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Comprehensive evaluation of soil quality under different
straw incorporation approaches
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Abstract; This study aimed to select an efficient straw incorporation method to accelerate the decomposition
rate of crop straw and promote the growth of winter wheat in semi-arid region of Shaanxi China. To achieve this
goal ,a field experiment used summer maize straw was carried out during 2011-2016. There were six treatments in-
cluding control treatment with no straw returning (CK) , long straw returning by covering soil (LM) , long straw
plowed into soil (LP), powdered straw plowed into soil (SP), long-ammoniated straw plowed into soil (ALP),
and powdered-ammoniated straw plowed into soil (ASP). We investigated the effect of different straw returning ap-

proaches on soil physical, chemical, and biological properties, winter wheat yield, and then used factor analysis
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and cluster analysis to evaluate the soil quality under different treatments. A total of 18 soil indexes including soil
bulk density (X,), soil saturated hydraulic conductivity (X, ), soil saturated water content (X;), content of ag-
gregate > 0.25 mm by wet sieving (X,), mean weight diameter (X;), geometric mean diameter (X, ), the fractal
dimension of soil aggregates ( X,), total organic carbon (X ), total nitrogen (X,), dissolved organic carbon
(X,) , dissolved organic nitrogen (X,,), microbial biomass carbon (X,), microbial biomass nitrogen (X,;) , soil
respiration rate (X,,), sucrase (X,s), urease (X,,), catalase (X,,), and alkaline and phosphatase (X ) were
selected. Factor analysis and minimum Euclidean distance method were employed to evaluate the overall soil fertili-
ty. Two principal factors that can be used to characterize the cumulative was 88.58% , and the order of soil quality
was as follows: ASP>ALP>SP>LP>LM>CK, that is, the ammoniated straw incorporation worked better than con-
ventional straw on improving soil quality. Cluster analysis classified 6 treatments into 4 main groups on the basis of
the measured parameters, which was mostly consistent with the result of factor analysis. Compared with the control
treatment, the yield of winter wheat could be significantly increased by straw incorporation, and the treatment of
ammoniated straw was better than conventional straw in increasing the winter wheat yield. Among the different treat-
ments, the 5—year mean winter wheat yield (7 668 kg - hm™) with ASP was the highest, which was also consist-
ent with the change trend of comprehensive score of soil quality. Under the condition of this study, the ASP treat-
ment was the best way for straw returning to improve soil quality.

Keywords: straw incorporation; different straw utilization modes; soil quality; winter wheat yield; factor a-

nalysis; cluster analysis;
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Table 1 Mean values of soil quality indices
Ab ¥R X X, X, Xy Xs Xs X Xy Xy
Treatment /(g’cm_3)/(mm'min_l)/(kg~kg_l) /% /mm /mm ! /(g'kg_l> /(z‘:’»'kg_l)
CK 1.37+0.02 2.35+£0.21  33.53+0.39 61.15+2.13  1.71x0.12 0.60+£0.04 2.815+0.008 10.03+0.29  1.09+0.00
LM 1.34+0.03 3.50+0.15 35.04+1.03 66.46+0.98  1.89+0.43 0.66+0.17  2.786+0.013 11.08+0.32  1.16+0.01
LpP 1.31+0.01 4.22+0.32  37.04:£0.39 68.01£1.69  1.91+0.16 0.72+0.07  2.772+0.012 11.43+0.12  1.18+0.03
SP 1.27+0.03 4.75+0.03  38.15+£0.62 68.97+0.42  2.12+0.14 0.79+£0.06  2.769+0.004 11.12+0.11 1.18+0.02
ALP 1.27+0.02 6.07+0.44  39.26+0.68 71.74+0.89  2.20+0.21 0.82+0.06 2.755+0.009 10.92+0.29 1.20+0.03
ASP 1.25+0.03 6.25+0.40  39.85+0.82 72.54+0.53  2.16x0.16 0.82+0.03  2.748+0.005 10.72+0.16 1.21+0.01
X X X X X
pusiil Xio X X1 X3 /( i4 2 " S ° S 117 St N -1
’ - - - - pmol = m mg:* g mg:* g mi- g mg* g
Treatment  /(mg + kg™") /(mg - kg™') /(mg - kg™') /(mg - kg™") R o RN chh) bt
CK 208.95+6.41 48.62+1.16 328.38+4.09 62.82+0.60  3.33+0.10 0.94+0.01 2.40+0.02 0.98+0.01 2.36+0.04
LM 278.11+£5.96 64.55+0.93 381.55+3.70 65.18+0.96  3.81+0.07 1.01+£1.01 2.48+0.03 1.04+0.00 2.43+0.03
LpP 239.37+2.17 60.55+1.02 386.95+3.58 67.20+1.28  4.19+0.09 1.02+0.00 2.54+0.02 1.05+0.00 2.46+0.02
Sp 244.78+3.91 64.28+1.45 388.78+3.99 68.13+0.87 4.31+0.03 1.02+0.00 2.55+0.02 1.06+0.00 2.51+0.01
ALP 264.50+3.87 66.01+1.12 399.00+1.79 69.68+0.12  4.47+0.06 1.03+0.00 2.58+0.03 1.06+0.00 2.52+0.02
ASP 269.51+6.49 67.54+2.61 398.90+2.90 70.68+1.50  4.52+0.05 1.03+0.00 2.58+0.03 1.07+0.00 2.56+0.03
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Table 2  Standardized data of each index

sl

Treatment

X, X, X, X, X X, X, X

XIO Xll X12 X13 X14 X]S X16 X17 X18

CK 1495 -1.516 —1.479 -1.785 -1.565 -1.559 1.769 -1.769 -1.813 —-1.736 -2.009 -2.084 -1.561 -0.509 -2.083 -1.775 -2.100 —1.642
LM 0.796 -0.713 —-0.990 —0.428 -0.593 -0.834 0.520 0412 -0.230 1.128 0.396 0.038 -0.734 -0.793 -0.057 -0.611 -0.009 -0.655
Lp 0.09 -0215 0.064 —0.035 -0.483 -0.177 -0.090 1.134 0.183 -0476 —0.207 0.254 -0.029 -0.092 0297 0306 0250 -0.114

SP - -0.670
ALP  -0.683
ASP  -1.033 1206 1.071

1.121 0873 0915 -1.121 -0.337 1.023 0.772  0.848 0.731

0.161 0437 0210 0.68) 0.665 —0.235 0490 0.176 -0252 0.356 0.327 0297 0.132 0459 0454 0519 0498
1.077 0898 0918 1.078 0990 -0.845 0.070 0.662 0564 0616 0.735 0839 0368 0.692 0.801 0.605 0.709

1.189  0.895 0.692 0.826 0.735 1.203
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Table 5 Component matrix and score coefficient

matrix after factor rotation

K FHERE S5 AR DA A RO R
S Component matrix after Factorscore
Factor factor rotation coefficient matrix
71 72 Al A2
X, -0.831 -0.422 -0.137 0.065
X, 0.858 0.449 0.137 -0.061
X; 0.877 0.409 0.155 -0.083
X, 0.767 0.611 0.063 0.031
X; 0.802 0.491 0.108 -0.028
Xe 0.824 0.482 0.117 -0.038
X5 -0.770 -0.601 -0.067 -0.026
X 0.014 0.842 -0.236 0.341
X, 0.662 0.650 0.019 0.077
X0 0.239 0.800 -0.155 0.260
X 0.486 0.834 -0.088 0.203
X 0.587 0.796 -0.046 0.158
X3 0.404 0.887 0.159 -0.088
X4 0.752 -0.175 0.283 -0.287
Xis 0.613 0.771 -0.030 0.141
X6 0.726 0.596 0.055 0.036
X7 0.599 0.786 -0.039 0.151
Xig 0.832 0.495 0.116 -0.035
o
Eigenvati‘zE e{izenvalue 9-083 6862
i &S
Vazis\vﬁigzinn 30.462 38.121
S r 22 5T %

50.462 88.583

Cumulative variance

contribution

x6 FRLEERFHAIREEES
Table 6 Scores and general scores of principal components

under different treatments

LRy

wm o LW s LS g SO gy
Treatment Z, score Ranking Z, score Ranking s:ore " Ranking
CK -0.836 5 -1.951 6 -2.787 6
LM -1.345 6 0.985 1 -0.360 5
LP -0.331 4 0.434 2 0.103 4
Sp 0.376 3 0.195 4 0.572 3
ALP 0.867 2 0.274 3 1.141 2
ASP 1.269 1 0.062 5 1.331 1
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Fig.1 Cluster graph of soil quality assessment in

=
o
—N R W W

different treatments
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H AFEFRERIR Rl —A K R RI I R 22 57 1 3 (P<0.05) .

Note: Different letters indicate significant differences among

treatments in the same growing season ( P<0.05).
B2 ZFEFESNERSFTELEBENEFETNL
Fig.2 Winter wheat yield under different treatments

in five growing seasons
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