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Abstract: [Objective] To clarify the radial growth dynamics of Abies nephrolepis across different diameter classes in the Changbai
mountains, reveal the response patterns and differences in growth to climatic factors among trees of various diameter classes, and
to provide a scientific basis for forest management under climate change. [ Method] Three different diameter classes of [15, 25),
[25, 35) and [35, 45) cm were continuously monitored by radial growth measuring instruments. The growth season was determined
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by the zero growth method, and the radial growth sequence was extracted. The dynamic relationship between the radial increment of
different diameter classes and climate factors was explored by sliding correlation analysis. [Result] 1) There was a significant difference
in the daily radial increment sequence among [25, 35) cm, [15, 25) cm and [35, 45) cm in the growing season of 2022 (P << 0.001).
The total radial growth and average growth rate increased with the increase of diameter class, and the maximum growth rate of the
[25, 35) cm diameter class was the fastest. The maximum growth rates of [25, 35) cm and [35, 45) cm were at the beginning of the
growing season, while the maximum growth rate of [15, 25) cm was at the middle of the growing season. 2) In the growing season of the
year, there was a strong dynamic consistency between the radial growth of different diameter classes of A. nephrolepis and the response
of climatic factors, but there were differences in the strength of the relationship with climatic factors at different stages, and the climatic
factors with significant positive and negative correlations were different. As the growing season progresses, the daily radial increment
of each diameter class of 4. nephrolepis is similar to the dynamic response trend of average temperature and soil temperature. The
radial growth of A. nephrolepis [15, 25) cm was promoted by mean air temperature and 10 cm soil temperature, and was more inhibited
by soil water content and air relative humidity. The negative correlation between radial growth and photosynthetically active radiation
at [25, 35) cm was stronger. The radial growth of 4. nephrolepis [35, 45) cm was more strongly inhibited by average temperature and
10 cm soil temperature, and also showed a stronger negative correlation with saturated water vapor pressure deficit, indicating that this
diameter class tree was more vulnerable to temperature and drought stress, but it showed stronger adaptability and regulation ability to
photosynthetically active radiation. [ Conclusion] The radial growth of A. nephrolepis is affected by a variety of climatic factors. The
physiological processes and competition of different diameter 4. nephrolepis are different, which makes their radial growth dynamics
and the response relationship with climatic factors different. Through the study, the response dynamics of various climatic factors and
the radial growth of different diameter classes of 4. nephrolepis were obtained. Differentiated conservation measures such as monitoring
temperature and humidity dynamics, paying attention to the health status of diseased and weak plants, and preventing and controlling
high temperature and drought stress should be taken for [15, 25), [25, 35), and [35, 45) cm Abies nephrolepis to maintain growth stability
and carbon sequestration.
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KA FrEIe T e d X, BT R Abies nephrolepis. 4I.¥5 Pinus koraiensis. 4L J% =
iy Rl M 2 UM I BRI AR SR, 0 S AR 4K fE IR 12 Picea koraiensis. 1§ 2 1% Picea jezoensis var.
HH v R B RRUR A, AR FUIR T AR A ER AR AR komarovii 74 F ER Tl () R ARG FE VR AR, 10 HL 45
A IE B AL I ) — AN ERARRE 7 X35 1Y, AR /D& [AME Betula platyphylla. WHME Betula costata.
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Table 1 Characteristic information of sample trees

ey FEA G = M4z W JEIE Canopy diameter /m
Diameter class /cm  Sample tree No. DBH /em Tree height /m 7% East B South 76 West Jt North
L1 16.6 14.7 1.8 24 2.6 1.4
[15, 25)
L2 23.9 18.2 2.1 2.1 1.3 22
L3 29.9 18.5 2.4 2.6 1.6 1.2
[25, 35)
L4 30.5 19.7 32 2.5 2.7 2.8
L5 36.2 21.8 32 33 3.0 2.6
[35, 45)
L6 37.3 229 2.6 43 3.9 2.4
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TR SRR, K RERE S RIS CRRT P R KA AR AR BT K T R,
IKREILEHT 10 em LRAEREE . RED KB WSIERK BB T, FRIGA K> A
10 min. PAAIKVR 5 Gl R R E e m A KR .

R, A2 A AR R i R A2 2022 4R 1A 42



50 FBRE, & ARG AR A K BN ZS S s 1 [ 3

7

KR [A] . 5 2= R A% 8 G BRI | — 4 B B
ToSK AR B KAE B H A, b 5 A KR A A
U R, YA R R ARk B g AE 1 H B AR AR K
JA I 260k fle 31X 2 AN S BRI TA] R 2 A B OR 3L
B B AL B ARAR ) A KSR R IR R R IR ] . 2 AR 42
B RAE Z [ B 2 e AR K2R BRI AR 3 = .

P 2 AR K AR R B L A2 R RV 42 B A2 m) 1
o N AR R WO R AR LA AR KA,
AH TR AL A AR B4 (D)
O SR (S .

B H s Wi AR A KA (S KT H v
IR KAE (Sp) BT B Sy S8BT N 24 H 119 16 75 Wy
AR, VAR, M i AR & (S A S,
5 Spw Z AW ZAH, BN ZH ALK, id
790, BARAKSESCER [18]. ST 78 B4R ) Y &
BB s W ARG e, R RN ERENE
H = Wr i AR & 2 0 (Syn) o S AE K
P g BT T AR B R DA R AR KRR B, 15 E
H Wi AR AR K T 2 B bk AR K 2R P B [ W i AR
K R AT IME A ZM AT KRR, 2
I B R A R R 1 e KA B g e R AR KT R

J9 T ERFEM AR XS S IR (I BURFEE, IR
B RUAS [R) 4 08 G K 3 P2 AR ) T80, B4R IE—
A Ak B T IERT B B 1) AR S, 7 AT R
MR ALK GBI ZRE. HRIEF (RA
4.4.2) i wilcox.test O AT Wilcoxon £ 5 AL 4,
ST AR R R AZ AR K A H A% a3 = () 1) 22
S ERBES P, LL21 d NESIE O ERES
MHRRE, I ARRRRACEKENH 1k
J& B AR 1) 3 B A 5 2% A TR 1 o S ] A2 A 7
KER, WASFERHERA RS SR F 506 B 2 [6]
12 5 o

2 HER50H

2.1 RIRETFHIE

WRIEFAEKE, RATCHAEKSAE 5—9 Hh.
A R EE, 2R 2022 FRAEE
K= [ B SR AR S (E D . BE
1 A[ 51, HP#Es/IME (22 C) HIBFES H
Wi, ERAE (231 °C) HBLTE 8 A e 1%
W HILAE 8 A b A RUE S B O E H TR
SH, 9 ARG H RN EIK: TSMHNEEZTE
70% ~ 100%; [FFERKZEHEFT 6 Ay LIS KE
YEFETE 19% ~ 33%; WIRI/KREZHYESE 5. 6 A
TR, 7THZEZHEHT 0.2 kPa fftix; Kok

1F 0.24 ~ 0.68 m/s.
20 FEBEEAMIEEE KNS

Mz 2. B2 5, ARBEEAZAEKENR
IEFRFLERT ] 2 A K, HBTE S A Iras, 9 A
S5, (HEATR AR RS A KRR AR A .
AR [ 3 B N 4 A K R 3 I S A 2 T G K
BRK. RAEKEFRITM, D25-35 H K, D35-45
W2, D15-25 F /. D25-35 F1 D35-45 [ fx K4
Kb 2 H A AR KGR , 2308 5 A 25
H. 5 H 24 H, ifi D15-25 &4 1 & K4 Kk
RAELEKZTFRY (7 H7H) . Wilcoxon £ 5 Fk
BRI (£3) , AKZFEN DI5-25 5 D25-35,
D25-35 5 D35-45 () H 42 [7) 38 & 7 51 22 55 b S 25
(P <0.001) .

23 FREERAHBREREEKSHEET
SIRISEERT

HE 3 WA S T k1, A HZER
A K5 25 S5 R T 2 18] A O PR B AR K ZR I AT
BHE—ENW A, HARBHE A S %
K7 A R R EAEAEE — EW A 5 HR 6
Hafy, F¥RIE S DIS-25 M HZ R E SR
EIEF G 7 R NAR, PR IE S D35-45
() H A% m 3 B ) AR OC R B IARME, A -0.70
(P<0.05 ; 8 A By, P3R5 DI5-
25 [ H AR ) 3 B R A OCHE R B AR, 9 0.70
(P <0.05) . LHERES HZ R E R
AL R38R S H AR A 3 A O R EUR
sl 6 A b4A), TI3EEES D15-25 1
HAzm g &y B B 7 A MR, LR AE
5 D25-35. D35-45 (1) HAZ 38 & 5 o 535 A 5%,
Ho 3 E FE 5 D35-45 (1 547 2% & B0 IR
(r=-0.75, P<0.05) ; 8 A, TIEHEEE D15-25
) H AR A 3 & W B S R R 2, B IERR
M ZH0.76 (P <0.05) . &HBIESET
H R A A H AR 1 3 R S A A
M, H 5 D25-35 (1) H A% )3 & 1) 57 O¢ R 30
WARAE (=-0.78, P < 0.05) . D15-25 f{] H 42 [
WEAE 7 HPIIAE 2 SRR RE N 3 A OG,
iR o¢ R Bl KA N -0.47 (P <0.05) ; f£7 A
A E 8 A A, EAMINEE S D35-45 I H&E
) R E A O, IEAR O R B RN 0.78
(P<0.05) ; fE8 AKE|9H 7H, &M
[ 5 D15-25. D25-35 (1) H 42 [ 38 &0k 31 55 35 1E A



46 45 R A N NI 4 51
25 20
18
20 16
% o 14
n@é 15 wE 1
r2 w S
g ®e 10
W.g HE
10 z 08
= 6
5 4
2
SHTH GAIH  7AIA SAIH SRR 10A1H %SATH GAIH  7AIA SAIH SAIH  10A1H
H # Date H ¥ Date
120 100
o 90
E 100
= 80
% 80 °
=3 =
I =
1@5 60 g2 50
g lfg'é
%i% 3 40
£ 40 L\ 2 5
£
£ 20
Z 20
=}
bl 10
SHTH SAIE  7AIA SAIE SATH  10A1A SHTH SAIH  7AIA SAIH SATE  10A1H
H # Date H ¥ Date
25 50
45
20 40
; e 3
E 15 %5 30
1 5 x5
o= 4o S 25
®E 2
g 10 HE 20
B 4 s
05 10
5
05)%1E| 6H1H 7H1H 8H1H 9H1H 10A1H OSFIIEI GHIIEI 7)51'1E| SHIIEI 9)%'1E| 10)EJ'1EI
H # Date H ¥ Date
1.0 0.7y
0.6} ,
os lilk h I
| ‘
§ 0sf || J[‘ ) \ ‘ » ‘
%3 " /A ‘[ i A1
e 0.6 E AN | I Nyl
e 204} || i i an M l‘,\tl‘, LA
e o \’ A\ (AN ,’““ | (AR
RTRARTAT LA o
= < 03} \ I\ AR !
Eg 0.4 § | Pyt
g
g 02}
02
01}
SHTH SAIH  7AIH SHIA SATH . 10A1A SHTE eAIH - 7An SAIH . 9A1A  10A1A
H # Date H ¥ Date
B 1 2022 FRAZEKENSERFHETLES

ES
&

o BEKELE 7 HRYE D35-45 (I H A A 8 5 5
A, AR R B KAE N —0.46 (P < 0.05) 5

Fig.1 Variation trends of climatic factors during the growing season of 4. nephrolepis in 2022
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Table 2 Radial growing season and growth parameters of A. nephrolepis in 2022

L K- % = L
B ORART  geen ppmgn  EKERS g SNERIRE AR
. 4 Vo " ) aximum HEH
Diameter ~ Sample tree . KE Sqm/mm”  Average growth .
Growth onset ~ Growth cessation 2 1 growth rate / Maximum
class /cm No. Growth days /d rate /(mm"-d ) 2
(mm™-d ") growth rate day
L1 5H12H 9H17H 128
[15, 25) 3141.94 25.16 111.61 7H7H
L2 5H20H 9H17H 120
L3 5H24H 9H7H 106
[25, 35) 3745.14 31.38 309.21 5H25H
L4 5H20H 9H 18 H 121
L5 5H20H 9H17H 120
[35, 45) 3896.55 31.42 138.48 5H24H
L6 5H12H 91 7H 118
|
D35-45
350
_ 4
g 300 - D25-35 S
% 250 = g
£ - a
< B
g 200 = l\@
E L
g 150 =
3 B D15-25
100 = )
L
E -
= kK | | | | | | | |

5H208 6H4H 6H19H 7H4H 7H19H 8A3H 8FI18H 9H2H 9HI17H

H# Date

B2 2022 £ KFHIARERR AT HEENEEFT]

Fig. 2

The daily basal area increment sequence of different diameter classes of A. nephrolepis in the 2022 growing season
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Table 3 Differences in daily radial increment sequences of
A. nephrolepis trees of different diameter classes
during the 2022 growing season

b 2H Comparison groups Z{H Z value P {4 P value
D15-25 vs D25-35 -5.682 << 0.001
D15-25 vs D35-45 0.679 0.497
D25-35 vs D35-45 5.572 << 0.001
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Fig.3 The sliding correlation between daily radial increment and climatic factors in different diameter classes of A. nephrolepis
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