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Leaf characteristics and leaf area estimation model of the scale leaf in Juniperus

chinensis L.

CUI Xiao, ZHANG Niu, CHEN Chunyan, ZHANG Youfu "
College of Agricultural, Henan University of Science and Technology, Luoyang 471000, China

Abstract; Leaves are the primary photosynthetic organ in plants, which play a crucial role in growth and biological
productivity. The size of leaf area directly affects resource utilization efficiency, including water, nutrients, and light
interception. Thus, leaf area measurement is fundamental for studying plant growth dynamics and physiological-ecological
variation. Juniperus chinensis L. is an important tree in landscaping and ecological afforestation in northern China. Its scaly
leaves are tiny and incomplete. Traditional leaf area measurement methods are impractical for the scaly leaves. Establishing
leaf area estimation model for Juniperus chinensis L. is helpful for an accurate and non-destructive measurement of its leaf
area, and provides vital references for assessing its ecological function and adaptive capacity across environments. In this
study, leaf length (L), maximum width (W), base width (BW) , and area (LA) in Juniperus chinensis L. were measured
on 1352 scale leaves with vernier calipers and Image] software. Statistical distributions and correlations between the four
morphological indicators were systematically analyzed. Univariate, bivariate, and trivariate regression models ( linear,
exponential, power) were developed using L, W, and BW as predictors and LA as the response variable using SPSS

statistical software. The results show that, among the four morphological indicators of scale leaves in Juniperus chinensis L.,
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the coefficient of variation for LA is 0.414, with values ranging from 0.836 to 0.874 mm’(95% CI). LA is significantly
positively correlated with leaf length (L) and leaf width (W) (r=0.903, 0.773). The optimal bivariate and trivariate
power function models achieved prediction accuracies of 96.15% and 97.08% , respectively given the similar accuracy levels
of the two models, the binary power function model emerged as the better choice for balancing precision and ease of use:
IA=0.733 L*** W** (R*=0.892, RMSE = 0.108, AIC = —1732.741) . In terms of simplicity, the unitary power function
model using leaf length (L) is suitable for estimating LA: LA =0.533L"""'(R*=0.770,RMSE = 0.154 , AIC =-975.071) ,
with a prediction accuracy of 88.64%. This study establishes a simplified method for precise estimation of scale leaf area in
Juniperus chinensis L., supporting the non-destructive monitoring of leaf area and the research of the relationship between
leaf growth and the environment. Due to the unique morphological characteristics of Juniperus chinensis L., especially its
tiny scale leaves, this method proposed in this study offers a reliable methodological reference for estimating single-leaf area
with similarly micro-sized foliage. The method also contributes insights for establishing leaf trait models in species with
analogous leaf shapes. Furthermore, this methodology supports the advancement of intelligent forestry monitoring systems

and the development of informatized equipment platforms.

Key Words: Juniperus chinensis L.; scaly leaf; leaf area; estimation model

R SEAE A TG A VR I SR B R MR ) i A KRR A 7= 0 TR (leaf area, LA) K/NE
PR SRR AR Aok GEFRRDGEE, TRBL, vERI LA XA A B B S RS RS S TR
FIREE ) PR UG T R B A LA R T AT A AR ARk | A A
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TR AR 1) S RO 3 2 5 ) TN RS B AN AT AP A Il it g A v T AR A AR B 5 8 T 1Y
MRS EOR L 58, QR FH 58 @7 AR 98 5 B ( Congea tomentosa ) G RIIE F1E5 JK ( Cucurbita moschata) i
TG Fy P T R R A PR 0207 (4B BB A3 S i 0.976 1 0.987 i A4 AL Ak Fof v o U B ASS AR it 3
RSB R KA B BB, WA R (Pinus tabulaeformis ) 1 HE 37 1) I 1 BLURE PR A
BRI BE N 0.634 5 MR 452 A AR B A4 2 1) K 178 A ( Larin olgensis ) I T R R HI0A5E A4
AUHLE BE =ik 0.822, X SERIHY P s 78 T H R B 5 T, [ 5 T IUAS TR S H8 PR F00 LA {3 ] ARA5 55
MIFLE BE, W B AR T AR R I SRR PR IBORE . MR A TS b AR LA A i R Z R PE G R
DI LA, H HT7ESEIE A6 i i AL AR | B T B S8 PR BB AR X 8D SCHRIGE AR 22

[ ( Juniperus chinensis ) FJBFHF} ( Cupressaceae ) B & BRI T, 23 [ 7340 )32z 1 Pel bRk AL AR ) Al i
MR DL, AL 2 BT M HES) R %I 38 B A Sevml, 2R FNIREDE . X BIAG e R 5 3=
TR PR S IR S 2 R AR R R 0 AR, I R DR L R v ke SR AT Y i T
R WK PR RE )2 KR B R RN AR AR i e AR A K AR i 2 22 R A DR I T
PR RAR T EE, SR H AT, BA —Fh IR T BT M A SRR O LA W ik, B, g ar ST EHE A
SRR E A AR i R ) A BE o RPN AR LR 7 U [R) PR R IE N RE ) I S R
T T AR AR ) S S o LA 58 L i 2 0o e TR K P 9 AR S A R

AW 5E LA FE AR b - BAR O BIFFE R G, PR R RN B 1352 AR B I 1C SIS (leaf length,
L) F KM 58 (maximum leaf width, W) DL IHJE5E (1eaf base width, BW) = AN CH#ES%L, FIH Image) KIS AL FE
AR R AR BN I EUGGHA T R 5380, NG LA, R TR B AR 1A SR Ml 7 —J0 o=
TCLME FE R R pR AR Ty B R X A A AR AR BE AT L5 A . SRS i LA S Aokl B i
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ARS8 05 | 30 i SRS I AR SR TR Y TN MG F8E R AR 1, DA B i L ) A BRI A S S R it A
7% WA PPAG /NI I AR ) B TR BRI A 5 g B ROR SR, LS ST BAT ZEAUL I AL B4 1 R T A A
RBSHAK

1 MRS

1.1 WFFEHsEsL

SRAE Hb o557 9 T 9% B AT R R R 2 A el (A28 34°3678” 7R 4 112°24732") TS g % BH 1) J&] LL AR AR
Bl (b2 34°32'77 44 112°16/307) . MR 2411 2010—2019 4EFIA S0 5 (db 4 34°29724" 445 112°15'
36") AFFEE 14.6 C PRI IR 59.6% , AFFEK B 590 mm J& B A R Z KU, LR AR
B DGREOR K AR R E A RR AR G TR Ll AR PR 2 A B 2R Y T BT R A A ( Juniperus
chinensis) R4 ( Ginkgo biloba) .2 V1 ( Ligustrum lucidum) \F.FAW(Acer pictum) \Z5 ¥ ( Cedrus deodara) A
( Platycladus orientalis) F148 2% ( Prunus cerasifera) %5 ; 3 B HE AR B F A 41 P} ( Paeonia suffruticosa) | 45 FEFE
(Amorpha fruticosa ) . ‘K X5 B ( Rhus typhina ) | 7% ¥ ( Forsythia suspensa) . H} Z= 4t ( Rosa chinensis) . ill F £
(Jasminum nudiflorum ) F13f| 5% ( Vitex negundo) 55 ; F B2 WA K W) A %5 4 ( Chrysanthemum indicum) | Ji J& %L
( Setaria viridis) .32 NFE( Canna) P14 ( Plantago asiatica ) % ,
1.2 FEACRAE SIS A

IR M 2023 4F 11 H T 4R, & 2024 4F 7 A 450K,
SR FH ML B IURE 18 77 2 DTRT i o DA 2 A6 el 411 1) 2R b
PR 68 FEARIS TE 10—35 4F (W R A AR 5 1wl (b
R 0, PE A AR ) Be £ /NIRRT RS R R AR 1
A 32 B R E SN R F I (1), 31352
Fro MEHIRGIE D 0.05 mm Jif b5 R0 550 0 5 5 A 6952 B EMSRNKE S A B EROL IR
[]—I‘E/(J L( nfﬁﬁ%%ﬁéu ﬂ—fg&ﬁgﬂﬁ%) \W( nf*ﬁﬁ%ﬁﬁ&?) Fig.1 Linear measurements ( length, maximum width and base
l/‘/{& BW( nf#ﬁ‘j%%ﬁ E@*ﬁmﬁg) i %”fﬁ?%ﬂ: A4 zEE width) of the scaly leaves in Juniperus chinensis L.
b TEM R DRI T — 6 4800 JT R E IS AHAIL
E TR A4 4025 em BALE XTI 5 #- AT 7K1 B4, PR BUR G B AL T 2, FEfg it R R
7 T R R ORE B3 0.05 mm) B8, 8 Tmage) EUGALFRAR {2 ( 56 [ S BAE 5T B )
a3k I R EEEE Y LA,
1.3 2RI

BT B ML S8 h5 , BENLAIE 80% MIFEANE Ry SLBAEA AR 1Y 20% #7300 0IE . Ry 43 Hr 45 Fh 2 25 4
PRXF LA B2 | LA R Se S RO AL i DTk AR B, 43 i i Sr T it LA 5 L W I BW Z (8] —JT , —Jo il =
JCIIE 7 RS RGBS B A R AE SRR 4R ORI R R B = AR AL T LA (R 1) o B InAUR
INZHETEME TR FRE, I LA AR, ESEOTR 5 RIFRA S E,i2 ) SPSS A Origin F 4458 1%
A, 7E e = ol YR | R FH O 2208 8K R F ( Variance inflation factor, VIF) X [ 48 & 34k
PESATRE W™ VIF=1/(1-7) (1) A AR B () T RS REZ ARG, W 2R VIF (H5d 10,
HIRAE 35 2 d LV AATE | DRHORE A A 37 I 0250 R v 1 A8 35 52 VIF {BAE 10 LATR, SR AR 5 (] 22
AR (RN B ., AT [ O B X A P TR AL A
1.4 At my i 6 e

e e L AR R B | F BRI D5 224U ( Coefficient of determination,R*) Y7 #3122 ( Root mean square
error, RMSE ) VA K 7R A5 ELEN] ( Akaike information criterion, AIC) , B AIC {E, Bl 24 AIC 35 | FefIRHT | 245
RN R R IR, SR, iR 5 AR R B ) ATC 22BE R 2 I ) 2 % RMSE {#, RMSE {8 5 /N
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Table 1 Regression models for scaly leaves area estimation

T Model [EJF 7772 Regression equation
—JGZ M PR%X Univariate linear function IA=ax+b

—JCFEELPR%N Univariate exponential function LA=qe”

—JGHFPAZL Univariate power function A= e’

ZILZk M PREX Bivariate linear function IA=a x,+bx,+c

T ICTE B R %L Bivariate exponential function TA=q e(bx1¥ex)

I PRL Bivariate power function IA=ax,"x,°

=T M PRAL Trivariate linear function IA=a x,+bx,+cx3+d
ZICHEEU PR EL Trivariate exponential function LA =q el bxitenp*dey)

= JUHFPREN Trivariate power function IA=ax, "%, %3¢

ab.cd HEEG x xy vy MR BRI SERIT LS8 LA I Leaf area

X ARSI SRAT 1 LA PR A T 5% 22 00 A , KL B % 22 00 AR AL, 6 3R 22 00 A REBUR RS 70 A1
I HARZHkR 2 M P AR FR 22 Y =3 A5 AR 1 22 DX 1) P I, 3 B 32 28 0 50 80 LA 65 v 1) T 3 1R L&
BRPEST
1.5 SRR a s i i Ak

N BERAVE P e 2B B A T EE  ( FH DR R R0 20% 548 25 8 T 18 i 1Y e R S0 Y | 9047 T
DB LA W35, JFXTTINE LA 5 S2BRI TR A 3B, Sy 1 AW 00 {55 S (i i) — 2ok, B 7 [l
LRPRG 1R U 0 RN LA R E R R R AT VPAL [ B T e O 2 0 A5 AR AR T R
(Predicted precision, FA) S | &S5RI 2 R,

x2 BRAREHSRITE

Table 2 Statistics on prediction error and precision

it Statistic 5 Symbol A3 Formula HE(E 1deal value
RE R e |
Coefficient of determination

. -
Boriie2e RMSE 0
Root mean square error
DI ER=R

g . - AlIC —

Akaike information criterion

IR 13 -,
BOURIE A R PR SRS 100%] 1
Predicted precision n = y;

2R K FoR BB BB R S BGH C MEARRYSEME 1A H 308 50 o MEEARRY BN 14 ] £, 30 s n ARRAEA S A

1.6 Aot
fdiFH Microsoft Excel 2016 #4788 19018 B, Fr A7 Ge i+ A AR5 (1] 1BM SPSS Statistics (M4
22) 47, /EKIH Origin 2021 k{4,

2 HREHSH

2.1 [RMBHE ML S S 18 bR R RRE
Xt BRI ML S22 A P AT R PR ST AT O A 2R (36 3) SR A 1352 i UM RRAS i | B AR RE I
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DEFPEIRAE 5 BB N BWSLASL>W , BW 178 5% 2R BUR K, 0 0.436 , HAA{E 4 (0.277+0.120 ) mm (F- 4 {H +
PR S, R BUEEEIAE 0.271—0.284 mm(95%CI) . LA M1 L H)ZZ 5% 28050 5100 0.414 F10.297, LA 1)
PIE 4 (0.855+0.354) mm>( & 2) , B8 4345 IX 8] K 0.836—0.874 mm>(95%CI) . L HIIIME K (1.429+0.425)
mm , BE A X E N 1.407—1.452 mm (95%CT) . W HYZE 5 2 5w/, o4 0.187 , #{H 4 (0.803+0.150 ) mm , H.
BAE VL FEITE 0.795—0.811 mm(95%CI) ,

®3 SREHESIERERMES BT

Table 3 Overall distribution characteristics of morphological indices of scaly leaves in Juniperus chinensis L.

it 85 Index

Statistics LA/mm? L/mm W,/mm BW/mm
FEA R Sample size 1352 1352 1352 1352
S Mean 0.855 1.429 0.803 0.277
SEEIARHEIR 22 Standard error of mean 0.010 0.012 0.004 0.003
PrifEMR 2 Standard deviation 0.354 0.425 0.150 0.120
IR 95% B {75 X [6]_EFR Upper 95% CI of mean 0.874 1.452 0.811 0.284
HIA M 95% E-A5 XA T B Lower 95% CI of mean 0.836 1.407 0.795 0.271
B/IME Minimum 0.183 0.500 0.350 0.056
5 KAH Maximum 2.327 3.150 1.274 0.783
AF 53 R B Coefficient of variation 0.414 0.297 0.187 0.436
T Skewness 0.960 0.632 0.102 0.828
U Kurtosis 0.902 0.236 -0.258 0.604
445 %5t i 2% Mean absolute deviation 0.277 0.343 0.121 0.097

L: " Leaf length; W. e K56 Maximum leaf width; BW: M-FETE Leaf base width; CI: E {5 X[ Confidence interval

2.2 [AAABHE ML AR b e

S o T T 75 2245 B X ( Peearson ) 43 =T -
BT 4) T, LA 5 LR W 575 B S AR ARG , 4G W — L
ZH05 904 0.903 1 0.773, & REUEE =& Ab T 20
K- M2 BW 5 LA RS e 2 oo |
RHULN 0.095, £ 150l
2.3 [ AR 2 i [m] ) A =l
AT T —IE S FFG PR X LA A5 s2 AR
Y25 25 AR O R A A RRAE (1] 3 SRR HE £ 741 T T
B RVERRE y=an+b FEBREL y = ae” FIREREL y= 0 0204 06 08 10 12 14 1.6 18 20 22
ax’, BIEEERER(FS) LW 5 1A Bk B i Ek PR Leaf arca/mm?
- (P<0.001) , %L AR AY R RMSE A1 AIC {f 7 H2 SEHERRSSE

Ay 8 R 0.001—0. 791, 0. 154—0. 344 . — 975. 071— Fig.2 Frequency distribution of leaf area of Juniperus chinensis L.
759.922, 7E 3 USRI LA 5EHE R R AR
LR B A AR T LA . Y=0.726X-0.194 ( R* =0.791, RMSE =0.154, AIC=-969.022) ;Y=
0.228¢™¥(R*=0.762, RMSE = 0. 167, AIC = —=794.483) ; Y = 0.533X"*' (R* = 0. 770, RMSE = 0. 154, AIC =
-975.071) , Her LA (e fE A0 i [ EABE TR A LA L Sy 19 720 o 1Y) bR B ] A A 7Y
2.4 ST RS BT AR B 2 A B oo ] AR

WIE A (D) RT3 DIEESA60R LW BW Z Al Z H LA O, T AR s LW BW Z[H]
() VIF {EMKT 10,88 L W BW Z[8] 1) 2 S A2 MR OO B 8, R e AL AR R ] [ Al

W 3 MR SFATEIR LW BW 5 LA #4704t 58OGR R I G, ik 6 tha] L. —JcEliH
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BRI ALC {H AT — e AR Rl & DL LW Sy [ 28 & 1) [l R R SR B A, ALC (B (A F
-1732.741—-1464.520) ; RMSE {HL%/)7(0.108—0.123) ; R*# & (4T 0.880—0.892) , 1A H#EIE ML & 24

SR R A I Y T L oW BB AL, Y = 0.557L+0. 868 W —0. 640 ( R> = 0.888, RMSE = 0.113, AIC =
-1640.597) ; Y=0.126¢ 1159 ( R = 0 880, RMSE = 0.123 , AIC = -1464.520) ; Y=0.733 L*®* W**"( R*=0.892,
RMSE=0.108,AIC=-1732.741) , HoHt LA B854 —oe Im Ay BRAR R 51 L W ) 0 pRAm] 9 )5 AR AR

F4 SEHESEEROEXYE

Table 4 Correlation of the scaly leaf morphological indices of Juniperus chinensis L.

57 Index L/mm W/mm BW/mm LA/mm?
L/mm

W/mm 0.579""

BW/mm -0.132" 0.276"*

LA/mm® 0.903"* 0.773"* 0.095" *

% FIRAE P A 0.05 BRI KF T 7 1E 35 M2

x5 SEHERATEMERAKRE

Table 5 Leaf area index model of the scaly leaves of Juniperus chinensis L.

U5 8 A2 (X,) S Parameters GeiH ik Statistics
Regression equation Independent \ R i .
variable a b N JHHLJEHY R RMSE AIC P

2Rk PR L 0.726 -0.194 1080 0.791 0.154 -969.022 <0.001
Linear function 14 1.748 -0.550 1080 0.565 0.223 -175.678 <0.001
LA=ax+b BW 0.151 0.783 1080 0.002 0.338 721.415 0.080
FEEeR AL L 0.228 0.858 1080 0.762 0.167 -794.483 <0.001
Exponential function 14 0.139 2.157 1080 0.593 0.223 -175.147 <0.00
LA=ae’™ BW 0.727 0.163 1080 0.001 0.344 759.722 0.118
TR L 0.533 1.201 1080 0.770 0.154 -975.071 <0.001
Power function 14 1.160 1.639 1080 0.590 0.223 -173.510 <0.001
[A=ax" BW 0.805 0.041 1080 0.001 0.344 759.922 0.141

N. FEAHE Sample size; RMSE: PR IRZE Root mean square error; AIC: TR B AEN] Akaike information criterion

Fo6 HRMETESHHMHERZEMN TR PR

Table 6 Bivariate regression model between the various variables of scaly leaves and scaly leaves area in Juniperus chinensis L.

5 5% TR A S e g
7 REEnE e i e BAIE Significance %&fv%p)
Regression equation Adjusted R* Root mean Akaike information Variance

square error criterion e b ¢ inflation factor
LA =0.557L+0.868 W—0.640 0.888 0.113 -1640.597 <0.001 <0.001 <0.001 1.443
LA=0.126¢ 0033141 158W) 0.880 0.123 -1464.520 <0.001 <0.001 <0.001 1.443
LA=0.733 L0894 0887 0.892 0.108 -1732.741 <0.001 <0.001 <0.001 1.443
LA=0.758L+0.625BW-0.413 0.838 0.136 -1242.850 <0.001 <0.001 <0.001 1.033
LA=0.177 ¢ 895L+0.7225W) 0.805 0.166 -807.911 <0.001 <0.001 <0.001 1.033
LA=0.700 L2 p0213 0.821 0.137 -1221.361 <0.001 <0.001 <0.001 1.033
LA=1.838W-0.427BW-0.503 0.586 0.217 -227.467 <0.001 <0.001 <0.001 1.071
LA=0.148¢(2274W-0.5528W) 0.617 0.219 -211.368 <0.001 <0.001 <0.001 1.071
LA=0.956 W38 g~0-15 0.617 0.219 -215.207 0.077 <0.001 <0.001 1.071

2.5 SEHEMEALS B A AS i 2 (6] A9 =T [P A
FRTHNZETLLLA RRASE L W M BW Ry A2 SR =JolH R R G038 7 Fis . =JcllE R R
HREG T YU FEIAE 0.884—0.898 2 [a], B W & F— oM oA AL Firf = Jc Bl J7 FE AR AL ) RMSE Fl1
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AIC Y% /N(RMSE 4F 0.104—0.123 , AIC 4~ F - 1824.601—-1462.633) , Hotb | DL L W BW Sy [ 7% & i 2 R
Fml A5 FERY AIC A%, N —1824.601,Y=0.784 L**Z W7 BW*™ ( R* =0.898 , RMSE = 0.104 , AIC = -1824.601 )
BN R I L = e R AR A 7 FR A A

£7 SHHETESHHMNERZENTEERE

Table 7 Trivariate regression model between the various variables of scaly leaves and scaly leaves area in Juniperus chinensis L.

5 it AR CX) R bR g CEBEVIE)
Regression equation Statistics Independent Coefficient Standard Error Significance Variance inflation
variable factor
R*=0.896 (HH) -0.679 0.019 <0.001
LA=a x,+b xy+c xy+d RMSE =0.109 L 0.595 0.010 <0.001 1.720
AIC=-1719.948 W 0.746 0.030 <0.001 1.783
BW 0.289 0.031 <0.001 1.276
R*=0.884 (W) 0.122 0.024 <0.001
LA =q e(britesyrisy) RMSE =0.123 L 0.666 0.013 <0.001 1.720
AIC=-1462.633 W 1.053 0.039 <0.001 1.783
BW 0.248 0.040 <0.001 1.276
R*=0.898 (HH) 0.784 0.014 <0.001
TIA=ax,"x, %" RMSE =0.104 L 0.952 0.017 <0.001 1.720
AIC=-1824.601 14 0.788 0.028 <0.001 1.783
BW 0.080 0.010 <0.001 1.276

2.6 Ui i AV AR R G 5 DA

BRFETIT A, 3 T (5% 22 PRI 5L TE 2S00 A1 (181 3) |, HL 99% Y5 22 i T LBk 22 - BBy ot 1% 80
T3 AEARIEZE B9 DX IE] P, X — 28 SRR AT S T 7 A R AR LA 2SS A F0ny mt Ta AREAT P S

YR P S T A n] SEAE IR Ax 20% 4 dls | MR Jl i 52 19 e D ASE B0 315 IR AR 8 2 1 LA ) )
{EL, B SE PRI AT LA ALK « , BIWAEIC N v, X A5 R O S ROR IR B, 45 RN TE] 4 P B R y=x H
L7, 3 AR B AY [ A R S ix BT R R R, R T L AR R B R Y T L W B U R R
B Inl A 77 RSN 5 = S0 R AR 7 R LA SN O ELHEA T [0 U 204, 45 21 [ 5 07 R A e 28 R?
39174 0.895 ,0.983 ,0.992 , W] = JuHE R K n1 A 7 P RUULG BE AL . o AR AR 209 908, ik 2 3t
SRR S = or T sR A A AR BT L W) e R AR LA RS R T L T bR A AR e AR A
Xt LA B FSENAR 53901 97.08% 96.15% 88.64% , 3 BH 3 AR K REHERG FTIN BB It LA, {H =0 s AR
[ 51 77 FEAS RORG B BE B 1

3 i

3.1 BB HARE

[RAABEIE T LA SE4{EN 0.855 mm® (6 3) , e/ MEAUH 0.183 mm* | I /N HLE A5 1 R il 1 5ok 45 455 |
AL LA MR 2E TR RSO F B i i AR T2 CA 548 1 LA A /N I R A A —
TERRFR T, ARG AR F A B AT I RV R T R SR, SO A RO A A, T A - RURS BE A 1A X
EZE R T 13.5% ; EIEASSEO LRI AT T B e B K 5 AR g A ST A i i AU B0 5 HE 1A
S 5 FAE BE 7 8.2% T DI R/, LA SO S aed FRAS 5 S s S s i il UK FEAR T AR T L
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