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Introduction: Food quality is closely related to food safety. Improving food quality, especially staple foods quality, is crucial to ensuring sustainable food safety. China's government is making efforts to improve the quality of staple foods and has improved quality standards of purchase policy for staple food. However, the actual effects of the new quality standards of purchase policy in implementation have not been verified.

Methods: Based on this background, applying difference-in-differences models, this paper examines whether the new quality standards of purchase policy can improve the quality of staple food supply based on the wheat market transaction data.

Results and discussion: The results show that the new quality standard of purchase policy has a significant positive impact on the quality of staple food supply. The conclusion remains robust through several alternative tests. Further research shows that the new quality standards of purchase policy significantly expand the degree of quality premiums in the market, thereby improving the staple food supply quality. Our research provides an insight for policy or standard makers to change relevant purchase quality limits following consumer demand to ensure sustainable food security.
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1 Introduction

Staple foods provide a good amount of carbohydrate which are notably rich sources of vitamin, protein and minerals. Meanwhile, staple foods play an important role in our dietary structure. Therefore, ensuring sustainable supply of staple foods is important for national security and economic stability, especially in developing countries or countries with insufficient supply. Nowadays, many countries, particularly food-importing countries, have provided strong policy purchase support for staple food (Niu et al., 2021). These policies have contributed to staple food security in terms of sufficient quantity of calories, but they are not effective in improving nutrition and health outcomes (FAO, 2022). As the residents' life quality keep growing, re-shaping food policies to deliver healthy diets continue to be of great concern. Therefore, improving the quality of staple food is important for promoting the sustainability of food security.

All this time, China's government has introduced a food security policy of ensuring absolute security of staple food (Selim, 2015). Therefore, the purchase policy with minimum support price for staple foods (i.e., rice and wheat) has been implemented in order to ensure staple food production and reduce their prices volatility since 2004. However, China's staple food purchase policies emphasize too much on the quantitative security of staple foods, leading to some negative effects. For example, Li et al. (2020) argue that China's purchase policy led to large stocks and imports, which are not conducive to the development of food security in China and are unsustainable, especially when international prices were lower than domestic prices. In addition, China has imported a large number of high-quality rice and wheat to meet domestic demand, which have exceeded the quota limit in the past 2 years. Massive imports of staple grains obviously violate Chinese principle of staple food self-sufficiency.

A number of scholars have studied the impact of price support policies from multiple perspectives. For example, Li et al. (2021) investigated the impact of rice price support policy on consumer welfare, and the results showed that price increases would reduce consumer welfare, but a moderate level of price support could reduce the long-run average price without causing a loss of consumer welfare. Other scholars also obtained similar results in soybean policy studies (Wang and Wei, 2021). Suchato et al. (2021) analyzed the impact of sugarcane price support policy on farmers' planting behavior and found that an attractive sugarcane price guarantee policy positively affected farmers' willingness to plant sugarcane. Virgilio-León et al. (2023) study the impact of a staple food price support policy on rice production, consumption, imports, and social welfare, which, if adequately supported, would increase rice production and reduce dependence on imports. Obviously, staple food purchase policies ignore the impact of food quality on food security which will lead to unsustainable purchase. In fact, sustainable staple food security is not only reflected in quantitative security, but also in qualitative security. From an economic perspective on staple food quality, Fontanelli et al. (2021) found that replacing white rice and white bread with their whole-grain versions has the potential to improve diet quality based on the 2015 Health Survey of São Paulo. Laska et al. (2019) examined the impact of a local staple foods ordinance on the nutritional quality of grocery store products, customer purchases, and the food environment. The results indicate that the policy can significantly increase retailers' healthy food additions in both Minneapolis and St. Paul. Abate et al. (2021) based on the aspects of downstream agents' willingness to pay for quality, upstream quality premium competitiveness, cost-effective certification, and farmers' capacity to respond to certification, the conditions of third-party quality certification to promote the value chain of staple foods in Sub-Saharan Africa are studied, and found that quality premiums paid to farmers is uneven through the survey, however, where quality premiums do exist, farmers will be incentivized to improve quality. It is clear from the above literature that if the quality of staple foods does not match actual market demand, too much production will become stocks rather than being effectively consumed. In general, as residents' incomes are growing, per capita staple food consumption will drop slightly, whereas consumer preferences drive demand for quality staple food (Mottaleb et al., 2017; Bairagi et al., 2020).

Considering changes in the structure of consumption, China's government re-evaluated their purchase policy for staple food and issued the latest policy documents “Minimum Purchase Price Implementation Plan for Wheat and Rice” in May 2018. Compared to the previous policy documents, the most important change in the new policy is to improve the quality threshold, namely from original grade No. 5 to grade No. 3, hoping to release the policy signal of high-quality purchase and guide staple food farmers to pay more attention to planting quality to help improve sustainable production.

The policy has been in implementation for 5 years. However, limited by data, no study has explicitly explored the impact of improving quality standards of purchase policy on staple food supply quality and their underlying associated mechanisms up till now. Therefore, the objective of our study is to systematically analyze the influence of improving quality standards of purchase policy on staple food supply quality. Based on wheat market transaction data from 2016 to 2022, we examine whether improving quality standards of purchase policy alter wheat supply quality through the difference-in-differences regression estimators as well as several alternative tests. In addition, we reveal the impact mechanism of improving quality standards of purchase policy on wheat supply quality.

This study contributes to existing researches on three aspects:

(1) Our research data is derived from real transactions, covering all main production areas with a long-time span. The data is obtained with python software and is used to study for the first time in China.

(2) The conclusions of this paper strongly support that improving quality standards of purchase policy for staple food could improve the quality of staple food supply. The impact of the policy is empirically verified, and our study helps to clarify the nexus between food purchase policies and food quality.

(3) A further contribution of our paper is to try to provide an insight for finding a policy or some standards to adapt to changes in staple food consumption, especially in the countries where government have to balance food quantity and quality security.



2 Framework of analysis


2.1 Quality standards of purchase policy for staple food

Since 2004, China has implemented the minimum purchase price procurement policy for staple food (i.e., rice and wheat) and purchase a great quantity of staple food (Li et al., 2021). In most situations, staple food purchase policies are often used in combination with price support policies. When the staple food market prices are lower than the policy support price, the governments will purchase them in the market until their prices return back to the policy price level. This policy can affect staple food market supply and demand through direct purchase and price intervention.

Chinese staple food purchase policy mainly regulates the areas of the policy implementation, the price of the policy and the quality requirements for purchase. Take wheat for example, the policy has been implemented only in Anhui Province, Jiangsu Province, Shandong Province, Henan Province, Hebei Province and Hubei Province, whereas the other provinces remain unaffected. The policy price is determined by the government after taking into account a number of factors such as production cost, market situation and farmers' revenue.

These staple foods purchased by the policy need to meet minimum quality requirements, namely quality threshold. In terms of the quality requirements for China's purchase policy, we mainly focus on quality standards for wheat. According to the wheat standard documents “GB 1351-2008” issued by the General Administration of Quality Supervision and Inspection and Quarantine of China and the Standardization Administration of China in 2008, the grades and grade requirements of wheat are shown in Table 1. The first row of Table 1 indicates the main quality indicators affecting the grade. The first row of Table 1 indicates the main quality indicators affecting the grade. Among them, test weight is the quality of the wheat kernel per unit volume. Unsound kernel refers to the wheat food that is damaged but still has value, including injured kernel, spotted kernel, broken kernel, sprouted kernel and moldy kernel. Foreign materials are all substances other than wheat kernels, including throughs, inorganic impurity and organic impurity. Normal color and odor represent the color, luster and odor inherent in wheat. The test weight has a significant relationship with other quality traits, such as foreign material, unsound kernel, moisture and so on. Furthermore, as can be seen from Table 1, there is no significant difference between different grades of wheat in foreign material, moisture, color and odor. And there is a very strong correlation between test weight and unsound kernel. Therefore, it can be assumed that the most important quality indicator for grade is the test weight.


TABLE 1 Grades and grade requirements for wheat in China.

[image: Table 1]

Before 2018, the quality threshold was only grade No. 5, showing that quantity is more important than quality for policy purchase. Therefore, farmers are planting with more attention to yield rather than quality. As a consequence, China's supply of high-quality staple food is insufficient. To change this situation, China's government issued the latest policy documents “Minimum Purchase Price Implementation Plan for Wheat and Rice” in May 2018. Compared to the previous policy documents, the most important change in the new policy is to improve the quality threshold, namely from original grade No. 5 to grade No. 3. That means wheat with a test weight of <750g/L will be unqualified for policy purchases after 2018.



2.2 Mechanism analysis

Food procurement policies are a common food market intervention tool which is used by a number of countries, especially where food prices are relatively unstable (Brummer et al., 2009). Those policies are mainly aimed at staple foods, mainly rice and wheat. Cummings et al. (2006) argue that most of Asian countries apply food purchase policies to stabilize prices. Yu and Bandara (2016) state that the Indian government implements minimum support prices (MSPs) and public procurement to maintain sufficiently high domestic food supply by supporting producer's incentives. Qian et al. (2020) show that China's current purchase policies affect food output and farmers' income by mediating food supply and demand, and find that they have increased the self-sufficiency rates of rice and wheat by about 1.38 and 6.19 percentage points, respectively. Previous work has established that purchase policy for staple food is a successful policy tool to ensure staple food quantity security.

As residents' income increases, the demand for high-quality staple food is increasing. The purchase policy for staple food become unsustainable. Therefore, China's government has modified its staple purchase policy and raised the quality threshold in May 2018. Before 2018, the quality threshold for staple food policy purchase was grade No. 5, so the staple food could be sold to state-owned food enterprises commissioned by the government as long as they are grade No. 5 or above. After 2018, the staple food below grade No. 3 lost the qualification for policy purchase. Growing low-grade staple foods will also face a lot of uncertainty due to the loss of a certain policy purchase channel. For example, even when the prices of low-grade staple foods are very low, they can only be forced to be sold in the market and not purchased by the government. As a consequence, those farmer, especially small-scale farmers with a weak risk tolerance, will be more inclined to grow high-quality varieties of staple foods or to add more quality inputs. In summary, it can be seen that improving quality standards of purchase policy could form incentives for high-quality food production, thereby improving the quality of staple food supply eventually.

Obviously, improving the quality of staple food stems from varieties selection and farmers' quality inputs at planting. Although higher quality means higher price, high-quality staple food spend more costs and brings about a yield reduction effect (van der Merwe and Cloete, 2018). Therefore, for an equal or better return, quality premiums will need to offset the cost and the lower food yield. Most of scholars believe that quality premiums are a key factor of improving staple food quality and a compensation for the quality-producing farmers (Prom-u-thai and Rerkasem, 2020; Simionescu et al., 2022). Fiamohe et al. (2015) and My et al. (2018) believe that consumers' willingness to pay more premiums for quality food, which will promote high quality production by farmers.

Nowadays, the quality premium standards for staple foods are always 0.02 yuan among adjacent grades for China's policy purchase, whereas the quality premiums are constantly fluctuating in market transaction (Drugova and Curtis, 2022). Before the new policy was implemented, it was difficult for the price of low-grade staple food (i.e., staple food below grade No. 3) to fall significantly due to policy price support. Therefore, the purchase policy decreased its price difference with high-grade staple food. After the new policy was implemented, even if the price of low-grade staple food falls significantly, it cannot get the policy support, which will increase quality premiums for higher grade staple food. It is the quality premium that raises the returns for farmers growing higher grade staple food (Anissa et al., 2021).

As shown in Figure 1, the horizontal axis represents the time and the vertical axis represents the price. The wavy lines represent market prices, the horizontal lines represent the policy prices, the high-grade staple food price is above the low-grade staple food price, and the quality premium is the high-grade staple food price minus the low-grade staple food price. The shaded areas represent the quality premiums of the staple food for all time. It can be seen that the shaded area in the right graph is significantly larger than that in the left graph by comparison, indicating that the quality premiums for high-grade staple food increases when low-grade staple food cannot be purchased by the policy. Accordingly, we propose the following hypotheses:


[image: Figure 1]
FIGURE 1
 Quality premiums change.


H1: Improving quality standards of purchase policy has a positive effect on the quality of staple food market supply.

H2: Quality premiums play a mediator role in improving quality standards of purchase policy and the quality of staple food market supply.




3 Materials and methods


3.1 Empirical model
 
3.1.1 DD models

According to the minimum support price policy for wheat, once the market price triggers the activation condition of the policy, the government will openly purchase wheat that meets the quality standard. In May 2018, the Chinese government raised the quality standard of the wheat price support policy from grade No. 5 to grade No. 3, whereas wheat whose grade is below No. 3 will only be purchased by the market, and the low-grade wheat loses its eligibility to be purchased by the policy. This paper uses the year of the policy change as a “quasi-natural experiment” to assess the qualitative effects of the policy adjustment by comparing the actual effects of the two groups. Policy evaluation can often be done using “counterfactual” methods, of which the difference-in-differences method is the most commonly used (Petrick and Zier, 2010), which divides samples into a treatment group and a control group according to whether they are affected by policies. Given the repetitive cross-section data, the specific econometric model is set up as follows (Kiel and McClain, 1995):

[image: image]

Where qualitykit represents the quality of a staple food transaction k in province i and year t. T is the time dummy variable which is 1 after or in 2018 and is 0 before 2018. The setting is as follows:

[image: image]

P is the second dummy variable of the treatment group and the control group. When a transaction occurs in six provinces, including Anhui Province, Jiangsu Province, Shandong Province, Henan Province, Hebei Province and Hubei Province, the value is 1, otherwise, the value is 0 for other regions as the control group, which is set as follows:

[image: image]

The main parameter of interest is βsd, which captures the effect of improving quality standards of purchase policy on the quality of staple food supply. β0 is a constant term. X are the control variables that represent some factors that may affect food quality except for the above dummy variables. λ are the parameters of the influence effect of the control variable to be estimated. μprov is the provincial fixed effect. νyear is the year fixed effect. εkit is the random error term.



3.1.2 Event study models

Next, to provide a more detailed overview of annual treatment effects, we estimate the following model using an event study approach:

[image: image]

The main parameter of interest in estimating Equation (2) is βt, whereas all other variables remain the same as in Equation (1).



3.1.3 DDD models

The quality of wheat supply will not only be affected by policy implementation area and non-policy implementation area, but also by the quality grade division. The double difference estimator cannot achieve grouping for twice. However, the triple difference estimator can effectively solve the problem of grouping for twice, which is maybe more in line with our research requirements (Olden and Men, 2022). Therefore, we adopt the triple difference estimator to test the robustness of the benchmark model. Take the government's increase in policy procurement quality threshold in 2018 as a quasi-natural experiment. The specific econometric model is set as follows:
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The main parameter of interest in estimating Equation (3) is βtd. C is the dummy variable of the grade treatment group and control group which is set as follows:
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whereas all other variables remain the same as in Equation (1).



3.1.4 Mediator effects model

In order to explore the mediator role of quality premiums between policy changes and the quality of staple food supply, we construct the following three econometric equations, i.e., Equations (4–6) according to Kuang et al. (2021).
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premiumkit is a mediator variable. The main parameters of interest are βm, βsdm and βsdm, whereas all other variables remain the same as in Equation (1). If these parameter estimates pass the significance test, it means that there is a mediator effect.




3.2 Variable selection
 
3.2.1 Dependent variable

Staple food quality: Since wheat is the most widely consumed staple food in the world, we use wheat quality instead of staple food quality. Currently, wheat quality is measured mainly from characteristics such as test weight, moisture, gluten, falling number, etc. In general, the quality of wheat depends on its final commercial demand, such as milling and baking. Since the evaluation standards of wheat quality for purchase policy is mainly measured on the basis of test weight. In addition, the test weight is a key indicator of how much flour can be extracted so that it is the primary and most widely test for determining quality grade (Karaman and Yavuz, 2014). Therefore, traders tend to use test weight as the only indicator of quality measurement in the actual wheat market in China. Given data availability and simplification of research, we only use test weight of wheat as the sole standard of quality measurement.



3.2.2 Independent variable

As mentioned above, the independent variables have been clarified in the section of empirical models.



3.2.3 Mediator variable

Quality premium: It is the price difference between foods of different quality grades. The quality premium, which has a positive effect on quality improvement, is measured as the price difference between different grades of the same food. Although quality can be defined from a variety of aspects (Sakolwitayanon et al., 2018; Takayama et al., 2021), in this paper, the quality is only defined from test weight, so the price differences between different test weights are measured as quality premiums.



3.2.4 Control variables

In addition to the policy and time dummy variables, the quality of wheat supply can also be affected by many factors. Referring to previous studies (Kawasaki and Uchida, 2016; Yadav and Ellis, 2016; Pearsons et al., 2022), we choose transaction price, food consumer price, wheat import price, corn market price, indica market price, agricultural services cost, rainfall, household income as a control.

Transaction price: Staple food price is an important factor affecting its quality. Generally speaking, the quality is positively related to price in the market, which reflects the principle of selling high-quality produce at higher prices. In addition, the price is a compensation for quality payment, and can also influence farmers to choose to plant quality varieties or pay more quality inputs.

Food consumer price: Wheat market transactions occur mainly among intermediaries, traders or processing enterprises. The wheat they purchased is not used for consumption, but for better re-sale. So consumer purchases at the downstream end of the supply chain can effectively affect upstream transactions, including the quality of transactions.

Wheat import price: As China imports large quantities of wheat, the correlation between domestic and foreign markets becomes closer, so import prices can also affect domestic wheat market supply and quality.

Substitute Prices: The substitutes for wheat are mainly corn and rice. The prices of the substitutes will affect the output of wheat and its quality, so we choose corn and indica rice prices as controls.

Agricultural services cost: In general, improving the quality of staple food need farmers' quality inputs at planting, such as labor and services, thus increasing the cost of wheat production. Therefore, we use agricultural services cost as a control variable.

Rainfall: According to previous studies (Messaoudi et al., 2023), weather is an important factor affecting the quality of wheat. Because rainfall can affect the growth of wheat, thereby changing the wheat quality, we use rainfall as a control variable.

Household income: The income of the population can influence the quality of life and consumption. Individuals' income can influence their choice of product quality, including the consumption of staple foods. Therefore, we use household income as a control variable.




3.3 Data sources

Staple food quality and transaction price: To capture wheat market trading data, we joined the membership of the China food and Oil Information website which is the largest food trading information website in China. Subsequently, python software is used to collect information related to wheat-related transactions with keywords such as transaction price, test weight, transaction location and transaction time. Finally, we drop some samples with obvious errors and obtain a total of 26978 samples which is the actual information of wheat traders. Accordingly, we obtained data on wheat quality and transaction prices.

Quality premium: Firstly, we directly calculate the average prices of Grade No. 3 wheat in every province by using an arithmetic average method, and then subtract the above-mentioned average prices from the prices of other grade wheat to approximate the quality premium level in the wheat market.

Among the control variables, the data on rainfall is obtained from China National Meteorological Science Data Sharing Service Platform. The data on agricultural services cost is obtained from National Agricultural Product Cost and Benefit Data Collection for the period 2016 to 2022. The monthly wheat import average price data is derived from the monthly import and export details released by the General Administration of Customs from 2016 to 2022. The data on corn market price and indica market price is obtained from China Rural Statistical Yearbook for the period 2016 to 2022. The data on household income and food consumer price is obtained from China Statistical Yearbook for the period 2016–2022. Different data are matched according to the transaction time and transaction location, and some missing values are estimated by the difference method. A descriptive analysis of the data is shown in Table 2.


TABLE 2 Variable name and descriptive statistics.
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4 Analysis of empirical results


4.1 Benchmark regression

Currently, the quality of staple foods needs to be improved in order to ensure sustainable staple food safety. China is committed to maintaining sustainable staple food security. The key to whether improving quality standards of purchase policy can help promote sustainable staple food security lies in whether it can improve the quality of staple grain supply. Table 3 shows that the average impact of improving quality standards of purchase policy on the wheat supply quality. The model estimated in model (1) includes no control variables. Model (1) shows that improving quality standards of purchase policy has a significant positive impact on wheat supply quality without province and year fixed effects. The significance test is also passed. The model estimated in models (2) controls for rainfall, agricultural services cost, transaction price, wheat import price, corn market price, indica market price, food consumer price and household income. The regression result shows that improving quality standards of purchase policy has a positive impact on wheat supply quality, passing the 1% significance test. In the baseline model with control variables [model (3)], compared to wheat supply quality in non-policy areas, we find that improving quality standards of purchase policy increases wheat supply quality by about 3.839 g/L for policy areas (p < 0.01). In summary, all of results show that improving quality standards of purchase policy has a significant positive impact on the supply quality of wheat. So, the hypothesis 1 is verified.


TABLE 3 Benchmark regression.

[image: Table 3]

As shown in model (3) of Table 2, from the perspective of control variables, wheat transaction price has a positive impact on wheat market quality, which indicates that China's wheat market has certain characteristics of superior food and superior price. The price of corn has a positive impact on the quality of wheat supply, and the price of indica rice has a negative impact on the quality of wheat supply mainly due to the substitution relationship between corn and low-quality wheat in feed demand and between indica rice and high-quality wheat for residents' consumption. From the perspective of production substitution, when the price of corn is high, farmers will produce more corn, thus reducing the planting of low-grade wheat, thereby increasing the output proportion of high-grade wheat. Similarly, when the price of indica rice is high, farmers tend to produce more indica rice, thus reducing the supply of high-grade wheat, thereby reducing the output proportion of high-grade wheat. Therefore, the quality of wheat supply was statistically positively correlated with corn prices, while negatively correlated with indica prices. In addition, the household income and agricultural services cost have a positive impact on the quality of wheat supply, but the food consumer price has a negative impact on the quality of wheat supply, and the rainfall and wheat import price have no significant impact on the quality of wheat supply.



4.2 Parallel trends test

The key for the differences-in-differences analysis is that the trends in the control group provide an estimate of the trends that would have occurred in the treatment group in the absence of improving quality standards of purchase policy. Figure 2 shows that the trends in wheat quality are almost identical for policy areas and non-policy areas before 2018, whereas a clear boost is observable immediately after quality standards of purchase policy changes. In the first year of policy adjustment, namely in 2018, improving quality standards of purchase policy do not have a significant impact on the wheat supply quality, because the policy was issued in May 2018. Although the wheat had not yet been harvested at this time, both spring wheat and winter wheat had been sown so that farmers could not make effective quality input in time. Therefore, the impact of the policy adjustment on the quality of wheat output in that year was negligible. Therefore, the policy effect starts to be brought into play from the second year after the policy adjustment.


[image: Figure 2]
FIGURE 2
 Wheat supply quality for treatment and control group.




4.3 Event study results

Figure 3 provides annual treatment effects on wheat supply quality. It shows that there are no differential pre-2019 trends in wheat supply quality between policy areas and non-policy areas. Although I find no statistically significant differences in wheat supply quality between the two groups in the years up to 2019, all annual treatment effects between 2019 and 2022 following the policy purchase quality threshold change are large and statistically significant (p < 0.01). Consistent with the findings of the parallel trends test, a clear boost is again observable immediately in 2019, the next year after the policy adjustment, due to lagging policy effects.


[image: Figure 3]
FIGURE 3
 Event study results.




4.4 DDD results

The regression results of the triple difference are shown in Table 4. Model (1) shows improving quality standards of purchase policy has a significant positive impact on the quality of the grade No. 3 and above wheat supply without any control variables. The significance test is also passed. Model (2) is the regression result with the above control variables, showing that the improvement of quality standards of purchase policy has a positive impact on the quality of the grade No. 3 and above wheat supply, passing the 1% significance test. At the same time, it can be seen from the coefficient values in models (1) and (2) that the two are almost equal, which indicates that the addition of control variables has no influence on the regression results. Subsequently, to evaluate the effects of raising quality standards of purchase policy on different quality wheat samples, we divided the samples into two groups, one consisting of grade No. 1 and grade No. 2 wheat, the other including grade No.4 and grade No. 5 wheat. In the high-grade wheat samples, the results indicate that quality standards adjustment of purchase policy improves the test weight of grade No. 3 above wheat by about 9.42 g/L as shown in model (3) of Table 4. However, the effect of the policy change on low-grade of wheat supply quality is negative without a significance test passing as shown in model (4) of Table 4, indicating that the increasing quality threshold had no significant effect on the low-grade wheat supply quality. A possible explanation for this is that low-grade wheat is often used for forage so that the policy changes have less impact on such farmers. In summary, the results that DD and DDD estimates are similar in terms of direction and statistical significance could further support the robustness of the main results.


TABLE 4 The DDD results of the policy effect.
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4.5 Placebo test

Since the above regression results may be caused by some placebos. In other words, the improvement in the quality of wheat in the market may come from other unobservable factors, not from the improvement of quality standards of purchase policy for China's wheat purchase policy. In order to exclude the placebo effect, 6 provinces were randomly selected as the new treatment group and the other provinces were used as the control group (Chetty et al., 2009). Similarly, the difference-in-differences method was used to regress for 500 times. All of the influence coefficients of improving quality standards of purchase policy on the wheat quality are calculated. All of the t-values obtained by the placebo test are most likely concentrated around 0, as shown in Figure 4. The hypothesis that the regression coefficient is equal to 0 cannot be rejected, which indicates that the wheat quality improvement is not caused by placebo. In summary, the placebo test results suggest that the conclusions of the benchmark regression are robust.


[image: Figure 4]
FIGURE 4
 Distribution of T-value for 500 times.




4.6 Robustness test
 
4.6.1 Change sample

The above-mentioned study is mainly based on data from wheat market transactions. To make the results more reliable, we use the data of the survey report on the quality of newly harvested wheat released by the National Food and Strategic Reserves Administration, mainly involving Hebei, Jiangsu, Anhui, Shandong, Henan, Hubei, Shanxi, Sichuan and Shaanxi province, where the total wheat production is about 120 million tons, representing about 89% of total China's wheat production. Those sample data can effectively reflect the wheat quality in the year. According to the evaluation index system including test weight, unsound kernel wheat rate and other indicators, all of the samples are divided into six grades. The smaller is the grade value, the higher is the wheat quality. Based on the above-mentioned reports data, the t-test is used for the mean of two independent samples.

Firstly, these samples are divided into policy area samples and non-policy area samples, and then continue to be divided into two groups according to the time of the policy adjustment, assuming that the samples follow a normal distribution and are independent of each other, but the variance of the samples is different.

Null Hypothesis: u1 = u2. That is, the population means of the two samples are equal.

Alternative hypothesis: u1 ≠ u2. That is, the population means of the two samples are not equal.

Secondly, the Satterthwaite approximation method is adopted, and the formula for calculating the value of the statistic T is Equation (7):

[image: image]

The degrees of freedom are calculated as Equation (8)

[image: image]

Where [image: image] and [image: image] represent the mean of the sample of both groups, n1 and n2 represent the sample size of both groups, [image: image] and [image: image] represent the sample variance of both groups, [image: image] and [image: image] represent the standard error of the sample mean of both groups.

Finally, the p-value is used for a significance testing, and it means u1 > u2 if t > 0 and p < 0.05; it means u1 < u2 if t < 0 and p < 0.05.

The results are shown in Table 5. From the sample of the policy area, the average wheat test weight before and after the policy adjustment has a statistically significant difference where the null hypothesis is rejected and the T-value is negative. The proportion of grade No. 1, grade No. 2 above, and grade No. 3 above wheat before the policy adjustment are significantly less than after the policy adjustment, which indicates that improving quality standards of purchase policy significantly promote the supply of high-quality wheat. However, from the samples of non-policy areas, there are no significant difference in wheat quality before and after the policy adjustment. In summary, improving quality standards of purchase policy can enhance the quality awareness of wheat planting by farmers.


TABLE 5 Comparison of the quality before and after the policy adjustment.
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4.6.2 Regional robustness

Although the minimum purchase price policy has been implemented in major wheat production areas, there are differences in wheat production and climate types among different provinces, which lead to variations in wheat varieties. In addition, there are differences in dietary habits between residents in the northern and southern regions. All these factors result in regional heterogeneity in the quality of wheat supply in the market. To address this issue, the wheat policy implementation regions are divided into southern and northern regions based on their relative geographical positions. The southern region includes Hubei Province, Anhui Province, and Jiangsu Province, while the northern region includes Henan Province, Hebei Province, and Shandong Province. The differences in dietary habits and wheat varieties between these regions lead to variations in the quality effects of policy adjustments. Column (1) and (2) in Table 6 represent the impact of quality threshold improvements of purchase policy on wheat supply quality in the southern and northern regions, respectively. The results show that policy adjustments have a positive influence on the wheat supply quality in both regions, and the results are significant at the 1% level. Comparing the coefficient values and significance of the regression results, we observe that the impact of policy adjustments on wheat market supply quality is similar in both regions. Furthermore, there are no significant differences between the two regions and the benchmark regression results in terms of coefficients and significance, indicating that the benchmark regression results are robust.


TABLE 6 Robustness test results.
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4.6.3 Policy implementation robustness

The implementation of the purchase policy only takes place from June to September each year, which may result in certain heterogeneity in the quality of wheat supply during different periods. Therefore, we divide the year into two periods: the policy implementation period and the non-policy implementation period. The policy implementation period refers to June to September, while the remaining time is considered the non-policy implementation period. According to the regression results shown in columns (3) and (4) of Table 6, it is evident that there is a positive impact of the policy adjustments on improving the quality of wheat supply during both the policy implementation and non-policy implementation periods. The results also pass a significance test at the 1% level. Furthermore, based on the coefficient values, the effect of the policy during the policy implementation period is slightly smaller than that during the non-policy implementation period. The main reason for this result is that the policy implementation period is also the period of wheat harvesting. During this period, a considerable number of state-owned enterprises, flour processing companies, food companies, and various wheat traders enter the market for acquisition. Due to the policy support, farmers do not have difficulties in selling their grain. As a result, they tend to sell lower quality wheat during this period, while higher quality wheat is sold later. This strategy leads to phenomenon of reluctance to sell, which results in a slightly lower impact of policy adjustments on wheat market quality during the policy implementation period compared to the non-policy implementation period. However, it is worth noting that the results do not differ significantly in terms of sign and significance from the benchmark regression results, indicating the robustness of the baseline regression.




4.7 Mediator effect test

The differences-in-differences method is used to test the impact of the new purchase policy on quality premiums. The results are shown in Table 7 (1). It is not difficult to find that the policy adjustment can help increase the quality premiums in the wheat market. Table 7 (2) reports the impact of wheat quality premiums on wheat supply quality, and the regression coefficient is significantly positive, indicating that the degree of quality premiums helps to improve the quality of wheat supply. Table 7 (3) reports that the co-impact of the new purchase policy and the quality premium on the quality of wheat supply, passing the significance test. In conclusion, the new purchase policy can not only directly improve the quality of wheat supply, but also indirectly improve the wheat supply quality by widening the price difference among different grades wheat. So, the hypothesis 2 is verified.


TABLE 7 Mediator effect test results.
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5 Discuss

Our study advances understanding of staple food policy purchase. Our research perspective differs from that of previous scholars. Most scholars have studied the key factors affecting staple food quality from the perspective of natural sciences (Randhe et al., 2009), such as breeding science (Hu et al., 2022), sowing methods (Pearsons et al., 2022; Zhu et al., 2022), production and inputs (Randhe et al., 2009; Ali and Akmal, 2022), growth environment (Kim and Kim, 2021; Zahra et al., 2023) and processing (Peng et al., 2022). Nevertheless, it is not enough to study staple food quality only from the physical and chemical properties. The study of staple food quality is also an important topic in economics.

Some scholars suggest that China's government can increase subsidies for high-quality rice and wheat (Qian et al., 2018; Han et al., 2021). Those suggestions are also not feasible, because subsidy policies belong to the amber box policies which are subject to minimal supports according to WTO rules. The current total aggregate measurement of support for rice and wheat in China has exceeded the threshold level when China's government negotiated to join the WTO (Ahn and Orden, 2021). China must adapt itself to the WTO rules. Li et al. (2020) and Yang and Li (2020) believe that China's government can carry out market-based procurement to help improve the quality of staple food supply. However, if this were done, China's staple food production would be severely reduced (Li et al., 2020). In addition, Yu et al. (2019) claim that China can import a large number of high-quality rice and wheat to solve supply structural problems. However, it cannot be ignored that China is a major food producer and consumer country. Relying on imports to ensure staple food security is unsustainable and will further exacerbate the imbalance between global staple food supply and demand (Fan et al., 2023). At the same time, international food cooperation is facing many uncertainties, which will also lead to more challenges for China's food security.

Although previous research has helped to improve the quality safety of staple foods, the conclusion is unsustainable. Our findings suggest a positive impact of improving quality standards of purchase policy on the supply quality in the staple food market. No scholars have previously explored the relationship between policy purchase and the quality of staple food market supply, possibly due to the lack of quality-related data. However, many studies have confirmed the quality premium as the main incentive for quality improvement (Shin and Kim, 2010; Ryan et al., 2014), as is the staple food. Therefore, we use the quality premium as a mediator variable between policy purchase quality threshold change and staple food supply quality.

Meanwhile, numerous literatures believe that food purchase policies can change market supply and demand, and the empirical study in this paper confirms that food purchase quality policies can indeed change the supply and demand of different quality foods, thus affecting the overall level of supply and demand quality in the market. Although the government can promote farmers to actively participate in wheat production through the minimum purchase price policy, it may also hinder the production of high-quality wheat by favoring ordinary wheat plant. When continuing to implement the minimum purchase price policy, it is advisable to set a reasonable policy pricing based on market conditions and costs. This approach can ensure fairness and protect the interests of farmers while taking into account market supply and demand, thus encouraging farmers to improve the quality and quantity of high-quality wheat. In addition, our findings are also indirectly supported by other scholars. For example, Maertens and Velde (2017) find that order purchase can contribute to the quality of staple foods due to the emphasis on quality. In the most common bidding markets, buyers tend to set flexible quality thresholds according to their actual needs which help to meet minimum quality requirements and maximize value (Yao and Tanaka, 2020). Berning et al. (2013) argue that governments should establish a nutritional quality threshold for children's foods, which would reduce advertising that does not meet any current and proposed self-regulatory nutrition guidelines. The findings of these studies are similar to ours, except for the different study subjects.

Our research is essentially about re-shaping staple food support policies. Our findings suggest that staple food procurement policies can indeed create production effects effectively. Thus, not only can the purchase or price support policies be used to achieve quantitative support for food security, but also quality-related rules can be modified to improve malnutrition. This could provide some references for addressing the current global malnutrition problem. In terms of staple food consumption, people are now more conscious of quality characteristics of nutrition and health, such as pesticide residues, organic, green, essential micronutrients, etc. In re-shaping staple food procurement standards, the government can add these above-mentioned quality characteristics to guide healthy diets and consumption, which will reduce environmental damage and contribute to sustainable production. Therefore, transform food systems must also be accompanied by shifts in consumption. However, it is regrettable that due to the lack of data support, we do not have the conditions to conduct extensive mechanism analysis. After the policy adjustment, the increase in the quality threshold for wheat policy procurement will inevitably lead to an increase in quality measurement equipment. Therefore, we believe that the quality measurement equipment will play an important positive moderating role. From the perspective of high-quality wheat planting bases, the improvement in wheat quality will definitely be influenced by the number of high-quality wheat planting bases, which will also play an important positive moderating role. From the perspective of staple grain source control, the increase in the procurement quality threshold will reduce the total amount of wheat policy procurement, which will inevitably reduce the government's control over grain sources and make wheat procurement more market-oriented. Although we can only analyze that mechanisms theoretically and not through empirical analysis due to relatively limited data, we will further empirically study these mechanisms in the future.



6 Conclusion

In order to evaluate the effects of improving quality standards of purchase policy for staple food in 2018, we use some difference-in-differences models to explore whether the new staple food purchase policy can achieve the expected market quality outcomes based on wheat market transaction data. In addition, we discuss the various threats to identification and introduces several alternative tests that aim to support the hypothesis that improving quality standards of purchase policy has a significant positive impact on the quality of staple food supply. Finally, we make an empirical test the mediator mechanism of the quality premiums and come to the following conclusions:

Firstly, improving quality standards of purchase policy has a significant positive impact on the staple food supply quality. The conclusion remains robust through several alternative tests. Furthermore, the quality premium plays a mediator role in policy adjustment and the quality of staple food market supply, which shows that improving quality standards of purchase policy could widen the price difference between high-grade and low-grade staple food in a market, thereby helping to strengthen farmers' tendency to plant high-quality varieties or increase quality inputs.

This paper provides a new insight for addressing malnutrition and contributes to the avoidance of excessive support for food quantity security. For example, the government should evaluate the trend of consumer demand and the importance of staple food quality traits, then adjust some standards or regulations accordingly, which can balance food security and nutrition better. As staple foods consumption tends to diversify, especially green, organic and pollution-free, our future researches will gradually shift to the consumer taste value so as to better reflect the actual needs of residents and provide right market information for the breeding, cultivation, trade and processing.
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Variable Variable
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Quality Test weight (g/1) 774.232 14.874 674.000 875.000 26,978

Price Transaction price 1.225 0.109 1.000 1.900 26,978
(yuan/catty)

Rain Rainfall (mm) 761.593 303.577 208.200 1,665.600 26,978

Sumprice Food consumer 101.845 1.916 99.000 109.091 26,978
price index (2015
year = 100)

Income Per capita 25,447.590 5,656.516 14,670.300 51,606.200 26,978
disposable income
(yuan)

Service Material and service 457.815 33.562 333.380 518.930 26,978
cost (yuan/mu)

Impotprice Average wheat 0.905 0.138 0.701 1.485 26,978
import price
(yuan/catty)

Cornprice Corn market price 1.067 0.148 0.925 1.470 26,978
(yuan/catty)

Indicaprice Indica market price 1.407 0.031 1.365 1.500 26,978
(yuan/catty)

Premium Quality 0.018 0.065 —0.470 0.856 26,978

premium(yuan)
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Indicators and

units

Policy area Grade 1 proportion 39.672% 58.829% —19.157%*** —3.014 0.004
Grade 2 above proportion 69.397% 83.554% —14.157%** —2.641 0.012
Grade 3 above proportion 87.572% 94.292% —6.719%** —1.982 0.048
Test weight (g/1) 778.333 790.525 —12.192*** —2.694 0.010

Non-policy area Grade 1 proportion 27.944% 40.975% —13.031% —1.412 0.174
Grade 2 above proportion 55.200% 67.021% —11.821% —1.173 0255
Grade 3 above proportion 81.011% 82.683% —1.672% —0.245 0.809
Test weight (g/1) 771.556 777.750 —6.194 —0.855 0.403

** and *** indicate significant at the 5%, and 1% level, respectively.
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Quality Quiality y
PxT 7.890"* 7.542%%* 3.839*"* (0.940)
(0.962) (0.948)
Price 21.700%** 49.40*** (2.778)
(1.321)
Rain 0.002*** 0.001 (0.001)
(0.000)
Sumprice 1,923 —1.041%** (0.191)
(0.089)
Income —0.001*** 0.001%** (0.000)
(0.000)
Service 0.132*** 0.107*** (0.009)
(0.004)
Impotprice 6.987%*% 1.081 (1.056)
(0.958)
Cornprice 9.172% 38.870"* (3.088)
(0.855)
Indicaprice —52.350"* —29.090"* (6.416)
(4.542)
Province FE No No Yes
Year FE No No Yes
_cons 769.008"* 560.817°* 758.964*** (20.296)
(0.775) (7.487)
N 26,978 26,978 26,978
Adj. R-sq 0.1067 0.2362 02993

Robust standard errors are in parentheses. ***Indicate significant at the 1% level.
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Quality Quality Quality (@IVE114%

CxPx 28.431%** 27.436"*
T (6.568) (6.453)
PxT —21.125"** —20.952*** 9.068*** —3.192 (7.314)
(6.510) (6.403) (0.858)
CxT —9.251 —6.974
(6.366) (6.212)
CxP —17.501*** —15.965***
(1.802) (1.836)
o} 46.575*** 42.931*
(1.766) (1.808)
Price 31.484% 11.644%** —14.269"*
(1.791) (1.443) (3.797)
Rain 0.001 —0.001 0.022** (0.009)
(0.001) (0.001)
Sumprice —0.899*** —0.961*** —2.830*
(0.170) (0.165) (1.493)
Income 0.001%** 0.000 —0.002 (0.002)
(0.000) (0.000)
Service 0.071*** 0.057** 0.059 (0.043)
(0.008) (0.007)
Impotprice 0.120 2.386"* —2.952 (5.911)
(0.947) (0.860)
Cornprice 26.626"* 23.354%** —38.603***
(2.486) (2.237) (10.431)
Indicaprice —10.861* —6.246 —14.276
(5.587) (4.943) (33.007)
Province Yes Yes Yes Yes
FE
Year FE Yes Yes Yes Yes
_cons 744.834* 734.755*** 834.173** 1,072.219"*
(3.078) (18.016) (16.523) (166.662)
N 26,978 26,978 19,181 1,206
Adj. R-sq 04349 0.4555 0.1859 02796

Robust standard errors are in parentheses. *, ** and *** Indicate significant at the 10%, 5% and
1% level, respectively.
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