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Relationships between the nutrient contents and activities of defense en-

zymes in pear leaves and its resistance to powdery mildew

CAO Sufang, WANG Wei, CAO Gang, TANG Jiaxin, LI Hongxu’
(Institute of Fruit and Floriculture Research, Gansu Academy of Agricultural Sciences, Lanzhou 730070, Gansu, China)

Abstract: [Objective] Pear is one of the main fruits in the world and is the third largest fruit after apple
and citrus in China, the top player in both output and area in the world. However, the pear producing ar-
eas in China are often affected by many diseases. Among them, powdery mildew caused by Phyllactinia
pyri is one of the most common and serious diseases in pear producing areas in northern China. This dis-
ease mainly damages the leaves and causes early leaf falling, resulting in the reduction of the fruit quali-
ty, and also decreases production and thus serious economic losses. This study explored the relationship
between nutrient contents and activities of defense enzymes and resistance to powdery mildew. [Meth-
ods] A total of eight varieties, including New Hongxing, Yuluxiang, Yuanhuang, Ganli No.3, Jin Twenti-
eth Century, Longyuanyang red pear, Zaosu and Hanhong were collected from Yuzhong experimental
station in Lanzhou city, Gansu province. The orchard management was extensive, and powdery mildew
was common over the years. The incidence of powdery mildew caused by P. pyri was investigated in

different varieties each with three trees. Two new shoots in each in five different directions of the cano-
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py were investigated, and 10-15 leaves from top to bottom in each new shoot were observed and the
number of diseased leaves in each shoot was recorded. The damage level in pear leaves was assessed us-
ing a scale of 0, 1, 3, 5, 7 and 9, corresponding to a percentage of damaged area in pear leaves of 0, 0%~
5%, 5.1%-25%, 25.1%-50%, 50.1%—75%, and 75.1%—100%, respectively. The resistance of pear vari-
eties to powdery mildew was classified based on the disease index (DI) as follows: Immunity (I, DI =
0); High Resistance (HR, DI < 5); Resistance (R, 5<DI < 25); Susceptibility (S, 25<<DI < 50); High
Susceptibility (HS, DI>50). The resistance level of eight pear varieties was determined by the field ob-
servation for consecutive 3 years, in addition to determination of nutrient content and defense enzyme
activity in pear leaves. The correlations between nutrient content and defense enzyme activity and resis-
tance to powdery mildew in pear leaves were analyzed. [Results] Different pear varieties showed differ-
ent resistance levels to powdery mildew. Yuluxiang, Yuanhuang, Ganli No.3 and new Hongxing had the
highest resistance to powdery mildew, while Zaosu had the lowest resistance, followed by Hanhong. The
difference in sensory resistance between the varieties was obvious. The contents of soluble proteins, sol-
uble sugars and chlorophylls varied in leaves of different pear varieties were different, and but seemed to
have no relation to disease resistance. The highest chlorophyll content was found in New Hongxing at
2.34 mg - g and the lowest was in Yuanhuang at 1.66 mg- g"'. The highest contents of soluble sugar and
soluble protein were in Hanhong (43.63 mg - g'") and Yuluxiang (6.42 mg - g'"), and the lowest in Jin
Twentieth Century, at 33.75 mg-g" and 4.84 mg- g", respectively. The contents of proline and MDA var-
ied greatly among different varieties, but were not related to resistance to powdery mildew. The highest
contents of proline and MDA were found in Longyuanyang red pear and Yuluxiang, 6.49 mg - 100 g''
and 288.97 nmol - g'', respectively, and the lowest in Zaosu and new Hongxing, 3.59 mg- 100 g' and
133.63 nmol - g'', respectively. The activities of various defense enzymes varied significantly among va-
rieties with significant differences in powdery mildew resistance. The highest activities of CAT and
POD were found in Zaosu (74.88 U- g and 27 017.34 U - g’', respectively) and the lowest were Ganli
No.3 and Jin twentieth century, 39.13 U-g" and 5 025.26 U+ g"'. New Hongxing had the highest SOD ac-
tivity (1 093.98 U - g'), and Hanhong had the lowest (561.08 U - g'"). The highest PPO and PAL were
found in Hanhong (195.77 U - g') and Jin twentieth centuries (204.69 U-g"). SOD activity was signifi-
cantly negatively associated with the disease index of powdery mildew, with a correlation coefficient
of —0.755. Pear varieties with high SOD activity demonstrated high resistance to powdery mildew. The
activities of CAT, POD, PPO and PAL varied significantly, but there were no significant correlations
with powdery mildew resistances. [Conclusion] Different pear varieties showed significant differences
in powdery mildew resistance. Yuluxiang, Yuanhuang, Ganli No. 3 and New Hongxing had higher resis-
tance to powdery mildew, while Zaosu and Hanhong were more sensitive. SOD activity is highly corre-
lated to resistance, suggesting it can potentially be used as a main physiological index for powdery mil-
dew resistance identification.
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Table 1 The incidence rate and disease index of the eight tested varieties

T RIRH CAEERA N s

Pear varieties Incidence rate/% Disease index Resistance type

Lk Zaosu 100.0£0.00 a 78.75+4.12 a {51/ Highly susceptible
F€4] Hanhong 94.742.52 b 75.25+10.06 a =1/ Highly susceptible
4 120 Jinershishiji 88.0+2.64 ¢ 58.75+5.40 b =1/ Highly susceptible
Jelid 41 3 Longyuanyanghongli 9424251 b 42.67+3.98 ¢ & Susceptible
41 Nwe Hongxing 0.0+0.00 d 0.00+0.00 d 4% Immune

£ FEF Yuluxiang 0.0+0.00 d 0.00+0.00 d 4% Immune

‘H%43 5 Ganli No.3 0.0£0.00 d 0.00+0.00 d 4% Immune

[ Yuanhuang 0.0+0.00 d 0.00+0.00 d %.9% Immune

VEARRNG P REEOR P<0.05 ZREE. FH.

Note: Different small letters indicate significant difference at P<<0.05. The same below.
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Table 2 Comparison of chlorophyll and nutrient contents in different pear varieties

L5 w250 wCAT VAR W(Fﬁﬁ‘ﬁﬁg) w(ﬂﬁfhﬁ?) b )
Pear varictics Chlorophyll Soluble sugar Soluble protein Proline content/ MDA content/
content/(mg-g™) content/(mg-g™) content/(mg-g™) (mg-100 g™ (nmol-g")
JEE Va4 L Longyuanyanghongli 2.10+0.44 ab 41.57+1.48 ab 5.27+0.18 de 6.49+0.25 a 174.92+17.03 be
B4 2 Nwe Hongxing 2.3440.02 a 38.81+£0.54 b 5.96+0.11 b 4.97+0.14 b 133.63+12.50 ¢
E#E 7 Yuluxiang 2.04+0.11 ab 43.32+1.13 a 6.42+0.17 a 5.31+£0.19 b 288.97422.39 a
[543 Yuanhuang 1.66+0.06 b 41.96+1.09 a 4.91+0.06 ¢ 5.14£0.19b 243.88+15.22 a
42 Jinershishiji 2.01+0.18 ab 33.75+0.68 ¢ 4.84+021 ¢ 4.09+0.14 ¢ 246.10£13.81 a
H243 5 Ganli No.3 1.81+0.02 b 41.26+0.87 ab 5.54+0.17 cd 3.74+0.09 cd 175.37+32.79 be
FLIEk Zaosu 2.06+0.10 ab 43.76+1.30 a 5.41+0.18 cd 3.59+0.12d 186.85£9.05 b
F€4] Hanhong 2.09+0.11 ab 43.63+0.79 a 5.79+0.12 be 4.00+0.15 cd 262.36+17.01 a

(133.63 nmol-g").
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FIKF-(P>0.05) , K BHIX Le 45 b5 -5 3L A o ik
TC A2 3 AR

2.4 [EEL ) FE B E M 4

13 4 AT A0, BUB OB 3 22 5 S0 3 O B R, 3L
W 97 AR B A [R] o e, i R A S AN I A A
DT A v (1) b 2 A LR, 43 0 74.88 U - g
2701734 U-g's H k2 (73.17 U- gD
#5519 306.87 U- g s AL 4 Al 2 H A3 5
(39.13 U-gHfg: 4502526 U-g . FEEMN
A T A v () A R BT 4T A, O 1 093.98 U g
BRI FEL, N561.08 U-g'. ZEYEALERAIZA R
T i e N T 2 A v P it P 20 Sl A2 FE40(195.77 U - gD



372 S N 434
R3 HMHRMHEREREFVRIESEMNFRMENEXY (n=8)
Table 3 The correlation among the contents of chlorophyll and nutrients in pear leaves and
disease index of powdery mildew (n=8)

E{=p VA EIER MR R AVETERE & R LRGN =l s MER SR HNomEE
Index Disease index Chlorophyll content ~ Soluble sugar content  Soluble protein conten  Proline content MDA content
T4 IR 4L Discase index 1 0.280 0.164 -0.235 -0.211 0.042
MR AR 0.280 1 -0.135 0.495 0.139 -0.367
Chlorophyll content
AR S 0.164 -0.135 1 0.459 0.066 0.132
Soluble sugar conten
AEEEA SR -0.235 0.495 0.459 1 0.076 0.086
Soluble protein conten
IR & -0.211 0.139 0.066 0.076 1 -0.051
Proline conten
7 B4 & = MDA conten  0.042 -0.367 0.132 0.086 -0.051 1

VE . MSEHELE 0.05 KT ER2E XU .
Note: *. Significant correlation at 0.05 level (double-tailed).
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Table 4 The activities of various defense enzymes activity among pear varieties with different susceptibility

Er I A E A TR A BEE TR ARG 2B AR RN A M
Pear varieties CAT activity/(U-g")  POD activity/(U-g")  SOD activity/(U-g')  PPO activity/(U-g"')  PAL activity/(U-g")
YA RE AR 49.68+7.60 be 14 779.23+51.83 ¢ 727.12442.95 be 108.08+16.94 be 159.41+7.35 cd
Longyuanyanghongli

#4105 Nwe Hongxing 64.38+0.27 ab 10 431.69+63.24 d 1093.98+54.43 a 84.60+£10.18 ¢ 139.71+6.99 d

T #% Yuluxiang 68.98+7.08 a 19 306.87+10.57 b 872.71+48.58 ab 110.57+19.80 be 166.42:0.66 be

[ # Yuanhuang 73.17£9.82 a 10 643.56+87.45 d 767.61%32.30 be 100.4011.00 be 189.37+8.01 ab
414 Jinershishiji ~ 65.20+8.02 ab 5025.26+55.12 ¢ 702.76+84.46 be 139.57+14.34 b 204.69+8.68 a
H443 %5 Ganli No.3 39.13+2.86 ¢ 7237.65+54.16 de 799.73+60.17 abc 107.56+14.53 be 137.40+5.78 d
HLFE Zaosu 74.88+4.35 a 27017.34+95.84 a 672.4968.03 be 109.06+13.87 be 188.67+15.21 ab
JE£] Hanhong 67.21+41.00 ab 8292.12+81.36 de 561.08+22.97 ¢ 195.77+16.72 a 170.12+7.32 be

g =40 (204.69 U- g1
25 FRIESMIHEXEEESBMRREN
XE&R

M2 5 A] %0, CAT.POD.PPO Fl PAL i 1 5 %!

R K 995 90 155 i B R AH OC R E05 71109 0.197.,0.304
0.594 F10.411, ¥ A& I8 B & 3 /K F (P>0.05) , 3
CAT.POD.PPO # PAL i 4 5 404 FUoky i P 1 G
FHEMKYE. SODEME S F ok ktE 8 8 2 B
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Table 5 The correlation between the activities of disease-resistant-related enzymes in pear leaves and

disease index of powdery mildew (1n=8)

3 PER =Y +71 /= : 1= ,“ e SRR S T
it T T s A A
Index index CAT activity POD activity SOD activity PPO activity =~ PAL activity
I3 15 #5851 Disease index 1 0.197 0.304 -0.755* 0.594 0.411
I SEAC SRS CAT activity 0.197 1 0.405 -0.094 0.13 0.656
I EACEEEE POD activity 0.304 0.405 1 -0.033 -0.308 0.133
A AL BTG YE SOD activity  —0.755%  —0.094 -0.033 1 -0.743% -0.560
Z Y AL E S % PPO activity 0.594 0.130 -0.308 -0.743* 1 0.301
RN AR BHE M PAL activity 0.411 0.656 0.133 -0.560 0.301 1

ek MSCHETE 0.05 KF ERE U,
Note: *. Significant correlation at P<<0.05 (double-tailed).
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