A& 2017, 41 (1): 62-70 doi: 10.17521/cjpe.2016.0038
Chinese Journal of Plant Ecology http://www.plant-ecology.com

e ESEHEMRZERHESERE
W RN T W RARES AV RERY

Lo [ ok o b e LA T SR, P 810008; 2 AR B 260 T T A 9B, 75 810008; P E AR K, b 100049

W OE A IER A=A 2 R B A S KRG WG RGN EE RN, RS RGBT
PR —ANRHEER K. T R m IS W R A =), 1% 30 B 48 AN AR 1181 4: 5 1 (Potentilla fruticosa) i A\
A RGBS W BIBKEE T S AR AE AT T RIS . 45K SBATRENTVEMTREE . VIR E . L8 HLm
SUREF > 9: 5 088.54. 542.1. 35 903.76/141 534.4 kg-hm2. 4 FEAEE M BEA 5 5 A AR AR #5(49.5%-56.1%), #EA
ERREE G AR R B JE68% DL b REA Rkt 32 B4 T AEAR B (59.6%-75.1%), WA ZE TR AR ) s A E
22.5%. 4 FEMERE A B AR T 2 P O AR T ob [ 6 E B E AN 246 (10.88 t-hm ™). TE & B b, HIRBR % E S A K
e, 7 B E1186.4%
KREIR AR L TR R, BRSO R

SIS MERATE, K, 7, BFE, Bk, FEIE (2017). HiEH = 2840 T RE TR E B K H A R, A&, 41, 62-70. doi:
10.17521/cjpe.2016.0038

Carbon density and its spatial distribution in the Potentilla fruticosa dominated alpine shrub
in Qinghai, China
YANG Lu-Cun'?, LI Chang-Bin™*, NING Yi*?, NIE Xiu-Qing"®, XU Wen-Hua"?, and ZHOU Guo-Ying"*"

INorthwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810008, China; 2Key Laboratory of Tibetan Medicine Research, Northwest In-
stitute of Plateau Biology, Chinese Academy of Sciences, Xining 810008, China; and *University of Chinese Academy of Sciences, Beijing 100049, China

Abstract

Aims  Shrub recovery is recognized as an important cause of the increase of carbon stocks in China, and yet
there are great uncertainties in the carbon sink capacities of shrubs. Our objectives were to estimate carbon density
and its spatial distribution in alpine shrubs.

Methods Eight sites in Potentilla fruticosa dominated shrublands across Qinghai, China were investigated. Plant
biomass and carbon content in leaves, branches and stems, and roots were measured to analyze the biomass allo-
cation and carbon density.

Important findings Mean carbon densities in biological carbon, litter, soil and whole ecosystem of P. fruticosa
shrublands were 5 088.54, 542.1, 35 903.76 and 41 534.4 kg-hm™, respectively. Carbon density in the shrub layer
was more than 68% of the biological carbon density of the whole ecosystem and was mainly distributed in roots
(49.5%-56.1%). Carbon density of the herbaceous layer was 22.5% of the biological carbon density of the whole
ecosystem and was also mainly distributed in roots (59.6%-75.1%). The biological carbon density of P. fruticosa
shrublands (5.08 t-hm™) was lower than the average carbon density of shrub communities in China (10. 88
t-hm™). Soil carbon density contributed the largest proportion (86.4%) of total carbon density in P. fruticosa
shrublands.
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Table 1 Basic information of the sampling plots

/A5 AR a3 K iz PR TEARNFNLE K
Code  Location Latitude (N)  Longitude (E)  Altitude (m)  Average coverage (%) Composition of shrub species
Q1 HHETIR 37.22° 101.24° 3399 50 4§ Potentilla fruticosa, tiZE# Salix oritre-
Menyuan, Qinghai pha, #1145 4k% Spiraea alpine, Y i 8 %% JL
Caragana jubata
Q2 HUEARE 38.05° 100.21° 2973 65 4 §2H#F Potentilla fruticosa, 1LZE# Salix oritre-
Qilian, Qinghai pha, milLZ54k% Spiraea alpina
Q3 R =) 33.02° 96.50° 4132 60 4 M Potentilla fruticosa, LLiZE#I Salix oritre-
Yushu, Qinghai pha, =145 4% Spiraea alpine, T H 7 H:HY
Rhododendron thymifolium
Q4 g5 37.25° 100.15° 3614 60 4 FMg Potentilla fruticosa
Gangcha, Qinghai
Q5 RN 37.31° 99.19° 3567 65 4 M Potentilla fruticosa, L1740 Salix oritrepha
Tianjun, Qinghai
Q6 RO 37.29° 101.43° 2959 80 4 Mg Potentilla fruticosa, 1liZE# Salix oritre-
Datong, Qinghai pha, ¥ Hippophae rhamnoides
Q7 T 35.85° 99.92° 3579 65 4 FM§ Potentilla fruticosa
Xinghai, Qinghai
Q8 HgETTEH 35.47° 100.74° 3583 60 4:# M Potentilla fruticosa

Guinan, Qinghai

1 m x 1 mffy SR XA AR AE Y i A N T

WCER/INEETT R B AR MR VR W, FREXEE S &=
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30-50, 5070, 70100 cm)%k B +-#f .
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FE b A HLRSCR: FH E2 B R B A AV I 5 (45 Qa3
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#35 FExcel 2003F1SPSS 18.08F #4745 114>
Hr. #ESPSS 18.07, KA GLMH Univariate ANOVA
I3 HT A A ER R 20 BTl AR g Re . S, RE A
TENRDENER, EME. SRR B AR NBEHLIA
# . HDuncaniZ:LbiR & 54 A R R Hb 45 B g AR
B OFBOR. BEEENESR, BEKP Na=0.05.
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HR27] 15, 548 A [F) R Hh 4 55 A0 R
AR A T5 952.05-12 023.80 kg-hm™2 [,
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Table 2 Biomass of the Potentilla fruticosa shrub ecosystem in different sampling sites in Qinghai (mean + SE) (kg-hm™)

ERIZE FEHL Sampling site Py
Layer/organ — — - - - - - - - - Average
verrorg TR HEE | RN TR SEAR  HEOE | TR i 9

Menyuan, Qilian, Yushu, Gangcha, Tianjun, Datong, Xinghai, Guinan,
Qinghai Qinghai Qinghai Qinghai Qinghai Qinghai Qinghai Qinghai
EAE 0 391.81 + 665.50 + 598.030 + 753.39 + 42565+ 106554+  580.96 + 105752+  692.30 +
Shrub  Leaf 42.45° 41.65° 23.65% 90.58" 68.75° 91.63° 45.58% 98.76° 53.89
layer ¥ 267735+ 308358+ 452730+ 354854+ 231381+ 205572+ 220673+ 419833+ 307643+
Branch 478.95%° 468.43%° 1014.2° 135.69%° 445.49® 446.22° 119.62° 864.11% 248.61
I 340582+ 474591+ 553802+ 571592+ 321259+ 411984+ 323950+ 676794+ 459319+
Root 822.31° 831.42%° 235.86™ 675.68" 852.82° 605.00% 17857 599.21° 321.39
it 647498+ 849499+ 1066336+ 10017.85+ 595205+ 724110+ 602710+ 1202380+ 836192+
Total 1231.8° 1205.1% 897.24™ 900.44™ 918.99° 1060.2% 302.16° 1536.0° 549.46
N 406.21 + 762,57 + 153451 83452+ 140272+  340.36+ 683.52 + 72774 + 836.52 +
Herb Leaf 64.50° 115.41% 292.50° 48.88% 684.49" 119.32° 128.13% 58.50% 116.46
layer R 143843+ 176169+ 985247+ 548623+ 549434+ 73505+ 127449+ 161209+ 327415+
Root 388.53° 45.60° 2780.3° 1915.2° 1125.2° 264.70° 155.68° 253.11% 753.52
ot 184464+ 252426+ 1138698+ 632075+ 6897.06+ 107541+ 195801+  2339.83+ 429337+
Total 441.05° 160.98% 2973.4¢ 1964.0 17105° 380.29° 277.09® 285.17%® 838.27
T 13524 + 165393+  2846.63 + 826.93 + 11225+ 89757+ 907.57 + 36577+ 124666+
Litter layer 149.86™ 42.58° 504.94° 19.22% 143.50™ 116.48" 97.57% 65.34° 158.05
= 0672.02+ 1267318+ 2489697+ 1716553+ 13971.61+ 921408+ 920241+ 147294+ 1394065+
Biological layer 1635.3% 1319.4% 43215° 2217.8° 2643.3% 1184.5° 647.34% 1.364.9% 12223

ARG FEER R AN FI R ) 7 7 582 (p < 0.05).

Different lowercase letters indicate significant differences between sampling sites (p < 0.05).

11 386.98 kg-hm™2 2 i, “F-14 94 293.37 kg-hm ™., %
ARJEH R AR KT B . HiEA
[F) A5 1 4 5 Mg VEE AR 9 ) )2 1 A= ) & ) 1 365.77-
2 846.63 kg-hm™2 [i], “T-¥41 246.66 kg-hm™,

T8 AN [F) R Hh 4 53 Mg HE VR Y R Bk
INHEFE R VKR Z(60.26%) >E A Z(30.80%) >1H ¥4
)% (8.94%), HEAJZAY) &P &5 L B 2 s T 5L
A JZRVENZ
32 S&EBRWEMNMIMEAEYS. AEYRIEEREGN
wREE

TG AN [FIRE 4 B3 M HE T3 Bk 430 N
45.12%. 44.86%. 44.44% . 44.02%. 44.16% . 45.04% .
44.53%. 45.15%, AN[FEFEHLAEAR E Y SR =
FAEE@P>0.05), EARSBHEFHEWREAEE
5, RILNE:(45.26%) >IH(45.15%) >42(43.69%)

LA JHIEZ S 3R 30 N 34.6%F143.0%,
PR THERZE TR . HHA A FREMEARSSEE
5 B R AE31.0 %—-39.5%2 []

+:4%(0-100 cm) & Ak F A T-0.79%-12.29% [H]
(#3). HEAANFFHEZ0-10 cmEIE SR
T AR E g, FLBE 4 2 R B0 B R R
W, HA IR TE B AT RRIE .
33 SEMWENMEN. FEYRTIERREERS
fLig

HHR AL R 4G, 5128 A [ b 4 55 1 E

3 HIGE RS B E A SRR (%)
Table 3 Soil carbon contents of the Potentilla fruticosa shrublands in
different sampling sites in Qinghai (%)

FEHh + /2 Soil layer (cm) Gt
Sampling Total
site 0-10 10-20 20-30 30-50 50-70 70-100

Q1 9.98 8.02 8.54 3.36 1.60 0.79 32.29
Q2 9.86 9.19 6.63 3.05 3.71 1.03 3347
Q3 9.78 7.00 5.71 4.38 3.83 3.69 3439
Q4 9.03 6.81 5.80 3.49 3.19 252 30.84
Q5 9.42 6.18 5.66 171 1.73 244 27.14
Q6 3.55 5.06 6.68 5.53 4.07 - 24.89
Q7 12.29 5.50 413 443 4.72 4.59 35.66
Q8 8.31 6.70 3.27 2.83 2.70 2.58 26.39
15 9.03 6.81 5.80 3.60 3.19 2.52 30.63
Average

-, FERUEAER70-100 cmffy L35 dy TR A IR BRI REHARTD L.
—, 70-100 cm of soil was not obtained for the reason of gravel. Sampling site
see Table 1.

VEARJZ 00 AT AR 22 (L), B FE /MK IR
N:Q6>Q3>Q4>Q2>Q7>Q1>Q8>Q5, T
N3 698.6 kg-hm™. THHEAE AN [FIRE 4 75 Mg A
A JZ 5 T 43 Be AE AR50 (49.5%-56.1%) o HEAHE_F- 351
3 () B8 o VR S22 P T LU AR VA Q3
>Q1>Q5>Q8>Q6>Q2>Q4>Q7, HEANZmH
FE b S S RGEYEE EI68% L, b, 5 %A
A R G & FE R LL 4 i Q3 (2.54%) > Q6
(1.28%) > Q2 (1.1%) > Q5 (0.96%) > Q1 (0.86%) >
Q8 (0.51%).

T HEAE AN [F) R 1 4 e Mg HE A B S i 2 5 72
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Fig. 1 Carbon density of the Potentilla fruticosa
shrub ecosystem in different sampling sites in
Qinghai (mean + SE).

BRGKEF R 28 Q8 (93.7%) > Q7
(89.4%) > Q1 (89.1%) > Q6 (87.1%) > Q2 (86.3%) >
Q4 (85.5%) > Q5 (83.8%) > Q3 (71.1%). HiLA 45 5%
WEL, HEE R RT TSy, RHER
WESRGZFERZZMRANRRRMER, 2K
HHTRE AALE RS 43

TG AN [E 2 4 R M VEE N A 38 R o 22
FHEE(@p < 0.05)&IN: Q8 (56 690.44 kg-hm™) >
Q6 (46 590.36 kg-hm™) > Q4 (45 314.53 k kg-hm™)
> Q7 (40 145.66 kg-hm™) > Q2 (39 292.04 kg-hm™)
> Q1 (37 682.39 kg-hm™) > Q3 (34 600.11 kg-hm™)
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> Q5 (31 959.64 kg-hm™?), “F-#4 941 534.40 kg-hm 2,
& BMFHENER RGWEE S M0 ART 5N L3
B> E>TIE D o

4 g

41 STEHENEYE

T8 AN [F) R b 4 75 A E A (19 2 ) 1 (A A7 7E
FHER, XA S RFEEHA S A 5. A
AT 5T 4 5 M A A ) 1V ST ¥ 4B A 13 940.65
kg-hm™, 5 & & 5 25 (2013) I BF 70 (“F ¥ 1E A
6 766.4 kg-hm )ALLK, X AT AE R B oA
TF 5 v 4 55 Mg HE A TR AR ) 2 B 35 BE R 2 (8 361.92
kg-hm™) . %A 2 (4 293.37 kg-hm™) H1 5 3% ¥ 2
(1 246.66 kg-hm™), i £E#% & 58 2 (2013) (M WF 52 7,
G BAMHENN AR ROSEREN AR, AT
Forf, 4 BEMEHE TR ZRETEY)Z A &4 A
R AE Y 130.88%A18.97%, &it S & B AES
RGN E1)39.85%, it B 4 55 HEHE M KA JZ A
FEDES & B ENES ARG EYER — 2R
Wiko H HIHE A BB AR TR AR 8 T R N A
JZRETEYZ A (X R RS, 2013; X4 4,
2015), IX{E— @ FERE LARAS T HE AR Rk
Wi, o RS IRy, K IE NS R G
A AR
42 SBRWENBNRESE

HREEBEWENERZ TP EHEN
44.66%, 4 &M % 4% B O KR AE44.2%-45.22% 2
], 3X 5 H 55 e 25 (2011) I B Fe 45 SR — 2%, B
TR R R AN A B AR R AR 2 R, AR
47%-59%. DRIt GnSR vk SRR B 1) 58 LL0.51E
N R EL, SR I E AT T8 T 5 5 4 L SE B4R
mEARIK. N T Rt — SR AR RS R g
(RE g R Ak B, HEAT R AR S R G R B e 2
JEH LB .

TEE & 7 M HE N AE S R 40+ 3835 1 (0-100
cm) A HLRR & F 20 5 ~: 9.03%. 6.81%. 5.80%.
3.60%- 3.19%. 2.52%, i BHRE 2R R N g
R TR, B WEEES AR, X 5T
(2012)%% . 1% T I8 25 (2014) BT 0 45 5 — 3. LAk,
ANF] L B A WU & &4 0 5 438 E MLk (0-100 cm)
A [29.47%. 22.22%.18.94% . 11.74%. 10.43%.
8.23%, UL HARKZE LRI A WK R L, 2
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R E TR E A —E M TTER, A5 ZBEIRE T
TR R DTk, W) 2 43 R 1) - 38R 2 FE I AR, TR
UEAE T30 % B A S, 2055 FE IR J2 3
[)4i# £ (Jobbagy & Jackson, 2000).
43 SBRWENREZEERSTES

AHFFA, G M HE ME AR B A= MR PSR
5.09 t-hm™, 475 HeHE M E bR (0 26 W B 25 1 W 6
T34k 3 4= 45 28 26 (Spiraea pubescens) ¥ M
(5.91 t-hm™, Z=W7 5145 2014)H1# (Corylus hetero-
phylla) M () A B 4 P (12.81 t-hm ™, ZE 11 593 2%
2014), A% T HH< 1545 (2006) 78 4 [F R A
Wt BE )T A% (10.88 t-hm™) o 7 211 25 (2009) (1 iFF
FARIN, EEH XY AHARTER . SFEBIE I,
2 it B AF 45 4 1% % (non-structural C) & s ik & &
W, SR, AR s S I 4 S A A A W 5
B, TTRES LAR AN R R 0% (1) 4 B g HE AT
VRN 5 AN S TERE MR L, 4 FE M HE T
A W B /N (1l 2B W0 (Salix  oritrepha): 23 566.54
kg-hm™% T B 7 4 B9 (Rhododendron thymifolium):
18 530.09 kg-hm™; f#f Hi {¢ (Sibiraea laevigata):
26 172.22 kg-hm™; 4 Hg: 8 361.92 kg-hm™); (2)5
TIAE K. G BN E B AR, 2
NG T IRBONIE, BT PR W, 1
P M AE 2 b T A K RIAEIRES, I F B F A
B R, AVEEVNTE R RS, 1991).

TE 4 B RE N, HIEA UK A &K
H, N 1186.4% . 5 AR B FE E b LE R,
G 55 MEVEE M\ (1 - 48 4 LB 25 7 (35.9 t-hm™) BARAIK
T AR £ AP B % (1233 thm ) (2T
2008), LT Hilm 5 s dE Bl miRF- 3 A WLk
(65 t-hm™2)(Yang et al., 2008), {HFH4 M3k 57
PR 2l B 5 1) 29.12%1155.23%, B AESE T
T 0 e J e FE E M\ e P AE P [ ) 2 A R
e A g B A

WSS OA IR REER I, AR 4
M HE N 10 BB (4153 thm )Mk T A b
(201 2) T 71 Hp 75 ¥ 51 10055 V5 U 4 o A HE TR S i
f(62.34 t-hm™, 63.01 t-hm™), 18 EC T %X
L ARARI 5 P (161.2 t-hm™). {HJ& 4 FaHEHE M
SRR FE A B35 ¥ (Populus  cathayana) s ik 55 Fi 1)
25.8%, X Ut R VE N IR 2 AR T 2 B AR AR,
{RHATS R R — e B IR o DRI, FEIEAT XIS AR



B RGUE LA, MEARAERAEN . (HA2, i
A RARMARLACRRI LI RE VP4 FRIBIE 7E KB 70 #R
AU R (SRS, 2009), XS XK L
Bt B O VPAt 2 SR AR o PRI, i i A i B FO T
FORF IEBA R AP AR AR AR R AT 2

BEEWE FEAS R &A% 5 (XDA-
0505030304) . # 4% A& a4t T £ % 57 (2015FY 1103-
0001)A= H K AH ¥ 441 %]7 B (2014BAC05B01).
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