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Changes of soil physical-chemical properties of Pinus tabuliformis
plantations at different developmental stages in
Ziwuling region of Loess Plateau

DANG Peng, WANG Nai-jiang, WANG Juan-ting, ZHANG Wen-jia, HUANG Yao

(Key Laboratory of Environment and Ecology of Education Ministry in West China ,
College of Forestry, Northwest A&F University ,Yangling s Shaanxi 712100, China)

Abstract: [Objective] This study illustrated the variations of soil properties of Pinus tabuli formis
plantations at different developmental stages in Ziwuling region of Loess Plateau, aiming to improve soil
maintenance in this region. [Method] The experiment was conducted in Zhongwan forest farm in Zhengn-
ing,Gansu using typical sample plots survey method. Slope wasteland was taken as control. The physical
and chemical properties and contents of nutrients of the soil of Pinus tabuli formis plantations at different
developmental stages (young forest,immature timber,nearly mature forest,and mature forest) were meas-
ured,and correlation analysis among all indicators was conducted. [Result] At different developmental sta-
ges of Pinus tabuli formis plantations, the change of soil moisture content was not significant. Soil bulk
density and porosity of mature forest were better than those of other stages and the control. With the in-

crease of the forest age, contents of soil organic matter and total nitrogen increased, while soil pH de-
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creased, and contents of available P, available K, nitrate and ammonium fluctuated. Correlation analysis

showed that organic matter, total nitrogen and soil pH correlated with each other,with an extremely signif-

icant positive correlation between organic matter and total nitrogen,and a significant negative correlation

between soil pH and total nitrogen or organic matter. [Conclusion] From the perspective of the soil sus-

tainable development process,creating Pinus tabuli formis plantations in Ziwuling region of Loess Plateau

could sustainably improve the soil physical-chemical properties and soil nutrients.
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Table 1 Information of Pinus tabuli formis plantations in Zhongwan forest farm in Ziwuling region
i i psREm R e e ey BER
Types of F Average height Average Elevati gl nspect Sl deg Canopy
atands orest age verage heig diametor “levation ope aspect Slope degree osure
Fii 3 Slope wasteland — — — 1 460 105 22 —
4 K Young forest 10 2.7440. 20 3.99+0. 21 1 545 142 21 0. 56
HF K Immature timber 23 7.2140.69 8.08+0. 45 1402 155 15 0. 86
MK Nearly mature forest 32 10.1540. 48 16.81+0.18 1 608 290 13 0.82
AR Mature forest 50 11.42+0.62 19.03+0. 68 1620 295 19 0.78
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Table 2 Changes of soil physical properties of Pinus tabuliformis plantations at

different developmental stages in Ziwuling region

- =yp = : R -
b +2/em i it i A ) L
Soil Slope Immature Nearly mature
Index Young forest . Mature forest
layers wasteland timber forest

0~10 17.1322.30 Aa 17.3621.13 Aa 18.9120.17 Aa 17.4920. 39 Aa 18.6622. 30 Aa
10~20 17.02+1.81 Aa 16.31+1.62 Aa 17.10£0. 50 Ab 16.3340. 64 Ab 16.49+2.76 Aa
20~30 11.80+2.55 Aa 16.48+1.49 Aa 15.82+1.27 Ab 15.7340.84 Ab 16.51+1.45 Aa

R Sp/s v

Soil moisture

JAE—— 0~10 1.1740.06 Aa 1.1340. 06 Aa 1.10+0. 08 Aa 1.0240.03 Aa 0.92+0.15 Ba
4 g ARR E/
(g+cm ) 10~20 1.1640.07 ABa  1.12+0.08 Ba 1.2140.10 Aa 1.1840.05 Ab 1.0840.07 Bb
Soil bulk density 903 1.26+0.15 Aa 1.13+0.07 Aa 1.22+0.13 Aa 1.29+0.10 Ab 1.09-0.02 Bb
0~10  55.85+2.41 Ba  57.1842.18 Ba  58.97+2.87 Ba  61.51+0.13 Ba  68.99+5. 62 Aa
o
iﬁfﬁf‘ilf 10~20  56.2142.80 ABa  57.600.01 Aa  52.66+3.61 Ba  55.47+1.92 Bab  58.83%4.6 Ab
20~30  52.2745.48 Ba  57.4242.66 Ba  52.48%+4.84 Ba  51.3240.15Bb  59.5470. 93 Ab

T R B P AR E 2R B R AR AR R KRS B R OR [ — L2 & 38 PR 7E AN N TN W) & & B B ] 22 53 1 3 (P<<0. 05) , R A

7] /NG - B R AR N TARTF] — & B B B 45 48 AR FE AN W) L J2 1] 28 53 L 35 (P<C0. 05) . R 3R .
Note: The data is “average valuet standard deviation”. Different uppercase letters indicate significant difference of each index in each soil
layer among different developmental stages (P<C0. 05),and different lowercase letters indicate significant difference of each index a-

mong different soil layers of soil at each developmental stage (P<Z0.05). The same below.
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Table 3 Changes of soil chemistry properties of Pinus tabuli formis plantations at

different developmental stages in Ziwuling region

B =/c 7 Iy S 2 .
ITdE; ig;oril(m STO:Z{ Yo?ﬁl?ﬂiesl hi.jmﬁjzrre Nea]r&lymﬁj;ure 1\/Ialﬁiz‘1:%§L ffresl
layers wasteland timber forest

0~10 12.0241.22 Da  25.3442.26 Ca  36.5742.20 Ba  42.83+2.68 Ba 61.46+2.81 Aa
ﬁ(jﬂ)];’g'lr/lf(‘gmalif;’]) 10~20 8.58-40.85 Ca  16.02+1.18 Bba  20.72+1.47 Bb  34.17-0.67 Ab  35.88+0.55 Ab
20~30 8.40+1.16 Ca 9.88+1.51 Cb  12.6840.62 Cc  19.00+1.99 Be 23.79+40. 94 Ac
0~10 0.68+0.33 Ba 1.1340.57 Ba 2.36+0.56 Aa 2.76+0.61 Aa 2.89+0.21 Aa
%ﬁ;l(gN;tfg;: 10~20 0.5820. 36 Ca 0.83%+0.08 BCa  1.18%+0.11 Bb 1.90+0. 41 Aab 1.88+0.04 Ab
20~30 0.5340.40 Ca 0.5840.07 Ca 0.85%40.19 BCb 1.134+0.11 ABb 1.4640.01 Ac
0~10 8.08+3.00 Ba 7.2540.57 Ba  10.96+1.80 Ba  11.66742.48 Ba 16.06+4.53 Aa
Ei&‘i’?’“{“ﬁl' llf,gﬂ) 10~20 8.13£1.30 Aa  6.70%0.68 Aa  8.972.33 Aab  8.09%3.96 Aab  12.10-£4.95 Ab
e 20~30 9.06+1.81 Aa 8.28-+1.32 Aa 5.02-1.81 Ab 4.0240.39 Ab 7.38=1.24 Ab
0~10 89.9148.08 Ba  82.74+6.61 Ba  199.38+27.40 Aa 173.24--20.80 Aa 161.4142.60 Aa

Eiﬁf“ﬁ‘ﬁ' }lzg D 10~20 60.07+6.82 Cb  74.10%4.17 Cab 152.08-£20.83 Ab 115.25+8.21 Ab  110.75+10. 39 Bb
e 20~30 56.1845.14 Bb  62.3347.86 Bb  113.52%11.66 Ab 100.83410.14 Ab  98.09+5. 84 Ab
o 0~10 0.97+0.39 Ba 2.25-+0.57 Ba 4.65-+0.81 Ba 4.9542.11 Ba 9.74+4.22 Aa
ﬁﬁjsﬂléi)‘?gl\] ke 1920 1.90+1.24 Ba 1.1940.59 Bb 3.2440.41 Bb 3.7841.11 Bab  12.913.98 Aa
20~30 1.7040. 92 Ba 0.82+0.13 Bb 1.7940. 34 Be 1.3040.35 Bb 7.9040.77 Aa
0~10 6.71+1.45 Ba  10.05+1.63 Aa 8.8940.99 Aa 8.10+1.08 Aa 8.20+1.22 Aa
%ﬁﬁlé;ﬁﬁ&kg D lo~20 5.51+1.48 Ba 8.86+1.56 Aab  5.8340.02 Ab  8.19%2.61 Aa 6.44+1.08 Aa
20~30 1.13+1.04 Ba 6.2240.56 Ab 5.03+0.45 Ab 5.8540.97 Aa 6.06+3.50 Aa
0~10 7.6240.02 Aa 7.4440.05 Ba 7.2940.06 BCa  7.1870.04 BCa 7.1540.06 Ca
I)EIHviEl_[ue 10~20 7.68+0.03 Aa 7.4420.02 ABa  7.3140.08 Ba 7.2240.06 Ba 7.18+0.09 Ba
20~30 7.69+0.04 Aa 7.494+0.03 Aa 7.32740.06 ABa 7.247+0.02 Ba 7.207+0. 10 Ba
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Table 4 Pearson correlation coefficients among soil properties of Pinus tabuli formis plantations at

different developmental stages in Ziwuling region

fit b ﬁgifc I)ZIH{E 'Iji%ofikl HH{E/}E BER /\%zﬁ'jltaﬁﬁe /\%ﬁ/{l{aﬁe ﬁgfllﬁ gi)f/lq E‘i%
Index matter Value Nitrogen NOsz -N NH{-N P K moisture density

pH & pH value —0.716"

4>’ Total Nitrogen 0.927** —0.693*

AR NO; -N 0.671  —0.586 0. 440

AR NHY -N 0.659  —0.606 —0.523 —0.404

AL Available P 0.243 —0.293 0.332 0. 345 —0.111

AN Available K 0.496  —0.571 0. 660 0.189  —0.491 0.157

Bk & Soil moisture 0.162  —0.137 0.013 0.086 0.190 —0.091 0. 206

RFUFE A Soil bulk density —0.736" 0.331 —0.716*  —0.295 0.410 —0.066  —0.139 —0.183

FLBRJEE Soil porosity 0.636 —0.332 0.515 0.295 0.411 0.067 0. 140 0.184 —0.996**

Heo% o» FoRAH MM B E (P<0.01), * FRM G B E (P<0.05),

Note: * * means extremely significant correlation (P<C0.01),and * means significant correlation (P<Z0.05).
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