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Table 1 Brassica napus varieties used in this study

45 No. S Fh 4 FK Variety name SR Source %+ No. EhFh 44 FK Variety name SR Source
1 =11 730 Fengyou 730% 15185 Hunan 40 CY12GJ-1 U )il Sichuan
2 4 306 Fengyou 306 15155 Hunan 41 #1699 Qinyou 1699 [ P4 Shaanxi
3 79 789 Fengyou 789 5/ Hunan 42 Z{L 1718 Qinyou 1718% [ P4 Shaanxi
4 77 823 Fengyou 823 5 Hunan 43 Zih 5% Qinyou 5 B2 7G Shaanxi
5 2% 6 5 Xiangzayou 6 517 Hunan 44 il 25 Qingyou 2 i Qinghai
6 A% 631 Xiangzayou 631 51 Hunan 45 15743 88 Dehuiyou 88 LY Anhui
7 243 743 Xiangzayou 743 15185 Hunan 46 #3518 Dexuan 518 LA Anhui
8 B3 7% 652 Huayouza 652 Wt Hubei 47 1149% = Runpufeng 2 Anhui
9 HhihZ 28 Zhongyouza 28 14t Hubei 48 KAAM 17 Tianheyou 17 Y Anhui

10 FlihZ% 345 Liyouza 3 Wt Hubei 49 )T 15 Shengdeng 1 Wik Hubei
11 FlihZ% 168 Liyouza 168 -t Hubei 50 %% 1°5 Shengyuan 1 W4k Hubei
12 FHY 131 Yangguang 131% -t Hubei 51 FKoHh 95 Dadi 95 Wk Hubei
13 K199 Dadi 199* 11t Hubei 52 GY-5 11t Hubei
14 142 19 Zhongyouza 19* 14t Hubei 53 i 31 41 Jiayu31peng 1514t Hubei
15 4% 39 Zhongyouza 39 W1t Hubei 54 WH-49 Wik Hubei
16 189M %% 68 Huayouza 68 #9146 Hubei 55 WH-50 4L Hubei
17 1EIHZ% 82 Huayouza 82 14t Hubei 56 WH-59 4t Hubei
18 1E3M 2% 158 Huayouza 158 Wt Hubei 57 WH-63 Wik Hubei
19 1E3h 2% 158R Huayouza 158R Wt Hubei 58 WH-88 W4k Hubei
20 2 L3 629 Ekenyou 629 Wt Hubei 59 WH-83 Wk Hubei
21 18L.P10 1t Hubei 60 WH-85 #11t Hubei
22 1E3H4% 50 Huayouza 50% 1t Hubei 61 WH-58 14t Hubei
23 #3hZ% 655R Huayouza 655R W1t Hubei 62 WH-19 Wk Hubei
24 H20-01 14t Hubei 63 T R101 NingR 101 VL5 Jiangsu
25 H21-01 531k Hubei 64 T R201 NingR 201 YL} Jiangsu
26 JIIHL31H 12 Chuanzaoyou 12 YLV Jiangxi 65 T 15 Ningyou 1 7195 Jiangsu
27 il 4% 8% Ganyouza 8* VL7 Jiangxi 66 #1165 Yangyou 6 795 Jiangsu
28 ##17% 95 Ganyouza 9 VL7 Jiangxi 67 31l 3°5- Zhenyou 3 795 Jiangsu
29 #5944 105 Ganyouza 10 VT4 Jiangxi 68 Bili—-5 Duoyouyihao 7195 Jiangsu
30 #47HZ% 906 Ganyouza 906 Y17 Jiangxi 69 WiZ% 903 Zheza 903 Wil Zhejiang
31 JiBith 777 Fangyou 777% pa)1 Sichuan 70 Wi 8“5 Zheshuang 8 Wil Zhejiang
32 1% 53H 66 DeSyou 66 U )1l Sichuan 71 Wi 18 Zheyou 18 WL Zhejiang
33 1A% 2470 9 Dehezayou 9 P41l Sichuan 72 WAL 72 Zheshuang 72 WL Zhejiang
34 JII3H 18 Chuanyou 18 P4)1] Sichuan 73 JEFI 75 48 Shengliqinggeng |1 Shanghai
35 CY12NY-7 P9 JIf Sichuan 74 Vil 125 Huyou 12 I 6 Shanghai
36 CY12QSZ06 P9 J1f Sichuan 75 il 145 Huyou 14 -1 Shanghai
37 CY12PXW-4 PYJIf Sichuan 76 F23H 737 Fengyou 737 51 Hunan
38 CY13PXW-17 PYJIf Sichuan 77 4% 95 Changyouza 9 51 Hunan
39 CY18PXW-62 U )il Sichuan 78 £ 737 Fengyou 737 i H9 Hunan
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#4531 Continued Table 1

%5 No. SR Variety name HeIR Source %5 No. AR Variety name IR Source
79 269150 Shengguang 50 51 Hunan 97 4E31 105 Huayou 10 14t Hubei
80 256 165R Shengguang 165R 15175 Hunan 98 P11 Zhongshuang 11* 14t Hubei
81 %9168 Shengguang 168 15175 Hunan 99 11-P74-13 14t Hubei
82 4 345 Xiangnongyou 3 15185 Hunan 100 09-P37 14t Hubei
83 189 12 Huayou 12 it Hubei 101 12-P24 4L Hubei
84 08-P35 Wt Hubei 102 PRI 35 Qingyou 3 Pk Chongqing
85 08-P36 -t Hubei 103 PRIl 85 Qingyou 8 P Chongging
86 09-P32 -t Hubei 104 PRl 115 Qingyou 11 P Chongging
87 09-P36 Wit Hubei 105 SWU49 K Chongging
88 09-P37 it Hubei 106 4144 65 Jinyouza 6 F2M Guizhou
89 10-P10 11t Hubei 107 4174 845 Jinyouza 8 S Guizhou
90 10-P29 4t Hubei 108 4 iMZ%% 8 5 Jinyouza 9 M Guizhou
91 11-P30 14t Hubei 109 47l 2% 8 %5 Jinyouza 10 M Guizhou
92 12-P24 14t Hubei 110 4724 85 Jinyouza 11 M Guizhou
93 12-P25 W4t Hubei 111 4:hZ% 8% Jinyouza 12 $tM Guizhou
94 tH X 25 Zhongshuang 2 4t Hubei 112 P4 6 Qianxuan 6 e Guizhou
95 $e3E 1427-1 Lunxuan 1427-1 14t Hubei 113 # 45 Qianyou 4 S Guizhou
96 A¢#Kk 22 Nonglin 22 1t Hubei

T R E R ARAEYE AT B 5% (2023) FRIm e A . Note: * indicates the rapeseed varieties in the National Promotion Directo-

ry of Crop Varieties (2023).
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pH 6.24 : i Pk 4 B R AR FE ; pH 4.82: BRI A AN BE . ++FIRAE 0.01 /K F- 2557 i 3, +oFR7E 0.001 K 1255+ 3 . RL:ARE ; PH: B
s REW AR AR B 5 i s AFW b B R4 i o TEW B B i s ROW AR R T & ADW b B3 i ; TDW : B i RSRAR G H
SPAD fH R /RM LR Z M X & . T, pH 6.24: Acid soil improvement treatment; pH 4.82: Acid stress treatment. ** represents signifi-
cance at the 0.01 level, *** represents significance at the 0.001 level. RL: Root length; PH: Plant height; REW: Root fresh weight; AFW:
Aboveground fresh weight; TEW: Total fresh weight; RDW: Root dry weight; ADW: Aboveground dry weight; TDW: Total dry weight;
RSR: Root shoot ratio; SPAD shows chlorophyll relative content. The same as below.

Bl EREpETHEEAZTEROEL
Fig. 1 Changes of each trait in rapeseed seedlings stage under acid stress
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Table 2 Variation amplitude of each trait in rapeseed seedling stage under 2 treatments
it T R bR TR 30 b 7
Acid soil improvement treatment Acid stress treatment
ke P R i EREH Y
Va:ation range FHH Mean CcvV Variation range FHI{E Mean CV
RL/cm 7.38~16.61 10.77 13.65 6.10~13.95 9.67 16.93
PH/cm 1.88~12.72 6.62 33.93 0.65~4.74 2.82 28.25
RFW/g 0.05~0.56 0.21 4541 0.01~0.26 0.083 48.32
AFW/g 0.85~4.79 2.37 33.73 0.10~1.83 0.63 60.77
TFW/g 0.96~5.18 2.57 32.74 0.13~2.09 0.72 57.74
RDW/g 0.02~0.15 0.06 45.26 0.01~0.07 0.02 55.08
ADW/g 0.06~0.39 0.18 39.07 0.01~0.14 0.05 61.67
TDW/g 0.08~0.48 0.23 33.09 0.02~0.19 0.07 55.19
RSR 0.10~1.96 0.38 57.03 0.08~1.94 0.50 61.01
SPAD 25.10~35.07 28.72 7.39 19.00~29.47 23.83 7.16
22 MXERFERTERRBEBXES T ML P S R R A AR AR IR AR G, A5 0

FRAE A (D)5 113 3322 5k A 4% BT 6 b
AR, BOTR AR R 8. A b, S [R5 35 5l R 7R 22
Z R M IS, bR AR 56 b A i R 2R BT R 140,
FLAR A TS AR T R R BCF- B EY/N T 1, 10 Wi b
FR) 75 S 2R K0 By 10.089 %6 ~78.681 % , BRI N
TR > AR 2 B H > M AR R > b e R
k> R > b DT > T T > bk >
R >SPAD, AR i B 45 T HE s 1) i 2 22 250738
PR BE R (32 3) , UL BHZE IR P 38 T X LE P8 AR 7E A [F]
A AR ] AR AL SO TR o FR 1O TR it iR 22 45 A0 AH
SR AT HE B (I 2) AT DA% T4 o ) A DG G 2R 19 77 17
AR S , AR 5 R B R S T

=3

febr Z [ R A DG S BCE R A E B L&,
Ut W1 45 T A AR AE ST R Mok o e A A A 58 4
AHIF] , L2 ) T3 B8 b 9 T 198 2% 50U LA 4 T o
Hb X S R VR AT MY, SR A WA bR A RE T A
AR50 7 35 T 2 TR S ol
23 HMXEHSFERTHERRBOERS SN

X 1134731 3 b B 10 J5UFG b 1) it 112 2R £t A7 32
BLG3 53 A, HE A AR A R D BULA 25 G 48 bR A
T 38 30 W 4 R0 1) B 00 o i 40 32 8040 B BTk e 43
)k 46.246 % . 25.033% .10.077 % .7.332% , 2R 5t
kR Ik F] 88.688 % (e 4) , FEARRTEK T IR A 10 Wi 4545
JITHE Al B 28 R 05 8, AR TTER BB/ 3 A3

iH 3¢ B A & B U AR Y T R R 4

Table 3 Acid resistance coefficient of each single indicator in rapeseed seedling stage

165 Index e KA Maximum fiz/IME Minimum S48 Mean FrifE2Z SD SR Y CV
RRL 1.309 0.507 0.907 0.159 17.580
RPH 1.513 0.232 0.460 0.198 43.031
RRFW 2.333 0.050 0.484 0.319 65.933
RAFW 0.791 0.052 0.272 0.150 55.172
RTFW 0.774 0.057 0.283 0.146 51.418
RRDW 1.641 0.071 0.426 0.318 74.535
RADW 0.834 0.066 0.282 0.142 50.443
RTDW 0.777 0.071 0.300 0.137 45.575
RRSR 7.730 0.188 1.715 1.349 78.681
RSPAD 1.121 0.634 0.834 0.084 10.089

7F : RRL: MG AR s RPH X RREW : MIXAR 2 68 5 Bk s RAFW o M L5086 B B s RTFW « A A6 5 B s RRDW : HIXHAR 2 T
Bt s RADW : A i b 78T Bttt s RTDW  AHXE B T Biat s RRSR AR X ARGE L s RSPAD : AHXT 4 R AHXS & 4. TRl Note: RRL: Rela-
tive root length; RPH: Relative plant height; RREW : Relative root fresh weight; RAFW : Relative aboveground fresh weight; RTFW: Rela-

tive total fresh weight; RRDW: Relative root dry weight; RADW: Relative aboveground dry weight; RTDW: Relative total dry weight;

RSR: Relative root shoot ratio; RSPAD: Relative chlorophyll relative content. The same as below.
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RRSR{

RSPAD{ = | = |
N A
FFE4

#FIRAE 0.05 4K E B 5+ H IR 7 0.01 K E RFAR

ok IR AE 0.001 /K- I 3 A 5& . * represents significant correla-

tion at the 0.05 level; ** represents significant correlation at the 0.01
level; *** represents significant correlation at the 0.001 level.
B2 il & BIUE AR B R AR ST
Fig. 2 Correlation analysis of acid resistance
coefficients of each single indicator in
rapeseed seedling stage

x4 BBRTUERTERARBNERS S
Table 4 Principal component analysis of the acid

resistance coefficient of each single trait

FE 43 Principle factors

i H Ttem
1 2 3 4
FEHE(E Eigenvalue 4.625 2503  1.008  0.733
TTHk %/ % Contributive ratio  46.246  25.033  10.077  7.332
BT/ )

i tn:]a‘fjé oftributivc o 46246 71279 81357 88.688
RRL 0.135  0.067 —0.156 —0.434

RPH 0.080 —0.150 0.512  0.827
RRFW 0.201  —0.116 —0.052 —0.105

RAFW 0.109  0.283  0.035  0.203
FHEMEME  RTFW 0.206  —0.090 —0.045 —0.102
Eigenvector value  grpw 0.203  —0.117  0.016  —0.079
RADW 0.111  0.312  —0.091  0.249

RTDW 0.209  0.022 —0.016 0.030

RRSR —0.007  0.375 —0.038 0.171
RSPAD  0.007 0135 0831 —0.575

A WA o XA — 3 A I ] TR 3R AL e A
SRR MR RS BE TR RR T REAST
JoTdet, X0 5 A 0 1 ) BT R R g 0 S
J g b b TR AARES B X2 = 3R A I ) T
K SR A  1 J& SPAD il 135 fef o i, % 55 DY = i
43 TE 1) TTRRARER o S A s R BT T BT

I B 10 A4S BTG AR 45y 4 49T ) AR B ST A 25
B, 1 S v T R I (4 3 O e A, %)
N TSR At o PR A A B A B L8 23
2.4 AEME I ERELR & TN

AR AN [R5 25 2545 SR AR (L AN DTk R, 1)

FH SR 8 R BOE T A 25 G 18 A 00 SR s pR AU, T 45
B A LRA R AR AR IR A [ 52 ot Aol 4 T PR 5
AVEM A (DAE) o 113 4330 3 & Bl D (5 /35 F A
0.115~0.705, D {E 8 /N3 BT PR 1 A 55 , DB R %
AR R P i (151 3) o 3T 113 3332 Al il DK
JINR FH R BE 28 -4 6B i AT R 28 0T, 8 113
R 5 SR

(Gl B

55 1 2w T R Y, 5 11 26 I Tl AL, A (I 2 )m T rp Il Al 5
IV THURAL, 55 VR )8 TH UL, Class | belongs to the ex-
tremely acid-resistant type, class [l belongs to the acid-resistant
type, class [l belongs to the intermediate type, class IV belongs to the
sensitive type,class V belongs to the extremely sensitive type.

3 BT DIEM 11314 SE MmN m B 1 58 254 4

Fig. 3 Cluster analysis of acid tolerance of 113 rape-
seed varieties based on D values

55 1 28 Jm TARI 1R 2R3 =5 5t o, 6 456 300 6, T
i 823 3 2 3 Ff 5t , D fELYE [ 2 0.670~0.705, 15 fitisd
A AR 1.77 % 5 56 11 2 T 1R AL Il S o ol 697
2% 95 Al A% 50, Pl At 39 Wik 903 LIz 631
5 16 3 Fh BT, DAEYE 4 0.462~0.568, 1% k340
(4 14.16 26 5 45 11 28 J@ T v 18] B4 3l i i f L B0 456 =F 3
737 IR 12 P 8 5 AR 82 Ak 9 S AR 41
{73 B0, D A5 TR 0.309~0.449, 1% fE 38 5 i iy
36.2870 5 55 IV 2 J& T UL il 3 ol B, 445 G iih 2%
95 TR 306 18 4= AR AL 655R Gl A 12545
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Table 5

Acid resistance coefficient of each indicator and comprehensive evaluation values in different groups

FEPR Index

HHE Group

1 Il I} v V
RRL 1.009a 1.053a 0.955ab 0.839b 0.628¢
RPH 0.989a 0.498b 0.464bc 0.438bc 0.280¢c
RRFW 1.520a 0.834b 0.556¢ 0.303d 0.099d
RAFW 0.507a 0.435a 0.301b 0.202bc 0.081¢c
M 2 22 5 RTFW 0.528a 0.452a 0.316b 0.209b 0.083¢
Acid resistance coefficient RRDW 1.143a 0.902b 0.474¢ 0.233d 0.102e
RADW 0.537a 0.451a 0.303b 0.217b 0.098¢
RTDW 0.590a 0.510b 0.331c 0.211d 0.099¢
RRSR 3.688a 2.533ab 1.913b 1.255b 1.163b
SPAD 0.879a 0.858a 0.847a 0.817a 0.786a
D1 D value 0.688a 0.506h 0.365¢ 0.257d 0.147¢

AT AR ING F 8 R 22 53K 0.05 2 3% 7K F- . Note: Different lowercase letters in same line indicate significant difference at 0.05

level.
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B VER) 2 S5 52 B bR o A T HE— 25 43 M7 45 TS s i
i 72 5505 T SR T R 1k =2 10 %) 56 R, o ST vl = A
P VT B AR A 30 B b 52 5 T R 28 D 1
FH G AR B 25 A8 b, U0 0 4 TR 1 8 94l =58 o 19 T
YE&RE . LA DAE R HAS B A0S bR i TR R 280h A
s, AT A U S0, 44 HE SR A TR 5 A - D=
—0.07540.0403X s+ 0. 100X zat55 0. 188X pap+
0.099X 5 +0.092X gz 1 (R?=0.982, F=1 154.562""") ,
FRE D B A% F5 He 100 09 75 R m 60, A o ek AR R i
J i SPAD Bk 5 AR Z& 5 0 T R AR BRT A
SRy S T S T R MR Y 3 EE R A, oe R R
T o R RCR AR . LA SRR A SR
BN T T AR R &L = SPAD R & A
W& Tt , A [l 05 05 B E S5 it R 25 5 VR (A
I3 S T i I W Tl 7 O i ol
At

R6 ARHEMIETHEIRTE RS
DEMRKREXEKE
Table 6 Grey correlation between acid resistance
coefficient of each indicator and D value of different

rapeseed varieties

i KIS & Eil352
Index Correlation degree Weight Rank
TDW 0.971 0.106 1
RL 0.969 0.105 2
SPAD 0.965 0.104 3
PH 0.956 0.104 4
ADW 0.954 0.103 5
TFW 0.950 0.103 6
AFW 0.944 0.102 7
RDW 0.871 0.094 8
RFW 0.857 0.093 9
RSR 0.785 0.086 10
3 W #

TR AL T 2 BN 5 AP A R T
WEERERHE T2 —, FREN, LRSS
T IER AL Mn & or R B F NE, LA P K. Ca. Mg,
Mo B &3 e Rk =12 SEw i AR K Lk &k
HENRGEE, IFHHAFREET R TR KR
i 7 DR S ek B P4 R I SR 6 B H Y
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Comprehensive evaluation of acid -tolerance and screening of acid-
tolerant germplasm in Brassica napus at seedling stage

ZHANG Pengchao,ZHANG Wen, HUANG Yidan, RAN Wenhao, XU Fangsen, DING Guangda

College of Resources and Environment/ Microelement Research Center/
Key Laboratory of Arable Land Conservation (Middle and Lower Reaches of Yangtze River) ,
Ministry of Agriculture and Rural Affairs , Huazhong Agricultural University, Wuhan 430070, China

Abstract In order to explore the characteristics of acid tolerance of rapeseed at the seedling stage in
acidic soil environment, 113 rapeseed varieties were treated with acid stress and acid soil improvement by
pot experiment. 10 traits including root length, plant height, shoot fresh mass, root fresh mass, total fresh
mass, shoot dry mass, root dry mass, total dry mass, root/shoot ratio and SPAD were measured at the
seedling stage. The acid resistance of different rapeseed varieties were evaluated by correlation analysis,
principal component analysis, membership function method, cluster analysis, grey correlation degree and
stepwise regression analysis, the acid-resistant evaluation model was established and the acid-tolerant rape-
seed varieties were screened. The results showed that 113 rapeseed varieties showed extremely significant
differences in 10 traits under two treatments. The coefficient of variation of 10 indicators ranged from
10.09% to 78.68%. The 10 indicators were converted into 4 independent comprehensive indicators , repre-
senting 88.688% of the information content of the original indicators. Based on the cluster analysis of the
comprehensive evaluation value of acid tolerance (D value) of 113 varieties, they were divided into 5
groups , namely , extremely acid-resistant type (2 samples) , acid-resistant type (16 samples) , intermediate
type (41 samples) , sensitive type (50 samples) and extremely sensitive type (4 samples). The optimal re-
gression equation was constructed using D value and 10 indicators: D==0.075+ 0.0403X i dry weight T
0.100X 1 e g+ 0- 188X n+0.099X, o s +0.092X 01y weine (R=0.982, F=1 154.562"") , and the suit-
able identification index of acid tolerance in rapeseed at seedling stage was screened out. In conclusion, acid
stress could seriously inhibit the growth of rapeseed at the seedling stage, and there were great differences
in acid tolerance among different rapeseed varieties. The acid tolerance of rapeseed could be evaluated by
measuring total dry mass, root fresh mass, SPAD, plant height, root dry mass and combining with regres-
sion equation.

Keywords Brassica napus; seedling stage; acidic soil; comprehensive evaluation of acid resistance ;

acid resistant variety
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