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Abstract

Rice farming is a major contributor to greenhouse gas (GHG) emissions in
the agricultural sector, especially in the Vietnamese Mekong Delta (VMD). We
surveyed 202 rice-farming households (382.9 ha) in Dong Thap Province (Upper
VMD) and estimated COy, CHy, and N3O emissions from post-harvest rice-
straw burning using IPCC (2006) Tier-2 methods. In 2024, straw was burned
on 333.9 ha (87% of the surveyed area) and removed off-field on 49.0 ha. To-
tal emissions were 415.14 t COse, dominated by CH4. Emission intensity was
higher in triple-crop systems (1.26-1.55 t COge-ha=!-yr=!) than in the double-
crop system (1.03 t COge-ha=!-yr=!). Reducing in-field burning through straw
utilization (incorporation/composting, mushroom cultivation, livestock feed)
and, where feasible, moderating cropping intensity can lower emissions while
maintaining soil fertility. The study provides important data to support pol-
icy development and encourages farmers to adopt low-emission alternatives for
post-harvest residue management.

Key words: GHG, crop residues, rice straw, open burning, Mekong delta,
climate change, emission factors

Introduction. Climate change poses one of the greatest challenges to global
food systems, while agriculture itself remains a significant contributor to GHG
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emissions [1]. According to the Intergovernmental Panel on Climate Change
(IPCC) agriculture, forestry, and land use collectively account for approximately
13-21% of global total anthropogenic GHG emissions in the period 2010-2019 [2].
In Vietnam, the agricultural sector contributes around 65.09 million tons of CO»-
equivalent, representing 43.1% of the country’s total GHG emissions [3,4]. No-
tably, rice cultivation is the dominant source within this sector, responsible for
57.5% of total agricultural emissions [5].

Among the major emission sources in rice farming are methane emissions
from flooded fields and the open burning of rice straw after harvest. The latter is
a widely practiced yet highly polluting method of residue management in many
rice-producing regions [6-8]. Rice straw burning releases a substantial volume of
COq, along with other harmful gases such as carbon monoxide (CO), methane
(CH4), nitrogen oxides (NOx), and sulphur dioxide (SO2), contributing to air
pollution and climate change [9,10].

In Asia, outdoor biomass burning contributes an estimated 1100 million tons
of CO9, 67 million tons of CO, 3.1 million tons of CHy4, 2.8 million tons of NOx, and
0.37 million tons of SOy annually [3,11]. Specifically, emissions from agricultural
residue burning alone account for 379 million tons of COs and nearly 0.68 million
tons of CHy [12]. In Vietnam, it is estimated that the burning of rice straw
produces between 1.2 to 4.7 million tons of COs per year, depending on the
proportion of straw treated [10]. Furthermore, studies have shown that triple-
crop rice models emit significantly more GHGs compared to single or double-crop
models [13,14].

The VMD, one of the world’s most productive rice-growing regions, plays a
vital role in national and global food security. Dong Thap Province is located
in the Upper VMD and is a key rice-production area characterized by extensive
floodplain landscapes and intensive cultivation. In recent decades, large wet-
land areas have been converted to rice farming, resulting in widespread double-
and triple-cropping systems [15]. This intensification increases straw generation
and shortens the turnaround time between harvest and land preparation, which
can encourage open-field burning and associated greenhouse-gas (GHG) emis-
sions. Comparing double- and triple-cropping systems is therefore important for
climate-change mitigation because cropping intensity influences both the volume
of residues and the potential magnitude of emissions [12,16-18|. Such compar-
isons can inform mitigation options through improved residue management and,
where feasible, moderation of cropping intensity.

Accordingly, this study aims to assess GHG emissions from post-harvest rice-
straw burning in the Upper VMD. Specifically, we address: (1) current straw-
management practices and burning areas across districts and cropping systems;
(2) the resulting CO2, CHy, and NoO emissions and COq-equivalent totals; and
(3) differences in emission intensity between double- and triple-cropping systems.

5 C. R. Acad. Bulg. Sci., 79, No 2, 2026 219



TanHong =~

s

2.2
Hoang Sa Islands

(Viet Nam) ®  Tam Nong

.
East Vietnam Sea A Tram Chim National Paf%
® %% o o /
g o7
R

. . .
e 5 T Thanh Binh O y

e Lt e D
Truong Safslarids. ~

" \
@ Thap Myoi o
.

. ... (Viet Nam) ° 0 =t
ot ';. _,:". {HILPPIL S ; 3 sl ,....
‘\/,\ MALA)Y»S’VIE\/ : Cao Lanh®
Legend Cao Lanh City
Mekong River e Sample Locations S i
l:l Vietnam Boundary l:l Dong Thap Boundary
I:| Dong Thap Province District Boundaries LPdo \
Vietnamese Mekong Delta : N Sa‘Dec Gity

Lai Vung
Chau Thanh

0 37575 15 225 30
- — —
-

——— PRt FAEE37:300RID, 19N, and the G ser Commudly

Fig. 1. Location of the study area and sampling sites. (Note: On 12 June 2025, the Na-

tional Assembly of Viet Nam issued Resolution No. 202/2025/QH15, which altered certain

administrative boundaries effective 1 July 2025. Throughout this study, provincial and district

names/boundaries are presented as they existed prior to that Resolution to ensure consistency
across historical datasets)

Materials and methods. Study area and survey design. The study
was conducted in the upper region of the VMD, focusing on three representa-
tive rice-producing districts in Dong Thap Province: Thap Muoi, Tam Nong, and
Hong Ngu. Historically dominated by extensive wetlands that have been largely
converted to rice cultivation over the past three decades, these districts are now
characterized by intensive rice farming with both double- and triple-cropping mod-
els [15].

We employed a stratified random sampling design by district and cropping
system (double vs. triple). Households within each stratum were selected at ran-
dom from district farmer lists. The final sample comprised 202 households — Thap
Muoi (n = 38, triple-crop; 92.05 ha), Tam Nong (n = 40, triple-crop; 98.65 ha),
and Hong Ngu (n = 124, 37 triple-crop; 62.8 ha; 87 double-crop; 129.4 ha) —
covering 382.9 ha in total. This allocation provides broad spatial coverage across
strata for district- and system-level descriptive comparisons.

Data collection. Secondary data on socio-economic conditions, rice pro-
duction areas, and statistical records of Dong Thap Province were gathered from
provincial statistical yearbooks and relevant governmental reports. In parallel, pri-
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mary data was obtained through household surveys and key informant interviews
with local agricultural officers. The questionnaires were designed to capture both
quantitative and qualitative aspects of rice cultivation and straw-management
practices.

GHG emission estimation from straw burning. We estimated COa,
CHy, and N2O from rice-straw burning using the IPCC (2006) Tier-2 approach.
Gas-specific emission factors (EFs) from the IPCC defaults [19] — 1.515 gkg™*
(COg), 2.7 gkg™ (CHy), and 0.07 g-kg=! (N2O) — were applied; these Tier-
1 values are not calibrated to Vietnam and may differ under local combustion
efficiency, straw moisture, and field-burning practices. Vietnamese studies (e.g.,
LE et al. [9]; NGUYEN [10]) suggest discrepancies between field measurements and
IPCC estimates, underscoring the need for Tier-2 or country-specific EFs.

Emissions were calculated as Emissions GHG (t-yr~!) = A x MB x CF x
GEF x 1073, where A is the burned area (ha), MB is the biomass burned (t-ha=!),
CF is the combustion factor, GEF is the gas-specific EF (g-kg™!), and the 1073
conversion yields emissions in t-yr—!.

To account for global-warming impact, emissions were converted to COaq-
equivalents (COqe) using Global Warming Potential - GWP1pg9 (CO2 = 1, CHy =
25, NoO = 298); all COqe values follow this convention [19,20].

Data analysis. Survey data were compiled and analyzed using descriptive
statistics. Emission calculations were validated through cross-referencing with
EFs and biomass-burning models. Comparative analyses assessed differences in
GHG emissions between cropping models (double vs. triple rice) and among dis-
tricts. Results are presented using summary tables to support discussion and
interpretation.

Statistical analysis. Survey data were compiled in Microsoft Excel and an-
alyzed in SPSS Statistics. Descriptive statistics (means, totals, and proportions)
were summarized by district and cropping system. Differences among the three
districts were evaluated using one-way ANOVA, and differences between double-
and triple-cropping systems were tested using an independent-samples t-test (two-
tailed), with statistical significance set at p < 0.05.

Results. Post-harvest residue-management practices. In Thap Muoi
District, 50% of farmers burned rice straw after harvest (covering ~ 67.5 ha), while
the remaining 50% adopted alternative practices such as in-situ incorporation
with microbial additives, selling straw to collectors, or removing it for mushroom
production, livestock feed, or composting. Tam Nong showed a similar pattern:
approximately 45% burned straw and 55% removed or reused it off-field. By
contrast, in Hong Ngu District, virtually all surveyed households reported on-site
straw burning.

Yields and residue volumes. The total cultivated area surveyed was
92.05 ha in Thap Muoi, 98.65 ha in Tam Nong, and 192.2 ha in Hong Ngu (includ-
ing triple and double crops). In 2024, total paddy yield across all sites reached
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Table 1

Surveyed rice area, straw management (burned vs. removed off-field), and paddy
yield/straw volume in 2024

Total Burned Removed Total Mean Total

Sitt:dy ifgel surveyed in-field  off-field  yield  yield  straw
area (ha) (ha) (ha) (t) (t-ha™!) (t)
Thap Muoi  triple-crop 92.05 67.5 24.55 627.58 6.9 564.82
Tam Nong  triple-crop 98.65 74.2 24.45 650.23 6.72 585.2
Hong Ngu triple-crop 62.8 62.8 0 548.78 7.1 451.13
Hong Ngu double-crop 129.4 129.4 0 1067.91 8 929.43
Total 382.9 333.9 49 2894.5 - 2530.58

Note: Yield and straw totals are reported for the total surveyed area; “burned” and “removed
off-field” indicate how straw was managed within that surveyed area

2894.5 tons, with a corresponding straw volume of 2530.58 tons (Table 1). Average
yields in triple-crop models ranged 6.72-7.10 t-ha~!, while the double-crop model
averaged 8.0 t-ha=!. Table 1 summarizes the total surveyed area by district and
cropping system and its breakdown into fields where straw was burned in-field
versus removed off-field, together with paddy yield and straw volume in 2024.
Current practices and burning areas. Post-harvest straw volumes are
substantial yet under-utilized. In 2024, straw was burned on ~ 333.9 ha versus
only ~ 49.0 ha removed off-field — about 87% vs. 13% of the surveyed area. By
district: in Thap Muoi and Tam Nong (both triple-crop), burning covered 67.5
and 74.2 ha, with ~ 24.55 and ~ 24.45 ha removed off-field, respectively. That
corresponds to burning shares of about 73-75% within each district. In Hong Ngu,
both systems relied almost entirely on burning — 62.8 ha in the triple-crop and
129.4 ha in the double-crop model — with no off-field removal reported (Table 1).
Figure 2 illustrates typical practices: Fig. 2(a) shows in-field burning immediately
after harvest, whereas Fig. 2(b) shows a rice field cleared of straw after harvest.
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Fig. 2. (a) In-field burning of rice straw; (b) Rice field cleared of straw after harvest.
(Source: authors’ field photographs)
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GHG emissions from straw burning. Emissions from post-harvest burn-
ing were quantified for COg, CHy, and N2O using IPCC (2006) Tier-2 methods
with local inputs. In 2024, district-level CH; was 2.72, 2.82, and 2.62 t-yr—!
for Thap Muoi, Tam Nong, and Hong Ngu (triple-crop), with COgy of 1.52, 1.58,
and 1.44 t-yr~! and NyO ~ 0.07 t-yr~! per triple-crop district. Using GWP1qq
(COy = 1, CHy = 25, NoO = 298) [19,20], COqe totals for triple-crop systems
were 90.43, 93.75, and 97.31 t COqe-yr~! (i.e., 1.34, 1.26, 1.55 t COge-ha=l.yr~1).
The Hong Ngu double-crop model showed lower intensity (1.03 t COge-ha=t.yr—1)
despite a larger area, totalling 133.65 t COge-yr~! (Table 2). Overall emissions
were 415.14 t COge-yr~—! (mean 1.24 t COge-ha=t.yr—1).

Table 2

Greenhouse-gas emissions from rice-straw burning activities (2024)

Study  Rice Buming - Total = = oy o Total o COse
site model area yield (tyr ) (tyr?) () COqe intensity
(ha)  (t) (tyr™") (tha™'-yr™?)
Thap Muoi triple-crop 67.5 627.58 1.52 2.72 0.07 90.43 1.34¢
Tam Nong triple-crop 74.2 650.23 1.58 2.82 0.07 93.75 1.26%
Hong Ngu triple-crop 62.8 548.78 1.44 2.62 0.07 97.31 1.55¢
Hong Ngu double-crop 129.4 1067.91 2.25 4.02 0.10 133.65 1.03°
Total 333.9 2565.39 7.00 12.18 0.32 415.14 5.18

Note: “¥¢ in the same column denote statistically significant differences among rice-cropping
models in various provinces (p < 0.05)

Discussion. Open-field burning remained the dominant residue-manage-
ment practice across the surveyed sites (Table 1). In Thap Muoi and Tam Nong, a
measurable share of straw was removed off-field, whereas in Hong Ngu both triple-
and double-crop systems relied almost entirely on burning. Farmer interviews
indicated that burning is favoured because it is fast and low-cost, supports rapid
field turnover between crops, and is perceived to reduce pests and weeds. However,
open burning wastes organic carbon resources and releases particulate matter and
gases (COg, CO, CHy, SO2, NOx) that degrade air quality and human health [12].

The emission intensities estimated here are consistent with published values
for rice-based systems in the region. Reported ranges include 1.1-1.7 t COge-ha™!.
yr~! in Thailand [13], and ~ 1.0-1.6 t COge-ha™t-yr=! in Vietnam (Red River
delta [10] and the VMD (Can Tho) [11]). Similar ranges (1.2-1.5t COge-ha=!-yr—1)
have been reported for intensive rice systems in China [14|. This alignment sup-
ports the plausibility of the present estimates and reinforces the need for mitiga-
tion in intensive rice-growing areas.

Replacing burning with composting, in-situ incorporation (with microbial
additives), mushroom cultivation, or collection for livestock feed can reduce emis-
sions substantially; diversion of rice straw away from open burning can cut CHy
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by up to ~ 90% [12]|. Given current practice patterns, scaling such options across
triple-crop areas could reduce emissions by more than 200 t COge-yr—!, especially
if paired with moderated cropping intensity where feasible.

Uncertainties and limitations. Although Tier-2 IPCC procedures were
used, three uncertainties remain. First, straw-to-grain ratios and recoverable frac-
tions vary with season, cultivar, water regime, harvest method, and moisture; ap-
plying generic ratios (0.8-1.0) can over- or under-state burnable biomass. Second,
management shares are self-reported and prone to recall /social-desirability bias
(e.g., underreporting of burning), which can bias burned-area, and thus emission
estimates. Third, default IPCC emission and combustion factors may not reflect
local burning conditions (heaped vs. scattered residues; smoldering vs. flaming;
weather), potentially shifting CH4 and N5O yields [19].

Conclusion. Open-field rice-straw burning was the dominant post-harvest
practice in the three upstream districts surveyed in Dong Thap, the Upper VMD,
occurring on 333.9 ha (87% of 382.9 ha) in 2024. Using IPCC Tier-2 calculations,
straw burning emitted 415.14 t COsqe, with CH4 as the main contributor; triple-
crop fields showed higher emission intensity (1.26-1.55 t COge-ha~!-yr~!) than
the double-crop system (1.03 t COge-ha=!.yr~—1). Mitigation should prioritize
residue collection and reuse (incorporation/composting, mushroom cultivation,
livestock feed) and consider reducing cropping intensity where practical, supported
by extension and incentives.
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