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Changes of carbon pools of alpine sandy Salix cheilophila shelterbelts with

stand age

YU Yang', JIA Zhiging'> ", ZHU Yajuan'?, LIU Yanshu'?, LIU Haitao', LI Qingxue'
1 Insititute of Desertification Studies, Chinese Academy of Forestry, Beijing 100091, China

2 Qinghai Gonghe Desert Ecosystem Research Station, Hainan Tibetan Autonomous Prefecture 813000, China

Abstract ;. Re-vegetation is an effective way to eliminate the fragile ecosystems. Long-term vegetation restoration can promote
the ecosystem services of the sandy land. In the present study, Salix cheilophila, a typical sand-fixing shrub species in the
Gonghe Basin, Qinghai Province, was used to investigate the variations of biomass and carbon concentrations in different
plant organs and soil depth. Meanwhile, the changes of carbon pools with different stand age (6-,11-,16-,and 21-year
old,) were calculated during the re-vegetation process. Characteristics of carbon sequestration of Salix cheilophila plantation
ecosystem were discussed. The results indicated that; (1) The total tree biomass increased with the increasing of stand
ages. The carbon concentrations among each component showed no significant difference with the increment of restoration
time (P>0.05) , while the carbon storage increased significantly with stand ages ( P<0.05). The proportions of carbon pools
of different components varied in different stand ages. The carbon storage in the trunk took up the highest percentage

compared with all the other components. The carbon storage of 6-, 11-, 16-, and 21-year old stand were 4.95, 9.93, 14.67
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and 21.99 t/hm’, respectively. The variation of carbon density in different organs ranged from 0.4105 to 0.5087 gC/g for 6-
year old stand, from 0.4523 to 0.5342 ¢C/g forl1-year old stand, from 0.4514 to 0.5485gC/g for 16-year old stand, and
from 0.4704 to 0.5992 gC/g for 21-year old plantation. The variations of carbon density among the coarse root, middle root
and fine root were different in different stand ages. The root biomass of each stands was 2.82, 3.63, 8.12 and 11.21 t/hm*,
respectively. The carbon storage underground also increased gradually with the increasing of biomass. (2) The soil organic
carbon pools exhibited significant difference in the same depth of different ages ( P<0.05). The soil carbon pools were 9.54,
13.03, 17.18 and 19.05 t/hm’, increased with the restoration time. The soil carbon pools of 11-year old stand increased
26. 78% compared to the 6-year old stand; the 16-year old stand increased 24.16% compared to the 11-year old stand; and
the 21-year old stand increased 9.82% compared to the 16-year old stand. The carbon storage of litter layers were 0.27,
0.29, 0.33 and 0.43 t/hm’ for each stands, respectively. The ecosystem carbon pools were 14.76, 23.25, 32.18 and 41.48
t/hm” for each stands. (3) The vegetation layer accounted for 33.54% , 42.71% , 45.59% and 53.01% of the total carbon
pools; the soil layer accounted for 64.63% , 56.04% , 53.39% and 45.93% and the litter layer accounted 1.83%, 1.25%,
1.03% and 1.03% , respectively. (4) The carbon pools increased 57.05% , 36.52% , 27.75% and 22.42% compared with
those before re-vegetation. The net carbon accumulation rates were 1.41, 1.70, 1.79 and 1.86 tC hm ™ a™". As a result, the
artificial shelterbelt of S. cheilophila plantation could be considered as a “carbon sink”. The study may provide scientific
references for sustainable shelterbelts resource management and carbon sink shrubland development during vegetation

restoration in the fragile alpine sandy ecosystem.

Key Words: Salix cheilophila; alpine sandy; carbon concentration; carbon storage; stand age; carbon sink
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AR BN A I LA R A8 B - S P X o A A AR S A R R OCE AR . A AR AR I e
553 X, B FEAF R B b g 15 AR e R A TR 3 e A S R A S D D AR RE A RO 31 ST AR U
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L7 BT RI TS, 6= FEV Ll AR 5 B N RBAE A R BT 1R VDAY & 4 | T fE
Vb E S R G R E B IIHE, 20T, 1 22 40 UL A 8] 86 38 L ( Caragana intermedia) | ¥ M) ( Salix
gordejevii) /NWERIS JL( Caragana microphylla) A ( Ulmus pumila) Bi Ak I8 (Artemisia ordosica ) "R 5% %
G SRHRIN BB VAT U A R S R AR i S AR PR AR T TR (RS
SRR i FEVD Ml B XoF SR [ YD AR Ao [ e T (R AR D

B8 (Salix cheilophila Schneid. ) FAAMIFIE Z24F A4 T HEAR SN A R IR ERA R, HAE 4 7 50m B
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N) M4k 2871—3870 m, Ja& i Sl 1 T 5 5 R T SR B B S (0 o Y, TR R FES R A R
SR TR 2.4 CAEYIRROK R 246.3 mm, HZET MO, FIRZEI B, oK EEERE 5—9 A, 8%
TEZER R 1716.7 mm, AEL KK H B KGEKR T 17 m/s) 1 50.6 d, TR RS20 20.7 d, S S8 0 Higdk
e MR A A SR AP T X R JE T 2 0 A SRERME . 7R B E XN U 5 e (R A8 5 0 AT, R A
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2 WRFGE
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Table 1 General situation of the experimental site

N s b . . S ME Crown/m
e o ik W e
Age/a Location Altitude/m Height/m Basal diameter/cm EN] LBl
East&West South&North
6 100°13'48"E  36° 15'02"N 2873 2.03+0.16a 1.51+0.90a 1.27+0.34a 1.32+0.35a
11 100° 13'41"E - 36°15'00"N 2873 2.83+0.41b 2.94+0.37b 1.31+0.25ab 1.38+0.31a
16 100° 14'14"E  36° 14'38"N 2873 3.10+0.70c¢ 4.37+0.65¢ 1.42+0.17b 1.42+0.20a
21 100° 15'14"E  36° 14'32"N 2874 4.80+0.40d 6.27+0.54d 1.86+0.26¢ 1.82+0.25b

BUHRBUF I bR AE2E (BRI ERR D 4 %) , FAISIARIR/NG FRER 22 5% W35 (P < 0.05)

2.1 AN[RIBRIE M0 TARA B 2 I

3 SAE A RIS L MIORR P i3 B T A b, R b TR RS R 20 mx20 m, [ B AEREHB PSR 3 > 10 mx 10 m Y
FETT AR AKS R LRl L ARHEA i=5  JE AR RSt S5 AR R -, ZE AR 7 9 43 s B K R4 HL 50051
PO R TR PO BRHEA 4 Bk 642 (B) YR FE T 45 RIS RE b 9 BTG FEAR I RN, SEIAR TR AN [R] 41
Q2 N S SO i 8= L O O B e VE: E i = 8 7 B N 5/ L N
FEANTRI A A3 00 5 /K 3 0 T 4S8 O AH L 19 2 4 e (TR R [R) 2 43 SR AR B TR & R T S iR I e ) . FE it
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AN S 25 A T AN ], X T AHAR R 438 T EAS B, K LOR R 2408 R & i AR K/ NER R ER/NT
BT 2 mm AR AR AIAR S B IAR SO A AR 2 350 A AR e SRR (AR d = 5.0 mm) |
AR (2.0 mm<d<5.0 mm) R (d < 2.0 mm) (A5, F53 3 10 R 455 10 em, AT [ 2288 20 em X
+ 2 T 20 4 R ARIZ IR i Z R T A R R e A4S rh Ay I SE G & np gk B T 85 CHt T A
FHE 52— F IR T, SRR FEMIR IR R AR &, IR s i AL A e gzl K/
DL S5 MAAAR 22 B S A i S B, AR 2R A it [ s FH S 30 % 5 R A I

AR A i S AR AR AR KT RN

http ; //www.ecologica.cn



6 3] TR AR I SR R P R AR 9 A2 1 1755

W =335.484 B*** (R*=0.9772) ; W, =88.156B" " (R*=0.9413)
W, =88.0395%** (R*=0.9391) ; W, =68.273B""* (R*=0.9182)

W, =131.875B""" (R*=0.9767)
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- HERE S L BRAR B A A )G L 4L 0.25 mm G (WS ) , R4 T LRk B A e
2.4 A5 LH Sy bR BE I LA KR PR TR i

AN]SR AR 28 43 i e 55 R FH E B PR B - /K & IR A T I 2 |, 4% 2L e 2 FE T3 A = F
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SOC = D> EC, x BD, x T, x k x 10°°
i=1

K, S0C J& H A MU L (vhm®) L ECi J&56 i 20 B HEA U & i, BD, 25 i 2 HIER E (g/em’) |, T,
B EEIEERE (em)

K HI SAS9.2 /' PROC MIXED (VR &2Vl ) Ry AT 8 A 31 5 43 B, TR & B AU Al ARy 22
SIS LA A IR B LA B9 5 2550t AR SCBE SR (AR E 2 ( Mean = SD) R FEIR,
[Fil— P 28 AN [ 7K P 8] 25 57 0 2 R ) B/ Bk 3 25 8006 (LSD) HEAT A 9 (e MK F P < 0.05), SR A
Sigmaplot12.5 x4 &

3 ZBREHS

31 MRS E R E

A5 PRI L WIARAS 20 43l AR ARG L AN T 1 o o 7 2243 BT U WA [ MR 2 bR [i] — 200 4l e 2 2 S
KIKFBFIKFE(P > 0.05), 6,11, 16a 1 21a 5545 B Wik B AR ALK K £ 0.4105—0.5087 ¢C/g.0.4523—
0. 5342 ¢C/g.0.4514—0.5485 ¢C/g F1 0.4704—0.5992 ¢C/g., AFEMREEHAM AR | A0AR B e B AR AL RS —
., BRI R SRR AL BN 0.4334—0.4690 gC/g.0.4328—0.4717 gC/g.0.4211—0.5030 gC/g Fll
0.4563—0.4784 oC/¢.
3.2 HEWERIE

O RUARAS L AT s R AE DL 3 2, BRRE e 52 ISF [ ) 1880, S R4S 2L o B b i SR B 8, & hRis 1
BIBs I 5 439 4.95 .9.93 14.67 t/hm* F121.99 v/hm?® . £ 20 535 243 BC LU IS B DL 2. BAR SMbR A 2 53
e k722 A o L s P A2 ) ) 184 R AT I, L2 5 PRI AN [T 28 35k P2 1 43 e LA DR AN — B, 6a MR T A
HE WAL I R 4520 20 B I2E B o EE A0 93- 591 K 36.96% (25.66% 22.42% 8.28% 1 6.66% , Hifth 3 AKIE,
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#4143 Components 6 11 16 21
FR#E Stand age
1 AEHHESHAIHRSEIBRETH
Fig.1 Variation of carbon concentration of different components B2 TR SHATHREHSERESELLH]
in different stand ages of S.cheilophila plantation Fig.2 Carbon storage proportion of different stand ages in S.

cheilophila plantation

x2 AEKBESWAIHRESHIBRERSE (/hm®)

Table 2 Carbon storage of different components in different stand ages of S.cheilophila plantation

Moy MdE Stand age/a

Components 6 11 16 21

B Trunk 1.83+0.33Aa 5.73+0.36Ba 7.52+1.16Ba 11.67+2.20Ca
WAL Branch 1.11£0.24Ab 1.30+0.04Ac 1.95+0.20Bc 3.36+0.60Cc
Bt Foliage 0.41+0.08Ac 0.69+0.08Bd 0.84+0.14BCd 0.89+0.08Cd
W 1% Bark 0.33+0.06Ac 0.57+0.11Bd 0.67+0.05Bd 0.81+0.04Cd
PR Root 1.27+0.02Ab 1.64+0.05Bb 3.690.22Ch 5.26+0.07Db
Hu_E #5453 Above ground 3.68+0.71A 8.29+0.59B 10.98+1.55C 16.73+2.92D

A Total 4.95+0.73A 9.93+0.64B 14.67+1.77C 21.99+2.99D

ARG TR F— I AR 22 57 B3, ARVNG FRERR R — i A R4y 225+ B3 (P<0.05)

3.3 ALK E

BRI AR A LB 22 25 (P < 0.05) , HLIRl— M A R EE AR AR TR (1 3) . Bk,
- SR B B PR 2 B[R] A SN, 16a 5 21a Z B TC 2255 (P > 0.05) (HIZ2PIARES i 3 & T 6a Al 11a(P <
0.05) ,1fi 11a 5 6a ZAZEF B E(P < 0.05) %5 10— 20 cm HEEASAR . 20—30 em &bkl 2 7] 2% 5
W (P < 0.05),21a SHIAK A PLERIK B W& & T HAMIE (P < 0.05) , 30—50 cm,21a 5 16a Z[A]JC
FEEF(P>0.05) [HREEERT 6a Fl 11a(P < 0.05) ,16a 5 6a ZHZERIRBEFH (P < 0.05) HZE5 11a Z
B REES, 50—100 cm,2la HEE T 6a(P < 0.05)(HZ 5 11a il 16a Z A LB FEZEF(P > 0.05),1M 6.,
11a Fl 16a Z[A]ZFIRABE (P > 0.05), 100—150 cm, 16a 5 21a 5 EH T 6a Al 11a( P < 0.05) ,{H2H#
ZIRTCREZSR(P > 0.05) 1 1a IR EET 6a(P < 0.05) , X5 150—200 cm HEARLAIF
3.4 bHERRE

ANTFEIAR IS M0 L AR TR TR AR 25 57 W3 (P < 0.05) , HIF— M A RIRER AR (K 4), 21a 3
WA R A TR T IR A K S AsF ] B 15 < | - 30875 o IR T RAAIK

Ey IR T IEA MR A RRIE DL AR 4 SRR T, - S98 fk J20 AT e R O Ik ] B 8 mmi ¥4, 8z 6 . 11a +
HEWRIFER TN 26.78% ,16a 3822 11a $275 24.16% ,21a %% 16a $275 9.82% ., [6l— I EAS[RIAR IS + 4 MLk 2% B
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BAAZERBE(P <0.05), B TEHE A VRZER 50 em LITF T2 50 em FHATHURE | SOR 2 0k 5%
PREBORE R B 0 B8 A ML 1) B 3 v AR 3 B 2 | 498 ALas o R ARG . B UL, #E 0—10 em,
2la B E T 6a Ml 11a(P < 0.05) (HRE5 16a T E 257 (P > 0.05) 1 16a 7R T 6a Al 11a( P < 0.05) ,iX
5 10—20 em ZB{LAHF] . 20—30 cm , Fifi A7 41 52 155 (] A 3800, £ AR - 8 ik PR 34 22 S i 35 (P < 0.05) .
30—50 em FHFHUFEREL IR 200 em, BT DAREARAT MLER EAT T8 I, 21a B 35 T 6a A1 11a(P < 0.05)(HEY
16a TWEZF (P > 0.05),1fi 16a 11a fl 6a Z[FJRICEFEZS (P > 0.05) . FZE LA VRIE LA W% 2=
5,50—100 cm,21a . EET 6a(P < 0.05) ,{H25 11a Fl 16a Z [ TC . E 25 (P > 0.05) , 1M 6a . 11a Fl 16a
Z IR TC I 3 22 57 (P>0.05) , 100—150 cm,21a 35 T 6a Fl 11a(P < 0.05){H 25 16a TR FHXER(P >
0.05) ,1fii 6a 5 11a Z[RIZE5F IR 8.3 (P < 0.05) , X5 150—200 cm HIEZLAHIE

. LI +-#8%5 Soil bulk density/(g/cm?)
Soil organic C concentration/(g C/kg)
0 2 4 6 8 10 12 14 0 0"5 1"0 1;5 2'?
L Abc Ba
0— 10 P Cac,

s \ Aa E 0 T
Eo 1020 }%: . ‘:;\, R ——s
: M 5
§ 20—30 mmmHm\‘\Hg?ﬂwummuml—{DC E
B Abc ABbed 3
% 30—50 s BCcd “n B
o Cd = .
Ac AR 1 50100 R T .1ty
& 50100 Bd = 6a = AR
100—150 2 16a Abe
0D 21a 150—200 S A%Bb
150—200 ¢
O CK lla @D 2la
. 6a 16a
B3 FEMHEESHAIHTEGHHRIRERFE (g C/kg) E4 REHKBEMAIHTESE (g/cm®)
Fig.3  Carbon concentration of different depth in different stand Fig.4 Soil bulk density of different depth in different stand ages at
ages of S.cheilophila plantation different soil depth
AFKRE FREFRIR R — RN RIS 2 0] 22 5 8 35 A F/NG S8/ ANRIKEGFRF R R —IRE AR 2 82 5 B E, AR/NS F 5
T[] — RIS AN [FI VR B 22 1] 22 57 . 35 ( P<0.05) FIRA— MRS AR IR B 22 0] 22 57 1. % (P < 0.05)

x4 FEIHKERSHA TR EGHBRERE
Table 4 Carbon storage of different depth in different stand ages of S.cheilophila plantation
B Soil carbon pool/ (t/hm?)

B/ em
Depth 6 11 16 21
0—10 0.60+0.04A 1.41+0.10B 1.60+0.03C 1.61£0.11C
10—20 0.96+0.04A 0.79+0.03B 1.35+0.08C 1.39+0.07C
20—30 0.68+0.06A 0.45+0.05B 0.82+0.01C 1.28+0.01D
30—50 1.15+0.09A 1.27+0.24A 1.45+0.19AB 1.70+0.07B
50—100 2.80+0.19A 2.43+0.63AB 3.51+0.30AB 4.26+0.40B
100—150 1.61+0.52A 3.19£0.57B 3.97+0.09BC 4.13+0.32C
150—200 1.75+0.13A 3.50+0.69B 4.47+0.34BC 4.67+0.47C
&1 Total 9.54+1.06A 13.03+2.31B 17.18+1.04C 19.05+1.45D

ARIRE TR A — TR BEA R phille 2 18] 22 5 123 (P<0.05)

3.5 EBRGWENBLSEESRG L)

BEATT DY S ) P38 0, A [RMRHS S R0 P2 A8 AL R AT L3 5, 2% PRI itk 2 43 501l 14.76,23.25 32,18 /
hm?F1 41.48 t/hm? . H i BHIAEBE 204508 4.95 9.93 14.67 t/hm*F1 21.99 t/hm? ; MK ZE A 2655 e 43 51
4 0.27.0.29.0.33,0.43 t/hm’ ; 132 (0—200 cm) #2538 9.54 113.03 17.18 t/hm* Fl 19.05 t/hm’, £5-Hk
WA FE W E 55 22 43 00 (AR BB IR 1Y) 33.54% 42.71% (45.59% F1 53.01% , 45 MRty + SERR 12 73 1) i iR i
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JFEI) 64.63% .56.04% \53.39%F1 45.93% , 1M 4% 9 )2 53 0] o i AR B P2 119 1.83% . 1.25% (1.03% 1 1.03% ,
BEZAREZHI(ck) , 25 ARES B 43 135 i 57.05% ,36.52% \27.75% F1 22.42% , MM A R G HA “ il )
e, A IR TP SEI v A IC 3R AR &R IX A0 AR RL I ARCA 223.2 hin® , $92 HE 45 R4 A e A () - 24 (8
12.795 v/hm* PEATIHEE, WIAE DK S DX S A0AK [ sk 2k 2855.844 Mg C.,

6a.11a 16a Fl 21a MU TARAE S RGERN I RIS B B8 IN , £ MBS A R R G 77 J1 5300 2.46
2.11,2.01,1.98 tC hm™ a™' . AHBEYRE A B BAF il SRELER 205000 1.41,1.70,1.79 ,1.86 tC hm™ a™', &4k
U5 A AN R GERRIY i S AR S A B B e e SRR R T

®5 FAEHBSHATHEEENSESHREL(/hm?)
Table 5 Spatial distribution of carbon storage and variation in different stand ages of S.cheilophila
Ml Stand age/a

9H 4
A ck 6 11 16 21
Componems =) RN =) [=} Pl 5, [=) N1 =) L L [=} el
AWy Tl &t AWy T Ay Tl it AWy Tl &t AWy /384T

B Mﬁ,ﬁ B 10.58+1.05  4.95£0.73  19.49+0.65 9.93x0.64 28.90+1.14 14.67+1.77 41.27x1.80 21.99+2.99
Vegetation layer

1k L
iﬁfjﬁfw 1.71£0.13  0.70£0.01 0.69+£0.20  0.27+0.01 0.73+0.21 0.29+0.01 0.81+£0.22  0.33+0.02 1.06£0.31  0.43+0.03
itter layer
A1t Total 1.71£0.13  0.70:0.01  11.27+1.25 5.22+0.74 20.22+0.86 10.22+0.65 29.71x1.37 15.00£1.79 42.33+2.12 22.42+3.02
HEZ Soil layer 5.64+1.29 9.54+1.06 13.032.31 17.18+1.04 19.05+1.45
St Total 6.34x1.31 14.76+1.80 23.25+2.96 32.18+2.83 41.48+4.47

4 HiRSiHR

TEAEHES b oA R RAE R AN 2 — AE A Rl A= 38 R G 00 B B R o, Je HRAE = 9800 i AR
TFIR AR AZ 5 97 KB P> 0 RS AL, A0 [k D RE S A ) e B VA AR 5 RN EEA 2 — 1448
BB 7 UL EZ S SR SE 00 [a] it S AR O RV, AN [R5 MR 25 20 ik It £ A [] | 156 9
TE R TEVD MY, S MITE A [ A= K o B B i B R BB 0 AN ], BEARIS A 3G, e B 78 S &- 4% B B9 AR R kg

BEE S MIARBRIS F 3G AN, 2 20 53t 2 B S AL R T AN I Bl 2% 4 BB Rk B2 2R AR AR IR A £ 0.4105—0.5087
¢C/g.0.4523—0.5342 ¢C/g.0.4514—0.5485 ¢C/g 1 0.4704—0.5992 ¢C/g, W75 H 5 HH I8 % Fe B
TR ARSI A28 AR B AR AV BBl — 3, KABLE 0.45—0.55 gC/g Z 0720, IEAh AN BRI HLAR | AR A
AR BE AR I —H, X 6a AUd MU ST BRARES R, T 11a ANAL R FEAKR, 16a ML 2R 5 B FHIAR > R
SYNFR T 21a "PARSANAR SHIAR AT WAE B B9 A Rl B B, MR 2R k% 2 AT — B, A RIPRER AR R A=
Yy i B S XA 2 9 (2.82 + 0.15) /hm?® L (3.63 + 0.11) t/hm? , (8.12 + 0.62) t/hm*F1(11.21 + 0.55) t/hm?,
R 2R 1 JE 2 2 S SO B T 350 0 BEE T A8 402 AR B 8 o, b 30 4 BB AR R T A

FRE T A LB AZ AL AN RIAREE 00+ A HLAR VR 2 22 57 .35 (P < 0.05) , FLIA]—ARIE AN [F] R 2 A2
AOANTR] - SR P B A B AR S I T) A 3 i n - 76 52 T 5 X i vk DA S S B iy ekt i D S 4 0 T
W43 REAS A4 25 R GEARIE B 3N , A3 80 Z IR ARSI ST S Su S AR T 5 X AT [
VOMEAHRXG LA -3 AL W A 25 R — 2, W 5 Li S5 27 AR LR I0 V0 6 5 7l A AR N T Bl 4rpkitt
FERIRFZE—S0 22 i PR it R 2 2 s ok ) A AL 2 14 78 A | AR ] b IXAN [ 2 25l JF
THARLAAIFFE , AT BTRR AE 2 52 X B - A WL N 32 R i > TR A 2438 7ERHR 0 VD Hb I 5% & 30
FEVD SRR T /NTAZE T, A LR ek /N AE 15a DUS A R3] 2 5 s i 1 7 sk, AT &
BRI 2 V0 3 R A AR IR 2 B A MR 1 S 0, B AR A, A R AR AR TR
AT b DX - S BILBI 4 722 A6 5 AN [] (4 AR 28 R G0 L K Pl B A AR RIS RV A DI AR OG . AHDCEE SRR | -3 L
Bl 4 R SRR M I LA S R M1 0 11 U 38 5% 012, R IR 2GR B o A SO e B 4 bRl
Xof S M e PR A B PR AR AIE 5 E 4 S5 Y S P R T T
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DK ] 3 B2 T A AP o) i 2 A B 25 5 10.88 Mg C/hm® 7 AN [l JE JAZIS AR 27 i) s 235 25 S 3¢
R, R P I b S I I PV DA 2% B A 1) 17.00 Mg C/hn® | T A 65 Y2 A8 3 2o ] - 3 DAVRBR 2%
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Fig.5 Relationship between SOC and BD of different stand ages of S.cheilophila plantation
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