.,
1980) o Tyt PUFE 2 B B EL B AT e B ~ R
S - B EXEE - MRS
HEHEAK(Li and Okita, 1993) ° BRPED
B R AH RS B E AR S > DU AT

REETEEAEWRES -
HEREOEH AR ERAECEEE

BRX > EMXELES FEY LA
WEHEEER - (EERBEZE L SUR+TH
Woe 2 EE PR RE S HEE H B (Kjeldhal
protein) BV E » HEEMEEAER
B AIHEE R R - SEER 30°0)%
ETRBEZRNEEFRESENHEER
B WREHCKA T A REMEREHREZ
= ~ N3EHH ( Nagato et al., 1972 ; Tashiro
and Warldaw, 1991 ) » [b4 ¥k RS E
Mg g Ea BNk Kk RERESZT#
HEMEZERARZERE » BRERRWRE
ZRE{E (Little e al., 1958 Webb, 1985 ) o
EIREIRE T prolamines J glutelins &K
B eIghn » o prolamines BYFEEHE N
BENXEE glutelins » K A REEKEEH
BEEEN > MEFGEG AR
(Souzaetal., 1993 )¢

AMEEHAREOEHREREEH
BRI EERER D) HERESEH
REREEHIEAER > SBTEREESD
BEERE BE—F B A MEMHE,E
CEERERESNEMBEEER NS
% » &I prolamines Ed glutelins ZEER
LMEEN2E > SENKECES=ZEY
(%%, 1997) o hEML{EB AL RE X
EREHEGEETESRE o

At > TR BRREEE S » THHREB
FEfERREREREEREMUEESE
IS R AV B (B &, 1998),(HHE

EENEHER R ER RIS R IEE
HER B R D

o]]]

E - mEHBROBRREZRE

FEE(90) e & e R R E HA
IRF IR 2 Wl iU ok R TR L ER M A » HET
HEKK R BEE > HURELRRR
Asaoka et al., 1985a,b ; Tamaki et al.,
1989a,b ; He et al., 1989b ¢ Tamaki et al.
(19892) #5 KRR K EEEE R PRy B &
PERKDIE N > {ELA R i £2 50 oK AR E I 1
B RAE  HUNBERIARRBR
(1990). Asaoka et al. (1985a,b). }x He et al.
(1989b) o Juliano (1985)¥#5 H: K8 o] (R (EE
fLRE > BUHEEEEE#HOEERZE
il o Shi et al.(1994)CI/NERR B » TR
RABHMBERE  RHSE TEMEME
En e B EEZMEERL S EREM
ERFRNBCRERS > KB EHER
YR B3 FE (Fuwa, 1991) o b4 » IRE S
S KEEEEREATEM >tk
HIHE B G PR ok B R K B B AR M - (AT
EREE LB K (€ (Tamaki ef al., 1989a) o
FRERTEENANERSELNESE
(Tashiro and Warlaw, 1991) » X EH &
BEE i (Nagato et al., 1972) » HEHE
1 8 7 B IRF oK L B9 % 7k B (water-uptake
ratio) » [A | ZE &= 7 B IR T 75 IRF 0 B oKORL
& ZyWEZ(Webb, 1985) o 1 BEBR 52 BEK KL
R AR - @R BRI R F RN
AN BERE R/~ TBAR -~ BHAE.)
RN B REXRSE > HWEEEREMRE
2 HiPEREA o

W FE

RERKEETPLRHNRERT
MRHUAREFORTF » EFRE LHER
FEE By $5 22 6 T E 0 N B AR T A 75 R 9 2K
JE& o fEH AR M AR BRI E
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T B RAEAE BRI RIAR © LUBIER R &

UL EETI S - R H TS

FIf 2

1. B SRR , M, SRR o 3B
R EREEE > EREEE R
T 0 B Y AU M (O L R AR B (e
B BEEER TR - BITEES
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Fo B RA TR BN S RERE
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RSN R 2 AR A 5
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3. FEREREEE ., (SEEEN
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HABEHEE  BEEXRITEYE
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Chapter 7 Effects of Temperature on Rice Grain
Filling and Grain Quality |

Huu-sheng Lur
Department of Agronomy, National Taiwan University,
Taipei, Taiwan, ROC

ABSTRACT

Temperature is an essential environmental factor for rice development and
culture. Taiwan is located in subtropical area with two rice crops a year.
The fluctuation of temperature during each crop is differed from other
temperate countries where japonica rice is cultivated. Therefore, knowledge
of the relationship between rice development and temperature should benefit
the design of culture manipulation and breeding strategy. Improvement of
grain quality has been the major objective of rice program in Taiwan.
Temperature effects on grain filling may directly influence grain physical-
chemical properties. The present chapter, thus, would focus the review and
discussion on the temperature effects on grain development and filling, starch
and protein accumulation, and palatability. Comments and suggestions for
current and future researches to improve grain quality under Taiwan’s
temperature-environment are also proposed in the context.

Key words: Rice, Temperature, Grain Filling, Grain quality.
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Fig. 1. The relationships of photosynthetic rate, respiration rate and growth rate to the
temperature. (From Fitter and. Hay,1981)




124 HCE

EASESREKEBCEERIIEART
DAEBIR R =t & 1F D KB TR A WP iR
BFOMAEETF - EEEEEEI I
{E& (Weng et al., 1982b,c) & LB A [E] 7k T
on T 2 B EEF & SR B H A R # #R(CGR)
ZHFR BRBE > BEEXAGSERAEZ
i > EEEEEBRCADRER > Hil
FM{ERNARER E » EfEEF LAl 18
0 H NAR BEZIBEANBRA » B
EBEERET U YWERRE IRE(E

D)o REFRTYREEZ HGERRT
ZKkEmE s RERAZREE =
&% TS > HELEE e £ K B I B A
(specific leaf area » BIEEEME / EH#HEH)Z
HERREE -0.74(P<0.01)) » B EHME
WREHEERS c MEXBRAGERE
= F LAl B/ RBERFZIEN

4p

12

—
(=2
T

NAR (g m? day™’)

810352697

RERL > AJLERBRSIEEERE %
EER AR EE TR B - (HEE
LAl 8K » ABEROHER  EERH
BREBREBRIREES  HRFERFRELZ
mERNMERREREEE LGRS -
i E B SR IERE R S ELRE >
TP E B2 o

EBE (B RBE > 198)EZE T 2B
RIT#ER KBEE-HECERBEER
#A>H CGR fR&BE LAL 238 hifn E4F L 7F »
7S —HAfERIE CGR-LAI /=R
B& LAI ZiEimmZm2R(E=)  EER
AREBE_HHEEEERMCEERS »
£ LAl 8/ » BRI LRERER -
HBXEERAER » MR MEHSRERK
ZIEIREFE > i1 LAI ¥8K » & & (canopy)
A ZERIBE R » IWIRIBFE CZERE

LAI

Fig. 2. Varietal differences in the relationship between leaf area index (LAI) and net
assimilation (NAR). (From Weng ef al., 1982b).
1: CP231 dwarf (38.6); 2: CP231 (35.2); 3: Dee-geo-woo-gen (27.2); 4: Woo-gen
(25.0); 5: I-kung-bau 4-2 (32.1); 6: I-kung-bau (33.9); 7: Tanginbozu (36.4); 8:
Ginbozu (33.9); 9: Tsukushibare (30.4); 10: Omachi (32.0); 11: Nishihomare (31.4) -
In () are the photosynthetic rate of leaf (mg CO, dm™ hr'') -
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Fig. 3. The relationships between crop growth rate (CGR) and leaf area index (LAJ) of rice
varieties in the first (down) and second (up) crop seasons. (From # & fk, 1988).
1: Woo-gen; 2: Kinandan patong; 3: Taichung 65; 4: Tainan 5: 5: Tainung 67.
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Fig. 4. The relationships of respiration rate between leaf total nitrogen content and

photosynthetic rate of rice varieties. (From Weng and Chen, 1987).
Solid symbols: Indica; Open symbols: Japonica; A\: Tainung 67.
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Fig. 5. The canopy structure and light

attenuation of Tainung 67 at the heading
stage. (From Kuroda et al., 1989).
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Fig. 7. Comparison of plant height, leaf length and panicle position of new (Milyang 2-3, right)

and old (Taichung 635, left) rice varieties.
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Environment and Rice Production

Chapter 8 The Effects of High Temperature and Low Illumination on Assimilation of
Rice Plants and Its Physiological and Morphological Strategies in Response

121 - 134, 1999

Chapter 8 The Effects of High Temperature and Low
lllumination on Assimilation of Rice Plants and Its
Physiological and Morphological Strategies in Response

Jen-Hsien Weng
Department of Botany, National Chung Hsing University, Taichung, Taiwan 402, ROC

ABSTRACT

High temperature and low solar radiation are the climatic characteristics
of Taiwan. These environmental conditions would reduce the photosynthesis
and increase the respiratory.consumption, and are disadvantageous to the
productivity of rice plants. It was reported that varieties with lower respiratory
rate could decrease the respiratory consumption. Varieties with longer, thinner
and erect leaves provides better light and air transmission to canopy. Varieties
with higher stomatal density and opening and physiological activity in root
system have advantages in photosynthesis and transpiration. For breeding
purposes, it is suggested to select the varieties with the aftorementioned
physiological and morphological characteristics. Characters such as lower
sterility, short culm, and .grester panicle weight are appropriate strategies for
rice in response to conditions-of high temperature and low illumination.

Key words: High temperature, Low illumination, Assimilation, Rice plants,
Plant type.
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S1ERBEE IR o Dingkuhn et al.(1989)
Rk HEE T RA R RER B > 8
A E kR ARG R AR > HER LK
BRI REC B » REARER A&
BTk > MEXEETEREETR o
BR(I99DIE R ER 4 R BEHIEHE
Tk 535RJ75E 0.8 bar £ » SRR
BEHES 380 mv DL L » HIEEERIFH TR
JKEZ 43 kg cm #8028 58 kg cm™? » fRAY
fREZEIH » IREWA 64~73% > HIR
Rk » S ZARAEIE I o B T EH
HIEEEEBRE 50% B SERE
90% » $HAIRZRE o A BAIES
T SRR I8 3 1 BRI R FH v RS » (HBS IR
AR B R 33% » DEHIFREBEAZT
) 18 BRI 12 £k o BHRE TR -
AL AIREE o WMERBRE > 4
BEBCEE 12 #RIEINE 15 # o HEHITE &
KIS EEREF » TEERIIH IR SIS
RIS 2 R R RS2 RE > DUk T Rk
BERE » ERUKEBERY R IKCZ HIH] - &R




= IIEBRTIE

NP S - RN A8 K
REBAY SRS - KARTEPEAER
% > EBREENRKDES » LR
ELfSRUEWHEE - BEBEHE AR

B BEAENIE B EEKERTE

BARESAFIRYRERE » EEBERIE
G EEE BRI RE o
RIBEERIN > HERHABEREK
TREE » TIEEB AR > HYHE ~ LEBNEY
TEE R o TR B EIRRRE
RAKERRA L EBEWRBRIARLE - &
RIEKFHEBCEERZEZRTHNES Z
— R LTERREAREEBEEER
RE » BT EREIER BRI TR o KiREE
REBRETEE B R » 77 LI 5
R A REBCEARE L8 - HBERT
RETEPRBUBRENEABES - R
R+ EEAERNEML » EBRNERREH
SR E B ERIKE o Takai er
al.(1956)B 2 /KH T EPB B K — K& » &
RPREAEK o HEENITHEER KA L
HERBE > —REBREME 0.7%ER °
HWHE/KRIBS - BABEBERIEREA L
B> EERATIHEHIBRLLEHEZERE
(Pearsall and  Mortimer, 1939)
Alberda(1953)fEHE/LERE 2 mm E o
HEE(1978)$5H » HIEPEALERENY
A —xEE h—EEELERD
BRE > XNHIBRERZE > EE8
FEHRE 417 pg - day © cm? K> EHE
IR 2.5 cm - day » HIEAL/ETE 1
cmo £(1974)38H » B T BABEEL 2.1

~om - day” Bf > AB/KERERE L EF

YRR » [E IR RN AF RO BE &R A 10 65 -
TEIEBRFELN > TEXTHEBES
AHEE > RERBERRPE o
FHEESRFERIER T » Black(1968)
8 S AR R BN K R IR E RITe

BRITAE ZefEE

54 » TR E P {E BB EAYER
B ZkHEREBR T » &Sy
RREMEEREEM > L Eh Fe? I
Mn?*J& & 25 (Gotoh and Yamashita, 1966;
Ponnamperuma, 1972)o 1 1 h Fe?* I Mn*
R > HPRKBRBGEREBTLRERE
EF|(Clark et al., 1957) » H Fe** 1 Mn**
BB ERBMERN K fIEMmEES T3
ik WMELBEFIERME
(Ponnamperuma, 1967) o {H & Fe?* 1 Mn?*
FEESHY kKBgEKRESE
(Ponnamperuma, 1955) ¢ Jugsujinda and
Patrick (1977) fE/KfBEBERIAM » L
TRE(LRFEEM K pH EHE - HEKE
B~ 87 ~ SRR RN o FEH KFRTE(E
SRR ENR » SAYR BT o $FRIZE(E
SALRFIRET » BRE KRBCERK -
HREZEALRFEEALAT TR R RIL o
ERYR K A Z RSB B - BRBoE
IMERF R IR A o

T3 pH EHBHORKEEHEZNE
2> £ pH BERIERT » EEBFREN
BERE(LEREMEEBREIKET - &
pH {EIE » KFEE BRI B > ATRE
HRES pH BT » SRVEHRERE
BB TE A SRR A W o 1EER
K& > BT AT pH ZFE EF - @8I
T &iE 2~3 BHRE—TEE pH H -
KT 6.5~7.2 Z[E (Ponnamperuma,
1972) o THERKRET » E{LRIRE
UFWREE > TEPHEFFEEL NH,'
BIRETFTE » FIL|AL 7S » T2 -
B HRERARI » AR ERME
BE o BHkiEE L EAKSERT - R
SREEMASER » NH, REBHEIER
MEE NOy > T NOs B Ltk T FEHY
BERMOMEHER > FRIEFEREK » ik
% BREREE > AEREFHEKE
B $8 4& (IRRI, 1966) o Patrick and
Wyatt(1964) 5 i R /KEFE AR > B
B 15~20% T2 ZFAYIEL » Reddy et
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al.(1976) R HE HH B B9 &5 5 o Tolley et
al.(1986)f5 i » FEEEALEEFERET » &
Kkl ER%  EELEREMS-200 mv
B IREENRKERS » L HEESL
BEEBEMEA > BRKEZRWBA - HL
Ber2R a2l EHERIEE » EEAE
JREAMFR-200 mv [ » HTENEEIE
&4 FLEREMERE+S00 mv o £
H2ReERmc THEBRFE2ASEHEME
KA EEEMRBER  EHERRIE
P TEZ2EBREEHEERS - =
R E R T KB KmE N - E2R
REAEFREMN TR » FBAVEFRmNEE
HYSH RS T o FEREERET »
HESGBR  LEESFHREWN F'K
Mn**fy L 48 » Fe*FI Mn* 0] LUK - 8ER 7
A K* 22 A EEFL(IRR], 1963; Ponnamperuma,
1976) o

THEKE > SEREM TREE
(Kl 1+ Ay [T £ (Aomine, 1962) » HHE
{bEENES#LaEE Rk ENLLEEL
(Ponnamperuma, 1972) » &SR ABYIEFEE {it
#5(Grable, 1966 ; F » 1974) » BHAIE K
1% (Ponnamperuma, 1972; Goton and
Yamashita, 1966; Mikkelsen and Kuo, 1976) o
Patrick and Mahapatra (1968)5H » R E
YR HTE  HE(LREEEBAMA 400
mv~700 mv Z[f » LEEFERK » HEFE
BALA{EE]-250 mv~-300 mv o 1R IK
% FLEBRERN D HEA G ER
HIEE » RKRER o TEPE/LBRYMEE
i RS2 B FIERRFE 0,°NO; ~
MnO, - Fe(OH), ~ SO, ~ CO, & N,
(Turner and Patrick, 1968) o [K|if » L3S
e ERLRFE TR EG » HEFEEA
ML EEERN AR o TEPNERE
—Bl > IR L EHESHE » RIEL
EZB KRR R DIE g PR Fe' &8
FEIZ2EL » BRI LRELEFREML D
EEFEL H,S BYFEJE o Ponnamperuma
(1965)f5 = LEFEEEN=1E# > Al

BIFEME-50 mv~-200 mv RYEEA T
EEiRE o SR ~ STEKHEBERZL L
B2 E s (Patrick and Mahapatra, 1968;
Takahashi, 1960) ¢

BRI ESALEHE KT LIE B
HERAGR > B iR R AR I g e LR
EE2ER > TE/KEEFIRENR » BAKEK
LB R TG o FLREIN—1FF »
MEE MB35 o kHEBI A
EARENREHE > HIAKEWRERS
(Bodman and Rubin, 1948; Ghildyal,
1969) » H T 4 k. ] &7 £ Ay K IR
(Naphade and Ghildyal, 1971) » LT
RBRZBRERNERITREBRN =7
— (IRRI, 1973; De Datta and Kerim,
1974) » K tLFE A B KFEA LFHERD »
TESLRIEENM TR o BHKB4ERTH
RENFEE » ERECBFREMAEMR
FR& o E (198D H » ELEE(LERE
{i7-190 mv T » KFBRRBFH ERK-154
mv Tz LEBIEREKBERE
= > ZFRIER(1968)FEHT » £ 1L KT
FRE > TEELREEMKE  ATEY
HEPRELEER -

EH T EEHHERRARE » EX 1
HEE(L B B AL A {K(Patrick et al., 1968,
Ponnamperuma, 1972; Sah et al., 1989) » ¥
KEBRF - EREEBRENFEEE(E,
1984) » W2 5 ERE S L RERF
(Malhi et al, 1990; Ponnamperuma,
1972) o b4t » HRRK T EZEB LR
HEYH  HAERAZEEREEETH
IR E PR » 1992)c T HE/KBEFTRLY >
RRFEHFER » BEEHK  TERELE
BR EeiB2StBREMERERE
(B& » 1992) » W GBI HIR BB EEY
B s REB - BRRAEIER o
HRBERS IHS(LEREERN > vJiEH
B AR A MR {£(Sah and Mikkelsen,
1986) » LEEE - BRE (199D)EHELH -
HARETE » AT R L EHRPELEIRENM
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KEKBEEAR WNEZHBIEER
AILISEME & - WERBOER » [RJEF
FALRBIEEAMI - WA HEATEERIE
T > HEETRE 18%(PR » 1991a) o L3t E
BERAETSAHEER ER  FTEHE
FEMLKIR R EEMSS ) - BERAE LEEL
EEEAMGEE > 1991) ) Rik=RERENSE
ZIFE > WHTHPREARREMER » K
REFE BAYIG N 3@ InZE E(BH, 1992b) ; {H
WEBEE S EREE - REFEEnZ
Bk (Thangaraj et al., 1990; BE » 1991a) o
LSt > AR RS /E R BT » th
] BE 3& B & K 38 & (Ponnamperuma, 1985;
De Data et al., 1991; BE » 1992b) o
BRC1992)F R K R HE KRR R A 4%
S LR IFEAL o MEKTERLTE » 28 67
FRER 10 5% 2B =EE/LERE
(IR (-300~0 > -200~+100 > -10~+300
mv)E H o FI{ELES T HELERE N
BIRIER—2 > BB 67 RIBEHRG
EESREEMBERE(-300~0 mv)EL
RERAE 3.4 ALE)  EREGHZ
FALEFEN (-200~+100 mv)HIEF > R
REEBERREEF  TLREREEE 177
A AMBERESCERE - 2R 70 R
TEMERE  BIEERECE(BFEEN -
P ERE REERRNEERE » £
BRI > KMEIEEER - MESEE
B S LRIEEN(-100~+300 mv)EE
H o aJREHP T EE R A B E R
K - BEESRIK » EEIEREET
> EERTET » BEES/EREEN
RHEEERES - Z8 70 REERKSE(E
JREMEE > MEILESEREES 14
pumol CO,m*S'» BEFE(NRIRE [ Z
8 umol CO,m?S' & » AJREHAEREILE
REM TKERBEAFTREER - 28 67
REESEMRREMEET » XE/ERE
REH > B 13 pmol COym™S! > (HIULHE
BEAE 45% > EERIE > SHREHE 12.5
g, EHRESIEREMEES » X&F

FISEERES 12 ymol CO,;m™>S™ > FFAIKFE
TBRUEE 51% » EEBEHK 206 g R
AR TIEE(BIRENM T » waeiEmkk
FXEEYSTRC=E  EREHERNYW
—EEERE -

B RAYKIEE IR R FHE S
RIEBECHAZE > HBIINBEEEEERN
(Bertani et al., 1980; Richard et al., 1986) »
PR ERF S R P e B B A a8
I 2 #4514 8 75 9 B9 BE 7 (Rumpho  and
Kennedy, 1981, 1983a) o [h4¢ » /K FG7E ST
ABNTRT > BEARBHDE BRI
5 & (Rumpho and Kennedy, 1983b; Everard
and Kenndy, 1985) o ZE#ih » BEFR iR kE
Z AL (OPP) » NEEMEA T H Eik
RRTEREBEN - RSB E < hHEE
Yo Bk IEEESRIREK OPP EAE
Z NADPH £k » 1SRRI & ABHE
LI # % # 1T (Knowles and Kennedy,
1985) o FEMEERREZ HFRE S » [BE T
CUE MR S > T AR S 25 R i i
TR o BER KR EMEARET »
WrE ke n] DIEE 4 —20 ATP » (HE[RERZ
TERFIEHBEETT TCA Cycle Z A2
(Rumpho and Kennedy, 1983a) o & NADH
BJLAFE cytochrome FI|FH & 4 F LL4LA9
BERKETERZSE  BE/LK NAD
A TCA Cycle HBM{LIKIERIYE B
HLFEFTEERY ATP (Fox et al., 1988) o fiif &
AR REEYHESE » R k2
BERANWER - RARBEREEREL
T — i EE R A R S HARE -
T BRI SRR b (R R 3RO DL R W0 4
BHFEME °

FEMEGRRET > FEEE BN kB
EERY A B S pE B E R (Saglio et al.,
1980) o 2% ZF K R HY & 8 B AL S IR BT
RNFEEE > ERABEVRESRE  hg
35 B0 I IGE s % FF B2 RE {8 (AEC; adenylate
energy charge) Z fEFRE(HR 0.9 [ 0.5) » DL
FERENEERZER - HERK 24




FAE DERREHIUKEEE 143

/NEE o AEC T LAEIF EHE Sk #E
(0.75) o (HEHESRBE A2 £k » AEC
HEEEIEEIKE 0.6 » BEARFAIKFF ©

BRERESIRE » EXBEWRAR
TEHIEI AR E 15 £ 24 /NFf(Roberts ef al.,
1984a,b) » /K FEMRAISE 5 /NEE(Webb and
Armstrong, 1983)ZF 120 /|\{F(Bertani et al.,
1980) o & ¥ Y S0 R 2w =X ay -
HEY) A USSR (A 7 =NFRE - B
YE R IR EREN - fIANELKEDE
RSz —SRIBEERNZREF 18 /K-
AIE Y EEREN A Z M RKUE
(Saglio et al., 1988; Johnson et al., 1989) »
EIRTEFEKE ATP » RSN ERK
e AEC» AIHEARENHEZERE
k o

Hite and Cheng(1996)#5H T HP
BOEE -  BEREER > #FLEE10E
R ENL1F LUMERFFE 100~200 mv » ATEE
IR SR B Ay B 4 » 35 it Fe(OH),
A FEH A LUBS 1k B BERY BE 4 o Jugsujinda
and Patrich(1996)f5 i E L HiZ k& » &
HRE KRN E £ B KBER 20 HE R
IRFRE > BB RREIIBR MR % pH
KEACRFREMAEL - FitREm AR
BERELE pH P RECRREELE
2-250 mv ZIEWT o B 1% pH BFIE -
SRR EMEEE-250 mv DL E » B
R EBHE TR o & pH BIE > Fe¥ X
BE4 > pH ERE—HEA » FRER
IR — T % o8 L Hh K& Fe’ RIE B Fe**
BF > FHEERYTE R BHIH] -

ESEPEKTETH/AKBIRZRNAER
BB BOEYE  HEHBREER
REEREREEEMERM » BR(I99DIEH
HALBEEEFESH E@?ﬁ’fﬂ%ftﬁﬁ
HER » SACENTHENEAE > BREE
S EEFER Fe? S LK Fe* BYE RUK ° Ding
and Musgrave(1995)fiREEfE L —1 B =
HE/NEERER > 12 H/IERER 2
HLREREGRETRARE » BKR

TEE(EEREMIAE-46 B-171 mv 2 »
BANBEEBREFEHKRIFEREK 28-
49% > IRREBZABOBEYROITEE
B o /NEBERHEEECE HERBER
G o REREHIBEK/NERREK
ZBERMEBBRREATEIEZE o Bk
BAREE » /DNEREERKERLT » &
BREYCEHEZNEZZEEMHEE > SR/
B R KBIBE R EEAR S BKTS o

Kludze et al (1993 /K FEREERNE
L HHIBEATIE SRR ELMLR
200 » -200 &-300 mv o ‘B +IES(LERE
NTRE > At EAERERIEM o B 1
SRR ENMHE-200 mv TEEZE-300 mv »
Rt EEEEM 05 BIREEM17(F -
EIEESBREM TR MR i
H DEREIRREERBZREE - THEEANME
JREI LT FIRAE /7 2R B B b fe bk
ZHMEB(OWESRETHELEHRNES
HWERELE  QEHHEHKERLERE
H Rt > REE T BN AKREREN
AL o

Wang er al.(1993)%8 H B HE B 1A TE B
W EEEREMKIFE-150 FE-160
mv Z[ o 7£-230 E£-150 mv Z[E » HEE
WESHE T HEEBEREMESEERE
% AR R AKITE pHT BT o pH
R TS R EBEYE KIERER
FERAERK o T3 pH S T 0.2 BfL »
{E1SHEHITE-250 K-200 mv Z T EEHTE
E BT 20 %R 25 % o gERiE# T
7 pH RixELEBRRE - FER
WA B BE A R o SEFEHKERIR
mEHRFIHER RERSEEREE
BERBKERS  REBHIEER -
RE T ESBEREMEIRESRKK
BRI E(H/H) > HEFKEETHE
FERIBR (PR, 1993) ©

2~ TIEREVIR
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TEREREEFMEE—HEEE
AYIAIZE » ERE R RN o #hIR BRI AY
TR T FFOBE > AT DUE BhAE Y 0 A T
BB TR A D) - B EAE YR AL 4 ()
NMEZERERE)  (EWEERELE
HAEWSESRIN » DUEBEIGE - A »
TERENPHEBRTIMEYBREE
% o

i — U ER B TR EE 10~
15 "Czf » ZHAfF R AR AT RE B &
35~40 Czf » HHEMEH/KBLHEE
BEEHAFEE EENEHEPERR
RIEAEYNSEEBER o 5 —iB{E
msE > RRERREBEKRH S °C»
BB ERIE 35~40 °C » NEEEEY
BEREEK BEARSEET » KA
FYIRRCEEERBE TSN - HE1Q
o BlanEEEEAE 13 CTHEMNERS T
E 29°C T% H 60%(Garwoods 1968 ;
Clarkson and Warner, 1979) ¢ ¥4 25 °C
TIREL 18 CE2—f% > TEEHRER
THERYIRINZ H 60% AT (Mackay and
Baraer, 1984) o i F K TARAHEIR
EEHARRI > FHREE KL » EERIE
(Nambiar et al., 1979, 1982) » HiBH| AR
1@ I EIAR AV E (Gregory, 1983) o

BE978) e H —HA{E W BB & »
RO BIRE > KBS EBEZER
TARE > BREZCHLFEH B RIREIR B2t 0 B
ZMBEWLE » EREBET > m88T -
BRI ANEE RS ~ T % » LIREFRS
BEZRE  FREZEEEMRE - &
E_HFEEZBEEMR A - B51k
BUVECESARBEERE - ZHF/—
W E R R & 58 T S B Ry MR
FHE T4 pH EMHMB2IRRZ RS
Ko ZEFZWEAEIFAER - MHEMZR
FRER 14 pH {(HE EHER A TERT - 3 (1978)
i —HARR R R DI AR M 2 2 m R
THEBEE o EAHE_BEABES
VISR ZWNERET » AR RE > gifea

K EBRESR T RE R - T5%
WHEEEREN Ca’» HCO, » CO, [L
REMERILEY » [HEBIRE 2RIk
MKMEE o
BR(1991)$E i =8 —HAERR R BT HY »
THEBER—PESEE 10~20 °C > BB
=R N AEYIEETR > FEE—BET
HELESBEREMNK —HETHE
200 mv LLE o Yang and Chang(1997)1%3:
FEEE - R /ABERPEIRN > 50 1%
In LB F RN ENRIR - B F i
FURERMGEE > EELEEE FFmEsS »
BHHR TS ETFZRZE » FROBHCE
ER&m > FHEFZRBREAR > B
BREREBRE o REHEABE T &
HHEENERERSBEZREABESE
= © Nene et al.(1997)53 it Wang(1995)&Y
WEfEH  TEEENEL 2SI HE
T FEPEREERT o B EREK
25 Cr BEHFRNEREEZER
/N TTEEBREE 25~40 CZRE > #
FirBRBRAEEERE - HiRERAR
FERF R ECEEZ EE A » HRE 58I
B 3ICERZR RS - iR & 20 °C » H R
HEHE 7T ENEE - SREEBRHT R
AORE fik - T {6 8 B A 0 4B R o A R RO
% o
AREYEESESETEEEERE
HY 104 K 90kD 3E & o Pareek et al.(1995)
FEHABEREE - ko - RBEZHEER
SN ABA BB T » Ll E R EEED
FEABZFE o R4 > /N~ B - BT ~ E
KT iR 8 T th & 2 4 104 Fz 90kD
ZEH'E o Johnson et al (1995)38 H = #hiB
{615 o FA i FH RS R BB R R 0 R » R
Ay k3 5R J1(BFT 5 0 KPa) R » 2,4-D
AU fEIRER 100 KPa Z &+ k3RS
o TEPBEZI =EHHEE » &
HBREYRIL » BENZ A » B4
ER » ZEEEREEE - SEER
EEERBERE BREEERSELSEM
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EYIRITEE) o LB EH 20 CREEE 30
C HEAREMNS EIHERES - LU
TEEBER KB T o EET R KRIERS
1 H R R (K (Saleque et al., 1996) o -

TEBEEFASGREEZEZE L ER
ARWEEL - MIEEFRAERREER © It
HEeEEEHRE - EHHEE o Zanner and
Bloom (1995) #WEEHE L HER
4~7~10~16 K 22 CTIBE » EEEH
4 CIEE 22 Cr HEASEHEAT
Bzt 0.3 mg 3@HNE 2.0 mg - N 7
& o EHRBEE(LREMAEYIIEEISZE -
EBEWRAE > MEEEIISE - HE
T RAKFIES » EEERfMBRE/ERTLL
FIRFRE » MEERAEREREILER -
EITHEBEERH4 CREEE 22 °C» bfE
HAERHBEEBANELEGTHEHEREL
2+ 17 mg I8N 99 mg» 125 5.8 1%
MEFHEHZERE  CESHERER
REAMNFELRMEEHHRESR 9 mg #INE 53
mgo HREHBELWERAKT] » FEHE
{EEREREFARRELE » HEERES
PREBELICHEBEEREMNERZTFE
R IPERE

B TIEEE VIR

EESEYR B ER Y EOERE
W e B o RIEHR SE R EE
B K B R R T B B Rk
(Mass and Nieman, 1977) o R # R A E4
ThERFENEREENHN - & - SEXREE
IREETFATE RV ER > l—R B 1ER
EESBEVEIN  FAHEYERN
PR (Roundy, 1985; Hassan and Oversdrest,
1952) » EREHREEEERZHFATF
f# (Roundy, 1985) o EEEF RN K (S
IE > ERFEBERTEIIRTWEFERZ
HERY > SAEEEBEEREHIIRERE
RUBEF X RE RERE » (H5 H A 74
HREEBSE - flNEBENEET  BF

EgRAVBENHEBRERE 79K K
(Guggenheim and waisel, 1977; Kafkafi et
al., 1982) » \HIRE T e [ (CAR B &Y
ZAIE I (Bar et al., 1987) LA A 2S£ RERY
U Wi (Lamaze et al., 1987) o

Lutts and Bourharmont(1995)3g H: & £
4 KB > Rl ZY BE FS & 2 (None Bokra,
Buhran Rata, Panwell J¢ Pokkali)Z 35 it
B EFERLEELERER 67 5)
KB RERAIFSMTE(R4630, IR2153 and
IR31785) Z M EE M A MH B Bk £ - FlI 8
Panwell fEZRTEHA » TR R BRI AR EH
PR A B H M sn R B e T
SREFMAEBEER —BRAKE
4 o Raychaudhuri and Majumder(1996)§]|
5 H i B KR A AN B TR B SRR R A
P> B BRI E 1S ZEHR S L-myo-inositol
1-phosphat synthase {EEHREE o

Xu et al. (1996)F] F3 H: K 7E 5 =%
KZE HAVI EREAKBEHREER » 35
BHEEAKRE > F_RERBEBERA
H SRR K R B AR 2 Tt 32 1 » thERIEETE
¥R FATE 8 T 288 IR - RIRFEE
WEEERE > HERRKELE o Lutts er
al.(1996) 8 H i B8 54 ¥ Nona Bokra &
IR4630 » AR E S IRET » IRFIKEH
B> & SRR ZEEIER A
B SLAE LD AN AT IR31785 > (EERRYEM
BEARSZ HEHEEZHEWSLE
IR31785 » B AR MR Bty L HSBARE %
FHIH - HHEREME » # L&~ &
R RTEEE I - SN REBERERBRAE

BE - MERRAFTEREHSRRERER

T8 o MR ERES ~ &% ~ kmShEZE
EBER M EE L E o iR B2
ARG R Rk TR SRR ETE] o
Naqvi ef al. (199535 2 2F 10 K27k
fE4H (Nona bokra, IR28)[L 2%E&FETH 8
/MR R > IREREFL L HREHTNESE »
HrFESRIEER 27 Kk 255 KD ##
FILEERERKEG  UWNEEOEESE
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R » BKARTHESERREIEEX
SRR o PRGEFE S FBE T IRE SUEAY AE
77 ° Rathinasabapathi et al.(1993){8 &+ %
ARBREEYEEELZEE T YRR &
EFHEREEECBERAGDE
Glycinebetaine » {H/KFEHPRHRZ MES K
S TLtERER > TLULEERK
Glycinebetaine » KL ZZHOTJLLH & A
glycinebetaine 4= b4 ik £ f& (heterologous)
HEERY K » S KRFETL R it B o
Gregorio and Senadhira (1993) F|FEA[MH
M EE TR L » (R BURZ IR28 > B
fif#8 ~ Nona Bokra #I Pokkali » $£ 1@
AETEAER » BEAKT T TERYUEME
IRZ—89{E Na/K Eh @i B Rk #EEE
R4 EHEH] o PR ERBEEFE K » BEE
FAK > 2 ER R 1 02 T A e e A
17> HFEEHREGEIRADRERIE °

MBS MR E BT - BESERHER

RFEDAGEEE 1+ SR BT R B W AE ©

Yeo et al.(1991)¥s 10 50 mM & Ab4M{E
KPREREREZ(RC » EREE - BE
ERKBERELE  TEEHPASHEE
ZIRE] o Claes et al. (1990)38 H S ==
Bz kKEmEERAEK 1 5% > HIREREE
FWETHFEH S EEQE » Hpho—4
FER 15 kD> EEEE 5.5 - HYEE
REHLGEBYET BESZIERRE
B HEVEFEBRAZREEEM
HEREY > SRLERSSERD - @
MEZEBRE 1.2 sm” ERT » HEREBHY
e~ EF -~ RBNESE - 28 - LK
BREEE » IREEECHREm - N
BEREESZ A  MBHERER 1 58
PIEERY IR 2035 HBAFZEAYE F(Salim et al.
1990) o EEEHET » Mt B8 SMEE T DUERF
B IR B Y BE A % (spermidine) R1 f§ f%
(spermine) » {H ] — % (putrescine) HI| 2 A
SRR TE - BERRSERM LI
REAET "MK MEEWREREEIIE
f& o PiBEREHIF > MEEREAEEMZ T

F% (polyamines) » ¥ Ri@ N4 &89 —i%
(diamines) o FH 5 # > B FRURAY K S &
BRIKEEMT % > AlEEERES SR
A% JCHE o Sharma and Swarup(1997)5 2
R EERGER 22%) AR
#1518 pH R MHENE 5 LL(ESP)E
B (EYEERS » EVRAREAKBMHE
MEERBHARHNE » &8 5.5%Kk 8%
REMMCERE - HBROEETE « #
PRI E BB (S KEMTE 1%) 815 &
HLEIHRBERR » DEBERPFR
RiEF—@EH > FUPRES/LCHEZE
R > KRBT LRRE 5% °

f~ TEEEEVIR

FHAMBRRE — R AERERT » &HHE
BB R MR HRAEKXKERE
BNEVBESBERKEFG o Flangh > [F
AEYEEERE » HEP 1923 £
M KEFE > BRIERB 2R E
WERERITT 4 » B rE R R B ok J& 1 B
G BARAKNEZ 02 -HLETEZE
HEEE > HYHFEIEERE > RUEHE4EY
AEEEY  FERLTBEEFEEELIEEY
AR, AEESBUNEYBULE
TR - BREYHBETRNOREREZ
KRB FE B TEEENK
fE > HER—EEER RBLEE &
EESBAUERENEETERERE
%o SEEYREER TER T EEK
HE—HERE  hERAEBIESEN
i c EEBITREENS » REEKRE
ZEE > BEXE  HIEHARZIER

Rubio et al.(1990)EH/KBERR &
WhBECESEERET 10 X EEE
KENESE  FRERELRESRBERAYHE
2o BEeBEENERUENKN - HRES
=2EE > FFRlEH LI » SREREVE
ELRHBIHABESORK » thege
TR EERAIETRISTEC o W0 ABA EX
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GA ITRERBRESBHESE » KMEK
HEEHEKRENEERE WELARRT
HERRESBEAER - 4> ERHE
EXZNHGEREEEEW 5 ERES
JBRBEMRES o Ros et al .(1992) 4K
6 KfatkaHIERE 0.5 mM R KEFHEE
Frh 5 B 10 X » ATPase 7K fEREZR TS 4 LA
WEHE 5 KKk 10 XESFIEM 37 &
34% » DISRER B R 5 BIE D 60%
Moya et al.(1995)¥€EF 40 GA Kk
ABA » HESBEHEREHE /KB EE » U
0.1 mM $8 % 0.5 mM $252 50 » FEZZHI%HI K
MzER > EERKMEEYRBEERE
—% > B ECRFRYENET R o &
FEIRFARID 14 « M GA3 RESRRIRZEE
Erp o [N EESBEVESE » BFECH
FETABRKCEEESM LI - B
RFEYEER o GA3 Of LUE IR REZ ~
BoXENEESE > WERK LGS
HURE o FEICHE » A 19 « M Z ABA Hi
ZRAESBEBNEE  FEHIFENENE
o WilEEEREREYEEEREH

e o Mot BB RBMAERKE

MIFR=F  MBFIERERNERR
B ERER T DUKE ©

Greipsson(1995)F5 Hi 5 # YL AR
REFF » LIRSS EE - BkEREm
BKEREERIIEEEBRANREME
B ARERTEERABNEREBEESE
(g% o JE3E BIRFI SR 4e i £ 1 - TR R
HASIES BERPHRNSEGRE -
ERhiEEEE RN - 7R A /KEY
MEEBEENEN - BrRSERED R
EMREEENAT > BNTFENMEHHE
EBWEE > hE FROM/AEIE
4 BHlERREE TEREAHER
T o

b~ LIERE

TEARENERERE » EEALIS

EHEY)  HERFLBUSWZER ~ K&
SHIELIERE R c EARBHEAERE L L
2 HEYLIRBRITE » MERFT
i o B THEASZRT] » LS/ > [HIE
e EEEEEA RmRHERRER -
BEE R R I B ERPIRRTIIES
B2l FRLURAE R LETIR L 8%
WEE T > IREVAE R B J7 A EEE B £ AR
FH A7 » $RABE(HE (Gill and Bolt, 1955) o
Pfeffer(1983) 2 i R HIE R E R B IHY
A fElE S EEYRNERB RN
? 0.7~2.5 MPa [&] o #R#E m1(F1 R HEHE )Y
ERBEIIHTE 0.24~1.45 MPa [ » f5[E (1R

EEAR)BIRITAIFE 0.51~0.90 MPa Z[H]
(Gill and Bolt, 1955; Taylor and Ratliff, 1969;
Eavis et al., 1969; Aggarwal and Prihar, 1975;

Misra et al., 1986a) » JHIF T SR FE 738
W 5 F 221 51 (penetrometer) o

EEBHITERPRIAERAKBERT
BE FEITEEE > FEERERGEH
o BRERFABRAZHREARET R
FIES MG T HEEE - LFEHERX
208 - AimERER ZRE -

- TERBECEE-RUEEEERSE
FIFR 7R - St E R EREREE
BEMRERRA THE - BERIiF 15
HMEEEEE12gem? DT @i 1.4 g
cm”™ BE % B EHAR R AR &I (45 > 1986) o
Bertrand and Kohnke(1957)thigs i EE £
HEEEEEE 1.5 g om® » FRBVARME
HEEE12gem® T RAERRIF ©
Kar(1976) A= Bt T ZE B > 7515
R~ EEEWBEEL > RER T HENE
EREREEEEEMmEIE ; &£ 37~25 °C
BET  #HEFELRE BEHRK L&
HEEEEERNE L2 1.0gem™>
EtEl4gem® > WELE 1.6 gcem3o

RREEEE NMEHEBEARERR - B

TEA/NLBRZEPITRER - MEM L
MBS RLFERRZEREE
IRABEZEE o Taylor er al.(1966)LEAH
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‘B POfE R IR AR E K
7RG R SRR R B IEAHRE o (BEMR K
SIRNIKAEREET » BHuGi » -5k
WE RS o [FIREAR 30 (T HE 188 Hh BE 48
B » 7£ 0.3 £ 1.5 MPa(AB% 3~15 kg
em?) B MRFH D EIE - BEHEMREH S8
o RBEFTENESEREE TR 4
EEEMEE I8 2.5 MPa B§ » fRE5E 28k
223% o Yahata(1976)f8 H LIZERIGHEIE -
EEWIEIKROTE 10 kg cm? B & REIFS
RER  HREMFEBE  KkERLEFERE
PR 11 o TR AIH SIEE LI K E
YIRAR: » TEERE > 1 EN FHEEEEE
7 » BEWIFH JJR A o Thangaraj et al.(1990)
Pl#: #eat Ba ik 16 K% » 0~20 cm
TREERIPESIEME 2.5 MPa » {HEFEE
SR 47% o

IRRI(1978)¥R &8 H » KFETERKE
ET > B EENEEER 12 g om® >
RV RE B ZEHIH o B LA
DR EEENEEEETHREERN
il o BRAYIDTEAR RIS BEHAMEH » {5 30 cm
BE KGR IIZEE] 0.03 MPa > +
EHHx KZERATHEKEZ 10 kg
cm? CUNBIF- 2] 42 kg cm? o 230 cm B
THEKRGIRITEE] 0.08 MPa R » 148 18
em FREZERIFHIIEZEE 58 kg cm? o
RZERIEIIEM » HRRER 4 KoL
BHEHE KBERE 67 5 > SHRIEGE
RE 2.92 g BHRBEKERKD 8% 1F
Rt K EZ S 8018 cm JR A5 2888
cm > JHA 64% o BRI EREIE 33% o
LR 10 RoBERTETBEHEES » &
RERE > HREMRBEKERD 52% o
REH% » BRYE R E K S RIH ]
Y > R HI ] K R 43 BERY B B EE ] o Gerard
et al (1982)f5H: » THEZEHIPH JIFEE L1
B ARMEEER » HULEFHRNEE
ETHT » REBRERNESREST (EHR
AREILRFZERBEIE) BEHLER
HYME MM FE{E o Thanagarj er al (1990)35

o TBIRERBER T EERE 2
MAEBANZSE » F£RLET 0~25 cm +

B> REREBEEZ T EZRE MG
fnmZE w A o B LRSI 0.1

INE 1.5 MPa iRy HIRREE A 40% o
Lal (1985) thigHi » EZHEREEEH 1.0g
cm? IANE] 2.0 g cm®EF » KTEREEH
1.54 g BREE 0.5 g REBFEERRE
&> H 19.8 cm [E{KE 5.2 cm o F(1982)
B RIEREENERESEEEE
EZEMH ESERECIEEREER
&> RREZFHEIE/D » EWHHEBELRS
EREFEWME-

EE _AEERENNE R8s
REARNEE » ZHFCREERSER
FEREBERIBERZAFERE Uk ER
RRELEEYEHEEETRERR - B
FAITHFI BB =k » W
AEFIE » —HAVEHE EE 20~40% 038 (1979)
EHE _HAFRREERE 1% pH 2484
B (HEZBREEZIEHEN - ZEWN1E
ERERAR » BHREBEKITHEHREFE
BLERIHAEE  BREEHRE=
G o ITHREETI A B - SR EEA
K HBRAXIE  FANBERY » ol
MR ENRE o EEEF983)IEH A S
%%EIL‘,L }lbiﬁi% ° ﬁ%(l%l)ﬁﬂ?ﬁﬂﬁziﬁ
A DME SRR HBERBREE IR » X
B 138433 mm BHEKEFEHZ
5.042.0 mm R 2.8 f% o FHREBEBTH+
FEERBAUBR —BREEHS L 50~
70 mv > FEEGERIEEFRE o ST
HERE 2 RE{E 0.02~0.08 g cm™ » FLEEE
i 1~3% ERRESGHE - 1% pH
H—R RS 55402 5 F 6.1£0.2 »
FERAEEERBRINE » FHkEHES
# 10~48 ppm » {#151- FEHE EIEINFT
:Iéjz o

2R P& 8K 2 (ODR) IR [X] JBE & 1 B
{£ » & ODRFEZE 15 g cm™? min™ - 102 )
T RERAIZHIH (Letey et al,, 1996) > &
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T EERBERCEEER 20 E 30 g cm?
min" © 10° K » B R KRR G ER G F Bertr
and Kohnke, 1957) o Tackett and Pearson
(1964 58 LA RIREHE T EEREE
HRZABEC2E > FHRESAREER
10% » IRETFEFh 2B FZIZET
B> HEZZEFMECHEASEE&S
Stepniewski (1980)f5 HHi#Efe % BHEL + |5
k% ODR HHYIMBIR » AR
AR 1.5 g cm™» BIFEEHESKET »
H ODR ERNELIMEERREFENER ©

Ray et al. (1996)F]H MR &I B &
B % BUE (RFLPs)$R S KRR < & ST »
BEERERESITIEH 8%BERRE
CBEHE 19%BRESREE > 13%BRE
ERBOKBREZAMHERNE ST
14%55 5T BER o

FAH - SR kR B R st B E B B
BERME ~ g8 ~ REAFRATFTHERK
¥ > Sharma et al.(1988)#E &1 A~ B #3 HI % ik
B 2 BrR ~ BEYR ~ REARNE  #i LA
ERHMERESREKEEEBRER
BEOE 37 mm > FEMMEHEREFRKEK
35 mm > A MG RFEIK 34 mm > EHiT
RKFHEFEKERE > BRKAE 30 mmo
TEBEMBHEE > BRER > HEHELH]
PUfE R FEIK E SRR 393 ~ 501 ~ 263
164 mm o 7€ 0~ 10 cm FRE/KEHRAE
EHREERTIHEREEEAHN > BER
HERRFEZSEHER - I LEEEE > K
FBREFEEIE > BREERE o M
ZTEH TEER S E R T E R 15K
PR E L3 o WL DI AR R > K
BREEFFIRNEERZTE S H
26% o B K i DR R E A R T
HEZRRIR > REMWAZRILIZKBHE =
B% o ML DA BMER » HRNES
B KB EARIR - BERKS E AR =
ATLGEEZES] - AIEIEEEIR ~ 55 )7 R FERA
i ABMEE » FER B EHAF KRR
Tk o

Snipes et al.(1990)fg K FEE /K 2 4
BRERTE  ELEBREEEEAKRPDE
ERRIELE > hESELETHENEER
4 EURBHEBE RBKEHEGHE LEMD
HEENWRSE - B EMR RS L ER
B » Kundu et al (1996)$5H 8 40 cm »
ERF—FKBEREREERES 15 2
25 cm GEEE (LS R EY A S AEE N
20~25 kg AKERKEARFAEEN 16
~18.8 kg) » I ARBIEFEKRE 15
~30cm L& o FERRIZE/KAG » TEF 40 cm
RHEEITZRSERS > BIEH 15 cm
Fo AKBRECEZZFAEEM 12~14
kg o BRFF X ERIER E L 2B EE
AR > R =T KREREHE L E
ZAFRIEHA AR ZE -

P -+ =
e S n"ﬁu n‘:nﬁ

IKFER S EE T RREE M AR
EHERYE > RAREEE Lag b
R - HBARER o RELIK
R AEEEEREE - gRERBHE
i B FBIVERIR o 1 LRIGRE T
IRFAH EEREAR » DI B RO E S R E
RR G - AR R Y M B R R
EFRRERE - KD KERHRFTERT
BRI EE > RTFEEY - WERILE
MHEESEE  BRANF  HRAEER
IRERRER - BB RM R KEREZE
FATIES% © BHEA S 2 E Fo B BT
SUENIBERRSE - BKRANIBRBCSE
AR BE - REIZ/KTRER A FIRTE
£ 8k EE R A - T B i i
HEE R FENT — BF R IR » R ZHAME
BHEMBORER » HLPEERENE
o (BEMRAK—HHESBEBRKTR
S REAERT KRR I - E L
Rtk - BEMAAZLERKREERK
WEEER > KEHERZ - Z—7HH| -
FHEtERRK » TERECRREACT
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?Taichung District Agricultur Improvement Station,
Changhwa Hsien, Taiwain 515, ROC

ABSTRACT

Aeration stress and soil compaction are serious constraints existed in rice
rooting environment of Taiwan. After more than 300 years submergence tillage
and puddle, plow-pan barrier is commonly existed in most paddy fields around
the island. A high bulk density of 1. 9 g cm™ in plow-pan existed in a latosol
paddy fields was recorded. Plow-pan barrier formed paddy soils an artificial
shallow soil layer, and thus restricted development of rice rooting system. Low
percolation rates of compacted soils affect the aeration and form low soil redox
potential regime. Root activity of rice then declined by poor soil aeration.
Since the difficult of observation for rice root, and the selection been made rice
progeny growing on well-prepared fertile soil environment, most of the new
cultivars are lack of adaptability to root environmental stress. Production of
rice may achieve some breakthrough if rooting characteristics have been
considered in breeding selection, and the barrier of rooting envirenment been
eliminated.

Key words: Rooting environment, Stress, Moisture, Aeration, Soil redox
potential, Temperature, Salinity, Heavy metal, Soil compaction.
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Fig. 1. Changes of reflectance spectra of rice (Oryza sativa L. cv. Tainung 67) vegetative
cover in the'cropping seasons of 1996-1998. Curves of standard deviation were
plotted against wavelength range from 350 to 1100 nm.




Environment and Rice Production

169

Chapter 10 Study of Environmental Effects on Rice Production by Remote Sensing Technology

161 - 179, 1999

(FAR 7KEE%E?E§Q53$EZB§H¥

TE AT B o E O A B R R
NEVEBIRC BB > BRERER
B -HPEBIRBRERL 1970 £
—FIIRRR T AR HE N EgES
ZERR o LR BB B RS (b
R BEARREERGEENZZR -

18

554nm ® 1stcrop .
. o 2ndcrop «
12 ¢
6 L
—_ 12
S
8
| =
s
(8]
(] 4
®
x
60
40 |
20 ¢
0
0 30 60 90 120 150
Days after transplanting
Fig. 2. Changes of reflectances at 554, 674,
and 754 nm for rice (Oryza sativa L.
cv. Tainung 67) during the cropping
seasons of 1996-1998.
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Fig. 4. Correlation between leaf area index
(LAI) and the normalized difference
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(Oryza sativa L. cv. Tainung 67)
grown in the cropping seasons of
1996-1998.
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Fig. 5. Linear correlations between yield, panicle weight, and filled-grain weight and the
accumulated normalized difference vegetation index (NDVI) for rice (Oryza sativa L.
cv. Tainung 67) growin in the first crop of 1998.
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Fig. 6. Correlation between canopy temperature and ambient air temperature for rice (Oryza

sativa L. cv. Tainung 67) grown in the cropping seasons of 1996-1998.




B+E LUEHEIhRNREN AL ECHE 175

12

TK1 TS10

~~
O
O -
>
Q.
@)
C
Q
0
1
=
9]
S
L
<
TK9 TNT2
8 -
41
0 3
4
TNG7
8 b
Al
0 L
R3=0.6208 220 50
4 B ‘ | R2=0.5000
18 23 28 33 18 23 28 33 38

Air temperature (°C)

Fig. 7. Correlation between . At (temperature difference between air temperature and canopy
temperature) and ambient air temperature for different rice (Oryza sativa L.)
genotypes grown in the first crop of 1998.




Environment and Rice Production

176

Chapter 10 Study of Environmental Effects on Rice Production by Remote Sensing Technology

161 - 179, 1999

EfFYEZREBER » W ER
SRS SR O EE R > FIRFTTAES]
FEAH RS R IR T MR B > e
FAEHEABMHRASEINGRB S - KH
FABIIPER » W] DUBERS & 23 R B A R
ERROUERBEEIAREER - XIEY
REFERMRE A EYERR: - BHEE
HERE REA R B > A — AR
KR ERERGIEE o FIARGNE
Bl MREEHKRESFYERRE > B
RRPERTEERS REMAE -

B-#

TR RR R R RS |
o EREREELAERSE  HIARKEH
B~ BB REYRIEE]# KIE
Mo RAREBEEEGRRE > FRER
IR o MR ERR R ERES » H6E
HEEERBRPAEERE » ISEKRES
BRAE "HERE, FXR - HIBELT
HAU BRI R EEHE » EFRERRE
BNE  EH TAHYE, WEBE -

LEA% > B A 5 5% (World
Trade Organization » WTO)7& » BFFIE
XA BERESNER > FEHMEROTE
LS PR ATERRE o BEILFRHIH
B~ AN~ BREEEERSYEER
RN E - DIERI BB AR
RSB EHEME— 2 BARIEIE L
BEE, R TEMEBER , WEEAE > IR
REREEINRREXNEETIEY
— o R FEHEHSMEF BENABE
EEHB PR ST EAERNTY
BE ~ MRERM0E o BRI ERERRN
EYER  BEHEARREYEERR
ERRH » ENEEBEIIERLEEY
BE TIEHEEN " MEHEREE PR T/EL »
FEZDIME I R E AR BEE » A eEREA
A EGBERERER o

8 ~ 5l B3R

B ~ =R, 1998. FEF] SPOT #EE
BED K ERESRAT LEE ]
SHge. hEESEREE 5(4):203-208.

PSR ~ Ll ~ Z=EIER. 1994, FHI0
BHESBEERERNENERE
HeHft. MY REERgg T
36(3):201-207.

R, 1999, FEHERSECRE. 1999 £k
EIEABMMTSFIRCE - ERE.
BRZE. 1998. ER SRR ERGHE
RIH e, B BN ARTh

K2, ZFTH. 88pp.

BREIEL. 1999. b & — SR i 58 8t i g2
Rk BlERER BT 27(5):511-519.
=AM ~ BBER ~ EER. 1974, S8
& FEEYDLR R ECEN. MER

R R ZATERIRESE 7 5.

EHRIMR - ERER ~ B, 1982, /KFEH
ERMECHEN. MBEREMZEAE
FrEIsRE 5 7 5. )

EHAAK ~ EBIER ~ B, 1985, /KFEX
R (FRBHAE Z KA
R  MEREMIZEEERT
ERERELE 12 5.

BIRARZEEIEE. 1998. FE SEHE
2w ERGRRAEHER =
JET.

BB, 1997. BEET L R AL AR BG 3%
WMEBEYEELZER. R
RE 4:1-10.

BHRIEE -~ BREZA. 1997. AEEHERK
HABZOWM. PERERE
4(2):87-95.

BHRIEA. 1999, BRIFHEEEIER. =
BERERBIMRMEEST (K
)

ZIEE. 1988. FIF SPOT HEZ K REL
BhREFEMOGEE < 5. fEEHSC B
I RAKEBRRRYENZER. FEH.




FHE USSR R EEECZE 177

Adams, M. L., W. A. Norvell, J. H. Peverly
and W. D. Philpot. 1993. Fluorescence
and reflectance characteristics of
manganese deficient soybean leaves:
effect of leaf age and choice of leaflet.
Plant Soil 155/156:235-238.

Al-Abbas, A. H., R. Barr, J. D. Hall, F. L.
Crane and M. F. Baumgardner. 1974,
Spectra of normal and nutrient-deficient
maize leaves. Agron. J. 66:16-20.

Blackmer, T. M. , J. S. Schepers and G. E.
Varvel. 1994. Light reflectance compared
with other nitrogen stress measurements
in corn leaves. Agron. J. 86:934-938.

Blair, B. O. and M. F. Baumgardner. 1977.
Detection of the green and brown wave
in hardwood canopy covers using
multidate multispectral data from
LANDSAT-1. Agron. J. 69:808-811.

Baret, F. and G. Guyot. 1991. Potentials and
limits of vegetation indices for LAI and
APAR  assessment.
Environ. 35:161-174.

Chang, K. W., C.M. Yang and Y. Shen. 1997.
Analysis of climatic and terrain effects

Remote Sens.

on vegetation in Yuenyang Lake nature
preserve using SPOT
Proceeding of 1997 International Long-

image. In:

Term
Biodiversity Studies Conference. p.12-
13. Taipei, Taiwan.
Gausman, H. W., W. A. Allen, V. 1. Myers
and R. Cardenas. 1969 Reflectance and
leaves,

Ecological . Research  and

internal structure of cotton
Gossypium hissutum L. Agron. J.
61:374-376. -

Gausman, H. W. 1982. Visible light reflectance
and absorptance of differently pigmented
cotton leaves. Remote Sens. Environ.
13:233-238.

Hatfield, J. L., G. Asrar and E. T. Kanemasu.

1984. Intercepted photosynthetically active
radiation estimated by spectral reflectance.
Remote Sens. Environ. 14:65-75.

Huete, A. R. and R. D. Jackson. 1987. The
suitability of spectral indices for
evaluation vegetation characteristics on
arid rangelands. Remote Sens. Environ.
23:213-232.

Huete, A. R. 1988. A soil-adjusted vegetation
index (SAVI). Remote Sens. Environ. 25:
295-309. _

Inoue, Y., S. Morinaga and M. Shibayama.
1993. Non-destructive estimation of
water status of intact crop leaves based
on spectral reflectance measurements.
Jpn. J. Crop Sci. 62:462-469.

Jasinski, M. F. 1990. Sensitivity of the
normalized  differences vegetation
indes to subpixel canopy cover, soil
albedo and pixel scale. Remote Sens.
Environ. 32:169-187.

Kanemasu, E. T., C. L. Niblett, H. Manges,
D. Lenhert and M. A. Newman. 1974.
Wheat: Its growth and disease severity
as deduced from ERTS-1. Remote Sens.
Environ. 3:259-260 .

Kanemasu, E. T. 1974. Seasonal canopy
reflectance patterns of wheat, sorghum
and soybean. Remote Sens. Environ.
3:43-47. .

Lapitan, R. 1986. Spectral estimates of
absorbed light and leaf area index:
Effects of canopy geometry and water
stress. Ph. D. Dissertation, Dep. of
Agronomy, Kansas State University,
Manhattan, Kansas.

Leeman, V., D. Earing, R. K. Vincent and S.
Ladd. 1971. The NASA Spectral
Information System: a date compilation.
NASA, Houston, Texas, USA.

Lillesand, T. M. and R. W. Kiefer. 1994.




178 144EA

Remote Sensing and Image
Interpretation. 3™ ed. John Wiley &
Sons.

Masoni, A., L. Ercoli and M. Mariotti. 1996.
Spectral properties of leaves deficient
in iron, sulfur, magnesium and
Mangansw. Agron. J. 88:937-943,

Price, J. C. and W. C. Bausch. 1995. Leaf
area index estimation from visible and
near-infrared reflectance data. Remote
Sens. Environ. 52:55-65.

Robert, P. C. 1997. Remote sensing: A
potentially powerful technique for

precision agriculture. Proc. of Symp.

on Land Satellite Information in the

Next Decade II. 4/12/97, Washinton

D.C., USA.
Sinclair, T. R., R. M. Hoffer and M. M.
Schreiber. 1971. Reflectance and

internal structure of leaves from several
crops during a growing season. Agron.
J. 63:864-868.

Steven, M. D., T. J. Malthus, T. H.
Demetriades-Shah, F. M. Danson and J.
A. Clark. 1990.
resolution indices for crop stress. In:

High-spectral

Application of Remote Sensing in

Agricultlure. Steven, p.209-228. M. D..
and J. A. Clark (eds.). Butterworths.

Thomas J. R. and G. F. Oerther. 1972.

~ Estimation nitrogen content of sweet
pepper leaves by reflectance measurements.
Agron. J. 64:11-13.

Yang C.-M. and M. —R. Su. 1998a. Seasonal
variations of reflectance of reflectance
spectrum and vegetation index in rice
vegetation cover. P.574-593. In:
Proceed. 3™ Asian crop Science
Conference. 27 April-2 May, 1998,
Natl. Museum of Natural Science,
Taiwan (ROC).

Yang C.-M. and M.-R. Su. 1998b.
Correlation of spectral reflectance to
growth in rice vegetation. Proceedings
of the 19™ Asian conference on remote
sensing. P.A1-1-1-A1-1-6. 16-20
November, 1998. Manila, Philippines.

Yoder B. J. and R. E. Pettigrew-Crosby.
1995.
chlorophyll -content and concentration
from reflectance spectra (400-2500nm)
at leaf and anopy scales. Remote Sens.
Environ. 53:199-211.

Predicting  nitrogen  and




Environment and Rice Production : 179
Chapter 10  Study of Environmental Effects on Rice Production by Remote Sensing Technology
161 -179, 1999

Chapter 10 Study of Environmental Effects on Rice
Production by Remote Sensing Technology

Chwen-Ming Yang
Department of Agronomy, Taiwan Agricultural Research Institute,
Taichung Hsien, Taiwan 41301, ROC

ABSTRACT

In the traditional cultivation system, field management and practices are
applied by an unique and consistent manner in common, which neglect the
continuous variations caused by man-made exercise and natural impact.
Problems such as land misuse, environmental pollution and economic failure
will break forth in the long run one by one. In the near future important issues
concerning with ecology conservation and environment protection will appear
to their worst parts revealing the blindness and innocence of human being.
Remote sensing technology provides a timely and properly resolution for
twenty-first century agricultural development, leading toward a brand-new
look and prosperous vision of agriculture. Precision agriculture, a currently
emerged cultivation scheme, is originated from the sustaining agriculture
concept for a dynamic balance between environment and economy. With an
accurate and precise management ' approach, crops and soil are treated
differentially according to site-specific conditions. Remote sensing plays a key
role in the new system for its positive characteristics with efficiency and
profitability. Spectral remote sensing and thermal infrared imagery are among
techniques widely be used in precision farming. By these techniques, remotely
sensed data taken either from aircrafts or satellites may be applied to crop
growth and development under various conditions. Field practices such as
fertilization, pesticide application, and irrigation can also be well-timed and
well-planned easily and efficiently.

Key words: Remote sensing technology, Environment, Rice production,
Spectral remote sensing, Thermal infrared imagery.
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fitk— ZSEMEEELERBERITIREASEREER  1998)
B ME2% B % T(NTS1,000,000)

[ R e FE TE

FE45y Crops Forestry Fishery Livestock Total
' products products products

1952 4,996 469 665 1,149 7,279 (100)
1953 7,471 525 768 1,626 10,390 (143)
1954 6,075 598 934 1,821 9,428 (130)
1955 7,721 561 1,100 2,282 11,664 (160)
1956 8,601 656 1,203 2,559 13,019 (179)
1957 9,963 914 1,383 3,172 15,432 (212)
1958 10,999 1,230 1,559 3,538 17,326 (238)
1959 12,130 1,404 2,122 4,489 20,145 (277)
1960 16,496 1,418 2,469 5,371 25,754 (354)
1961 18,343 1,431 2,524 6,084 28,382 (390)
1962 18,163 1,342 2,325 6,670 28,500 (392)
1963 19,070 1,400 2,609 6,986 30,065 (413)
1964 23,666 1,714 2,969 7,539 35,888 (493)
1965 24,225 2,041 3,277 7,932 37,475 (515)
1966 25,407 2,211 3,865 8,563 40,046 (550)
1967 27,570 2,445 4,146 9,640 43,801 (602)
1968 29,405 © 3,059 5,193 11,226 48,883 (672)
1969 28,150 2,413 5,839 11,329 47,731 (656)
1970 30,405 2,778 7,157 12,814 53,154 (730)
1971 30,048 3,171 8,350 14,240 55,809 (767)
1972 32,954 3,504 10,646 16,686 63,790 (876)
1973] - 42,191 5,217 14,231 22,504 84,143 (1156)
1974 62,356 4,946 15,298 29,485 112,085 (1540)
1975 70,906 3,694 17,378 30,519 122,497 (1685)
1976 70,842 4,382 21,563 36,783 133,471 (1834)
1977 72,029 3,733 28,286 45,012 149,060 (2048)
1978 73,778 4,586 31,808 48,584 158,756 (2181)
1979 87,111 5,287 38,974 50,548 181,920 (2499)
1980 100,667 4,882 46,086 61,840 213,475 (2933)
1981 110,235 4,623 50,351 73,237 238,446 (3276)
1982 127,001 3,955 56,102 80,396 267,454 (3674)
1983 130,571 4,685 62,012 83,598 280,866 (3859)
1984 131,105 3,564 64,276 82,331 281,276 (3864)
1985 126,809 2,786 66,893 73,583 270,071 (3710)
1986 119,927 3,182 75,280 88,333 286,722 (3939)
1987 126,167 3,561 85,955 88,975 304,658 (4185)
1988 135,172 3,276 88,136 86,918 313,502 (4307)
1989 138,078 2,066 89,110 99,829 329,083 (4521) .
1990 138,389 1,488 89,154 84,513 313,544 (4308)
1991 147,735 1,306 83,518 90,770 323,329 (4442)
1992 142,313 1,375 ' 81,683 106,270 331,641 (4556)
1993 157,524 1,125 93,175 116,792 368,616 (5064)
1994 160,263 1,058 89,201 124,559 375,081 (5153)
1995 168,518 943 100,566 141,113 411,140 (5648)
1996 172,781 756 97,265 149,319 420,121 (5772)
1997 173,744 778 97,718 107,312 379,552 (5214)
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- EEHEEEREEGRIRGaERREER - 1998)

B #E&%FE A(NTS1,000,000)

EH B 1994 1995 1996 1997
HAE(EY) | 46,783 (100) 46,940 (100) 45,274 (100) 43,557 (100)
SHEEY) 4,262 (9) 4,772 (10) 4,351 (10) 4,370 (10)
HAE (EY) 1,951 (4) 2,188 (5) 2,232 (5) 2,427 (6)
A | 17,888 (38) 15,347 (33) 15,880 (35) 15,264 (35)
B 28,972 (62) 33,866 (72) 36,079 (80) 35,637 (82)
FEAE 2,031 (4) 1,943 (4) 2,672 (6) 3,398 (8)

B A 50,933 (109) 54,409 (116) 57,901 (128) 59,495 (137) -
TEFF 7,416 (16) 9,045 (19) 8,420 (19) 9,587 (22)
=2 25 (0) 8 (0) 9 (0) 9 (0)
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BREFH - 1998)

B4 #£%E ¥ A(NTS$1,000,000)
15 =| 1994 1995 1996 1997
* (BEK) 39,330 (100) 39,827 (100) 38,380 (100) 37,660 (100)
INER 89 (0) 89 (0) 4 (0) 2 (0)
3 11 (0) 11 (0) 13 (0) 16 (0)
EEE ERA) 4,402 (11) 3,965 (10) 4,088 (11) 3,291 (9)
£&EHFE (BH) 1,472 (4) 1,668 (4) 1,843 (5) 1,774 (5)
=R 147 (0) 1,366 (3) 935 (2) 800 (2)
Hfh 9 (0) 14 (0) 12 (0) 15 (0)
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PiskUEEhEREREERTROGEELBE TR - 1998)

£ WP T P BREER AR ERE Bk EE
(1000 ha) (kg) (1000 ton) (1000 ton)

1988 471 (100) 4,950 (100) 2,331 (100) 1,845 (100)

1989 475 (101) 4,954 (100) 2,355 (101) 1,865 (101)
1990 454 (96) 5,027 (102) 2,284 (98) 1,807 (98)
1991 429 (91) 5,391 (109) 2,312 (99) 1,819 (99)
1992 397 (84) 5,212 (105) 2,070 (89) 1,628 (88)
1993 391 (83) 5,712 (115) 2,233 (96) 1,820 (99)
1994 366 (78) 5,635 (114) 2,061 (88) 1,679 (91)
1995 363 (77) 5,700 (115) 2,072 (89) 1,687 (91)
1996 348 (74) 5,552 (112) 1,931 (83) 1,577 (85)
1997 364 (77) 5,606 (113) 2,042 (88) 1,663 (90)
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