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Study on the foraging behavior of clonal roots and its
influencing factors in Populus euphratica Oliv.

Wang Yu-Chen, Wang Wen-Juan, Zhong Yue-Ming, Lei Shan-Qing, Li Jing-Wen”*

( College of Forestry, Beijing Forestry University, Beijing 100083)

Abstract. We investigated differences in foraging behavior of the proximal and distal roots of
Populus euphratica Oliv. in a heterogeneous natural forest habitat and estimated the key
influencing factors of foraging behavior traits, including main root depth (MRD) , root diameter
(RD), main root length (MRL) , fine root biomass (FRB), and root sucker density (RSD). In
total, five sample plots were established in Ejin Oasis, Inner Mongolia, and Northern China. A
total of 25 clonal root branches were manually excavated and corresponding belowground
environmental factors were analyzed. Results showed that the MRL, RD, and MRL values were
significantly higher for proximal roots than for distal roots, whereas the FRB and RSD values
were significantly lower. Soil total phosphorus had a major positive influence on the MRL of
clonal roots. The RD values of proximal roots increased with soil total carbon, and RSD values
were positively controlled by soil water content and biomass of neighbor root. Soil compaction
and biomass of neighbor root had negative effects on the MRD of distal roots. Soil water
content, soil total nitrogen, biomass of neighbor root, and soil compaction had positive effects
on the FRB of distal roots. Thus, our results indicate that clonal roots improve C-storage ability
and locate better environments by increasing the MRL and RD of proximal roots and improve
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nutrient acquisition and ramet production by increasing the FRB and RSD of distal roots.
Key words . Populus euphratica; Clonal root; Foraging behavior; Influencing factor; Competi-

tion
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Table 1 Comparison of proximal and distal root traits
257 WiH AR JIE Wi
Category ltem Proximal root Distal root
MRD (cm) 54.0 + 15.21a 25.4 + 11.02b
, MRL (m) 3.8 + 1.66a 1.3 £1.25b
HERFAE
. RD (mm) 12.38 + 3.22a 4.31 £ 2.68b
Root trait
RSD (4~/m) 1.038 + 0.393b 2.704 + 1.716a
FRB (g/cm®) 0.013 + 0.006b 0.021 + 0.002a
TN (g/kg) 0.23 £ 0.07b 0.32 + 0.15a
TC (g/kg) 12.68 + 6.09a 8.54 + 4.45b
. TP (g/kg) 0.0108 + 0.0037 0.0102 + 0.0010
i%.¥ SWC (%) 13.1 £ 4.93 11.3 +1.84
Soil factor
SS (%) 0.2 £0.07b 0.5 £ 0.33a
SC (kg/cm?) 1.3 +0.15b 1.5 +0.18a
SBD (g/cm?®) 1.63 + 0.09a 1.50 + 0.10b
H: K]
EUR T BNR (g/cm?) 0.038 + 0.02 0.039 + 0.011

Biotic factor

H: MRD. EMMAEE; MRL. B ; RD. MLEE; RSD. BiBEM % ; FRB. 4iMRA Y at; TN, HIEEA & u; TC. R &,
TP. R & R, SWC. HHESI/KE,; SS. HHEfih Ay, SC. HIESEF,; SBD. HHE% M, BNR. ABER A AR, FfTARR/NG

FRERAFREZEFBE (P <0.05), TR,

Notes: MRD. Main root depth; MRL. Main root length; RD. Root diameter; RSD. Root sucker density; FRB. Fine root biomass; TN.
Soil total N; TC. Soil total C; TP. Soil total P; SWC. Soil water content; SS. Soil salinity; SC. Soil compactness; SBD. Soil bulk
density; BNR. Biomass of neighbor root. Different letters in same row denote significant difference between root segment ( P <

0.05). Same below.
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Table 2 Summary and comparison of proximal root traits, soil properties, and biotic factors in forest plot samples

S| TGRSR MBFEH  Forest plot sample

Category Item ( proximal root) A (n=5) B (n=5) C (n=5) D (n=5) E (n=5)

MRD(cm) 67.8 + 12.4a 47.2 + 18.94b 57.5 +19.11ab 54.8 + 15.14ab 425 + 11.13b
P MRL(m) 45 +£091a 3.7 £ 1.16ab 4.7 £217a 3.7 £ 1.46ab 2.2 £0.89b

Root‘ tréit RD(mm) 11.57 = 3.35b 12.06 = 1.21b 10.61 £ 1.73b 11.05 = 3.16b 16.62 + 1.62a
RSD (4~/m) 1.5 +£0.18a 1.2 £ 0.26b 1.2 £0.22b 0.7 £ 0.10c 0.6 £0.17¢c
FRB (g/cm?®) 0.020 +£ 0.003a  0.017 £ 0.002a  0.017 £ 0.004a 0.007 + 0.002b 0.005 + 0.001b
TN (g/kg) 0.22 +0.04 0.28 +0.05 0.22 + 0.1 0.19 + 0.06 0.22 + 0.06
TC (g/kg) 8.83 + 4.34b 13.34 £ 4.25b 10.08 + 1.98b 9.98 + 5.80b 21.18 + 3.12a

T TP (g/kg) 0.0127 + 0.0074 0.0105 + 0.0006 0.0102 + 0.0007 0.097 + 0.0014 0.0081 + 0.0010

Soil factor SWC (%) 18.8 £ 0.52a 16.2 + 0.38b 16.0 = 0.45b 7.2 £ 1.39c 7.5 £ 1.63c
SS (%) 0.2 + 0.04bc 0.2 £0.01b 0.3 £ 0.06a 0.1 £0.03c 0.1 £ 0.01bc
SC (kg/cm?) 1.5 £ 0.04a 1.3 £0.02b 1.4 £ 0.04b 1.2 £0.01c 1.1 £ 0.04d
SBD (g/cm?®) 1.64 + 0.02b 1.70 + 0.03ab 1.73 £ 0.06a 1.56 + 0.03c 1.53 + 0.01c

YT

3
Biotic factor  BNR (g/€m?)

0.042 £ 0.019b

0.061 + 0.014a

0.046 + 0.007ab

0.028 + 0.010bc

0.013 + 0.004c
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Table 3 Summary and comparison of distal root traits, soil properties, and biotic factors in forest plot samples

K5 T H (R MREREEHL  Forest plot samples

Category Item (distal root) A(n=5) B(n=5) C(n=5) D(n=5) E (n=5)

MRD (cm) 28.9 + 4.90a 31.6 £ 5.20a 20.8 + 3.88ab 32.5 + 15.85a 13 + 3.67b
K MRL (m) 2.3 +1.87 0.8 +£0.53 1.3 +1.08 1.3 +£0.47 0.9 = 1.05

Root tréit RD (mm) 584 +1.37 411 £ 3.09 4.80 + 2.69 3.95 +3.14 2.85 + 1.60
RSD (4~/m) 3.1 + 1.80a 4.2 + 1.05a 29 = 1.51ab 0.9 + 0.36b 2.4 + 1.51ab
FRB (g/cm®) 0.023 + 0.002a 0.021 + 0.001a 0.022 + 0.002a  0.018 + 0.001b 0.022 + 0.002a
TN (g/kg) 0.34 + 0.13b 0.27 + 0.06bc 0.32 + 0.10b 0.15 £ 0.04c 0.5 +0.11a
TC (g/kg) 6.12 + 2.67 11.45 + 4.07 7.81 + 3.06 6.20 + 3.08 11.15 £ 5.43

T TP (9/kQ) 0.0105 £ 0.0002 0.0106 + 0.0011 0.0094 + 0.0012 0.0102 + 0.0005 0.0102 + 0.0014

Soil factor SWC (%) 12.8 + 1.34a 119 £ 1.01a 114 £ 1.17a 8.6 £ 0.29b 12.0 = 1.45a
SS (%) 0.8 + 0.05a 0.8 £ 0.03a 0.8 £ 0.32a 0.3 £0.12b 0.1 £0.01b
SC (kg/cm?) 1.3 £ 0.05¢c 1.4 £ 0.09bc 1.4 + 0.03b 1.5 +£0.11b 1.8 £ 0.05a
SBD (g/cm?®) 1.44 + 0.03c 1.55 £ 0.02b 1.56 + 0.03ab 1.61 + 0.05a 1.34 £ 0.03d

AT

3
Biotic factor BNR (g/cm”)

0.047 + 0.008a

0.034 + 0.004bc

0.044 + 0.012ab

0.024 + 0.002¢c

0.042 + 0.007ab
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MRD . Main root depth; MRL: Main root length; RD: Root diame-
ter; RSD: Root sucker density; FRB: Fine root biomass; TN Soil
total N; TC. Soil total C; TP, Soil total P; SWC. Soil water con-
tent; SS: Soil salinity; SC: Soil compactness; SBD: Soil bulk
density; BNR; Biomass of neighbor root. Solid arrow represents
root traits and hollow arrow represents environment factor. Same
below.
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Fig. 1 Redundancy analysis (RDA) biplot of environmental
and biotic factors in relation to five proximal root traits
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Fig. 2 Redundancy analysis (RDA) biplot of environmental
and biotic factors in relation to five distal root traits
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