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Analysis of biomass allocation and allometric growth of three
Sterigmostemum species in Junggar Basin

QIU Dong', ZHOU Gui-ling', LIU Tong-ye?
(1. Key Laboratory of Grassland Resources and Ecology , College of Prataculture and Environmental Science
Xinjiang Agricultural University , Urumgi 830052, China; 2. Altay Agricultural Bureaw, Altay 836500, China)

Abstract: The ephemeroid plants are an important and unique component of the early spring herbaceous plants com-
munity in Junggar Basin of China. The study on relationship between biomass allocation and allometric growth in
ephemeroid plants will contribute to deepen understanding about their survival strategy and ecological function. Sterig-
mostemum tomentosum , S. fuhaiense, and S. sulfureum were used, the total plant biomass of mature individuals were
obtained by using excavation in the field, and organ biomass, allocation ratios and the allometric relationships among the
three species were compared. The results showed significant difference in organ biomass and biomass allocation ratios a-
mong the three species. S. fuhaiense had the largest biomass, but its ratio of root to shoot (R/S) and the ratio of leaf to
shoot (L/S) were the lowest. S. tomentosum had the smallest biomass, but L/S was the largest. S. sulfureum showed
the largest R/S. The R/S of S. tomentosum and S. sulfureum declined noticeably with increasing of plant biomass, in-
dicating that allocation of aboveground biomass (AGB) and belowground biomass (BGB) were strongly influenced by
plant size (biomass). The biomass pair AGB — BGB of S. fuhaiense showed an isometric effect (i.e. their allometric
scaling exponents were 1.0), while the other two species showed allometric effect (the exponent < 1.0). The biomass
pair AGB - LB of S. tomentosum and S. fuhaiense showed an isometric effect; whereas S. sulfureum fited the allomet-
ric relationship. The biomass pair LB — BGB of all the three species exhibited a common allometric scaling exponent
(0.816), showing a strong functional convergence. In conclusion, there was no consistency between allocation pattern
and allometric relationship in three Sterigmostemum species, but it represented the biomass allocation characteristics of

ephemeroid plants.

Y75 B #A: 2014-03-23

EEWA : [[}K A ARESRLEITH (31160038)

YEEE NI AR (1986— ), %, HMEKFT N, W05 A WF5 Jr oA 8RS R G4 o E-mail: giudong501 @ 163. com,
BIEEE R, 2447, FENFHY RS HEA S K FEMHEY TS . E-mail: xjzhougl @ aliyun . como



216 T2 X AR A5

LRV

Keywords: Sterigmostemum tomentosum ; Sterigmostmum fuhaiense ; Sterigmostemum sulfureum ; biomass alloca-

tion; allometric scaling exponent; ephemeroid plants

Az Wy A ) A R AR A W R R S RE MR
— VT RIAE BB R A SEA KRB 2R R
SR A B S AT A R 25 R — A H R IR B
1 #2 (ratio — driven process ) , H: 35 B2 32 18 ) 1 it 4% 4
P CH SR LT ) MIRSEAA PRI S RS AR
TR TEA [ AR A B B A= Wy R e 25 k22 [ 1Y
iR E ST ONFIE2 S EPEyN =21 e he i
ANF R E] (A% R G800 32 EARSR AN TR S BERE)
AR A AR EE HR AR — AR 3 AR 25 A9
AR 0,

T A PRTE e R AR VR I T3 70 B B K 7 Rl
kAL T 18 22 A0 56 AR KB 5 (allometric relation-
ships) , H H SCII H RE A2 A4 1% S SR s p 22 S BT MG
Az R 5 A K (isometry ) 1 57 32 4 K (allometry )
POl HLE I W, JCe AT YA 4 SUE SR TR
ALY, Hotth b T AR R O S A K
KHREFIRECH 1), R AW 53 F el T 4
W ) SRR RN 3/4 WS KRB0,

B AR ) 2 e O A 2 AR G ) E A AR,
TERER RSN TR ER (B Sl 28 I A 7 T AR
WY REPE DT AR S B M-8, H,
KT IEB AT YY) R LRS54 5 DO RETT THl A4 AT
FH 2R EMAC 1, K ( ephemeroid
plant ) & 1 1) /R F7e 16 - R AR A 1Y) E S 21 R 4
LR A R AR s AR A 2K
JeL AR A T Y AR R R AR R IRC R AT (R B
7 KA E AW R R AR R Bl
A DA SE S B MR 27 R, T HL B 5 1Y)
JURA ) B4 2 4 i 43 B Rt A RUAT ) 10 100

BRI Sterigmostemum. tomentosum (Willd.) M.
Bieb. | . # 1 8 B IF [ Sterigmostmum fuhaiense H. L.
Yang | F1 85 A6 R IT [ Sterigmostemum sulfureum (Banks
et Soland. ) Bornm . |44 Jy HE M8 /5% Sic 15 5 DL 288 6 iy A
Pyt R INEAR R BB R, B R
Yy oy FO A A KOG R, AT TR AT 2 J A i
Wiy A A A 55 A S T RE SR L S s

1 W5 X AESL

MR Sl SR S 5 0 T v I IR A .
RITR E A PG AT B KD bR (46°11.47 N,
83°35.7" E), #iF#HERITR A 25 HUAR I & 26 L i
e AT X (45°22.6' N,89°28.5' E), i AEHE T

K H ZE R R B R ST HE RS LT 111 (43°47.7" N, 87°
34.2' E).

FEH B FIE B A M AR pa 3, 3 30 AF R WOk
R ARSI R 5. 3°C, B B s RN
40.2°C , B IR SR N - 36.6°C. = 10°C 1Y H %k
J132 d, AEFRIE N 2 345.9°C, -y H MR
2839.7 h, Hr H BH 53 = 60% 1 H %l 237.2
do TR T 242.1 mmo EX ARG AL K
BRI, A T B R 45 ( Seriphidium ) , - 3E2R Y
okEgs A 5)

B AR X A TR R B A B A
SRARAP X A0 X, 5 2000—2007 4R 42 %R
RO A R RE S 24, 3°C, #R AR IE

45°C 57 AR N 20.5°C, M i v iR 38.4°C 5
SRR R 1.99°C 5 AE Y /K i 186. 8 mm, 4F I 1E 2%
KEIR2 090 mm, 5 FEAE Y FEH R ( Haloxylon
ammodendron ) . 3¢ B ZZ ( Ceratoides latens ) . 5 A Wk
(Anabasis ) F28 5 2070 AR 5 4 A 11 BB e 386, &
R it £ 15

B ARFEALT R B , R R 2 b e o
JRIRA KR T R A%, BRI 2K, %2 B LR
S0, TR . KR 1983—1996 4EA L e k8) | 1y
R FFAERD Lo 1L b ARSI 7. 5°C, W o e TR
B 37.7°C, Mo i IR 19.1°C, TBFE M 172 d,
= 10°CH R 2 549.7°C, &4F H BR Bk 2 561. 1
h, AEFE KR 266.9 mm, 4E 784 & 2 731 mm, f& 4
R 10.2 £ “FIIAEXLEE 58% , ki 8
H32% B 2 Ao 78% , TIRIE 4.2, BN
HIFe B S v o 5, R W £ B2 A e gk 32 . /N &
(Nanophyton erinaceum ) il 4838 J1L( Caragana acan-
thophylla )% , 1 3E2 TR0 Hy R4 + F 4T - 115)

2 BHROTIE
2.1 HEYIEERAFR

FrA IR T 2013 4E 6 A tpARAE, 1B
B X E 2 DS AA R, KR 10 m x 10 m,
I FH G A2 i 72 5 AR IURE iy Py £ FFAE 1) 43R R
T 3 PR PIAE AL 43 3 R 28 .20 1 22 #k . B 5F
FRAE ) oh Pk T8 J5 , 43 R i L R B3R 40, B A
UFFRIC G B S A A8 N o AEAIRR S [ S e
F 75 CHEFE AL 48 h, DIEIERE S 58 24T
2.2 EYENEFRE

FEYIRE TG KRR W T AR R (it
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Lol B AR 0 B R B (RSP RG D 0..0001 g) o
STH A A 4y (M EAE W) RE AGBL MR AE W) B
BGB. B4t TB M A=Wy LB) B9 A9 K
JIN, FE AR T EE (root to shoot mass ratio, R/S) AR
56t 1Y (leaf to shoot mass ratio, 1/S). 4= f8FrY
K HIPFEIE + FRHEDR (mean + SE) IE A4 1
2.3 BREBEZITSHT

Xi 3 FiEYIH) AGB.BGB.LB.TB.R/S J L/S ik
4T One — way ANOVA 5387 I Levene’ s test 1 5
T 22 S, T 25 55 MRS A Tukey” s HSD test i
T2 FEHE, Jr 22 A FF I E A T2 Tamhane’ s test
WA ZE S R/S BN G E A i) 1
P A AN 3 R EROK S B, ) FH 5 e /) - 3fe [m]
5| (ordinary least squares regression, OLS, Bl Model
Type DFFE] H B 7 B AIE EIFE Excel 2003
5E, One — way ANOVA 73 H77E SPSS 19.0 HraH,
2.4 REAEKSH

S KO R R Wiy A A% B T RE G R A
FHE LT BOAER . S AERKRATURRN Y
= B X, Horp Y SRR A Y AR BSOS TR, B 2
PRIEAL R, X 45 MR KRN, o SR KRB,
a =1 FEEHCHR, WIS R HAZ R 5855 T
B a1 5 AR, BRI PR 22 5 3 72 B[]
B AE B A e Tl A K ST, 4
B R B R 1gY = 1gB + algX 020 A
FH B 32 5l 18] )3 ( reduced major axis regression, RMA,
B[l Model Type I1) 7 5315 Bl I A Y A 45 45 .95 % &

fEIXIE(95% CI) K ZEL(R) o *HEALZ )5 1)
o R R R BB 2 5 Bt R P RHE 1g 8 2k
P ] U AR

RS A KR (o) PR (1) B35 55
AR o BT7 225317 B R/S BE MRS (B Hl
AW ) A AR R R ECTR B X e 3 A
SMARTR #fF52 i 2
3 R 50
3.1 3TMEBERTEEAYMFZEEMENE

3 PR SR IT B AR B AR o B T L 3
Z5W (£ 1), AGB.LB.BGB F1 TB ¥ LU 5 #:
BT R R I e/ LA TB Ry ], 46 i 4% 5T
hy 8.812 g ik !, BALER I RIS IT 4000 4.932
g MR TURN 2,320 g MR, (HUR, BB RIT A I
KA R/S(1.465 +0.265), H K R TF (0.796 +
0.089) FIHEEHE SR IT (0.504 £ 0.041) i R/S FEAAH
& B HELRFEES. LB HEI(L/S) LI RIT
gt K (0.479 +0.026) , HU 2 i 4B R 57 (0. 365
+0.028) AR HEEFE T (0.248 £ 0.026), =& Z [A]
P2, el W, 4 R IR (TB) i
KH L/S FiR/S Fe/dhs B8 3T B AR /N, B L/S
K T AEAE R IFIY AGB J& BGB 13F 1/2(R/S =
0.504), H LB i AGB 9 LL ] 4% 35 174 (L/S =
0.248) , LHH AL FIFAR (I FIZE 19 4= Y s /0 i B
B2 h 2:1:3,

F1 3HERTEEYH LEVEMTEYE MR EYE. EREYERBILFMEL
Table 1 Aboveground biomass (AGB), belowground biomass (BGB), leaf biomass (LB) and total plant biomass (TB),

ratio of root to shoot (R/S) and ratio of leaf to shoot (L/S) in three Sterigmostemum species

YIFP Species N il AGB/g 1N BGB/g M A 1B/g MR TB/g WK R/S L LS
FeRIT S, tomentosum 28 1.479+0.262b 0.841+0.085b 0.668+0.105b 2.320=0.338b  0.796+0.089b  0.479 +0.026a
EIERIT S. fuhaiense 20 5.865+1.117a 2.947+0.581a 1.59420.450a 8.812+1.601a 0.504+0.041b 0.248 +0.030c

FAEBIRIT S, sulfureum 22 2.526+0.394b

2.405 £ 0.354a

0.948+0.126ab 4.932+0.695b 1.465+0.265a 0.365+0.028b

T AU T B3R 22 53 B (P <0.05)

B 25 AELAR AR /N 38 i, B SR T RN B e R
I R/S B AR B 3 N R (18 1), R K
Mo b R AR o A7 BRI B ZL R i (H
[Fi]— 7l A, AR5 A 1 40 LA DG AR 1) b L
MR AEY RSB . AR IR SR IT I R/S Bl AGB
A HE T B S U, 150 B LA 0 T 5 S AR R )
Tk, IR B, 8 R IF (- 0.5056) Fil 8 48 B 5T
(-0.4719) /9 R/S B AGB ZE LAY W45 B0k A W%
ZF(F=0.045,P=0.826) , £ WM ARAIE K, —

Note: Different letters in the same row indicate significant difference (P <0.05).

H I R/S A AH [ 1) ol 5
32 3SHERTEEYRELEYEANREEK
X&E

3 PR IT R HEY) AGB - BGB [f] ,AGB - LB [
L) 1B - BGB [M3 AW 2% (P <0.01) FAH A
KER(E 2,5 2), X T AGB - BGB, ¥ I+ 45
BRI R AR SR I = A K AR 531 0. 679
1.129 F10.699, = #2558 & (£ 2), FHEKK
B R AR R A S A KOG R B R T
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AR o B A . BERIT R R T IN o
=3/4 B HEAERKER (95% BEI5 X B4 E 0.75),
HoH KB EFEES, B F R 498 ik =R

PINFH B AR, Wl T 3 N FF AGB - BGB [H]
SHEARKER R EES, =B RA RN S EE K
8%

2.5 [ ]42 [ 60 M i g .
Fe W I+ S. tomentosum H i BT S, fuhaiense WA TS, sulfureum
2.0 jO )=0.4689x0.0088 o
» y= 0.7088 05056 09r O o I;,z —0.0003 o y= 1.4239x°0-4719
= ' 4.0t 2
Z,5@ K= 0.5408 z o [F7005 24 R*=0.5144
Fﬂ Q P <0.001 206 o) [¢) o e P <0.001
= F =) ©?° =)
= 1.0 (o) = 0% i
- 03 © o © o =
05 (pgog o 31 oo
0.0 L L 1 ) 0.0 L . A ) )
0 2 4 6 8 0 5 10 15 20 6

Hy - ) it AGBY/g

M 1 4 ik AGB/g

My 1R AGB/g

1 3MERFTEEMRBILEMERN (M LEME)WELES

Fig. 1

Ig BGB

Ig LB

m
8 0.5
m
=00
-0.5
1.0
-1.0 -0.5 0.0 0.5 1.0
IgLB
® 1 YL IF S, romentosum O % ifE ¥ B IT S. fuhaiense

x B ACHE YLIT S, sulfureum

2 WHEHALRT 3 FERTEEDH L (AGB) 51T (BGB) .

bS5 A (LB) Rt f 5t T A EE B RMA R EBIEXF
Fig.2 lg- lg linear regression (RMA) plots of aboveground biomass

(AGB) and belowground biomass (BGB), AGB and leaf biomass
(LB), and LB and BGB in three Sterigmostemum species

XHF AGB - LB, =3 B A RAg M 22 573 g
L I BA S [R] A 57 2R AR B, PR SRIT RIAR T

Trends of the ratio of root to shoot (R/S) along with plant size (aboveground biomass, AGB) in three Sterigmostemum species

BEIRIT AGB - 1B [a]¥))8 T d R KSR, M i A
RIVETF o =34 MFHER KR, HEEHERIT
PR S K A8 8K (0. 686) 1 35 K - # SR I 1 A i A
B354 1.001 F11.289), XfF LB - BGB,3
PR i) S K S RO B 28 5 (EER RS R T
SHRA R OGRS T RN B AR R T ) S
AERFEBERAE 1 XAE 0.75, il Ko R M
ANME—o fHJE, =3 B 2L [F Y 5 ol 2R K 4R 4
(0.816) , J& T A=Yt 3 Pl i 5/ T i 2B W i
Sy BLE R AR E R (3/4)

4 ¥F

4.1 EYESEHRE

) S AR oA i) A R BEU5 dn ] £ AN ]
i E Z AT A TC B R PR AR ) e 5 U e K AR
KBS LR R fFye LM, MR FEsok
BT R ATAR Y ARG LU AE 0.1 DUR BV R AR Pt
SYBCECBIAR /NS SRR I T H 70 Ff B A AR 4y 2
Yt T R W, 240 A R AR P 3R B0 T K 1Y
MR L, T —4F A, A 2R AR X A5 /N 12Tt v g
IRFEE 3 FE SRS R A AL Y A A A 9T 3R
B, FELAR Ak FEE 5L ( Eremurus inderiensis )R/S 35 %) 1.44,
FWH BGB 4B L K T AGB; i S AR 4
( Tulipa sinkiangensis ) BGB (5§ 2k 1) 50% 247, BIR/S
21h 1(2] s/INLER (Allium: pallasii ) B R/S R 0. 873,
AGB 4YC RS KT BGB! . AR g X 3 i 4
e R AR B 5T R W, A RO A ek
B R/S(1.465 +0.265), H Uk &4 F I (0. 796 +
0.089) FIAEEFERTIF(0.504 +0.041) ,J5 —F I R/S
TREFEES ., RE=F Wiz R E, (B
2T, =#& 0 R/S S aAF 3 Ryl
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Heilr , HLARH 8 T A AL ) A — A A REAR

K2 3HERFTEEYM ESH T EESH RN S TEYERL
BXEREY FEERRERLRR R (540K

Table 2 Allometric relationships, the test of allometry and the test of common slope (exponent) between above-and belowground

biomass, aboveground and leaf biomass, and leaf and belowground biomass in three Sterigmostemum species

S KB EL Scaling exponent (slope)

RIS Test of allometry

Parameter Species R P a 95% CI F P 2 Type
Y = BGB BESRIT S. tomentosum 0.530 <0.000  0.679b  0.517~0.893 8.682 0.007 A
TRIEHERIT S. fuhaiense 0.813 <0.0001 1.129a 0.912 ~1.396 1.414 0.250 I
X = AGB BACHRIRIT S, sulfureum 0.570 <0.0001 0.699b 0.518 ~0.945 6.206 0.022 A
AL Common slope t=11.721  0.002 & No
Y=1B BERIT S. tomentosum 0.874 <0.0001 1.00la  0.868~1.154 0.000 0.988 I
TEEEERIT S. fuhaiense 0.708 <0.0001 1.289a  0.990 ~ 1.680 4.062 0.059 I
X = AGB WAEHERIT S, sulfureum 0.687 <0.000  0.68b  0.530~0.888 9.494 0.006 A
JER A AL Common slope £=30.197  0.001 J& No
Y = BGB HHIT S. tomentosum 0.604 <0.0001  0.679a  0.528~0.872 10.379 0.003 A
YEMFHERIT S. fuhaiense 0.630 <0.0001 0.875a  0.651~1.178 0.867 0.364 I
X=1B EALBERIT S, sulfureum 0.462 <0.0001 1.019a  0.728~1.426 0.013 0.910 I
LR A4 Common slope 1=4.092 0.126 H Yes
<0.0001 0.816 0.685~0.969  X>=5.309  0.021 A

TE AR RAER (o) — I AR FHERR 3 M) o« 2257 B3 (P <0.05); A RRFBA KR, T FRRFERERKR,

Note: Different letters in the same row indicate significant difference ( P < 0.05) of three allometric scaling exponents () ; A means allometric relationship,

I indicates isometric relationship.

% B8 Raunkiaer 3¢ F F85 9 A= 1% & 19 X1 43 45
W) Y R T — 4R A ( therophyte ) 2§
B, AT IR T Hb T ZEAE ) (geophyte) B BR 2 42
Y (ceryptophyte) o B F—4F A= M4 /266 A AR 40 5 o 2%
B I 7 AR SRR ZE 1 2 LU F B R T
AR AR TG S, BOZ SRR ) AN Ty AR
WA Y a2 N 885, R R/S BK. miZk
AT TR RN 2 A Xk R E A 2
PP S R e T B b T 5 43, DA DR TR AR SR AT PR B
%o DT, ZRAE AT R/S BB T 244 S R 1
SR R ARAEL ) RN — A AR A

R 3 FIRERIT B ALY A4 B A ML il
Fe ], =2 A B 8 AR TR Y 3 P (H R B
BT RS BESTEGEY . HAATFEAE 3 Fh
R AAE I A ) i oy BOAR SR o
4.2 REERKXRHRE

S AR A TR AT S AR ) A A RN R U D
ZIAN SR AR f s S A W el e — SR A Wi o 5
BRI S I 22 AR H e R B iz
KGR G a]  r 2855 T 6, ey ROBEBR 1, A
AU P 0200 A REER S M, 4 M) AGB
1 BGB [H] & % # A= KO &, LB 55 AGB.LB 5 BGB

1344 3/4 fy SR KO R B -00, w2 dv At Ml
Wik B 5L ( Eremurus inderiensis ) BIWF9T 360, 2 AGB
-BGB [A&£ o =3/4 i /E KM, LB - AGB £ «
= 1 S HUE R R AR A 3L 100 (R B0
W a=1,Ja7%03/4) ,{UH LB - BGB Z[A| & o =3/4
57580 K 56 R AT FE TN O L ) 2K A )
IR (Allium: pallasii ) A=) 8 43 B A A0F 58 o 3 B
AGB - BGB [A] 2l 3/4 B R 5, T AGB - LB [H] J¢
LB - BGB [ S 5 AR KOG R , LA 3 X 48Ry
ALY,

AMFFE R, i ST AGB - BGB [1)J& T
AR R RECN 1), SN T AR ST ; M 2R
SRR S RER S 1 2REE.
3/4 o 25 (95% BA5 X A& 0.75), )& T 5+
HAK KGR, X SHEIE T AL BLoh, BT
TEREIRITIY R/S BEAMASE I 0 2 TR (B 1),
FW] R/S TEA R AR ]2 S AR, BIE T 3%
AGB - BGB [HJ& FF#A K X R M4L518. AGB - 1B
6], EEAERRIRIT B THR AN 3/4 MR KR s
RO AR i T 8 Tl A KGR, 5He
TG S A K8 BOR 3/4 WARTFA (95% B G X
B Af27% 0.75) . LB - BGB [a] , U BAA P Rl F
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AR iU KRB B X R 5 1 X
5 0.75, BMERIWT — 3 I B S8R, {H 3 A4 F
) LB - BGB [l LA L [F A R H AR KOG R , H F ik
KA5H0Ch 0.816, BfE X HHE/NF 1, H5 0.75 L&
FHES WU 3 MRE LB - BGB (8] B A 2
AL (3/4)

B2, 3 PR SR IT TR A A B AR R (R 4 B
KATC—EONAE ., M ERTT Y 3 X 48 B AE Wy ]
PR S OC 2R AR RO BB SR I R AR KOG
FAAFE X FAE S 4 B A P o B R AR K
KAFRFEMAI T RERT (HWHE) L 2ES (&
) o BRAEEFERIT O BRI AR R RN
MR EAI/NMUFRE AGB - BGB [8] Y& 1550k 3/4
) S AR G AR TSR [ () 1 1l A 4y ]
) S A K S R R BB AN TR P ot A TR) 52 2 1 1
s (AR [ 3 37 AR 4528
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