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Relationship between the leaf structure and its resistance to powdery mil-

dew in pear

CAO Sufang, WANG Wei, ZHAO Mingxin, CAO Gang, 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. It is the third largest fruit after apple
and citrus in China, and its output and area rank first in the world. However, the pear producing areas in
China are often affected by many diseases, among which powdery mildew caused by Phyllactinia pyri
is one of the most common and serious diseases in the northern pear producing areas. This disease main-
ly harms the leaves and causes early fallen leaves, which resultes in the reduction of the fruit quality,
and also decreases production and leads to serious economic losses. Therefore, this study evaluated and
clarified the resistant levels of different pear varieties, and discussed the relationship between pear leaf
structure and its resistance to P. pyri. [Methods]A total of 8 varieties, including Huangguan, Yuluxiang,
9-31, Ganli No.3, Zaosu, Xueqing, Xinli No.7 and Qiuyue were collected from Tiaoshan Group, Jingtai
County, Baiyin City, Gansu province. The experimental management was extensive, and powdery mil-
dew disease was common and serious year by year. The incidence of powdery mildew caused by P. pyri
was investigated with different varieties, when the leaves were collected in the field during 2018 to
2020. Three trees were investigated for each variety, and each tree was investigated with two new termi-
nal shoots from east, west, south, north and middle of the canopy, five directions. Each new tip was in-
vestigated on 10—-15 leaves from top to bottom and the number of diseased leaves at all levels were re-
corded, and the disease indexes were calculated according to the results obtained. The leaf damage level
could be divided into 0, 1, 3, 5, 7, 9, corresponding to 0, 0-5%, 6%—-25%, 26%—-50%, 51%—75%, and

over 76% of the total leaf area, respectively. According to the disease indexes (DI) of different pear vari-
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eties to P. pyri, DI 0 was immunity (I), DI<5 was high resistance (HR), DI 5-25 was resistance (R), DI
26-50 was susceptible (S) and DI 51-100 was high susceptible (HS). The stoma densities after the epi-
dermis were tore off by tweezers were measured under the microscope with one vision as the detection
unit, examining fifty visions for each variety. The numbers of stomata on the back leaves were observed
and counted in different parts, and the average value was calculated. According to the hair density, it
was divided into 5 levels under 100 times magnification under a laboratory microscope, among which
level 1 was unhairy and smooth, level 2 was unhairy and rough, level 3 was sparse-hairy, level 4 was
medium-hairy and level 5 was dense-hairy. The leaf anatomy was observed by paraffin dissection. Leaf
thickness, upper or lower epidermis thickness, and fence or sponge tissue thickness were measured and
recorded by the leaf cross section. After measuring the leaf area with a Ci-203 meter, the leaves were
dried thoroughly in the oven and the dry leaf weight was measured. Each sample repeated 50 times and
took the average value. All data were calculated by Excel processing. Multiple comparisons and vari-
ance analysis were analyzed by using DPS 16.0 statistical software. Relevant analysis between leaf
structure index and varieties resistance was analyzed with SPSS 22.0 software. [Results] The resistant
level of different varieties to P. pyri was significantly different. The incidence and disease index of
Huangguan, Yuluxiang, Ganli No.3 and 9-31 were 0 to demonstrate immunity. Zaosu had the highest in-
dex 86, then Xueqing reached 80, and the lowest disease index was over 70. The leaf wax content was
significantly different among pear varieties. Resistant varieties were generally higher than susceptible
ones. The highest wax content reached 9.56 mg - ¢”' and the lowest was 3.3 mg- g'. A significant nega-
tive correlation was found between the leaf wax content and the disease index, and the correlation coef-
ficient was —0.735. The varieties with high wax content had strong resistance to P. pyri. The leaf weight
with different resistance was not obvious and was not related to the resistance. The stoma density of va-
rieties was different and had no relation to P. pyri. Hair density was significantly positively associated
with a coefficient of 0.909, which demonstrated the less hair density, and more resistance. Ganli No.3
had the most thickness and reached 537.13 um, followed by Xueqing 313.48 um, and the thinnest was
Yuluxiang 203.08 pum. The leaf thickness was not related to P. pyri. The upper epidermis thickness of
different varieties was higher than the lower epidermis, and the difference was not obvious. Ganli No. 3
and Xueqing had the thickest fence and sponge tissue, which reached 129.64 um and 112.15um, respec-
tively, then Xinli No.7 was 117.31 um, and the thinnest varieties were Huangguan and Yuluxiang,
which reached 90.5 um and 571.1um, respectively. The thickness of fence or sponge tissue of different
varieties was not related to their resistance. The compact structure of different varieties was higher than
that of loosen structure. The loosen structure was not different among varieties, and had no relation with
the resistance to P. pyri. [Conclusion] The significant difference among varieties and their resistance to
P. pyri existed. Stoma density, leaf weight ratio, leaf thickness, upper epidermis thickness, lower epider-
mis thickness, fence or sponge tissue thickness had no significant correlations with the resistance to
P. pyri. However, there were significant correlations between hair density and wax content. Therefore,
leaf wax content and hair density could be used as main reference indexes of the pear’s resistance to P. pyri.

Key words: Peartree; Powdery mildew; Leaf structure; Disease resistance
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Table 1 The comparisons of leaf wax content, leaf weight
ratio, density of leaf back side stomas and leaf hair of pear

cultivars with significant differences in resistance

PR FR w D AL S A ALEE
Meterial Wax content/ Leaf weight Density of leaf HE
name (mg-g" satio/(mg-cm™) back side stomas Leaf hair
Bk Zaosu 3.30+0.35¢ 12.3443.22a 29.304241ab 5
Ee 3.40+0.52¢ 12.314324a 31.57+424a 5
Xueqing

FAL75 3.40+049c¢ 12.29+43.65a  2647+3.10b 5
Xinli7

A 3.70£0.35bc 13.82+432a  17.23+2.07d 2
Qiuyue

B 4.10£0.70 be 12.70+2.73a  19.76+2.42c¢d 1
Huangguan

TEE 5.50£0.87b 13.07+4.08a  32.90+3.98 a 1
Yuluxiang

HAL35  953+1.04a 11.77+341a 21.71+342¢ 1
Ganli3

9-31 9.56+0.83a 12.08+3.42a 19.42+1.71cd 1

T e P A B 25 P BB bR e 1, B S HC S TR [ - RER
NZEF R (Duncan’s,p < 0.05). [,

Note: Data in the Table are mean + SE, different letters after each
column of date indicate significant differences (Duncan’s,p << 0.05).
The same below.

R2 AKMHRAHERSE.CMHEMESAEE HEEESHFIFENMEXEGN=8)

Table 2 Correlation between leaf wax content, leaf weight ratio, density of leaf back side stomas, leaf hair and powdery

mildew disease index (n=8)

EIER 2 VAR RS W o AN AL
Index Disease index Wax content Leaf weight satio Density of leaf back side stomas
UEAIEECE (S 1 -0.735% 0.169 0.316
Disease index 0.038 0.689 0.446
I &R -0.735* 1 -0.495 -0.370
Wax content 0.038 0213 0.367
Sl aCEs 0.169 -0.495 1 -0.159
Leaf weight satio 0.689 0213 0.707
S ALEE 0.316 -0.370 -0.159 1
Density of leaf back side stomas 0.446 0367 0.707
T RHOGPERE 0.05 /KT I 3 CRURD .
Note: *. Significant correlation at 0.05 level (double-tailed).
(B St B L it B R I 22 e A, i e A b EEAIERER

i =i 8 13.07 mg-em ™, 5K 11.77 mg-ecm™
JE i 2 LU 0 = 1RO 13.82 mg - em !, BRI R
12.29 mg-cm, A MEAN 5, a8 i AH OV 3 A R
BB i Ry B B S AR R I PR R A G
FHAN0.169. LA & Fl 8] B i 2 5 B4R 06 9
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Table 3 The mean of thickness of leaves, upper and lower epidermis, palisade tissue and spongy tissue and STR, SR of pear

cultivars with significant differences in resistance

R FR )R bR NRKEE MR RASUERE SR EECTR 4B SR
Meterial Leaf thickness of upper thickness of Thickness of Thickness of Leaf structure Leaf structure
name thickness/pum epidermis/um lowerepidermis/pum palisade tissue/um spongy tissue/um compactness/%  Porosity/%
FLlE Zaosu  253.94+1.05cd  31.90+5.72 a 24.37+3.99 be 92.83+10.35bc  95.00+£9.34 abc  36.56+3.88 ¢ 34.00+12.39 a
LT Xueqing 313.48+5.77a 29.95+8.85a 25.79+7.02 abe 140.93£13.99a  112.15+1841a 40.67+5.82a 32.31+11.68a

TS 263.3742.40bed  27.54+9.38 a 24.10+6.10 be
Xili 7

#H Qiuyue 276.99+2.85abc  32.33+4.59 a 27.67+4.43 abc
B 237.16£1.54de  32.53+4.09a 25.2143.76 abc
Huangguan

BN 203.08+1.66¢  4321+5.76a 22.09+3.58 ¢
Yuluxiang

HA3 292.86£1.19ab  31.71£9.25a 29.85+6.74 a
Ganli3

9-31 272.69+2.51 bed  32.98+3.59 a 26.76+7.12 ab

117.31+12.48 ab

99.97+13.61 be
90.55+8.50 ¢

82.53+16.46 ¢

129.64+36.45 a

117.22+13.68 ab

90.51£16.26 bed 40.10+7.77 ab 30.65+10.30 a

98.39+19.54 ab 36.45+6.35¢
76.56+£9.71 cd  40.15+2.23 be

32.43+11.06 a
29.74+9.84 a

71.18+6.58 d 40.54+6.68 abc  32.22+10.44 a

108.32+16.59 ab 41.24+17.41 abc 29.84+13.37 a

96.99+10.94 ab 43.00+3.51 abc ~ 30.40+10.07 a
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Table 4 Correlation between leaf microstructure and powdery mildew disease index in different pear varieties(n=8)

sabE PEeE AR RFEE MR R W AR
IrEll d;:x Disease Leaf Thickness of upper Thickness of Palisade tissue Spongy tissue
index thickness epidermis lower epidermis thickness thickness
e 1 0.388 ~0.547 -0.147 0.201 0.404
Disease index 0342 0.161 0.728 0.634 0321
R 0.388 1 -0.729% 0.717* 0.899%* 0.966%**
Leaf thickness 0342 0.040 0.045 0.002 0.000
R -0.547 —0.729* 1 -0.437 -0.618 -0.628
Thickness of upper epidermis 0.161 0.040 0.280 0.102 0.095
R R -0.147 0.717* -0.437 1 0.559 0.712%
Thickness of lower epidermis 0.728 0.045 0.280 0.149 0.048
MU 2E 200 )5 0.201 0.899%* -0.618 0.559 1 0.854%**
Palisade tissue thickness 0.634 0.002 0.102 0.149 0.007
AR 0.404 0.966%* -0.628 0.712% 0.854%%* 1
Spongy tissue thickness 0321 0.000 0.095 0.048 0.007

W HIGHERE 0.05 KPR U 5 #*. HOGHETE 0.01 /K-F LA 2 (XU .«

Note: *. Significant correlation at 0.05 level (double-tailed); **. Extremely significant correlation at 0.01 level (double-tailed).
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