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M orphological indexes of drought resistance identif ication in rice

CHEN G Jian-Feng" ?, PAN Xiao-Yun?, L U YiBai’, DA | TingBo', CAOW ei-Xing' (1 Colleged Agronany,
Jiangxi Agricultural University, N anchang, 330045, China; 2 Key L aboratory o Cragp Regulation, M inistry o Agriculture, N anjing
A gricultural U niversity, N anjing, 210095, China). Acta Ecologica Sinica, 2005, 25(11): 3117 3125

Abstract: A long w ith the increasing scarcity of global water reource and gradual seriousness of drought, water shortage is
crucial for restricting agricultural development in China Breeding rice cultivarsw ith drought resistance and cultivating them in
the dryland are helpful not only to savew ater reurce and to steady yield, but al to increase yield, to save energy and to
decrease enviromrmental pollution So studieson drought resistance in rice have becom e increasingly mportant proposalsof rice
scientific researches For more complex mechanisn of drought resistance in rice, a series of morphological, developmental,
physiological and biochemical identification methods and indexes related to drought resistance in rice were proposed by
international scholars and some indexes w ere located in genes w ith molecular marker, but the application values of most
indexesw ere doubted because of the indistinct relationships betw een them and yield T hirty-eight indica, Japonica and hybrid

rice cultivarsw ere planted in the dryland and paddy field in this experment and their drought-related traits including panicle
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neck dianeter, effective paniclesper plant, filled grains per panicle, grainw idth and seed setting ratew eremeasured U sing
panicle neck dianeter in the dryland as an index for single indirect evaluation and using the abovemeasured traits under in the
dryland as the indexes for comprehensive indirect evaluation, drought resistance in different rice cultivarsw ere evaluated w ith
fuzzy Subordinate function analysis In order to prove the reliability and accuracy of identification methods and indexes in the
experiment, discrminant analyses on the abovementioned two indirect evaluations to the accepted direct evaluations on
drought resistance in rice acoording to drought resistance coefficient of yield the ratio of yield in the dryland to yield in the
paddy field)w ere conducted The results showed that the consistency of single indirect evaluation and direct evaluation on
drought resistance in ricewas 88.2% 100. 0% and varied w ith changes of rice types, and the consistency of hybrid ricew as
the highest with 100.0%, the next was indica rice with 91. 7%, the lowest was Japonica rice with 88.2%, but all
oconsistenciesw ere 0 extranely significant that panicle neck diameter in the dryland w as taken as a index for single indirect
evaluation on rice drought resistance The consistency of comprehensive indirect evaluation and direct evaluation on rice
drought resistance was 100. 0% and wouldn’t vary with changes of rice types, and namely panicle neck dianeter, effective
panicles per plant, filled grains per panicle, grain width and seed setting rate w ere taken as the indexes for comprehensive
indirect evaluation on rice drought resistance Therefore, single indirect evaluation on rice drought resistance using panicle
neck dianeter in the dryland and comprehensive indirect evaluation on rice drought resistance using panicle neck diameter,
effective paniclesper plant, filled grainsper panicle, grainw idth and seed setting rate in the dryland w ere the very objective,
smple, convenient, accurate, reliable and acceptable methods and indexes to rice breeder for drought resistance identification
in rice, forw hich they could bew idely applied in practice according to different research objectives

Key words rice; morphological index; panicle neck diameter; drought resistance identification; fuzzy subordinate function
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Table 1 D irect Evaluation of drought resistance in rice cultivars
o/ ) [u(x)]
) ) Y ield per single plant (gram per plant) D rought resistance ~ Subordinate Direct
V ariety type N ane of cultivars . . )
D ryland W etland coefficient function value evaluation
754 1.18 15. 87 0. 0744 0. 0000
4015 2.11 18.13 0.1164 0. 0510
Brazilian U pland Rice 1.14 7.16 0. 1592 0. 1029
N anfengnuo 2.52 15. 56 0. 1620 0.1063
Xingguizaozhan 2.52 11.43 0. 2205 0.1773
) 19 Gawanxian 19 6.74 19.51 0. 3455 0. 3289
Conventional l
indica rice 87641 U pland Rice 87641 4.52 11.31 0. 3996 0. 3946
1 Wandeo 1 7.72 16. 71 0. 4620 0. 4703
961 U pland Rice 961 6.83 10. 41 0. 6561 0. 7058
1 Dehanl 3.10 4.57 0.6783 0. 7327
2  Xiangsimiao 2 9.91 14.17 0. 6994 0. 7583
95 9 UR 95 Shucun 9 6.47 7.20 0. 8986 1. 0000
77 EHh 0.81 11. 93 0. 0679 0. 0000
Chao’erzhan 1.51 18. 30 0. 0825 0.0184
XIvEF 1.26 9.65 0. 1306 0.0791
1.48 10. 53 0. 1406 0. 0917
22/ EF 2.31 14.13 0. 1635 0. 1206
chaori 2.37 12.76 0. 1857 0. 1487
23ty 2.40 11. 96 0. 2007 0. 1676
Chanlijing 4.03 18. 49 0. 2180 0.1894
) Japanjin 2.84 10. 68 0. 2659 0. 2499
Conventional
Jeponica rice 3.66 12.72 0. 2877 0.2774
95 104U R 95 Shucun 104 2.69 9.29 0. 2896 0. 2798
% 3.67 11.03 0. 3327 0. 3342
e 3.79 9.76 0. 3883 0. 4043
95 502UR 95
Shucun 502 4.65 9.76 0. 4764 0.5155
9 Upland Rice 9 2.72 4.07 0. 6683 0. 7577
277  Upland Rice 277 4.92 6. 36 0.7736 0. 8906
44 Upland Rice 44 6.53 7.59 0. 8603 1. 0000
1655/752 1.46 24.29 0. 0601 0. 0000
64 X ieyou 64 3.40 17.65 0. 1926 0.1776
63 Shanyou63 4.05 18.33 0. 2209 0.2156
A nxiasn/g S/Meiighui 63 4.82 19. 50 0.2472 0. 2508
Indica hybrid -
combinations 88 Peiliangyou 88 6.42 14.82 0. 4332 0. 5002
64S/1068 Pei’ ai 645/1068 8.36 19. 28 0. 4336 0. 5007
1465 You | 465 9.99 17.35 0. 5758 0. 6914
L iangyoupeite 10.12 14.03 0.7213 0. 8864
10 Shanyou 10 11. 47 14.23 0. 8060 1. 0000
Upland Ricew as abbreviated to UR, the sane below; W eak resistance; M edium resistance,  Strong resistance
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Table 2 Subordinate value[u(x) ] D value and canprehensive evaluation of drought resistance in rice
Panicle neck diameter ) ) ) /_ ) D )
V ariety type Name of cultivars (000 ] Effective panicles Filled grglns G.raln D value Comprehgnswe
subordinate value Evaluation per plant per panicle w idth evaluation
754 0. 0000 0. 0000 0.0714 0.1304 0.0339
4015 0. 0659 0. 1869 0. 0102 0.0000 0.0689
e Brazilian upland 0. 2802 0. 1869 0.0000  0.3913 0.1743
N anfengnuo 0. 0989 0.1121 0. 0918 0.2609 0.1113
Xingguizaozhan 0. 2308 0. 1963 0. 1020 0.7391 0.2331
19 Gawanxian 19  0.2363 0. 4019 0. 1939 0.6522  0.2989
87641 U pland rice 87641 0. 4176 0. 6262 0.2551 0.3478 0.3085
Conventional 1 Wandao 1 0. 1868 0. 3738 0. 3776 0.5217 0.3048
indica rice 961 U pland Rice 961 0.3132 0. 5140 0. 4490 1.0000 0.4543
1 Dehan1l 0. 2527 0. 1589 1. 0000 0.4348 0.4016
2 Xiangsimiao 2 0. 6099 0. 8037 0.3571 0.6957  0.5475
95 o 1. 0000 1. 0000 0. 3367 0.8696 0.7203
UR 95 Shucun 9
Correlative coefficient 0.8063" " 0.7979" " 0.7190" * 0.7192" " 0.9700" *
Ratio of index 0. 2650 0. 2623 0. 2363 0. 2364
Panicle neck diameter ) ) ) /A ) D )
V ariety type Nameof cultivars (000 ] Effect_|ve panicles Filled gr_alnsSeed setting b value Ca*nprehe_nswe
Subordinate value Evaluation per singleplant per panicle rate evaluation
77 e 0. 0000 0. 0000 0. 0000 0.0000 0.0000
Chao’erzhan 0. 1636 0. 0130 0.1333 0.0000 0.0743
X 3InoEF 0. 3000 0. 1299 0. 1833 0.3387 0.2388
0. 3455 0. 4156 0. 0500 0.3226  0.2839
22 ) % F 0.2818 0.2078 0. 1167 0.0806 0.1684
chaori 0. 1091 0. 1039 0. 4833 0.2419 0.2359
23t hy 0. 4000 0. 4416 0. 1667 0.3387 0.3363
Chanlijing 0. 5000 0. 5455 0. 3000 0.1290 0.3625
Japanjin 0. 5455 0. 4026 0. 3333 0.4516  0.4319
0. 4182 0. 3117 0. 5167 0.4839 0.4334
Conventional |y g QiSShucuiOfO 4 0. 5091 0. 4675 0. 3500 0.6452  0.4958
Japonica rice B % 0. 6545 0. 5065 0.4833  0.3548 0.4945
TrER 0. 4364 0.2727 1. 0000 0.4677 0.5429
95 502
UR 95 Shucun 502 0. 6909 0. 9610 0. 5000 0.3226  0.6128
9 Upland Rice 9 0. 4455 0. 5974 0. 8667 0.7097 0.6587
2 0. 6273 0.9221 0.9333 0.8226 0.8295
Upland Rice 277
44 Upland Rice 44 1. 0000 1. 0000 0. 7500 1.0000 0.9382
0.7826" * 0.8446" " 0.8300" " 0.9010" * 0.9510" *

Correlative Coefficient
Ratio of index 0. 2330 0. 2515 0.2472 0. 2683
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2
Panicle neck diameter 5
V ariety type N ane of cultivars . [uGa)] . Seed setting rate D value Cdnprehgnsive
Subordinate value Evaluation evaluation
1655/752 0. 0000 0. 0000 0. 0000
64 Xieyou 64 0. 3830 0. 2000 0. 2895
63 Shanyou63 0. 3972 0.1714 0.2818
s/ 63 A nxiangS/M inghui 63 0. 4255 0. 1857 0. 3030
88 Peiliangyou 88 0. 6738 0. 3143 0. 4901
Indica hybrid 64S/1068 Pei' ai 64s/1068 0. 5908 0. 8286 0. 5656
combination 1465 You | 465 0. 6468 0. 9286 0. 6930
L iangyoupeite 1. 0000 0. 5000 0. 7445
10  Shanyou 10 0. 7305 1. 0000 0. 8682
Correlative coefficient 0.7983" * 0.8341" " 0.9810" *
Ratio of index 0. 4890 0.5110

3

Table 3 Discriminant analyses on the indirect evaluationsaccording to subordinate value of panicle neck diameter and the direct evaluations

according to drought resistance coeff icient in rice

. W eak M edium Strong Quantitative distributions of
V ariety type Item . . . . .
resistance resistance resistance comprehensive evaluation
W eak resistance 7 1 0 8
M edium resistance 0 3 0 3
Strong resistance 0 0 1 1
S A Quantlltatlve 7 4 1 12
distributions of comprehensive evaluation
(%) (%)
: S W eak M edium Stron Discrimination istributi
Conventional D iscrim ination percentage / _ i ; g i inati perce_ntage d|str_|but|ons
indica rice resistance resistance resistance of comprehensive evaluation
W eak resistance 87.5 12.5 0.0 100. 0
M edium resistance 0.0 100.0 0.0 100.0
Strong resistance 0.0 0.0 100.0 100.0
(%)
Discrimination percentage of comprehensive 87.5 100.0 100.0 91.7 (11/12)
evaluation
W eak resistance 13 0 0 13
M edium resistance 1 1 2
Strong resistance 1 2
S . Quantlltatlve 14 2 1 17
distributions of comprehensive evaluation
(%) (%)
. o W eak M edium Stron Discrimination istributi
Conventional Discrimination percentage ist . ! . 9 ! fl I rr)]ercgntage ?IStr.lbUtlons
Japonica rice resistance resistance resistance of comprehensive evaluation
W eak resistance 100.0 0.0 0.0 100.0
M edium resistance 50.0 50.0 0.0 100.0
Strong resistance 0.0 50.0 50.0 100.0
(%)
Discrimination percentage of comprehensive 87.5 100.0 100.0 88.2 (15/17)
evaluation
W eak resistance 4 0 0 4
M edium resistance 0 3 0 3
Indica Strong resistance 0 0 2 2
hybrid rice itati
Quantitative 4 3 2 9

distributions of comprehensive evaluation
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(%) (%)
L 0 W eak M edium Strong Discrimination percentage distributions
Discrimination percentage ) ) ) . .
resistance resistance resistance of comprehensive evaluation
W eak resistance 100.0 0.0 0.0 100.0
Indica M edium resistance 0.0 100.0 0.0 100.0
hybrid rice Strong resistance 0.0 0.0 100.0 100.0
(%)
Discrimination percentage ofcomprehensive  100.0 100.0 100.0 100.0 (9/9)
evaluation
, , (
) (
) 12301817, 28] DeDatta 21 Garrity O’ Toole
4 D

Table 4 D iscriminant analyses on the camprehensive evaluationsaccording toD value and the direct evaluation saccording to drought resistance

coefficient in ice

. W eak M edium Strong Quantitative distributions of
V ariety type Item . . . ) .
resistance resistance resistance comprehensive evaluation
W eak resistance 7 1 0 8
M edium resistance 0 3 0 3
Strong resistance 0 0 1 1
S A Quantlltatlve 7 4 1 12
distributions of comprehensive evaluation
%) (%)
. W eak M edium Stron D iscrimination percentage distributions
Conventional D iscrim ination percentage ) ) rong percentag .
indica rice resistance resistance resistance of comprehensive evaluation
W eak resistance 87.5 12.5 0.0 100.0
M edium resistance 0.0 100.0 0.0 100.0
Strong resistance 0.0 0.0 100.0 100.0
(%)
Discrimination percentage of comprehensive 87.5 100.0 100.0 91.7 (11/12)
evaluation
W eak resistance 13 0 13
M edium resistance 0 2 0 2
Strong resistance 0 2 2
S . Quantlltatlve 13 5 5 17
distributions of comprehensive evaluation
(%) (%)
. L W eak M edium Stron Discrimination percentage distributions
Conventional Discrimination percentage ist ist ist g p F; . & luati
Japonica rice resistance resistance resistance of comprehensive evaluation
W eak resistance 100.0 0.0 0.0 100.0
M edium resistance 0.0 100.0 0.0 100.0
Strong resistance 0.0 0.0 100.0 100.0
(%)
Discrimination percentage of comprehensive  100.0 100.0 100.0 100.0
evaluation
W eak resistance 4 0 0 4
M edium resistance 0 3 0 3
Indica Strong resistance 0 0 2 2
hybrid rice itati
Quantitative 4 3 2 9

distributions of comprehensive evaluation
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4
(%) (%)
(1]
L W eak M edium Strong Discrimination percentage distributions
Discrimination percentage . . . . .
resistance resistance resistance of comprehensive evaluation
W eak resistance 100.0 0.0 0.0 100.0
Indica M edium resistance 0.0 100.0 0.0 100.0
hybrid rice Strong resistance 0.0 0.0 100.0 100.0
(%)
Discrimination percentage of comprehensive  100. 0 100.0 100.0 100. 0 (9/9)
evaluation
[30]
( / ) ( D )
, (
/ )
88.2% 100. 0%, ,
, / ;
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