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Abstract
In Cambodia, rice is the most significant crop. It employs at least 50% of the workforce and contributes 10% 
per annum to the GDP. Yields have slowly increased over the last 20 years at a rate of 3.9 % per annum. 
Average wet or rainy season yield of paddy rice in Cambodia is approximately 3 t/ha. The objective of this 
study was to evaluate the yield of seven hybrid rice cultivars, Arize BTE-1, Arize TEJ, HBO-2, HBO-5, 
HBO-8, PAC 837 and TH3-3 and one local open pollinated cultivar Chulsa grown under local conditions 
during the main rainy season in Battambang, Cambodia. All cultivars in this study produced yields above the 
country’s average of 3 t/ha. Hybrid cultivars PAC 837, Arize TEJ and Arize BTE-1 were the highest yielding 
at 7.09 t/ha, 6.95 t/ha and 6.82 t/ha, respectively. Although hybrid cultivars were higher yielding due to 
hybrid vigour, yield from Chulsa at 5.6 t/ha was nearly double Cambodia’s wet season yield average. Cost 
and availability of seeds as well as field location is a critical factor in determining cultivar selection. Proper 
management and fertilisation of local cultivars may increase yield at lower cost than hybrids.
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Introduction
Cambodian rice production fell to an all-time low during the 1970s when the Lon Nol regime was in 
control (Nesbitt 1997). Since then rice production has rebounded. Between 1990 and 2013, crop and food 
production increased nearly fourfold, while cultivated areas increased by 50%, so that growth in agricultural 
productivity has been mainly driven by gains in crop yields. For example, rice yields more than doubled from 
1.36 t/ha in 1990 to 3.16 t/ha in 2013 (Theng 2014). Despite the recent rise in rice yield, the average yield 
is well below that of neighbouring countries like Vietnam and China with access to hybrid rice varieties. 
Cambodia is home to over 3000 local varieties of rice, from which the Cambodia Agricultural Research and 
Development Institute (CARDI) recommend the planting of 34 varieties, which include aromatic varieties for 
different zones (CARDI 2013). Open pollinated varieties from IRRI dominate and account for about 85% of 
overall production. The preference of these varieties results from their agronomic characteristics that allows 
easy management of water and fertiliser (Yu and Diao 2011). The recommended varieties are IR66, IR72, 
Kru, IR Kesar, Baray, Chulsa, Rohat and the Rumpe, all derived from IRRI parent lines (Yu and Diao 2011).
Hybrid rice is planted in all major rice producing countries except Cambodia. Super hybrids have been 
the focus of development in China since 1996. The three phase programme has focused on consistently 
increasing rice yields, phase one (1996-2000) achieved 7.5-8.25 t/ha, phase two (2000-2005) 9.75-10.50 t/
ha and phase three (2006-2015) up to 13.50 t/ha (Li et al. 2009). There have been very few studies on the 
use of commercial rice hybrids in Cambodia for sustainable intensification. To date only one study has 
trialled rice hybrids in Cambodia during the dry season and indicated that Chinese hybrid varieties produced 
significantly higher yields of 6.92 to 7.75 t/ha, an increase of 23 to 38% over the local variety (Senpidao) in 
that experiment (Srean et al. 2012).

The objective of this study was to evaluate the yield of seven hybrid rice cultivars, Arize BTE-1, Arize TEJ, 
HBO-2, HBO-5, HBO-8, PAC 837, and TH3-3 and one local open pollinated cultivar Chulsa grown under 
local conditions during the main wet season in Battambang, Cambodia. This project aimed to determine 
which variety has the highest yield in the wet season as well as investigate the yield components that 
contribute most to grain yield.
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Materials and methods
The temperatures in tropical northwest Cambodia range from a mean minimum of 21oC to 25oC and a 
maximum of 30oC to 36oC. There are two distinct seasons in Cambodia, a rainy season which starts in 
mid-May and can go until early October which is influenced by northeast monsoons and a dry season from 
November to March (Thomas et al. 2013). The rainfall peaks during the month of October at an average of 
250 mm and is at its lowest at 17 mm in January. The experiment was laid out as a randomised complete 
block design (RCBD) with eight rice varieties and three replications. Seven commercial hybrids as well 
as a local open pollinated rice variety, Chulsa were grown during the wet season at the Don Bosco School 
Farm in Battambang, northwest Cambodia (13.1° N, 103.2° E; 18 m a.s.l.). The varieties range from early, to 
mid-early and mid-season maturity. The rice seeds were sourced through CARDI (Cambodia), Bayer group 
(Germany), Hanoi University of Agriculture (Vietnam), Advanta Limited (India) and Ho Bac Crop Variety 
Group (China) (Table 1).

Table 1. Source and maturity of the rice varieties.

Treatment Rice varieties Source Maturity
T1 Chulsa CARDI (Cambodia) Early
T2 Arize Tej Bayer (Germany) Mid-early
T3 Arize B-TE1 Bayer (Germany) Mid-early
T4 HBO 2 Ho Bac Crop Variety Group (China) Early
T5 HBO 5 Ho Bac Crop Variety Group (China) Mid-early
T6 HBO 8 Ho Bac Crop Variety Group (China) Mid-early
T7 TH3-3 Hanoi University of Agriculture (Vietnam) Mid-early
T8 PAC 837 Advanta Limited (India) Mid-early

Rice seeds were direct seeded at 60 kg/ha on partially flooded blocks on 28th July 2014. All plots [30 m2 (5 
× 6 m) per plot] were kept flooded after germination to control weeds until two weeks before harvesting. 
Mechanically blended basal NPK fertiliser (15:15:15) was applied at 100 kg/ha on 28th August 2014. A 
second side-dress application of urea (46% N) was applied at 50 kg/ha on 8th September. At harvest, plant 
height, number of tillers, number of productive tillers, number of filled and sterile spikelets, 1000-grain 
paddy weight, grain moisture content, above-ground dry biomass and harvested yield per plot were recorded. 
The herbicide, Xpert70WP® (quinclorac, fenoxaprop-p-ethyl and pyrazosulfuron-ethyl) was applied at 
20 g/ha, 5 days after sowing. Weeds were controlled by ponding with water levels at least 3 cm deep in 
the field for the whole duration of the experiment. Insecticide Super Amey® (chloropyrifos, cypermethrin 
and imidacloprid) was applied at 600 mL/ha on 9th August 2014 to control rice thrips and rice weevils. A 
fungicide Citty® (tricyclazole, isoprothiolane and carbendazim) was applied at 625 g/ha at the same time to 
control stem rot, damping off and rice blast. 

Each variety was harvested on a different date due to different maturity times. Plant height, panicles and 
productive panicles of 10 randomly selected plants were recorded. Seed set was determined as the ratio of 
spikelets with grain to the total number of spikelets in the panicle and expressed as a percentage. The weight 
of the stems and leaves were recorded after drying for at least 5 days until there was no change in mass. The 
whole plot was harvested, the grain was threshed, dried to 14% moisture content and weighed. An analysis of 
variance (ANOVA) was used to determine the differences in grain yield and yield components between the 
rice varieties. Regression analyses were also carried out between yield components and total grain yield.

Results and discussion
PAC 837, Arize TEJ and Arize BTE-1 were the highest yielding hybrid varieties with a yield of 7.09 t/ha, 
6.95 t/ha and 6.82 t/ha, respectively (Table 2). The lowest yielding cultivar was HBO-2, yielding only 4.5 
t/ha. The difference between the highest and lowest yielding varieties was at least 2.6 t/ha or 37% yield 
difference. The open pollinated cultivar, Chulsa yielded 5.65 t/ha. The yields of the eight cultivars were 
significantly higher than the Cambodian average wet season yield of 3 t/ha. The highest yielding cultivar, 
PAC 837 had the highest 1000 grain weight at 27 g (Table 2).
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Table 2. Grain yield and yield components
Means followed by the same letter(s) within the same column are not significantly different at the 5% level 
of probability.

Rice varieties Grain 
yield (t/

ha)

Plant 
height (cm)

grains per 
panicle

1000- grain 
weight (g)

Productive 
tillers per 
plant

Days to harvest

Arize BTE-1 6.82cd 105.83de 125.4bc 24.72bc 4.47bcd 115

Arize TEJ 6.95cd 108.24e
140.4cd 24.33b 4.90de 111

Chulsa 5.65abc 90.23a
88.9a 24.37bc 5.87f 97

HBO-2 4.45a 96.94b
127.9bc 25.23cd 3.83ab 83

HBO-5 6.50bcd 90.13a
143.7d 23.14a 3.97abc 111

HBO-8 5.34ab 100.48c
176.2e 25.73d 3.37a 111

PAC 837 7.09d 101.00c
112b 26.97e 4.63cd 111

TH3-3 6.31bcd 104.67d
150.2d 24.03ab 5.60ef 93

l.s.d (5%) 1.36 3.39 15.81 0.90 0.71 -

Although PAC 837 had an average of 4.6 tillers per plant, there were only two cultivars with significantly 
higher numbers of tillers; TH3-3 with 5.6 tillers and Chulsa with 5.9 tillers. Arize TEJ (108 cm), Arize 
BTE-1 (106 cm) and TH3-3 (105 cm) were significantly taller than the other cultivars (Table 2). The highest 
number of tillers was observed in Chulsa with a mean of 5.9 tillers but this cultivar corresponded to the 
lowest number of filled grains per panicle, producing a mean of 89 filled grains. Chulsa was also the shortest 
cultivar at 90 cm high. 
 
Low correlations with grain yield were observed for plant height (R= 0.51), filled spikelets (R= 0.51), 
productive tillers (R= 0.30) and 1000-grain weight (R= 0.05) (Table 3) and only plant height was significant 
(R= 0.51, P= 0.01). Longer days to harvest generally resulted in higher yields (Table 3). In this study, rice 
plants with longer duration to harvest tend to grow taller and yield better than earlier maturing varieties. 
Although HBO-2 yields were low, the short maturity time could be an advantage to many growers. Maturing 
earlier than other cultivars enables a timely coordination of harvesting and delivery to mills for processing. 
In some provinces such as Takeo, Svay Rieng and Prey Veng which are prone to flooding, short duration 
cultivars such as HBO-2 and TH3-3 could be ideal for planting in these areas to avoid flooding at harvest.

Table 3. Relationship between rice grain yield and yield components/days to maturity. 
Parameter Equation R R2 P

Plant height(cm) y = 0.0715x - 0.9933 0.515267 0.2655 0.010
Filled spikelets per panicle y = 0.0105x + 4.911 0.513225 0.2634 0.914

1000 grain weight (g) y = 0.0452x + 5.0177 0.05 0.0025 0.817

Productive tillers y = 0.3421x + 4.5726 0.304959 0.093 0.147

Days to maturity y = 0.0581x + 0.0936 0.595483 0.3546 0.002

Chulsa yields (5.65 t/ha) in the current study were above the Cambodian national wet season average of 3 t/
ha and Chulsa seeds are readily available at a lower cost of US$80 compared with hybrid seeds at a cost of 
US$267 for Arize TEJ and US$281 for TH3-3 for 100 kg of seed (Cai et al. 2008). Current rice prices of 
US$250-375/t for paddy rice compounded with the high cost of fertilisers of up to US$600/t may make it 
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economically unfeasible for farmers to invest in hybrid seeds when they can only achieve an output yield of 
7 t/ha. Although hybrid seeds could be planted at a lower sowing rate of 30-40 kg/ha compared with 80-
100 kg/ha for local seeds, resulting in a similar cost to local seeds, hybrid seeds are not readily available in 
Cambodia. When available there are concerns about the purity of imported hybrid seeds. As only one year 
(2014) of data is presented, this experiment will be repeated in 2015.

Conclusions
This study suggests that hybrids can produce high yields when grown in Cambodia. PAC 837, Arize TEJ and 
Arize BTE-1 yielded 15-20% higher than other varieties including the local open pollinated cultivar, Chulsa. 
Short duration hybrid cultivars such as TH3-3 and HBO-2 can be suitable for areas prone to late season 
flooding. Hybrids can be a means of increasing rice production but they are not the only available option. 
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