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Variation of phenotypic traits of wild populations of Cypripedium japonicum in Zhejiang Province
and its correlation with geographical-soil nutrient factors LI Quan-jian'”, WANG Cai-xia', TIAN
Min" ¥, LI Cui-xin> (1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry,
Fuyang 311400, China; 2. Southwest Forestry University, Kunming 650224, China), J. Plant
Resour. & Environ. 2012, 21(2) : 45-52

Abstract; To reveal variation regulation of phenotypic traits of Cypripedium japonicum Thunb., taking 6
wild populations (Laodian, Baojianshi, Hongshedong, Qingliangfeng, Damingshan and Lihengtang) in
Lin’ an of Zhejiang Province as research objects, variation range of 18 phenotypic traits of leaf, sepal,
ovary and labellum was analyzed, and its correlation with geographical-soil nutrient factors and
morphological diversity among or within populations were discussed. The results show that F values of 18
phenotypic traits (including ground diameter, length and width and ratio of length to width of lower leaf,
length and width and ratio of length to width of upper leaf, length and width of middle sepal, length and
width of bract, ovary length, diameter and length of pedicel, length and width of labellum, plant
exhibition degree and plant height) are 1. 240 -18. 666 among six populations, there are extremely
significant differences among sixteen traits except of pedicel diameter and plant height. Coefficients of

variation ( CV) of all traits are 5.937% —26.349% , in which, average value of CV of labellum length
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is the smallest (6.119% ) and that of bract width is the biggest (24.124% ). And CV values of all traits
among populations are 8.139% —13. 663% with an average CV value of 11. 143% , in which, average
value of CV of Lihengtang population is the biggest and that of Baojianshi population is the smallest. The
average of diversity index of all traits is 1. 977, in which, diversity index of ground diameter is the
highest (2.045) and that of bract width is the lowest (1.663). According to UPGMA cluster analysis
result, six populations can be classified into three groups, one group includes populations of
Qingliangfeng, Damingshan, Laodian and Baojianshi, other two groups are Hongshedong and
Lihengtang, respectively. In which, genetic distance between populations of Qingliangfeng and
Damingshan is the closest. There are significant or highly significant correlations among different traits.
But only ground diameter has a significant positive correlation with available potassium content in soil (r=
0.854), ovary length and length and width of labellum have significant positive correlations with total
phosphorus content in soil (r=0.916, 0.854 and 0.914) and plant exhibition degree has a significant
positive correlation with pH in soil (r=0.810), while other traits have no significant correlations with
geographical factors (longitude, latitude and altitude) and soil nutrient factors. It is suggested that there
are rich variation and diversity of phenotypic traits among C. japonicum populations, which relates to
contents of available potassium and total phosphorus and pH in habitat soil.

Key words: Cypripedium japonicum Thunb. population; phenotypic trait; coefficient of variation;

21 %

geographical factor; soil nutrient; correlation
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Table 1  Natural status of six wild populations of Cypripedium
Jjaponicum Thunb. in Zhejiang Province

JERE % 4 R/ m W/ (°)
Population Longitude  Latitude Altitude Slope
EF Laodian E119°26"  N30°20’ 1102 10-20
81 Baojianshi E119°25" N30°21’ 1120  30-45
21 4% Hongshedong E119°25"  N30°20’ 1 053 45-60
15 5E Qingliangfeng  E118°52’  N30°07' 1407  20-30
KB Damingshan E118°59"  N30°03’ 1225 25-35
HLKEYE Lihengtang E119°26’ N30°20' 1183  30-45
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Table 2 Determination result of soil nutrient content of Cypripedium japonicum Thunb. populations in Zhejiang Province

+3EHIr & B /g - kg™! Content of soil nutrients

Eﬁlaﬁon 2R R0 sl AR HRE IK AR HHL pH
TN TP TK AP AK HN Organic matter
&t Laodian 8.05 0.74 2.77 0.007 05 0.117 0.334 69.40 4.81
FE 841 Baojianshi 6.16 0.65 5.68 0.001 60 0.202 0.715 104.00 4.50
2143 Hongshedong 9.08 0.86 5.67 0.000 93 0.254 0.646 141.00 5.35
W& Qingliangfeng 10. 66 0.86 5.53 0.000 73 0.194 0.59 138.00 4.45
KA Damingshan 6.06 0.50 4.31 0.001 85 0.142 0.508 88.50 4.72
HEYE Lihengtang 5.83 0.36 3.21 0.000 96 0.159 0.349 92.20 5.38
S Average 7.64 0.66 4.53 0.002 19 0.178 0.524 105.52 4.87
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Table 3 Determination values and variance analysis result of phenotypic traits of six populations of Cypripedium japonicum Thunb. in Zhejiang

Province (X=SD)"

JE e Population GD/mm L;/mm W, /mm R, Ly/mm Wy /mm
W Laodian 6.01+0.85 138.63+13.37 171.31+17.62 0.81+0.05 142.19+12.75 154.42+20.22
E 4 Baojianshi 5.22+0.91 127.36+10.58 166.10+17.52 0.77+0.08 129.80+12.49 156.98+16.52
214 Hongshedong 6.19+0. 64 145.67+9.09 200.68+21.94 0.73+0.09 148.33+15.49 175.43+23.94
W & Qingliangfeng 5.34+0.42 121.80+11.11 168.80+13.47 0.72+0.04 120.51+15.38 151.44+7.84
KB Damingshan 5.59+0.57 150.36+13.64 199.52+23.00 0.76+0. 06 154.58=+11.13 182.65+19.58
HL 3 Lihengtang 5.34+0.58 139.16+19.53 193.53+32.46 0.72+0.06 140.33+19.95 174.92+34.35
MS, 2.458 1 367.441 3 673.998 0.019 1739.755 2 175.210

MS, 0.536 164.014 441.911 0.005 206.918 461.963

F 4.583 8.337 8.314 4.119 8.408 4.709

Sig. 0.001 0.000 0.000 0.002 0.000 0.001

JERE Population Ry Lyig/mm Wys/mm Ly/mm W/ mm Ly/mm
W Laodian 0.93+0.07 56.64+3.52 19.57+1.63 48.81+6.87 21.21+4.96 32.60+3.82
FE A1 Baojianshi 0.83+0.08 59.64+2.40 23.44+0.56 51.48+2.10 20.30+0.47 33.30+1.91
2103 Hongshedong 0.85+0.08 63.98+5.03 20.94+2.74 63.98+6.65 44.80+8.43 36.79+1.88
1H & Qingliangfeng 0.79+0.07 55.48+3.87 22.66+0.99 57.16+6.57 39.84+19.34 28.66+3.38
KB Damingshan 0.85+0.07 44.12+1.81 18.57+0. 54 53.76+5.77 26.97+8.07 24.66+2.85
FEYE Lihengtang 0.81+0.07 51.45+5.45 23.84+2.19 48.37+7.15 20.08+4.37 32.31+5.20
MS, 0.036 321.175 34.425 268.718 817.494 119.955

MS, 0.006 17.206 3.233 42.568 83.248 13.757

F 6.283 18. 666 10. 648 6.313 9.820 8.719

Sig. 0.000 0.000 0.000 0.000 0.000 0.000

JE#E  Population Dp/mm Lp/mm L;g/mm W, 3/ mm E/cm H/cm
¥ Laodian 2.82+0.29 122.38+15.12 55.56+3.20 32.88+3.94 22.73+24.61 29.54+69.44
E#f Baojianshi 3.09+0.00 94.55+10.98 59.64+0.27 37.87+0.95 22.88+22.74 26.95+72.60
214 Hongshedong 2.99+0.22 93.05+16.37 59.43+3.48 38.40+3.58 26.27+23.21 30.04+64.45
1 & Qingliangfeng 2.69+0. 16 99.73+16.26 53.70+2.98 32.14+4.29 24.09+28.56 32.27+14.87
KHI Damingshan 2.75+0.38 129.94£12.29 44.04+4.13 23.32:4.64 28.42£26.35 31.05+62.06
HL 3 Lihengtang 2.68+0.36 117.04£14. 60 55.76+5.42 36.08+4.38 24.67+27.66 31.83+69.47
MS, 0. 145 1 581.366 209.172 205.688 6 320.548 5209.427

MS, 0.086 217.593 15.574 16.537 623.832 4199.924

F 1.686 7.268 13.431 12.438 10.132 1.240

Sig. 0.162 0.000 0.000 0.000 0.000 0.299

DGD; #1482 Ground diameter; L, ; NI Length of lower leaf; W, : FH 5% Width of lower leaf; R, ; FM/ % Ratio of length to width of lower
leaf; Ly: LMK Length of upper leaf; Wy : LI%E Width of upper leaf; Ry : LM</ FE L Ratio of length to width of upper leaf; Lyg: H4% 1
Length of middle sepal; Wy FiEE B9 Width of middle sepal; Ly : K Length of bract; Wy : 5 F %6 Width of bract; Lg: Tk Length of
ovary; Dp: A E 42 Diameter of pedicel; Lp: TR K Length of pedicel; L, : B Length of labellum; W : JEIESE Width of labellum; E; #&
FRJEJE Plant exhibition degree; H: #£f Plant height. MS,. JE##[E¥JJ5 Mean square among populations; MS,: JEFEPIIE )T Mean square within

populations.
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Table 4 Coefficient of variation of phenotypic traits of six populations of Cypripedium japonicum Thunb. in Zhejiang Province

e BB R RE/ %Y Coefficient of variation of different phenotypic traits!’

Population GD Ly, Wy, Ry, Ly Wy Ry Lys Wis Ly
£ Laodian 14.093 9.642 10.284 6.501 8.925 13.096 7.368 6.221 8.338 14.076
F 8 Baojianshi 17.508 8.302 10. 547 10. 154 9.623 10.525 9.915 4.016 2.368 4.070
21 Hongshedong 10.286 6.241 10.931 12.021 10. 445 13.644 9.446 7.860 13.089 10.392
1 Qingliangfeng 7.933 9.118 7.980 5.563 12.764 5.176 8.912 6.980 4.351 11.499
K1l Damingshan 10.208 9.071 11.528 7.364 7.199 10.723 8.683 4.097 2.928 10.735
HEYE Lihengtang 10.842  14.034 16.771 8.302 14.215 19. 641 9.055 10.588 9.207 14.792
F-H4{H Average 11.812 9.402 11.340 8.317 10.529 12.134 8.896 6.627 6.714 10.927
CV/%? 11.786 9.394 11.455 8.303 10.424 12.297 8.867 6.663 6.706 10. 852
| BARIRIAE ST ZE %" Coefficient of variation of different phenotypic traits'

Population W, Lo Dy Ly Ly Wig E H SEI{E Average
Z W Laodian 23.398 11.733 10. 190 12.351 5.760 11.983 10. 830 23.509 11.572

FE 841 Baojianshi 2.315 5.722 0.000 11.613 0.453 2.496 9.938 26.940 8.139

21 4% Hongshedong 18.812 5.111 7.325 17.593 5.847 9.334 8.832 21.453 11.037

15 15U0& Qingliangfeng 48.537 11.810 5.832 16.304 5.554 13.348 11.856 4. 608 11.007
KB Damingshan 29.908 11.562 13.962 9.458 9.380 19.881 9.271 19.992 11.442
H#EYE Lihengtang 21.775 16.082 13.271 12.471 9.723 12.130 11.213 21.824 13.663
FH4(E Average 24.124 10.336 8.430 13.298 6.119 11.529 10.324 19.721

CV/%?> 26.349 10.112 8.246 13.037 5.937 10. 849 10.273 19.424 11.165

DGD; #1428 Ground diameter; L, ; FHIK Length of lower leaf; W, ; FH-% Width of lower leaf; R, ; FM/% L Ratio of length to width of lower
leaf; Ly: M4 Length of upper leaf; W, : M5 Width of upper leaf; Ry : M4/ FE L Ratio of length to width of upper leaf; Lyg: 2 H K
Length of middle sepal; Wyq: H12E B 58 Width of middle sepal; Ly : B K Length of bract; Wy : 41 F 9% Width of bract; Lg: F kK Length of
ovary; Dp: 64 42 Diameter of pedicel; Lp: Vi Length of pedicel; L, : Bl K Length of labellum; W JEHETE Width of labellum; E; #E

FRJEJE Plant exhibition degree; H: 5 Plant height.

2) Ja i) ] — MR A A28 S BB Coefficient of variation of same traits among populations.
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FRECHEES  Euclidean distance

1. & Laodian; 2. F 865 Baojianshi; 3. ZLWEIH Hongshedong; 4. i
4 Qingliangfeng; 5. KBHIL Damingshan; 6. B3 Lihengtang.

E1 EFREERITERN 6 MERHA=E8 UPGMA RB2EE
Fig. 1 UPGMA clustering dendrogram of six populations of
Cypripedium japonicum Thunb. based on phenotypic traits analysis
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Table 5 Correlation coefficients between phenotypic traits of Cypripedium japonicum Thunb. populations and geographical-soil nutrient factors

PERD X ZEE  Correlation coefficient!

Trait®) Long Lat Alt ™ P TK AP AK HN oM pH
GD 0.515 0.545 -0.559 -0. 066 0.191 0.625 -0.488  0.854 = 0.672 0.531 0.367
L, 0.404 0.551 -0.088 0.117 -0.018 0.235 -0.559 0.610 0.148 0.520 0.559
Wi 0.036 0.158 0.154 0.377 0.105 0.267 -0.653 0.619 0.095 0.697 0. 603
R, 0.667 0.707 -0.479 -0.450 -0.145 -0.072 0.314 -0.082 0.107 -0.394 -0.192
Ly 0.486 0.634 -0.152 0.073  -0.029 0.199 -0.489  0.577 0.133 0.455 0.543
Wy 0.090 0.226 0.195 0.361 0.030 0.040 -0.484 0.414 -0.135 0.526 0. 605
Ry 0. 655 0.737 -0.489 -0.323 -0.014 0.326 -0.117 0.396 0.463 0.049 -0.034
Lys 0.211 0.166 -0.560 0.305 0.670 0.327 0.345  0.340 0.403 0.173 -0.050
Ws -0.643 -0. 604 0.450 0.632 0.565 -0.023 0.424 -0.296 —-0.088 0.027 -0.528
Ly 0.210 0.043 -0.510 -0.008 0.049 0. 100 -0.200 0.408 0. 065 0.261 0.718
Wp -0.007 -0.19%4 -0.352 -0.091 -0.034 0.223 -0.349 0.396 0.194 0.284 0.547
Lo 0.118 0.216 -0.319 0.632 0.916 =  0.534 0.190  0.549 0.551 0.479 -0.161
D, 0.700 0.676 -0.757 0.161 0.410 -0.275 0.706 0.003 -0.198 -0.215 0.308
Lp 0.008 0.135 0.386 -0.309 —-0.487 0.050 -0.486 0.014 0.033 0.034 -0.095
Lig -0.028 0.019 -0.243 0.563 0.854 %  0.350 0.425  0.239 0.392 0.222 -0.350
Wis -0.128 -0.054 -0.123 0.696 0.914 %  0.371 0.365 0.275 0.373 0.326 -0.330
E 0.157 0.145 0.025 -0.067 -0.382 -0. 146 -0.530 0.251 -0.282 0.271 0.810 =
H -0.698 -0.709 0. 640 -0.024 -0.281 0.384 -0.826 = 0.223 0.267 0.431 -0.051

D Long: ¥ Longitude; Lat: é%)}?;‘_ Latitude; Alt: #E4% Altitude; TN: HIESHSE Cﬂntent of total nitrogen in soil; TP + 4 #i & & Content of
total phosphorus in soil; TK: +HE4H 5 Content of total potassium in soil; AP A 3 & & Content of available phosphorus in soil; AK; +
e i Content of available potassium in soil; HN: /K f#44: (7% it Content of hydrolyzable nitrogen in soil; OM: +HEA AL &t Content

of organic matter in soil; pH: + 4 pH pHin soil. * . P< 0.05.

2 GD. Hi/2 Ground diameter; L; : T Length of lower leaf; W, : T M%E Width of lower leaf; R, : MK/ %t Ratio of length to width of lower
leaf; Ly: LMK Length of upper leaf; Wy . LI%E Width of upper leaf; Ry : </ FE Lk Ratio of length to width of upper leaf; Lyg: H# H &
Length of middle sepal; Wys: % F % Width of middle sepal; Ly: £ H 1 Length of bract; Wy &R % Width of bract; Ly : F /51K Length of
ovary; Dp: fEAH E 42 Diameter of pedicel; Lp: fEM 1 Length of pedicel; Ly : JEHMK Length of labellum; W, : JEMETE Width of labellum; E. 44

R Plant exhibition degree; H: #R75 Plant height.
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