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Relationship between soil biological activities and soil
fertility after biochar application

CHEN Xin-xiang, HE Xu-sheng, GENG Zeng-chao, SHANG Jie, ZHAO Jun,
LIU Chun-yan, WANG Ya-ping, YIN Xiao-han
( College of Resources and Environment , Northwest A&F University ; Ministry of Agriculture Key Laboratory of Plant Nutrition
and Agri-environment in Northwest China, Yangling, Shaanxi 712100, China)

Abstract: The correlation between soil biological activities and soil fertility was studied after different amounts of
biochar were applied. The correlation analysis results showed that soil biological activities, not including invertase activity
and oil microbial biomass carbon, were negatively correlated with soil bulk density. There were significant correlations
between soil urease and catalase activity, soil microbial biomass nitrogen, the quantities of microbes and soil chemical
and physical factors. Except for invertase activity, the soil enzyme activities showed a positive correlation with the quanti-
ties of microbes. But the relationships between four soil enzyme activities were not totally significant. Path analysis
showed that the soil urease and microbial biomass nitrogen played a predominantly direct role in soil fertility, while the
catalase activity mainly provided an indirect contribution. According to the results of Principal Components Analysis
(PCA), soil fertility could be described by microbe factor, enzyme activities factor, and available phosphorus factor.
Soils after maize harvest had higher comprehensive score than those after wheat harvest. The comprehensive score of dif-
ferent treatments was escalated with the increase of biochar application rate, which indicated that high rate of biochar
would have a more significant effect on improving soil fertility.

Keywords: biochar; soil biological activities; soil fertility; soil bulk density; Principal Components Analysis; Path
Analysis
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Table 1  Elementary chemical and physical properties of soil and biochar in the experiment

N pH AEBD  AHUET OM  2E TN LW TP A TK NO; -N NHy -N R0 AP JRUH AK
fj% (1:2.5)  /Agrem™)  /(gkg™')  /(gkg™)  /(grkg™') /(gkg™') /(mgekg™') /(mgrkg!) /(mgrkg™') /(mgrkg™')
7.33 1.30 14.99 0.71 0.43 19.64 18.20 15.90 12.38 193.0
gy pH(1:10) LERTATR Specific surface area/(m*+g™')  N/% 0/ % C/% H/%  NO;j -N/(mg-kg™') NHy -N/(mg-kg™")
Biochar 10,43 86.70 1.19 23.81 72.38 2.62 0.52 1.86

e BD: A H ; OM: A AL s TN: S50 TP 425 TK: S8 5 AP A 00 s AK: B . TR,
Note: BD: Bulk density; OM: Organic matter; TN : Total nitrogen; TP: Total phosphorus; TK: Total potassium; AP: Available phosphorus; AK: Available potassi-

um. The same below.
1.2 HEENREIET

AR R 5 S 7KF-:BOCO t-hm™?) \B20(20
t*hm=2) \B40(40 t-hm~2) \B60(60 t-hm~2) .BSO(80 t
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Heo,3 kE R . BrAW o R AR A1, i T
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Table 2 Soil biological activities and soil fertility factors after crops harvest

(27 pL3LH U, - Pho. Cal. A Bacteria  HIZH Actinomyeetes L Fungi MBC MBN
Crop Treatment /(10urg™")  /(10%chrg™) /(1P g™) /(mgkg™") /(mgkg™")
B0 2.08+0.08b 28.97£3.38a 0.93+0.04c 1.57£0.03b 251.78+27.5¢  33.26=1.64d 6.23+£0.34d  351.10£5.72aA  19.52+0.75hBC
B0 2.29+0.08ab 29.60£0.61a 0.97 +0.03he 1.59£0.00b  342.36+£85.1bc  40.67+1.47c 9.30£0.33¢  336.60+1.99aA  17.05£0.51hBC
ijl; BAO 2.39+0.09ab 20.42£271a 1.01£0.0labe  1.75£0.0lab  398.8617.7ah  88.46+3.23b 12.77£0.88h  339.26£9.38aA  19.83£3.21bD
BoO 2.35+0.10ab 24.08£5.09a 1.04£0.03ab 1.82£0.12a  406.93£19.8sh  98.69+2.5% 13.33£1.33b  339.46£2.38aA  29.52+1.36aB
B30 2.58+0.13a 31.80£2.4a 1.06+0.02a 1.90£0.07a 512.33:18.6a  99.84%5.81a 16.3£0.2a  334.62£5.03aA  30.84£4.71aC
B0 2.32+0.13b 19.72£2.78a 0.94+0.0la 1.59£0.04b 4.92£0.14c 4.12+0.26b 0.56+0.02d 251.15£2.3B  21.92+2.74aB
B0 2.53+0.16ab 19.82£2.32a 0.90+0.03a 1.79 £0.06ab 5.19+0.46c 5.05+0.33b 0.61£0.04d  268.68+3.37aA  28.69+7.11aB
Q/{fﬂ BA0 2.55+0.04ab 21.45£2.85 0.91+0.08a 1.79£0.04ab 7.23+£0.46h 7.76£0.35a 0.88+£0.06c  274.92+2.04aAB  30.18+3.51aC
B0 2.66+0.05ab 14.26£0.12a 0.84+0.02a 1.75£0.06ab 7.82£0.09ab 8.35+0.84a 1.34£0.11b  278.09+3.39A  24.60+0.33aB
B30 2.91+0.18a 15.21£2.49a 0.91+0.03a 1.91£0.13a 8.71£0.8a 8.84+0.34a 1.54£0.03a  234.81£9.9aB  31.19£0.19aC
(/- BD e CEC BSP ™ i1 K NH;f -N AP AK
Crop  Treatment /(g'cm’j) o /(g'kg’]) /(emol: L) /% /(g'kg’” “N /(g'kg’l) (g'kg’l) /(mg'kg’l /(mg'kg’]) /(mg'kgil)
B 1.42:0.04a 7.39£0.20b 7.73£0.35% 22.43£0.38a 43.84 0.87£0.02b 8.4  0.51£0.04a 17.53£1.89b 2.37£0.35%a 9.58:0.7la 177.%4+7.46h
B0  1.41£0.0la 8.29:0.0la 11.892£0.62d 22.60£0.38a 63.54d 0.87+0.02b 13.74  0.51£0.02a 20.31+1.31ab 3.38+0.90a 11.48+1.42a 178.93+5.74b
ﬁj: B0 1.39£0.05a 8.31:0.04a 18.79+0.9c 21.85£0.23a 65.93¢ 0.88+0.02b 21.31  0.50£0.0la 19.60£0.53ah 2.02+0.45a 10.11+0.46a 183.41+7.82b
B0 1.31£0.05ah 8.26£0.04a 22.32£0.69b 21.67£0.20a 80.03b  0.95+0.06b 23.40  0.51£0.0la 21.32+0.44a 2.84+0.57a 11.55+0.76a 206.30+3.76ab
B0 1.27£0.03b 8.26:0.07a 28.11+1.87a 22.499£0.6la 80.98a 1.07£0.04a 26.34 0.49£0.00a 21.70£0.38a 1.83+0.36a 9.91£0.40a 215.26+15.58a
B 1.33:0.02a 8.05+0.02b 9.24£0.21d 20.21£0.35h 41.35%¢ 0.83£0.02b 11.09 0.44£0.0lc 20.67+1.0lc 3.13£0.24b 10.09£0.78b 189.88+7.90b
B0  1.25£0.02ah 8.05£0.02b 12.03+0.73¢ 21.09+0.26b 59.59d 0.880.04ab 13.71  0.4620.0lbc 20.97£0.28¢ 3.16+0.23b 10.19+0.66b 208.79=10.71ah
‘/‘J;i B0 1.25£0.02ah 8.10£0.01ab 13.81+0.18c 20.74+0.20b 54.28¢c 0.9020.03ah 15.33 0.47+0.0labe 21.27£0.54bc 2.83+0.28h 13.63+1.55a 222.72+9.%ab
B0  1.23£0.03b 8.09£0.01ab 18.36+1.44h 20.86+0.35h 69.87b 0.90£0.04ah 20.41  0.4920.02ab 22.63£0.27ah 2.67+0.16b 10.69+0.75h 226.20+10.91a
B0 1.21£0.04b 8.11£0.02a 23.19+1.34a 22.08+0.34a 80.34a  0.97£0.05a 23.87 0.50£0.0la 23.64£0.34a 4.21+0.18a 10.08+0.33h 231.68 +14.19a
T OC: AU Ur. IREE; Inv. . BERNEE; Pho. : SRIEBEARNG; Car. :id S MLEAG; MBC: LIERUEY R MBN: TIERUEYI R CEC: FHE

SE TR

Note: OC: Organic carbon; Ur. :

biomass nitrogen; CEC: Cation exchange content. The same below.

Urease; Inv.:

Invertase; Pho. :

Alkali phosphatease; Cat. :

Catalase; MBC: Microbial biomass carbon; MBN: Microbial
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Table 3  Correlation matrix( 7 values) between soil biological activities and soil fertility factors

A y Lk B
HBjJ% Ur. Inv. Pho. Cat. MBC MBN 'lﬂﬁ ﬁk L - El.
Fertility factors Bacteria Actinomycetes Fungi
, . —0.648"" -, ~0.569" ~0.603" -0.674*"
BD -0.914% ~0.600" -0.668" " ‘ - v
(-0.9147) 0.600 (-0.611") 0.668 (-0.519")  (-0.743"") (-0.569")
v 0.575" 0.590" 0.664**
H .546"
P 0546 (0.581") 0.667" ") (0.635")
0.705** 0.676"* 0.783** 0.893** 0.916* *
ocC . 655" 679"
(0.710* %) 0.655 (0.596 ") 0.679 (0.895* ") (0.724* %) (0.902* *)
0.670" 0.515" 0.607"
TN 632" 563"
(0.983° %) (0.945%) 0.632 0.672° %) 0.563
0.702" * 0.776" 0.781" " 0.971"* 0.947" "
C/N v ~0.533") 0.794" " v 0.666** -, -, ,
(0.706° ") ( ) ? (0.544™) (0.859* ) (0.849% ") (0.964* )
TP (0.653" ") (0.687* %) (0.705% )
TK (0.514")  (-0.582") 0.656" " (0.695* ) (0.654* ) (0.824* %)
NH, -N (-0.670"") 0.550" (-0.618") (-0.725" %) (-0.55")
AP (0.567")
v 0.664" " ‘ 0.642" " 0.639" 0.642" "
AK .895* .799% ,
(0.8957) (0.578") 0.799 ©0.753°°)  (0.5667) (0.612")
CEC (0.937) 0.601" (0.734**)  0.559" (0.610")
0.882° 0.932*
BSP 966" 0.888" " 915"
(0.973* *) 0.966 0.888 0.915 (0.901")
0.602" 0.686" "
Ur. 0.655" 0.908" . 0.651** ..
' ( ) (0.695" ) (0.644" ")
Inv. (0.733° )
Pho. 0.695" * 0.539" 0.590" 0.782" " 0.734"*
0.727" " 0.752* " 0.781" "
Cat. ; , , 0.770* *
B (0.914")  (0.58") (0.559" )

MBN 0.573" 0.681" " 0.603"
Gl 0.726" " 0.798" "
Bacteria (0.838 ") (0.853" ")
LR 0.898" *

Actinomycetes (0.836" ")

T 36 SO EARTRNEA B 165 N & T AN S s

Note: Inside of bracket are coefficients of line correlation of the wheat season, outside of bracket are coefficients of line correlation of the com season. * ,

P<0.05; * %, P<0.0l.
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Table 4  Path coefficients of soil biological activities affecting soil nutrient contents
PR A Az
Dependent  Independent Ur.—>Y Inv.—>Y Pho.—~>Y Cat.—>Y MBC—>Y MBN—Y SR Sum
variable variable
Ur. 1.653" 0.417 -0.232 -1.043 -0.764 0.586 0.617
Inv. -0.998 -0.691" 0.533 0.325 1.036 -0.214 -0.010
Pho. -0.491 -0.471 0.782° -0.252 0.875 0.031 0.474
oc Cat. 1.322 0.172 0.151 —1.304 -0.217 0.734 0.858" "
MBC -1.007 -0.571 0.546 0.226 1.254° -0.294 0.154
MBN 1.157 0.177 0.029 -1.144 -0.440 0.837° 0.616
Ur. 1.432 -0.043 -0.113 -0.870 -0.577 0.678 0.506
Inv -0.865 0.071 0.258 0.271 0.783 -0.248 0.271
Pho. -0.425 0.048 0.379 -0.210 0.662 0.036 0.490
™ Cat. 1.146 -0.018 0.073 —1.088 -0.164 0.849 0.798" "
MBC -0.872 0.059 0.265 0.188 0.948 -0.340 0.248
MBN 1.002 -0.018 0.014 -0.954 -0.333 0.968 0.679"
Ur. 1.587" " 0.534 -0.239 -0.954 -0.789 0.496 0.635"
Inv -0.959 -0.884" " 0.548 0.297 1.070 -0.182 -0.108
Pho. -0.471 -0.603 0.804" ~ -0.230 0.905 0.026 0.430
N Cat. 1.270 0.220 0.155 -1.193" -0.224 0.622 0.849" "
MBC -0.966 -0.730 0.561 0.206 1.296" ~ -0.249 0.118
MBN 1.111 0.226 0.030 -1.046 —-0.455 0.709 " 0.575
Ur. 0.708 0.217 -0.038 -1.297 -0.437 0.918 0.071
Inv -0.428 =0.360 0.087 0.404 0.593 -0.336 -0.039
Pho. -0.210 -0.246 0.128 -0.313 0.501 0.049 -0.091
AP Cat. 0.566 0.090 0.025 —1.621 -0.124 1.150 0.085
MBC -0.431 -0.297 0.089 0.280 0.718 -0.460 -0.101
MBN 0.496 0.092 0.005 -1.422 -0.252 1.311 0.230
Ur. 1.331" " 0.297 0.002 -1.154 -0.553 0.970 0.893" "
Inv. -0.804 -0.492" -0.005 0.359 0.750 -0.355 -0.547
Pho. -0.395 -0.336 —0.008 -0.278 0.634 0.051 -0.332
AR Cat. 1.065 0.123 -0.002 -1.443" -0.157 1.216 0.801" "
MBC -0.811 -0.406 -0.006 0.250 0.908" ~ -0.486 -0.551
MBN 0.932 0.126 0.000 -1.266 -0.319 1.386" " 0.859" "
Ur. 1.507 0.356 -0.160 -0.733 -0.737 0.379 0.612
Inv -0.910 =0.59 0.367 0.228 1.000 -0.138 -0.043
Pho. -0.448 -0.402 0.538 -0.177 0.845 0.020 0.377
BsP Cat. 1.206 0.147 0.104 =0.916 -0.210 0.474 0.805" "
MBC -0.918 -0.487 0.376 0.158 1.211 -0.190 0.150
MBN 1.055 0.151 0.020 -0.803 -0.425 0.541 0.538
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Table 5 KMO and Bartlett’s tests

i H Ttem & Value
KMO Ziit# Kaiser — Meyer — Olkin Measure 0.711
Bartlett f3BRTE BEAG 46 (25 41)
0.000

Bartlett’ s Test of Sphericity (Sig. )

% 6 n] WL, AT 3 A A 110 31 ok R
IR 85.252% , XX 3 AR 7 HRAE B AT B Y

R S— N FEEGS T R
BSP 19722 515 B, I It fig 24 Wi A . FE 2
ISR (Fy) b HA R 8 AR An A A L C
SN GERR KR A S A U, DR i 44 Dk e
PR T, B8 3 AR T (Fy) FRA ST 38 40
FFE bR R 3L P, R i 24 M35k P IEF-

W5 R T B A4 g AR AL R AL i )5 12 AT LA
153 f e L 3FENE 1K1 3 AN E s Rk

Fy = 0.19x; +0.142x, — 0.019x5 — 0. 175x, —
0.429x5 — 0. 1736 + 0.029x; + 0.486x5 + 0.485x9 +
0.475%0;

Fy = 0.479x, + 0.420x, + 0.053x5 + 0.4462, +
0.178x5 + 0.403x6 + 0.426x7 + 0.020x5 + 0.071 % +
0.107x9;

Fy = —0.054x, +0.295x, + 0.881x3 + 0.310x,
~0.059x5 — 0.163x4 + 0.030x7 + 0.016x5 — 0. 0710
- 0.050x
X, w0y, w500,y 28 BICE OC TN AP AK BSP,
Ur. \Cat. B | i 28 2 A1 B B A9 45 A0 (8 o K5 4% LR
B0 S NI S S v W A - e Y W
93, FEUAAS B3 1 5 26 DTRRZE AL, X BT $2 B
o AT AR A, A5 B [F] 2 AR ) ok A 3T sz e
TIEIE T LR G455 (3R 7))
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Table 6 Rotated component matrix

TiH Ttem F Fy Fy
oc 0.390 0.867 -0.059
TN 0.286 0.761 0.321
AP -0.039 0.096 0.958
AK -0.353 0.809 0.337
BSP -0.864 0.323 -0.064
Ur. -0.349 0.731 -0.177
Cat. 0.058 0.771 0.033
Y1 Bacteria 0.979 0.036 0.017
FTH Fungi 0.977 0.129 -0.077
JXER T Actinomycetes 0.957 0.194 -0.054
FRHEAR Eigenvalue 4.06 3.283 1.183
RELS 40.597  32.829 11.826

Rate of variance/ %

Zi 5k Cumulative rate/% — 40.597 73.425 85.252
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Table 7 Principal components factor scores and synthetic scores of soil fertility levels

s fn ; ; ; G G
Treatment Crop : ? ? Comprehensive score Comprehensive rank
FK Com 0.50 -2.53 -0.63 -0.82 8
BO
/NZE Wheat -1.61 -1.89 -0.50 -1.56 10
0 EK Com 1.03 -1.75 -0.02 -0.18 4
B
/N Wheat -1.91 -0.22 -0.22 -1.02 9
B0 K Com 2.19 -0.38 -0.67 0.80 3
/NFZ Wheat -1.84 0.37 1.44 -0.53 6
560 EX Com 2.44 0.77 0.43 1.52 2
INFZ Wheat -1.93 0.81 0.11 -0.59 7
EX Com 3.09 2.42 0.10 2.42 1
B8O
/NZZ Wheat -1.96 2.39 -0.04 -0.02 5
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