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Effect of Fertilization and Biochar Addition on Soil Respiration in a
Sorghum-Maize Rotation Agroecosystem

Wang Jiamin', Yan Junxia', Liu Ju*®, Wang Yan'
(1.Institute of Loess Plateau s Shanxi University, Taiyuan 030006, China ; 2.Shanxi Academy
of Forestry and Grassland Science s Taiyuan 030012, China; 3.Mountain Meadow Ecosystem

Observation and Experiment Station in Mount Wutai of Shanzi s Xinzhou, Shanxi 035515, China)

Abstract: [ Objective] The aims of this study are to explore the effects of fertilization and biochar addition on
soil respiration (R,), environmental factors and vegetation index, and the effects of biotic factors and abiotic
factors on soil respiration, and to provide the reference for the assessment of crop growth and carbon
emission in farmland ecosystem. [ Methods] In a sorghum-corn rotation agroecosystem of Taiyuan basin after
a continuous 5-year (2011-—2015) fertilization and biochar additon with 4 treatments (control: CK, biochar:
B: inorganic fertilizer: INF and inorganic fertilizer + biochar: INF+ B), based on periodic observations of
R, biological and abiotic factors for 2 consecutive years (2015—2016), we analyzed the effects of the 4
treatments on R, and its relationship with biological and abiotic factors. [ Results] (1) Compared with CK,
B, INF and INF+B reduced soil temperature (2.8% ~4.2%), and increased temperature sensitivity (Q,,) of
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soil respiration (4.5% ~20.2%) and soil respiration rate (0.5% ~8.8%), increased the enhanced vegetation
index (EVD by 1.5% ~6.2%, difference vegetation index (DVI) by 0.7% ~6.0%, normalized vegetation
index (NDVD by 1.2% ~5.4%, respectively; but the influence on these factors did not reach a significant
level (p=>0.05). (2) The effects of B, INF and INF+B on R, differed in different growth stages. B, INF and
INF+B increased the R, in the early growth stage, while the R, of CK treatment was higher than that in
other treatments (except B treatment in the grouting stage) (»<C(0.05) in the later growth stage, resulting in
no significant difference in R, among all treatments in the whole growing stage. (3) Among the three
vegetation indices, the seasonal variation of DVI showed the highest interpretation of the seasonal variation
in R, at 75.5%. Soil temperature in 10 cm depth (T,) and soil moisture over 0—10 cm depth (W) explained
30.8% and 20.1% of the seasonal variation of R, respectively. From the R? and AIC values, the three-factor
model with T,,,» W, and DVI as independent variables predicted the seasonal change of R, well. [ Conclusion ]
There was no significant difference in R, between the four treatments in whole sorghum, and R, did not
increase by fertilization and biochar addition. The results provided the basis for the relationship between
inorganic fertilizer and biochar application on soil carbon emission, soil improvement and crop growth.

Keywords: biochar; inorganic fertilizer; soil respiration; soil water and heat factors; hyperspectral vegetation index
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Fig. 1 ANOVA results of soil physical and chemical properties among the 4 treatment
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Table 3 Analysis of differences in soil respiration rates during different reproductive periods
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Table 4 Analysis of differences in DVI during different reproductive periods
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KRR AL TH RS TWHERE (P
0.05) Bt i 3 (p<<0.01)FEELA K., T, ik R. %
AR 24.4 % ~41.4% . CK &bH T, %t R A i BE
JE5 Qi Ml INF+B b B BRI 5 Qo fie i3 » U
B B,INF Ml INF+B 2B e = T %F R i B
M Quo» LA INF+B AR R B L B . R 5K 1%
ARG R R B R (3R 5) , & AL B P WX R B R
JEHN 14.6%~26.4% , Hp CK M1 BAHI R 5 W 1Y
] 5 2R3k K (p>>0.05) , INF 1 INF+B 4b 3
R. 5 W11 26 2 4350 38 1) 18 35 7K (p<<0.05) Fi ik
B F K (p<<0.01) , B INF+B AL B F 4 3 7K 23 %F
R BRI i . 45 Ab B+ el 5K SR 79 &2 A
PUA T RN - HENT IR 1) i R 5k 24.8 90 ~45.9%, 5 H

DR 1~ 48L& &85 SRR L o 45 Ak B /K A DR - XU A 7R 1 4B
GOCEE R ¥4 i $2 e B 5 IR R 5 AR Y R A
EZAK., 5 CK ABEA L B, INF fil INF+B Ab# R
B R A R RS R AR L BB KA T
— R R4 I 945 fk . B INF #1 INF+B Ab B G
i 4 2 K R 1 R 4R e

2.3.2 EXEFRFHMLIEHGWE RPETLI
5 EVIHl DVI #2795 284k 3¢ R 2 2 2 (p<<0.0D)
(F5). INF 43 NDVI 5 R[] 5 56 2 3k B b 25K
F(p=<<0.01) , HAE K i 3 /K- (p<<0.05) . EVI, DVI
F1 NDVI 73| e e R ZE L A962.1 %0 ~88.3%,61.0 % ~
90.7% 1 42.1% ~68.0%, CK 1 B 4b# T ) EVI,DVI
F1 NDVI X R, il e B2 81K, INF A1 INF+ B b PR GE %
P& 3 P RS BN RO, 5 CK ALFARLL B
AFRFEAR T EVI A DVI A R IR, 5 B Ab B 5
T NDVI X} R 1 i B AR
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Fig. 3 Dynamic changes and ANOVA results of vegetation indices among the 4 treatments
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Table 5 Model fitting results for the relationship between soil respiration and biotic and abiotic factors in 4 treatments

A Ak 5 J7 #e R* Qi P n
CK InR,=0.057T,,—0.327 0.244 1.78 <20.05 24

T B InR,=0.068T4,—0.425 0.383 1.97 <£0.001 24
INF InR,=0.062T,,—0.338 0.304 1.86 <£0.01 24

INF+B InR,=0.076 T, —0.698 0.414 2.14 <£0.001 24

CK InR,=—0.9611nW,+3.560 0.146 — >0.05 24

W B InR,=—0.893InW,+3.492 0.163 — >0.05 24
INF InR,=—0.8201nW,+3.163 0.173 — <20.05 24

INF+B InR,=—1.0331nW,+3.697 0.264 — <20.01 24

CK InR,=0.050T, —0.224InW,+0.438 0.248 — <<0.05 24

T W, B InR,=0.065T, —0.104InW,—0.074 0.384 — <20.01 24
INF InR.=0.052T4, —0.301InW_+0.670 0.320 <<0.05 24

INF+B InR,=0.061T, —0.498InW,+0.958 0.459 — <20.01 24

CK InR,=2.527EVI—0.061 0.668 <20.01 10

EVI B InR,=2.656EVI—0.028 0.621 — <20.01 10
INF InR,=2.591EVI—0.153 0.863 — <£0.001 10

INF+B InR,=2.366 EVI—0.086 0.883 — <£0.001 10

CK InR,=4.240DVI—0.026 0.685 <£0.01 10

B InR,=4.446DVI+0.020 0.610 — <0.01 10

VI INF InR,=4.371DVI—0.119 0.870 — <20.001 10
INF+B InR,=3.883DVI—0.026 0.907 — <£0.001 10

CK InR,=1.735NDVI—0.068 0.421 — <<0.05 10

NDVI B InR,=2.055NDVI—0.183 0.473 — <<0.05 10
INF InR,=2.226 NDVI—0.450 0.680 — <C0.01 10

INF+B InR,=1.884NDVI—0.260 0.520 — <£0.05 10
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Table 6 Model fitting results of the relationship between soil respiration and biotic and abiotic factors

LR H 2% i HE A R? P AIC n
T InR,=0.074T;, —0.592 0.308  0.000  70.496 10

BT W, InR, = —0.825InW,+3.148 0.201  0.004  76.219 40
DVI InR,=4.176DVI—0.024 0.755  0.000  29.014 40

WA Ty W, InR,=0.066T,, —0.1441nW,—0.054 0.310  0.001  72.339 40
T, ,W,,DVI  InR,=0.034T, +0.4561nW,+4.183DVI—1.945 0.787  0.000  27.348 40

=¥ T, .W..DVI  InR,=0.047T,+0.216InW,+0.763InDVI+0.647 0.817  0.000  21.192 40
Ty ,W.,DVI  InR,=0.978InT, +0.212InW,+0.747InDVI—1.334 0.836  0.000  16.760 40

2.4 INEE T XS £ 15 R IR A R A
Xt AT A BERE M R A ME 5 30 5 I 1 i 47 BOR
ARSI AR LR 7, ATRIRE L RS T, . DVIL

pH i 4 UG 2 0 5 IE AR O, S A L B R
M. 5 W RHREE MM, 5SAHEERE MM
K 5 A R T RO AH DG PE AR A 1 25
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Table 7 Correlation coefficients between soil respiration and environmental factors

R0 B IEP Y1 R0 A MK RE R0 B AHOE R B
Ty, 0.977"" EERIN 0.637" B 0.059
W, —0.976" " A —0.581" FE Wl i 0.270
DVI 0.990" " el —0.011 o Wt 1 0.266
pH 0.717"" PRI 0.284 it Ak A 0.743""
W FoRAE 0.01 K TFBE, * K/RAE 0.05 KT HE,
N YEFA PR ) 0 2 R 2 AR
3 it it

3.1 EHEE £ iE A £ EERA M
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P R R e E R AR R,
Yry= e A — R b nT DA Wi A ) B T
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