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Abstract

Black rice is a nutrient-rich, pigmented rice variety with high health-promoting
properties, yet its cultivation and adaptability in Bhutan remain largely unexplored.
This study evaluated the production potential and adaptability of black rice across
four agroecological zones in Bhutan over four years (2021-2024), using research
stations and on-farm trials. Experiments included Single plots evaluation for first
three years in the research Centre and Randomized Complete Block Designs in the
final year. at research centers and single-plot in the final year, with growth and
yield parameters recorded, including tillers per hill, plant height, panicle length,
days to maturity, and grain yield. Results indicated significant variation (P<0.005)
in growth and yield across locations, with the highest grain yields observed in dry
sub-tropical (Bajo, 2033.31 + 199.41 kg/acre) and humid sub-tropical
(Lingmethang, 1819 + 282.01 kg/acre) zones, while wet sub-tropical (Samtenling)
and highland dry sub-tropical (Tsirang) zones showed lower yields. Black rice
exhibited longer maturity periods, fewer tillers, and taller plants compared to
improved and local varieties. On-farm trials confirmed that favorable valley
conditions in low- to mid-altitude regions support optimal growth and yield. The
study demonstrates that black rice can adapt beyond its native southern belt,
offering a viable, nutrient-dense alternative for Bhutanese farmers. Strategic
promotion and market development are recommended to maximize its economic
and nutritional potential.
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Introduction

Rice is the staple food in Bhutan and has historically played a vital role in the country’s food
security and livelihoods, while remaining closely interwoven with its culinary traditions, cultural
heritage, and religious practices. The current estimated per capita consumption is 144 Kg per year.
Rice is grown about 23,289.59 acres with the production of 40,804 MT (NSB, 2024). Over the
years, various research centers have introduced and developed over 31 improved, high yielding
and disease resistant rice varieties which are made available to the farmers (Department of
Agriculture, 2024). However, the overall adoption rate of these cultivars remains around 42%
(Ghimiray, 2013).

Alongside these improved varieties, Bhutan also cultivates traditional rice landraces that form an
integral part of its rice farming. The traditional Bhutanese rice varieties can be broadly classified
as “Bja Maap” (red pericarp varieties) and “Bja Kaap” (white pericarp varieties) (Wangmo, 2019).
Of the pigmented rice varieties, black rice has received increasing attention due to its sensory
characteristics, its high nutritive value and, mainly, because of its beneficial health properties (Ito
& Lacerda, 2019) but still unknown to Bhutanese consumers and growers. Black rice belongs to
Oryza sativa L., the same species as white rice and red rice (Pratiwi & Purwestri, 2017). Black
rice, often referred to as "Forbidden Rice" or "Emperor’s Rice," has an uncertain origin but is
known to have originated in Asian countries such as China, India, Japan, and Vietnam (Panda et
al., 2022). Historically, it was reserved exclusively for emperors and royal families in ancient
China, with severe consequences for unauthorized consumption (Sah & Kushwaha, 2016). Also
called "Purple Rice" due to its deep purple-black hue, this rice holds both cultural and nutritional
significance. Black rice is a rich storehouse of fibers, vitamins, minerals, proteins, and bioactive
compounds, making it a valuable addition to the daily diet. Its incorporation not only promotes
overall health but also helps reduce the risk of several diseases such as cancer, inflammation,
atherosclerosis, obesity, diabetes, constipation, and hepatic disorders (Das, 2023; Sharma, 2024).

Although black rice has been cultivated in small pockets along Bhutan’s southern borders with
India, its presence within the country remains minimal. Despite its recognized nutritional and
cultural value globally, no systematic studies have yet been carried out to evaluate its performance
or adaptability under Bhutanese conditions. Considering Bhutan’s rice heritage and the rising
interest in pigmented rice, this study aims to evaluate the production feasibility of black rice across
different agroecological zones.

Methodology
Experimental Design

The agroecological zones of Bhutan are subcategorized into six major groups corresponding with
altitude and climatic conditions (Table 1). These study sites fall under dry, humid, and wet
subtropical zones. Temperate and alpine regions were excluded, as rice is not grown in these areas
and moreover black rice is native to the wet subtropical zones. The study was conducted as a
Nationally Coordinated Trial (NCT) over four years (2021-2024) at four research centers namely



Agriculture Research and Development Centre (ARDC) and Samtenling, Agriculture Research
and Development Sub-Centre (ARDSC) Lingmithang, and Tsirang (Figure 1). In its final year, the
trial was extended to farmers’ fields across multiple locations, including Zomi, Toedwang, and
Chubu Gewogs in Punakha District, and Daga, Athang, and Rubesa Gewogs in Wangdue Phodrang
District. The trial initially began at ARDC Bajo and ARDSC Tsirang in 2021, and was later
expanded to ARDC Samtenling and ARDSC Lingmithang in 2023 and 2024.

Table 1. Major agroecological zones of Bhutan

. . Temperature (°C) Mean Rainfall Proportlor} of

Agroecological Zones Altitude (m asl) . Geographical
Max Min (mm) o
Area (%)

Alpine 3500-7500 12.0 -1.0 <650 28.6
Cool temperate 2600-3600 22.0 1.0 650-850 23.9
Warm Temperate 1800-2600 26.0 1.0 650-850 18.6
Dry Sub-tropical 1200-1800 29.0 3.0 850-1200 13.1
Humid Sub-tropical 600-1200 33.0 5.0 1200-1500 10.2
Wet Sub-Tropical 100-600 35.0 12.0 2500-5500 5.0

Source: RNR Research Strategy and Plan Document (May 1992).

For the first three years, all experiments were conducted in large single plots. In 2024, the
evaluation was carried out using a Randomized Complete Block Design (RCBD) with three
treatments and five replications. To evaluate the performance of black rice, one improved variety
and one local variety were used as checks. Each replication constituted a block, with a plot size of
(2 m x 3 m) 6 m? A total of (3 varieties x 5 replications) 15 plots were established, with spacing
of 25 cm x 25 cm between hills, accommodating 96 hills per plot (12 columns x 8 rows). Plots
were separated by a 40 cm gap. A single-plot design was used in farmers’ fields to assess feasibility.
Healthy seeds of black rice, sourced from Nganglam, Pemagatshel, were used for evaluation. The
seeds rate 25kg per acre was used. Then seedlings were transplanted in the well-puddle
experimental plots. The general recommended fertilizer rate 30-20-8 kg NPK per acre was
applied. Weeds were controlled by two to three hand weeding.

The crop of each plot was harvested separately at full maturity when 90% of the grains turn golden
yellow in color on different dates. For data collection five plants sample per a plot were selected
randomly for the yield parameters such as Tillers /hill, Plant height (cm), Panicle length (cm),
Grain /panicle (No) and Empty grain/panicle. Moisture content was measured using digital grain
moisture meter at the time of crop harvest and fresh weight of grains of each plot were converted
into grain yield ton per acre after adjusting the moisture content at 14% using the formula (1).
Straw obtained from each crop cut were weighed separately in kg and finally converted into straw
yield ton per acre. Harvest index is the ratio of economic yield to biological yield and was
calculated with the formula (2). To measure yield in the farmers field, three crop cuts were taken
from an area 6m2. Threshing was done manually.

Formulas:



1. Adjusted Yield (kg/acre) =[(100 - 14) /(100 - MC _field)] x (Yield per plot / Plot size (m?))
x 4046.86. where: MC _field = Moisture content (%) of the sample at harvest
2. Harvest index = (Grain yield/ Grain yield (t ac-1) + Straw yield (t ac-1)) x 100
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Fig 1. Agroecological zone map of Bhutan with the location of the study sites.

The data for the 2024 trial were analyzed using the statistical software Statistix 8.1. Analysis of
variance (ANOVA) was used to compare means, with the level of significance set at 5% (p < 0.05).
For the analysis of data spanning four years, analyses were conducted in R software using the Ime4
(Bates et al., 2015) and emmeans (Lenth, 2024) packages. The Ime4 package is used for fitting
linear and generalized linear mixed-effects models, which allow the inclusion of both fixed and
random effects and can handle unbalanced datasets. The emmeans package is used to estimate
marginal means (least-squares means) and perform pairwise comparisons. A mixed-effects model
was applied to assess the effect of location on rice traits over multiple years, accounting for
unbalanced data. Location was treated as a fixed effect, while year was included as a random effect.
Estimated means with standard errors (Mean + SE) were calculated, and pairwise comparisons
between locations were performed using the LSD test.



Description of the trial sites

At Bajo, the trial was conducted in the research farm at an altitude of 1200 masl. Bajo is located
at latitude 27°29'25"N and longitude 89°53'S8"E. The site represents a dry Sub-tropical
agroecological zone is characterized by warm summers and cool making frost possible in the
coldest months. The dry-subtropical AEZ (13% of the country’s area) is dominated by rice as the
main summer crop followed by wheat, mustard and vegetables. Improved crop varieties and use
of fertilizers and herbicides are gaining popularity; however, farmyard manure is still applied.
High crop yields are obtained compared to other agricultural ecological zones (International Center
for Tropical Agriculture & World Bank, 2017; Ministry of Agriculture, 2002). The soils at the
Bajo are mainly coarse or fine loamy. Organic carbon is 0.1-1.1% with C:N ratios 3.3-50, and
available phosphorus is low to moderate (1-5 ppm), making the soils suitable for crop growth with
proper nutrient management (NSSC, 2004). The mean minimum temperature during rice season
ranges from 18.7°C in May to 10.4°C in November while the mean maximum temperature varies
from 28.7 °C in May to 24.8°C in November. The mean annual rainfall was 557 mm from 2021-
2024 (Table 2).

Table 2. Mean temperature and rainfall of trial sites

Months ‘ Jan ‘ Feb ‘ Mar ‘ Apr ‘ May ‘ Jun ‘ Jul ‘ Aug ‘ Sep ‘ Oct ‘ Nov ‘ Dec
Samtenling (370 masl): Data from 2023-2024

Mean Rainfall (mm) 0 6.4 | 167.5 | 180.5 | 362.7 973 | 1171.1 | 1383.8 | 433.4 | 269.1 6.2 7.7
Mean MaximumTemperature “C 238 | 24.2 27.3 304 31 30.8 32.2 31.6 34 309 | 29.9 26
Mean MinimumTemperature “C 128 | 131 18.4 21.5 23.2 23.8 244 24.1 24 21 | 17.4 | 145

Bajo (1200 masl): Data from 2021-2024

Mean Rainfall (mm) 24| 46| 3907 | 189 | 444 | 599 | 1067 | 1196 | 87.1| 694 | 08| 38

Mean MaximumTemperature *C 199 | 204 | 249 | 278 | 287 | 295 30.4 207 | 300 | 278|248 | 217

Mean MinimumTemperature “C 66 | 83| 119 | 152 | 187 | 220 22.4 221 | 207 | 169|104 | 74
Lingmithang (650masl): Data from 2023-2024

Mean Rainfall (mm) 18| 47| 546 | 148 | 550 | 960 | 995 | 1086 | 509 | 658 | 00| 18
Mean MaximumTemperature °C_ | 135 | 17.1 | 193 | 266 | 303 | 315 | 341 | 333 | 359 | 340|348 | 204
Mean MinimumTemperature “C 99119 | 163 | 201 | 218 | 253 | 251 | 257 | 260 | 223|164 | 128
Tsirang (1480 masl): Data from 2021-2024

Mean Rainfall (mm) 43110 | 421 | 416 | 545 | 3462 | 2727 | 3407 | 1515 | 1050 | 0.8 | 27
Mean MaximumTemperature °C 152 | 158 | 195 | 216 | 225 | 233 | 241 | 243 | 249 | 226|205 | 181
Mean MinimumTemperature °C 56| 68| 105 | 131 | 151 | 188 | 196 | 194 | 186 | 156 | 96| 74

Data Source: National Center for Hydrology and Meteorology

At Samteniling, the trial was conducted in the research farm at an altitude of 370 masl. It is located
at latitude 26°54'26"N and longitude 90°25'5S2"E. The site represents a wet Sub-tropical
agroecological zone are located in the Himalayan foothills in the southern belt and are
characterized by high humidity and heavy rainfall making it one of the most precipitation-rich



areas in the country. Agriculture is the predominant land use in this zone, with rice being the staple
crop. However, due to higher rainfall and humidity there are more insect and disease problems in
crops. Other crops include maize, mustard, legumes, and various vegetables. In addition to these,
citrus fruits, particularly mandarin oranges, are significant cash crops in the region. Largescale
winter cropping although technically feasible is normally not practiced due to the scarcity of water.

The top soils at the Samtenling Research and Development Centre are coarse-loamy with common
distinct reddish-brown color. It is very acidic with a pH of 5.40 and generally exhibits very low to
low inherent fertility. Total nitrogen is low (0.15%), while organic carbon is moderate (1.60%). In
contrast, available phosphorus is very high at 68.0 ppm. (NSSC, 2001). The mean minimum
temperature during the rice season ranges from 23.8°C in June to 17.4°C in November while the
mean maximum temperature varies from 30.8 °C in June to 34°C in November. The mean annual

rainfall was 4961.2 mm from 2023-2024 (Table 2).

At Lingmethang, the study site is situated at 27°15'38"N and between 91° 10” 38 and 91°10'45"E
at an altitude of 650 masl. It represents a humid -subtropical agroecological zone. Maize and potato
intercropping is Very popular. Farmers also cultivate different vegetables, grain legumes, millet,
buckwheat, barley and mustard in the dryland (Katwal, 2020). The soils at Lingmethang are mainly
sandy loams and sandy clay loams, slightly acidic to neutral (pH 6.32—7.01). The organic carbon
and total nitrogen are generally low to moderate and the overall fertility potential and inherent
fertility is categorized as slightly poor (NSSC,2003). The mean minimum temperature during rice
season ranges from 25.1°C in July to 12,8°C in December while the mean maximum temperature
varies from 34.1°C in July to 20.4°C in December. The mean annual rainfall was 553.4 mm from
2023-2024 (Table 2).

At Tsirang, the study site was at Menchuna ARDSC suited at 26°59'52"N and 90°07'32"E at an
altitude of 1480 masl. It represents a dry-subtropical agroecological zone but features a temperate
highland tropical climate with dry winters and the wet season is warm, humid, and mostly cloudy.
sirang grows a diverse range of crops, including staple cereals like paddy and maize, as well as
cash crops such as chili, orange, and cardamom. The soils are mostly sandy loam and slightly
acidic (pH 5.01-5.53) with low to moderate organic carbon (0.23—0.58%) and mostly low nitrogen.
Available phosphorus and potassium are generally low, giving the soils a low to moderate fertility
potential. The mean minimum temperature during rice season ranges from 15.1°C in May t0 9.6°C
in November while the mean maximum temperature varies from 22.5°C in May to 20.5°C in
November. The mean annual rainfall was 1372.8 mm from 2023-2024 (Table 2).



3. Results and Discussion

Table 3. Growth and yield performance of black rice across four locations

Location Altitude  Years Tillers Plant height  Panicle Maturity Yield
(masl) (Nos) (cm) length days (Kg/ac)
(cm)

Bajo 1200 2021-2024  10.69 = 13591 + 19.88+  150.25* 2033.31 +
1.26% 4,57° 0.662 9.38? 199.41°¢

Lingmithang 650 2023-2024 1543 % 136.64 + 2323+ 14812 1819 +
1.67° 6.46" 0.93° 12.95%® 282.01b¢

Samtenling 370 2023-2024 10.36 13212 2295+ 13962+ 519.06 =
1.67% 6.46° 0.93° 12.952 282.017

Tsirang 1480 2021-2024 9.28 % 103.03 £ 22.7+ 183.75 % 1038.63 =
1.26° 4578 0.66° 9.38° 199.41%

p-value 0.0744 0.0032 0.0343 0.0624 0.0073

*Means followed by same letters are not significant different
Yield

The result showed significant differences for the grain yield (P<0.005) across the sites (Table 3).
The observed grain yields ranged from 519.06 to 2033.31 kg/ac, with the highest yields recorded
at Bajo (dry sub-tropical, 10.4-28.7 °C, 557 mm rainfall) and Lingmethang (humid sub-tropical,
12.8-34.1 °C, 553.4 mm rainfall), where moderate temperatures and rainfall favored good crop
growth and grain development. In contrast, very high rainfall at Samtenling (wet sub-tropical,
17.4-34°C, 4961.2 mm) and cooler conditions at Tsirang (dry sub-tropical highland, 9.6-22.5 °C,
1372.8 mm) limited yield. Despite being grown for the first time in the experimental sites, black
rice produced appreciable yields.

Notably, the observed yields not only match but, in places like Bajo, exceed the recent national
average rice productivity in Bhutan of about 1800 kg/ac (National Statistics Bureau, 2024). The
results show the good potential of black rice, especially in low- to mid-altitude regions, although
generally, black rice was grown in lowland about 0-600masl. Comparable productivity has been
reported internationally, with yields ranging from 1941 kg/acre in India (Chandrika, et al., 2024),
2,084 kg/ac in Indonesia (Herliana et al., 2019) and 850-1011 kg/ac in Nepal (Khadka, 2016)
indicating that the performance of black rice in Bhutan is consistent with its potential in other
Asian contexts. It is considered comparatively less productive than the other rice varieties under
normal condition (Borah et al, 2018). Though lower productivity, higher prices are the reason
behind in accessibility of nutrient enriched black rice by common people (Tiwari, 2022).

Number of Tillers

The number of tillers across four locations ranged from 9.28 + 1.26 to 15.43 £+ 1.67, with the
highest at Lingmithang (370 masl) and the lowest at Tsirang (650 masl). Although location had no
significant effect, tiller numbers tended to be higher in the lowland compared to highland sites,
similar to observations in black rice in Indonesia, where highland locations showed lower tillering
than lowlands (Purwanto, Hidayati, & Nandariyah, 2018).



Maturity durations

Maturity duration of rice varied across the four locations, ranging from 139.62 + 12.95 days at
Samtenling to 183.75 &+ 9.38 days at Tsirang, with Bajo and Lingmithang showing intermediate
values (Table 3). Although the differences were marginally non-significant (p = 0.0624), the
observed variation reflects meaningful environmental influences, particularly altitude and
temperature. Shorter maturity at Lingmithang and Samtenling likely resulted from warmer
conditions that accelerated plant development, whereas cooler conditions at Tsirang delayed crop
maturity. Similar trends were reported by Khanum et al. (2023), where the same rice varieties
exhibited different days to maturity across three agroecological zones in Bangladesh, with cooler,
higher-altitude regions delaying maturity and warmer, lowland areas accelerating it. Black rice
could be categorized as a long-duration cultivar as related by Nandariyah (2023), black rice, being
a landrace, generally has cultivation challenges such as a prolonged vegetative phase and high
habitus.

Plant height

Plant height differed significantly among locations ((P<0.005) (Table 3). Tsirang recorded the
shortest mean height (103.03 + 4.57 cm), while the other three locations had taller plants, ranging
from 132.12 to 136.64 cm. Comparatively, black rice plant height has been reported to range from
141-146 cm in India (Sangma et al., 2022), 157.34-164.68 cm in the Philippines (Menardo et al.,
2024), and 109.7-114 cm in Egypt (Metwally, 2024). These findings are consistent with
observations reported by Tahir et al. (2002) who noted that plant height is primarily determined by
the genetic makeup of the cultivar, though environmental factors also play a significant role.

Panicle length

Panicle length differed significantly among locations ((£<0.005), with the highest at Lingmithang
(23.23 £ 0.93 cm) and the lowest at Bajo (19.88 = 0.66 cm). Samtenling (22.95 £+ 0.93 cm) and
Tsirang (22.7 + 0.66 cm) were intermediate (Table 3). These results are consistent with previous
studies in Indonesia, where Sudarmayanti et al. (2022) reported that panicle length in rice is
strongly influenced by environmental conditions. Notably, one of their experimental sites, Tampak
Siring (379 m), showed a panicle length (22.33 c¢m) similar to Samtenling (370 m) in the present
study, suggesting that altitude and related environmental factors may have comparable effects on
panicle development. Sarker et al. (2011) also reported differences in number of panicle due to
climatic parameters. As cited in Sofian (2019), panicle length is one of the important parameters
determining the productivity of a rice variety, because longer panicles produce a greater number
of grains, which increases the grain weight per plant and can enhance overall rice productivity.



Table 4. Comparative performance of black rice, improved, and local varieties across four locations
in 2024

Location Variet Tillers/hill Plant Height ~ Panicle Length Days to Yield
y (Nos.) (cm) (cm) Maturity (kg/acre)
Black Rice 9.760 143,640 19.90° 194 2655.90°
ARDC IR20913 (Improved) 1432 12812 2258 163 2996.500
Bajo
Khamtey (Local) 15.12°  147.68 23.460 174 4181.10¢
P Value 0.0001  0.0000 0.0001 - 0.0000
Black Rice 6.13° 92.73P 20.66¢ 64 1034.00°¢
Wangkhar Ray Kaap-II
ARDSC  (Improved) 7.06° 67.60° 23.06" 70 1465.30°
Tsirang .
Chorti (Local) 8.73: 129,272 24.73 67 1180.30°
P Value 0.0048  0.0000 0.0000 - 0.0000
Black Rice 16.80° 136.27" 24.46" 156 2199.50
ARDSC ~ BK3 (Improved) 17.000  87.33¢ 23.66° 145 2776.6°
Lingmithang Tgjrang zam (Local) ~ 2g.05 183110 30.62: 150 1940.0°
P Value 0.0000  0.0000 0.0000 - 0.0000
Black Rice 10.66° 142.23 22.31:0 148 452.12°
ARDC Bhur Raykaap 2
Samtenling (Improved) 9.26% 114.30°¢ 24.00¢ 148 585.83¢
Kalo Timburay (Local)  70gp 121.20° 21.53b 148 322,74
P Value 0.0961  0.0003 0.0896 - 0.0068

*Means followed by same letters are not significant different

The ANOVA result (Table 4) shows that significant differences were observed among the three
varietal groups across most traits and locations. Black Rice generally produced fewer tillers per
hill, for instance, 9.76 in ARDC Bajo and 6.13 in ARDSC Tsirang, compared to local varieties
which reached up to 28.05 (Tsirang Zam) and improved varieties with 17.00 (BK3). Plant height
of Black Rice was intermediate to high, such as 143.64 cm in Bajo and 142.23 cm in Samtenling,
often taller than improved varieties like 128.12 cm (IR20913) and 87.33 cm (BK3), but shorter or
comparable to local varieties such as 147.68 cm (Khamtey) and 183.11 cm (Tsirang Zam). Panicle
length of Black Rice tended to be slightly shorter than local varieties (19.90 cm in Bajo vs. 23.46
cm for Khamtey) but similar to improved ones like 22.58 cm (IR20913).

In terms of yield, Black Rice consistently produced lower yields, 2655.90 kg/acre in Bajo and
1034.00 kg/acre in Tsirang, compared to local varieties which achieved up to 4181.10 kg/acre
(Khamtey) and improved varieties with 2996.50 kg/acre (IR20913). The differences in yield were



statistically significant across all locations (P<0.005), highlighting that local and improved
varieties consistently outyield Black Rice. Days to maturity for Black Rice were generally longer
than improved varieties, such as 194 days in Bajo vs. 163 days for IR20913, but varied when
compared with local cultivars (174 days for Khamtey).

These results are acceptable and consistent with the known characteristics of Black Rice. Its lower
yield, high photo-insensitivity, prolonged vegetative phase, and tall stature are inherent
unfavorable traits. Being a low-yielding crop (approximately 10% relative to other rice types;
Bolay, 2021), Black Rice is naturally rarer and considered less productive under normal cultivation
conditions.

Performance of black rice in the farmers field in 2024

mYield (t/acre) = Days to Maturity m 1000 G.wt (gm) m Straw yield (t/acre) = Harvest Index
10000

2710
1870 2150 1960

1280
1000 680
@ 169 17 173 192 192 206
3
Q
g 100
g 523
355 35.07
¥ 314 157 30.9 b6.4
19.85 19.11
2.82 1342 L 1621
- 012
11
10 7.55
38 05
1
Ruechikha Rubesa Zawa, Athang Pinsa, Daga Gubji, Zomi Samdingkha, Toedwang ~ Gubjithang, Chubu
Location

Figure 2. Yield, Days to Maturity, 1000-Grain Weight, Straw Yield, and Harvest Index in farmer’s
field

After analyzing the multi-year production trial data, it was observed that black rice performed
relatively well at ARDC-Bajo. Given this performance in the dry subtropical region the evaluation
was further extended in 2024 to farmers’ fields to assess its performance under actual field
conditions, particularly in the Bajo area at an altitude of around 1200 masl, encompassing
Wangdue and Punakha districts.



The result (Figure. 2) shows that yield of Black Rice across farmers’ fields varied widely. Zawa,
Athang exhibited the highest number of tillers per hill (11.67), maximum plant height (229.67 cm),
and longest panicle length (23 cm), indicating better vegetative growth and panicle development
relative to the other evaluated locations ((Figure 3). The highest yields were recorded in Punakha
valley sites such as Samdingkha (2.71 t/acre) and Gubji (2.19 t/acre), suggesting that the relatively
warm and favorable valley conditions supported better grain filling and productivity. In contrast,
yields in higher and cooler sites like Pinsa (778.55 masl) remained low (0.68 t/acre), reflecting
poor tillering and higher vegetative growth.
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Figure 3. No. of tillers/hill, Plant height, Panicle length in farmer’s field

These results highlight the strong influence of location and environment on Black Rice yield.
While Punakha sites showed better adaptation, Wangdue Phodrang sites were less productive.
Overall, the yield levels observed in farmers’ fields (Samdingkha, Toedwang 2.71 t/ac) confirm
that the yield are at par to the research station at ARDC- Bajo (2.65 t/ac).



Conclusion and recommendation

The study shows that black rice performs best in dry sub-tropical regions such as Bajo (1200 masl),
where temperatures and rainfall during the growing season ranged from 10.4-28.7 °C and 557 mm,
respectively. It also showed good performance in humid sub-tropical areas like Lingmethang (650
masl), with growing season temperatures of 12.8-34.1°C and rainfall of 553.4 mm, where
comparatively higher yields were obtained. Although Tsirang (1480 masl) falls under the dry sub-
tropical zone, its higher elevation and other climatic factors likely contributed to its relatively
lower performance, while Samtenling (370 masl, wet sub-tropical) exhibited poor adaptation.

Notably, despite black rice being a landrace traditionally grown in the southern belt, these
evaluations demonstrate that it can adapt well beyond its native habitat, highlighting its strong
potential for expansion into other suitable regions of Bhutan. Although black rice is known for
certain inherent unfavorable traits, particularly low yield, the evaluation indicates that it has good
potential if cultivated under recommended or suitable agro-climatic conditions.

Table 5. Recommended growing season of black rice in different agro-ecological zones

SL.No | Agro-Ecosystem Altitude (masl) Nursery time Harvest

1 Dry Subtropical 1200-1800 May November
2 Humid Subtropical 600-1200 July December
3 Wet Subtropical 100-600 June November

The cultivation of black rice has been successfully demonstrated to farmers through on-farm trials
and can be adopted across suitable agroecological zones, as its package of practices is similar to
that of other rice cultivars. Consequently, it has been officially released for cultivation under the
recommended growing period (Table 5).

The crop was newly introduced in the trial stations, and it was encouraging to note that farmers
were highly receptive to its cultivation. In addition, with the growing trend toward healthier eating
habits, black rice fits well as a nutrient-dense and visually distinctive alternative to traditional
white rice. Its unique characteristics make it particularly attractive to health-conscious consumers
and those seeking premium, specialty food options. Cultivation of black rice was found to be
highly profitable as compared to normal rice due to low input cost and high market price of black
rice (Sharma, 2023). Moreover, its lower productivity contributes to higher market prices,
restricting access to this nutrient-enriched rice for the general population (Kumari, 2020).
However, the market and pricing for black rice in the country remain largely unknown. To fully
realize its potential, cultivation efforts should be complemented with proper promotion at the
farmers’ level, alongside market assessment and strategic planning. Introducing black rice as a
nutritious health food could enhance the food and nutritional security of the Bhutanese population.
In addition, establishing marketing channels is essential to ensure that farmers can benefit
economically from its cultivation.



References

Bates, D., Méchler, M., Bolker, B., & Walker, S. (2015). Fitting linear mixed-effects models using
Ime4. Journal of Statistical Software, 67(1), 1-48. https://doi.org/10.18637/jss.v067.101

Borah, N., Athokpam, F. D., & Garkoti, S. C. (2018). Chakhao (black rice; Oryza sativa L.): A
culturally important and stress tolerant traditional rice variety of Manipur. Indian Journal
of Traditional Knowledge. Retrieved from
https://www.researchgate.net/publication/327593687

Bolay. (2021). Everything you always wanted to know about forbidden black rice. Retrieved from
https://www.bolay.com/blog/everything-you-always-wanted-to-know-about-forbidden-
black-rice

Chandrika, S. S., Sree, P. S., Basha, J. S., & Vani, M. P. (2024). Yield and economics of black rice
as influenced by integrated nutrient management practices. Biological Forum: An
International Journal, 16(2), 106.

CIAT, & World Bank. (2017). Climate-smart agriculture in Bhutan: CSA country profiles for Asia
series. International Center for Tropical Agriculture (CIAT); The World Bank.

Das, M., Dash, U., Mahanand, S. S., Nayak, P. K., & Kesavan, R. K. (2023). Black rice: A
comprehensive review on its bioactive compounds, potential health benefits and food
applications. Food Chemistry Advances, 3, 100462.
https://doi.org/10.1016/j.focha.2023.100462

Department of Agriculture. (2024). Inventory of released and de-notified crops in Bhutan (1988—
2024). Retrieved from www.biodiversity.bt

Ghimiray, M., Pandey, S., & Velasco, M. L. (2013). Tracking of improved varieties in South Asia:
Bhutan report on rice estimating adoption rate of modern rice varieties in Bhutan.

Herliana, O., Widiyawati, 1., & Hadi, S. N. (2019). The effect of stable manure and seedling
number on growth and yield of black rice (Oryza sativa L. indica). Caraka Tani: Journal
of Sustainable Agriculture, 34(1), 13-21. https://doi.org/10.20961/carakatani.v34i1.27098

Ito, V. C., & Lacerda, L. G. (2019). Black rice (Oryza sativa L.): A review of its historical aspects,
chemical composition, nutritional and functional properties, applications, and processing
technologies. Food Chemistry, 301, 125304.
https://doi.org/10.1016/j.foodchem.2019.125304

Khanum, M. A, et al. (2023). Comparison of growth and yield performance of rice varieties under
three agro-ecological zones. Cognizance Journal of Multidisciplinary Studies, 3(9), 220—
250. Retrieved from https://cognizancejournal.com/vol3issue9/V31917.pdf


https://doi.org/10.18637/jss.v067.i01
https://www.researchgate.net/publication/327593687
https://www.bolay.com/blog/everything-you-always-wanted-to-know-about-forbidden-%09black-rice
https://www.bolay.com/blog/everything-you-always-wanted-to-know-about-forbidden-%09black-rice
https://doi.org/10.1016/j.focha.2023.100462
http://www.biodiversity.bt/
https://doi.org/10.20961/carakatani.v34i1.27098
https://doi.org/10.1016/j.foodchem.2019.125304
https://cognizancejournal.com/vol3issue9/V3I917.pdf

Katwal, T. B., & Bazile, D. (2020). First adaptation of quinoa in the Bhutanese mountain
agriculture systems. PLoS ONE, 15(1). https://doi.org/10.1371/journal.pone.0219804

Khadka, R. B. (2016). Short communication: Evaluation of black rice under different fertilizer
doses in western Terai, Nepal. Agronomy Journal of Nepal, 4.

Kumari, S. (2020). Black rice: An emerging ‘super food.” Pantnagar Journal of Research, 18(1),
1-5.

Lenth, R. V. (2024). emmeans: Estimated marginal means, aka least-squares means (R package
version 1.10.6) [Computer software]. Comprehensive R Archive Network (CRAN).
https://CRAN.R-project.org/package=emmeans

Menardo, D. V., Percival, O. C., Nathaniel, T. L., Daveson, M. C., & Jackson, A. (2024).
Adaptability trial of black rice (Oryza sativa L.) under Conner, Apayao condition. Journal
of Rice Research and Developments, 6(1). https://doi.org/10.36959/973/448

Metwally, T. F., El-Habat, H. B., EI-Malky, M. M., & Barakat, A. S. (2014). Comparative studies
for grain yield, grain quality, cooking quality and nutritional value traits of black rice
variety. Journal of Plant Production, Mansoura University, 5(3).

Nandariyah, Sukaya, Purnomo, D., Sutarno, Yuniastuti, E., & Az-Zahra, C. D. A. (2023). Study of
black rice parents’ performance and the crossing ability. Caraka Tani: Journal of
Sustainable Agriculture, 38(1), 65—74. https://doi.org/10.20961/carakatani.v38i1.60245

National Statistics Bureau. (2024). Integrated agriculture and livestock census of Bhutan 2023.
Retrieved from www.nsb.gov.bt

NSSC. (2001). Technical report on the detailed soil survey of Bhur Farm, Gelephu, Sarpang.
Semtokha: National Soils Service Center, Ministry of Agriculture.

NSSC. (2003). Technical report on the detailed soil survey of RNR Research Sub-Centre,
Lingmethang, Mongar. Semtokha: National Soils Service Center, Ministry of Agriculture.

NSSC. (2004). Technical report on detailed soil survey of Bajo RNR-RC, Bhutan. Soil Survey
Project, Research, Extension, and Irrigation Division, Ministry of Agriculture.

Pratiwi, R., & Purwestri, Y. A. (2017). Black rice as a functional food in Indonesia. Functional
Foods in Health and Disease, 7(3), 182—194.

Purwanto, E., Hidayati, W., & Nandariyah. (2018). The yield and quality of black rice varieties in
different altitude. IOP Conference Series: Earth and Environmental Science, 142(1).
https://doi.org/10.1088/1755-1315/142/1/012037

Sah, S. K., & Kushwaha, U. K. S. (2016). Book review: Black rice: Research, history, and
development. Advances in Plants &  Agriculture  Research, 5(1), 443.
https://doi.org/10.15406/apar.2016.05.00165


https://doi.org/10.1371/journal.pone.0219804
https://doi.org/10.36959/973/448
https://doi.org/10.20961/carakatani.v38i1.60245
http://www.nsb.gov.bt/
https://doi.org/10.1088/1755-1315/142/1/012037
https://doi.org/10.15406/apar.2016.05.00165

Sangma, R. R., Manpoong, C., Sharma, A., Devadas, V. S., Singh, D., & Pandey, H. (2022).
Performance of black rice (Oryza sativa) varieties grown in Namsai district of Arunachal
Pradesh, India. Research on Crops, 23(1), 11-14. https://doi.org/10.31830/2348-
7542.2022.002

Sarker, D., & Pramanik, B. K. (2011). Climatic impact assessment: A case study of Teesta Barrage
Irrigation Project in Bangladesh. Retrieved from
https://www.researchgate.net/publication/282063859

Sharma, A., Sandal, A., & Sayyed, M. (2024). Annual research & review in biology, 39(7), 74-82.
https://doi.org/10.9734/arrb/2024/v39172102

Sharma, M., Singh, R., Devarani, L., & Hemochandra, L. (2023). Profitability of black rice:
Evidence from Manipur, India. Environment and Ecology, 41(4A), 2434-2439.
https://doi.org/10.60151/envec/awcgd507

Sofian, L., Aryana, I. G. P. M., & Kisman, K. (2019). Appearance of some black rice genotype
(Oryza sativa L.) in two types of agroecosystems in the dried land of Central Lombok
District. International Journal of Multicultural and Multireligious Understanding, 6(5),
742. https://doi.org/10.18415/ijmmu.v6i5.1152

Sudarmayanti, B. A., Muliarta, I. G. P., & Sudika, I. W. (2022). Agronomic appearance, genetic
parameters of red and black rice (Oryza sativa L.) in different environments dry land. Path
of Science, 8(7), 1-10. https://doi.org/10.22178/pos.83

Tahir, M., & Marwat, K. B. (2002). Genetic variability of plant and yield characters in rice (Oryza
sativa L.). Retrieved from https://www.researchgate.net/publication/231608668

Tiwari, H., & Patel, S. V. (2022). Black rice cultivation in India. Retrieved from
https://www.researchgate.net/publication/362684704

Wangmo, C. (2019). Characterization catalogue and pictorial varietal descriptions on traditional
paddy varieties (Oryza sativa) conserved in the National Crop Genebank. Retrieved from
www.biodiversity.bt

Author’s contribution

Deki Lhamo!* Implementation of research and data collection at ARDC Bajo and farmer’s field,
Analysis and interpretation of results, Draft manuscript preparation

Cheku Dorji* Implementation of research and data collection at ARDC Bajo
Dolay®: Implementation of research and data collection at ARDSC Tsirag
Sonam Deki*: Implementation of research and data collection at ARDSC Lingmithang

Chezang Dendup® Implementation of research and data collection at ARDC Samtenling


https://doi.org/10.31830/2348-%097542.2022.002
https://doi.org/10.31830/2348-%097542.2022.002
https://www.researchgate.net/publication/282063859
https://doi.org/10.9734/arrb/2024/v39i72102
https://doi.org/10.60151/envec/awcg4507
https://doi.org/10.18415/ijmmu.v6i5.1152
https://doi.org/10.22178/pos.83
https://www.researchgate.net/publication/231608668
https://www.researchgate.net/publication/362684704
http://www.biodiversity.bt/

