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Comparison of fine-root traits between two subtropical tree species Pinus
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Abstract: The tree fine root (< 2 mm in diameter) system is a functionally highly important compartment of forest
ecosystems. Fine root traits are a result of long—term adaptation of trees to local habitat, and they strongly reflect the
information of environmental changes. The objective of this study was to investigate differences in fine—root traits between
two subtropical tree species, i.e., the early —succession species, Pinus massoniana (PM), and the late —succession
species, Castanopsis carlesii (MZ) in their respective monoculture plantations in Sanming City, Fujian Province. Three 20
x 20 m plots were established in each forest type. Fine roots were extracted using soil core method and measured for their
biomass, vertical distribution, and morphological and branching structure. The extinction coefficient (8) from the model of

vertical root distribution: ¥ = 1 — 8 was used to represent root distribution. The results showed that root biomass density
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(RBD) , root surface area density (RSD) , and root length density (RLD) decreased with the increasing soil depth. Their
levels in the 0 — 80 cm soil layer of the MZ stand were 0.21+0.06 kg/m*(RBD) , 3.15+1.25 m*/m*(RSD) , and 2202.84
+517.03 m/m’(RLD) , which were 1.6, 1.2, and 2.2 times higher than those in the PM stand, respectively. Soil depth had
a significant effect on RBD, RSD, and RLD in both stands. Root extinction coefficients (B) for root biomass, root surface
area, and root length were each higher in the PM stand than in the MZ stand, indicating that fine roots in the PM stand
were distributed more evenly along the soil profile, while those in the MZ stand were concentrated primarily in the surface
layer. The average root diameter (RD) and specific root surface area (SRA) in the PM stand were 0.86+0.04 mm and 191
+32 ¢m’/g, respectively, which were 1.4 and 1.3 times larger than those in the MZ stand, respectively. Specific root length
(SRL) and root tissue density (RTD) in the MZ stand were 10.73+0.46 m/g and 0.49+0.06 g/cm’, respectively, which
were 1.4 and 2.0 times higher than in the PM stand. Soil depth had significant effects on RD, RTD and SRA and little effect
on SRL in the MZ stand, whereas none of these variables were significantly affected by soil depth in the PM stand. RD and
RTD differed significantly between these two stands in all soil depths. Except for the 0 - 10 cm soil layer, there was no
significant difference between two stands at all depths in terms of SRA and SRL. Fine roots with coarser diameter and lower
tissue density in the PM stand can grow rapidly to fill the soil space, adapting to the arid soil, whereas those with thinner
diameter as well as higher SRL and RTD in the MZ stand enable them to strongly compete for nutrients while avoiding
herbivory. Specific root tip density (SRT) and specific root forks density (SRF) of fine roots in the MZ stand were (4288.
44+63.35) no/g and (1164.35£155.38) no/g, respectively, which were both 2.2 times those in the PM stand. Soil depth
exerted significant effect only on SRT in the MZ stand. Roots with higher branching intensity in the MZ stand can rapidly
exploit nutrient-rich soil patches. We conclude that there are contrasting fine —root traits in tree species at different

succession stages, probably reflecting the differences in soil foraging strategy.

Key Words: forest succession; fine root traits; root morphology; root architecture
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Table 1 Main characteristic and topsoil (0—20 cm) properties of the two stands

; " o v Aibla
MOPREL MHm  BUE/(0)  Mit/a PR PEING MROEEY %ﬁ/é oy N/ TP/ BD/ .
Stand type  Altitude Slope Stand age H/m &/em (No/hm?) ) ) (g/kg) (g/’kg) (g/em?) P
(g/m*) (t/hm~)
MZ 305 35 38 14.2 16.6 2042 1033.8 56.27 1.02 0.37 1.18 4.25
PM 313 38 36 18.3 18.3 1500 594.8 50.84 0.80 0.35 1.33 4.41

MZ KkE AT AR Castanopsis carlesii plantation; PM LW T AR Pinus massoniana plantation;; SR E Mean tree height; SEH W42 Mean tree diameter at breast
height; #73%  Stand density ; 4F i 5% Annual litter biomass ; 7 HLEK i Soil organic carbon reserve; TN 4% Total nitrogen; TP 4 Total phosphorus; BD %5 &
Bulk density
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Table 2  Fine root biomass, morphologies and branch structure at the 0—80 cm soil depth in the Pinus massoniana and Castanopsis

carlesii plantations

MR RBD/ RSD/ RLD/ HA2/mm SRA/ SRL/ RTD/ SRT/ SRF/
Forest type (kg/m®) (m*/m?) (m/m?) Diameter (em¥/g) (m/g) (g/cm?) (no/g) (no/g)
I P.massoniana 0.13+0.09a 2.54+123a  102098:48294b  0.86+0.04a 191+32a 7.68+1.41b 0.24+0.04b 1976+551b 529+173b
Kk C.carlesii 0.21£0.06a  3.15+1.25a 202.84+51703a  0.61+0.06b 142 +9b 10.73£0.46a  0.49+0.06a 4288+63a 1164+155a

RBD: A% Root biomass density; RSD; BB Root surface area density; RLD; KB Root length density; SRA; A Specific root surface;
SRL: HARE Specific root length; RTD: ARZIZVHE Root tissue density; SRT: HARZREL Specific root tips; SRF: H4rSUEK Specific root forks; [fl— 3 [l/NE F-EER 7R
P/SBR AT i 35 2

+JZ X KAE RN AN AR A= Y R T R R AR K A WE R (1) 2 Rl AplE] ) A4
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Fig.1 Vertical changes in fine root biomass density, surface area density and length density in the Pinus massoniana (PM) and Castanopsis

carlesii (MZ) plantations
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Table 3  Root extinction coefficients for root biomass, root surface area and root length in the Pinus massoniana and Castanopsis
carlesii plantations

Mo HARAE Y MR i8N
Root length

Forest type Root biomass Root surface area

0.968+0.004a
0.953+0.011b

0.968+0.004a
0.953+0.010b

LN P.massoniana 0.966+0.004a
Kk C.carlesii 0.953+0.009b
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Fig.2 Fine root morphologies in the Pinus massoniana (PM) and Castanopsis carlesii (MZ) plantations
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Fig.3 Fine root branching intensity in the Pinus massoniana (PM) and Castanopsis carlesii (MZ) plantations
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