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Abstract

:

Ammonia (NH3) is one of the main precursors of secondary inorganic aerosols. In 2018, the NH3 emissions of China’s cereal production (rice, wheat and maize) were estimated to be 3.3 Mt NH3-N. Numerous NH3 mitigation strategies have been developed in agriculture to reduce the emissions and improve air quality. However, due to the cost and unfeasibility of some developed techniques, the application of these mitigation measures is relatively slow in cropland. Therefore, developing low-cost, easy-operation, and feasible mitigation measures is an important breakthrough to solve the pollution of ammonia emissions in grain fields. The one-time deep application of nitrogen fertilizer in crop growing season, referred to as one-time application, is a promising ammonia mitigation measure for grain fields. It is a low-cost mode of fertilizer application suitable for grain fields as it saves labor and reduces the input of agricultural machinery. Therefore, incentive policies should be formulated to promote it for wide-range application in the whole country, especially in the areas with serious ammonia pollution, in order to achieve the goal of green and sustainable agricultural production.
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1. Introduction


In order to ensure the food security of 1.4 billion people, the arable land of grain crops (wheat, corn and rice) in China has reached 110 million hectares, accounting for 58% of the total arable land [1]. As an important agricultural input, chemical fertilizer usage increased from 1 to 53 Mt over the last 50 years, this can partially explain the four-fold increase in Chinese grain production [2]. The application of chemical fertilizers has also led to a series of environmental problems, such as ammonia emissions, greenhouse gas emissions, and air pollution. Ammonia (NH3) is one of the main precursors of secondary inorganic aerosols. In 2018, the NH3 emissions of China’s cereal production (rice, wheat and maize) were estimated to be 3.3 Mt NH3-N. By 2050, NH3 emissions will increase by 23−32% under different climate change scenarios [3]. Accordingly, such emissions have caused extensive concern due to their serious effects on human health, including their involvement in triggering strokes, cardiovascular disease, and shortening visibility [4]. The redeposited NH3 also can lead to serious detrimental environmental effects, such as soil and ecosystem acidification, eutrophication, and biodiversity losses [5]. Numerous NH3 mitigation strategies have been developed in agriculture to reduce the emissions and improve air quality.



Among these measures, the use of non-urea-based fertilizers, deep placement of fertilizers, irrigation, and mixing fertilizers with amendments (pyrite, zeolite and organic acids) were reported to potentially reduce NH3 emissions by 35% to 95% [6,7,8]. However, due to the cost and unfeasibility of some of the developed techniques, the application of these mitigation measures is relatively slow in cropland [9]. In particular, in contrast to high-income vegetables or orchards, it is more difficult to apply these measures in low-income grain fields. For example, the proportional application of a substitute fertilizer with a higher price, such as nitro or compound fertilizer, are far lower in grain fields than in vegetable fields and orchards [9,10]. Additionally, a considerable part of corn is planted on dry land, the mitigation measures of irrigation or fertilization were also difficult use widely, as in vegetable fields, due to high-cost input. Therefore, developing low-cost, easy-operation, and feasible mitigation measures is an important breakthrough to solve the pollution of ammonia emissions in grain fields.




2. Essential Aspects of One-Time Application


The one-time deep application of nitrogen fertilizer in crop growing season, referred to as one-time application, is a promising ammonia mitigation measure for grain fields. Contrasted to conventional splitting nitrogen fertilizer, one-time application involves inputting all the required fertilizer at the beginning of the crop season combined with the mechanical sowing or tillage. Furthermore, slow or controlled-release fertilizers are often used to ensure the nutrient demand of crops in the later period [11]. Obviously, one-time application is a comprehensive strategy of ammonia mitigation, including mechanical deep application, slow-release fertilizer and optimal fertilizer, etc. It combines the advantages of each single technology while avoiding the corresponding defect, and thus, has a bright prospect.




3. Advantages and Mitigation Capacity


Deep application of nitrogen fertilizer is the most effective measure for ammonia mitigation because it sharply reduces the content of ammonium in the surface soil. It was reported that NH3 emissions can be reduced to 75–96% or 87–98% by changing fertilizer application from surface broadcast to deep placement in maize or winter wheat, respectively [12]. Normally, topdressing is generally performed in the high-temperature period for suitable crop growth, when the weather is more likely to aggravate the loss of NH3 emission. Furthermore, due to the cover of dense crops in fields at the topdressing period, nitrogen fertilization is generally performed by surface broadcasting, inevitably resulting in greater NH3 loss. Concentrated one-time application of nitrogen fertilizer in at the sowing season can avoid the risk of ammonia loss from topdressing by broadcasting at higher temperature time. Therefore, it can be seen that one-time deep application could normally reduce the cumulative NH3 emission compared to splitting fertilizer with equivalent amount of nitrogen fertilizer for all the three grain crops (Figure 1). Although in some cases, one-time application with concentrated nitrogen could lead to an increased NH3 emission rate or an extension of emission time [13], through improving the depth of fertilization and replacing common nitrogen fertilizer by slow and controlled-release nitrogen fertilizers, the loss of nitrogen using one-time application was not higher than the treatments of splitting application [14].



In contrast to conventional broadcast nitrogen fertilizer application, the deep application of nitrogen fertilizer can optimize root configuration [15], increasing the efficiency of nitrogen uptake by roots because of the more favorable moisture conditions in deeper layers, especially in water-limited areas [16]. It was shown that nitrogen fertilizer deep placement resulted in 3.7% average higher yield for all the mentioned cereal crops than splitting and/or broadcasting nitrogen fertilizer application based on a global meta-analysis [17]. The data we collected also showed that the median yield increased by about 5.9%, 7.5% and 7.0% under one-time application for rice, corn and wheat, respectively (Figure 2). In addition, the one-time application is combined with mechanical sowing or tillage, simplifying the nitrogen fertilization procedure and reducing the economic cost of labor, which is in line with the development trend of urbanization and declining labor resources in China [18]. The demand for labor varies considerably for different crop seasons, meaning that, in some areas/seasons, the shortage of employment and/or available labor associated with manual surface broadcast nitrogen fertilizer could be a big problem. Therefore, although the one-time application will increase fuel cost by about 17% due to disturbing the deep soil [19], the profit will be significantly improved by reducing the labor cost or the number of mechanical operations.




4. Implementation Obstacles


There are also some problems in one-time nitrogen fertilization, which hinder its wide application in grain fields. (1) The price of slow and controlled-release nitrogen fertilizers is relatively expensive, for example, the prices of sulfur-coated fertilizers can be even two-fold higher, while polymer-coated fertilizers can be up to three times more expensive than conventional ones [20]. Moreover, its nutrient release curve cannot be completely consistent with the crop absorption dynamics. Especially for wheat, insufficient nutrient supply after one-time application was observed in the later stage due to the longer growing season under one-time application. (2) The existing tillage and sowing machinery lack the effective combination with one-time nitrogen fertilizer application, and furthermore, the fertilization operation cannot adapt to the needs of different soil conditions, different planting methods and different growth stages of crops. (3) There is a lack of analysis on the comprehensive environmental effect of one-time deep application in the field. For example, some studies found that concentrated deep application would increase the risk of nitrogen leaching and N2O emission loss [21,22]. It is necessary to optimize the one-time fertilization technology to reduce the total loss of nitrogen and improve its utilization efficiency.



The application of one-time nitrogen fertilization is not only hindered by technical barriers, as in the above, but also related to farmers’ cognition and the land management mode of small farmers in China. Smallholder farmers are a heterogeneous group in terms of income, knowledge, and other factors. Therefore, transferring knowledge from the government, institutes, and colleges to smallholder farmers still faces great challenges [23]. A survey based on 86,000 farmers found that NH3 emissions (kg ha−1) on average decrease by 0.07% for each 1% increase in average farm size [24]. In fact, farm size is a platform for all technologies to be functioned and implemented. The larger farm size normally means the higher cost-effectiveness obtained from the farm adopting these innovative technologies, such as slow and control-released nitrogen fertilizer, as well as deep placement of fertilizers by machinery [25]. It is also the reason why large-holder farmers intend to invest more in these innovative technologies, which can increase the crop yield while reducing the NH3 emission. However, currently, over 98% of Chinese croplands are small scale, which inhibits the adaptation of new technologies [26].




5. Perspective


One-time application has been widely used in grain fields in China. For example, it is gradually becoming the mainstream fertilization method, and more than 51.4% of farmers have adopted this technology in maize-growing areas (Table 1). Although the proportion of one-time fertilization in wheat and rice fields is still low, the measure has been gradually developed, improved and applied in the wider range [16,27]. However, the measure needs to be developed and improved in theory, materials and equipment, so as to make the technology more widely used, especially in wheat and paddy fields. For different crops, optimizing the mode of deep application based on the effectiveness of ammonia mitigation and crop uptake, including mixing nitrogen fertilizer into soil, strip application and hole application. As for the slow and controlled-release nitrogen fertilizers for one-time application, it is more accurate to control the release of fertilizer nutrients, especially for winter wheat, which ensures sufficient nutrient supply in the late growth period. The controlled-release or coating materials of fertilizers are degradable and more environmentally friendly. The specific fertilizer for different crops should be explored to apply in one-time fertilization, and the cost of fertilizer production was further reduced. As for the fertilizer applicator, combined seeders or transplanters with more accurate fertilizing amount and more reasonable applying position in soil layers should be developed to realize precise application of fertilizer in one time. In addition, a variety of fertilizer applicators needs to be developed, which are applicable to different terrain and field scales, and can apply different forms of fertilizers, including powder, large particles and liquid fertilizers.



Overcoming socio-economic barriers to implement one-time application, the media and agricultural science and technology extension departments can strengthen publicity to improve farmers’ awareness of environmental protection and food security [28,29]. Implementing regulations of ammonia abatement is also an effective strategy to guide farmers to adopt new fertilization methods. For example, the German Fertilizer Ordinance stated that urea is not allowed to be sprayed unless a urease inhibitor is added, or it is immediately incorporated into soil within 4 h, since February 2020. The UK also plans to implement regulations to ban the use of solid urea and limit the fertilization time from January 15 to March 31 as of 2022 [30]. Considering the increased cost of adopting separately alternative fertilizers or incorporation into soil to reduce ammonia emission, one-time application is a simple method which may be the direction for seeking new alternative technology in fertilizer application.



It was found that small farm size is the key driving force for high NH3 emission and other environmental performance from croplands. Based on a survey in China, the amount of nitrogen fertilizer and NH3 emission from crop production would be reduced by 30% and 50%, respectively, if the farm size could conform to the global average level [31]. Optimizing nitrogen fertilizer would generally reduce potential greenhouse gases in farmland [32,33]. Therefore, governments can potentially transfer the benefits of emission reduction to farmers depending on farm size, which facilitates the transfer of land to cooperatives for centralized management and, therefore, the promotion of investing in more ammonia mitigation technologies. At the same time, priority will be given to promoting one-time deep application technology in agricultural cooperatives and large family farms, especially by supporting them to upgrade to the new machines of deep application. Thus, it will encourage more farmers to adopt the NH3 mitigation measures and improve the nitrogen fertilizer application technique.




6. Conclusions


In summary, one-time deep application of nitrogen fertilizer is an effective technology for ammonia mitigation in farmland. It is a low-cost mode of fertilizer application suitable for grain fields which saves labor and reduces the input of agricultural machinery. Therefore, incentive policies should be formulated to promote it for the wide application in the whole country, especially in the areas with serious ammonia pollution, to achieve the goal of green and sustainable agricultural production.







Author Contributions


Conceptualization, C.H. and X.Z.; validation, Y.Z.; investigation, T.Z.; data curation, X.L. (Xiuping Liu); writing—original draft preparation, W.D. and H.W.; writing—review and editing, X.L. (Xiaoxin Li) and Y.Z.; visualization, X.L. (Xiuping Liu); supervision, C.H. and Y.Z.; project administration, C.H.; funding acquisition, C.H. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Strategic Pilot Project of the Chinese Academy of Sciences, grant number XDA28020303 and XDA28120105, and National Key Research and Development Program of China, Grant Numbers: 2021YFD190100202 and 2018YFC0213300-05.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


We thank Chaohui He for her contribution assistance, and also thank Bizimana Fiston for polishing the manuscript in English.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



China National Statistics Bureau. China Statistical Yearbooks; China Statistics Press: Beijing, China, 2011–2016.

	



Jiao, X.; Lyu, Y.; Wu, X.; Li, H.; Cheng, L.; Zhang, C.; Shen, J. Grain production versus resource and environmental costs: Towards increasing sustainability of nutrient use in China. J. Exp. Bot. 2016, 67, 4935–4949. [Google Scholar] [CrossRef] [PubMed]

	



Xu, X.; Ouyang, X.; Gu, Y.; Cheng, K.; Smith, P.; Sun, J.; Pan, G. Climate change may interact with nitrogen fertilizer management leading to different ammonia loss in China’s croplands. Glob. Chang. Biol. 2021, 27, 6525–6535. [Google Scholar] [CrossRef] [PubMed]

	



Chen, X.; Qiu, B.; Zou, Q.; Qiu, T.; Li, R.; Truong, A.; Xu, D. Source specific PM2.5 associated with heart rate variability in the elderly with coronary heart disease: A community-based panel study. Chemosphere 2020, 260, 127399. [Google Scholar] [CrossRef] [PubMed]

	



Horswill, P.; O’Sullivan, O.; Phoenix, G.K.; Lee, J.A.; Leake, J.R. Base cation depletion, eutrophication and acidification of species-rich grasslands in response to long-term simulated nitrogen deposition. Environ. Pollut. 2008, 155, 336–349. [Google Scholar] [CrossRef]

	



Pan, B.; Lam, S.K.; Mosier, A.; Luo, Y.; Chen, D. Ammonia volatilization from synthetic fertilizers and its mitigation strategies: A global synthesis. Agric. Ecosyst. Environ. 2016, 232, 283–289. [Google Scholar] [CrossRef]

	



Ti, C.; Xia, L.; Chang, S.X.; Yan, X. Potential for mitigating global agricultural ammonia emission: A meta-analysis. Environ. Pollut. 2019, 245, 141–148. [Google Scholar] [CrossRef]

	



Li, T.; Wang, Z.; Wang, C.; Huang, J.; Feng, Y.; Shen, W.; Yang, L. Ammonia volatilization mitigation in crop farming: A review of fertilizer amendment technologies and mechanisms. Chemosphere 2022, 303, 134944. [Google Scholar] [CrossRef]

	



Ali, S.; Danafar, F. Controlled-release fertilizers: Advances and challenges. Life Sci. J. 2015, 12, 33–45. [Google Scholar]

	



Jia, K.; Shen, B.; Zhang, T.; Zhu, Y.; Qu, Y.; Wang, X. Analysis of Fertilization Compounding Rate and Compound Fertilizer Consumption Status and Change (Part II). Fertil. Health 2020, 47, 1–5. [Google Scholar]

	



Liu, Z.; Wu, X.; Tan, D.; Li, Y.; Jiang, L. Application and environmental effects of one-off fertilization technique in major cereal crops in China. Sci. Agric. Sin. 2018, 51, 3827–3839. [Google Scholar]

	



Mencaroni, M.; Dal Ferro, N.; Furlanetto, J.; Longo, M.; Lazzaro, B.; Sartori, L.; Morari, F. Identifying N fertilizer management strategies to reduce ammonia volatilization: Towards a site-specific approach. J. Environ. Manag. 2021, 277, 111445. [Google Scholar] [CrossRef] [PubMed]

	



Wang, C.; Sun, H.; Zhang, J.; Zhang, X.; Lu, L.; Shi, L.; Zhou, S. Effects of different fertilization methods on ammonia volatilization from rice paddies. J. Clean. Prod. 2021, 295, 126299. [Google Scholar] [CrossRef]

	



Song, H.; Chen, X.; Cheng, L.; Lu, D.; Wang, H. Negligible ammonia volatilization loss with one-time root-zone targeted application of common nitrogen, phosphorus, and potassium fertilizers in transplanted rice cultivation. Agric. Ecosyst. Environ. 2022, 338, 108072. [Google Scholar] [CrossRef]

	



Hodge, A. Roots: The Acquisition of Water and Nutrients from the Heterogeneous Soil Environment; Progress in botany 71; Springer: Berlin/Heidelberg, Germany, 2010; pp. 307–337. [Google Scholar]

	



Szulc, P.; Wilczewska, W.; Ambroży-Deręgowska, K.; Mejza, I.; Szymanowska, D.; Kobus-Cisowska, J. Influence of the depth of nitrogen-phosphorus fertiliser placement in soil on maize yielding. Plant Soil Environ. 2020, 66, 14–21. [Google Scholar] [CrossRef]

	



Nkebiwe, P.M.; Weinmann, M.; Bar-Tal, A.; Müller, T. Fertilizer placement to improve crop nutrient acquisition and yield: A review and meta-analysis. Field Crops Res. 2016, 196, 389–401. [Google Scholar] [CrossRef]

	



Cui, P.; Chen, Z.; Ning, Q.; Wei, H.; Zhang, H.; Lu, H.; Zhang, H. One-Time Nitrogen Fertilizer Application Using Controlled-Release Urea Ensured the Yield, Nitrogen Use Efficiencies, and Profits of Winter Wheat. Agronomy 2022, 12, 1792. [Google Scholar] [CrossRef]

	



Kichler, C.M.; Fulton, J.P.; Raper, R.L.; Zech, W.C.; McDonald, T.P.; Brodbeck, C.J. Spatially monitoring tractor performance to evaluate energy requirements of variable depth tillage and implement selection. In Proceedings of the 2007 ASAE Annual Meeting. American Society of Agricultural and Biological Engineers, Minneapolis, MN, USA, 17–20 June 2007. [Google Scholar]

	



Wesolowska, M.; Rymarczyk, J.; Góra, R.; Baranowski, P.; Slawinski, C.; Klimczyk, M.; Schimmelpfennig, L. New slow-release fertilizers-economic, legal and practical aspects: A Review. Int. Agrophys. 2021, 35, 11–24. [Google Scholar] [CrossRef]

	



Nasielski, J.; Grant, B.; Smith, W.; Niemeyer, C.; Janovicek, K.; Deen, B. Effect of nitrogen source, placement and timing on the environmental performance of economically optimum nitrogen rates in maize. Field Crops Res. 2020, 246, 107686. [Google Scholar] [CrossRef]

	



Zhang, C.; Song, X.; Zhang, Y.; Wang, D.; Rees, R.M.; Ju, X. Using nitrification inhibitors and deep placement to tackle the trade-offs between NH3 and N2O emissions in global croplands. Glob. Chang. Biol. 2022, 28, 4409–4422. [Google Scholar] [CrossRef]

	



Jiao, X.; Zhang, H.; Chong, W.; Li, X.; Zhang, F. Science and Technology Backyard: A novel approach to empower smallholder farmers for sustainable intensification of agriculture in China. J. Integr. Agric. 2019, 18, 1657–1666. [Google Scholar] [CrossRef]

	



Wang, C.; Duan, J.; Ren, C.; Liu, H.; Reis, S.; Xu, J.; Gu, B. Ammonia Emissions from Croplands Decrease with Farm Size in China. Environ. Sci. Technol. 2022, 56, 9915–9923. [Google Scholar] [CrossRef] [PubMed]

	



Gu, B.; Song, Y.; Yu, C.; Ju, X. Overcoming socioeconomic barriers to reduce agricultural ammonia emission in China. Environ. Sci. Pollut. Res. 2020, 27, 25813–25817. [Google Scholar] [CrossRef] [PubMed]

	



Wu, W.; Yu, Q.; You, L.; Chen, K.; Tang, H.; Liu, J. Global cropping intensity gaps: Increasing food production without cropland expansion. Land Use Policy 2018, 76, 515–525. [Google Scholar] [CrossRef]

	



Xu, D.; Zhu, Y.; Zhu, H.; Hu, Q.; Liu, G.; Wei, H.; Zhang, H. Effects of a One-Time Application of Controlled-Release Nitrogen Fertilizer on Yield and Nitrogen Accumulation and Utilization of Late Japonica Rice in China. Agriculture 2021, 11, 1041. [Google Scholar] [CrossRef]

	



Cui, Z.; Zhang, H.; Chen, X.; Zhang, C.; Ma, W.; Huang, C.; Dou, Z. Pursuing sustainable productivity with millions of smallholder farmers. Nature 2018, 555, 363–366. [Google Scholar] [CrossRef]

	



Zhang, Q.; Chu, Y.; Xue, Y.; Ying, H.; Chen, X.; Zhao, Y.; Cui, Z. Outlook of China’s agriculture transforming from smallholder operation to sustainable production. Glob. Food Secur. 2020, 26, 100444. [Google Scholar] [CrossRef]

	



Hu, Y.; Schmidhalter, U. Urease inhibitors: Opportunities for meeting EU national obligations to reduce ammonia emission ceilings by 2030 in EU countries. Environ. Res. Lett. 2021, 16, 084047. [Google Scholar] [CrossRef]

	



Wu, Y.; Xi, X.; Tang, X.; Luo, D.; Gu, B.; Lam, S.K.; Chen, D. Policy distortions, farm size, and the overuse of agricultural chemicals in China. Proc. Natl. Acad. Sci. USA 2018, 115, 7010–7015. [Google Scholar] [CrossRef]

	



Bizimana, F.; Timilsina, A.; Dong, W.; Uwamungu, J.Y.; Li, X.; Wang, Y.; Hu, C. Effects of long-term nitrogen fertilization on N2O, N2 and their yield-scaled emissions in a temperate semi-arid agro-ecosystem. J. Soils Sediments 2021, 21, 1659–1671. [Google Scholar] [CrossRef]

	



Li, J.; Wang, L.; Luo, Z.; Wang, E.; Wang, G.; Zhou, H.; Xu, S. Reducing N2O emissions while maintaining yield in a wheat–maize rotation system modelled by APSIM. Agric. Syst. 2021, 194, 103277. [Google Scholar] [CrossRef]








[image: Atmosphere 13 01859 g001 550] 





Figure 1. Box plot of the difference in NH3 emission rates from nitrogen fertilizer under different application frequencies collected from published literature. R-O, one-time application for rice; R-S, splitting application for rice (including basal and top-dressing fertilizer); M-O, one-time application for maize; M-S, splitting application for maize; W-O, one-time application for wheat; W-S, splitting application for wheat. Analyses performed were one-sample Wilcoxon signed rank test, and the different lowercase letters show significant differences (p > 0.05) between the two nitrogen fertilizer application methods. Numbers of experimental observations are shown in parentheses. Thick line, median; boxes, interquartile; ranges (Q1–Q3); whiskers, non-outlier range. 
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Figure 2. Box plot of the difference in the yield of one-time application relative to split application in main grain crops collected from published literature. Analyses performed were one-sample t-test if normally distributed or one-sample Wilcoxon signed rank test as data were non-normal, and the ** showed significant differences (p > 0.01) between the two nitrogen fertilizer application methods. Numbers of experimental observations are shown in parentheses. Thick line, median; boxes, interquartile; ranges (Q1–Q3); whiskers, non-outlier range. 
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Table 1. Proportion of farm holders applying one-time nitrogen fertilizer for grain production in the major provinces in China.
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	Jiangsu
	Hubei
	Sichuan
	Heilongjiang
	Jilin
	Liaoning
	Average





	Rice (%)
	62.7
	47.8
	54.0
	21.8
	53.5
	68.3
	7.5



	
	Shandong
	Hebei
	Henan
	Heilongjiang
	Jilin
	Liaoning
	



	Maize (%)
	62.7
	47.8
	54.0
	21.8
	53.5
	68.3
	51.4



	
	Shandong
	Hebei
	Henan
	
	
	
	



	Wheat (%)
	51.3
	14.5
	33.6
	
	
	
	33.1
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
Effect on yield %

40
35
30
25
20
15
10

(5)
(10)
(15)

(n =40)

*k

(n=28) (n=41)

Rice

Maize Wheat






nav.xhtml


  atmosphere-13-01859


  
    		
      atmosphere-13-01859
    


  




  





media/file0.png





media/file2.png
W-S$

W-0O

-S

o LN o LN
on N N L

% 93l uoissiwa YN

M-O

R-S

R-O






media/file3.jpg
Effect onyield %

a0
35
30
25
20
15
10

)
(10)
(15)

(n=40) (n=28) (n=41)
P
-
-
T
Rice Maize Wheat






media/file1.jpg
nw g
f 8§ 8 8 & R & =2

% 933l uoISSIWA FHN

W @ w9 uw 9o w o

W-0 W

M-S

M-0

RS

RO






