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E AN E(POD)EM U AT E TN B (MDA A EMFE M AR (Po) 4 BN YW, SR LW . AT
BT, FRELE KA R & A RWC 398 T B AL W K, 78 o JE & il T, RWC F 3 [h CK 4 1k4.36%
F113.74% , B A 38 5B E B e RWC TR E R AR HMEM ST CKEK7.67% 1 10.42%, B L &
PEFE B 5 A RWC T B E AR AT BN s U R BB & F 2L CAT #2 POD SE M P E R EE I TF A CK A&
12.46% 15.14% #1 65.01% . 156.01% , 3 Fa Jip 180 &y 3 5% 77 3 fm, (230 2 P 55 89 &% FE 47 4 46. 84% .29. 85% #Fn
58.73% .38.20% , 2 I JE B Ay 45 ;MDA & B A M Bl 2 b A% B4 2 R0 & MDA/\EIUWL
BRI E RN, N 2.99% ;Pro A BER K M AR E R B R B o, A E R R S AAABEHARR R
BE, P E 108.64% . RWC F1 Pro T 1 ¥ K 8 1 40 2 M 4 = oy £ R 5 4% o

KEBIR: R K Mt v A A LA AT

FESHES: $563.201  XEAIRERD: A

Physiological and biochemical characteristics of drought resistance for
oil flax at seedling stage under water stress

ZHAO Li', DANG Zhan-hai' ,NIU Jun-yi*, ZHANG Jian-ping', WANG Li-min', ZHAO Wei', DANG Zhao'
(1. Crop Research Institute , Gansu Academy of Agricultural Sciences, Lanzhou, Gansu 730070, China;
2. College of Agronomy , Gansu Agricultural University , Lanzhou, Gansu 730070, China)

Abstract: This article reports the influence of water on oil flax leaf relative water content(RWC), activity of cata-
lase (CAT) and peroxidase (POD), content of lipid peroxidation products malondialdehyde (MDA) and free proline
(Pro) at the seedling stage, using pot experiments with three water treatments. The results showed that the RWC of dif-
ferent drought resistance varieties have different degrees of reduction. Under the moderate and severe water stress, the
average RWC decreased by 4.36% and 13.74% compared with CK, the average RWC of drought-resistant and drought-
sensitive varieties respectively decreased by 7.67% and 10.42% compared with CK, the deought-resistant varieties de-
creased less; and the average CAT and POD activity of drought-resistant varieties increased by 12.46% , 15.14% and
65.01%, 156.01% , respectively. The CAT and POD activity enhanced with the increasing of the stress, but the
drought-sensitive varieties increased by 46.84% ,29.85% and 58.73% ,38.20% compared with CK; it appears in-
creasing at first and then decreasing. The content of MDA increased with the increasing of the stress, while that of
drought-resistant had a smaller increase (2.99% ) than that of drought-sensitive. The content of Pro increased with the
increasing of the water stress, and the drought-resistant varieties had a higher accumulation of the proline; average in-
crease 108.64% compared with CK. Overall, RWC and Pro content can be regarded as physiological and biochemical
indexes of drought resistance for oil flax at seedling stage.

Keywords: oil flax; water stress; seedling stage; physiological and biochemical characteristics
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B I RIE 5 it o 9 U5 2 R
1.2 REFHE
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AR (1) 38 EHK A EE(CK) , A FH ) e KRk i
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Y 40% . H ] e KK & (3R TR0 ) R
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(W, = Wy) x100% , . W, Ryt e (o) s W, -
A TE(); W, A F i AEE (g) .
1.3.2 i RAABFTRAHE A EFEPORYT
SRR A0V 5 e HRE L

(1) 348 A0SR (CAT) I

S0 Jiang 2V BT 1, SR TSR AN I A
PLEE B EE DS 0.1 FFs il 1 AN )
PL(U) , BEEPELL U g™ '(FW) EoR .

(2) R4 ALY (POD) I

Z Mm% A AR B AL H
BNE o LABREST B B AR A0 A 22 7 BTG 1 RN,
RILL AA470 - min ™" mg™ 12 [ B4 POD J5E .
1.3.3 AZBFHARESZ

(1) PP (MDA) & # E

S8 R R 7 vk, R AT RRAC B 2 R
(TBA)FEMSE , Wk /KW 5 2 S B4 43 3 7E 450 nm,
532 nm 1 600 nm T P 7 W% B, AR 4 A S5
MDA &, MDA (pmol* g™ 'FW) = 6.45 x (D532 -
D600) — 0.56 x D450

(2) M & il

SRR R . SRR KRR IR,
BT i i (0 T I A
1.4 Sitsrh

PR TN E R FHBLIb 38 2 B0k 2 i B e
TR T PR

Pulbhia R 5L = Wi A0 BER 2658 F8 AR I A2 B/ %
U LBL I N tey T [

IREEFHEAFEH Excel A1 DPS #4458 il

2 AR50

2.1 KOETARMPLE AR EHM AT

&7k 8 (RWC) TSk

I 5 AEDGS 55 7K o 2 S BRAB P 2 SR o R 1 —
ANEEARIR , B AE R BRI YR K e ) (K
JE R A R R /N LR BEAE ARV . A I B 45
T, 2K e g, S A T R AR E K
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6.38%F1 7.51% , F-BIFEAK 4.36% ; 76 5 B iy 3a Ak
PR PERH & AR & 12 B I R AR KR 4 B e
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JE e S TR A R, bR SR R P R &
R BRI AR 7K R 3 B S 55 A PR R B
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1) Pl ELA 5 8 1) RWC AR AE o T L, 2 B a4 3
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55109 SRR R AR K BRI ED . & A EAR
[l b PR i AR S KR AR LR 1
2.2 KEMETARMBE LI EHE POD BiE
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POD £ ¥ 58 Wy 38 w1 1 235, AT B H,0,, 3R
R ORI RSO0 s FE BRI s R SR A RE , & 516
PRSI A B 2% R AR, O 51 & AR A E AL 1

I, 2B 105 B v ) AR ST 4 W, 22K 43
38 J5 4 ARG POD 35 P AR FERE Y TR o
Hop e a BN JrR M R R B E M R &
A/ POD I P 4 Bl L CK F+ & 79. 35% FiI
50.66% , T2 T 65.01% , THT 1 55 14 55 15 ik A
BECHA BRI 2> 9 b CK THE 84.84% Fil 32.61% , F-
¥ITH i 58.73% s A B a T, IRBHE IR & 1
B POD il 75 P2 B 2 Folh 2 A B2 79 I K v, 4 3
e CK T 238.98% . 73.03% , F-44 T 156.01%,
T 5 5 JBR R 328 ¥ JRR il 5 Jolp 300 % B 79 Jn &) G POD
AR I75 P S T FAAEG , 435310 N 69 159 F1 7. 25% , -3 FF
1138.20% o FEHABT AL TR 1) i Bh7E B Fp B8 T, H
POD H3 BRI RN , T 40514 55 19 o5 P 7 v 32 Ty
R, H POD FBUA- RN , 1M 7E 7 e T HAk
PB4 POD AT BE LN S5 M S IR 25 i L I S 2R 11 B
fife IE51 KRR SR, R FH . 5
S, RAERERA T, K2 MR & 1AM
POD L0 280 15 T 57 1 BRI A2 8 1 R, 1 78
JE A T S5 ERR BTG R B0 (£ 2).

R 1 KSEETHRM FEAXSKEREN %

Table 1 Variation of leaf relative water content under water stress
il FEHA Severe stress R A Moderate stress -
Variety AL Treatment(T) T/CK AL Treatment(T) T/CK
HRFAZE Qingyanglao 73.37 aA(aA) 0.92 79.48aA(aA) 1.00 79.69aA(aA)
RETE Lingtaiwuxing 71.36bB(aA) 0.87 79.27aAB(aA) 0.97 81.95aA(aA)
FFEARR Qihuma 67.09 cB(bAB) 0.84 74.88 bA(aA) 0.94 79.98 aA(aA)
B R Zhenyuanhuma 64.68 bA(bB) 0.82 72.94 abA(aA) 0.92 78.86 aA(aA)

Rl — AT P AR FREFRIRTE P<0.01(KEFE)M P<0.05UNEFHE) N 25 B3E; R—3 A A R ERR7E P<0.01(KEF

B)H P <0.05(/NE F8f ) B 22 53 .25 (Duncan FFTENETEL) , T,

Note: The different letter in each row indicates significant difference at P < 0.01(capital letters) and P < 0.05(lower cases) (Duncan,s). The different

letter in brackets in each column indicates significant difference at P < 0.01(capital letters) and P <0.05(lower cases). The same below.

F2 kOB THAEKM A PODEEEMEMNTH/(Ug  *min~)

Table 2 Variation of leaf POD activity under water stress

i HEREME Severe stress HEEIHHE Moderate stress
. CK
Variety AEFE Treatment(T) T/CK A3 Treatment(T) T/CK
PRIEEA Qingyanglao 22.00 aA(aA) 3.39 11.64 bB(aA ) 1.79 6.49 cC (bAB)
REHWE Lingtaiwuxing 10.52 aA (bB) 1.73 9.16 bB (bB) 1.51 6.08 cC (cB)
FEHIK Qihuma 6.36 bB(cC) 1.69 6.95 Aa(cC) 1.85 3.76 ¢C (dC)
FHTC 5 R Zhenyuanhuma 7.40 bB (cC) 1.07 9.15 aA (bB ) 1.33 6.90 cC(aA)

2.3 KB TARMELREMARMEL CAT BeiE
RN

CAT fiff 5 SOD [t Rl /E FH aT E BRAK P ) O, F

Hy0, , AT 5 K B EE S0/ 1 1Py - O (T I
FEA R BE K A3 3t T, 4 AN SR CAT & & At
W38 B BOA AR R R T i o A RBH 1
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JiE T CAT i& P H CK Fh i T 22.50% , 76 5 Jiirie
THE T 22.75% , FIFpEE T CAT B A A
Al RE TR B AT CAT G PELL CK Fh i
T 2.02% FEEEME NS T 7.52% , AP A
T, CAT FH 1 CK FH5 12.46% F1 15.14% , ¥4 /)N
Tt 22 AN . X 2 A A Rh AR 3 S BT
SRS FR (H AT BB IS A PR I A DO . X AN A
T B — IR ARG o T 57 A R AR 57 JBRAE 2
ARFRR YR 2 30 R E A I CAT il g M 2 e T

e R AT B, A BE 3R R SR B L K FH
46.84% , MAEHE FEIA T W CK T 29.85% , H.
4.5 %of B R) 2 5 iR A B KO o [RIE, TG S A
FER A 2RI T, 5 CK AH LG, B P55 1 57
HHJRRFIEEZE PR 1Y) CAT 3% P T = (3 & T 4
SRR MR & FA, 7o, 78 2 e+, K
EMRE TR R CAT HilbhE REIIILF 5559
JERFHFEZE SHRR (% 3) o

®3 KOMBTHRIA CAT BEMEMZL/ (Usg™ *min~")

Table 3 Variation of leaf CAT activity under water stress

foX EE A Severe stress FEEME Moderate stress K
Variety 407 Treatment(T) T/CK 407 Treatment(T) T/CK
JKBAZ% Qingyanglao 24.33 aA(bB) 1.23 24.28 aA(cB) 1.23 19.82 bB (cC)
RE T Lingtaiwuxing 37.75 aA (aA) 1.08 35.96 aA (bA) 1.02 35.11 aA (aA)
FFEAMR Qihuma 35.05 aA (bA) 1.27 38.28 aA (aA) 1.38 27.66 bB(bB)
BAIEH PR Zhenyuanhuma 36.46 bA (aA) 1.33 42.58 aA (aA) 1.55 27.42cB (bB)

2.4 KOWETAEMBELRIHEREL MDA 2

PN % (MDA ) J2& BB 3 A AL i e &, o5
A A ARG P L S A R 405 5 A R ST, K gy
e MDA BB £, R B HH kst .
FATLUES, TR T, 25 F MDA /K-
A I, A e BEK A I e PRI AR & A
) MDA 2505 H CK THE 18.42% .10.64% , -1
THEr 14.53% , 125 B K o3 Wraa ik, 73 5l b CK Tt i
31.58% 1 27.66% , V-3 5 29.62% ; 1M 55 5H R AN
BELIIC ) SRR AE B2 K 43 Ttk 38 B 3 0l O 21 82% Al
13.21% , F-2 T 5 17.52% , 165 BE K43 ke it 43 1)
H CK J1 43.64% 1 54.72% ,E4 T4 49.18%

ALOL B T 5 A R AR, BT A SR Y
MDA & B R BT o 1 BA B0 Bl X8 45 e R AR
PO PR 2 A 30

Al — 7K oMW IE R, BTSRRI L
IR MDA 558 58 R HH A2 5 T P PSP A el
DEIIHT PR 55 14 et B/ T8 T B SR A KT
IR, B R Ge 0 FH %, MDA & s3I,y R k55
(19 fs b R o S A K P, MR AR 485 T B, MDA
I E R, R, P REK 43 A R MDA
IR G R G sz B E R A
LT BR AR G0 PR, A At 0 /D i i 1o 4 1k
Pi o

R4 KB THEAF MDA SERIZL/ (pmol-g™")

Table 4 Variation of leaf MDA content under water stress

fox TR HE Severe stress R JHE Moderate stress
. CK
Variety AEFE Treatment(T) T/CK AEFE Treatment(T) T/CK
JRBA# Qingyanglao 0.50 aA(bB) 1.32 0.45aA (cC) 1.18 0.38 aA(bB)
RETRE Lingtaiwuxing 0.60 aA (bAB) 1.28 0.52 abA (beBC) 1.11 0.47 bA (abAB)
FFEAR Qihuma 0.79 aA(aA) 1.44 0.67bAB(aA) 1.22 0.55¢B (aA)
FEAE PR Zhenyuanhuma 0.82 aA (aA) 1.55 0.60 bAB (abAB) 1.13 0.53 bB (aA)

2.5 KOSMEBTARMBXEYREHBEERHR
BREENEL
i R (Pro) Ji 7K 5 M e KA = HE 1R (162. 3
g+100g™ 17K ,25°C) , FEWE A6 AF T (52 3R H 1%
UR) R PR B 2 R 14 5 e S S AL P

IR e — B R L T A P, iR
PERR ) SRR R 2R . DR i o il 2
1R & Al ME AP E B A AR 3G bR, AR S AT LA
F A B aE e, BEBH 8 RN R & R N il 2
FRFLZE B35 CK & 82.47% A1 51.12% , -2 T+
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1166 80% , T 5 1 JBRAIAELIZE A JRRAAR DA 174 Jf 2 1R P 22
B0 CK 5 22.24% F1 39. 46% , 4 7+ 5
30.85% , %% 2 MPUFERR A AR RN, EEE
iR T B 5 St T A PN 20 PR e A S 1 o, PR BH 2 A
RE TR R B2 8RR 55000 e CK F
169.46% 131.50% , F-Y F+ 125 150. 48% , 35 5 Jik A0
BTSRRI R B 2 R B R 40 B CK T

72.93%F1 61.38% ,~F-¥ T 67.16% . ULHIFEMF
THHA S  AEP RN 2 AR TR R, H & 7K 57
JHME R B R R, il 2R O i 1, ELAEAE G R 22
o DUSRE TSR EH R S AP FE K 43 BB B, KRR
SO AR A MK 43, 8808 e, HPL i Be .
1 ELAE W R 3E R, BRPHE MR & H AR R Pro
P be ZR A B T S R A R

K5 KSMBTHEMNFHSBRSENTNL (1gg')

Table 5 Variation of leaf free proline content under water stress

foX HEMME Severe stress FFEEME Moderate stress -
Variety 407 Treatment(T) T/CK 407 Treatment(T) T/CK
JRBA Qingyanglao 821.56 aA (aA) 2.69 556.34 bB (bA) 1.82 304.89 ¢C (cC)
RE T Lingtaiwuxing 394.39aA (dD) 2.32 257.45 bB (dC) 1.51 170.36 <C (dD)
FFEAMR Qihuma 642.00 aA (cC) 1.73 453.82Bb(cB) 1.22 371.24¢B (bB)
BELHIFE Zhenyuanhuma 695.56 aA (bB) 1.61 601.09 bB (aA) 1.39 431.00 ¢C (aA)

3 ghgSitie

TR I R 22 5 T, B AN CRT L
SRR LA B AT A R OK R I S UL
T AR MIE 7™ F R WA )RR AR A A B A A o 1) 5

=)

Ho
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