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Wood Anatomical Response of Alnus hirsuta to Climatic Factors
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Department of Applied Plant Science, College of Agriculture and Life Sciences, Kangwon National University
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Abstract: This study aimed to elucidate how the wood anatomical characteristics of Alnus hirsuta,
native to the Korean Peninsula, respond to recent climatic factors such as temperature and
precipitation. Wood samples were collected from five areas including Ulleung, Inje, Namwon,
Sancheong, and Seogwipo. Growth rate of annual rings, frequency, length, area of vessels, frequency
of ray, and fiber length were measured and analyzed. The results of the analysis showed that with
high temperature and precipitation, the growth amount of annual rings and the area and length of
vessel significantly increased, which reflected the anatomical adaptations that promoted water
transport efficiency and growth. On the other hand, the frequency of ray and the length of fiber tended
to decrease under high temperature and high precipitation, suggesting that the storage and mechanical
support functions were relatively suppressed. In the Pearson correlation analysis with climate
elements, most of the anatomical characters showed significant relationships with temperature and
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precipitation, confirming the high climate sensitivity of Alnus hirsuta. These results can be used as

basic data for predicting the distribution shift and growth characteristic changes due to climate

change, and suggest that Alnus hirsuta can contribute to ecosystem management as a climate sensitive

indicator species.

Keywords: Alnus hirsuta, Climate elements, Wood anatomy, Geographic variation, Wood growth
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ArQst A SR Q192 A 7RA Hf
H7 |2 A5 Zefolqla, o & QIgh
A|A A e Al o] SA1%F fskE Zefstal QlhIPCC
2014, Etminan et al. 2016). 0] 2|3} 7] % H}= E3] &Y
B9 A, B, 2 Aol FUiet
DHQ 7| * AHA(ZED, 7hE, &9 5)Y S7HE AH
A2 &9 ] A 3= 3L ITHMOIS 2018, Urban

S 5] QUE S 2244 2 7| B o)
SEA e A0, Brle 4580l 4 A
T HFUC IE SEE APHD I AR ¥ Y
%] A tH(Ministry of Environment 2020). 0] 2 Q13f| 4]
2] 237 24, 48] Wsk AE 4% 29 5
et Ao e T 05, APUAS] B4 &

A8 75T 4 A7) 2 Q) tH(Pereira et al. 2010,
Hegland 2009).

AFHS7E SRt 20 3 A g o] R V]2
5 2ol whet 4459 F5ol 27 AeHnt
(Rossi et al. 2008, Hatfield and Prueger 2015). E3F
Az o) 24 siota GAL 7 en g gL
EAPC By EEUEEEEE TERS
Ch(Wimmer 2002, Fonti et al. 2010, Steppe et al. 2015).
A& 50, HolHl= Ath714 715 JEE A5t
(Zhang 2015), =2 FE 4 83 YHSH B
Elof 3lof 7|15 AEH A0 uhe} 274 1 o] 7} s}
3ITH(Gao et al. 2020, Miodek et al. 2021). AR 22
T2 4 IFEY FA o5 A& 7]ofstH, 7]
9 Zeefo] whet vy 37)7F e o (Lucas et al.
2013, Saeed et al. 2016). TE3F A-FA 2= E29] 7|4
A A 2| o Aol 71095k, i R 2= 2710 wheh
Zo|y ¥ =7} 2 - = th(Arend and Fromm 2007,

Courtois-Moreau et al. 2009). ©] A & 1}o]d HY¥H], =
O] WA W Rl AR A O] LR 52 7| T AEE
20 tfgk A &0 AG 9 B2 HHE-Z HtYol=
a3} A Foltt. o]t A7 = @] 7H3~5) 2] WS}
T gsHA 71557 WEol 718 ske] Gk mhet
o= o] 98514 -8 % th(Arend and Fromm 2007,
Saeed et al. 2016). 55| Uto] &= ©7](1-5 )& 4t oy
2t 471(10-309)9] 7| % JFEZ BF 7| S5, @7
BT 7 FARE B RAL IR AT e B
7ho| = @34 Q1 4=tk 0 2 7FZ=E Th(Lloret et al. 2011,
Camarero et al. 2015).

AR I (Betulaceae)= 7| - 8}
SstEAel S50 Je u s
o gt 24 727} B Btk A
%] o] Lrth(Mercuri et al. 2016, Zhang et al. 2014). £
QLR (Al & 71 T2 et %
wiso} 8 AR 9] B4 7ol AAlslo] ov]
(Fujita et al. 2020, Sakalli 2017), SHFE O A= 3 &
Of 2P 2] #S}o] digt 7] S Ay 2 A7 o
5] F-E35H A A o[t

71%0f w2 s 5ot gAL2 712 U A
oJu] gt A4 A E H o] (Zhang 2020, Ziaco et al.
2014), T = 7ol A =3 AP Aol A &= o] 23
71547 AE AR Y] Q9 A% AR
AJAFSEAL Q1TH(Pandey 2021). §5] 7122 S/ A&
of ol &l % 7] A37o] A1 H <l o
Z+-8-51H (Junttila et al. 2012), @74 2= 5 2715 3L
TH PTG AR EYo] FHEM, AT A AE &
g3t JALR 0]01F 4= itk A% itk (Mercer and
Weber 2001, Achchige et al. 2021).

AR Qo] A/ ol F J4Fe) BEo] 22
SFe]od, o] 217] A AAo] FREE A9H 4%
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Table 1. Geographical locations of collected samples used in this study

Region Collection information
Ulreung Island Korea. Gyeongsangbuk-do, Ulleung-gun, Seo-myeon, 28 Oct 2022, C. M. Jang s.n.
Inje Korea. Gangwon-do, Inje-gun, Inje-eup, 8 Oct 2022, C. M. Jang s.n.
Namwon Korea. Jeonbuk-do, Namwon-si, Jucheon-myeon, 13 Aug 2022, C. M. Jang s.n.
Sancheong Korea. Gyeongsangnam-do, Sancheong-gun, Sancheong-eup, 18 Aug 2022, C. M. Jang s.n.
Seogwipo Korea. Jeju-do, Seogwipo-si, Seoho-dong, 27 Oct 2022, C. M. Jang s.n.
Table 2. Location and foraging information for Alnus hirsuta
Region Collection information Altitude (m) DBH (cm) Total Height (m)
Ulreung Island 37°29'47.7" 130° 49’ 35.2" 360 22/24/19 11/12/8
Inje 38°06'56.1" 128° 08’ 16.0” 740 18/23/21 10/11/11
Namwon 35°23'35.5"127° 15’ 09.1" 204 25/19/20 13/9/9
Sancheong 35°26'01.1" 127° 55" 46.9" 469 24/22/18 11/11/10
Seogwipo 33°21'56.0" 126° 41’ 19.6” 362 25/21/23 12/12/11

A0 2 5YEH 84 Aoof 5=, s 717t 52t
FEAEYAY ALY 7|5 HAlof wet A A&
7174} =7 Hgksttts B 1 % Q) th(Montero and
Merino 2022). E3F 2712 o] Fof = A4} o142} 5HA|
9 o] Watet, 99 o] Fole Y S5 AR £

gE)= A9 Hlth(Cooke et al. 2012, Pudas et al.
2008).
7]2 hﬂi}oﬂ E_AHZPH}O o 113_]_—_' J_Q_Eﬂj_ﬂﬂ

FoH, W& 7|0 = Aol A E L, A o
2 2.2 7] 2oAE Aol SAEE Aol 3159
THGroot and Wein 1999). 0]+= AJ%}7] 59t
2771 20] 27] A4t LgaHA Aol
AP, AR 8 2700l WA B
= oA, Aol RrstA AU FET 45 2
T RS Aeet 4= QltH(Usoltsev et al. 2022).
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Table 3. Climate elements and average for three years in the native range

Year 2019 2020 2021 three year mean
g g temp. pptn. temp. pptn. temp. pptn. temp. pptn.
Region / Climate o 5 o o

¢ 0 (mm) 0 (mm) 0 (mm) 0 (mm)

Ulreung Island (Ulreung) 24.6 102.0 242 150.5 24.0 143.9 243 132.1

Inje (Middle) 27.5 98.8 26.9 248.0 272 126.8 272 157.9

Namwon (South) 28.5 186.3 28.0 379.5 28.3 1734 282 246.4

Sancheong (South-coast) 28.9 203.4 27.8 409.2 282 170.0 283 260.9

Seogwipo (Jeju) 26.1 333.8 25.6 282.8 26.5 224.2 26.1 280.3
Aoh= A0 B E A7 AT(Kong 1992 71 20199 5E 2021d71A] Q] WG H 17123} 3
o= 7 A9l & AEE 714 7143A 2 /H 82 E (https://data.kma.go.

291 8412 A3 HHTable 2).
AR 24 1 son T8 S ww S
o
H

& 3| A-Z o] &5l F AP S 71 2 H 1% Safranln
2080 2 QST 0] & Entellan (Merck, Germany)
0]-&-5 mountings}o] G- SeFo| E& A| 26T

tlo

2. S 51
20RO HRoPE YA BAL old), £
PARA, ARAEY Y L T2 SHS FHO
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F(pptn.)S L8513t @ H 17| (temp.) A=
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+o &2 UEton, 2|9 71 Hf 7] A}o]= 4.0°CS,
o A 2= 39 B 7120 26.1°CE 7P =3 2H,
Ol 5L HT} 1.8°C &2 =X Y TH(Table 3).

M, A A 23 /1A (157.9mm), S5 (132.1
mm), ¥ (246.4mm), A+4 (260.9mm), A] 7 3£ (280.3
mm) & RALE]| Q] 00, A 77 e Afo| = Z|of 148.2
mm=E YERETH A 2= 3 Hof 7o 280.3mm
Z 7P EgkoH, o] = &5 thH] 1482mm H
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UERH, A8 274 024 9] 7|37 E4Jo] 3%k
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Figure 1. Cross sectional observation of growth ring characteristics in Alnus hirsuta according to climatic elements. Abbreviations :

ik

-

2. LIOJg| A

=2 29| Yolgl= Auta o & A7 S 3ls)
Al b= 382 E A2 M (Figure 1), o] = AP A+
oM ARG A& H ¥ B} Qlth(Arbellay et al.

WEY 73240

Table 4. Regional variations in growth ring characteristics

Region Characteristics Growth ring (um)
Ulreung Island 445.1£72.9
Inje 303.8+82.6
Namwon 466.6+257.9
Sancheong 744.7£251.1
Seogwipo 912.8+25.6

GR, Growth ring. DST, Distance. A: Ulreung. B: Inje. C: Namwon. D: Sancheong. E: Seogwipo. Scale bars = 200 pm
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2010). Wrol ] A4 7H9] 2HA (DST) &5 =l A
445.1um, Q1A 303.8um, ‘&Y 466.6um, A7 744.7um,
A3 912.8um = LFEFGTH(Figure 1, Table 4).

AR ZAT A AR A G 5
AR 599748 (*p < 0.05) ERIF o H, o] = A
YW 21712 L o 249 o]} LolHe] 4
ol AL 0|4 159 AN 98 F AT
718 8 o] % e HATHE 1Y H e
Lol Hu]7} gRel= gl om, vt = dg <t 7]
9 o] B W2 Q1A|(11.3°C, 97.0mm)of A=
7P &2 S UERth(Figure 5).

ol2] gt A M2 rh53e o] B R U
olg| S X3S Yu|slH, Usoltsev et al.(2022)
AU F7H AEE 7 AEH Ao WigteHA Bt
&oto] ko] A sttt a B gk HE glom,
2 AT A = FART sl o] 21 E Qi

LA N FILLAL
=‘spy *P8a

5] 9101 (Figure 2), B4 25E 0] A 149.5um?, 1A
oA 131.3pum?, G Lo Al 118.9um?, Aol A 146.2um?,
A EO A 171.6um>*Z LFEFFTH(Table 5). AP A] 7H
Ot Aol & Bl ow, Ao 7HE 2A B4
=L, QA A 71 Aokt BARA A3} B
A2 Ayt 27|29 A BE R o] A
TS Hof, 120558 &0 Ee By &t
Wgol] 344 0 2 2893 A|AFSHATH(Table 5).

TN AgEE HE 4= B, &5 %
oAl L HTF-2 47.77l/mm2, EETHT-2 44.07/mm?,
% 91.77)/mm22 E1E] 9l o, QA= T HTE 51.0
7R /mm2, 34 42.07]/mm?2, & 93.07]/mm2&E ZAF

QI TH(Table 5). §¥-& 1P 46.77]/mm?, &3+
T 24.07]/mm?, & 70.77}/mm?, A2 1 H I 38.7
7}/mm?, B3 31.37]/mm?, & 70.07}/mm?, A 7 E
= 18 3F 38370 /mm2, ETF 25.37]/mm?, &
63.77]/mm?2 ER1=| ]}, o oj& TR Ao A= Y
Bt Fa7| 2 9 g o] FRgH o] HEE
Z] LI Table 7).
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Figure 2. Cross sectional observation of vessel characteristics in Alnus hirsuta according to climatic elements. A: Ulreung. B:
Inje. C: Namwon. D: Sancheong. E: Seogwipo. Abbreviations : SV, Solitary vessel; CV, Clustered vessel. Scale bars

=100um
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Table 5. Regional variations in vessel characteristics

Characteristics Vessel area Vessel frequency (no./mm’, VF) Vessel length

Region (um?, VAso) Solitary Clustered Mix (um, VLso)
Ulreung Island 149.5+21.7 47.7£12.1 44.0£5.6 91.7+6.8 356.8+67.1

Inje 131.3+27.6 51.0£15.5 42.0£7.2 93.0+11.4 347.2449.1

Namwon 118.9+21.7 46.7+6.4 24.043.6 70.7+3.5 358.2+45.2
Sancheong 146.2+29.8 38.7+14.2 31.3+18.2 70.0+30.0 384.4+97.4
Seogwipo 171.6+25.2 38.3+4.0 25.3+8.6 63.7+12.7 373.0+41.9

Table 6. Regional variations in ray and fiber characteristics

Characteristics Ray frequency (no./mm?, RF) Ray length Fiber length

Region Uniseriate Multiseriate Mix (1m, RLs) (um, FLs)
Ulreung Island 104.0+4.0 - 104.0+4.0 68.2+£62.4 582.3+151.5

Inje 106.7+10.1 - 106.7£10.1 142.4482.5 573.7+132.4

Namwon 113.7+10.0 - 113.7+10.0 58.8+35.5 510.5+143.6
Sancheong 70.7+19.7 - 70.7£19.7 208.1499.3 490.4+142.9
Seogwipo 61.3£16.7 - 61.3+16.7 174.9494.8 525.2+128.4

Table 7. Pearson correlation coefficients between characteristics, maximum monthly mean temperature, and precipitation

Characteristics Correlation with temp Correlation with pptn

Growth ring 0.953 0.847

Vessel area 0.877 0.885

Vessel frequency -0.448 -0.983

Vessel length 0.280 0.745

Ray frequency -0.026 -0.663

Ray length 0.280 0.745

Fiber length -0.739 -0.906
T 7ol 22504 356.8um, Q1A 347.2um, ' S VIZRETOE 4 S-S AALSI) o] e E
9 358.2um, AH 384.4um, A 7| 373.0um= Q1= 39 WSh= 7| F QA0 WE A E 0] SR AEH A T
9Ich(Table 5). APFOIA] 718 AL, QAN AP A g et Bedo] lor], 53] AApRY 5L 0
SHENoH, FAH LR Fofu|gt Ao] & H AT o} o] FEHAA WEFETh(Hacke and Sperry

1.0 409] ATEHI A £ 2ol B 3
D712 9 B BES 2 o) TS et
W o](Table 7), 7123} 82 F 40| 3 AAo| = JgF
S )R & A0 2 sl 4 HH(Figure 5).

S0 YU 7|7 840 09T BAS e
Ee) BH3} ol TRt d A9 U E F7h)
om0l 8 +8 7| HE 44 B IYL
)3t o) 5514 3.0 2 34 E T} (Fonti et al. 2010,
Gao et al. 2020). Bt = 7]

o
il Ja‘
FUHAE Hol A goken, o

o]

>

<

2001, Qaderi et al. 2019).

20 eL0] YAl A & UL A o] vl (Figure

3), O AHIALZR A O &2 LA T of O]E]'(Figure 4). ¥9HALR
2] 9] ¥l L = 2 o] A 104.07]/mm?, QAo A] 106.7
i fmm2, ol A 113.770/mm2, A ol A 70.77]/mm?,
AFAZNA 61.37)/mmeE 1= o], YA E 2 39
n]Rt ol & et on, Jel, QA 5= 5 98+t

237) @3} 740 WA e Ao H £ HE

- R
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Figure 3. Tangential section observation of ray characteristics in Alnus hirsuta according to climatic elements. A: Ulreung. B:
Inje. C: Namwon. D: Sancheong. E: Seogwipo. Scale bars = 100um

D: Sancheong. E: Seogwipo. Scale bars = 200um
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£ H U H(Table 6). §tH, A AZ} AP 5 A2 0h53h
A Gof| A= Q=7 A S = e} 1 of& a4
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(Table 7).

HIALZR A 9] Zlo|= L2 o] A 356.8um, Q1A 347.2
um, '3 358.2um, AH4 384.4um, A7 X 373.0umZE
Q1= I Th(Table 6). AH8 2 A AL A A4 o=
AA e oH, QA% S5 ol M= A A EelE

**xxp < 0.001
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Figure 5. Regional variation in anatomical traits
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