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Age effect of xylem anatomical characteristics of young and old Korean pine and
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Abstract; Tree age is one of the most important factors affecting tree growth. In the context of climate warming, it is crucial
to accurately evaluate the response and adaptation strategies of tree growth to climate change, and predict forest dynamics
under climate change by utilizing the anatomical characteristics of tree trunk xylem and analyzing the growth-climate
relationship of different tree ages. Wood anatomical methods were used to compare the anatomical characteristics of the
xylem of younger and older Korean pine ( Pinus koraiensis) and their responses to climate change in the mixed coniferous
and broad-leaved forests in the Xishui of Xiaoxing’an Mountains, the northeastern China. The results showed that the main

characteristics of tracheids in older P. koraiensis showed an overall upward trend with age, but the trend of changes in
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younger P. koraiensis was not significant. Both younger and older P. koraiensis showed significant fluctuations between
1840—1890 and 1980—2010. The relationship between the characteristics of some tracheids in younger and older
P. koraiensis and climatic factors was consistent. The number of tracheids and theoretical hydraulic conductivity were
negatively and positively correlated with the monthly maximum temperature, respectively. The relationship between total
tracheid area (negative correlation) , theoretical hydraulic conductivity ( positive correlation) , average hydraulic diameter
( positive correlation ) and monthly minimum temperature was consistent. The theoretical hydraulic conductivity was
positively correlated with monthly total precipitation. The proportion of tracheids, average tracheid area, theoretical
hydraulic conductivity, and average hydraulic diameter were positively correlated with averagely relative humidity, and the
correlation was stronger in older P. koraiensis. The inconsistency of the relationship between the tracheid characteristics in
younger and older P. koraiensis and climate factors was reflected in the positive correlation between the proportion of
tracheids, average tracheid area, total tracheid area and average hydraulic diameter with monthly maximum temperature in
older P. koraiensis, while the negative correlation was observed in younger P. koraiensis. The number of tracheids in older
P. koraiensis was positively correlated with the minimum temperature from July to September, while younger P. koraiensis
showed a significantly negative correlation. Except for the theoretical hydraulic conductivity, the relationship between other
tracheid characteristics and precipitation was basically opposite for older and younger P. koraiensis, with a stronger
correlation between the number of tracheids. Older P. koraiensis was significantly positively correlated with total precipitation
in July, September, and whole year, while younger P. koraiensis was significantly negatively correlated with total
precipitation in June and whole year. The correlation between the characteristics of tracheids in older P. koraiensis and
monthly average relative humidity was either positive or not significant, while younger P. koraiensis was negative.
Temperature was the main climatic factor limiting the growth characteristics of tracheid of younger and older P. koraiensis.
The influence of precipitation was relatively weak , and the impact of average relative humidity on the growth of younger and
older P. koraiensis was not significant. With climate warming, the trend of climate warming and drying in Xiaoxing’ an
Mountains region was increasing, and there were differences in the impact on the growth of older and younger P. koraiensis.

If the climate continues to warm or intensify, younger P. koraiensis will experience growth decline.

Key Words: Pinus koraiensis; tracheid; theoretical hydraulic conductivity; earlywood; climate change; xylem
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Table 1 Comparison of main anatomical parameter values of younger and older Pinus koraiensis
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R M FR Total tracheid area( TTA)/ (% 10*wm?) 35.7+100 55.8+14.5
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Fig.3 Inter-annual variation of main tracheid characteristics and its index of older (blue) and younger (red) Pinus koraiensis
MRW : EYJELE SEEE Mean ring width; TN 34 % Tracheid number; RCTA : Z I A4 L Percentage of conductive area; MTA ; -
)M TAL Mean tracheid area; TTA ; B MIEIFY Total tracheid area; Kh; PR T 7K 3R Tree-ring theoretical hydraulic conductivity; Dh; 7K /7

H 4% Mean hydraulic diameter per ring

http ; //www.ecologica.cn



11 14 TREE A RN ZIAN AR SR A P AR IR F) A 1 RO R R A A A g e 1o 2 S5 4881

Dh) BEA- #3402 80 H B 2 (%) b T a3 (H R NS LA X A SO B g, G R A I i AR (1 3 41
MTA) FIERIE KR (B 3 2168 Dh) . K /NMRZIAAE L A AEPRAE (L SR BT i (81 3BRCTA) . K /4L
P 2958 58 (B SMRW) -394 I8CE: (&1 3TN) eV M AR (18] 3TTA ) BEAE 38 ¥ 276 8 T Re s LTt
P ER IR (EP RN CEAR N e il S LN R N cFAR /N B IN = e S GUR e T F

METHAE LS B AR BR A AR o] LU H (T 3) ,— BB 2T WA RS IR AE A7 76 I (0 10 JE 300 AR FR R AE | BL an s g
dilb (B 3, RCTA) o i — S MR A E — 28 Sl A8 Ak, LU AN R £ An ) 3448 58 (181 3, Z2ll MRW) (48
MR (E 3, Z200 TN) B AL (T 3, 25l TTA) 7E 1840—1870 4EF1 1990—2010 4F- 771 KM B ) il 1
A MR LIRS BB s (3, A0 MRW) A IO 8Sce: (1&1 3, A0 TN) SV R TAR (181 3, 4l TTA) 78
1870 1 1990 472 A AFAERIZUYAE 4L

UK NS LIS TR B S EHA T R R A EUS | BRI & LLAh K /NS ] A A M S s B s =
IR E X RALIINK /MR IS B 1 22 5 B B AZ AR 52 (16 4)

KA wzza /INFEIR
1200 114 60 112 800
ns
= i 4
1000 |- 12 S 50t {10 .
= =) L
z <& 1.0 S 2 g S350
% 800 5 9z eof 1082 =3
g g 25
ol {os 2 n3 5 B3 ks
2 E 600 - = a8 30 {063 B3 400} g
= {06 ¥ b= < B3 E
g2 °zZ ES c EE =
£ 8 400} 04‘“ 252 1042 B g <
g 4 s NI
&= : g £ 2 200} S
[5)
200 | loa g 0p 102
0 0 0 0 0
LA SA LA SA LA SA LA SA LA SA LA SA
8¢ 116 127 w116 40 ¢ w112
*
~ 114 & Lol {14 1o
mg 6F 11.2 F ~ E 30t '
il "5 287 0 ‘ 5 038
[ Q g O Rl = 8 1 0. »
EE 4 1088 ZEE o6 1085 @S 20¢ 10.6 %
%E fos & %22 . 23 z
N T E NEL 04t ’ N E {04 A
oot {04 E&H‘gé 1 0. Z 10}
ke {os 27 o2y lo 102
0 0 0 0 0
LA SA LA SA LA SA LA SA LA SA LA SA

A% Age class

B4 XNMEOMARBIZRHSBRERBHILR
Fig.4 Comparison of main anatomical parameters and their indexes of the xylem between older and younger Pinus koraiensis
LA: RUIBLIHN; SA: /MBLIIA S« "ARRK /MR LM B S 400 22 5 1% (P<0.05) sns FRFRK /MBRLLIAR R S HUH 22 57 A 2% (P>
0.05)

ARG AN ) A S LU AN A SRR AR FRAE 25 5, LU TR /MR LA AR B E B M S M (181 4) . KRB
AR/N Y NN A SO TR AN £ TR AR S 2 AN Kb R - N A N CE A /A |50 3 NI Y (AR Vo D R
B M Rk AR 2 AR R

i 2 ¢ TNIANG B P AR NN R I Ee 3 SHIE 24 08 WP NINA NV KA R VAR v K UK S G 1 B2 ol N ST 2.
28 AN B3 (BRI LTAR X PSSR 2/ N T/ LA o A5 b LRI A i i R B 8 B R 240 W 25
INTINBREIHS AR ZE AN 3 SRR /NS LA L it ) RHAIE RT BB -5 B B O BRI AN S8 4 — 2, U

http ; //www.ecologica.cn



4882 xR 44 %

SR A I L SR A T R AT B N TN BAE R R M (BB ) o XA i
FURSE 1K ) B AR S5 A 25 SR AR — 830, il 2 KR 2T b S 25 /N T/ NI 2T A

CIAN MM T BLRRIEAE I R /M X G R AR I /MRS X L OC R — 30, RIR 20 WA B A4 A5 I A5 i
YA I TR B KR SRR O AR W /INT IR LIS . KR LTRA MR A A L T NI AT (H 22 R
AN KB LINGEA B FE RN /NS LIS (HEF AR E
2.2 K /ML B AR 5 R BREOC R A

K MBI ERSEE ERK T (4—10 A) RS m IR A T2 B0 (B 5) - R /N 20 8 i 4k
S SR Y 4—10 A A S REAR — 80 JF A MEGE S s AHSC (B S, TN) 544 R
KR FEIEAC(E S, Kh) o K /IMBLAAE AL (B 5, RCTA) SPEAERRABL(E S, MTA) SV
A (&S, TTA) FiK S EAR (B S, Dh) 5 H femil 2R R JUHRTE 6—9 A By B, & o) /i
CUAME L A L A T FR K ) AR RIVE F  (ER RS LI 5 B AR R R R

Zzzza NMER; T KER —— P=0.05

0.4 | N RCTA MTA

11 S e | e T e o R
Y O M 111 L 1|
L L
= U
§ -04 | % .
i 04t TTA L Kh L Dh
B oot TTT T T T T T T ST T T e T_%
K
= O%DU 0, I—a[‘a_@[b@[h ﬂ[@%?m:@%

= % %
g 27 vadan w0 o sd a7
-04 |

. \ \ \ \ \ \ \ \ \ \ . . . . . .
4 5 6 7 8 9 10 An 4 5 6 7 8 9 10 An 4 5 6 7 8 9 10 An
H 4 Month

5 RUMEIMFEERHMESERF4—10 ) MERFREXXER
Fig.5 Correlation coefficients between the major tracheid parameters of younger and older P. koraiensis and monthly mean maximum
temperature during growing season ( April to October) and annual mean maximum temperature

An:4EJE{H Annual

R NRLAANE S ECEG LR T (4—10 H) AR R R A A SC A 2T (] 6) < R /NS LR i K
5 7—9 H ARl ¢ R A, I ELH B B S /IS 2R X e AR il S 480U, O HLAS S A R 35 A SC (8 6,
TN) o R /INESZLAME ML 5 HE P 2998 M 1 AR S G B 5C R A B, IF H/NRR Z0 A B AR B2 A5G (18] 6,
RCTA HI MTA) o K /NRRZLAN A M AR e SR AIK ) HAR 5 A K AR R R ARl A9 5¢ R LA — L,
i EL A e T AR B AR S AR O (181 6, TTA) |, i BRI S oK R MK 1y BAR A5 3 8 2 35 TE A5G (/& 6, Kh I
Dh) .

R UMELRMEMRS G A KT (4—10 A) FAE SRR BRI Hrak BT (181 7) < BR A 808 i Bk F4E 2
R IR RSN 7, TN A Kh) 7K 3R R ANLLRAE MU R M AR X5 . R /NS Z AN i 2 2Rk 73 A2
AR ME WG AR B, JEH A R (e S KR SRR A K R A —2 (K 7, Kh) .

R UNBRLRNE S S E K (4—10 J) FIAERRERHR B R AHSC M R (181 8) : K /MR E S
BGRB9S R SR IEAAAR I, BREIBERAN (8, TN) |, K /MR LT R I 2 205 AH R 1 56 2R
AR — L, MR LR IR 5 A AR R SR SC ORI ZDAME I B SO B IE A DG BN 2,

http : //www.ecologica.cn



114 TRBF A IR/ L A TG IS A 75 A S A 0 280 X A A A i i g 25 5 4883

/NERY —— K&EHH ——— P=0.05

TN RCTA MTA

% &% Correlation coefficients

4 5 6 7 8 9 10 An 4 5 6 7 8 9 10 An 4 5 6 7 8 9 10 An
H 45 Month

E6 X /IMRAMREELTEMFAS 4—10 A ERWEHEXXR
Fig.6 Correlation coefficients between the major tracheid parameters of younger and older P. koraiensis and monthly mean minimum
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Fig.8 Correlation coefficients between the major tracheid parameters of younger and older P. koraiensis and monthly relative humidity

from April to October and annual mean relative humidity
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