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Evaluation of resistance of Xinjiang wild walnuts to walnut canker

WEN lJiakang, MA Rong, WANG Dafen, ZHANG Ping’

(College of Forestry and Landscape Architecture, Xinjiang Agricultural University/Key Laboratory of Forestry Ecology and Industry
Technology in Arid Region, Education Department of Xinjiang, Urumgqi 830052, Xinjiang, China)

Abstract: [Objective] In recent years, walnut canker disease (Cytospora chrysosperma) has become
one of the important diseases affecting the development of walnut trees in Xinjiang. The investigation
on the natural incidence of wild walnut trees in Xinjiang wild walnut populations suggested that Xinjiang
has a rich wild walnut germplasm resource, and there are obvious differences in disease resistance
among different varieties, but there is still a lack of systematic research. Through the disease resistance
evaluation with different methods, the disease-resistant germplasm resources can be screened and can
lay a solid foundation for resistance breeding of cultivated walnut, and also provide a scientific basis for
the protection and utilization of wild walnut in Xinjiang. [Methods] The annual branches of 28 Xinjiang
wild walnut accessions of 7 types were used as experimental materials. Three wounds up to the xylem
were made on each branch with a punch, about 5 mm in diameter. Then, agar plates with pathogen puri-
fied for 6 days were inoculated through the wound, and the lesion length was recorded on the 12th day.
The phloem tissue around the branch lesion was taken and stored in the refrigerator at —40 °C after
quick freezing with liquid nitrogen. The activities of POD, SOD, CAT, and MDA in the phloem were
measured. The resistance of Xinjiang wild walnuts to walnut canker was evaluated by principal compo-

nent analysis and cluster analysis. [Results] After inoculation with walnut canker pathogen for 12 days,
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the disease degree of the 28 isolated branch materials showed a significant difference. Among them, the
lowest length of disease spot in the branch was 5 mm and the highest was 100 mm. The disease spots on
the surface of branches were obvious, and the color of the diseased part of branches turned black and
lose water. According to the multiple comparison results, the difference between L-1 with the largest dis-
ease spot on branches and the nine single plants without disease was the most significant. The tested ma-
terials were divided into 8 groups according to the differences. Among the 28 wild walnut materials, the
highest SOD enzyme activities were found in X-4, XT-2, XY-5, and T-1, and all showed susceptible in-
dividual plants. The SOD activity in L-1, XT-1, and X-1 with the largest lesion was the lowest, which
might have reached the physiological threshold with the infection of pathogenic bacteria. The highest
POD enzyme activity was in T-1, XT-1, and X-3, and the three accessions were susceptible materials.
The lowest POD activity was found in X-5, XT-4, and J-1, and none of the three materials displayed dis-
ease symptom. The highest CAT enzyme activities were in XT-2, L-2, and X-1, of which L-2 and X-1
were severely diseased. The lowest CAT enzyme activity was in J-3, J-1, and XT-5, among them, J-1
and XT-5 were not infected, and the disease of J-3 was mild. The highest MDA content was detected in
XY-3, XT-1, L-1, and X-1, which were all susceptible materials, and the lesion length of XT-1, L-1, and
X-1 were longest. The lowest content of MDA was in XT-4, T-2, XY-1, XY-4, and XY-2, which were all
non-diseased materials. Compared with the non-diseased branches, the average POD enzyme activity,
SOD enzyme activity, CAT enzyme activity, and MDA content in diseased branches increased by
160.6%, 18.9%, 183.6%, and 92.6%, respectively. The POD enzyme activity, CAT enzyme activity, and
MDA content were significantly positively correlated with the size of the disease spots (p<<0.01) . Al-
though the SOD activity of diseased plants was higher than that of non-diseased plants, there was no sig-
nificant linear relationship between SOD and branch lesion length. The SOD activity of diseased plants
of wild walnut was higher than that of the non-diseased plants, but there was no significant linear rela-
tionship between SOD and lesion length. The results of the principal component analysis showed that
two principal component matrices with eigenvalues greater than 1 were extracted, and the variance con-
tribution rate of the two principal components reached 73.42%. According to the matrix formula, the
disease resistance of Xinjiang wild walnut was —1.45-1.32, among which XT-4 had the highest disease
resistance and XT-1 had the lowest disease resistance. Xinjiang wild walnut germplasm with a score of
0.93-1.32 had good disease resistance, including seven individual plants XT-4, J-1, J-2, XY-4, XY-1,
XY-2, and T-2. The results of cluster analysis showed that the disease resistance of 28 wild walnut ac-
cessions could be divided into three categories at 4 Euclidean distances, among which class B walnut
had the best disease resistance, class C walnut had the worst disease resistance, and class A belonged to
the intermediate type. Most of the 7 high resistance germplasms belonged to class B. [Conclusion] The
annual branches of the 28 Xinjiang wild walnuts showed different disease resistance after inoculation
with walnut canker. The activities of POD, CAT, and content in MDA can be used as physiological in-
dexes for the preliminary identification of walnut canker resistance. Finally, 7 high disease resistant ma-
terials were selected from the 28 wild walnut materials in Xinjiang. The results provide reference for
disease resistance breeding of walnut.
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The picture shows some wild walnut resource branches infected with
canker disease with obvious difference in disease resistance, from left
to right: highly resistant, mediumly resistant, mediumly sensitive, and
highly sensitive.
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Fig. 1 The level of infection and canker disease of Xinjiang

wild walnuts
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Table 1 The severity of disease of walnut branches infected by walnut canker

ARG S FH FIRELE ARG K BT RE
Sample Type Disease degree/mm Sample Type Disease degree/mm
J-1 223 Pointed fruit 5.00+0.00 a XT-2 /A Small oval 18.60+2.57 abed
J-2 M Pointed fruit 5.00+0.00 a XT-3 /Il Small oval 5.00+0.00 a
13 4 Pointed fruit 11.00+0.65 ab XT-4 /Ml Small oval 5.00+0.00 a
J4 4 Pointed fruit 29.00+2.45 d XT-5 /IMHiE Small oval 5.00+0.00 a
L-1 Y[ Eggs round 100.00+14.15 h XY-1 /& Small round 5.00+0.00 a
L-2 Y[ Eggs round 69.70+3.19 f XY-2 /IN[E Small round 5.00+0.00 a
L-3 YP 5 Eggs round 18.20+1.96 abed XY-3 /IN[E Small round 25.40+3.41d
P-1 *FJiC A Flat round 14.201.80 abc XY-4 /INE Small round 5.00+0.00 a
P-2 *FJiCIA Flat round 19.001.80 bed XY-5 /N Small round 46.10£2.41 ¢
P-3 “FJik [ Flat round 69.30+3.59 f X-1 2] Heart 91.30+7.01 g
T-1 W[E Oval 47.90+£1.80 ¢ X-2 LI Heart 45.50+4.32 ¢
T-2 H5E Oval 9.30+0.88 ab X-3 ‘LT Heart 44.30+4.24 ¢
T-3 5 Oval 25.0042.43 cd X-4 0 JF Heart 42.10£2.81 ¢
XT-1 /N1 Small oval 84.00+7.76 g X-5 >J¥ Heart 5.00+0.00 a

T+ [ AR AN 2 B R AR [ R 1) 2 57 435 (p << 0.05), R N EHR N CPI (EebrE iR 2D . R,

Note: Different small letters in the same column indicate significant difference between different strains at p < 0.05, the data in the Table are the

mean =+ standard error. The same below.
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1. XY-2.XY-4.X-5.T-2.J-3.P-1 FJIR BE K & 1y /N F
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JRPE s L-3 XT-2.P-2.T-3.XY-3.J-4 & B 1095 B K i
£E 15~35 mm 2 i) ; X-4.X-3.X-2. XY-5.T-1 J& B f)
I BE K JELE 35~55 mm 2 [A] s P-3.L-2. XT-1.X-1.L-1
TE B9 B P 2385 55 mm. %2 EE HL#LAE BB oK,
B2 B B K 1 L-1 5 2R A 14 9 4 B4 kL 2 [) 22
23 (p<<0.05), H AR B BEK /N T 15 mm ) 5
PR o BER AR I LR EOK , o S B AR 1) 42.9%, T
12595 B FE R 55 mm HU BE 7155 B bk AUE
SPRC17.9%) o EHAZM I 295 95 J5L 11 T8 Jsd PR B
ZE 5 IR W B AZ S B (0 R I 2 5
2.2 FRHRTE IS TR B X AT B ARk PR R A IR R AR Y
A

BRI 2 B 12 d )5, AN [ 397 58 1T A% ok ol
JoE s AR B R R I 22 7. R 2 R, 28 1 B

Ak AL KL SOD B i Y % 5 N X-4 XT-2. XY-5.T-
1, HARZR I A B 4R, 998 BE 1R B K 1) L- 1. XT- 1+
X-11#1 SOD Mg % 14 B A , I Beffi & B B AR 4, ©ik
FI A P R E s POD BE 1% f =y BN T-1.XT-1.X-3, 3
AT 15 9 I8 A4 RE , POD i 7% 4 5 A% 1 8 X-5
XT-4.J-1, H 3 MRS A K0 s CAT Bl 7 14 55 =1 1)
N XT-2.L-2.X-1, H A L-2. X-1 N EJE B R
CAT B35 M AR 1 N J-3.J-1. XT-5, Hep J-1.XT-5
PR R, J-3 BB s MDA & 2 5 s 8 XY-3-
XT-1.L-1.X-1, 5 B # K}, H XT-1.L-1.X-1 3
ANPPRE 9 B B # R I N B, MDA 2 8 IR
N XT-4.T-2.XY-1. XY-4.XY-2, ¥ N K KT B
R IF AR EL 2% 1) °F 35 POD i 175 14 - SOD Miff 7% 14
CAT i 1 MDA 25 5 A1 Hb 2R K9 b 26 4576 AN R 2
FE BT, 50 90 R AR K Bk CF 35D 1 260.6% -
118.9%+283.6% 1 192.6% , H o1 POD [ % 14 . CAT

R2 EIBEIRUESER

Table 2 The results of physiological indicators

FEARG 'S A
Sample Type

R AL A Bl v
SOD activity/(U-g"'-min™)

HEACIRE

POD activity/(U-g"-min™)

PR AN T i

CAT activity/(U-g"'-min™)

bR )
MDA content/(pumol - mg™)

J-1 2 Pointed fruit 31.67+2.98 127.60+11.35 13.60+1.05 13.18+0.39
J-2 424 Pointed fruit 33.57+1.11 205.73+50.16 22.06+3.95 11.70+0.52
13 423 Pointed fruit 42.92+0.54 234.38+37.19 8.24+1.44 25.74+1.87
J-4 R Pointed fruit 40.34+0.23 1 106.77+238.38 107.98+5.24 18.10+0.69
L-1 Y15 Eggs round 27.68+0.64 429.69+11.35 115.26+4.94 29.33+3.98
L-2 YP 15 Eggs round 55.14+0.10 1 018.23+497.90 146.19+10.82 27.74+0.68
L-3 5154 Eggs round 31.67+1.76 205.73+15.41 55.61+2.52 23.23+1.88
P-1 “FJiKH Flat round 40.89+0.95 609.38+168.69 43.03+1.83 13.70+1.27
P-2 “FJiC[H Flat round 41.32+0.39 161.46+23.87 34.89+1.37 16.44+0.61
P-3 “FJiC[H Flat round 45.08+0.84 2 190.10+370.59 94.21+3.53 22.61+2.02
T-1 15 Oval 51.45+0.45 3 492.19+368.46 58.3245.38 21.30+2.53
T2 15 Oval 33.46+2.02 151.04+15.63 60.08+1.13 7.91+1.09
T3 4 E Oval 48.85+1.02 1 039.06+345.43 59.02+2.45 17.51+1.41
XT-1 /N [E] Small oval 8.15+1.65 3 385.42+647.64 114.60+23.21 30.17+1.18
XT-2 /M Small oval 58.74+0.74 328.13+67.71 201.91+5.92 14.97+0.50
XT-3 /N [E Small oval 30.61£2.21 945.31+373.07 65.37+3.45 15.84+1.40
XT-4 /N[ Small oval 28.76+0.91 106.77+13.53 24.26+2.11 6.02+0.58
XT-5 /IMH IR Small oval 40.8+1.55 1 039.06+410.46 13.34+1.73 13.85+0.62
XY-1 /N Small round 39.12+2.21 507.81+67.66 28.87+0.42 8.410.40
XY-2 /N5 Small round 30.73£1.61 638.02+131.63 45.67+1.94 8.87+0.32
XY-3 /IN& Small round 37.03+1.32 2 309.90+68.06 81.68+3.62 30.63+0.86
XY-4 /N5 Small round 28.36+1.03 1 158.85+107.09 23.49+2.51 8.64+0.97
XY-5 /N Small round 56.33+4.03 1 028.65+40.59 25.94+7.14 22.92+0.40
X-1 i»J¥ Heart 12.21£1.79 2 138.02+485.32 133.87+7.88 28.96+1.64
X-2 0> Heart 45.17+0.51 1 731.77+258.78 75.34+1.54 14.52+0.42
X-3 i»JF Heart 43.86+0.93 2 888.02+746.21 58.19+12.59 25.73+0.75
X-4 1> JF Heart 60.57+0.64 2 028.65+256.68 58.39+6.17 19.14+0.57
X-5 > JF Heart 47.63+0.53 83.33+14.73 19.29+5.07 14.46+1.13

T RN T AR R 2

Note: Data in the Table are means + standard error.
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0.765.0.567.0.614 (£ 3) , 2 & & 1IE % (p<
0.01) , 457 2% I ™ B, ) B¢ 5 POD 3% £ . CAT i
P MDA & 5Bl i, TR B A Bk A0 A4 R
SOD ¥ A P AR 598 B AT A [RRE EE 8y (ELOR B
RSB RKE R B H LR R,
R3 EFREIRRERREX S0
Table 3 Correlation analysis of physiological indexes of

Xinjiang wild walnuts

N /= N . o ‘Tj—/z‘
Riii e R R %“
BhR FERE o DN HE
Index Disease HATE pop MDA A
SOD . CAT
degree .. activity  content ..
activity activity
RIAFEE 1.000
Disease degree
EEAYEALE S -0.152  1.000
SOD activity
T A A 0.576%*-0.057 1.000
POD activity
W oBES R 0.764**-0.061 0.541**  1.000
MDA content
It S A S 0.614** 0.015 0.291 0.463*  1.000
CAT activity

VE A K RECH Pearson FHICYES T AT, * p < 0.05; ** p <
0.01. TE.
Note: The correlation coefficient is obtained by Pearson correlation

analysis, * p < 0.05; ** p < 0.01. The same below.
2.3 ERAPIEEETFN
23.1 #HBHEBRELIGARG RSO SHTE
B A% Bk P A2 B TR bR AT A A, 1B S AN &
A (RO, HRAFR, B2 ERR AR
TR HR R T 1, HJ7 Z 01wk ZE R TIE 73.42% , %) )5 46
KO AR 2R A, WA N VRO BT R T A Ak B 1 1)
RO TRbR . 1B AT 3 EE R 45 I SR E R
(K54 1L4THE AL FIH 2 A ERSFHIEES
5 WA SN A AT B A VP AR L T
F=—0.567 4xZ,~0.560 1xZ,—0.447 9xZ:~0.435 1x

R4 IEFRURSE IR FHEEMITERE
Table 4 Eigenvalues and contribution rates of disease

resistance related physiological indexes of Xinjiang wild

walnut
ERD ey JUE S
Principal Eigenvalue Contribution Cumulative
component g rate/% contribution rate/%
1 2.663 53.257 53.257
2 1.008 20.164 73.421
3 0.710 14.203 87.624

x5 EFEMREIREGNAEE
Table 5 Loads of physiological indexes for disease

resistance of Xinjiang wild walnut

ALY TN

uE=Red

Ko R s pe o DU am

Principal Morbidity %1 TETE I\E/IID A T

component level SOD POD CAT

.. . content ..

activity activity activity

ERGr1T -0.926 0.135  -0.731 -0.865  —0.710

PCI

ES% ) 0.042 -0.980 0.010  -0.034  -0.210

PC2

Z+0.082 7xZs;

F.=0.041 8xZ,~0.033 9% Z,+0.01xZ,~0.209 2% Z,~
0.976 1xZs;

Z~Zs R GEER PR A AR S DL B2y %o B 5T
BRRAE VAR , B 255155

F=F, x0.53257+F,x0.201 64 .

Horp Z~Z MR IARZR K FE FE \MDA % & .POD
B35 1 L CAT B3 14 . SOD B iE 14 , F o F F, % om F K
53 BVREAE AR X I (R AREAE [ B AR 385 T H R4S 2 AN ]
ToltJ5 3 ST A K1 00, S5 B 19 A (EDBOK , UG BE 777
Uf. 6N, XT-1IHURRE /I, 15-1.45; RKPT
Witk . XT-4 [P0 AE /78 i » 38 1.32, 9 s P 5
B, HoAr 459304 0.93~1.32 (38 BB T A2 Bk A B 47096 g
BT, 9 XT-4.0-1.0-2. X Y-4 . XY-1 . XY-2.T-2.

F6 28 IFTEEEF MM RIURRESILLAR
Table 6 Comparison of disease resistance among 28

Xinjiang wild walnut materials

ETRS B s HUmRE ST
No. Disease resistance No. Disease resistance
XT-4 1.32 T3 0.01

J-1 1.07 J-4 -0.25

J-2 1.04 X-2 -0.29
XY-4 0.99 XY-5 -0.31
XY-1 0.98 X-4 -0.59
XY-2 0.94 XT-2 -0.62

T2 0.93 XY-3 -0.78
X-5 0.80 X-3 -0.86
XT-5 0.72 T-1 -0.96

P-1 0.56 P-3 -1.06

P-2 0.55 L-1 -1.13
XT-3 0.49 X-1 1.35

J-3 0.39 L-2 -1.42
L-3 0.28 XT-1 -1.45

J-3 0.39 L-2 -1.42
L-3 0.28 XT-1 -1.45
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Table 7 Analysis on comprehensive disease resistance of

different types of Xinjiang wild walnut
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a. Cluster map of different types of disease resistance of Xinjiang wild walnut; b. Cluster map of disease resistance of 28 Xinjiang wild walnut ma-
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Fig. 2 Cluster analysis of Xinjiang wild disease resistance among
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