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Distribution characteristics of root system and soil nutrients under
Pinus sylvestris var. mongolica plantation in sandy soil
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Abstract: [ Background ] Pinus sylvestris var. mongolica is the main tree species for the windbreak and
sand fixation forests, soil and water conservation forests and farmland protection forests in arid and semi-
arid sandy land of China. P. sylvestris var. mongolica has strong drought resistance and low nutrient
demand. Its plantation has played a significant role in windbreak and sand fixation in China’s sandy land.
Mechanical interpenetration and root exudates of P. sylvestris var. mongolica root system affect the
physical and chemical properties of soil. The growth and distribution of roots have important significance

for the growth and development of P. sylvestris var. mongolica. [ Methods ]In order to explore the root
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distribution of P. sylvestris var. mongolica, root soil nutrient distribution and the relationship between
them, root system and soil nutrients distribution of different soil layers(0 —20 ecm, >20 —40 cm, >40 -
60 cm, >60 —80 cm and >80 — 100 cm), different orientations ( east, south, west and north) and
horizontal distances(0,0.5,1.0,1.5 and 2.0 m) from the trunk of P. sylvestris var. mongolica of 60
years were studied. Root diameter and number of P. sylvestris var. mongolica, contents of soil water,
organic matter, total nitrogen, available nitrogen, total phosphorus, available phosphorus, total
potassium, and available potassium were determined. [ Results] 1) The root number and diameter of P.
sylvestris var. mongolica decreased with the increase of soil depth and horizontal distance. The roots
showed a phenomenon of aggregation in the surface layer (0 —40 cm) , accounting for 74. 63% of the root
numbers in the range of 0 — 100 em soil layer. Meanwhile, the roots were mainly distributed in the
horizontal direction within the range of 0 — 0.5 m from the trunk, accounting for 44. 78% of the root
numbers in the horizontal range of 0 —=2. 0 m. 2) The contents of organic matter, total nitrogen, available
nitrogen, total phosphorus and available phosphorus increased with the increase of horizontal distance.
The overall nutrients indexes were the highest in range of >1.0 —2. 0 m. The contents of total potassium
and available potassium in the roots soil of P. sylvestris var. mongolica decreased with the increase of the
horizontal distance from the trunk. 3) With the increase of soil depth, the soil nutrients contents showed
a decreasing trend. The variation law of nutrients in different orientations was not coincident, and the
contents of available nutrients were the highest in the northern position. Correlation analysis showed that
the root number and diameter of P. sylvestris var. mongolica were significantly positively correlated with
soil total nitrogen content. [ Conculsions] The roots and soil nutrient distribution of P. sylvestris var.
mongolica tende to aggregate in the surface soil vertically and in the soil at the edge of the canopy
horizontally, and soil available nutrients contents are the highest in the north orientation of the trunk.

Keywords: Pinus sylvesiris var. mongolica ;root system ;root soil nutrients ;sandy land
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Tab.1 Basic conditions of the plot

FEHAESLHE R Plot profile indicator 1 Value

Mg Stand age/a 60

BT Tree height/m 13.04
W% Density/ ( Trees-hm ~2) 330

AiBHIEE Canopy density 0.57
BRATHE Planting space/m 6 x5
X442 Average DBH/cm 20.59
PG ENR East-west crown/m 4.62
LI North-south crown/m 4.92
HitE ¥ P E Average litter depth/cm 4.01
Miv& 14520 4 2R BE Average semi-decomposed layer depth of litter/cm 1.52
Wit V- A2 Average undecomposed layer depth of litter/cm 2.49
AL FGTE YR Litter depth near the trunk/cm 2.10
W T Rb A V5 4121 53 % 2 JEE B Semi-decomposed layer depth of litter near the trunk/cm 0.89
BT AL AL 75 ) A 437 )2 Undecomposed layer depth of litter near the trunk /cm 1.31
W 2 ARG TE WIS E Litter depth at the edge of canopy/cm 4.76
W i S A A T2 2 )2 R Semi-decomposed layer depth of litter at the edge of canopy/cm 1.84
W L1 G A A ¥ I RS RS Undecomposed layer depth of litter at the edge of canopy/cm 2.92
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Fig.1 Spatial distribution of roots number and root diameter with Pinus sylvestris var. mongolica
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Fig.2  Distribution characteristics of soil water content in
roots of Pinus sylvestris var. mongolica
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Fig.3 Distribution characteristics of SOM ( soil organic mat-
ter) content in roots system with soil Pinus sylvestris

var. mongolica
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Fig.4 Distribution characteristics of soil TN ( total nitrogen) and AN (available nitrogen) contents in

roots system soil with Pinus sylvestris var. mongolica
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Fig.5 Distribution characteristics of soil TP (total phosphorus) and AP (available phosphorus) contents in roots

system soil with Pinus sylvestris var. mongolica
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Fig. 6 Distribution characteristics of soil TK( total potassium) and AK (available potassium) contents in roots

system soil with Pinus sylvestris var. mongolica
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Tab.2 Soil nutrient contents in different orientations
" €S AL £ R A X AW Kl TR
Oriejritz\fions Water SOM/ TN/ AN/ TP/ AP/ TK/ AK/
content/% (g'ke™") (g'kg™") (mg-kg™") (g'ke™)  (mg-kg™)  (g'kg™) (mg-kg™")
4t North 4.01 £0.04a 2.15+0.5d 0.25+0.01b 9.53+0.05a 0.85+0.02a 23.79 +£0.39¢ 3.84 +0.03b 2.16+0.01b
74 South 1.40 £0.01b  8.30+0.22a 0.11 £0.0l¢ 7.29+£0.02d 0.54 £0.01b 29.66 £0.10b 4.16 £0.05a 2.37 £0. 02a
7R East 2.96 £0.01b  4.17 £0.09b 0.27 £0.0la 8.37+0.08b 0.33 +0.0lc 32.21 +0.44a 2.19+0.09d 2.18 +0.01b
P West 2.70 £0.01b  2.77 £0.12¢ 0.26 £0.0la 7.67 £0.10¢c  0.34 £0.0lc¢ 31.54 £0.12a 2.71 £0.04¢ 2.19 +£0.01b

L ARVNG FRE R AR (25573 B3 (P <0.05) , Notes: Different lowercase letters at the same column of data in the in the table indicate sig-

nificant differences among different orientations (P <0.05).
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Tab.3 Correlation coefficient between root distribution and soil nutrients

Bzt et Lt K AL £ A e A 28
Index Number foot Water SOM TN AN TP AP TK AK
of roots diameter content

MRECE Root number 1

M E % Root diameter 0.957 ** 1

K% Water content -0.248 -0.198 1

AHLE SOM 0.174 0.194 0. 647" 1

A TN 0.651* 0.611*  -0.031 0.328 1

WA AN 0. 502 0. 467 0.428 0.886™ 0.603* 1

4 TP -0.413 -0.297 0.255 0.185  -0.649* -0.107 1

B AP -0.547 —0. 644" 0.194  -0.237  -0.744* -0.490 0. 345 1

24 TK -0.051 -0. 087 0. 003 0.173  -0.238 0. 146 0.599  -0.313 1

HRLE AK 0. 400 0. 455 0.577 0.815*  0.328 0.764*  0.278  -0.325 0. 385 1

R BEMIKE(P<0.05), ™ FRWBEME(P <0.01), Notes: * indicates significant correlation at 0. 05 level, and ™ indicates signifi-

cant correlation at 0. 01 level.
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