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Abstract: To understand the characteristics of leaf phenotypic variations of different bamboo species and
their adaptabilities to the environment,and screen out the leaf phenotypic traits related to cold resistance,
12 bamboo species collected from Boai of Henan Province,and Qingdao of Shandong Province (introduced
from Boai) were selected and their leaf phenotypic traits (leaf length,width,thickness,length/width,{resh
weight, saturated fresh weight, and dry weight) were measured, respectively. Then, the phenotypic varia-
tions and the principal component analysis of the 12 bamboo species in the two sites, the correlation be-
tween the leaf phenotypic traits and the environmental factors,and the allometric equations between the
leaf phenotypic traits were analyzed. The results illustrated that there were no significant differences be-

tween the two sites for Phyllostachys bissetii and P. glauca f. yunzhu when the bamboo species were in-
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troduced from Boai to Qingdao; there were one or several leaf phenotypic traits of the eight bamboo species
of Phyllostachys significantly lower than that in native habitat; there were several leaf phenotypic traits of
Pleioblastus chino var. hisauchii and Pseudosasa amabilis var. convexa significantly higher than that in
Boai. The phenotypic variation coefficients of leaf weight were higher than 20% ,and the variation coeffi-
cient of leal weight in Qingdao was higher than that in Boai. The principal component analysis based on the
leaf phenotypic traits showed that the leaf weight could represent all the information of leaf phenotypic
traits. There was a significantly positive correlation between the leaf thickness and temperature factors,and
there was a significantly negative correlation between the leaf thickness and rainfall for all the species. The
allometric analysis indicated that the growth rates of leaf thickness and leaf weight increased when species
were introduced from Boai to Qingdao,and the growth rate of leaf weight was higher than that of leaf
thickness. In total,the study reveals that compared with Phyllostachys species, Pleioblastus chino var. hi-
sauchii and Pseudosasa amabilis var. convexra are more adaptable to Qingdao with decreased temperature

but increased rainfall,and leaf weight is the main factor of leaf phenotypic traits, which can be used as an

important evaluation index for cold tolerance.
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Table 1 The variance analysis of leaf length, width, thickness,leaf fresh weight,saturated fresh weight,
and dry weight of 12 bamboo species in Qingdao &. Boai
K /em I 5¢ / em &/ em K /9%
] T
Wz 5 % W % W % W
A I HORF A AT 11,10540.527a  10.50740,432a  1.34140.068b  1.51240,060a  0.183+0.011a  0.14340.002b  8.289+0.385a  6.935+0.214b
9 A S8 AT 12.43140.708a  10.925+1,348a  1.880+0,100a  1,62840.097b  0.200%0.014a  0.138+0.008b  6.61740.302a  6.69940.523a
i Ay 12.39540.399a  10,53440.607b  1,90740.058a  1.719£0.101b  0.18640.013a  0.14540.009b  6.501+0.145a  6.135+0.230a
Al AT 10.71740.719a 10.16140.279a  1.76340.099a  1.58840.071b  0.17440.006a  0.1530.007b  6.08040.248a  6.39740.167a
BEAT 11.35640.833a  10,27840.390b  1.75440.129a  1.556£0.051b  0.17240.013a  0.15040.005b  6.478+0.211a  6.603+0. 264a
EHAT 9.95640.521a 9.28140.346b  1.373+0.077a  1.3460.061a  0.14740.008a  0.120+0.001b  7.262+0.347a  6.89340.274a
AT 10.81640.811a  10.52140,714a  1.48740.143a  1.693+0.174a  0.17140.021a  0.15140.013a  7.289-+0.252a 6. 23840, 423b
WA 11.69640.288a  11.468+1,728a  1.75440.024a  1.813+0.303a  0.196+0.01da  0.15440.009b  6.671+0.245a 6. 348+0. 355b
BT 8.052+0, 323a 9.575+1,551a  1.43140.059a  1.496+0.218a  0.132+0.004a  0.1424+0.014a  5.6300.213a 6. 38810, 442a
T 11.51040.615a  10.92140.381a  1.62340.067a  1.570+0.069a  0.159+0.013a  0.15540,004a  7.093+0.207a  6.955+0,275a
KR AREEARFAT 17.26641.487h  19.998+1,146a  2.22540.174a  2.626+0.351a  0.237+0.026a  0.2174+0.018a  7.758+0.215a 7.686+0.716a
VAR ek 15.78241.830b  18.79340,779a  1.64540.238b  2.0914+0.176a  0.239+0.028a  0.19440.015b  9.641+0.610a  9.044+0, 855a
i it/ g 100 I/ g TR/ g
I T
i % ) [ % R e % G
[EURN T =T R 0.1610.011a 0.14240,011b 0.16140.012a 0.15440.014a 0.082+0. 006a 0. 0680, 006h
PiAREAT 0.24540. 040a 0.153+0031b 0.247+0.040a 0.16440.030b 0.12940.021a 0.069+0,011b
L) 0.228+0.015a 0.16140.002b 0.23540.015a 0.17140.019b 0.11540.008a 0.07440,009b
AT 0.17240.025a 0.14140.015b 0.17840. 029a 0.150+0. 015a 0.094+0.,016a 0.067+0.,008b
BEAT 0.174+0. 030a 0.13740.005h 0.18040, 029a 0.145+0.005b 0.090+0,015a 0.06340.,002b
T 0.11540.011a 0.091+0,011b 0.118+0.011a 0.09940.010b 0.060+0.005a 0.040+0,003b
i) 0.160+0, 035a 0.15840, 033a 0.16540, 036a 0.17140. 035a 0. 0840, 020a 0.07040, 016a
WA 0.21140,012a 0.18240, 036a 0.21540,013a 0.192+0. 039a 0.110+0, 010a 0.08040,018b
AT 0.092+0. 006a 0.12540, 044a 0.09540,007a 0.135+0. 046a 0.046+0, 004a 0.05740,019a
T 0.161+0,021a 0.15540, 008a 0.16940, 021a 0.168+0. 009a 0.083+0,013a 0.07540, 004a
KITE WY 0.379+0.,061b 0.53240, 123a 0.38740.062h 0.563+0. 132a 0.181+0, 025a 0.23640, 068a
VAR kAT 0.31240.074b 0.435%+0. 048a 0.31740.075h 0.4690. 056a 0.137+0, 033a 0.16540,021a
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Table 2 The variation coefficient analysis of the bamboo leaf phenotypic traits in Qingdao & Boai

W47 I i A FE A R 0 A
AR b
S £ b o 22 A8 REC) - E{H bR e 2 25 R
it /em % 11.08+1.45 13. 06 16.68+1.78 10. 69
i 10.58+1.56 14.78 19.4641.17 6.00
5% /em 4z 1.6440. 22 13.40 1.9340. 39 19. 96
H 1.6140. 21 12.76 2.3640. 41 17.27
& /cm Tz 0.1740.02 13.70 0.2440.03 10. 67
5 0.1540.02 10. 40 0.214+0.02 10. 37
FHME/ cm % — 13. 39 — 13.77
H 12.65 11. 21
T /g % 0.1740.05 30.07 0.35%+0.08 21. 50
HE 0.15+0.05 34. 22 0.49+0.11 21.70
T AN EE L/ g LS 0.1840.05 29.68 0.36=40.08 21.61
HE 0.16£0.05 33.53 0.5240.11 21. 45
Thiht/g % 0.09740.03 30. 30 0.1640. 04 23.63
& 0.0740.02 32.22 0.20+0.06 31.78
-1 {E % 30. 02 22. 25
H 8 — 33. 32 — 24. 98
R3I ERMBEEHMRIFHREEROERS SN
Table 3 Principal component analysis on bamboo leaf phenotypic -
traits in Qingdao &. Boai 0.4- [
F 02 ‘ .-
Feak g R R
1 2 3 39) = KR
< 0.410 0 0.273 « 0.0 ST # ZFE AR
L 0. 366 —0.476 0.131 5
e 0.362 0.147 —0. 882 sl 4 )
K /58 0.233 0. 845 0.212 .
#if 0.416 0 0.152 0.0 02 0.4
T R S 0.413 0 0. 224 PC1(80.88%)
T i 0.411 —0.131 —0.111 1 ERSaIH
FRAE(E 5. 66 0.95 0. 30 Fig.1 The diagram of principal component analysis
TR (00) 80. 88 13.55 4. 30
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Fig. 2 Network association diagram among the 12 bamboo

species in Qingdao &. Boai
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Table 4 The environmental factors in Qingdao and Boai

K H ¥/ C wH/C AEH R/ C AE H BRI/ h AERE K i /mm

HE 17.25 11.33 14.08 2 457 662. 1

T 22.25 12.25 16. 00 3234 580. 7
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Fig. 3 The correlation between the environmental factors and the leaf characteristics of Phyllostachys species
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Fig. 4 The correlation between the environmental factors and the leal characteristics of P. chino var. hisauchii and

P.amabilis var. convexa
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Table 5 The allometric growth parameters of the bamboo leaf traits in Qingdao &. Boai
A2 & [H A5 B R
R? P «(95%CD In3(95%CD p
T S i J ik 0.926 <0.01 2.019(1. 880~2.169) —2.888(—3.043~—2,733) <0.01
i FE T A 0.927 <0.01 1.999(1. 862~2. 145) —2.855(—3.007~—2.704) <0.01
T i 0. 870 <0.01 1.911(1.739~2.101) —3.067(—3.261~—2.873) <0. 01
e fif Jo it 0. 639 <0.01 2.539(2.170~2.971) —1.292(—1.385~—1.199) <0.01
T A T A 0. 652 <0.01 2.513(2.153~2.932) —1.275(—1.366~—1.185) <0.01
T i 0. 681 <0.01 2.403(2.073~2.786) —1.556(—1.639~—1.474) <0.01
it s i T 0. 888 <0.01 2.203(2.017~2.405) 0.908(0.763~1.053) <0.01
o 1 B ik 0. 874 <0.01 2.180(1.986~2.393) 0.902(0.750~1. 055) <<0.01
T 0. 859 <0.01 2.085(1.890~2.301) 0.527(0.373~0. 680) <0.01
HE RN fif 5 12 0.926 <0.01 2.016(1. 877~2.165) —2.901(—3.055~—2,747) <0. 01
o 0 5 O 0.930 <0.01 2.003(1.868~2.147) —2.857(—3.006~—2.709) <0.01
RS 0. 884 <0.01 1.885(1.724~2.062) —3.110(—3.290~—2.930) <<0.01
58 fitf Jo 4t 0. 856 <0.01 2.726(2.467~3.022) —1.383(—1.449~—1.317) <0.01
o i Jo 0.856 <0.01 2.708(2.450~2.991) —1.350(—1.415~—1.284) <0.01
+ i it 0.867 <0.01 2.549(2.316~2. 805) —1.690(—1.749~—1.631) <<0. 01
s fitf Jo ik 0. 887 0. 01 3.190(2.921~3.584) 1.835(1. 605~2. 065) <<0.01
B T A 0.878 <0.01 3.169(2.892~3.474) 1.848(1.610~2. 086) <0.01
T i 0. 895 <0.01 2.984(2.741~3. 248) 1.320(1. 113~1.527) <0.01
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