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Evaluation of the Salt Resistance on Agropyron Germplasm at Seedling Stage
Based on Chlorophyll Fluorescence Parameters and Physiological Indicator

WEI Ya-qin', GUO Mei-ying', LIU Ya-ling®, LIU Xi-qgiang®, ZHAO Yan"

(1. College of Grassland Science, Inner Mongolia Agricultural University, Key Laboratory of Grassland Resources (IMAU), Hohhot, Inner
Mongolia 010010, China;2 . Institute of Ecological Protection and Restoration, Chinese Academy of Forestry/Grassland Research Center,
National Forestry and Grassland Administration, Beijing 100091, China; 3. Inner Mongolia Pratacultural Technology Innovation Center Co. ,
Ltd, Hohhot, Inner Mongolia 010070, China)

Abstract: To identify salt-tolerant germplasm resources of Agropyron cristatum, this study subjected 31 germ-
plasm samples to salt stress treatment with a soil salt content of 0. 9%. Chlorophyll fluorescence parameters
(phi2, NPQt, qL, Fv/Fm, Fo, Fm, Y(NPQ), Y(NO), and Y(ID)) and physiological indicators (MDA,
Pro, SS, and POD) were determined, and their salt tolerance was comprehensively evaluated using correlation
analysis, principal component analysis (PCA), and cluster analysis. The results showed that the coefficient of
variation of the measured indicators of 31 samples ranged from 0. 03 to 0. 99. PCA indicated that the contribu-
tion rates of the top four principal components were 43.152%, 22.847%, 9.746% , and 8.882% , respec-
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tively. Cluster analysis suggested that the first group had higher photosynthetic efficiency and POD activity,
and lower MDA content; the second group had moderate photosynthetic rate; the photosynthesis and physi-
ological indices of the third group were severely affected. Based on PCA and cluster analysis, combined with
changes in physiological responses, six salt-tolerant Agropyron germplasm (20-02, 20-03, 20-06, 20-08, 20-
11, 20-17) were screened, most of which belonged to A. latissimum. In conclusion, the salt-tolerant germ-
plasm obtained in this study could be used as the candidate materials for the breeding of new varieties of Agropy-
ron, and also provide germplasm resources for the exploration of excellent salt-tolerant genes.

Key words: Agropyron cristatum ; Salt tolerance ; Chlorophyll fluorescence parameters ; Physiological index
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Table 1 Test materials and sources
415 Number $1 T4 Latin name s Locality 245 Latitude and longitude
20-01 JiHEIKEE Agropyron cristatum (L.) Gaertn KYRBILHEE EZ H#HE4 Bayan Gol Gacha, Dong Ujimgin Banner 46°09'N,118°17'E
20-02 Ji B VK E Agropyron cristatum (L.) Gaertn EMRIE T K 354 Chagda Village, Huolin Gol City 45727'N,119°30'E
20-03 J YK Agropyron cristatum (1..) Gaertn 75 S BR B U0 R P FIBE B R Z K Yihe Tasarhai Village, Xi Ujimqin Banner 44°36'N,117°38'E
20-04 L VKE Agropyron desertorum (Fisch.) Schult I JE B A BE AP B4 3% SR F 5 Simberlin Woborjod , Sonid Left Banner 4350'N,113"38'E
20-05 J YK Agropyron cristatum (1..) Gaertn SUAFFERE IR AL F Beijingzi, Keshiketeng Banner 42°58'N,116'48'E
20-06 J B VKE Agropyron cristatum (L.) Gaertn P B BRI HEG RIS 5% /R Z 4 Yihetasarhai Village, Xiwuzhumugin Banner 44736'N, 117°38'E
20-07 TR VK Agropyron desertorum (Fisch.) Schult 5 Je 5 2 MW 935 ¥ i Lama Tuyin Hundi, Sonid Left Banner 447T1'N, 113724'E
20-08 VK EE Agropyron cristatum (L.) Gaertn 34t £ 5 2 Nanliangdi, Zhangbei County 41°35'N,11459'E
20-09 R YKE Agropyron cristatum (1..) Gaertn A 51T 1 B Wuchuan County, Hohhot City 41°08'N, 111°41'E
20-10 UK Agropyron cristatum (L.) Gaertn B2 5 A 1 F E E Siziwang Banner, Ulangab City 42°06'N,112°11'E
20-11 T VK Agropyron desertorum (Fisch.) Schult FJe 5 M MR IR Bayan Gen Hudug, Sunid Left Banner 43°33'N,113'15'E
20-12 I KE Agropyron desertorum (Fisch.) Schult BRI A7 3 %8 5 & Tongliao County, Horgin Right Middle Banner 45715'N, 121°32'E
20-13 T VK Agropyron desertorum (Fisch.) Schult i 2 1 HE B 185 4 Dubolejin, Abaga Banner 43751'N, 114°47'E
20-14 i BV E Agropyron cristatum (L..) Gaertn oA S HEZ M Jingpeng Town, Keshketeng Banner 4319'N,11729'E
20-15 J YK Agropyron cristatum (1..) Gaertn By 5T E ST IR K Baoligen Sumu, Xilin Hot City 43°56'N,116°05'E
20-16 WL VKR Agropyron desertorum (Fisch.) Schult A JE 5 72 HEFF 4 ] Baixingtu, Sunid Left Banner 44°13'N,113°22'E
20-17 J YK Agropyron cristatum (1..) Gaertn RO TRBINEE E & #/E 4 Bayan Gaol Gech, Dong Ujimqin Banner 45"44'N,118°33'E
23-18 UWHUKE Agropyron desertorum (Fisch.) Schult Bk RET 5 R 95 A Baoligen Sumu, Xilin Hot City 43°56'N,116'4'E
23-19 J B YKE Agropyron cristatum (1..) Gaertn LTSS I T Jingpeng Town, Keshketeng Banner 4319'N,117°29'E
23-20 Sl KE Agropyron mongolicum Keng Bk R 5 R 95 A Baoligen Sumu, Xilin Hot City 43°56'N, 116°4'E
23-21 B YKE Agropyron cristatum (1..) Gaertn LA T Y R IE4AR A Haolaihure Sumu, Keshiketeng Banner 42733'N,116731'E
23-22 Sl VKE Agropyron mongolicum Keng TE T HE 1 AR Shangdu Town, Zhenglan Banner 42°15'N,11559'E
23-23 TR VKE Agropyron desertorum (Fisch.) Schult i [ ML € i A ¥F 1845 Naomuhan Gech, Abag Banner 43°04N, 113°27'E
23-24 ik Agropyron cristatum (L.) Gaertn i1 1Rk KB Sangendalai Town, Zhenglan Banner 42°41'N 11557 'E
23-25 J YK Agropyron cristatum (1..) Gaertn T FERE TEZH 4 Jingpeng Town, Keshketeng Banner 4319'N,117°29'E
23-26 Ik Agropyron cristatum (L.) Gaertn i B AU Manhan Town, Liangcheng County 40°37'N,112°05'E
23-27 J YK Agropyron cristatum (1..) Gaertn B 5T E JIFR K Baoligen Sumu, Xilin Hot City 43756'N, 116°05'E
23-28 W HIKE Agropyron desertorum (Fisch.) Schult W BV A5 77y & % Bieligutei Town, Abag Banner 44°01'N,114°58'E
23-29 JRHEIKEE Agropyron cristatum (L.) Gaertn E SRR Sanggen Dalai Town, Zhenglan Banner 42°41'N, 11557’
23-30 T VK Agropyron desertorum (Fisch.) Schult FJe 5 A HEE #R AL Mandula Town, Sunite Left Banner 43°51'N,113739'E
23-31 W HIKE Agropyron desertorum (Fisch.) Schult FJe 4542 AR 0 BB Mandula Town, Sunite Left Banner 43°51'N,113739'E
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Table 2 Statistical analysis of various indicators of

31 Agropyron germplasm
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Index AMean=(ST—WT) L L

deviation variation

SS 17.13 3.39 0.20
MDA 42.05 14.33 0.34
Pro 14.73 14.60 0.99
POD 415.50 49.86 0.12
Phi2 0.70 0.02 0.03
qlL 0.67 0.05 0.08
NPQt 0.43 0.18 0.42
Fv/Fm 0.77 0.02 0.03
Fo 11.22 2.92 0.26
Fm 24.84 5.46 0.22
Y (NPQ) 0.09 0.03 0.34
Y (NO) 0.22 0.02 0.09
Y (1D 0.70 0.02 0.03
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Note: SS, soluble sugar; MDA, malondialdehyde; Pro, proline;
POD, Peroxidase; Phi2, actual photochemical efficiency of photosys-
tem II; gl, photochemical quenching coefficient; NPQt, non-photo-
chemical quenching coefficient; Fv/Fm, maximum photochemical effi-
ciency; Fo, Initial fluorescence; Fm,Maximum fluorescence; Y (NPQ),
quantum yield of non-photochemical quenching; Y (NO) , quantum
yield of non-regulated energy dissipation in photosystem I1; Y (II) ,
actual quantum yield of photosystem 1I; ST, Salt stress treatment; CK,
Treatment with clear water;the same as below
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Fig.1 Correlation analysis of fluorescence parameters and
physiological indicators of 31 Agropyron germplasm
TE i F A SE (P<0. 05) , 4 W A 5 (P<< 0. 01)
Note: * means significant correlation at the 0.05 level; ** means

extremely significant correlation at the 0. 01 level
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Table 3 Score and load of principal component factors in each index

sk 1543 Score 4%t Load
Index LIRS H2EMG WITMS BATRS BI1ERS H2ERS FEIERS FAERS
PC1 PC2 PC3 PC4 PC1 PC2 PC3 PC4
SS 0.02 0.158 0.188 0.389 0.114 0.469 0.238 0.449
MDA 0.032 0.090 —0.508 —0.354 0.180 0.266 —0.644 —0.409
Pro 0.055 0.085 0.540 —0.150 0.308 0.253 0.684 —0.174
POD —0.011 —0.175 0.087 0.549 —0.060 —0.520 0.110 0.634
Phi2 —0.124 0.219 —0.117 0.171 —0.698 0.650 —0.149 0.197
qL 0.112 0.198 —0.219 0.305 0.629 0.589 —0.277 0.352
NPQt 0.173 —0.068 —0.045 0.062 0.972 —0.203 —0.057 0.072
Fv/Fm —0.174 0.063 0.050 —0.056 —0.976 0.186 0.063 —0.065
Fo 0.123 0.202 0.163 —0.125 0.687 0.601 0.206 —0.144
Fm 0.073 0.247 0.219 —0.191 0.408 0.734 0.278 —0.220
Y (NPQ) 0.164 —0.097 —0.067 —0.006 0.918 —0.288 —0.085 —0.007
Y (NO) —0.151 —0.102 0.195 —0.234 —0.847 —0.302 0.247 —0.270
Y (D) —0.124 0.219 —0.117 0.169 —0.697 0.651 —0.149 0.195
FFAEAR Eigenvalue 5.61 2.970 1.267 1.155
T3 22 TR 43.152 22.847 9.746 8.882
Proportion of variation/ %
Fitpk % 43.152 65.999 75.745 84.627

Cumulative proportion/ %
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