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Background 
Sloping land makes up a high percentage of cropped land in several of China’s provinces.  The severity of soil erosion on these varies with the soil, climate, crops grown and management used.  From ancient times until the recent present, China mainly relied on terraces as a management practice for sloping land.  However, terracing with present day costs is very expensive. Besides, it often damages the land (reducing crop yields) for several years by overlaying in many places, top soil with infertile sub soil.  Furthermore, the area taken from growing crops to make the terraces is not usable by farmers and maintenance costs are high.  This has discouraged farmers from using terraces even though terracing helps reduce soil erosion.
In Sichuan province, the European Community in cooperation with the Sichuan Academy of Agricultural Science (SAAS) established traditional run-off plots for measuring soil erosion in Ziyang county.  This project was terminated, but the infrastructure remained.  Coincidentally, work was being initiated on the Three Gorges dam - the world’s largest - on the Yangtze river.  Most of the rivers in Sichuan and many in Guizhou and Yunnan provinces (all with large areas of cultivated sloping land) are tributaries to the Yangtze.  Thus, anything that would curtail soil erosion into these rivers would help lengthen the Three Gorges dam’s life, therefore, should receive governmental support.  It appeared that the iron was hot and the time to strike was now!
The Potash and Phosphate Institute (PPI) and the Potash and Phosphate Institute of Canada (PPIC) had a long history of cooperation with SAAS as well as the Guizhou (GAAS) and the Yunnan Academy of Agricultural Sciences (YAAS) with initial work with SAAS starting in 1987 and the other two a year or two later.  Initial research work was done on developing fertilizer recommendations for the most important agricultural crops for each province.  By 1997, a lot of valuable information had been generated and good working relationships developed between PPI/PPIC and the provincial academies.  These assets were put to use in developing a strategy to combat soil erosion in these three provinces.

Simultaneously, work by the International Board of Soil Research and Management (IBSRAM) based in Thailand had developed a working project in several Asian countries called Management of Sloping Land.  Guizhou province was the selected area for China. The emphasis of this project was on developing biological terraces using various hedge row materials.  The leader of this project was Dr. Adisak Sajjapongse.  He had published several project updates in the IBSRAM newsletter.  The PPI/PPIC China program director, asked Dr. Sajjapongse to assist their program in China.  He accepted.

 The approach 
 The program was initiated in Sichuan province for three major reasons: a) they had the infrastructure from the old EU project, b) they had cooperators with long experience doing excellent work with PPI/PPIC in other areas of soil management and c) the team leader was also the president of the academy, thereby giving the program a direct access to local, provincial and national decision makers.
The basic strategy was to determine in an economic manner, the effects of the combination of alley cropping (biological terraces) and balanced fertilizer use (based on analytical results from the CAAS/PPIC laboratory at the Chinese Academy of Agricultural Sciences in Beijing) on reducing soil erosion while providing the farmer a reasonable income.  
Soils were analyzed for all plant nutrients except molybdenum (Mo) which lacked a reliable test.  In most cases the main differences between the farmer’s common fertilizer practice and that recommended from the results were additions of potassium (K), and in some instances micronutrients such as zinc (Zn) and boron (B).

Discussions were held with the SAAS staff and a proposal developed suggesting use of certain hedge row (alley crops) crops along with the correct fertilizer application for each of two specific sites.   However, before the project was established in the field, SAAS staff suggested some changes in alley crops.  This was a very important step because the local scientists knew the crops available and their market value better than the international scientists.  This input actually made the project a success.  The SAAS scientists and their local cooperators, by understanding the principle involved in alley cropping as a soil erosion control, applied their knowledge to make the project a success.  After all, right from the start it was their project, not that of the international scientists whose major inputs were technical suggestions and minor financing.
After one year’s experience, it was suggested that the project concepts be tested on a wider range of farmer’s fields to see what the acceptance would be in Sichuan.  And, similar programs were started in Yunnan and Guizhou provinces.

After a couple of year’s data was available, and farm acceptance had been tested in Sichuan, meetings were held with local officials to spread the word and get support for program area extension.  This was achieved through field visits by officials and through discussion about the importance of spreading this technology for the farmers economic benefits as well as for the benefit to the province and the nation.  With annual flooding along the Yangtze costing millions of dollars and untold misery to millions of people, it was a relatively easy concept to sell to everyone.  The farmers appreciated the stability it gave them as they could crop the same land without having it degraded and they made better money than they had doing it their old way, even though they had to take some land out of their traditional crop production in order to plant the various alley crops and spend slightly more money for fertilizer.   

On the negative side was the fact that there was a larger investment in the new technology.  The costs were for the alley crops and fertilizer.  However, in most cases after 1 year, the budget turned from negative (if it was) to positive.  And, when considering the long term benefits to the farmer and the enormous benefit to infrastructure such as the Three Gorges dam by reducing soil erosion, the government gave full support.  Thus, in some cases, modest government financial support may be necessary in the initial year, but this should be studied on a case by case basis. In Sichuan, terracing by bulldozer proved not only more damaging economically to the farmer, but also was considerably more costly per ha. to establish than the biological terraces.   Terracing has been basically set aside as a government program and been replaced by the new sloping land management practices province wide.
Results
After only a couple of years in Sichuan, 22 neighboring farmers started using the new technology.  Alley cropping alone had reduced the major crop yield by 567 kg/ha, while reducing soil erosion slightly.  But, it increased net income by $US 142/ha.  When alley cropping was combined with proper fertilizer use, crop yield was increased by 840 kg/ha and income by $US 261/ha.  Furthermore, this combined system reduced soil erosion by 54 %.  With this success, the Ziyang district leaders decided to apply this technique over the entire district and promote it as a national model for profitably reducing soil erosion. 
In the following year net income was raised to $US 336/ha while soil erosion reduced by 57 %.  This success was broadcast on provincial TV several times to motivate farmers.

By the year 2001, the project was acknowledged as a national model by the Ministry of Agriculture. During this year, soil loss was reduced from 42t/ha to 8t/ha (the alley crops were becoming well established) while increasing profit by $US 1,240/ha.  The following year the technology was extended to 7 counties in Sichuan and one in Chongqing.

Soil conservation work actually started earlier in Guizhou with input from both Hong Kong University and later IBSRAM.  The program of combining correct fertilizer use with alley cropping started in 1999 under the sponsorship of PPIC.  After 4 years, soil erosion in the correct fertilizer treatment (addition of potassium + zinc sulphate) compared to the common farmer practice reduced soil loss by about 50%.  Two different alley cropping systems (day lily + Chinese prickly ash and polygonum cymosum trev + plum tree) further reduced soil erosion up to 82 and 75%, respectively.  Proper fertilization alone or with alley cropping increased corn yield by 951 to 1,520 kg/ha compared with the farmer’s practice and the alley crops brought in additional revenue of  $US 318 and 615 for the plum and day lily systems, respectively.  Because of this success, this technology is now under sponsorship of the provincial government for large scale demonstration and extension.

In Guizhou province work has also been initiated to look at the loss of plant nutrients from soil and water runoff.  This is an important aspect because it adds significantly to the economics of the practices.  If soil and water runoff are reduced, then it is logical that plant nutrient losses should be less.  Once enough information is available, this can provide valuable information on saving fertilizer costs for the farmer over time.

In Yunnan initial work focused on selecting the best crops for the alley crops. This work showed that the crops selected would reduce erosion, but they had little economic value, thus further studies with economic crops for alley crops had to be done.  This is important because it shows that economics was the driving force behind the practice, and unless the technology makes money for the farmer, there will be little if any acceptance.

Data (Table 1) demonstrates the problem using alley crops.  While corn yield was increased by 17.6% by only using the proper fertilizer for the corn crop compared to the traditional farmer’s practice, corn yield was reduced by 131 kg/ha when alley cropping was added.  However, the advantage of the alley crop to the reduction of soil loss is apparent.  Thus, when profitable alley crops can be found, the practice will be adopted by farmers which makes it a win-win-win situation for the farmer, the government and the environment.
              Table 1. Effect of balanced fertilizer and alley cropping on reduction of soil   

                            erosion with corn in Yunnan.

            ---------------------------------------------------------------------------------------------------

                                                                    Crop yield (kg/ha)

           --------------------------------------------------------------------------------------------------- 

                 Farmer’s   Balanced      Vs. farmer’s (+ or - %)     B.F. + alley       Vs. farmer’s      

                                                                                                                              (+ or - %)

                  Practice    fertilizer (BF)      practice                       cropping                  practice

                 ----------   ------------         -----------------------        ------------        -----------------
                      6572        7731                 + 17.6                          7600                    + 11.6

                    --------------------------------------------------------------------------------------------- 

                                                                      Soil loss (kg/ha)

                    ---------------------------------------------------------------------------------------------

                     5649          2361                  - 58.2                         1668                     - 70.5

                    ---------------------------------------------------------------------------------------------

More recent research has taken greater care of developing commercially viable alley crops and by 2002 the alley crops alone were bringing in extra income for the farmers of between $US 110 to 205/ha. Now, the benefits of this technology are being extended in Yunnan.

In 2002, work was started in Hubei province using the new sloping land management strategy.

Summary

While the concept of soil and water conservation are well understood by the majority of educated people, farmers with limited education in many developing countries do not understand the benefits of soil conservation.  This is especially true if it costs them money from their limited resources for inputs, construction of terraces or from lost cropping area.  However, if a technology can be demonstrated that costs little extra, but brings greater return and offers stability to the farmer, it is much more easily accepted.
Developing and disseminating such a new technology is not an easy task. International scientists can offer new ideas. But it is the local scientists that make the program a success. If the local technicians work closely with farmers to find the best combination of practices that provides farmers profit while protecting the environment, then a major impact can be achieved.  The consisted efforts of the researchers in these provinces and their understanding of farmers’ needs and potential crops, made the technology of combining correct fertilizer use and alley cropping a success in China. 

More details can be obtained about this project from www.ppi-ppic.org or through personal contact with Drs. Tu or Chen of the PPI/PPIC China program.

Acknowledgements 
The author wishes to thank Drs. Tu Shihua and Chen Fang of PPI/PPIC China Program for providing information for this article.  Thanks need to be given to the scientists at SAAS, GAAS and YAAS who executed the research and generated the data.  Finally, thanks are in order to Dr. Adisak Sajjapongse who gave generously of his time and ideas to help make this project a success. 

