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K2 TENERESLBHLBEZMSH

Fif et ki HIX S+ /% HIM R E AR R, L) HH(L/S) LR R
1 2.56+5.62=8.18 1.39 2.20 sm
2 2.66+4.76=7.42 1.26 1.79 sm
3 2.76+4.36=7.12 1.21 1.58 m
4 2.94+4.14=7.08 1. 20 1.41 m
5 2.53+3.85=6.38 1.08 1.52 m
6 2.24+4.04=6.28 1.07 1.80 sm
7 2.33+3.84=6.17 1.05 1.65 m
8 2.66+3.50=6.16 1.05 1.32 m
W 38 F (M. baccata
9 1.92+4.04=5.96 1.01 2.10 sm
(L.) Borkh)
10~ 2.35+3.33=5.68 0.97 1.42 m
11 2.23+3.34=5.57 0.95 1.50 m
12 2.02+3.23=5.25 0. 89 1. 60 m
13 2.02+3.17=5.19 0.88 1.57 m
14 1.7243.13=4.85 0.82 1.82 sm
15 1.63+2.85=4.48 0.76 1.75 sm
16 1.82+2.53=4.35 0.74 1.39 m
17 1.68+2.20=3.88 0.66 1.31 m
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(H)R?2 THEANERESLHLEEEMSH
il REAHS  HRKEGTL/% M RERFAR L FHA/S A 2L i T
1 2.36+5.84=8.20 1.39 2.47 sm
2 2.57+4.88=7.45 1.27 1.90 sm
3 2.63+4.80=7.43 1.26 1.83 sm
4 2.98+4. 44=7.42 1.26 1.49 m
5 2.07+4.42=6. 49 1.10 2.14 sm
6 2.15+4.31=6. 46 1.10 2.00 sm
7 1.9844.14=6.12 1.04 2.09 sm
& A (M. hupe- 8 2.0143.72=5.73 0.97 1.85 sm
hensis ( Pamp.) Re- ~
b var. mengshanen- 9 1.78+3.81=5.59 0.95 2.14 sm
sis) 10 1.67+3.80="5.47 0.93 2.28 sm
11 2.11+3.11=5.22 0. 89 1.47 m
12 1.94+3.19=5.13 0. 87 1. 64 m
13 2.11+2.98=5.09 0.87 1.41 m
14 2.15+2.86=5.01 0.85 1.33 m
15 1.95+2.65=14.60 0.78 1.36 m
16 2.0342.56=4.59 0.78 1.26 m
17 1.83+2.19=4.02 0.68 1. 20 m
1 2.64+6.94=9.58 1.63 2.63 sm
2 2.61+5.60=8. 21 1.40 2.15 sm
3 2.13+4.87=7.00 1.19 2.29 sm
4 2.32+4.38=6.70 1.40 1.89 sm
5 2.49+3.71=6. 20 1.05 1.49 m
6 2.25+3.83=6.08 1.03 1.70 m
7 2.0143.77=5.78 0.98 1.88 sm
S 10 5 (M. hupe 8 2.19+3.53=5.72 0.97 1.61 m
hensis  Rehd.  var. 9 2.61+3.10=5.71 0.97 1.19 m
taiensis) 10 2.66+3.04=5.70 0.97 1.14 m
11 2.13+3.28=5.41 0.92 1.54 m
12 2.17+3.15=5.32 0. 90 1.45 m
13 2.19+2.98=5.17 0. 88 1.36 m
14 2.1342.80=4.93 0. 84 1.31 m
15 2.07+2.31=4.38 0.75 1.12 m
16 1.98+2.35=4.33 0.73 1.19 m
17 1.55+2.22=3.77 0. 64 1.43 m




102

LU SN o (Y S I = ®)
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il REAHS  HRKEGTL/% M RERFAR L FHA/S A 2L i T
1 4.06-+5.49=9. 55 1.62 1.35 m
2 2.3245.49=17.81 1.33 2.37 sm
3 2.54+4.84=7.38 1. 26 1.91 sm
4 1.76+4.42=6.18 1.05 2.51 sm
5" 2.09+4.06=6.15 1.04 1.94 sm
6 1.73+44.28=6.01 1.02 2.47 sm
7 1.9843.74=5.72 0.97 1. 89 sm
N I (M, X ro- 8 2.00+3.71=5.71 0.97 1.86 sm
busta Rehd.) 9 2.16+3.54=5.70 0.97 1.64 m
10 2.09+3.52=5.61 0.95 1.68 m
11 1.87+3.40=5. 27 0.90 1.82 sm
12 2.1443.07=5.21 0.89 1.43 m
13 1.56+3.63=5.19 0.88 2.33 sm
14 1.82+3.29=5.11 0.87 1.81 sm
15 1.76-+3.19=14. 95 0.84 1.81 sm
16 1.76+2.75=4.51 0.77 1.56 m
17 1762, 41=4.17 0.67 1.37 m
1 3.4546.20=9. 65 1. 64 1.80 sm
2 2.65+4.98=7.63 1.30 1.88 sm
3 2.91+4.70=7.61 1.29 1.62 m
4 2.76+4.59="7.35 1.25 1.66 m
5 2.3044.37=6.67 1.13 1.90 sm
6 2.32+4.26=6.58 1.12 1.84 sm
7 2.88+43.46=6.34 1.08 1. 20 m
£ MRS (ML dowmerd 8 2.3043.55=5.85 0.99 1.54 m
(Bois. ) Chev.) 9 2.53+3.21=5.74 0.98 1.27 m
10 2.53+2.77=5. 30 0.90 1.09 m
11 2.53+2.76=5. 29 0.90 1.09 m
12 2.3042.90=5. 20 0.88 1. 26 m
13 1.91+2.91=4.82 0.82 1.52 m
14 1.61+2.75=4.36 0.74 1.71 sm
15 1.99+2.21=4.20 0.71 111 m
16 1.61-+2.38=3.99 0.67 1.48 m
17 1.53-+1.99=3.52 0. 60 1.30 m
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(B)&R?2 TENERBHLBELEEETSH
il REAHS  HRKEGTL/% M RERFAR L FHA/S A 2L i T
1 3.56+5.35=38.91 1.51 1.50 m
2 2.11+5.45=7.56 1.29 2.58 sm
3 1.68+5.69=7.38 1.25 3.39 st
4 2.14+4.89=7.03 1. 20 2.29 sm
5 2.42+4.29=6.71 1.14 1.77 sm
6 1.80+4.33=6.13 1. 04 2.40 sm
7 1.71+4.08=5.79 0.98 2.38 sm
8 1.5444.20=5.74 0.98 2.72 sm
=M 3 (M. toringo
9 1.95+3.75=5.70 0.97 1.93 sm
De Vriese)
10 1.58+3.92=5.51 0.94 2.48 sm
11 2.22+43.23=5.46 0.93 1.46 m
12 1.56+3.70=5. 27 0.90 2.37 sm
13 1.8343.37=5.20 0. 88 1. 85 sm
14 1.76+3.06=4. 82 0. 82 1.74 sm
15 1.53+3.26=4.79 0.81 2.13 sm
16 1.60+2.53=4.13 0. 70 1.58 m
17 1.54+2.34=3.88 0. 66 1.51 m
1 2.3847.20=9.58 1.63 3.03 st
2 2.17+6.00=8.16 1. 39 2.76 sm
3 2.88+4.61=7.49 1.27 1. 60 m
4 2.20+5.09=7.29 1. 24 2.31 sm
5 2.15+4.66=6.81 1.16 2.17 sm
6 2.55+3.68=6.23 1. 06 1. 44 m
7 1.73+4.40=6.13 1. 04 2.54 sm
8 2.23+3.45=5.67 0. 96 1.55 m
AR 5 (M. toringoides
9 2.07+3.58=5.65 0. 96 1.72 sm
(Rehd. ) Hughes)
10 1.64+3.90=5.55 0. 94 2.37 sm
11 2.29+2.77=5.07 0. 86 1.21 m
12 1.87+3.10=4.97 0. 84 1. 66 m
13 1.8242.80=4.62 0.79 1. 54 m
14 1.74+2.72=4.47 0.76 1.57 m
15 1.59+2.65=4. 24 0.72 1.67 m
16 1.61+2.60=4.21 0.72 1.61 m
17 1.69+2.17=3.86 0.66 1.28 m
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il REAHS  HRKEGTL/% M RERFAR L FHA/S A 2L i T
1 2.82+6.61=9. 44 1. 60 2.34 sm
2 2.60+5.00=7. 60 1.29 1.93 sm
3 2.49+4.81=7.30 1.24 1.94 sm
4 2.34-+4.47=6. 81 1.16 1.91 sm
5 2.88+3.90=6.78 1.15 1.35 m
6 2.58+3.74=6.32 1.07 1.45 m
7 1.99+4.10=6. 09 1.04 2.06 sm
8 1.93+3.98=5.91 1. 00 2.06 sm
B4 W % (M. sikkimen-
9 2.51+3.22=5.73 0.97 1.29 m
sis (Wenz. ) Koehne)
10 1.83+3.80=5.63 0.96 2.08 sm
11 2.2342.98=5. 21 0.89 1.34 m
12 2.0142.98=4.99 0.85 1.49 m
13 2.03+2.78=4.81 0.82 1.37 m
14 2.11+2.68=4.79 0.81 1.27 m
15 1.79+2.69=4.48 0.76 1.51 m
16 1.9342.43=4. 36 0.74 1.26 m
17 1.63+2.13=3.76 0. 64 1. 30 m
1 3.04+5.40=8. 44 1.43 1.77 sm
2 2.87+5.40=8. 27 1.41 1.88 sm
3 2.53+4.90=7.43 1.26 1.93 sm
4 3.04-+4.05=7.09 1.21 1.33 m
5 2.5344.39=6.92 1.18 1.73 sm
6 2.62+3.97=6.59 1.12 1.52 m
7 2.87+3.71=6.58 1.12 1.29 m
8 2.36+3.29=5.66 0.96 1.39 m
YT 38 7 (M. rockii
Rebden 9 2.36+2.95=5.32 0. 90 1.25 m
10 2.20+3.05=5.25 0.90 1.39 m
11 2.15+3.08=5.23 0.89 1.43 m
12 2.24+2.62=4.85 0.82 1.17 m
13 2.11+2.62=4.73 0. 80 1.24 m
14 1.9842.58=4. 56 0.78 1.30 m
15 2.07+2.41=4.48 0.76 1.17 m
16 1.78+2.62=4.40 0.75 1.48 m
17 1.94+2.28=4.22 0.72 1.17 m
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1 2.81+6.27=9.08 1.54 2.23 sm
2 2.09+5.60="7.70 1.31 2.68 sm
3 2.1344.95=7.07 1.20 2.32 sm
4 2.414+4.57=6.99 1.19 1. 90 sm
5 2.38+4.26=6.63 1.13 1.79 sm
6 2.84+43.62=6.46 1.10 1.27 m
7 1.8444.11=5.96 1.01 2.23 sm
8 2.16+3.72=5.89 1. 00 1.72 sm
H I # % (Riwa -
erabapple) 9 1.83+3.74=5.57 0. 95 2.05 sm
10 2.09+3.37=5.46 0. 93 1.61 m
11 1.67+3.44=5.11 0. 87 2.06 sm
12 1.95+3.09=5.04 0. 86 1.58 m
13 2.09-+2.87=4.96 0. 84 1.37 m
14 1.99+2.87=4.86 0. 83 1. 45 m
15 1.74+2.94=4.68 0. 80 1.69 m
16 1.63+2.73=4. 36 0.74 1.67 m
17 1.95+2.23=4.19 0.71 1. 14 m
1 2.35+7.48=9.83 1.67 3.18 st
2 2.2445.93=8.17 1. 39 2.65 sm
3 2.13+5.13=7.26 1.23 2.41 sm
4 2.69-+3.78=6.46 1.10 1. 41 m
5 2.17+4.22=6.39 1.09 1. 95 sm
6 2.31+3.86=6.17 1.05 1.67 m
7 2.60+3.28=5.88 1. 00 1.26 m
. 2.35+3.32=5.67 0. 96 1.42 m
e 4 (R B WD
(Tianmushan crabap- 9 2.13-+3.14=5.27 0.90 1.47 m
ple) 10 1.77+3.43=5.20 0.88 1. 94 sm
11 1.81+3.28=5.09 0.87 1.82 sm
12 1.8843.14=5.02 0. 85 1.67 m
13 1.96+2.92=4.87 0. 83 1. 49 m
14 2.1742.67=4.84 0.82 1.23 m
15 2.1742.64=4.80 0.82 1.22 m
16 2.1342.64=4.77 0.81 1.24 m
17 1.73+2.56=4. 30 0.73 1.48 m
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1 3.00+4.70=7.71 1.31 1.57 m
2 2.624+4.90=7.51 1.28 1.87 sm
3 2.81+4.51=7.32 1.24 1. 60 m
4 2.67+4.27=6.94 1.18 1. 60 m
5 3.05+3.50=6.55 1.11 1. 15 m
6 2.8143.59=6.41 1.09 1.28 m
7 2.62+3.74=6. 36 1.08 1.43 m
8 2.28+3.59=5.88 1. 00 1.57 m
VLI % (M. ombrophila
Hond. ~Mazz. ) 1.94+3.69=5. 64 0.96 1. 90 sm
10 1.99+3.50=5.49 0. 93 1.75 sm
11 1.99+3.35=5.35 0.91 1.68 m
12 2.2342.97=5.20 0.88 1.33 m
13 2.154+2.96=5.11 0. 87 1. 38 m
14 2.04-+3.06=5.11 0.87 1. 50 m
15 1.90+2.83=4.73 0. 80 1.49 m
16 1.75+42.82=4.58 0.78 1. 61 m
17 1.90+2.25=4.14 0.70 1.18 m
1 2.974+4.74=7.71 1.31 1. 60 m
2 2.474+4.91=7.38 1.25 1.99 sm
3 2.22+4.74=6.96 1.18 2.13 sm
4 2.18+44.70=6.88 1.17 2.15 sm
5 2.8143.70=6.50 1.11 1.32 m
6 2.26+4.12=6.38 1.08 1.82 sm
7 2.63+3.58=6.21 1. 06 1.36 m
8 2.10+4.07=6.17 1.05 1. 94 sm
V9 i % (M. mi-
9 2.1843.82=6.00 1.02 1.75 sm
cromalus Makino)
10 1.88+3.87=5.75 0.98 2.05 sm
11 2.34+43.03=5.38 0.91 1. 30 m
12 1.89+43.24=5.13 0. 87 1.72 sm
13 1.64+3.49=5.13 0. 87 2.13 sm
14 2.184+2.91=5.08 0. 86 1.33 m
15 1.60+3.25=14. 84 0.82 2.03 sm
16 1.71+2.87=4.58 0.78 1.67 m
17 1.47+2.45=3.92 0.67 1.67 m
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il REAHS  HRKEGTL/% M RERFAR L FHA/S A 2L i T

1 2.23+5.75="7.99 1.36 2.58 sm
2 2.75+4.83=7.58 1.29 1.76 sm
3 1.90-+4.83="6. 74 1.15 2. 54 sm
4 2.3844.32=6.70 114 1.81 sm
5 1.98-+4.61=6.59 112 2.33 sm
6 2.6443.80=6. 44 1.09 1.44 m
7 2.46+3.47=5.93 1.01 .41 m
8 1.90+3.88=5.78 0.98 2.04 sm

LA 5 (M. pur-
9 1.76-+3.96="5.72 0.97 2.26 sm

purea)
10 2.02+43.62=5.63 0.96 1.79 sm
11 2.01+43.54=5.56 0.95 1.76 sm
12 2.07+43.38=5.46 0.93 1.63 m
13 1.83+3.32=5.15 0.88 1.82 sm
14 2.1243.00=5.12 0.88 1.42 m
15 2.1342.69=4.82 0.82 1.26 m
16 1.67+2.93=4.60 0.78 1.75 sm
17 1.56+2. 63=4. 20 0.71 1.68 m
1 2.7646.83=9. 60 1.63 2.47 sm
2 2.2045.52=7.72 1.31 2.51 sm
3 1.89+14.84=6.73 114 2.56 sm
4 1.84-+4.67="6.52 111 2.53 sm
5 2.37+4.07=6.45 1.10 1.72 sm
6 2.164+4.11=6.27 1.07 1.90 sm
7 3.0543.12=6.16 1.05 1.02 m
8 2.1343.86=5.98 1.02 1.81 sm

L4 B (M. ‘ Dong- )

hongguo®) 9 2.5043.21=5.71 0.97 1.28 m
10 1.9143.72=5.63 0.96 1.94 sm
11 2.1543.30=5.45 0.93 1.53 m
12 2.43+2.81=5.24 0.89 1.16 m
13 2.18+2.82=4.99 0.85 1.29 m
14 2.27+2.61=4.89 0.83 1.15 m
15 2.0642.31=4.37 0.74 1.12 m
16 1.66-2. 69=4. 36 0.74 1.62 m
17 1.4342.50=3.93 0.67 1.75 sm

Lo me P R sm T R E 2ok x

EBE A 2. B K AT AR kK.
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AT B B>2 1 % R AR Bk

i [E3IUFAN ) =R ERE| - 1 ) By

W/ % H i/ % RE(Ask) /%
1L 38 2n=2x=234=22m+12sm 3.88-8.18 1.31-2. 20 1.63 11.76 61. 90 2B
FEEEHLE 2n=32x=51=24m~+27sm(3sat) 4. 02-8. 20 1.20-2. 47 1.76 29. 41 63.70 2B
ESNIRRA 2n=23x="51=36m+15sm 3.77-9. 58 1.12-2. 63 1.61 17. 65 61.87 2B
IS 2n=2x=34=12m~+22sm(2sat) 4.17-9. 55 1.35-2.51 1.87 23.53 63.76 2B
[ERCYIN 2n=2x=34=24m+10sm 3.52-9. 65 1.09-1. 90 1.49 0 59. 92 1B
=M% 2n=3x=51=12m+36sm~+ 3st 3.88-8.91 1.46-3.39 2.12 52. 94 67. 46 3B
AR 2n=32=51=30m+ 18sm+ 3st 3. 86-9. 58 1.21-3.03 1.88 35.29 65. 38 2B
B4 T e 2n=42=68=40m-+28sm 3.76-9. 44 1.26-2. 34 1.64 23.53 62. 32 2B
[TRaniiEiER 2n=2x=34=26m+8sm 4.22-8. 44 1.17-1. 93 1. 44 0 59. 31 1B
H B % 2n=2x=234=16m~+18sm 4.19-9. 08 1.14-2. 68 1.81 35.29 64. 40 2B
WAL 2n=22r=34=22m+ 10sm~+2st 4.30-9. 83 1.22-3.18 1. 74 17. 65 63.43 2B
VLI 5 2n=2x=234=28m~+6sm 4.14-7.71 1.15-1. 90 1.52 0 60. 24 1A
4 I 1 2n=2x=234=14m=+20sm 3.92-7.71 1.30-2.15 1.76 29. 41 63. 47 2A
A5 2n=2r=234=12m+ 22sm 4.20-7. 99 1.26-2.58 1.84 29. 41 64.58 2A
KRR 2n=2x=34=16m~+18sm 3. 93-9. 60 1.02-2.56 1.73 23.53 63. 00 2B
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Karyotype Analysis of Malus Mill
HUA Li-yuan WANG Xuan QIAN Guan-ze

(School of Life Science, Liaocheng University, Liaocheng 252059, China)

Abstract There exist interspecific hybridization, polyploidy and apomixis phenomenon in the Malus
Mill. so they are known for their difficulty in classification and identification,the complex species of Malus
baccata (L.) Borkh is even more difficult. In this paper,chromosome analysis was carried out on the main
plants of the complex species of Malus baccata (1..) Borkh and the Sect. Sorbomalus zabel, which is possi-
bly closely related plants. Fifteen taxa of the Malus Mill. consist of one tetraploid, four triploids and ten
diploids. The chromosome materials of Tianmushan crabapple, Malus hupehensis Rehd. var. taiensis G. Z.
Qian,Riwa crabapple, Malus purpurea and Malus ‘Donghongguo’ were published for the first time. The
karyotypes are mostly belong to metacentric chromosome (m) and submetacentric chromosome (sm).,
which belong to the more primitive type. The karyotype of Malus ombrophila Hand.-Mazz. is 1A, which is
the most primitive, and the karyotype of Malus toringo De Vriese is 3B, which is the most evolutionary
one. The experimental results suggested that it is probably not the Malus hupehensis (Pamp. ) Rehd. that
distributes at the top of Tianmu Mountain, but it could be an independent species, it is related to the par-
ents of Malus hupehensis (Pamp. ) Rehd. var. mengshanensis G.Z. Qian et W. H. Shao and Malus hupehen-
sis Rehd. var. taiensis G. Z. Qian; Malus baccata (L. ) Borkh probably is related to the parents too;the Riwa
crabapple, which found in the western of Sichuan is resemble with Malus sikkimensis (Wenz. ) Koehne, but
there are great differences in karyotype and chromosome number, so it also supports the independent spe-
cies. The results of karyotype analysis also accumulated datas for further studies of genomic in situ hybrid-
ization.

Key words Malus Mill;wall degradation and hypotomis methods;chromosome;karyotyping



