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Carbon and nitrogen sequestration rate in long-term fenced grasslands in Inner
Mongolia, China
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1 Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing
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Abstract; Land-use change is considered to have a significant impact on the global C balance by profoundly altering biota,
land cover, and biogeochemical cycles. Therefore, the impact of land-use change on the storage or sequestration of carbon
(C) and nitrogen (N) is one of the most important domains to global change research. As a dominant form of landscape
and an integral component of the Eurasian landmass, grasslands of northern China, which account for 40% of the land area
in China, play important roles in servicing the ecological environment and in the socio-economy of the region. Furthermore,
an increase in the soil C and N storage in the grasslands of northern China is anticipated with the implementation of
measures aimed at encouraging grassland protection. However, there is little information regarding the potential of C and N
storage (or C sequestration rate) due to the absence of long-term grazing exclusion plots in multiple sites.

In this present research, using pair-sampling methods, we investigated the C and N storage in aboveground biomass,
litter, roots and soil organic matter in the 0 — 100 c¢m soil layer in the fenced grasslands and free-grazing grasslands in 4
sites. The main objectives of this study was to assess the effect of long-term grazing exclusion on the storage of C and N in
temperate grasslands of northern China, and further determined the sequestration rates of C and N in fenced grasslands by
comparing with the data of free grazing grasslands.

The results showed that, compared with free-grazing grasslands, there were significant increases in the C and N storage
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in the fenced grasslands. It was estimated that, after 3-decades grazing exclusion, the quantity of C sequestration ranged
from 1401 to 2858 g C m *in the 4 sites, averaging 2126 g C m™; and the rates of C sequestration in fenced grasslands

-1

ranged from 46.7 t0 129.2 ¢ C m™ a™', averaging 84.2 ¢ C m™ a™'. The rates of N sequestration in fenced grasslands
varied from 2.8 to 14.7 ¢ N m™ a™', averaging 7.3 g N m™~ a™'. From the view of C and N sequestration rates, there is a
total trend as follows: Stipa grandis grassland < Leymus chinensis grassland < degraded L. Chinese grassland < Sowing
Medicago falcata and L. chinensis grassland. Moreover, we found that the lower soil layers (40 —100 c¢m) had also play an
important role in the total C and N sequestered in fenced grasslands although sequestration rates were relative higher in the
upper soil layer (0 —40 cm). Together, the study demonstrated that temperate grasslands of northern China have the vast

potential to increase C storage, and long-term grazing exclusion should be the most valuable and feasible approach to make

true the C sequestration of temperate grasslands in future.

Key Words: grassland; carbon sequestration; nitrogen storage; sequestration rates; land-use change; fenced
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Table 1 Experimental sites and land-use history
S HiH AL R FE L2 AP R T
Site Location Types Dominant species Land-use type
43°33' N T 2EHE(Leymus chinensis) \ KEF S (Stipa grandis) . 1979—Z4 Bl £ F, F & a7 57 R 2
A 116°40" E FIEET VEAA A B3 ( Achnatherum sibiricum) R
B i—éﬁ(l‘ cjhinens'is) REFSE (S grandis) B T 1 P M A A A
KL ( Agropyron cristatum )
B 43°32' N FERL B 5 250 KEFFE (S. grandis) B (L. chinensis) VKB 1979—F 4 HIEF, Bl & 07 5 HOR &
116°33" E IEHRE ( Cleistogenes squarrosa) B84
b ) CERE(L chinensis) KA R
1 e L ﬁtl%(s grandis) W (L. chinensis) &R T 1 H O P A,
FL(A. cristatum)
) 43°35' N N SEFL(L. chinensis) KEFFF (S, grandis) KEFRT  1984—F4A RIS £ F, [ £y 57 o o
¢ 116°44' E IR H(A. cristatum) iB1k
e . . Jop. ) kR
1 H B b i (L. 'cthenSLs) KEFF (S, grandis) KERRTF 1 H B P R
FL(A. cristatum)
D 43°38" N FR B2 EH (L. chinensis) \ﬁﬁﬁﬁ(Medicagofhlcata) . 1989—F 4 %]*iij‘%:, RIE WAL T8 M
116°42' E Sk B TBE (A, cristatum) S
B R EEL(L. chinensis) B2 T 5 (A, cristatum) | 8 1 B P R

FH ( Carex korshinskyi)

1.3 FdEabr 5ab e

F T ARIHE A PRI (SOC, g C/m?) FlHHEL%A (STN, ¢ N/m?) .

K, DB, OM, , TN S 535 + )2 JEE (em) | HIEFFE (g/em’) | HIEAPIK T H (%) L3S

SOC = Y, D, x B, x OM, x S

STN= Y D, x B, x TN, x S

(% ) FR R AR (em?) 50 FORLIEAMZEIFH i = 1,2, 3,--, 6,
b i R[S R AR A RO A RO i A R 2 22 AT (g C/m’ B g N/m?) | BT

5 R P o o R R LA R B 4EBR (g Cm 2 a '8 g Nm 2a”
H B AU B R 75 L

2 #R
2.1 FIERIEE

(D
(2)

A HE =

") o RSO T A6 R A Rl 0o R

AHRBEPE(P <0.05) , 6343 B4 SPSS11. 0 8k 58 i

FIGERR I R B E AR R TR AR (P 1) S AE 4 D SERA B R R AR N
TR E OB L (P <0.01) o AS[R] 525G e B I 72 A AR, P OO Bl I ( M SR AE L O
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1 KPHEFRBEFEMRHREANEEL

Fig.1 Changes in C and N storage in temperate grasslands ( including aboveground biomass, litter, roots and soil in the 0 —100 cm depth
* FONEN B R R R b ) 22 5 (T-test, P<0.05)
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7% .0—100 cm MR A +3) 4 F 10243.4—15059. 3 ¢ C/m” Z 6] ,“F-1) 13030.3 g C/m”; HlE SR BT
13101.6—17315.9 g C/m* Z[8] SEHIN 15157.0 g C/m*, S3 40, A )Rk A2 6] 22 S A1 4 K, i b 4 ol Fn o
TR S AN B R HORR I 5 (0 1% B £ 2 A AE S IR AR (£ 2) . L3RRI & HAT B Wb i) 3 B o A e
fIE,0—10 em F1 10—20 em )2 A UK B AR, B 12 TR EEBS nascfid & D R AR (&1 2) o

R2 KEHEXEHFEMM EEEAEY.0—100 cm REM T ERENEHR0

Table 2 Effects of long-term fenced treatment on the storage of C and N in aboveground biomass, litter, 0—100 cm roots and soil

TR 5 C storage /(g C / m?) AW N storage/ (g N / m?)
SZHG H b 2 - -
N M mna W REpm BETR e KR
biomass Litter Roots Soil biomass Litter Roots Soil
A R B RN 21.3210.4%  15.5£6.4" 709.2+63.7* 14313£71*  1.5%0.2%  0.5:0.2° 24.8+2.9" 1297+71 *
AU 67.947.4 55.8+12.0 763.3+132.3 1570777  4.3+0.5 1.8+0.3 23.5+4.8 144677
B IR EF R 21.244.7% 5.422.0" 558.0+69.3* 11630+80* 0.7+0.2*  0.2+0.1* 23.3+3.3* 1111+80 "
A 57.9+4.2  27.5+10.5 1118.4+197.3  12407+120  3.6x0.2 1.120.5  49.1%9.5 1165+120
C FIRAEEF R 13.51.3%  2.4=1.1" 512.92164.9% 9715+167" 1.0+0.1*  0.1£0.02* 22.7+7.8" 882167 *
s 71.1215.1  27.3210.2 864.6x136.7 12139£161  4.422.2 0.8+0.4 36.86. 1 1035+161
D FIREEF R 29.048.2% 2.5+0.6" 617.7+47.2% 13954+138* 1.7+0.6*  0.1£0.02* 22.5x2.8v  1251+138*
AU S 124.8430.2  43.8+18.3 732.5+136.6 16415443 4.0+1.1 1.9+0.8 28.8+5.9 1549+43

[R]— % o BBl 5 B w5 R B 25 WIS R R A ) b e b ) 25 5 1 3 ( Paired samples T-test, P <0.05)

A B
20 I 20 =
40 40 +
60 - —o— 60 -
40;
80 [ 80 =
£
S
£ 100 - 100
g
— 120 : . ! 120 L L !
& 0 1 2 3 0 1 2 3
°r ¢ °r o
20 20 |
40 40
60 60
80 80
100 - 100 +
120 L L ] 120 L L ]
0 1 2 3 0 1 2 3
SOC concentration/(g/kg)

B2 KEPHFEFEN0—100 cm TEHRSEMNTM
Fig. 2 Effect of long-term fenced approach on the C concentration in the 0—100 cm soil layer in temperate grasslands
A.B.C.D HEEEHE

KWIEERES T, R 0T B R A MUK 4 > 5250 S ik B i T 1401, 5—2858.2 ¢ C/m’ Z [H],
X R 2126.7 g C/m* BEFEIFFHRA T 46.7—129.2 g Cm> a™' , PN 84.2 e Cm? a”' (£ 3) ., MR
R AR < SRR M <R A R R <M A E S + R R 0—40 em - 5k [ 4 o A X AL
KAT 2 EHE(40—100 em) B [ F5 R AR AU 5 PRI 0L, 45 B AH SCRIF 92 75 2% J2 4848 T KOG,
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R3 KEHFEMNKRERERERERFERR

Table 3 The quantity and rate of C and N sequestration in long-term fenced grasslands in Inner Mongolia

EHF C sequestration A IEFF N sequestration
T2 S A B [ 4 R ESBUES R EALERBIES WAL
Soil depth Site Quantity Speed Quantity Speed C:N
/(g C/m*) /(gCm?2al) /(g N/m?) /(gNm?2al)

0—40 cm A 790.0 +292.1 26.3 +9.7 68.4 +29.2 2.3+1.0 11.5
B 1008.4 + 518.1 33.6 £ 17.3 31.4 +£33.0 1.0+ 1.1 32.1

C 1633.5 + 888.2 62.8 +34.2 104.1 £ 93.3 4.0+3.6 15.7

D 1636.6 + 759.9 77.9 £ 36.2 150.2 + 131.7 7.2 £6.3 10.9

M Average  1267.1 + 324.9 50.2 +24.3 88.5 +37.9 3.6 £2.6 14.3

0—100 cm A 1534.6 + 737.9 51.2 £24.6 151.4 £ 69.0 5.0£2.3 10.1
B 1401.5 + 771.0 46.7 = 25.7 84.9 +72.0 2.8 £2.4 16.5

C 2858.2 + 888.4 109.9 + 34.2 171.0 + 108.5 6.6 +4.2 16.7

D 2712.5 + 883.4 129.2 +42.1 308.0 = 50.1 14.7 +2.4 8.8

FH(H Average  2126.7 = 536.1 84.2 +41.6 178.8 + 41.8 7.3 £5.2 11.9

2.2 hEERERIGE

FH A S EAE YR MR IS 0—100 em AR ZR R M L6 R ] R M E] 25 S 3 (P <
0.01) ; KWIEF WS TR AN = (P <0.01) , A HABUME AN AT 906.2—1324.1 ¢ N/m* Z [,
SEHIH 1160.4 g N/m? ; FI 3 U A T 1077, 2—1583.7 ¢ N/m* Z Ji] , F-4°4 1339.2 ¢ N m™2, SR A
U SEA AL, R = ZAA I AR R P, e DAY A R AR D A AR A PR (£ 2) s A AF7E I i
BT AT RFAE (P 3) o MG PR A B AT, B B R R R A 2.8—14.7 g Nm ™ a™' 34K
R 5P B b < 2B B <R LSRR <AME B AL S + LR (K 3) .

- 0~
0 A B
20 b 20 b
40 40
60 - 60 -
g 80 - 80 -
<E_- 100 F —O0— 100 +
oy
°
= 120 1 1 ] 120 1 1 ]
3 0 0.1 0.2 0.3 0 0.1 0.2 0.3
or ¢ 0r b
20 20
40 - 40 -
60 [ 60 -
80 [ 80 |
100 - 100 |
120 L L I 120 L L J
0 0.1 0.2 0.3 0 0.1 0.2 0.3

Soil N concentration/(g/kg)

E3 KEHEXEH 0—100 cm TIER S SRR

Fig.3 Effect of long-term fenced approach on the N concentration in the 0—100 cm soil layer

3 FitHitie
FIYEN T A] 25 M AR g AT B SR A R B R AR BR [T 4578 77 5 B RDIRDL T, e e [ - i
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FNF46.7—129.2 g Cm™ a™' N 84.2 g Cm™ a™', AFEH AU AT I T EHF-A t U b
BYREE , A R AT 7 1 KB B IR R A FOR BB B R0 7, (H T A8 s B 5 e b e 2R 45 3
BARR A G, W BEEASRGERRE (SR ) JERE, Hok B3 RE ) (Bl A) 2B W T, JF ik
B —AHDSTHCRAS , AR ] X BORBORILA 1 ) DIN Sl 2E LR ], 2838 27a Rl
5, F R A S R G A T IR T — AR PR BIVRE b A 25 R 8 A T 555 B 5 — 55 Tl VR L A 4 IR
A AN BRI B T2 A2 AR ORI AR R R R R RUEE | B R R R — A
Tty R BRI i AT R — PR AT

ARWFFEARBEIX 533 25 30 a 1 F OO0 T HE 0 b e I S 19 52 0], DT R85 DR DR 388 mn F 301 S 5 2 e 1 455
HORPEAR IR 22 M E TR . i Tk = [ A AT R b A T A AS ISR | HBR IR B 2 25 L4 A H
Xof BRI S M AL/, AN X SEB SR AR R, O TN B M SR U R A S B LR A
TEAL, Rl AT ST 205 SR WA L JICH vl i v PR 5 vt Tty SR el S S 2, I T Ao 2 348 o, 38
R TR RARAEK 5 Bt 5 TS0 A5 32 A Ak, R B b A 7 e 1 R/ 0k 3 2 194 P9 7 3 0 80 (B i A B 1)
Derner S5AIF5E 3R B« 4 30142 B2 Tl ORI v B8 T30, A 966 96 e s S BB I i T 442 5 24 %, {ELZISL % 5 3 Ak FRLAD
fefi b S e 2 5 A BRI R A 8% ; Schuman S5 AHF 57 6 B A2 B2 CHONT 0—60 em 3386k 20 4 52 1)
FEF N RIS A SR I KM B URORE i AR s U R T RO B R 1 5
M AR PR G0 (1) 38 2o 1058 A8 P S 7 14 PO R PR , 0 TS T e 0 R e U A7
(2) 33k P B ) O B R | AT S A s e o T R P, o B i o] 1 R A 7 g | A T3
Ao My AR B AT AR R A AT AT 5 (3) b BT X A IR R R 45 B SR B T
A HUT AR 3 S TR R XUk 20 BRI AR S BT ) b B R R A AE AR
Wi E M, JEHTE A R R T RE PR A T el e I AR A IR 4R, A 7T BE 2 Al P 5t TR R Mk 1 R E )
T A

T bl 0RO T | AU 12 M < o B e b, < B 2 Rl <RI A T + S B
FE N SE T M IX S b3 43 A3 e 7K B A5 T 4t DX 38, ELA T K A b -t A 7= 00T O BB 5
BA R AYOR 5 A8 ) B A8, DI e 14708 0 A BE T 5, A0 RE SR IS PG R 1 G B2 4 i, R Tk e 3 B A
SR RIS 1 REFDECAE TS A B B R T A I S5 TR AR A R R A
PR TR + RGBS R B R A, AR I EE R I R AR B A + R R R
7T TSN F RO L, B RS M R, A7 R EAE 310456 o/m’ Z ], SR, AL
WFFE 7 1R B JR PR (7 M- 1 R OO O BRORRE ), L P OO o 7R A SR AR B R X S BR 408
T ARSI VAT A SCHIIT S8 4518 7T B HEAS (W] b /S [ 487 LA A28 T IR ol e e [T e 28 46 1) KL It
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