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Soil quality assessment and constraining factor analysis in
plantation forests of north China Plain

Tian Pengying, Sun Huijuan, Xue Jingwen, Liu Mengyao, Li Jianfei, Fan Guoqgiang, Zhang Zhihua
(College of Forestry, Henan Agricultural University, Zhengzhou, Henan 450002, China)

Abstract: [ Objective] Soil quality of plantation forests in the north China Plain was quantitatively evaluated, in
order to provide a scientific basis and references for the related soil quality improvement and limiting factor
diagnosis in the region. [ Methods ] Populus spp. plantations with different densities (i.e., 1 111, 833, 625, 555,
and 416 trees/hm”) were taken as cases. Soil samples were collected from the 0—20 c¢m depth layer of the soil in
poplar forests in late October, 2024. The main physicochemical soil properties and related enzymatic activities
were analyzed. The minimum dataset was selected based on principal component analysis. Soil quality was
evaluated using the soil quality index and limiting factor diagnosis. [ Results] @ Based on the principal component
analysis of the total dataset, a minimum dataset was established, consisting of soil total carbon, sucrase activity,
electrical conductivity, silt content and available phosphorus. @ The soil quality indices of poplar plantations with
different densities were ranked as follows (trees/hm” , followed by values in brackets) : 416 (0.55) > 555
(0.51) > 625 (0.49) > 1 111 (0.48) > 833 (0.44). Stand density significantly affected the soil water content,

pH value, organic carbon, total carbon and available nutrient values. @ Soil quality limitations in the study area
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were primarily moderate and mild. Soil organic carbon (15%) and water contents (13%) were the most

significant soil quality-affecting limiting factors. All poplar plantations faced limitations related to soil nutrient and

water availabilities. [ Conclusion] Soil quality was optimal in poplar plantations at a density of 416 trees/ hm?*. All

poplar plantations in the north China Plain face challenges of insufficient soil nutrients and water scarcity.

Therefore, developing scientific fertilization and irrigation management practices and determining appropriate

afforestation densities in plantation practices would be essential to achieve sustainable soil utilization.

Keywords: soil quality index; soil quality evaluation; scoring method; soil barrier factors; north China Plain
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Table 1 Basic survey of sample site

T b Mo /(B - hm ™) Wi /a EaHity % & /m 4% /cm
Y, 1111 4 34°86'31"N 114°99'31"E 8.85+1.04 13.43+2.10
Y, 833 4 34°86'39"N 114°99'71"E 10.45+1.05 16.67+3.68
Y, 625 4 34°86'20"N 114°08'19"E 9.2440.94 13.22+1.88
Y, 555 4 34°86'88"N 114°08'29"E 10.16+1.17 15.46+3.28
Y. 416 4 34°86'87'N 114°08'93"E 9.1940.73 14.534+1.83
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Table 2 Statistical analysis of soil indexes under different stand densities

TR P Y (fi/,g) g/ e/ B4/ % (’ffffkﬁﬁ)
Y, 10.08£1.04" 1.2740.03° 34.60+£3.27" 52.774+5.45 12.63+2.94° 0.86+0.01¢
Y, 9.10+1.03" 1.28+0.09° 38.34+£7.14" 52.16+8.16" 9.50+3.26™ 1.7240.04"
Y, 6.74+0.28° 1.344-0.04" 46.16+5.99° 45.32+7.67° 8.5243.35" 2.36+0.13"
Y, 7.8441.5" 1.304+0.03" 39.1942.36% 48.21+0.98" 12.60+2.21° 1.53+0.06¢
Y; 9.09+1.09" 1.284-0.04° 35.62+5.46" 50.974+4.12° 13.42+2.21° 0.88+0.03¢
. 2%/ H B F 58 e bt/ S5/ A/ %
meoww T TR e ek g
Y, 7.84+0.04" 89.884+10.83" 1.314+0.15" 0.75+0.13" 12.79+1.38° 8.56+0.8"
Y, 7.6740.06" 79.704+10.65 1.3840.15 0.97+0.12° 12.77+0.97 9.78+0.69°
Y, 7.53+0.07¢ 67.384+1.37" 1.3240.04" 0.940.11* 9.90+1.02" 8.054+0.59"
Y, 7.444+0.07 65.57+5.13" 1.4140.26" 1.064+0.18" 13.06+£0.71° 9.81+£0.68"
Y 7.42+0.12¢ 58.15+3.26" 1.2940.23" 0.77£0.17" 12.83+0.52° 7.02+0.61°
FEd AL/ AL/ TR At/ Ji Tt / WERR G/

(mg+kg ") (mg+kg ") (mg+g ") (mg+g ") (mg+g ")
Y, 94.14+4.65 35.864+11.1° 6.33+1.16¢ 0.96+0.08" 1.1440.28™
Y, 93.6145.04" 37.1+£13.49° 7.4540.76" 1.0040.10° 1.5540.32"
Y, 75.9043.11° 41+14.27° 6.9140.65" 0.9940.04" 1.08+0.15°
Y, 102.70+9.39" 45.99+17.23" 9.8942.22° 1.064+0.11° 1.514+0.16°
Y 90.87+£2.71" 28.9244 .45 8.66+0.72" 0.9740.06° 1.474£0.3"
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Table 3 Principal component load matrix and Norm value of soil indexes

Sy

ISR 4 Norm (Y Cy/ %
PC, PC, PC, PC, PC;

FHEF K SWC 0.743 —0.418 0.132 0.027 —0.034 1 2.458 17.92
7 BD —0.588 —0.006 —0.337 0.275 0.303 1.980 4.28
ki Sand —0.723 0.299 0.306 —0.497 0.053 1 2.523 16.30
¥y ki Silt 0.566 —0.291 0.007 0.664 —0.332 4 2.202 12.32
B ki Clay 0.333 —0.032 —0.600 —0.284 0.518 3 1.843 29.07
LT 7K % Ks —0.773 0.314 0.324 0.282 —0.053 1 2.573 39.05
2% TN —0.055 0.616 0.270 0.470 0.054 2 1.908 20.08
4B TC 0.842 0.266 —0.127 —0.138 0.156 1 2.604 12.27
HHLIK SOC 0.242 0.540 0.597 0.208 0.260 2.121 14.47
A AK 0.772 0.458 0.155 —0.111 0.114 1 2.599 11.21
A AP —0.136 0.286 0.087 0.161 0.666 5 1.198 35.07
PR 2 F 38 4 it CEC 0.113 0.362 0.588 —0.439 —0.397 1.885 13.24
pH {4 0.231 —0.490 0.637 —0.160 0.233 3 2.070 2.31
B SR EC 0.336 —0.412 0.676 0.039 0.312 3 2.137 18.47
REWEG SSC 0.263 0.753 —0.277 —0.205 —0.151 2 2.231 22.22
JI% /it SUE 0.029 0.645 0.055 0.151 0.016 2 1.704 8.40
Wi ARl ALP 0.494 0.607 —0.260 0.084 —0.099 2 2.230 22.90
REAE 4.327 3.376 2.521 1.539 1.371
FTETMEY 25.450 19.859 14.831 9.052 8.064
EHTMEY 25.450 45.309 60.140 69.192 77.256
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HOE DL N TR SQUITRAE R R . & 5T, 2k
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Bl 43 51 49 0.483~0.511, 0.452~0.520, 0.438~0.546,
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SERI{E 43 9 K 0.501,0.495, 0.492; 3 £ MR T 4> 5 1
(SQI-NLT,SQI-NLS,SQI-NLMD ¥ SQIE i il 43 51
4 0.488~0.501, 0.487~0.501, 0.484~0.502, - ¥ {H
4394 0.495,0.495,0.494, Hid,SQI-LM 5 SQI-LT
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Table 4 Common factor variance and weight of soil indexes

BHARETDS  BUBKRAE SDS /M 4E MDS
CLIPNTES IN.E3 AKT
e RESSS RE DL RE

SWC  0.745 0.057 0.756 0.065

BD 0.626 0.048

Sand  0.956 0.073 0.951 0.082

Silt 0.956 0.073 0.958 0.083 0.671 0.162
Clay 0.821 0.062 0.825 0.071

Ks 0.884 0.067 0.896 0.077

TN 0.680 0.052 0.694 0.060

TC 0.839 0.064 0.844 0.073 0.872 0.210
SOC  0.818 0.062 0.800 0.069

AK 0.856 0.065 0.868 0.075

AP 0.577 0.044 0.698 0.060 0.880 0.212
CEC  0.840 0.064 0.839 0.072

pH 0.779 0.059

EC 0.838 0.064 0.867 0.075 0.827 0.199
SSC 0.778 0.059 0.835 0.072 0.902 0.217
SUE  0.443 0.034

ALP  0.697 0.053 0.748 0.065

JE R 416 Bk /hm?* B}, BE 5 4 Hb 2 55 1 38 4 n] fp Ak
K.
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