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This case study compares the environmental efficiency of non-certified organic and conventional rice production in southern China. Using plot-season level survey data, we first test the existence of a "technology gap" between the two types of production, and then calculate the environmental efficiency scores based on the use of pure nitrogen, which is considered as an environmentally detrimental input within the framework of the stochastic frontier analysis. Our analysis reveals that organic farming loses its environmental performance at high nitrogen levels and especially during the initial expansion period of organic farming as newly converted organic farmers prefer to increase the use of external nutrients such as nitrogen to compensate for a potential yield loss. These results highlight the uncertainty with which conventional farmers tend to view organic farming. However, we find that the experience gained by organic farmers over time helps increase and maintain their environmental efficiency. We thus warn against the rapid expansion of organic farming and recommend more technical support and strict nutrient regulation to maintain the environmental efficiency of organic farming.

Introduction

Achieving the balance between yield and the preservation of the agro-environment has always been the biggest challenge in agricultural development. Within this context, the debates about the sustainability of conventional and organic farming have never ceased [START_REF] Avery | The hidden dangers of organic food[END_REF][START_REF] Pretty | Reducing food poverty with sustainable agriculture: A summary of new evidence[END_REF][START_REF] Badgley | Organic agriculture and the global food supply[END_REF][START_REF] Connor | Organic agriculture cannot feed the world[END_REF]. This debate is now becoming a critical and urgent issue in the 21st century, as the ever-increasing world population requires higher agricultural yields whilst the deterioration of the agroenvironment is becoming more and more serious due to modern agriculture's excessive dependence on environmentally detrimental inputs.

Advocates of organic farming argue that organic farming is more environmentally friendly given its exclusion of synthetic inputs, i.e., pesticides, herbicides and fertilisers.

Evidence shows that organic farming has significant environmental benefits in terms of agricultural pollution reduction, soil and water conservation, soil fertility recovery, ecological health and biodiversity improvement. This argument has been supported by world institutions who have promoted organic farming on a global scale [START_REF] Willer | Organic agriculture worldwide: current statistics. The world of organic agriculture[END_REF]FAO, 2002;[START_REF] Ifad | The Adoption of Organic Agriculture Among Small Farmers in Latin America and the Caribbean: Thematic Evaluation[END_REF][START_REF] Worldbank | World Development Report 2010: Development and Climate Change[END_REF][START_REF] Twarog | Organic agriculture: A trade and sustainable development opportunity for developing countries[END_REF][START_REF] Kilcher | How organic agriculture contributes to sustainable development[END_REF][START_REF] Hine | Organic agriculture and food security in Africa[END_REF]. On the other side of the debate, critics of organic farming firstly stress the lower productivity of organic farming. Studies show that conversion to certified organic farming could reduce agricultural productivity by 20-50 percent in Europe and North America [START_REF] Avery | The hidden dangers of organic food[END_REF][START_REF] Connor | Organic agriculture cannot feed the world[END_REF][START_REF] Mayen | Technology adoption and technical efficiency: Organic and conventional dairy farms in the united states[END_REF].

Moreover, an often neglected concern involves the pollution of organic nutrients. Indeed, excessive use of external nutrients from organic sources also has a negative environmental impact. For example, the leaching of organic nitrates can cause water pollution, and ammonia volatilization of animal manure is a main source of greenhouse gas from agriculture [START_REF] Pretty | Regenerating agriculture: policies and practice for sustainability and self-reliance[END_REF][START_REF] Kirchmann | Ammonia emissions from agriculture[END_REF]. Therefore, to evaluate agricultural sustainability, one must take account of both agricultural productivity and efficient use of external nutrients. While many studies have focused on the productivity of organic farming [START_REF] Avery | The hidden dangers of organic food[END_REF][START_REF] Connor | Organic agriculture cannot feed the world[END_REF][START_REF] Pretty | Reducing food poverty with sustainable agriculture: A summary of new evidence[END_REF][START_REF] Badgley | Organic agriculture and the global food supply[END_REF], little attention has been given to the study of nutrient use in organic farming, especially for non-certified organic farming in developing countries1 .

In the literature of efficiency study, [START_REF] Reinhard | Econometric estimation of technical and environmental efficiency: An application to dutch dairy farms[END_REF] propose an indicator of environmental efficiency (hereafter referred to as EE) which is defined as the ratio of minimum feasibility to the observed use of an environmentally detrimental input at given output level. In other words, the indicator of EE measures the efficient use of environmentally detrimental inputs in agriculture production. This measure is appropriate for the evaluation of organic farming systems and provides useful insights into its environmental performance compared to conventional farming systems. In this paper, we contribute to the literature by applying the environmental efficiency to evaluate smallholder paddy rice production in a Chinese village, where non-certified organic farming was introduced in the context of the New Rural Reconstruction movement [START_REF] Renard | Social activity and collective action for agricultural innovation: a case study of new rural reconstruction in china[END_REF]. Specifically, we focus on the efficient use of pure nitrogen, the most important nutrient input for paddy rice production. Meanwhile, it is also the biggest pollutant to air and underground water resulting from agricultural production in China [START_REF] Zhu | Nitrogen fertilizer use in china: Contributions to food production, impacts on the environment and best management strategies[END_REF][START_REF] Ju | Changes in the soil environment from excessive application of fertilizers and manures to two contrasting intensive cropping systems on the north china plain[END_REF] 2 .

Using plot-season level survey data and agronomic experiment data, we gathered ourselves in the village, we firstly test the hypothesis of a "technology gap" between noncertified organic and conventional farming to determine the right specification of the production function. We then calculate environmental efficiency scores using a Stochastic Frontier Analysis (SFA) approach for both organic and conventional plots. Finally, we compare the calculated environmental efficiency scores between organic and conventional farming. The panel structure of data (five seasons from 2008 to 2010) also allows us to investigate the evolution of environmental efficiency over time.

Our case study demonstrates that for smallholder rice production, conversion to organic farming does not reduce the actual rice yield if chemical fertilizers are successfully substituted with organic nutrients. There is no significant "technology gap" between or-ganic and conventional farming in poor areas. However, organic farming is not necessarily more environmentally efficient than conventional farming at high nutrient levels, which is mainly due to the inexperience of newly converted farmers in organic farming, especially during the initial conversion period from conventional to organic farming. Therefore, to maintain the environmental efficiency of organic farming, more external support such as technical training and environmental education are needed to accompany farmers during the conversion period.

The remainder of this paper is organized as follows. Section 2 presents the organic farming project in the village. Section 3 describes the methodological framework and empirical method. Section 4 gives details of the data. Section 5 discusses the main results and Section 6 concludes.

Organic farming in Sancha village

Originally dedicated to produce high quality products for exportation, organic farming has now become a rural development strategy in China. Since 2003, vibrant organic communities have been observed in rural China in conjunction with the social movement of the New Rural Reconstruction that was initiated by scholars, students and social activists.

Diverse models such as farmer's co-ops, farmer-participatory development and Community Supported Agriculture (CSA) have recently emerged to promote organic farming in China [START_REF] Day | The end of the peasant? new rural reconstruction in china[END_REF][START_REF] Jia'en | Alternative responses to the modern dreamâ Ďć: the sources and contradictions of rural reconstruction in china[END_REF]. In this study, we will focus on one of these alternative models in southern China.

The study area is located in Sancha village (109.01E/22.73N), a small village in Hengzhou county of Guangxi province (see Map A in the Appendix) 3 . Due to the abundant water resources and tropical climate, paddy rice is one of the most important crops in this region. Since the 1960's, machinery and modern chemical inputs have been promoted in southern China. However, given its remote situation and poverty, Sancha village maintains its old tradition of paddy rice production, e.g., two crop seasons of rain fed culture, cattle tillage and the use of cow dung fertilizer. The average chemical fertilizer application level is about 16.76 kg per mu (1 mu = 1/15 ha) in the village, which is much lower than the average provincial level of 26.24 kg per mu4 . Therefore, both the traditional agricultural practice and the well preserved natural environment favor the development of organic farming in this village.

In 2005, an organic farming project was introduced to the village by the local Maize Research Institution in partnership with an NGO called Partnerships for Community Development (PCD), with the aim of promoting organic paddy rice production5 . This project began with participatory experimentation among a small group of farmers. During the experimentation period, the PCD provided strong technical and marketing support (CSA) to encourage conversion. By means of these participatory farmer experimentations, organic farmers found a suitable nutrient formula to substitute the chemical fertilizer by self-produced compost and traditional organic inputs6 . With respect to pest control, farmers have adopted the integrated rice-duck culture system and the use of traditional medicinal plants, which appear to be efficient in preventing certain pests7 . Table 1 gives more details about the difference between organic farming and conventional farming in Sancha village. As one can note from table 1, the organic farming is more environmentally sound comparing to conventional farming. The use of chemical fertilizers and pesticides are strictly prohibited. Farmers adopt their own formula of fertilizers (i.e., compost, cow dung, pig manure, hen manure etc.) and seeds according to the availability and specific soil condition. More ecological methods such as duck raising have been integrated into the paddy rice production, which is expected to achieve the recurrence of ecosystem.

Although without official organic certification, Sancha's organic farming corresponds to the definition of non-certified organic farming according to the International Federation of Organic Agriculture Movements (IFOAM).

After three years of experimentation, the project entered into a novel phase of scaling up. The year of 2009 was a critical time point of the project. Thanks to the improved social networks, more farmers got access to information about the organic farming project 8 . An acceleration of conversion to organic farming was observed in 2009. At the end of 2009, 73 percent of farmers in the village had conducted experiments on their paddy land.

However, due to the limited resource of PCD, the technical support and environmental education was not able to cope with such a rapid expansion of organic farming. We note that although organic farming was universally accepted primarily due to its high price premium, newly converted farmers were still concerned about the loss of yield due to conversion.

To investigate the performances of organic and conventional farming in Sancha village, we collected data on inputs and output of paddy rice production by means of a household survey. Combined with the agronomic experimentation data of nitrogen content for each input provided by the local agronomist (see Table 11 in the Appendix for more details), we were able to calculate the pure nitrogen input as well as the soil surface nitrogen balance for both systems 9 . Table 2 presents a comparative summary of agricultural and envi-

8 More details about the social network construction in the village can be found in [START_REF] Renard | Social activity and collective action for agricultural innovation: a case study of new rural reconstruction in china[END_REF].

9 The nitrogen balance is calculated at the soil surface level, following the method of OECD (2001), ronmental performance between conventional and organic farming during five consecutive crop seasons (from 2008 to 2010). From Table 2, we note that organic farming has successfully coped with conventional farming in terms of yield. There has been no significant difference between organic farming and conventional farming in five crop seasons. This is in line with similar observations from other developing countries [START_REF] Zhu | Genetic diversity and disease control in rice[END_REF][START_REF] Pretty | Reducing food poverty by increasing agricultural sustainability in developing countries[END_REF] and can probably be explained by the similar pure nitrogen input in the village. As one can note, during the scale-up period (since season three in 2009), organic farmers tended to use more pure nitrogen than their non-organic counterparts. This is indeed not surprising and has already been highlighted in the literature. For instance, Hessel [START_REF] Hessel Tjell | Dynamic of mineral n and plant nutrient leaching in fertilized and manured cropping systems with and without catch crop. results from a sandy soil in halland[END_REF][START_REF] Torstensson | Ecological farmingâ ȂŞ leaching and nitrogen turnover. cropping systems with and without animal husbandry on a clay soil in the county of vastergotland[END_REF] have reported that mean use of nitrogen in organic systems is close to that of conventional systems in Sweden. This phenomenon could be explained by the smallholder production on tiny plots, where it is quite possible to substitute chemical nitrogen with organic nitrogen. However, it is also certainly due to the behavior of newly converted farmers to organic farming in Sancha village. According to the head of the farmers' association: "Since they (newly converted farmers) have less experience and confidence, they would generally apply more compost or animal manure for fear of yield loss from conversion."

as the difference between the total quantity of pure nitrogen entering and the quantity of pure nitrogen leaving the soil surface over one production cycle. Since the aim of this approach is to investigate the global environmental impact of rice production, we do not distinguish between the loss of nitrogen to ground water and air separately.

Regarding the environmental impact, we take a look at the soil surface nitrogen balance. A persistent deficit in nutrient budgets might indicate mining of soil nutrients, whilst a persistent surplus might indicate potential environmental pollution (OECD, 2001). We note that, at the mean level, both organic and conventional farming have displayed a varying nitrogen surplus, ranging from -0.1 kg per mu to 2.6 kg per mu. Compared to other Chinese provinces, the nitrogen surplus level in Sancha village is still low [START_REF] Sun | Surface n balances in agricultural crop production systems in china for the period 1980-2015[END_REF][START_REF] Wang | Opportunities for yield increases and environmental benefits through site-specific nutrient management in rice systems of zhejiang province, china[END_REF] while compared to its neighbor countries such as Thailand, Bangladesh and Vietnam, it appears to be at a similar or higher level [START_REF] Wijnhoud | Nutrient budgets: sustainability assessment of rainfed lowland rice-based systems in northeast thailand[END_REF][START_REF] Hossain | Nitrogen budgets for boro rice (Oryza sativa l.) fields in bangladesh[END_REF][START_REF] Mussgnug | Yield gaps and nutrient balances in intensive, rice-based cropping systems on degraded soils in the red river delta of vietnam[END_REF]. Once again, the nitrogen balance indicates a significant loss of environmental performance for organic farming during the scale-up period, which highlights the necessity of nitrogen optimization.

To summarize, in five consecutive crops seasons, organic farmers in Sancha village have achieved a satisfactory yield by substituting the chemical fertilizers with self-produced organic fertilizers. This is a big success from an economic point of view. However, the environmental cost is still high as indicated by high pure nitrogen input and nitrogen accumulation in the soil, especially during the scale-up period. Therefore, in order to investigate the sustainability of organic farming, we will need another indicator of nitrogen-use efficiency which takes into account both yield and environmental cost. For this purpose, we now turn to the indicator of environmental efficiency (EE) using the stochastic frontier analysis (SFA).

Methodological framework

The term of environmental efficiency used in this study is defined by the minimum use of pure nitrogen for a given level of yield. This environmental efficiency is different from conventional technical efficiency (TE) and stresses the efficient use of pure nitrogen, and thus the efficiency of environment preservation. Environmental efficiency is calculated from technical efficiency with the classic approach of SFA. We apply a two-step approach here as proposed by [START_REF] Reinhard | Econometric estimation of technical and environmental efficiency: An application to dutch dairy farms[END_REF]. Environmental efficiency is firstly calculated from technical efficiency using a stochastic frontier analysis and then used as a dependent variable to investigate the environmental efficiency of organic farming.

Calculating environmental efficiency with a SFA model

To determine the environmental efficiency of organic farming, we need first to calculate this efficiency. The way to achieve this is to introduce environmental variables into a traditional production function in order to derive environmental efficiency from adjustments of conventional measures of technical efficiency.

Technical efficiency is first derived from a production frontier under the hypothesis that a non-optimal use of production factors by agricultural farmers, i.e., an X-inefficiency [START_REF] Leibenstein | Allocative efficiency vs. x-efficiency[END_REF], is the effect of labor and credit constraints. Assuming that a farmer i uses traditional X inputs to produce single or multiple conventional Y outputs, a production function can be written to represent a particular technology:

Y i = f (x i ), where f (x i
) is a production frontier. On the frontier, the farmer produces the maximum output for a given set of traditional inputs or uses the minimum set of traditional inputs to produce a given level of output. In standard microeconomic theory, there is no inefficiency in the economy, implying that all production functions are optimal and all firms produce at the frontier. However, if markets are imperfect, farmers' yields can be pulled below the production frontier.

Consider now the environmental pollution of the agricultural production. Conventionally, environmental damage can be modeled as undesirable outputs [START_REF] Cuesta | Environmental efficiency measurement with translog distance functions: A parametric approach[END_REF]. However in our case, we cannot apply this method since we have no precise data regarding environmental damage such as water or air pollution related to agricultural production. Alternatively, we focus only on nitrogen as a source of environmental pollution.

This environmentally detrimental input can be introduced in the function production. To be efficient, a farmer needs to maximize his conventional yield with the environmentally detrimental input, i.e. nitrogen, as well as with other conventional inputs (X).

In this context, we follow [START_REF] Reinhard | Econometric estimation of technical and environmental efficiency: An application to dutch dairy farms[END_REF] by defining environmental efficiency as the ratio of minimum feasibility to the observed use of the environmentally detrimental input, conditional to observed levels of output and conventional inputs10 . This can be formulated by the following non-radial input-oriented measure:

EE i (x, y) = [min θ : F (x i , θZ i ) ≥ y i ], (1) 
where the variable y i is the observed output for farmer i, produced using X i of the conventional inputs and Z i of the environmentally detrimental input. F (.) is the best practise frontier with X and Z.

Within the framework developed by [START_REF] Reinhard | Econometric estimation of technical and environmental efficiency: An application to dutch dairy farms[END_REF], environmental efficiency can be calculated using a standard translog production function as follows (Christensen et al., 1971) 11 :

ln(Y i,t ) = β 0 + m j=1 β j ln(X ij,t ) + β z ln(Z i,t ) + 1 2 m j=1 m k=1 β jk ln(X ji,t )ln(X ki,t ) + 1 2 m j=1 β jz ln(X ji,t )ln(Z i,t ) + 1 2 β zz ln(Z i,t ) 2 -U i,t + V i,t , (2) 
where i = 1, . . . , n is the plot unit observations and t = 1, . . . , T is the number of periods; j, k = 1, 2, . . . , m is the applied traditional inputs; ln(Y i,t ) is the logarithm of the output of plot i; ln(X ij,t ) is the logarithm of the j th traditional input applied on the i th plot; ln(Z i,t ) is the logarithm of the environmental detrimental input applied; and β j , β z , β jk , β jz and β zz are parameters to be estimated12 . The logarithm of the output of a technically efficient producer Y F i,t with X i,t and Z i,t can be obtained by setting U i,t = 0 in Equation 2. However, the logarithm of the output of an environmentally efficient producer Y i,t with

X i,t and Z i,t is obtained by replacing Z i,t by Z F i,t , where Z F i,t = EE i,t * Z i,t , and setting U i,t = 0 in Equation 2 as follows ln(Y i,t ) = β 0 + m j=1 β j ln(X ij,t ) + β z ln(Z F i,t ) + 1 2 m j=1 m k=1 β jk ln(X ji,t )ln(X ki,t ) + 1 2 m j=1 β jz ln(X ji,t )ln(Z F i,t ) + 1 2 β zz ln(Z F i,t ) 2 + V i,t . (3) 
The logarithm of EE (lnEE i,t = lnZ F i,t -lnZ i,t ) can now be calculated by setting Equations 2 and 3 equal as follows:

1 2 β zz (lnEE i,t ) 2 + (lnEE i,t )[β z + m j=1 β jz lnX ij,t + β zz lnZ i,t ] + U i,t . = 0 (4)
By solving Equation4, we obtain:

lnEE i,t =      -      A β z + m j=1 β jz lnX ij,t + β zz lnZ i,t      ±               B β z + m j=1 β jz lnX ij,t + β zz lnZ i,t      -2β zz U i,t          0.5       /β zz (5) 
As mentioned by [START_REF] Reinhard | Econometric estimation of technical and environmental efficiency: An application to dutch dairy farms[END_REF], the output-oriented efficiency is estimated econometrically whereas environmental efficiency (Eq. 4) is calculated from parameter estimates (β z and β zz ) and the estimated error component (U i,t ).

Since a technically efficient farm (U i,t = 0) is necessarily environmentally efficient (lnEE i,t = 0). The " + √ must be used13 .

In our case of paddy rice production, three traditional inputs and one environment detrimental input are identified for the production function. The final stochastic model in the translog case is as follows:

Y ield i,t = β 0 + β 1 .L i,t + β 2 .C i,t + β 3 .W i,t + β 4 .N i,t + β 5 .L 2 i,t + β 6 .C 2 i,t + β 7 .W 2 i,t + β 8 .N 2 i,t + β 9 .L i,t * C i,t + β 10 .L i,t * N i,t + β 11 .L i,t * W i,t + β 12 .C i,t * W i,t + β 13 .C i,t * N i,t + β 14 .N i,t * β 15 .W i,t + Seed + Season -U i,t + V i,t . (6) 
Here the output is the yield of raw rice. The three traditional inputs are the labor (L), capital (C) and water (W ), and the environment detrimental input is the pure nitrogen input (N ) derived from both organic and chemical sources. All output and inputs are normalized by the plot area. Traditionally, farmers use different seeds in different seasons according to climate, we need to control for this in the equation with Season as a dummy fixing one of the five seasons and Seed as a dummy for different seed species (see Tables 3 and12 for descriptive statistics, and Table 10 for description and definition of variables). The inefficiency term is allowed to be time-variant following the Battese-Coelli parametrization of time-effects [START_REF] Battese | Frontier production functions, technical efficiency and panel data: With application to paddy farmers in india[END_REF]. Therefore, the maximum likelihood estimator is appropriate to estimate technical efficiency, which is modeled as a truncated-normal random variable multiplied by a specific function of time 14 .

One fundamental question underlying the standard model above is whether organic and conventional farming share similar production technology. In other words, should we model these two types of production processes with a single production function? Conventionally, one may expect that the organic standards and chemical input constraints will significantly change the production process. If this is the case, a single production function modelling may yield biased technical efficiency, and thus biased environmental efficiency. It is therefore necessary to control for technology heterogeneity in the production function or apply the meta-frontiers analysis [START_REF] Battese | Technology gap, efficiency, and a stochastic metafrontier function[END_REF][START_REF] Battese | A metafrontier production function for estimation of technical efficiencies and technology gaps for firms operating under different technologies[END_REF][START_REF] Oâ Ȃź Donnell | Metafrontier frameworks for the study of firm-level efficiencies and technology ratios[END_REF].

However, we also have good reason to believe that the technology of organic and conventional farming may be similar in small and undeveloped rural areas, since poor farmers face a similar environment and cannot easily improve their production means 14 Estimations are made using Stata 11 and the command xtfrontier.

by simply switching to organic farming during such a short time. The major difference between organic and conventional farming is reflected by the amount of inputs which is modelled by the translog production function. In other words, organic farming would not directly but rather indirectly influence the productivity through the efficiency terms (i.e., TE and EE). If this is the case, a two-stage analysis is appropriate [START_REF] Battese | A model for technical inefficiency effects in a stochastic frontier production function for panel data[END_REF]. Therefore, to ensure the relevance of technical efficiency from the beginning, we will need to perform a preliminary statistical test to determine the right specification of our production function as follows:

Y ield i,t = β 0 + β 1 .L i,t + β 2 .C i,t + β 3 .W i,t + β 4 .N i,t + β 5 .L 2 i,t + β 6 .C 2 i,t + β 7 .W 2 i,t + β 8 .N 2 i,t + β 9 .L i,t * C i,t + β 10 .L i,t * N i,t + β 11 .L i,t * W i,t + β 12 .C i,t * W i,t + β 13 .C i,t * N i,t + β 14 .N i,t * W i,t + β 15 .Organic i,t + Season + Seed -U i,t + V i,t (7) 
In equation 7, a dummy Organic, stating if the plot is under organic farming, is appended in the standard production function to capture any potential "technology gap" between two technologies. Moreover, one may suspect that organic farming will also change the marginal contribution to output of each input. We thus append organic interactive terms with all inputs as in the following equation 8:

Y ield i,t = β 0 + β 1 .L i,t + β 2 .C i,t + β 3 .W i,t + β 4 .N i,t + β 5 .L 2 i,t + β 6 .C 2 i,t + β 7 .W 2 i,t + β 8 .N 2 i,t + β 9 .L i,t * C i,t + β 10 .L i,t * N i,t + β 11 .L i,t * W i,t + β 12 .C i,t * W i,t + β 13 .C i,t * N i,t + β 14 .N i,t * W i,t + β 15 .Organic i,t + β 16 .Organic i,t * L i,t + β 17 .Organic i,t * C i,t + β 18 .Organic i,t * W i,t + β 19 .Organic i,t * N i,t + Season + Seed -U i,t + V i,t (8) 
The hypothesis of the existence of a "technology gap" will be verified by checking the joint significance of coefficients between the organic intercept and slope shifters (i.e.,

β 15 -β 19 ).
Moreover, the endogeneity problem of organic farming can be addressed in this ap-proach. In our case, the adoption of organic farming and agricultural output could be conjointly determined by some omitted environmental and personal factors (e.g., soil quality and farmer ability). These omitted variables may bias the coefficients as well as the significance of the variables associated to organic farming (additive and interaction terms).

To deal with this issue, we run a within estimation which eliminates the bias due to all time-invariant factors. To get rid of any potential time-variant factors, we will perform a within-2SLS estimation and compare the results with that of the within estimation.

In our dataset, we have two available instruments which are (1) the presence of chemical fertilizer pollution near the plot (Pollution) and ( 2) the geographical distance from farmer's house to the plot (Distance). On one hand, the presence of chemical fertilizer pollution near the plot will render organic farming non credible and thus discourage this practice. On the other hand, organic farming requires much more labor due to transport and application of organic compost and manure so that long distance from house to plot will thus discourage organic farming15 . The validity of these instruments is tested by the Sargan over-identification test whereas their power is analysed by both the Shea partial R2 and the F statistics of excluded instruments. According to the result of these tests, we determine the correct specification of the production function. We can then derive technical efficiency and calculate environmental efficiency using the Formula 5.

Estimating the effect of organic farming on environmental efficiency

The second step of the analysis consists of comparing organic farming and conventional farming in terms of environmental efficiency, which is calculated from the first stage. To this end, we regress a simple econometric model as follows:

EE i,t = γ 0 + γ 1 Organic i,t + γ 2 Age i,t + γ 3 Sex i,t + γ 4 Educ i,t + ε i,t . (9) 
Equation 9 represents the relationship between environmental efficiency and organic farming. The coefficient γ 1 before the dummy variable Organic captures the difference of environmental efficiency between organic and conventional farming. Since environmental efficiency is a measurement of managerial performance which could depend on farmer characteristics, we control for major observable characteristics such as age, sex and education level of the plot owner in the model. Once again, to deal with the endogeneity of organic farming, a within estimator is used to control for unobserved and time-invariant individual effects. For time-variant effects, we make use of the two instruments used in the first stage to test the similarity of the production technology between organic and conventional farming. As such, the presence of a neighbor's chemical fertilizer pollution and the geographical distance from the plot are used and combined with the fixed effect to perform a Within-2SLS estimation.

According to agronomic experimentation in field, the productivity of organic farming is heterogenous on various levels of nitrogen application. This observation is supported by another study stating that the yield of organic farming is less sensitive to nitrogen over certain critical levels [START_REF] Kirchmann | Nutrients in organic farming-are there advantages from the exclusive use of organic manures and untreated minerals. In: New directions for a diverse planet[END_REF]. Should this be the case for environmental efficiency?

We explore the heterogeneity in environmental efficiency scores of organic farming on different nitrogen levels to derive more precise understanding. Given the potential endogeneity of nitrogen input, we could not introduce this variable and its interaction term Equation 9 is then estimated with respect to each of the three sub-samples. We note that this alternative solution is not perfect given that we can only observe a heterogenous correlation between environmental efficiency and organic farming rather than a causal effect.

Moreover, the effect of organic farming on environmental efficiency can be due to the the heterogenous effect exists, the environmental efficiency of organic farming may also be different before and after 2009. To this effect, we estimate the following equation:

EE i,t = α 0 + α 1 Organic i,t + α 2 2009 i,t + α 3 2009 * Organic i,t + α 4 Age i,t + α 5 Sex i,t + α 6 Educ i,t + ε i,t , (10) 
where the variable 2009 is a dummy of 1 if the season is in 2009 or after, and 0 otherwise (before 2009). The variable 2009 * Organic is an interaction term which captures the difference of organic effects before and after 2009. We control for farmer's age, sex and education level as in Equation 9. For the estimation of the model, the within and within-2SLS estimators are applied to correct for the endogeneity of organic farming and obtain consistent estimates.

The data used for this study derived from a detailed survey conducted in Sancha village by one of the authors. For the purpose of comparative study, two plots (one organic and one conventional) were randomly selected for every active farmer from their reported paddy fields, and information about the rice production was then collected on the basis of the plot 16 . To ensure the reliability of organic practices reported by farmers, we also checked the answers against the records of the farmers' association. Inconsistent answers were dropped from the dataset. Information was collected for the past five consecutive crops seasons (from 2008 to first half of 2010) with respect to output and inputs used on the plot.

The output consists of raw rice yield reported by farmers and expressed as kg per mu. Labor, capital and water are identified as three major conventional inputs, and the pure nitrogen is considered as the unique environmentally detrimental input for paddy rice production. For labor use, we asked farmers for labor time spent on each segment of a given rice production cycle such as soil plowing, plant setting, composting, fertilizer application, weed and pest control and harvesting. The final labor use is the sum of all segments and measured as hours per mu. The measure of capital refers to financial expenditures on machine use during the entire production cycle and is measured as yuan per mu. A measure of water use is introduced in the production function given that water is necessary for paddy rice production. However, this is also quite difficult to quantify. Given the lack of irrigation infrastructure, water consumption is expected to be constrained by water availability to the plot. We hereby construct a proxy variable, namely the index of water availability, which relies on average rain fall and mouse activity on the plot observed by farmers.

The calculation of pure nitrogen is derived from the experimentation data of nitrogen content provided by local agronomists and farmers' self-reporting of nutrient inputs (e.g., quantity of chemical fertilizers, animal manure and compost, etc.). The calculation is the same as presented in Section 2 and expressed as kg per mu.

16 Farmers with no organic plots were asked to give information on two conventional plots.

For other explanatory variables, socio-economic characteristics of households were collected. These characteristics include the age, sex and education level of the head of household. We also collected information on plot characteristics such as area, geographical distance and nearby presence of fertilizer pollution spots. Table 3 gives descriptive statistics of the database and a summary of variable definitions can be found in Table 10 in the Appendix. Note: For all tests of means, the null hypothesis is that the means are equal against a two-sided alternative.

The confidence level is at 5%.

From the descriptive statistics, we note that organic farming is more labor intensive than conventional farming, which is explained by the additional work of compost fabrication and transportation, as well as farm management. This abundant and hard work seems to discourage male and more aged farmers to produce organic farming in the village. Finally, the influence of geographical distance and neighbor fertilizer pollution is significant for the choice of organic farming. In the following section, we will present the estimated results and the calculated environmental efficiency from the SFA as well as the estimated results regarding the effect of organic farming on environmental efficiency.

Results and discussion

Technology gap and specification of SFA model

The first step is to test the hypothesis of "technology gap" between organic and conventional farming to determine the best specification of the SFA model. Three specifications (i.e., without controlling for organic farming, with organic additive intercept, and with organic additive intercept and interaction terms with each input) are thus estimated by the within and within-2SLS estimators (see Table 13 in the Appendix for the estimated results of the instrumentation equation). A comparison of estimated results are presented in Table 4.

In column 1 of Table 4, we estimate the standard SFA model and report it as a benchmark. One can note, in columns 2 and 3, that the inclusion of the organic variable in the model does not change many of the coefficients, and the organic intercept is also not significant. When the organic interaction terms are included in the model, the labor loses its significance. This is probably due to its correlation with the interaction term of Organic * Labor. To check the hypothesis of a "technology gap", we test the restrictions that the organic dummy and interaction terms are jointly equal to zero. The chi-squared statistic from a Wald test is 5.09 with an associated p-value of 0.405. Thus we cannot reject the null hypothesis that the organic intercept and slope shifters are jointly equal to 0 at conventional significance level. Put another way, the "technology gap" between organic and conventional farming is not significant in our case. This result is in contrast with other studies on technical efficiency of organic farming in developed countries [START_REF] Mayen | Technology adoption and technical efficiency: Organic and conventional dairy farms in the united states[END_REF]. This result is however relevant in the context of developing countries. In the literature of organic farming, emerging evidence has shown that organic farming has similar productivity to that of conventional farming [START_REF] Pretty | Reducing food poverty with sustainable agriculture: A summary of new evidence[END_REF][START_REF] Badgley | Organic agriculture and the global food supply[END_REF]. Thus, this test confirms that converting to organic farming will not technically reduce the productivity of paddy rice production in rural China. On the basis of this result, we adopt the standard specification of the SFA model (i.e., specification without controlling for organic farming) and estimate it with the maximum likelihood estimator in the next step.

Estimation of the SFA model

In this section, we check the relevance of the SFA model with our dataset. Here we specify the time-variant inefficiency as [START_REF] Battese | Frontier production functions, technical efficiency and panel data: With application to paddy farmers in india[END_REF]. The inputs marginal productivity and elasticities are reported in Table 5.

Firstly, we check the theoretical consistency of our estimated efficiency model by verifying that the marginal productivity of inputs are positive. If this theoretical criterion is met, then the obtained efficiency estimates can be considered as consistent with microeconomics theory. As the coefficients of the translog functional form do not allow for direct interpretation of the magnitude and significance of any inputs, we compute the output elasticities for all inputs at the sample mean and median and report them in column (3) and column(4) 17 .

In our sample, the paddy rice production in Sancha village depends more strongly on nitrogen (0.36) and water (0.13) at the sample mean. This suggests that the yield of rice production is most likely relative to nitrogen and water use. However, the marginal productivity of labor appears to be negative (-0.019) at the sample mean. This result seems to be relevant within the context of Chinese agriculture. According to other studies, surplus labor may exist in remote areas [START_REF] Wan | Effects of land fragmentation and returns to scale in the chinese farming sector[END_REF][START_REF] Fan | Structural change and economic growth in china[END_REF]. The over-use of labor inputs implies that the marginal productivity of labor must be very low, even negative in some cases [START_REF] Tian | Technical efficiency and its determinants in china's grain production[END_REF][START_REF] Tan | Impact of land fragmentation on rice producers technical efficiency in South-East china[END_REF][START_REF] Chen | Farm technology and technical efficiency: Evidence from four regions in china[END_REF].

Finally, our results ensure that the returns to scale at sample mean and the sample median are both positive. 17 The elasticities of mean output with respect to the j th input variable are calculated at the mean of the log of the input variable and its second order coefficients as follows:

δlnY δX j = β j + 2.β jj lnX j + Σ K j =k β jk lnX k . (11) 
Within the framework of the translog stochastic production frontier, we predict technical efficiency scores and thereby calculate environmental efficiency scores (see Table 12 regarding descriptive statistics of both technical and environmental efficiency). Technical efficiency is significant in our sample with a mean value of 0.73, ranging from 0.33 to 0.98.

The score suggests that most farmers, both conventional and organic, have sufficiently mastered the technology to produce satisfactory yield. However, when looking into the environmental efficiency scores, the mean value is only 0.45, ranging from 0.08 to 0.96.

The standard error of environmental efficiency is higher (0.18) than that of technical efficiency (0.12). This result suggests that most farmers are not environmentally efficient rather that technical efficiency cannot guarantee environmental efficiency. Should converting to organic farming help to improve environmental efficiency? We now turn to the second step of our analysis to investigate this question. 

H 0 : µ = 0 0.270 * * * H 0 : η = 0 0.034 * H 0 : γ = 0 0.683 * *
Estimation method: Maximum likelihood estimator with time-variant TE. H 0 : µ = 0, H 0 : η = 0 and H 0 : γ = 0 report alternatively the null hypotheses that the technical inefficiency effects

(1) have a half-normal distribution, (2) are time invariant and (3) present in the model. 5 seasons and 7 seeds are controlled for. *** statistical significance at 1%, ** statistical significance at 5%, * statistical significance at 10%.

Environmental efficiency of organic farming

Table 6 presents the estimation results of equation 7. As discussed in Section 3.2, we explore the heterogenous effect of organic farming on different levels of nitrogen application by looking into three equal sub-samples. To save room, we only report results by the within-2SLS estimator and its first stage regression. The result of the within estimation are found in Table 14 in the Appendix. At first glance, the difference of environmental efficiency between organic and conventional farming is non-significant (Col.5). However, the picture is not the same for all sub-samples. At low and medium levels of nitrogen (i.e., application rate below 15.29 kg per mu), the sign of organic farming is positive at 10 percent statistical significance (Col.7 and 8). This means that for plots with medium and low nitrogen, converting to organic farming does minimize the nitrogen use at the actual output level. The advantage of organic farming is thus obvious compared to conventional farming. Nevertheless, this performance of organic farming does not sustain a high nitrogen level (i.e., application rate above 15.29 kg per mu). The effect of organic farming becomes negative but nonsignificant (Col.6). In other words, for plots using high levels of nitrogen, converting to organic farming does not minimize the nitrogen application and thus does not allow for improvement in environmental efficiency.

This result is not surprising. In Europe, for instance, at high nitrogen application levels, agronomist experiments also provide evidence showing that the nitrogen-use efficiency of organic farming systems is indeed lower than conventional farming systems [START_REF] Kirchmann | Nutrients in organic farming-are there advantages from the exclusive use of organic manures and untreated minerals. In: New directions for a diverse planet[END_REF]. This result suggests that in a developing country like China, one should interpret the effect of organic farming with caution. Rapid conversion to organic farming does not necessarily mean the reduction of nitrogen use. At high levels of nitrogen input, conversion to organic farming does not improve environmental efficiency or resolve agricultural pollution problems due to nitrogen overuse.

Robustness check

How to explain the decreasing performance of organic farming at high nitrogen levels?

As mentioned in Section 2, newly converted farmers in Sancha village tend to use more nitrogen due to their uncertainty and lack of training. Meanwhile, the experience and field management capacity of farmers could also determine their environmental efficiency.

Intuitively, the behaviors of newly converted farmers may probably explain the reduction of environmental efficiency for organic farming at high nitrogen levels. With our dataset, we can test this explanation by focusing on environmental efficiency of trained farmers, i.e., those who participated in the early organic farming experimentation in 2005. With the name list provided by the NGO, we are able to identify households who have participated in the experimentation and converted to organic farming since then. We redo the same estimation with observations of these households and check the results again. If the results turn out to be positive and significant for all sub-samples, we can then validate this explanation. We now turn to the within-2SLS estimation results in Table 7 (see the results of the within estimation in 15 in the Appendix).

As one can note in columns 5-8, with observations of trained farmers, we now find that organic farming is significantly superior to conventional farming in terms of environmental efficiency regardless of the nitrogen level. This result confirms our explanation and com- To check the robustness of our results, we explore the performance of organic farming over time. We recall that the boost of nitrogen input in organic farming is observed in the scale-up period from 2009 (see Table 2 in Section 2). As a consequence, a substantial number of newly converted organic farmers joined the organic farming project from 2009 which can explain the boost of nitrogen used to compensate a potential yield loss due to a lack of experience. We should thus find a negative effect of organic farming on environmental efficiency after 2009. The results can be found in Table 8.

Table 8 reports the environmental performance of organic farming before and after 2009 when the organic farming project scaled up. The results estimated by the within-2SLS estimator are presented and the results by the within estimator are found in Table 16 in the Appendix. In column 7, organic farming is found to have a positive and significant effect on environmental efficiency after controlling for both the turning point in the organic farming project, i.e., 2009, and plot fixed effects. However, the interaction term has a significant and negative effect. That is to say, before 2009, organic farming was more efficient than conventional farming in terms of environmental efficiency. However, after 2009, this environmental performance of organic farming significantly decreased. This result is in line with our previous findings and confirms the robustness of our result stating that newly converted organic farmers increased the use of external nutrients in an attempt to compensate for the potential yield loss they feared. of chemical fertilizer by organic nutrients is a first step but is not sufficient to achieve this goal. Therefore, additional efforts such as technical support and environmental education are required for the control of nutrient application.

In developing countries, driven by political and economic interests, governments often ignore this critical condition and promote organic farming solely through economic policies such as organic fertilizer subsidies. This economic policy appears effective as it reduces the cost of organic nutrients and encourages conversion in the short term. Nevertheless, it risks inducing rapid conversion and high organic nutrient application which can induce inexperienced farmers laking effective technical support to apply the same, or more, nutrients than conventional farmers in an attempt to maintain the yield. This policy is thus non sustainable in areas facing a shortage of organic nutrient supplies and nutrient surpluses in the soil. In light of growing trends that see governments seeking to expand and industrialize organic farming in developing countries, our study warns of the potential risk of rapid expansion, and highlights the need for regulation of nutrient application in developing countries.

In order to preserve the environmental efficiency of organic farming and develop it in a sustainable way, governments and development agencies need to provide more institutional support such as environmental education and technical training to accompany farmers during the conversion period. Otherwise, more strict regulation with respect to nutrient application is needed in the rapid expansion of organic farming in developing countries. C First-stage regressions results (IV) 

D Within estimation results

(

  crossed with organic) into the model directly. Alternatively, we split the total sample into three equal sub-samples according to three critical levels of nitrogen application: (1) a high sub-sample which contains one third of the observations under which the level of nitrogen is the highest (ln N > 3.42); (2) a low sub-sample of one third of the observations under which the level of nitrogen is the lowest (ln N < 3.20); (3) a medium sub-sample of one third of the observations between the two levels (ln N between 3.20 and 3.42).

  level of training received by organic farmers. As mentioned in Section 2, newly converted farmers in Sancha village tend to use more nitrogen due to their uncertainty and lack of training. Newly converted farmers can thus experience very low environmental efficiency because they are less trained and have little experience about organic farming. With our dataset, we can test if trained farmers, i.e., those who participated in the early organic farming experimentation in 2005, are more environmentally efficient than newly converted farmers. With the name list provided by the NGO, we are able to identify households who have participated in the experimentation and converted to organic farming since then. We thus redo the estimation of equation 9 with the sample of trained farmers.We can also test the explanation and the robustness of the heterogenous effect of organic farming on environmental efficiency according to nitrogen use by focusing on time. As mentioned in Section 2, the development of the organic project in Sancha village allows us to explore the variation of environmental efficiency over time. Promoted by the PCD, the organic project in the village has scaled up since 2009. Along with this scaling up, a boost of nitrogen use has been observed in organic farming. Intuitively, if

  pletes the story. Having received effective technical training and environmental education provided by the PCD, experienced farmers are indeed more conscious about the environmental problem and more respectful of the principles of organic farming. With effective training in farm management, they are able to minimize the use of external nitrogen rather than increasing it to maintain the output as done by newly converted farmers. From the environmental efficiency point of view, the organic farming conducted by trained farmers is more sustainable than that of newly converted farmers. Taken together, our results stress the importance of technical and institutional assistance in the promotion of organic farming. Effective support such as farmer capacity building and environmental education are indispensable in guaranteeing the environmental efficiency of organic farming in its development. Without this support, organic farmers may use more organic nitrogen to compensate for the lack of chemical fertilizer and ignore the management of nitrogen. As a result, while maintaining the output, organic farming may fail to achieve its objective of environmental protection.

  

Table 1 :

 1 Organic farming versus conventional farming in Sancha village

		Organic	Conventional
	Seeds	Hybrid rice CY998, Tradi-	Hybrid rice CY998
		tional rice varieties: BX139,	
		GF6, GF2, BGX, SYZ	
	Fertilizers	Compost(30% fish powder,	Cow dung, Pig manure, Green
		30% bone powder, 30%	manure, Compound fertilizer,
		peanut bran, 10% straw ash),	Urea
		Cow dung, Hen manure, Pig	
		manure, Bio gas slurry, Green	
		manure	

Table 2 :

 2 Performance of organic and conventional farming in Sancha village

	Yield (kg/mu)		Nitrogen (kg/mu)		Nitrogen balance (kg/mu)
	Organic	Conv	dif	Organic	Conv	dif	Organic	Conv	dif
	Season 1 360.6(84.1)	363.3(94.1)	ns	13.3(3.2) 15.0(4.0)	**	0.0(3.7)	1.7(3.4)	**
	Season 2 313.7(92.6)	323.7(92.8)	ns	12.1(3.3) 12.9(3.8)	ns	-0.1(3.7) 0.5(3.3)	ns
	Season 3 339.0(91.8)	363.0(97.5)	*	15.4(4.5) 14.9(3.8)	ns	2.6(4.8)	1.6(3.2)	*
	Season 4 301.9(86.8) 316.5(102.8)	ns	14.4(3.9) 12.5(3.7) ***	2.5(4.1)	0.2(3.1)	***
	Season 5 363.5(72.8)	362.5(90.3)	ns	15.2(3.8) 14.6(3.6)	ns	1.8(4.1)	1.3(3.1)	ns
	Notes: Data from the author's household survey and agronomic experimentation data provided by the local
	agronomist. 1 mu = 1/15 ha. The mean value is presented with standard deviation in parentheses. Seasons 1-2,
	3-4 and 5 cover 2008, 2009 and 2010 separately. *** statistical significance at 0.1%, ** statistical significance
	at 1%, * statistical significance at 5%. "ns" means non-significant.				

Table 3 :

 3 Descriptive statistics by type of farming

		Total(1,012)	Organic Plot(345)	Conv Plot(667)	Equality test
		Mean	Sd	Mean	Sd	Mean	Sd	P-value
	Yield (kg/mu)	342.16 (94.46) 336.49	(88.15)	345.09	(97.5)	0.17
	Labor (h/mu)	129.81 (54.01) 156.33	(55.29)	116.09 (47.92)	0
	N (kg/mu)	14.13	(3.96)	14.42	(4.03)	13.97	(3.93)	0.08
	Capital (yuan/mu)	74.17	(52.21)	76.53	(51.31)	72.95	(52.67)	0.3
	Water (1-3)	2.51	(0.65)	2.56	(0.67)	2.49	(0.64)	0.14
	Age	54.59	(12.59)	53.42	(12.47)	55.19	(12.62)	0.03
	Sex	0.61	(0.49)	0.68	(0.47)	0.57	(0.5)	0
	Education	3.64	(3.3)	3.79	(3.51)	3.56	(3.19)	0.29
	Distance (1-4)	1.91	(0.87)	1.57	(0.65)	2.09	(0.91)	0
	Pollution (1/0)	0.74	(0.44)	0.34	(0.48)	0.95	(0.22)	0

Table 4 :

 4 Specification of SFA model Robust standard errors in parentheses. 5 seasons and 7 seeds are controlled for. *** statistical significance at 1%, ** statistical significance at 5%, * statistical significance at 10%. The Hansen statistic is not reported for column 3 since there is only one IV (distance is time invariant and dropped).

	Dependent variable			Rice yield		
		Specification 1	Specification 2		Specification 3
		(1)	(2)	(3)	(4)	(5)
	Estimator	Within	Within	Within-2SLS	Within	Within-2SLS
	Labor	2.271 * *	2.276 * *	2.309 * *	1.298	2.550
		(0.925)	(0.926)	(1.015)	(0.98)	(1.695)
	Capital	1.616 * * *	1.616 * * *	1.616 * * *	1.695 * * *	1.714 * * *
		(0.396)	(0.399)	(0.347)	(0.398)	(0.459)
	Water	0.843	0.848	0.874	0.917	1.689 *
		(0.599)	(0.604)	(0.616)	(0.571)	(0.923)
	N	0.275	0.287	0.358	0.573	0.398
		(0.973)	(0.982)	(0.746)	(0.993)	(1.082)
	Labor squared	-.208 * *	-.206 * *	-.191 *	-.072	-.237
		(0.096)	(0.097)	(0.099)	(0.111)	(0.218)
	Capital squared	-.156 * * *	-.155 * * *	-.148 * * *	-.158 * * *	-.115 * * *
		(0.034)	(0.034)	(0.03)	(0.033)	(0.039)
	Water squared	0.1	0.099	0.094	0.081	0.045
		(0.066)	(0.065)	(0.069)	(0.065)	(0.107)
	N squared	0.017	0.015	0.006	-.002	-.075
		(0.103)	(0.104)	(0.09)	(0.095)	(0.124)
	Labor*Capital	-.085	-.086	-.093 *	-.109 *	-.145 *
		(0.058)	(0.057)	(0.048)	(0.064)	(0.081)
	Labor*Water	-.100	-.100	-.099	-.100	-.231
		(0.094)	(0.095)	(0.095)	(0.09)	(0.154)
	Labor*N	-.006	-.007	-.013	-.046	0.171
		(0.168)	(0.168)	(0.138)	(0.181)	(0.239)
	Capital*Water	0.04	0.04	0.037	0.044	0.037
		(0.046)	(0.046)	(0.045)	(0.046)	(0.058)
	Capital*N	0.035	0.034	0.03	0.046	-.013
		(0.055)	(0.055)	(0.048)	(0.053)	(0.07)
	Water*N	-.169	-.170	-.173 *	-.185 *	-.241 * *
		(0.116)	(0.116)	(0.101)	(0.107)	(0.123)
	Organic		-.016	-.112	0.651	-.013
			(0.043)	(0.077)	(0.534)	(1.126)
	Organic*Labor				-.150	0.21
					(0.098)	(0.28)
	Organic*Capital				0.057	0.094
					(0.038)	(0.091)
	Organic*Water				-.023	0.196
					(0.051)	(0.168)
	Organic*N				-.050	-.565
					(0.06)	(0.371)
	Observations	1,012	1,012	1,012	1,012	1,012
	Plots	203	203	203	203	203
	Adjusted R2	0.456	0.455	0.306	0.465	0.231
	F statistic	23.656	22.469	22.23	20.287	15.081
	RMSE	0.135	0.135	0.15	0.133	0.179
	Hansen statistic					6.964
	Hansen P-value					0.138
	Note:					

Table 5 :

 5 Stochastic production frontier model

	Dependent variable		rice yield		
		Marginal productivity	input elasticities
		(1)	(2)	(3)	(4)
	Variables	Coefficient estimate Standard error Sample mean Sample median
	Labor	0.844 *	0.467	-0.019	-0.044
	Capital	1.328 * * *	0.183	0.083	0.128
	Water	1.030 * * *	0.388	0.132	0.159
	N	0.216	0.447	0.360	0.321
	Labor squared	-.086 *	0.045		
	Capital squared	-.164 * * *	0.016		
	Water squared	0.077	0.058		
	N squared	-.022	0.067		
	Labor*Capital	-.018	0.035		
	Labor*Water	-.120 *	0.062		
	Labor*N	0.043	0.068		
	Capital*Water	0.0007	0.031		
	Capital*N	0.051	0.036		
	Water*N	-.142 *	0.073		
	Observations	1,012			
	Plots	203			
	χ 2 statistic	761.16			
	Log-likelihood	259.352			
	Sig-u (TE.)	0.212			
	Sig-v (errors.)	0.151			

Table 6 :

 6 Environmental efficiency of organic farming

		First stage	Second stage
	Dependent variable	Organic	Environmental efficiency
	(1)		

Table 7 :

 7 Environmental efficiency of trained organic farmers

			First stage			Second stage	
	Dependent variable		Organic			Environmental efficiency	
		(1)	(2)	(3)	(4)	(5)	(6)	(7)	(8)
		Total	High	Med	Low	Total	High	Med	Low
	POLLUTION	-.635 * * *	-.861 * * *	-.533 * * *	-.737 * * *				
		(0.116)	(0.167)	(0.177)	(0.241)				
	ORGANIC					0.016 *	0.016 *	0.032 * *	0.023 * * *
						(0.009)	(0.008)	(0.015)	(0.007)
	AGE	0.019	-.019	0.03	0.001	0.016 * * *	0.016 * * *	0.018 * * *	0.016 * * *
		(0.014)	(0.022)	(0.021)	(0.002)	(0.002)	(0.002)	(0.003)	(0.004)
	Observation	473	179	154	140	473	179	154	140
	Plots	95	58	68	56	95	58	68	56
	R 2	0.472	0.624	0.52	0.739	0.286	0.258	0.46	0.281
	F statistic	18.56	13.435	7.126	8.364	75.374	33.907	33.962	56.502
	RMSE	0.136	0.099	0.1	0.052	0.023	0.024	0.018	0.02
	Note: Robust standard errors in parentheses. Distance, sex and education are dropped given their time invariant
	nature. *** statistical significance at 1%, ** statistical significance at 5%, * statistical significance at 10%.

Table 8 :

 8 Environmental efficiency of organic farming over time Robust standard errors in parentheses. Distance, sex and education are dropped given their invariant variables. *** statistical significance at 1%, ** statistical significance at 5%, * statistical significance at 10%.

			First stage			Second stage	
	Dependent variable		Organic		2009*Organic	Environmental efficiency
		(1)	(2)	(3)	(4)	(5)	(6)	(7)
	POLLUTION	-.620 * * *	-.609 * * *	-.614 * * *	0.053			
		(0.068)	(0.067)	(0.078)	(0.069)			
	2009*POLLUTION			0.048	-.631 * * *			
				(0.059)	(0.067)			
	2009*DISTANCE			-.075 * * *	-.104 * * *			
				(0.024)	(0.029)			
	ORGANIC					0.011	0.007	0.018 * *
						(0.007)	(0.007)	(0.008)
	2009		0.075 * *	0.183 * * *	1.023 * * *		0.017 * * *	0.02 * * *
			(0.031)	(0.06)	(0.07)		(0.003)	(0.004)
	2009*ORGANIC							-.012 * *
								(0.005)
	AGE	0.064 * * *	0.022	0.023	0.023	0.016 * * *	0.007 * * *	0.007 * * *
		(0.013)	(0.019)	(0.018)	(0.018)	(0.001)	(0.002)	(0.002)
	Observation	1,012	1,012	1,012	1,012	1,012	1,012	1,012
	Plots	203	203	203	203	203	203	203
	R 2	0.404	0.41	0.426	0.635	0.25	0.271	0.272
	F statistic	72.528	48.956	30.748	138.877	122.885	98.137	73.363
	RMSE	0.183	0.182	0.18	0.198	0.026	0.025	0.025
	Hansen statistic							0.518
	Hansen P-value							0.472
	Note:							

Table 11 :

 11 Nitrogen content of paddy rice production in Sancha village

		Nitrogen content (g N/kg)
		Organic farming	Conventional farming
	Output: Raw rice	23	23
	Inputs:		
	Cow dung	3	3
	Hen manure	10	10
	Pig manure	6	6
	Compost	15	.
	Compound fertilizer	.	150
	Urea Fertilizer	.	460
	Source: agronomic experiment data provided by local agronomists.

Table 12 :

 12 Descriptive Statistics

	Variables	Mean	Standard deviation	Min	Max	obs.
	Log of rice output	6.487	(0.297)	4.472	7.313	1,012
	Log of labor	4.781	(0.418)	3.348	5.825	1,012
	Log of capital	4.044	(0.741)	1.322	5.58	1,012
	Log of water	0.877	(0.326)	0	1.099	1,012
	Log of N	3.302	(0.285)	2.298	4.234	1,012
	Organic farming (=1)	0.341	(0.474)	0	1	1,012
	Age in years	54.587	(12.588)	28	79	1,012
	Sex (=1 if woman)	0.607	(0.489)	0	1	1,012
	Education	3.639	(3.298)	0	12	1,012
	Seed (from 0 to 6)	1.922	(2.526)	0	6	1,012
	Technical efficiency	0.724	(0.122)	0.345	0.976	1,012
	Environmental efficiency 0.45	(0.184)	0.082	0.962	1,012
	Authors' calculation.					

Table 13 :

 13 First-stage regression of Table4Robust standard errors in parentheses. 5 seasons and 7 seeds are controlled for. *** statistical significance at 1%, ** statistical significance at 5%, * statistical significance at 10%. Distance is dropped given its time invariant nature.

		(1)	(2)	(3)	(4)	(5)	(6)
	Dependent variable	ORGANIC ORGANIC ORG*Labor ORG*Capital ORG*Water	ORG*N
	POLLUTION	-.332 * * *	-.629	-1.302	-.985	-.296	-.016
		(0.057)	(0.859)	(4.152)	(3.135)	(0.753)	(2.682)
	Labor*POLLUTION		0.145	0.293	0.781	0.099	0.277
			(0.152)	(0.736)	(0.573)	(0.139)	(0.479)
	Capital*POLLUTION		0.012	0.117	-.552 * *	0.036	-.009
			(0.056)	(0.262)	(0.236)	(0.048)	(0.176)
	Water*POLLUTION		-.116	-.511	-.385	-.643 * * *	-.358
			(0.093)	(0.435)	(0.398)	(0.081)	(0.276)
	N*POLLUTION		-.100	-.497	-.457	-.033	-.595
			(0.149)	(0.757)	(0.565)	(0.126)	(0.567)
	Labor*DISTANCE		-.385 * * *	-1.786 * * *	-1.480 * * *	-.235 * *	-1.066 * * *
			(0.111)	(0.525)	(0.446)	(0.106)	(0.357)
	Capital*DISTANCE		-.052	-.248 *	-.122	-.019	-.113
			(0.032)	(0.146)	(0.141)	(0.033)	(0.105)
	Water*DISTANCE		-.020	-.112	-.074	-.053	0.024
			(0.031)	(0.149)	(0.121)	(0.057)	(0.118)
	N*DISTANCE		0.157 * *	0.67 *	0.558 *	0.107	0.399 *
			(0.071)	(0.347)	(0.288)	(0.072)	(0.237)
	Labor	0.791	0.869	-.268	3.507	2.317	2.274
		(1.305)	(1.378)	(6.338)	(5.723)	(1.411)	(4.231)
	Capital	0.148	0.263	0.938	-.134	0.148	0.501
		(0.39)	(0.406)	(1.856)	(1.768)	(0.381)	(1.268)
	Water	0.36	0.61	3.092	1.099	-.861	2.034
		(0.849)	(0.786)	(3.507)	(3.545)	(0.743)	(2.470)
	N	0.291	0.298	4.072	2.265	0.032	2.563
		(1.117)	(1.182)	(6.039)	(4.917)	(0.99)	(4.084)
	Labor squared	0.072	0.124	1.254 *	0.266	-.130	0.38
		(0.134)	(0.144)	(0.692)	(0.593)	(0.149)	(0.455)
	Capital squared	0.052 *	0.058 * *	0.282 * *	0.276 * *	0.03	0.229 * *
		(0.028)	(0.026)	(0.123)	(0.115)	(0.024)	(0.089)
	Water squared	-.010	0.016	0.033	0.171	-.031	-.040
		(0.07)	(0.064)	(0.295)	(0.276)	(0.079)	(0.231)
	N squared	-.027	-.076	-.453	-.484	-.075	-.403
		(0.138)	(0.137)	(0.69)	(0.518)	(0.124)	(0.503)
	Labor*Capital	-.063	-.072	-.302	0.116	-.045	-.198
		(0.072)	(0.073)	(0.331)	(0.299)	(0.077)	(0.23)
	Labor*Water	-.015	-.056	-.284	-.129	0.334 * * *	-.195
		(0.104)	(0.094)	(0.417)	(0.446)	(0.129)	(0.314)
	Labor*N	-.034	-.012	-.470	0.067	0.019	0.079
		(0.146)	(0.149)	(0.745)	(0.605)	(0.124)	(0.508)
	Capital*Water	-.009	-.020	-.096	-.085	0.012	-.040
		(0.042)	(0.042)	(0.197)	(0.181)	(0.048)	(0.129)
	Capital*N	-.058	-.063	-.289	-.388	-.038	-.286
		(0.069)	(0.068)	(0.325)	(0.252)	(0.058)	(0.243)
	Water*N	-.074	-.043	-.209	0.042	0.055	-.207
		(0.158)	(0.143)	(0.672)	(0.599)	(0.12)	(0.442)
	Observations	1,012	1,012	1,012	1,012	1,012	1,012
	Plots	203	203	203	203	203	203
	R 2	0.651	0.669	0.684	0.702	0.705	0.64
	F statistic	24.652	23.386	25.067	26.115	36.722	20.827
	RMSE	0.142	0.138	0.666	0.564	0.136	0.476

Table 14 :

 14 EE of organic farming over nitrogen levels Robust standard errors in parentheses. Sex and education are dropped given their time invariant nature. *** statistical significance at 1%, ** statistical significance at 5%, * statistical significance at 10%.

		(1)	(2)	(3)	(4)
		Total	High	Med	Low
	Dependent variable		Environmental efficiency
	ORGANIC	0.014 * * *	-.001	0.023 * * *	0.005
		(0.004)	(0.009)	(0.007)	(0.008)
	AGE	0.016 * * * 0.019 * * * 0.018 * * *	0.014 * * *
		(0.001)	(0.002)	(0.002)	(0.003)
	Observations	1,012	338	340	334
	Plots	203	117	146	130
	R 2	0.251	0.273	0.391	0.166
	F statistic	114.003	39.711	73.311	15.129
	RMSE	0.023	0.02	0.015	0.02
	Note:				

Table 15 :

 15 EE of experienced organic farming over nitrogen levels Robust standard errors in parentheses. Sex and education are dropped given their time invariant nature. *** statistical significance at 1%, ** statistical significance at 5%, * statistical significance at 10%.

		(1)	(2)	(3)	(4)
		Total	High	Med	Low
	Dependent variable		Environmental efficiency
	ORGANIC	0.017 * * * 0.017 * * *	0.021 *	0.025 * * *
		(0.005)	(0.005)	(0.011)	(0.005)
	AGE	0.016 * * * 0.016 * * * 0.019 * * *	0.015 * * *
		(0.002)	(0.003)	(0.003)	(0.004)
	Observations	473	179	154	140
	Plots	95	58	68	56
	R 2	0.286	0.258	0.467	0.281
	F statistic	69.224	30.242	45.224	291.353
	RMSE	0.021	0.02	0.013	0.016
	Note:				

Table 16 :

 16 EE of organic farming over time Robust standard errors in parentheses. Sex and education are dropped given their time invariant nature. *** statistical significance at 1%, ** statistical significance at 5%, * statistical significance at 10%.

		(1)	(2)	(3)
	Dependent Variable		Environmental efficiency
	ORGANIC	0.014 * * * 0.011 * * *	0.016 * * *
		(0.004)	(0.004)	(0.005)
	Y		0.016 * * *	0.018 * * *
			(0.003)	(0.004)
	DD			-.007 *
				(0.004)
	AGE	0.016 * * * 0.007 * * *	0.007 * * *
		(0.001)	(0.002)	(0.002)
	Observations	1,012	1,012	1,012
	Plots	203	203	203
	R 2	0.251	0.272	0.275
	F statistic	114.003	98.133	73.827
	RMSE	0.023	0.025	0.025
	Note:			

Organic farming systems and products are not always certified and are referred to as "non-certified organic farming or products". Non-certified organic farming systems are prevalent in developing countries although it is difficult to quantify to what extent.

Environmental efficiency can be derived from different models such as the one of[START_REF] Cuesta | Environmental efficiency measurement with translog distance functions: A parametric approach[END_REF] in which environmental damage is analysed through "bad output" modelling. In our case study, this strategy cannot be implemented because we have no information regarding the environmental damage caused by rice farming. For instance, we have no information on water or air pollution. For this reason, we focus only on the efficient use of an environmentally detrimental input, i.e., pure nitrogen.

Guangxi Zhuang autonomous region is a minority "Zhuang" dominated region where the economic development is low at the national level. Sancha village is a typical Zhuang dominated village with about 650 inhabitants.

Data comes from our household survey at the village-level and from the 2010 Guangxi Statistical Year Book at the provincial level.

PCD is based in Hong Kong. More information about this NGO can be found from their site: http://www.pcd.org.hk/eng/index.html.

Compost is produced by farmers using fish powder, bone powder, tea bran, peanut bran and bio gas slurry.

The integrated rice-duck system consists of organic rice culture and, in the mean time, raising ducks in the paddy to prevent the growth of weeds and pests.

Environmental efficiency is thus an input-oriented measure, i.e., less environmental detrimental input with the same output and conventional inputs.

We use a negative sign in order to show that the term -U i,t represents the difference between the most efficient farm (on the frontier) and the observed farm.

Similarity conditions are imposed, i.e., β jk = β kj . Moreover, the production frontier requires monotonicity (first derivatives, i.e., elasticities between 0 and 1 with respect to all inputs) and concavity (negative second derivatives). These assumptions should be checked a posteriori by using the estimated parameters for each data point.

The sign in front of term B should necessarily be positive. Thus, if U i,t = 0, then lnEE i,t = 0.

Note that in a small village like Sancha, few machines are used for the transport and application of fertilizer.

We thank the participants of the second conference on Environment and Resource Management in Developing and Transition Countries held at CERDI (University of Auvergne) in Clermont-Ferrand (October 2012), the participants of the 2013 INFER annual conference held at LEO (University of Orleans) in Orleans (may 2013), and Chloé Duvivier, Pascale Combes Motel, Mohamed Chaffai and Steven Helfand for their useful comments. We would like to thank the NGO Partnerships for Community Development (PCD) and the Guangxi Maize Research Institute for their valuable technical assistance in the field work. We are grateful for the financial support of this work from the Foundation of Université d'Auvergne (UDA).

Concluding remark and discussions

In this paper, we attempt to evaluate the sustainability of non-certified organic farming with respect to yield and external nitrogen utilization in the case of rice production in southern China. To this end, we estimate a classical SFA model and check the hypothesis of a "technology gap" between organic and conventional farming. Then we calculate the environmental efficiency scores for both systems from the estimated technical efficiency scores. We use these scores to measure the environmental performance (i.e., nitrogen management) of smallholder farmers. This exercise is useful to provide insight about noncertified organic farming's environmental performance and to understand the condition for its sustainable development in developing countries. The data used for this exercise is derived from a plot-level household survey conducted in Sancha village where non-certified organic farming is rapidly expanding.

With this case study, we demonstrate several interesting results. First, conversion to organic farming does not necessarily reduce the rice yield if farmers can substitute chemical fertilizers with organic nutrients. There is no significant "technology gap" between organic and conventional farming in a smallholder environment. Second, nitrogen management is not always optimal in an organic system, especially for newly converted organic farmers who lack training. At high nitrogen application levels, organic farming has no advantage in terms of environmental efficiency. In other words, to maintain the yield, organic farming consumes the same quantity, and sometimes more, of environmentally detrimental nutrients than conventional farming in developing country.

The experience of Sancha village has critical policy implications for non-certified organic farming development in developing countries. By definition, organic farming is a kind of agricultural exploitation with long term objectives to preserve the environment.

Its sustainability relies more on efficient nutrient cycling within the agro-ecosystem than on the external nutrient supply. The aim of nutrient application is thus to improve and enhance the fertility and resilience of soil, but not to feed the plants directly. Substitution Farmer's self report organic status. It's a binary variable code "1" if the plot is under organic management. Code "0" otherwise.

B Definition of variables and descriptive statistics

Yield

The quantity of raw rice harvested from the plot at end of the season, the unit is "kg/mu". Labor Hours spent in paddy rice production on the plot. It is weighted by the age of farmer. The unit is "hours/mu". N

The external Nitrogen input from organic source or inorganic source for the paddy rice production on the plot. The unit is "kg/mu".

Capital

Money spent for the rice production on the plot including the machinery, employment and seed cost. The unit is "yuan/mu". Water Index of water availability to the plot, range from 1 to 3. High index means good water availability.

Age

The age of the household head.

Sex

The Sex of the household head. Education Years of education of the household head.

Distance

The geographical distance from farmer's house to the plot. Evaluated by farmer in terms of minutes of walk.

Range from 1 to 4.

Pollution

The presence of pollution from chemical fertilizer application nearby the plot: "1" for yes and "0" for no.

Seed

Seven different species of rice seeds cultivated by farmers during the 5 seasons coded from 1 to 7.