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Table 1 List of alfalfa germplasms and origins
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Table 2 Effects ofwaterlogging stress on height of different alfalfa varieties cm
& 5 KAFAEEE 7 d KAy Ab B 14 d
X iR ik Xif iR ik

68 995 21.10£0.97 21.9540. 85" 20.0540.13" 21.5940.53"

L BE 7 i i 20.97+0.47" 23.6140. 56 20.5341. 38" 22.0141.38"

3kt 18.21+0. 05" 19.7440. 08" 16. 5340, 24 18.0940. 70%

F fE 801 16.6741.12 18.0141. 04¢ 15. 8540. 50° 16.99+0. 49°
WL440HQ 18.18+0. 48" 19.3740. 34° 18.07+0. 45" 19.6940. 49"
WL525HQ 17.81+0.39" 18.69+0. 53¢ 19.27+0. 23" 19.98+0. 31"
WL656HQ 17.7840. 68" 18.724+0.63° 19.214+0. 21" 20.05+0. 46"

WL712 18.2540. 83" 19.02+1.17¢ 17.98+0. 66™ 19.0240. 64

T3 18.4241.32 19.26+1.15° 17.6140. 30" 19.0340. 19

¥IE 18. 60 19.82 18. 34 19. 60
F14 3.10° 4.76" 6.75" 6.017

e [ BN ) NG Pk 2R 7R AR TR 7K 43 Ab P22 57 i 2 (P<<0. 05) 5% /R M i 3 A 56 PE (P<T0. 01) , * 3R i 4 56 (P<<0. 05),
NG
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Table 3 Effects ofwaterlogging stress on growth rate of different alfalfa varieties %

JKAFAEF 7 d JK A AEF 14 d

s ; ;
POPIY ik POPIY ik
F HE 995 0.0740.02 0.1240.02" 0.0740.02" 0.1140. 04*
5 RE 7 ifif i 0.18+0.01 0.38+0. 10 0.1240.03" 0.11£0.01"
3+ 0.17+0.05 0.22+0.02" 0.08+0.02" 0.1140. 04"
[ fE 801 0.2040.04 0.1940.02" 0.0940. 01" 0.0840. 02"
WL440HQ 0.17+0.01 0.17+0.02" 0.10£0. 00" 0.12+0.01*
WL525HQ 0.13+0.09 0.13+0.02" 0.1540.03" 0.05+0.02"
WL656HQ 0.1140.05 0.1340.02" 0.0540.03" 0.0640. 02"
WL712 0.10+0.05 0.11+0.05" 0.09-+0. 06" 0.07-+0. 00"
TE 35 0.19+0.03 0.12+£0.04" 0.07+0.00" 0.10£0.01"
¥IE 0.15 0.17 0.09 0.09
F1{E 0.991 3.917 1.425 1. 281
x4 BARPENELEEDHHERKOZ N
Table 4 Effects ofwaterlogging stress on root length of different alfalfa varieties cm
o AbHEL 7 d AbEE 14 d
pagi K X R I
68 995 13.61+0.80 14.17+0. 75" 12.95+1. 08" 11.9940. 53¢
L BE 7 i i 19.25+1. 80" 16.21+0. 76" 15.75+1. 46" 17.90+0. 94°
skt 16.4840. 88" 17.60+0. 87° 14.6340. 58" 12.84+0. 56
F fE 801 16.1341. 74" 17.774+1.19° 17.52+2. 62" 15.984+0. 61"
WL440HQ 14.8341.77™ 14.53+1. 81" 18.39+3. 08" 14.67+0. 65"
WL525HQ 10.27+£1.02° 11.18+£0.81° 11.00=+0. 20 13.35+0. 63
WL656HQ 10.85+£0. 75° 12.32+0. 80° 13.58+1.08" 13.15+0. 82«
WL712 13.1641. 28" 13.4541.07" 13.0140. 11" 12.1340. 52¢
T3 17.7442.43" 17.344+1.01° 15.624+2. 81" 12.3141. 58
¥ 14.70 14. 95 14.72 13.81
F1i 3.87 3.977 1.66 5.917
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Table 5 Effects ofwaterlogging stress on the root dry weight of different alfalfa varieties
[ K AbEE 7 d K AR 14 d
X IR Bk X K

g 995 0.40£0.08° 0.29+0. 05" 0.35+0. 11 0.3840.03"

L HE 7 i i 0.92+0.18" 0.6440.19" 1.08+0. 33" 0.684+0. 18"

k1 0.734+0.07" 0.6340.09" 0.8540. 15" 0.5140. 04*

F fig 801 1.1040. 11 0.84+0. 15 1.34+0.19 0.79£0.17°
WL440HQ 0.40=+ 0.05° 0.54-+0.02" 0.86+0..20" 0.5840.09"
WL525HQ 0.1640.01° 0.16+0. 02 0.29+0. 07 0.2140.01°
WL656HQ 0.1740. 04° 0.15+0. 02 0.23+0. 02 0.1540. 04°

WL712 0.25+0.03° 0.17+0. 02 0.20+0. 05 0.1340.03°

FE 35 0.384£0.02° 0.274+0.09% 0.3940. 10" 0.2040.01°

Y4 0. 50 0.41 0.62 0.40

Fi& 15. 599" 8.085™ 7.015" 7.19”
2.3 BABEMERLEBREYEETEHTE ML F14 25 T A T o0k B, G o o 25T R B T R
FEMER N K 14 K, £ 3k -1 A WL440HQ 28 T 5 i T %

WK A 7 KeF, EfE995 WL712 M h i 35 M H AN ZE T EYMETXIE(ES),
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Table 6 Effects ofwaterlogging stress on the stem dry weight of different alfalfa varieties g

KAPAEFR 7 d

JKArAbFR 14 d

R : ;
X 1 WK RO ik
5. fE 995 0.3340. 07" 0.2940. 05> 0.2540. 04° 0.44-+0. 04"
[ BE 7 T 1 0.4240. 10" 0.5240. 16" 0.5840. 13" 0.47+0.02"
31 0.3640.03" 0.4140. 05" 0.40-+0. 06" 0.48+0. 04"
5 fig 801 0.5540. 03" 0.6640.17° 0.70+0. 15° 0.5740. 04"
WL440HQ 0.29+0. 02 0.37+0. 03" 0.54+0. 16® 0.67+0.11°
WL525HQ 0.15-+0. 00' 0.1940. 01 0.2140. 04 0.21+0.01°
WL656HQ 0.164+0. 03 0.1940. 03 0.275+0.01° 0.21+0. 04
WL712 0.2140. 02 0.14+0. 01 0.194+0. 04 0.134+0. 02
P35S 0.2240.01% 0.20=+0. 07 0.2740.05° 0.214+0.03°
HH 0. 30 0.33 0.38 0.38
FiE 8.868" 4.489” 4.594™ 14.431%

WK AL 7 K, EoAE
xR, b 74 5

995 F1 WL 712 fity -1 5 {i%
EAEE 1E A pg e T X

K, Bk E GE 995 £ S+ Al WL440HQ #b A=) B 5
FxF R AN, At K A B 3 A Y R R B

B4 14 KRBT, B fE 995 Fl WLA40HQ 1Y M- 1 51 1 75 P 5 BE AR Y a3, Horh WL712 0 B 1% R B e K, 3k
FxF BR, HoAth 7 4~ S8 46 A8 p9 T B A T X R Horp 42.50% ., EAEHHEEREOGSHZE T&H M TH M b
WL712 f B IR 2 d K, 35 54,5500 (R 7)o i) T A W I W K IR VD ) K 1 B O e RIS 484

WL K 30 R AN Ta] 58 A8 B A G Bl A () 9 2K I

(#£6~8).

THEM LA . 2.4 BKBHEMNELEEHEREILHZ I
WA 7 K, R EBE 995 WL712 fih g 3 WK A 7 dH(F9), WLA40HQ AT WL712 i 4R

T b AR AR TR IR AN A K b B A M T

AR T IR SR — E By i

WLA4OHQ Fy 3 T i 12 £z K, 35

fER, He
£ 29.69% (£8), %14

T 1) A I RS 2 i O, B

56 W e 6 B LAY S R AR T X B b L fE 7
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Table 7 Effects ofwaterlogging stress on the leaf dry weight of different alfalfa varieties g
& 5 IKAFALEE T d KFAEBE 14 d
xif i ik Xof i ik
F fiE 995 0.30+0. 04" 0.20-+0. 05" 0.21+0.01° 0.27+0.03°
=68 7 1 0.59+0. 19 0.65+0. 21" 0.65+0.20™ 0.47+0.08"
3k + 0.54+0. 02" 0.56+0.08" 0.6040. 08" 0.5740. 04"
E HE 801 0.74=+0.04° 0.86+0.17" 0.94+0.17 0.7140. 04"
WL440HQ 0.35+0.00" 0.46=+0.07" 0.69-+0. 20" 0.71+0. 06
WL525HQ 0.15+0.02¢ 0.18+0.03" 0.29-+0.05% 0.18+0. 02
WL656HQ 0.14+0. 04¢ 0.1640. 04 0.3540. 01 0.1740. 04
WL712 0.20+0. 04" 0.12+0.01° 0.2240.07° 0.10+0. 01
HE 35 0.24+0.01¢ 0.25+0.03" 0.28+0.03% 0.174+0. 03
HE 0. 36 0.38 0.47 0.37
F1H 9.893" 6.978" 5.3017 30. 387"
*8 WAKMENELEESEM ETEMSHZN
Table 8 Effects ofwaterlogging stress on the aboveground dry biomass g
- KA EL 7 d KA A 14 d
XF HY K Xif i 5K
5 fiE 995 0.63£0.10 0.494+0. 10 0.45=+0. 05" 0.72+0.06°
588 7 1 1.01+0. 29" 1.1740. 38" 1.2440.33" 0.95+0. 10
3+ 0.90+0. 01" 0.97+0.13" 1.0040. 14" 1.0440.08™
F fE 801 1.2940. 07" 1.53+0. 33" 1.64=+0. 32" 1.2840. 08"
WL440HQ 0.64+0.02% 0.83+0.10" 1.2240. 36™ 1.3840. 17"
WL525HQ 0.2940.02' 0.37+0.02% 0.50=+0. 10 0.39+0. 03¢
WL656HQ 0.30+0. 06 0.35%+0.07% 0.60=£0. 02 0.38+0. 08"
WL712 0.41£0. 06 0.27+0.03° 0.40+0.12° 0.23+0.03°
HFE 35 0.46+0.01 0.4540. 10 0.54=+0.08" 0.38+0. 06°
YIE 0. 66 0.71 0.84 0.75
Ff& 9.961" 5.877" 5.008" 23.452"
®9 BAKBEMNEEEBRSHHRELHE M
Table9 Effects ofwaterlogging stress on the root/shoot ratio of different alfalfa varieties
o KAFAEEE 7 d Koy ab B 14 d
Xf HR wK PORI K
E HE 995 0.64=40.05" 0.6140.03" 0.7440.15" 0.5440. 05"
E Be 7 i i 0.97+0.11° 0.5640.02% 0.8440. 06" 0.7140. 12"
skt 0.8140.07" 0.65+0. 04* 0.8540. 06" 0.4940.03"
E g 801 0.86=+0.09° 0.5640. 04" 0.8340. 04" 0.6140. 10"
WL440HQ 0.63+0.09° 0.66=+0. 06" 0.74+0.07" 0.4240.01"
WL525HQ 0.56=+0.05° 0.45+0.08" 0.5740. 06" 0.5540.03"
WL656HQ 0.58=+0. 04° 0.45+0.09 0.3940. 04 0.4040.02"
WL712 0.63=+0.04° 0.65+0. 04° 0.51+0. 02 0.55+0. 06"
TH3S 0.83+0. 06 0.57+0.07® 0.69-40. 08" 0.54+0. 09"

¥IE 0.72 0.57 0.69 0.53
FiE 6.017 1.821 4.716" 1.768
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Table 10 Effects ofwaterlogging stress on the stem/leaf ratio of different alfalfa varieties

I L A Xk R R AR b, JFE At o ol 240 5 % B A i 4G n , L
Bt 5 ¥ 7K T 360 I () 8 4K, X 25 0 L 4 E VR FH 2 6
(£10), WKM7 A, FAE 995 Y 25 0 B 6 B3
i fe K, 35 37.97%; W oK Ab B OE B 14 K B
WL656HQ 25 i b A %) FE 38 i 55 K, 38 84. 55%

JK A AbHE 7 d

KA AEEE 14 d

i - :
RO K Xt 1R K
F HE 995 112.14+12. 95" 154.72+16.47° 119.53+8.12° 162.28+2. 18"
F g 7 i 76.13+7.40° 83.2844. 77" 99.34+17. 41" 104. 74+ 14. 46"
i3} + 67.56=+8. 04¢ 73.02+1. 24¢ 66.68=40. 69 83.8742.43%
F g 801 74.50-+0.58¢ 74.794+5.83° 74.22+3. 10" 80. 95+ 3. 36°
WIL440HQ 81.26+4. 72« 82.67+10. 74™ 76.49-+ 3. 96" 93.21-+8. 70
WL525HQ 103.27+12. 28" 111.69+25. 29" 72.25+1. 44 119.07+9. 81"
WL656HQ 120. 15+ 14. 13" 121.00+10. 87" 70.96-+3. 04 130.96-+13. 92"
WL712 105. 70+ 11. 47 116.73-+1.07* 90.06-+9. 36 138.92-+16. 74"
FE 35 91.93-+7. 98" 74.28417.48° 93.74-+5. 45" 136.25+21. 91"
Biof(E] 92.52 99.13 84.80 116. 69
F{H 4.494" 4.531" 4.768" 4.846"

2.6 BKBMHEMNAELZEEEMAHENMHERERE
(SPAD & ) 9 %2 M

B & SZ WK W30 J5 i 0 i 3 AR G R
PR RBE R H (3R 11) , HL B W K B ] 2 KT g i 32 g
Koo WEAKT AW, EAE I 23R AR X 3 i B0 BT R R

8.51%.

11 O EKBEXMEREBFYHEENHEESENZMW

Tablell Effects ofwaterlogging stress on SPAD of different alfalfa varieties

B R 0.91%~17.78% , #E sk 14 .d I, F B& & N
8.51%~31.67% . M3} +#/AK7d Fl14dmf,np2g %R
A X 5 o A BRI, 4 oA 0,91 % Al

SPADH
. K AbEE 7 d KA B 14 d
" it i Wk X B Wik
F A8 995 44.23+0.63" 42.43+2.20° 43.83+1. 27 39.724+1.51"
88 7 it i 49.45+0.59" 49.47+1.53" 49.46+2. 38" 41.4941.19™
3+ 51.6442. 29" 51.17+0.52° 51.10+0. 27" 46.75+1. 56"
F #E 801 62.78+11. 30" 51.62+1.44° 52.734+1.20° 47.02+1. 88"
WL440HQ 50.1342.39" 50.66+1.45° 51.84+1.23 43.77+0. 44"
WL525HQ 46.07+2.87 51.45+1.54° 44.75+0.91¢ 40.464+0. 85"
WL656HQ 50.2741.33" 49.55+1.99" 52.60+1.21° 35.9441. 68
WL712 48.94+0.88" 45.87+0.93™ 45.95+1. 31¢ 41.1343.33™
hE 35 48.24+0. 66" 45.07+0. 39" 47.70+0. 98" 33.1043.94¢
Y4 50. 20 48.59 48. 89 41.04
FAE 1.59 4.61" 6.53" 5.18"

2.7 BAMENARRMELEENWMFIESRS

2.7.1 R oM KON TE N AT B R
Bt AT o M (% 12) , FEHR B3 A T R4 (PC)

PC1~PC3 W FFAEAH 535k 3. 275.2. 455 F1 0. 919,
A ik % 43 Bl k7 40. 933% .30. 684 % Hl 11.488% , B
k% 4 83.105% .
2.7.2 FBRESH  TEWAKBEZMET X T H

.
Al
T
bl
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Table 12 Principal component analysis of different alfalfa B (3% 13) ;% F PC2, B 3B R R ﬁ(ﬁﬂid

varieties under waterlogging stress

LD PC1 PC2 PC3
FRE —0.179 0.413 —0. 289
=1 0.402 —0.344 —0.028

T T AEY 0.243 0.515 0.225
ETE 0.456 0.331 —0.009
& 0.524 0.027 —0. 258
MR 0.151 0.483 —0.091

M5 L —0.404 0.307 0.407

AR A 0.281 —0.097 0.791

FRAEME 3.275 2.455 0.919

DTk 2 %% 40.933 30. 684 11.488

E S 40.933 71.617 83.105
— AN EEA SRR PCL, WL712 (19 3¢ J8 B 3 (i i/, M 0,
R WL712 4 PCL 3R Ry i 95 5 2, i B8 995 Y 5

J0, £ R E 35 A PC2 £ B oM B i 22, Wi
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Effects of flooding stress on biological characteristics

of different alfalfa varieties and evaluation of their
waterlogging tolerance

CHEN Xiao-fang', XU Hua-ling"", WANG Rui-xiang®, LI Jun’, CUI Hui-hui*,

BI Yun-xia',NING Kai', YU De-hua'
(1. Academy of Dongying Agricultural Sciences ,Dongying 257091, China; 2. Lijin County Natural Resources and

Planning Bureau,Dongying 257400, China; 3. Dongying Agricultural Comprehensive Service Center ,Dongying

257091, China;4. Lijin County Agricultural Comprehensive Service Center ,Dongying 257400, China)

Abstract: [ Objective] In order to determine the relatively strong adaptability of alfalfa( Medicago sativa) variet-

ies under flooding stress. [Method] The pot covering method was used to simulate the flooding conditions and ex-

plore the impact on the biological characteristics of alfalfa seedlings, in order to provide basic materials for the study of

alfalfa waterlogging tolerance. [ Result] The results showed that the plant height of alfalfa was higher than that of

control after 7 days of flooding. The stem dry weight, leaf dry weight and aboveground dry biomass of Juneng 7, gladi-
ator, Juneng 801, WL440HQ, WL525HQ and WL656HQ were higher than those of control. The main root length of
Juneng 995, gladiator, Juneng 801, WL525HQ, WL656HQ and W1.712 were higher than that of control. At the 14th

day of flooding stress, only 2-3 varieties had higher main root length, stem dry weight, leafl dry weight and aboveg-

round dry biomass than the control. [ Conclusion] The comprehensive evaluation of waterlogging tolerance was car-

ried out by principal component analysis and subordinate function method. The waterlogging tolerance of Juneng 995,

WL440HQ, gladiator and other varieties was higher.

Key words: flooding stress;alfalfa; waterlogging evaluation

(=fEfHmiE MER)



