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Vertical Differentiation of Soil Structure and Water Retention under Different
Grassland Management Practices and Their Relationships with Root Systems

LI Jia-le, MENG Ling-xu, MAO Nan, BAI Yan-nan, ZHANG Ying-jun, LLIU Nan”
(College of Grassland Science and Technology, China Agricultural University, Beijing 100193, China)

Abstract: Soil physical structure plays a crucial role in maintaining grassland ecosystem functions and its forma-
tion 1s intimately linked with plant root systems. However, it remains unclear how different management prac-
tices affect soil structure and water retention throughout the profile by regulating belowground biomass (BGB).
This study compared the effects of four management practices—fencing, continuous grazing, rest grazing, and
mowing—on soil physical structure (bulk density, pore distribution, aggregate composition) , water retention,
and BGB in the 0-10, 10-30, 30-60, and 60-100 cm soil layers. The results showed that the response of soil
structure to management was primarily concentrated in the surface layer. In the 0-10 cm layer, continuous graz-
ing significantly reduced BGB, leading to increasing bulk density, decreasing porosity, and a reduction in mac-
roaggregates. In contrast, rest grazing effectively mitigated soil compaction and maintained soil structure by sus-
taining higher BGB. Macroaggregates were the most sensitive indicator of management, with impacts extend-
ing to a depth of 60 cm. Furthermore, both pore structure and water-holding capacity were significantly and
positively correlated with BGB. In conclusion, BGB is a key driver of soil structural changes, and rest grazing,
by promoting root development, helps to enhance soil structural stability and water storage capacity.
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Fig. 1

The effect of different grassland management practices on soil bulk density
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Note: CK Enclosure treatment; MG : Mowing treatment; CG: Continuous grazing treatment; RG, rest grazing treatment. Different lowercase let-

ters indicate a significant difference between different grassland management methods at the 0. 05 level
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The effect of different grassland management practices on porosity
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Note: CK, Enclosure treatment MG, Mowing treatment CG, Continuous grazing treatment RG , rest grazing treatment. Different lowercase letters

indicate a significant difference between different grassland management methods at the 0. 05 level

2.3 AEAEHEEAFXTHKENZM

PE 3 & B, AN [R) b 4 BB it X - 4 B A K
SR H [8] 457 7K SR RN 15 7K R A 52 R R R 5 55 . 4%
= I B |51 Al R R T 0 S I B
H LRI 257, 22 (0~10 cm) H Bl & AR #
Ab ) T A5 R 7K R T ) R 7K SR W R T R 2 s A
R b B (0 25 5 R R 5 i K. BB IR,
ST K G b 34 5 B R AT Y A A, AN ] 2 A R
J5 X Z B 22 5 i — 26 45/ 7 30~60 em Fl 60~

100 em f - 8 b 4% 4k BR8] 2 G 2 35 22 5, Ul P 4 o
K o3 PR RE ) R 32 )2 TR BE A A ] A
B T7 3O RE KRR A 52 I ARG AT BR o

2.4 AEEHMEEAFAN TBARENZ G

AN ) B2l 45 B O i 2 s & R E (0~
10 em . 10~30 em . 30~60 cm F1 60~100 cm) f#f 4] 5
R A Lo M Z TR R AT SR A X A ) b 4 38
AEHURE O BRI FE , 7ERJZ (0~10 cm) Al



2360

oM

S 34 4

WREr R @ CK® MG @ CG ® RG

0-10 cm 10-30 cm 30-60 cm 60-100 cm
N
5 ® ® a
= ®
Jﬂj S 28 a a a
'H:‘E L a a
Foefl ® ® 9 a o,
Wog24r A T i
%- a h 4 a a
< L
® L
“ a0t
a
a a 2 a
20 = a
X * 1 a
%3 * . 2
XL st 2 * o a
g § a a a
= ® ® a a
EEE 16 ® a Py
=~ ®
L ]
14
a a
§45 | e 2 a @
5 S
M8
X ca0f
i 2 a
EE a a a a
He_c ® a ® a
.E\J 035 r - E o a a a
§ C L ] e a
2 h a a
F30F e @
CK MG CG RG CK MG CG RG CK MG CG RG CK MG CG RG

B3 FAEEMEEFANFHFKENZID
Fig.3 The effect of different grassland management practices on water content
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Note: CK, Enclosure treatment; MG, Mowing treatment; CG, Continuous grazing treatment; RG, rest grazing treatment. Different lowercase

letters indicate a significant difference between different grassland management methods at the 0. 05 level
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Fig.4 The effect of different grassland management practices on aggregation
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Note: CK, Enclosure treatment; MG, Mowing treatment; CG, Continuous grazing treatment; RG, rest grazing treatment. Different lowercase let-

ters indicate a significant difference between different grassland management methods; at the 0. 05 level
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Fig.5 The effect of different grassland management practices on underground biomass
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Note: CK, Enclosure treatment; MG, Mowing treatment; CG, Continuous grazing treatment; RG: rest grazing treatment. Different lowercase

letters indicate a significant difference between different grassland management methods at the 0. 05 level
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Fig. 6 Correlation analysis of soil structure and water retention with belowground biomass
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