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Abstract: To investigate the winter cold resistance of cultivated Zanthoxylum bungeanum varieties in Hebel province, one—
year—old branches of different Zanthoxylum bungeanum varieties from Fuping, Tangxian, Pingshan, Shexian, Shijiazhuang,
and Guangzong were collected to measure relative conductivity and calculate the half lethal temperature. Additionally, five
Zanthoxylum bungeanum varieties including Xinglongqiujiao, Zhaocangshanjiao, Baishajiao, Jijiao 1, and Wucijiao 1 were used
as test materials. Seven temperature gradients(-5, -10, -15, =20, -25, =30, and -35 “C) were established to study changes of
the physiological indicators such as malondialdehyde(MDA), proline(Pro), superoxide dismutase(SOD), peroxidase(POD), and
catalase(CAT) in Zanthoxylum bungeanum branches under varying low—temperature stress conditions, with an analysis of
correlations among the indicators. The results showed that significant differences in cold resistance were observed among
Zanthoxylum bungeanum varieties from different collection sites, with Qiujiao from Guangzong exhibiting the highest cold
resistance and Shanxi Laopojiao from Pingshan exhibiting the lowest. Short—term low temperatures in the field during winter had
minimal impact on Zanthoxylum bungeanum frost damage, but prolonged exposure led to a cumulative effect, gradually
increasing branch conductivity. Under low-temperature stress, MDA and Pro content in Zanthoxylum bungeanum branches
initially rose and then declined, while antioxidant enzyme activity(SOD, POD, and CAT) followed a similar trend, the
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magnitude of variation differed among varieties. The correlation analysis results showed that there were differences in the

correlation between physiological indicators of different varieties, and there was a strong correlation between MDA and three

antioxidant enzymes(SOD, POD, and CAT).

Keywords: Zanthoxylum bungeanum; half lethal temperature; cold resistance mechanism; conductivity; antioxidant enzyme
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Tab.1 Comparison of cold resistance of Z. bungeanum varieties from different collection locations in 2022

R AR i ol Logistic [a] )= J5 & LB (L T,,)/C A RE

Collection location Variety Regression equation Half lethal temperature Correlation coefficient

EOSF Fuping INET R y=100/(1+7.079¢ "% ) -22.68 0.79

=) INET AR y=100/(1+8.024¢ ") -22.34 0.70

Tangxian i y=100/(1+3.171e 10507) -21.04 0.86

TR y=100/(1+8.967¢ "11#2") -19.55 0.84

IR LA y=100/(1+7.056¢ """ *") -18.26 0.97

B y=100/(1+8.276e "117%) -18.34 0.92

il Wik y=100/(1+12.444¢ 031 %) -19.25 0.94

Pingshan INEERL y=100/(14-8.670¢ 11497 ~18.80 0.86

PN y=100/(1+8.313e *1105) -18.13 0.94

KELTH y=100/(1412.231¢ %) -16.41 0.83

CLPE ) R ZLHL y=100/(1+16.440e " 5") -16.32 0.93

(Ll 7y) 22 2 y=100/(149.851e"193%) -14.86 0.88

wE fRA y=100/(1+6.113e ") -21.42 0.81

Shexian INELHR y=100/(1+7.228¢ *1%35) -19.11 0.89

pAR y=100/(1+8.031e1101x) -17.94 0.95

SRUT 0 y=100/(1-+9.024e *1#75) -17.25 0.91

15 y=100/(1+7.438¢ "'* ") -16.24 0.92

T y=100/(1+5.869¢ ") -15.80 0.86

o 1 TG y=100/(1+13.173¢ %7 7) -15.56 0.92

JUoR R y=100/(1+7.311e ") -24.71 0.75

Guangzong HIHR y=100/(1+45.949¢ *07 6r) -23.28 0.81

SRUT 0 y=100/(1+8.600e ") -22.18 0.90

IR R LA y=100/(1+6.288¢ ") -20.99 0.95

LIRENIIE:S y=100/(1+8.721e 1% -19.53 0.87

I y=100/(1+8.800¢ *12"8") -18.00 0.93

AR (241 ) B y=100/(1+4.719¢ "% *") -22.35 0.75

Shijiazhuang KA y=100/(1+46.480¢ %% ) -22.06 0.73

LIReNIIE:S y=100/(1+5.729¢ "7 ™) -21.90 0.82

H y=100/(1+5.595¢ "% ™) -21.34 0.71

(ELF ) /NEL A y=100/(1+8.611e 177 ™) -20.00 0.93

W3S y=100/(1+8.045e 1" ™) -19.73 0.71

(W B )R ELLHL y=100/(1+3.999¢ "™ *") -18.68 0.95

Lk y=100/(1+4.280¢ *78") -18.53 0.87

T A y=100/(1-+3.735¢ ") -18.08 0.86

FHL S y=100/(1+7.959¢ 1171r) -17.71 0.94

TR L5 y=100/(1+8.098e "1#"*) -17.38 0.97

< A A BT O (ORI R . R

Note: The parentheses "( )" before certain variety names indicated their introduction origin. The same as below.
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Tab.2 Frost damage of branches of different Z. bungeanum varieties in winter field %

s if Relative eleczr?clj]lﬁfdﬁﬁiﬂvi Fl/w,jixfoEEEFK i ates LRI BCR T 5

Variety y at different sampling dates Frost damage rate of

12-15 12-29 01-12 01-26 02-10 02-23 I=year-old branches
(4B B Xinglongqiujiao 25.01 31.49 29.62 40.10 58.25 32.60 11.11
HIPH Bashjiao 30.88 26.90 25.05 41.84 66.62 33.70 52.00
1M Zhaocanshanjiao 30.26 20.91 26.96 49.24 74.68 36.94 81.34
THIBL 1S Wucijiao 1 23.24 23.25 25.59 56.02 74.66 44.85 80.15
1S Jijiao 1 27.50 22.95 35.07 52.96 77.22 42.93 84.85
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Fig.1 Changes in relative electrical conductivity of

branches under low temperature stress

PO R o = N R T B
P — PR — U 22 " AR Ak, Dy BT DAY S A il 2 A
AU, A [E] b AR X B R AR — ) 2 R 1
Tirf 6K 35 A4 i T3 B S R TR) o —5~-15 °C, 4% & Rl A A
Xof S AL G 5 -15~-25 °C, 4% hh A A X
SR AR AR P 5 2R B A T -25 CCR, 22 5505 F A
JHL B AR A S R AE 7000 DA b Horp 2%
B KA b T R AR08, 6 B LT JE PR i o
2.3.2  N[E|AEABL Fh R 45 21 BOPE R 2 A LA H
2 3T, A A 5 A e 2% BKORLUAY BT JE
o (-21.37 °C) , H R w6 LA, F Y BRCS JE
WM1SERBE/N PEERESHHIEMLS
(-16.84 °C) . 2023 4l % ) LTy 5 2022 4F AH
A0 b AP FE R T HE)Y R AR T AR AR, X AT R B
TAS[RVAFE A WA AR ROIRAS 22 R

R3 2023FEFEEMMMBREFFBILBEEHILR

Tab.3 Comparison of half lethal temperature in branches of different Z. bungeanum varieties in 2023
i i Logistic [7 19 J7 7 LHICURE (L T5,)/C LIPS %34
Variety Regression equation Half lethal temperature Correlation coefficient

(%FE) A Xinglonggiujiao
W4 A Zhaocangshanjiao
M H#  Bashajiao

TR 1S Wucijiao 1
1S Jijiao 1

y=100/(1+8.162¢ 00919
y=100/(1+ 7.443¢ 00990
y:100/( 1+8.275¢ 011521
y=100/(1+6.72¢ 0-104 9y
y=100/(1+ 4.04e"082 %)

-21.37 0.92
-21.15 0.93
-18.34 0.92
-18.16 0.94
-16.84 0.95

2.3.3 AR B3 N A [ B AR BN R (MDA)
Fa R NE 2R LU Y BE A IR i 6
JE L 5 A~ AE AU Rl A% TN R B 2 R TS Y

BB TE-20~-25 ‘Cik BN EAH . LT5 8K 1 5 A
R ECRES  H A A, W24 B R LT, 8
TR PR b T R A R, S R, AN JE AR 1S
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Fig.2 Effect of low temperature on MDA content in

branches of different Z. bungeanum varieties
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Fig.3 Effect of low temperature on proline content in

branches of different Z. bungeanum varieties
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Fig.4 Effect of low temperature on SOD activity in

branches of different Z. bungeanum varieties
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Fig.5 Effect of low temperature on POD activity in

branches of different Z. bungeanum varieties
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Fig.6 Effect of low temperature on CAT activity in

branches of different Z. bungeanum varieties
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Tab.4 Correlation analysis of changes in various physiological indicators

s Variety s Index MDA Pro SOD POD CAT
(4 ) FRAR MDA 1
Xinglongqiujiao Pro 0.620 1
SOD 0.767" 0.112 1
POD 0.889" 0.765" 0.609 1
CAT 0.105 0.804" -0.320 0.428 1
IR MDA 1
Zhaocangshanjiao Pro 0.771° 1
SOD 0.787" 0.484 1
POD 0.761" 0.466 0.8317 1
CAT 0.820" 0.484 0.869" 0.847" 1
SR MDA 1
Bashajiao Pro 0.976 1
SOD 0.788" 0.885™ 1
POD 0.817 0.808" 0.759" 1
CAT 0.870" 0.800" 0.575 0.9117 1
TR MDA 1
Wucijiao 1 Pro 0.718 1
SOD 0.752 0.442 1
POD 0.360 0.069 0.831" 1
CAT 0.879™ 0.749 0.654 0.348 1
TLHR 1 MDA 1
Jijiao 1 Pro 0.500 1
SOD 0.915™ 0.319 1
POD 0.906™ 0.630 0.795" 1
CAT 0.776" 0.791" 0.538 0.758" 1

TE R IRTE 0.01 K U b 35 A1 56, # 3R 7R 78 0.05 /K (UM ) = i 35 A1 G

Note: ** indicated extremely significant correlation at the 0.01 level(bilateral), * indicated significantly correlation at the 0.05 level(bilateral).
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