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Fig. 1 Dynamics of relative water content (RWC) and chlorophyll content in leaf of different drought-

tolerant alfalfa varieties under different drought stress time treatments
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Fig. 2 Dynamics of initial fluorescence (F,) and maximal fluorescence (F ) in leaf of different

drought-tolerant alfalfa varieties under different drought stress time treatments
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Fig.3 Dynamics of potential photochemical efficiency (F,/F,) and the maximal chemical efficiency (F,/F, ) in

leaf of different drought-tolerant alfalfa varieties under different drought stress time treatments
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Fig. 4 Dynamics of photochemical quenching (¢gP) and non-photochemical quenching (gN) in leaf of different
drought-tolerant alfalfa varieties under different drought stress time treatments
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Fig. 5 Dynamics of photochemical quantum yield of photosystem II (Yield) and photosynthetic electron transport rate (ETR)

in leaf of different drought-tolerant alfalfa varieties under different drought stress time treatments
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)and malondialdehyde (MDA) in leaf of different

drought-tolerant alfalfa varieties under different drought stress time treatments
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Table 1 Correlation matrix of every single index in Medicago sativa cv. Longzhong under drought stress



22 GRASSLLAND AND TURF(2019) Vol. 39 No. 1

RWC  Chia  Chib Chla/b F, F F /F, F /F_ qP gN ETR Yield 0,"  H,0, OH® MDA
RWC 1
Chl a 0.828 7 1
Chl b —0.9187—0.869" 1
Chla/b  0.901™ 0.940™ —0.981 7" 1
F, —0.500 "—0.563" 0.627 " —0.637" 1
Fo 0.557 0.395% —0,640 " 0.557 " —0.432° 1
Fo/F,  0.695™ 0.639™ —0.803™ 0.765 —0.819" 0.855 1
Fo/Fn 0.848™ 0.8017 —0.8927 0,885 —0.728" 0.726 ™ 0.912" 1
qP 0.795™ 0.908" —0.872" 0.922™ —0.560 " 0.415" 0.640" 0.777 " 1

gx1

RWC  Chia  Chib Chla/b F, F. F /F, F_ /F_ qP gN ETR Yield 0, H,O,  OH® MDA
gN —0.6047—0.805" 0.716 " —0.804 " 0.507 " —0.180 —0.443" —0.585 "—0.839 " 1
ETR 0.878™ 0.9627 —0.9227 0,961 —0.582" 0.488™ 0.698 0.8337 0.918 —0.793 1
Yield 0.768™ 0.948 —0.85270.928™ —0.540 7 0.373*% 0,608 0.769 0.936 " —0.878 7 0.933 " 1
0," —0.823"—0.686 " 0.886 " —0.828" 0.488 " —0.586 "—0.673"—0.716 "—0.705" 0.586 " —0.807 "—0.659 " 1
H,O0p  —0.8767—0.685 " 0.930" —0.852"™ 0.516 ™ —0.666 “—0.741 “—0.790 “—0.701™ 0.510 ™ —0.796 “—0. 641" 0.959 ™ 1
OH" —0.907 7—0.778 7 0.956 " —0.913 7 0.524 7 —0.612 7—0.723 7—0.818 7—0.763 " 0.655 " —0.854 7—0.740 " 0.930 0.961 " 1
MDA —0.9087—0.792"70.981 7 —0.936 7 0.551 7 —0.650 “—0.759 7—0.835 7—0.804 " 0.641 " —0.871 7—0.764 7 0.928 0.969 0.9747 1

xR RTE 5% 1%KL R
*2 TEDETHRFEESIWEEREXREER
Table 2 Correlation matrix of every single index in Medicago sativa cv. Longdong under drought stress

RWC Chl a Chlb  Chlalb F, F. F,/F, F//F_ qP gN ETR Yield 0, H,O,  OH® MDA
RWC 1
Chl a 0.867 1
Chl b —0.928 7—0.820" 1
Chla/b  0.933™ 0.9147 —0.979™ 1
F, —0.182 —0.285 0.159 —0.204 1
F, 0.773™ 0.694" —0.849 ™ 0.836 " 0.226 1
F/F,  0.801™ 0.815™ —0.854™ 0.877" —0.430" 0.760 " 1
F/F. 0.795™ 0.808™ —0.855" 0.879 —0.397" 0.766" 0.980 " 1
qP 0.874™ 0.964" —0.857 " 0.933™ —0.242 0.736" 0.828" 0.820" 1
gN —0.8557—0.950" 0.819" —0.893 " 0.334 —0,650"—0.805""—0.778"—=0.915" 1
ETR 0.886 ™ 0.986™ —0.859 " 0.933™ —0.240 0.738™ 0.828™ 0.817" 0.956 " —0.950"" 1
Yield 0.852™ 0.966 " —0.830 " 0.914™ —0.283 0.671™ 0.793™ 0.797" 0.967 " —0.9327 0.952 " 1
0, —0.886"—0.706" 0.903 " —0.850 " 0.125 —0,727 "—0.695"—0.670 "—0.722" 0.730 " —0.757 "—0.699 " 1
H,0, —0.9147—0.744 7 0.957 —0.906 " 0.154 —0,789 "—0.7927—0.789 7—0.768 " 0.758 " —0.795 "—0.750 " 0.974 " 1
OH" —0.9457—0.835"0.965" —0.952"" 0.148 —0,818 "—0.813 "—0.799 "—0.853 " 0.825"™ —0.856 "—0.829 " 0.930 " 0.955" 1
MDA —0.9387—0.82670.960 " —0.939" 0.186 —0.783"—0.799 "—0.780 7—0.840" 0.838 " —0.8627—0.82270.975 0.9817 0.9737 1

£33 FEBETHEHRISEZENMEBMEREXREER
Table 3 Correlation matrix of every single index in Medicago sativa cv. Gannong No. 3 under drought stress

RWC Chl a Chlb  Chla/b F F. F,/F, F//F qP gN ETR Yield 0, H,0, OH® MDA
RWC 1
Chl a 0.859 ™ 1
Chl b —0.883"—0.876" 1
Chlia/b  0.900™ 0.937" —0.985™ 1
F, —0.570 %—0.702" 0.487 " —0.599 ™ 1
Fo 0.695™ 0.624" —0.873™ 0,788 —0.126
FJ/F,  0.841™ 0.876" —0.934 ™ 0.934 ™ —0.660" 0.825 " 1
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FJ/F 0.842™ 0.864" —0.932" 0.930 ™ —0.599 " 0.819™ 0.966 1
qP 0.751™ 0.753" —0.872" 0.840™ —0.310 0.852" 0.821" 0.798" 1
gN —0.8017—0.8447 0.771 —0.825 " 0.686 " —0.533 "—0.799 7—0. 844 7—0.512" 1
ETR 0.874™ 0.903 —0.96570.965™ —0.5320.817™ 0.921™ 0.916" 0.784 " —0.848 " 1
Yield 0.892™ 0.963™ —0.944 ™ 0.975™ —0.644 7 0.738™ 0.919™ 0.890™ 0.842" —0.797 " 0.939 " 1
0,” —0.755"—0.724 " 0.912" —0.849™ 0.215 —0,960 "—0.846 “—0.823 —0.924 ™ 0.525 " —0.850 "—0.824" 1
H,O0p  —0.7027—0.679 " 0.869 " —0.806 ™ 0.170 —0,923"—0.792 "—0.757 “—0.932™ 0.425" —0.770 *—0.789 ™ 0.980 ™ 1
OH " —0.7537—0.746 7 0.909 7 —0.862" 0.275 —0.907 “—0.839 7—0.798 7—0.925" 0.513"" —0.829 7—0.841"70.969 " 0.980 " 1
MDA —0.7777—0.77170.921 7 —0.871" 0.272 —0.940 "—0.864 7—0.838 7—0.935" 0.547 7 —0.857 "—0.857 7 0.993 0.984 7" 0.979 1

FRLAT TR T R e B E bR
PESE 1 A K/ F & gN | Yield .Chl a.qP .
ETR.5 2 EMA /NG EERZ F, WA ERH S
2 38 5 Ol R R AF G I MR . e Bl R 1S BT R
55 1FE R KNI FEE R Chib \OH™ \MDA . Chl a/b .

H, O, , 1] LIMESE Ay i 4 3 K B i o S0 Ak R 7 s e TR
SEHBEH RS 1 M4 KW EERE HO,.,
O, \MDA.F, .OH" , A # 45 Jy I i i 48 A0 15 i
AN UEBE AR B S R AR 3 S5 B 1S5 2 1A K/ ER
EF, (&L,

x4 TEMETENEHEERMEINSBEOERTHKE

Table 4 Eigenvectors and percentages of accumulated contribution of principal components in different

drought-tolerant alfalfa varieties under drought stress

[ VASRRER V% NER i 3 5E

A1 A 2 A1 A 2 A1 A 2
RWC 0. 649 0. 650 0. 937 0.191 0.579 0. 709
Chl a 0. 881 0. 383 0. 842 0. 430 0.514 0. 810
Chl b —0.694 —0.706 —0.966 —0.138 —0.776 —0.609
Chl a/b 0. 803 0.588 0. 957 0. 248 0.679 0.717
F, —0. 389 —0.564 0. 020 —0.930 0. 065 —0.921
F. 0. 020 0.911 0.912 —0.178 0.931 0. 239
F,/F, 0. 310 0. 877 0. 800 0. 460 0. 664 0. 706
F./F, 0.538 0. 765 0.798 0. 438 0. 646 0. 706
qP 0.871 0. 386 0. 868 0.374 0. 876 0.348
gN —0.917 —0.129 —0.823 —0.451 —0. 281 —0. 888
ETR 0. 837 0. 500 0. 881 0.367 0.674 0. 692
Yield 0.916 0.318 0. 835 0. 426 0. 645 0.733
0, —0.534 —0.712 —0.910 —0.020 —0.951 —0.293
H, 0, —0.476 —0. 807 —0.943 —0.073 —0. 966 —0. 210
OH" —0.611 —0.720 —0. 965 —0.122 —0.925 —0. 321
MDA —0.612 —0. 744 —0. 957 —0. 141 —0.934 —0.341
EE0X(:N 12.437 1. 486 12. 954 1.363 13.047 1. 848
BT/ % 77.733 9.290 80. 959 8.517 81.545 11. 547
FHESE/ % 77.733 87.023 80. 959 89. 477 81.545 93,092
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Effects of drought stress on chlorophyll fluorescence
parameters and lipid peroxodation in
alfalfa seedlings

ZHANG Cui-mei,SHI Shang-li,CHEN Jian-gang

(College of Grassland Science ,Gansu Agricultural University/Key Laboratory for Grassland Ecosystem
of Ministry of Education/ Pratacultural Engineering Laboratory of Gansu Province/Sino-U. S.
Centers for Grazing Land Ecosystem Sustainability ,Lanzhou 730070 ,China)

Abstract; The effects of drought stress on photosynthetic physiology and lipid peroxidation in leaf of differ-
ent drought-tolerant alfalfa (Medicago sativa) varieties,including LLongzhong (strong drought-tolerant) ,lLong-
dong (moderate drought-tolerant) and Gannong No. 3 (drought-sensitive) , were studied through sand culture
experiment in glasshouse. The changes of relative water content (RWC) ,chlorophyll content,the levels of reac-
tive oxygen species (O, "~ ,H,0, and OH " ) and malondialdehyde (MDA) ,and chlorophyll fluorescence param-
eters were measured under drought stress stimulated by polyethylene glycol (PEG-6000) with the water poten-
tial of —1.2 MPa at 0,3,6,9 and 12 days of treatment. The results showed that, with the prolonging of stress
time, RWC,chlorophyll a content,chlorophyll a/b ratio, maximum fluorescence (F ) .potential photochemical
efficiency (F,/F,),maximal chemical efficiency (F,/F,),photochemical quenching (¢gP),photochemical quan-
tum yield of photosystem [I (Yield) and photosynthetic electron transport rate (ETR) in leaf of tested varie-
ties decreased gradually, while the levels of O, " ,H,0O,,OH" and MDA increased continuously. However, the
increase amplitudes of H, O, and MDA and the decrease amplitudes of RWC,chlorophyll a content,F,.F /F,,
F./F..Yield and ETR in leaf of Longzhong were lower than those of LLongdong and Gannong No. 3. Simple
correlation analysis showed that there were significant negative correlation between RWC,Chl a ,Chl a/b,F ., ,
F,/F.,qP,ETR,Yield and O, ,H,0,,0OH" ,MDA. Principal component analysis indicated that chlorophyll
fluorescence characteristic factor (including qN, Yield,Chl a ,qgP and ETR) was responsive for the drought-tol-
erance of Longzhong, while the drought-tolerance of Longdong and Gannong No. 3 were mainly affected by
membrane lipid peroxidation factor (including OH" ,H,0,.,0, " and MDA). Overall, the variations in chloro-
phyll fluorescence parameters of LLongzhong were less affected by drought stress than those in LLongdong and
Gannong No. 3. The stronger water retention capacity and lower degrees of photosynthetic apparatus damage
and lipid peroxidation might contribute to the greater drought-tolerance of Longzhong.

Key words: alfalfa; drought stress; chlorophyll fluorescence parameters;lipid peroxodation;reactive oxygen

species (ROS)



