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There are 2 approaches to 
conserve rainwater 

1. Collected and store in structures such as 
pond, tank, cistern, cellars. 

2. Store in the soil, catchments, recharge 
groundwater 
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Integrated watershed 
management for sustainable 
development and ecosystem 

maintenance 
 

( a case experienced in 
Northwest China) 
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Afforestation 

on the hill top 

Terracing at 

the hillside 

RWH for orchards 

& greenhouse 

Silt retaining 

dam & 

Arrestor 

Comprehensive 

approach on 

watershed 

management and 

rainwater 

conservation 
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21 academician’s Evaluation 

  The agricultural approach formed by 

“ terrace + RWH + Mulch + Application 

of Science & technology” addressed by 

Gansu province contains great 

innovation, Genus's experience  is 

valuable lessons for world wide. 
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Terracing integrated with mulching, RWH 
and cropping adaptation has been tested 
as successful approach on sustainable 
development towards poverty alleviation, 
ecosystem management. 



7 

1. Terracing 
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Function of terracing 

 Conserve rainwater into soil  

 Control soil erosion 

 Reserve soil fertilizer from losing of 
erosion 

 Eventually, improve crop yield and 
improve ecology. 
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Farm lands (gentle slopes ) 

 Terraces  (< 25°) 

 converting steep sloping cropland (> 25°) 
into forestry and grassland.  

 



10 

Terraces in South China  



11 

Terracing  
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China Terracing Module-
Zhuanglang,Gansu 

 Total area 1,553 km2, population 430,000，
arable land 1.14 Mmu(76,000 ha) ，103 
Mmu(69,000ha) is rainfed, 95% has been 
made into terrace.  

 Soil moved by 296 million m3, if make 
these soil into brick/block with size 1 m3 , 
it will round the globe by 6.5 times. 
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Average yields of main crops growing on terraced lands 
and non-terraced slopelands.  

crops 

Yields from 

terraced lands 
(kg/hm2) 

Yields from non-

terraced slopelands 
(kg/hm2) 

Yield 

increases 
% 

Spring 

wheat 
2187.5 1125.3 94.3 

pea 1947.5 1131.5 72.1 

flax 917.3 547.7 67.5 

potato 3317.4 2141.6 54.9 

naked oat 2586.0 1699.5 52.1 

buckwheat 2286.0 1199.5 90.5 

millet 4219.5 2971.0 42.0 

The results were obtained by a five-year observation in Gaoquan Watershed (long-term mean annual 

rainfall 415 mm) of the Loess Plateau in mid-Gansu between 1996 and 2000. 
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Terracing in Gansu province, China 

In the past 50 years, there has been 1.93 million ha of slope land 

being reformed to terraces, amounting to 62.5% of the total slope 

cultivated land in Gansu. The terraced land retain 110 million t of silts, 

reduce waste of more than 4 million t of organic material and increase 

grain production of 1.5 million t, 18% of the total grain production in 

the province (yearly). 

The Gansu provincial government support the farmers to continue 

build terrace. For an objection for the end of year 2012, the area of 

terraced land is reached to 80% of the total slope arable land of the 

province.   
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Terrace: suitable for natural slope less than 25 degree 

 

Contour planting: suitable for slope bigger than 20 degrees 

Deep pit: for rainwater concentration; the deep pit is made on the terrace with small 

width for planting fruit trees or arbor trees. Plastic sheeting is put on the slope 

for high RCE 

Fish scale pit: for the steep slope along the gully to plant trees 
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Case of Role of the terrace (According to the Gansu Bureau of 

Soil and Water Conservation) 

 Reduction of soil, water and nutrient loss: Test of Dingxi SWC Station 

shows during storm rain of 101.4mm, runoff on the slope is 37.1-67.9 

mm with 57-126 t/ha of soil eroded, while on the terrace field no runoff 

happened. Most of the rainfall can be retained on the terrace with 

inverted slope without runoff happened. It is estimated terracing can 

reduce loss of soil, nutrient (NPK) and organic matter of 60 t/ha·a, 150 

kg/ha·a and 2 t/ha·a, respectively. 

 Increase yield by increase water use: Test shows evapo-transpiration 

of crop is higher than that on the slope land by 56mm; increase of crop 

yield by terracing is in the range of 600-1500 kg/ha.  

 Increase production value: products of fruit tree and other local special 

crops like herb, tobacco has better quality than that in the valley owing to 

the better light and heat condition (bigger daily temperature variability); 
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  Conserve the surface fertile soil: when leveling 

the slope land into terrace, the surface fertile soil is 

to be kept after terracing. Otherwise yield will be 

lower than before terracing in 3 years; 

 It is recommended to increase the fertility of 

terraced land by applying organic and chemical 

fertilizer after terracing and using the crop rotation 

system 

 The road system is necessary for the future 

farming operation, It is built as component of  

terracing programme. 

  

Important point for terracing 
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Cost of terracing (for reference) 

 if labor is used for terracing, 40-70 labor days are needed for one Mu, 

depending on the original slope. Nowadays, labor cost in the Chinese 

market is 50-80 CNY/day. But government only gives subsidy because the 

beneficiary of terracing is mainly the villagers 

 If machine is used, then the following consumption is needed in a test 

(year of 1991). 

The natural slope ranges between 5 and 20 degrees. Total terraced lands 

are 30 ha. Four 75-100 HP bulldozer is used. For each ha of terrace the 

following items are consumed: 

 10 machine-shift (75-100 HP) 

 Fuel: diesel 394kg, gasoline 20 kg and machine oil 1.7kg 

 Spare parts, about 31% of the fuel 

 Skilled and unskilled labor: about 18.5% % of the total  

The unit cost would be smaller if scale is larger in case of using machine 

According to the District Water Bureau, cost for terracing by machine is 

about 6000 CNY/ha (USD 880/ha). Or 400yuan/mu. 
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Slope direction Slope, degree Height of bank, m Width of terrace, m 

(Facing to) South 
slope 

 

5 2.5 28.6 

10 3 17.1 

15 3.2 12 

20 3.3 9.1 

25 3.4 7.2 

North slope 

 

5 2 22.3 

10 2.4 13.4 

15 2.5 9.4 

20 2.6 7.2 

25 2.7 5.7 

East and west 
slope 

5 2.5 28.1 

10 3 16.8 

15 3.2 11.8 

20 3.3 9 

25 3.3 7.1 

Optimization result of the terrace sizing 
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Role of silt arrestor 

 Reduce or prevent from soil erosion in the gully. The erosion control 

capacity is 45000-90000 t per ha of silted land. 

 Make fully use of water and silt resources. The silted land is very fertile 

and can have yield of 4500-7500 t/ha. 

 Land formation: the silted land becomes nice basin in the gully 

 Reduce the flood and silt load in the down stream river 

 Especially, the erosion control has great significance for the 

fundamental harnessing of the Yellow River.   
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1. RWH plays big role in enhancing 

survival rate of young trees by providing 

irrigation water  

2. RWH can make more efficient use of 

land and water resources by further 

enhancing the crop yield and providing 

irrigation water to orchards and 

greenhouses for high profitable  

agriculture 

Rainwater harvesting in the small watershed management 

3. RWH provides clean, cheap and 

reliable water source for domestic 

supply  

4. RWH stores runoff on the catchment 

thus reducing soil erosion and water 

runoff. 

RWH becomes integrated 

part of small watershed 

management 
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Innovation on RWH Storage 

 Architectural Invent for building 
underground storage, with very lower 
cost and simple procedure enable 
beneficiary can build by themselves 

 Lowest unit cost $/m3 
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Construction step 1 

 Firstly, select the center point of the cellar 
to be built on the ground, 

 draw the circle of outer-diameter of cellar.  
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Construction step 2 

 dig out earth above 
the designed contour 
of the top structure of 
the cellar, which can 
be plain concrete 
dome or reinforced 
concrete slab.  

 The earth is 
compacted to increase 
the density and 
hardness 
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Construction step 3 

 Then the top structure is cast 
on the prepared ground.  

 When casting, remember a 
hole with diameter of 60-80 
cm acting as both manhole 
and water outlet should be 
left in the middle of the 
concrete top structure.  

 Seven days after concrete 
casting, earth excavation in 
the inner part of the cellar is 
started and done in the way 
described above.  

 Steel bar is also used for 
case the size of cellar is big 
than 50 m3 
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Concrete the dome 
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 The excavation is expanded 
gradually from up to down 
and from center to all around. 
It is important to keep the 
excavation just surrounding 
the centerline. 

 Earth of the last 3-4 cm at 
the outer diameter is left 
unexcavated and is to be 
compacted to the right size 
by wood-hammer to increase 
the density of the soil by 
which the cement mortar will 
be pasted.  

 Tripod 

 

Construction step 4 
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 Structure at the bottom of 
the cellar will then be built. 

 To further reduce seepage 
loss, a layer of lime soil of 30 
cm thick is placed with 
compaction before the 
concrete is cast.  

 first to loosen soil of 30 cm 
deep and then do 
compaction by two layers, 
each of them is 15 cm thick. 

 Steel bar is also used for 
base to reinforce  

Construction step 5 
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Construction step 6 

 the cement mortar is 
pasted on the wall. For 3-
cm layer of mortar the 
pasting takes place for 
three times, each time for 
1 cm.  

 The last pasting is also a 
finishing of the mortar, 
mortar mixed with finer 
sand is used and the 
surface is pasted carefully 
to get a smooth one.  
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Construction step 7 

 The top structure of water cellar with 
thin wall has several types, among 
which, the most common one is the 
vault-type made of concrete or brick.  

 Top structure made of concrete either in 
the form of a vault or slab can be built 
by casting concrete on the ground as 
described in the above paragraphs.  

 In many areas, to save cement, the 
vault-type top structure is built of bricks. 
The routine way to build such a 
structure with bricks needs a framework 
composed of timber rod, steel bar and 
bolts, and is costly.  
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Before renovation 
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Sand Soil 
Open excavation  
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2. Contour Farming 
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Why Contour Farming 

1.Tillage, planting and other farm operations are 

done along the contour, contour tillage can 

prevent the down-slope runoff, allow water 

infiltrate into soil and avoid erosion.  

 

2.Contour tillage on slopes of 2 degree can 

reduce water loss (runoff) by 51-57%, increase 

soil water content 2.8-9.6% compared to up-

and-down-hill cultivation. 
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Contour Farming 
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Figure2. Hills land Contour +Terrace Tillage  
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Contour Tillage on Slope Land  
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3. Contour Ditch and Ridge Cultivation 
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 Contour Ditch and Ridge Cultivation 

It is suitable for the 

land with slope less 

than 25° for wheat, 

millet and potato 

growing. The 

cultivation is done 

along the contour . 

Contour cultivation 

on leveled hill land 
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Experiment results 

show that ridge 

cropping can reduce 

runoff by 77% 

compared to the 

traditional tillage, 

potato yield increased 

by 8-21%, millet yield 

by 77%. 

Ridge 

cropping 

along the 

contour 



51 in-situs water conservation in Mountainous Area 
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Vegetation 
        before                       after 
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4. Application of Mulch 
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 Function of Farmland Mulch 

Organic Mulch has many roles for 

improving soil moisture condition in 

farmland;  

significant reduction of evaporation,  

reducing runoff,  

increasing availability of soil moisture. 

Broken and rotted mulch materials fall in 

the soils, increase organic contents. 



55 

Stubble mulch can decrease soil temperature. 

 

The decomposed materials from mulch 

releases nutrients and improves micro-

organism in soil and increasing humus that 

helps form soil aggregates 

 

Organic mulch layer can prevent soil erosion 

and protects against excessive radiation. 

 

 Function of Farmland Mulch cont’d 
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Kinds and Methods of Farmland Mulch 

Stubble mulch 
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Stubble mulch 

Suitable material are those which are cheap, locally 

available, easy to transport and apply. Cereal straw 

and stalks including maize straw are the most 

common in use for farmland mulching. 
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Stubble mulch has positive effect 

on improving water condition 

Table   The soil moisture conserving in wheat field in fallow mulch               

 
Soil Depth 
(cm) 

Soil water content before 
sowing (% of dry soil)体积比 

Water storing before sowing 
(mm)重量比 

Mulch 
No 

mulch 
Differences Mulch 

No 
mulch 

Differences 

0～100 17.7 15.2 2.5 248.0 233.0 15.0 

0～200 18.3 16.6 1.7 503.8 482.8 21.0 
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Table  The effects of mulching on the soil water content 

(mm) in depth of 0～200cm 

Treatments 

Winter wheat Spring corn 

Soil water content 

in depth 0-200cm 

Soil water content 

in depth 0-200cm 

Stubble mulch 153.4 207.0 

Non-mulched 105.6 137.7 

Differences 47.8 69.3 
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 It increases soil temperature by 0.5-1.9℃, reduces 

frozen earth depth by 5cm, advances unfreezing 

period by 10 days.  

 It shifts the wheat return green time in 4 to 5 days.  

 soil temperature during spring and summer in 

mulching field becomes a little bit lower by 0.8-2.1℃, 

this has an active role in soil moisture conservation. 

Autumn stubble mulch has a distinct 

function of regulating soil temperature 
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Improve soil features and fertilizing soil 

productivity 

Researches results showed that soil bulk density reduced and pores 

density and nutrients increased after two years mulch (Table 5 and 6). 

Table : Soil physical conditions changes after two-year mulching 

Treatments 
Soil bulk density（g/cm2） Soil pores ratio（%） 

0-10cm 10-20cm 0-10cm 10-20cm 

Non-mulched 1.456 1.413 45.06 46.68 

Mulch 1.352 1.342 48.99 49.36 

Differences -0.104 -0.071 3.93 2.68 
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Topsoil nutrients after two years mulching 

 
Treatments 

Organic 
matter
（%） 

Full 
nitrogen
（%） 

Alkali 
liquating 
nitrogen 

（μg/g）(微
克10-6) 

 

Quick effect 
phosphorus
（μg/g） 

Mulch 1.61 0.112 72 14 

Non-mulched 1.50 0.104 63 8 

Difference 0.11 0.008 9 6 
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•Mulch significantly improves field water and 

fertility condition, the crop yield and water use 

efficiency raise greatly (Table 7 and 8). 

Table:  Water-saving in winter wheat ----- straw mulched field 

 
Items 

Yield
（kg/
hm2） 

Water 
consumes 
amount
（mm） 

Water use 
index

（mm/kg） 

Water use 
index 

reducing 
ratio 

（%） 

Notes 

Non-mulch 4877 360.0 1.107 Irrigatio
n quota 

600-
750m3/h

m2 

Mulched with 
6000kg/hm2 

5690 346.1 0.912 21.4 

Mulched with 
7950kg/hm2 

5855 347.0 0.889 24.5 
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Table : Water-saving in spring corn field that mulched with straw 

 
Items 

Yield
（kg/hm2） 

Water 
consumes
（mm） 

Water 
use 

index
（mm/k

g） 

Water use 
index 

reducing
（%） 

Notes 

Non-mulch 6234 407.4 0.9807 

Irrigatio
n quota 

600-
750m3/h

m2 

Mulched 
with 

6000kg/hm
2 

6578 376.0 0.857 14.3 

Mulched 
with 

7950kg/hm
2 

6762 371.3 0.823 19.0 
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•Besides, stubble mulch also has 

the function of restraining weeds 

and eliminating diseases and 

insects. 
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Plastic Mulch 
(mainstream) 
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Advantages of Plastic mulch 

Reduce evaporation, conserve soil 

moisture; 

 

prevent weed growth 

 

Reduce soil erosion and soil 

susceptibility for erosion 

 

Boost crop root development, increase 

nutrient up-taking 

. 
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 The time of laying plastic sheets is before 

or after sowing (Spring). 
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Plastic sheets can be laid on the leveled ridges.  
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Wheat by Plastic Film 

Cover 

Oil rape by Plastic Film 

Cover 
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April, 2007 
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Aug,2007 
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Laying plastic sheets at the end of rainy 

season (autumn) has several advantages: 

•Catch and store rainwater fallen in the autumn, 

prevent soil moisture evaporation both in the 

autumn and the spring. 

•Plastic mulch intervals with ridge and ditch 

may completely hold and conserve the 

rainwater and soil within the field. 

•Combine with supplementary irrigations 

ensures sound harvest in the year of severe 

drought. 
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plastic mulching 
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Compare to spring plastic mulch, autumn 

film cover is more efficient in soil water 

conservation.  

Table9  Effects of different mulch treatments on soil water content 

in spring wheat field at depth of 0～80cm 

Treatments 
Before 
mulch 

 

30days 
after 
Mulch 

Before 
sowing 

Seedling Lifting 
Before 
harvest 

Average 
soil water 
content 

(%) 

Autumn 
cover 

16.4 15.9 15.3 18.6 21.9 20.9 18.2 

Spring 
cover 

16.4 14.2 13.2 17.4 21.0 20.5 17.1 

No cover 16.4 14.2 13.2 16.5 20.2 19.7 16.8 
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An experimental result has indicated that the 

0-100 cm soil moisture only loses 2.4 mm 

under the condition of autumn film cover 

treatment and keeps 44.2 mm more water 

than the bare land. This is equal to irrigate 

442.5 cubic meter water per hectare.  
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Yield increased with plastic mulch 

 Rainfed corn in mountainous area, in 
dongxing county, Gansu 

 Without plastic mulch: 3120 kg/hm2 

 With plastic mulch: 9040 kg/hm2 

 Increased by 3 times 
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Cost consideration of plastic mulch 

 Specification: PVC or PE, thickness 0.01 
mm 

 Application: 90 kg/hm2 

 Price: 14 Yuan(2 USD)/kg 

 Cost for 1 hektare: 900 Yuan(130 USD) 

 Cost for 1 Mu: 60 Yuan/mu (8.7 USD/mu) 
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Think about the suitability of these 
approach in your country 

 RWH + Mulch 

 Improved agronomy  
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Prospective view of terracing 

 

 

 

 
Thank you  

for your attention 


