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Screening of drought resistance indices and comprehensive
evaluation of alfalfa germplasm resources based on leaf morphology and
photosynthetic characteristics at seedling stage

CHANG Wei', LI Xue'*,ZHOU Yanfei'*,ZHANG Zeyu'*,GAO Xueqin'*?,FU Bingzhe'**

(1 a Agronomy College ,b Breading Base of State Key Laboratory for Preventing Land Degradation and
Ecological Restoration s Ningxia University ,Yinchuan s Ningxia 750021 ,China;2 Key Laboratory of Modern Molecular
Breeding for Dominant and Special Crops in Ningxia .Yinchuan . Ningxia 750021, China)

Abstract:[Objective] Drought resistance identification and drought resistance index selection of 52 al-
falfa germplasm resources were conducted to provide basis for the selection and breeding of new drought-
resistant varieties. [Method]) Drought stress was applied to 52 alfalfa germplasm materials in pots using re-
peated drought method. Eleven indicators including plant height,leaf length,leaf width,leaf area,leaf rela-
tive water content,relative chlorophyll content,net photosynthetic rate, stomatal conductance, transpiration

rate, water use efficiency and PS [ maximum quantum yield of photochemical reaction were measured. The
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drought resistance coefficient of each index and the comprehensive measure value, comprehensive drought
resistance coefficient and weighted drought resistance coefficient of 52 materials were calculated. The sta-
tistical analysis based on drought resistance coefficients including correlation analysis, principal component
analysis,grey correlation analysis, stepwise regression and cluster analysis were conducted, the drought
resistance of each alfalfa material was evaluated comprehensively and the drought resistance indexes were
selected. [Result) Drought stress had significant effects on 11 indicators of alfalfa with different sensitivi-
ties. Principal component analysis, grey correlation analysis and stepwise regression analysis showed that
net photosynthetic rate,leaf width, maximal quantum yield of PS]I ,leaf length and leaf area were closely
related to drought resistance. According to system clustering based on average value of comprehensive
measure value,the drought resistance was divided into five grades of very strong,strong, medium, weak and
very weak. [Conclusion) Net photosynthetic rate, leaf width, maximal quantum yield of PS]I ,leaf length
and leaf area can be used as indicators for drought resistance evaluation of alfalfa germplasm at seedling
stage. Varieties with very strong drought resistance at seedling stage included Biaogan (ZHMX) ,Gannong
No. 3, Williams, Caoyuan No. 3,3010, MT3015,SPYDER and 0129 Soviet Union, while varieties with very

weak drought resistance included Gannong No. 1,Gannong No. 2, Lixian, WL656 and Ackershlre.

Key words: alfalfa germplasm; seedling stage; photosynthetic characteristics; drought resistance; com-

prehensive evaluation
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Table 1 Names and sources of alfalfa germplasm materials
Ok EZS P33 Mok EZS K.
Material Name Origin Material Name Origin
B 7 %] aEE S (s . SR 857 IR A
1 Algonquin 5895k 227 Clover Company 27 Golden Empress Clover Company
,  hEsE R s i IR A%
Zhongmu No. 3  Ningxia Grassland Station ’ Gansu Agricultural University
;W3 H gt Al b0 AL Lisin AL K
- Caoyuan No. 3 Inner Mongolia Agricultural University - Gansu Agricultural University
L wTeons 53R 24 o M1 AL K
Clover Company Gannong No. 1 Gansu Agricultural University
C s P DNy g ks A
; Clover Company Gannong No. 2 Gansu Agricultural University
BRI N
6 4030 Ly & = il 32 £ 55 Phabulous 7035 Kk /A A Clover Company
Clover Company
;R st 4T G Wioos A T
Zhongmu No. 1  Beijing Animal Husbandry Institute B Beijing Zhengdao Company
8 SPYDER 95 55 7k 2\ 7] Clover Company 34 Tecun A K
) Gansu Agricultural University
9 3010 35,97 7k 3 ) Clover Company 35 FEqh 5 Saidi 5 H 4%/ 7 Barenbrug Company
s T 57 IR ] . =15 HAEAH
5 M.
10 FLfiE Magnum Clover Company 36 Sanditi Barenbrug Company
i SALT 5255 KA H bt IEE 2 A
1 Magnum SALT  Clover Company 37 WL440HQ Beijing Zhengdao Company
. e = (s . A AAR Holr Aol X2
3T N
12 CW200 5895k 22 7 Clover Company 38 Hunter River Gansu Agricultural University
s = . HA 65 Holr gl K2
LN oAN
13 4010 5295 k2wl Clover Company 39 Gannong No. 6 Gansu Agricultural University
L HEiEss ETIN o Wi 5
Magnum 551 Clover Company Challenger Ningxia Grassland Station
s MK Al A L, THEW Al A
' Gannong No. 4 Gansu Agricultural University Romania Gansu Agricultural University
5 mEE DN v wisss AR
Dryland Magnum Clover Company B Beijing Zhengdao Company
17 Nataw wakaba A K 43 0129 JRIpk Hb gl K2
Gansu Agricultural University 0129 Soviet Union Gansu Agricultural University
s BIE AL A o EEIS T A K
Ackershlre Gansu Agricultural University American No. 1 Gansu Agricultural University
WY Ik o Efe2 s eI
Mei 11 Gansu Agricultural University Magnum No. 2 Clover Company
FRAF(ZHMX)  JLst BB A g Hor gk k2
20 Biaogan(ZHMX) Beijing Zhengdao Company 16 fiik 3¢ Ladakh Gansu Agricultural University
bt b5t B A A . T AR
21 Forthgoer Beijing Zhengdao Company 7 HESE Kangsai Ningxia Grassland Station
A 3 i 24 \ R A
T .
22 #E Yanbao Beijing Zhengdao Company 48 % B Luomo Gansu Agricultural University
Je 75 SLT i 35 ol ) i H b ol K 2%
23 North SLT Mammoth seed 9 F8IH Germany Gansu Agricultural University
e 155 5 BT i e
24 {RJE Baoding Beijing Animal Husbandry Institute o0 Supersonic 5e95 R 7 Clover Company
- : b O e o gl K2
25 FL Aohan Beijing Animal Husbandry Institute o1 IR Williams Gansu Agricultural University
gz o &L e FOR e FOR
26 HAg 35 Hof Al K 2# 59 FIH Hetian Hlr Aeolr K2

Gannong NO. 3

Gansu Agricultural University

Gansu Agricultural University
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A L1-3100C - ARLASCH 72 A< | i 5 - 1o A 5
FH SPAD-502Plus fifi 485 2 - & 23 0 2 43000 2 AH X i
R i (SPAD) s A6 FIFR 8 75 DU 2 i 5 A X
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Table 2 Differences of DC and DI in measured values of alfalfa germplasms under drought stress
b B Wl WEE ERER i P HXRM = ol
B VR 2] e LR R ” "
Index Treat Average SD (0\% ¢ value P value R HE SRR e AR
Average CcvV Average CcVv
7 /em Plant height CK 7. 82 2.87 0.37 11.653* % 0.000 1 0.64 0.56 0.26 0.57 0.953
T 4,14 1.41 0. 34
) 2
K /mm Leaf length K 1102 37 0.22 10.533** 0.000 1 0.57 0.75 0.17 0.76 0.28
T 8.13 1.43 0.18
%% /mm Leaf width CK 11.06 . 0.20 11.607** 0.000 1 0.58 0.75 0.16 0.76 0.28
T 8.15 1.41 0.17
1 f1/ mm? Leaf area K 84.95 28.54 0.34 10,894 0.000 1 0.56 0. 60 0.27 0.62 0.54
T 48. 6 15.76 0.32
q A~ E//D N 7
gﬁﬁﬁﬁ‘m?% ko7 .98 12 yp 938+ 0.0001 —0.12 0.65 0.28 0.70 0.47
elative water content T 47.74 11.93 0.25
I 4 A B ) 5
FIXPRE AR5 it K 1855 308 096 15 195+ 0.0001 —0.04 0. 80 0.09 0. 80 0.13

Chlorophyll relative T 38. 76 9.9 0.06
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R 2(&E) Continued table 2
i BB M BWE BREE o PH HXEM e =
Index Treat  Average SD (0% ¢ value P value R ¥t RN ¥t 5 R
Average (% Average CV
- A 3%/ e 2 e g1 ~
ﬁ%”}f&% (’gm."l m st K106 28 026 g g5 0.0001  0.92 0.9 0.08 0.91 0.25
et photosynthetic rate T 9.58 2.3 0.24
= e / o2 e 1 ~
LR/ Gmol » m ™+ 57 K 0.1 009 0.8 g oosen 00001  0.86 0.45 0.47 0.57 1.82
Stomatal conductance T 0.05 0.06 121
5 e i 3%/ em? gl ~ 55
AR/ (mmol + m™2 + s71) K 399 2.4 0.67 L7427 0.0001  0.82 0. 46 0.47 0.57 1.54
Transpiration rate T 1.66 1. 64 0.99
A N D
%J}ﬂmi“ﬁ K 42 2. 87 0.68 . 857" % 0.000 1 0.67 2.40 0.44 2.66 0.82
ater use efficiency T 9.33 5. 44 0.58
ST e A .
S;;f;(?t; K 0.8 0.0 001 5 geaes 90001  0.50 0.99 0.02 0.99 0.03
2 £ v/ Fm T 0.83 0.01 0.02

T CK. X MEAL 315 T, T 550 A 2

* * RORNEFWEE(P<0.01),

Note: CK. Comparative treatment; T. Drought stress treatment. * * indicate significant difference (P<Z0.01).

H1 2 2 T, T 5 a0 R R 25 hn 3 A
e Sk 25 52 W) L A B 5 00 B2 ) 4% 48 B 1Y 22 S 1A
BT M F K (P<<0. 01) . A8 5 R B KN E—
SE i JEE b AT LS I AN ) o0 T 5 3 ) S A
BT PR RS PR AR 178 5 R BAE 0. 01~1. 21,
DC 728 5 Z K00 0. 02~0. 47.DI A 5 R ¥ 0. 03~
182, i L A2 5 AU DC R DI AL 53¢ &
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Table 3 Correlation analysis of drought-resistance coefficient (DC) of each index in different alfalfa germplasms

I*fd*fx A B C D E F G H I J K
A 1
B 0.17 1
C 0.15 0.93** 1
D 0. 04 0.77%  0.84%* 1
E —0.11  —o0.01 0.05 0.13 1
F —0.13  —0.36"* —0.36%* —0.29° —0.04 1
G 0.41** —0.03 —0.07 —0.25 —0.31* 0. 06 1
H —0.28" 0.01 0.03 —0.06 —0.04 0.08 —0.08 1
1 —0.28" 0 0.01 —0.05 —0.02 0.10 —0.10 1.00** 1
] 0.34* —0.05 —0.05 —0.09 —0.03 —0.08 0.32% —0.86** —0.86"" 1
K 0.11 0.15 0.08 0.1  —0.16  —0.11 0.14 0.08 0.08  —0.12 1

TE - ACBRR B 585 DL 1A B i AR S oK s B X IS 3R A i Gl ot B A HL AL B L 28I R 1. ok 2 AR

KPS IR ALt T it

* % % S B FRLE P<<0. 05 Fl P<C0.01 /K b B FEM %,

Note: A. Plant height; B. Leaf length;C. Leaf width;D. Leaf area; E. Relative water content; F. Chlorophyll relative content; G. Net photo-

synthetic rate; H. Stomatal conductance;]. Transpiration rate;]. Water use efficiency; K. Maximal quantum yield of PSI[. * and * *

indicate significant correlation at the P<C0. 05 and P<C0. 01, respectively.
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Table 4 Factor load matrix and contribution rate of principal component analysis on drought index of alfalfa

A AR XS

s .

JKEF PSI i Kb 24 &
PC3 E AR, /W PC3 EEMIE T 5

%

P e
o

AT K ¥ #k faf Factor loading

Index PCl1 PC2 PC3
F75 Plant height 0.510 0.073 0. 490
K Leaf length 0.183 0.916 0.109
M5 Leaf width 0.170 0.939 0.033
-1 X Leaf area 0.149 0. 886 —0.152
M- F A% 2 7K B Relative water content —0.035 0.103 —0. 650
X 4% % 5 & Chlorophyll relative content —0.222 —0.474 —0.012
%t 4 % Net photosynthetic rate 0.296 —0. 216 0.738
L5 JE# Stomatal conductance —0.928 0.166 0.241
7% J#& 3 R Transpiration rate —0.934 0.158 0.221
IK 43 F 2 Water use efficiency 0. 909 —0.248 —0.053
PSR 2t 1) 4t Fo/Fn —0.037 0.199 0.504
FEAE (A Characteristic root 3.043 2.946 1. 608
TRk 2/ % Contribution rate 27.667 26.779 14.614
25k %/ % Cumulative contribution rate 27.667 54. 447 69. 061
A F#X H Factor weight 0.401 0. 388 0.212
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Table 5 WDC,CDC and D values of drought resistance evaluation on alfalfa germplasm materials

R R ELG A ERME D LA R RECDC JAUH R 2 ¥ WDC
Material ¥ Value ¥ Rank ¥l Value ¥ Rank ¥l Value ¥ Rank
1 0.61 11 0. 81 30 0. 81 30
2 0. 46 44 0.77 43 0.77 43
3 0.63 5 0. 94 9 0. 94 7
4 0.67 2 0. 95 6 0.95 6
5 0. 54 27 0. 84 24 0. 84 24
6 0.61 12 0.97 3 0.96 3
7 0.53 29 0. 80 36 0. 80 36
8 0.67 3 0.92 12 0.92 12
9 0.65 4 0.90 15 0.90 14
10 0.55 22 0. 81 34 0. 81 33
11 0.53 28 0. 84 26 0. 84 25
12 0.57 15 0. 87 19 0. 87 18
13 0.56 17 0.93 11 0.92 11
14 0.55 24 0.97 4 0. 96 5
15 0. 50 35 0.76 45 0.77 44
16 0.55 20 0. 80 37 0. 80 37
17 0.59 13 0.77 42 0.78 41
18 0. 35 52 0.74 50 0.74 50
19 0.47 43 0. 85 22 0. 85 22
20 0.62 6 1. 05 1 1. 04 1
21 0. 54 26 0. 94 8 0.93 8
22 0.52 31 1. 00 2 0.99 2
23 0.49 37 0. 90 14 0. 89 16
24 0.43 47 0.75 49 0.75 49
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R 5(&) Continued table 5
- VL2 A EREEL D G LR R CDC IRUBL 5 7 B WDC
Material $(H Value 7 Rank ${H Value ¥ Rank ¥l Value ¥ Rank

25 0.61 10 0.91 13 0.91 13
26 0.62 7 0. 89 16 0. 89 15
27 0.55 21 0. 80 35 0. 81 32
28 0. 48 40 0.78 40 0.78 39

29 0. 38 50 0.72 51 0.72 51

30 0. 40 48 0.71 52 0.71 52

31 0.37 51 0.76 47 0.75 48
32 0.49 36 0.79 38 0. 80 38

33 0. 56 18 0. 84 25 0. 84 23
34 0.48 42 0. 81 32 0. 81 35

35 0. 44 46 0. 95 7 0.92 10
36 0.48 41 0.77 44 0.76 46

37 0.55 23 0. 86 20 0. 86 20
38 0.57 16 0. 83 28 0. 83 28

39 0.61 9 0.94 10 0.93 9

40 0. 50 34 0. 84 23 0. 83 26

41 0.48 39 0. 81 33 0. 81 34

42 0. 40 49 0.78 39 0.78 40

43 0.68 1 0. 96 5 0. 96 4

44 0.52 30 0. 87 18 0. 87 19
45 0. 54 25 0. 89 17 0. 89 17
46 0.51 32 0. 83 27 0. 83 27
47 0.45 45 0.77 41 0.77 42

48 0.58 14 0. 85 21 0. 86 21
49 0.55 19 0.76 46 0.77 45
50 0. 51 33 0. 81 31 0. 81 31

51 0.62 8 0.82 29 0. 82 29

52 0.49 38 0.76 48 0.76 47
1 Mean 0.53 — 0. 85 — 0. 84 —
BRABCV 0.15 - 0.09 - 0.09 -

f % 5 al AL A R D 0. 35~0. 68,78
SR 0.15, 5% B gAY B Ky FOr AR
i DA K/ 52 £ 3l b R Bt 5 1 50 43 A A i
(D=0.62) .8 (0. 62>D=>0.55) , 145 (0. 55>D=>
0.49).55(0.49>D=>0. 42) FIf 55 (D<C0. 42) , 5 %
U ER R ECS B D 8,16,14,9 F1 5, 43 o sk
BB BB 15.38%,30. 77% ,26.92% ,17. 31 % Fl
9.62% , Hvh T 5P A B 09 A BEA 0129 FR Bk
MT3015,SPYDER, 3010, # J§ 3 5. ki #F (ZH-
MXD VH A 3 5 LU T 5 051 A 5 b R 2 T
B oHA& 25 ALE WL656 . H&L 15,

A6 AN X ) 5B B CDC Fi
WDC 435 0. 71~1. 05 F1 0. 71~1. 04, ZJ{& 43 7]
7 0. 85 i1 0. 84,45 S ZHFH Ky 0. 09;CDC Fl WDC
HEP 25 R EEA KN . 5 D i HE P 45 Rk A 22 7. 4%
W D [R5y Bebrifi . 454 D.CDC F1 WDC HEF45 5 .
U R AT B MT3015 FbR#F (ZHMX) L 471
SRS MR HR 15 ALERETFR .

2.5 HENRERNHIE

KA SEHR B S B R LU A 2 A R G B K T
A BT P L R Jo e B HE I L DR IR B A R
LA DC AR BeE Iy 51 D AR S 2 2% 17 51 #E A7 K 5%
HRBE I ir » 25 21 (5% 6) W A2 wi W] b A7 T 5 Ab B,
LI NG SNE SR N R P Al
AR IR AR X I 2 3R R RIRR S AR s 2 2R
MR S T AL 28 M 3 R 32 B R R M /S

A DC AR LB 51 . WDC A 275 5 41 kA7
JRAB IR E T3 A R (3R 6) KW A v W kAT T 5
AEEL BT B A R VPSR KOG & 77 &
RN RO NN e N AN O SN 7 N ) TR AR S e
52 B Y5 MR B TR AL S JEE 2 R A2 B 1Y 5 )
B mrbL, BLWDC PR FEE Y 81 BT 4 31 1Y) S Bk
FEHERFHT 7 WUAS 2 WU bR 5 L D E 8 2%
PIIEG R DR = AR ES B ) AR I NI L = B U N
PSII f5c KA 7 7 0 v i B A i 2 3K
R 7R RE LR (SRR L
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Table 6

Correlation degree between DC with D and WDC values in alfalfa germplasm materials

DC{H5 D fHB %

DC {5 WDC i Bk &

BT Correlation degree of DC Correlation degree of DC
Index value and D value Wity value and WDC value
Bl HEFF Rank Bl HEFF Rank

¥k Plant height 0.824 2 7 0.092 2 0.834 9 6
K Leaf length 0.907 7 2 0.101 5 0.868 1 5
M 5& Leaf width 0.911 8 1 0.101 9 0.882 2 3
1 Y Leaf area 0.846 0 5 0.094 6 0.809 9 7
- F A3 %F 2 7K it Relative water content 0.736 2 9 0.082 3 0.773 0 8
X -4 2% & & Chlorophyll relative 0.841 8 6 0.094 1 0.878 9 4
Ht4 & Net photosynthetic rate 0.880 5 3 0.098 4 0.915 5 1
S L% JEF Stomatal conductance 0.687 1 11 0.076 8 0.688 0 11
7% ¥ 34 & Transpiration rate 0.690 8 10 0.077 2 0.691 0 10
IK 4> R 3 Water use efficiency 0.740 1 8 0.082 7 0.750 6 9
PSR Kb p it 777 4 Fo/Fu 0.877 9 4 0.098 2 0.914 4 2

2.6 BHEMEEENZESEASH

D 5 CDC.WDC B8 % Z 53 % 0. 64 F
0.67,CDC 5 WDC % Z%0H 1. 00,3 P48k
T [0 P4 A DG 2R 500850 38 B 4 2 2 /K SF (P <C0. 01) 4 i3
B 3 AN I ik e R V). 20 0l DA 1 7 A4 R
D.CDC.WDC ¥ #4482 28 &, DL 4R ) DC
- Dy B AR S EAT BB B A B, 25 R ER 7

27 A, 3 ANBIE TR R ¥>0.99, P<
0. 01, F B [l 5 J5 FEALL A B2 4 TODN RS 2 & A
AR o ) Al R . phn I H O RS 8 S Y R BT
LS S D SN O 7 S=TIE 5 e e SN TR A
I A X K R AR SRR R PSIT R ROk AL
2m o 5 D.CDC . WDC ¥ % ] /1 6, ol fE Ny
PR IR R R

R7T BHEMRMBHEEERTN

Table 7 Model prediction of drought resistance in alfalfa germplasm materials

eI HERK  HitE FAH P 1{H
Stepwise regression R? Statistic F value P value

D:g(1)/11;)(5)5<2F(2)6)1((2);FX0Il rs)glzg)?gllo-l)éi;;gi 17X, +0. 126X, +0. 138X7; —0. 105X + 0.998 2.106 3 055.46°* 0.000
D= 08 00N 0008 I DX 00N S0y sz oo
WDC=0. 01 + 0. 081X, + 0. 091X3 + 0. 040X, + 0. 091X, + 0. 084X; + 0. 110X + 0.999 2987 4422.76°*  0.000

0.116X,;+0.09X,+0.091X7+0.110X5+0. 087X,

TE X~ Xan 20510 A (5 A R0 SRR bR 5 L A BE I AR L AR K i A X AR R i AL S R AL T B AR R Ky
FIHZEFN PSTT S RO ¥ 77 DC IERME .« « RoRTE 0. 01 KPP RFEAK,

Note:X; —Xj;. Plant height,leaf length,leaf width,leaf area,relative water content, chlorophyll relative content,net photosynthetic rate,

stomatal conductance, transpiration rate, water use efficiency and maximal quantum yield of PS]| of alfalfa germplasm materials, re-

spectively. * x indicate significant at the 0. 01 level.

2.7 BHEMBRMBHNEEIN

WHE D . #i BRI A R T % 52 A ik iak
MEHHETT R G RIS R AEBME 6.5 &L AT LUK 52 4>
MEHR A 5 BB DL LA 12 ARk, 5 E
MOERE 23.08% 5 55 11 284 15 kb, 5 B R
28.8500: 55 254 8 AP KL, 5 SpFRHA 15. 38005
S IVEA 12 MR, b BOR R 23,0805 55 V 3
SRR EEM R 9. 62%. 1MLV
V2R D R4 3k 0. 63,0.56,0. 52,0, 47,
0. 38 M5 D H{E K /INaT K H B 1 43 51 4] 43 A
SO AR 55 IR S .

3o
3.1 HEMFEMHITN T ENERE

ATAE A S [ NS BIE 5 N B3O AR ) o Joi W DB
PEERA PO T R BB S PR T ik 2 R 2
BEo DTTRESERY R R R BOFRN R T
AELEAE S R AR PR A T B LR A R
% s Bellague 5555 F) I 40 31 ok B BF 50 A - A2 K
FUSH 3 A I BGPTSR de i s A S ) R e
B0 Bt 326t 0 H P S P T R M XL I SR AR
A6 il Bl 4 S 5 AT AR SR AR T R T 5 R
RO W45 £ B J5 6 0 2t A AU 5 A i ) R
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Fig. 1 Cluster tree diagram of drought resistance system of alfalfa germplasm based on

comprehensive evaluation of drought resistance
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3.2 BREMEBEMHERNGIE
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A8 BR AR A i 58 40 Al W) PR AR A T RE A
W58 N DR XS AR ) AN [R) AR A B 4 AR 2 b R
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