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Evaluation of the drought resistance of 66 alfalfa clones at the seedling stage
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HU Haiying', CAI Chunjiang', XIANG Lingfei', WANG Jing’
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2. College of Ecological Environment, Ningxia University, Yinchuan 750021, Ningxia, China;

3. Ningxia Vocational College of Industry and Commerce, Yinchuan 750021, Ningxia, China)
Abstract: To identify the most accurate index for evaluating drought resistance in alfalfa and to select for drought tolerance
in alfalfa, 66 alfalfa varieties from clones of diverse geographical origins were used in drought stress experiments in a
greenhouse in this study. The sensitivity of different alfalfa varieties to drought stress was analyzed by measuring plant
height, fresh weight, dry weight, root length, and leaf relative water content. Drought resistance was comprehensively
evaluated using the drought resistance coefficient, fresh weight drought resistance index, comprehensive drought resistance
coefficient, and the membership function approach. The results indicated that plant height, fresh weight, dry weight, root
length, and leaf relative water content were viable metrics for assessing the drought resistance of alfalfa under water-deficit
conditions. Through a comprehensive comparison, cultivars such as ‘Dryland’ ‘Permanent 101’ ‘Befo’ ‘Ondaka’
‘Lanrelaiende’, and ‘Keshanshaertu’ were selected as drought-tolerant alfalfa cultivars, rendering them suitable for

cultivation in arid regions.
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- 355 7K &R I MST3000 + 7K 433 52 43 52
HEL AR v B2 U R AR ) 46 06T 1 5 (em), DL T 22 A
T i s B (N B4 Tt o b K RE) . L T E R A
FRE VLD B A PR B EE S, 60 °C BT 5 B 2 T 5
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Pt & % 24 (drought resistance coefficient, DRC) =
Ya/Yws

U 5 ¥8 24 (drought resistance index, DRI) = (Y,/
Yi)Ya/Yma)s
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Table 1 Alfalfa varieties, names, and production areas
i} w4 FR YT FEHb i ot 4 R i 's
Production area Variety name Code Production area Variety name Code
i 7K K101 Permanent 101 1 % Bk # Tiaozhanzhe 103
China . USA
[ 1k 71 Northern Shaanxi Zizhou 5 %% 1:3 Qishi 3 108
%422 Hybrid22 7 Fr4E Biaoba 111
W& - Kashgar 22 1 E 75 7G4 Imported alfalfa 7G4 130
Bkt Northern Shanxi 26 N5 Beniu 131
%220 Hybrid 20 29 %hRE Jinneng 138
Z%23 Hybrid 23 30 Dryland 140
¥ Yimeng 31 5% Phabulous 146
75 Hybrid 5 33 WL168 148
1515 Drought-defying 15 36 F #87 Magnum?7 149
2 K B E Lanrelaiende 37 K Puwo 155
% 115 /R B Keshanshaertu 39 WRFI T 185K F L 185 Australia 9
‘ Australia .
iR 41 PR A ep LR R 14
Drought-defying Beef Cattle Central Australia
#4&—'5 Jinong No. 1 43 1407 K F 140 Australia 55
AR —"5 Gongnong No. 1 48 Ze Gymm 16
Germany
i JFAF Caoyuanfu 70 78 E Germany 47
4415 Zhongmu No. 1 82 K Germany Daye 132
FHE 1 Zhongmu 1 84 ff 2 faf =[] FH Holland Xiangyang 69
Holland
*F 13 Zhongmu 3 109 P Saite 150
[% %% Longdong 114 | ®RZ i KA 8 Stalingrad 21
Russian
M E 5 South muxu 5 142 01297580129 Soviet Union 71
% %' Bk Romer 2 HA Japan HA Japan 59
USA
TEF) 5B Arizona 24 FiIHEZE Argentina  Fil#R 4E Argentina 17
%11-1 Usall-1 45 | VLM France %:[H France 52
) A Puliluofuwu 58 A5 58 Cossacks  BF ¥ 5% Cossacks 73
P /: 3 Luozuoma 64 | #EW Czech $£26-2 Jie 26-2 81
Bl /K X 4= Algonquin 72 Jn#EK Canada ELf# Bifo 52
%11Usall 78 5% 2% Ukraine FAERE Aodesa 61
B4 T qishi T 93 %) 27 F] Hungary %) 2 F| Hungary 76
WL354 94 A unknown Asi 23
K[ 3 4HF Adrenalin 96 Pulana 42
B4 Yongshi 99 Ondaka 46
HEFE Kangsai 100 Solaigob 57
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T 5e 4% 2 2 (1) X %> 15 AR i) DRC B A 1 4k b 22,
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FA AR R G VRO D AE, K3 D (B X 2 bl B P
PESR S HEAT HR P, WA W PR BE T IR

X — Xnin
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#(X):X]T; (1)
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Vi=— Xij—X )% 2

% Zl =X @
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i=1

D= [uX)xW;l, @)
=1

A XRIRE j N R R E, X RN 5 D FEFRI
EEi'j('fE’ Xmm%%i—\‘%] /I\TE‘*B—:E(JEE&/J\{EO

1.5 BEESIt o

R 56 B4 8 B Excel 2021 %34, FJH SPSS 22.0.
Origin 2022 L\ 2 GraphPad Prism 8 %} 66 1~ %1 & 14
i A G B T BB R AR DGR AT B L A O

R
2 HR50Mr

21 FEMEBT6NETEEERMERKRERE
A

H5IEEEBAMMALE, T2EEE T &N
m P bR T E L B E LM S KE, TREE
MR E N R TR R AR S KR (42.59%) > R
(32.89%) > fif H (29.44%) > T H (2.08%) (3% 2); MR
KA 2 WA 1w, 3 SR K B /MK IR
FRR K (43.64%) > AH XS 2 S E (7.00%). LA,
BT g 2k 7K S B0 S 2R UK BE 1S 0 i T 5 2 SPAD
B 38 &, AHPR 9 AN [ Bl bt 52 g 0 1 22 =, AR
2k 3% SPAD fHIF R EE AT 5 HILBH B 77 2 .

22 FEMBT66 MNETEERMERKKEE
FEARAE R M EE R

& e R A R ORI L B R BB AR FERCOR, P
BIME N 0.54~1.05, 285 ZECHN 0.07%~0.65%, 15t B
7 HAE O MR T 5 8 2R I ) RO B
BER (K 3). Hr, A ESKED R RECT

®2 EBFUHNMTEMHEERAT 66 MEREEERMNREE

Table 2 Phenotypic values of 66 alfalfa varieties under control and drought treatments

b3 PER A2 1R I + bRt 5 A

Treatment Trait Range Mean = SD CV/%
fi ¥ Fresh weight/g 6.84~21.99 9.24 +2.97 0.23
T H Dry weight/g 1.39~7.06 0.48 £3.43 0.14
it b 2 k5 Plant height/cm 35.50~76.23 54.98 +7.13 0.13
Control HK Root length/em 23.50~27.83 27.43+6.70 0.25
AR XS Fr 7K & Leaf relative water content/% 20.00~99.00 54.00 £ 9.00 0.17
XI5 2 & i Relative chlorophyll content 31.80~74.00 58.60 + 5.99 0.10
fi 5 Fresh weight/g 3.19~12.88 6.52+1.28 0.20
T Dry weight/g 1.01~6.26 0.47 +3.02 0.16
Vs | k5 Plant height/cm 19.56~60.23 36.90 +5.75 0.16
Drought K Root length/cm 17.70~60.67 39.40 + 8.54 0.22
I AR XS F 7K & Leaf relative water content/% 5.00~95.00 31.00 + 8.00 0.08
AN 483K F & Relative chlorophyll content 31.80~74.00 62.70 £ 5.02 0.09
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(B 1A). 38 15t % 77 R B R B et K
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K ZHr AN 0.24 A1 0.29 (B 1B). b4, B 5
KIEM G, (A GRS &5 T 5 A G HfAEC, B
s R AT KR SR K IER G
23 66 NEREERMNEHESITNER
ZiE 6 N PLR MR R bR, 66 N KA E AE P
PUE M VEA 2 HUAT 15% M S oRP A i 50 0 R,
TEJG 15% WS RN RS A (R 4. ZREES

V=PAN
N RA

e, JIE R 15 A dhAR O PR, 13 ARy
e RO R o 15 A DTS R AE B A R

H

2
BA B B Gymm’ B Ak 2% 207 2% 23 < 22k
kB T LR B PR R St BB
5 BE 4R Dryland” J2 B BE 7. 13 43 i SRR A 58

r= = Wiy n =

T BT 78 i b a3 S o R AR5 11-1 B <o
2= [A) PH> “WL354” Bl 4> < B 28 < B 1 30« DU Jjg &> 4
KM 2hae e E 5 A FREE . I XA F bR

PEHEAT 0T (B 2A), 75 WK R BE 25 B E 6.7 4b T
66 AN Fh Ry 3 ORI, B ITRA 4R S
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Table 3 Drought tolerance coefficients of yield-related traits of 66 alfalfa varieties

U5+ A% Drought resistance coefficient
é =N N N
S BETE FiE PR Hk iy A e e
atistical quantity Fresh Dry Plant Root Leaf relative Relative chlorophyll
weight weight height length water content content
F {4 Mean 0.76 0.89 0.67 1.05 0.54 0.97
ARME Variation 0.34~1.35 0.43~1.19 0.35~0.10 0.75~1.46 0.16~0.95 0.53~1.73
5 R CVI% 0.65 0.34 0.32 0.07 0.19 0.60
A % B AHSE R
%g) Correlation coefficient
22 D
i W 1.0
148
1 DW 0.6
1o FW
135 02
i FW | 02442+
%‘7&0 RL -0.2
43
ity RL| 02326 -0.0787 0.6
LR 8 ° ! ' cc
. ng -1.0
Drought-resistant i g
coefficient o> CC | -00690 -02004 0.1569 .
138 2 PH
1.9 % 8
1.7 W PH| 01772 00463 02064 —0.0420
L5 g o wC
1.3 1o &
(])'é, i Eﬁ WC | 00142  02859% 0.1660 —0.1350 0.0980 .
0.7 13 =
0.5 5’
i,
0.1 P DW. FW. RL. CC. PH. WC /M4l hF &, SfH., K.
8l TR A i, MR R A S K. B A SRR .
éé' DW, dry weight; FW, fresh weight; WC, leaf relative water content;
i RL, root length; CC, relative chlorophyll content; PH, plant height.
igo Code for figure A are the same as Table 1.
“
42
23
13
?7

DW FW WC RL CC

E1 £%

PH

=kt

=KL

MEEEX RS RYRE (A) RIERBEXMEEEE B)

Figure 1 Drought resistance coefficients (A) and correlation of drought tolerance coefficients
with yield-related traits of alfalfa varieties (B)
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Table 4 Evaluation of the drought resistance of 66 alfalfa varieties

MR TN

5 P44 R SZEVFERAY IR ABEEE) 517 2T E) SURREEGEER) FIRERIE(TE) RERESE
Code Variety name CDRC DRC (FW) DRC (DW) DRI (FW) DRI (DW) D
1 7K/A101 Permanent 101 0.92 0.85 0.99 0.48 0.92 0.30
2 %' Romer 0.94 0.93 0.83 0.91 0.83 0.32
5 BrdbF9M Northern Shaanxi Zizhou 0.86 0.63 0.93 0.36 0.74 0.16
7 %22 Hybrid22 0.84 0.99 0.93 0.53 0.85 0.15
9 I8SIKFII 185 Australia 0.95 0.70 0.43 0.99 0.86 0.14
14 iﬁg&iﬁggﬁiumha 0.84 0.94 0.87 0.68 0.87 0.18
16 Gymm 1.01 0.71 0.83 0.29 1.20 0.31
17 PBIHEE Argentina 0.83 0.74 0.87 0.46 0.80 0.27
21 HrRMHH) Stalingrad 0.93 0.73 0.92 0.43 0.91 0.24
22 WAt Kashgar 0.86 0.62 0.85 0.25 0.88 0.23
23 Asi 0.79 0.73 091 0.39 0.85 0.12
24 EFIZHE Arizona 0.82 0.56 0.78 0.25 0.79 0.03
26 Bt Northern Shanxi 1.01 0.80 0.80 0.95 0.81 0.49
29 7420 Hybrid 20 1.02 0.99 0.93 0.73 1.17 0.24
30 #4423 Hybrid 23 1.04 0.86 0.87 0.77 0.91 0.18
31 13 Yimeng 1.02 0.59 0.82 0.32 0.81 0.32
33 %5 Hybrid 5 0.91 0.87 0.82 0.66 1.09 0.18
36 PiF 15 Drought-defying 15 0.87 0.88 1.11 0.22 0.84 0.21
37 2#HKEAE Lanrelaiende 1.00 0.99 1.10 0.52 1.43 0.27
39 5elFE/K B Keshanshaertu 0.98 0.62 1.09 0.25 1.39 0.37
41 ¥i5 Drought-defying 0.92 0.94 0.87 0.24 1.38 0.15
42 Pulana 0.81 0.76 091 0.41 1.46 0.12
43 #H4—"% Jinong No. 1 1.05 0.94 0.93 0.84 0.91 0.22
45 311-1 Usall-1 0.76 0.56 0.89 0.26 0.80 0.12
46 Ondaka 0.94 0.81 0.84 0.42 1.13 0.28
47 1&[H Germany 0.91 0.71 0.94 0.33 0.98 0.21
48 AL —% Gongnong No. 1 0.91 0.68 0.94 0.34 1.00 0.15
49 M France 0.91 0.68 1.01 0.23 1.02 0.16
52tk Bifo 0.98 0.79 1.19 0.44 0.93 0.32
55 1408 KFITE 140 Australia 0.95 0.64 1.05 0.25 1.03 0.23
57 Solaigob 0.90 0.79 091 0.31 1.18 0.24
58 & FKF Puliluofuwu 0.91 0.68 1.02 0.37 1.09 0.22
59 HZ Japan 0.86 0.68 0.95 0.28 1.38 0.07
61 FUHEFE Aodesa 0.84 0.57 0.92 0.19 1.00 0.09
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Table 4 (Continued)

i’ P44 B GZHEDRERY BIR AN E) PLER(TE) PLEREUEEEE) LR REUE(TE) SRR
Code Variety name CDRC DRC (FW) DRC (DW) DRI (FW) DRI (DW) D
64 2 Luozuoma 0.91 0.58 0.90 0.28 1.02 0.16
69 7407 Holland Xiangyang 0.77 0.59 0.62 0.68 0.82 0.00
70 HJ5TF Caoyuanfu 0.93 0.68 0.95 0.89 0.72 0.17
71 0129758k 0129 Soviet Union 0.85 0.65 0.88 0.36 1.16 0.06
72 Fil/R K14 Algonquin 0.93 0.74 0.76 0.29 1.01 0.19
73 E5¥ 5 Cossacks 1.04 0.90 0.91 0.96 0.62 0.14
76 %) %] Hungary 0.87 0.69 0.88 0.36 0.86 0.02
78 %11Usall 0.87 0.84 0.99 0.28 0.82 0.02
81 $26-2 Jie 26-2 0.91 0.99 0.92 0.36 0.81 0.08
82 "H#15 Zhongmu No. 1 0.92 0.69 0.90 0.31 0.93 0.15
84 1 Zhongmu 1 0.97 0.79 0.89 0.46 1.79 0.15
93 %+ Tqishi T 0.92 0.86 0.86 0.77 0.95 0.18
94 WL354 0.77 0.63 0.49 0.19 0.63 0.06
96 Filid ik Adrenalin 0.71 0.65 0.50 0.43 0.96 -0.06
99 B+ Yongshi 0.82 0.66 0.92 0.36 0.77 0.08
100 H%E Kangsai 0.87 0.95 0.97 0.30 0.51 0.03
103 Bkhk# Tiaozhanzhe 0.97 0.91 0.88 0.49 0.80 0.12
108 %313 Qishi 3 0.87 0.52 0.73 0.30 051 0.02
109 HE3 Zhongmu 3 0.84 0.52 0.83 0.39 0.75 0.10
111 #5#E Biaoba 0.86 0.82 0.86 0.47 0.98 0.01
114 Bi% Longdong 111 0.59 1.01 0.55 0.85 0.35
130 3k O E757G4 Imported alfalfa 7G4 0.89 0.77 0.94 0.61 0.77 0.07
131 W25 Beniu 0.82 0.54 0.91 0.56 0.63 0.12
132 1 K Germany Daye 0.82 0.47 1.07 0.32 0.53 0.06
138 3¢ Jinneng 0.73 0.56 0.63 0.13 0.88 -0.05
140 Dryland 1.02 0.88 1.00 0.47 1.09 0.29
142 BIES South muxu 5 0.80 0.47 0.83 0.38 1.04 -0.03
146 2 Phabulous 0.93 0.65 0.88 0.31 0.92 0.08
148 WL168 1.03 0.60 0.91 0.31 0.44 0.23
149 Ef£7 Magnum? 1.02 0.82 0.89 0.63 0.73 0.28
150 FEFF Saite 0.85 0.57 0.79 0.22 0.80 0.03
155 ik Puwo 1.04 0.78 0.92 0.18 0.85 0.23

FWHREEE, DWERRATHE; TR,

CDRC: comprehensive drought resistance coefficient; DRC: drought resistance coefficient; DRI: drought resistance index; D: membership function method. FW:

fresh weight; DW: dry weight. This is applicable for the following figures as well.
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Figure 2 Cluster analysis of relative values of drought resistance indexes of 66 alfalfa varieties in seedling stage
A: ANFEPRAEE GG A PLREE R E T B ARG YEPER 7 AR SRR L. SRR AR R 35 (P < 0.01).

A: Cluster analysis of drought resistance evaluation of different alfalfa culitvars; B: Correlation comparison of different drought resistance evaluation

methods. ** indicate significant correlationat the 0.01 level.
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