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Comprehensive evaluation on drought tolerance of Malus

YANG Feng,LIU Chen, JIANG Lijuan, GUAN Qingmei

(College of Horticulture s Northwest A&F University sYangling s Shaanzi 712100, China)

Abstract: [Objective] The drought tolerances of 103 Malus were evaluated to provide basis for breed-
ing drought tolerant cultivars and promote the application of drought-tolerant Malus. [Method) A total of
103 grafted plants of Malus were selected to investigate the wilting degree after 12 days of drought stress.
Relative conductivity, soluble protein content and malondialdehyde content of leaves before and after
drought stress were measured. The average membership function values of these four physiological indexes
were calculated by a subordination function method to evaluate drought resistances of the 103 plants. [Re-
sult] Wilting degree,relative conductivity,soluble protein content and malondialdehyde content of all spe-
cies changed significantly after 12 days of drought stress. According to the results of comprehensive evalua-
tion,there were 15 materials at level | (extremely tolerant to drought),32 materials at level [| (tolerant
to drought) ,46 materials at level [l (moderately tolerant to drought) and 10 materials at level [V (weakly
tolerant to drought). The 15 level | materials included Zaohongxia, Hongxun No. 1, Fuhongzaoga, Mutsu,
Early red one, Royal Gala, Pacific Rose, Arlet, N7, Hokido No. 9, Goldgeld55544, Cel, K296, Florina and
T22. [Conclusion]) Fifteen extremely drought-tolerant apple materials suitable for cultivation in arid and
semi-arid areas were identified.
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Table 1  Wilting degree of 103 Malus after drought stress
P R P EERE e BRI
Name ilting Name Wilting Name Wilting

degree degree degree
¥rel 4+ Pink Lady 0.33 VU5 1 3 1 Bietigheimer 1.00 KAF Daitron 0.33
Roho3615 0.71 BB 4+ Lady Williams 0.14 H3 0.40
# i Autumn Crisp 0. 33 P Akane 0. 50 Northfield Beauty 0.13
M2 25 NY 2 0.25 Halerstadter Jungfermapfe 0. 38 [ 75 3 Buckeye 0. 00
T22 0.33 Scheideckercrab 0. 50 Kz i td: Pinova 0.75
Zestar 0.71 Hi £} Judaine 0. 33 £ 2 Rubens 0. 00
K296 0. 00 Cor-10-17 0.38 Wik 7% Spike 0.11
B4 5L Fuhongzaoga 0. 00 Fit /i Judestar 0.33 fi Fii 4~ Braeburn 0. 50
FL41 85 Zaohongxia 0. 14 IR 4h 4 New Jonagold 0.71 Maririi Red 0.25
/NEDE Ralls 0. 44 Hi Ak Jude-line 0.33 2% Kanzi 0.11
GS58 0. 56 A54 0.57 XIN1 0. 88
2001 & I Fuji 2001 0.13 N9 0. 20 T-#k Senshu 0.33
K-FEEHL Pacific Rose 0. 00 55 Ak Korin 0.71 Kiku 0.29
4215 NY 1 0. 86 Ot Qiuguang 0.78 Pound Sweet 0. 00
BRI Royal Gala 0.11 K& 2 %5 Naganofuji No. 2 0.33 Unknown 0. 80
FAHK Orin 0. 44 NJ-90 0. 88 Sheepnose 0.14
B 41 Redchief Delicious 0. 00 5L & -+ Hirosakifuji 0. 00 S i Heisei 0.29
W fii R 1 2 K Edelborsdorfer 0. 00 &L H B Florina 0. 00 B+ Jazz 0. 00
Challenger 0. 00 P[5 6, 28 Arkansasblack 0.17 Cel 0. 50
1% Wealthy 0.75 21 % Hongro 0.29 JiE 1 Modi 0. 50
PaulaRed 0. 80 K41 1 5 Early red one 0.14 By 345 Arlet 0. 00
H 4. Ganhong 1. 00 Ce2 0.63 A Ryoka 0. 25
Gloster69 0. 00 4 B Sundowner 0.56 ZfH Qinyang 0. 00
W K2 /R 2 Blue Pearman 0. 20 WL i Regal Gala 0.43 Bramleyseedling 1. 00
€% Hanfu 0. 00 Chanterler 0. 88 J=% Morning Mist 0.50
Ik Ambrosia 0. 00 441 Jinhong 0.14 Xin4 0.57
Chinook 0.43 {EH 41 CinanoRed 0.43 [l B8 Mutsu 0. 00
Ruby Mac 0. 00 #1 4> Pinkgold 0.33 Bi] i SE 38 Ariane 0. 44
WA 245 Ryoka no Kisetsu 0.33 Wikl Idared 0.25 ZI8) 1 5 Hongxun No. 1 0.25
{5 HeFl Cinano Sweet 0.22 ‘w19 %4 Fuji Champion 0. 00 Fiit E WK Juliana 0.22
B 41 James Grieve 1. 00 {& ¥4 Cinano Gold 0.57 JbiEiE 9 5 Hokkaido No. 9 0. 00
Trail 0.67 fii W3 Holstein 0. 33 Goldgeld55544 0. 00
Redcord 0. 00 W A Haralson 0. 00 Seromine 0. 25
Jt 3} Hokudo 0.56 B YETE Rosy Glow 0.63
N7 0. 00 % Ifi Honeycrisp 0.33
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Table 2 Effects of drought stress on relative conductivity of 103 Malus leaves %
PR TR PR PR PR PR
i i
K before After K before  After K before  After
drought drought drought drought drought drought
stress stress stress stress stress stress
¥y 214+ Pink Lady 9.57 11. 39 L 3% 4% 167 1t¥ Bictigheimer 9.18 15. 34 || K#B Daitron 12. 26 13.32
Roho3615 10. 91 11. 33 ﬁfﬁ%ﬁlinis 9. 45 14. 45 H3 9.91 11.05
FfE Autumn Crisp 13.02 12.92 || #§ Akane 11.27 13. 86 || Northfield Beauty 11.44  16.75
4225 NY 2 12. 80 11.72 || Halerstadter Jungfermapfe 11.11 12.10 52 3 Buckeye 11. 46 13.33
T22 11.49 11.91 || Scheideckercrab 8. 87 14.78 || Fzi#tE Pinova 14.70 13.78
Zestar 11.76 12.11 || ¥+ Judaine 10. 94 12.88 || & EH# Rubens 9.91 20. 08
K296 12.37 8.90 | Cor-10-17 8.98 16.82 || Wik 5 Spike 10. 08 14. 10
B 2L 15 Fuhongzaoga 11. 04 10.72 | #Hik& Judestar 8.43 10. 93 || #i ¥4~ Braeburn 10.93 14. 64
FL.21 % Zaohongxia 8. 04 9.49 || HITY4: New Jonagold 9.24 11. 62 || Maririi Red 10. 27 18. 14
JNEDE Ralls 10.38  9.30 | #k Jude-line 7.62  13.43 || %% Kanzi 9.34  15.90
GS58 12.16 10.25 || A54 8. 38 11.02 || XIN1 10. 90 15.12
2001 & -+ Fuji 2001 11.54 15.50 || N9 9.93 12.96 || FFk Senshu 9.01 14. 40
K-FEEHL Pacific Rose 10.73 11.64 || 54k Korin 8.11 9.64 || Kiku 8. 48 12.47
412915 NY 1 11.59 11. 67 || #J% Qiuguang 10. 19 12.20 || Pound Sweet 12.90 16. 86
BRI Royal Gala 10. 79 11.30 || K& 2 5 Naganofuji No.2 9. 34 29.04 || Unknown 10. 63 15. 01
F Ak Orin 7.63 13.53 || NJ-90 13.93 11. 35 || Sheepnose 10.13 11. 81
1 41 Redchief Delicious 10.16  11.64 || 5480 & £ Hirosakifuji 9.47  31.95 | Vs Heisei 9.94  14.66
ﬁlﬁ@iﬁif 8. 65 9.64 || fm % Florina 9.26  10.76 | B+ Jazz 9.56  13.71
Challenger 11.79 20.59 || P {5 Arkansasblack 9.39 12.56 || Cel 10. 19 11.56
1% Wealthy 11. 88 10. 80 || #I.#% Hongro 9. 39 17.38 || JE&E 1 Modi 8.72 11.15
PaulaRed 8. 88 10.07 || H41 1 5 Early red one 8. 37 9.72 || PT3E%E Arlet 9. 60 10. 16
47 Ganhong 8.38  12.82 | Ce2 9.50  18.76 || 5% Ryoka 9.36  23.92
Gloster69 8.82 11.84 || 4 FH Sundowner 7.41 14. 90 || ZBH Qinyang 10.11 14, 22
W% % /K % Blue Pearman 13.50 13.37 || Wi i Regal Gala 10. 32 12.39 || Bramleyseedling 13.77 13.55
€% Hanfu 10. 62 14.49 || Chanterler 8. 21 11. 25 || /&% Morning Mist 9.87  21.06
FE Ambrosia 9.34 12.02 || 441 Jinhong 7.57 13.12 || Xin4 10. 47 10.75
Chinook 10.37  16.95 | {Z¥Zr CinanoRed 10.18  14.92 | K3 Mutsu 11.05  10.12
Ruby Mac 12. 46 15. 21 || ¥4 Pinkgold 8.76 10. 44 || B FR V.46 Ariane 7.35 9.89
fﬁfi Eisctsu 9.86  14.07 | Wik Idared 10.79  11.63 f}f’fg]xi No 1 9.11  10.43
{5 e Cinano Sweet 9.05 17.58 || ‘& + 5% Fuji Champion 8.76 10. 73 || Fi3#EHF Juliana 9.62 10.93
F 41 James Grieve 9. 84 29.28 | fF# 4 Cinano Gold 9.25 11.21 :]I—Ilzﬁgijo%];fo. 9 13.61 11.53
Trail 9.41 32.45 || faji3H Holstein 10.73 14. 66 || Goldgeld55544 9.42 7.53
Redcord 10. 01 11. 35 || #$7 7 Haralson 11.68 12.46 || Seromine 8. 67 10. 74
dt 2} Hokudo 10. 56 13.62 || BT Rosy Glow 9.05 11.53
N7 11.03 11.44 || % i Honeycrisp 12.08 14. 40
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Table 3 Effect of drought stress on soluble protein content of 103 Malus leaves mg/g
. TR 4k - ELhb SELab -ELab SELab
s AR i o Wi o Wi
Name drought After Name Before  After Name Before  After
Stress drought drought drought drought drought
stress stress  stress stress  stress
¥3 414+ Pink Lady 38.03 37.10 e 35 4% 1 1 Bietigheimer 20. 15 35.33 || K#B Daitron 41.19 43. 87
Roho3615 34. 39 46. 64 E‘j‘aiﬁ;;ﬁlﬁ:{; 23.50 49.03 || H3 17. 54 31.92
Ffe Autumn Crisp 31.99  41.96 || #§ Akane 28.65  26.64 || Northfield Beauty 49.89  53.41
41y 2 5 NY 2 31,15 30.96 i:;:;f;;ﬁ 26.93  32.81 | FL353 Buckeye 44,07 53.39
T22 30.68  55.79 | Scheideckercrab 34.99 41.07 || FzZifld Pinova 40.54  45.51
Zestar 36.78  56.39 || HiS} Judaine 31.67  32.50 || &7 Rubens 37.07  45.89
K296 27. 66 46.90 || Cor-10-17 32.19 33.93 || IR v Spike 33.68 29.73
B4 KL Fuhongzaoga 32.82 52.29 | #i /2 Judestar 25.47 41,27 || fi%iA Braeburn 28. 38 31.41
FL41 8 Zaohongxia 31.90  66.08 || HIT44 New Jonagold 40,06  54.46 | Maririi Red 17.63  46.92
/NEYE Ralls 24.29  25.60 || FiMk Jude-line 31.46  44.50 || #&2%% Kanzi 28.54  51.96
GS58 37.90 48.17 || A54 30. 33 45.18 || XINI 41. 21 41. 24
2001 & -+ Fuji 2001 35. 68 43. 64 N9 30. 25 49.71 F-Fk Senshu 36. 40 59.48
K VEBUEL Pacific Rose 35. 89 49.99 || #K Korin 29.58  33.49 || Kiku 34.38  45.37
4215 NY 1 25.28  35.20 || #kot Qiuguang 38.99 40. 00 || Pound Sweet 36.41 38. 80
BRI Royal Gala 34.84  59.63 Ibfaioiji No. 2 41.04  63.44 | Unknown 39.59  43.50
E M Orin 46. 26 39.15 || NJ-90 32.69 32.31 Sheepnose 41. 80 65.72
B 41 Redchief Delicious 19.89  35.50 || ARG & I Hirosakifuji 42.41  48.90 | i Heisei 34.04  52.06
Ef%dz{;gﬁiiirje 16. 59 26.20 | fAHiEGHE Florina 32.98 38.76 B}t Jazz 31. 15 45.03
Challenger 31.72 37.57 P[5 6, B8 Arkansasblack 38.77 44,33 || Cel 61.54 68. 30
& Wealthy 30. 51 29.42 || 4% Hongro 47.60 48.03 || FE Modi 29. 87 43.06
PaulaRed 34.23 32.33 || K41 1 5 Early red one 43.98  54.30 | B34 Arlet 35.51 42.31
4L Ganhong 29.81  54.88 | Ce2 43.67  31.68 | A Ryoka 38.56  43.88
Gloster69 25.96 35.26 4 BH Sundowner 35.89 40,97 || ZFH Qinyang 35.14 38.63
W 2 /K2 Blue Pearman 32.97 53.09 1 I i Regal Gala 45,25 47.70 | Bramleyseedling 36.21 59.37
%% Hanfu 31.78  41.06 | Chanterler 22.61  36.46 || /% Morning Mist 43.20  65.89
0 Ambrosia 32,34 43.39 | 421 Jinhong 30,06  30.32 | Xind 37.79  37.15
Chinook 40. 84 56.74 || {54 CinanoRed 27.51 30. 31 [ B4 Mutsu 46.57 55.01
Ruby Mac 43.32  31.89 | Mi4: Pinkgold 31.79 45,49 || B HE M 4F Ariane 40.76  53.41
El:y?kigiiiselsu 35.59 40.33 || Xk Idared 25.58 31.02 %jﬁ?gifNo. 1 48.70 69.51
{5 #eHH Cinano Sweet 33.68  33.62 || &+ % Fuji Champion 25.57  32.67 || FuEME Juliana 25.67  35.30
H20 James Grieve 45.47  73.55 | {5 ¥4 Cinano Gold 29.55  32.71 ﬁfgﬁoio 9 39.76  41.28
Trail 39. 33 38.78 || fajifff3H Holstein 37.54 47.41 | Goldgeld55544 34.22 31.28
Redcord 31.91 30.96 || #fififF Haralson 30.78  30.18 || Seromine 41.34  37.26
It 3} Hokudo 34.63 33.40 || HIOETE Rosy Glow 40. 86 36. 31
N7 32.37 44, 64 % i Honeycrisp 28.17 28.08
2.4 TEBENEREEYWMHAR MDA 281K FH4.Uw; KL L1 Roho3615 Bk 5F 59 F
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Table 4 Effect of drought stress on MDA content of 103 Malus leaves pmol/g

sy T sy T s T
24 Before W5 24 Before M 24 Before M5

Name drought After Name drought Alter Name drought After

Stress drought Stress drought Stress drought

stress stress stress

¥3 414+ Pink Lady 43.63 37.79 e 35 4% 1 1 Bietigheimer 80.87  49.64 || K# Daitron 76.53 68.01
Roho3615 72.34 41. 54 %ﬁ%lﬁi 97. 45 51.45 || H3 49.77 46. 20
Ffe Autumn Crisp 90.11  58.75 || #§ Akane 73.26  42.20 || Northfield Beauty 35.93  96.29
Ay 2 % NY 2 49.71  18.08 El:gefr:;if:fi 50.78  44.12 || E 5% Buckeye 36.46 110 48
T22 74.60  37.38 || Scheideckercrab 73.28  27.72 | Fzifild Pinova 97.93 66. 26
Zestar 41.60  65.21 | FHiS} Judaine 55.75  35.59 || &5 Rubens 87.59  73.10
K296 54. 66 75.84 || Cor-10-17 47.61 36.23 || iR v Spike 39.61 66. 33
Z1 FLI Fuhongzaoga 83.95 37.91 Hi & Judestar 58.53 32.71 #i # A< Braeburn 55. 21 92.58
FL4T 8 Zaohongxia 62.09  24.78 || FIr414 New Jonagold 62.89  51.96 || Maririi Red 52.15  83.13
/INEDDE Ralls 58.05 104.19 || FiMk Jude-line 88.61 57.65 || ¥ 2% Kanzi 79.84  43.19
GS58 51.12 38.07 || A54 54. 54 79.34 || XIN1 5. 86 67.95
2001 & -+ Fuji 2001 91.10 67.77 N9 105. 46 66.89 || TFk Senshu 44,48 91.59
K VEBUEL Pacific Rose 86.98  48.20 | HiAk Korin 87.03 34.19 || Kiku 78.11 70. 10
4215 NY 1 80.60  41.11 | FkJ% Qiuguang 52. 45 45,45 | Pound Sweet 47.70 74.91
ELSZ I Royal Gala 43.18 64,21 Ibfaioiji No 2 44.51  48.15 | Unknown 47.81  53.17
E M Orin 67.00 65.24 || NJ-90 106. 79 26.45 || Sheepnose 57.82 125.29
B 41 Redchief Delicious 49,37  71.06 || LRI 1 Hirosakifuji 65.30 117.21 || ¥ Heisei 56.50  52.95
Edej}i:ﬁiiirjﬁ 40. 81 27.89 | fAHLEGHE Florina 64. 32 39. 86 B}t Jazz 50. 54 78.67
Challenger 82.15 49. 47 P[5 6, B8 Arkansasblack 64.07 30.39 || Cel 33.27 48.76
& Wealthy 47.72 40. 65 || 4L#% Hongro 57.57 75.22 || FEH Modi 35. 04 71.49
PaulaRed 43.17  24.67 || H.41 15 Early red one 85.20  47.22 || PSR Arlet 63.69  34.01
4L Ganhong 9.28  69.13 || Ce2 58.30 126.91 || 7 Ryoka 41.71  68.71
Gloster69 52.14 70.78 4 BH Sundowner 68.02 69. 48 || ZH Qinyang 52.59 81.49
W {2 /R % Blue Pearman 38.50  46.56 || WHMEME Regal Gala 34.97  41.91 || Bramleyseedling 51. 81 36.53
%% Hanfu 59.07  64.41 || Chanterler 111.06  59.61 | /&% Morning Mist 57.69 104.17
21k Ambrosia 56.97  81.11 || 42 Jinhong 86.27  84.90 | Xind 97.61  66.65
Chinook 66. 31 63.79 || fH¥ 4 CinanoRed 51.95 61.34 || Ff¥ Mutsu 50.51 54.63
Ruby Mac 60. 66 59.09 | ¥4 Pinkgold 73.25 52.11 Ba] i IE. 38 Ariane 42.23 35.76
gyﬁk?iiiselsu 35.62 50.78 | k4L Idared 57.19 44,95 ﬂ‘f’fgii No. 1 29. 25 44,47
{54 Cinano Sweet 39.51 144.71 + 5% % Fuji Champion 53.03 29.90 || FEME Juliana 54.57  87.06
H20 James Grieve 43.03 132.69 || {5k Cinano Gold 56.18  70.97 ?{tﬁgli?\m 9 85.37  27.69
Trail 93.32 101.26 || fafif3H Holstein 82.83 65.66 || Goldgeld55544 60. 33 27.23
Redcord 104.52  34.80 | #+$i#F Haralson 57. 36 54.68 || Seromine 42.20  47.18

It 3} Hokudo 87.36 48.06 || HILYETE Rosy Glow 43. 64 73.77
N7 83.72 35.98 % i Honeycrisp 60. 45 39. 17
2.5 103 MERBEMAERNEEITH Trail \Ce2 21, A5 A% W 00 (5 W Bl OKF BT A7 b1kt

AR ST LU I 8 SR T 5038 I A5 T 48 A 1
TEM F8 45, XF 103 Fh3E )R
BV 2R R R A R,

PSR m e BB M A
R R P PR BEAT 45

D70 5 A

103 32 R Ja 1 9 1) B0 521k 2 5 0 F

MeE R FE S5, NFESATIE L. P BERIEMN S
PR RIS 9o RS A 1 5L E ORI,

G A A =2

OB 5 B 2 B R

WA 7 2 SR R BB I o 4 A T BT
B A 15 B I RO R 32 A I 90 v AE BT

A A6 M VIR A 10 B,

15 Fpoghi B

SERBEBMY AN RAE AW 1 58 ORI

ORI
b 9 5
T22.

ERE T AL UAP NS S0 INTE SR
.Goldgeld55544 , Cel , K296 , 18 131 B 4 .
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Table 5 Comprehensive evaluation on drought tolerance of 103 Malus

e i@ PR UE Subordinate function values Bk m .
on EERE  MUBSE  OREEH | AR ¥ Drought o'l
Wilting degree RC Pro MDA Average tolerance
4L %+ Pink Lady 0.67 0. 84 0. 24 0. 88 0. 66 1 42
Roho3615 0.29 0. 85 0. 44 0. 86 0.61 | 64
FkfE Autumn Crisp 0.67 0.78 0. 34 0.76 0. 64 il 52
414y 25 NY2 0.75 0. 83 0.11 1.00 0.67 Il 36
T22 0.67 0.82 0.63 0. 89 0.75 I 15
Zestar 0.29 0.82 0. 64 0.72 0.62 I 60
K296 1. 00 0.95 0. 44 0. 66 0.76 1 13
® 2L 15 Fuhongzaoga 1. 00 0.87 0.56 0.88 0.83 T 3
.41 85 Zaohongxia 0. 86 0.92 0. 84 0. 96 0. 90 1 1
/NE G Ralls 0.56 0.93 0. 00 0. 49 0. 49 IV 94
GS58 0. 44 0. 89 0.47 0. 88 0. 67 1 38
2001 & + Fuji 2001 0. 88 0.68 0. 38 0. 70 0. 66 1 41
K-FPEEHL Pacific Rose 1. 00 0. 84 0.51 0. 82 0.79 1 7
#4215 NY 1 0.14 0.83 0. 20 0. 86 0.51 I 93
B FIE I Royal Gala 0. 89 0. 85 0.71 0.73 0.79 1 6
EH Orin 0.56 0.76 0. 28 0.72 0.58 1T 75
1 41 Redchief Delicious 1.00 0. 84 0. 21 0.68 0.68 1 33
Wt R M 2 5k Edelborsdorfer 1. 00 0.92 0.01 0.94 0.72 1 22
Challenger 1. 00 0.48 0. 25 0.81 0.63 m 53
% Wealthy 0. 25 0. 87 0.08 0. 87 0.52 | 90
PaulaRed 0. 20 0. 90 0.14 0. 96 0.55 I 79
H 41 Ganhong 0. 00 0.79 0.61 0.70 0.52 m 89
Gloster69 1. 00 0. 83 0. 20 0.69 0.68 Il 34
i J2 /K 8 Blue Pearman 0. 80 0.77 0.57 0.83 0.74 Il 16
9% Hanfu 1.00 0.72 0.32 0.72 0. 69 il 31
2k Ambrosia 1. 00 0. 82 0.37 0.62 0.70 1 25
Chinook 0.57 0.62 0. 65 0.73 0. 64 1T 49
Ruby Mac 1. 00 0. 69 0.13 0.76 0. 64 | 48
W 1 71 Ryoka no Kisetsu 0. 67 0.74 0.31 0. 81 0.63 1l 57
{E W&l Cinano Sweet 0.78 0. 60 0.17 0.25 0. 45 I\ 99
# 4] James Grieve 0. 00 0.13 1. 00 0.32 0. 36 I\ 101
Trail 0. 33 0. 00 0. 27 0. 50 0.28 i\ 103
Redcord 1. 00 0. 85 0.11 0. 90 0.71 I 24
4t 3} Hokudo 0. 44 0.76 0.16 0. 82 0.55 1T 80
N7 1. 00 0. 84 0. 40 0. 89 0.78 I 9
b 3% 4% ¥ 1 Bietigheimer 0. 00 0. 69 0. 20 0. 81 0.43 v 100
R I 3 £+ Lady Williams 0. 86 0.72 0.49 0. 80 0.72 1 23
7 Akane 0. 50 0.75 0.02 0. 86 0.53 1T 85
Halerstadter Jungfermapfe 0.63 0. 82 0.15 0. 84 0.61 1 62
Scheideckercrab 0. 50 0.71 0.32 0. 94 0.62 il 59
#i S} Judaine 0.67 0.79 0.14 0.90 0.62 ik 58
Cor-10-17 0.63 0.63 0.17 0. 89 0.58 1T 73
i /2 Judestar 0.67 0. 86 0.33 0.91 0. 69 1 30
Fr 444 New Jonagold 0.29 0.84 0. 60 0. 80 0.63 1T 55
Ak Jude-line 0.67 0.76 0.39 0.76 0.65 il 47
A54 0.43 0. 86 0.41 0. 64 0.58 1T 72
N9 0. 80 0.78 0.50 0.71 0.70 11 28
55 Ak Korin 0.29 0.92 0.16 0. 90 0. 57 1 77
kOt Qiuguang 0.22 0.81 0. 30 0. 84 0.54 il 82
K77 2 2 Naganofuji No, 2 0.67 0.14 0.79 0.82 0. 60 i 67
NJ-90 0.13 0. 85 0.14 0.95 0.52 1T 92
5L A & + Hirosakifuji 1. 00 0.02 0.49 0.41 0.48 I\ 96
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R 5(&) Continued table 5

)@ BRBUE Subordinate function values L m

g EEAE  RNLSE  REEN N i Drought 75
Wilting degree RC Pro MDA Average tolerance
TR PLEG I Florina 1.00 0.87 0.27 0.87 0.75 1 14
[ 45 €6 5. Arkansasblack 0.83 0. 80 0. 39 0.93 0.74 11 19
Z1.#% Hongro 0.71 0. 60 0.47 0. 66 0.61 il 61
.41 1 %5 Early red one 0. 86 0.91 0. 60 0.83 0. 80 1 5
Ce2 0. 38 0.55 0.13 0. 35 0. 35 v 102
4 fH Sundowner 0. 44 0.70 0.32 0.69 0.54 1 83
T i Regal Gala 0.57 0. 81 0. 46 0. 86 0. 67 I 35
Chanterler 0.13 0. 85 0.23 0.75 0.49 I\ 95
441 Jinhong 0. 86 0.78 0. 10 0. 60 0.58 1 71
E#e4l CinanoRed 0.57 0.70 0.10 0.74 0.53 Il 86
¥4 Pinkgold 0.67 0. 88 0.41 0. 80 0. 69 1 32
WIk4r Idared 0.75 0. 84 0.11 0. 84 0.63 I 54
w1+ %4 Fuji Champion 1. 00 0. 87 0.15 0.93 0.74 11 18
f&# 4 Cinano Gold 0.43 0.85 0.15 0. 69 0.53 I 87
fof 30 Holstein 0.67 0.71 0. 45 0.72 0. 64 1T 51
WP Haralson 1. 00 0. 80 0.10 0.78 0.67 11 39
B HETE Rosy Glow 0.38 0. 84 0.22 0.67 0.53 11 88
% fé Honeycrisp 0.67 0.72 0.05 0.87 0.58 I 74
K Daitron 0.67 0.77 0. 38 0.70 0.63 1T 56
H3 0. 60 0. 86 0.13 0. 83 0. 61 il 66
Northfield Beauty 0. 88 0.63 0.58 0.53 0. 65 11 44
[ 75 ¥ Buckeye 1. 00 0.77 0.58 0. 45 0.70 I 26
W i 4E Pinova 0.25 0.75 0.42 0.71 0.53 i 84
22 Rubens 1. 00 0. 50 0.42 0.67 0. 65 1 46
IR 7 Spike 0. 89 0.74 0.09 0.71 0.61 1T 65
i #i 4% Braeburn 0.50 0.71 0.12 0.56 0.47 v 97
Maririi Red 0.75 0.57 0.44 0.61 0. 60 1 69
2% Kanzi 0. 89 0. 66 0. 55 0. 85 0.74 Il 17
XIN1 0.13 0.70 0. 33 0.70 0. 46 v 98
T-#k Senshu 0.67 0.72 0.71 0.56 0. 66 1 40
Kiku 0.71 0. 80 0.41 0. 69 0. 65 I 45
Pound Sweet 1. 00 0.63 0.28 0. 66 0. 64 m 50
Unknown 0. 20 0.70 0. 37 0.79 0.52 il 91
Sheepnose 0. 86 0.83 0. 84 0. 36 0.72 1 21
Y Heisei 0.71 0.71 0.55 0.79 0. 69 I 29
Bt Jazz 1.00 0.75 0.41 0.64 0.70 I 27
Cel 0. 50 0. 84 0. 89 0. 82 0.76 I 12
JE 1 Modi 0. 50 0. 85 0. 36 0.68 0. 60 1T 68
Py S HE Arlet 1. 00 0. 89 0. 35 0.91 0.79 1 8
& Ryoka 0.75 0. 34 0. 38 0. 70 0. 54 1T 81
ZfH Qinyang 1.00 0.73 0. 27 0.62 0. 66 11 43
Bramleyseedling 0. 00 0.76 0.70 0. 89 0.59 1T 70
J=% Morning Mist 0.50 0. 46 0. 84 0.49 0.57 1 76
Xin4 0.43 0. 87 0.24 0.71 0.56 1 78
fifi B8 Mutsu 1.00 0. 90 0.61 0.78 0.82 1 4
B 196 37438 Ariane 0.56 0.91 0.58 0. 89 0.73 I 20
218 1 5 Hongxun No. 1 0.75 0. 88 0.92 0. 84 0. 85 I 2
Fi ZEWF Juliana 0.78 0. 86 0. 20 0.59 0.61 1 63
JbiiE 9 5 Hokkaido No. 9 1. 00 0. 84 0.33 0. 94 0.78 1 10
Goldgeld55544 1. 00 1. 00 0.12 0. 95 0.77 1 11
Seromine 0.75 0. 87 0. 24 0.83 0.67 I 37
3 Wi FRARAE T R R L v A S kA,

HAEE & P B A R R B A 2255, 0l I 235 72
TR T A AN 2 A2 B AN AR BN R R A LA R B R L AR
T AR AR BRAE AL SO B 22 5, AR BN SN o RS 12 KL 25 FhOE SRR R 2 R
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Bk 0,3 25 FhA B Ruby Mac,Pound Sweet,
Challenger Jy i 4841 52 CIL 20O MR SLHT & + 8 59
P CIV O BB SN oAt 7 25 2 38 51 5 (T 90 St
FECLFOME

T T A0 S5 I P 5 R X S R T
1 — PROR G HL RO R B R A
WEFE b T 5 JE /N DG LR AR R A X
FARBN B BRI P FRE 75 14 FhA BT 5
JEJ AN HL S AT B XA BE SR AR I AR B 22
B R A PN #8853 TV P95 35 R W) B 0 A OGS
TR EEY R A L. 7 4R K E MDA, MDA
GRS R E EP PSS N R VI BN ERER 7
RN MDA &t B AW oh 34 R s A
TRMHA S MDA & & B A%, X T aE 2 T 5 a5
B, g0 Az ™ AL AR T, R BG4 MDA 4y
fige JIT ST A RT A S A OGS L AL P LA I R
POHLHIE MDA B A S 808 i TR . A FEAR
WF5E b AR 5 R SR ALY, H MDA 5
LA T AR R K I N BB A R —

AT B ) A0 P — o R R B Y
Wy 5, SR AR R T Y T ) SRR AL L AT VA AR B
B SR A Y LA TR I BRI Y AR
L TR R 1S RS MDA & & M
Xof L 3 DA M S R SRR A R B
Biwme. X TAR SR EEY . T 5 S8k B i
o 87 W o7 R A A B A 28 S 3 R A% R R
Y BA R AR e . — B & R A
Xof HL A DA PR SE i MDA 3 i 3 TS AR TR
TR T R BT S BRI LA 14 R
BB AR X 5 3 B L 20 BlobERER AT IE MRS L
HNRELST R A kLB MDA & & TR, iR 0 ' A
BHET B G A i S R ST EEEn SR S T
54 S AR 22 8 0K, 31X 48 I 4 AT BB S T ER 4 b R
0 BT A R AR DG BT RIE E T AR
A= YORE R B AT S B A A DR B 4 L RTRE S R
FEUOY AT R W A RS S . X R
PN AT BEAEAE — 1 R GERY 23 T B R S T 5
5 R AR LA T i — B AT, R
K BRI S T To) o A AT 475 8 S0 R T A AH G AT 5k
IFXF DI REHEAT 43 HT » AR A ST 500 20 T HL A

LI o

103 Bl L @ A4 L SR BT AR 15 B 4t
AR 32 B SESTR AR 46 Bl 5550 A R

A 10 B, Hoh s T AR R0 O AR VAL 1
EEARCYEN G SRR LY A N e N
Ff 3% 4. N7, db i 18 9 5. Goldgeld55544, Cel,
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