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Abstract

Aims The allocation of above- and belowground biomass is highly meaningful in research of carbon storage and
cycling in ecosystems. Our objective is to characterize biomass allocation patterns of desert grassland in the mid-
dle reaches of Heihe River, Gansu Province, China by providing a detailed study of allocation of above- and
belowground biomass.

Methods We used the quadrat survey method to study above- and belowground biomass of desert grassland in
July—August, 2011. The allometric relationship between above- and belowground biomass was fitted by the
method of reduced major axis (RMA) regression. The vertical distribution pattern of belowground biomass was
simulated by the root vertical distribution model developed by Gale and Grigal in 1987.

Important findings Above- and belowground biomass at the community level ranged from 3.2 to 559.2 g-m™
and 3.3 to 188.2 g-m™, respectively. Above- and belowground biomass of individuals varied from 6.1 to 489.0 g
and 2.4 to 244.2 g, respectively. The ratios of root to shoot (R/S) at community and individual levels were 0.10 to
2.49 and 0.07 to 1.55, respectively. Therefore, the aboveground biomass was greater than belowground biomass at
both levels, and the R/S ratio was higher at the community level. The slopes of the fitted equations at the commu-
nity and individual levels were 1.100 1 and 0.991 3, respectively. Neither was significantly different from 1,
which means the allocation patterns between above- and belowground biomass were similar at both levels and
indicates an isometric allocation relationship between above- and belowground biomass. Belowground biomass
was concentrated mainly in the 0-20 and 0-30 cm soil layers. Root biomass in the 0-20 ¢cm soil depth accounted for
89.81% and 81.42% of the total root biomass at the community and individual levels, respectively. Parallel values for
the 0-30 cm soil depth were 96.95% and 93.62%.

Key words biomass, desert grassland, isometric relationship, ratio of root to shoot, vertical distribution of
belowground biomass
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NS ILHE RS AR R L OC R, TN TR
A2 R g b Rk AN B RS R S ik
PEER B AT H 5 1) & X (Kuzyakov & Domanski, 2000:
Litton et al., 2007; Wang et al., 2010). H i, RISELE
(A CHRISILAE 7 T itk EAEY) & L) 22
i b 7E 2 &R Gk O PR R ) EE 22 2 i (Wilson,
1988). MRS, W LLHIE A H kG I LAY
HHE AN W A SR AT () MR AR 4 E s (Cairns et
al., 1997; Mokany et al., 2006; Yang et al., 2010). {H
AT, PRI A IORE 7 VA I BRI, RISTEATAR K
[{A 2 P (Mokany et al., 2006; Fan et al., 2009;
Yang et al., 2009a, 2010), {3 5L~ A= 4 & 1Al
S VLR AR R S A 5] REAPAE R IR 22,
1M, B R AR S R g LR R AR A A%
Je, KT HER AN ST R A i R BTy
B T BRI R AR RIMAHEOCR, A
%2 H Sl A KA AROR A A (Enquist & Niklas, 2002;
Niklas, 2005, 2006). =K HIRINN, 7EMPIA
PRI B AR R R S R AR R R K
s L, IF Hotb Ee A BERE ) AP 2R (BT
Wy R R 1 R ) RN 85 ) A2 4k T AR A6 (Enquist. &
Niklas, 2002). [FFf, 7EREVKF B, g Ak
TR TR ) M b AR ) 5 S R AR TA) ) AR
A Kk & 75 2)5F B (Cheng & Niklas, 2007). {H 12,
XA KOG RS T T A IR R R 2
JEHAE 52K 5y PR 3 BRI 7 B () e S b, 3 22K
TP ASTIEAR (RS . g, R A )
Ak R — R R AR Y E I A, DU
FORZ R s ARy E AP e LR R
0-30 cm (Jackson et al., 1996; I 3C4L, 2006; #7G
5, 2008), UMM AR R IR SR AR LA
g TR RS RGERE IR AR I L R )
HERAG PRI AR 32 B AR AR R 2 G AR AR,
2003), DRI, T 50 mE t h h A= )  ) Af
RS T8 75 B AR 28 R SR = ) AL 2 6 3
A4 B

HAT, BEE7KP o ERIHL R AE P K/
SYHC, HuR L Hb B AR LR R 2 T A DG AR KOG
RO TTECA RGE, AR IK A BT 5T D
(Brown et al., 1999; Enquist & Niklas, 2002; Ni,
2004; Houghton, 2005; Fan et al., 2009; Yang et al.,
2009a, 2010). AR IAEE R 25 L S W 2 i) AH B A
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Table 1  Above- and belowground biomass and ratio of root to shoot (R/S) at community and individual levels of desert grassland in

the middle reaches of Heihe River

“E¥ Biomass

FEVE/KF Community level (g-m™)

AR Individual level (g-8E™)

FAR  RKRE  BME PHE hE FAR &KME BeME CPEE A
Sample Max Min Mean Median Sample Max Min Mean Median
size size
Mo 1A 215 559.20 3.20 153.60 135.46 99 489.03 6.13 112.85 82.89
Aboveground biomass
R AR 83 188.20 3.28 58.01 62.01 99 244.23 2.40 41.53 30.03
Belowground biomass
REYE 83 530.67 10.87 197.52 184.19 99 660.76 8.53 15438  119.15
Total biomass
R/S 83 2.49 0.10 0.54 0.44 99 1.55 0.07 0.44 0.35
35¢ 3r
N A A
525+ 5
220t 7 Sl
F 2t N
= g‘ o & e
| 7 =1y logAGB = 0.991310g BGB+0.4482
0 Y7 —— =z R*=0.631, p<0.001
0.0 0.5 1.0 1.5 2.0 2.5 0 n " . R )
0.3 0.5 1.0 1.5 2.0 2.5
30 B
3
25+ 7 B
20+
B2 st 7 82
R o 7 <
m 10} 7 :o]nl
5L L
AGB = 1.100110gBGB+0.2029
0 U 2 vl logdGB=1.1001 log
0.0 0.5 1.0 1.5 0 R”=0.714, p<0.001
R/S 03 05 1.0 1.5 2.0 2.5

BIL SRR e v R I (A) A AR (B) ARG T
(RIS) I3 Aii o

Fig. 1 Frequency distribution of ratio of root to shoot (R/S) at
community (A) and individual (B) levels of desert grassland in
the middle reaches of Heihe River.
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Fig. 2 Isometric relationships between aboveground biomass
(AGB) and belowground biomass (BGB) at individual (A) and
community (B) levels of desert grassland in the middle reaches
of Heihe River.
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Table 2 Allocation patterns between aboveground biomass (AGB) and belowground biomass (BGB) at community and individual

levels of desert grassland in the middle reaches of Heihe River

¥ REST R’ p AR (95% A7 X [11]) [ p (HoRb=1)
Level Sample size Slope (95% confidence interval) Intercept p (Ho:slope=1)
B /KF- Community level 83 0.714  <0.001 1.100 1 (0.977 7-1.237 9) 0.202 9 0.112
B Y EE Salsola passerina 28 0.213 <0.05 1.091 2 (0.768 6-1.549 2) 0.259 0 0.620
A3k Sympegma regelii 10 0.400  <0.05 1.659 8 (0.915 0-3.010 8) -1.1471 0.090
21> Reaumuria songarica 13 0.521 <0.01 1.137 3 (0.729 1-1.774 0) 0.305 3 0.549
%A Asterothamnus alyssoides 12 0.651 <0.01 0.693 3 (0.462 4-1.039 3) 0.896 3 0.073
AR Individual level 99 0.631 <0.001 0.991 3 (0.877 3-1.120 1) 0.448 2 0.887
BB EE Salsola passerina 19 0.468 <0.01 0.793 3 (0.550 6-1.143 1) 0.762 2 0.204
43k Sympegma regelii 16 0.881  <0.001 0.910 4 (0.747 8-1.108 5) 0.296 2 0.326
ZI#» Reaumuria songarica 29 0.656 <0.001 1.032 7 (0.820 9-1.299 2) 0.456 6 0.778
258K Asterothamnus alyssoides 35 0.731 <0.001 1.022 3 (0.851 6-1.227 3) 0.469 7 0.808
3 PRI R BT VE RN A K AR R A ) AR AT
Table 3 Cumulative distribution of root biomass in community and individual levels of desert grassland in the middle reaches of
Heihe River
K TR A% WAL BT 0%
Level Soil depth (cm) Sample size Cumulative percentage of root biomass
B/ME Min BRKME Max 1 Mean
BEV /KT Community level 0-20 20 48.78% 100% 89.81%
0-30 20 61.88% 100% 96.95%
AMEKF Individual level 0-20 99 44.20% 100% 81.42%
0-30 99 61.02% 100% 93.62%
43 HC el Allocation proportion WIPIESELENE K |, +33K F20-30 cmiR &
—_ 0.0 0.4 0.8 0.0 0.4 0.8 = 2
£ 510 % 7. L4 3T 715 1 72 204 A i 1) A 28 3 0 A 17 O
Z o T 4 A SR R 1403 96%, ik P AR ]
B 30-501 1699.99%, Ut W] IZAR AL G AR I b 4055 PR AT vh il e
iégolz X . LR AR B MR B A L B

B3 HEIAT e T AR ) ) 2R B4 AT CPIAME AR
HERZE). A, AP B, MK

Fig. 3 Vertical distribution of belowground biomass in desert
grassland in the middle reaches of Heihe River (mean + SE). A,
Community level. B, Individual level.
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I B=0.8623 | B=09164 ] B=08421 B=09134
R*=0.9993 R*=0.9861 R*=0.9618 R*=0.9927
p<0.05 p<0.05 p <0.05 p<0.05

0 50 100 0 50 100 0 50 100 0 50 100

i B=0.9080 i B=0.8917 i B=0.8707 i £=0.8621
R*=10.9940 R*=0.9886 R*=0.9950 R*=10.999 3
p<0.05 p<0.05 p <0.05 p<0.05

0 50 100 0 50 100 0 50 100 0 50 100

K £=0.8504 i B=0.8924 | B=0.8922 i £=0.9041
R=0.9874 R*=0.9946 R*=0.9896 R*=0.9966
p<0.05 p <0.05 p<0.05 p<0.05

0 50 100 0 50 100 0 50 100 0 50 100

i B=09116 B=0.8108 B=0.6785 [ B=0.5975
R*=0.9819 R*=0.9999 R*=0.9759 R*=0.9932
p< 9.05 p <0.05 p<0.05 p <0.05

0 50 100 0 50 100 0 50 100 0 50 100
B=0.908 6 i B=0.9670 B=0.8736 i B=0.9032
R*=09719 R*=0.9944 R*=0.9975 R*=0.9924
p<0.05 p<0.05 p<0.05 p<0.05

0 50 100 0 50 100 0 50 100 0 50 100

LJZWEE Soil depth (cm)

PR R 20 S R R KRR A B IR B . B A S HL.

Fig. 4 \ertical distribution of root biomass of 20 sample plots at community level of desert grassland in the middle reaches of

Heihe River. g, fitted parameter.
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Fig. 5 \ertical distribution of root biomass at community and
individual levels of desert grassland in the middle reaches of
Heihe River. A, Individual level. B, Community level.
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Table 4 Comparison of above- and belowground biomass and total biomass in different grassland types

2 o bR R A MR SCRHR AU
Grassland type Aboveground biomass (g-m?)  Belowground biomass (gm?)  Total biomass (g-m™) Reference
i 5 A 183.4 1140.7 NA Ma, 2006
Meadow steppe NA 24157 NA Ni, 2004
1224 643.8 NA Fang et al., 1996
I 103.4 590.3 NA Ma, 2006
Typical steppe NA 1777.7 NA Ni, 2004
135.1 553.9 NA Fang et al., 1996
e A 50.1 277.7 3278 Yang, 2008
Alpine steppe
U B 5 45.1 270.1 NA Ma, 2006
Desert steppe NA 1038.8 NA Ni, 2004
34.2 855.0 NA Fang et al., 1996
JACA N 153.6 58.01 197.57 This study
Desert grassland 135.8 NA NA Jinetal., 2010
0.96-1.93 NA NA Xiaetal., 2010
0.1-0.7 0.7-13.5 0.7-13.6 Southgate et al., 1996
PN 5 A 106.9 650.8 NA Ma, 2006
Temperate grassland of Inner
Mongolia
e [ 97.0 604.2 701.2 Piao et al., 2009
Grassland of China
NA, TTHdE.
NA, no data.

HRE FER T A A R 1R TE L (R/S)
Table 5 Ratio of root to shoot (R/S) for different grassland types at individual and community levels

LN SR B AKCE AMAIKF
Grassland type Community level Individual level
FEA KA HME HHE FEA BKME  BMAE E
Sample size Max Min Mean Sample size Max Min Mean
AEk Global 46 26 0.8 4.5 324 7.33 0.05 0.59
€L Alpine meadow 73 13 0.8 5.2 65 17.72 0.21 0.47
T FEELJEL Alpine steppe 39 12.7 1.4 6.8 36 10.23 0.26 1.68
HAMHLJE Meadow steppe 18 14.7 1.9 5.2 34 5.36 0.30 1.11
LRI E R Typical steppe 54 19.9 0.4 5.3 47 8.16 0.29 0.67
S H R Desert steppe 44 32.2 0.4 6.3 25 12.48 0.25 1.40
FEd R L Desert grassland 83 25 0.1 0.5 99 1.55 0.06 0.44

TR B K B ARG R . ANMAKE 4 BREGE B E EnquistRINiklas (2002)42 (it it 1%, JEAt AN /K S50 >k B Wang 2 (2010) i 3¢
Wke FEVE K 164 R K 11 Mokany 5 (2008) (6 Sk FEVA /K F 99 5 . o 2 5[5 0 K 11 Yang (2009a, 2009b) 1) SCilik; BE& /K F
FREIR . MW B | SRR RO K T SCALR R 2 (2006) Y SCHR -

Data of desert grassland come from this study. Global data at individual level are extracted from the database provided by Enquist and Niklas (2002);
other data of individual level are from Wang et al. (2010). Global data at community level are extracted from Mokany et al. (2006); the data of alpine
meadow, alpine steppe at community level are reported by Yang et al. (2009); the data of meadow steppe, typical steppe and desert steppe at commu-
nity level are reported by Ma and Fang (2006).

AMMRIZM K [FIN, Prer R paE ity ADEHROK, ARAE RN B RBR K3 R KR4 R
AT, BKD, EREKREAEL30-150 mmZ i, FIT Ky, X SR ECT W AR LU IR L
P, 527U OB R LT, BEFTCR ADREEARNEARCY T, RAARRIED, JF HHE
PR AR Z LM oK SR B R Bk 2AFRR Z KA EZRBR, W%
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FIFEH RN S, JCH R A A R A
IRKRERE ERTfevhosE 7 HEVK I A4 = (Bai et al.,
2004) . FLARAIT ST 25 SR b ) A e SRR
FE LM A 2 2 DLR AR ) O 32 B 1 M (N,
2004; H,3r4r, 2006; #oiy, 2008). L SC41(2006)
WIFFT A 1) e B 2 M () DL 3 ) B 2 155 (Stipa), TA
W I e B B A A i - 202 DL AT . B2k
FER GRESENE, 4R AR INEEAR
FEHEAR, GRBERN L, BEVR S5 M AR ] 5, 1228
BEARMR AR LT T, MRS, BRI, R
R RN )R £ AR .
AR BT TT R AFAE B 2 5, il
X AR A S AR K (1 SCAL, 2008). FTA
W90 2 K IR BRI, 75 DLR AR R 3 1 R 4
WA TERIR, HPRACH, TR AR, MR
EHOR RES PRUEICRE I B S M. BIFFEIX M 22 22 /)
R, BB, BN, BUONMEL, MR DLER M
R, AR D, A AR EEIORE, AR AE R
UE PTR80S B R AR M, WO i Bt 7 DX T A
ey RO HE T HBMRIZ IR R 715, RERS AL b
WA RIS bR AE R Ol . MAZKE B R R
FUERR, ASHIE TR L R PO AN K- (R A AR HL
FERCA IS, Hodisr R iy /NICRE, 4 T
WA AR /N AT B AR A S B RIS B A I i = A= 1
oMo Rl AMARKCE )45 R S HER K 45 R R
AR G i — 3k, M A RSN T H A
&, TR I EURE R 1R 2 B R A 1)
Tik, WA TR KRR J7 BURE IS A] REAE A1 IR At %
ZE 1P ) A, DAL DO T A S ke R A K P AR ) B
PR AT HENE

AHIEGE NIV 7KV FIAS AR IK P 3 B 1 1 0
M AR R (D), Ik S AR SR B s AT
T B AHFFCRE AT (R oy A=
EEE ] A T4 R B JE AR SCE, IX AT g S AN IR
W R AR 2 22 S R G o SR g o
FRIEAI 5 BAT AOE IR 2R, W LU RS2 1 T
K, PRI AR R KT AR, )
(Nitraria tangutorum). #&#2 (Haloxylon ammoden-
dron)&EHaY) . AHITFTIX 32 Mg ML AN 358 5t 1 1)
oM, TERCT CLRIRE N REAR S ANEEAR N T
TRV, RRARRBUN, JF H IR, G5 A &
JRIKAy, HWOR AR RN T B, Wiaih . B E
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SR . R R X AR UL, S S
A R L AN S VA A R A (1) R A
I VAR 11 v A2 A 5 2 3 28 sl P88 1 O R AR VP o
g TR T R R 0 C R (FEMRR, 2007). BEAk, AHF
T AT B 5 4 BRAN R KT 1 Bdis LA AR
GFIAT L, (HBER AP bS5 AR KT A2
BOR, MEAKCE BN T REE AT, gy
A ERORTEE P AH O o R 0 L R A A R . (L,
BT AMER B K IRISHIATE S, Z 7R K, 3
AN PR ZK T IFIRIS RE U M s WUV 7K ST TRIR/S o
32 M EFMTEMEMEXRERXER

Xof AR PRORH 5 Hb 2R 25 R 48 (W 9T 45 R 38 R
A A R AR AR KOG R (Enquist & Niklas
2002; 341, 2006; #5704, 2008). AT,
AR, R, B A T LR K
(4=1d, 2000). X Fhei AR RGNS, Kot
FORR IR 7, e OP 2R AR UG, MR T 3K
R BE TR 7K 43 7840 DL RO RS AR G B A R 3%,
VAR R A AN TR # E H 43 i DA RE S A A
KA AR K, M)A 52 3] A2 K BRI DR 35 110 B ol e
A K SR A A e 52 B o T R S 2 L 4 52 R
DA 2 M f K 2% B B AL 2R, ER e 7K 43 ) )
PEARMGIN, FEA) 2K TE 2 (K1 7K 3 FH A= ) 43 e 45 1
N4 (Bloom et al., 1985; Chapin et al., 1987). 5
2, FeBE L PAE A TT e o O 2 N AR )
YERRER, AT AT K A3 e . Bl 7K 43
(in ), wes i AR A R G A S AR B ok
RET KA, RETEFEREKKR? f
SRS R I, T R AT R X VR AT b
M N AV RS CRN S, EKSBREE, BAR
M EFIHL N A LA AR A B R 2 e, R BT
AR A BRSO A O (FEAR R, 2007). Y
IRy R FE IR I, AN TR DX ekt |5 4 R A4
RS BT S R K, AR X S R
W RAR DA E K A B 2 S, (HIR TR g2
0] & A 2 35 A 9% 9% & (Niklas, 2006; F2 #5k 4,
2007; Deng et al., 2006) . AHFFERMAZS HT 145 H 5
R, BEE RIS R H 2R R R 51
WA &2 (p > 0.05), RWTCIe WK M BEL 2
A RE, B A E K TR A&, H
o BRI A i A Qe A, R R
BIAR LA e L B .7/ bR M NEACE 7/ B /o 0 s 9 B K i
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AP B SE R (A T 45 SR R, R
R AR 23 B R B SRR AR KA L AT
RO ARSI AkE. 4
WO R BE AR AP AP Tl Je oy SLRG) BRIV, 0 3
Mo ERIHE T AR LS R AT R IR, AEREVE R
AMAKCT L, M EA AR o B A 7 A A
ARKIR . S50 5 FERGE(2007) BT 45 18—
FE MR 2 (2007) 0] T2 B AF 42 11 00 FTAR AR IR AIF 0 I,
o B S A R IE b, A AR KRR A
51 41.0911.06, FF A2 AR K AR

PRI T i 3V Y b AR U RS A 7K ST 1 B
M AR A R R AR L M o T R KO R R AU,
WM b A e vk i A S R AR, R2y
il 20.714 F10.630, R K T4 BR 5 b v 1) 6 B A
0.12 (Mokany et al., 2006), iX ] G155 AHIF 5T KA
TRV — . SRR R G, REVEAKOT LA IRIRA
KEAMIK, HBE ZRAK, SRR
TF T RS LT M s et A 2 7K1 TR AIE

TR KA AR o RO RIS, TEH 2
D72 FEATE ST Fr A R R (1 b R A
TER KR E EA Y & 4 e T R4 5 AN oK 7
AR B B A7 AE 2 5 (Weiner, 2004) . {H %2
MR BT, e RO I& i b R 2R
RN A, I B RS RGEWIR R KR
FI AN A K ST R R AR 4 R A o 0% R oK Al
B IRV AT s B N A AT R A
L%

33 HTEMEMEEST

A LA GalefIGrigal (1987)4% H! 1R R
SRV b AU T AMAFIRER K EARR T
e B A . Jackson (1996)%5 | H T 48 kK 11
250 M N AR AT STEE R, XL T A R RE A D e
R T AY R E AR, 48R EoR, #EN
(30 AWy O A B, b IR T AR A R AT i
%, RN T E 20 A5 SR S 1R
J70-30 cm#fl & A AR S I83% (Jackson et al.,
1996) (1) 45 FLHEA 5o AHIFIT X e 55 2 il e AR
DL FEARFINEEAR D F, (AR R BT 8k
J2+, ANTR] T A DR R SR AR, SRR RT R
BRI AR AR LN . BERIEES . Ak 5%
ANERER, AH TR e L A S, AR R MR R vk

AR PRI B R A R AR R R 217

] I 7 X ) - J2 SR B i v, — %30 em LA R AiRAd
TEBE, £ EfEE LREm TR AR FEK.
FIH Gale f1Grigal (1987 )45 28 % 1 ¥ 7K - I 5 il
AR K TR REL AR (AR 28 20 A 15 00 R AR 4L 45 SR 34 1R
Uf, SRR SERR G SRR R ) 7, 7R
T IZ RS B (R A A, GaledAl
Grigal (1987)#5 ) g 4 4f Hb R FE A

B2, AR SCMANRFIEE DA KT 43 53 5 2 ]
R S TR B b b R R AR R IR a4
THEGE, S5 REH, MERBEE KT R Y=Y
ANF AR, (H R AR A 1 A AT
SRR OCR, MEKT EAY R ROk R
B AT B AL AR, BIAN AP AR =
(1 43 P 380 995 4 S5 T80 A KSR, MK IR T BB
U b Sz e R BE VR K IRRFAE,, 1K A ) T8 o — ANk
REEREAT ROBE EHE, DL T MR B S R
GerEY) I oG, TR, A2 R SRR A KR 1)
SENR, AF ST DX i R () R AR AR R A
0-30 cmffy HIEER . ARSI TS R e ts b Ui
Al SIS DX AR s R i e, B A S ] i S
B b AR ) 2 B A A DL R R AR A
gt EARHL R ) R IR R R AP 1 2%

EEWMB FEAF ke -3 A % R (XDA-
05050406-3).
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