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Effects of exogenous spermine and spermidine seed soaking on
wheat germination and growth under drought stress
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Abstract: [Objective] In order to explore the effects of spermidine and spermidine on the germination and
growth of wheat (Triticum aestivum) under drought stress, so as to provide a reference for enhancing drought
resistance of wheat by applying exogenous spermine and spermidine at appropriate concentrations. [Method ]
In this experiment, 2 wheat cultivars ‘Bainong 201’ and ‘ Aikang 58 were used as materials, the seeds were
soaked with spermine and spermidine at different concentrations (0.05, 0.10 and 0.20 mmol-L™"), with distilled
water soaking as the control (ck). Growth and physiological indexes were measured during wheat germination

under drought stress simulated by polyethylene glycol (PEG-6000). [Result] (1) PEG-6000 drought stress
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significantly inhibited the growth of wheat seedlings. Compared with ck, the germination rate, root length, bud
length and chlorophyll content decreased significantly with the increase of drought stress concentration
(P<<0.05), while malondialdehyde content, proline content and peroxidase activity increased (P<<0.05). (2)
Spermine and spermidine could promote germination rate, root length, bud length and chlorophyll content of
‘Bainong 201’ and ‘ Aikang 58’ seeds under drought stress (P<<0.05). Meanwhile, malondialdehyde content
decreased, proline content and peroxidase activity further increased, which could alleviate the inhibitory effect
of drought stress. (3) The comprehensive analysis combined with the membership function method showed that
the effect of spermine and spermidine on alleviating drought stress of ° Bainong 201’ with weak drought
resistance was better than that of ‘ Aikang 58” with strong drought resistance, and spermidine was better than
spermine in alleviating the toxicity of drought damage treatment on seedlings, among which spermidine at 0.10
mmol-L™" concentration had the most significant regulatory effect on seedling toxicity under drought stress
(P<<0.05). [Conclusion] Exogenous spermine and spermidine at appropriate concentrations can enhance the
drought resistance of wheat under drought stress by slowing down chlorophyll degradation, increasing
peroxidase activity, increasing osmotic regulatory substances, and reducing the degree of membrane lipid
peroxidation. 0.10 mmol:L™" spermidine is the most effective in improving the drought resistance of wheat
under drought stress. [Ch, 8 fig. 2 tab. 42 ref.]

Key words: wheat; drought stress; exogenous spermine; spermidine; physiological characteristics

INZZ Triticum aestivum VE R ERELEMREED Z —, HAERKEERL., FEMRESREZER
BAMG. AR, 2BRY 3/4 PR 23T 2 08, R8T B ha RBUNEZ U™, XAR
WA=k TERPUL . HET 25T XA s m A b4 E i B A 52.5%, XN TR
TR, KF/INAE A A ™ U IRR B AR /N A B I R DGR B B, TR ME TR K 43 Gk
Sy 1 1 LR T 2B e, R sg e = i DR, RS ASOUR A R i 2 A T SR 38 /N2 W R
FIARIVER, XTRR/NE S RA EEE L sk, @t i imaMEIb =9 B E Y e kbt #
RE TR 2, kiRt WERT . BEIRY Mt R phor s, RAE R A 250045 52 ¢
. 20 (PAs) & ZAAAE TAWRN . BABRA GV IR FRIBIGE S A6, MUGE
WA IR A K AT, ©SIEAEY B IE R HTN T, BRI 5V Pt A K e iz
BEHT o UL A 22 AT UGG % (Spm) . = REWEHGIE (Spd). —JEiE e (Put) 17 (Cad) 55 Hob, BAY
22 BH B - P RS B R ORS e v FAE BRI BE T O, 7E4E PR bt vk 7 i R ¥ 6 AN v BRI FE A,
MR Z A — e TR L RS G A T e R A2 2 05 . nANERS e T o P S T . bR R
i, FEARIN RS SR K 435 BB RS e s SN RS e AT ek T S A X K Zea mays AR
K. OUEEMAMIRRR I F" s AMEAE AT 0 ST R B XA Tlex chinensis B B HIAE N,
[F] 1M 2 e 6 e 08 2 f A T RSOROR T] - 22 S 4517 N 32148 U FEE 9T 3 i 22 Jhie 22 i £ 3 % B TK
Cucumis sativus 4118 HE AN DL 52 ) 28 WU Sz 5 94 B &80 . HEG A SR AR B /MK IR R TR
W . R, TR, HET, T Z2MeXt/INZ HUA TS 0038 R AT AR DG HRAE ,  (HAMIERS Rl RS B X A
[FEIPTR M AN B & 0 A BRI HLEIAT SR 30 . STk, AW LT Rl AR 2 A~/ SRRy
ML, BFFEAS R BERG e SRS e i P Xt 3 2, % (PEG-6000) A5 401 52 ipadt ' 7Nz i & 309 A 4 R A
BFREYSEIN , O B VR FE S OCHE L R 468 bR , DA/ N T A P2 RO e A DR B S R 4040

1 M5 7%

1.1 ##
DL S YRR R A 2 /N2 SR [ 4 2017 “Bainong 2017 (i S PEECES ) A1 R BT 587
‘Aikang 58° (PURPERSR)] MR, /N SR R T AU AR B R S R TR S G R i
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55t I8 PEG-6000, ARG ARG el Sigma 23] 7™ i

1.2 HRFE

12.1 AFaE BEHLPE T 2017 A REHT S8 JOHE I E Hog AR, RN EBCN 5% BIIR
AR R 15 min, JOREZEIB/K PR 3~5 ko X BRLLAhF HIZEIBKIZ R, 25300 40 Ah 7 AR [R) v g
(0.05. 0.10 F1 0.20 mmol- L") K5 M AV A M2 AP 12 h 4570 o B AL BRI 5 Fh 00 B T4l A SUZ DR AR 11 T4+
BRFRILAp, I A AN IR B PP IR FRE VAR T, ELAE R I S 40 A P DRI R B AN, A

KR BRALTE 12 h G HR/12 h BEEE RS, HAh A1 =1 RIehrE
3l E o X RRZ RN 0 RS I . SIS i 152 Ao Ak B ) Table | Test treatment
TEAR 2017 R CHEEHL 58T WK 1 R, B 4 A
ML 50 Rifp+, ALY 3 IREX . iif WS/ PEG-6000  WKSHEVKRE/  PEG-6000
122 F5ARME B K46 bR A I E AL 4G R T & 2F (mmol-L™)  Frhtik//9%  (mmol-L™)  Frlivk/iE/%
ROMKMZEK . R E R EIE 48 4 /N bl 0 0 0
BT RO R BOR, DR KRR T R 2O > 0 >
V2 MERFT B R b, 43 d ER T 0 ° 10 ’ ;
BE. RFUHR, BOTBO 10 bR, L ) . )
AR RN ZE K o b4 38 (Chl) B 7 4. 9 % ) 0:05 " 0:05 "
(MDA) Jit it BE /R Ve B . 2R (Pro) Jii ft 43 $4CFN 2ot . 0.0 s 0.05 s
AAL Y (POD) TG PE I 5 43 BR H He i | BT . 0.10 s 0.10 s
EL L ZRE . WA K IR Ik AR Ak . DA R 9 0.10 10 0.10 10
AN 5 A TR ¥ 2 Ik A RS A 10 0.10 15 0.10 s
123 FFEMARZEAFN 15 HBMHE kAL 11 0.20 5 0.20 5
TR X /INEE A T R A R i A b B, B 12 0.20 10 0.20 10
TR 125 B i 58 200 5 1k o 13 0.20 15 0.20 15
1.3 HUEAMES 4R LT ARFRLS 1 xTIRA (ck), ZEWMKRM, T PEG-
FUJH Excel 2010 BSILECE, 0 SPSS 26.0 117 e LS 513 e RS G
225 W E VR (P<<0.05), FJH Origin Pro 2022 4% 6000 3t 4h 5.

PRI, R PSR S5 ok 500 0 i S A 22 1 1 5
SEROPANY i N a7 3
2 HERG500
2.1 AERERBRERFTERERETTRNME T/NEXF RN

WK 1 R : PEG-6000 BEELA T2 Ipaa il 7/NE CEA4 2017 A1 HEBL S8 MR FEik, Hk
R Bl PEG-6000 i 5 ¢ B 11 TH i 12 B 3 T 34 (P<<0.05). £ PEG-6000 [ V& N 5% . 10% #il
15% BT 2MHE T, TEHAK 2017 MR ZF5R 50 A IR 8.81% . 17.72% F140.92% (K 1A), ‘&t
58" 430l FRE 7.10% . 14.30% F1 28.40% (X1 1B), FRIAPTEMERSA EAAR 2017 Fprif & X T R g
AENT B RRRR K R FDIERS HE 2 AT SRR PP BRBT 587 FE T WHA N AR ZFR 0 ERUR, 1T
KM AR R ST AN AR 2017 TR a & ZERAA R SEEA, H 0.10 mmol- L™ WAE RV FE
X} 5 BBV FE PEG-6000 (15%) HIMHA R .38 (P<<0.05).
2.2 AERERBBERFTEREI T 2ME T/NERKA N

H & 2 AT 1 : PEG-6000 Bifl iy T2 b il 7/h4 EA& 2017 A1 “S&P0 587 mIMRKARK, HM
TR B Bt I e B T R TSR . 7 PEG-6000 FTi VIR 5% . 10% M1 15% M T2BHa T, a4k 200’
FRAC BT HE 251 T F% 40.27% . 55.64% F1 69.84%,  “J&IT 587 439l NI 28.34% . 48.38% F1 63.00%, #*
PR SR CE AR 2017 REXT T R e UK, 0.10 mmol- L™ KRR,  ‘HA&R 2017 fERE
WA 15%PEG-6000 i3 T AYAR K B0 iy 5 hie T & 354K 73.55% (P<<0.05), ¥t 0.10 mmol- L™
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Figure 1  Effects of spermidine and spermine seed soaking on wheat germination rate under drought stress
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Figure 2 Effects of spermidine and spermine seed soaking on wheat root length under drought stress

Ko i R o) i B W B T A T A 2017 MK MZMACREE . 0.10 mmol- L KGR FIE, &
P 587 TEFTIE MR EE A 10% F1 15%PEG-6000 Jifp i T A AR < 5065 W 1 5 i a8 T 43 5] i 2 38 K 40.56% Fil
57.07% (P<<0.05), 1iHH 0.10 mmol- L™ AFHEIE A, X b B B (10% A1 15%) T2a T < F&bt 587
WK MEMACRELE, WHRGRM G,  ER 2017 A BT 587 MM I B % PEG-6000 T
A TR KA ., Hd, 0.10 1 0.20 mmol- L™ K i # 5, 76 i & W ¥ K 15% PEG-
6000 TS T, “EHAK 2017 BYARK BN T 5 E R 200 B 25 50 83.87% i1 43.23% (P<<0.05);
0.10 mmol- L' WK R AP G, TEJREWE R 10% A1 15%PEG-6000 T2 T,  “%&PL 58 A K AT
TS E R BB 47.90% F 65.85% (P<<0.05); 1E 0.20 mmol- L™ W K; M2 # 5 , Tﬁi?f&ﬁfﬁ
15%PEG-6000 Tl F, &P 587 AUMRSHEXT N+ i T B 5 47.80% (P<<0.05). UiiiE
VR JEE TR B RIS 2 P T R 38 R AR 924, HL 0.10 mmol- L™ WEAB iR RS R s A .
2.3 ARERERBERANERERESTE2ME T/NEFRIZIT

MIE 3 AIAT: PEG-6000 LU 1 A fp il /N 2e “E & 2017 F 9L 587 ZFREAERK. AR
2017 FEJR W E R 5%, 10% Fl 15% PEG-6000 [ T 20T,  CHAR 2017 ZEK XTI 45T %
29.17%. 49.58% H1 65.00%, “S&EH0 58" /9 N 21.07% . 42.35% 1 59.05%, FMAPTEIERSSH O
2017 ZERXAT A R, 3 FORFEIVR BRI RS MR A S, CEAR 2017 1 CREBL 58T HK
BTN FE PEG-6000 38 N ¥4 BTG hn . FEBT MR A 15%PEG-6000 T Mha T,  “EHA&R 2017 2K
FE 0.10 mmol- L™ 5 i 1 3 HKG g 15 o J 85 6 g v 88 52 38 1 19 26 K 40 1) (8 38 48 3 49.40% F11 56.55%
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Figure 3  Effects of spermidine and spermine seed soaking on wheat bud length under drought stress
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Figure 4 Effects of spermidine and spermine seed soaking on chlorophyll content of wheat under drought stress
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Figure 5 Effects of spermidine and spermine seed soaking on malondialdehyde content of wheat under drought stress
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Figure 6  Effects of spermidine and spermine seed soaking on proline content of wheat under drought stress
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