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1. Introduction

Rice is the most important agricultural staple for more than half of the world's population.
According to FAO in 2019 [1], the rice cultivated area and rice production worldwide is 162,055,938
ha and production of 755,473,800 tones, respectively. In which, the production shares of paddy by
Asia accounts for up to 92.6%. However, farmers are slowly losing motivation to produce rice due to
high production costs and disproportionate income.

In Madagascar in 1980, Father Henri de Laulanié introduced the System of Rice Intensification
(SRI) [2]. The SRI has been developed in over 60 countries with 15 million smallholder farmers in the
world [3]. By 2015, Vietnam had 35 provinces applying SRI with the total applied area of 436,377 ha,
and the participation of 1,910,255 farmers [2]. The SRI has helped improve income [4], [5], ensure
food security while minimizing negative impacts on the environment and enhancing farmers'
resilience to climate change and ensure environmental sustainability. The SRI is a rice farming
method that brings high economic benefits to farmers through input reduction because it saves 70-
80% of seed and 60% of water [2]. The SRI is also based on the ecological principle of equal
harmony between people and natures. Moreover, SRI contributes to reducing greenhouse gases (CH,,
N,O, CO,) [6]. The objectives of the study are to give an overview of SRI studies in Vietnam and
around the world, and to provide evidence to prove that SRI can contribute to environmental
protection and mitigation of climate change.

2. Materials and methods

Research approach: because this is overview research, we did not use the primary data collection
method, but only the secondary data collection method. The materials were collected from various
sources such as the published scientific journals, research reports; internet (Research Gate, Science
Direct, SRI Journal Articles, Rice Sciences, SRI-RICE, databases such as Literature Analysis and
Retrieval System Online); and unpublished such as master and doctoral theses.

Data collection: The priorities for selecting documents are: Synthesize literature review of SRI in
the world, particularly in textbooks, magazines or reviews and summaries; next are the sources of
information coming from relevant journal articles. Priority is given to studies with the most current
publication date and backward over time. In addition, access by reference source at the end of the
articles to survey broader studies; the next is to read books related to the SRI in the library or eBooks;
Find the articles, interviews of the scientific seminar on SRI.

Data processing methods: Use statistical parameters such as to synthesize the number of
documents found related to rice cultivation, SRI helping environmental protection and mitigation
climate change, then use the comparison method, make statistical tables and charts.

3. Finding and discussion

Conventional rice cultivation (CRC) is a farming practice characterized by continuous flooding,
and high grain rates, while SRI is low seed rates and in the alternative wet and dry (AWD) condition.
Planting with high density of 15 x 10 cm is in CRC, while that of SRI is of 25 x 25 cm. SRI
transplanting is 8 to 15 days early or 2 to 3 leaves, but that with CRC is 21 to 35 days late. The SRI
use more organic fertilizers, while CRC uses inorganic fertilizers. In weed control, CRC uses
herbicides, while grass is treated by farmers by raking and hand weeding in SRI (Table 1).

Table 1. The practices of CRC and SRI of rice cultivation

Practices CRC SRI

Seeds are soaked for 24 hours prior to
seeding to eliminate non-viable seeds
Non-flooded nurseries, often raised beds,
non-densely seeded

Seed selection and preparation  Seeds are not selected or treated

Nursery management Flooded nurseries, densely seeded
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Practices CRC SRI

. . 21 — 35 days seedling, sometimes Early transplanting of 8 — 15 day of
Uprooting and transplanting up to 60 days seedling or 2-leaf seedling
Spacing 15-20 x 10 cm 25-30 x 20-25cm
No. of seedlings/hill 3-7 1
No. of seedling/m? 130 - 400 16 - 33
Water conditions Cor_ltlnuous flooding of fields Alter_nate wetting and drying (AWD),

during crop cycle keeping soil moist
Use of fertilizers Chemical fertilizers Organic f'ertlllzers_, complgr_nented 'f
needed with chemical fertilizer

Use of herbicides Yes No

3.1. Economic benefit

The input savings from applying SRI to rice cultivation are based on its farming principles. The
amount of seeds in the SRI was reduced by up to 92% [7] and the seed cost declines by 90% [4]
compared to CRC. In CRC, the field is constantly flooded, which requires a tremendous amount of
water for each crop. However, with SRI, the amount of water is done according to alternate wetting
and drying (AWD). Therefore, saving water for irrigation (energy costs for pumping water) can help
farmers get benefit from this. The amount of water used in irrigation in rice fields by the SRI method
has decreased from 25 - 65% [2], [8] - [14]. Besides, SRI decreases transplanting work by 50%,
reduces nitrogen fertilizers by 25 - 30% and reduces pesticides, rice yield increases by 13 - 29%.
Therefore, SRI increases the efficiency of land use, labour, investment, and people's income [4], [15].
This is in line with Johannes Dill and et al. [5] who proved the use of fewer seeds (70% - 90% lower
costs), fertilizers (35% - 40% lower costs), and almost no pesticides (80% - 90% lower costs).

Table 2. Rice yields applied SRC and SRI (ton/ha)

Country/region CRC SRI Time Author/ Reported
Madagascar: TefySaina 2.0 8.0 1994-1999 Norman Uphoff
Philippin: Mindanao 2.0 4.9 1999 Celso Limas
China: Sichuans - 29.0 2004 CAU
Heilongjiong - 125 2005 Jin Xueyong
Guiyang, Guizhou - 12.9 «“ Zhou Weijia
Sichuan Agri.Univer - 11.8 «“ Ma Jun
Wen Zhon, Zhejiang - 10.1-104 «“ Wu Cun Zan
Tian Tai, Zhejiang - 11.5-120 «“ Zhu Defeng
Meishan, Sichuan - 13.2 “ Liu Zhibin
Leshan, Sichuan - 12.1 “ Tang Yonglu
Jianyang, Sichuan - 7-6 «“ Xu Xiuli
Hunan - 13.5 «“ Yuan Longping
Taoyun, Yunnan - 18.0 “ Zhu Defeng
Yunnan - 204 «“ Liu Zhibin
Indonesia - 7.8 2002 Nippon Koei

. . 41-5.4 6.3-6.8 2003 Sunendar
Indonesia: Sukamandi .
59-6.9 9.5 2006 Kartaatmadja
Cambodia: Kandal 2.0 5,0 1999 Koma Saing Yang
Takeo 3.6 5.8 2000
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Country/region CRC SRI Time Author/ Reported
Cambodia 4.1 2004 GTZ
Thailand: Chiangmai 4.8 54-83 2000 Phrek Gypmantasiri
Myanmar: Myitkyina 4.0 5.8 2001 Humayun Kabir
Sri Lanka: Bopitiya 3.7 15.8 2000 H.M. Premaratna
Mallawalana 3.7 10.5-15.7 2001 H.M. Premaratna
Namal Oya 3.7 8.5 2001 H.M. Premaratna
Bangladesh - 24 2002-04 IRRI-BD/BRAC
India: Tamil Nadu - 2.8 2004 TNAU
Andhra Pradesh - 3.8 2003-04 ANGRAU
West Bengal - 3.2 2004 IWMI—India
Nepal - 8.2 2006 DADO
Vietnam: Dong Tru 4.1 49-50 2005 Norman Uphoff
Thai Nguyen 6.6-6.8 70-7.9 2004 Hoang Van Phu
Thai Nguyen 6.1 71-75 2005 Hoang Van Phu
Bac Giang 6.6-6.9 7.4-85 2005 Hoang Van Phu
Thai Nguyen 5.32 12.4 2011 Hoang Van Phu

(Source: [4])

The results of an experiment in four Lower Mekong Basin countries (Cambodia, Laos, Thailand
and Vietnam) showed that SRI practices helped increas rice yield by 52%, farmers’ net economic
return per hectare by 70% [16]. The total input costs for SRI farmers were between 18% and 27%
lower than those of CRC farmers while increasing profits by an average of 155% [5]. According to
Thakur in 2015, the SRI practices provided new possibilities for food security and poverty reduction
[17]. This is similar to the results of studies of several authors [2], [5], [10], [18] - [21] (Table 2).

3.2. SRI in relation to environmental protection and climate change mitigation
3.2.1. Reducing environmental pollution

According to FAO and the International Rice Board (IRC), the efficiency of using nitrogen
fertilizer is only about 35- 40% [22], which means that only about 35-40% of fertilizer is used by
crop, the rest 60-65% is lost. With phosphorus and potassium, fertilizer efficiency rates are 40- 45%,
so 55- 60% of the residue will go into the soil and groundwater causing environmental pollution.
Besides, according to the fertilizer industry report in 2019 of FPTS group, Vietnam consumed 11
million tons of fertilizer per year [23]. The average need for a hectare of rice requires 430 kg of
fertilizer, with an area of 7.5 million hectares of rice in Vietnam, it is necessary to use up to 3,225,000
tons [24]. But only about 35-60 % of the fertilizer is absorbed by the rice plants, the residue of
fertilizer release into the soil and groundwater would be 1,290,000 tons, accounting for more than
one-third of the total amount of fertilizer used. Besides, to produce 1 ton of P,0s, 6 tons of solid waste
will be discharged into the environment, consuming 15 tons of water and losing 1 GJ of energy [25].
If a large amount of unnecessary fertilizer is reduced, this will both help save costs for the people and
protect the environment. In addition, an evaluation in China has concluded methane (CH,4) emission
could be reduced from organic fertilization of rice field [14].

The statistical studies and reports in Table 3 show that after applying the SRI method, the amount of
chemical fertilizers has decreased from 25- 86%. The data proves that the benefits of using the SRI without
chemical fertilizer are very beneficial in protecting the environment.
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Table 3. The amount of chemical fertilizer was applied (kg/ha/crop)

Country/region CRC SRI % Reduction Source
Sri Lanka 150 21 86 [26]
Cambodia 116 67 58 [27]
Cambodia 150 75 50 [28]

Eastern Indonesia 250 125 50 [29]
Bamako, Mali 280 140 50 [30]
Timbuktu, Mali 198 148 25 [31]
Vietnam 700 506 28 [32]

3.2.2. Biodiversity conservation

The SRI's strategy for weed control is cono-weeding by hand with simple mechanism. Maintaining
aerobic soil conditions also supports larger populations of beneficial soil biota [29] and enhances the
numbers and diversity of the soil biota (mostly aerobic) [33]. Given the much low plant density in the
SRI method, less humidity builds up within the plant canopy as air can circulate more easily among
the plants. This provides pest and diseases with a less favorable environment compared to densely
planted and continually-flooded conventional rice paddies [34], [35] (Table 4).

Table 4. The incidence of sheath blight after SRI application in Vietnam

Province Year % reduction of sheath blight Source
2004 3 [8]
Thai Nguyen 2006 19- 52 [5]
2011 2 [36]
Bac Kan 2010 10-13 [19]

Furthermore, insect diversity studies were conducted in paddy plots planted organically under SRI
in Lubok, Melaka, China and another study in Binh Dinh, Vietnam [15]. The result indicated that SRI
has ensured a good balance between the populations of pests, beneficial insects (predators and
parasitoids) as well as other insect community during the various phases of paddy development
without any loss in yield. These show that SRI is an effective way to conserve, use and enhance
biodiversity crucial to sustainable food security [37].

3.3 SRI in relation to climate change mitigation

Rice paddies are considered one of the most important sources of CH, and N,O emissions.
Methane released from agricultural activities largely comes from inundated rice fields and ruminant
animals, which together produce almost half of human-induced methane [38]. Currently, it is
estimated that emission from rice fields is 53% of Vietnam’s total emissions in the agricultural sector.
Therefore, adoption of SRI in Vietnam can contribute a lot to the reduction of GHG emissions [39].

CO, is a primary concern when referring to GHG emission. However, CH, takes 23-25 times more
and N,O takes 310 times more a contribution to the global warming of the atmosphere than CO, [38].
Rice fields are presently one of the agricultural sector’s main producers of CH, given that methanogen
bacteria thrive in flooded soil conditions [2]. This is similar to the results of Nguyen et al [40] and
Africare, Oxfam America [38]. The report of Dung and Phu show that converting paddy soils from
anaerobic to aerobic status substantially reduced methane emissions [2], which is also the same
opinion as Rajkishore [40] and Primitiva Andrea and Mboyerwa [41]. The research in the Nepal
Terai, measuring CH, and N,O emissions in rice fields of SRI found that CH4 was reduced fourfold in
SRI fields, whereas N,O was reduced fivefold [43]. In addition, Alfred Gathorne-Hard et al. [20]
found SRI management reduced GHG emissions by over 25% on a per-hectare basis.
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Table 5. The greenhouse gas emissions after the SRI application

Relative reduction of GHG / GWP emission (%)

Source Country > o
CH, N,O co, GHG GWP

[41] China 30 - - - -
[42] Japan 25-35 - - - -
[3] Vietnam 21-24 15- 22 22 - 27 - -
[17] - - 13-16 - -
[44] Northern Vietnam 14 - 67 - - 22-72 20 - 66
[6] Denmark 75- 90 - - 85 - 87 -
[45] Indo-Gangetic 61- 64 - - - -
[45] Indo-Plains - - - 27 -30 -
[46] 40 - - -
[47] India - - - 40 -
[1] - - - 67-71 -

Note: (-) No figures available; *GHG is Total GHG emission, . GWP: Global worming potential

Table 5 show that applying the SRI, helps to reduce GHG emissions, of which the most significant
gas reduction is CH4 gas up to 90% in Denmark. The same thing also demonstrated in the study of
Quynh et al. [15] and Rajkishore et al. [1]. The outcome was applying SRI can decrease CH,4
emissions 47-69%, decline amount of CO, equivalent per kilogram of paddy 46-65% [48]. The above
studies were tested on many rice types and regions with different weather patterns but have been
shown to be positive with GHG emissions reduction.

3.3.1. Reducing GHG emissions from burning rice straw

In several countries, rice straw is no longer used strictly after crop harvest in agricultural
cultivation. The farmers often burn straw directly in the field instead of using it as animal feed,
compost or serving people’s daily lives (fuels). Open-burning of straw residues also contributes to
global warming through emissions of greenhouse gases (GHGSs) such as carbon dioxide (CO,),
methane (CHy,), and nitrous oxide (N,O) [49], [30].

Table 6. The percentage of rice straw is burned annually in the field

Year Country/ region Rice straw was burned (%) Source
2006 Philippines 95 [50]
2000 India 62 [51]
2013 Egypt 53 [52]
2006 Thailand 48 [50]
2018 China 26 [51]

Table 6 indicated that straw burning is still very large. In Eastern China, straw burning emissions
could contribute up to 56% of total emissions in the summer (CO, SO, and NO,) [55]. According to
Jian Wu et al. [54], the average emission of CH, is 32% of the total emissions of outdoor straw
burning. Besides that, Ryan R. Romasanta and et al. [49] pointed out straw burning accounted for
39% of the annual GWP over the entire cropping cycle in Laguna (Philippines). In Vietnam, the
proportion of straw burned in the field accounts for 51% and 78.5% for spring and summer crops
respectively. The largest CO, emissions were 738.8 thousand tons/year (89.6%); followed by CO
emissions of 58.4 thousand tons/year (7.1%) [54]. Therefore, the principle of SRI is to use organic
fertilizers. There have been many studies using post-harvest straw to compost fertilizer for the next
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rice crop [31], [55], [56]. This helps to reduce huge amounts of GHG emission, which are released
directly into the environment without any treatment.

3.3.2. Save energy

According to Ramana Rao et al. [57], the energy input and output in a rice production cycle of
CRC and SRI was illustrated in table 7.

Table 7. The energy input and output of the main elements in rice production (energy equivalent: MJ/ha)

Items CRC SRI Difference

A. Inputs: Human labour (h) 872.2 1,058.4 186.2
Diesel fuel (L) 7,883.4 6,306.7 1,576.6

Machinery (h) 2,508.0 2,006.4 501.6

Water for irrigation (m®) 17,340.0 12,750.0 4950
Electricity (kwh) 36,505.8 26,842.5 9,663.3

Seeds (kg) 432.0 90.0 342.0
Total energy input (MJ) 95,116.6 78,678.3 16,438.3
B. Outputs: Gain (kg) 49,29.0 63,585.0 58.656.0
Straw (kg) 57,600.0 52,300.0 5,300.0
Total energy output (MJ) 106,898.0 115,885.0 8.987.0

Note: (h): Hour; (m®): cubic meter; (L): litre; (kWh): Kilowatt-hour. Source: [57]

The first is human labor which is calculated per hour, using the SRI will cost 1,058 h/ha while
CRC is only 872 h/ha. This is explained by the fact that with SRI people will weed regularly by
themselves because of their labor instead of spraying pesticides like CRC. However, the difference
here is not large, farmers only spend 186 hours (about 7-8 days), thus, using SRI can reduce the use of
pesticides, which will adversely affect the environment.

Reported by Valsecchi et al. [58], CO, emissions per litre of diesel burned is 2.67kg. Thence, with
1,577 liters of diesel oil saved about 4,210.590 kg of CO, emissions reduced to the atmosphere in
each crop season. Therefore, SRI also has the potential to reduce the amount of electrical energy used
in agriculture. As mentioned, the number of seeds used in SRI was 342 kg/ha less than CRC, which is
about 80% of the seeds in each rice crop being reduced [57]. Research by Truong et al. [32] show that
the energy input in CRC was 7,415 MJ/ha higher than SRI, equivalent to about 20%. However, it did
not help the CRC have a higher output than that of SRI. SRI had output of 22,122 MJ/ha which was
21,849 MJ/ ha higher than CRC.

4. Conclusion

The cultivation principles of SRI are different from CRC. Many authors believe that applying the
SRI will decrease input (seed, fertilizer, water). The SRI uses mainly organic fertilizer, greatly limit
the amount of chemicals. Almost all experiments and studies indicated that fertilizer in a rice crop of
the SRI method decline by 25 - 80%. In the biodiversity conservation aspect, the AWD irrigation
method, the transition from anaerobic to the aerobic environment and low planting density make it
difficult for pests to reproduce while minimizing the use of pesticides, create a natural enemy
environment, contribute to preserving biodiversity. The SRI makes reduction of GHG emission when
the rice cultivation converting anaerobic to aerobic. The GHG emission might be growing less from
the burning of rice straw, which can be solved by using rice straw to compost. Finally, in energy
saving, the total energy input of the SRI is 12 - 20% lower than the CRC, while the output is 8 — 10%
higher. In conclusion, SRI can help farmers save input costs while ensuring output. At the same time,
it has made a contribution to environmental protection and climate change mitigation based on its
farming principles.

http://jst.tnu.edu.vn 17 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 226(09): 11 -21

REFERENCES

[1] S. K. Rajkishore, S. K. Natrajan, A. Manikandan, N. S. Vignesh., “Carbon sequestration in rice soils: a
review,” Supplement on Rice, vol. 9 no. 1&2, pp. 427-433, 2015.

[2] N. T. Dung and V. H. Phu, “The 10 years journey of SRI in Vietnam,” SRI in Vietnam, April 25, 2017.
[Online]. Awvailable: https://vietnamsri.wordpress.com/2017/04/25/the-10-years-journey-of-sri-in-vietnam/.
[Accessed December 26, 2020].

[3] M. Mc Kay, and N. Uphoff, Overview about the SRI international network and resources center (SRI-rice).
SRI Rice - SRI International Network and Resources Center. New York: SRI-Rice is associated with the
International Programs - CALS at Cornell University, 2020.

[4] H. V. Phu and V. T. Dong, “Prospects of SRI (System of Rice Intensification) techniques in rice cultivation
in the Northern Midlands Region,” (in Vietnamese), Procceddings of The National Science Conference:
“Research and technology development to serve the Development of Agriculture and Rural development of
the Northern Mountainous Area, years of 2000-2005, March 3, 2006, pp. 1 —7.

[5] J. Dill, G. Deichert, and L. T. N. Thu, Promoting the System of Rice Intensification. Lessons Learned from
Tra Vinh province, Viet Nam. Tra Vinh, Vietnam: GIZ organizations, 2013.

[6] S. F. Islam, J. W. van Groenigen, L. S. Jensen, B. O. Sander, and A. de Neergaard, “The effective mitigation
of greenhouse gas emissions from rice paddies without compromising yield by early-season drainage,”
Science of The Total Environment, vol. 612, pp. 13291339, 2018, doi:10.1016/j.scitotenv.2017.09.022.

[7] B. C. Barah, “Economic and Ecological Benefits of System of Rice,” Agricultural Economics Research
Review, New Delhi - 110 012: Agricultural Economics Research Association, ISSN: 0971-3441, Online
ISSN: 0974-0279, vol. 22, pp. 209-214, 20009.

[8] N. H Nam and H. V. Phu, “Study on SRI rice intensification technical system,” (in Vietnamese), The
Scientific Journal of Agriculture and Rural Development, Ministry of Agriculture and Rural Development,
vol. 53, no. 3,4, 1 -5, 2005.

[9] P. T. Thu, “Improved rice cultivation technique (SRI) - A solution that brings many benefits,” (in
Vietnamese), March 6, 2017. [Online]. Available: https://sonnptnt.backan.gov.vn/Pages/tin-chuyen-nganh-
214/trong-trot-va-bao-ve-thuc-vat-230/ky-thuat-canh-tac-lua-cai-tien-sri-g-c1777d3fc4b11c4b.aspx.
[Accessed December 11, 2020].

[10] F. C. Kahimba, E. E. Kombe, and H. F. Mahoo, “The Potential of System of Rice Intensification (SRI) to
Increase Rice Water Productivity: a Case of Mkindo Irrigation Scheme in Morogoro Region, Tanzania,”
Tanzania Journal of Science, vol. 12, no. 2, pp. 10- 19, 2014.

[11] S. H. Lu, and Y. J. Dong, J. Yuan, and L. H Roger, “A High-Yielding, Water-Saving Innovation
Combining SRI with Plastic Cover on No-Till Raised Beds in Sichuan, China,” Taiwan Water Conservancy,
vol. 61, no.4, pp. 94-109, June 2013.

[12] B. Mati and M. Nyamai, “System of Rice Intensification (SRI): Growing More Rice While Saving on
Water,” Kenya_SRI Manual, 2012. [Online]. Available: http://sri.ciifad.cornell.edu/countries/kenya/index.
Html. [Accessed Febuary 26, 2020].

[13] J. A. Ndiiri, B. M. Mati, P. G. Home, B. Odongo, and N. Uphoff, “Comparison of water savings of paddy
rice under System of Rice Intensification (SRI) growing rice in Mwea, Kenya,” International Journal of
Current Research and Review (IJCRR), vol. 4, no. 6, pp. 63-73, 2012.

[14] S. K. Yang, “Proposed Strategies to Utilize the Potential of Rice Production in Cambodia,” in Agriculture
and Rural Development Discussion Note, SRI - International Network and Resources Center, Cambodia:
Cambodian Center for Study and Development in Agriculture (CEDAC), June 2018.

[15] V. D. Quynh, M. V. Trinh, B. T. P. Loan, T. T. Anh, B. V. Minh, N. H. Son, H. M. Thang, N. H. Manh, N.
T. Thom, D. A. Minh, P. H. Thanh, and N. T. Oanh. “Assessment on economic, ecological and climate
change resilience/adaptability of System of rice intensification (SRI) in compared with conventional rice
cultivation in Binh Dinh province,” (in Vietnamese), Journal of Vietnam Agricultural Science and
Technology, VAAS, ISSN: 1859 — 1558, vol. 6, pp. 27 — 33, 2018.

[16] The SRI International Network and Resources Center, “Thailand,” from College of Agriculture and Life
Science. [Online]. Available: http://sri.ciifad.cornell.edu/countries/thailand/index.html. [Accessed January
08, 2020].

[17] A. K. Thakur, R. K. Mohanty, R. Singh, and D. U. Patil, “Enhancing water and cropping productivity
through Integrated System of Rice Intensification (ISRI) with aquaculture and horticulture under rainfed
conditions,” Agricultural Water Management, vol. 161, pp. 65-76, 2015, doi: 10.1016/j.agwat.2015.07.008.

http://jst.tnu.edu.vn 18 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 226(09): 11 -21

[18] H. V. Phu, "Research results on SRI (System of Rice Intensification) in spring 2005 in Thai Nguyen," (in
Vietnamese), TNU Journal of Science and Technology, no.3, pp. 15-19, 2005.

[19] P. T. Thu and H. V. Phu, “Results of the study on the possibility of applying the System of Rice
Intensification (SRI) to the non-water active land in Bac Kan,” (in Vietnamese), University of Da Nang —
Journal of Science and Technology, vol. 119, no. 5, pp. 35-40, 2010.

[20] A. Gathorne-Hardy, “A Life Cycle Assessment (LCA) of Greenhouse Gas Emissions from SRI and
Flooded Rice Production in SE India,” Taiwan Water Conservancy Journal, vol. 61, no. 4, pp. 111-125,
2013.

[21] A. Satyanarayana, T. M. Thiyagarajan and N. Uphoff, “Opportunities for water-saving with higher yield
from the system of rice intensification,” Irrigation Science, vol. 25, pp. 99-115, 2007.

[22] FAOSTAT (Food and Agriculture Organization Corporate Statistical Database), “Plan nutrition for food
security,” [Online]. Available: http://www.fao.org/3/a0443e/a0443¢.pdf. [Accessed Febuary 11, 2021].

[23] T. P. Bui, “Fertilizer Report September 2019 - Industry internal competition pressure, growth driver from
high quality fertilizers,” (in Vietnamese), 2019. [Online]. Available: http://www.fpts.com.vn/FileStore2/
File/2019/10/21/FPTSFertilizer_Industry _ReportSep2019 5b1e0172.pdf. [Accessed December 23, 2020].

[24] V. Dien, “From the Department of Agriculture and Rural Development - Ba Ria Vung Tau province,” (in
Vietnamese), August 24, 2012. [Online]. Available: https://sonnptnt.baria-vungtau.gov.vn/article/
groupcategory?item=NTNNTH. [Accessed December 23, 2020].

[25] X. H. Trinh “Research on technology of processing apatite ore in Lao Cai type II into chemical
preparations using environmentally friendly chemical methods,” (in Vietnamese), 2017. [Online]. Available:
https://vast.gov.vn/tin-chi-tiet/-/chi-tiet/nghien-cuu-qua-trinh-che-bien-quang-apatit-lao-cai-loai-ii-thanh-
cac-che-pham-hoa-chat-theo-phuong-phap-hoa-hoc-than-thien-voi-moi-truong-4813-437.html.  [Accessed
Febuary 16, 2021].

[26] E. Regassa and P. W. Namara, The Prospects of System of Rice Intensification Adoption in Sri Lanka: A
Socioeconomic Assessment, Report No. 75, International Water Management Institute (IWMI), ISSN 1026-
0862. ISBN 92-9090-535-2, 2003.

[27] C. Tech, Ecological System of Rice Intensification (SRI) - Impact Assessment (2001-2003). Cambodian:
Cambodia Center for the Study and Development of Agriculture, May 2004.

[28] N. Uphoff, Trip report from visit to Vietnam - Reviewing SRI progress. New York, USA: SRI International
Network and Resources Center, 2007.

[29] S. Sato and N. Uphoff, “A review of on-farm evaluations of system of rice intensification methods in
Eastern Indonesia,” CAB Reviews: Perspectives in Agriculture, Veterinary Science, Nutrition and Natural
Resources, vol. 2, no. 054, 2007, doi: 10.1079/PAVSNNR20072054. ISSN 1749-8848.

[30] E. Baxter, The System of Rice Intensification (SRI) — First Experiences from Timbuktu - Mali. Goundam,
Timbuktu, Mali: Africare, GFSI Project. US Agency for International Development — USAID, 2008.

[31] G. I. Ichriani, Y. A. Nion, H. E. N. C. Chotimah, and R. Jemi, “Utilization of oil palm empty bunches waste
as biochar-microbes for improving availibity of soil nutrients,” Journal of Degraded and Mining Lands
Management, vol. 3, no. 2, pp. 517-520, January, 2016, doi: 10.15243/jdmim.2016.032.543.

[32] T. T. A. Truong, J. Fry, P. V. Hoang, and H. H. Hoang, “Comparative energy and economic analyses of
conventional and System of Rice Intensification (SRI) methods of rice production in Thai Nguyen Province,
Vietnam,” Paddy and Water Environment, Springer Japan, vol. 15, no. 4, pp. 931-941, 2017.

[33] N. Uphoft, “Higher yields with fewer external inputs? The System of Rice Intensification and potential
contributions to agricultural sustainability,” International Journal of Agricultural Sustainability, vol. 1, pp.
38-50, 2003.

[34] K. Karthikeyan, J. Sosamma, and S. M. Purushothaman, “Incidence of insect pests and natural enemies
under SRI method of cultivation,” Oryza, vol. 47, pp. 154-157, 2010.

[35] V. Visalakshmi, M. R. P. Rama, and S. H. Hari, “Impact of paddy cultivation systems on insect pest
incidence,” Journal of Crop & Weed, vol. 10, pp. 139-142, 2014.

[36] H. V. Phu, “Research on several technical measures in the improved rice intensification system (SRI) on
non-water active land in Vo Nhai district, Thai Nguyen,” (in Vietnamese), Journal of Science &
Technology, Ministry of Agriculture and Rural Development, no.10, pp. 20-26, 2012.

[37] S. Norela and A. Isahak, “Diversity of pest and non-pest insects in an organic paddy field cultivated under
theSystem of Rice Intensification (SRI): A case study in Lubok China, Melaka, Malaysia,” Journal of Food
Agriculture and Environment, vol.11, no. 3&4, pp. 2861-2865, 2013.

http://jst.tnu.edu.vn 19 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 226(09): 11 -21

[38] Africare, Oxfam America, and WWF-ICRISAT, More Rice for People, More Water for the Planet. WWF-
ICRISAT, Hyderabad, India, 2010.

[39] N. M. Le, and E. Styger. “Workshop on Building Alliances around SRI and Agro-ecology,” Workshop on
Building Alliances for System of Rice Intensification (SRI) and Agroecological Innovations. Bangkok,
Thailand: SRI-Rice, Cornell University, 2014. [Online]. Available: http:/sri.ciifad.cornell.edu/
conferences/IRC2014/SRI_Agroecology_Workshop_BKK1014.pdf. [Accessed Febuary 18, 2021].

[40] V. T. Nguyen, Q. T. Nguyen, and V. A. Nguyen, “Influence of on-farm water management to the methane
emissions in the Red River Delta Area Vietnam,” Vietnam National Commission on Large Dams, 2007.
[Online]. Available: http://www.vncold.vn/En/Web/Content.aspx?distid=374. [Accessed Febuary 20, 2021].

[41] A. M. Primitiva, “Potentials of system of rice intensification (SRI) in climate change adaptation and
mitigation. A review,” International Journal of Agricultural Policy and Research, vol. 6, no. 9, pp. 160-168,
2018, doi:10.15739/1JAPR.18.018.

[42] S. Karki, “System of Rice Intensification: An analysis of adoption and potential environmental benefts,”
MSc thesis in International Environmental Studies, Norwegian University of Life Sciences, 2010.

[43] K. Minamikawa, K. Minamikawa, T. Fumoto, M. Itoh, M. Hayano, S. Sudo, and K. Yagi, “Potential of
prolonged midseason drainage for reducing methane emission from rice paddies in Japan: a long-term
simulation using the DNDC-Rice model,” Biology and Fertility of Soils, vol. 50, no. 6, pp. 879-889,
February 2014, doi: 10.1007/s00374-014-0909-8.

[44] A. Tarig, Q. D. Vu, L. S. Jensen, S. de Tourdonnet, B. O. Sander, R. Wassmann, V. M. Trinh, and A. de
Neergaard, “Mitigating CH4 and N,O emissions from intensive rice production systems in northern
Vietnam: Efficiency of drainage patterns in combination with rice residue incorporation,” Agriculture,
Ecosystems & Environment, vol. 249, pp. 101-111, 2017, doi: 10.1016/j.agee.2017.08.011.

[45] N. Jain, R. Dubey, D. S. Dubey, J. Singh, M. Khanna, H. Pathak, and A. Bhatia, “Mitigation of greenhouse
gas emission with system of riceintensification in the Indo-Gangetic Plains,” Paddy and Water Environment,
Springer Japan, ISSN 1611-2490, July, 2013, doi: 10.1007/s10333-013-0390-2.

[46] H. M. Jayadeva, T. K. P. Setty, R. C. Gowda, R. Devendra, G. B. Mallikarjun, and A. G. Bandi, “Methane
emission as influenced by different crop establishment techniques and organic manures,” Agricultural
Science Digest, vol. 29, pp. 241-245, 20009.

[47] A. Gathorne-Hardy, D. N. Reddy, M. Venkatanarayana, and B. Harriss-White, “System of Rice
Intensification provides environmental and economic gains but at the expense of social sustainability — A
multidisciplinary ~ analysis in  India,”  Agricultural  Systems, wvol. 143, pp. 159-168,
2016, doi:10.1016/j.agsy.2015.12.012.

[48] K. Kofi and G. Y. Boateng, “Rice Cultivation and Greenhouse Gas Emissions,” Agriculture, vol. 7, no. 1,
2017, doi: 10.3390/agriculture7010007.

[49] R. Ryan, and B. O. Romasanta, “How does burning of rice straw affect CH, and N,O emissions? A
comparative experiment of different on-field straw management practices,” Agriculture, Ecosystems &
Environment, vol. 239, pp. 143-153, 2017, doi: 10.1016/j.agee.2016.12.042.

[50] B. Gadde, S. Bonnet, C. Menke, and S. Garivait, “Air pollutant emissions from rice straw open field
burning in India, Thailand and the Philippines,” Environmental Pollution, vol. 157, pp. 1554-1558, 2009.
[51] J. Ren, P. Yu, and X. Xu, “Straw Utilization in China—Status and Recommendations,” Sustainability, vol.

11, March 2019, doi:10.3390/su11061762.

[52] S. Abdelhady, D. Borello, A. Shaban, and F. Rispoli, “Viability study of biomass power plant fired with
rice straw in Egypt,” Energy Procedia, vol. 61, pp. 211-215, 2014, doi: 10.1016/j.egypro.2014.11.1072.

[53] H. A. Le, T. T. H. Nguyen, and T. L. Le, “The estimated amount of emissions from burning straw in a field
in Thai Binh province,” Journal of Science, Hanoi National University - The Science of the Earth and
Environment, vol. 29, no. 2, pp. 26-33, June 20, 2013.

[54] G. He, T. Liu, and M. Zhou, “Straw burning, PM2.5, and death: Evidence from China,” Journal of
Development Economics, vol. 145, 2020, Art. no. 102468, doi: 10.1016/j.jdeveco.2020.102468.

[55] V. O. Subardja, Anas, and R. Widyastuti, “Utilization of organic fertilizer to increase paddy growth and
productivity using System of Rice Intensification (SRI) method in saline soil,” Journal of Degraded and
Mining Lands Management, vol. 3, no. 2, pp. 543-549, January 2016, doi: 10.15243/jdmIm.2016.032.543.

[56] F. J. Simanungkalit, “Rice Farmers Empowerment Using SRI (System of Rice Intensification),” Journal of
Saintech Transfer (JST), ISSN: 2621-4830, vol. 2, no. 1, pp. 24-38, 2019.

http://jst.tnu.edu.vn 20 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 226(09): 11 -21

[57] R. K. V. Ramana, S. Gangwar, A. Bajpai, L. Chourasiaand, and K. Soni. “Energy Assessment of Rice
UnderConventional and Drip Irrigation Systems,” Water Scienceand Technology Library, vol. 78, January
2018, doi: 10.1007/978-981-10-5711-3_2.

[58] C. Valsecchi, P. Brink, S. Bassi, S. Withana, M. Lewis, A. Best, F. Oosterhuis, S. C. Dias, H. Rogers-
Ganter, and T. Kaphengst, Environmentally Harmful Subsidies: Identification and Assessment, Final report
for the European Commission’s DG Environment, November 2009.

http://jst.tnu.edu.vn 21 Email: jst@tnu.edu.vn



