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Effects of Sample Sizes on Biomass Characteristics of Pinus yunnanensis Seedlings
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Abstract; To investigate the effects of the different sample sizes on the biomass accumulation and allocation
of Pinus yunnanensis,some data were randomly selected from the seedlings of 20 P. yunnanensis families
with a total of 615 plants. The effects of sample sizes on fresh weight and dry weight accumulation and al-
location of the seedlings were analyzed. And the minimum sample sizes required for the accurate results for
each trait were determined. The biomass accumulation of different organs was in the order of leaf™>stem>
root biomass in all the sample sizes adopted. Different significances were found in biomass accumulation
and allocation among different sizes of family number and plant number samples. The calculated values of
biomass gradually stabilized with the increase of sample size. When the number of family lines measured
was less than 12,0r the number of individual plants measured was less than 360, there were large standard
errors and coefficients of variation. The accuracy increased with the increase of family sample size or indi-
vidual plant sample size. Therefore,to obtain more accurate biomass analyses for the measurement popula-
tion, the number of P. yunnanensis families measured should be greater than 12,0r the number of individu-

al plants measured should be greater than 360. This study provides some references for the biomass analy-
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ses of P. yunnanensis,and the results are useful for the determination of sample sizes required for biomass

measurement.

Key words: Pinus yunnanensis; sample size; biomass; critical sample size
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Table 1 Basic statistics of biomass of P. yunnanensis seedlings in different family sample sizes g
RE . fif o T i
At ) i 2% W b EES b it % W b EES bk
F1 MY 4.297a 8.699a  18.625a  27.324a  31.62la  1.484a  2.709a  5.529a 8.238a  9.722a
FrifE iR 0.368 0.554 0. 959 1.510 1. 827 0.121 0.193 0. 280 0.467 0.577
WRRE/ % 27.07 20. 14 16. 28 17. 48 18. 28 25.74 22.52 15.99 17. 94 18.77
F2 RSOl 3. 608a 7.625a  15.801lc  23.426b  27.034b  1.232a  2.385a  4.690c¢ 7.075a  8.307a
bR iR 0.167 0.343 0.581 0. 906 1.023 0.065 115 0.187 0.297 353
R RE/ % 14,66 14.2 11.63 12. 23 11.97 16.8 15.3 12. 62 13.3 13.42
F3 A 3. 860a 8.036a  17.021bc 25.057b  28.918b  1.346a  2.555a  5.046bc  7.60la  8.948a
FrifE iR 0.130 0.251 0.327 0.555 0.671 0.045 0.075 0.097 0.163 0. 202
TRFRB/ % 10062 . 88 6.07 7.00 7.34 10. 48 9.28 6.10 6.76 7.13
F4 S 3.807a 7.995a  16.778bc 24.773b  28.580b  1.320a  2.529a  4.970bc  7.498a  8.818a
FrifER 127 0. 245 0.408 0. 645 0.764 0. 044 0. 083 0. 120 0. 201 0. 242
AR RE/ % 10,53 9.68 7.69 8. 24 8.45 10.61 10. 36 7.65 8. 47 8. 69
F5 FHE 3.900a 7.934a  16.968bc 24.902b  28.801b  1.366a  2.542a  5.063bc  7.605a  8.972a
PR iR 0.090 0.193 0.233 0.423 0. 497 0.035 0.071 0.085 0.152 0.184
LRRE/ % 7.28 7.68 4,34 5.37 5.46 8.05 8.81 5.29 6. 34 6.48
F6 T HME 3. 860a 7.934a  17.078bc 25.012b  28.872b  1.329a  2.464a  5.055bc  7.519a  8.848a
FrifiER 0.072 0.203 0. 307 0.503 0.566 0. 027 0. 066 0. 089 0.152 0.176
WRFRE/ % 5.88 8.1 5. 69 6.35 6.2 6. 32 8.4 5. 54 6.4 6.28
F7 T 3.989a 8.240a  17.373c  25.612ab 29.60lab 1.382a  2.595a  5.131c 7.727a  9.108a
H 1R 0. 050 0.115 0.186 0. 297 0.338 0.020 0.037 0. 056 0.092 0.109
LERE/ Y% 3.96 4,41 3.38 3.67 3.61 4,63 4,55 3.47 3.74 3.78
F8 A 3.922a 8.026a  17.069bc 25.094b  29.016b  1.359a  2.53la  5.059bc  7.590a  8.949a
FrifE iR 0.051 0.122 0.193 0.312 0.352 0.021 0.042 0.062 0.103 0.122
BRRE/ Y 4.13 4.8 3.57 3.93 3. 84 4. 86 5.29 3. 85 4,31 4.3
F9 1A 3.931a 7.950a  16.963bc 24.913b  28.844b  1.358a  2.510a  5.026bc  7.536a  8.894a
H 1R 0.025 0.075 0.107 0.178 0. 201 0. 009 0.022 0.028 0. 049 0. 057
LSRR/ % 1.98 2.98 2 2.26 2.2 1.99 2.83 1.79 2.06 .04
F10 T 3. 900a 8.019a  17.039bc 25.058b  28.958b  1.35la  2.526a  5.049bc  7.574a  8.925a

W AFEFERERREFBE(P<0.05), FH., F10 K 20 MR R BEAR R,
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Table 2 Basic statistics of biomass of P. yunnanensis seedlings with different individual sample sizes g
Bk . fif Jo T
At ‘ i % W EEA i % O EEA bk
S1 T 3.789a 7.503c  16.363b  23.866b  27.655b  1.296a  2.367c  4.837hb 7.204c  8.500b
o i 15 0.137 0.262 0. 350 0.597 0.723 0.047 0.073 0.111 0.179 0.222
TS RE/ Y% 11,48 11. 05 6.75 7.91 8.27 11.57 9. 80 7.24 7.86 8.27
S2 T #4E 3.912a 8.098ab  17.127a  25.225a  29.137a  1.367a  2.571lab 5.12la 7.693ab  9.060a
FrifER 0. 083 0. 149 0. 266 0.398 0.474 0.028 0. 055 0.089 0.139 0.164
TREB/ % 6.70 5. 80 4.91 5.00 5.14 6. 36 6.85 5.51 5.71 5.73
S3 FHH 4.006a 8.308a  17.46la  25.768a  29.775a  1.389a  2.63la  5.195a 7.826a  9.215a
PR iR 0.062 0.183 0.267 0. 447 0. 499 0.024 0.067 0. 080 0.146 0.167
LRRE/ % 4.89 6.96 4. 84 5.49 5.30 5. 40 8. 10 4,87 5.90 5.73
S4 A 3.902a 7.878b  16.958a  24.837a  28.738a  1.348a  2.48lbc 5.013a 7.494b  8.843a
brifE iR 0.062 0.113 0.178 0. 287 0.336 0.022 0.043 0.063 0.106 0.125
BRRE/ Y% 5.00 4,52 3.32 3. 66 3.69 5.12 5.52 3.99 4,47 4,46
S5 A 3.941a 8.074ab  17.223a  25.297a  29.238a  1.372a  2.559ab 5.115a 7.673ab  9.045a
b o R 0.055 0. 101 0.209 0. 301 0.353 0.020 0.031 0. 060 0.090 0.109
TERE/ Y% 444 3.96 3.83 3.76 3.82 4.59 3.87 3.70 3.70 3. 80
S6 FHME 3.936a 8.078ab  17.200a  25.278a  29.214a  1.367a  2.55lab 5.10la 7.652ab  9.019a
bR iR 0.037 0.063 0.136 0.197 0. 230 0.012 0.017 0. 045 0.061 0.071
WRRE/ % 2.97 2.45 2.51 2. 46 2. 49 2.71 2.08 2. 80 2. 54 2.48
S7 FHHE 3.900a 8.026ab  17.062a  25.089a  28.988a  1.350a  2.530ab 5.07la 7.601ab  8.951a
PR R 0.022 0.057 0.045 0.099 0.118 0.007 0.018 0.017 0.033 0. 040
TRAB/ % 1,79 2.24 0. 84 1.24 1.29 1.70 2.29 1.08 1.38 1.42
S8 T 3.923a 8.056ab 17.040a  25.096a  29.018a  1.359a  2.538ab 5.054a 7.593ab  8.952a
bR iR 0.019 0.029 0.053 0.076 0.087 0.006 0.011 0.012 0.021 0.026
LSRR/ Y% 1.53 1.15 0.99 0.96 0.95 1.47 1.38 0.75 0.88 0. 90
S9 S {E 3.875a 7.982ab  16.951a 24.933a 28.808a 1.343a 2.512ab  5.028a 7.540ab 8. 884a
brifE iR 0.015 0.050 0.082 0.130 0.143 0.006 0.019 0.024 0.042 0.048
WRRR/ % 124 1.98 1.53 1.64 1.57 1.34 2.35 1.51 1.76 1.70
S10 FHH 3.899a 8.009ab  17.014a  25.023a  28.922a  1.350a  2.523ab 5.042a 7.566ab 8.916a
FrfiE iR 0. 005 0.012 0.026 0. 037 0. 042 0. 002 0. 004 0.007 0.011 0.012
WRFRE/ % 0.41 0. 47 0.49 0.48 0. 46 0. 44 0. 44 0.46 0. 44 0. 44
SHAE FRIE 3. 900 8.019 17.039 25.058 28.958 1.351 2.526 5.049 7.574 8.925
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FEA A Y TE B FPE(P>0.05), MARIR RZFEA
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58 48%; Fe K 2K fif Hih 28, 150, /N K
27.42% s e KR f 3k 13. 63 %, 8/ R 13.31%;
i b5 4 E e K 86. 69 %6, Bk /N 86,37 %
1M AN TR R R RE AR B 5 B A &0 1 1 3 43 B 1 4
Bras RoRFH, KA Y &3k 57. 16%, s/ R
56.35% s I KZEAE Y E A 28, 65% . 5e/INA 27.68%05
B AW RIL 15,2700, e/l 14.820 . KB
ARSI BC R BN R M A ZEA Y

RAY R, =g Bl 2 Y R AT, K
R RFEA B SR AR (F10=20) , H fif &
A3 40 B Eb A9 A0 A o DR R S

XFAN TR 5 R AR AR B 25 B A 4 T 45350 i B
PRfE T A S REGHEAT A (B 1L 2) B
AT 0 28 S AR RO KR S 1 1 g R AT AT R
R R FZEENT 10 A, AR 5 R B P T R
WU F R RT 12 0L AR R AR A W,
AR BREN PR . KR RAEAR R (F10=20) i}
Ry R A R T T RN T EE 40 I EL 9 B B v 22 R
0, RIAR 7 R 0,
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Table 3 Effects of family sample size on biomass allocation of P. yunnanensis seedlings %
v L L i
R it £ t o 1 ¥4 e % it o 1 45

F1 13.49+1.62 27.4240.93 59.10£1.57 86.51+1.62 15.16+£1.45 27.6841.45 57.16+2.29 84.8441.45
F2 13.37+1.30 28.15+1.17 58.484+1.61 86.63+1.30 14.82+1.24 28.65+1.04 56.53+1. 84 85.1841.24
F3 13.33+0. 64 27.75+1.14 58.92+1.33 86.6740. 64 15.024+0.75 28.53+1.16 56.45+1. 36 84.9840.75
F4 13.31+0.49 27.9640. 64 58.7440.73 86.6940.49 14.954+0.53 28.6440.65 56.41+0. 89 85.0540.53
F5 13.53+0.53 27.5240.65 58.9540. 85 86.4740.53 15.22+0.52 28.3040.78 56.48+1.11 84.7840.52
F6 13.38%£0. 37 27.4540.69 59.1740.52 86.62+0. 37 15.02+0.41 27.8240.74 57.16+0.62 84.9840.41
F7 13.48+0. 29 27.8340.32 58.7040. 36 86.5240. 29 15.17+0. 33 28.4940. 36 56.35+0. 50 84.8340.33
F8 13.52+0. 33 27.6540.40 58.8340. 21 86.4840. 33 15.1940. 34 28.2740.37 56.54+0.33 84.8140. 34
F9 13.63+0.09 27.5640. 27 58.8140. 28 86.3740.09 15.27+0.07 28.2240.29 56.51+0.32 84.7340.07
F10 13.47 27.69 58. 84 86.53 15.13 28. 30 56.57 84. 87
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o =
Fig. 1 The trend of variation coefficient of the fresh weight
allocation for P. yunnanensis seedlings with
different family sample sizes
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Fig. 2 The trend of variation coefficient of dry weight
allocation for P. yunnanensis seedlings with

different family sample sizes
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Table 4 Effects of different individual sample sizes on the biomass allocation of P. yunnanensis seedlings %
bk fif Jo ko L TRt
AL 1 % i o 5 i % it Ho 4y
S1 13.68+0.61 27.0941.02b 59.2341.10 86.3240.61 15.2240.71 27.8340. 85 56.95+1.07 84.7840.71
S2 13.42+0.35 27.7940.63a 58.7940.63 86.58+0. 35 15.0940. 38 28.37+0.71 56.54+0.77 84.9140. 38
S3 13.46+£0.35 27.8840.49a 58.66740.52 86.5440. 35 15.08+0. 36 28.5240.72 56.40+0. 74 84.9240. 36
S4 13.57+0.40 27.4140. 34ab 59.0240. 41 86.4340. 40 15.25+0. 36 28.05+0. 35 56.71+0.42 84.7540. 36
S5 13.48+0.18 27.6140.36a 58.9140.42 86.52+0. 18 15.16£0.19 28.2940. 20 56.55+0. 33 84.8440.19
S6 13.47+0.16 27.6540.16a 58.8840.17 86.5340.16 15.1540. 22 28.2940.21 56.55+0. 29 84.8540. 22
S7 13.45+0.12 27.6940.30a 58.8640.32 86.5540.12 15.0840. 09 28.2640.32 56.66+0. 32 84.9240.09
S8 13.52+0.16 27.7640.15a 58.7240.24 86.48+0.16 15.18+£0.15 28.3640.19 56.46+0. 25 84.8240.15
S9 13.45+0.12 27.7140.16a 58.8440.15 86.5540.12 15.1240. 09 28.2840. 20 56.60+0.17 84.8840.09
S10 13.48+0.03 27.6940.04a 58.8340.05 86.5240.03 15.14+0.02 28.3040.05 56.56+0.06 84.8640.02
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Fig. 3 The trend of variation coefficient of fresh weight allocation

for P. yunnanensis seedlings with different

individual sample sizes
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Fig.4 The trend of variation coefficient of fresh weight allocation

of P. yunnanensis seedlings with different

individual sample sizes
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Table 5 The average value of critical sample size and biomass allocation ratio for each index by calculating with two methods

ik 50 & L i)/ %
it H ik il 2 i H L4y
m/S, W, F,/S, w, F,/S, W, F,/S, w,
RAMEA G Iy ik— 20 13.47 27.83 14 58.70 20 86.53
Kk k=0.2 18 13.63 27.83 14 58.70 18 86. 37
RR AR A B T ik— 300 13.48 27.61 240 59.02 300 86. 52
kT k=0.2 480 13.52 27. 65 480 58,72 480 86. 48
T 5 B/ %
i H Ty ik L E - Hh 4y
F,/S, W, F,/S, W, F,/S, W, F,/S, W,
KRR R I k— 12 15. 02 28. 49 14 56. 35 12 84.98
FEZ k=0.2 18 15.19 28. 49 14 56. 35 18 84.73
ARRAE A B Ik — 480 15.18 28. 29 480 56. 46 480 84. 82
Tk k=0.2 480 15.18 28. 36 480 56. 46 480 84. 82
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I B 0 I SRR AS Ol 360 ~480 Bk, 2 Fh 5 B
FE W FEAS BEE 360 Bk LLFTAR 12 1 28 S5 R B A
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