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The novel methods of quantitative classification of plant life cycle forms and
weight collocation . taking classification of life cycle forms of Psophocarpus

tetragonolobus as an example

ZHAO Zehai
College of Life Sciences, Zhaoging University, Zhaoqing 526061 , China

Abstract: With the development of theoretical study on plant life cycle forms, quantitative classification methods have
become one of the main research approaches in this field. The current methods for classification of plant life cycle forms are
based on the principal component analysis ( PCA). However, these methods just assume that plant trait indicators are
independent variables and never make more serious with the interactions among target traits. Therefore, classification
methods adapted for ‘mesh’ structure of plant life cycle forms need to be developed as an new indicator system. According
to hierarchical characteristics of the indicator system of plant life cycle forms, both the climbing and dwarf types of

Psophocarpus tetragonolobus were used as the experimental models to allocate the weights for trait indicators by principal
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component analysis ( PCA ), analytic hierarchy process ( AHP) and analytic network process ( ANP) respectively. The
composite scores and classification parameters of trait indicators had been calculated respectively. The results were as
follows ; compared with ANP, parameter values (x) of V type (vegetative growth type) was below 0. 39 and parameter
values (z) of S type (sexual reproduction type) was over 0.39 by PCA, parameter values (x) of V type was over 0. 614
and parameter values (z) of S type was below 0.088 by AHP. There were significant differences among these classification
parameters of life cycle forms by three methods. For the PCA and AHP required independent trait indicators couldn’t
eliminate significant correlation among them, so there were deviations between the classification results based on PCA or
AHP of plant life cycle forms on P. tetragonolobus. These results showed that the correlation of trait indicators affected
classification results of life cycle forms. The indicator system of ANP is a ‘mesh’ structure, and indicators for control and
network layer are associated with each other. To build judgement matrices of control layer and network layer on ANP, the
correlation information had been extracted from correlation matrices of trait indicators and the weight distribution really
reflected the correlationship among trait indicators. The results based on ANP of life cycle forms in different types of
climbing and dwarf for P. tetragonolobus were V 5;C; 1,5, 1s¢ and V ,16Co 43S, 15, Tespectively. If the correlation among trait
indicators was not significant, both PCA and AHP can be used to calculate weights. Otherwise, the ANP is better for the
case that there were significant correlation among them. To sum up, the classification method of plant life cycle forms based
on ANP can be used not only to resolve the interdependence among each pair of indicators but also to provide new and

effective ways for quantitative classification of plant life cycle forms.

Key Words: life cycle forms; weight collocation; analytic network process ( ANP) ; Psophocarpus tetragonolobus
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Table 1 General morphological parameters of the P. tetragonolobus of climbing type and dwarf type for classification of life cycle form ( means+
D, n=10)

I3 AN i IZ RN B4R Climbing type &4 Dwarf type
Classify Var. Morphological characteristics SEHIEL Mean+F5 2% SD SEHIEL Mean+F5 2% SD
BIRERV) vV AR BB/ em 277.196+25.225 28.128+5.127
Vegelative growth Vv, FEKE/em 331.468+36.294 171.447+31.679
V3 HAZ/mm 7.221+0.976 5.986+1.115
Vs Y5/ em 16.142+2.745 18.738+3.091
Vs MY (R RR) 136.735+18. 444 87.768+7.963
TeHEA(C) ¢ L BB (A/4K) 4.346+0.997 6.724+1.426
Clonal reproduction C, 2 UL LA (A BR) 1.947+1.253 3.869+1.502
Gy HH R B MR/ em 30. 822+5.406 7.498+2.356
G, RIRZES R (A~ 8) 106.038+19. 984 77.224£9.915
Cs B R R0 (A Bk 7.917+1. 677 15.048+2. 966
HHEAFE(S) S, W (K w%) 29.492+2. 666 14.412+2.479
Sexual reproduction S, A5 K/ mm 34.212+2.945 32.128+3.789
S; FRK/em 22.522+2.354 19.71322.320

Sy JERB (KU #R)
Ss T H (B 9et)

22.816+5.717 7.920+1.527

15.125+2.011 10.813+2.246

1.2 febrdidiEn—1k
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Fig. 1 The index structure on AHP for the classification of life cycle form
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Fig. 2 The index network structure on ANP for the classification of life cycle form
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1.4.2 BRI SSHOHE
R AT S BRI 0 v RIS C RIBBO S BB EGTE AR T .
F F F

v c

S w R A F Y F R 4 F TR 4 F 1 F

R, x oy 2 20000 VIISE C TUSHOR S S8, H x+y+2=1,

RPN LAV, C S B ERR
1.5 itk

PCA 7E SPSS13.0 H4b# ; AHP 7F Excel £l MATLAB6.0 H4bEE ; ANP 7£ EXCEL Fil SUPER DECISIONS Hi4bBH
2 MIRER
2.1 BT PCA BN s AR 4345 R

G3 DR DU R E SR A oM AR BE AR PR 2R B S A IR AT I3 — AR AL B R AT R e, B SR AR
o ToME AR T A AR B R A B R 1 S s CRRIEE I KT 1), H 5T sk 385300 R 66. 35% (72. 14% Fil
63.27% . ‘EFAEK TOHAETEAA A R A AR R I F 0 m 5 R AN LR 3,

®3 NEEAEEFELIENEISERIRUEE

Table 3 The coefficient vectors of principal components in different periods of life histories of P. tetragonolobus

HIREK JetEAE A AP
Vegetative growth Clonal reproduction Sexual reproduction
AF & Var. FHL Coef. AF & Var. FHL Coef. AF & Var. FHL Coef.
v, 0.287 C, 0.231 S, 0.280
V, 0.285 c, 0.236 S, 0.174
Vs 0.204 Cy -0.242 Sy 0.224
Vy -0.152 C, -0.219 M 0.287
Vs 0.270 Cs 0.248 Ss 0.273
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LIS 73 F ) B A ] S SR B8 01 AR 0 A 1.00 i
BRIy 25 R VLR 4, BEGR AR DU T A 3% s AR 03 S 8K A SRR
WLV BB (x) 76 0. 269—0. 390 Z i), C IS4 i 2 0.5

(y)7E 0.035—0. 078 Z[i],S B4 fH (2) 1 0. 569—
0.696 Z[i], HE4% M Uk 5 A 16 S AR DLV, L,
C0.053SO.624(9C\}’\Z ﬁilzﬂjﬁ, —Flﬁl ) yﬂEP/L\,%éfﬂq%%ﬂ
VUt GO AR B Kb B SR AE R T AR B AR 5 o
IEARIDURE TRV RS HUE (2) £ 0. 175—0.292 Z _ .
], C RIBHE () 76 0. 194—0. 336 Z [, S K S 4l 0 0B 0l
(2)7E0.453—0. 561 Z [, B/ AUPUR 2/ 1 s & B4 EFPCAMBEAMEENNETEFRNIUNGER
1 BA VG 515 Co a0 Sg 520 L, TR AR U DU B2 H Fig. 4 The classification results of life cycle form on P.
PEAFE Kk TR IR Z VB FRAE K 59, PCA IEAR  tetragonolobus of climbing type and dwarf type based on PCA
Ui b Ky B RN A R DO g W2 A AR 3 s R IX 40T,
W9 AR TR DU 1 T A B e TR L A ML TRAREAE (EDKE V RSB (x) S AIK, S TS EE (o) i . HEH
PREEBZ R DU 1% V RS HUE («o) HORR A RUAIG, 17 F ()3 vh 2 R 0 DU e & 8 SR A KB il iy TR A7,
SR, FHET PCA VAR ARG S0 AR 3 25 RAFAE N 25
2.2 AR SRR SR AR R AH OGS AT
BERARKRSHV,(WHEK) 5 VCEKEE) V,(FSKE) V(ER) V(M) Z A 2% T
K BRINZ AN, 4 S RIS AAAE B 2 B0 B 3 M IEAR DG (KR 4) o B RMRIER AR AR TS A8 5,
TePEAEFATEIRFE R Z AIAFTE RE A G (K 5) . Hh €,(1 80 5 ¢,(2 HUL E B3 (€5 ¢,
C, 5 C5 (C(FEM BRI RS ) 5 C,(ARIRZFECR ) | C (& 280 ) Z IRI 77 A AN [R] R B B TE ARG, oAy
gt Z (B IAEAE AR SG , Tet AR B IR TR b 2 (R PN AR B Sy AR

R4 MEEEFRERMERISIRAEXER

Table 4 The correlation matrix of vegetative growth indicators of P. tetragonolobus

AR i Var. Vi V, Vs Vy Vs
Vi 1 0.951 ** 0.517* -0.375 0.860 **
v, 1 0.565** -0.386 0.792**
Vs 1 -0.199 0.489"
v, 1 -0.349
Vs 1

# FE0.05 AKPAHC s « + 7£0.01 AKRTAHK B3E

x5 NS THEEEERIEREXER

Table 5 The correlation matrix of clonal reproduction indicators of P. tetragonolobus

AR B Var. C, G, G, Cy Cs
C 1 0.683 ** -0.632"* -0.555" 0.668 **
G, 1 -0.591** -0.588 " 0.750 **
C, 1 0.679 ** -0.794"*
C, 1 -0.565"*
Cs 1

# FE0.05 KA ; « + 7£0.01 AKTVAHK B3E

ATEAFEERIE AR Z B AE AR R A IEA S (R 6) o e S, (FE%0) 5 S,(HEE 1K) 8,5 S, (F&R
) S, 5 S (Fh T80 Z a1 IEAHSE  (EOREE B K F- . HARTRAR Z A1 0 0 3%l (i 3 iE AR oG, A
PEAFEPERSR n Z TRl 3 A A B A AT AR i
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Table 6 The correlation matrix of sexual reproduction indicators of P. tetragonolobus

A8 4t Var. Sy Sy S; Sy Ss
S, 1 0.331 0.478 " 0.883 " 0.684 "
S, 1 0.477" 0.271 0.365
S, 1 0.483" 0.476"
Sy 1 0.799 **
S, 1

# 1E0.05 ACPAHC L 5 + + 7E0.01 ACPAHC 3%

Az T S BRI A3 HR AR A DG /3BT 2R B DU b S B R TEE AR A A S R A AR AN S A ST 1
SIHEBR Z A AH DG A B B K A it Z MIAEE AN R R 5 B S, DR, X Db A 3% s B ) 4 B g
% R AR Z (A1 SCHK
2.3 JLF AHP (4T s AR S A5 AR

HHIE AT 2 WA IR HE AR 2 B A7 ZE AR B GG | 75 B MR A8 AR A B E PR b AT I, s AR K otk
AEBE AT T AR B RAE A A S A S A 2 R B (R AR PR L6 4 3R 5 Rk 6) , B IR KIEIRZH
W K6 B ) PRI B AL — BUHEE bR CR=0.987>0. 1, FIWIHE T 2L . & — Bk 15 B AT (£ 7) ,CR
=0.079<0. 1, R EA RIFm9—2:,

R7 EFREKERBFIEER

Table 7 The judgement matrix of vegetative growth indicators

g4 Var. 14 Va Vs Vs Vs
V| 1 6.000 5.170 3.800 3.000
v, 0.167 1 2.000 0.259 0.500
Vs 0.193 0.500 1 0.333 0.204
Vy 0.263 3.860 3.000 1 3.000
Vs 0.333 2.000 4.890 0.333 1

—_
M
/
)

TeHEAE AR bR Z FIWTAERE ) CR=1.16>0. 1, Z—EEC AL, /S 2 (£ 8) ,CR=0.090<0. 1,
R4 — ik

RS TMETEIEIREIFIETER

Table 8 The judgement matrix of clonal reproduction indicators

75 Var. C, C, Cy C, Cs
C, 1 6.825 0.500 5.500 6.681
C, 0. 147 1 0.169 0.170 1.000
Cs 2.000 5.912 1 6.788 7.943
Cy 0.182 5.877 0. 147 1 3.000
Cs 0.150 1.000 0.126 0.333 1

AR AR Z W R CR=0.63>0. 1, Z&—8HEHutb, /5 B KW/ (£ 9) ,CR=0.078<0. 1, A
RAF— ok,

FR ]2 A S LR 10, 38 bR 2Z [ AF7E MR 0 38 IE AR 56 . S I BT A P 1 — B8 A CR=0.322>0. 1,
o ZEXTHNWTRR PR AT R, 2 — BRIk, 15 2R 2 F5 A I BT BF (3% 11) ,CR= 0. 069<0. 1, 1 /& — 1

Sy PR DORE G5 R A ToPEAR S A AR B IR B A 2 0 WA R ) e AR P )2 A AR S S
R AR W B v (B2 A, )2 A AR br AR ) i WL 12, VAR =ik 0. 712, SUAE Y 0. 06,
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Table 9 The judgement matrix of sexual reproduction indicators

54 Var. S, S, S5 S, Ss
S, 1 3.310 7.000 8.829 6.838
S, 0.302 1 4.770 2.712 3.653
Ss 0.143 0.210 1 0.208 0.500
Sy 0.113 0.369 4.800 1 3.000
Ss 0. 146 0.274 2.000 0.333 1
F10 HEEIEARHE R ERE R11 HhiE EIEHREY H] BT 48
Table 10 The correlation matrix of middle layer indicators Table 11 The judgement matrix of middle layer indicators
754 Var. Vy Ce Sq A5 4E Var. Vy Ce Sg
Vy 1 0.731** 0.949 ** Vy 1 4 9.49
Ce 1 0.745"" Ce 0.25 1 5
Sg 1 S 0.11 0.20 1
1. Vy Co SO MMERRA R 2.+ * ££0.01 AFAEDE Vy Co SsAH A sl 2 As it

F12 ETFAHP WHESEFERISSBHNELSE

Table 12 The weighting vectors of classification parameters of life cycle form of P. tetragonolobus based on AHP

BIRER TetEE A At 5E
Vegetative growth Clonal reproduction Sexual reproduction
AL Var. A E Weighting AL Var. A E Weighting A HE Var. I Weighting
Vy 0.712 Ce 0.229 Ss 0. 060
v, 0.481 C, 0.331 S, 0.567
v, 0.075 c, 0.044 S, 0.211
Vs 0.055 G, 0.465 S3 0.041
A 0.238 C, 0.117 S, 0.120
Vs 0.151 Cs 0.044 Ss 0.061

Vy Ce Ssa il E 2R V5 (s .C\_s HFEIRIZ L B

PARCER ) A8 IR AR I TR AR B0 A MR FE 0, 1.00 Y
PWARPRLR G100, LU R TR LR 2 4520 I -7 2 Iy 20
B A S AR AR DL 5, BRI IR TV RIS 0.25 075

H(x) 1E 0. 716—0. 785 Z 8], C M B B {H (y) 1

0. 148—0.226 Z 8] ,S BISHUH (2) #£ 0. 058—0. 076 Z

B), ZEPEAY DUk S AETE SRR E LAV, 245 Co 160 So 06 N

Ml BEARRIDURE SR OV RS (x) 7E 0. 614—

0.716 ZI],C #BIZH{E () 7E£ 0. 210—0. 305 Z [a],S £ . .

SHE (2) 7E 0. 061—0. 088 Z[H] , J& Ak Y PU g & A I% 0 0.25 0.50 0.75 1.00

SRR FLL V) oos Coass So 0 N H Do AHP X /32847 Y

U 2 DB o 5 S R B R o T MNP MERERSELRRE SRSEASER
Fig. 5 The classification results of life cycle form on P.

Wb XA ESRE K RS AR Tot: A e i

55, BT AHP A4 76 s AU 4045 5 5 e T A A U b

DICPEA B TR A AR (B S RSB IR, BB AR B U bR S B S HUE L v TR A S

Br b3 A R DURE A AR B AR TR 1Y A T s R A 25 A B 25

tetragonolobus of climbing type and dwarf type based on AHP

http ; //www. ecologica. cn



5118 H

&t
s

Eild 32 %

2.4 FET ANP A4S s B o34

Pt 28R AR SRR M I3 13, 38 bR 2 11 2 b B 2 IE A OE

ANP [ 2 H8 45N 25 2 H8 AR R 4S54 N 45 2 H8 5 09 I R A9 07 VR [A] AHP (3R 7 32 8 il
F9), 2 IEbRAY I FE — 8 bR CR=0.12950. 1, 25—FEL AL, 15 278 % 5 B0 I i B (32 14) |
FIWAEFFE CR= 0.070<0. 1,7 e —FPE 5ok

SR N 2 R AR M i S5 R L3R 15,

x13 EHREROEXERE R 14 EHIRIEIRE0FIE 58
Table 13 The correlation matrix of control layer indicators Table 14 The judgement matrix of control layer indicators
A5t Var. Vy Ce Sg Ag it Var. Vy Ce Sy
Vy 1 0.520 " 0.938 "~ Vy 1 5.197 9.383
Ce 1 0.550 " Ce 0.192 1 4.000
Sg 1 Ss 0.107 0.250 1
Vi Co S A NTERIZAS R, * = ££0.01 RPAHR R Vy \Ce (S 7B il J2 A ik

#15 EFANPHWOUKSEFELRYSSHMWNERS

Table 15 The weighting vectors of classification parameters of life cycle form of P. tetragonolobus based on ANP

BRAK JetEAE R EER Y
Vegetative growth Clonal reproduction Sexual reproduction
A5 1 Var. L E Weighting A5t Var. HE Weighting A5t Var. I Weighting
Vy 0.470 Cq 0.397 Ss 0.132
v, 0.361 C, 0.328 S, 0.395
v, 0.138 c, 0.076 S, 0.278
v, 0.069 (0N 0.350 S5 0.058
v, 0.215 C, 0.158 S, 0.178
Vs 0.216 Cs 0.087 Ss 0.089

‘/\, \C(; \556}%7‘]?’?%'“%’9:%; Vlfs ‘les \lej y‘]i"‘é‘*‘/ﬁ%&ﬁ

DARCER b8 R A K O AR A MR B MR AR AR 2 B A5 08 , IR 2 AU T 25 A A3 40 AT 2
BT ANP A6 s LR o 25 SR UL 6, BER AU DUR: O V TS (v ) 7F 0. 487—0. 57 Z 1], C RISl
(y)1E0.272—0. 382 6], S BB HUE (2) 75 0. 131—0. 169 Z (8], M PUbe & A4 3% 2 ALEAR ELL V),
Co.327 50,156 M 0, RIIBEBR AU DU B FRAE R RIS TOMEAE IR Z A AT LSS . BRAE R DURR T v ARl
SHUA (2) 7£ 0.371—0. 471 Z[a],C BISH{H (y) 78 0. 372—0. 473 Z[8],S BRBHUE (2) 1£ 0. 129—0. 166 Z
], AT DU AR S SR EAR 1 PL Vi 416 Cous o150 N 0, 1.00
ri , RO R U 5 e Lk i 53R e
KR AT P A o R DU T O 2 0.75
TEER HOEF K T T2 A W E A AR N o

BB LT ANP T SR04 R 2 D SR " 050
AL, S e T R RS D B 4 A s .

2.5 LT3 FOTIE R AR TE AR A SR
PCA Fl AHP ¥ {B5E 5 5% Az K A8 b A8 1 Ry i 7 A% 100 .
BT SRR SRR R AR 2 A A T 0 025 0? 075 100
N R 91‘“2%" =) % 2 tb ;\
e I?CA R i/ﬁ{ﬁm)%ﬁ’ i %Etf(*ﬂ i El6 ET ANPHBREZEMELRMETEFTRAISER
A THA R ML (E 7). AHP IR V B S5

Fig. 6 The classification results of life cycle form of P.

[—% , jﬁ%)ﬁ IEI%/E\:EP I‘B?J%EI"J %%iﬁ*liﬁj( s ﬁ?” 0. tetragonolobus of climbing type and dwarf type based on ANP
712, FHEV BSEUAERE . ANP IV SR %
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(I EEPE AL DU S0 C RS HUE AR B IE TRE AR AL,

PCA TR B AR A B DUR: O S TS HUA (2) B, 97 0. 42 DL b, S S HAG I v . AHP 1Y
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Fig. 7 Comparisons between classification parameters of life cycle form of P. tetragonolobus
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