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Accumulation and distribution characteristics of nutrients in
Pinus yunnanensis forests with different ages

TONG Zhi-long,CHEN Qi-bo, WANG Yan-xia, XIONG Hao-qin, WU Jin-xia

(Environmental Science and Engineering Academy ,Southwest Forestry University , Kunming ,Yunnan 650224 ,China)

Abstract: [Objective] The content, accumulation, distribution and their changing trends along with
forest stand age of five nutrient elements (N,P,K,Ca,and Mg) in natural secondary Pinus yunnanensis
forest in Mopan mountain, Yuxi City, Yunnan Province were studied,to improve nutrient utilization and es-
timation of forest ecological value. [Method) Natural secondary Pinus yunnanensis forests with ages of 15,
30 and 45 years were selected,and three 20 m X 20 m standard samples were set in each forest. Samples
were collected from leaves, branches, stems, and roots of arbor layer plants, leaves, twigs, and roots of
shrubs,aboveground and underground parts of herbs, and all parts of litter in each sample plot. Biomass
and nutrient elements of mixed samples from same organs of same plants were analyzed in laboratory. [Re-
sult] The contents of nutrition element in Pinus yunnanensis were in a decreasing order of leaves™>bran-

ches>roots>>trunk. N was the nutrient element with highest content, followed by K and Ca,Mg and P had
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the lowest contents. The accumulations of total nutrient elements of 15,30 and 45-year-old natural seconda-
ry Pinus yunnanensis forests were 192.00,930. 95 and 2 357. 36 kg/hm?*,respectively. Arbor layer accoun-
ted for 70. 70% ,66. 84% ,and 98. 82% , understory vegetation layer accounted for 22. 97%,7. 53% , and
0.43% sand litter layer accounted for 7. 0% ,26. 98% and 0. 80% srespectively. N had the largest accumula-
tion among all layers, while P was the lowest. The ratio of nitrogen content to phosphorus content de-
creased as the increase of forest age. The total of the five nutrient elements needed for accumulation of 1 t
dry matter for Pinus yunnanensis with age of 15,30,and 45 years were 8. 38,8.52 and 7. 68 kg,respective-
ly. The use efficiency of N was the least while that of P was the highest. [Conclusion) Pinus yunnanensis
had high nutrient use efficiency,and it would not result in decrease of soil fertility due to excessive con-

sumption of nutrient elements in the soil. Pinus yunnanensis has high resistance and good adaptability,and

is suitable for afforestation in barren hills.

Key words: Pinus yunnanensis ;natural secondary forest;nutrient elements;accumulation and distribu-
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Table 1 Basic information of plots and characteristics of natural secondary
Pinus yunnanensis forests with different ages
i e S o . 4] B HE/ - 34 B 7% /em - H R
Tree s Geographical Altitad Soil catogor Asnect Canopy Bk« hm—2) Average Average
ce age location ude ol category spee density Density DBH height
- N23°51'38" R 5 5
15 E101°16'08" 2 180 Red soil 18 0. 60 1 250 8 6.5
N23°49'36" 2T 3 - -
30 E101°16'11" 2178 Red soil 10 0. 90 1625 12.5 10
_ N23°51'36" [ag: -
45 E101°16'08” 2 240 Red soil 19 0.75 900 25 14
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Table 2 Nutrient element contents of natural secondary Pinus yunnanensis forests with different ages g/kg
s /4 I
'I*Zl‘reﬁ;\/azie Corfgo)jems N P K Ca Mg ’I?oﬁa“l
Bt Leaf 10. 6140, 14 0.5140.00 3.2540.08 3.1940.03 1.42+0.03 18.98+0. 25
R & Branch 4.3440.08 0.3140.01 2.6340.08 2.5540. 04 0.9340.03 10. 7640, 24
BT Trunk 1.58+0.02 0.2140.02 0.80=+0. 04 0.9740.01 0.1140.00 3.6740.09
15 R R Root 2.9840.03 0.08+0.01 2.06+0.00 1.7940.03 0.37+0.01 7.28+0.08
# K Herb 4.6540.12 0.3240.02 3.0240.10 2.9140.06 0.5140.04 11.41+0. 34
7K Shrub 6.8240.16 0.4140.03 5.08+0. 14 3.8540. 04 1.35+0. 06 17.5240. 43
%Y Litter 5.3140.13 0.2140.01 0.6940.01 4.8740.06 0.5440.04 11.62+0. 25
Bt Leaf 11.82+0.15 0.9740.02 5.647+0.08 4.5540.05 1.50+0. 02 24.4940. 32
ks Branch 4.1940.07 0.65+0.01 2.80=+0.08 2.8240.02 0.9540.01 11.404+0.19
BT Trunk 1.21+0.02 0.0440.01 0.2940.03 1.36+0.02 0.2340.03 3.1340. 10
30 R R Root 2.6240.06 0.1240.00 1.5440.00 1.9340.03 0.49+0.00 6.70+0.09
# K Herb 4.3940.11 0.4340.03 2.4440.06 2.8140.02 0.5840.02 10. 64+0. 24
A Shrub 7.5940.15 0.86+0.03 3.7140.07 5.66+0.04 1.29+0. 04 19.10+0. 33
&Y Litter 7.747+0.12 0.6240.01 0.5840.01 6.61+0.07 0.7840.03 16.34+0. 24
Wit Leaf 11.30+0.12 0.9740.01 5.027+0.08 4.3140.04 1.45+0.03 23.047+0. 28
s Branch 3.9940. 06 0.48+0.01 3.9440.01 2.46+0.05 0.8540. 04 11.71+0.17
BT Trunk 0.9440.02 0.0940.01 0.1840. 00 1.2240.02 0.1540.00 2.5840.05
45 R} R Root 2.49740. 04 0.1140.00 1.094+0. 04 1.594+0.05 0.3840.02 5.6740.15
# K Herb 3.8340.06 0.3140.03 2.1740.09 2.3040.03 0.5040. 04 9.1140. 25
B 7K Shrub 8.76+0.17 0.48+0. 04 4.73+0.06 4.89-+0.07 1.6840. 04 20.5440.38
W) Litter 5.96+0. 08 0.2840.01 1.20+0.02 5.1470.05 0.6840.03 13.2740.19

3.2 AEAMBZERRAXREREFTENRE
54%

AN TR AR 25 B s KR O A MR I B T OARE
FILEMBMBSMAENNLE 3, N3 ATLE
o 2 AR A3 45 5 3R o0 R B BR L B RRGRS 1 3
M3, 15,30 F1 45 4FA: 2 p A RER W AE MR A 2
HRITEMBRIIN BN RRBE ERITERER
B 70.70%.66. 84 % F1 98.82% . KA EHEY
AR, HEFRTREREFUILRK AFREE
FEICE B MR b LR SR R R . 30 4R
BEMRARRAEMS I EEFRTCRR B REHIT IR
> AR > WA > T, 15 4R A = R KR IR R
MR EFRITRE EEEPEMM, LERITEL
B E GBI E SR TR BB RN 41,2510
30 AR 45 AF A 25 M KSR U A PR I SR T R Y
SRS B SR R B B 36.45%
19,735, o 45 424 25 B A R R YR AR R AL 1Y)
FUBR R O 2ol HA i, BT LB 25 AROR (9 A K A
FIVR AR 75 77 00 2 B B K W 3, FLH: o ka8 3

JGE BB B A Ll A AR i U 4 B R
SN AR BT MRS E IR O R OB B 1 L A A
TH. NFEARKEERTEBERKE, 15,30 fl
ASARAE M KRR IR A MR B Rt Z B B R ¥ U
NEZ . A ERARZEFR TR RN 47.43%,
41. 63001 39. 210, HoAth ot L B i HE )y KB N
Ca>K>Mg>P, x5 X" 4 %" X il # A 4E 1
s (Pinus armandii Franch) BHF5E 45 B IL AR — 2,
2 3 W AR AE Bl CHIREAS 2 R0 R 2D 19 AR
PEHHBIRTFRRZ, EMNNERTERRRE
FEAS PR 1 LA # L TR R 2 /NS £ BT b A 4
AR H /N B AR R 22, 97% . 7. 53% A1 0. 43% .,
MEYREFRTCERBRNHRSER TR LR ER
1 b 91 e il i /NB K 43 00 Sk 6. 3204, 25, 6204 Al
0.73% , Horh 15 41 45 4F A 25 B by K AR U AE AR A
5D B R B RN T MR A3 B AR B Y L ) AR AR T
30 4R AR A AN R AR K AR MR, 3t F 15 4R Al 45 4F
2 B A R AR VR A AR T W 32 B0 B B 1 5
SEIHAYRBREFRTERERK D,



104 PG b AR ARRE B R 27 2= 4 (A SR B2 D %42 %
x3 AEAMBRZERRARENREFRTENRESSH
Table 3 Accumulation and distribution of nutrient elements of natural secondary
Pinus yunnanensis forests with different ages
U /4 5 (1i~%lf/;) FZEE/ (kg » hm?)Accumulation
Tree age Components . N
Biomass N P K Ca Mg &1t Total
it Leaf 2.98+0.37 31.5613.93 1.5140. 19 9.67+1.20 9.49+1.18 1.2240.52 56,4547, 02
W4 Branch 2.9140.32 12.65+1.39 0.91£0.10 7.65+0.84 7.4240.82 2.7040. 30 31.3243. 44
B+ Trunk 7.5440.61 11.88+0.96 1.6240.13 6.0640.49 7.2940.59 0.8440.07 27,6942, 24
15 A Root 2.7940.33 8.30+0.98 0.227+0.03 5.734+0.68 5.0040.59 1.0440.12 20,2942, 40
# A Herb 1.6740. 16 7.7740. 74 0.53+0.05 5.0440.48 1.8640.47 0.85+0.08 19.05+1.83
7K Shrub 1.43£0. 24 9.76+1. 64 0.59+0.10 7.26%1.22 5.50%0.92 1.9440.32 25.05%4. 20
TR %) Litter 1.0540. 11 5.55+0.58 0.22%+0.02 0.724+0.08 5.0940. 54 0.5740.06 12.14+1.28
41t Total 20,3642, 24 87.47410. 23 5.61+0.62 42,1344, 99 44,6445, 10 12.15+1.29 192.00+22, 41
it Leaf 9.26+0.86 109.47+10. 16 9.024+0.84 52.27+4.85 12.17+3.92 13.89+1.29 226.82+21.06
P4 Branch 17.05+1.83 71.3847.66 11.12£1.19 47,6845.12 48,0645, 16 16.12£1.73 194.37420. 87
W+ Trunk 31.4042.71 38,0443, 28 1.3140.11 9.104+0.79 42.64+3.68 7.2340.62 98.3248.49
20 WA Root 15.34+2.16 40, 14+5. 65 1.8640. 26 23.68+3.34 29,5544, 16 7.55+1.06 102. 78 +14.47
A Herb 5.78+0.60 25.3642.63 2.48+0.26 14.10+1. 46 16.23+1.68 3.3540.35 61.52+6.39
7R Shrub 0.45+0.02 3.4140.15 0.392£0.02 1.67+0.07 2.5540.11 0.5840.03 8.60+0.38
JAI%Y) Litter 14.60+3,17 113.05+24.55 9.11+1.98 8.41+1.83 96. 55420, 96 11.4342.48 238.55451.79
£t Total 93.87+11.35 400. 85454, 09 35.30+4.66 156.91+17.46  277.74+39.68 60,1547, 56 930.95+123.45
W Leaf 19.9541. 88 225.43+21.24 19.284+1.82 100.10%9. 43 85.94+8.10 28.90£2.72 459, 66+43. 31
P4 Branch 97.6548.02 389.54431.99 46, 80+3. 84 384,38+31.57  240.40+19.74 82.74+6.80 1143.86%93.95
B+ Trunk 106.13+10. 35 99,8649, 74 9.374+0.91 18.75+1.83 129.62+12. 64 16.13+1.57 273.74+26.70
15 AR Root 79.79410. 16 198.65+76.97 9.16+1.17 86.89+11.06 127.06+16.18 30, 70+3.91 152,46 £57. 62
WA Herb 0.4440.05 1.7040.19 0.1440.02 0.96+0.11 1.02£0.12 0.2240.02 4,050, 46
7K Shrub 0.3040.03 2.63+0.26 0.1440.01 1.4240. 14 1.47+0.15 0.5140.05 6.1640.62
JAI%Y) Litter 1.3140. 16 7.834£0.95 0.3740.04 1.5840. 19 6.76+0.82 0.90+0.11 17.43+2.12
471 Total 305.57+30. 65 925.65+89. 68 85.25+7.81 594.09+54.34  592.27+57.75 160.09%15.19 2 357.36+224.76
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Table 4 Ratio of nitrogen content to phosphorus content of natural secondary

Pinus yunnanensis forests with different ages

A o = 0
ﬁfii{i Pl:flqt%fezjory Tot%fi(ﬁgen T()lalép%oéfh()rus W) /WP
=N Pinus yunnanensis 47.43 3.14 15. 10
15 HEAK Herb 40.78 2.81 14.53
B Shrub 38.96 2.36 16. 48
=K Pinus yunnanensis 41.63 3.75 11.11
30 WK Herb 41. 22 4.03 10. 22
B Shrub 39.71 4.49 8. 85
=K Pinus yunnanensis 39.21 3.63 10. 80
45 HEAR Herb 42.03 3.43 12. 26
B Shrub 42.65 2.31 18. 44

ARARS 8 37 0 R BRI AR AT LU E FR T R
AR S T YRR R HER RSB 1t
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Table 5 Nutrient utilization efficiency of natural secondary Pinus yunnanensis forests with different ages
i /AR ﬁi%’i'/ %ﬁﬂl%%/ FI 3/ (kg » t1) Utilization efficiency
Tree age (t+ hm ?) (kg » hm™?)
g Biomass Nutrient accumulation N P K Ca Mg 41t Total

15 16. 21 135.76 3.97 0. 26 1. 80 1. 80 0. 54 8. 38

30 73.04 622.28 3.955 0.32 1.82 2.22 0.61 8.52

45 303.52 2329.71 3.01 0. 28 1.94 1.92 0.52 7.68
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