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Abstract Background and Aims Phosphorus P deficiency is one of the main factors that influence plant
productivity in agricultural and forestry systems. Fertilization and soil improvement are the primary practices
used to meet the P demands of crops in traditional agriculture and of trees in forestry management. Chinese fir
Cunninghamia lanceolata  a fast-growing evergreen coniferous tree with high yield and quality of wood is
the most important tree species of timber plantations in subtropical China. Since Chinese fir plantations range
from about 20° to 30° N in latitude and 100° to 120° E in longitude there are many different genotypes of Chi-
nese fir among the forests in south China. Therefore it is possible to select the Chinese fir clone with high
phosphorus use efficiency.
Methods Based on the pot experiment under the different phosphorus deficiency stress heavy medium
slight phosphorus deficiency and normal phosphorus supply  the dry matter accumulation phosphorus absorp-
tion efficiency and phosphorus use efficiency of eight different Chinese fir clones were analyzed to compare
their phosphorus characteristics.
Key Results There were significant differences in the dry matter accumulation phosphorus absorption effi-
ciency and phosphorus use efficiency among different clones under phosphorus stress. The dry matter accumu-
lation and phosphorus absorption efficiency of different clones decreased whereas phosphorus use efficiency in-
creased with increasing phosphorus stress. The dry matter accumulation of Clone 8 9 24 and 37 were influ-
enced by phosphorus stress less than those of the other clones. Phosphorus stress significantly afftected the dry
matter accumulation of Clone 23. Higher phosphorus absorption and use efficiency in Clone 8 higher phospho-
rus absorption efficiency in Clone 24 and 37 and higher phosphorus use efficiency Clone 9 were found under
phosphorus stress. However the phosphorus absorption efficiency and phosphorus use efficiency of Clone 23
were lower than those of the other 7 clones.
Conclusion  High phosphorus absorption and use efficiency of Chinese fir are the major adaptive strategy un-
der environment with low phosphorus availability .
Key words Chinese fir Clones Phosphorus stress Phosphorus use efficiency
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Table 1 ~ The dry matter accumulation of different Chinese fir clones under different phosphorus stress
Dry matter accumulation g
P levels Clones 1 2
One-year leaf Two-year leaf Stem Root Total R/S
H 3 0.38+0.11% 1.22+0.43% 1.89 +1.06M* 2.82+0.34M¢ 6.31+3.94" 0.88 +0.35%
5 0.75+0.54™ 1.40 +0.71% 1.90 £0.15"° 2.03+0.0B" 6.08 +0.36™ 0.50 £0.03%
8 0.31+0.02% 4.50 +0.05% 3.45+0.265 6.51+0.19% 14.77£0.01%  0.79 +0.04B
9 0.20+0.12% 2.21+0.12% 2.69 + 0,328 5.55+0.01% 10.64£0.34%  1.09+0.07*
23 0.27+0.23% 1.57+0.01% 1.04 +0.45% 2.46 + 1,248 5.34+1.92% 0.85+0.16%
24 0.15+0.01% 2.12+0.01% 2.69+0.04%% 6,000,824 10.96 £1.50%  1.21+0.01*
34 0.78+0.11% 2.82+0.43% 2.37+0.448¢ 4.28 + 0,348 10.25 £0.94% 0.69 +0.35%
37 0.89+0.22M 4.69+0.31% 3.48 £0.52" 8.02+0.22M 17.07+0.83%  0.90+0.13%
M 3 0.26+0.06™ 1.82+0.375% 1.04+0.18M 4.06 +0.44% 7.18 £0.34% 1.20 £0.55%
5 0.23+0.01% 2.00+0.01% 2.19+0.01% 2.08+0.01*% 6,50+ 0.01"% 0.47+0.01%
8 0.24+0.00% 4.34+0.00" 3.47+0.06% 7.31 +0.4550¢ 15.36 £1.43% 0.91+0.01%®
9 0.41£0.22" 3.64+£0.06™ 3.51+£0.23"%  6.21+0.33%%  13.77+0.018"™  0.83+0.10%
23 0.30+0.01% 1.16+0.12% 1.18 £0.01M 2.65+0.01 5.29+0.27% 1.00 +0.09
24 0.63 +0.03% 2.58+0.198 2.39+0.26" 6.02+0.95 11.61 +1.74% 1.08 +0.04%
34 2.01+0.01% 2.36+0.01% 3.29+0.18"% 5.75+1.448 13.41£0.15% 0.75+0.014%
37 0.70 £0.27" 5.84+0.86M 3.87+0.38% 8.85+1.43M 19.26 +0.45% 0.87 £0.22
L 3 0.87+0.28" 4.17 +0.9878 2.85+0.474 4.14 +0.46 12.03 +3.99% 1.12+0.17%
5 0.14+0.01 2.31+0.01M 1.47 +0.26M 4.89 +0.065% 8.81+0.30"% 1.25+0.06™
8 1.45+0.04% 5.76+1.68% 5.26+0.56™ 0.23+£0.33"% 20,69 + 1.40" 0.66+0.03%
9 0.38+0.10" 4.86+0.57% 3.42+£0.28"% 6.62+0.315% 15.26 £0.70"®  0.77+0.01%
23 0.35+0.02% 1.84+0.274 1.80+0.09 3.20+0.08% 7.19+0.28% 0.83+0.08%
24 0.69 +0.03%* 4.62+0.08%% 2.43+0.38% 7.35+0.19% 15.09+£0.30®  0.95+0.09%®
34 0.56 +0.22"° 4.97+0.30% 3.20+0.02°% 5.85+0.95% 14.58+0.93"  0.67+0.11"
37 1.69 +0.62% 3.75+0.54" 4.21+0.12% 9.83+2.16M 19.48 +3.21% 1.00+0.11%
CK 3 0.39+0.07% 6.86+1.47% 3.15+0.67% 10.60 +0.394 20.99 + 0.56 0.97 +0.16*®
5 0.85+0.29% 3.30+0.90" 3.77+0.32M 5.01+0.16™ 12.92 +2.66M 0.63 +0.20%
8 0.53+0.01% 7.03£0.56M 4.79 £0.56"% 8.59+0.67" 20.94 +1.03% 0.70 + 0. 045C>
9 0.57£0.36™ 4.08+0.04'% 3 68+0.12% 7.56+0.39 15.89+0.61%  0.91+0.04'5
23 0.37+0.10% 3.30+0.80% 2.65+0.93% 8.51+0.66 14.83 £0.35% 1.35+0. 1148
24 0.45+ 0,198 3.64+0.21" 3.60+0.25% 7.54+0.022% 15.24 £0.45% 0.98 +0.06"®
34 0.69 0. 15" 7.08£0.18% 5.22+0.53% 11.96+£0.15" 24,96+ 1.01" 0.92 +0.05
37 1.44+0.67" 4.72+1.24M 3.53+1.38" 11.18+0.61%  20.87+1.06™ 1.03 +0.23%
H ML CK H M L CK indicate heavy phosphorus deficiency medium phosphorus
deficiency slight phosphorus deficiency and normal phosphorus supply respectively = / R/S Ratio of root to shoot
weight of above ground part 3 n=3
p<0.05 Data in tables are average values from three plants the different small let-

ters in same column indicate significant difference between the different clones p <0.05  and the different capital letters in same row indicate significant differ-
ence between the treatments
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Table 2 Phosphorus absorption efficiency mg tree ™! of different Chinese fir clones under different phosphorus stress
Phosphorus absorption efficiency
P levels Clones 1 2
One-year leaf Two-year leaf Stem Root Total
H 3 0.110.01% 0.97 +0.46% 1.52+0.77%% 3.84+0.15% 6.43 +0.39M
5 0.35+0.18% 1.23+0.63%¢ 4.21 +0.494 2.81+£0.45% 8.59 +0.75¢
8 0.20+0.01%¢ 3.88+0.45% 5.64£0.745% 17.66 +0.52% 27.36£2.71%
9 0.10+0.04% 2.52+0.81% 2.44 +0.54B% 9.72+0.76% 14.77 + 1.16%
23 0.05+0.03% 0.74+0.23% 1.02 +0.40% 2.99+0.15% 4.80+0.75%
24 0.03 £0.00% 3.03+0.03% 2.77 £0.24% 10.35 +1.55 16.18 +1.81%
34 0.15+0.04% 3.25+0.88% 2.30 +0.43% 4.78 £0.78%¢ 10.47 = 1.11%4
37 0.42+0.09% 7.42+0.78% 7.16£1.27% 22.79 +1.52% 37.79 £ 3.66%
M 3 0.08 +0.01% 1.68+0.57% 1.35+0.28% 10.54 +1.27%4 13.64£2.12%
0.12 £0.01% 1.86+0.04% 2.61+0.01% 3.37+0.01% 10.96 +0.08%
0.02+0.01" 6.99+0.09% 4.55+0.08" 13.60 +0.75% 45.15+0.92%
0.23 + 0,098 4.15+0.07™ 3.41+0.33%¢ 16.22 +1.44% 24.01 +1.94%
23 0.14+0.01%¢ 1.14+0.17% 1.19+0.19% 5.09 £0.06 7.55+0.43%
24 0.20+0.01% 5.51+0.35% 4.34+0.35% 29.12 + 4.66%" 39.17 £3.94%
34 0.97 £0.01" 3.28+0.11% 2.31£0.37¢ 23.93 +4.36" 30.49 = 4,845
37 0.34+0.01™ 12.56 £ 1.31% 8.69 x 1.23A% 32.07 + 4,235 53.66 + 6875
L 0.37+0.10" 8.03 +1.65%" 5.37+0.82 18.93 + 0,934 32.70 +3.5] Bede
0.11+0.01™ 4.58 £0.88"% 2.88+0.645 14.88 + 1.89"% 22.43 +3 428
0.34+0.03% 16.98 + 4.42% 15.81 £2.21% 48.72 + 6.85M 81.84 +13.51%
0.23+0.05"% 8.80+2.06" 3.89+0.865" 25.69 + (.99 38.60 + 3.96"
23 0.11+0.03% 3.55+0.918 2.35+0.214% 9.43+1.62% 15.44 +2.76"%
24 0.51£0.04" 9.43£0.32" 8.03 +2.08" 37.00 = 1.38%° 54.96 = 3.814
34 0.28 +0.08" 8.46 +0.31% 4.84 +0.06%" 28.46 + 4.66™ 42.03 +3.12%
37 2.44+0.174% 5.31+1.02% 12.10 + 1.094% 43.30+3.51% 63.15+5.79%
CK 0.22+0.03™ 24.52 +4.05% 7.11+1.36" 21.62+3.41% 53.46 + 48404
1.27+0.33% 12.55 +3.48"¢ 9.93 £0.91M 26.15+1.384* 49.90 = 6.09
0.75+0.01*" 36.99 +2.63% 14.57 + 1.27° 44.04 +5.33% 96.35 +9.24%
9 0.44+0.02" 8.73 +0.58" 7.07 +0.16" 17.45+0.87%4 39.69 + 1.827
23 0.34+0.07" 8.54 +2.14% 6.63+1.51" 9.10+2.51M 24.61 £4.22%
24 0.36£0. 11" 9.32+0.51% 12.46 + 0.894 20.31+1.23% 62.45 +2.73%°
34 0.35+0.06™ 15.09 +0.474 16.15+1.71% 31.75+2.50" 63.33 + 474
37 3.88+0.32M 13.82+ 1.98% 13.77 +3.89% 28.98 + 8374 65.46 £9.55%

1 Note see Table 1
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of different Chinese fir clones under different phosphorus stress

8 24 37

Phosphorus use efficiency

P levels Clones 1 2
One-year leaf Two-year leaf Stem Root Total

H 3 1.39 +0.23%be 1.58+0.025 2.38+0.66%" 2.12+0.285 1.95+0.66%
5 1.62+0.78% 1.62+0.3248 0.86+0.00“ 1.49 +0.24 2.12+0.10%

8 0.50 +0.02%* 5.26+0.524 2.12+0.05%¢ 2.41+0.118 2.55+0.17%

9 0.39+£0.16" 2.03+0.518C 3.00+0.17% 3.30+0.93% 2.55+0.50"

23 1.56 +0.09% 3.50 = 1.04% 1.07 £0.18M 2.02+0.674% 1.90 +0.48

24 0.73 +0.018C 1.48 +0.01M 2.62+0.07 3.48+0.15% 2.51+0.23%

34 0.99 0. 188 1.02+0.07™ 1.69 +0.228 1.09 +0.0548 2.05+0.04"

37 1.91+£0.25" 2.97 +0.03* 1.70 +0.06" 2.83+0.08% 2.46+0.02%

M 3 0.86+0.07* 2.01+0.0748 0.80+0.02% 1.57+0.04% 1.41+0.02%
5 0.45+0.01% 2.15+0.03 1.84+0.00% 1.28+0.01484 1.53+0.01%

8 3.84 +0.60M 2.70 £0.03% 2.65+0.01% 3.93 +0.09'\% 2.39+0.02"

9 0.75+0. 18" 3.19+0.01% 3.62+0.01" 2.38+0.024% 2.35+0.01"

23 0.65+0.02 1.18+0.115% 1.18 £0.14% 1.38+0.01484 1.21+0.06"

24 1.97+0.01" 1.78 0,537 2.65+0.05 1.97+0.21% 2.00+0.025

34 1.37+0.01% 2.38+0.00% 2.18 £0.09" 1.58+0.02M 1.99 +0.09%

37 1.76 + 0. 158 3.00+0.02% 2.00+0.05M 2.72+0.1245 2.27 0,13

L 2.06+0.26M 2.17+0.19% 1.51 +0.0848« 4.41+0.07% 1.36+0.11%
0.19+0.01% 1.19+0.16% 0.75+0.01% 1.62+0.13% 1.15+0.08%

0.59 +0.028 1.96+0.215¢% 1.75+0.01% 1.40 +0.08% 1.56+0.015%

0.64 +0.07* 2.71 0. 14485 3.05+0.235% 1.71 +0.038¢d 2.07+0.01%

23 1.12+0.14% 2.29+0.0145 1.38+0.04M 1.91+0.30M 1.18+0.12%

24 0.94 +0.03%¢ 2.26+0.02%% 0.74+0.10% 1.46+0.118« 1.36+0.02%

34 1.12+0.21% 3.11+0.68" 2.12+0.01% 1.20 £0.06"% 1.71£0.03¢

37 1.20+0.02% 2.66+0.024% 1.47 +0.05%4 2.23+0.18% 1.93 +0.06"¢

CK 3 0.70 +0.06" 1.92+0.1948 1.40+0.11% 0.46 +0.05™ 1.02+0.10%
5 0.57 £0.09"% 1.49 +0.028 2.29+0.01" 0.87 +0.03% 1.08 +0.04%

8 0.38+0.01% 1.34+0.04% 1.58 +0.09¢ 0.52+0.02™ 0.91+0.035

0.74+0.22% 1.91+0.07% 1.92+0.03% 0.78+0.01% 1.26+0.01%

23 0.40 +0.05" 1.28 +0.08% 1.11£0.04% 0.77+0.12% 0.96+0.07%

24 0.57+0. 12 1.42+0.03" 1.04 +0.02% 0.64 +0.02% 0.91+0.03"

34 1.38+£0.14% 3.32+0.01% 1.69 +0.04"* 0.86 +0.04% 1.54+0.04™

37 0.53+0.12% 1.67 +0.09% 0.90+0.17% 0.43 +0.08% 0.74+0.11%

1 Note see Table 1
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