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Effect of Eulaliopsis binata plantation on soil quality in red soil

region of southern China
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Abstract: The area of red soil in southern China is 2. 112X 10° km?*, accounting for 22 % of the total area of
China. Because of rich light. heat and water resources, this region is a major grain production base in
China, and its potential for agricultural development is very great. However, the amount of water loss and
soil erosion in this region is more than half of the total in China. Moreover, due to the unreasonable
exploitation of mountainous resources as well as the relative concentration of rain seasons, the area and
intensity of water loss and soil erosion in this region is increasingly enlarged. How to effectively conserve
water and soil has become a major issue of concern to government at all levels. Nowadays, water loss and
soil erosion is harnessed and conserved mainly by biological and engineering project measures such as tree
and grass planting and transformation of slope into terrace, etc. It is difficult to achieve a harmonious
development between ecological and economic benefit by adopting some conventional measures.
Eulaliopsis binata belongs to Gramineae family, Eulaliopsis genus, and it is a perennial grass family
fiber plant. Eulaliopsis binata possesses the characteristics of drought- and infertility-resistance and can

easily be grown in almost every corner. Because of well-developed root system, quickly-established grass
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layer (the plant height of Eulaliopsis binata is commonly 1.5~ 2.0 m) and high covering degree of
Eulaliopsis binata, its capacity to hold water and soil is very excellent. From the economic value
viewpoint. Eulaliopsis binata is also a type of excellent raw material for many hand-weaving crafts and
good raw material for superior quality paper, staple rayon and artificial silk. In particular as the raw
material for paper manufacturing, its fiber content and quality are excellent among the herb fiber raw
materials, and also better than poplar, birch, bamboo, etc. The mechanism and the benefits of soil and
water conservation, the economic benefits, the biological characteristics and the main points of cultivation
technique of Eulaliopsis binata have been studied in previous studies. In the present study, to investigate
the influence of Eulaliopsis binata on soil quality is our major task. The maintenance and/or increase of soil
quality is a fundamental premise for sustainable development of agriculture and is also consistent with the
utilization of sustainable land use systems, which is widely accepted as one of the major word-wide
concerns of today’s society.

The experimental site was situated at the experimental farm of Hunan Agricultural University, Hunan
Province, South China, and located at N 28°15'latitude and E 113°02'longitude at an altitude of about 35m
above mean sea level. This region has a humid mid-subtropical monsoon climate with a mean annual
precipitation of about 1200~1700 mm. most of the rain falling between April and August, and a mean
temperature of 16~18 C with a minimum of 4. 6 C in January and a maximum of 29.7 C in July. The soil
of the experimental field is red soil that develops from Quarternary red clay. Three treatments were
selected for this study: (1) EB (Eulaliopsis binata). planted in 1991. Fertilizers were applied in May
(According to the standard of N 70 kg, P 14 kg, K 35 kg per hectare). Eulaliopsis binata (aboveground
part) was harvested in November; (2) NG (natural grassland) consisting primarily of Cynodon dactylon,
Vitex negundo, Festuca ovina, Setara viridis. No fertilizer was applied to the natural grassland; and (3)
OG (Citrus), 10 years old. Hunan Province is a major orange production base, and citrus orange is also a
dominant land utilization model in the red soil region of southern China. Residues from annual pruning
were removed, while weeds were buried by harrowing. Fertilizers were applied at rates recommended for
optimal production (the ratio of N, P and K is approximately 1 : 0.6 : 0. 8). A randomized complete block
design with three replications was adopted and plots size was 2 m X 10 m.

The effects of 10-year-old Eulaliopsis binata (EB) on soil quality were compared with undisturbed
natural grassland (NG) and orange-grove (OG). Ten years after the beginning of this experiment,
chemical (organic matter, total N, total P, total K, alkali -N, available P, available K, slowly released
K, CEC), physical (Soil bulk density, total porosity. non-capillary porosity, capillary porosity.,
infiltration rate, porosity ratio), biological (microbial number, dehydrogenase, urease, protease and
catalase activities) parameters were investigated. The research results showed that. planting Eulaliopsis
binata (EB) in red soil region of southern China improved soil physico-chemical and biological properties
and microclimate environment of grassland. Biological properties such as microbial number and enzyme
activity responded more quickly to change in soil management practices or environmental conditions than
do physical and chemical characteristics such as soil organic matter. Therefore, biological properties were
a very sensitive indicator of change in soil quality.

Key words : Eulaliopsis binata; soil quality; physico-chemical and biological properties; microbial number;
enzyme activity; red soil region
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Table 1 Chemical properties of soil under different land uses
Organic pH Total N Total P Total K Alkali-N  Available P Available K Slowly CEC
matter  (H,0) _ B _ -~ - -~ released K (cmol/kg)
(g kgD (gkg™ (gkg™) (gkg ™ (mgkg ) (mgkg™ ') (mgkg™ D (emol/kg)
EB 15.40a 5.36a 1.35a 0.65 a 7.79 a 82.11 a 16. 08 a 112. 34 a 213.77 ab 12.3 a
OG 15.34a 5.45a 1l.44a 0.63 a 7.75 a 92.44 a 15.61 a 117.73 a  227.61 a 11. 8 ab
NG 15.25a 5.24 a 1.21 a 0.60 a 7.31 a 47.19 b 11.87 b 84.17 b 197.92 ab 11.1 ab
EB, 15.38a 5.33a 1.23 a 0.65 a 7.72 a 81.07 a 15.87 a 104.27 a 195.19 ab 12.1a
EB, 15.35a 5.28a 1.23a 0.63 a 7.68 a 79.44 a 15.62 a 98.06 a  188.66 ab 11. 4 ab
BV 15.18a 5.17a 1.15b 0.60 a 7.16 a 41.03 b 10.81 b 82.23b 179.07 b 10.2 b
(1HBV ,1991 BV is background value, measured in 19913 (2)

5%
different at the 5% level; (3)EB

Values in the same columns that do not contain the same letters are significantly

10 s EB; 8 »EB; 5 EB, EB, and EB,

represents 10-year old, 8-year old, 5-year old respectively

2.2

2.3

2, s
Fs’, s
(P<<0.05),
(r=0.947,P<<0.01),

12.3%,

(r=0.972,P<<0.01),

3 [10]
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Table 2 Physical properties of soil under different land uses

Bulk density Total porosity Non-capillary Capillary Porosity Infiltration rate
(g em %) %) porosity (%) porosity (%) ratio (mm min~1)
EB 1.29 a 47.87 a 9.63 a 38.24 a 0.918 a 8.57 a
OG 1.32 a 44.39 a 7.26b 37.13 a 0. 798 ab 7.44 ab
NG 1.36 a 42.63 a 6.47 b 36.16 a 0.743 b 6.17 b
EBI 1.31 a 45.89 a 8.75 a 38.14 a 0. 848 ab 7.76 a
EB2 1.32 a 44. 46 a 8.19 ab 37.27 a 0.801 ab 7.14 ab
(1) EB 10 JEB; 8 LJEB, 5 EB. EB; and EB; represents 10-year old, 8-

year old, 5-year old respectively; (2)

5%

columns that do not contain the same letters are significantly different at the 5% level

Values in the same

2.3.1 s
S 1 NN ) 3 .
N 3 5.00 , 2.63 , 3.53
4.83 (P<<0.01), ,
( 7,
; ( 3~5),
3
Table 3 Soil temperatures at different soil depths under different land uses
(2001 6~8 ) (2001 11 2002 1 )
Soil temperatures ( C) at different soil depths, Soil temperatures ( C) at different soil depths,
measured from June to August in 2001 measured from November of 2001 to January of 2002
Ocm 10cm 20cm Ocm 10cm 20cm
EB 35.2 33.6 33.2 8.2 8.8 9.8
OG 35.5 33.8 33.2 8.1 8.7 9.6
NG 36. 8 34.7 33.8 . 9 8.6 9.6
3 9 4
’ o Table 4 Hydrological properties of soils under
° different land uses
s o Soil Soil
( ) Soil
(%) Soil  capillary  saturated mm ot
’ . . . water-
moisture ~ moisture  moisture .
. . . 1 storing
content content content it
baci
. 3 ) S
. EB 25.83 38.0 44. 4 111.1
, OG 22.08 29.5 38.1 101. 2
NG 16. 6 26.1 31.3 88. 31
( 3~5),
0
~20cm Soil moisture content, soil capillary
) / moisture content and soil saturated moisture content
- measured between Ocm and 20cm soil depth.
) .BE NG
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Table 5 Variation ranges of soil temperatures (measured in § 76 X/x\x\x
June 30, 2001) 3
% T4
7:00 13:00 72l
w7
Soil tem- Soil tem- =
L. perature perature ﬁ 70
Soil N N Range
[geD) (gep) } ® 68}
depth cC) Fad
measured measured 1
(cm) 6.6
at 7:00 at 13:00 *®
6'4 L L] 1 J
EB 0 26.7 36.5 9.8 % Spring ¥ Summer $ Autumn & Winter
691
10 28.5 33.2 LT b
20 29.9 31.4 L5 8887
Range ( C) 3.2 5.1 .;E 87+
0G 0 26. 3 37.3 o g 6.61
10 28. 4 33.8 5.4 2 65F
Q
20 29.8 31.9 2.0 5 6.4 -
Range ( C) 3.5 5.4 & 63|
NG 0 26.1 38.2 12.1 ;‘;; 62l
10 28.2 34.1 5.9 g 61l
20 29.7 32.0 2.3 6.0 . s —
Range( C) 3.6 6.2 - #% Spring W Summer # Autumn % Winter
6.0
Eoaf
2.3.2 8|
[ S 561 m
’ o 6 ) 4 g
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>
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i
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[17] ] 481
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s s Fig. 1 Logarithmic values of soil microbial numbers
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Table 6 Enzyme activities of soils under different land uses

Enzyme activities

Land use DH(pg TPF g ' 24h~') PR (pmol NH; g7 'h™!) UR (pmol NH; g 'h™ ') CA (mg KM,O,g 'h™1)
EB 196 a 1.78 a 0.88 a 464 a
OG 105 b 0.77 b 1.16 a 512 a
NG 121 b 1.21 ¢ 0.57 b 349 b

5% Values in the same columns that do not contain the same

letters are significantly different at the 5% level

7

Table 7 Correlation coefficients between physico-chemical and biological properties

Bacteria Actinomycetes  Fungi Protease Urease Dehydrogenase Catalase
Organic matter 0.915" " 0.928" " 0.860" * 0.963" " 0.960" * 0.807 " * 0.862" "
Total N 0.866" * 0.857" " 0.819" 0.729* 0.869" * 0.678" 0.832"
Alkali N 0.7247 0.698* 0.656" 0.817* 0.923** 0.726" 0.889"*
Total P 0.849* * 0.835" " 0.833"* 0.712* 0.814** 0.728" 0.638
Available P 0.838" " 0.852" " 0.819" " 0.865" * 0.712" 0.889"* 0. 657
Total K 0.7747 0.727~ 0.739" 0.756" 0.733" 0.642 0.538
Available K 0.841"* 0.862"* 0.828" * 0.908* * 0.707" 0.914"** 0.746"
Bulk density —0.766" —0. 758" —0.825"" —0.867"* —0.891** —0.786" —0.772*
Total porosity 0.837** 0.819" " 0.716" 0.901" " 0.946" * 0.883" " 0.895" "

=}

L9170 0.825" 0.801"~ 0.947* > 0.1865" 0.938" * 0.858" "

Non-capillary porosity

* P<<0.05, x x P<{0.01
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