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Effects of prescribed fire on carbon sequestration of long-term grazing-excluded

grasslands in Inner Mongolia
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1 Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing
100101, China

2 Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences , Beijing 100093, China

3 Inner Mongolia Agricultural University, Hohhot 010018, China

Abstract ; Natural and prescribed fires are common in the typical temperate grasslands in Inner Mongolia and are considered
to have a significant impact on the terrestrial ecosystems and even on regional carbon (C) balance because they profoundly
alter the biota, land cover, and biogeochemical cycles. Natural and prescribed fires may play important roles and increase
the uncertainty in the evaluation of C sequestration in the long-term grazing-excluded grasslands in this region.

By conducting a field fire experiment at 4 different frequencies (no burning, and burning every 1, 2, and 4 years)
and measuring the C and nitrogen (N) storage in both soil and soil particle-size fractions, researchers have investigated the
effects of fire and fire regimes on soil C and N storage in the long-term grazing-excluded grasslands in Inner Mongolia,
China. Understanding the effects of fire on soil C storage would help us scientifically evaluate C sequestration of long-term
fenced grasslands under different fire regimes in the future.

The results of the 4-year prescribed fire experiment showed that fire treatment significantly decreased C storage in the
0- to 30cm soil layer in the approximately 30yearfenced grassland, particularly under frequent fire perturbation. Moreover,

the influence of prescribed fire was more apparent in the 0 to 10cm soil layer than in the 10 to 30cm layer. We also found
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that prescribed fire had an apparent influence on soil organic C in different soil particlesize fractions; the decline of C
storage in the sand fraction was higher than that in the silt and silt fractions, indicating that prescribed fire redistributed the
organic C in the sand, silt, and clay fractions and significantly affected the stability of soil organic matter ( SOM ).
Compared to freegrazing grasslands outside the fences, long-term fenced grasslands of northern China were found to have
tremendous capacity to sequester C in soil, even when these were subjected to different fire regimes.

To summarize, fire and fire regimes have significant effect on C storage in soil and soil fractions in these long-term
grazingexcluded grasslands in Inner Mongolia; frequent fire significantly decreased soil C storage, and lowfrequency fire
(burning every 4 years) decreased soil C storage to a lesser extent. Importantly, the stability of SOM in the surface layer
was enhanced after burning in view of the decrease in the C:N ratio in the sand and silt fractions. Compared to the
unburned grasslands, the grasslands exposed to lowfrequency burning showed a decrease in soil C storage to a less extent
and simultaneous enhancement in SOM stability ; therefore, we suggest that lowfrequency fire should, to some extent, be a

useful management approach for increasing C storage in these long-term-grazingexcluded grasslands in Inner Mongolia.

Key Words:; grassland; grazing exclusion; prescribed fire; soil fractions; carbon storage; carbon sequestration
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BT ETF b8, 3586 ( soil organic carbon (SOC) , g C/m”) AU & (Soil total nitrogen (STN), g Nm™)
P o R AL T m® BB A AN E 2R A BN 10 em RIEREE O ESE , B0 508 ¢ C/m?
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Fig.1 Effect of prescribed fire on aboveground biomass and litter in long-term fenced grasslands
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Table 1 Effect of prescribed fire on bulk density and soil physical fractions of grassland
A+ HERURIZH 43 Soil particle-size fractions

TR/ em S b B e £ ki Sand KR Silt kL Clay
Soil depth Treatments Bulk density (53—2000 pum) (2—53 pm) (<2 pm)
/(g/em®) /(g/kg L3) /(g/kg 1-5) /(g/kg 1-538)
0—10 RKPEHHL (FO) 1.36 £ 0.03 a 792.43 +27.70 a 162.71 + 28.08 a 44.86 £ 9.56 a
4a KBE1 U (F1) 1.38 +0.02 ab 789.20 + 41.48 a 169.16 + 36.99 a 41.64 + 6.80 a
2a KBE1 U (F2) 1.38 + 0.02 ab 795.10 = 16.82 a 161.53 + 13.67 a 43.36 +7.00 a
la KHE1 R (F4) 1.40 £ 0.02 b 805.92 + 37.26 a 148.63 + 45.25 a 45.46 £ 8.19 a
10—30 Fkbetiis (FO) 1.47 £ 0.0l a 838.07 = 5.68 a 123.52 + 12.38 a 38.41 £ 10.39 a
4a KBE1 U (F1) 1.45 £+ 0.05 a 832.72 + 24.17 a 128.01 +22.33 a 39.26 +5.91a
2a KBE1 U (F2) 1.48 £0.02 a 840.55 = 12. 14 a 121.72 £ 17.25 a 37.74 £ 6.49 a
la kBE1 IR (F4) 1.47 +0.02a 837.22 + 17.33 a 124.11 £ 16.55 a 38.67 +7.49a

BAG AR £ 18D (n = 5) 5 Fl—HBHEH BA R KNG TR R 27 B (P <0.05)
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KB E F M 0—30 om T HERRIT & Bl JOBSITUR A8 NI, (H RIS 22 da R E b 5 R K e B b
] 25 FANA BE KB 0—10 cm A1 10—30 em T3 A SIS B2 (8 3)
2.3.3  A[ELKBEATR 3 T I B A AR R R

F 8 7 B [P R 2500 32 OB ) R MR B IR, B PR Y | B M [ R RE O B
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MHGELE da 2 KBETHE ABREREE 532 ¢ C/m? ;I K33 7 50 78 8 32 KOBe IR o R AR 2 80 5
SRR AUE R AE 7, B 33575 15 Bt - SR [ 5 7 18 B 6 KBRS 2T 4%
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2.4.1  AS[E] KT N s A R SR R P 5 TR
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Fig.2 Effects of prescribed fire on carbon ( C) storage in soil and soil particle-size fractions in long-term fenced grasslands
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Fig.3 Effects of prescribed fire on Nitrogen (N) storage in soil and soil particle-size fractions in long-term fenced grasslands
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Fig.4 Effects of prescribed fire on the C and N sequestration of long-term grazing exclusion grasslands
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Table 2 Effect of prescribed fire on C:N ratios in soil and soil particle-size fractions in the long-term fenced grasslands
C:N % C:N ratios

Sioﬁfﬁ o T4 WA Sand ok st Wkt Clay
Soil (53—2000 pm) (2—53 pm) (<2 pm)
0—10 cm RKPEH (CK) 14.8+2.7a 24.9 +8.4a 11.6 £ 1.8 a 10.8 +2.9a
da KBE1 U (F1) 12.2+0.3b 16.5+2.0b 10.3+0.9a 9.5+0.7a
2a KBE1 U (F2) 12.2+0.9b 150+ 1.1b 10.8 +1.9a 10.0 +1.5a
la ‘KFET IR (F4) 13.6 + 2.4 ab 18.4+3.3 b 11.6 +2.3a 9.4x1.5a
10—30 cm R KPEH (CK) 14.1+2.1a 28.0 6.7 a 1.1 +1.5a 10.6 +2.8a
da KBE1 K (FI1) 12.3 +0.6ab 22.8 +5.0ab 10.0 + 0.8 ab 9.3+0.9a
2a KBE1 K (F2) 10.9 + 0.8 b 17.5 £2.2b 9.3+0.6b 9.1+x1.7a
la KBE1 WK (F4) 10.8 + 1.8 b 20.3 +9.6ab 8.9+1.6b 8.3+1.3a

B2 PMH + 1 SD (n = 5) 5 [Al—48 A MR 1 /NG RN 3R 22 508 .35

3 #Fig5iig
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