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Abstract: [Objective] Through growth equations, this paper investigates the dynamics of leaf mass (leaf
dry mass), stand volume, and stand density in Larix kaempferi, with a focus on examining the relationship
between stand leaf mass and quantitative maturity age. [Method] This study focused on Larix kaempferi
plantations in the Changlinggang Forest Farm, Jianshi County, Hubei Province of central China. Based on
data from 90 sample trees across 30 sample plots, we developed individual tree leaf mass stand density,
stand leaf mass, and stand volume models. The aim was to investigate the dynamic patterns of leaf mass at
both individual tree and stand levels, as well as the relationship between peak stand leaf mass timing and
quantitative maturity age. [Result] (1) The optimal model for individual tree leaf mass was a
heteroscedasticity-adjusted Logistic equation incorporating dummy variables (dominant, intermediate, and
suppressed trees) with a power function (R* = 0.620, rRMSE = 0.554, RMSE = 2.821 kg, MAE =
1.756 kg). The optimal model for stand density was a Logistic equation ( R* = 0.708, rRMSE = 0.190,
RMSE = 187.975 plant/ha, MAE = 168.045 plant/ha). The optimal model for stand volume was a Korf
equation (R* = 0.703, rRMSE = 0.337, RMSE = 59.681 m*/ha, MAE = 48.705 m*/ha). (2) The leaf mass of a
single tree increased with forest age, while the leaf mass of stand showed a unimodal trend, reaching its peak
at 24 years and then decreasing. The leaf mass of different forest layers showed obvious stratification
characteristics with the increase of forest age. (3) The trend of changes in annual average growth of forest
leaves and stock volume were consistent, and the time when the forest leaves reaching their peak was highly
consistent with the quantity maturity age (24 years). [Conclusion] The tree-class-based leaf mass prediction
model developed in this study accurately captures the differences in leaf dynamics at both individual tree and
stand scales. It is also found that the peak stand leaf mass coincides closely with quantitative maturity age.
These findings provide a theoretical basis and practical guidance for accurate leaf mass estimation, scientific
forest management planning, and optimal rotation age determination for Larix kaempferi plantations in
Hubei Province of central China.

Key words: Larix kaempferi; leaf mass; dummy variable; quantitative maturity age
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Tab. 1 Basic information of sample plots
TERE 5] 3585 /em /() WA DA il b FE S84 Ak Mar-FHI1E/om Gy TE/m
197743 H 30 ~ 50 <5 £BH T 0.7 35 34 26.3 27.6
197743 H 30~ 50 5~15 B0 T 0.7 27 26 27.6 27.4
197743 7 30 ~ 50 <5 ] 7 0.7 33 26 30.1 28.0
19834E3H 50 ~ 80 <5 FH S 0.9 37 33 28.3 28.1
19834F3H 50 ~ 80 <5 A - 0.9 31 29 26.2 26.8
198343 50 ~ 80 <5 e} 7 0.9 32 30 25.8 29.4
19884E3 H 30 ~ 50 <5 FH T 0.8 40 30 23.3 21.0
198843 H 30 ~ 50 <5 A T 0.8 38 30 24.3 22.8
19884£3 30~ 50 5~15 6] L 0.8 33 26 24.7 21.3
199443 H 50 ~ 80 <5 £BH F 0.9 71 66 16.7 17.6
199443 5 30~ 50 5~15 [ X 0.9 42 35 193 20.4
199443 H 30~ 50 5~15 ] L 0.9 46 43 19.4 20.0
199843 H 30 ~ 50 5~15 Rl T 0.9 66 63 17.7 19.1
19984F3 30 ~ 50 <5 B T 0.9 60 59 16.7 17.4
199843 H 30 ~ 50 5~15 FH T 0.9 54 53 17.5 16.7
20034E3 A 50 ~ 80 <5 1] F 0.8 96 96 13.9 16.3
200343 H 50 ~ 80 5~15 FH o 0.9 80 79 14.4 153
200343 50 ~ 80 <5 e} L 0.9 91 89 15.3 16.0
20074E3H 50 ~ 80 <5 FH T 0.6 71 71 7.5 7.7
20074F3H 50 ~ 80 5~15 A T 0.7 90 88 8.8 9.6
200743 7 50 ~ 80 5~15 FH T 0.8 93 89 8.9 9.5
20094E3 H 30 ~ 50 <5 FH T 0.8 68 68 9.2 8.7
20094F3H 50 ~ 80 <5 A T 0.8 76 76 10.3 8.8
20094£3 50 ~ 80 <5 e} T 0.8 90 90 8.4 8.0
20114E3H 50 ~ 80 <5 FH & 0.8 74 74 8.5 8.1
201143 7 50 ~ 80 <5 FH k- 0.8 74 74 7.9 7.4
201143 H 50 ~ 80 5~15 6] L 0.8 95 95 73 7.5
20144E3H 50 ~ 80 5~15 FH H 0.5 102 102 43 5.1
201443 H 30~ 50 <5 B0 X 0.5 77 77 3.4 42
2014431 30~ 50 5~15 B0 = 0.6 82 82 4.9 5.5
F2 MRS
Tab. 2 Descriptive statistics of sample plots
TH oA & FEAEL /ME PN S5 N
J4%/cm 90 3.2 35.7 16.9 8.7
B i&/m 90 4.3 332 17.3 8.3
BARRET L ME/m 90 0.4 23.1 9.3 7.1

M m? 90 0.002 5 17937 0.348 2 04126

BRI B kg 90 0.3389 31.044 3 4.867 8 52141

i /a 30 5.0 42.0 20.6 12.0

WAET AN EESE /(KR -hm ™ 30 433 1700 1024 422
P ERY/(m’ - hm™) 30 58132 486.095 4 185.784 6 145.499 0
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Tab.3 Tree growth equations

TitE AR IR SRS X
Richards y=a(l-ebe

.. a
e T e a, b, B
Gompertz y=ae LA
Mitscherrlich y = a(l —be~") ;Zj;f gggj\g
Korf y=ae ™"
1& 1F Weibull y=a(l-e)

¥ 5] H SCHR[13].

annual increment, CAD) o LI, F k5 B BRI DA
MRS, 159 28 FUF 3 42 K & 75 72 (mean annual
increment, MAD . )&, 77T CA1 5 MAI B 5¢ &1,
Hff 5 PR IR RO 168 o AR Korf 5 P2 8 2 &

V() = ae™?"
V() ae ™
Mpar=—=
th( ) t @
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CAI = T = ab le b
Mpy=Car

A VORI ER as by ¢ NRFESEL ¢ WK,
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1.9 RENFN SRR

AW FE K A 3 28 X5 IE 7 (ten-fold cross
validation) 73 il 0T FRLAC I B, AR 4385 B A0 8 AR Y it
AT VP o FERE R IGO0 R VPAG 7 1, e B sE R 4L
(coefficient of determination, R*). 7 #th 15 & #E N
(akaike information criterion, AIC) FIXIEISRE (log-
likelihood, LIDAE A% Lodibx, e rp S AR 1) 5
b #E g« [E]BF g R WS S 2k, H R A K RV LLE
Hlgge /N AICAE o A 7] 2 £ (1 WE AR S AR Y AT fLSR
EL A 56 (likehood ratio test, LRT), i&#ZE R B EH (P <
0.05) [, kit G BT ik 2 404 o R BSR FH H 8 R
BRD). P 3445 i 7 (mean absolute error, MAE).
Y77 i 1% % (root mean square error, RMSE). AHX}1
77 MR % Z (relative root mean square error, rRMSE) X
RO RE HEAT P4l

AW T S BT IIAE R 4.4.1 HR5E K, R4
AR A TE R 4.4.1 R85 T A “nlme” 14 f, 52
s 2B TAEALE Origin 2021 H152 %o

2 HREH

2.1 EEIE
2.1.1 #EARrHEHEA

BT 6 PRl A K7 RENT BRI A K R
ITIE T (R 4. 255K, Logistic K 7 FE#R
B B P A RO, R AIC. LLE 2 5~
0.284. 471.764. —231.882. NI B ANFZEHM A Z
B 225, BIANMEAR &, ARAEHRNE 62 Mdls
(K 5)e N T RIAEEAL, ik R A4 L — AR &
IR, B UG AL 9 4. Hidr, fES4L
a AR AR B A A RO B A, RO AR B R
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Tab. 4 Selection of basic models
R et R AIC LL
Richards 0.277€0.019) 472.515(12.935) —232.257(6.467)
Logistic 0.284(0.019) 471.764(12.883) —231.882(6.441)
Gompertz 0.279€0.019) 472.289(12.933) —232.144(6.467)
AR
Mitscherrlich 0.252€0.021) 473.489(13.035) —232.744(6.517)
Korf 0.271(0.020) 473.176(12.986) —232.588(6.493)
& 1E Weibull 0.282€0.019) 472.012(12.868) —232.006(6.434)
Richards 0.839€0.017) 303.723(6.344) —147.862(3.172)
Logistic 0.8190.020) 306.866(6.311) —149.431(3.156)
Gompertz 0.834(0.017) 304.424(6.325) —148.210(3.162)
o Ew Mitscherrlich 0.840€0.015) 303.576(6.546) —147.786(3.273)
Korf 0.844(0.016) 302.738(6.431) —147.367(3.216)
& 1E Weibull 0.834(0.017) 304.480(6.342) —148.240(3.171)
WOy Logistic 0.819€0.012) 364.662(9.412) —178.329(4.706)
S N R TS IR bR HEZ . AICHIRIBAE S HENIE, LLAXHAURE. .
*5 ETHTEMEAHESEINGER
Tab. 5 Fitting results of single tree leaf mass model based on dummy variables
W AR AR AR B RLAAY 2 R AIC LL
a 0.6630.022) 415.251(14.965) —201.624(7.483)
bvc 0.650€0.022) 418.366(14.832) —203.183(7.416)
avc 0.645(0.022) 419.340(14.584) —203.668(7.292)
¢ 0.642(0.022) 420.138(14.456) —204.067(7.228)
L/ NUEs Logistic asc 0.607(0.022) 441.941(13.776) —-207.819(6.888)
av b 0.604€0.021) 428.167(13.745) —208.082(6.872)
b 0.588(0.025) 431.288(13.780) —209.644(6.900)
a b 0.569€0.029) 434.908(14.009) —211.454(7.004)
bvc 0.5530.026) 437.940(13.485) —212.968(0.742)
ZE ) o PRI 5 NHRH0RR 2. T R B 0D R B NG = 1741 ©

W 2. Hoh, SRR REAE R Z4
(LRT=153.726. P < 0.000 1) 1] B A M- f 70 A5 0 0
A ROR (3R 6, € 2b), FL R% AIC. LL 154351 A
0.642 + 0.023. 279.901 + 6.484. —132.950 + 3.242. 4
ARG RCED, REAWELES S o L
TSI AR B I ULFE ok BO1E S 7 7 22 45 1 1) Logistic
TR Ry g A () BRI B A A, AR AL A .
3.340 +12.110X; +5.494X,

(1+13.0100-13%)
XA LB(OA ¢ F IR & X, X, WA S
212 My EEAAR

o % B AR LR ML & 45 SR LR 4, R, AIC, LL
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