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The extensive distribution and complex structure of the root system of woody plants in soil makes it difficult to
understand its foraging ability. This paper aimed to quantitatively measure the foraging ability of the whole tree root system
of spruce (Picea asperata), the dominant tree species in the subalpine coniferous forests of western Sichuan, China, and to
reveal the heterogeneity of foraging ability of fine root fractions. The whole root systems of three 9-year-old, three 12-year-
old, and three 29-year-old spruce in two growth stages were excavated cautiously by hand. Based on the root biomass and root
morphology index, foraging ability of whole root systems of the target plant was quantitatively expressed by the total amount
of foraging organ; root foraging efficiency of internal components of fine root was evaluated by means of its physiological
indices, including total N, total C, and non-structure carbohydrate (NSC); the heterogeneity of foraging ability of fine root
fractions was also clarified. The results showed a whole lateral root biomass of 154.5 g for the 9-year-old spruce, 2 195.27 g
for the 12-year-old spruce, and 7 380.60 g for the 29-year-old spruce, with fine root biomass of 27.74 g, 188.79 g, and 1 022.89
g, respectively. There was an upward trend in the total length and in the total surface area of the whole lateral root systems or
fine roots of spruce. The specific root length and total nitrogen content were positively correlated with root foraging ability.
With the increase of root orders, specific root length, and total N content of the first five root order of spruce took on an upward
trend. It suggested that the root foraging ability declined with the increase of root order, and there was significant heterogeneity
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among the internal components of fine root. The specific root length and total N content of the first order were far more than the

other root orders, and the first order root foraging ability was the best among roots of all the first five orders. The nonstructural

carbohydrates concentration and its fractions of the first five root orders were small, exhibiting no specific tendency, which

suggested that the NSC stored in the first five root order was not enough for its foraging behavior. The physiological differences

among growth stages showed that the age of tree had a significant impact on root physiological characteristics, and implied that

with the increase of age of tree, the foraging efficiency of the first order root of spruce might decline. These conclusions enrich

our understanding of the structure and function of root systems of woody plant at the perspective of the root foraging ability.

Picea asperata; foraging ability; root morphology; root physiology; root biomass
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Table 1 Whole biomass and morphological characteristics of root systems of Picea asperata of different ages

Wi B R K MR o MR A= 4y e AR S B2 AR 8 T AR
< . - Total fresh weight of Total biomass of lateral Total length of lateral Total surface area of
Tree age Maximum root length
(tha) W) lateral root system root system root system lateral root 2system
(m/g) (m/g) (I/cm) (A/em”)

9 101.67 + 12.58(a) 410.67 + 229.82(a) 154.50 £ 66.40(a) 14005.58 + 6064.52(a) 3295.38 + 1460.39(a)
12 193.33 £ 65.06(b) 3468.33 + 1390.52(a) 2195.27 + 872.50(b) 133725.18 £ 53148.65(b) 39564.93 + 15724.96(b)
29 513.00 + 19.08(c) 14808.36 + 7314.83(b) 7380.60 + 586.08(c) 458738.24 + 66004.07(c) 179023.54 + 26618.58(c)

[ SR /NG <7 g e 7R Ak B 1) 22 5 e 3 (P < 0.05) .

Small letters in the same column indicate significant difference at 0.05 level among treatments.
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Fig. 1 Root biomass, length, and surface area of Picea asperata of
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different ages. Small letters in the same root class indicate significant
difference at 0.05 level among treatments.
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Fig. 2 Specific root length of the first five root orders in Picea asperata of
different ages. Capital letters in the same age indicate significant difference

at 0.05 level among different root orders; small letters in the root order
indicatet significant difference at 0.05 level among different ages.
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Fig. 3 Total nitrogen, total carbon concentration and carbon-nitrogen
ratio of the first five root orders in Picea asperata of different ages.
Capital letters in the same age indicate significant difference at 0.05 level
among different root orders; small letters in the root order indicate significant
difference at 0.05 level among different ages.
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Fig.4 The NSC concentration and fractions of the first five root orders
in Picea asperata of different ages. Capital letters in the same age indicate
significant difference at 0.05 level among different root orders; small letters
in the root order indicate significant difference at 0.05 level among different
ages.
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