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1.

Information on Innovation

Innovations / Title
(max. 10 words)

Water and salt regulation scheme under mulched drip
irrigation for cotton in arid regions

First introduced:(Year)

2011

Area covered: 20,000 ha

Water saved: 500 MCM

Award category

Technology 4}

Management d

(Please check one)

Young Professional> QO

Farmer a

2. Nominee Information®

Nominee (1)

TIAN Fugiang

Position

Vice Director of Institute of Hydrology and Water Resources

Organization

Department of Hydraulic Engineering, Tsinghua University

Postal Address

Room 330, New Hydraulic Building, Tsinghua University, Haidian District,
Beijing 100084, P.R. China

Telephone +8610 6277 3396 Fax +8610 6279 6971
Email tianfg@tsinghua.edu.cn | Date of birth 1975.08.12
Citizen of China Mobile +86 139 1020 0812

3. Nominee Statement

3.1 Describe the innovation

Secondary salinization induced by improper irrigation is recognized as a crucial threat to
agriculture all over the world, especially in arid and semi-arid areas. Secondary salinization is
typically caused by flood irrigation; i.e., too much irrigation water induces a rise in the water
table and the subsequent intense phreatic evaporation leads to upward movement of salt
contained in the groundwater which accumulates in the surface soil. Utilizing micro-irrigation
techniques also leads to increases in salinization, but in this case secondary salinization is
caused by insufficient leaching due to inadequate watering as demonstrated by Fig.1. In fact,
increases in salinization resulting from drip irrigation techniques have occurred in many dry
areas including Israel, Egypt, the United States, Lebanon, China, etc.

' One nomination per National Committee for each award category
2 Young Professional award does not require wide-spread implementation, but must have been pilot tested in the field.
3 Please add additional names and addresses as required.
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Fig.1 Demonstration of secondary salinization induced by drip irrigation. Left: salt
accumulated on surface soil of cotton fields indicated by white color (photos by the nominee);
Right: Salt rings formed on soil surface due to evaporation of saline irrigation water from drip
irrigation of grapes (from Raine et al., 2007, published in <Irrigation Science>)

Mulched drip irrigation (MDI), a recently-introduced micro-irrigation approach incorporating
surface drip irrigation methods combined with film-mulching techniques, has the advantages
of both saving water and labor and increasing crop yields. Since the 1990’s, it has been
widely-applied in the Xinjiang Uygur Autonomous Region of China, and more recently it has
become popular in other arid areas of China as well (e.g., Gansu and Ningxia Provinces).
MDI is also potentially applicable to regions of Central Asia with similar climatic and farming
conditions. However, under current MDI practices, limited water supplies restrict irrigation
water penetrate into the soil to a depth of at most 50-60 cm. Salts from irrigation water, soil
parent material, and groundwater are likely to build up on the surface of the cultivated soil
through evaporation. Therefore, there is an urgent need to develop a comprehensive water
and salt regulatory scheme for MDI to ensure higher irrigation efficiency and lower soil
salinization.

To address this problem, in 2007 the nominee and his research team established an
experimental research station in an MDI cotton field in Bayangol Prefecture of Xinjiang Uygur
Autonomous Region. A numerical model of soil water and salt movement under MDI
conditions was developed. Guided by both experimental data and numerical simulations, soil
water and salt distribution patterns at multiple spatiotemporal scales were ascertained, and
an optimal irrigation schedule for the cotton growth season coupled with a comprehensive
soil water and salt regulatory scheme for MDI was developed. This innovative technology
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has been extensively applied to a 20,000 ha region of cotton fields, resulting in the saving of
500 MCM of water.
Aspects comprising this innovative technology are described in more detail as follows.

1) A numerical model of soil water and salt movement under mulched drip irrigation

A numerical model for water and salt movement under MDI conditions has been
developed. The two-dimensional Richards Equation and the Advection-Dispersion Equation
(ADE) / solute-transport equation are used to describe the movement of water and salt in the
soil. The Richards Equation and the ADE Equation, partial differential equations, are made
spatially-discrete to yield ordinary differential equations (ODEs). Backward differentiation
formulz, aided by a solver called CVODE, are used to solve these resultant ODEs. The
unique boundary conditions associated with MDI; i.e., moving ponded area boundaries, are
treated by combining water balance and flux methodologies.

The model has a high computational efficiency and robust numerical stability, which
render it suitable for long-term continuous simulations of soil water and salt migration under
drip irrigation. It has already been adopted at many research institutions, including Wuhan
University, China University of Geosciences (Beijing), China University of Geosciences
(Wuhan), China Institute of Water Resources and Hydropower Research (IWHR), Xi'an
University of Science and Technology, Xinjiang Agricultural University, Xinjiang Institute of
Water Resources and Hydropower Research, and the Pacific Northwest National Key
Laboratory (PNNL).

2) The optimal irrigation schedule for cotton fields under mulched drip irrigation

Irrigation quotas and intervals are two important parameters of the mulched drip irrigation
system. From field experiments and theoretical analyses, the nominee has found that, within
a set range of water volumes, crop yields increase with irrigation quotas; however, water use
efficiency tends to decrease. For a fixed irrigation quota, there exists an optimal irrigation
interval maximizing water use efficiency. This allows determination of an optimal irrigation
schedule based on the integrated index of water and salt stresses.

With the aid of a large amount of experimental data and numerous numerical simulations,
such an optimal irrigation schedule was then developed for different water and soil conditions.
In mildly-salinized cotton fields, the recommended amount of irrigation water is 3900-4500
m°ha. For moderately- to severely-salinized cotton fields, the recommended amount of
irrigation water is 4350-4800 m*/ha. The optimal irrigation interval varies according to the soil
type: 3 days for sandy soils and 11 days for clay soils. For sandy loam soil, the schedule is
adjusted according to the emitter flux rate --- when the flux rate is under 3 L/h, irrigation is
done every 5 days, while when it is over 3 L/h, the irrigation is done every 7 days. More
details can be found in the publication “Technical specification of water and salt regulation of
mulched drip irrigation in salinized cotton fields” (DB65/T 3269-2011).

3) Water and salt requlation scheme in cotton field under mulched drip irrigation

A holistic scheme of water and salt regulation for MDI cotton fields has been developed by
integrating an optimal irrigation schedule during the growth period, a flush scheme during
non-growth periods, and a salinity reduction scheme of applying chemical ameliorants. The
key points are as follows.

(1) Optimal styles of cotton planting and drip pipe arrangement according to soil type and

degree of salinization. Under mild salinization conditions, application of a single film
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per every 4 planting rows with one drip pipe per film is recommended for loamy soil.
For sandy soil, a single film per 4 or 6 planting rows with two drip pipes per film should
be applied. Under moderate to severe salinization conditions, a single film per every 4
or 6 planting rows with one drip pipe per film is advised.

(2) Winter flush scheme. Farmland with mild to average salinization levels should run
winter irrigation once every 2 to 3 years, while farmland with moderate to severe
salinization levels requires annual winter irrigation. The recommended amount of
winter irrigation is 2250 m? - 3000 m?®ha.

(3) Salt control at the seedling stage. Dripping-before-seeding method is recommended
for cotton fields with (a) moderate to severe salinization levels or (b) poor soil moisture
conditions. The recommended quota of dripping-before-seeding is 675 m* - 900 m? /
ha of freshwater, which should be performed just after the mulched drip irrigation
system is setup.

(4) Optimal irrigation schedule during growth period. As described in point 2) above.

(5) Application of chemical ameliorants to improve soil texture. Apply with water dripping
during both the seedling stage and first dripping period. Improve the soil by injecting a
calcium solution with a concentration of 2000 mg/L during the beginning and ending
periods of each irrigation cycle, dripping only fresh water during the middle period.

3.2 Describe how the innovation saves water

(1) During the growth period: Based on the optimizing irrigation system, water saving
can be realized by improving the utilization efficiency of irrigation water.

(2) During the non-growth period: Based on the proposed flush irrigation scheme,
yearly flush irrigation can be replaced by a multi-year flush irrigation scheme, and
the flush irrigation quota can also be reduced compared to traditional methods. In
this way, the water amount used for salt-leaching is reduced.

(3) Additional water savings can be realized by the reducing the amount of salt-
leaching water through the application of chemical ameliorants.

Compared to traditional irrigation methods, about 25% less water is required with the

proposed water and salt regulation scheme. Also, the cotton yield can be increased by 17%
with stable soil salinity.

3.3 Describe how the innovation was introduced and spread
The technology was introduced and spread through the following ways:

1) Experimental and theoretical research

The nominee led his team to establish the experimental research station in Xinier Town,
Bayangol Prefecture of Xinjiang Uygur Autonomous Region in 2007 (see Fig. 2). Studies
there have been ongoing continuously from 2007 up to the present. Irrigation and drainage
experiments with different configurations (different soil texture, soil salinity level, irrigation
amount, irrigation water quality, etc.) have been conducted. A huge amount of field and
laboratory measurement data have been collected on soil water and salt movement, soil heat,
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crop growth, and meteorological conditions. The nominee also developed a sophisticated
numerical model for soil water and salt movement. Based on the field experiments, numerical
modeling, and theoretical analysis, a comprehensive soil water and salt regulatory scheme
was proposed, as described above.

Fig.2 Experimental Station in Xinier Town, Xinjiang Uygur Autonomous Region

2) Demonstration and application

Demonstration of the freshwater irrigation techniques have proceeded at the 4™ branch
farmland around Baotou Lake in Korla, with a combined area of 66.67 hectares.
Demonstrations of brackish water irrigation techniques were also carried out in Tarim village
of Tarim township in Yuli county, with a total area of 260 hectares. Through such
demonstrations, farmers and governments can know and understand the advantages of this
innovative technology through actual, vivid applications. As a result, this technological
system has been adopted on over 20,000 hectares of farmland, including Baotou Lake Farm
in Korla, Puhui Farm, sites in Hutubi, Yanqi, Minfeng, and Manas counties, and the main
canal irrigation district on the southern bank of Ili River. It has generated more than 1.5 billion
yuan in economic benefits and a saved about 500 million m® of water. For more details,
please refer to the proof pages of application and economic benefits in the Annex.
Additionally, curbing secondary soil salinization while also saving water resources has
ensured the continued quality of the cultivated land, spurred the development of an improved
oasis agricultural/ecological environment, and benefitted society.

3) Student supervising and technical training

A total of 15 PhD students and 2 masters degree students have graduated under joint-
supervision, 3 PhD students and 10 masters degree students have graduated under
independent-supervision, and 9 post-doctoral researchers have completed their missions.
Right now, 13 graduate students and 3 post-doctoral researchers are working on the related
projects, including people from India, Uzbekistan and Australia. Most previous graduates are
now working in colleges and universities, scientific research institutions, or local government
offices --- including at Tsinghua University, at China Institute of Water Resources and
Hydropower Research, at the Xinjiang Institute of Ecology & Geography of CAS, at King
Abdulaziz University of Saudi Arabia, and for the Long’nan municipal government in Gansu
Province. Others have returned to their home countries which often have water and soil
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resources concerns quite similar to those in China. Through their new positions, all these
previous participants have helped spread the application of this innovative technology. The
nominee also taught technical training courses in many of China’s large irrigation districts,
which also helped to spread awareness of this innovative technology.

Nominee

Fig. 3 Technical Training for Local Working Staff in an Irrigation District

4) Technical specification

Based on this technology, the technical standard of the Xinjiang Uygur Autonomous
Region as specified in the document, “Technical Procedures of Water & Salt Regulation of
Mulched Drip Irrigation in Cotton Field in Salinization Area” (DB65/T3269-2011) was
established. Following this standard, the innovative technology has been promoted and
applied widely in Xinjiang Uygur Autonomous Region, accelerating progress in the related
science and industrial technologies.
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Fig. 4 Cover page of <Technical Procedures of Water & Salt Regulation of Mulched Drip
Irrigation in Cotton Field in Salinization Area> co-authored by the nominee

5) Publications

The nominee has published more than 150 academic papers, of which 75 are SCI
indexed, spreading awareness of these technological developments among the international
academic community. The combined citation count for all papers is 1020 on the Web of
Science and 2200 on Google Scholar. Selected Publications are listed below (* indicates
student under Nominee’s supervision).

[1]1 Fugiang Tian, Pengju Yang, Hongchang Hu, Hui Liu. Energy balance and canopy conductance
for a cotton field under film mulched drip irrigation in an arid region of northwestern China. Agric.
Water Manage, 179 (2017) 110-121. http://dx.doi.org/10.1016/j.agwat.2016.06.029.

[2] Tian F., Yang, P., Hu H., Dai C. Partitioning of Cotton Field Evapotranspiration under Mulched
Drip Irrigation Based on a Dual Crop Coefficient Model. Water 2016, 8, 72.

[3] Tian Fugiang, Gao Long, Hu Heping. A Two- Dimensional Richards Equation Solver Based on
CVODE for Variably Saturated Soil Water Movement. Science in China Series E: Technological
Sciences, 2011, 54(12), 3251-3264.

[4] Tian FuQiang, Mou LiQin, Hu HePing. Characteristic of Soil Water Retention Curve on the
Macroscale. Science in China Series E: Technological Sciences, 2009, 52(10):2990-2996,
doi:10.1007/s11431-009-0272-4.

[5] Tian Fugiang, Wen Jie, Hu Hongchang, Ni Guangheng. Review on water and salt transport and
regulation in drip irrigated fields in arid regions. Journal of Hydraulic Engineering, 2018, 49(1):1-10.
doi:10.13243/j.cnki.sIxb.20170909. (in Chinese)

[6] Tian Fugiang, Hu Heping. Numerical model of Richards equation based on ordinary differential
equation solver. Journal of Tsinghua University (Science and Technology), 2007, 47(6):785-788.
(in Chinese)

[71 Ming Guanghui, Tian Fugiang, Hu Hongchang, 2018. Effect of water table depth on soil water
and salt dynamics and soil salt accumulation characteristics under mulched drip irrigation.
Transactions of the Chinese Society of Agricultural Engineering, 34(5):90-97. (in Chinese)

[8] Z. Zhang*, F. Tian, H. Hu, and P. Yang. A comparison of methods for determining field
evapotranspiration: photosynthesis system, sap flow, and eddy covariance. Hydrol. Earth Syst.
Sci., 18, 1053-1072, 2014.

[91 Hu Hongchang*, Tian Fuqiang, Hu Heping. Soil particle size distribution and its relationship with
soil water and salt under mulched drip irrigation in Xinjiang Province of China. Science in China
Series E: Technological Sciences, 2011, 54(6), 1568-1574.

[10]Zhang Zhi*, Tian Fugiang, Zhong Ruisen, et al. Spatial and Temporal pattern of soil temperature
in cotton field under mulched drip irrigation condition in Xinjiang[J]. Transactions of the CSAE,
2011, 27(1): 44—51. (in Chinese with English abstract)

[11]Gao Long*, Tian Fugiang, Ni Guangheng, Hu Heping. Experimental study on soil water and salt
movement and irrigation scheduling for cotton under mulched drip irrigation condition. Journal of
Hydraulic Engineering, 2010, 41(12):1158-1165. (in Chinese)

[12] Guanghui Ming, Hongchang Hu, Fuqiang Tian, Zhenyang Peng, Pengju Yang, and Yiqgi Luo.
Precipitation alters plastic film mulching impacts on soil respiration in an arid area of northwest
China. Hydrol. Earth Syst. Sci., 22, 3075-3086, 2018. https://doi.org/10.5194/hess-22-3075-2018.

[13]Han, S.*, & Tian, F. (2018). Derivation of a sigmoid generalized complementary function for
evaporation with physical constraints. Water Resources Research, 54, 5050-5068.
https://doi.org/10.1029/ 2017WR021755.

[14]Songjun Han*, Fugiang Tian. Integration of Penman approach with complementary principle for
evaporation research. Hydrological Processes, 2018;32:3051-3058.

[15] Zhenyang Peng*, Christophe J. G. Darnault, Fugiang Tian, Philippe C. Baveye and Hongchang
Hu, Influence of Anionic Surfactant on Saturated Hydraulic Conductivity of Loamy Sand and
Sandy Loam Soils. Water 2017, 9, 433; doi:10.3390/w9060433.

[16]Nana Li*, Fugiang Tian, Hongchang Hu, Hui Lu, Guanghui Ming. Effects of Plastic Mulch on Soil
Heat Flux and Energy Balance in a Cotton Field in Northwest China. Atmosphere 2016, 7(8), 107;
doi:10.3390/atmos7080107

[17]1Peng, Z.*, F. Tian, J. Wu, J. Huang, H. Hu, and C. J. G. Darnault (2016), A numerical model for
water and heat transport in freezing soils with nonequilibrium ice-water interfaces, Water Resour.
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Res., 52, doi:10.1002/ 2016WR019116.

[18]Yang P*, Hu H, Tian F, Zhang Z, Dai C. Crop coefficient for cotton under plastic mulch and drip
irrigation based on eddy covariance observation in an arid area of northwestern China. Agricultural
Water Management, 2016, 171: 21-30.

[19]R Zhong*, F Tian, P Yang, Q Yi. Planting and Irrigation Methods for Cotton in Southern Xinjiang,
China. Irrigation and Drainage, 2016, DOI: 10.1002/ird.2015.

[20]Liu Ye*, Tian Fugiang. Comparison of water and land policies for agriculture water conservation
in arid areas based on a coupled socio-hydrological model. J Tsinghua Univ. (Sci. & Technol.),
2016, Vol.56, No.4. (in Chinese)

[21]Hu Hongchang*, Tian Fuqiang, Zhang Zhi, Yang Pengju, Ni Guangheng, Li Bing. Soil salt
leaching in non-growth period and salinity dynamics under mulched drip irrigation in arid area.
Journal of Hydraulic Engineering, 2015, 46(9):1037-1046. (in Chinese)

[22]Zhang, Z.*, Hu, H., Tian, F., Yao, X., and Sivapalan, M.: Groundwater dynamics under water-
saving irrigation and implications for sustainable water management in an oasis: Tarim River basin
of western China, Hydrol. Earth Syst. Sci., 18, 3951-3967, doi:10.5194/hess-18-3951-2014, 2014.

[23]Zhi Zhang*, Hongchang Hu, Fugqgiang Tian, Heping Hu, Xinhua Yao, Ruisen Zhong. Soil salt
distribution under mulched drip irrigation in a cotton field of northwestern China. Journal of Arid
Environment, 2014, 104:23-33.

[24]Long Gao*, Fuqiang Tian. A numerical model of soil moisture movement under surface drip
irrigation. In Proceedings of the Fourth Conference of Asia Pacific Association of Hydrology and
Water Resources. 2008, Beijing, China, 26-30.

[25]Hu Heping, Gao Long, Tian Fugiang. Empirical equation for development of soil wetted body
under surface drip irrigation condition. J. Tsinghua Univ. (Sci. & Tech.), 2010, 50(6):839-843. (in
Chinese)

[26]Hu Heping, Yang Zhiyong, Tian Fugiang. Spatial Averaging Infiltration Model for Layered Soil.
Science in China, Series E, 2009, 52(4): 1050-1058.

6) Academic conferences

In each of the last eight years, the nominee has taken part in various ICID activities. He
has been invited to be a member of the Working Group on Water for Bio-energy and Food,
for which he has acted as chair, and the Working Group on Global Climate Change and
Agricultural Water Management, for which he has acted as group secretary, and the Working
Group on the Environment. Associated with working group meetings and ICID Conference
meetings, he has published academic research results detailing technological achievements
and the latest advances for China’s water-saving irrigation technology as well as organizing
and optimizing communication amongst his fellow experts and professionals in the field.

. Nominee
Nominee

O O

Fig.5 Photos taken at ICID working group meetings. Left: Climate Change Working Group
meeting in Montpellier, France in 2015; Right: Biofuel Working Group meeting at Chiang Mai,
Thailand in 2016.
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The nominee has also been invited to participate in many other international conferences
and has given invited talks at venues around the world, including at meetings of the
American Geophysical Union (AGU), of the European Geosciences Union (EGU), of the
International Association of Hydrological Sciences (IAHS), of the Asia Oceania Geosciences
Society (AOGS), and of the Japan Geoscience Union (JpGU). He also cooperates closely
with the International Food Policy Research Institute (IFPRI).

Six times he has convened/presided over sessions at international conferences. He has
actively organized and participated in technical communication and discussions with
international colleagues to promote the application of this innovative technology throughout
the international community.

3.4 Describe the scope for further expansion of the innovation

As one of the major agricultural technologies for saving water and increasing crop yields,
drip irrigation technology has been applied on a large scale in the northwestern and
northeastern regions of China. And it’s also in strong demand among the countries of Central
Asia. The resulting technology has wide application prospects. China and Central Asia have
more than 70 million ha of cotton. It is estimated that promoting the application of this
technology can generate each year more than 7 billion US Dollars and save 17.5 billion m® in
water resources. It also plays a very important role in regional economies, social
development and poverty reduction.

3.5 Describe the roles of the individual nominees

With decades of researching and applying work on water-saving irrigation, the applicant
himself, being the team leader, is presenting such an innovation as the accumulated results
of his team’s long-term research. Since commencing his master-degree studies back in 1998,
the applicant has focused his research on seeking water-saving irrigation technologies which
increase crop yields and positively impact the environment. For a long time, his work has
involved both experimental and theoretical research on farmland soil water and salt migration.
He participated in field experiments at the farmland irrigation experimental station in
Yongledian county; he was the principal investigator of the farmland irrigation experiment in
Korla, and he developed a software for numerically-modelling water and salt movement. For
a long time, without pause, he has directed a team engaged in experimental and theoretical
explorations into the technical system for the comprehensive control of water and salt in
mulched drip irrigation systems applied to cotton fields.

(Note: The Nominee Statement forms the central piece of the nomination and shall be filled
in very carefully and is essential for adjudication and further dissemination. The
nomination shall be rejected if this statement is not self-explanatory.)

4. Documents Attached

(@) Nomination Form
(b) Nominee Statement in English/ French (Sr. No.3)
(c) Curriculum Vitae of the Nominee(s)

(d) Recent Digital Photograph of the Nominee(s) (in high resolution)
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(e) Documents/Reports/Technical Papers/Articles technically describing the
innovation (At least -3 technical documents supporting the Nominee Statement in
electronic format)

5. Authentication’

It is hereby certified that the research/application cited in the nominated work is an original
work carried out by the authors to the best of knowledge and belief of the National
Committee/Committee/Direct Member and hence the nominated work may be considered for

the Award under the category of the WatSave Awards for which it is submitted.

(@) Name of the National Committee Chinese National Committee on Irrigation and

Drainage
(b) Name of the person DING Kunlun
(c) Position Secretary General

(d) Address 1#, Yuyuantan South Road, Haidian District Beijing

Tel_86 10 68781193 Fax__ 86 10 68781153

E-mail klding@iwhr.com

(e) Signature (with Official seal)

Date 2019-6-27 Place Beijing

National Committees / Committee should forward electronically the nomination form(s),
complete in all respects to The Secretary General, International Commission on Irrigation
and Drainage (ICID), 48, Nyaya Marg, Chanakyapuri, New Delhi, India; E-mail: icid@icid.org;
Tel +91-11-26116837 / +91-11-26115679, http//www.icid.org.

' National Committee must check the originality of the nomination/ submission and should make sure that it has not been
submitted earlier/ elsewhere
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Annex: Proofs of Application and Economic Benefits

#1: Proof of application and economic benefit in Baotouhu (original Chinese)
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#1: Proof of application and economic benefit in Baotouhu (translated English version)
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#2: Proof of application and economic benefit in Korla (original Chinese)
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#2: Proof of application and economic benefit in Korla (translated English version)
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#3: Proof of application and economic benefit in Xinjiang Uygur Autonomous Region from
2012-2015 (original Chinese)
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#3: Proof of application and economic benefit in Xinjiang Uygur Autonomous Region from
2012-2015 (translated English version)
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#4: Proof of application and economic benefit in Xinjiang Uygur Autonomous Region from
2009-2011 (original Chinese)
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#4: Proof of application and economic benefit in Xinjiang Uygur Autonomous Region from
2009-2011 (translated English version)
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