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Physiological Response and Saline-alkali Tolerance Evaluation of
Pyrus betulifolia Resources under Saline-alkali Stress
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DONG Xing-guang', ZHANG Ying', QI Dan', XU Jia-yu', LIU Chao'
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Abstract: To unlock the physiological responses of P. betulaefolia Bunge germplasm resources and identify
the elite resources under saline-alkali stress conditions, >3000 seedling plants from 17 betulaefolia Bunge
accessions in Gansu, Shanxi and Liaoning provinces were analyzed. The physiological indexes under the mixed
stress treatments of neutral salt and alkaline salt were measured, followed by statistical analysis ( principal
component analysis, heat map, cluster analysis and stress coefficient ). In P. betulaefolia Bunge plants showing
strong tolerance, the antioxidant enzyme activity and proline content increased significantly after treatments.
Under 300 mmol/L salt-alkali stress, the SOD activity in P. betulaefolia-Hedi 3 and P. betulaefolia-Pinglu 1
was observed with increase up to 75.04% and 70.04%, respectively. The increase on the POD activity in P.
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betulaefolia-Gansu 1 and P. betulaefolia-Hedi 1 was detected up to 1136.11% and 742.86%, respectively. In P,
betulaefolia-Gansu 15 and P. betulaefolia-Gansu 4 a significant increase ( 344.58% and 343.42%, respectively )
on the CAT activity was detected. Moreover, the significant increase on proline content were observed in P.
betulaefolia-Pinglu 2, P. betulaefolia-Hedi 1 and P. betulaefolia-Hedi 3 and MDA content were observed in P,
betulaefolia-Gansu 16, P. betulaefolia-Gansu 13 and P. betulaefoli-Gansu 1. Except for P. betulaefolia-Gansu
13 that showed salt damage at low concentration ( 100 mmol/L ) under saline-alkali stress, other P. betulaefolia
Bunge resources showed degrees of salt damage under 300 mmol/L. By deployment of the principal component
analysis, P. betulaefolia-Hedi 1, Pbetulaefolia-Hedi 3, P. betulaefolia-Pinglu 1, P. betulaefolia-Gansu 15 and P,
betulaefolia-Shanxi 1 showed strong salt-alkali resistance. Based on heat map and cluster analysis, it was found
that P. betulaefolia-Gansu 4, P. betulaefolia-Gansu 15, P. betulaefolia-Pinglu 1, P. betulaefolia-Hedi 1 and P.
betulaefolia-Hedi 3 had strong salinity tolerance. The coefficient analysis suggested that P. betulaefolia-Gansu
1, P. betulaefolia-Hedi 1, P. betulaefolia-Gansu 16, P. betulaefolia-Gansu 4, P. betulaefolia-Gansu 15 showed
strong salt and alkali tolerance. Taken together, P. betulaefolia Bunge. P. betulaefolia-Hedi 1 and P. betulaefolia-
Gansu 15 are qualified with high saline-alkali resistance, whereas P. betulaefolia-Gansu 13 is saline-alkali
sensitive.

Key words: P. betulaefolia Bunge ; salt-alkali stress; physiological response ; comprehensive evaluation
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Tablel Name, origin and geographic coordinates of test materials

R FR SRAEH I 2% (E) HiEE(N)
Material name Locality Longitude latitude
HiMkAL 1 P betulaefolia-Gansul Hoktas ok 104.800° 34.760°
HlkAL 2 P betulaefolia-Gansu2 Hfr s Kok 104.800° 34.760°
HiliktAL 4 P betulaefolia-Gansu4 Hilt )k 104.800° 34.761°
Ttk 7 P betulaefolia-Gansu7 HNAE R T 108.282° 35.265°
Hilkt2L 13 P betulaefolia-Gansul3 Hokra 2 104.056° 37.126°
HiltkLAL 14 P, betulaefolia-Gansul4 il 2 104.056° 37.126°
Hif#EL 15 P betulaefolia-Gansul5 HA sk 100.224° 38.503°
HiltkAL 16 P, betulaefolia-Gansul6 ENEEE S ] 100.216° 38.504°
H##EL 17 P betulaefolia-Gansul7 L K S 100.224° 38.503°
FRfikEAL 1 P betulaefolia-Pinglul IR =] 111.072° 34.575°
ERAAL 2 P betulaefolia-Pinglu2 IR g O] 111.063° 34.572°
FFEkEL 3 P betulaefolia-Pinglu3 IPEESe= it} 111.054° 34.570°
IPEAEEL 1 P betulaefolia-Shanxil SERS R PRS ) i) 120.440° 40.370°
IIFEREL 3 P betulaefolia-Shanxi3 I T T 120.440° 41.370°
TEAEEL 1 P betulaefolia-Hedil 1T AR kT 120.440° 41.370°
TEFZL 3 P betulaefolia-Hedi3 1A 2k 120.440° 41.370°
KbkZ kAL P betulaefolia-Tailinxiang LT 120.440° 41.370°

W PEAAL 1AL PE AL 3 T 2007 4R L PEI RS AGL T

P, betulaefolia-Shanxil and P. betulaefolia-Shanxi3 was introduced into Liaoning from Qinyuan, Shanxi in 2007
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Fig.1 Growth of P.betulaefolia Bunge seedlings under
different concentrations of salt-alkali stress
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Table 2 Leaf salt damage index of P.betulaefolia under different concentrations of saline-alkali stress

L2 K ERIRIKRE ( mmol/L ) Salt damage concentration
Material name 100 300
Hifkt3L 1 P betulaefolia-Gansul 1.13+0.02 fg 2.89+0.10 gh
HifktAL 2 P betulaefolia-Gansu2 0.93 +0.02 bed 2.81+0.19 fg
HifHE 4 P betulaefolia-Gansus 125+0.04h 2.49+0.04 be
Hili#EL 7 P betulaefolia-Gansu7 0.95 +0.06 cde 2.79+0.13 fg
Hili#3L 13 P, betulaefolia-Gansul3 2.11£0.02k 3.00+0.03 h
HiRHLEL 14 P betulaefolia-Gansul4 1.11 £ 0.07 fi 2.57£0.10 bed
g
HiRHLEL 15 P betulaefolia-Gansul 5 1.07 £ 0.06 egh 245+0.13b
Hiftkt3L 16 P betulaefolia-Gansul6 1.76 £0.10 j 2.69 +0.02 def

Hili#tAL 17 P betulaefolia-Gansul7
FREALEL 1 P betulaefolia-Pinglul
FEALEL 2 P betulaefolia-Pinglu2
TREAEZL 3 P betulaefolia-Pinglu3

W HEL 1 P betulaefolia-Shanxil
tiPGkLEL 3 P betulaefolia-Shanxi3
WEMZEL 1 P betulaefolia-Hedil
WML 3 P betulaefolia-Hedi3

KW ZH#EL P betulaefolia-Tailinxiang
FAi F value

2EM  Significance

1.01 +0.08 def

2.71 £ 0.11 def

0.93 £ 0.05 bed 2.59 £ 0.02 bede
0.88 +£0.12 abc 2.74 £ 0.09 efg
1.37+0.021 2.77+0.01 fg
0.78£0.12a 2.47+0.04b
1.05 + 0.04 def 2.64 £ 0.07cdef
0.82 £ 0.05 ab 225+0.06a

0.93+0.11 bed

2.55+0.06 bed

1.19+0.03 gh 2.88+0.11 gh
75.250 13.286
0 0

+ HEEAE RSP ERBRER . AR 5 B RREAR ] 22 55 3 i 2K F- (P<0.05), T IF]

Data before and after + represent mean value and standard deviation respectively.The letters mean significant difference among samples at 0.05 level,

the same as below

2.2 HEMEXNHBELEEH A A _BSEMNHI
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T, H MDA o 1R 22 099608 - i
FEFL 2 SERGAEARL 1, 20000 BT T 177.31% ,144.23% 5
MDA & i F R Z M EH N 17, TRET
60.39% , FU Ry HR AR 2 FTH R AR R 13, 4350 F
[T 57.20% #1 54.00%. 300 mmol/L Eh A T,
MDA F i B B THR 2 1 52 HoR AL 16
Hom AR B3 H A AR L, 5 B T 758.15% .

383.72%.224.17%; MDA & N[ Z i Hirk:
A7, FRET 64.51% , H YOI PG AERL 3 Rl AL
L1y H R T 39.43% A1 35.42% ., W] WL, 24 ER B
WeRE BT, MDA 5 f8 b FHi B B S O AN ik
PR AALEEIE ) MDA SRR LR BE .

R A B A A, HOR AR AL LOH R A AL 4
H kAL 7 H AR AL 14 H R AL 15 H R R
FL16 H MR 17 SRR AL 1Ll pg A AL 3 KA
2 KB MDA 5 5 80 B g AR 1k, H b oH i R
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Fig.2 Changes of MDA content of P.betulaefolia Bunge accessions under salt-alkali stress
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Fig.3 Changes of SOD activity of P.betulaefolia Bunge accessions under salt-alkali stress
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Fig.4 Changes of POD activity of P.betulaefolia Bunge accessions under salt-alkali stress
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Fig.5 Changes of CAT activity of Pbetulaefolia Bunge accessions under salt-alkali stress
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Fig.6 Changes of proline content of P.betulaefolia Bunge accessions under salt-alkali stress
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Table 3 Principal component analysis of salt and alkaline tolerance of P.betulaefolia Bunge resources

MR R ER %) 2 BRI 53 ERGY 35 e
Material name PCl1 PC2 PC3 Score Rank
Hif#EL 1 P betulaefolia-Gansul -0.75 2.30 -2.11 -1.04 13
HilkEL 2 P betulaefolia-Gansu2 -0.37 0.00 -0.10 -0.94 12
Hilik3L 4 P betulaefolia-Gansud -0.18 0.38 0.71 0.66 7
Hilk3EL 7 P betulaefolia-Gansu7 -0.79 -1.00 -0.16 -3.04 15
HiliEL 13 P betulaefolia-Gansul3 -1.63 -0.35 -0.98 -4.95 17
HilkEL 14 P betulaefolia-Gansu14 -0.20 -0.91 -0.34 -1.75 14
HliAEL 15 P betulaefolia-Gansul 5 0.58 -0.06 0.40 1.62 4
HilkEL 16 P betulaefolia-Gansul6 -1.56 1.48 2.07 -0.05 9
HilHAL 17 P betulaefolia-Gansul7 0.12 -0.56 0.18 -0.19 10
FEFEL 1 P betulaefolia-Pinglul 0.07 0.52 1.33 1.94 3
FliktEL 2 P betulaefolia-Pinglu2 0.27 -0.61 0.48 0.38 8
PREFEAL 3 P betulaefolia-Pinglu3 0.16 -1.03 0.17 -0.62 11
thPGkLEL 1 P betulaefolia-Shanxil 1.17 -0.84 -0.48 1.29 5
WiPEAtEL 3 P betulaefolia-Shanxi3 0.84 -0.79 -0.34 0.72 6
VJEREEL 1 P betulaefolia-Hedil 2.40 1.64 -0.64 6.69 1
VJEREEL 3 P betulaefolia-Hedi3 0.70 0.33 1.05 2.91 2
KM ZHEL P betulaefolia-Tailinxiang -0.85 -0.51 -1.26 -3.63 16
FIRAZ (% ) Contribution rate 45.4 22.1 17.9
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Fig.7 Salinity and alkali tolerance heat map ( A ) and clustering ( B ) analysis of Pbetulaefolia Bunge resources
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Table 4 Analysis on the salt-alkaline resistance coefficient

of P.betulaefolia Bunge resources

EARUER 4

Adversity resistance

AR TR

Material name

coefficient
HiliHEL 1 P betulaefolia-Gansul 3.96
VJEKEEL 1 P betulaefolia-Hedil 2.70
Hili#3L 16 P, betulaefolia-Gansul6 245
HiHEL 4 P betulaefolia-Gansud 2.42
Hili#AL 15 P betulaefolia-Gansul5 2.04
VJEALZL 3 P betulaefolia-Hedi3 2.02
FREiAEEL 1 P betulaefolia-Pinglul 1.81
W EHZEL 3 P betulaefolia-Shanxi3 1.56
Hili#t3L 14 P betulaefolia-Gansul4 1.54
VREiMEL 2 P betulaefolia-Pinglu2 1.15
HiHEL 2 P betulaefolia-Gansu2 1.12
Hilf# 3L 17 P betulaefolia-Gansul7 1.09
KW ZHEL P betulaefolia-Tailinxiang 1.08
W PEREL 1 P betulaefolia-Shanxil 1.05
HilkEL 7 P betulaefolia-Gansu7 0.89
FEiAEEL 3 P betulaefolia-Pinglu3 0.80
Hil#EL 13 P betulaefolia-Gansul3 0.75
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