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Drought tolerance of rapeseed ( Brassica napus L.) during bud stage as

revealed by near infrared reflectance spectroscopy
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(1. Department of Agronomy , Anhui Agriculture University , Hefei 230036, China;
2. Institute of Oil Crops Research, Chinese Academy of Agricultural Sciences, Wuhan 430062, China)

Abstract: Using infrared reflectance spectroscopy (NIR), the study evaluated drought resistance by four parameters

including the electric conductivity after 24 h imbibitions, relative germination rate, relative seedling fresh weight and

drought tolerant index with PEG treatment. Based on the 49 collected data of different drought tolerance in rapeseed with

NIR, and using partial least square algorithm and multiple regression method, we established optimal calibration model,

with a higher determination of 0.71 ~0.98 and lower standard error of 1 ~ 15.65. The results indicated no significant

difference but a remarkable correlation between the two treatments, with the R? of 0.72 ~0.89. The results suggest that

NIR was feasible to identify the drought tolerance in rapeseed, which could be used in screening drought tolerance

germplasm.

Keywords: Brassica napus L.; near infrared reflectance (NIR) spectroscopy; drought tolerance identification;

electric conductivity; PEG treatment
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AHFFT 49 3 H W5 T S A R R T 4 Ok 1 5 [
KRB H E MR, G ERAX S, ZREER

A2l ZR R ISR S T R B8 A i ek i
TR R IR (8 1) B Y SR 2 .
PEG e T i 55558 SO LD MG R 451K 3 IR
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1.2 MEMBS5HE

1.2.1 #dhdpd FEaz W1 g FRAFS
RO TR, A 100 ml 2555 T /K, iR T, Wk
24 h JE e B AT 3 e O, B
Py G RARYE Goel 2117535 , 48 FHl DDS — 11A
B S 0 1S (V) A2
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Table 1 Tested cultivars and lines

Pz LHEN i ITER EiRes HEN
Code Accession Code Accession Code Accession
9HOl 8 C* Huang C” 9HI8 T 11 R Ningza 11s 9H35 Z# 8 S IER Qinyou 8s
9H02 L7 5ER Qinyou 7s 9H19 il 701 EFR Fengyou7Ols 9H36 AR 2 SR Zhongyouza 2s
9HO3 kil 10 53 & Shanyou 10s 9H20  HIZRiH 6 ik &R Xiangzayou 6s 9H37 ZWF 211 R Qinyan 211s
9HO4 PRl 9 5 &R Shanyou 9s 9H21 e 17 R Wanyoul7s 9H38  ZfL 10 5% &R Qinyou 10s
9HOS  4EjhZ% 7 AR Huayouza 7s 9H22  H9954 PEFR H9954s 9H39 e 8 5 1E R Zhongyouza 8s
9HO6 4 1 5% R Huahuang s 9H23  #EihZk 11 % Huayouza 11s 9H40  FH 98 R Xiwang 98s
9HO7 U 15 23 " Huyou 15s° 9H24 Wi 50 #EFR * Zheyou 50s 9H41 HliAe 6 5L R Zhongyouza 6s
9HO8 i 16 ¥ * Huyou 16s” 9H25 HEZR 3 5% R Huaiza 3s 9H42 FiMA% 7 5 E R Zhongyouza Ts
9H09 ¥l 17 R " Huyou 17s” 9H26 Hi 2% 3 5B R Zhongyouza 3s 9H43 BT 2% 10 5 R Huayouza 10s
9HIO  ¥fI¥% 1 %5 Yuhuang 1s 9H27 il S 5 IER Yuyou Ss 9H44  ZEE 65 LR Qinyou 6s
9HI1  T41M 6 SR Yuyou 6s 9H28 ZAl 9 5% A Qinyou 9s 9H45 A% 9 5 1E R Huayouza 9 s
OHI2 il 2 5% AR Huawanyou 2s 9H29 A1 5HER Qinza 1s 9H46 Wiilh 17 £ &R Zheyou 17s
9HI3 il 2008 £ & Huayou2008s 9H30 Hiiih 98 - 3 #E & Zhongyou 98 - 3s 9H47 HlZ% 11 £ & Zhongyouza 11s
9HI4 XL 11 EF * Zhongshuang 11s* 9H31 H9909 3£ F H9909s OH48  H4270 £ H4270s
9HIS i 98D #EFH Zhongyou98Ds 9H32 AT 10 53R Youyan 10s 9H49 £ 3 5% AR Hongyou 3s
9H16 HIIL 9 BB R * Zhongshuang 9s* 9H33 il 012 £ R Zhongyou012s
9HI7 il 18 LR * Huyou 18s” 9H34 G2153”

s R * AN (R ), R A AL

Note:s: selection lines * :

1.2.2 PEG Wi Faf F %52 PEG T F 403
BRI EEA T2, 100 RFR T B 4T
SUZ TR PEACH) 25 em x 25 em R H &, R H
10% PEG — 6000 12 {1, Z& 18 /K K& 2 4b PEAE Jy Xif B
55 7 AR ISTA 36 SN 7 v F W & 2R 1500,
OS2 AR R 2 T L) X 2 24 R R R o 2 £
HASH PEG AL B 5 X W LUE R . 28 Wi 2 4
H(Drought tolerance index, DTI) FAH X} & 25 Z& 3 LA
RSN iy A

1.2.3 #zshk#R%E i FOSS NIRSystem
5000 — M BUTLL AN BT SR B T 2080615, TR
HRCE RN A, ZSBRAR BT, BOFPRLAEIE O FPF A

indicate conventional varieties/lines, others are hybrid varieties.
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Near-infrared reflectance (NIR) spectra of rapeseed samples
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1.2.4 AR AKESH I Win 1SIIELSH
TG AT A AL AT G B A B 3 . % 49
BRI 24 h HLF: 38R PEG T 5 Wpae Ak 24 5 I
JE RARS ¢ 2 238 ARG 25 i o 0 i o0 i 545 A1
S8 % B (reference values ) i A Win ISI 314, i FH
Make & Use Scores F2J7, A 3 15 hnifE2r 87 (GH =
3.0) S R AR AE S B R A o, A B R S (R
Tk B E RS . 1 100 ~ 2 500 nm 3 FE/E K
ABETE X I, i F Regression 27 1R FH i 5 /)N
T IEE (Partial Least Squares, PLS) IEA - ALl
(Multiple Linear Regression, MLR) Bk, MAOSNY (b5
WEIE# ALAb ) + DETEREND (& BURALEE) , 1(1 K
1AL B, 2 O 2 B S BUAL ), 4 (Gap = 4) , 4
(Smooth 3E37) , 1( Smooth2 &I ) @ HU 4 4L FH , SNV
+ DETEREND, 1,4,4, 1Q® JCHUH b #E, 1,4,4, 1D T
FUNALTE,2,4,4, 1 DURDEA K oS b 20 BT A5 5] )
HRTRY H R BURE DG R B30T , s v 1R 2 /N B 2 N7 B A

U E BB TN PR RE PEALG FH Win 1ST 58 6%, ¢ K56
1 DPS v7.05 5E -

2 ZER 500

2.1 HMEENFHHEEEE

49 N AWK 24 b JEH SR PEG LB S 1)
RHMARGE TS5 R W ZE 20 H3& 2 T, 45 9 S ke
st (1) FFE ) A PR 2 S 0 38 B AR i 3 /KO HL LB R AR
W, QK 24 h LSRR R AR B 1 S IE R GA 322
pSe g™ vem ™ M ZEBF 211 $E R ALK 88 pS- g™ ! -
em™ S AEREIH 2 5 BE R AU M & ZE R E A 96.9%
TZEAI 10 5356 BRANH 78.5% 5 AH X fif 7 1 6o 7 it 52
FEB B W ER S U 18 k&, 4 B 97. 4% Fi
92.0% , B ARAR Y0 17 2 &, 43 58 46. 4%
4% WA, ARSI AR, S 25
TN AT B R

R2 VBMPESER PECETENESH

Table 2 Conductivity and drought tolerance characteristics of 49 cultivars with PEG treatment

LEZN R FHE fe/ME FoRME b2 FAH

Characteristics Sample numbers Mean Minimum Maximum SD F value
n B3 TS DR |
Bl 24 b HUR 3/ (pS-g 7 om™ ) 49 160.78 88.00 322.00 47.68 78.0" "
24h Electric conductivity
HEXF K 2F % Relative germination rate/ % 49 86.27 78.50 96.90 3.70 3.5%"
AHXHiF T Relative seedling fresh weight/ % 49 71.38 46.40 97.40 11.77 39.4%*
4P £ TR RS DI of seedling fresh weight/ % 49 61.51 41.00 92.00 10.20 10.3" "

1 Note: * ¥ P<0.01.

2.2 EREEIRESL

TEAMETIA SN 3 Fron. liR 3 ATEH,
FEESLSE IR B 45 ity AR () 25 S TR S AR SR AR S
FEROR , HAR R A BOR i U sE 240, R? #F7E 0.70 LA
b R AR AR AR AR S R BGRE] 0. 97, B
AR PRIE 158 B TR 14 3 AT R, s A AR 5%

FEORUE TIZEAR R I a5 o o P I s 2
Xt B A ARV T BRI, BT 3R AT AT £ A1 A {E A 55
Bz M (B AR E DR 22 SEC 3 /N, Forh AR XS &
ZFAN 1.0, 8/ SEC FR BT 3% 1 I A2 3 AR 7
FEXS [ BB R B RE T o

R3 AREFFHRMEERIIELNERTIESH

Table 3 Calibration equation parameter for several rapeseed under drought tolerance

.
TN FEEEC g mi o e .d . )
; Sample . . . SEC SECV R
Character Mean Minimum Maximum SD
number
I 3% P
Wl 24 b LU (S 71 em™) 24 148.67 22.80 274.54 41.96 15.65 30.65 0.86
24h Electric conductivity
)FHXJ?){E:%;, . 23 86.80 74.53 99.08 4.09 1.00 2.70 0.94
Relative germination rate/ %
AHX i E
. . . . .13 .53 .
Relative seedling fresh weight/ % 2 75.25 41.98 %53 109 6.1 9:3 0.7
W fet e B AR /0
A it i L 4R % 24 65.34 37.48 93.19 9.21 5.04 8.31 0.72

DTI of seedling fresh weight

T a - EAREARER 22 5 b — B UESRAREDR 22 s INBROM H AR St UcEOh 4.

Note: a— Standard error of calibration; b — Standard error of validation.
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FEBRITFEATERE it 25 i A SR 28 g0
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3, K 24 h LS AR IE REGREN0.89, 41
X 2 FE R 0 i i SR R D R R
SRER HIE R T 0.70, (HARELA /N 1) P I AR v 152 22
SEP, Kb, I FH NIR £ A AT DA 47 b i 5x 4 > ke
TR o A A IR NIR #0048 55 % P9 5 (B 1Y
AR R E A 3,

2.3 EFMEETNEE R M 5N

FEVRMERIE N J5 , T E R H—H A 2 5 E R
Bk ST A ity BV IR i R ) Xof 7 B Jy R 1 T 144
ATV . AT R R A T e H AR S 5
FEFREY T30 24 At RAE R B uE AT S HE TR 5, T
75 NIR FOM(E A2 I (B SR B 4 R I3k 4, 3R
4 R PRR T B AE X RN ¢ A, SR T BOR A 55
TP B HEAT ¢ K3, 4 > 28 BA i 52 40 5C Mtk
to BT 10,0503 (10,05, = 2. 069) , BI 15 < 1 05 23, 42
HIAX 4 2 S0 5 AH SR 3 A 7 A DN G 4.
F2E5 . B, AR T £0 A 6k A 10 i =% 25 1A

P& Predicted value

6 o : ' )
77.0 82.4 87.8 93.1 98.5
SEPIAE Actual value

(a) AT K 2 2

Relative germination rate
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Table 4  Prediction of calibration using validation set
WK 24 hHL R HIXE R 2F 3R/ % X R EE /% G M A5 %
= 24 h electric conductivity Relative germination Relative seedling DTI of seedling
Accession /(S g™t rem™") rate fresh weight fresh weight
LAB ANL LAB ANL LAB ANL LAB ANL

9HO02 115 121 92.7 92.1 67.1 64.0 62 58
9HO4 119 128 94.5 95.2 75.7 70.4 72 66
9H09 103 87 87.6 87.1 46.4 60.1 41 52
9H11 108 121 88.5 88.0 82.5 73.6 73 68
9HI12 132 136 96.9 95.6 62.0 64.5 64 70
9H13 146 163 93.2 92.2 73.8 78.8 69 70
9H14 151 148 91.0 80.9 81.0 82.8 74 75
9H17 221 202 85.4 86.2 97.4 100.3 92 87
9H19 161 160 86.8 88.0 63.6 69.3 55 62
9H21 162 165 86.7 87.1 83.7 84.7 73 74
9H22 182 180 84.2 83.8 91.0 86.8 77 73
9H23 166 173 86.8 85.7 77.6 86.4 67 72
9H24 120 146 87.2 85.4 72.2 77.7 63 66
9H26 202 187 84.1 84.9 74.1 73.6 62 63
9H27 120 116 84.6 84.2 77.2 81.3 65 71
9H30 221 231 84.1 85.5 83.2 85.8 70 70
9H33 197 160 83.3 83.1 75.9 76.0 63 62
9H34 172 180 84.6 86.2 70.4 67.2 60 59
9H35 98 92 85.4 84.2 70.8 67.4 60 57
9H36 114 126 86.3 85.8 72.3 70.3 62 63
9H37 88 85 85.4 86.5 68.9 61.2 59 52
9H38 91 97 78.5 78.8 76.9 73.1 60 56
9H44 170 151 85.0 85.5 76.7 71.6 65 61
9H45 209 214 84.5 84.1 75.9 79.5 62 63
SEP 13.56 2.23 2.23 4.49

R? 0.89" " 0.72" " 0.72% " 0.76"~

d -0.0417 0.47 0.47 0.000

Sa 13.7382 2.25 2.25 4.6251

Ly 0.01419 1.0161 1.0161 0.000

H:x % P<0.01;LAB: PEG BEHIT R Y 455 ; ANL: L0/ T 25 5% .

Note: * * P <0.01; LAB: analyzed by PEG; ANL: analyzed by NIR.

3 SR

SRAGEAE 1 TR T 2RI RIS AR

FH PEG-6000 38325 J7 54U T 5 - A T L. 517
F VR  SC00 R I SR AN, 38 T R R AR
AT PO S . RGN N, PEG-
6000 #2554 T B R 5 e fE Y R 7
REE AR, A AL FR AR I AR AL B — 3K
Y, FFIA ARSI 5 B 2 A i R e 1k
ZER AR, AT AR Ry 3 2 IR M 1 F AR
Fro ZEREEESIRI LT ) 81 AN H ik B S AT
T ZE S S A O 3] — T T 3 A B

SEIRFIH] PEG FE4EL T 52 0] LA i 51 25 ) iR A7 ] £
ARG 59 S 5, {ELFH T 52 ol Jo 8 7 ik S AT A
RIYBRR . B, ABFFEAE PEG-6000 540, T~ 5 26 1
R 49 T R RS AT 2 S Y SR |
FIAELLAMGIM B A

IELLAME R P AAE 780 ~ 2 600 nm 715 [ P (1)
Tk , I 21 A0 R 63 $2 R (near infrared reflectance
spectroscopy, NIRS) 5t A2 1| F 5 21 40 't Bt S5 kil A+
st , A ISCHERE A S S DG BOZ O , AR IBURE Al 4D
TEAR B, , SR b A S Al o i o0 R v A S I
FANTMASERY , SR J5 07 FH A2 A B0 A FHAE i 1) D 1%
HEFTTHE, PO X L A i o3 R PR A HOR
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I e Z%0(0.71 ~ 0.94) FIFR WK J5 H T 8 oh A
TRAPRIEIRZE (4 ~ 11.35), [A]iF, FR IE SR FF X
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