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Abstract: Leaves are considered a significant site of carbon-water exchange and the energy-balance process. The
characteristics of leaf response to the external environment, functional traits, coordination mechanisms, and trade-off
strategies, as well as the structure and variation of leaves, have recently atiracted huge interest. Further, leaf size could
directly affect their capacity for light interception and carbon acquisition. Leaf area (LA) and related leaf traits such as
specific leaf area ( SLA ), leafl area index ( LAl), and normalized difference vegetation index ( NDVI) are the key
indicators in crop breeding, agroforestry production and management, model estimation, and species structure variation and
functional adaptation mechanisms. The leaf traits are based on leaf area and influenced by leaf morphology and size, and
determination of leaf area is the basis to discuss plant photosynthetic production and the physiological-ecological process.

However, the uncertainty of needle leaf area, which is due to the difficulty of measurement, could be a hindrance to
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efficient production and management, effective risk assessment, and development of correlational research. Thus, it is
significant to explore the appropriate measurement methods to obtain accurate values of leaf area. There is lack of
comparative studies between different methods of measuring leaf area, resulting in inconsistency of associated concepts and
definitions. Presently, instrument-based measurement methods of LA are pervasive and prevalent, but lack calibration by
artificial measurements. Additionally, studies with regression estimation models based on plant leaf area and morphometric
characteristics are concentrated on agronomy products such as crops and fruit and some broadleaf species. Research that
centers on needle leaf area estimation models based on leaf morphological characteristics is still lacking. This study used
Cunninghamia lanceolata, a common pioneer tree species in southern China, to measure 3 leaf morphometric characteristics
(leaf length, leaf maximum width, leaf maximum thickness) and indirectly calculate 5 indicators (leaf mean width, leaf
mean thickness, leaf area, leaf elongation, leaf perimeter) using Vernier calipers and portable leaf area meter. We present
the statistical distribution and correlation analysis of the 8 morphological characteristics, fitting the leaf area with the 7 other
indicators in multivariate linear regression models and nonlinear regression index models. We find that (1) by manual
measurement , the credible simple leaf area of Chinese fir ranges from 0.758 c¢m’ to 0.836 cm’, and shows a maximum
coefficient of variation (CV = 0.513); (2) leaf area significantly correlates with leaf length and width (r=0.896, 0.682) ;
(3) the multivariate linear regression model of leaf length and width that is most accurate: ¥=-0.388 + 0.165X,- 0.023X,
+ 1.4-53)(3(1'?2 = 0.981, SE = 0.053), where X,, X,, and X,are leaf perimeter, leaf elongation, and leaf mean width,
respectively. From the point of view of simplicity, leaf length (LL) of a single variable index model is more suited for a leaf
area estimation model; LA = 0.1 x (1 + LL)"*(R*= 0.77), %* = 0.39. The results demonstrated that this is a method of
instrument calibration and accurate estimation of other leaf traits of Chinese fir, providing data about single leaf area and
improving the model accuracy and stability for Chinese fir leaf area estimation. Moreover, this approach is effective in
providing data to support advice to plantation management, and for verification and improvement of leaf morphology and leaf

functional traits of other species.

Key Words: Cunninghamia lanceolata; morphological characteristics; leaf area; estimation model
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15.1—16.8°C [a] , AF AR XTI BE SAI7E 77% LA b WA R AR 4K 24350 8 1304.2 mm #1106 mm, FI7KEE
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YbX,, i=1—7, 3 Bl B o AR S i e A TR AL . R TR SEA R bR B Al X LA B Ak AT, AR i 1 e
B AR L, R FH PR AR e AR ek RS B . LA = @ x (1 + X)", Sl WAL IE s REC(RY) K (¢°) AN
W (P) LA S5 WA RIUA TS, IF B e BG4 R
1.4 B aHr

BRI TR0 L BETE Microsoft Excel 2010 47, $di 40 #r AL AL G F IBM SPSS Statistics 21.0,1F
EI7E R #0F B 5E,

2 EREHMH
2.1 ARSI ER IR SRR

eeeeeee 80 | -
AN EFRSMHE R A (R 1), B R RN R 14>
FERA(CV=0.513)  ¥I{EH M (0.797+0.409) (SD) em®
(& 2) Bl KRB A 78 (0.758—0.836) em?®(95%CI)
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LP3 DMHEARE 5 RAEEIL (CV=0.414, 0.411, 0.398) , Fig2 Frequency distribution of leaf area of C. lanceolata
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ZEAKR(MAD 53520 1.071 F1 2.19) , 728 5 FE B fe /Ny 4 0 58 B RS 48 61 LW, F1 LW, (CV =0.238,
0.224) , —FHEUE B sh A w22 B/, s AR b, LW, B LW, BYSE Rl L MAD | SE 1 95% CI 4394 0.11—
0.486 cm#i1 0.8—0.377 cm,0.051 #10.043,0.003 #10.003,0.284—0.297 c¢m #1 0.227—0.238 cm,
2.2 JEAARIRAHCE

T RAZARM A A PRI KA (Pearson) 7347 (K 2) KA RIFEFR X LA B ELEER W B A 52 00, LA
Br T 5 LE LP AR ERLSS (r=0.292,0.244) | 5 HAFE VRS 2N [R)FR B2 1) B etk iR AR OCE . Hir 24
5 LL LT, &t EASE(r=0.896, 0.911) LL 5 LT, AR B E L IEM S (r=0.999) ;14 5 LW, .. .
LT AR IEAE (r=0.682, 0.709) LW, 5 LT AW SR B (r=0.94) , WL, 1A 5
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LT, . LT, VIRERH T LL A LW, Wi s A5G, BR T LW, 5 LE \LP JLF A2 A (r 4351°40.073
F10.041) , HAFEPREIERE AR AR A A e, w5 LW, LT, WiA~36 b ) 5 BME — ) 6 56 3

AHRRERF (r=-0.29, r=-0.201) , LE LP 5 HAFEFR 2 A1 LM AH AR B 55 (r<3.5) (0 & Z 0] £ i
FHLRPEIEAE (r=0.946)

x1 ARMAESERESESREE

Table 1 Distribution characteristics of C. lanceolata leaf morphometric value

A in $8F5 Measurements

Statistics LA/ cm? LL/cm LW, on/cm LW . /cm LT, .../ cm LT, ./ cm LE LP/cm
FEATR N total 424 424 424 385 385 385 424 424
H4{H Mean 0.797 3.344 0.233 0.29 0.028 0.032 14.514 7.097
EE . 0.409 1.375 0.055 0.065 0.013 0.016 6.003 2.825
Standard Deviation

(8 A

AT 0.02 0.067 0.003 0.003 0.001 0.001 0.292 0.137
SE of Mean

AMEY 95 X

HafELHY 95% B D] LR 0.758 3.213 0.227 0.284 0.027 0.03 13.941 6.827

Lower 95%CI of Mean
IE Y 95% {7 X 8] T PR

0.836 3.475 0.238 0.297 0.029 0.034 15.087 7.366
Upper 95%CI of Mean
% Skewness 0.214 -0.02 -0.33 -0.104 2.143 2.721 0.443 -0.12
I JE Kurtosis -0.26 0.099 0.064 0.099 13.851 16.38 0.459 0.138
AR L Z R
Xﬁ%é& . . 0.513 0.411 0.238 0.224 0.465 0.489 0.414 0.398
Coefficient of Variation
P14 246 Ko {22
iR L 0.327 1.071 0.043 0.051 0.009 0.011 4.628 2.19
Mean absolute Deviation
#¢/ME Minimum 0.017 0.1 0.08 0.11 0.003 0.004 0.526 0.17
fix KA Maximum 2.166 8.332 0.377 0.486 0.137 0.14 33.495 17.184

e LA TR leaf area; LL:WK leaf length; LW, . P98 leaf mean width; LW, : fe K98, leaf maximum width; LT, : F30 5,

leaf mean thickness; LT & K&, leaf maximum width; LE . ”fﬁﬁ%,leaf elongation; LP; - Ji4K | leaf perimeter

max

R2 MARMFRSZERE XN (Pearson) 547

Table 2 One-way analysis of variance ( Pearson) of Chinese fir leaf morphometric

FEHR Measurements LA/ cm? LL/cm LW yean/ €M LW, ./cm LT, ../ cm LT, /cm ILE LP/cm
LA/ cm?

LL/cm 0.896 **

LW an/ cm 0.682 ** 0.323 **

LW,/ cm 0.45 ** 0.787 ** -0.29 **

LT an/ cm 0.911 ** 0.999 ** 0.359 ** 0.764 **

LT,/ cm 0.709 ** 0.384 ** 0.945 **  -0.201 ** 0.417 **

LE 0.292 ** 0.24 ** 0.288 ** 0.073 0.248 ** 0.344 **

LP/cm 0.244 ** 0.19 ** 0.253 ** 0.041 0.197 ** 0.3 ** 0.946 **

* % 7E P=0.05 ACF LRI EVEZE ST, LA M, leaf area; LL:M<, leaf length; LW, : 3B 9 leal mean width; LW, : F KM%,

leaf maximum width; LT, : F-3 )& | leaf mean thickness; LT, : it KM JE, leaf maximum width; LE; ' FE4 % | leaf elongation; LP: M Ji 4,

mean

leaf perimeter

2.3 KARMHERZ T IFRE R

¥ oL aw,,, AW, LT, HULT,  LE LP %5 7 A6hrYS LA $E17T 228 e A A fk, i LR A2 ARt
TSRV AHCNE (Pearson) 4307 (3R 2) 1311 LL 5 LT, AAAERIARGR 8 A0 DGR (r=0.999) , H KT LL 5 LA
FIAH I (r=0.896) , 3X i35 1 748 f 6] (4 A B0k S JRE 0], A 7 3kt 6 22 J L2 i SR 1 S i), 7E 2 A8 i 4 1k eT
B8R LL BHERR
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W 3,15 %6, R ATE 2 S 2P 5y A 1.

Y=-0.397+0.164X,-0.022X,+1.253X,+0.24X,—1.416X,+0.854X ,( R* = 0.981, SE=0.053) , H:tf X,-X, />
IR LP LE LW, LW o LT LT o

SRAAIL G FEAR U (R = 0.981)  (HAFHE 3 Al RECR B & Wdsbs LW, LT,... LT, .(P=0.074,
0.031, 0.11) o NI B IRFNRAR , B TE PRI 2 e e A 5 #2 . AN 2 DL LP ly 378 545 3] .
Y=-0.174+0.138X (R*=0.83, SE=0.157) ;4k£L5| AZFHE LE 13587 3. Y=-0.076+0.207X, -0.041X, (R’ =
0.977, SE=0.058) ,X, X, 7374 LP Fl LE; #F— 5| A8 LW, 3 3IHR) 4. Y=-0.388+0.165X,-0.023X, +
1.453X,(R*=0.981, SE=0.053) ,X,—X, /0% LP LE LW, 0¢if Lw, LT LT 1 T3E6rA 2 gk

BR(P>0.01) , BiAd 4 DL /b B2 B IR B R R AU UERE (R* = 0.981)  BEARLIK B BRI

®3 EAESFEGRSEEXREENAE,Y=a+3bX,, (i=1—7)

Table 3 Multiple linear regression of Chinese fir leaf morphometric, Y=a+>b.,X,, (i=1—7)
0 =X |
. AR 1A A X, AL Coelficient oy e b

ST T san GREE s o T
Value Error Lower Upper
N A 1 (Hi) -0.397 0.035 0 -0.467 -0.327
Complete subsitituion R*=0.981, #Rife LP(cm) 0.164 0.005 0 0.154 0.173
method fiiFiR2£=0.053  LE -0.022 0.002 0 -0.026 -0.018
LW pcan(cm) 1.253 0.213 0 0.834 1.671
LW, (cm) 0.24 0.134 0.074 -0.023 0.504

LT e (cm) -1.416 0.654 0.031 -2.701 -0.131
LT, (cm) 0.854 0.533 0.11 -0.195 1.902
B A 2 (H) -0.174 0.025 0 -0.223 -0.125
Stepwise method f;;%;f;; gfﬁ 5 LP(am) 0.138 0.003 0 0.132 0.144
(U EK] (W) -0.076 0.009 0 -0.094 -0.057

R*=0.977, #RifE LP(cm) 0.207 0.002 0 0.203 0.21
fhitFiiR22=0.058  LE -0.041 0.001 0 -0.042 -0.039
LAY 4 (HH) -0.388 0.036 0 -0.458 -0.318
R*=0.981, #Rife LP(cm) 0.165 0.005 0 0.156 0.175
it iiR2£=0.053  LE -0.023 0.002 0 -0.027 -0.018
LW, (em) 1.453 0.16 0 1.138 1.769

LA AR, leaf area; LL: MK leaf length; LW, ... : T30 58, leaf mean width; LW, : 5 K58, leaf maximum width; LT, : F3 R leaf
mean thickness; LT, JH KR leaf maximum width; LE ;P | 2K % ,leaf elongation; LP .} [, leaf perimeter

2.4 FZARM R BB

i1t 2 TCR AR B AN FIFR R AT LA B L5G R W R R STk &5, 0 T iF— 20 IR 5T AR B X LA 14
B ARYE A [RIFE AT B B A O, HEBR S AR SR FHAE MR LA = a (1 + X)"XF 7 A EFR AR AN
LA Sy RIS TRRRIG (R 4) . T84S 1A FRI BGRB8 EME(P=0) ,7 NMERFIEIREXT LA A A
FREE OGRS | A AT AR AL RN BT Z R R . RRAAKEBVIMRIK N . LP>LL>LW, >LW, SLE>LT, ..
SLT, x> WINBI KA IR N : LP<LL<LW, <LW, <LE<LT, <LT. ., R*Fly> K/NFFARS0 A 304 0 B e A —
3, B ZE A =3 e, SUA R B B i 1 2 LP LA =0.046x( 1+LP) " ( R*=0.825,%>=0.029) , H7E 95% ISR X
] (95%PL) $ & RUR Bt (8 3) , HYGR: LL:LA=0.1x(1+LL) " (R*=0.77,%*>=0.39) , HA R4 5 95%
PL (LA RERR S L AL, 1 LW, 5 LW, BA SR — i, SR 550 R . LA = 0. 144 x (1+LW,,, ) " (R* =
0.504,%°=0.083) ,IA=0.18x (1 +LW_ )>*®(R*=0.484,%>=0.075), LT, A1 LT Wi AR & 800 45 2

max mean max
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(R*=0.062,0.042) , REAE R LA AR

R4 EAHEREHRE

Table 4 Exponential model of Chinese fir leaf morphometric

IA=a (1 +X,)" SR Parameters Statistics Gt i1

FR & X, a b N R? 22 »
MK (LL)/cm 0.1 1.398 424 0.77 0.039 0
S GE (LW, ) /em 0.144 7.973 424 0.504 0.083 0
BRM5E (LW,,.) /em 0.18 5.963 385 0.484 0.075 0
SN (LT, ) /cm 0.702 6.915 385 0.062 0.136 0
BRME (IT,,.) /em 0.731 4.833 385 0.042 0.139 0
MHE KR (LE) 0.153 0.61 424 0.281 0.12 0
HJEK (LP) /cm 0.046 1.35 424 0.825 0.029 0

N= Number of Points. R> =Adj. R—Square. x> =Reduced Chi-Sqr.

2.5 AR ARG I

i 1 X B 22 JCR AR 4. Y =-0.388+0.165X,-0.023X,+1.453X,( R*=0.981, SE=0.053, YV JyHHFH,
X, —X 5390k LP LE LW, ) FETJEHK . LA=0.046x(1+LP) " (R*=0.825,%>=0.029) , A K . LA=0.1x( 1+
LL) " (R*=0.77,%*=0.39) Fy T ARAELL AR A 4G 90 . 22 T2 A B 40L& D0 BE iy, it LA S (i 0 93
DM B R AT LUK B S EA%E V=X A2 (18 4) , SEI(E RN 0 (e 1 AR BEAR e o #hi BT 4 ] DLk
— BRI, Y ] 22 e S R A TR ARG T A SR A SR 2% T RE P A ZE M /N (LA<0.4 em® ) R K (LA >
1.6 em®) Ab , EBS O /IN TSR, >4 SRR B AR R MR R B AT, TR R T LP 8¢ LL, —F M AU
SRR 2R BB (B 5) o3 Al ST A SR 5 P REACZ P A T LP L LL # R (LP>12 em Fil LL>6
em) B IS BR 258K, B2 4 A A5k 25 B3, OB R o 3 MR ol A 94 A SR ik 3 B A
AL R A I A NSO R AR DU BT B8 22 | B 2.1 A3 BTy X PR i R/ N RIS R B9 17 0
A T IEE A AR B

3 Wit

3.1 AR EBURHIE

FAXF HABTE A5 226808, A2 AR LA 285 (CV=0.513) e K, 33 5 5% 7 DU e el P o 1) T 285 2 38 B A8 S 00
BrEo 4 AR 0 B v] B T LA B By SRS B DR I o Tk S 800 5 25 M 0 Ll 4 s it R
Ko HIARBAM A P ETIR, e LL 7R SRR RS S LW B K (CV=0.411, 0.238) , il i A &1 ( Pearson ) 43
Mr(22) KB LL Wl IA AR IR IL T Z A B 25 18] (r=0.896) , X 5 B A XF W M 58 K AR, B
WEFTR T LW XF LA B2 588 BE A5 3T 90% MR 15, bb LL(75% ) K, nl ORI R, LL i
LW St LA B9S2 Aot ik AN, A WFIE XA AR B LA I 35 Bl AE 0.6873—1.316 cm”, B ifE 22 4 #i 1E
0.136—0.316 em® Z[A]" > AREFFEFA LA 1 95%CI JLFIAE 0.758—0.836 cm”, T ASHIF 55 HAG R50(E 14 36 FEL A1
Lo B B FE RS A, (EARVE R 220 K (SD = 0.409) |, JR R AT REJ& i T 2L A5 IO REAR 32 22— BRA Y 50—60
AR R AHE T BIREASTE AN RIS S [ 76E 2 S [R) I8 8 8 0 A, 5 BE ARG E G BP9 s T, HL - T
WRZEEBN, A BUE TR, bR R 225K . LT 3R AR 5 B 5 82 v BB 43 A (R B T A2 AR Fr LT D)
A RAE , ZEROR B2 55 ,0.01 em HER I SE M AH L ABAE AR IR R . (Rl FAZ AR R EE I i H g A TR
RO SRS RO RS LE WEUE R 25 O i TAZS AR B KBS | 1 LE il b i & LL #1LW, 555
MR LEFa AR , BRI T o A R iR 25 2 LA B 2, 380 LE W aE ITE K, LL LP LW WEUE S A 53 A 4
W 22/, AT RE SR RN AZ AR B/, B B LL A LW A LA A R A S /0N ELI S Dy v R A, D T ok
PR AR TR 22 /0N 1A R (18 S ST B AL

http ; //www.ecologica.cn



8 S % 38 &

3071
2.5 b
2.0 =
1.5
(L)
1.0
0.5
O ()
0 1 2 3 4 5 6 7 8 9 0 0.1 0.2 0.3 0.4 0.5
MK LL SEHH-95 LW mean
Leaf length/cm Mean leaf width/cm
3.0
251 ¢
2.0
1.5
1.0
0.5
35 0
S 0 0.1 0.2 0.3 0.4 0.5 0 0.05 0.10 0.15
% = B AM %5 LW _max SEHuEJE LT _mean
+ 5 Max_leaf width/cm Mean leaf thickness/cm
Q
2

0 0.05 0.10 0.15 0 5 10 15 20 25 30 35 40
BoARMJE LT max MK LE
Max.leaf thickness/cm Leaf elongation

— Fitof LA
— 95%CL
95% PL

0 5 10 15 20
HEK LP

Leaf perimeter/cm

3 EAMERESIELERE
Fig.3 Nonlinear fitting of Chinese fir leaf area

Fit of LA ;MU A LK, Fit of leaf area;95% CL:95% .15 X [A1£K,95% confidential line;95% PL:95% probability line

LE 5 LP RAE HH & 0552805 00 LE F1 LP (505 LW, A 3R HL LW, 5 LE LP
JUTAREARHE , ARG, LA SBE% LL 5 LW, WSR3 50 S AR L 11 22 AR AR )
{0 LT, LT, FTRER T LL R LW, WSSO0 RIASAC, LE R LP #0094 35 45 (LL LW,
FEARIMIR , FUg it A Rl iz 5505 2, PR 38 A I AR DG
32 RN AR SRR R

225 R VIR R B LP LE LW, % LA (9 EHER 0K LI 58 T P T L A5 e 7 e
W A0 LP F1 LE #B8K LL AV LW, BB SR bR, BT LIk LL # LW #8% LA (9 BBz B 520, © LL

http ; //www.ecologica.cn



10 T A AR SRR T AR AR 9

LW B, BT LGE i #3500 LE F1LP X i AR A T v
M AR, LL F LW WA F e A iRt 20

1.8

[ I PR R A T A 525 2% 304 1,995 AR AL 45340 4 o
A T Fil B PR S B v SR (R 2 2 1T A2 1Y 12
0705 g 2 e AR T L Sy R 0 BE () LA T 08

0.6

A A R S O P A AT B2 06

Y=-0.01984 + 1.01201.X

TR HE AR
Modelled leaf area/cm?

A NBRHEAE E 5 1 AT 5T E— A5 o7 238 A 2 02 oA Bt
3= M4 o N e 0 [glwee .
ORI LA AT A TEARR MRS AR R LP R LL 02

N v — — N, 23 Y5 04 L I 1 1 L L 1 1 L I )
(A BT (R7=0.825, o*=0.029) , 45 LU AT B 50 0 02 04 06 08 1.0 12 14 1.6 1.8 2.0 22
%% \%%ﬂ] E/:J n_[‘ﬁﬁ:{,fﬁﬁég%gﬁ[ﬂ-iﬂ ° 1E%éj: M- TEi FR Leaf area/cm?

"% & LP 75 r ) RS (1 o A

PREIE, T - E”Ji*‘mfﬁ SPARIREET SRR o) nmmamias s s ds e mmen  pis e
TR LL ARXIRZA/ N LA AT LA=0.1x (1+ g
LL) 1398( R*=0.77 , Xz = 0.039) s HT:E@L% EF' E@%Bﬁ\%”% Fig.4 Relationship between measured and estimated leaf area
1 23% ﬂejﬁué‘%ﬁﬁ:}»’ Bl BEH T SR 1Y 1R 22 , LS when leaf area was modeled implicitly with leaf perimeter, leaf
iﬁjﬁj _g;_ @ 1}% ,1[5&[57—58] EE _[Hﬁﬂ [ﬂb{)rw ﬁﬁ% E/‘J *ﬂﬁs aﬁ E E elongation and leaf mean width ( multiple linear regression model
X LA HORE SRR TR, LA R g e el
FORERUAG S LW A ) T N e g 2 342 A

0.6 0.6 -

0.4

S
S}

v R 2
Residual of leaf area/cm?
v Rk 22
Residual of leaf area/cm?

0 4 8 12 16 20 0 2 4 6 8 10
H-J& 4 Leaf perimeter/cm K Leaf length/cm

B5 ETHAKMMHKOMHERIEREMSERZEE

Fig.5 Residual of leaf area based on leaf perimeter and leaf length nonlinear fitting models

TERZARM IR FE R LW TG BER BB LL 43X 5 FE AR YA SCHE (Pearson ) 23087 (35 2) 7 B9 4518
AR, SRS AR IS A MIHAS , LA em S Bt 007, LW BHRAEA 3 A 52 ,0.01 em AN 518 2517 R (1 52
WX LW SR, LE AF R AR R AR AR S PRI AN R, LT H5CHiE o3 A1 D 16 805 11 B9 — 2, D PR A
DR R i P R BN R JROR BT, 22K AT RE 2 A0, H. 95% B A IX [AE MR R T 0.05 em AR, I
PHREIA A2 AR 53l /N T 0.05 em, KT 0.05 em MIREAARZ | HLAN I8 a5 (B 3 30 0] B St P 400 Sy iy T
N JE B X 2R ELERORS B ey, - LN i B iR 22 B 8, LA 5 LT, (LT, FTRESE T LL AT LW, B3

http ; //www.ecologica.cn



10 A E = 38 G

Wi T AR A G, X S ELSE LA 5 LT IR ma i s — 2 o i AN | 5 B g — 2B 5T
4 it

ARWFFEEIERT LA 5 7 AR BB S AEAR (LL LW o, LW o LT, LT, LE (LP) [R] (8 AH 553 H7
BRMUA 2 AR (0.797£0.409) em® , K453 AT 1E 0.758—0.836 cm® , AN[RIAFE R AT LA 1Y) B 25 [H]
FESUMARNTR] R LL R LW X LA (9T B R LT X LA DA 52 o 32 i iF— 40 3 T i B 2598 b5
X LA SEATHLAA S, R 2% 08 LL A PR i 48 BORE YIS 5 % LA AT A5 58 LA=0.1x (1+LL) " (R* =
0.77,%*=0.39) . MAEHA A BEH &, LL LW ) 2 JC PRI TR 4F ) Y = —0.388+0. 165X, —0.023X, +1.453X,
(R*=0.981,SE=0.053) ,X,—X, 5034 LP \LE LW, . i ARG 56 f5 o\ Sy P oS 78 2 A% 5 I T LA 2322
SRRV R R 22 0PI RE ) BUAE I R A/ N O R B Z (B 2 A 3 T R A2 AR I TR ARG L, AR AN ] 15
DLBEPEAN ] AR | REXTAZ A I TR A T AR e IR I i | W ahE S TR T SR A BR 1, th s g ik 48 71, A I
FZAI T BE PR 00 0 i B2 (A8 B R %) TR 5 1, Ry A I AH DG I JE SR A SR B AL 52 A S 3

5% 3Lk ( References) :

[ 1] Niinemets U, Portsmuth A, Tobias M. Leaf size modifies support biomass distribution among stems, petioles and mid-ribs in temperate plants. New
Phytologist, 2006, 171(1): 91-104.

[ 2] OsnasJ LD, Lichstein ] W, Reich P B, Pacala S W. Global leaf trait relationships: mass, area, and the leaf economics spectrum. Science, 2013,
340(6133) ;. 741-744.

[ 3] Wright 1], Reich P B, Westoby M, Ackerly D D, Baruch Z, Bongers ', Cavender-Bares J, Chapin T, Cornelissen ] H C, Diemer M, Flexas J,
Garnier E, Groom P K, Gulias J, Hikosaka K, Lamont B B, Lee T, Lee W, Lusk C, Midgley J J, Navas M L, Niinemets U, Oleksyn J, Osada
N, Poorter H, Poot P, Prior L, Pyankov V I, Roumet C, Thomas S C, Tjoelker M G, Veneklaas E J, Villar R. The worldwide leaf economics
spectrum. Nature, 2004, 428(6985) . 821-827.

[ 4] Cornelissen J H C, Lavorel S, Garnier E, Diaz S, Buchmann N, Gurvich D E, Reich P B, ter Steege H, Morgan H D, van der Heijden M G A,
Pausas J G, Poorter H. A handbook of protocols for standardised and easy measurement of plant functional traits worldwide. Australian Journal of
Botany, 2003, 51(4) . 335-380.

[ 5] Stephenson N L, Das A J, Condit R, Russo S E, Baker P J, Beckman N G, Coomes D A, Lines E R, Morris W K, Riiger N, Alvarez E, Blundo
C, Bunyavejchewin S, Chuyong G, Davies S J, Duque A, Ewango C N, Flores O, Franklin J F, Grau H R, Hao Z, Harmon M E, Hubbell S P,
Kenfack D, Lin Y, Makana J R, Malizia A, Malizia L R, Pabst R J, Pongpattananurak N, Su S H, Sun I F, Tan S, Thomas D, van Mantgem P
J, Wang X, Wiser S K, Zavala M A. Rate of tree carbon accumulation increases continuously with tree size. Nature, 2014, 507(7490) : 90-93.

[ 6] Lizaso J I, Batchelor W D, Westgate M E. A leaf area model to simulate cultivar-specific expansion and senescence of maize leaves. Field Crops
Research, 2003, 80(1): 1-17.

[7] LuoTX, PanY D, Ouyang H, Shi P L., Luo J, YuZ L, Lu Q. Leaf area index and net primary productivity along subtropical to alpine gradients
in the Tibetan Plateau. Global Ecology and Biogeography, 2004, 13(4) . 345-358.

[ 8] [Leverenz ] W, Hinckley T M. Shoot structure, leaf area index and productivity of evergreen conifer stands. Tree Physiology, 1990, 6 (2):
135-149.

[9] Zhao M F, Xiang W H, Deng X W, Tian D L, Huang Z H, Zhou X L, Yu G R, He H L, Peng C H. Application of TRIPLEX model for
predicting Cunninghamia lanceolata and Pinus massoniana forest stand production in Hunan Province, southern China. Ecological Modelling,
2013, 250, 58-71.

[10] Zhao M F, Xiang W H, Peng C H, Tian D L. Simulating age-related changes in carbon storage and allocation in a Chinese fir plantation growing in
southern China using the 3-PG model. Forest Ecology and Management, 2009, 257(6) ; 1520-1531.

[11] Lucht W, Prentice I C, Myneni R B, Sitch S, Friedlingstein P, Cramer W, Bousquet P, Buermann W, Smith B. Climatic control of the high-
latitude vegetation greening trend and Pinatubo effect. Science, 2002, 296(5573) : 1687-1689.

[12] Krinner G, Viovy N, de Noblet-Ducoudré N, Ogée J, Polcher J, Friedlingstein P, Ciais P, Sitch S, Prentice I C. A dynamic global vegetation
model for studies of the coupled atmosphere-biosphere system. Global Biogeochemical Cycles, 2005, 19(1) : GB1015.

[13] White M A, Thornton P E, Running S W, Nemani R R. Parameterization and sensitivity analysis of the BIOME-BGC terrestrial ecosystem model ;

net primary production controls. Earth Interactions, 2000, 4(3) . 1-85.

http ; //www.ecologica.cn



10 T A AR SRR T AR AR 11

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22
[23
[24
[25
[26

[27]
[28]
[29]

[30
[31
[32
[33

[34]

[35]

[36]

Krieger ] D, Guralnick R P, Smith D M. Generating empirically determined, continuous measures of leaf shape for paleoclimate reconstruction.
Palaios, 2007, 22(2): 212-219.

Royer D L, Sack L, Wilf P, Lusk C H, Jordan G J, Niinemets U, Wright I J, Westoby M, Cariglino B, Coley P D, Cutter A D, Johnson K R,
Labandeira C C, Moles A T, Palmer M B, Valladares F. Fossil leaf economics quantified: calibration, Eocene case study, and implications.
Paleobiology, 2007, 33(4) : 574-589.

Huff P M, Wilf P, Azumah E J. Digital future for paleoclimate estimation from fossil leaves? Preliminary results. Palaios, 2003, 18(3) : 266-274.
Rozendaal D M A, Hurtado V H, Poorter L. Plasticity in leaf traits of 38 tropical tree species in response to light; relationships with light demand
and adult stature. Functional Ecology, 2006, 20(2) : 207-216.

White ] W, Montes-R C. Variation in parameters related to leaf thickness in common bean ( Phaseolus vulgaris L.) . Field Crops Research, 2005,
91(1). 7-21.

Reich P B, Walters M B, Ellsworth D S. From tropics to tundra; global convergence in plant functioning. Proceedings of the National Academy of
Sciences of the United States of America, 1997, 94(25) . 13730-13734.

Kattge J, Diaz S, Lavorel S, Prentice I C, Leadley P, Bonisch G, Garnier E, Westoby M, Reich P B, Wright I J, Cornelissen ] H C, Violle C,
Harrison S P, van Bodegom P M, Reichstein M, Enquist B J, Soudzilovskaia N A, Ackerly D D, Anand M, Atkin O, Bahn M, Baker T R,
Baldocchi D, Bekker R, Blanco C C, Blonder B, Bond W J, Bradstock R, Bunker D E, Casanoves F, Cavender-Bares J, Chambers J Q, Chapin
Li F S, Chave J, Coomes D, Conwell W K, Craine ] M, Dobrin B H, Duarte L, Durka W, Elser J, Esser G, Estiarte M, Fagan W F, Fang J,
Fernandez-Méndez F, Fidelis A, Finegan B, Flores O, Ford H, Frank D, Freschet G T, Fyllas N M, Gallagher R V, Green W A, Gutierrez A G,
Hickler T, Higgins S I, Hodgson J G, Jalili A, Jansen S, Joly C A, Kerkhoff A J, Kirkup D, Kitajima K, Kleyer M, Klotz S, Knops ] M H,
Kramer K, Kiihn I, Kurokawa H, Laughlin D, Lee T D, Leishman M, Lens F, Lenz T, Lewis S L, Lloyd J, Llusitt J, Louault F, Ma S, Mahecha
M D, Manning P, Massad T, Medlyn B E, Messier J, Moles A T, Miiller S C, Nadrowski K, Naeem S, Niinemets U, Nollert S, Niiske A, Ogaya
R, Oleksyn J, Onipchenko V G, Onoda Y, Ordofiez J, Overbeck G, Ozinga W A, Patifio S, Paula S, Pausas J G, Pefiuelas J, Phillips O L,
Pillar V, Poorter H, Poorter L, Poschlod P, Prinzing A, Proulx R, Rammig A, Reinsch S, Reu B, Sack L, Salgado-Negret B, Sardans J,
Shiodera S, Shipley B, Siefert A, Sosinski E, Soussana J I, Swaine E, Swenson N, Thompson K, Thomton P, Waldram M, Weiher E, White M,
White S, Wright S J, Yguel B, Zaehle S, Zanne A E, Wirth C. TRY-a global database of plant traits. Global Change Biology, 2011, 17(9)
2905-2935.

Diaz S, Kattge J, Cornelissen ] H C, Wright I J, Lavorel S, Dray S, Reu B, Kleyer M, Wirth C, Prentice I C, Garnier E, Bonisch G, Westoby
M, Poorter H, Reich P B, Moles A T, Dickie J, Gillison A N, Zanne A E, Chave J, Wright S J, Sheremet’ev S N S, Jactel H, Baraloto C,
Cerabolini B, Pierce S, Shipley B, Kirkup D, Casanoves F, Joswig ] S, Giinther A, Falczuk V, Riiger N, Mahecha M D, Gorné L D. The global
spectrum of plant form and function. Nature, 2016, 529(7585) ; 167-171.

A%, HLL, FE, B, BSFIE. SRS A TR K b AR BT MOl BFEBFST, 2013, 26(2) : 174- 180.

ZERFEOR, XUBHER, 0T, THEENE. TN EF bRy o i AR I AR B A AR 25, 2007, 31(1) ; 93-101.

RIS, FFAK S A S R A A AR T AL Mok B E R, 1985, (9) : 15-17.

RSP, R, AZAM TN T . sl BHEIR, 1980, (1) : 24-26.

LuY H, Coops N C, Wang T L, Wang G Y. A process-based approach to estimate Chinese Fir ( Cunninghamia lanceolata) distribution and
productivity in southern China under climate change. Forests, 2015, 6(2) : 360-379.

JERE, PO, BREE ) SRET, BRAL AZAR N TR R BRI B R T K R ERIESE, 2013, 20(4) ¢ 75-81.

RUBL L. AR T RRAS [0 2 5 ) LRI S . BRI B, 1996, 24(2) ; 139-141.

ok, Exian, 2R, HEE, T, BRLE, $FR, S45E FUHECE BB DAL AREE £ R34, 2011, 31(11)
3090-3100.

FERE, XEB, WER, 65 FTAIE 5 2 0E LI N TARM RS RN 153078, AR, 2014, 34(8) : 1956-1964.

Verwijst T, Wen D Z. Leaf allometry of Salix viminalis during the first growing season. Tree Physiology, 1996, 16(7) : 655-660.

Schwarz D, Kldring H P. Allometry to estimate leaf area of tomato. Journal of Plant Nutrition, 2001, 24(8) : 1291-1309.

Tsialtas J T, Koundouras S, Zioziou E. Leaf area estimation by simple measurements and evaluation of leaf area prediction models in Cabernet-
Sauvignon grapevine leaves. Photosynthetica, 2008, 46(3) : 452-456.

Kandiannan K, Parthasarathy U, Krishnamurthy K S, Thankamani C K, Srinivasan V. Modeling individual leaf area of ginger ( Zingiber officinale
Roscoe) using leaf length and width. Scientia Horticulturae, 2009, 120(4) : 532-537.

Mokhtarpour H, Teh C B S, Saleh G, Selamat A B, Asadi M E, Kamkar B. Non-destructive estimation of maize leaf area, fresh weight, and dry
weight using leaf length and leaf width. Communications in Biometry and Crop Science, 2010, 5(1): 19-26.

Abajingin D D, Ajayi N O. Non-destructive method for estimation of leaf area of clerodendrum volubile, a West African non-conventional vegetable.

http ; //www.ecologica.cn



12

S % 38 &

[37]

[38]
[39]

[40]

[41]

[42]

[43]
[44]

[45]

[46]

[47]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Research in Plant Sciences, 2015, 3(2) . 38-42.

Tartaglia F' D L, Righi E Z, da Rocha L, Loose L H, Maldaner I C, Heldwein A B. Non-destructive models for leaf area determination in canola.
Revista Brasileira de Engenharia Agricola e Ambiental, 2016, 20(6) : 551-556.

Serdar U, Demirsoy H. Non-destructive leaf area estimation in chestnut. Scientia Horticulturae, 2006, 108(2) : 227-230.

Demirsoy H, Demirsoy L, Uzun S, Ersoy B. Non-destructive leaf area estimation in peach. European Journal of Horticultural Science, 2004, 69
(4): 144-146.

Gugliuzza G, Fascella G, Mammano M M, Militello M. Non-destructive leaf area estimation in Myrtus communis plants. Acta Horticulturae, 2015,
1104: 89-94.

Rouphael Y, Colla G, Fanasca S, Karam F. Leaf area estimation of sunflower leaves from simple linear measurements. Photosynthetica, 2007, 45
(2): 306-308.

Fascella G, Darwich S, Rouphael Y. Validation of a leaf area prediction model proposed for rose. Chilean Journal of Agricultural Research, 2013,
73(1): 73-76.

PIIRA, FPR, SRakse. FRERE s PR R i BUCHNE . TR MOl B, 2009, 25(6) « 39-44.

TR, FBEAR, BT, TR, T TR TR Y Ll 22 AR e A B E ik . BRI R, 2011, 39(18) : 10862-
10864, 10876-10876.

de Swart E A M, Groenwold R, Kanne H J, Stam P, Marcelis L F M, Voorrips R E. Non-destructive estimation of leaf area for different plant ages
and accessions of Capsicum annuum L. The Journal of Horticultural Science and Biotechnology, 2004, 79(5) . 764-770.

Nicotra A B, Leigh A, Boyce C K, Jones C S, Niklas K J, Royer D L, Tsukaya H. The evolution and functional significance of leaf shape in the
angiosperms. Functional Plant Biology, 2011, 38(7) : 535-552.

James S A, Bell D T. Influence of light availability on leaf structure and growth of two Eucalyptus globulus ssp. globulus provenances. Tree
Physiology, 2000, 20(15) : 1007-1018.

ZERTOR, NVBLER, BT, LLRRI. MK RS B AR, 2006, 26(12) : 4099-4105.

Gamiely S, Randle W M, Mills H A, Smittle D A. A rapid and nondestructive method for estimating leaf area of onions. Hortscience, 1991, 26
(2): 206-206.

s, R, R KAREM AR H T R AL, JARRLREE, 2011, 38(14) : 28-29, 32-32.

5, FREE, AL, e, RUES. AR JOBUE Y R T AR A ST, ) VEAE, 2013, 33(6) : 756-762.

RN, FKRE, WAL, BRUKK. SRR AR AR m AR Sy B A . WAL, 2015, 44(3) : 218-222.

Cirillo C, Pannico A, Basile B, Rivera C M, Giaccone M, Colla G, de Pascale S, Rouphael Y. A simple and accurate allometric model to predict
single leaf area of twenty-one European apricot cultivars. European Journal of Horticultural Science, 2017, 82(2): 65-71.

Montero F J, de Juan J A, Cuesta A, Brasa A. Nondestructive methods to estimate leaf area in Vitis vinifera L. HortScience, 2000, 35(4) .
696-698.

Ghoreishi M, Hossini Y, Maftoon M. Simple models for predicting leaf area of mango ( Mangifera Indica L.). Journal of Biology and Earth
Sciences, 2012, 2(2) : B45-B53.

Ames Z R, Olmstead M A. Estimation of leaf area for ‘ Blanc Du Bois’ Vitis spp., * Carlos’ Vitis rotundifolia, and ‘ Southern Home’ Vitis
rotundifolia X Vitis vinifera using simple linear measurement. Journal of Horticulture, 2016, 3(3): 1000178.

RN, PRI, S H , 2EBEM, Liebig H P. £ FURAL BEEOR RS IR i A 2 . ARl TRRA32, 2002, 18(4) @ 155-158.
RS 435, CAD EIE AR BB ARy AR P 0. HR ROl R 2254, 2003, 38(4) : 467-470.

Wilson P J, Thompson K E N, Hodgson J G. Specific leaf area and leaf dry matter content as alternative predictors of plant strategies. New
Phytologist, 1999, 143(1) : 155-162.

Zhang L, Liu X S. Non-destructive leaf-area estimation for Bergenia purpurascens across timberline ecotone, Southeast Tibet. Annales Botanici
Fennici, 2010, 47(5) : 346-352.

Meziane D, Shipley B. Direct and indirect relationships between specific leaf area, leaf nitrogen and leaf gas exchange. Effects of Irradiance and

nutrient supply. Annals of Botany, 2001, 88(5) : 915-927.

http ; //www.ecologica.cn



