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Effects of Reclamation/Cultivation on Soil Quality of Saline-alkali Soils in the
Yellow River Delta
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Abstract: [ Objective ] Soil reclamation/cultivation will sure affect soil environment of the saline-alkali soils involved and cause
changes in soil quality. Therefore, it is necessary to explore or characterize changes in soil quality of the saline-alkali soils

different in year of cultivation for reasonable utilization of saline-alkali soil resources. [ Method ] In this study, soil samples were
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collected, separately, from the topsoil (0—20 cm) and subsoil (20-40 cm) layers of farmlands, under the same wheat/maize crop
rotation system, but different in year of cultivation(< 5 a, 10-15 a, 20-25 a, 30-35 a and 50-60 a), in the saline-alkali soil region of
the Yellow River Delta. The samples were analyzed from the aspects of soil physics, chemistry and biology, for bulk density,
organic matter, total nitrogen, available phosphorus, readily available potassium, total salt, pH, sucrase and alkaline phosphatase,
a total of nine soil quality indicators. On such a basis, principal component analysis was performed, SQI (Soil quality
index)calculated and variation of soil quality in the farmland with years of cultivation evaluated quantitatively. [ Result] Results
show that soil quality improved with cultivation going on. Compared with virgin wasteland, the farmlands cultivated for < 5 a,
10-15 a, 20-25 a, 30-35 a, and 50-60 a were 36.97%—161.49% and 164.44%—444.40% higher in SQI of the 0-20 cm and 20-40
cm soil layers, respectively. SQI varied in increasing rate from period to period. Compared with the virgin wasteland, the
farmland increased by 36.70% and 164.44% in SQI, respectively, in the 0-20 cm and 20-40 c¢m soil layers during the initial period
of the cultivation (<5 a)and by 38.27% and 18.18% during the period of 10-15a of cultivation; by 10.37% and 39.35% during the
period of 2025 a of cultivation as compared with that during the period of 10-15 a; by 24.42% and 24.79% during the period of
30-35 a of cultivation as compared with that during the period of 20-25 a of cultivation; and by 0.74% and 0.17% during the
period of 50-60 a of cultivation as compared with that during the period of 30-35 a of cultivation. And SQI began leveling off
after 30-35 a of cultivation. The 0-20 cm soil layer was 65.69%, 93.85%, 53.53%, 53.08% and 86.95% in SQI than the 20-40 cm
soil layer, respectively, in the farmland cultivated for <5 a, 10-15 a, 20-25 a, 3035 a and 50-60 a. [ Conclusion ] All the findings
in this study demonstrate that crop cultivation improves soil quality, and the effect varies with the cultivation going on. It is,
therefore, advisable to conduct comprehensive scoring based on principle component analysis so as to objectively and efficiently
evaluate soil quality of farmlands different in year of cultivation.

Key words: Yellow River Delta; Principal component analysis; Soil quality; Years of cultivation
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Table 1 General information of the farmland relative to years of cultivation

FFRARR .
FiE T7 2
Year of cultivation
Cultivation mode

35T KR SEHIHL T KL Average

Mean groundwater table salinity of groundwater

year /a /m /(gL™")
<5 INAE KR 0.96 9.40
10~15 INAE KT 1.36 7.94
20~25 INFE FRGEAE CIE AR K HAAE ) 0.85 10.21
30~35 INAE KA 1.30 6.51
50~60 INAE KT 1.14 8.42
14 TEHRKNERE AN [E)JT BRAEBR T o i i 5 & PP AN R bR 4 R
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Table 2 Descriptive indices for grading of soil quality
5 REL
+3e)E +J= /ME o RAE EHME b 2
Coefficient of variation
Soil properties Layers /cm Minimun Maximum Mean Standard 0
A BT 0~20 6.10 16.48 11.98 3.51 29.28
Organic matter/ ( g-kg™) 20~40 5.08 11.86 9.16 2.36 25.75
4% Total N/ (gkg™) 0~20 0.47 1.45 0.79 0.31 39.19
20~40 0.27 1.16 0.57 0.28 49.16
HAH 0~20 85.16 190.85 136.82 35.93 26.26
Avail K/ (mgkg™) 20~40 64.85 130.01 100.02 20.16 20.16
4:#: Total salt/ (gkg") 0~20 0.89 3.16 1.76 0.64 36.37
20~40 1.19 5.62 2.90 1.44 49.79
WA Avail P/ (gkg™!) 0~20 13.54 23.50 17.28 3.09 17.91
20~40 12.53 17.71 14.60 1.55 10.61
pH 0~20 8.15 8.54 8.29 0.10 1.21
20~40 7.93 8.56 8.26 0.18 2.24
TEVE TG 0~20 9.00 29.47 17.23 7.29 42.34
Invertase / (mg-g™") 20~40 5.92 25.17 11.72 7.06 60.24
T HEBE IR Alkaline 0~20 6.86 15.39 11.40 3.10 27.18
phosphatase/ ( mg-g™) 20~40 2.18 8.11 6.08 2.49 41.02
X H Bulk density/ ( g-em™) 0~20 1.22 1.48 1.36 0.09 6.30
20~40 1.21 1.45 1.34 0.08 6.05
22 TEREEFHOREE AR R T R 2 R R P P 3 A R R
3w vk B A (A AR Sk, R BT AR A adh . BERFEA AT sREL, FEHL pH SR T 7,
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Table 3 Membership values of evaluation indices for grading of soil quality relative to years of reclamation

+ e e A FF R4 PR Reclamation year /a
+JZ Soil layer /cm

Soil quality index 0 <5 10~15 20~25 30~35 50~60
AHLEL 0~20 0.105 0.392 0.633 0.939 1.000 0.851
Organic matter/ ( g-kg™) 20~40 0.000 0.308 0.287 0.599 0.611 0.507
LA 0~20 0.221 0.181 0.298 0.449 0.593 1.000

Total N/ (gkg™) 20~40 0.180 0.035 0.000 0.162 0.353 0.748
TR 0~20 0.170 0.190 0.655 0.741 1.000 0.685

Avail K/ (mgkg™) 20~40 0.000 0.091 0.493 0.344 0.358 0.250
&3 0~20 0.535 0.764 0.804 0.883 0.896 1.000

Total salt/ ( g'kg™) 20~40 0.000 0.481 0.253 0.794 0.835 0.888
K 0~20 0.111 0.089 1.000 0.319 0.743 0.835

Avail P/ (gkg™) 20~40 0.000 0.015 0.012 0.274 0.335 0.402
0~20 0.240 0.479 0.585 0.724 0.249 0.488

ot 20~40 0.000 0.143 0.751 0.535 0.912 1.000

FEHE it 0~20 0.131 0.543 0.336 0.264 1.000 0.817
Invertase/ (mg-g™) 20~40 0.006 0.184 0.000 0.255 0.606 0.214
BMEBERR G Alkaline 0~20 0.354 0.600 0.667 0.642 1.000 0.926
phosphatase/ (mg-g™) 20~40 0.000 0.137 0.449 0.305 0.446 0.435
R 0~20 0.980 0.491 0.253 0.632 0.000 0.193

Bulk density/ ( g-em™) 20~40 0.825 1.000 0.470 0.493 0.108 0.291

*4 ERSREEMTIERSBRONE

Table 4 Weights of principal component contribution rate and soil quality indices

H—ES % E S o= E
T R AR First principal component Second principal component Third principal component
Soil quality index 1 fif it ALE g it L Htr W E
Capacity Weight Capacity Weight Capacity Weight
AHILR" (gkg!) 0.923 0.133 —0.233 0.081 —0.149 0.067
2R (gkg!) 0.778 0.112 0.208 0.072 0.488 0.219
BT (gkg™) 0.646 0.093 —0.588 0.205 0.426 0.191
R/ (mgkg™) 0.859 0.124 ~0.324 0.113 —0.154 0.069
2% (gkg!) —0.857 0.123 -0.018 0.006 —0.041 0.018
BB R/ (mg-g ) 0.932 0.134 —0.069 0.024 —0.057 0.026
REWERE/ (mgg™) 0.772 0.111 0.386 0.134 —0.451 0.202
pH 0.343 0.049 0.841 0.293 0.314 0.141
HKEY (gem™) 0.842 0.121 0.205 0.071 —0.150 0.067
T TR 1% 62.642 16.124 8.827
7 2 TR % 62.642 78.593 87.593

@) Organic matter, @Total N, @ Available P, @ Readily Available K, ® Total salt, ® Alkaline phosphatase, @ Sucrose,

® Bulk density, © Variance contribution rate, @0 Cumulative variance contribution rate
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Table 5 Soil quality index relative to years of Reclamation

EN Wy +2 JT B4R Reclamation year/a
Principal component Soil layer /cm 0 <5 10~15 20~25 30~35 50~60
Hi—F o 0~20 0.317 0.409 0.580 0.627 0.688 0.717
First principal component 20~40 0.121 0.282 0.296 0.436 0.547 0.548
2% — 4 Second principal 0~20 0.317 0.434 0.576 0.648 0.868 0.778
component 20~40 0.073 0.240 0.336 0.394 0.515 0.450
%5 = 3% 4> Third principal 0~20 0.163 0.281 0.391 0.445 0.672 0.628
component 20~40 0.041 0.121 0.152 0.268 0.439 0.384
TR LA TREL Soil 0~20 0.250 0.342 0.473 0.522 0.649 0.654
quality index SQI 20~40 0.078 0.206 0.244 0.340 0.424 0.425
SQI TEA R FF B [a] e 8L A A Y b A FR B 3 i ©

1E 0~20 cm M1 20~40 cm +)2, JFR 10~15a )7,
SQIUAHF BAIWI( <5a Vo 5lEE = 1 38.27%H118.18%,
PR 20~25 a J55 10~15 a 43 B T 10.37%F1
39.35%, 30~35 a %% 20~25 a /4R E T 24.42%
H124.79%, 50~60 a % 30~35 a 43 HIHEE T 0.74%
1 0.17%. TSR MRRERN, Fl—IFRAF
F 0~20 cm + )29 SQI ¥ KT 20~40 em + )2, JF
B<5a, 10~15a, 20~25a, 30~35a, 50~60 a
i) 0~20 cm 9 SQI 4rJl# 20~40 cm # & T
65.69%. 93.85%. 53.53%. 53.08%. 86.95%.
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Fig.2 Variation of soil quality index ( SQI) with years of cultivation
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