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Evaluation of Cultivated Rice Germplasm
Resources for Deep Rooting

YANG Bo'?, CHEN Liang®, LOU Qiao-jun’,
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('College of Plant Science & Technology , Huazhong Agricultural University , Wuhan 430070
*Shanghai Agrobiological Gene Center, Shanghai 201106 )

Abstract: Drought is the most serious abiotic stress in rice, and improving its drought resistance via
enhancing water uptake capability from deep soil is one of the main objectives in the breeding program. In this
study, 2234 cultivated rice germplasm resources from China and abroad were evaluated for drought avoidance
using the ratio of deep rooting ( RDR ) as the index. 131 germplasm with different RDR were evaluated for
drought resistance at the reproductive stage. The mean RDR of tested genotypes is 25.8%, ranging from 8.6%
to 60.1%. In 25.2% of tested genotypes the RDR was less 20%, and in 47.2% of tested genotypes a RDR was
between 20% and 30%, only 6.1% of tested genotypes a RDR was more than 40%. Exotic germplasm collected
from abroad, as well as the genotypes from Shanghai, Hunan, and Jiangsu provinces of China were observed with
a higher RDR. Less than 1% of the germplasm from Guangdong, Guizhou and Guangxi provinces of China had a
RDR over 40%. In general, the landrace germplasm population showed a higher RDR than that of the improved
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cultivars ( lines ). In japonica and indica germplasm, 13.2% and 3.7% of tested genotypes, respectively, were

observed with a RDR over 40%. There are 33 high RDR geremplasm from Hunan province while one high RDR

indica germplasm from Guangdong, Guangxi, and Guizhou, respectively. Considering the spikelet fertility

under drought and water conditions, as well as the relative spikelets per panicle and relative spikelet fertility, 26

genotypes showing strong drought resistance were identified, which are good donors for rice drought resistance

breeding and gene mining.

Key words: cultivated rice germplasm; drought resistance ; drought avoidance; ratio of deep rooting
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Fig.1 Distribution characteristics of RDR of
2234 cultivated rice germplasm
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Table 1 RDR of 2234 cultivated rice germplasm from different regions
_ _ o o TRRAR H
; " FIE b2 AR BIR (%) EIEREL SR ) " . .
K Kokt - o U WrEEECE MG IR
. (%) (%) (%) Variation #(H No.of (% )Ratio of o o
Origin No. No. of landrace  No. of indica  No. of indica
Mean SD crv range RDR>40% RDR>40% .
with RDR>40%
J7 % Guangdong 356 21.1 5.6 26.3 9.6~42.7 1 0.3 0 356 1
J P4 Guangxi 105 218 56 256 12.4~42.5 1 0.9 7 105 1
2 Yunnan 86 20.7 4.6 22.3 12.3~45.9 1 1.2 20 85 0
511 Guizhou 189 226 6.1  27.0 10.4~40.7 1 0.5 27 164 1
i #: Fujian 343 24.1 6.7 27.8 10.6~52.9 8 2.3 0 343 8
1 Hunan 210 31.3 8.7 27.9 8.6~60.1 33 15.6 46 167 22
VLY Jiangxi 160 258 8.0 309 10.5~47.5 9 5.6 51 152 8
Wil Zhejiang 91 29.1 7.3 25.2 13.5~48.4 6 6.6 0 51 3
VL5 Jiangsu 376 293 6.5 22.3 13.8~54.3 26 6.9 1 59 6
PuJi| Sichuan 64 21.6 6.3 29.2 11.3~51.2 1 1.6 1 62 1
HIK Chongging 21 24.6 7.6 308 15.3~41.8 1 4.8 0 21 1
[ Shanghai 145 322 7.9 24.5 16.2~58.4 26 17.9 49 58 4
[E 4 Abraod 93 30.1 10.9 36.2 9.5~55.8 22 24.4 0 57 6
ST Total 2234 25.8 8.0 31.1 8.6~60.1 136 6.1 204 1673 62
F2 MWHFRMIBERGEM (R )RRRE
Table 2 RDR of landrace and improved cultivars
o - VAR LI {E P22 5 FREL (%) IR >40% NI (%)
Bzl B . e .
T N (%) (%) (%) Variation K& No. of Ratio of
c 0.
P Mean RDR SD crv range RDR>40% RDR>40%
HoJy A Landrace 204 27.0 8.4 31.1 12.5~60.1 14 6.9
BHUHA (R ) Cultivar ( line ) 2030 25.7 8.0 31.1 8.6~58.4 100 52

TE 204 153 #b J5 i B b TRAR LU = T 40% 1Y R
iR 14 4, EZOR [ EE R L, 43500 7 4y F1
61, A LKA (FK3), WM LY
b5 SRR I TE 95 40y, 7 by SRR LR 1R 46.6%,
{E 7 AR HE Fh R b 92.9% ., 20 103 fi R R AR L
BES R CR) A 60y A [E A 5] 5 Rl
FisI g4y s S WA S 1) W 6
O3 0 30 VLR 2 0%, Wiy U1 R AR A% 1 0
(£3),

214 HBMEBHORRERIE EEHEP
H 1673 By RIRG, T AR ) PG AR R E R AR A T A
R R RIS, R DU I TP 5 N R R A

PR EERANRE (3R 1), HoF SR IR 24.3%,
o = AR HL R 62 14y, i b 3.7%, Ok B
AR . S61 AR R Bk A VLI B WL

FITE A1, HAF AR R 30.4% , He b i AR L Rl
JT 746y, b 132% (K 4), FE K A LI
I I R R A R R R TR AR G R BT B 91 2 AL
1) 3.6 i, 20 PIRAR Lo fe KA BE RS A4 B A 11 4
BRI TRAR Bt T 50%, 1 20 SR K S5 K
A A1 B HUAT 4 AR R AR L 3T T 50%
(K 5). ULUPHEIRG T EAA 5 09 & RAR L BT,
LI 5 X R A ) v TR AR L R R R B 25 4 S
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Talbe 3 14 landraces and 20 improved cultivars with higher RDR

%' AR TR (%) e Lidsiessly] ES
Code Name RDR Sub-species Type of germplasm Origin
2017-B2068 FEAER 40.1 e Hb 7 b A Gl
2017-B1864 pivas 40.4 FERE b7 i Wi
2017-B2136 LR 40.8 i A i
2017-B2047 Ve 7KHR 423 b Hb 7 it i Wird
2017-B2039 1 22H 43.0 i Al Wird
2017-B2111 A -1 43.1 i H7 Al it
2017-B2140 INRTHG 43.7 e e 7 Al A R
2017-B2129 B -3 44.1 TR 7 A R
2017-B2115 KEEFD -1 44.6 TR Hb 7 R
2017-B1958 AN/ N 45.0 i 7 Wi
2017-B1312 R A 46.5 il 7 A AN}
2017-B2104 NTH 533 b 5 RD [BR(52
2017-B2062 S i 54.8 i O Al Wird
2017-B2046 RF 60.1 i 7 Al il
2017-B2266 IPEACO 162 48.1 A b5 ik R
2017-B2188 4 1018 48.1 TR PEF al A R
2017-B1206 FH 67 48.4 GillEE PEF d A Wi
2017-B1421 R9000 48.5 GillEE TEH b i Wi
2017-B2041 W% T 48.5 GillkEt TEH b i Wird
2017-B2034 8043 48.5 Gillke PEF A Wird
2017-B1720 Feidh 98 48.7 GillgiE HES L5
2017-B0533 NERICA4 49.7 HliAE b5 PN
2017-B2043 A HiAR (ARG ) 50.3 il PR Al ]
2017-B1251 ORO 50.9 TR [ Ah ik Wi
2017-B2249 4K 725 512 GillEE PEF i
2017-B2200 SIFR7-8 522 TR HHES i
2017-B2263 CICA 4 52.9 b EsE el i
2017-B1159 4 31 52.9 GillkiE PEF Al gt
2017-B2052 L6 5 53.0 i PEF Al W
2017-B1753 N9 = 54.3 bC JEF Al HDi
2017-B1998 MK 217 54.8 TR RN Wird
2017-B2268 PRATAO 55.1 TeAE [ Ah ] ik R
2017-B2267 LAC 23 55.8 TR [ Ah ik R
2017-B2149 PR3 58.4 b EH it

F 4 HTENERERRREE

Table 4 RDR of indica and japonica rice

AR Bom WRILWE (%) 2 (%) ZESRE(%)  BRE(%)  HIRLE >40% Hot dikt (%)
Sub-species No. Mean RDR SD cv Variation range  No. of DR>40%  Ratio of RDR>40%
HIFE Indica rice 1673 243 7.4 30.5 8.6~53.0 62 3.7

WA Japonica rice 561 30.4 8.1 26.7 12.1~60.1 74 13.2
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Table 5 20 Indica and 20 Japonica rice germplasm with higher RDR
%' AR TR (%) NIAESI o e
Code Name RDR Sub-species Type Origin
2017-B2189 S13-14 46.1 Ui PEF A ifF
2017-B2178 PR 108 46.5 Uik P A i
2017-B2000 CLPYRsfE (Otse) 47.0 i FE4h5 | Wird
2017-B1614 #hI 235 473 A iES T
2017-B1459 L63M36 475 Tl LR bS]
2017-B2088 A 18 48.0 i TEH b i Wi
2017-B2261 IAC 1 48.0 i FE4h5 ik - it
2017-B2266 IPEACO 162 48.1 i 451k it
2017-B2188 A 1018 48.1 Ui LR Al it
2017-B1251 ORO 50.9 i b5 i L
2017-B2200 SIFR7-8 522 e HHES 1
2017-B2263 CICA 4 529 ] FEHhs ik 1
2017-B2104 ATH 533 e Hu g5 AR R
2017-B1753 HHE9 5 54.3 GE HHE B
2017-B1998 MK 217 54.8 i [/E fiilea)
2017-B2062 R e 54.8 TR Hb 7 i WeE
2017-B2268 PRATAO 55.1 A [ Hh ] ik R
2017-B2267 LAC 23 55.8 Tl [ Hh ] ik i
2017-B2149 PR3 58.4 i EH ifF
2017-B2046 K 60.1 iy Hb 7 it i Wird
2017-B1960 HFE -3 45.0 GillEE PEF A Wird
2017-B1089 TR 452 GillYEd PEF Al g
2017-B1400 gl 37 5 45.6 GillEiE LR A bAN]
2017-B1719 it 97 46.0 GillkE HHES b
2017-B1994 WK 628 46.1 GilltEd RN Wrd
2017-B1696 s RIS 46.4 Gillke LR Al 195
2017-B1408 R438 46.5 IR PEF Al A}
2017-B1312 g A 46.5 b3 H7 A pANL]
2017-B1247 IRBB 7 47.6 IR b ik Wi
2017-B1906 w15 47.6 BillEed PR A lE]
2017-B1206 A 67 48.4 BillEEd PEF A WL
2017-B1421 R9000 48.5 GillkiE TEH b Wird
2017-B2041 W T 48.5 GillLE TEH il Wird
2017-B2034 8043 48.5 il TEH b i Wi
2017-B1720 Feidi 98 48.7 Gillki HES T
2017-B0533 NERICA4 49.7 GillE EsEA il PN
2017-B2043 Ak (AR ) 50.3 GillkEd PEF Al iR
2017-B2249 43K 725 51.2 i PEF Al )i
2017-B1159 4w 31 52.9 GillkE PEF Al e
2017-B2052 LR 6 5 53.0 GillEe PEF Al W
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2 HEAMAKSHEEREEEKBRENE

Fig.2 Evaluating drought resistance at reproductive stage in glass greenhouse with water gradient

R6 ARFRMEEMEHMEELEE

Table 6 Drought resistance evaluation at reproductive stage for rice germplasm with different RDR

TitH R A ditt (%) PR LA ditt (%) TR L A ditt (%)
Item No.of low RDR Ratio No.of medium RDR Ratio No.of high RDR Ratio
f4 HDS 9 47.4 2 16.7 32 32.0
g MDS 6 31.6 5 41.7 19 19.0
14 MDR 2 10.5 2 16.7 18 18.0
¥t DR 1 5.3 2 16.7 14 14.0
#i¥T HDR 1 53 1 8.3 17 17.0
AR EEREAREL (% ) RSPP 53.7 68.8 68.3

AHXFZE 53R (% ) RSF 62.3 82.9 76.8

SEHIBAREL (% ) ARDR 8.1 25.1 46.1

HDS: High drought sensitivity; MDS : Medium drought sensitivity ; MDR : Medium drought resistance; DR : Drought resistance; HDR : High drought
resistance ; RSPP: Relative spikelet per panicle; RSF: Relative spikelet fertility; ARDR: Average of RDR, the same as below

R BT e S ER A1 T o N C R U e
SARXH SRR XA SR R R KBS
OESRRR, TR T 26 (R U A B S PR R

ke, HoAhIg 8 4y KERT 18y, Rk AL il
RSN, FA 17 ahfh (32 7), 45 2 R IHAR
LURII | 4 73 FPORAR LURR BRI 20 403 i AR LEAH 5T
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Table 7 26 genotypes with superior drought resistance
. o S T e AR +§':%I$ Eﬁiliﬁu‘ fﬁ%ﬁ%}% AR A 5% SR
Code Name Type Sub-species  Origin (%) FEIHE FHIE (%) (%) DDD

RDR (% )SFD (% )SFW RSPP RSF

2017-BO113  HE 15 wEHE A e R 25.0 56.8 65.8 99.0 86.3 4
2017-B0242 JEFE 2 TEF I & 25.0 63.2 78.9 93.4 80.2 3
2017-B0438 #*B ES Al i} 7.3 73.6 73.0 96.9 100.9 1
2017-B0532  IRATI04  BE7 &L A Al [EoM51E 252 84.3 83.9 91.1 100.5 4
2017-B0533  NERICA4  BE7 &hff billEE EAM1E 49.0 75.4 86.5 89.2 87.2 2
2017-B1037 %4632 EFH &P billEE Fiye 25.1 77.9 80.0 92.6 97.4 3
2017-B1135 g+ 2%5  EHWF Al iy 443 68.9 69.7 94.9 98.8 1
2017-B1614 ¥k 235 ES TR T 42.9 88.9 88.7 98.6 100.3 3
2017-B1738  THI7H  EFHFP i 195 923 80.9 83.5 92.9 96.9 0
2017-B1743 w023 FS A VLN 6.8 78.4 80.6 90.7 97.2 4
2017-B1820 HAKE S5 EFH AP i T 47.5 82.3 84.8 93.2 97.0 0
2017-B1835  iXiz 3264  HEE LA ] T 38.8 70.1 80.7 90.9 86.8 2
2017-B1840  Filiff 515 &R i YL 40.9 63.3 71.7 91.4 88.3 2
2017-B2033 8042 PET I k] 42.8 75.9 80.8 84.6 94.0 0
2017-B2062  FiAE Hb 7 i A tikea] 46.7 83.1 83.1 98.3 100.0 1
2017-B2088 P 18 LR Al Ui Wit 45.6 66.5 76.6 97.1 86.8 2
2017-B2174  EPKE  EF A i it 478 72.6 80.7 78.1 90.0 3
2017-B2180 I 144 EE AP AR R 44.9 80.7 86.2 90.4 93.6 0
2017-B2183  PHRALAANE L G AR i 43.9 68.8 69.2 84.7 99.4 2
2017-B2189  S13-14 us=Rp i AR it 50.2 85.3 85.5 96.8 99.8 1
2017-B2193 4t 2 5 EA i i 57.7 76.0 78.3 97.2 97.0 0
2017-B2201  SJRF7-56 EA Tl i 58.2 69.9 72.6 89.9 96.3 4
2017-B2252  MILT1444 B3 S Ff Hlife EAMGE 422 75.0 77.0 76.0 97.4 1
2017-B2259 R 35 EH iy i 477 85.8 90.5 95.0 94.8 0
2017-B2267  LAC23 HEH Al i FEAMEE 557 69.0 81.2 96.0 85.1 0
2017-B2269  IRATI09 M7 &hFf LU EAMEHE 45.0 81.0 88.1 94.2 91.9 5

SFD: Spikelet fertility under drought; SFW : Spikelet fertility under water; DDD: Delayed days under drought
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