BIKIB XA E B s Mt S LEE R~ 2RV
= OAL RoaTh ol &L BREL e H W EAR?
L2 BT R IEN R IR AT, ZHTE 2423005 2. 28R\ KRS0, ZHETE 230036)

W E AR Be ki A AR RE B SR, FFR T BRI R R Y 75 AP AL
ByAn =209 %vh, A2 25 (Jh), MARER (Ar), £ 542 (Wd), Ef 551 (J551) F= E 4k atiR
(In) S AEIH B At AMA, THRIEREITERLIE, 23 EEKO0, 1, 2, 3, 4, 5 REFHE, 0
ot B R BAEE Ao B (MDA)AS &, P70, 2R EYW, ERARTH BRI
B ALEE (SOD ), TEAHE (POD) Fnid RALABs (CAT ) FREANEEHEEK S, ER S5 e 2B
RZ, FRER A=Y 54 BAARAK, Mt A P AZB (MDA)AEEAEZ AR, KIAFTRER]
Flf AT RE, £2ERZ, B SSI Ao ERaRAARAK, HAha% Rat, =53 A
A EFARBEE, FREWRET, EAMARAHNERTREZETRRERD, L TESFRAL
Bbe, FEKTRZ., BERSSI 225 RZ, MRERFLESATEE ST TREERK, TE®
FWAFEEZ, BAMAT, EMGREENEAHA LAY FR D, MDA IR R R, miEk

FARIER S, MG R, A THARREKRBAR NGRS, TAEKRBETAS S
W R AT AR

KR HiE; SRR WANE; FE

Effects of Waterlogging Stress on Antioxidant Enzymesin and Yield
of Different Alfalfa Varieties

Dong Hui!, Xu Weining', Lai Nian', Wei Sujun',
Qi Longchang?, Cao Gang?, Dong Zhaorong?
(1.Anhui Sierte Fertilizer Industry Co., LTD. Ningguo, Anhui 242300, China;

2.School of Life Sciences, Anhui Agricultural University, Hefei, Anhui 230036)

Abstract: In order to explore the effects of waterlogging stress on antioxidant enzymes and yield of
different Alfalfa varietieshas and get stronger adaptability to waterlogging stress, the study selected five
varieties including Jh, Ar, Wd, J551 and Jn in experiment. Six waterlogging treatments: 0, 1, 2, 3, 4 and 5
days of waterlogging were imposed on first flowering dates. The antioxidant enzymesin, malondialdehvde
contents and yields of five Alfalfa varieties were evaluated in this six treatments. The results showed that:

The activity of SOD, POD and CAT of Jn were the highest, J551 and Jh comes second, Ar and Wd was
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relatively the lowest. The content of MDA was oppositely compare with the activity of antioxidant enzyme.
The accumulations of MDA of Ar and Wd were the highest, and the content of MDA of J551 and Jn were the
lowest. It was noted that the MDA contents of J551 and Jn were extremely significant difference with others
at the end of the treatment. The result of yield showed that: In the experiment, the decrease arrange of the
yield of Jn was least, and the yield recovered quickly after waterlogging stress, the quality was better. The
maximum decrease in yield was Ar and Wd, and the production recovery was poor after waterlogging stress.
Under waterlogging stress, the MDA accumulation of Jn was minimal and ROS scavenging enzymes activity
was the highest. The cell membrane damage degree is minimal, which was conducive to improve the ability
to resist waterlogging stress of plant. So the Jn could growth in the southern rainy area of the Huaihe River in
our country.

Keyword: alfalfa; waterlogging stress; antioxidant enzymesin; yield

BREE R, RGN, DR FrERR 2 Eak, R EHEBOLMTNER
JEAEE T SR CE TR SR EAWR A, LR X e HOKBEEE, WEMSTERER, SR
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Blokhina!® "5/ 7T % B SOD. POD. CAT %51 14 05 bR MG RS R S A TS R DU Re, ] JskdF A ) DRl 458
e = A I 220 AR B B B AR A . TS (MDA R AR EYI T, B SR B E
FIR . BESSES A WO KiE, S AHEMIY Fik, H& 80 & ar L
RYEY 2 WA AR 2 BT, R TR W E IR AR D, HOGT 2 W5 f5 AL E TS
(7= B GO HoE . AR LE 25 (Jh, FIRERI (AD. 2R (Wd). Efg 551 (J55D)
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1 #MR5ERE

1.1 XIeHA

I T 2013 4F 10 H % 2014 4 7 H ZBRRER b N 1T . gL, pH{E 6.8, ALK
S 12.36g/keg, RS R 0.83 g/kg, WA 102.4mg/kg, HAE 8.6mg/kg, AL 94.6mg/kg.

AR ERE b, BIURENT (An. 4EZ2 7 (Wd). ERE 551 (J551) MIEREME (Jn) ¢
5 ANERARETE
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Table 1 The specific design of experiment

B1 B2 B3 B4 BS
BN
Canfi 1) Canff 2) Canff 3) Chnff 4) Chnff 5)

Al (0D AiB) AiB2 AiB3 AiB4 A1Bs
A2 (1 d) AsB. AsB2 A:xBs3 A>B4 AsBs
A3 (2 d) A3B1 A3B2 A3B3 A3B4 A3Bs
A4 (3d) A4B1 A4B> A4B3 A4B4 A4Bs
A5 (4 D AsBi AsB2 AsB3 AsB4 AsBs
A6 (5d) A¢B1 A6B2 AeB3 AcB4 AeBs

AL, ik 20 NMEFE, 3 ANERL 60 ANBX . RIIKIEA K REIAFILE 6 NI A
For): Al: 0d COHE): A2: 1 d; A3: 2d; A4: 3d: A5: 4d; A6: 5d; WKIEETE AR, ¥ 5
ANMbEE (HB#FRR), BIBl: &£5)5; B2: FI/R&N]; BR:4EZF; B4:ERE 551; BS:EREMR. /)
XTHFRZ) 0.05m>(FH EL4% 26cm), T 2013 4E 10 A 14 HIETERIE 7880 GRIGH 2R 3RS 954k (3
BHRE R 26cm, N 25em) H, $FFENEE 1g, HBMREN 0.5cm, JilifRE 45kg/hm?. Hij5
PR AR KA — B RS R TE) 1T AR EE 0.8em. 1IEH AE K & 2014 SEFRZIHTEMI(2014 452 H 2 H) Al ],
WM AR G IERE AR, RN Q014 F2H2H)IHTHKAAE, SO S
BEERE G, HE TN 2642em. #AKKTHARFEE L0 LA dom b, FRRAGHEE 3 IKEH .

1.3 MERA 55k

1.3.1  Hrea Lm0

FRECE 15 T 1 g T FvA BRI o, I N T4 () R 22 R (pH 7.0) UK TR B 5 F e, I 7€ 45 % 10ml,
T 12000rpm 545 N &0 20min, B EIEWR, RIABERH IR . (k&R 7L SOD. POD #1 CAT
(O35 PE AT 5

1.3.2 NSRRI E

FRECERE T | g THA ORI EA SRR 2ml10% =& SBRHTEE K, I8 ml 10%
R ORISR A1 3K 5 T 4000 t/min R ESC 10 min, e E3ERL BT EESREGE . SO 2 ml
0.6 % IR L ZRRIE VRIS, FHREW T WA RS 15 min, WA EHEEC. B EER D E
532, 600 nm KT W EROGELE .

1.4 HIERE

ASEE H Microsoft Excel 2007 A REAT FHOREAE T EAIVEIR, H DPS 7.5 BT T2, &
F R (LSD 1) I IS
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Fig 1 Effects of waterlogging stress on SOD acitivity of different alfalfa varieties

B 1 AT, S EAE SO K AL SRR S BT R B e AR . BN AR AR A
TEREA A ZE 5 WIHENFEIKALERRS, 5 ANETE R SOD iE MR ZE T B3 . MoK 1d B, &85,
BT /R 4 WA 48 22 FINE ) SOD Ji& P 30 T A 45 B B 3 o, =S8 OR300 T 3.72% - 18.56% 11
5.90%. ELfE 551 AR, BTG T 1.73%. EREMIER SOD % B I B T /NG )
TR HEKHEN 2d B S ANEAE SR SOD VE VRS RIEEE R N, 2 )5 BEAE M i ) (R B IR 18
B%, {H SOD &AL Tk . Hoh ERemTE A EAE 551 2/ /K51 SOD it A i 18, &%
JERZ s B SR & MR 2t 22 ) W0 B AT s FE AR R o e &5 SRS, A% 551 FE BB MY SOD i% M 4 Bz
U, HiZ&M T % SOD idthE s, B RIIEI T 66.36%M 49.22%. &M T, 4 5/5 SOD
TN 278.03U/g FW, STHEHIIN T 29.61%. MR 2R 4 W 1 24 22 F0) 0 3 1 e 1
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Fig2 Effects of waterlogging stress on POD acitivity of different alfalfa varieties
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P 2 AT O, 25 7 AR R A e R N R A 8 S S T S B (i 34 . HEK 1d B 5 BT AE AT 1)
POD VEMHAE AN, AbFEHEN 2d Bf POD W& H I, 252818 TR, (HEKT POD I AN (R EF
B K o AL o (8] P38 L M 255 A T 22 5 o /K E N 1d B S BT POD V5 1454 3 25.21AA470/g-min,
WKEHE. B 551 ME&EFRL. A TRU/RERNIFI4EZ R POD JEMERAK, X551H
15.50AA470/g'min. 17.06AA470/g-min. #7K 3d i, EREMIIE POD & 1 1 FEAKIE & & T Ege 551, (H
PR T AR Rl . 2 S5 ERE 551 FRRIR R N, FFiam T EReifie. Mpagdimnf, —3% POD iEE
433N 9.63AA470/g-min. 11.58AA470/g-min. BEANRIE AP, /R & NIFIZ4E L FER POD 15 HAE
AR A A B SRS, 3% POD W40 7N 5.61AA470/g'min. 6.74AA470/g min.
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Fig 3 Effects of waterlogging stress on CAT acitivity of different alfalfa varieties

M 3 AL, fEMEKE B & B S A CAT i 1:221L 5 SOD. POD i P4 i i AR ALk 34 A1 ] »
Bde Tt fabe. HA&MMEWMAAER 7. WK 1d N, S5 A CAT WA, #EK 2d ’ITFEG H
LR BRI, BHERT =K, &2)5. Bt 551 MEREME =& AR BN, H CAT &AM
VELE, WK 2d B, =3 CAT i HAE 7375 2 128.45U/g min. 121.25U/g min 1 133.25U/g min.
AT IR R G WIRI4E 22 R ) CAT 3 PEAE AN 82.75U/g min 1 71.00U/g min. 7K 5 B B RE it
(1) CAT ¥& PEREARIE B2 B AR T B R 551 A& 55, WhHasioRn, H CAT iEMEE & T Efe 551 F& R
J&, N 75.00U/g min. %M T ERE 551 M4 251 CAT WGP 61.35U/g min 1 57.30U/g min. ]
IR & WA GE 2 R E NHEZK 2d J&» CAT 35 PEAE A A T3 = AN 5t Sh R, 6 v o 22 1) S0 AH 6 AT
JE g5y, 35 CAT iEHAECA 40.10U/g min F1 35.20U/g min.
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Fig4 Effects of waterlogging stress on MDA content of different alfalfa varieties

1P 4 BT L, B8 78 S Sl MDA 2 2 B A 7K D ) S K T 8 00 o 5 o [ 398 o 82 22 5 B S
WEFRFEN 2d B, FAFR MDA B EEHRT, J5 BT R S RIRIGE 2 RSG5 B g s, MDA
B T AR 3 N E S AR WEIK 3d HT4E 2 R SE INIEFE A R, MDA FEAEE FIRE . K
HEN 3d BB /R GG K0 2 B 3 i, MDA & B MR N E . 2 )5 482 PRI /R 42 M MDA
SRAARFEIIER R KT, S2EMER 551 k2, BRSNS Bk, FHagssint, /R 4RI
ZFIIV ) MDA & &5 73 513 3] 108.68nmol/g F1 99.84nmol/g. FAE 551 F I AE MG AE A b J& 01 A
MDA % B8 AT B2, HKEAN 2d J5, —# 1 MDA & B{HHAL T RARE. #K 1dE, =
& MDA & A8 %14 60.47nmol/g A1 57.74nmol/g, B L5y 77.42nmol/g F1 71.41nmol/g. ¥
PErE T 28.04%H01 23.68%. AH A5 N 14 2 )5 A e 2 I 43 HIAF] 42.30%F1 52.49%, Bl /R 4= NI 2
BT 70.52%.

23 ERMMHEAITRE H fE S At T 26 R AL

* 2 BKBENARE BRI EHFT
Table 2  Effects of waterlogging stress on yield of different alfalfa varieties

sl A P& (kg/hm?) Alfalfa yield

Variety 0d 1d 2d 3d 4d 5d

BI 103193.67aA 94562.31aA 92846.61aA 83243.51bB 76658.04aA  73589.82bAB
B2 78506.11cC 74632.96bB 61536.58bB 58597.49¢C 48317.43bB 33445.07cC
B3 60205.42dD 72375.74B 59939.95bB 56487.96cC 48557.61bB 37096.23cC
B4 89154.98bB 95044.65aA 91926.52aA  87243.25abAB  77010.52aA 71447.99bB
BS 91396.65bB 98601.37aA 94706.21aA 89633.83aA 80543.65aA 79418.57aA

% 2 7] 0L, 22K INE G 55 A B E i 2. Hb 42 R, BiE 551 fERE
PR K 1d B P28 HBUNERE BT, B B 3380 T 20.21% 6.60%F1 7.88%. 2 J bl fBlid i 2k
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K= B RFLL TR, 4 25 FIBT /R G NIZERA a7~ B N . &8 EEMRK 1d 775
B, BN RIE T 8.36%, H SIBALEESAT N BB /R G NIANGE 2 FINE ™ & 27 A B R 2 . WKt
A 2d J5, &R0 RS S ERE 551 AlEREmT R B, Hhia g5 iy, =& /=& EH 5 38 73589.82kg.
71447.99kg Fl 79418.57kg, BT P T 28.69%. 19.86%F1 13.11%. #E/KIEN 2d J5, Bl /R 4N
e 2 RN = BRI AL, SR T A 5 5o 22 5 3508 BINE3K S, A g Ry, —3&
FEEAE A A PN 33445.07kg Al 37096.23kg, B R4 T FRIAF 57.40%K1 38.38% .
24 HAKBENREHiERFTEE LWL
x 3 BKBhENAREERM TE~ENFN

Table 3  Effects of waterlogging stress on yield of different alfalfa varieties on next season

mn P (kg/hm?) Alfalfa  yield

Variety 0d 1d 2d 3d 4d 5d

Bl 84573.94aA 81050.85aA 78755.34aA 76268.82aA 74654.82aA 64467.57aA
B2 72506.09¢C 63280.96cC 61003.65dC 57130.25dD 55030.68dC 48602.33eD
B3 74274.52bcBC  76996.43bB 68647.05cB 64136.56cC 56490.62dC 51776.56dC
B4 75799.42bB 82049.12aA 69614.99bcB  66092.70cBC 60234.52cB 54334.22¢C
B5 75168.43bBC 76219.88bB 71410.70bB 68413.66bB 62570.72bB 57288.68bB

[F) 5] FR AR [ /N 5 o B AR B ) 22 S S 35 (P<0.05) ;51 FR R[] K S P B s Ab PR 1) 2 S5 A 5k 3
(P<0.01).

HH2¢ 3 AJ O, WK IE N 5 RE P N R R A R A B R s (AR 1d METE TR
LRI, Efe 551 A1 E BRI I/ INIERE BFb, JoAth 2 AN s Fhdr Sl TR, (H 5 ANaF e e 1d 1R
ZrERARAIREE I EUN, TR MBI, HiZ50 R~ R R0 E, Bhas2EMER
551 PB4 %) 81050.85kg/hm> Fl 82049.12kg/hm?, 3 5 HAh 3 ANE T i Fh 2 525075 BI0 B 2K F.
ZJEBEAL BT T e, A E A AR T R R R N . e AN, BRAEOK 1d 4, & RS
R 2 B o e, B A S SRR ) A B T A 22 5 38008 B B 25 K. il 5d A B S R 2
PN 64467.57kg/hm?, BRI T 23.77%. #IK 2d JENEREIIE A EfRE 551 TR EEMKRT
& 25, Ha 5d = F FE7ESHIN N 57288.68kg/hm? fil 54334.22kg/hm?, B0 A4 HIBEAK T
23.79%F1 28.32% . [l /R 4 NIANE 2 R0 T 257 S AH REAR A S AR AT o Bl 7R 4 NIPEEAS 7K 4 W3 J ALK R
PRI, N ER TEEERR, WHE 5d R 8 48602.33kg/hm?, HOM PRI
L2 32.97%. ZACER N YEZ R R R8N 51776.56kg/hm?, BO FRFEK T 30.29%.

3 1hig

V2B E G, SRS RER NN, MDA YRR A e —, R
IR 4 PRS2 13 45 2 P 1 = ZEHR AR TS). T SOD. POD I CAT X iE M ATERRIER, TR
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W R B o 15 S AU E SRR A S S A AT R, BERA R I, B
Ffirt J SOD. POD vt 2 STt J5 BRI 35, (LS WK B s T AL B i 7K o BIVASE e 7K1 (40 P S B T ik
BAHN S a0 o ARESAN RSO I, KA fE B oK SOD. POD Ml CAT V% 1%
K, PHE RS IHIR T R M G R BALHI R R . MDA &R InnG 7 i EEm, mk
(ISR R I PR AN TR . ARSZIGHTFE R, BEVKES (R K, & B A 1) MDA & B R4
I, B A R R R T e FEE I E®E . 1 SOD. POD Al CAT iEMER AT M, E
JE HE AT AL TR KO, X P RE T LR R IR B AL I G, 8w AT IR DR B R A2 £ 1% 1 AR
WHPAT, DR R R B E . X 51 B ZE N OIS A IR E AT S A5 RARAT & . SRl bl
BE/RERE 551 FEREMTIE I SOD EPE IR B B/, & EIGIRZ, Bl /R & WIFN4E 2 )7 B 2 B
Ko POD HlI CAT vt T B B2 R I8 B REM B> B e 551>4 2 E>Fl/RENI>4E 2 R, MDA & &1
8 T 2 AR 4 2 RS> B IR G WI>4x B e > RE 551> ELREMR R . R4 22 1) S0 AR Be] /R 4 Xl 55
B, RS2 ER K, & RJEMER 551 Ik, EREMHEAN 2 ERE. &EE SR
B R 7R S W RN 2 2 R AEREAN 3 8 B =i FRRIR R, &38RIk, BBk 551 FE REmE
PR N BRI R AN, S AT B AR AR AR — 2 BhAh, B AR K H 8 AR AR IS 2 AR A R
Fetb o ARSZIGHIRER, SEE MO TR RN EFZRM KM, 52 FREEE. HRMHEE
N, &R A E TR N IR RN, BRE 551K, Bl/RENIANLEZ FITE T B8 B EOR. it
BA o X 4 5 5 A B BRI T == Esg i iy, B WK ST RE JD Bl o TSR] 2R 4 AN 4 22 ) S 32 7K
Wia RO E, WE RN, WEREIRZE. T, ERemTEEREA AN 52 Wi % 5/, MDA
AR RN, TR R R 2, ARBZRRE s/ N & m. R NE~ 2K SR T
SE, rEEBGE, K PHE N 2 R SRR E R I R . B 551 &R FRZ, BT/REN
MYEZ R WAk, Bk, E7EH A B e iR B A BRI B, AR AT X T 2 g 7 2 M X
HET TR 0 A

SEH (1)
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