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Carbon and nitrogen storage and distribution patterns of desert ecosystems at

different vegetation restoration stages in the eastern Hobq Desert

WANG Bo, DUAN Yuxi“, WANG Weifeng, LI Xiaojing, LIU Zonggqi
Inner Mongolia Forestry Research Institute, Hohhot 010010, China

Abstract ; Storage of carbon (C) and nitrogen (N) in ecosystems is the result of long-term accumulation in vegetation and
the soil stratum. In this study, a spatial series analysis was performed, that represented a temporal series to accurately
estimate the total C and N reserves of the eastern Hobq Desert ecosystems. Fixed sand was selected for the standard plots to
identify the C and N storage and distribution patterns at different restoration stages and in various vegetation and plant
organs. The aim of the study was to clarify the effects of vegetation restoration and the reversion process of desertification on
the C and N storage in a mobile dune, semi-fixed sand, Artemisia ordosica fixed sand, Caragana korshinskii fixed sand,
and in Salix cheilophila. The results revealed that the change trends for the total C and N storage in the desert ecosystems at
different restoration stages were the same: mobile dune (3320.97 kg C/hm’ and 346.69 kg N/hm’) < semi-fixed sand
(4371.46 kg C/hm” and 435.95 kg N/hm®) < Artemisia ordosica fixed sand (6096.50 kg C/hm” and 513.76 kg N/hm®) <
Caragana korshinskii fixed sand (9556.80 kg C/hm” and 926.31 kg N/hm®) < Salix cheilophila fixed sand (19488.54 kg
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C/hm’ and 982.11 kg N/hm*). Except for the mobile dune, the plant C and N stores at the other sites were mainly
distributed in the shrub layer. At these sites, the C and N reserve in shrubs accounted for 66.65%—91.41% and 52.94%—
93.39% of the plant layer, respectively. However, the C and N reserve of the herbaceous plants and litter only accounted for
a small proportion of the plant layer. Additionally, different organs in the plants had different C and N storage
characteristics ; the biomass and C reserve of the shrubs both showed the following, stem > root > leaf. The distribution of N
storage in the different organs of the shrubs was not significant. The above-ground biomass and the C and N storage of the
herbaceous pants were greater than the underground biomass. Like other ecosystems, the main components of a desert
ecosystem are the C and N storage in the soil layer, which accounted for 68.64%—99.62% and 89.26%—99.89% of the
desert ecosystem, respectively. When the sand was gradually fixed and vegetation cover rate increased, the C and N storage
in the soil layer increased. Different soil depths had different C and N storage characteristics; the C and N storage of the
shallow soil was greater than that of the deep soil. This revealed an obvious enrichment phenomenon in the surface soil.
Additionally, with the reversion of the process of desertification, the enrichment became more and more remarkable. In
conclusion, with the succession of vegetation and soil development, the reversion of desertification could promote the

absorption and fixation of C and N in desert ecosystems.

Key Words:; desert ecosystem, biomass, C and N storage, distribution pattern, vegetation restoration
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PRI Ml S T NS A X SRIR 22 5 i A% JR L PN ) AT 7R P 22 3R VD 36 (110°48729.28"E,40°03” 42.13"
N) 4K 1100—1300 m,J& EAR FF AR B R YD i 35 2 R0, 3% X Ok iy KB MM, 2 Akl i, TR 2
W ERIRZER , AKIAEIN AR SR 6.1—7.1°C, A ¥ KRN 7 H ik 23.5°C A3 %K & 240—360 mm,
FEEFT 789 H AEHZEK T 2560 mm, 4E34 H IBATEL 3138 h, LAY 130—140 d, 4EH K 3.3 m/s,
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RGN R DUV 4 O 2, R0 2 AR VM (Salix cheilophila ) | ¥Y 7% ( Caragana korshinskii ) | 4 4¢
( Hedysarum mongolicum ) . i & ( Artemisia ordosica ) 55 W A, ¥ & 3% ( Salsola collina) . Y9 1T ( Psammochloa
villosa) V0K (Agriophyllum squarrosum ) i & ¥ ( Setaria viridis ) 53¢ i1 18 ( Artemisiamongolica ) .55 VKZE ( Bassia
dasyphylla) FEARN3 (Ajania fruticulosa ) SFHA
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21 HEHbiEE

FR AN [RIAR B A2 B B Rl 43 i 2 A0 PR SZ W1 I ) i sl 10 i (M) SRR YD b, FEAS T b 3R A 4k, U ™ o
P2 T IR e [ VD b (SE) PRI SR VR i /0 A < Se A3 THE AT 78 B L — A7 AR A RUIha 55 5 26 N T A
PRI R I — DR, M 3R 25 B3 K, TR )ik &2 i 0 %) [ 2 v b, BE A 0 XU (1 52 0 M AR 6 A ) A 7 =X
FEERER AN 53y 3 28 . ARSI 10 s [ 5 P04 ( Ar) FIFT 25 [ V0 Hh (Ca) | J5 # MR K B A B AR &
G5 K UM 2 Vo b (Sa) N TATH ATV MRS, , (e SRR R A2, JE D MR S e 7, BLROMOS i R & &
BEELE 3 A E VD b HE FE AR — 3, AL T Bl K, SR S AR KNG A ], 45 28R
FEMLAT L 3 B 10 mx10 m FEARREML A 5 8 1 mx1 m FEASFNA 5 Py J7 HE A7 AE B AR AF ) A | [ B 7 g B oK
FE N BEAILAZ X 3 A4S - S35, 4323 BB A (] S 6 2 0 A G FE A, S AR R A D L3R 1,

x1 HHELRER

Table 1 Conditions of different sample types

dep gt — HA Herbage HEA Shrub
R vegetation Recov:e RHAE b R Wi i HE HE
Sample type  restoration o dl’y Dominant plants Hei h’S Density/ Hei hﬁ/ " ,  Density/ Coverage/ %
means peri eight/cm (Bk/m?) eight/cm  Canopy/m (H/hm?)
¥ B3 (Salsola collina) , DAY
Md — — 9.7 10 — — — 2.7
( Psammochloa villosa)
I (Artemisia ordosi
s — — g%%”em’"" ordosica) 9.5 48 51.2 1.3 15 15.2
S5 A5 Hedy:
Ar WE 20022017 M ‘;?]A() s 10.4 62 783 15 135 453
mongoticum ) | G
%(C korshinskii) |
Ca T 20022017 T;;( 1:;;‘;“";;‘% orshinskd) 19.3 169 130.4 1.8 25 52.6
= IR AR
WU Sali hila)
Sa JTHE 2000—017 0 OW(Selix psammophile) . 5.4 51 119.5 2.5 148 60.2

Wik KR H( Setaria viridis)
Md; 7P, mobile dune ; Sf: 2 B E VDL, semifixed sand ; Ar il B € VD, Artemisia ordosica fixed sand; Ca; F7 45 i€ VDL, Caragana korshinskii fixed sand;Sa:

VHINE VP, Salix cheilophila fixed sand

2.2 PR A R A I

R AKRE M N S HE R GETT T A AR B = e AR e RS AR RS BOT T M IR e e B
WERR 3 4K, R 2R BOE AL AR R | 1 L3R A7 25020 85, 43 IO e AR 25 i S JE T IR, AR A
Ty Hly b BB 53 RO | b 53442, 43 B0 o e i O EORE o VR R TS I AR AR U 1 3 BT A A R TR
I DU ff O HURE AR Z A AR R 200 g (AN 2 200 g Ml 43Rt ) A7 |l SE g 2 HEAR N 105°C 57 2
h,85CHET R AH & |l HAREA AR Y it . PR LT ik 0 S AT A ALK A S I B R
B TR P — R A R S A A I A 2 | I SR P L U
2.3 R E KR A I

B FEARREHL 2> 6 )2 (0—10,10—20 ,.20—40 40—60 .60—80 .80—100 cm ) F£H 3 4>+ 351 , 55— 2
SRR 00 IR 455, DO 2 AR R 3 i, X — 2R A BURE i [l SE 38 = B T, B i
LR R I A ML A S, W AR 2.2,
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(1) M B 2R A i B T
TER (FAS JHIEY)) B A it = VER (AR JRTEY ) A=W i > BER (A JRTEY) SR/ & /R
(2) B3 2R b=

SOC(N) = 3100 x € (N), x D, x H, x (1 - G,)
i=1

K, SOC(N) H HIEZ A & (ke/hm?®) ,C(N) B i LEAEIREESR T = (g/ke) ,DAE | LIREE
(g/em’) H N i LIZEFE (em) G oR5 | LERA RS E (%) .
2.5 FdEaba

TR0 E Ak 3 KA 2R FH Excel & Sigmaplot 12.5 #A4#E4T , IR FH SPSS 20.0 B #E TS0t 56, BEHK
Ho/N i E M 2515 (LSD) #4725 57 1o R 5 (= 10.05) o

3 HBREHS

3.1 EYESTECHE R

Tl A 25 RGN MR S W BOAB 1 2 A ) 6 25 57 0.3 (P<0.05) |, JF BEAF IR 5 B 7 =i 8 1 fan 1Y A8 34 K,
32, BB AEY R R sV (2.95 g/m?) <[ RE VP (63.13 g/m?) <7 [ 2 Vi (300.08 g/m?) <
Fr 2 [ E V03 (650.36 g/m*) <UD E V0 1l (893.86 g/m’) o BRI 2 Vb bt VA HEA ARSI HoAd B B A=
Y UVEAR N 3, HAR RV b R AR W) 1 25 55 0 3% (P<0.05) , 7 S AW 1 Lu A9 43 30l Ry - 2 [ 2 V0 i
(51.56% ) <3 [ V0 1 (83.79% ) <7 25 [E] 2 VD b (85.41% ) < VD[] 72 V0 b (92.06% ) . TEAS [RIK 5 i Bt ,
HEARS 2 E AR Yy 22 55 035 LAY IC L) S 0 + 25 (49.86%—60.95% ) >HE (22.39%—31.80% ) > (16.66%—
18.55% ) (R R [R] i B R AN R] , 4525 B 43 BC Lo A9 AR 9k 02 R -0 B o A8 A LA

R2 TRBEWMREREEYES BT

Table 2 Biomass allocation characteristics of plants layer at different stages of recovery

WK Shrub FA Herbage i AR
I T N e s 7 Total
Sample type Plants b Ru(z)t = Stezn "t Leezf Aboveground Underground thterz/ biomass/
/(g/m?) /(g/m®) /(g/m?) /(g/m?) (g/m?) (g/m?) (/)
Md — — — — 2.13£0.56c  0.82+1.02¢ — 2.95¢
Sf M 0.72+0.12¢ 1.02+0.17e  0.84x0.14e  16.32+1.91b  5.67+1.32a  8.59:4.1lc 63.13d
(/LS 9.63+2.83d  15.21x4.47d  5.13x1.51d
Ar WME 34.76+18.37c  122.76+64.89b 32.12+16.98c  13.11£10.39b  2.60£2.35h  32.92+22.53h 300.08¢
LS 21.55+5.83c  30.50£8.26c  9.76+2.64d
Ca Fr&  138.98+47.23b 302.04+102.65a 90.00+30.58h  33.6346.7a  6.58+0.98a  54.44%8.85a 650.36b

i 3.7322.36e  10.22£6.49d  3.73x2.36d
I7ES 2.32+1.25¢ 3.57+1.92¢ 0.85+0.45¢

Sa UOHI 223.52+119.35a 360.48+192.49a 138.72+74.07a  0.77+0.18c 0.23+0.08¢c  69.98+40.30a 893.86a
WM 22.40£11.96c  41.61£22.21c  10.40+5.55d
[7ES 9.61+6.82d  12.66+8.99d  3.49+2.48d

FISIASR/ING b 7R 22 5 b 3 (P<0.05)

Tie T b X A ) 22— AR AR IR/ i FriRAE, S ECR AR B A Y a8 Fei, B B RE AT B
PRI /NG 7 B i S V0 M (100% ) > 2 & 5E V0 b (34.83% ) > F7 2% & 58 V0 Hb (6. 18% ) > i 8 [ 72 Vb Hh
(5.24% ) SUPHIEE VP HL(0.11%) . AFEWRE By B AR 2 A Py it 25 55 8 3 (P<0.05) , #8 B 20 Bl ¥ 0 b 364
(72.209%—83.64% ) >Hi T #B53 (16.36%—27.80% ) , {553 FiL. b A5 B AE 94 1k 52 TC W 8 AR Ak A . I s Vb el T
R A 7 H XU ™ 5, s 3 TG 8 Y5 0 AR B2, i LAt v b BB R Btk 5 b 3 R Y ) A ) B i R HL 25 9 B
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(P<0.05) , RBAEBE TP HL(8.59 ¢/m”) <iHIE [F VP M (32.92 ¢/m”) <k AR [E 2 VD ML (54.44 g/m”) <V
FEVPHE(69.98 g/m?)  {H F FHEARAEY) & 1Y W 21N, S BORE WAL S AW R 0 g e
3.2 FHBR A =SB R
321 MEERASE

AR RDAAE AN A — A A R A & AR R, A2 & ZUOR BR R IR AR (1.38%) > #%
Y1(0.87%) >EA(0.75%) , FRFNHEAR (46.72% ) >H AR (44.29% ) >JH7E ) (43.28% ) , HERLERE & AR
FEIEA .1 (2.18% ) >HR (1.03% ) >25(0.92% ) , TR R 25 (47.65% ) >H(46.45% ) > (46.06% ) ; HAL A E
FRERERIM LAY (1.11%) >HFH53(0.39%) , S R 1 F 353 (44.80% ) >Hb 1 4r (43.78%) , A
[FIVR A2 B B 9 ) o R AR R L < il v T 1 V0 3 (0.68 % ) <2 [8] 7 V0 3h (0.819% ) <7 A5 18] 5 VD 41, ( 0.94% )
<UDAIN [ SE VD HB (1.05%) 5 &5 B R A YoM [ 58 V0 Hb ( 38.23% ) < 7 2% [ 52 V0 b (42.88% ) <2 [ 5 V0 b
(45.28% ) <Ji & [E € VP 1 (46.72%)
3.2.2 HEHERE G E

Tie AR 2 ZR G 4 2 e R BEAT IR S AN T8 K 4% B B UG £ 22 7 10 35 (P<0.05) o T3k 3, A p
JERAE RN RSN TP L (12.55 kg C/hm*) <2 [ % Vi (294.37 kg C/hm?*) <3 [ 2 VD b ( 1431.78 kg C/
hm?) <A7 25 [ 2 Vb (2997.30 kg C/hm® ) <V & 22 V0 Hb (4114.05 kg C/hm?) |, A 802 AR . s U He
(0.37 kg N/hm?) <P [ 5 VDL (6.63 kg N/hm? ) <7185 [8] 2 V0 1 ( 28.07 kg N/hm* ) <V [ 52 V0 Hh (67.43 kg
N/hm?) <F7 45 [ 2 VDL (99.46 kg N/hm?) o BRI SV HICHEA AL KA1, A 45 B Be Vb M AE 9 2 ik /LAt B 35 LA
FEAN T SR ANE R 20 91 R Y 89.03% F11 88.02% . AN [R5 [y BEHE A B i it 22 5 . 3% (P<0.05)
TOMIE 2 Vb (3842.04 kg C/hm®) >F7 4% [ E V0 3 (2584.24 kg C/hm®) >3l [ € ¥ 31 (1207.79 kg C/hm’®) >
VL (155.84 kg C/hm?) 5 AR R fifh o 22 53 AR 2 35 ( P<0.05) A7 4% 1 /2 VD b (90.92 kg N/hm?) > V0]
52 VD1 (59.99 kg N/hm®) >Ji# [ € VD1 (24.49 kg N/hm?) >2EFE @ V0L (4.42 kg N/hm?) , 55 B BEEAR 2
B E PRGN BCY LIZE N T P R 55.19% AR IRZ (27.55%) , it Bt /N (17.26% ) 5 4528 B A
it 12 0 B AN A ], 2 8132 B i 1 V0 o 25> i SR e 4% 181 5 V0 i R 25 S AR > I VA [ 0 b B Ay - > 25
>HR

B R AR TR R T 5 N, A BIUH 4.14% F1 3.36% , 314G B g PR 5 o5 LI/ N a3
Wt e BN sV b (100% ) > [ 5 Vb ( 33.85% ) >F7 4% B 52 VL (5.99% ) > E; [ 2 V0 i (4.90% ) >
MR VP (0.119% ) 3 BA N R Sh TP i (100% ) > [ 2 Vit (22.94% ) > i85 [ 5 V0 b (4.80% ) > 7 4 [ 2
UL (3.47% ) SUPHIEE TP HL(0.12% ) 45 B Bt FEAS J2 45 4 B ik RUB Tt 20 TG 38 DA Ml 38 0 o8 32, HLde it ot
By REAR)ZE 77.53% , Abk it 5 89.96% . 875 W2 Mk A S AEAE )2 T o LUBS K THROARZ 73518 7.84% Fl
7.61% . FERE IR IR 3k R v RV oy e 280 fith A K A, RISk VDRI ] U bl > A 4% [T v b > T 7S ] VD b >
EREE VL
3.3 LIEEERAE R S B R
331 HEHEEmASE

ANFIFE R S B B 3 ML A2 R 1 25 57 03 (P<0.05) , HL Y BEAT B 1k 2 12 38 n , JH v oA LS 75
RN R HL(0.24 g/kg) <EEE VP HE(0.29 o/kg) < [ & V0 Hb (0.35 o/kg) <7 55 B E VD HL(0.48 o/
kg) <UPHIEE VD HL(1.17 g/ke) s A F N MENTPHL(0.02 g/kg) <P 2 VD HL(0.03 g/kg) <5 A€ V) Hh
(0.04 g/kg) <Hr 2% [EE TP HL(0.06 g/kg) <VPMIEE VD1 (0.07 g/kg) o 2 TR 1A HLER A4 A & B BE
B 7 A S A 1, A Y RE R S I s N
332 LIEEmRAMME

Tl AR B RGN [FIAE K S B B - 33 R e AU o 22 5 3 (P<0.05) , I3k 4, T IE)Z R AAt i R IH . it
BfVPH(3308.42 kg C/hm® 346.32 kg N/hm”) <>f [ VD 1L (4077.10 kg C/hm* ,429.32 kg N/hm® ) <15 [& &
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LB & Soil organic carbon content/(g/kg)
0 02 040608100 02040608100 02040608100 03 0.6 0912150 1.2 24 3.6
T T T T 1 T T T T 1 T T T T 1 T T T T 1 T T 1
0—10 [ - - \ - -
1020 - - 1 - -
20—40 | = = = =
40—60 19 - : - -
60—80 [~ B r B r
g 80—100 Md - St o Ar o Ca Sa
=
5
3 + 34 % &5 Soil total nitrogen content/(g/kg)
,& 0 0.04 0.08 0 0.04 0.08 0 0.04 0.08 0.02 0.04 0.06 0.08 0.10 0.10 0.20
,@é T T T 1 T T T 1 T T T 1 T T T 1 T T T 1
W 0—10 | - - -
H
10—20 - - -
20—40 | - . :
40—60 | L . .
60—80 - - - -
80—100 |- Md b st} Ar Ca

E1 AEREMETESENAINREE
Fig.1 Organic carbon and total N content of soil at different stages of recovery
Md; 75 75 #b, mobile dune; Sf: 2 [ 5E V0 i, semifixed sand; Ar. 31 [# 58 ¥ #1, Artemisia ordosica fixed sand; Ca . ¥y 2% [H] €
korshinskii fixed sand; Sa: Y>HI & 2 V0 Hb, Salix cheilophila fixed sand

Vb, Caragana

bt (4664.71 kg C/hm* 485.70 kg N/hm*) <#7 45 [# % D 1L (6559.50 kg C/hm’ 826.85 kg N/hm®) <VbHjI [ &
VD (15374.49 kg C/hm® [914.68 kg N/hm®) , - 3E28 5 A L & 534 0 5 i) HLR LAt B 1 S8, bR sh VD i
A EBE 1 JZ IR MG KON AR Bevb b 25 8 5 12 AR AT T I R (LR A A PR R4 R B e BE 2 m
TR BB/ N R A S e A R RERE 2 IR MR, XA R £J2 M S ,0—20 em MR A &=
A3 2 R AU 0 28.67%—48.00% | 34.81%—43.58% , Tii 80—100 c¢m 15 7.91%—15.20% .
7.75%—11.57%., IRl ,0—10 em 436 A i o X 53 i 2 w5 i 10—20 em 1.43 1 1.48 £ (Md ZAfiff &= A1 Sf
Wfg 2 RA R, RS SRR BRI S ENE, DR g = S0 B,
3.4 TEBAS RGUK AN T R

Fio A A R G R N 42834 kg C/hm®, UG 3204 kg N/hm* | FURR AU A2 AN R BV 52 B B 43
BAF e K225 (Ca 5 Sa AAG R Z R AL ) . WK 2, 445 R Gohr A 6 52 P BE L 0Pk & A 718 K 1 4
BRI M TP (3320.97 kg C/hm* 346.69 kg N/hm®) <2 [ 2 Vb #b (4371.46 kg C/hm’ 435.95 kg N/
hm?) <7 [ 2 70 Hb (6096.50 kg C/hm* 513.76 kg N/hm®) <¥7 £ [ 12 V> H1 (9556.80 kg C hm/hm* 926.31 kg
N hm/hm?) <VPHI[E 52 V0 Hb (19488.54 kg C hm/hm? 982.11 kg N hm/hm?) . [R5 [ B 4% 2 bk AU 40 i
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THR6EE 8'700€ 6V PLEST 9716 056559 $8'928 1L499p 0L's8y OL'LLOY Te6Ty Tr'80€€ TEHE  [EIOL Y
6L°T0SE €9°8SE  PIEGVEFSCOLLL P09TIFOCTL  P9TLIFRYPEL USLLTFIOCSTL PITILFISIOE  UEL6FTH6S HWTEOIFO6IE  GELSFHOTS  P88'STFOCYOE e 1IFSI6r  wo 001—08
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Vegetation restoration processes
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Fig.2 Carbon and nitrogen storage allocation characteristics of desert ecosystems at different stages of recovery
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