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Research paper

Root Functional Traits and Biomechanical Properties

of Four Endemic Fagaceae Species

)

Jung-Tai Lee”  Yi-Zeng Jiang"

[ Summary ]

In Taiwan, typhoons and monsoonal torrential rains often induce serious landslide hazards in
mountains and hilly regions, and thus landslide restoration has become a pressing issue for forest
management. Castanopsis carlesii, Cyclobalanopsis glauca, Pasania hancei, and P. kawakamii are
endemic Fagaceae species that often occur during secondary succession on scars after a landslide.
They have high potential for enhancing restoration of landslide scars. However, their root char-
acteristics and biomechanical properties have not been explored. In this research, root traits and
biomechanical properties were investigated with the WinRHIZO system, vertical uprooting, and
tensile tests using 2-yr-old seedlings in order to provide criteria for species selection in landslide
restoration. The results show that the root systems of these 4 species belong to the vertical and hor-
izontal (VH)-type. Cyclobalanopsis glauca had remarkably higher root traits and functional traits
than those of P. kawakamii, P. hancei, and Cas. carlesii. Additionally, the maximum pullout resis-
tance for Cyc. glauca was notably higher than for P. kawakamii, Cas. carlesii, and P. hancei. Root
tensile resistance for Cyc. glauca was significantly higher than for P. kawakamii, P. hancei, and
Cas. carlesii. Root tensile strengths of Cyc. glauca, P. kawakamii, and Cas. carlesii were notably
higher than that for P. hancei. Taken together, these results clearly demonstrate that Cyc. glauca
has superior growth performance, functional traits, anchorage capability, and root tensile strength
than P. kawakamii, Cas. carlesii, and P. hancei. Thus, it is suggested that the species priority rank-
ing for these 4 species should be Cyc. glauca > P. kawakamii > Cas. carlesii > P. hancei.

Key words: Fagaceae species, root system architecture, root functional traits, root biomechanical
properties.
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Fig. 1. Representative root system configuration of 2-yr-old Castanopsis carlesii (a), Cyclobalanopsis
glauca (b), Pasania hancei (c), and Pasania kawakamii (d) seedlings.
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04 ¢

- & = Castanopsis carlesii
—e— Cyclobalanopsis glauca
—a— Pasania hancei

o+ Pasania kawakamii

Root area ratio (%)

1 2 3 4 5 6 7 8 9
Soil depth classes

Fig. 2. Root area ratio (RAR) distribution with soil depth classes for 4 Fagaceae species. RAR = total
root area (Ar) / area of soil profile (A). Class 1 (0~10 cm), class 2 (10~20 cm), class 3 (20~30 cm),
class 4 (30~40 cm), class 5 (40~50 cm), class 6 (50~60 cm), and class 7 (60~70 cm).

Table 1. Means+tstandard errors of growth performance for 4 Fagaceae species and a 1-way
analysis of variance (ANOVA)

Growth B ) B

Cas. carlesii Cyc. glauca P. hancei P. kawakamii ANOVA
parameters
H (cm) 78.25+13.16" 186.17+15.61° 82.60+13.98" 109.8+6.18" 15.454™
RCD (mm) 14.06+1.67° 28.93+1.25° 14.06+2.38° 22.51+1.24° 19.484™"
TL (cm) 57.50+7.5" 56.67+4.22° 38+87° 38+3.74° 3.481°
Tips 101025+214.7%  1737.33+161.46"  1196.40+327.76" 1457.2+163.43* 2393 ns
TRL (cm)  1567.65+307.84°  3384.41+647.44"  1648.13+369.94"  2446.83+313.36"  7.649”
RB (kg) 0.04+0.02° 0.31%£0.03" 0.05+0.01° 0.14+0.03° 31.099™
SB (kg) 0.04+0.01° 0.46+0.06" 0.07£0.02° 0.18+0.03b 22777

Cas., Castanopsis; Cyc., Cyclobalanopsis; P., Pasania; H, shoot height; RCD, root collar diameter; TL, taproot
length; Tips, number of root tips; TRL, total root length; RB, root biomass; SB, shoot biomass. Different letters
in the same row signify a significant difference (by Tukey’s test) among species. N = 14. Levels of significance:
ns, non-significant, * p < 0.05; ** p <0.01; *** p <0.001.
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Folmn o JII EREEH(1.34£0.17 kKN)RLZ
RIA#E(0.70£0.26 KN)NKZ » =3

WHTTHE KR HoMh =R H & (Table 3)  BF5E
fEREE - FAHFIRACREE TEER
PRI E R ~ R IREE & = SR - G Rhiil
PUII7E B IR IR BRI 2 B H YRR 1% -
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&~ RARBEROIEE @RI LR - RREEK
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Table 2. Means * standard errors for root functional traits of the 4 species studied and 1-way

analysis of variance (ANOVA)

Root traits Cas. carlesii Cyc. glauca P, hancei P, kawakamii ANOVA
RD (kg m™) 0.75+0.31° 5.69+0.49 1.01+£0.27° 2.6+0.48" 31.097"
RLD (km m™) 0.29+0.06" 0.63+0.12° 0.31%£0.07° 0.45+0.06" 7.652"
RSA (cm’) 932.87+204.97" 2779.85+533.99° 1053.96+188.23" 1553.18+196.83"°  18.015
RTD (g cm™) 0.32+0.08" 0.61+0.03" 0.46+0.05" 0.47+0.06" 4.474"
RV (cm’) 115+20.21° 511.67+50.56" 137+47.32° 30243826 18.326™
SRL (m g") 0.56+0.16" 0.11+0.02* 0.38+0.12" 0.2+0.05° 4.846"

Cas., Castanopsis; Cyc., Cyclobalanopsis; P., Pasania; RD, root density; RLD, root length density; RM, root
mass; RSA, root surface area; RTD, root tissue density; RV, root volume; SRL, specific root length. Different
letters in the same row signify a significant difference (by Tukey’s test) among species. N = 14. Levels of signifi-

cance: * p <0.05; ** p <0.01; *** p <0.001.

450
----- Castanopsis carlesii
400
Cyclobalanopsis glauca
350 - = = Pasania hancei

Pasania kawakamii

=
S

Pullout resistance force (kN)

100

50

14

Displacement (mm)

Fig. 3. Typical pullout force-displacement curves for 4 Fagaceae species.
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Table 3. Meanststandard errors of maximum pullout resistance force for 4 Fagaceae species

and a 1-way analysis of variance (ANOVA)

Biomechanical property Cas. carlesii

Cyc. glauca

P, hancei P, kawakamii ANOVA (F)

Maximum pullout b
. 0.70+0.26
resistance force (kN)

4.79+0.42°

0.61+0.18°  1.344+0.17° 6.612"

Cas., Castanopsis; Cyc., Cyclobalanopsis; P., Pasania. Different letters in the same row indicate a significant
difference (by an ANOVA and Tukey’s test) among species (N = 14). Level of significance: *** p <0.001.

1600 7 © Castanopsis carlesii
o  Cyclobalanopsis glauca ----- y =20.392x! #467R?= 0.942
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€
3
g
K-
-1
g
Z 800
2
4
5
£
]
E
]
=
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y = 183555} 995 R2 = 0.9038%**

—— y=1562x158R?= 0.8688*"" %
- y=19931x}73R2=0951%""

o ©
® /
°
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¥ 3
3 °
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o -
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% O -
oo i
o o P
< ¢§ é "B(
28 A &
0 o7 A
228 2
- .
6 7 8 9 10

Root diam'cter (D) (mm)

Fig. 4. Relationships between root tensile resistance force and root diameter for 4 Fagaceae

species.

Table 4. Means +standard errors of root diameter, root tensile resistance force, and root
tensile strength for 4 Fagaceae species and a 1-way analysis of variance (ANOVA)

Parameters Cas. carlesii Cyc. glauca P. hancei P. kawakamii ANOVA (F)
Root diameter (mm) 2.00+0.13*  4.38+0.21° 2.29+0.13" 2.7740.18° 43209
Tensile resistance force ()~ 69.59+9.55°  383.41+3447" 70.70+6.89° 146.57+16.34" 52247
Tensile strength (MPa) ~ 201.91+8.08" 218.41+6.40° 168.02+10.97° 213.95+7.26" 7.229™

Cas., Castanopsis; Cyc., Cyclobalanopsis; P., Pasania. Different letters in the same row signify a significant dif-

ference (by an ANOVA and Tukey’s test) among species. Level of significance: *** p < 0.001.

e 2 B o Rl - TSR E I - )1
EEREE ~ RERE e = 3 BT E R L35 o B
ZHaA Y T - AUAMFEREE - BEXNE
HEIR R B AR E 13 2 REJJ(Danjon
and Reubens 2008, Ghestem et al. 2014) - Fan
and Chen (2010)#5 H! 5 B /K FRIRGR A FR 2
U2 185 ° Saifuddin and Normaniza (2016)Z
WFFE AR BER » 3 LKV RUARGR B AE & AR

FEAE Ly B - AR Lz 23 A SRR - I
B R B = IR KA 1E
13 FJg30 empg - HBE LB TR - B
fHRfF 52 4% S AH— B (Jobbdgy and Jackson 2001,
February and Higgins 2010) o Jtb—#5 S EHR -
YRR MEREHEE &K LE LE
DAFEEL K 53 B #43 (Ford 2014, Kiba and Krapp
2016) » 1 ELAR SRR G H 35 SR 5 ok
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Fig. 5. Relationships between root tensile strength and root diameter for 4 Fagaceae species.
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