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Effects of biochar-based phosphate fertilizer and supplementary
seeding on soil respiration in desert steppe

FAN Bo, WANG Zhanyi, LI Haijing, ZHAO Xiangling
(College of Grassland, Resources and Environment, Inner Mongolia Agricultural University,
Hohhot 010011, Inner Mongolia, China)
Abstract: More than 90% of grasslands in the country have been degraded to varying degrees. Restoring degraded
grasslands is an important way of increasing grassland carbon storage under the current dual carbon background. It is highly
important to explore the impact of different grassland restoration measures on soil carbon emissions. Therefore, this study set
up four treatments in the desert steppe sample of Siziwang Banner, Inner Mongolia including the control (CK), biochar-based
phosphate fertilizer (CB), supplementary seeding (CP), and biochar-based phosphate fertilizer with supplementary seeding
(CPB). The soil respiration rate was measured, and the soil physical properties (soil temperature and water content) and soil
chemical properties (soil organic carbon and available phosphorus) were measured at 0— 20 cm. Meanwhile, the vegetation
aboveground biomass was investigated during the growing season in June— October of 2021. The results have shown that,
compared with the control, the soil water content and soil respiration rate increased by 12%, 15% and 27%, 30%,

respectively. The soil temperature decreased by 2.5% and 4.6% under the CP and CPB treatments. The CB treatment

RS HEA: 2022-06-18  FEFHHEA: 2022-09-27
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improved the soil chemical properties but had no effect on soil respiration. This study has shown that replanting and

fertilization + reseeding measures can promote soil respiration over relatively short timescales. Considering the changes in

vegetation and soil, biochar-based phosphate fertilizers can promote the restoration of desert grasslands. However, with

fertilizing and reseeding measures, attention should be paid to controlling the size of the trenches in the early stages to

minimize soil disturbance.

Keywords: desert steppe; soil respiration rate; soil physical and chemical properties; biochar-based phosphate fertilizer;

supplementary seeding; variance analysis; correlation relationship

Corresponding author: WANG Zhanyi
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121 RE Al AL

PRI BT H B M o8 B 3 5 E 48 (Medicago
sativa ‘caoyuan No.3”) Ml Z¢ 15 UK B (Agropyron
mongolicum), 71K H A 52 d AV K7 5 R 5 55
IEE 7 e H SRR % . HLIR 3 5 AE AT R M AT
BEAT M £ S AL BE, SR B A 3L ) AR TR v A B R
T K BTN HEAE A 75 °C Mt 40 min T 7E 88~98
‘C LA L 10 min, A F TR & FHE R ZEE
UK LR FR R R B LA, WE K E, REE T
8 M A 2 AR A
1.2.2 A=W oR BB I ) ) %

AR W K T KR T 4 B M AE V) M R PR A
q, YR B EK (Zea mays) B FF1E 500 C %144
RBTOR . VIR EENLE RV E £, BAEY
IR a1 1 E 4R, % 450 g AEMR M
A 450 g B R 4 R 100 g K BRI D B AR 7R 43
NEREZE TR AEE, /£60 C THF, K5
BFmmaang i,
1.3 RIGEIT

TR0 H T 2019 4 7 K SR B M JECBCHY B 3, 3
BL 4R FERS HE (CK). £ (CP) i A= W ¢ 22k AT
(CB) it A= 49 ¢ B 13 JE I #b % (CPB), & AN/ X I
N 5 mx 3 m, BEAL AT, & /NX A RE T %8 1 m,
By 1k AH B2 T840 (B 1),

CPB, CP, CK, CB,
cp, CB, CPB, CK,
CK, CPB, CP, CB,

1 I IR T E
Figure 1 Test plot design
CK Rx X X, CBRRWHEMAEYRIEBEAIX, CP R+
X, CPB#E/RHiLMMAMEX . By RAEL MK KT FH.
CK means control area, CB means biochar-based phosphate fertilizer
addition area, CP means supplementary sowing area, CPB means
fertilization plus supplementary sowing area, numbers indicate repeating

cell numbers. This is applicable for figures and tables as well.
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BaSHEm

ANFEACEE RN 7T H—8 Hik 3 &
KA, 10 H B2 5 /ME (F 2A). CK ARH T 1) 13
S 15 P v ELAE O R, B Ak A P AR TR
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MR BE, HARX AN &AL A ZE R K. 11
WP S 22 35 7E 8 3k 2 i K fHE, 4P CK. CB. CP
F CPB - 338 W9 W 3ok = 5% v 4B 49 1 4 3.34. 3.68. 4.21
1 4.23 pmol-(m’s) ', 7E 10 A H I & /M, 43 CK.
CB. CP Fil CPB - 3EMF I I3 % 43 il v 1.52. 1.45. 1.46
1 1.43 pmol-(m>s) ' (& 20).
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(P<0.05). tL#kE, CK LB NI HIEEF B E
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B AR AR K.
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ff CK 5 CPB. CP, CB 5 CPB AbHE 2 [A 47 15 B & %
Ft (P <0.05), LHERFIRE FAE CK 5 CP il CPB 4t
B 2 (B A7 AR 2 2 57 (P <0.05).
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IR B CB A TS, HCB S
CK.CP, CPB5 CK 4B M HAELEZF EZ R (P<
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Figure 2 Dynamic changes in soil temperature, soil moisture,
and soil respiration rate in different months
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Table 1 Changes in soil temperature, soil moisture, and soil respiration under different treatments

bl IR hIEEKE et LS
Treatment Soil temperature/C Soil moisture/% Soil respiration rate/ [umol-(m2~s)7l]
CK 19.63 + 1.48a 21.66 £2.27¢ 2.22+0.43b
CB 18.99 + 1.58a 22.81+2.42bc 2.67 = 0.55ab
CP 18.51 + 1.46b 24.17 +2.85ab 2.83+0.71a
CPB 18.41+1.27b 24.94 +2.84a 2.89+0.72a

FIFIAF NG T BER R AN R AR BT 22 534k .2 (P < 0.05).

Different lowercase letters within the same column indicate significant differences under different treatments at the 0.05 level.
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Figure 3 Effects of different treatments on soil organic
carbon and available phosphorus content

R 55 5 B 367 R R AL B A 2 57 % (P < 0.05): F Il

Different lowercase letters indicate significant differences under
different treatments at the 0.05 level. This is applicable for the following
figures as well.
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Figure 4 Effects of different treatments on
aboveground biomass
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Figure 5 Relationship between soil respiration, soil
temperature, and soil moisture
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