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Abstract: Absorptive roots are indispensable, functioning as the principal organs for plants to absorb vital nutrients and
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water. The functional traits of absorptive roots are critically important, reflecting the strategies employed in belowground
resource acquisition. While thinning has received considerable attention for its role in forestry management and its capacity
to enhance forest microenvironments, a significant gap in research exists concerning the impact of thinning on root functional
traits. This dearth of research is exceedingly detrimental, hindering a thorough comprehension of plant underground resource
acquisition strategies. To comprehensively explore the effect of thinning on root functional traits and belowground resource
acquisition strategies, this study focused on Korean pine ( Pinus koraiensis) in mixed plantation ( mixed with Populus
cathayana) under thinning and control treatments in the Changbai Mountain forest area of Jilin Province, China. Absorptive
root anatomical, morphological, and chemical traits were meticulously measured and subjected to detailed analysis. The
intricate relationship among these functional traits was explored using principal component analysis ( PCA). The findings
revealed that; (1) concerning absorptive root anatomical traits, thinning exerted a significant influence. Thinning
significantly increased cortical thickness of first to third order roots by 68.1% , 30.5% and 241.1%, respectively. Thinning
significantly increased cortical thickness to stele radius ratio of first to third order roots by 69.0%, 52.0% and 252.1%,
respectively, and significantly decreased stele diameter of second and third order roots by 13.2%, 24.2% , respectively.
(2) regarding absorptive root morphological traits, no significant effect of thinning was found in root diameter, specific root
length, specific root area and tissue density of first to third order roots. (3) regarding absorptive root morphological traits,
thinning significantly increased nitrogen concentration of first to third order roots by 24.4%, 28.3% and 29.6%,
respectively, and significantly decreased carbon to nitrogen ratio of first to third order roots by 17.0% , 20.2% and 22.2%,
but no significantly effect was found in carbon concentration. (4) PCA revealed a trade-off in absorptive root strategies
ranging from an opportunistic to a conservative approach, with the opportunistic approach fostering a swift root response to
variable resource availability and the conservative approach bolstering the root’ s competitive ability. Under thinning
treatment, absorptive roots aligned with the opportunistic strategy, whereas under control treatment, they aligned with the
conservative strategy. To encapsulate, these findings suggest that thinning markedly influences absorptive root anatomical
and chemical traits, bolsters their nutrient acquisition capabilities, and shifts the belowground resource acquisition strategies
from a conservative to an opportunistic approach. This shift may due to thinning improves forest microenvironment and soil
quality, root increase nutrient acquisition ability to provide nutrient for rapid growth of Korean pine. These findings provide
a scientific basis for the management of Korean pine broadleaf forests and offer theoretical support for further research on the

response and adjustment mechanism of belowground resource acquisition strategies to external factors.

Key Words: thinning; Pinus koraiensis; absorptive root; functional trait
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thinning and control treatments

RRKRE FRACFANF AL BTN AR FF AR 35 22 5 A R/NE TR AR 7 R R [RIAL BRIB A7 7E .35 22 57 (P<0.05)

FYAR S 5 T (Axis2) R T 25.6% MRS (I 4) , Axisl FE S5 HARFMRRA L A, 5% 2 E
B RAS AR ZEE S PP E A (B 4), Axis2 FES5MRALE B RIEMC, 5 R A R
AR GAHSE(E 4) , 78 Axisl Jy ) b, % AR AR HT 20 A8 W ISOHR =2 267 1 18 5 1) L, 17 18] A3 A B 21 48 0 i
WRFEA TR L (E 4)  FF Axis2 J7 ) _E X BRANBE R 5 (R AR AL 3T B9 20 R SRR A 1E £ 7 1] 3404 43
(& 4),

3 it

3.0 VAR W SCAR A 5 H PR

AR KB R IR 5K WA T ], R SRR SR OIRE ) e R B Y BRI B 2
FE HA R AR BEL ) AT oK A3 2 EIREIY B 2 )T B 2 AR LA A A B AR, 38 AR
FUTA T RN FR 5 ORRE S 20 272 TP AEAEAR R N ST SR A KA g i, H AR AURAR R IR SIS i
ST Of HEE R S R A AT I | B R MR IR R R AR 2 i Li AF U WY LAY
SR (Cupressus funebris) WK B R IRRE R GARSC IR R R 15 v A A2 LU A A28 RE S S BRAR AR 57
SrWIRE ) 3R SIS R RE P AT E 2 ARG AR AL B IR 1—3 SR B 2 IR R R o
FEAR e N, 2 3 GOHR P R A I Ul X — 45 2R 3R D ) R o £ W SRR 3R 0 R A RE 3 O A
Frorisf e J1, 1X AT BE S Hh T AT B ORI 20 o bR L AR 38R Ol R 55 B2 O Bl AR P 3
B AR A LT ITRG IR RN, AR R 3R MO RE 1B, W ATAR AR AR R 43 B

http ; //www.ecologica.cn



3974 JAE = 45 4

1 D AR
Aa Aa % Aa 50 -
B _ Aa  Aa Aa
04 | 4'} a o0 Aa
A
g Ca E 40 |- !
£ 2 Aa
= &n
2 E T
E g 01
o =
] ]
g 02r £ 20|
& 2
~ n
i %
S = 10 -
£
0 0
1 2 3 1 2 3
B 600 L = o3l
g 600 N Aa Aa % 03 Aa
2 Aa Aa S
3 Aa ? A
. I == : e
3 400 T o2 L Aa Aa Aa
s g 02 =
o 2
b= =
5 hir
2 K
& 200 |- = 0.1 |
= &
=
0 0
1 2 3 1 2 3

#2)% Root order

B2 BEESWHRGETON1—3 ZFROERJLRK ERARSRAEAFTE
Fig.2 Diameter, specific root length, specific root area and root tissue density of the first three order roots of Pinus koraiensis under

thinning and control treatments

AEIRE FREACRAR R AL BT AN AR P B A7 5 22 5%, AN /NG T RECRAR R AR T AN [) A B 8777 2.3 225 (P<0.05)

3.2 (RIS IE 2 RAAE 1 S0

[ AERTLIAN 1—3 SR BAE  HOARAC | FOAR T AR S U S Y TE W& 52 i, X 45 2R 5 0 il N iy iiF 9 2
L1220 B BF 5T 2% B R ER B A% 52 i A AR AR RIS WJ!IH Wang %0 (1 fff 5% 2 B[R] £ B 6% B 8.0/ M AZ
K ( Cunninghamia lanceolata ) WWAR A9 LUARE 5 LUAR T AR . 3X W] RS B T W FiAS W) | TR A5 B2 A [] 45 it P &
B, RE 13 R R RE B8, fﬂélﬁkﬁﬁéjfi% b X AT AR T AR Y B2 S BRI A
10% 245, B2 J2 T8 P AR A X AR B AR A2 A %) STRRAE AT R [R) s e AR I8N, — @ R AR T R R R 1Y
AL, SRR AR TC WAL, A ZEAS LA A RR R, ARG T AR AR RS A | HOAR 2R 0E A5 0 S AR B 45 1R
ZAME R o 3 55 Y , 19 G B 5% 2% BH RO R A ( Pinus sylvestris) A AR 2 B 25 ] 38 P AH 48 1 BN 1 B B
(Fagus sylvatica) FRR A 330 ] BES2: (B AR X LT AA W SRR B 25 0 8 2 52 i () JE IR, AR A0 kR 6 T 58 kAL
AR, ol AR KRER BRI 5 RH A% EE‘J*E?\,E%:I:%?%’ GRS EE I R
FHRMREFRR T 0] SRR R BRI S AR TR Z I8 A 1 45 R 28 T Uk, Aok mx L
HE— LR,
3.3 (R SRR AL A MR 1 5

()£ i S LT 1—3 SRS = /AR . X — S5 R ST AR IE 2> ) B A A S
5% & B I Axe AR Rt TE ) W o ) A AR LA T K R T RE R T A RO T | i £ A )
SRS, RAS ERBAERRARNREE R, I — @ BE L RPARR IR SRR T KRR E

http ; //www.ecologica.cn



8 Wi A TR OO ZDAA IR SO Z BE PR A 52 3975

15 | Aa Aa @ A2 an A Ay Az pa
e rt o e fwl
: =2 <
‘§ Ab Ab %
= Bb =]
8 10 5
i=} Q
1) o
3 3
z O 200 |
g S
S 5]
< 5| S
I i
& 4
& &
B B

0 0

1 2 3 1 2 3
50 ~ M)F Root order
Aa
-8 40 - Ba Ba
= Ab
Z Ab
Ab

=}
2 30 | = -
o ik
s [Py
&
2 20 +
=
2
= 10

0

1 2 3

2)¥ Root order

3 ERSMBLETIR13RRNEASEHIETHALL
Fig.3 N concentration, C concentration and C to N ratio of the first three order roots of Pinus koraiensis under thinning and control

treatments

ARG FREACFAN R AL B RS AR R A7 7R 25 22 57 AN )/ NS SRR AR S R Ah BRI 4775 2.3 22 5% ( P<0.05)

FRAEAZ I SR ZTAR BRI SR CRE T S5 A R (RN AR AR 22 B 23, By AU ARG 5 o R ML) A R
G AR ML i 1] TRIL 2 2 SRR SREm 150 IR (8 £ AR 2R Rl S RO PR UL 94 2 A A W, TS
ELAEBEUR B BRI AR ) ST B IR RS2 bl T 18] (R S BEATOMR 3 HIS A | e bk P9 BRI, S BLT A4
1o MR SR WAL RE 1 A SRR IBORE M, Sy PROs 2R R AR LR 0 085
3.4 WOCHRDIBEMIR 2 18] K

ABIFEN , LLRAMSAR D REVE IR 18] 77 70 B B A HK %, EL WD 0 A 7 1 /1R 0 S A R SR D RE bR 4 2
Axis] FEON )RR G AR T RS S T BRI TUROCOC R . X2 th T K2 i i HAT B 94K
IR LA o 1 2R i AR R T AT bR S BRI DR AR PN R R IR R o L 2z
SPEARA S B, MR B S B2 BRI AE BRI M oA, AT RER th TR AR R 52 8 B J= 5 A
AURZIE | B 5 B 5 PR EARAE S 7 1) B 7R AE S BUR B AR S 3 B T A RO AW i A, B i R R
JE SRR AR L AR i B2 R R S IR 2R 35 A WS e, AR R, A 2 R
BL2s 32 SR B AR 2R AR A S B IS A A DR A R i 17, 35 45 7 B R F B IO BRBE T AR AR TR
(¥ AL EARARRAR R IR M IS i AE 1, ARBHHRAR, A2 R I PR~y 32 SO B SRms , R R R
ARGRATE P RE T 385 PR Z B PR PRI U Axis] ARFDL2 T R B Hems S5 PRy £ X
PSR MG Z [ BRLA . Axis2 TR0 RS  FUARIT RS IR U Y AR G 2R . HUMRIR 5 FEAR B AR R
AR LHERRAE ) RSB AR R A, B =8 B R M AR R BRI A B R 20 ik —
JEE AT REE h T ICIE A1 X AR BT W SRR B MR P S, WA 4 3 0 B R 3R 0 WA RE i, iz i e

http ; //www.ecologica.cn



3976 Ex E MR 45 %
R AR GEIR A R TR S, X5 Wang
SRR RIS 6] Bk 8 IR A SRR -
SAAE L 2 ST £ e — U, T X3 B B A WO s
SEOMAERAT T ST w0, B0 B8 ) FR R e o AR
RIS Hb W YR AR IBOR W 38 R 5 1 BRI, B2 75 N
FAMLIHE 1, LA KA B M0 N d g
4 R j //7 | e
ABGELE SR T 0 s T LRI ORR e 24 _ °N\_ o
GED SALSEAEAR B R SR | S SR 5 Pk R .
b AR EUA /N FRRE B4 SRR IR L, TG ORR T .
EX R ISHTES Z S R T UGl 2 T - s 4

[AIAEAE b S7 B4R, — e AR L2 £ R
ELHEME L PR ~Y B SCTE R R W AU (B R R S P
AR AR A S = -P i EARR) A — e AT e T
M SRR BER P 38 I A % 3 5 DR ) (AR K 5 1
MRFR-ARH VR L) o I HL 1] HAR BT I AR i 17 BIL
22 3 ST R — O, BERA (E) kA 1 LDAA T SRR
ORI | 4 e WSCHR 37 23 W RE T, 3 mT RESRE fh T ]
PRPGE RN IREL R HELLAR A, IR0 T RGN, fle (1
WSCHR 7 3 W WS RE 7 484 0 53 17 9 10 T B, AR5
SERAE N T TR LA W SR D BEVEAR IR 2 0, REAE Sy

Axis 1 (40.3%)

B4 ZRRBIRIIBEMEAR B M 53247

Fig.4 Principal component analysis of absorptive fine root
functional traits of Pinus koraiensis
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