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Abstract: As the one kind of dominant component under broad-leaves Korean pine forest stands, the early-summer herbs
have an important influence on herb layer species diversity and biomass in the whole growth periods. Studying on the
biomass allocation structure and biomass allometric model in different growth stages will further help to understand the

survival strategy and carbon storage of these species. Cardamine leucantha , Paris verticillata , Smilacina japonica, Meehania
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fargesii, Anisodus acutangulus and Sanicula rubriflora were selected for phenological observation and periodical sampling
from the beginning of April to the end of August. Biomass allocation characteristics and the relationships between above-
ground biomass ( AGB) and below-ground biomass ( BGB) in different growth stages for the six early-summer herbs were
analyzed. With height classes as the independent variable, the single-species and mix-species allometric models were
established with five model forms (linear regression of one-variable, quadratic model, exponential model, power model,
and logarithmic model ). Then the optimization models were chosen and validated. The result shows that the florescence
generally began in late April and ended in mid June, and the fruit period began in late May and ended in mid August for the
six herbs. The duration of flower and fruit period was different in different species. The plant height, biomass and root shoot
ratio (R/S) were significant various with plant growth in the whole growth periods, but the changing tendency was different.
The allocation proportion of components in different species was different and the proportion of biomass allocation for
reproduction was usually less than 5%. The relationships between above- and below-ground biomass wére both allometric
relationship (the P-value less than 0.0001 and the allometric exponent @ # 1). The power model was the most frequently
chosen as the optimization model base on the R’( coefficient of determination) and SEE ('standard error of estimate )
followed by quadratic model and exponential model. The higher R* value and lower SEE value of all optimization models
indicate that the model was the better usability. And the models about AGB and TB were better than BGB, the single-
species models were better than the mix-species ones. The RS, EE and RMA value of all optimization models were less than
30% excepting the model of mix-species model about BGB ( RMA =30.679%:) and the P-value weré more than 80% by data
verification. We conclude that these optimization models were able to calculate biomass.of early-summer herbs under canopy

of broad-leaves Korean pine in this region.

Key Words: early-summer herbs; biomass allocation; root to” shoot ration ( R/S); biomass allometric model;

allometric relationships
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Table 1 The basic characteristic of samples and components biomass of six early—summer herbs species

L
gy RTERREL - o LR R R Wi B -
Yy TRERH e RER 7k T A ﬂ:%g' " W
. . Number . Above-ground Below-ground Reproduction Total
Species Sample times . Height/cm . ) . Root/shoot
of Sample biomass/g biomass/g parts biomass/g

biomass/g
FIAEBEKSE Cardamine leucantha 11 220 6.6—70.6  0.0815—6.0445  0.056—1.6195  0.0083—0.6551  0.1490—6.6500  0.10—5.29
LE# Paris erticillata 8 160 6.4—51.1  0.0240—2.2234  0.104—4.3598  0.0108—0.0549  0.1404—6.5832  0.31—5.32
REZ Smilacina japonica 11 220 4.6—46.5  0.0196—2.4228  0.0743—5.7031  0.0153—0.9986  0.1121—7.8069 1.17—12.60
FHE Meehania fargesii 11 220 6.5—68.3  0.0678—6.0526  0.0709—2.1719  0.0151—0.2261  0.1773—8.2245  0.12—4.71
L3 F Anisodus acutangulus 10 200 8.2—58.3  0.0360—3.7846  0.0565—3.0366  0.0093—0.1267  0.0925—6.8212  0.18—3.19
LIAE T3 Sanicula rubriflora 10 200 7.2—87.6  0.0836—5.5764  0.1534—7.5879  0.0038—0.3678  0.2494—13.6143  0.06—3.21

a: AEZE I A6 SRIUEYE including stems Jeaves . flowers and fruits biomass;b: 5 T 25 MR ) including rhizome and roots biomass ;¢ : FLHAERIFSLAE

Yzt including flowers and fruits biomass
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Fig.1 The Flowering time, Florescence and Fruit period for six
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Fig.2 The height, R/S‘and biomass variation of six early-summer herbs with growth periods
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Fig.3 The biomass allocation proportion of six €arly-summer herbs plant with growth periods
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Table 2 The allomoteric relationships and coefficient (« and 8) by IgBGB =1gB8+algAGB for six early summer herbs plant

T
W%EEJK}H?H HREE Intercept 1gB
- FEA R Allometric scaling exponent « KSR
Species Number of Ffiie 95% {7 X ] FHfte OS%EEKE R P F Allometric
T samples FrifEiRzs 95% confidence FrifEiRzs 95% confidence relationships
Mean+SD interval mean=SD interval
FIEROK 220 0.17550.0148 0.1463—0.2047 0.2539+0.0260 0.2027—0.3051  0.392  <0.0001 140.5 K
JhE 160 1.9127+0.0731 1.7683—2.0571 0.0868+0.0536 -0.0190—0.1927  0.8124 <0.0001 684.4 ALK
fEZy 220 2.4187+0.1108 2.2004—2.6370 0.4800+0.0845 0.3135—0.6466  0.6862 <0.0001 476.6 A K
EE 220 0.2638+0.0171 0.2301—0.2974 0.25720.0264 0.2052—0.3092  0.5225 <0.0001 238.6 K
T 200 0.5915+0.0286 0.5351—0.6480 0.0058+0.0462 -0.0852—0.0967  0.6835 <0.0001 427.7 SHA K
BT 200 0.4754+0.0245 0.4261—0.5247 0.5906+0.0718 0.4489—0.7322  0.6463 <0.0001 361.7 AR

2.4 A=W AR fA) R S R R A AR i A 6
PIMR SR HAS & R R (3)—(7) T AGB .BGB A1 TB HAl A58 FEAR SRR AU Y SEE A1 R* %
PRI AR (R BEFRUE N SEE B/, H RPBER) . AR R HS 5L 3,
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Table 3 The optimal model about above- and below-ground biomass and total biomass of six early-summer herbs plant

H4 A A R B 280 Model parameter
FIAEIE KT AGB y=ax+bx+c 0.0014  -0.045 0.666 0.986 0.176 <0.001 —
C. leucantha BGB y=ax? +hx+c 0.0005  -0.019 0.447 0.906 0.128 <0.001 —
TB y=ax® +hy+c 0.0018  -0.064 1112 0.981 0.266 <0.001 —
JedtE AGB y=ax’ 0.0029 1.637 — 0.982 0.135 <0.001 1.009
P. verticillata BGB y=ax" 0.0057 1.647 — 0.977 0.154 <0.001 1.012
TB y=ax’ 0.0087 1.643 — 0.984 0.130 <0.001 1.008
EZh AGB y=ax" 0.0014 1.918 — 0.993 0.114 <0.001 1:006
S. japonica BGB y=ax’ 0.0067 1.765 — 0.968 0.225 <0.001 1.026
TB y=ax" 0.0080 1.805 — 0.985 0.157 <0.001 1.012
ENE AGB y=ax’ 0.0133 1.286 — 0.949 0.195 <0:001 1.019
M. urticifolia BGB y=ae” 0.2783 0.020 — 0.737 0.233 <0.001 1.028
TB y=ax’ 0.0536 1.009 — 0.905 0.214 <0.001 1.023
ipis AGB y=ax" 0.0015 1.907 — 0.917 0:321 <0.001 1.053
B. paridiformis BGB y=ax’ 0.0054 1.402 — 0.851 0.329 <0.001 1.056
TB y=ax’ 0.0057 1.660 — 0.917 0.280 <0.001 1.040
BWART R AGB y=ae 0.4523 0.034 — 0.952 0.187 <0.001 1.018
S. rubriflora BGB y=ae” 0.6580 0.020 — 0.700 0.321 <0.001 1.053
TB y=ax 0.1373 0.913 — 0.768 0.346 <0.001 1.062
REYR AGB y=ax" 0.0035 1:656 — 0.901 0.359 <0.001 1.067
all species BGB y=ax 0.0314 0.981 — 0.443 0.721 <0.001 1.297
TB y=ax’ 0.0222 1.324 — 0.780 0.461 <0.001 1112

AGB b =¥ above-ground biomass; BGB: Hi N A4:# H below-ground biomass; TB : AR A= 4 1 total biomass ; SEE : fli T #5#EIR standard error
estimate; CF: #Z1E[HF correction factor ; * N IERE, HFA AN CF=exp(SEE>/2) ; * = {E P<0.001 /K- T #2257 B3 — 3R EHE

FE 3 AT S BT oA R pR A R — 0 RO R FE B R 3 R e Y DU R B0 S il
MRS Z , R 28 805 B Xfil—J0 WO . BRIR G0N BGB 5 FE RSN 0.443) , HoB T R* Y
KT 0.70 H SEE 731K, UL BRI R RO BT, #R S T AR AP RAE 6 M A ta =i, M6 kb
AR AR KR , AGB T B BRI G HOER i PR T 0.900; TB 5 B2 IHLA BCR WA RP A F 0.768—
0.985 Z[H], i Y247 F BGB(R* AT 0.443—0.977) ,iX AT RS2 H T T A W e AE AR G A rh s A R A7 TE
R BN 3 B . MR RTR & PRI B RS IR A P RS RO AR X4 25 (R )& BGB) , Ui
6 MRS RI BRI R = (R = 20 5 A4 i R AF AR R R 28 5 FEAG I Py o A 40 e St R HH SRR A 4 iy A
it

R4 EYERNERBIE

Table 4 Verification of the optimal allometric biomass models

7 4 e A i 51

FIERFATE AGB y=1.4%1073x2~0.045x+0.666 -7.370 -3.252 19.864 89.995

C. leucantha BGB y=4.5x10-4x2-0.019x+0.447 -8.896 -5.096 10.470 91.032
TB y=1.8x107x2-0.064x+1.112 3.405 4.071 14.720 91.869

JLTERE Poverticillata AGB y=2.9x10735"63 0.877 -5.909 14.472 89.789
BGB y=5.8x10735"647 -1.395 -3.548 13.644 90.345
TB y=8.7x1073x"64 -1.562 -5.238 11.286 92.418

JEZ4 S. japonica AGB y=1.4x10735""8 1.611 4.173 14.074 91.779
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] 404 S EH Rl
BGB y=6.8x1073 57 1.297 -1.191 18.578 90.196
TB y=8.1x10735 1805 0.534 -1.158 15.435 90.669
FPUH M. urticifolia AGB y=1.4x10735"20 -9.465 -9.922 16.519 87.373
BGB y=0.286xe"02 2.597 1.518 10.943 91.306
TB y=5.5%10725"0% -5.563 -5.324 13.591 91.253
ipiss AGB y=1.5%x10734"97 -8.083 -12.459 14.147 89.683
B. paridiformis BGB y=5.7x1073 51402 -3.559 -4.101 14.055 90.498
TB y=5.9x1073 560 -4.508 -7.634 12.766 91.278
EVIRISE AGB y=0.460xe" 03 -3.776 -0.768 24.242 88.834
S. rubriflora BGB y=0.693x¢% 020" -0.121 1.650 14.273 90.690
TB y=0.146xe"21> -2.921 -0.895 24.778 83.406
REWFh AGB y=3.7x10735"6% 1.963 6.180 28.160 93.782
All species BGB y=4.1x1072,0%! -0.991 0.272 30.697 91.339
TB y=2.5%1072x"3 -4.198 -2.194 25.029 93.775

RS X 1R 22 relative error; EE ; Y AH X} 12 22 mean relative error; RMA ; - 4 AH X} 52 22 266 X} {H mean absolate relative error; P, T4k K B

prediction precision

F T RR (0 R 50 ARATEAS R 57 0 S DN BRI A A0 A ik i 9 A\ B 4% B R AR A v IR AP HUAE 6 Fh 300 HE
FEARRR AL RR R BG A ) A5 A o AR W i B, RIS AL (6) —(9) THEAF I A G T BRI B
FHXFIR2E (RS) CPIMIRRZE (EE) SF-HIAHXT R 22 246 XHE ( RMA) | FUGASE (P) 45 3R L3R 4. NG S0 25 SRRk
F AN RS EE F1 RMA 4334T -9.465%—3.405% [~ 12.459%—6.180% Fl1 10.470%—30.697% Z [f]
S BBUARXT IR 25 N A T BRI TSR PRI KT 80% .,

3 Fit5itie

3.1 AR AR AR E R

T YIRS ) 25 B AR 0 0 FL R W A P 6 A A5 (I 0 1 SR BE BRI 45 5 AL i oo 9 1 5 8 0 1 D).
TV AR 4 R BE AR AL, ZE AN A S 25 1 T F B0t R [ 0 A R v A A i e A B AR 7Y AR R O SR
W ol i 0 o BB 25 1 RS Bl e KAk (ER TR R R A A i i B RS U A K 22 2 ) AR b R 2 Ak
M B RUAREY) R T ARG TE 2R G IR — e R I oA T S i kb B Wi (B 3) (BAEAR R A K By
BL AHP AR E A S AR BC AN, Qo] 5 4545 B AR 0 o O R 1) 28 T R AE G ) A A SR 1) TR
AT AAREIFFE AT, 6 R 4 Fh (FIAERERSE S DU L F RS A6 AR 8 ) /B A KT R/S
BR(R/S KT 1), JFHEMYA K R/S BWiEAOIFAE T 5 W8 T (R/S VT 1), N2 40 i 43T
Eb A8 -ths TR 300 4 A 4 A R0 3R 0 Ll Al T B A1, Bl AR I A A B R0 0 iR 44 R B S A
Y11 60%—80% . iX & T 4 PP ¥IIE T 2 4F AR A A KT ML R 3 0 A7 A6 —AF L B 19 & AR T 135
Gy WIFEGE T & AR, b A s AR, (R A ) R T AR 2 (7K 43 3% 0 A5 L R R 2 AR
Wi o e 3 1t AT, AGE RO =2 iR A A A7 R 1 ) B2 9 B o JR I P T AT, TS 22 T R R 5 U
Bz Y 2 0 A e A B B LA 2R s (R RDC RR SR, LI B B R KR B T 2 JLE AR R
PRI A O S HE 4 FORTE] FEEAN AR W R/S IR T 1 JEER R« V7 B0 A, 25 R Rt K
Bz E T g, X T RER i X IR A I 5 A RROIR 25 | Bl R AR 2R R HROIRZE R 2R K AR 227
A7 RE I A9 [T AT LATEA T JOME B0, T A3 A 1R A8 S 08 22 () A ) i 3 B A L 350 49, [R) Bsf 78 AR et Al
BJE Mo AR 0 T HARZE S RS I N —AF A B A K BB R

FRAEA RIS O R ARAE W 264700 S R a8 B A W A AR A KO R CRIB B R ) M E R KR
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EAMRKR/NCREE ) Too, 0] LA 7% AN [R] 40 ol (0] A 40 i T A R AR G S5 ] J0 % it 4 BRAB Y AGB il BGB
Bl e (LA R AE B A T S 5 R AAE Y ) AR ST R, A AR A5 1F T il o8 R ] SR K SF- 19 AGB FI
BGB /Pl 5 2 2 (B A o 1 1.0, A KR ) B0 (HATFIE 6 Fiitid) AGB F1 BGB Z 7]
AR R YE R (A 7 R EEEL o IAET 1), FTHRSE TS G2 BT Ab i A= K B B AS 7] 3 A
ARTIFGE 2 XA ) NI 1 30 e A A K W B AT 1, RAE 1 S 3 A B K W) AGB R BGB ST 27K, i
Nnquist&Niklas'** Fl Niklas > B9RFFT5 G R BRI R, 1 382507 X 4 Fh 35 B0 R ARl 4 AS [R) AR K00 0 A g
SYBEHEATRIRSE A R R AE K 4 AR O A K AR BUE sh Stk i, HAS (#3435 R R] , 136 B 7 ARl A
K KB AGB fil BGB HILH AR A K LR (FHM ST H A H M) . Iroh T B A A K B BeAES) AR
XA R, Bt — A SR FOR [ AR K BEAY AGB A BGB 1A K s R AT T T 5
3.2 AW AR ST G 5

A RSN 5 e T S I AR A A R AR O v Y X R AR T, MR T R N B T R T
Z— AT AR RS (e e ik ) M AR R sy A W A W i A A WF R RS A e i 1 ok A
AS AT A AR R R (ERAIF S 6 Bl B AR M AR AN HLAE AN A KU AL AN (5, F A2 ke s
5 FERICRE AN, 117 70 3000 A Xof SRR A L ] — 2 4 0 e e A b 2 5 A K AN T8 B TSR ABL 5 2, JIr LA AR AF 9 32
FHR S (BB VRN ME— A8 B A T A W AR R (0L . DABIFSE 285 SR T 0 1) FH R 0 ST B b it b7 9 i |
o R AR R AR AR Y R R R HL SEE B, AR MK ( Btk S g ) PTRAAR S 1 SR A SEAR AL 45 4 oy
A, DAAEVE 2Bt 2RI R o bR o2 A A A8 e T AN ) A e AR N R RS [ AR
T 2 S A W AR | AR R4 0 T 5 5% 0 B A TR XS [ o AR IR L o SR 700 gl 3o FH R B e 22, AN
SERTTRAR HEAAE Y S FEAAE ) AT A 4 AR P SRR R R w1, AR LT R R
Yy AR RIS ORI 22 X R O 6 MK A B R R E R (R TAFKER) | &
Wk i A A R A A 25 5, Fe HE A — 0 i (RR i ) el 7 A e Ty R A 2 B RT3 2, P15 5 SR AR X 35 25
LT b B AR YR S A R AR R A RS, T e D Sy b A A S ORI 3 ki A 2 1
ACANFR A AP RS R E M, W TR R AR e S T AR A R | 28 2 1B B3 — ] f 5+

B FM, YERIE ) RS, EE 1 RMA<30% , P>80% ] | f5 148 A 45 5L L 45 4 e bR o) AR
WIS RATHE  HIRA Y F BGB ALH) RMA (30.679% ) B KT 30%4h , Hoe B J5 LY RS EE 1 RMA ¥/
T 30% , LA P AEYI KT 80%, it BH I 2 435 1 Je LA U A5 45 A 1) s o W] LA FH A Ak 00 24 b 45 o 114) A
i, IRFMBIAIT BGB A I DR 2EAH X B RAH FEA ST & B K FETC AR AE it AR SO0, W1 hat TR
RS R A0 R A R A= W e ARAIFST 6 R ST A9 Bl A 4y e A TR R R A A TR S A B P 2T A RO R AT B
BEFEST Y, S 7530 T B AR AR A TR — 2 B0, R AR 5T b A 4 i R A 72 ) A B
I, AT IS R e G B, 75 W X B R IR 7 A IE 5 B
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