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Abstract  Soil and water loss has been a major environmental problem in the Danjiangkou Reservoir Region. A study of 14° sloping farmland

was performed on impact of different contour hedgerows on runoff, losses of soil and nutrients during 2008 and 2011, with five treatments and

three replications. The winter wheat and summer maize were used as the test crops. Treatments consisted of four hedgerows: Amorpha (Amor-

pha fruticosa L. ), Honeysuckle ( Lonicera japonica Thunb. ), Day-lily flower ( Hemerocallis citrina Baroni. ) , and Sabaigrass ( Eulaliopsis bi-

nata) , and a control without hedgerow. Result showed that the runoff under the control treatment was much higher than that of hedgerows.

Amorpha could reduce the runoff by 35.2% compared with the control. Soil losses in four hedgerows showed significant reduction in four years

(e. g, Amorpha: 78.3% ; Honeysuckle: 77.1% ). Nutrient losses in winter were much higher than that in summer, especially total nitrogen

total phosphorus and total potassium, even though there was an abundant precipitation in summer. Hedgerows greatly affected the soil and nu-

trient losses on slopping farmland compared with the control treatment, especially Amorpha treatment. The present study found that the Amor-

pha could be used as the hedgerow species for reducing soil and water loss in the Danjiangkou Reservoir Region.

Key words Contour hedgerow, Soil and water loss, Nutrient loss, Sloping farmland, Danjiangkou Reservoir Region

1 Introduction
Soil loss, defined as the detachment and dislocation of soil
particles and soil parent material from the surface to another

site!’ | is a main reason for soil degradation””’. The conse-
quences of soil loss in terms of fertility degradation, sedimenta-
tion, and changes in hydrological regime in downstream areas,

4=¢1 " And degradation is

have been national and global concerns
particularly severe in regions with sloping and hilly terrains,
agricultural activities have been expanded and intensified on frag-
ile and sloppy areas through double and multiple cropping due to
the pressure of population increasing and limited off-farm employ-
ment opportunities'’ . Apart from anthropogenic factors, many in-
herent natural factors such as active geology, steepness, fragility,
and high intensity rainfall are also equally responsible for soil deg-
radation' .

In China, nearly one third of the land is affected by soil and

71 According to the national soil survey in 1981,

water losses
soil erosion area of agricultural land was 4. 54 x 10" ha in China,
which is one of the most serious countries in the worldwide; and
the soil erosion mainly occurs in the slope land!"'. In the Three
Gorges Region, it has been reported that the annual soil loss from
sloping farmland was approximately 157 million t, 46.2% of which

comes from cultivated sloping farmland'"™'.
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Sloping croplands are the main sources of runoff and sedi-
ments, and the soil and water loss should be adequately controlled
on these sloping croplands, many studies are concentrated on
measures to reduce the runoff and soil losses.

Contour hedgerow, known as active hedge, is to plant trees
or shrubs closely and horizontally along contour line on the slope
land, to use to prevent soil and water losses from sloping croplands

[13-16]

in several countries and regions , also could improve soil

[17]

fertility and increase crop yields Surface flow from sloping

farmland with contour hedgerows was potentially reduced by 26%
-60% and soil loss by more than 97% in the Jinsha Basin'*'.
And the combination hedgerows and grass filter strips could reduce
runoff by 33% and soil loss by 35% , compared with the control,
on 2% —5% slope; and increase the SOC stock by 0.38 —1.00
mg/ha'™ .

conservation on sloping farmlands.

Obviously, hedgerows play an effective role on soil

Danjiangkou Reservoir, the largest artificial reservoir in
Asia, is the core water region for the South-to-North Water Diver-
sion Project, due to abundant rainfall and erosive topographic con-
ditions, tremendous soil and water loss occurs during summer
storms. According to the remote sensing survey of Yangtze River
basin Conservation Monitoring Center in 2004, billion tons of soil
was eroded in the reservoir region, with 65% coming from slope
lands. As a result, soil erosion becomes a serious challenge for
agricultural sustainable development and environment protection in
reservoir region. Effects of hedgerows on improvement of soil

physical properties'® ™' | soil and water conservation'****! | soil

[15,24-25]

fertility improvement and control of non-point source pollu-

tion """ had been widely studied in the world, and particular-



Zefang LU et al. Tmpact of Different Contour Hedgerows on Runoff, Nutrient and Soil on Sloping Farmland in Danjiangkou Reservoir Region of China 59

ly some studies have focused on its influence on micro-topographic
features'™ and the shape change of slope'” ™.

Although contour hedgerows have been proven to be an effec-
tive means for addressing soil erosion and ameliorating soil fertility
in many countries, direct transplantation of foreign experiences to
the Danjiangkou Reservoir Region may not generate desired results
because it is necessary to attune appropriate hedgerow spices to fit
local geographical and socio-economic conditions. The objectives
of this study were to determine the effectiveness of hedges of
Amorpha, Honeysuckle, Day-lily flower, and Sabaigrass on the
soil and water losses and nutrients losses in runoff, to select the
fitting hedgerow species for sloping farmland in Danjiangkou Res-
ervoir Region, and try to analyze the reasons for nutrients loss

worse in winter.

2 Materials and methods

2.1 General description of the experiment site
ment site was constructed at Xiaofuling Village (32°45'31" N,
111°0927" E) , Danjiangkou County, Hubei Province, is a small
village locatThe experiment site was constructed at Xiaofuling Vil-
lage (32°45'31” N, 111°09'27" E), Danjiangkou County, Hubei

Province, is a small village located at about 4 km northwest of the

The experi-

Danjiangkou Reservoir Region. This site is characterized by a sub-
tropical monsoon climate with the mean annual temperature of
15.8 °C. The mean annual rainfall is 804 mm, of which over 49%
mainly occurs in the period of July to September. Mountain
yellow-brown soil dominates this area, usually 20 —30 cm in depth
with relatively light texture and poor soil fertility. The physical
and chemical properties of the experimental field: pH: 6.3; soil
organic matter (SOM ). 13. 31 g/kg; total phosphorus (TP):
0.12 g/kg; total potassium (TK) : 9.29 g/kg; available nitrogen
(AN) . 48.49 g/kg; available phosphorus ( AP): 10.51 g/kg;
available potassium (AK): 136.61 g/ke.
2.2 Experimental plot design and land treatment Runoff
plots (3 mx 11 m) were established on an-on sloping farmland of
14° Xiaofuling Village in June 2007. Conflux trenches were in-
stalled into the topsoil to collect the overland flow. And runoff
tanks (1 mx 1 m x 1 m) were installed under the conflux trenches
to collect the runoff and eroded soil after rainstorms (Fig. 1).
Four contour hedgerow treatments were studied: Amorpha:
Amorpha fruticosa 1. (T, ), Honeysuckle: Lonicera japonica
Thunb. (T;) , Day-lily flower: Hemerocallis citrina Baroni. (T,),
and Sabaigrass: FEulaliopsis binata (T;). Each treatment had

Table 1 Description of test crop and nutrient application

three runoff plots. In these plots, two strips of hedgerow were
spaced 4.5 m apart in the contour and crops grew between them
(Fig. 1). The width of the hedgerow belt was 1 m and the hedge
crops were planted in two rows with 0.3 m spacing (Fig. 1). The
rest of three runoff plots with no species in the hedge ( convention-
ally equivalent to continuous cropping) acted as control in this ex-
periment (CK). And all treatment plots were randomized.

Fig. 1 Treatment layout of the field experiment

The hedges were transplanted in June 2007. In June of each
year, all hedges were clipped to the height of 0.5 m by hand
shears. All grass clippings and cut stems were removed from the
plots. In August, the hedges were trimmed again after they had
grown to heights averaging from 0.9 m to 1.4 m. Winter wheat
(Triticum aestivum) was grown between middle October and early
May, and summer maize ( Zea mays) was grown between late May
and early October, which were identical to local patterns of crop
production. Table 1 shows the description of crops tested and nu-
trients applied used for different crops.

Fertilizer amount // kg/ha

Test cro Sowing date Sowing rate // kg/ha

P e e a4 Urea Calcium super phosphate Potassium chloride
Winter wheat Mid October 150 187.5 375 112.5
Summer maize Late May 45 262.5 375 75.0

Runoff and sedi-
ments from each plot began to collect from October 2008, after

2.3 Runoff and sediment measurements

each individual rainstorm whenever runoff was observed in runoff

tanks. Then the amounts of the runoff and sediments were recor-
ded. To determinate the amount of eroded soil, the runoff was first
carefully mixed with the sediment that had settled in the bottom of
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tank to produce relatively homogeneous slurry. One slurry sample
with a value of 500 mL was collected at each runoff tank. The
composite sample was divided into two parts. One part was used to
measure the sediment content by filter paper. The amount of sedi-
ment was equal to the runoff volume multiplied by the sediment
concentration measured. The second part was filtered through a
wetted Millipore filter paper (0.45 um). The filirate was
preserved with 4 M H,SO, at 4 °C and later used for chemical
analysis"" .

2.4 Statistical analysis The analysis of variance (ANOVA)
was performed by SPSS 13.0 (SPSS Inc., Chicago, US). Two-
way ANOVA and Fisher’s protected LSD test were used to compare
the mean difference (P <0.05) of runoff, soil loss and nutrient
loss by runoff in each crop growing season among the treatments
and years. Standard deviation of the means was calculated using
Microsoft Excel 2010 software.

3 Results
3.1 Effects of hedgerows on soil and water loss
significantly influenced by precipitation and hedgerow treatments. In

Runoff was

Danjiangkou Reservoir Region, there was an abundant precipitation
in summer during the study period, so the runoff in growth season of
maize was higher than that of wheat (Table 2). In growth season of
wheat, runoff was decreased year by year. However, in maize
growth season, the runoff in all treatment plots in 2011 was higher
than that in 2010 due to an extremely high rainfall event occurring
(Fig.2). There was a significantly difference in the runoff among
each treatment. Runoff in the control plot was significantly
(P <0.05) higher than that in hedgerow plots. In 2008, at the be-
ginning of the trial, treatments with hedgerow reduced runoff by
20.3% —-42.6% compared with the control. Over 4-year passed, T,
and T, always played an effective role in reducing runoff.

Table 2 Total runoff of each hedgerow treatment in different crop season (m®/ha)

Wheat growth season

Maize growth season

Treatment

2008 2009 2010 2008 2009 2010
CK 12.3+0.9 a 8.9+2.6a 3.7+2.1a 27.7+1.3 a 11.7+2.4 a 14.6+1.1a
T, 7.0+1.0d 6.2+0.8b 2.0+0.6 b 17.9+0.6 b 8.6+1.0b 7.7+1.6 b
T, 8.9x1.0 ¢ 5.7+0.9b 2.3+2.4b 17.4 2.2 b 9.2+0.6 ¢ 9.8 +0.5 be
T, 9.1+0.9 ¢ 7.4 +2.3¢ 2.9+1.9¢ 20.5+1.8 ¢ 9.8+2.6 ¢ 10.7+2.7 ¢
Ts 10.0£1.0 ¢ 6.3+0.2 ¢ 2.6+3.2¢ 23.7+2.1¢ 9.5+1.5¢ 10.8+1.2 a

Note ; Values are means + standard deviation, n =3. For each column, means followed by different letters indicate significant difference based on Fisher’s protected

LSD test (P =0.05).
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Fig.2 Monthly rainfall pattern in Danjiangkou location during

study period

Hedgerows were more significantly (P <0.05) effective at inter-
cepting sediment erosion compared with the control (Table 3). Soil
sediment erosion in the control plot was 2 to 6 times of that in hedger-
ow plots in the maize growing season. Soil losses in T, and T plots
were 2.5 to 3 times of that in T, and T, plots in the maize growing sea-
son in 2010 and 2011. Average cumulative soil loss over 6 cropping
season, T, was much more effective on intercept soil losses, up to
78.4% , the second was T, to 77.2% , compared with the control.
3.2 Effects of hedgerows on the nutrient loss Hedgerows on
slope lands act as a physical barrier and filter strips to hold up wa-
ter and soil during the maize seasons, all hedgerow treatments sig-
nificantly reduced the losses of SN, TN, TP, PO} and NH,-N
compared with control treatment (Table 4). And the interception

of different hedgerow treatments on the nutrient losses was differ-

ent. The SN loss of T, was around half of T, and Ts, which was
significantly lower than that of T, and Ty (P <0.05) (Table 4).
The SP loss of T, was significantly lower than the T, and T,
(P <0.05). And the PO and NH,-N loss of T, was significantly
lower than other hedgerow treatments. The difference of nutrient
losses between T, and Ty was not significant. There was a signifi-
cant difference in the NO,-N and TK loss among the treatments
and years. The NO,-N loss in the first experiment year was 50% -
90% higher than the second and third experiment year. But there
was no significant difference in the NO,-N loss between the second
and the third experiment year. The highest of NO,-N loss was ob-
served in CK, and the lowest was observed in T,. The TK loss in
the third experiment year was slightly higher than that in the first
year. The highest of TK loss was observed in CK, and the lowest
was observed in T;.

Over the 3-year’s study, hedgerow treatments significantly re-
duced all nutrient losses except TN in the wheat growing season
(Table 5). And the effects of different hedgerow treatment on the
nutrient losses were significant different (P <0.05). Compared
with Ty, T, and T5, T, was more efficient in reducing the TP and
PO. ™ loss (Table 5).

In total nutrient losses, except NH,-N, the others in the
wheat growing season were higher than that in maize growing sea-
son (Table 6). In the maize season, there was significant differ-
ence (P <0.05) in all nutrient losses between control and hedger-
ows, except phosphorus; while in the wheat season, there was sig-

nificant difference (P <0.05) just in orthophosphate, nitrate ni-
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trogen and ammonium nitrogen loss between control and hedger-
ows. We found that the volume of runoff was not the only factor in-

Table 3 Sediment erosion of hedge plants in different crop season (kg/ha)

fluenced runoff nutrient loss, but the nutrient concentration in run-
off was an important factor.

Wheat growth season

Maize growth season

Treatment

2008 2009 2010 2008 2009 2010
CK 31.4+2. 1 a 19.3+2.0a 10.3+1.9a 134.6 +2.0 a 223.6+2.1 a 116.1+1.6 a
T, 25.5+2.9b 7.3+1.0b 1.5+0.2 b 30.5+1.0b 40.6 £2.6 b 16.8 £0.5 b
T, 27.5+0.9b 9.3+2.0b 2.3x1.0b 36.1+0.8 b 40.4+1.5b 16.1 1.2 b
T, 19.5+1.0 ¢ 10.4+0.9 b 3.3+x1.9b 46.5+2.0 ¢ 106.6 £1.9 ¢ 30.1+0.5 ¢
Ts 26.5+2.1b 17.3+£2.2 a 3.1b+0.7¢ 68.2+1.1a 111.6 1.1 ¢ 39.8+0.4 ¢
Note: The same as in Table 2.
Table 4 Loss of soil nutrients (10> kg/ha/yr) under different treatments in maize season (mean of observations in 2009 —2011)
Treatment SN TN SP TP POy~ NH,-N NO;-N TK
CK 15.12£0.09 a 13.38+0.09a 4.02+0.03 a 2.42£0.04 a 1.70 £0.02 a 5.60 £0.02 a 9.22 +0.03 58.36 +0.62
T, 5.53£0.09 b 6.72+0.10b  1.33+0.04 b 0.83+£0.03 b 0.46 £0.02 b 2.09£0.02 b 3.78 +0.03 14.20 £0.63
T, 9.09 £0.08 ¢ 8.50+£0.09b 1.58 £0.04 ¢ 1.70 £0.03 b 0.82+0.01 ¢ 2.60 £0.03 b 6.01 £0.02 30.26 £0.62
T, 9.37+0.10 be  8.49+0.10c 2.12+0.04 a 1.13£0.04 ¢ 0.43+£0.02d 3.12+0.02 ¢ 4.83 +0.03 18.88 +0.62
T 10.42 £0.10 ¢ 9.62+0.10c  2.01+0.03 ¢ 1.33£0.04 ¢ 1.42 £0.02 d 3.20+0.02 ¢ 6.52 £0.04 22.67 £0.63

Note: Means within a column for the treatment with different letHYPERLINK " C: \Users \PC\Downloads \are" 5% level. CHYPERLINK " C: \Users\PC\Down-
loads \without" 3 ; Honeysuckle; T, : Day-lily flower; Ts: Sabaigrass; NO;-N: nitrate nitrogen, NH,-N:ammonium nitrogen, SN: solute-nitrogen, SP: sol-

ute-phosphorus, PO}~ : orthophosphate. The same in Table 5 —6.

Table 5 Loss of soil nutrients (10> kg/ha/yr) under different treatments in wheat season (mean of observations in 2009 —2011)

Treatment SN TN SP TP POy~ NH,-N NO;-N TK

CK 19.71 £0.11 a  16.17 £0.10 a 6.04 £0.03 5.78£0.03 a 3.43£0.02 a 2.47+0.02 a 3.75+£0.03 a  93.43 +0.63
T, 11.21 =0.11 b 8.70 £0.10 a 1.19 £0.04 2.16 +0.03 b 0.72+0.02 b 1.14+0.02 b 1.48+0.02 b 40.01 £0.47
T, 16.53 +0.11 b 13.08 £0.10 a 3.62 +0.04 4.80+0.04 be 1.54+0.02b 1.59 £0.01 b 2.60+0.03 b 47.47 +£0.45
T, 17.19+0.10 b 13.91+0.09 a 4.04 £0.03 4.43+0.04 be  2.08 £0.0 1b 1.74 £0.02 a 3.04+£0.03a  42.14+£0.40
Ts 18.08 £0.09 a  17.02 +0.08 a 3.64 £0.04 4.57+0.04 a 1.9+0.02 a 1.76 £0.02 a 3.03+£0.02 a  51.40+0.37

Table 6 Loss of total soil nutrients (10> kg/ha/yr) under different treatments in the maize and wheat season in 2009 —2011

Treatment SN TN SpP TP PO, ~ NH,-N NO;-N TK
Maize CK 45.3+0.04 a 40.1+0.03a 12.0x0.01a 7.1x0.01 a 5.2+0.01a 16.9+0.02a 27.6+0.02a 175.4+0.13 a
T, 16.6 £0.03 b  20.0+0.04 b 3.9+0.02b  2.5+0.01 a 1.6 +0.02 a 6.2+0.03b 11.3+0.02b  42.1+0.12 b
T, 27.4+0.04b 25.4+0.03b 7.1£0.01 b 5.1+0.01 a 4.1£0.02 a 7.7£0.03b 17.920.02b  91.7+0.13 b
T, 28.1+0.02¢ 25.4+0.4b 6.3+£0.01b 3.2+0.02 a 1.3+0.01 a 9.4+0.03b 14.3+£0.02b  56.7+0.12 b
Ts 31.1+0.30 ¢ 28.9+0.03 b 4.7+0.0lb 4.0+0.02 a 1.3+0.02 a 9.5+£0.03b 19.6+0.03b 68.2+0.12b
Wheat CK 59.2+£0.07a 48.720.06a 18.1+0.03a 17.3+0.03a 10.2+0.01 a 7.6+0.0la 11.4+0.01 a 280.3+0.58 a
T, 33.7+0.06 a 26.1+0.05 a 3.5+£0.0da 6.1+0.02 a 2.0+0.01 b 3.3+£0.02 b 4.5£0.01 b 120.2+0.58 a
T, 49.6£0.07a 39.3+0.06a 10.7x0.03a 14.3+0.03 a 4.4£0.02 b 4.7+0.02 b 7.9+0.01' b 142.4£0.57 a
T, 51.5+0.06 a 41.8+0.06a 12.1+0.04a 13.3+0.02 a 6.3+0.02 b 5.2+0.02 b 8.9+0.01 b 126.3+0.58 a
Ty 54.2+0.07a 50.9+0.05a 10.7+0.04a 13.7+0.02 a 5.6+0.01 b 5.3+0.01 b 9.1+0.02b 154.2+0.57 a

4 Discussions

The results from this study were used to reveal the impact of
different contour hedgerows on control of nutrient, soil and water
Results
showed that hedgerows could notably reduce soil erosion and runoff

loss on slope land in Danjiangkou Reservoir Region.

soon after their establishment. The ridges built by hedgerows could
reduce the slope steepness, and form natural terraces on sloping
lands. Hedgerow treatments could effectively reduce soil nutrient
losses. Results and findings of this paper will contribute towards a
technical reference for the promotion and adoption of hedgerows in
the Danjiangkou Reservoir Region.

4.1 Soil losses

the place with low water permeability or high soil moisture firstly.

Study showed that surface runoff happened in

Surface runoff area depended on the comprehensive results of the

rainfall characteristics, the surface characteristic and some other

231 Suudies on the relationship between rainfall and

[2,34-35]

aspects [
runoff had been reported by many researchers . These rela-
tionships had been consistently described as having a linear corre-
lation. In Danjiangkou Reservoir Region, an abundant precipitati-
on in summer, so the runoff in growth season of maize was higher
than that of wheat.

This study showed that hedgerows played an effective role on
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[2,15,36 -37]

soil conservation as reported in other studies . Especially
Amorpha and Honeysuckle played an efficacious role on soil con-
servation. This could be explained that hedgerows acted as a buffer
strips to slow down the speed of runoff and as a filter to make water
permeated, so they could reduce surface flow. More sediments in
the treatments with hedgerows was infiltrated in soil ™™ due to
the hedgerows acted as permeable barriers for slowing down
runoff ', The control of runoff and soil losses was not only affect-
ed by the presence of hedges but also by an improved crop per-
formance to protect the soil from rainfall splash and erosion .
4.2 Nutrient losses

icantly reduced the nutrient losses compared with control treatment

Except T, the hedgerow treatments signif-

during both maize and wheat growing season (Table 4 —5). The
smallest nutrient losses were generally observed in T,. This proba-
bly because Amorpha has an extensive root system, it can prevent
water and soil losses, thus reducing the nutrient losses.

The NO,-N loss during the maize growing season was higher
in the first experiment year than that in the second and third year.
The counter hedgerow had not built up the effective interception
system, and the NO,-N was easily lost with the runoff.

The TN and TP losses in the wheat growing season were high-
er than that in the maize growing season. This might because that
vegetative cover is less in winter, at the beginning of rainfall, sur-
face soil is dry, loose, and susceptible to splashing and erosion.
This results in relatively large sediment losses at the initiation of
runoff and the ability of plant stems and leaves intercept raindrops
is lower, canopy had a low buffering power; finally, absorption of
plant roots is also feeble, microorganism lives were rarely. The
raindrops touch down the bare soil, along large power erosion and
splashing, leading to a large number of runoff and soil loss, and
nutrient losses. Therefore, in winter, it is recommended to adapt
to local evergreen hedgerows were planted, increase the area of
vegelative cover to protect soil losses, reduce the nutrient loss on
sloping farmland and alleviate the agricultural non-point source
pollution in downstream. In summer, the runoff water reaching a
hedgerows buffer strip flows over a rougher and more porous sur-
face, causing it to slow down and infiltrate into the soil, further-
more, hedgerows and crops cover area are much more than that of

in winter, so the nutrient losses are less than that of in winter.

5 Conclusions

Contour hedgerows could enhance the efficiency of soil
conservation, thereby reducing runoff and intercepting sediment,
realizing a lower nutrient loss by runoff on sloping farmland. (i)
Among the four hedgerow treatments, Amorpha fruticosa L. and
Lonicera japonica Thunb. are the most effective on water and soil
conservation. (1i) Nitrogen and phosphorus losses in winter are
larger than that of in summer. Potassium loss is much larger than

other nutrients over 3-year study.

Acknowledgements
We thank all the task group members in research and demon-
stration on agro-ecological restoration technology in Danjiangkou

Reservoir Region for the South-to-North Water Diversion Project

for assistance in the field and the laboratory. Thanks are given to
students of Yangtze University, who assisted in field and laboratory
works.

References

[1] FLANAGAN DC. Erosion. In; Lal, R. (Ed.). Erosion Encyclopedia of
Soil Science. Encyclopedia of Soil Science[ M]. New York: Marcel Dek-
ker, 2006.

[2] WANG T, ZHU B, XIA 1LZ, et al. Effects of contour hedgerow intercrop-
ping on nutrient losses from the sloping farmland in the Three Gorges
Area, China[J]. Journal of Mountain Science, 2012, 9(1): 105 —114.

[3] FU BJ, GULINCK H. Land evaluation in an area of severe erosion; the
Loess Plateau of China[J]. Land Degrad & Development, 2006, 5(1):
33 -40.

[4] CULLUM RF, WILSON GV, MCGREGOR KC, et al. Runoff and soil
loss from ultra-narrow row cotton plots with and without stiff-grass hedges
[J]. Soil &Tillage Research, 2007, 93(1): 56 —63.

[5] PANSAK W, HILGER TH, DERCON G, et al. Changes in the relation-
ship between soil erosion and N loss pathways after establishing soil con-
servation systems in uplands of Northeast Thailand[ J]. Agriculture, Eco-
systems and Environment, 2008, 128(3) : 167 - 176.

[6] HUANG D, HAN JG, WU JY, et al. Grass hedges for the protection of
sloping lands from runoff and soil loss: an example from Northern China
[J]. Soil and Tillage Research, 2010, 110(2) : 251 —256.

[7] BROWN S, SHRESTHA B. Market-driven land-use dynamics in the mid-
dle mountains of Nepal[ J]. Journal of Environmental Management , 2000,
59(3): 217 -225.

[8] IVES JD. Himalayan perceptions: Environmental change and the well-be-

London: Routledge, 2004.

[9] E JP. Integrated scientific investigation of soil and water loss and ecologi-
cal security in China[ J]. Soil and Water Conservation in China, 2008,
29(12): 3 -7. (in Chinese).

[10] LI ZG, CAO W, LIU BZ, et al. Present status and dynamic variation of
soil and water loss in China[ J]. Soil and Water Conservation in China,
2008, 29(12): 7 -10. (in Chinese).

[11] ZHANG L, ZHANG JF, SHAN QH, et al. Efforts and planting tech-

nique of hedgerow intercropping on sloping lands in agricultural non-

ing of mountain people[ M].

point source pollution [ J]. Bulletin of Soil and Water Conservation,
2008, 28(5) : 180 —185.

[12] XIAO B, WANG QH, WANG HF, et al. The effects of grass hedges and
micro-basins on reducing soil and water loss in temperate regions: A case
study of Northern China[ J]. Soil & Tillage Research, 2012 (122) .
22 -35.

[13] ANGIMA SD, STOTT DE, O’'NEILL MK, et al. Use of calliandra-Napi-
er grass contour hedges to control erosion in central Kenya[ J]. Agricul-
ture, Ecosystems & Environment, 2002, 91(1 -3): 15 -23.

[14] CAI CF, DING SW. Effect of contour hedgerow-intercropping system on

[

slope land and some problems of application in TGR[ C]. Beijing: 12th
ISCO Conference, 2012.

LIN CW, TU SH, HUANG JJ, et al. The effect of plant hedgerows on
the spatial distribution of soil erosion and soil fertility on sloping farm-

Soil & Tillage Research,

[15

[

land in the purple-soil area of China[J].
2009, 105(2) : 307 -312.
[16] XU QX, WANG TW, CAI CF, et al. Effects of soil conservation on soil
properties of citrus orchards in the Three Gorges Area, China[ J]. Land
Degradation & Development, 2012, 23(1) : 34 -42.
GUTO SN, RIDDER ND, GILLER KE. Minimum tillage and vegetative
barrier effects on crop yields in relation to soil water content in the Cen-
tral Kenya highlands[ J]. Field Crops Research, 2012, 132; 129 - 138
[18] LENKA NK, DASS A, SUDHISHRI S, et al. Soil carbon sequestration

and erosion control potential of hedgerows and grass filter strips in slop-

[17

[



Zefang LU et al. Tmpact of Different Contour Hedgerows on Runoff, Nutrient and Soil on Sloping Farmland in Danjiangkou Reservoir Region of China 63

ing agricultural lands of eastern India[ J]. Agriculture, Ecosystems and
Environment, 2012, 158 31 -40.

SUN H, XIE JS, TANG Y, et al. Impacts of hedgerow intercropping on
soil water parameters of degraded slopeland in dry valley of Jinsha River
[J]. Research of Soil and Water Conservation, 2004, 11(3); 25 -27.
SHI DM, LU XP, LIU LZ. Study on functions of soil and water conser-

vation by mulberry hedgerow intercropping of purple soil slopping farm-

[19

[

[20

—

land in Three Gorges Reservoir Region[ J]. Research of Soil and Water
Conservation, 2005, 19(3): 75 -79.
TIAN MJ. Review on changes in soil physical properties and water and

Chi-

[21

[

soil conservation under counter hedgerow intercropping system[ J].
nese Journal of Soil Science, 2006, 37(2) : 383 —386.
[22] PENG X, LI AD, LI WJ, et al. Changes of soil physical properties,
runoff and soil erosion under different hedgerow system[ J]. Soils, 2009,
41(1): 107 - 111.
SALVADOR-BLANES S, CORNU S, COUTURIER A, et al. Morpho-
logical and geochemical properties of soil accumulated in hedge-induced
Soil & Tillage Research,

[23

—

terraces in the Massif Central, France[]].
2006, 85(1-2):62-77.

[24] XIA LZ, YANG LZ, LI YD. Perennial alfalfa and counter hedgerow on

reducing soil, nutrient nitrogen and phosphorus losses from uplands of

purple soil[ J]. Journal of Soil and Water Conservation, 2007, 21(2) .

28 -31.

LIN CW, PANG LY, CHEN YB, et al. Effects of forage hedgerows on

soil erosion and soil fertility on sloping farmland in the purple soil area

[J]. Ecology and Environment, 2008, 17(4) : 1630 —1635.

[26] CHAUBEY I, EDWARDS DR, DANIE TC, et al. Effectiveness of vege-
tative filter strips in controlling losses of surface applied poultry litter
constituents| J]. Transactions of the ASAE, 1995, 38(6) : 1687 — 1692

[27] ZHANG JF, FANG MY, LI S. Developing agro forestry in slopelands to
combat non-point pollution in China[]J].
Technology, 2007, 6(4): 67 -72.

[28] DABNEY SM, MEYER LD, MCGREGOR KC. Sediment control and
landscape modification with grass hedges[ C]. Proceedings of the Confer-

[25

—

Chinese Forestry Science and

ence on Management of Landscapes Distributed by Channel Incision,
1997 1093 - 1099.
[29] ZHENG FL. Effect of vegetation changes on soil erosion on the Loess

0®00#00#00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S0C

(From page 57)

[12] LIU XY, ZHAO LM. Analysis on the situation and countermeasures of
honeysuckle industry in Pingyi County[J]. Heilongjiang Agricultural
Science, 2011, 34(7): 143 - 145. (in Chinese).

[13] ZHANG Q, SHEN H, LIU YG. Characteristics and standardized culti-
vation techniques of new honeysuckle variety Beihua No. 1[J]. Bulletin
of Agricultural Science and Technology, 2016, 45(7) : 223 —226. (in
Chinese) .

[14] DB37/T 1422-2009. Technical regulation for pollution free production of
honeysuckle[ S]. 2009. (in Chinese).

[15] LI GL, LIU J, BI S. Harvesting, processing, storage and maintenance
of honeysuckle in Shandong Province[ J]. Lishizhen Medicine and Ma-
teria Medica Research, 2006, 17(1) ;124 —125. (in Chinese).

Plateau[ J]. Pedosphere, 2006, 16(4) ; 420 —427.

[30] TIAN GM, WANG FE, CHEN YX, et al. Effect of different vegetation
systems on soil erosion and soil nutrients in red soil region of Southeast-
ern China[ J]. Pedosphere, 2003, 13(2) . 121 -128.

[31] BAO SD. Agro-chemical analysis of soil[ M].
ture Press, 2000.

[32] BAKER JM, OCHSNER TE, VENTEREA RT, et al. Tillage and soil
carbon sequestration-What do we really know[ J]. Agriculture, Ecosys-
tems & Environment, 2007, 118(1): 1 -5.

[33] ZIBILSKE LM, BRADFORD JM. Soil aggregation, aggregate carbon and

nitrogen, and moisture retention induced by conservation tillage[ J]. Soil

Science Society of America Journal, 2007, 71(3) : 793 —802.

KOTHYARI BP, VERMAA PK, JOSHIA BK, ez al. Rainfall-runoff-soil

and nutrient loss relationships for plot size areas of bhetagad watershed in

Central Himalaya, India[ J]. Journal of Hydrology, 2004, 293(1 -4) .

137 - 150.

MATHYS N, KLOTZ S, ESTEVES M, et al. Runoff and erosion in the

Black Marls of the French Alps: Observations and measurements at the

plot scale[ J]. Catena, 2005, 63(2 -3): 261 -281.

MUTEGI JK, MUGENDI DN, VERCHOT LV, et al. Combining napier

grass with leguminous shrubs in contour hedgerows controls soil erosion

Beijing: China Agricul-

[34

—

[35

—

[36

[

without competing with crops[ J]. Agroforestry Systems, 2008, 74 (1) :

37 -49.

BORIN M, PASSONI M, THIENEB M, TEMPESTA T. Multiple func-

tions of buffer strips in farming areas[ J]. European Journal of Agronomy,

2010, 32(1): 103 —111.

DUNKERLEY D, DOMELOW P, TOOTH D. Frictional retardation of

laminar flow by plant litter and surface stones on dryland surfaces: A la-

boratory study[ J ]. Water Resources Research, 2001, 37(5); 1417 -

1423.

[39] WANG L, TANG LL, WANG X, et al. Effects of alley crop planting on
soil and nutrient losses in the citrus orchards of the Three Gorges Region
[J]. Soil and Tillage Research, 2010, 110(2) : 243 —250.

[40] MARTINEZ RAYA A, DURAN ZUAZO VH, FRANCIA MARTINEZ
JR. Soil erosion and runoff response to plant-cover strips on semiarid
slopes (SE Spain) [ J]. Land Degradation & Development, 2006, 17
(1): 1-11.

—
w
~

[

[38

—

€00400400400400400400400S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S0

[16] WANG L, LIU DH, ZHANG ZH, et al. Honeysuckle[ M ]. Kunming:
Yunnan Science and Technology Press, 2013. (in Chinese).

[17] ZHU XQ. Cultivation techniques of medicinal and edible plants[ M ].
Changsha: Central South University Press, 2013. (in Chinese).

[18] GUO YP, DING WJ, ZHANG LN, et al. Characteristics and cultivation
techniques of new honeysuckle variety Zhonghua 1[J]. Shandong Agri-
cultural Sciences, 2012, 44(1): 121 =122. (in Chinese).

[19] GUO S, DENG P, WANG WT, et al. Current situation and counter-
measures of primary processing and packaging of honeysuckle in Pingyi
of Shandong Province[ J]. Shandong Agricultural Sciences, 2015, 47
(3): 125 -126. (in Chinese).

[20] DB37/T 2763-2016. Product of geographical indication; Pingyijinyinhua
[S]. 2016. (in Chinese).



