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Carbon sequestration characteristics of a warm shrub tussock grassland ecosystem in

northwestern Henan
LI Lin, ZHAO Wei”"

College of Agriculture . Henan University of Science and Technology, Luoyang 471023, China

Abstract: Dynamics of shrub populations are important factors affecting the carbon budget of natural grassland
ecosystems. Shrub biomass and the soil carbon stock beneath shrubs are among the most uncertain components
in grassland ecosystem carbon accounting. Warm shrub tussock is widely distributed in hilly areas in north-
western Henan and comprises a ‘typical’ (i. e. reference) regional vegetation type. To elucidate the carbon se-
questration characteristics of a warm shrub tussock grassland ecosystem, the carbon density of above ground
shrub and herb biomass, and the associated soil carbon density were measured in seven plots of different areas
in northwestern Henan, and ecosystem carbon density was calculated. The mean vegetation and mean soil or-
ganic carbon densities were 2360, 07 and 4610. 47 g C + m ?, respectively. The vegetation carbon density for
shrub vegetation was 981.63 g C «+ m~?, while that of the herb layer was 1387.44 g C + m~*. The carbon densi-

ty was mainly contributed by the roots, which accounted for 93. 04% of the total vegetation biomass. For
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shrubs, the root biomass was 41.51% , of total biomass; for herbs it was slightly more. The soil carbon densi-
ty accounted for 62. 80% of the total ecosystem carbon density. Across the seven plots measured, there were
differences in the characteristics of ecosystem carbon sequestration. For vegetation carbon density, the plots
ranked: P,>P; >P,>P, >P;,>P, >P,, but the difference was not significant (P>>0. 05). For soil carbon den-
sity the ranking was P, >P, >P; >P; >P, >P,>P;, with significant differences between P, and P,, P;, and P;
(P<<0.05). The ranking for ecosystem carbon density was P, >P, >P,>P; >P,>P, >P,, with P, being sig-
nificantly different from P,, P; and P, (P<Z0. 05).

Key words: shrub tussock grassland; biomass distribution; carbon density; northwest Henan
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Mo DX, P 2 Bl Ll 2 R SRS AT A B A o b B R b e A RS AR SR S R
H(Ziziphus jujuba) HEIH] (Vitex negundo) KM (Periploca sepium) KM # K T (Lespedeza caraganae) % ,
TR TN R B (Bothriochloa ischaemum) \FIHAA BT B (Themeda triandra) . 5 i (Digitaria sanguina-
lis) %,

1.2 #RZ*

1.2.1 HEHbE#E 76 20 20 90 AR 4 [ 5 2 AU RN 2000 4 M A B JE AL L 25 A 1997 — 1998 4F 5
GO0 el T T P R A 2 R R TR VG AU b DX T R A M L T 2017 AR T R A AT .
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B 20 m E 12 4 5 mX5 m BYFEARFETT , RIS FEREARRE TS NBCE D 1 mX 1 m I ERAR P TT AR AR S
AR W) R0 SRE IS R AE O AT R 5 A A IR,



28

ACTA PRATACULTURAE SINICA(2019)

Vol. 28, No.

5

x®1

4 S 5% 5L

Table 1 Basic information of the sampled plots

FEHL MBI A bR MR W R LEREK AR BRI THE R W i 4 AR LA AL RN L L,
Plot Location  Altitude Vegetation  Soil type Annual  Mean average Composition of Dominant species
(m) coverage precipitation temperature shrub species of herb
0 (mm) Qo))
P, 113.73°E, 471 65 B 54 5 672.1 12.8 RS HOH R R PR IE, R R B B
36.05° N Calcareous LKL T Ziziphus jujube , Vi- Dy Bothriochloa ischae-
stone soil tex negundo, Lespedeza cuneata s mum, Arthraxon hispi-
Gleditsia microphylla . Lespede-  dus, Themeda triandra
za floribunda Digitaria sanguinalis
b 1365 E. - 0 —_ 1501 . TR R, R BT IR MR SR R B
AR AL IR LG V. ne- B B, D JE B, ischae-
35.80° N Stony soil
gundo, Z. jujube, Artemisia mum, Setaria viridis, T.
capillaries, G. microphyllas In-  triandra, D. sanguinalis
digofera  cassoides,  Periploca
sepium , Spiraea chinensis
P; 114.68°E, 517 53 PR L 606.5 14.5 AT KRR T L R TR AR B S0H L KR B
34.91° N Brown soil LR B Sk R ischaemum, Artemisia la-
Artemisia gmelinii, Lespedeza  vandulaefolia s A. hispi-
caraganae » Z. jujube, Indigofera  dus
bungeana, Cynanchum thesioides ,
L. cuneatas Amorpha fruticosa
P, 112.72°E, 362 53 (RN 681.5 14.2 ORI, Z AT PSS AR R BT B LS
34.52° N Cinnamon 2k 25, Wi &L V. negundo, P. W B. ischaemum, T. tri-
soil sepiums L. floribunda, S. andra, A.hispidus
chinensis, Zanthoxylum nitidum
P;  114.05°E, 424 60 (RSN 519.6 13.8 WO R BRI RS, HAEW, R B E B
35.70° N Veligast KO R F L OO B2, L FAY ischaemum, A, hispidus,
Cinnamon V. negundo, Z. jujube, G. mi- D. sanguinalis
soil, crophylla, S. chinensis, L. cara-
Calcareous ganaes — Rhamnus  bungeana
stone soil Cam pylotropis macrocarpa
Py 111.96°E, 729 65 o+ 662. 4 12.6 By e s, b, Z AR T B BFIUE L BTRA B L
35.01° N Loessial WL AL, 26T BB F Vibwrnum 8 A. lavandulaefolia, T.
soil schensianum » Cotinus coggygria,  triandra, D. sanguinalis
L. floribunda, V. negundo, Z.
Jjujube, Lespedeza formosa
P, 113.38°E, 1234 76 R 1 560, 4 14.4 WAL BT MR, 2RI R BB B R, Y
35.47° N Brown soil T ATHI B AR L Sk BE B ischaemum, T. tri-
V. negundo, Rubus coreanus. C. andra., A. hispidus
thesioides, L. floribunda, P.
sepium, 1. cassoides, Leptopus
chinensis
1.3 AHhEen

.
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J& Cheight, H) R /NG 72 B B LG ] US04 i A 2 4F 9B B L B i R i i (H>2.0 m, B 25%0; H=1.0~2. 0 m,}X
50% s H<<1.0 m,HC 100 %) LA K s b 98 7& 90 . B 25 BRI 2% 5T 2 M 3080 2 F 65 ‘C F 48 h Mt F/E ke . T
AR AR Z I E R MR . fEEADEARET R 7.0 cm BEH 3 855 A IE. 0 0~5 em . 5~10 cm 10~
20 cm+,20~30 cm.30~50 cm.50~70 ¢cm.70~100 cm 3£ 7 A~ 42, 7E 0. 125 mm F H i vk T3 0GH 65 CHLT
FE AR A U AT 58 S L KR RE T N AR K I T A R AT SR AR IS I AR RS 65 CHET
FEHE, HIERSCRET LS EAR)ZR R EY EAF 525005 P95 = BT N AL R LB 24 b
JE I 35 9% (0. 200 mm) 45 .
1.4 #Hakfe L3 BFEE+E
14,1 REBEA BLAR B D0 R0 % B T 5 K Carlo-Erba ) NA1500 70 % 43 A1 A I 5 M 1 4 90 35 14 L
WA B = 5, 455 % A Y AR R .

Cd=a XM
Hf.Cd iR (g C o m™ ) sa HAMAR S V0 ;M b Falih FAEY R (g« m ),
1.4.2  H 3 P S 2 00 AR 2% 5 53 K Hl Carlo-Erba ) NA1500 7€ % 4 B 400 72 + HE A7 HLAk & i .
Wi HEAIm S & HIERE .+ EEESESH0TE A ML % E (soil organic carbon density, SOCgy» g
Cem ?):

SOCymy= 2, D X 0, X C, X (1 —6,) X 10
i=1

K on AEBEGD, AR L ZEEE (cm) 0, W HIEFETE (g cm ) C AR L2 HIEEVLKR S OO0 R
>2 mm BiA &8 R,
1.5 HELHE

S Microsoft Excel 2013 #EAT5UHR# # , S%H SPSS 18. 0 # 4 One-way ANOVA #5547 80 [ 5 05 2243
Hr#il Duncan £ HE (a=0.05) . KkHH OriginPro 18. 0 #AF/ERE
2 RS54
2.1 AWM ERBHELEMEMR

IR 2 AT, TR PG L b DA ) A9 12 e 3 B AE K2 B9 A ) i RN Sy P > Py > Py >P, >P, >P; >P;
BAEA T 1426.08~3193.47 g+ m 2, Pk 2231.41 g« m 2 (HLFEH A Y 22 R R B E (P>0.05), #
KRIZE 2B EY = INT R AR R > B HEC M > iEY, L N F R Y iR 2076.37 g » m™ 7L b
PP A R 155,02 g o m 7, AS[RIVRE ML B 2 AR W 22 S ECOR L IUT ARl . P >P, >P, >P, >P >P, >
P, PR R 4261.01 g+ m 2, H Py i KN 7060.21 g+ m 2P, e/l 2280.3 g e m 2, HZE LR
3 (P<0.05), FARZAY & K/ANT R AR R >R >0 54 Y0 3889.52 g« m ™, M 2 °F
ik 271,49 g« m L H TN AE Y R I R T B AR R R M R VR R R A W e KNI A P >
P, >P,>P, >P; >P, >P, , FH AW N 6492.42 g« m *, Hi B Z AW 8 (65. 63 %) >WEAKR)Z(34.37%) .,
2.2 WEBEE

W1 7R, &4 HUHE R 2 Bk %% B /MR - P > P > Py >Py > P, >Py > Py P B B 70,17 g
Cem >, Hh P, gk} 102.43 g Cem Py /PR 44.54 g Com *H - HEFIHF AR EFE(P>0.05, HEAK
S5 2T O B R NIT R A > 0 B >R > PR s b R R O 30012 ¢ C o m 7 {HOR[E] A
Bk B FE A RE M 2 [R) 25 S AR B (P=>0..05) 25 FE M FOAS R b [ ik % B OR/IMRIR Ol P, > Py >P, > P, > Py >
P, >P, , RS R 103.01 g Cem *, HH P, fix kKN 192.88 ¢ Cem *,P; /M N 61.46 gCem *, “HZ
[i] 22 53 W & (P<70. 05) , BUAS 236 KRB 55 B RNy . P =>Py >Ps >P, >P, >P, >P; , V-1 % 8y 65.87 g C »
m 7 HARE N 22 KPR B (P>>0.05) . JAVE WA B R /MRIKH P, >P, >P; >P, >P; >P, >P, . V¥ %
JEH37.13 g Cem >, HH P, g kKK 104.22 g C o m 2, B3 KT HAM 6 DFEHL (P<T0.05), AS[EIAE HbH |-
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B30k 2 P86 R 2 > R 2 AEUAS TR R A 2 4 b i 8 R 22 e 3 (P<<0. 05) JHFERJE 22 7 A 3% (P=>0. 05),
2.3 MRAREE

1P 2 Al MR AR R BB % R 2195.88 ¢ C - o L VE R Z AR R B K /NBUT R P>
P, >P;>P, >P, >P; >P; PR E N 911.45 g C» m *, i RUHIAR R GBREE LAY 41. 5126 AH 7 A FE i [8] 22 55
HARE(P>0.05), FAZMRE ER/NMIK K P, >P, >P,>P, >P;>P, >P, , F R 1284, 43
gCem . HP P, KN 2192.66 g Com ,P, H/NF 469.82 ¢ C» m *, Fi 2% R EE(P<0.05),

R2 ERMARBEREVE

Table 2 Biomass of community layers in each sampled plot (Mean£SE, g+ m™?)

=3/8 o P, P, P; P, P; Ps P; T

Layer Organ Average

#E A JZ Shrub layer I F Leafl 49,31+ 47,33+ 29,92+ 59,26+ 81. 15+ 34,82+ 84. 43+ 55. 17+
25. 14a 9. 18a 4.15a 16. 10a 22.18a 7.39%a 38.50a 8.01

#H AL New branch 22,57+ 8. 74+ 11.81+ 17.39+ 14,17+ 24,85+ 41,46+ 20. 14+
16. 27a 2.24a 2.99a 6.12a 2.83a 2.46a 22.10a 4.16

#Z A% Old branch 91. 10+ 40. 03+ 42,42+ 61.35+ 109. 71+ 40,94+ 78. 474+ 66,294+

44.50a 5. 88a 9. 25a 13. 45a 29.67a 14. 34a 19.03a 10. 44
%W Litter 9.944 19.55+ 20. 84+ 14. 05+ 23.404% 0.00b 6.194 13.42+

3. 40ab 7. 86ab 9. 00ab 4. 45ab 12. 66a 3. 80ab 3.22
& Root 2591.87+ 1922.46+ 1663.22+ 1725.65+ 1197.64+ 2450.87+ 2982.92+ 2076.37+

513.21a 1045. 11a 354.57a 765.42a 324.48a 788.01a 891.12a 234.89

BT Total 2764.79+ 2038.11+ 1768.21+ 1877.70% 1426.08+ 2551.48+ 3193.474 2231.41+
500. 96a 1031. 46a 350. 61a 748. 43a 295. 56a 782.17a 927. 64a 235.94

KA JZ Herb layer %K Living 189.73+  197.51+  168.22+  178.34%+  108.69+  177.05+  125.46+  163.57=+
31.05a 32. 16a 24, 42a 37.83a 13.01la 44, 82a 12.23a 68. 74
JAVEY Litter 83.15+ 263,73+ 51,47+  149.75+ 48.76+  123.50+ 35.09+  107.92+
11. 91bc 46. 18a 7.53c 15. 64b 4. 44c 31.37b 11. 69¢ 88. 90
R & Root 4642. 15+ 3604.81+ 2297.30+ 5221.91+ 6902.76+ 3137.95+ 2119.75+ 3889.52+
306.03bc  294.96cd  307.45d 615.15b 923.99a  473.96cd 6.79d 648. 52
B3t Total 4915.03=+ 4066.05+ 2516.98+ 5550.00=+ 7060.21+ 3438.50+ 2280.30+ 4261.01+
309.67bc  330.47bc  308.16d  625.54ab  893.55a  517.57dc 20. 68d 647.42
H: ¥ )2 Biological layer 7679.82+ 6104.16+ 4285.20+ 7427.71+ 8486.28+ 5989.98+ 5473.77+ 6492.42+

504.34ab  1250.58ab  601.53b  1228.09ab  1415.31a  1427.62b  1178.09b 547.13

TE [ S RN 0 R 22 53 8.3 (P<<0. 05) . T 1A,

Note: Different lowercase letters in the same column indicated significant difference at 0. 05 level, the same below.

2.4 ML EXERFE

WP 3 FroR o W2 1k T B DAL B B 2 1 0 2360. 07 @ C » m 7, R 2 M Bl AR 4% 1 KM IR O . P, > P >
P, >P,>P,>P,>P, , EHi %R H 981.63 g Com 2, i P, Sk Hk 1428.25 ¢ C » m *, P, /K 630.65 g
Cem * (HFEHL 22 5 OF AR 25 (P=>>0. 05) , BUASJZ A 9 % B KN Ry . Ps >P, >P, >P, >P; >P, >P; , F
IR AR 138744 g Com 2, P P, ek R 2254.12 g Cem 2P, fe/N N 533.72 g Cem 2, “HZEER
3 (P<0. 05) . H1 LA &85 5 AT, S [) R MR B e 2 B0 AT T ML R U OR 2 AR R OB B O R B R
83.76 % ~96.02% , KA AR FR B B (5 AR LR Y 88. 0290 ~97. 27 %, - S IR M A A 5 LA [ R
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Fﬁo %ﬁi&iigﬁﬁ%ﬁﬁ/J\Wﬁﬁ:P1>P2>P6>P5>P1>P3>P7 ,¥WW§E% 4610. 47 g C- m ’ 9/\':':' Pl
R h 8426.29 g C o m 2,P; fx/N R 1794.3 g C o m 2, “F Z A2 R B E (P<0.05),

70 T  — ul}):'l_ Leaf 140 . o

3 a T2 #i k% New branch 3 . — @15 171v1_ng

£ ool &3 ¥ Old branch = 120} C=23 J ¥ 1) Litter

“E S {75 Litter a % .

2 - w2 L 71
i 5 ~ 50 o G ?i(apf_\loo a 5
BE'S 82 g
:é"c « 40 [ W a }ﬁ-c . 80F 5 a
"‘1 g & a a N NS —‘—1 g O
2L | a HE2 ol 4
S 5 30 a a q S 5 b a be
xKEE a a -y
g3 20 [|a & a a L ga 3 40T |y

= ]

3 . aNa 2 5y 317 c c

> 10 [ N a a a > 20 c

5 a H a B

= S

5 &3 a b <

P, P, P, P, B B, P P, P P, P, P, P B,
Ff 3 Plot Ff Hi Plot

B 1 JEEitih FREE
Fig. 1 Aboveground carbon density of each sampled plot
AEING FhE 7R AN A RE 8] 22 5 2 (P<<0. 05), F A, Different lowercase letters indicated significant difference among different sampling

sites at 0. 05 level, the same below.

~ 1800 1 a ~ 30001
E 1600 | F a
a w 2500¢r
< 1400 | a a ) a
3 1200 F : B2 000
3 £ %32 a
H = Shw ab
3 < 1000 | i B -
W 2, R& 2 1500
= 800 a B
"_g a 'ﬁ'-g q be
"] L -
e 600 2 1000 c
2 400 = <
! S 500F
2 200 f 3
: 2
S 0 . i i A . . : 0 : i A . A ; .
P, P, P, P, P, P, P, P, P, P, P, P, P, P,
# 3 Plot # 3 Plot
B2 JFHMREBRTE
Fig.2 Root carbon density of each sampled plot
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Fig. 3 Vegetation and soil carbon density of each sampled plot



32 ACTA PRATACULTURAE SINICA(2019) Vol. 28,No. 5

2.5 AARGHBEL g 160001,
R R G A MR P> O ab
P,>P, >P,>P, >P., ES ARG TYHEE S Sz I
i 210000 abe  abc
6979.54 g C+ m *, Hrh P, f k2 11349.89 g C » Eg 8000 | )
r 35 | C
m P, JE/NK 3733.06 g C o m P, “HZEERE Lo 6000 ) ;
. . . S 4000
BEP<0.05) (B 0, LREFHBEESES 2020_ ﬂ ﬂ m
Z G L4 B Py (74, 24 %) =P, (73, 38%) > 2 ,LL . . . . . .
it P, P, P, P, P, P, P,
P, (70. 8%) > P, (62. 21%) > P, (58. 61%) > P, B e
(52.56 90 >P; (47.7700) . HARJZ LB ARG H4 SRMESRGRTE
JER 12.39%~30. 9200 HEARZ G AES RG R E Fig. 4 Ecosystem carbon density of each sampled plot
(4 8.2620~38.02% . BEPEHE B A 25 R S8k 2%
25 [8) 3 A0 P8 R - 1 R A 2 R 2+ R 2D T A 3 e 285 B 2 AR 78 3R G %% B Y e R ORI,
3 itig
B e ) G A 7 07 S il b A 285 2R G ik e Y 32 R U L AE R W G A 7 ) AR AR RO T AR S R G R M b

AR B B o 9 B A A 25 R e AR S — A R W 7 Bk 3 A A BR Bk T 7 R A 3R T P R 9 AR
FIS o AW gl 25 A R SO ) BRI B AR b LR B TR A AR RO AR ) A [ 4
O3 LR W)k Ty BN A2 A0 S P KR o [) A 38 52 AR ) 3 A5 AR R R 22 S o o AR B L 0 TG BEOE , R i i
T AR A A% P R 43 IO ORI O A S PR AR L DA A BRI U DA A R A A R i IR 2 F
IR A A, 8 2 23 T B 22 R URAE ARG M 5 110 24 7K 23 3R 23 52 BRI, B 2 B R 23 R IC 2 3 R AR =Y 0 AR v g
HE B NEAR JZ 45 28 B AR BN U O < AR R > R R = ik 7 = i Y 1 B AS J2= AR W /R Ry < AR AR >
R P 7Y JCIe R R 230 I W2 T AR W 3 ] A oy 7 b L 39 T R PR O A T B A A TR Y
AEHBIX B AR TR Pl 3 X A ARG R ST o T R AR W AR R S (R UK 2 T 0 T 5 A 9 R R ) e 2 A
RIGEA R OAT B HE A W) B AT 50 T 2R W e AL R B B 23 IE 20 38 B B K2 > RO R > 4
VEIET R T PR R 5 R JZ B0 U Y AT 43 o T AR O A B A R A 2 A% i T R
WRITAS R KW AR Z AW /N T HRARE 2RI X R AR Y Ff 25 R 5 O HL B0 W S R v
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