}’bﬁ% Guihaia Aug. 2018, 38(8): 1025-1031 http://www.guihaia—journal.com

DOI:; 10.11931/ guihaia.gxzw201709004

SIsctg: 2R, WA, REE, % o WAREN T R PR TR0 (1], 779, 2018, 38(8): 1025-1031
LI D, ZHEN CY, CHEN DF, et al. Effects of a-linolenic acid on germination of rice seeds under drought stress [ J]. Guihaia, 2018, 38(8) :
1025-1031

o-TF R B8 X+ E B8 T /K 8 # F 5 & B9 =2 M
& K, BER, FEE, KEX

( BJFRE AfwfbepsgBe, Kt 300071 )

B E: - UKRE o-3 REMZ AR BT , 2 40 M0 R0 5 245 78T S0 T A o B i
ou- M1 R T2 0 48 440 S 1 35 s P S RO TR I o SIF JRR T2 R 75 412 /25 AL 40 6 T 55 B B P 1 R AT R, ISR
PEG6000 5451 T 5 paft , 45 T Fh 785 A B P o7 PR AR X /K R i & Al i A6 o B P P ARG S, &5
R TE 14%F1 16% PEG T S0 T, KR 7 HEB i &, 2 i i A K2 2190l . 25 pmol - L7 250
pmol + L™ 1 o~V JFR IR 1T 2 fiff T 52 %7K R 4 AR 4 7 A A 3l | ELB G T 5 B A B4 0, % A 1 T 1S i
16% PEG 38 F, 25 pmol + L' 250 wmol « L™ Y -3V J§R B2 23 1) 32 75 S0 15 MR K 34.3% 1 29.1% T K
67.8% %1 52.0% ARTE 43.9%F1 35.2% Wi H 59.1% K1 43.6% , «-TEHEEHE 1€ &, 25 wmol - L™ Al 250
pmol « L™ Y oMV BRIR 73 391 4 2 T 52 W38 T /K R b o3 3 il 16 J1 4 56.7% ~70.7% F1 36.8% ~43.8% , 7K
FEGIARTG J1 I 2 7R ;25 wmol « L A1 250 wmol « L™ oS JFRR 433l $2 5 1 S Wb ae F 2 ARG J1 ok 11.4% ~
28.4% 1 5.4% ~22.2% , WHb B XA [F] T 5B E R K FERD T o-VE R B I T NGRS O AR A AT T e,
TN o=V RR R 3 2550 aof £ 1 B A A P ou- TR A9 T ) 9 P R ik T LS 1 1 SR 3 T X K R 40 AR I
7709 5 T DU AR A B

KRR KA, «-WHRR, TR0, PEG, M1k, «-TEHET

FES RS 0945.78 XHERARINAD . A XEHS: 1000-3142(2018)08-1025-07

Effects of «-linolenic acid on germination
of rice seeds under drought stress
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Abstract: As a member of w-3 polyunsaturated fatty acids, a-linolenic acid (ALA) is a component of plant cell mem-
brane. It was shown that plants release ALA to remodel the mobility of cell membrane under drought stress. However, it
is not known whether exogenous ALA can increase the plant tolerance to drought stress. In this research, we studied the

impact of additional ALA on the drought tolerance of rice seeds under PEG6000 during the germination and seedling
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stage. The result showed that under 14% and 16% PEG stresses, the germination of rice seeds was postponed and their
seedlings growth were inhibited. After addition of 25 pmol + L or 250 pmol « L' of ALA | the inhibiting effect owing to
the drought stress was relieved. And the alleviatng effect became stronger as the stress became severer. Under drought
stress with 16% PEG, 25 pmol - L™ and 250 pmol - L™ of ALA improved the root length by 34.3% and 29.1% , respec-
tively, while improved the seedling length by 67.8% and 52.0%; the root weight was increased by 43.9% and 35.2%,
and the seedling weight was increased by 59.1% and 43.6%, respectively. Analysis of a-amylase activity in rice grains
under 14% and 16% PEG stress showed, after addition of 25 wmol + L and 250 wmol - L' ALA, the activity was in-
creased by 56.7%-70.7% and 36.8%-43.8%, respectively. Analysis of root activity showed that after addition of 25
pmol + L and 250 wmol « L' of ALA, the root activity under 14% and 16% PEG stresses were increased by 11.4%-
28.4% and 5.4%-22.2% , respectively. The change of o-amylase activity and root activity with different PEG concentra-
tions were also discussed. Therefore, we propose that ALA can relieve the drought tolerance of rice seeds mainly by

means of increasing a-amylase activity during seed germination and seedling growth stages, while with a limited effect on

38 &

root activity of rice radicle.

Key words: rice, a-linolenic acid, drought stress, PEG, seed germination, o-amylase
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10 d WA A KR DL, & 2 45 R & BL, 5 X B
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I FE RIS . 7F 14% . 16% PEG #JE T, /KAE4h
B BRI TR Ay 1.63 %5 F 1.26 £, {H & AR
OH KRR e, I R A R KR LT
A3 R AR A A R, TR ISUR AT R 22 Y K ok K
i WS LR

£ 1 AEPEGRETKBMFHHER
Table 1

Germination of rice seeds under different

concentrations of PEG stress

PEG ¥ &
PEG 24 3d 4d 54
concentration

(%)
0 91.3£0.7a  100.0+0.0a 100.0£0.0a 100.0%0.0
10 18.8+1.8b  75.0+7.1b  98.8+1.8b  100.0+0.0
12 12.6£3.5¢  56.3x5.3¢  92.5%3.5¢  100.0£0.0
14 6.3£1.8d  42.5+3.5d 88.8+5.3c  96.0+1.8
16 0.0£0.0e  20.0+3.5¢ 82.5+7.0d  97.5%2.5

H. RFERNGI DR 2 mm FbrdfE, TR,
Note: Germination rate was recorded when the length of bud was

longer than 2 mm. The same below.

&2 A[E PEG iRE TKTEMF 4@ ERRE
Table 2 Growth status of rice seedlings under

different concentrations of PEG stress

e
PEG R ALK gk pem HEE
PEG Root Shoot Root fresh } h
concentration length length weight rébh[
(%) (em) (em) (mg) vee

(mg)
0 3.88+0.88 b 4.23+0.56 a 19112 a 313+23 a
14 6.31+1.55a 2.77£0.55b 1336 b 918 b
16 4.88+1.15b 1.72+0.33 ¢ 69+2 ¢ 53+4 b

T BRI E B S B A Y 20 MRADHT
Note: Data were acquired by measuring the 20 earliest

germinated seedlings at 10 d in every culture plate.

22 - TRREEXT FEME TH FHRAMSEEK
spA|
IR a- R XS T W38 T Fh 7 15 & 1 4)
AR K 0 B2 g K R - 43 ) 49 AR R
0.1.5,25,.250 wmol - L' -V ik M2 HY 14%
PEG6000 1 16% PEG6000 1% 3% I ik 47 % 2,

23 45 WOR o- 30 JFR R X KRG A F B K AR
WY R A B PR m PR A

FRIGAS M S oS0 R R X+ 2 a8 T 4 2k
KA TS, & B 25 wmol + L™l 250 pumol - L7
o-EJRRIR (A MY Je o Wt 35 Rk, PR Al T 25
wmol - L'A1 250 pwmol - L™ -3V BRAR X} T 5 fifia
TAE AR S AET (B 1) o B 1 4551 %
L, 14% PEG 1A T ,25 wmol - L' A1250 wmol « L
B oS RRIR X K R &)y 1 1 A AR R 355, 5
TR EE, TR o B S T 23.7% 1 18.9% , #REE 43
B T 47.0% M1 51.0% , B E 5 514 & T 35.3%
F129.7% AHAR KA A WK 516% PEG Wria T, bl
T RAEERE TR 25 wmol -+ LAl 250 pmol - L'
B - SRR IR X 407 i A K I A8 R/ R I 5 . 55 6 AR
AHLE, Sl AR A3 i 4R T 34.3% F11 29.1% , i <
PER T 67.8% 1 52.0% , MR E 43 B4 = T 43.9% Al
35.2% , W Bl 1 59.1% 1 43.6%
23 - IRREEXT T RBrE T KBHFLF LR
B o-iE 1 BRI 1 A 22 I

TKAE T~ W & ), o= A9 il M 2 o 3%
B —ADHEEIEPR . HIEIE o- W R XS T2 T
IKAE TR 14 8 & g 0 s e T AR R R
) o-TE B Wl Y TE P, 45 R K, 14% PEG JHid
T, 24 25 pmol - L™ F1250 wmol « L™ o-TF JFRAR AL
BEAKFERD 5 I, o-TE 43 BT 7 53 ) Lo R B AR 5 1
70.7% F143.8%, 16% PEG kb B F, 24 ] 25
pwmol + L1 250 pmol + L™ -3V JFR R Ab ¥ /K F5 Fh -7
B, o-TE ) i 05 7 43 0l b X B AR & T 56.7% F
36.8%, [Al— o-WRRERWKEE &, 16% PEG i T
0 a-TERYEETE 134 HE 14% PEG Wil B 3% 1 5
% 25% ~31%(F 2) .,
24 - TRFEEX T REBE TABHFELF LIRS
R & 7189 5 M

R R SR A AR W OK 43 19 BLE8 R, ARG S
R —E R B RO L R RE T N ERAY oK
PR 0 T 52 JBih 38 T K e 4 P 5 R 0 RS e
T 14%F116% PEG6000 fFirif T #Mii 25 wmol « L
1250 pmol - L JEARIE A8 4k, MK 3 451 &k
B, 7 14% PEG Wri T, 25 pmol - L' 1 250
pmol « L oo~V JBR PR {5 A2 1) 376 7 43 ) bb Yo BR 8



8 1

AR o-MERRIR X 5 B30 R KRS b B A i e T 50

1029

x3 AERE - LHREXAE PEG BB TKIERFIHZZ N

Table 3  Effects of different concentrations of ALA on rice germination under different concentrations

of PEG stress

PEG #J¥ ALA ¥
PEG concentration ~ ALA concentration 2d 3d 5d 7d
(%) (pmol « L)
14 0 13.8+0.7 21.3+0.7 97.5+0.0 100.0+0.0
1 12.5+1.4 23.8+2.1 96.3+2.1 97.5+1.4
5 13.7£0.7 21.3+0.7 97.51.4 98.5+0.7
25 11.3+0.7 21.3+£0.7 96.3+0.7 100.0£0.0
250 10.0+1.4 30.0+0.7 98.8+0.7 98.8+0.7
16 0 2.5+1.4 15.0+1.4 88.8+0.7 95.0+£0.0
1 3.8+0.7 10.0£0.0 78.8+0.7 92.5+1.4
5 1.3+0.7 11.3+0.7 83.8+2.1 98.7+0.7
25 1.3+£0.7 11.3£2.1 70.0+2.8 98.8+0.7
250 3.8+0.7 15.0+2.8 95.0+2.8 97.5+1.4
9 1 5 A
.. N
= 547 r "
i i * * & =
s 7 = 3
o )
& £
S 6 5 2
== o
K A
5 14
* s
4 - 0 -
2= 0 o = 0 o = e =) = o) =
< N Ire) o N Ire) < N D o N )
— + N — + N -~ + N = + N
= + = + = + = +
< = o = & = o =
- 3 - = - = - =2
140 250 A
- C ) D
lé11120 * b
~ T +
2 * 5 200 - * *
o ©
2 100 H] *
+ * % 2150 *
S 80 =
e °
1 g0 - & 100 -
% o
40 - o
= 0 o = re) o o o
< = o = = + = t
- < - ) s s o s

TE BRI R FRe S i 2 1Y 20 BRSTH . AR PEG (% ) AT a-3EFRAR A9 AL PRV (mol - L) o T,

Note: Data were acquired by measuring the 20 earliest germinated seedlings at 10 d in every culture plate.

ALA concentration (umol - L) under different PEG stresses (% ). The same below.

BT - JRRPR XS 52 B8 T 2K R Rl 5 6 i 400 2R K B 5 T

Fig. 1

Effects of ALA on rice seedling growth under drought stress
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Activity of a-amylase (U-g ")

-
o
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1
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VE: BEREIL 3 d MR TR, 45 1 g H214 1 min A1k
FoA T mg IS 1 ANBEE B
Note: Enzyme solution was extracted from germinating seeds at 3 d.
One unit of enzyme activity is defined as the enzyme

producing 1 mg reducing sugar in 1 min.

K2 - PR B N KA fh 5 At
a-FERIREHE PRI
Fig. 2 Effects of ALA on a-amylase activity of

germinating rice seeds under drought stress
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Fig. 3 Effects of ALA on root activity of rice

seedlings under drought stress

28.4%F1 22.2% ;1¢ 16% PEG WA, 4% 1
AR AT R AR B T 11.4% M1 5.4% ., [al — -0 J§f
MRWE T ,16% PEG B T AR RIG I 14%
PEG 8 IR R TE I E R 5% ~42% .,

3 itk

HIHISI U5y o £ v A 0 IR T 390 85 Mk 3 ) i

T AERE PP A 5 ROk B 5 R e, H AT
TE AR R T 0 oK K R R (MeJA ) (FE Bk A AE,
2007) KR (SA) (EJriu4E,2014) — 4 LA
(NO) fE & i 3% 4k (SNP) (B %l A1 B /) 20,
2010) \5-2 3 4 BE N R (5-ALA) (3K & P 4%,
2010) FIEHSEHH (GB ) 45 fE 4 = A 4 FIC i 9 5% 19 e
F7 o IR EE R 22 2 3 ok B AV A T 1) 3 AR Ak
FREE (2 il 220 ] I R B R B 2R 2R SOD
POD S5-3I 11 o 22 ff 15 385 0 (B Wk A2k
/NEL 20105 Z 71055 ,2014) o o=V JBR R 52 HE ) 40
it S Al 1 R A 43, MR e 5 B v R 4 K B
BT RE T i A UL HGE

AR 14% F1 16% PEG6000 Hifl 1 5
WESE T AMIE SN oS JRR IR XoF 7K R 7 1 % ok i o
1T S B — 2 R AE . o0 JRR TR 11 V&
JE L) 25 pmol + L7 F1250 wmol « LA H, {HHe i
o R AR I A X Rk 1) 2B K R B A B 1 I A
L BR o- R R A K AT REAE B 15 5 43 1 & 15
YERT . T HL, o-30 PR R X+ 52 Jolh 38 19 28 fi 2 2L 3%
PUAEXT & 1 AR K I 28 i L XD B kR
IEWA FE o Xl A A R s e, S B R
FETR B EARE L AR AE A B,
DL S 38 T 4 7 3 e 2 R MR K R 4 g X K 43
WS 1 B ) 2 — A g 1 1) S

IR ARG VE A B R L A R ) S5
SEVERY . MR i, Ve R A AEAE T R R
YK i A TR B AT HLA, 25 R T R A
R KRE T, KRR F AR 2 R e B g,
B &0 ERAE A oM, L, -
93 T M 1 = ARG 2R B R 0 & R4 AR K
BRI I — A E B R AR, AW, A4S
20 F (14% PEG F116% PEG) , 7 -3V
JRIR 34 B 0 3 P o o U8 M T 1Y O 1 (36.8% ~
70.7%) . T 5, B T 2R B B, o-TE 9 B 16
PR B, BNAD TP o-TE 05 T 1 35 PR v IR 5
PR e T RREE R A, HHERAITAH, a-
VE M3 T M v AT R S T S 3 R KRS A 1 i
KREST . ANREIN - PR IR B2 /3 b - 1 2 5k e
ou-TE o il ) T 1 ok % fit R0 1) T R

R ZR AT 1 BRI W A s AR B L T
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AFEREI I — D E B AR, MR WA R 7E
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it 680, A, ST REWE T (14%
PEG Fl 16% PEG) , ¥l -3V JFK R 2 7E — 5 72 )
B AR AR S )1 (5.4% ~28.4%) . {0 & e ¥
(16% PEG) Wil T, -V JBR R X T S Wi R B AR
RGN EAEFARR(5.4% ~11.4%) , T H,
B T 5 R B 0 3 0, MR A0 AR IS 3k A
PRI, AT 000 2 Pl 3 T AR R 3 0 1 49 i e T
RESEAE Y X+ 52 B 38 1 — 3l Bk RN, o-3IF R
% 38 o 4 v AR R T ) R AR AR P R M 0 AR AR
AR,

M AHIEGE IR 25 AR B £ B IE S, AR
VNI oo JRR 1R 2230 5 4 v T 52 Bk aE T i R K A
7 1) oo-JE A9 8 5 12, DT 36 1) 2% A T 52 3 1
HY, BT o= JBR R 2 — i 200 M J5E i 1) 1 4, 4
Je B AIF 5 07 A v L B B B 5 g i A A R
BERZ MR L i — P4 s LR A T SR A AL
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