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Abstract; Seven functional traits across two groups of root orders (first- to third-order and fourth- to fifth-order roots) were
measured in this study to analyze their variations along different rock-fragment-content ( RFC) gradients. The objective was
to explore fine-root trait plasticity and adaptive strategies of ornamental tree species in rocky mountainous environments. The
results showed that; (1) With increasing RFC, the specific root surface area (SRA) and specific root length ( SRL) of
first- to third-order roots significantly decreased, while root diameter (RD) , root tissue density (RTD), and root carbon
content (RCC) significantly increased. In contrast, fourth- to fifth-order roots exhibited the opposite trend—their resource
absorption capacity improved with higher gravel content. (2) Across the rock-fragment content gradient, root traits diverged
along two dimensional axes: PC1 (accounting for 49.04% of total variation) represented a “ collaborative” gradient

(associated with RD and SRA) , while PC2 (18.08% of variation) reflected a resource acquisition-conservation trade-off
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linked to RTD and root nitrogen content (RNC). 1st—3rd order roots were primarily correlated with PC2, while 4th—>5th
order roots showed higher loadings on PC1. (3) Trait network complexity increased with RFC, characterized by stronger
inter-trait correlations and connectivity in high-gravel environments. Additionally, the trait network of 1st—3rd order roots
was more complex than that of 4th—>5th order roots. Overall, these findings highlight divergent functional strategies; 1st—
3rd order roots adopt a “do-it-yourself” resource acquisition strategy, while 4th—>5th order roots favor an “outsource”
strategy involving collaboration with mycorrhizal fungi. In rocky environments, functional shifts occur across root orders, and
ornamental trees may gain an advantage by developing thicker lower-order roots and finer higher-order roots. These findings
enhance our understanding of plant survival strategies in rocky soils and provide a theoretical basis for the sustained growth

of trees in gravel-rich mountainous regions.

Key Words: rocky mountainous areas; root orders; root functional traits; root economic spectrum; adaptive strategies
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Table 1 Statistics of tree characteristics for the studied species

B Wi Wiz REIR FEMLBCR
Tree species Height/m Diameter/ cm Crown/cm Plots number/m
TJCFEM Acer truncatum 12.6£2.7 10.8+1.5 6.5+1.7 37

B Cotinus coggygria 5.6+0.8 9.5+2.0 3.4+0.9 35

258 Koelreuteria paniculata 11.4+1.5 15.5£3.2 7.5+£2.6 35
B8R Quercus variabilis 14.0+3.7 16.8+1.8 5.0£1.6 38

B Prunus davidiana 5.6x1.5 8.5£1.5 2.5+0.8 34

WA Prunus sibirica 6.5+£1.0 8.0+£2.0 3.7+1.0 19
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WE AR S 5 (RFC) o A0k bh B 8 B T AR bR A 2521 FE kb RFC JUEH 10%—60% , AWF5EiE T 3
AR S REEE R (AR 10%—25% ) R2(A1HK S 25%—40% ) Fl R3 (A BR & #>40%)
1.2.3  MOARAR Z MR E 5155

TESLIS 2 AIARARATAE LB Tk b R/ O B 35 K () 58 AR A 3 PP IR | 5 R 13 R AR
AR BRI B SRR Pregitzer %0 BT, AIRRBE Y A HAMRIT (1—5 90) . Sl il A v X
HIARIE 7 SR — AR, IS — AR A AR Ry R, =% & H AR ISHE, RIS N AR S I0IE
HREEE S (N+1) R, BN, B4 GRS TE R =R, i =R s 1T UG AR , LA 2t tb4h,
FH T AR B 25 M DU AR, SR TR SRR ADLPE S A 7 R ) 4, BV 3 ok Dl 7 SRR B i L AR R B AR AR
SERCAR 2R TP CL B E AR B 0 g S AT DR L

Bt P AR EEA T4, 1 A WinRHIZO 2017a MR 73 B 0 i B, DL e iR AR AL (RA) (IR HL A2
(RD) MR (RL) FHAR(RY) . 5 R e iy B9 M RTE 65°C THET 48 h, FRHE, ARG B MR P 1Y
AW (RB) ., RA S H (RNC) AR#E S & (RPC) MRk & & (RCC) i F§ CHNOS JG &K 43 #11Y¢ ( Elemental
Analyzer Vario EL 1) #E47 087, AHOCHERIN & HE IR LS 2,

R2 ERIDEEMER (MHSE) GTEINBA

Table 2 Functional traits (and their abbreviations) of fine roots, their strategies, and units

LREN N K] HWHRINE BA3
Root trait Acronym Computational method Unit
TR REAE RD i mm
Morphology traits FAitSN SRL RL/RB cm/g
HOAR SR HIER SRA RA/RB cm*/g
WAL RTD RB/RV o/cm’
(S ERN AR B RCC TLRIHTL mg/g
Chemical traits WREA &= RNC TR I mg/g
AR RPC JERIHTX mg/g
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2 HRE5SH

2.1 WRERMERBER P AA RS =L R

AR AT SR BAE X RIE S22 MR W52 (P<0.05) (£ 3) . FEE R T R m, 20
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*3 WREMAHSENIRIEERIZMAI T ZE T (ANOVA)
Table 3 ANOVA on the influences of root order and RFC on the root functional traits

7 5 e » WA EAR RD MK SRL AR SR AL SRA HRAHLUHEE RTD
Source of variation F P F P F P F P
HRJF Root order 1 1048.976  <0.001  1095.828  <0.001  1091.094  <0.001 60.429 <0.001
A% it RFC 2 2.450 0.088 4.206 0.016 6.342 0.002 1.323 0.268
HRJF <A 1 & 1t Root orderxRFC 2 3.509 0.031 4.153 0.017 6.701 0.001 1.137 0.322
75 S e Y P HZR Bk & RCC HWRA &&= RNC R ZBE S i RPC

Source of variation : F P F P F P

HRJF Root order 1 9.527 0.002 6.904 0.009 31.607 <0.001

AR RFC 2 3.093 0.047 3.618 0.028 1.802 0.167

T XA B & i Root orderx RFC 2 1.105 0.332 0.168 0.846 1.773 0.172

etk 48 S & X W 2;RFC: Rock fragment content
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Fig.1 Variation in functional traits of 1st—3rd and 4th—5th order roots along the RFC gradient
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Fig.2 Principal component analysis of root functional traits.

x4 BNMEREPCIFAPC2 BHAMNTEXR

Table 4 Bivariate relationships between individual traits and the scores of the PC1 and PC2 in root economics spectrum

RD SRL SRA RTD RCC RNC RPC
PC1 0.877 " -0.940 " -0.973"* 0.637"* 0.187 " -0.280 " -0.553""
pPC2 -0.262"" 0.084 -0.023 0.401 " -0.725"" -0.748 7" -0.073

# P<0.05, =% P < 0.01

AFEMFALE PCL AT PC2 il EIIFSMFAE B E 25 (P< 0.05) (E 3), 4—5 SARTE PC1 5l A58,
1M 1—3 HARTE PC2 #ll_ A0 . PRALAR T 1 40 AR 3 i N — D i) 55 — S sh (18] 2) o R [RIAR 7 (b i) A2
52) W RD-SRA Flif 43 A5 BRI -PadUika sy . RT3 A (Fh N AE 52 ) WY RTD-RNC B2 BLPE R - AR L Jr
], H PR Z AIAFAEIE S PE . T390, 1—3 SR FF MR R1 R2 \R3 BB BEZ Wi 161 =5 RD RTD —F2 5l , 4—
5 AR DU Bt Ay B 5 e 14 0 466 B T2 1) 55 SRA (SRL — 83l (& 2)

2.3 RIEIARFPEAR N 45 25 A6 B A 55k 7 e A AR 1k

FE 3 AR R 2 18], R RAR P BT S AL A MR A7 A S S5 A DG (P< 0.05) HEATHA AR
M 4EF (4 3 5) . BRI, BEE REC AYSEN, TGI8 2 AR AR | bR 34 1t R LR DGk 20 1
HRFFTE 2SR 22 IR 2 0] () I 265 Z5 7R 25 3 A RFC BRBE (R3) Wi M & 2%, KRS 2 MR E (R2) , T4 1
A~ RFC B BE (R1) AR S 45 b 5k 7 2

FEPFAMF T ZEM R EREE T 1—3 SR A BB A DGE KT 4—5 GO, [R] Aok 45 M1 2 AR B PR 1) LA o
SERAAH DG , 7R [R5 R AR DGR SR FE IR R3 (R2 FIRL (K 2 3R 4) . ltn, Toit B ARG A 2 = AR
PEAR SRL AT SRA A9 7% $ 1k W 25 P AR 2 Wi 38 K, 76 R3 W R S v Ao sk Bl e K, Rl RE A S ARt it 2 A1
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BRI Z Wi K, 55—, SRA A Mk b P s i PR, FEURE: SRL, X BN MtR 1% it &2 1F
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B3 AERFEPCIFIPC2HLENESR
Fig.3 Differences among different root orders on the PC1 and PC2 axes

o TN AT 22 (B A7-7E ik 35 25 5+ (P<0.05)

£5 TRRFEAGSEHETHEREREMEERLE

Table 5 Comparison of trait connectivity network metrics between root orders across gravel content gradients

. IR R1 R2 R3
Root order Trait BEROTLG ACTLG BT R IRURL BRI EECRL MAChG BT
Degree Strength  Closeness Degree Strength ~ Closeness Degree Strength Closeness
1—3 Al RD 3 2.98 1.73 2 2.79 0.28 3 2.72 0.29
1st—3rd order roots SRL 2 2.92 1.94 3 3.89 0.33 5 4.63 0.39
SRA 4 3.54 1.85 6 5.70 0.42 5 4.88 0.40
RTD 3 2.48 1.55 3 2.20 0.25 3 3.15 0.33
RCC 2 0.89 0.77 3 2.16 0.24 3 1.56 0.21
RNC 0 0.00 0.00 1 0.78 0.22 4 2.52 0.26
RPC 0 0.00 0.00 4 2.62 0.28 3 1.84 0.22
4—5 AR RD 3 3.32 1.93 5 3.96 0.29 3 3.45 0.30
4th—->5th order roots SRL 2 3.16 2.18 3 3.50 0.29 5 5.49 0.38
SRA 4 4.13 2.18 4 3.89 0.28 6 5.36 0.34
RTD 3 2.23 1.55 4 3.03 0.28 3 1.65 0.23
RCC 1 0.43 0.65 3 1.53 0.17 5 3.44 0.29
RNC 3 1.52 1.13 3 1.80 0.20 4 2.82 0.27
RPC 0 0.00 0.00 2 0.89 0.15 6 4.14 0.34

3 it

3.1 WRFFSFEUES AR R T AR

TR ZAE B — A~ T“ﬁB'ZEI’J):'Ji/VL MR AEZ 0 A AR 31 g R R BRHLAR , 7R 45 F AN DI BE | 5 B0 I 25 10
FRE . BAR/NT 2 mm AR AR A AEAE L 225 ORI TARIFIOASIE - BESERWT, RD R RTD 7E
GARFF e (B 1) o RD AR A EERUAS (1 DGR b , 40 AR 1 A2 K — e 55 BEUE R IR 2 A RIOK 332 i g
3R AR AR AR - SRR A O s RTD A S LA B2 55 B BB ) Y R A 5 17 SRL 11 SRA 4
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B4 1—3 IR 4—5 FIRFE 3 DA ERE THIEREXEM %
Fig.4 Trait correlation networks of 1st—3rd and 4th—5th order roots between the three RFC gradients
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BESRAR AR A RBTARAE S L S — T, SR A A W SRR A L AR A R SRR L A R A 9 P, X s
T B T DA A AE L EAR J J2 v | TR R X b & W8 22 b TAS S5 A 41240, S BU 2 176 M R AT RN 75 iy 428
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