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Abstract; In order to reveal cold hardiness mechanisms and ascertain suitable cold hardiness bio-
chemical indicators of walnut ( Juglans regia) , three walnut cultivars ‘ Hartley’ , ‘ Jinlong 1’ and
‘Jinlong 2’ with strong to weak tolerance of chilling stress, were used to investigate variations of

leaf antioxidant enzyme activity and superoxide anion (0, ") content in one year-old branches under
chilling stress at 1 °C in leaf-expansion period. The mesophyll cells ultrastructure of ‘ Hartley’ and
‘Jinlong 2° under chilling stress were also observed by transmission electron microscope. The re-
sults showed that the superoxide dismutase (SOD) and peroxidase (POD) enzyme activities were

the strongest and O, content was the lowest in chilling-tolerant cultivar ‘ Hartley” under chilling
stress among the three cultivars. The ultrastructure of the mesophyll cells was stable, and chilling
injury symptoms of the leaves were not observed. In chilling-sensitive cultivar ‘ Jinlong 2’ , the

SOD, POD and catalase enzyme ( CAT) activities decreased sharply, and the O, content was kept
at a high level under chilling stress. The ultrastructure of the mesophyll cells was injured obviously
at 1 °C for 72 hours. Most of chloroplasts were swollen, and grana lamella became thinner and fe-
wer. A number of chloroplasts envelope and plasma membrane were damaged and became indistinct.
At the same time, the edges of some of *Jinlong 2’ young leaves became water-soaked. It was con-
cluded that the ultrastructure stability of mesophyll cells under chilling stress was closely related to
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walnut cold hardiness. SOD, POD enzyme activities and O, content in walnut leaves could be used

as biochemical indicators of walnut cold hardiness in leaf-expansion period. There might be a corre-

lation between the damage of cell membrane system and reactive oxygen accumulation under chilling

stress.

Key words: walnut; chilling stress; antioxidant enzyme; superoxide anion; ultrastructure.
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Fig.1 SOD, POD and CAT activities in different walnut culti-
vars under chilling stress.

1. ¥k Hartley; II . 25 Jinlong 2; 1II . 15 Jinlong 1.
TIA] The same below.

SOD I MEAEAE R R 22 5, PUFE PR TR 1 WA R 3 it
SOD (M LT FEPE R E R 2 5/ 17.5%, [b & e
1 515 50.4% RUITER FRARM RGBT (o
SRR ) PUFEE SR I A R I i SOD i BRI P 46
(14 BE 1 k.

IR ST T, 3 Sk S R R SOD 3% ¥ 4 A8
A IEAR — 25, PR BN AT P38 w730, s e
BT, 12 h BB 2 5 B TR 24 h JE,3
ASEFRIT B SOD 15 AR A 5 350 F- 9%, o b gE b
SRR FIS S 15 SOD I P Y T e 38 13 1/
THUIEMEZ R 2 5. R 1Y SOD I 14 4 A4 7E
34N R, e 15 SOD 16 ME BT R B
N BEREPERRERE B 72 h BT TR R A BT
HHe 2 SARIEM A ) 24 h i EEGEPEC 2 f%F] T 3
AR R AR, I I T IR A B, E B L
T8 bR AL e TR AIK.

34N POD T 1 25 5 AR A B S 1 AR b
B SoD 2, RIR AL BT S 3 A AP SOD |
POD Jiff 7% 14 2 18] 35 31) 18 35 15 A0 5. 2 B — 5 X HIG TR
VA — K, 7S B Ak i R 3 P S R e S R
FHREEMEH.3 AMA R POD iR AE L b
T B POD 36 PE L K POD 36 P i A X A2
XY R G R A B AR I B FE PR R L
YEHARIRALFE 12 h 538 e 2 50 R POD Jf Mtk
RV BRI 1 AU RE T AR

JE VS RN Rl P FEMEAZ B A R CAT 3%
PEAFEAR K225 APUIEMETE (G R S 0T - CAT
PR, PUIEME 220 o 2 S F CAT 5 M s AR
TR 3 Bk SRR CAT 16 M 9 A8 i 34
WA 25 ) AV U W 36 ) 0, Bt TE M B ) A R I R
CAT WEVEZ MW b FF, 12 h iR BIEAE , 2 5 2518 F
B, 72 h BTG PR S IR AL R T 22 R 3 P IEE
BRI e 1 5 CAT G MEAEIR W30 47 A 22 1%
K% .24 h J5 2B TE 72 b I TS P AR T IR AL
PHFT, WS M LR RS P E N E 2 it R
CAT T P 7E AR P38 ) 1B 3R R, 24 h S5 [l
{8 58 25 TR Ak BT, 2 W Bt (IR TR AL 38 5 A 1Y
HAN H,0, T AIE I, & e 2 50t i CAT A9
W AE 7 BT, W] e 23 BUE MR A SRR 2
Vi) P9~ 4 A IR
2.3 IR OREAZ AL SR B B BT
gt e

L2 AT LU Y e B35 AN [l B FEPE A% Bk
A RO, SREAEREER, DPiENZNE



53 FSEAESE « R0 S [RIAZ Bk A Rl B0 S8 3R 58 S I 1 B 5 1323

180

—_
=)
=}

—_
N
o
tr

—_

(=3

o
T

o &8
0,7 content (nmol * g" FM)
N
[=)

®©
(=]
nll

=)
o

48 72

0 12

24
ALt ]

Treatment time (h)

2 ARIRME A FEAZRE b A o S B
Fig.2 0, content in different walnut cultivars under chilling

stress.
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Fig.3 Ultrastructure of walnut mesophyll cells of ‘ Hartley” (A) and ‘Jinlong 2’ (B) at 1 °C for 0, 12, 48 and 72 h.

Ch: M-2{& Chloroplast; N: 4iiffi#% Nucleus; Pm: Fifli Plasma membrane; V: il Vacuole; M: Z&Hi{& Mitochondrion; Cp: ZHIEH Cytoplasm. %
SKAE TR LR R R A T ER Arrows indicated some lipid microspheres in chloroplast.
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