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ZHU Yuxuan', QIU Yangyang', LI Lexin', ZHAO Hong', FENG Peng”, JIN Yongling'*, WANG Liyan'

(1. Heilongjiang Bayi Agricultural University, Heilongjiang Provincial Key Laboratory of Crop-Pest Interaction
Biology and Ecological Control, National Coarse Cereals Engineering Research Center , Daging 163319, China;
2. Beidahuang Group Heilongjiang 855 Farm Co., Ltd., Mishan 158300, China)

Abstract To evaluate the resistance of commonly cultivated kidney bean varieties in Heilongjiang province to
bean aphids. this study employed an indoor pot-based infestation method to assess bean aphid population
development on different varieties and analyzed the correlation between morphological characteristics of kidney
beans and their aphids resistance. The results showed that 10 days after inoculation with bean aphids, the aphid
population density on different kidney bean varieties ranged from 26. 0 to 178. 7 aphids per plant, and the aphid
number ratio ranged from 0. 27 to 1. 89. The highly aphid-resistant varieties exhibiting an aphid number ratio of
less than 0. 50 were ‘Navy White” ‘Tajikistan’ and ‘Zhuhong’, while the highly aphid-susceptible variety with an
aphid number ratio exceeding 1.70 was ‘Zhuzi’. There were some differences in leaf area, leaf color, leaf
thickness, leaf water content, leaf hair growth status and number among different kidney bean varieties. Among
them, the aphid number ratio was extremely significantly negatively correlated with the number of adaxial and
abaxial leaf hairs, and significantly positively correlated with leaf thickness. These three indicators can be used as
morphological indicators to measure the aphid resistance of kidney beans. This study provides a methodological
reference for the morphological evaluation of bean aphid resistance in leguminous crops clarifies, the breeding of
new aphid-resistant kidney bean varieties and can facilitate the screening and popularization of highly aphid-
resistant kidney bean varieties in production practice to mitigate yield losses induced by bean aphids, reduce
pesticide application rates, accelerate the innovation and extension of aphid-resistant germplasm resources.
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ratio; aphid resistance
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Table 1 Grading standard of Phaseolus vulgaris

resistance to Aphis craccivora

1Y " BB I B
gﬁ‘ﬁ“ﬁj\*ﬁ . ﬁé}zﬁ Duncan EE ?}Lﬁ E*& % {ziiﬂi://ﬁ‘ % jlzﬁ'iﬁ Resistance level Aphid number ratio
%ﬁﬁ\*ﬁ R %lJ F Pearson *H?@ /% ﬁﬂ:ﬁ *ﬁﬂ‘@‘ﬁﬁj\ E¥t  Highly resistant >0.2,<0.5

. = Pt Resistant >0.5,<<0. 8
H i) i) 1 = YIS =
*ﬁ i I:P ’ 1‘@‘ N +EEEEEE: N TEE%EETE' 1:8‘?{?@%73&% Fi 4t Moderately resistant =>0.8,<1.1
Eﬁ\*ﬁ ’ E\:é%@ N é%é N Yfﬁé%@é}%”%ﬁﬁgﬁﬁ 0.1, Fijg%  Moderately susceptible >1.1,<1.4
2T H SR A BB R | 55 2 B B Swcepible 1417
Ny v - =% Highly sus ibl 1.7
BB 1.2, FRASEHHRR A SPSS 26, PO HTighly suscepible -~
xR2 EZEEARASRMT=LE"
Table 2 Aphid number ratio of different kidney bean varieties
A BB/ G/ Mo i He A ERe
Variety Population density Aphid number ratio Resistance level
% Zhuzi (178.7£10. 8)a 1. 89 =
1 9  Zhongbai 9 (160. 3=£7. 3)ab 1. 69 Ji%
HAZL  Japanese Red (145.043. Db 1.53 T
— PR £5 48 Yikeshu Zihua (123.3=F4. 0)c 1. 30 ek
2519 Longyun 19 (110. 7£8. 0)c 1.16 R
1546 Naihua (85.3%3. 2)d 0. 90 Sk
#7221 Longyun 21 (83.0+£3.3)d 0. 87 g
HH5E  Xiquehua (82.744. )d 0. 87 L
HAE] Japanese White (82.7t4. 1d 0. 87 SRET
Je LA Longjiang Naiyuan (82.044. 3)d 0. 86 CEE
W75 Navy White (43.3*1.8)e 0. 45 P
BT TH  Tajikistan (28.0£1.5e 0. 29 =i
#E4L Zhuhong (26.0+1. De 0. 27 [

D) A5l e A RN FEERIR 2 Duncan” s B &R 22 K0 86 26 ¢ 1. 28 (P<<0. 001),

Different lowercase letters after the data in the same column indicate significant differences by Duncan’s new multiple range test (P<C

0.001).
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Table 3 Leaf area, leaf thickness and leaf water content of different kidney bean varieties
i AR/ em? i JEJE / (mg/em?) R EKER %
Variety Leaf area Leaf thickness Leaf water content

£ Zhuz (23.2+4.8)b (8.240.5)ab (88.00+2. ) be
1 9  Zhongbai 9 (21.5£3. Dbe (8.4=£0.5)ab (87.5£1.0)be
HAZL  Japanese Red (12.5+1.2)d (9.940. 3)a (86.0E2.0)ed
— PR 25 48 Yikeshu Zihua (15.7£1.5)cd (7.940.5)ab (84.9%+2.0)cd
2519 Longyun 19 (16. 9=4. 9)bed (10. 0£1. 2)a (87.3=£1.0)bed
54¢  Naihua (38.1£3.9a (6.1+0.3)b (84.1+£1.3)d
#7521 Longyun 21 (20.7£1. Dbe (7.6%0. 2)ab (87.6=E1.3)bc
B8 Xiquehua (35.1%2.2)a (7.3%0.6)b (91.4+1. 2)a
HA<F] Japanese White (41.5+3.6)a (6.5%1.3)b (84.7+0.9ed
FVLH4E  Longjiang Naiyuan (38.245.5)a (8.2£0.8)ab (85.1£2.6)cd
W25 Navy White (37.941.3)a (6.5+0.4)b (90.4-1.8)ab
B i Tajikistan (19.23. 1bed (6.9+0.8)b (85.3%+1.3 cd
41 Zhuhong (40.5+2.6)a (6.740. Db (85.8+1.5)cd

D RS EAR/NG FHFIRE Duncan’ s i 2 EM T2 BE . R ERP<C0. 001, i 5 )& B2 (P<C0. 001) , I 5 75 K R (P<<

0.001),

Different lowercase letters after the data in the same column indicate significant differences by Duncan’s new multiple range test. Leafl area
(P<C0.001), leaf thickness (P<C0.001), and leaf water content (P<Z0.001).
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Table 4 The number and length of leaf hairs of different kidney bean varieties

fn IE A B A /AR S B A /AR IETH BB /mm S A B /mm
Variety Number of adaxial leaf hairs Number of abaxial leaf hairs Adaxial leaf hair length Abaxial leaf hair length
1% Zhuz (2.37£0.6)e (2.3740. 3)de (0.5£0.01)e (0.52£0.03)e
FE 9 Zhongbai 9 (5.3%1.5e (1.3740. 3)e (0.8+0.03)cd (0. 7%0.02)d
HALL  Japanese Red (6.3F1.5)bc (1.32£0. 3)e (0. 7£0.02)d (0.5£0.02)e
— PP Yikeshu Zihua (15.7+£3.5)d (1. 740. 3e (1.2£0.03)b (0.9%0.02)b
#7519 Longyun 19 (16.3%+2. 1Hd (3.3230. 3)cde (1.740.02)a (1.4740.03)a
W54¢.  Naihua (13.0£2.7)d (8.3£0.9b (1. 7£0. 01a (1.42£0. 03)a
#7521 Longyun 21 (22.0%£2.0)c (5. 3740. 3)bed (1.1%0.07)b (0.840.02)c
H#94E  Xiquehua (35.7+3.2)a (6. 37420. 9be (1. 6740. 04)a (1.4740. 02)a
HZA<F Japanese White (39.7£2.5a (17.3£2. 0)a (1.2£0.06)b (0.9£0.02)b
JEILWiE Longjiang Naiyuan (24.3%4. 2)be (3.740.9)cde (0.610.02)e (0.510.02)e
W2 Navy White (28.7t2.5b (4. 3740. 3)cde (0.9%0.03)c (0.740.02)cd
B TiH Tajikistan (36.3%+3.8)a (18.7%*1.8)a (0.9%+0.03)cd (0. 7%£0.03)cd
K4l Zhuhong (40.0+3.0)a (15.8%+1.2)a (1.240.03)b (0.9£0.02)b
D) [WFVEE G A F/NG FRERR 4 Duncan”s B 2 W2 54056 22 57 2 . IR TP EA0E (P<C0. 001) . I B4t (P<C0. 001) , IE [

KB (P<<0. 001) , J T M- B A< B (P<<0. 001D,

Different lowercase letters after the data in the same column indicate significant differences by Duncan’s new multiple range test. Number
of adaxial leaf hairs (P<C0.001), number of abaxial leaf hairs (P<C0.001), adaxial leaf hair length (P<C0.001), and abaxial leaf hair

length (P<C0.001).
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Table 5 Leaf color and leaf hair growth status of different kidney bean varieties

A A LA HEE AR 1E R E
Variety Leaf color Leaf hair growth status Adaxial leaf hair curvature
H%  Zhuzi e B o
HH 9 Zhongbai 9 Lk T B
HZZL  Japanese Red 248, sy i
— R EAE Yikeshu Zihua L SR =
J£2£19 Longyun 19 WAk, EE ih
%ﬂi Naihua ﬁe /%‘l'_\i E
2= 21 Longyun 21 L (a ba ) W
Hift  Xiquehua OS] FEavA 2l
HZAE Japanese White 2548, B m
JeVL5E  Longjiang Naiyuan G A m
W%  Navy White ge) Sy i
R e H Tajikistan 4ha, Ml =
##4L  Zhuhong 248, By i

®6 ZEMAESHIESHEILENEXES

Table 6 Correlation analysis between leaf morphological characteristics of kidney bean and aphid number ratio

EEan

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11
Index
L1 1. 000 —0. 531 0.636* 0. 034 —0.869* —0.713*  —0. 265 —0. 215 —0.463 —0.528 —0. 265
L2 —0.531 1.000 —0.719* 0. 042 0.589* 0. 443 0. 184 0. 221 0. 325 0. 248 0. 311
L3 0.636* —0.719* 1.000 0. 058 —0.599* —0.633* —0.175 —0.172 0. 095 —0. 369 0. 201
L4 0.034 0. 042 0. 058 1. 000 0. 056 —0. 335 0.074 0.103 0. 187 0.172  —0. 096
L5 —0. 869 ** 0.589% —0.599* 0. 056 1. 000 0. 787 ** 0.272 0. 235 0. 468 0. 338 0. 282
L6 —0.713* 0.443 —0.633* —0. 335 0. 787 * 1. 000 0.178 0. 154 0. 151 0. 341 0.110
L7 —0. 265 0.184 —0.175 0.074 0. 272 0.178 1. 000 0. 981 0. 417 0.203 —0.066
1.8 —0. 215 0.221 —0.172 0.103 0. 235 0. 154 0. 981 * 1. 000 0. 442 0.186 —0.127
L9 —0.463 0. 325 0. 095 0. 187 0. 468 0. 151 0. 417 0. 442 1. 000 0. 227 0. 454
110 —0.528 0.248 —0.369 0.172 0. 338 0. 341 0.203 0. 186 0. 227 1. 000 0.071
L11 —0. 265 0.311 0. 201 —0. 096 0. 282 0.11 —0. 066 —0.127 0. 454 0.071 1. 000

D L1,12,13,14,15,16,L7 L8 L9, L10 L11 3} Sl 7m0 ot LUARL R TR L R JELE i 5K i L DE T Bt L SR T B4 IR R B
B R R I R ARES B B R Pearson AHOC R EGHA TAHICHE ST, © * | xx "FIRTE 0. 05,0. 01 /K P22 5 W3,
L1, L2, L3, L4, L5, L6, L7, 1.8, L9, 110 and L11 represent aphid number ratio, leaf area, leaf thickness, leaf water content, the num-
ber of adaxial leaf hairs, the number of abaxial leaf hairs, adaxial leaf hair length, abaxial leaf hair length, leaf color, leaf hair growth sta-

tus, and leaf hair curvature, respectively. Correlation analysis was conducted using the Pearson correlation coefficient, * % ” and “ %* ” in-

dicate significant differences at the 0. 05 and 0. 01 levels, respectively.
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