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Identification of drought resistance and physiological evaluation of drought
resistance of Brassica napus L. at seedling stage

ZUO Kaifeng, GUO Na, ZHANG Bingbing, QIN Mengfan, MA Ning,
LIU Xiang, LI Qingqing, HUANG Zhen, XU Aixia
(College of Agronomy, Northwest A&F University, Yangling, Shaanxi 7121000, China)

Abstract; One hundred and twenty species of Brassica napus L. germplasms in northwestern China were used
as experimental materials in a pot experiment in artificial climate chamber with PEG—-6000 simulated drought treat-
ment at five-leaf stage of rapeseed, phenotypic identification, and physiological index determination. The data was
analyzed by correlation analysis and principal component analysis and the drought resistance of 120 materials was e-
valuated. The correlation between drought resistance index of Brassica napus L. and 8 drought resistance physiologi-
cal indexes were discussed, and the main influencing factors of drought resistance of Brassica napus .. were deter-
mined. The results showed that there were 6 high drought-resistant materials among 120 germplasms, 10 in medium
resistance, 23 in low resistance, 42 in low-sensitivity, and 39 in high-sensitivity. Soluble sugar, proline and
soluble protein in different rapeseed germplasms after drought treatment showed significant changes with the increase
rates of 94.7% , 432.8%, and 95.7% , respectively; There were significant correlations between the drought resist-
ance index and soluble protein content (0.521" "), soluble sugar content (0.506"" ), and proline content
(0.495" " ). There was a significant positive correlation with leaf water retention (0.426" ") and a significant nega-
tive correlation with malondialdehyde content (—0.372" " ). The most direct impact of drought resistance index was
on soluble protein with a direct diameter coefficient of 0.384. The most influential was the SPAD value, and the in-
direct combined effect was 0.196. Through principal component analysis, the relevant indicators was integrated into

three categories: osmotic adjustment factor, water retention factor, and membrane lipid damage factor.
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Table 1  Classification criteria for drought surveys
g3l FEERER
Grade Drought symptom

MRIEH A 25
Plants are normal with no leaf wilting

A 209% LA BT BRI 422 T2

Only 20% of the lower leaves have withered

A 20% ~50% BN AR I A (RO IE
2 20% ~ 50% of the leaves wither and atrophy, but the
heart leaves are normal

LRI R IR N FRE TN (ER O T SR A A
PR REMR R A K

3 Most of the leaves were withered and dried-up, but the

0

1

heart leaves were still alive and the plants were able to re-
sume growth

EcILIa e = N A = A <1 LIE Ty
4 All the leaves withered and dried-up, and the heart
leaves began to wither and tend to die

VT 54850 (DRI, %)= 1-{ [ 100% % ( 1xS1+2x
S2+3xS3+4xS4) 1/ (VA MY B kR B x4) | 5 Hor,
S1.82 .83 .84 73 5iftF 1 ~4 T 5 H0ah ek vk
7% Y PR AR 4 A AR R O, B R
ST ARE = (HS) 0% <P FIEE<15.0%;
IR (LS) :15.0% <Pt 4650 < 30.0% ; (K Hi (LR) -
30.0% <PL FHEEL<40.0% ; TP (MR) :40.0% <P F
18%0 < 50.0%; =4 (HR) : 50.0% < 4L e 1 <
85.0%,
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Fig.1  Drought-resistance distribution of 120 Brassica
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Table 2 Drought resistance classification of 120

Brassica napus L. varieties

R

Material code

PR EH

Drought resistance

=L

. . 2205.,640.,650,1948 ,1105,1836
High resistance

Hdi 518,1963,755,961,979 2006, 2160, 2356
23902417

Medium resistance

839,845,918 1163 ,1940,1999 ,2033 2125,
2134 2345 2362 ,2405,597 ,825,954 (1172,
1895.2147 2245 2288 2383 2430 ,2435

s

Low resistance

531 831.1695.1951 2115 2172 2341 2403 ,

2412 523,579 591 682,699 733 921 949
IRk 1033, 11281921, 2015, 2023, 2038, 2153 . .
2252 22562369 2415 2421 827 865 873,
900, 906, 909, 1149, 1154, 2029, 2182,
21832241

Low sensitive

493 545 911,927 939 953 965 11121843 |
1866, 2203 | 2232, 2236, 2324, 2371, 2374,
505,534,689 781,876,886 ,986,1028 1048 |
2298.3699,220,899,1092,1126,1136,1810 ,
2316,1057,1814 1876 ,2331 2442

[

High sensitive
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Fig.2 Changes of physiological indexes of 120 Brassica napus L. varieties (lines) under drought treatment
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Table 3 Correlation coefficients among physiological indexes

T8 Index Y X1 X2 X3 X4 X5 X6 X7 X8
Y 1
X1 0.172 1
X2 0.118 -0.005 1
X3 0.12 0.038 0.08 1
X4 0.426" " -0.024 0.364™ * 0.370" 1
X5 0.521" " 0.298 " * -0.125 -0.145 0.007 1
X6 -0.372" " -0.016 -0.049 -0.036 -0.12 -0.02 1
X7 0.506 " * 0.229" -0.095 -0.081 -0.052 0.252" 0.017 1
X8 0.495" * 0.075 -0.01 0.046 -0.017 0.17 0.041 0.240" * 1

o HTE 0.05 K WA, « o« FE 0.01 KTV BB EMIC, Y HHURIRE, X1 it 2 A X 8, X2 S & K6, X3 i b
BT, X4 R A K T, XS A ATE PR A, X6 ST 8, X7 Al i, X8 M IR

Note: * indicates the significant level of 0.05; * * indicates the significant level of 0.01. Y—-DRI, X1-spad, X2~leaf water content, X3 —above

ground dry weight, X4-blade water recention, X5—soluble protein, X6—=MDA content,X7-soluble sugar, X8—proline.

FHLT 2 PR BRI 10 R IF 20 B =
IR 2 B AR R Ok D, kG2 M R Sk, B
FRAE Ao IE (S, U B 7 K o R T
I A PR K TR | 5 7K R i T A 3R i P
PEAREE

TS 3 H AR e R TN S a, B
R O B A, (B BT 548 £ 0 RRAE ] = {E
S, BLHTILIR T SR S e 4 A R 45 R, TN
Frani e, H g AN P R 2
2.5 BHEBEIERMEEHENEZRS T

AT 120 45 H i RM SR BT 8 NPT R AR B

BV R AR B, B e e LR R RS 8 A
A PRFEAR R B AF R H R, R RIH Ty
Z MM, F=280.71, 5 B4 B KT, ULEH TS
FEE0S 8 A AR A (W) A AE AR b S 2Pk C &, T LA
WATIEARHT(F25) o 120 Oy H i AV HSER T 8 A4~
A= BRAE ARG PTR8 HR0 B TR /MR IR R 1T
PR (0.384) > H P 7K 71 (0.377) > 0 %5 4 4
(0.366) > B (1-0.347 1) > & /K& (0.047) >
SPAD fE( 1-0.0411) >3 [ #B+ 5 (0.035) > i & iz
(10.0011) , XFHT5H8E FCE 2 STk B K B o IE 200
()2 TR B 1 R K R Rl s [ ek mf
PR A RO K Rl s PR S P R B A
BEIEANSE IR R X 3 AN B R AR A A T3 5
(EOET=

TE 8 A B AR 3 8 2ok oA g AR X B 454K
AR B2 25 5 RO 1, B TR T A B R4 0. (= 0..049)
Ab HAy 7 A S bRl o AR R VR 2R A
BN R IE, B K EN/MEIR A SPAD E (0.196) > Jifi
RAPR(0.132) > PEE 1 (0.079) > Fr &K &
(0.074) > 35 (0.068) > F 457Kk 11 (0.057)
ST PERE (0.055) o

x4 MBRERENS SN

Table 4 Primary component analysis for drought resistance indexes

L7 FaLSr 1 FHs2 FH53
Index PC1 pC2 PC3
X1 0.396 -0.232 0.139
X2 0.088 0.607 0.055
X3 0.119 0.589 0.401
X4 0.348 0.769 0.075
X5 0.626 -0.356 -0.112
X6 -0.29 -0.271 0.821
X7 0.61 -0.352 0.133
X8 0.551 -0.132 0.368
Y 0.941 0.141 -0.116
T
HFAE(E 2.326 1.726 1.042
Eigenvalues
it Y4
. J"l?ﬁ}(%:_//o 32.996 19.174 11.58
Contribution rate
R/ % 32.996 52.17 63.75

Cumulative contribution rate
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Table 5 Path coefficient of 8 physiological indicators against drought index
| EEE R IR L AR
Correlation Direct path Inter-turn diameter coefficient Indirect comprehensive
Factor .. :
coefficient coefficient X1 X2 X3 X4 X5 X6 X7 X8 effect
X1 0.172 -0.041 - 0.000 0001 -0009 0.114 0006 0.084  0.000 0.196
X2 0.118 0.047 0.000 - 0.003 0.137 -0.048 0.017 -0.035 0.000 0.074
X3 0.120 0.035 -0.002  0.004 - 0.139 -0.056  0.013 -0.030  0.000 0.068
X4 0426* * 0.377 0.001 0017 0.013 - 0.003 0.042 -0.019 0.000 0.057
X5 0.521"* 0.384 -0.012 -0.006 -0.005  0.003 - 0.007  0.092  0.000 0.079
X6 -0372" " -0.347 0.001 -0.002 -0.001 -0.045 -0.008 - 0.006  0.000 —-0.049
X7 0.506 * 0.366 -0.009 -0.004 -0.003 -0.020 0.097 -0.006 - 0.000 0.055
X8 0495 " 0.001 -0.003  0.000 0.002 -0.006 0.065 -0.014 0.083 - 0.132
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