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Relationship between root morphology, physiological and biochemical
characteristics of leaves and drought resistance of Chuanxiang 29B
near-isogenic introgression lines at seedling stage
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Abstract: To reduce the genetic background difference of materials, rapidly identify rice drought resistance
and screen identification indicators, the seedlings of Chuanxiang 29B near-isogenic introgression lines and its recur-
rent parent Chuanxiang 29B were treated with the repeated drought stress in the greenhouse. The change of seedling
matter, morphological indicators, root indicators and physiological biochemical indicators of leaves were measured
to analyze the relations between each indicator and drought resistance and screen the identification indicators of

drought resistance through correlation analysis and regression analysis. The results showed that root dry matter accu-
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mulation and root-shoot ratio were significantly increased by 25.59% and 45.60% (P<0.05) under the repeated
drought stress at seedling stage. Average contents of carotenoid, malondialdehyde, abscisic acid and ethylene in
leaves were significantly increased by 29.17%, 6.03%, 25.25%, 40.74% (P<0.05), respectively. The average
content of soluble protein was increased by 9.77%. The enzymatic activity mean values of peroxidase (POD) , su-
peroxide dismutase (SOD) , catalase (CAT), pyrroline—5 —carboxylate synthetase (P5CS), ornithine &—amin-
otransferase (8—0AT) and proline dehydrogenase ( ProDH) in leaf were increased by 11.81%, 37.43%, 25.91%,
32.65%, 31.46%, 29.07% (P<0.05) , respectively. On the contrary, the mean values of aboveground dry matter
accumulation, leaf SPAD value, chlorophyll a content (Chl-a), chlorophyll b content (Chl-b) , leaf auxin, leaf
cytokinin, leaf gibberellin were decreased by 14.22% , 9.00% , 18.79% , 55.32%, 31.04% , 19.29%, 34.79% (P
<0.05) , respectively. The first drought survival rate, the second drought survival rate and the repeated drought sur-
vival rate of Chuanxiang 29B/ASOMINORI//29B///29B (C1) were 90.86% , 82.86% and 86.86% , respectively,
all of which were the highest. The repeated drought survival rates of Chuanxiang 29B/ASOMINORL//29B///29B
(C3) and Chuanxiang 29B/ASOMINORI//29B///29B////29B (C4) were 71.51% and 72.72%, respectively,
which were significantly lower than those of the other four materials. The correlation analysis and stepwise regression
showed that the relative value of root surface area, total root length, reduced glutathione (GSH) content and perox-
idase activity in leaves could be used as identification indicators of drought resistance at rice seedling stage. The re-
peated drought survival rate at seedling stage could be directly used to identify drought resistance of rice. Based on
the repeated drought survival rate, Chuanxiang 29B/ASOMINORI//29B///29B (Cl) had the strongest drought
resistance in tested materials at seedling stage.

Keywords: rice; near-isogenic introgression lines; drought resistance ; seedling stage ; root morphology ; phys-

iological and biochemical characteristics
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Table 1 Material codes of Chuanxiang 29B

near-isogenic introgression lines

PR %5
Experimental material Code

I 29B/ ASOMINORL// I 29B/// )11 %5 29B
Chuanxiang 29B/ASOMINORI// Chuanxiang C1
29B///Chuanxiang 29B
JIIFF 29B/ ASOMINORL// I 29B/// )11 % 29B
Chuanxiang 29B/ASOMINORI// Chuanxiang C2
29B///Chuanxiang 29B
JIIF 29B/ ASOMINORL// )1 29B/// )11 75 29B
Chuanxiang 29B/ASOMINORL// Chuanxiang C3
29B///Chuanxiang 29B
14 29B/ ASOMINORI// 1| & 29B/// 1| 29B//// )11 29B
Chuanxiang 29B/ ASOMINORI// Chuanxiang C4
29B///Chuanxiang 29B////Chuanxiang 29B

JIIFF 29B/ASOMINORL// 1| % 298/ // )1 & 29B//// 1| % 29B

Chuanxiang 29B/ASOMINORI// Chuanxiang C5
29B/// Chuanxiang 29B////Chuanxiang 29B
JI1 7 29B Chuanxiang 29B( CK) C6
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Table 2 Effects of drought stress on plant height, dry matter accumulation and root-shoot

ratio of Chuanxiang 29B NIILs at seedling stage

ER R Y viB ]
The first drought stress

55 2 YT R A
The second drought stress

b R yen | EERTE RETR/mg WEL . WEBTE RATR/me HUGH
Plant height Dry weight of Roo't dry Root-s'hoot Plant height Dry weight of Rooht dry Root-?hoot
aboveground/mg weight ratio aboveground/mg weight ratio
Cl 14.65bc 53.02a 13.11b 0.2473¢ 15.67cd 70.45a 14.16¢ 0.2010¢
Cc2 14.39bc 50.46a 14.06ab 0.2786bc 16.02bed 66.99b 15.33b 0.2288c¢
CK 3 15.79be 47.53b 14.23ab 0.2993b 17.21abc 64.92b 16.36ab 0.2521b
C4 16.36ab 47.15b 13.07b 0.2771be 17.69ab 59.58¢ 13.72¢ 0.2303¢
C5 18.39a 49.34a 15.07a 0.3054b 18.91a 66.28b 17.93a 0.2705ab
C6 13.96¢ 36.72¢ 13.20b 0.3594a 14.88d 48.23d 13.73¢ 0.2846a
ieﬂi{i 15.59(a) 47.37(a) 13.79(b)  0.2945(b) 16.73(a) 62.74(a) 15.20(b)  0.2445(b)
Cl 14.99ab 41.43b 13.19¢ 0.3183b 15.56ab 48.13¢ 14.84d 0.3083b
C2 15.31ab 42.98b 14.58¢ 0.3392b 15.53ab 51.61b 16.77¢ 0.3249b
T c3 16.74a 49.46a 16.93b 0.3424b 16.81a 62.33a 19.98ab 0.3206b
C4 16.85a 50.54a 16.75b 0.3314b 17.17a 57.80ab 18.92b 0.3274b
C5 16.75a 45.18a 20.86a 0.4616a 17.25a 55.56b 23.78a 0.4279a
C6 13.42b 40.18b 17.47b 0.4348a 14.71b 47.48¢ 20.27ab 0.4268a
ifa{i 15.67(a) 44.96(b) 16.63(a)  0.3713(a) 16.17(a) 53.82(h) 19.09(a) 0.3560(a)

L [P BT R T A [ /NS B2 (] — A BRI B e ] 22 52 i 3% (P<0.05) , RIS 5 WA [R/ING 5 2 m T 54 ikt Ak L[] 2 55 Ak 3%

(P<0.05), I,

Note; The different lowercase letters after the numbers in the same column indicate that the tested materials have significant differences within treat-

ments (P<0.05), and the different lowercase letters with bracket in the same column indicate that the materials have significant differences among the

drought stress treatments ( P<0.05). The same below.
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Table 3  Effects of drought stress on root morphological indicators of Chuanxiang 29B NIILs

1 IRT M8 The first drought

stress

B2 T 5 The second drought stress

A3 B BRE/em REHE/em?  ARH/mm BER/om®  BREK/em MREmA/em®  BHE/mm  REE/ mm?
Treatment ~ Material Total root ~ Root surface Root Root Total root ~ Root surface Root Root
length area diameter volume length area diameter volume
Cl 23.18b 1.94¢ 0.26b 12.13e 33.75a 2.84c 0.27b 18.17b
C2 20.64b 1.73d 0.25bc 11.84e 26.18b 2.41e 0.29a 16.85¢
CK Cc3 30.16a 2.58b 0.24c 17.36b 36.47a 3.28a 0.25b 21.88a
C4 28.62a 2.67b 0.31a 18.96a 34.07a 3.06b 0.27b 21.36a
G5 32.21a 2.94a 0.23¢ 15.60c 34.80a 3.15ab 0.23¢ 21.07a
C6 28.15a 2.14c 0.27b 13.50d 33.91a 2.60d 0.25b 16.72¢
ifﬁfi 27.16(b) 2.34(a) 0.26(a) 14.90( a) 33.20(a) 2.89(a) 0.26(a) 19.34(a)
Cl1 31.00ab 2.55a 0.19b 9.22¢ 37.12a 3.33a 0.17¢ 15.97a
Cc2 27.27bc 1.94¢ 0.23a 10.97b 28.85¢ 2.22¢ 0.23b 13.59b
T c3 26.44c¢ 2.06¢ 0.23a 10.88b 28.70¢ 2.21cd 0.23b 13.27b
C4 29.14abe 2.0lc 0.22a 8.38d 30.60c 2.05d 0.26a 10.75¢
C5 28.10be 2.05¢ 0.22a 12.35a 28.28c 2.27¢ 0.21b 13.85b
C6 32.66a 2.32b 0.22a 12.69a 34.02b 2.60b 0.22b 15.46a
7. :L. i
A 29.10(a) 2.15(h) 0.22(h) 10.75(hb) 31.26(b) 2.45(b) 0.22(b) 13.81(b)
Average
x4 TEBEXNE29BEEERFSARIF SPAD EHERSERFIT
Table 4 Effects of drought stress on SPAD value and pigment content in leaves of Chuanxiang 29B NIILs
2 1 IKT5ME The first drought stress 22 IT5PME The second drought stress
ik ol M a i R b i AN MRS R MR a it MR b it K8 PR &
Treatment Material SPAD {H  Chlorophyll a  Chlorophyll b Carotenoid SPAD fi  Chlorophyll a  Chlorophyll b Carotenoid
SPAD value content content content SPAD value content content content
/(mg-g) /(mg-g') /(mg-g') /(mg-g) /(mg-g)  /(mg-g)
Cl1 32.25ab 1.61a 1.54b 0.25¢ 33.60a 1.65ab 1.41b 0.30a
C2 34.18a 1.58b 1.85a 0.10e 33.15a 1.59b 1.78a 0.13¢
CK C3 34.30a 1.62a 1.70b 0.17d 32.85a 1.65ab 1.25b 0.37a
C4 32.28ab 1.63a 1.28¢ 0.35b 33.88a 1.57b 0.42¢ 0.22b
C5 28.97¢c 1.69a 1.56b 0.26¢ 27.64b 1.82a 0.34c 0.18bc
Co6 29.85be 1.62a 1.05d 0.45a 26.85b 1.61b 043¢ 0.22b
I 31.97(a) 1.63 (a) 1.50 (a) 0.26 (a) 31.33(a) 1.65 (a) 0.94 (a) 0.24 (b)
Average
Cl 28.31b 1.55ab 1.32b 0.10d 28.24h 0.99d 0.39b 0.21d
C2 30.66ab 1.52ab 1.29b 0.12¢ 30.14ab 1.25¢ 0.51ab 0.28¢
T C3 31.69a 1.41b 0.95d 0.26a 31.72a 1.28¢ 0.54a 0.26¢
c4 32.11a 1.59a 1.18¢ 0.06e 29.83ab 1.36b 0.38¢ 0.28¢
C5 28.00b 1.58ab 1.54a 0.06e 25.88¢ 1.60a 0.29d 0.43a
Co6 28.39b 1.61a 0.98d 0.22b 25.24¢ 1.56a 0.39b 0.38b
ii{i 29.86(b) 1.54(b) 1.21(b) 0.14(b) 28.51(h) 1.34(b) 0.42(b) 0.31(a)
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Table 7  Effects of drought stress on the activities of protective enzymes in Chuanxiang 29B NIILs leaves
MR -5 - BE MR
S : ) HRAER  RRE R it 2 3t
i ALY . . " .
Qb3 R POD isga CAT Pyrroline 5 Ornithine Proline
Treatment Material /(U - mg™) SOD / (nmol - min™"  carboxylate d—amino dehydrogenase
/(U - mg™") -mg™") synthetase transferase /(U-g™h)
/(U-gt)  /(U-gh)
C1 1.75¢ 1.16d 30.06de 39.15b 103.51a 39.29ab
Cc2 1.96¢ 0.48e 39.73¢ 38.18b 98.64b 33.66b
) C3 1.30d 1.07d 27.46e 32.18¢ 97.12b 32.38b
ek C4 4.52b 2.64c¢ 62.52a 29.44¢ 102.60a 31.38b
C5 2.11c 3.15b 36.39cd 48.58a 87.15¢ 43.15a
551 F R A Co6 5.04a 4.20a 50.35b 42.74b 80.31¢ 34.49h
" ﬁ?; M Average  2.78(b) 2.12(b) 41.09(b) 38.38(h) 94.89(b) 35.73(b)
drought stress C1 3.80c 3.06e 81.81a 56.82a 109.72b 53.03ab
Cc2 7.17a 2.52f 54.46¢ 39.18d 107.49¢ 38.13b
C3 7.06a 5.52b 81.98a 50.86b 111.90b 40.79b
T C4 5.60b 3.44d 68.10b 44.58¢ 106.19¢ 33.55¢
C5 5.59b 4.68¢ 68.87h 51.13b 96.23d 57.52a
C6 5.58b 6.70a 56.83¢ 58.04a 126.22a 41.45b
SEA(H Average  5.80(a) 4.32(a) 68.68(a) 50.10(a) 109.63(a) 44.08(a)
C1 5.32b 3.55b 70.80ab 44.21d 109.14b 49.78b
Cc2 6.55a 4.14a 50.48d 63.10a 101.03b 58.80a
CK C3 4.91b 2.45d 76.14a 59.19ab 115.64ab 50.31ab
C4 6.05a 3.18¢ 62.49¢ 47.95¢ 117.43ab 48.98b
s 6.05a 2.58d 71.94ab 52.84b 120.92a 54.44a
e . C6 5.65b 4.15a 68.95b 62.74a 103.63b 53.68ab
A i}fj;fnﬂj”ﬂ SEAMH Average  5.76(b) 3.34(b) 66.80(h) 55.01(b) 111.30(b) 52.67(b)
drought stross Cl 5.45¢ 4.55h 82.33b 72.39b 145.94ab 69.87b
Cc2 6.88a 5.08b 65.03¢ 68.25bc 149.68ab 63.08bc
T C3 6.30b 4.58b 78.84b 61.74d 139.42b 55.23¢
C4 7.20a 4.12¢ 66.04c 78.49% 139.61b 76.62b
C5 6.31b 3.50d 79.82b 66.59¢ 151.36a 59.32¢
C6 6.49b 5.72a 132.60a 90.38a 151.92a 83.76a
FXIMH Average  6.44(a) 4.59(a) 84.11(a) 72.97(a) 146.32(a) 67.98(a)

A, FRAHIERM,H 2 T2 EHRE
T FRAR A 5 2 5T 51 R 3 IR AR OG 38 40 (]
53R 8 2 T R ha Ja SR AR R A
T R, 28 LRrAs, R A SR K AT LIRS
YT KRBT R R IE S48 R
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T+, SOD POD [ CAT ML A& fitk—5 - R R 5 U | % 2
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Table 8 Correlation coefficient between the relative values
of physiological morphological indicators and repeated

drought survival rate at seedling stage

TR 2 2 RN

e
I:j:; b The first The second
fdexes drought stress drought stress
Fk i Plant height -0.42 -0.07
Ho BT
Dry weight of aboveground 0.75 0.79
WRATE
Root dry weight 0.32 0.37
R . 0.57 0.81
Root-shoot ratio
SR
Total root length 0.58 0.59
MR .
Root surface area 0.67 0.81
HEH Root diameter -0.28 -0.81°*%
HAKRFR Root volume 0.56 0.72
SPAD {& SPAD value -0.47 -0.54
M2 a F i
Chlorophyll a content 0.36 0.43
MERE Db SR
Chlorophyll b content 0.46 0.26
> PoE=N
HID bR -0.43 0.15
Carotenoid content
TR -0.05 -0.76°
Soluble sugar
BT A 0
ﬁ%ﬂ%ﬁ& 0.86 " -0.11
Free amino acid
ﬂ(ﬁf&"ﬁlﬁl -0.23 -0.36
Soluble protein
HIFRAEH Ik GSH -0.49 -0.13
% Pro -0.34 0.17
Y% C Ve -0.11 0.18
N MDA -0.16 0.11
HERKFE TAA 0.71 0.51
V& RR ABA 0.89"* -0.75
ML RE CTK 0.56 0.75
TR GA -0.62 0.26
)i ETH 0.6 -0.36
TEMYEE POD -0.36 -0.88* "
ALY AL SOD -0.26 -0.58
JHEEEE CAT 0.14 0.22
_S_¥BHH A KU
M 8- 5 £ o a6
Pyrroline 5 carboxylate synthetase
9, 5 T T S
. %E&Mﬁ%ﬁ@ 0.03 0.45
Ornithine 8—aminotransferase
A T I
IFG R e 2 0.62 0.05

Proline dehydrogenase

T, = % SPIFRTE 0.05 A1 0.01 KPR BIFHK,
Note: * and * * mean significant correlation at 0.05 and 0.01

level, respectively.
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Z TR Ja SR IR, A [F B T 2 i aa
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MIZE5¢ . TR VEY 4T 5 2 18 4% 5 PR 5% B 1 He
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IKFEBT A D B 52 44, AN TR AR 7 B 3 ) AN [
IS R AR S i S 24 F e
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4 45 e
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2)) i it A 5 2 M 0 [ 05 43 AT 2 I, MR 1 A
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B, R GSH 2 i F POD 37 M 14 4H {8 25 ml 4
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