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Comprehensive evaluation and forecast on physiological indexes of
Alternaira alternata f.mali resistance in F; hybrids of apple

FAN Hong-ke,ZHAO Zheng-yang, WANG Fei, DANG Zhi-guo,GAO Hua

(College of Horticulture , Northwest A&F University sYangling » Shaanxi 712100, China)

Abstract: [Objective] This study was to provide reference for per-selection of Alternaira alternate {.
mali (AaM. ) by establishing comprehensive evaluation and prediction method of resistance to AaM in ap-
ple. [Method] Based on F; hybrids of “Fu Ji” and “Pink Lady”,the physiological indexes of resistance to
AaM were comprehensively evaluated and predicted,and were used to value the F, hybrids’ single capacity
of AaM resistance to some new independent comprehensive indexes by principal component analysis. The
comprehensive value of different F, hybrids AaM resistance was obtained by using subor-dinative function,
so the AaM resistance of different F, hybrids can be evaluated. Meanwhile, the regression was established
between the comprehensive value of AaM resistance and the value of single index to AaM resistance. [Re-
sult] The results showed that the comprehensive values were higher, the F, hybrids AaM resistance was
better. The net photosynthetic rate,chlorogenic acid content, phenylalanine ammonium-lyase content in ap-
ple leaves and thickness of hundred leaves would be used as indexes of evaluating AaM resistance in apple.
The analyzed regression indicated that the function’s square was prominent. The results of Cluster analysis

showed that the strength of the order was the same. [Conclusion) Application of subor-dinative function
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and principal component analysis would be suitable to evaluate AaM resistant selection comprehensively.

Regression can predict apple hybrids individual resistance.

Key words: apple; hybrid; Alternaira alternata {. mali;comprehensive evaluation;forecast
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Table 1 I value of every single index of disease resistance coefficients in F, progeny hybrids of apple

JE A -4 2% BRI VNS éjjrfif[ TE:IE«

Przgeny Chl/\ Pn Chlorggcnic LigJ;li/r; SOD CAT POD PAL PPO hurgl{dred of hundr;ea
acid leaves leaves
FP-1 0.924 0.969 0.931 0.936 0.912 0. 827 0. 879 0.923 0. 883 0.935 0.957
FP-2 0. 908 0. 889 0. 867 0. 855 0. 760 0.717 0. 833 0. 866 0. 818 0. 858 0. 888
FP-3 0.892 0. 835 0. 814 0.733 0.658 0.643 0. 649 0. 697 0.655 0.833 0. 842
FP-4 0. 876 0.742 0.638 0.624 0. 862 0.790 0.741 0.583 0.785 0.910 0.779
FP-5 0.812 0.782 0. 547 0. 814 0. 608 0. 606 0.787 0. 646 0.752 0. 807 0.819
FP-6 0. 844 0.916 0. 609 0. 895 0.811 0. 754 0.695 0.753 0. 850 0. 884 0.911
FP-7 0. 828 0.617 0.553 0. 581 0.709 0. 680 0.511 0. 386 0. 687 0.730 0.771
FP-8 0. 860 0.782 0.508 0.570 0. 455 0.495 0. 557 0.471 0.720 0.756 0.733
FP-9 0.795 0.677 0.482 0.610 0. 506 0.532 0.603 0.527 0. 589 0.782 0.701
FP-10 0.763 0.510 0. 355 0.651 0.557 0. 569 0.419 0.414 0.622 0.705 0. 696
FP-11 0.779 0.702 0.214 0.529 0. 404 0. 459 0.465 0. 358 0. 557 0.679 0.727
FP-12 0. 747 0.378 0.106 0.488 0. 354 0.422 0.373 0.301 0.524 0. 654 0. 604

H:FP-1~FP-12 2 AR 5.

Note:FP-1—FP-12 means sample number.
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Index Chl acid Lignin hundred of hundred
act leaves leaves
-4t Z& Chl 1. 000
Pn 0.656 1. 000
2% JE R Chlorogenic acid 0.265  0.149 1. 000
A Jfi % Lignin 0.106  0.207 0.756 1. 000
SOD 0. 297 0.108 0.621 0.477 1. 000
CAT 0.271 0. 386 0.543 0.618 0. 801 1. 000
POD 0.138 0. 247 0. 644 0. 587 0.653 0. 837 1. 000
PAL 0. 307 0.521 0.614 0. 827 0.701 0. 695 0.724 1. 000
PPO 0. 383 0.261 0.769 0.682 0.594 0.711 0.813 0.758 1. 000
” =N
A +Iﬁ$ 0.426 0.394 0.271 0.154 0. 307 0.281 0.118 0. 204 0.185 1. 000
Weight of hundred leaves
5

Fn 0. 319 0.436 0.162 0.105 0. 248 0.203 0.152 0.087 0.102 0.742 1. 000

Thickness of hundred leaves
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Table 3 Coefficients of main component gene vector load [CI(x)] and square proportion (P)

SRR AR AR
b s e I . . . S
EMRS MR Pn Chlorogenic UL SOD CAT POD PAL ppo  Veightof Thickness 5tk
Index Chl i Lignin hundred of hundred P
act leaves leaves
CI(D) 0. 105 0.134 0.608 0.497 0.328 0.229 0. 304 0.628 0.397 0.101 0.084 0.589
CI(2) 0.274 0.617 0. 065 0.037 0. 081 0.139 0.067 0. 055 0.072 0. 204 0. 367 0.167
CI(3) 0.115 0.178 0.109 0. 087 0. 034 0. 084 0.016 0.034 0.029 0. 407 0.653 0.095

WA R EUR>0. 6,

Note:Selected correlation coefficient™>0. 6.
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Table 4 Value of each seeding”’s comprehensive index (X)) .index weight(W;) ,u(zx),Y(x),D.VP

and comprehensive evaluation

Bt ‘ LRE VT

Progeny X Xz X5 u(D) u(2) u(3) YD Y(2) Y(3) D VP (,omprehelnswe
Evaluation

FP-1 2.137 1.423 0.654 0.998 0. 359 0.756 0.730 0.065 0. 066 0. 861 0.708 HR
FP-2 1.162 0. 945 0. 587 0.751 0.466 0.512 0. 549 0. 085 0.045 0.678 0.670 R
FP-3 1. 344 1. 064 0.971 0.701 0. 304 0.208 0.512 0.055 0.018 0. 586 0. 636 R
FP-4 0. 681 0. 843 0. 546 0.427 0.521 0. 105 0.312 0.095 0.009 0.416 0.543 O
FP-5 0.528 0.597 0.613 0.325 0. 206 0. 349 0.238 0. 037 0. 030 0. 305 0. 505 O
FP-6 0.774 0.134 0.408 0. 465 0. 406 0. 281 0. 340 0.074 0.024 0.438 0. 547 O
FP-7 0.418 —0.116 0.227 0.108 0.051 0.553 0.079 0. 009 0.048 0.136 0.491 S
FP-8 0.479 —0.093 0.361 0. 094 0.873 0.394 0. 069 0.159 0.034 0.262 0.478 S
FP-9 0.357 —0.081 0. 204 0.157 0.128 0. 187 0.115 0.023 0.016 0.154 0.462 S
FP-10 0.312 —0.102 0.013 0.034 0. 039 0.016 0.025 0. 007 0.001 0.033 0.392 HS
FP-11 0.034 —0.086 0.019 0.056 0.041 0. 205 0.041 0. 007 0.018 0.066 0.333 HS
FP-12 0.011 —0.137 0.026 0.024 0.067 0.183 0.018 0.012 0.016 0. 046 0.262 HS
oE W; 0.731 0.182 0.087

HHR. B R H05 O, )8 S, ks s HS. & sk,

Note: HR. High-resistance; R. Resistance; O. Osculant;S. Susceptible;

2.5 ERZETERHEAEHBRRARAELEERN

EER EHR R

P25 SRR BT 1 25 B PE (B (D (D A Sy IH AR
i A R BR AR PO R AT EDVE B AR &,
SEANTE S AR 1A H Uy

D=(164.93+42.35X,+471.56 X, +
30. 81X +35.74X,,) X10 °,

A X Xo X X0 4 IR ER DAt i ot 5 3
LR JFR B i RN 2R A A TS A RS R AR Y
PR R, HRRIREZRH R*=0.992,.F=174. 26,
T FRAH DGR 2 . AR ] 05 O R AR A LR Y T
MAE (VP (B 455 (R HFRWLFP-1 1y VP HF K.
FP-12 i) VP {fif/N, 5 D {8 T %8 19 & tR PR
58 355 WP — 3, 18 B A% 5 R T DL e 52 s AL A
PR BB PE SR 55 .

HAh Bz B E AT R 7R 11 WA R bR, |
R 4 TR bR R SR T BE AT S R P A W
M) 0 4 7 T A B B U K S A i 2 T
YRR ERAL, . [R] B R AT 76 A ] 5% 44 T 00 s SR At 37 2R &y
P Fak 4 S HEAR SR EPUME R 8 AR ISR 5 B0
FHAZ 5 A 5 T T H At 2% 52 5 AR e M

HS. High-susceptible.
3 #wHithe

S SRR BE AT i B PR — A 2 2RI R
e 14 52 2 B A MR L AR g b SRR 2 R AR
BT BTz 03 B BUR SRR R AR AN )
AT SR BRE A7 i B 0 SOt A R A [ L BE
A [ — 4 B N [a) A K 77 A 300 68 B s 7 Pt 0 7 L
IO 9 22 S P UL AT AN [] A A AT R OGS BRE A5 7 i 470 1
S B 22 S o DRI s SRR 30 2 — B ) el — AR R
AT R 14 5 175 i 5081 A 45 SR L R R S0 SR 2 S S AR
F8 G i AN 2 o (EL R L 17 45 K0 A ] 4R BRAS
7 Fsf 0] o 25 9 A AN PRS2 L AN 9% T2 kL i H
WRZE KK W o3 M 4 2R o T30 2R 2 52 Jm AR A [+
I [ AN [RS8 25 1R T - HE B [ A 10 et A% e ik T 1A
FREARBUIRRE 11 KA

AT 5T 25 SR 2 W L AR AT [R] 04 A2 25 B0 B8 MR 5
HAAE SRR ARSI SRR & R RN A
R figp A I P L P R i Ol 5 R R I R R R A
FLRPUIA RE ST A B E G br . — A . A 2 R
240 B TR Bk K AR ) 2 O T BRSO AR B
FENN I 7 SRR S R AR A KR B B B AR L
I R B JE L AR BT P AR L T BB I TR A 4 1



158 P BB R R AR

5 38 &

GERA B ELRHLIE A 5 ik — 2 0 5%

W J R B R AR AR B A SO — Rl R
B, AR R PN T A ) 2t I TR A o T 0 1R G B i A A
JEE AR B 01 TR 2 1 9 R 22 0 O
W R G £ 3 23 A PR B M 1 L R e i R
W2 B YR 6 A A SRR >, B B R
AR T RE L R 2R T R S I O A G
2 AR B 1) — o ) 4 i e A A R T O R ) 4=
YL Hi I AFEAE BT 2 2 R R g 5 . i ) G 5
FE R ) s R AR T W 5 A PO R R )
SIS A R R — R 5B TR T Gk 4T
FRPE L IR T AT N A S RIS 4 R SRR
T AR GORE R AR TR SR R i
A AT 25 R OR TN S IR Fifk S i 195 kA hy 5 5 AR B
P 55 1 [R] 422 46 AR X — 258 .

AT F B A o B i B JER 1 11 AN BRI
B PR ZE A R X X, A X, 3 R B ST Y 25
B ARAR RIS A TTIRER /N 3K T 22 38 R
B — 5B T8 B (A8 ORI 17 SR T oR BU(EL S 328 47
FL A5 B0 45 = 22 Pl PO Pk 0 28 A PEA (. 3 BE T B
TN FE AR SR B R TR SCRE B TN Sk A E AR
18 2 00 AT e X S SR B B AR O T 25 A TR 4
N SN S

AHIEFE R FH A 11 UH 1 L 76 B0 M 25 A PR E
SRR RN A N CNE N ISy
Xof PR A AT S SR AR R TR AR G
S 5 A, MRS T R O A X e
ZERTE 3 A NN T Ty =i e N N P o ol e
LAt A A 11 33 22 48 B L 4R J5 R R 3% 5 R AT LA T
JITI AN PR B 975 1 11 5 55 o (8 B o 1 19 6 55 ) FH
FEREAT UM, n] S B B R B UR Y S 5 O
PR .

(&% k]

(1] Bk 28, 300 R0 i 2R W) B 16 O BB AR BIF 5 K HC H 1) g T
[D]. P42 . P§ ALK . 2009.
Chen L. Biological control technology of apple early defoliation
disease and its field application [ D]. Xi’an:Northwest Univer-
sity,2009. (in Chinese)

[2] SEaEEGERBUH 382 /8, 55, 39 R U BE 7% 0955 0 )5 L A il
TEPER R AL [T ], PUAEAR 2 B 2= 4, 2006 (6) - 70-72.
Dang Z G,Zhao Z Y.Guo Y Z, et al. Changes of several en-
zymes-activity in apple cultivars inoculated by Alternaria alter-
nata f. sp. mali [J]. Journal of Northwest Forestry University,
2006(6) :70-72. (in Chinese)

[3] B & WRBEAFEMHRIIIEILE RAPD $Rig i geWF5¢ [DJ.

[4]

[6]

[7]

(8]

(9]

[10]

[11]

[12]

BEVE 1 4 T AL A R AL K 2. 2008
Zhao L. Detection of RAPD marker linked to the resistance
gene to alternaria leaf spot in apples [ D]. Yangling, Shaanxi:
Northwest A&.F University,2008. (in Chinese)
WS FRA KT, F 2R SRR AR
97 T A S SR B A O T Y B 5 [T, P L AR K AR
R HAREFE AT 2003,31(4) :131-134.
Shi C X,Li EC,Qi Z J,et al. Study on the synergism of carben-
dazim and mancozeb against Alternaira alternata f. mali Ro-
berts and Venturia nashicola [ ]J]. Journal of Northwest Sci-
Tech University of Agriculture and Forestry: Nat Sci Ed,2003,
31(4):131-134. (in Chinese)
TESCHR B BRI AR L A R IE i (BTHD X 39 R 0B
IR S (1] A2, 2008(3) - 362-366.
Wang W J,Zhao J Z,Wei C J,et al. BT H-induced resistance to
Alternaira alternata f. mali in apple [J]. Journal of Fruit Sci-
ence,2008(3) :362-366. (in Chinese)
AR BB L R e, S IR R e R L 5 25 )
Biia BFgE [T, P9 AL AR kBl 5 K 2= %4 - H R BE 2, 2005, 33
(5):76-80.
Li D H,Zhao Z Y,Zhao H Y,et al. The study of regularity of
apple early defoliation disease and its control by fungicide [J].
Journal of Northwest Sci-Tech University of Agriculture and
Forestry:Nat Sci Ed,2005,33(5) :76-80. (in Chinese)
Ji P IR A AR AN A A S B R S R BE VR 0 Y A ) B
RWFSE LD PP - AL R K%, 2007.
Su J. Isolation of entophytic bacteria from apple tree and bio-
control on apple spot leaf drop [ D]. Yangling, Shaanxi: North-
west A&.F University,2007. (in Chinese)
JAT A AT AT S S /N R [ R AR P A 4
VRO BB [T o R AR A R4 2003.36(11) - 1378-1382.
Zhou G S,Mei F Z,Zhou Z Q, et al. Comprehensive evaluation
and forecast on physiological indices of waterlogging resistance
of different wheat varieties [ J]. Scientia Agricultura Sinica,
2003,36(11):1378-1382. (in Chinese)
FHARRE A A BT /N T, S T S T 5 A B A R L 45
AR [ AEP 274, 1996,22(4) :392-398.
Niu F X,Hua X X,Guo X D,et al. Studies on several physio-
logical indexes of the drought resistance of sweet potato and its
comprehensive evaluation [ J]. Acta Agronomica Sinica, 1996,
22(4):392-398. (in Chinese)
FWUR e R B2 SO AL /N OR[N BT A 25 AT
LI T pg Al K 2248, 1994, 28(4) £ 339-343.
Wang S J,Gao Y Z,Peng W B, et al. Comprehensive evalua-
tion on heat resistance of different wheat varieties [ ]J]. Acta
Agricultural Universitaties Henanensis, 1994, 28 (4): 339-
343. (in Chinese)
B¢ f geit i 5 SPSS R LML db st b B AR KA
th AL 2007,
Xue W. Statistical analysis and application of SPSS [ M]. Bei-
jing: China Renmin University Press,2007. (in Chinese)
SN BRI R RR AL SRR I 0 Y R AR AR B AR



5 630

BT} 45 PR IR B AR AR P I B A B A 0 255 TR A BT 159

[13]

[14]

[15]

[16]

[17]

Yliih (1. BV Ak FE 4%, 2004(1) 1 62-64.

Guo X X,Chen C,Tang Z H,et al. Occurrence and biological
control on apple early defoliation [J]. Shaanxi Journal of Ag-
ricultural Sciences,2004(1):62-64. (in Chinese)

SR R R T I A (8] R R A B A LT g R
B,1991(2) . 21-22.

Song G L. Occurrence investigation of Apple Spot Disease in
different apple varieties [ J]. Shanxi Fruits, 1991 (2):21-22.
(in Chinese)

B & B, m AR R BROR LD - e BTG Y 3R B
B AR T 2R, 2002(4) . 7-9.

Zhao Z Y,Lu Y M,Gao H. Performance of apple variety Pink
Lady in Shaanxi and its cultivation techniques [ J]. China
Fruits,2002(4) . 7-9. (in Chinese)

EHEA R, & K. 55 ML LRI M [J]. 7
JEA PR} B K22 4 1 SRBF SRR, 2005,33(2) :103-106.
Wang L. C,Zhao Z Y.,Lu Y M,et al. Study on introduced apple
variety—Pink Lady [J]. Journal of Northwest Sci-Tech Uni-
versity of Agriculture and Forestry:Nat Sci Ed,2005,33(2) ;
103-106. (in Chinese)

MM & L A (M. 0GR . MR
Tl K2 1 i At , 2004,

Hao Z B,Cang ], Xu Z. Plant physiological experiment [ M ].
Harbin: Harbin Institute of Technology Press,2004. (in Chi-
nese)

AAHEAR 32 IR XS ZE. S RAS TR L B Y8 0 R 15 0
P L] b 7R, 2001,30(6) - 58-59.

Zhao J C,Gong X,Liu L J. Occurrence investigation of Apple
Spot Disease in different apple varieties [ ]J]. South China
Fruits,2001,30(6) :58-59. (in Chinese)

[18]

[19]

[20]

[21]

[22]

[23]

[24]

MASHE, BRI K W] fE. SPSS11 4t 4 B 52 4 i 3 5
[MI. b 5T [ R 8 i At 2002 230-244.

Lin J B,Chen X, Liu M D. Statistical analysis and practical de-
sign of SPSS11 [ M ]. Beijing: China Railway Publishing
House,2002:230-244. (in Chinese)

HRER. ER A LML dEar . E Al A, 1996,

Shu H R. Apple science [ M]. Beijing: China Agriculture
Press,1996. (in Chinese)

WA TE R B SERAB B B T R it R S
FAL MR AR LT Al K% %4, 1990(1) : 51-54.

Xie W L,Leng H Q. Studies on apple blotch |[ : Relation be-
tween the resistance of apple cultivars and their physical and
physiological characters [J]. Journal of Sichuan Agricultural
University,1990(1) :51-54. (in Chinese)

Beck D L. Disease resistance mechanism in plant and their mi-
crobial and metabolic regulation [J]. Crop Sci, 1983,23(5):
995-998.

P b 44 AR 3035 A B A [ ML PR R AR ARl K 2
JR AL .1990.

Pang S C. Plant stress physiology [ M]. Harbin: Northeast
Forestry University Press,1990. (in Chinese)

Goodman R N, Kiraly Z, Wood K R. The biochemistry and
physiology of plant disease [ M ]. Columbia;: Univ of Missouri
Press,1986.

LER AR KT E R A 2 i A BF e e [T, 2Rkl
Ke2p2H .2001,28(4) 425-430.

Jiang C J,Yu Y B. Advance in phenylalanine ammonia-lyase,
PAL []J]. Journal of Anhui Agricultural University, 2001, 28
(4):425-430. (in Chinese)



