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Messages from the guest editors 

Dr. Ricky Bates 
Pennsylvania State University, USA 

Email: rmb30@psu.edu 

Dr. David Ader  
University of Tennessee, USA 
Email: dader@utk.edu 

Dear colleagues, 

In the past few decades, most food production has been based on high-input and resource-intensive farming systems 
at a high cost to the environment, and as a result, soil, forests, water, air quality and biodiversity continue to degrade. 
Exacerbating that problem, rapid population growth and urbanization have increased the demand for food production 
with less water, nutrients, and energy use. This situation is unsustainable and we need to develop and implement more 
sustainable and innovative food systems that offer healthy and nutritious food, and also preserve the environment. 

The purpose of the Asian Journal of Agricultural and Environmental Safety (AJAES) is to provide a venue for 
researchers who are addressing issues of sustainable agriculture including transitions towards agricultural and rural 
sustainability at farm, community, regional, national and international levels, through food supply chains.  It is aimed 
at helping Cambodian scientists to share their research findings and improve their writing skills. AJAES addresses the 
critical need for information on the status of sustainable agriculture and management requirements of Cambodian 
agriculture.  

This issue of Asian Journal of Agricultural and Environmental Safety presents a collection of five articles that each 
address aspects of sustainable production in the Cambodian system. Starting with Vernet et al, the authors present 
findings related to soil conservation and no till agriculture.  Alternative management systems like no-till production 
require specialized machinery and the labour to use it.  This article shows that although no-till planters are useful to 
provide more sustainable agriculture, policy improvements and service provision changes are necessary to increase 
the availability of those planters.  

Vegetable production is also a major part of Cambodian agriculture. Hydroponic techniques for vegetable production 
are currently becoming popular as a tool for sustainable agriculture. Khin et al present results that determine plant 
growth and development using hydroponic systems and the application of macronutrients (N, K, Ca, Mg and S) via 
drip irrigation. Their experiments show that using hydroponic systems can optimize the application of macronutrients 
for improved production of vegetables crops.   

Dy et al also show results related to vegetable production.  They focus on temperature and how high temperature is 
one of the most unfavourable factors which affects biochemical, morphological, and physiological facets of tomato 
production.  Their research shows the performance of various tomato genotypes under high temperature and that 
variety is a major factor to improved production. Further study on agronomic practices such as crop rotation, pest 
controls, grafting, etc. should be investigated to enhance the productivity of these potential genotypes.  

Peuo et al investigate variety as a major factor in agriculture production, specifically variation in yield between 
varieties of Cassava.  Cassava (Manihot esculenta Crantz) is one of the most important upland crops in Cambodia. 
However, there is still a shortage of information and research about yield based on variety. If the goal is to improve 
the production it is important to identify the varieties that offer the best chance to do so.  Peuo et al used data from 
Battambang and Pailin to highlight the yield variation and how management practice, like use of herbicide, can affect 
the production.  

ii



iii

Animal production is also a major part of Cambodian agriculture and feed shortage is a critical constraint for scaling-
up of cattle production and productivity in Cambodia. Srean et al assess growth performance and feed intake by cattle 
that are fed sorghum silage compared to those that only consume the tradition diet of rice straw. The results suggested 
that use of sorghum silage provides a better source of fodder for gaining weight. This is due to the fact that the sorghum 
silage had better nutrient contents, higher crude protein, lower crude fibre, and higher energy contents than other 
forages and provided better growth performance and feed intake of cattle. In order to improve the sustainability of 
Cambodian agriculture attention needs to be paid to plants and animal production systems.  

We encourage you to contribute a research or comprehensive review article for consideration for publication in the 
Asian Journal of Agricultural and Environmental Safety, an international journal which provides a broad forum for 
research findings in areas related to agricultural innovation, sustainability and sustainable development. We are 
confident you will find the journal contributes to understanding of sustainability and strengthening agricultural 
development networks throughout Asia. We welcome and look forward to your future manuscripts. 
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Agricultural Land Resources Management and Conservation Agriculture Service Center, Cambodia; 4 Agronomes et 
Vétérinaires sans Frontières, Cambodia; 5 Royal University of Agriculture, Faculty of Agricultural Engineering, 
Cambodia; 6 University of Illinois at Urbana-Champaign, Appropriate-Scale Mechanization Consortium; 7 Kansas 
State University, The Feed the Future Innovation Lab for Collaborative Research on Sustainable Intensification; 8 
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*Corresponding author: florent.tivet@cirad.fr

Abstract 

The use of no-till planters is a promising component of the transition towards more sustainable agricultural practices 
in Cambodia. One way to facilitate their large-scale use would be to involve the service providers who are hired by 
smallholder farmers to do most of their mechanised field operations. This study assessed the conditions under which 
it would be profitable for service providers to invest in no-till planters and sell services based on their use. The mode 
of operation and the income earned from the custom-hire business of 35 service providers in Battambang Province 
(Northwest Cambodia) were assessed. The profitability of no-till maize, rice and cassava planters was then analysed 
based on assumptions concerning costs, service fees and farmer demand, which were then discussed with service 
providers in workshops. Under these assumptions, for each crop, investing in a no-till planter was found to be 
profitable for only some of the service providers interviewed. The fact the service providers had different profiles led 
to varying interest in and capacity to purchase and operate a no-till planter. Some already provide services to relatively 
large areas and may thus be able to purchase the equipment with no policy support. Other providers underuse their 
own tractors. They will likely have difficulty investing in the equipment without policy support, but may be more 
motivated to propose a new service to make a fuller use of their tractor. Support actions to boost the supply of no-till 
planters in Cambodia should therefore take the diversity of service providers into account. 

Keywords: Conservation agriculture, custom-hire business, economic model, ex ante analysis, no-till planter. 

Introduction 

No-till planters have many potential advantages for 
smallholder farmers in South and Southeast Asia. Their 
use reduces ploughing and production costs (Ngwira et 
al., 2013). Combined with crop rotation, management of 
crop residues, and the use of cover crops, no-till planters 
can improve soil fertility and increase soil organic carbon 
accumulation under conservation agriculture (Pheap, 
Lefèvre et al., 2019; Potma Gonçalves et al., 2019). In 
turn, this combination of practices can increase yields 
(Erenstein et al., 2012; Pittelkow et al., 2015).  

However, in many developing countries, smallholder 
farmers do not have enough capital to purchase a planter. 

In some cases, farmers’ organisations are sufficiently 
financially solid to purchase and manage agricultural 
machinery (Groot et al., 2019; Singh, 2018) and where 
this is not the case, custom-hire businesses have 
generally developed, thereby giving smallholder farmers 
access to agricultural mechanisation (Houssou et al., 
2015; Yamauchi, 2016). These service providers may 
have the capacity to purchase no-till planters and to 
propose a new service to smallholder farmers (Sims and 
Heney, 2017). 

However, for a service provider, the decision to invest 
in a no-till planter may not be easy. First, no-till planters 
cost more than conventional planters (e.g. Epplin et al., 
2005) and in the early stages, farmers’ demand may not 
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be sufficient to offset their investment. Second, no-till 
planters may face several constraints to their use (e.g. 
they are often heavier than conventional planters and 
their maintenance is more expensive). 

In Cambodia, in a general context of rural youth 
exodus and aging of the farmer population, the 
mechanisation of agricultural practices has developed 
rapidly in the past two decades (Chhim et al., 2015). 
Between 2002 and 2012, at the national level, the number 
of four-wheel tractors more than doubled and that of 
power tillers (e.g. two-wheel tractors) multiplied by 10 
(Chhim et al., 2015). In Battambang Province (Northwest 
Cambodia), the main agroecosystems can be 
schematically divided into lowland and upland systems. 
In the lowlands, farmers mainly produce one rice crop per 
year, or two when complementary irrigation is available. 
Yields are often limited by low levels of soil nutrients, 
fluctuating water levels in the paddy field and related 
impacts on the form and availability of nutrients in the 
soil (Pheav et al., 2005). In the uplands, intensive mono-
cropping of commodity crops such as maize and cassava 
replaced forests and later subsistence farming systems in 
just a few decades (Kong et al., 2019). However, the 
increase of non-conservation-oriented mechanised 
farming practices resulted in significant depletion of soil 
fertility, thereby reducing the yield and profitability of 
such crops (Kong, 2019; Montgomery et al., 2017a; 
Touch et al., 2016).  

Making no-till planters available to smallholder 
farmers is a promising component of the transition 
towards more sustainable agricultural practices in both 
lowland and upland areas of Battambang Province. 
Service providers play a major role in smallholder 
farmers’ access to tractor services and consequently in 
the intensification of cropping systems, while 
simultaneously contributing to soil fertility depletion, 
decreasing productivity and profits. An opportunity thus 
exists to engage service providers in a process that 
facilitates farmers’ access to mechanised equipment 
enabling the transition towards conservation agriculture. 
In Battambang Province, since 2009, a research for 
development (R4D) team has developed approaches and 
innovative cropping systems directed towards the use of 
conservation agriculture (Kong et al., 2016). As part of 
this initiative, two no-till versatile planters (i.e., capable 
of sowing maize, pulses, rice, and other crops) mounted 
on four-wheel tractors were proposed as a paying service 
to farmers. Farmers could use these no-till planters in two 
ways. First, they could be used as ‘precision’ seeding 
equipment, enabling the use of less seed, reduced tillage, 
better crop establishment, and higher yields compared 
with a conventional planter. Second, the planters could 
be used without ploughing, especially once supporting 
conditions were met (e.g., use of cover crops, levelled 
fields). Farmers expressed interest in using these planters 
and, between 2013 and 2018, each no-till planter was 

used for an average of 116 ha per year to sow maize and 
a few hectares of pulses and cover crops. In addition, 
Montgomery et al. (2017b) showed that many 
smallholder farmers in Battambang and Pailin Provinces 
were interested in shifting towards conservation 
agriculture. 

Studies on the profitability of custom-hire services 
have generally focused on existing service providers 
(e.g., Miah and Haque, 2015; Takeshima et al., 2015). 
Fewer studies have reported ex-ante assessment of 
custom-hiring services. In one example of the latter, 
Kahan et al. (2018) showed that services based on two-
wheel tractors could be profitable in East Africa. Sims 
and Heney (2017) and Tallis et al. (2017) called for such 
ex-ante assessment to support service providers’ decision 
to invest in equipment for conservation agriculture. 
These assessments can also produce the evidence needed 
to explore the type of support that could be provided to 
encourage the supply and demand for such equipment. 
However, there have been few such assessments in the 
case of equipment designed for conservation agriculture 
(e.g., Sidhu et al., 2015). Moreover, to date, there have 
been few studies of the diversity of service providers’ 
characteristics and strategies and how these could affect 
their purchase of a no-till planter and the possible 
profitability of selling new services using it (e.g. 
Takeshima et al., 2015). This article reports on an ex-ante 
assessment of the advantages service providers in 
Battambang Province may have in investing in a no-till 
maize, rice, or cassava planter, taking into account the 
diversity of their profiles.  

The profitability of custom-hire services in the 
agricultural sector 

Services based on the use of agricultural machinery are 
common throughout South and Southeast Asia. For 
instance, in Thailand, 93.6% of farmers use four-wheel 
tractors hired from custom-hire services (Soni, 2016). 
These businesses are usually run by farmers who have 
quite big farms (Diao et al., 2016) either because, as 
farmers, they had enough capital to invest in agricultural 
machinery (Takeshima, 2016) or because they invested 
the income from service provision in their own farm 
(Diao et al., 2016; Houssou et al., 2015, Yamauchi, 
2016). Diao et al. (2012) describes three stylized types of 
service providers in Asia: individuals using two-wheel 
tractors in Bangladesh, individuals using four-wheel 
tractors in India, and specialised enterprises in China. In 
India, some service providers have invested in machinery 
enabling conservation agriculture. In the wheat-rice 
farming systems of the northwestern plains of India, no-
till systems have been designed for wheat (Kassam et al., 
2009) and some service providers operate no-till seeders 
(Sidhu et al., 2015). 
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Farmers’ demand is a key factor in the profitability of 
custom-hire services. Providers operating in a small area 
may not break even, resulting in under-used machines 
and debt (Chhim et al., 2015; Kumar and Mahadevaiah, 
2018). Thus, before purchasing agricultural equipment, 
service providers need to prepare a business plan that 
adequately matches investment costs and expected 
demand and income. Building such a business plan is not 
an easy task as service providers may not have sufficient 
information on the real demand for new equipment 
(Groot et al., 2019). Moreover, service providers need 
business and marketing skills, as well as knowledge of 
the use and maintenance of the equipment (Diao et al., 
2016; Sims and Kienzle, 2015).  

Public policies can also affect the profitability of 
custom-hire services. On the one hand, taxes or import 
regulations can increase investment and operating costs 
(Diao et al., 2016; Houssou et al., 2015). Conversely, 
financial support from public institutions through 
subsidies or tax exemption can help service providers buy 
new equipment (Erenstein et al., 2012; Sims and Kienzle, 
2017). For instance, in some states in India, subsidies 
cover 75% of the cost of no-till planters for individual 
farmers (Singh, 2017). However, the impacts of this type 
of support have sometimes been disappointing (Groot et 
al., 2019). For instance, Diao et al. (2012) showed that in 
Ghana, subsidies to service providing companies led to 
an inflated supply that did not match demand. Thus, if 
subsidies are planned, they should be designed in such a 
way that the market for agricultural mechanisation 
services is not upset (Baudron et al., 2015). Technical 
support can be given to service providers by different 
agents (e.g., extension officers, retailers) to ensure the 

successful start of the business (Groot et al., 2019; Haque 
et al., 2017). 

Only a few of the ex-ante or ex-post assessments of 
the profitability of service providers’ business paid 
attention to the diverse characteristics and orientations of 
the service providers. One such study by Takeshima et al. 
(2015) showed that service providers in Nigeria who 
benefitted from external support (from the government or 
NGOs) to purchase agricultural equipment invested less 
effort in offering services and their business was less 
profitable than that of service providers who obtained 
their equipment with no outside support.  

Agricultural practices in Battambang Province 

The present study was conducted in three districts of 
Battambang Province: Banon, Rattanak Mondoul and 
Samlout (Figure 1). Service providers use four-wheel 
tractors, so the situation in these three districts resembles 
that in India, according to the typology proposed by Diao 
et al. (2012). Banon District is located in the lowland area 
where farmers mainly grow rice. The main tractor 
services offered are ploughing, use of a rotary tiller, and 
land levelling using a blade placed in front of the tractor. 
Generally, the first ploughing is done with a four-wheel 
tractor operated by a service provider. The second 
ploughing is done either by the farmers themselves using 
their own power tillers or also increasingly by a service 
provider (Chhun et al., 2020). A few rice seeders have 
been used in the area since 2018. Due to the scarcity of 
labour, rice is mainly harvested using a combine 
harvester.

Figure 1. Study area.

Cambodia 

0     40 km 
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Rattanak Mondoul and Samlout Districts are located 
in upland areas, where an agrarian transition began in 
1998. Most farming systems went through three periods 
(Kong, 2019). In the first period (1998 – 2004), 
subsistence farming was associated with cash crops such 
as soybean, peanut, and sesame. In the second period 
(2005 – 2014), the production of boom crops (mainly 
maize and cassava) expanded rapidly. Living conditions 
and households’ assets improved significantly during that 
period but farmers faced soil fertility depletion, 
decreasing crop productivity, debt, and rising production 
costs. In the third period (from 2014 on), some farmers 
began to shift to fruit tree production, mainly mango and 
longan. 

In upland areas, four-wheel tractors driven by service 
providers are widely used for land preparation, especially 
for maize, cassava, and intercropping during the 
immature stage of orchards. Farmers generally pay for 
one to three ploughing operations between each crop 
cycle. The main objective is to bury the residues of the 
former crop, to minimize risks of fire in the dry season, 
and to break up the soil before the following crop is sown. 
Maize is mainly sown with a conventional maize planter. 
For cassava, operations are done with a six-disc plough, 
a two-row ridger, and a one-disc cassava digger. Cassava 
stems are planted by hand on the ridges.  
 
Methods 

Our ex-ante analysis of the advantages of investing in a 
no-till planter for service providers was two-pronged. 
One axis focused on the characteristics of the service 
providers and of their custom-hire business. The second 
axis assessed to what extent, if service providers 
continued to serve the same clients with a no-till planter 
as they were doing at the time of the interview, it would 
be profitable for them to invest in this equipment. Here, 
we use the term ‘no-till planter’ in a generic way for rice, 
maize, and cassava crops, although for rice the machine 
is also called a ‘rice seeder’. 

Data were collected in two stages. In the first stage, 
35 service providers located in the study areas were 
interviewed in August and December 2018 (26 in upland 
areas and nine in lowland areas). They were identified by 
village chiefs and farmers using no particular selection 
criteria. All owned and cultivated their farmland and 
were interviewed in their homestead. First, interviewees 
were asked for general information about their household 
and farm, the creation of their business, agricultural 
equipment, and the investment costs of their machinery. 
Second, they were asked about the services they had 
provided between August 2017 and July 2018. An 
assessment of their net annual income from their service 
provision business was completed during the interview 
based on the costs (excluding paying back loans) and the 
profits declared by the interviewee. Profits included the 

income from service provision but not the benefit of 
using the agricultural machinery on their own farm. Costs 
included annual expenses related to service provision but 
not investment costs. This assessment was discussed with 
and validated by the interviewees. Third, interviewees 
were invited to comment on the profitability of their 
business and to tell us about the main difficulties they 
faced in running their business.  

A typology of service providers was then created, 
based on the proportion of their own land on which they 
used their tractor, and on the income they obtained from 
providing services (all types of services included) to 
other farmers between August 2017 and July 2018). The 
profitability of a no-till maize planter, a no-till cassava 
planter, and a no-till rice seeders were then assessed. Net 
annual income was calculated as turnover minus variable 
costs. The break-even point was defined as the minimum 
surface area served annually above which investment in 
a no-till planter would be profitable (without 
differentiating between the area planted as a service 
provider and the area planted on the operator’s own 
farm). The break-even point was calculated for each no-
till and conventional planter as follows: 

Break-even point (ha per year) = Fixed cost of the 
implement/(service fee per ha – operating costs per ha) 
Fixed costs were calculated as the initial investment 
(calculated on a per year basis) plus costs of shedding and 
workshops. Service providers did not know the total 
lifespan of the equipment and its possible residual value. 
The service providers we interviewed wanted to be sure 
that after a certain period (here considered as 5 years), 
their business would have allowed them to get back their 
initial investment. To get a per year value, the initial 
investment was divided by 5. 

Table 1 provides a summary of the breakdown of 
costs used to estimate break-even points. Overall 
operating costs (Khairo and Davies, 2009) include fuel, 
the costs of the drivers and operators (maize and cassava 
no-till planters), maintenance of both tractor and planter, 
and ownership cost of the tractor (Table 1 and 
supplementary data). All calculations were made 
considering only one type of tractor: a 75 HP John Deere 
5610, used for 1,000 hours per year. The ownership cost 
of the tractor was based on a depreciation period of five 
years with a trade-in value representing 30% of the 
purchase price; interest on the loan was calculated based 
on the average value of the tractor (see supplementary 
data).  
Operating costs of the planters were calculated on an 
hourly basis. The costs of maintenance and repair 
represent 10% of the purchase price divided by the yearly 
working hours for all planters. The operating costs were 
calculated on a per hectare basis, based on the 
characteristics of the planters. The proportion of time 
spent actually doing the operation is called field 
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efficiency (Khairo and Davies, 2009). This percentage 
(80%) account the fact that not all the time spent is useful, 
for example the time spent turning around at the end of 
each passage, getting fuel, starting up and cooling down 
the tractor, checking the implement. One operator is 
needed on the back platform of the maize and two on the 
back of a cassava no-till planter.  

Annual turnover was calculated for a maize no-till 
planter based on two assumed service fees: one of 
US$35/ha and one of US$40/ha. The R4D team had been 
offering no-till service for maize sowing for US$35/ha 
since 2013 and the farmers had no problem in paying this 
amount; the team told the farmers that the real service fee 
should be US$40/ha and that an in-kind support of 
US$5/ha would be provided. The investment cost of a 
maize no-till planter was set at US$8,700, which was the 
retail price of a second-hand no-till planter imported by a 
local manufacturer. Finally, the profitability of 
purchasing and operating a no-till maize planter (under 
various assumptions concerning farmer demand) was 

compared with that of a conventional maize planter 
(which costs an average of US$1,500 and for which 
farmers in the study area paid from US$25.0 to 
US$32.5/ha). 

The profitability of purchasing and operating a no-till 
seeder for rice and a no-till planter for cassava was also 
estimated. The purchase price of a no-till rice seeder was 
set at US$7,000 corresponding to the retail price. The 
analysis assumed a service fee of US$40/ha. Service 
providers who had started operating conventional rice 
seeders (which cost around US$6,000) offered services 
ranging from US$37.5 - 42.5/ha. For cassava, the retail 
price of a no-till planter was estimated to be around 
US$10,800. In the study area, no service provider offered 
cassava planting services under conventional plough-
based management. Land preparation and planting costs 
in the study area represented US$100/ha and US$40/ha, 
respectively. For the present analysis, the price of cassava 
planting using a no-till planter was set at US$75/ha. 

 
Table 1. Main characteristics of seeders and planters.  

Conventional maize 
planter 

2nd hand NT 
maize planter 

2nd hand  
rice seeder 

2nd hand NT 
cassava planter 

Fixed costs     

Investment costs per year (US$/yr) 300 1,740 1,400 2,160 

Workshop and shedding costs (US$/yr) 38 218 175 270 

Fixed costs (US$/yr) 338 1,958 1,575 2,430 

Technical characteristics of planters     

Maximum yearly working hours  480 480 320 400 

Width of machine (m) 2.4 2.4 2.1 1.8 

Speed (km/h) 5 5 6 4 

Work rate (ha/h) 1.2 1.2 1.26 0.72 

Efficiency rate (%) 80% 80% 80% 80% 

Area actually served per hour (ha/h) 0.96 0.96 1.01 0.58 

Full costs of tractor     

Tractor horsepower (John Deere 5610) (hp) 75 

Yearly working hours tractor (h)  1,000 

Ownership costs of tractor (US$/h) 7.7 

Operating costs of tractor (fuel, oil, filter, tires, etc.) (US$/h) 8.2 

Full costs of tractor (US$/h) 15.9 

Operating costs of implement     

Labour required (US$1.0/h) (n° of people) 1 2 1 3 

Machine repairs and maintenance rate 
(% of purchase cost/yearly hours) 

10% 10% 10% 10% 

Machine repairs and maintenance rate (US$/h) 0.3 1.8 2.2 2.7 

Operating costs (plus labor) (US$/h) 17.2 19.7 19.1 21.6 

Operating costs (US$/ha) 17.9 20.5 18.9 37.5 
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Table 2. Service providers’ main activities and service fees. 
Crop  Activity Service fee (US$/ha) 

(min - mean - max) 
Number of providers 

offering the service 
Average surface area 

covered by those 
offering the service (ha 

per year) 
Maize (upland) Ploughing 

(6-disc plough) 
30.0 - 32.5 - 37.5 30 57 

Sowing  25.0 - 27.0 - 32.5 15 77 
Cassava (upland) Ploughing 

(3-disc plough) 
50.0 - 59.0 - 62.5 27 42 

Ridging  25.0 - 44.0 - 57.5 27 49 
Rice (lowland) Ploughing 

(6-disc plough)  
27.5 - 30.0 - 37.5 18 27 

Levelling ($/hr)  17.5 - 18.3 - 20.0 12 12 
Other (mung bean, inter-
row management of 
orchard) 

Ploughing 
(6-disc plough)  

30.0 - 32.5 - 37.5 10 7 

During the second stage, a workshop was organised 
in Rattanak Mondoul District in March 2019, attended by 
23 service providers, 15 representatives of local public 
authorities and one representative of a company that 
imported agricultural machinery. First, the economic 
assessment of the 35 service providers interviewed was 
presented by the R4D team and validated by the service 
providers. Second, detailed presentations of rice, maize, 
and cassava no-till planters were given. The participants 
then discussed the hypotheses and results of scenarios of 
the use and profitability of no-till planters prepared by the 
R4D team. In particular, the assumption of a US$40/ha 
service fee for a maize no-till planter was presented to 
service providers, who considered that this amount would 
not significantly reduce farmer demand. The participants 
analysed the opportunities for and challenges to investing 
in and using a no-till planter for different crops. One 
week after the workshop, interviews were conducted with 
19 service providers who had attended the workshop 
(four could not be reached). These service providers were 
asked about their interest in purchasing a rice, maize, or 
cassava no-till planter and the reasons for their interest or 
lack of interest. 

Results 
Organisation of service providers’ activities 

Interviewees were generally owners of large farms, 
average 19.8 ha. Service providers cropped on average 
16.8 ha of annual crops on their own farms. These annual 
crops were maize (41% of the area under annual crops), 
cassava (39%) and rice (20%). The service providers had 
been offering services for an average of six years. To 
purchase a tractor and associated agricultural equipment, 
21 service providers had obtained a loan from a bank or 
a microfinance institution, generally for two to four 

years. Service providers who did not take a loan from a 
bank or a microfinance institution (14 out of 35) had big 
farms, additional on- or off-farm income-generating 
activities, or, with their family or relatives, had invested 
using shared capital with a low or no interest rate. 

Service providers purchased different types of 
equipment based on the crops grown by farmers in their 
operating area and on their own investment capacity. All 
the service providers owned ploughing equipment, but 
less than half owned a conventional maize planter or a 
cassava digger. In the uplands, due to the rapid changes 
in cropping systems over the last decade, service 
providers had also been obliged to adapt and had 
purchased new equipment in response to changing farmer 
demands. 

All the service providers interviewed said ploughing 
was the main service they sold (Table 2). In the lowlands, 
levelling was the second most frequently requested 
service, while ridging for cassava and sowing for maize 
were the most requested in the uplands. Tractors were 
also used for transport if the service provider had 
invested in a trailer. On average, service providers 
serviced 316 ha per year (if they serviced a field more 
than once, this was taken into account). Service providers 
in upland areas serviced, on average, almost double the 
area (371 ha) than service providers in the lowlands 
(196 ha). All the clients of service providers we 
interviewed were individual farmers. 

The tractor businesses in the lowlands generated, on 
average, 60% less annual income (US$3,260 per year) 
than the businesses located in the uplands (US$8,040 per 
year). Service provision in the uplands tended to be more 
profitable due to the higher and more diversified demand 
received by each service provider. Moreover, the fields 
in the lowlands were more fragmented than in the 
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uplands, so lowland service providers spent more time 
travelling between fields.  

The interviewees mentioned a decline in the demand 
from farmers demand beginning approximately in 2014. 
The main reason given for the reduced demand was the 
increase in the number of four-wheel tractors in the area, 
especially since interest rates of loans were regulated in 
2017. In the uplands, many farmers shifted from annual 
crops to fruit trees. Three service providers declared they 
had lost up to 70% of their regular customers between 
2015 and 2018. Service providers usually worked within 
a range of 10 km from their home. To adapt to the 
decrease in farmer demand, some service providers had 
started to look for new customers located up to 40 km 
from their home (meaning increased transport costs). 

A typology of service providers 

Service providers were grouped in four categories. 
Category 1 farmed at least 30 ha of annual crops on their 
own farm and earned less than US$6,000 of net income 
annually from service provision. For these service 
providers, their own farm represented a high proportion 
(but not the majority) of the fields they worked. Category 
2 cultivated less than 30 ha of annual crops on their own 
farms and earned an annual net income of more than 
US$6,000 from service provision. Their agricultural 
equipment was mainly used outside their farm. Category 
3 cultivated at least 30 ha of annual crops on their own 
farm and earned more than US$6,000 net annually from 
service provision. These service providers made 
intensive use of their agricultural equipment. Finally, 
Category 4 farmed less than 30 ha of annual crops on 
their own farm and earned less than US$6,000 net from 
service provision. Their tractors were not being used to 
their full capacity. Table 3 lists average characteristics of 
the service providers in each category. 

Service providers in Categories 2 and 3 operated in 
the uplands and had the most profitable service provision 
business. Service providers in Category 4 underused their 

agricultural machinery for two reasons. First, they had 
started their business later than service providers in 
Categories 1, 2 and 3, so they had to build a network of 
customers in a situation where many farmers already 
used other service providers. Second, they were mainly 
located in the lowlands and the range of services that 
could be provided was smaller than in the uplands.  

Calendar of activities 

Based on interviews with the 35 service providers, Figure 
2 shows how they used their tractor over the year. From 
February to June, the demand for tractor services is high, 
and some of the service providers cannot meet the 
demand. The demand for farming operations is closely 
linked to the weather, for instance, once the first rain 
falls, farmers often all request tractor services at the same 
time. From mid-August to mid-December, the demand 
for tractor services is low and tractors are generally kept 
in sheds. 

Based on tests conducted by the R4D team from 2009 
on, Figure 2 also shows the potential periods for the use 
of maize, cassava, and rice no-till planters (Kong et al., 
2016). No-till planters could replace conventional 
sowing services. Moreover, from August to October, 
maize, cassava, and rice no-till planters can be used for 
other crops. After early maize crops harvested in August 
or September, pulse crops, sunflower, sorghum, or cover 
crops can be sown directly on the maize residues. This 
enables timely sowing and greater efficiency than 
plough-based management. The use of a no-till planter 
reduces production costs and improves water-use 
efficiency at the end of the rainy season for secondary 
crops such as pulse or cover crop seed production, as 
practiced by a group of seed producers in Rattanak 
Mondoul District. The cassava no-till planter can be used 
to plant cassava at the end of the wet season after an early 
maize harvest and to transplant perennial legume cover 
crops in the inter-row of orchards. 

Table 3. Main characteristics of the four categories of service providers. 
Category Category 1 Category 2 Category 3 Category 4 All respondents 

Orientation Focus on own 
farm 

Focus on service 
provision 

Intensive use of 
equipment on own 

farm and in providing 
services 

Under-used 
equipment 

Number of service providers 
(upland/lowland) 2 / 1 8 / 0 6 / 0 8 / 10 24 / 11 

Average area of their own farm (ha) 44.7 17.1 34.8 11.4 19.8 
Average annual area serviced, all services 
included – excluding their own farm (ha)* 229 353 458 128 254 

Average total area ploughed (ha) per year * 83 236 164 71 104 
Annual net income as service provider (US$) 4,870 10,310 11,100 2,440 5,900 
Service providers often worked the same field several times (e.g., ploughed it twice). In rows with an asterisk*, even when a service provider 
intervened several times in one field, the field was only counted once. 
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 Dry season Rainy season Dry season 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Services currently provided in the lowlands 
Ploughing                         
Land levelling for rice                         
Services currently provided in the uplands 
Ploughing for cassava and maize                         
Ridging for cassava                         
Conventional sowing of maize                         
Harvesting cassava                         
Transport                         
Use of no-till planters* 
Maize no-till planter                          
Rice no-till seeder                         
Cassava no-till planter                         
Figure 2. Calendar of services provided plus periods for potential use of no-till planters in Battambang Province.  
The black cells represent periods during which the demand from farmers is high. The dark grey cells represent months with less demand and during 
which even active service providers typically work less than 10 days a month. The light grey cells represent periods with no demand from farmers. 
*The black cells in September refer to the use of no-till planters for diversification purposes with secondary crops (pulse, sunflower, pearl millet, 
sorghum), planting of cassava after early maize and transplanting perennial legume cover crops to the inter-rows of orchards.

Profitability of no-till planter as an additional service 

Figure 3 shows the profitability of purchasing a no-till or 
a conventional maize planter for a service provider based 
on farmer demand. Over a five-year period, purchasing a 
maize no-till planter is more profitable than purchasing a 
conventional one, if the service provider sows at least 131 
ha of maize annually (based on a fee of US$40/ha). The 
total area could also be reached by sowing relay crops 
such as mungbean, sunflower and cover crops before or 
after maize (Fig. 2).  

Table 4 lists the break-even points for a maize, rice, 
and cassava no-till planter in terms of the area sown or 

planted annually. It also shows how many of the service 
providers interviewed would break even based on the 
assumption they continued to deliver the service to an 
area equivalent to the one they already served for each 
crop: sowing for maize, ploughing for rice and ridging 
for cassava. The only service providers to reach the 
break-even point for maize and cassava were those in 
Categories 2 and 3, while the two operators who reached 
the break-even point for rice were in Categories 1 and 2. 
Four service providers provided maize sowing services 
in an area of more than 131 ha. Consequently, for them, 
investing in a maize no-till planter would be more 
profitable than investing in a conventional maize planter 
at a fee of 40 US$/ha. If the fee were only 35 US$/ha, 

investing in a no-till planter would not be more 
profitable than investing in a conventional maize planter 
for any of these service providers, to be profitable, they 
would need to service at least 219 ha, Fig. 3). However, 
and as emphasized above, the cost of owning a tractor is 
based on the purchase of a new tractor whereas a large 
number of service providers (60% of those we 
interviewed) use a second-hand tractor, with lower 
ownership costs.  

The service providers who attended the workshop 
agreed that the assumptions concerning the service fee 
were reasonable, although they pointed out that 
uncertainty was high. During the interviews conducted 
after the workshop, 17 of the 19 interviewees said that 
farmers located in the area in which they operate would 
be interested in using no-till planters, mainly to sow 
maize and rice. Out of the 17, 10 said they were interested 
in purchasing the equipment in the short term and seven 
wanted to see more demonstrations on the use of the no-
till planters and to make sure farmer demand was real. 

The service providers interviewed expressed less interest 
in the cassava no-till planter, as they thought the machine 
was too new and too expensive (both for them to 
purchase and for farmers to pay for the service) and 
farmer demand would consequently probably be too low. 

 

 
Figure 3. Profitability of conventional and no-till maize planters.
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Table 4. Break-even points for different no-till planters. 

1 Surface area sown with maize, surface area ploughed for rice and ridged for cassava. Operating cost ($/ha) = operating cost ($/hr)/Actual 
operating (ha/hr), Table 1. 

Discussion 

Varying interests but also varying capacity to purchase 
a no-till planter 

The analysis showed that, under the above assumptions, 
investing in a no-till planter would be profitable for all 
three crops (maize, rice, cassava) only for certain service 
providers. The break-even point of a no-till maize planter 
is higher than that of a conventional planter. However, 
the versatile nature (multi-crops) of the no-till planter is 
an advantage and should allow a larger area to be worked 
at different periods over the cropping season. The service 
providers for whom the investment would be profitable 
were generally in Categories 2 and 3. These service 
providers generally had sufficient financial capacity to 
invest in a new planter in the short term. Their average 
annual net income from service provision was higher 
than the investment cost of any of the three no-till 
planters. As their business was profitable and well 
established, they could take more investment risks than 
other service providers. They made intensive use of their 
machines, at least in certain periods of the year. However, 
in the context of rapidly increasing competition among 
service providers, some may find it advantageous to 
invest in a no-till planter, to diversify the services they 
offer, and to extend the period during which their tractors 
can be used.  

Category 4 service providers may be more motivated 
to invest in a no-till planter as they were not using their 
tractors to full capacity. Thanks to the no-till planter, they 
would be able to extend the services they offer and hence 
their network of clients. However, their investment 
capacities were much lower than the service providers in 
Categories 2 and 3. Many of them still had loans to 
reimburse and their earnings were on average four times 
lower than the average earnings of service providers in 
Categories 2 and 3. Moreover, their network of clients 
was smaller than that of service providers in Categories 
2 and 3. 

Implications for support actions 

Support to service providers could include building their 
capacity to write a business plan and to enable them to 
identify the minimum area to be serviced with a no-till 
planter (depending on the fee they choose to apply) to 
ensure their investment is profitable. Support could also 
involve helping service providers access loans, especially 
Category 4 service providers who showed interest in 
purchasing a no-till planter. More generally, actions to 
support the increased use of no-till planters could focus 
on triggering farmers’ demand (e.g., through field 
demonstrations that bring together service providers and 
farmers) and on improving the service providers’ 
environment.  

Finally, farmer demand is not only currently 
uncertain, but may also change in future. Demand may 
increase once farmers see the advantages of using a no-
till planter, or because the planters realise they can sow a 
wider range of crops over a longer period of the year. 
Moreover, farming systems in uplands are very dynamic. 
In the lowlands, agronomic constraints make it difficult 
for farmers to grow other crops than rice, so farmer 
demand for no-till seeders would be more stable. Thus, 
specific support should be designed based on the service 
provider’s category and agroecosystem. In the short term, 
support could target rice no-till seeders in the lowlands. 
At the same time, support could explore the use of 
versatile no-till planters in the uplands. This would 
enable more adaptability to changes in the market and 
related changes in farmer demand.  

Conclusion 

The profitability of new no-till planter services was 
assessed under varying assumptions that were discussed 
with service providers who were already operating in 
Battambang Province. Under these assumptions, for each 
crop (maize, cassava, and rice) considered in the study, 
investing in a no-till planter would only be profitable for 

Type of planter 
Conventional maize 

planter  No-till maize planter No-till rice 
seeder 

No-till 
cassava 
planter 

Assumed service fee (US$/ha) 25 35 40 40 75 
Operating cost ($/ha) 17.9 20.5 18.9 37.5 
Purchase price of the planter (US$) 1,500 8,700 7,000 10,800 
Break-even point (ha)  48 135 101 75 65 
Number of service providers offering their 
services for a given crop.  30 30 18 27 

Number of service providers already covering a 
larger area1 than the break-even point 
(including the area planted on the operator’s 
own farm). 

8 4 6 2 7 
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a few service providers, mainly those in Categories 2 and 
3. Thanks to their annual income, most of these service 
providers should not have too many problems finding the 
funds they need to purchase a no-till planter and they 
could use their relatively large network of customers to 
promote farmer demand. The main risk for these service 
providers is being sure there will be enough demand from 
farmers.  

Our ex-ante assessment of the diversity of service 
providers' profiles and the profitability of no-till planters 
enabled identification of key challenges and 
opportunities to ensure an adequate supply of no-till 
planters. We recommend the use of such ex-ante 
assessments in studies on how to support the 
development of supply and demand for no-till planters in 
South and Southeast Asia, as a key component in the 
transition to conservation agriculture. 
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Abstract 

Hydroponic technique is currently becoming popular for vegetable production due to efficient resources management 
and quality food production. The objective of this study was to determine plant growth and development of hydroponic 
curly endive responding to applications of macronutrients (N, K, Ca, Mg and S) via drip irrigation. The experiment 
was conducted in a net house, with three different macronutrient concentrations (low: N1, medium: N2 and high: N3). 
Endive lettuce seedings with 2–3 leave were grown in mixed substrate of sand and coconut filer (1:1 v/v), and fed by 
N1, N2 and N3 concentrations for 25 days via drip irrigation. The curly endive achieved the highest yield in N2 
treatment, providing sufficient level for plant growth, whereas the lower concentration of macronutrient provided 
longer leave, but less leaf number per plant. The optimize macronutrient concentration provides a better productivity. 

Keywords: hydroponics, drip irrigation, lettuce, soilless culture and vegetable. 

Introduction 

Hydroponic technique is currently becoming popular for 
vegetable production because of efficient resources 
management and quality food production (Sonneveld and 
Voogt 2009). It is also applied to avoid some challenges 
of soil based agriculture such as urbanization, natural 
disaster, climate change, indiscriminate use of chemicals 
and pesticides which is depleting the soil fertility 
(Sonneveld and Voogt 2009; Sharma et al. 2018).  

There are 16 elements are carbon (C), hydrogen (H), 
oxygen (O), phosphorus (P), potassium (K), nitrogen (N), 
sulfur (S), calcium (Ca), iron (Fe), magnesium (Mg), 
boron (B), manganese (Mn), copper (Cu), zinc (Zn), 
molybdenum (Mo), and chlorine (Cl) are required by 
plants for growth, and these nutrients can be supplied 
from air, water, and fertilizers. In hydroponic crops, 
nutrients play an important role in the quality and 
productivity of leafy vegetables (Sublett et al. 2018). 
High nutrient concentrations cause ion toxicity, nutrient 
imbalance and osmotic stress, and low nutrient 
concentrations lead to nutrient deficiencies (Fallovo et al. 
2009). Thus, providing all the nutrients to the plant needs 
is one of the basic principles for vegetable production in 
hydroponic system (Sonneveld and Voogt 2009; Nozzi et 
al. 2018). There are different fertilizers can be mixed to 
make hydroponics nutrients solution (e.g. Coston 1983; 
Parks and Murray 2011).  

Previous studies have focused on nitrogen (N) 
(Schenk 1996; Gent 2002; Shariffi and Zebarth 2006; 

Cometti et al. 2011) with less consideration on other 
macronutrients such as phosphorus (P), potassium (K), 
calcium (Ca), magnesium (Mg) and sulfur (S). 

The objective of this study was to determine plant 
growth and development of hydroponic curly endive 
responding to applications of macronutrients (i.e. N, K, 
S, Ca and Mg) via drip irrigation. 

When fertilizers are applied to meet crop needs, 
benefits in terms of productivity and profitability may 
result (Mattson and Van Iersel. 2011). 

Methods 
Plant materials and culture condition  

The experiment took place in the University of 
Battambang, Cambodia (13° 5' 6.95" N, 103° 13' 15.25" 
E), inside a net house (size – length: 20 m, wide: 10 m, 
high: 4 m) from May 14th to June 27th , 2012. The net 
house was full covered by sun shad nets (green net, shad 
rate: @50%); and transparent plastic was sub-covered at 2 
m high to control rain (Fig. 2). Seeds of Curly Endive 
were produced by Choke Kasikorn Seed Co. Ltd, 
Thailand (purity: 98%, germination rate: 80%, moisture: 
8%), were sown on trays containing mixed soil and 
manure (2:1) then kept them under the net house and 
watering twice a day. Gravel (particle size: 2 – 4 mm) and 
coconut fiber were mixed and used as a substrate (1:1, 
v/v) and filled into 72 plastic bags (diameter: 12 cm * 
high: 18 cm). Endive seedlings were transplanted in the 
bags when seedlings were 15 days old.  
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Light and temperature during growing condition were 
measured at 08:00, 12:00 and 17:00 (Table 1). The drip 
system was selected for this experiment because it is 
suitable for almost all varieties of vegetable crops, three 
drip systems were manipulated for the experiment;  
(Srean, 2009).  The drip system was installed by three 
main pipes (diameter: 4.9 cm) connecting to a solution 
tank and micro pipes (Ø: 2mm) connecting to the main 
pipes to feed the plants (Fig. 1).  

Table 1: Light intensity and temperature during the experiment (mean 
± SD).    
Time Light intensity (Lux) Temperature (ºC) 
08:00 16,055 ± 550 27.0 ± 1.00 
12:00 21,252 ± 1951 36.2 ± 0.84 
17:00 16,634 ± 1660 30.4 ± 1.14 

Experimental design and data analysis  

The experiment followed a completely randomized 
design, with three treatments of macronutrients and 
representative by thirty-six plants for each treatment (Fig. 
1). A nutrient solution containing 0.20‰ P2O5, 0.50 ppm 
Zn, 0.25 ppm Fe, 0.50 ppm Cu, 0.25 ppm Mn, and 0.20 
ppm B, and plus three different rates of macronutrients 
(i.e. N, K, S, Ca and Mg) were determined for the 
treatments; the detail nutrient solution of each treatment 
are present in Table 2. Chemicals such as K2SO4, 
CaSO4, Mg(NO3)2 were used to make the three different 
macronutrient concentrations for each treatment, i.e. N1, 
N2 and N3. The nutrient solution were made and put in 
the nutrient tanks separately (Fig. 1); the solution was 
stirred before fed plants via drip irrigation for 15 minutes 
triple a day at 08:00, 12:00 or 17:00.  

Table 2: Detail of the macronutrient concentrations of the three 
different concentrations.   

Macronutrients Treatment 
N1 (‰)  N2 (‰) N3 (‰)  

N 17 34 51 
K 25 50 75 
Ca 23 46 69 
Mg 14 28 42 
S 38 76 114 

 
Leaf numbers and leaf length were measured at every 

five days after transplanting. At the end of the experiment 
at 25 days of culture period, ten out of the thirty-six plants 
were selected randomly from each treatment to determine 
the leaf numbers, leaf length, root and shoot fresh-
weight. The root and shoot of the plants were dried at 85 
°C in a hot air oven (Model 500; Memmert, Buchenbach, 
Germany) for 48 h then incubated in desiccators before 
measurement of their dry-weight.  

 
Fig. 1: Layout of experimental design for hydroponic curly endive, with 
drip systems of three different nutrient concentrations, N1, N2 and N3 
are nutrient tanks. 

For comparison of means of multiple groups or 
treatments, the analysis of variance (ANOVA), the 
Kruskal–Wallis test, or the multiple comparison test of 
Tukey’s least significant difference (α = 0.05) was used. 
All statistical analyses were performed with the R 
statistical software, version 3.3.3 (R Core Team 2017). 
 
Results 

All the plants in each treatment no one death was 
observed within 25 days of the experiment (Fig. 2). 

 
Fig. 2: The response of hydroponic curly endive to applications of 
macronutrients (N, K, S, Ca and Mg) via drip irrigation at day 18 after 
transplanting. 
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ANOVA indicated that: the number of leave per plant 
in the N3 treatment was significantly greater the others 
over the last 15 days of the experiment period, whereas 
leaf length in the N1 treatment was longer than the other 
treatments (Fig. 3). Both the dry and fresh weights of 

plant shoot in N2 and N3 were better than those in N1 
(Fig. 4a & c). For the root per plant, fresh weight  was 
better in N2 and N3 treatments, the dry weight was the 
greatest in N2 treatment (Fig. 4b & d). 
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Fig. 3: Effect of macronutrient 
concentration rates on leaf 
development (a) and leaf growth 
(b) in hydroponically grown
endives (n = 10; !" ± SE). 

Fig. 4: Effect of macronutrient 
concentration rates on plant growth 
and development  of hydroponic 
curly endive at 25 days after 
transplanting (n = 10; !" ± SE).
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Discussion 

Our measurements suggests that the leaf growth is better 
in lower concentration of the macronutrient, whereas leaf 
development was best in neither low nor high 
concentration. Eighter low or high concentrations of 
macronutrients restrict the growth and development of 
plant shoot and root. The main abiotic stresses affecting 
plant growth and development is salinity (Choi and Lee 
2001; Tzortzakis 2010). Salinity affects carbon fixation 
reduction due to specific ions toxicity (Niu et al. 1995); 
and photosynthesis restriction due to partial stomata 
closure, waste of energy in the processes of osmotic 
adaptation and ion exclusion (Pasternak 1987). In 
hydroponic lettuce, the demand for N, P and K declines 
with plant age, whereas Ca, Mg and S were absorbed at 
constant rates throughout the crop cycle (Albornoz and 
Lieth 2016). Plant growth and ultimately quality and 
yield can be reduced, when nutrient supply is not 
sufficient to meet demand; or economic losses when 
nutrient applications in excess of plant demand (Grattan 
and Grieve 1999; Mattson and Van Iersel. 2011).  

Overall, these findings suggest that a proper 
management of the optimize macronutrient concentration 
provides a better growth condition to improve plant 
growth and development in hydroponically grown 
endives. 
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Abstract 

Cassava (Manihot esculenta Crantz) is one of the most important upland crops in Cambodia. However, there is still a 
shortage of information and research about its yield variations and the causal factors, which is important to know if 
our goal is to increase the cassava production in Cambodia. The objectives of this study were to highlight the yield 
variation and causal factors in agro-practices of cassava production in Battambang and Pailin provinces. In these two 
provinces, 109 cassava farmers were randomly selected from a list of households provided by each village chief. The 
results showed that the cassava yield ranged from 10 to 34 tons per hectare with the mean yield ranging from 29.41% 
to 82.35% of the maximum yield, while the corresponding yield gap ranged from 6 to 24 tons per hectare. The variables 
of the agro-practices, such as the weed control and the usage of herbicides and liquid fertilizers are the significant 
factors of the cassava yield. They account for 83% of the total yield variability among the sample farmers. The main 
constraints to cassava production are drought, weed density, pests, and diseases. The farmers had, in general, a low 
education; 41% of them had only a primary school education diploma. So, it was difficult for them to understand 
information on new techniques, the weather factors, the pest mitigation, and appropriate agro-practices. The 
knowledge of all those factors could improve the yield and narrow the cassava yield gap. Therefore, it is undeniable 
that the yield gap varies substantially in Cambodia. 

Keywords: Agro-practices, analysis, Cambodia-Thailand, cassava, yield variation. 

Introduction 

Besides rice, which is the major agricultural product in 
Cambodia, the farmers are also attracted to cassava 
production. Cassava has now become an important cash 
crop for resource-poor farmers in Cambodia (Sopheap et 
al. 2008). For the last 5 years, the cassava production area 
in Cambodia has expanded significantly from less than 
515 thousand hectares in 2014 to more than 650 thousand 
hectares in 2018 (MAFF 2017). Cassava is an essential 
tropical crop and can be suitable to grow with an average 
temperature of 25-29 0C (Onwueme and Sinha 1999) and 
annual rainfall greater than 500 mm (MAFF 2015). In 
2014, the average yield of cassava in Cambodia was 25 
tons per hectare, which was the second-highest yield after 
Laos in Southeast Asia (FAOSTAT 2017). The increase 
in production has come from the expansion of the 
planting areas, although the average yield had decreased 
to 22.55 tons per hectare in 2017 (AFSIS 2017). In an 
optimal growing environment, the yield of cassava could 
reach 90 tons per hectare (El-Sharkawy 2004). However, 

the cassava experiment under Cambodian conditions 
obtained the highest yield at 36 tons per hectare (Sopheap 
et al. 2008). 

Improving crop management practices including 
high-yielding varieties, good quality planting materials, 
sufficient moisture, proper plant spacing, and pest and 
disease management are needed to close the cassava yield 
gap. However, farmers often based their practice more on 
myths instead of facts, like thinking that cassava does not 
need fertilizers or pesticides, so they grow cassava with 
minimal or even no fertilizer application. Another study 
conducted in Thailand showed that the yield decline is 
due to continuous cassava production in the same 
unfertilized plot over an 8-year period, which is similar 
to the result of other experiments in Southeast Asia 
(Howeler and Cadavid 1983). A study by Sopheap et al 
(2012) in Cambodia showed a large yield variation 
ranging from 12.7 to 37.2 tons per hectare, with the main 
constraints in increasing the yield being the soil nutrient 
deficit, short crop duration, and the weed competition.  
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Surveys of farming practices, supplemented by 
measurements of soil properties and crop performance, 
have the potential to provide a valuable means of 
assessing yield constraints in farmers’ fields (Calvino 
and Sandras 2002; Inthavong et al. 2011). Neumann et al 
(2010) pointed out that minimizing the yield gap requires 
an understanding of nature and the constraints of the 
regions. Therefore, separated assessment is needed to 
increase the yield in a specific region. At the same time, 
information on yield variations, coefficients, and causal 
factors are indispensable for increasing the cassava 
production in Cambodia. 

The objective of the study is to highlight the yield 
variation and causal factors in relation to the aspects of 
agro-practices of the cassava production: varieties, 
fertilizers, herbicides, pesticides, weed control, and 
knowledge (Education and farmer experience). The study 
is also an importance tool that highlights the prevalence 
of a yield gap; that information is not readily available in 
many regions of Cambodia, due to a lack of data in the 
agro-practices of cassava production. 
 
Methods 
Study area 
 
This study was conducted in two provinces of Cambodia, 
Battambang and Pailin which are located near the 
Cambodia-Thailand border. They have more than 50,000 

hectares of cassava fields per province and are among the 
top 10 provinces that planted the most cassava in 
Cambodia, according to the Ministry of Forestry and 
Fisheries, Cambodia (MAFF 2017). The study area is 
situated in one particular agro-ecological zone which has 
many enterprises for the storage, processing, and export 
of cassava, mainly to Thailand. The major source of 
household income in the study area is from cassava, 
maize, mungbean, soybean, and fruit trees. These 
provinces both have a long history of cassava production 
and are currently the largest cassava growing areas in 
Cambodia. 
 
Sampling method 

A multi-stage sampling method  developed by Yamane 
formula (created in 1967 and 1973) was used to select 
109 cassava farmer samples with a sampling fraction of 
at least 10% of the population of cassava farming 
(standard error of 10%). These respondents were chosen 
randomly from a list collected from the village chiefs 
across 3 districts of those 2 provinces as shown in Table 
1 and Figure 1. The cassava farmers who collaborated 
with this study had to indicate a willingness to be 
interviewed and allow a study of their crop. The first 
survey was conducted between February and March 2019 
in Battambang province and the second one was from 
June to July 2019 in Pailin province. 

 
Fig. 1: Study area in Battambang and Pailin provinces, Cambodia. 
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Table 1. Number of household samples in each target village. 

Provinces Districts Communes Villages Households Households 
Cultivated Selection 

Battambang Sompovlun Serei Mean Chey OuKandal 455 308 28 

PhnomPhrek PhnomPhrek PhnomPhrek 901 350 32 

Pailin Salakrav Salakrav Phnomkuy 386 295 27 

OuAndoung Ouchetbram 290 241 22 

Total 1,637 1,194 109 

Data collection 

Both qualitative and quantitative methods of data 
analysis were applied in this study to understand the 
actions of cassava farming. Primary data was collected to 
get information about cassava production, the agro-
practices, the varieties, pests and diseases, and the history 
of cassava production. This was achieved by using both 
semi-structured and guided questionnaire interviews with 
the members of the households who were part of sample. 
Secondary data gathered information about temperature, 
humidity level, rainfall, and any other data relevant to the 
study. 

Data analysis 

The data collected from the questionnaire surveys were 
coded and analyzed using SPSS Version 20 statistical 
program to generate cross-tabulation of variables and 
calculate descriptive statistics. The correlation and 
regression analysis were also conducted to examine how 
agro-practices significantly affect cassava yield and 
whether the farmer’s knowledge level, represented by 
education level and farm experience, has an influence on 
the cassava yield. Microsoft Excel was used for 
frequencies, charts, and tables to show visible findings of 
agro-practices and causal factors. 

Results  
Education of head households 

The level of education is one of the factors that affect 
agricultural productivity (Asadullah and Rahman 2005). 
Likewise, the major finding in a previous study showed 
that as the level of education increases, the productivity 
increases as well. The farmers with a secondary school 
education got the highest returns on agricultural 
productivity (Oduro et al. 2014). The results of our 
findings, as in Figure 2, showed that a large number of 
cassava farmers in our samples have a low level of 
education:  41.29% of them have a primary school 
education and 16.5% are illiterate. Only 3% of them 
completed college education.  

Fig. 2: Education level of head of households’ cassava farmers in both 
provinces.  

Characteristics of the Agro-practices 
Land use 

The sample farmers have an average farming area of 7.63 
hectares, which is  divided into 58.03% of cassava 
cultivation, 30% of maize, 6.11% of rice, and 5.86% of 
fruit trees such as mango, longan, and cashew nuts (See 
the detail in Fig. 3). This indicates that cassava is the most 
important crop. It provides a major income to farmers in 
this study area. 

Of the land planted with cassava, 43.66% was 
previously used to plant maize. Most farmers grew 
cassava as a mono-crop. Only a few farmers were 
growing cassava as a mixed crop. Our findings showed 
that only 28.77% of cassava is processed locally and the 
rest is sent to Thai traders who export the cassava to the 
Chinese market. Therefore, the crop prices seem to 
influence the usage of the land (crop change from maize 
to cassava) in the study area. 

At the same time, 63.3% of the farmers in this study 
area had more than 5 years of experience in cassava 
cultivation and they practice a crop rotation between 
maize and cassava from year to year. The crop rotation is 
a good way to improve soil properties such as soil 
aggregate, soil fertilizer, and help to minimize pests and 
diseases (Yuniwati et al. 2020). These processes 
contribute to the development of soil structure (Ball et al. 
2005). 
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Fig. 3: Land used and crop rotation for cassava farming in the both 
provinces. 

Cassava varieties 

In Battambang province, the most popular variety is 
Rayong 9 while variety 89 is the most popular in Pailin 
province. More than 43.12% of the farmers planted 
Rayong 9 variety and 17.43% planted the variety 89. 
Moreover, 8.26% of the farmers planted an unknown 
variety as shown in Figure 4. Among these cassava 
varieties, Rayong 9, Huay Bong 60, and KU 50 are from 
Thailand. Kromumyun variety is from Vietnam, while 
the 89 and KorlTorl varieties are from unknown sources, 
but the owner of a silo mentioned that those varieties 
come from Thailand. Rayong 9, KorlTorl, Huay Bong 60, 
and KU 50 have high yield potential and high starch 
content and variety 89 has a very high yield potential.  

Fig. 4: Varieties of cassava in the study area.  

Fertilizer usage 

In the study areas, there is great misunderstanding among 
the farmers. In some cases, the information about cassava 
production is based more on myths than on facts. Some 
of those farmers often grow cassava with minimal or no 
fertilizer at all. Also, they would apply fertilizer, not for 
the cassava plant, but to improve the soil property only. 

They apply NPK (15-15-15) fertilizers or Bio-fertilizer 
only one time or 50 kg per hectare when they raise beds 
before planting stems. 

Table 2 showed that 58.33% of the cassava farmers in 
Battambang province used fertilizer in their farming, 
while in Pailin province, that figure is only 28.57%. 
Likewise, liquid fertilizer (called Chy Tuek or Hormone 
in the local language) is widely used. Cassava farmers 
who were interviewed believe that this application 
improves the cassava yield. One month after planting, the 
farmers always spray liquid fertilizer on the cassava 
leaves for the first time. The second time of spraying is 
conducted 2 to 4 weeks after the first time. The rainfall 
will have an influence on the frequency of spraying. In 
Battambang 85% of the farmers sprayed the liquid 
fertilizer while in Palin, only 4.08% of the farmers did 
not spray as shown in Table 2. The majority of the 
cassava farmers used the liquid fertilizers (85% - 
95.92%) and the dry fertilizers (58.33% - 28.57%).  

Continuous cropping, recycling, and reusing of 
nutrients from organic sources may not be sufficient to 
sustain crop yields. A study on the effect of fertilizer
application on continuous cropping of cassava from 2004 
to 2007 in Indonesia revealed that without fertilizer 
application, cassava yield decreased from more than 20 
tons per ha in the first year to less than 10 tons per ha in 
the third year, after which the yield remained constant at 
about 9 tons per ha (Yuniwati et al. 2012). 

Weed control 

Weed control is a very important factor that can improve 
the yield. A very good weed control could increase the 
yield by 7 to 8% according to a previous study (Clair et 
al. 2000). In the study area, the cassava farmers conduct 
two types of weed control. For the first method, the weed 
is removed by hand when the cassava is 1 month old and 
then when trimming is done at 7-8 months old or 2-3 
months before harvesting. The second method is by using 
herbicides. Table 3 shows that the "hand weeding" 
control in Battambang province was done once and it 
represented 53.33% of their work time for the cassava 
farming. In Pailin province, the" hand weeding" was 
done 1 to 3 times and it represented 96% of their work 
time. So, we can understand the reason why the cassava 
farmers in these 2 provinces prefer to use herbicides for 
weed control. 

The herbicides used are produced in Thailand: 48% 
of Glyphosates and 28% of Paraquate which are mostly 
used in the study area to control the weeds. However, 
because the study area is close to the Thai border, the 
cassava farmers mostly bought herbicides or chemical 
pesticides from Thailand.  
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Table 2: Both types of fertilizer application of household samples in the study area. 

Both Types of fertilizer application 
Battambang Pailin 

Frequency Percentage Frequency Percentage 

Dry fertilizer 

Not used 25 41.67 35 71.43 

Bio-fertilizer 13 21.67 11 22.45 

Chemical  17 28.33 1 2.04 

Both 5 8.33 2 4.08 

Total 60 100 49 100 

Liquid fertilizer 

Not used 9 15.00 2 4.08 

1 Time 42 70.00 46 93.88 

2 Times  9 15.00 1 2.04 

Total 60 100 49 100 

 
Table 3: The ways of controlling weed by cassava farmers in study area. 

Ways of controlling weed 
Battambang Pailin 

Frequency Percentage Frequency Percentage 

By hand 
Not used 4 6.67 0 0 

1 Time 35 58.33 15 30.61 

2 Times 6 10.00 13 26.53 

3 Times 13 21.67 19 38.78 

4 Times 2 3.33 2 4.08 

Total 60 100 49 100 

By herbicide 
2 Times 9 15.00 11 22.45 

3 Times 20 33.33 36 73.47 

4 Times 18 30.00 2 4.08 

5 Times 9 15.00 0 0 

6 Times 4 6.67 0 0 

Total 60 100 49 100 

Pesticide usage  

Figure 5 show that 50% of cassava farmers in 
Battambang have used insecticides while only 24.48% 
did in Pailin. The majority of invasive insect species are 
mites and mealybugs in the study area. This situation 
agrees with the study of MAFF (2015) and Ignazio et al 

(2016), which shows that the main pests in South East 
Asia are the cassava mealybugs, cassava mites, and 
whiteflies.  

In Battambang province, the highest percentage of the 
farmers who used insecticides 2 times is 21.66% while in 
Pailin province; it is 10.20% of the farmers who have 
used insecticides 1 and 2 times (Fig. 5). 
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Fig. 5: Frequency and percentage of pesticides usage for cassava farmers. 

 

Cassava yield gap 

In the study area, the yield of fresh root cassava showed 
a great variation, ranging from 10 to 34 tons per hectare, 
with an average of 22 tons per hectare. The yield gap 
between the maximum and the average yield was 12 tons 
per hectare, while the gap between the average and the 
minimum yield was 12 tons per hectare. The fields with 
a low to moderate level of yield accounted for 63% of the 
fields surveyed in this study. Therefore a total gap 
between the maximum and minimum yield is 24 tons per 
hectare. These data are similar to the study of Sopheap et 
al (2012) which showed a large difference in the yield of 
cassava in Kampong Cham province where the highest 
yield was 37.26 tons per hectare and the lowest yield was 
only 12.8 tons per hectare. 

In the study area of Battambang and Pailin provinces, 
the group with the highest frequency experienced 
moderately low yields with frequency declining towards 
both the higher and the lower ends. However, the yield 
groups of moderately high, moderate, and moderately 
low represented the smallest variations among groups 
(Table 4). The mean yield of the moderately high to the 
low yield group ranged from 82.35% to 29.41% of the 
highest yield recorded, while the corresponding yield gap 
ranged from 6 to 24 tons per hectare. The maximum yield 
of 34 tons per hectare was considered to be representative 
of the maximum potential farm yield.  

Figure 6 indicates the difference of yield in those 
communes. For example, in PhnomPhrek the percentage 
of  “moderately low ” and “low’’ yields  is large, while 
in Salakrav, the percentage of “High” and “Moderately 
high”is also large. However, the percentage of average 
yield per hectare is low for SereiMeanChey PhnomPhrek 
commune in Battambang Province and OuAndoung 
Salakrav in Pailin Province. The low average yields in 
these communes seem to be caused by drought, weed 
competition, pests, disease, and inappropriate agro-
practice of the cassava production. 

 
Factors affecting cassava yield 

To find the factors affecting cassava yield, we calculated 
the correlation coefficient between cassava yield per 
hectare and the variables representing the farmer’s 
attributes and his agro-practice. As shown in Table 5, the 
frequency of liquid fertilizer application has a high and 
significant correlation with the cassava yield (r=0.60, 
P<0.01), the usage of herbicides represented a negligible 
correlation (r=0.27, P<0.01), and the weed controlling 
has the highest and significant correlation (r=0.90, 
P<0.01). So the agro-practices might influence the 
cassava yield in the study area, but we cannot call it an 
unequivocal proof.

  
Table 4: Distribution of yield group and yield gap for fresh root cassava.  

Yield group Mean 
(ton/ha) Range (ton/ha) 

No. of 
fields % of maximum yield Yield gap range 

(ton/ha) 
High 34 > 30.99 18 100.00 - 

Moderately high 28 26.00-30.99 22 82.35 6 

Moderate 22 20.00-25.99 25 64.70 12 

Moderately low 17 14.00-19.99 26 50.00 17 

Low 10 <14.00 18 29.41 24 
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Fig. 6: Percentage of mean yields per hectare in each commune. 

Table 5: Correlations between yield and agro-practice factors influencing the yield. 

Variables 1 2 3 4 5 6 7 8 9 10 

1Yield/H 1 

2Farm size -.002 1 

3Farm 
  Experience 

-.104 -.030 1 

4Education .031 .263** .080 1 

5Chemical .045 .055 -.013 -.011 1 

6Bio  
  Fertilizer 

-.163 .035 -.023 .004 -.280** 1 

7Liquid  
  Fertilizers 

.600** .162 -.174 .148 -.096 -.020 1 

8Pesticides -.027 .089 .007 -.013 .301** .123 -.210* 1 

9Herbicides .275** .016 -.041 -.089 .026 .031 .056 .378** 1 

10Weed  
   Controlling 

.908** .047 -.134 .059 .048 -.159 .588** -.017 .177 1 

**: Correlation is significant at the 0.01 level (2-tailed). *: Correlation is significant at the 0.05 level (2-tailed). 

The planting season is a more appropriate term to use 
here. It was not included in the computation of 
correlation because the data did not allow a meaningful 
analysis, as most of the farmers planted cassava from 
February to March and only a small number of farmers 
planted in May. Planting interval is also not included in 
the analysis because all the sample farmers planted 3-4 
stems per meter. So, these factors were not the cause of 
the yield variation in the present study.  

To control the effect of confounding factors, a 
regression analysis was also conducted. We first 
estimated a model using all the independent variables, 
and then we removed the variables with VIF values larger 
than 10 in models 1 and 2 to avoid multicollinearity. The 
variables that we removed are all those indicating the 
cassava variety such as (Rayong 9, 89, KorTorl, 
HauyBoung 60, and unknown). 

Model 1: The analysis was carried out to determine if 
cassava is affected by the knowledge of the farmers 

(education level and farm experience) as well as the agro-
practices  such as varieties, agro-chemical usage and 
weed control (See Table 6, Model 1). The results 
indicated that weed control, herbicides, and liquid 
fertilizers were significant factors affecting the yield. 
Among these agro-practices, weed control by hand has 
the largest positive effect on cassava yield. If cassava 
farmers increase the frequency of hand weed control by 
one, the cassava yield will increase by 6.6 tons per 
hectare. This is a factor of most importance for the agro-
practice in cassava farming, in the study area.  

The second factor affecting yield is the usage of liquid 
fertilizers. If the farmers increase the frequency of 
spraying liquid fertilizers by one, the yield will increase 
by 2.35 tons per hectare. For the herbicides, there will be 
an increase of 1.19 tons per hectare if the farmers increase 
the frequency of application by one. All variables 
together accounted for 83% of the total yield variability 
(R2 = 0.83) as shown in Table 6. 
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Table 6: The coefficients analysis of the determinants of cassava yield. 

Variable 
Model 1 Model 2 Model 3 

Definition Coefficients t-value Coefficients t-value Coefficients t-value 
(Constant) 6.885 5.326 7.281 6.990 22.061 10.689 - 
Farm Size -.128 -1.353 -.136 -1.511 -.004 -.018 Planted area of cassava (ha) 
Farm Experience .043 .662 - - -.169 -1.071 Years of cassava farming 
1Gender .195 .192 - - 3.786 1.549 Gender of head household 
2Education -.075 -.215 - - .610 .717 Level of Education 

KU50 -1.192 -.887 -1.284 -.973 - - Dummy variable 
(Types of variety) Kromomyun -.230 -.145 -.287 -.184 - - 

Chemical Fertilizers .631 .637 .630 .644 - - Categorical variable  
(1= Used, 0= Don’t use) Bio-Fertilizers -.345 -.441 -.346 -.450 - - 

Liquid Fertilizers 2.359** 2.350 2.265** 2.321 - - Liquid fertilizers usage (Frequency) 

Pesticides -.681 -.844 -.696 -.874 - - Pest controlling by pesticides 
(Frequency) 

Herbicides 1.190 **  3.174 1.208** 3.308 - - Weed controlling by herbicides 
(Frequency) 

Weed Controlling 6.609** 15.959 6.603** 16.194 - - Weed controlling by hand (Frequency) 

Adjusted R2 0.83 0.84 -0.002 - 

**. Statistically significant at 1% level; Sample (N) = 109 cassava farmers. 1(Male=1, Female=2); 2(Score: 1= Illiterate, 2= Primary school, 3= Secondary 
school, 4= High school, 5= College. 
 

Model 2: Includes only the variables representing 
agro-practices and farm size. The data showed that the 
adjusted R2 does not change much from the model 1 (If 
the knowledge of the farmers affects cassava yield by a 
large degree, the adjusted R2 of model 2 must be much 
smaller than that of model 1) this means that agro-
practices are the most important factors to determine the 
cassava yield, while the attributes of farmers including 
their knowledge does not have a significant influence on 
cassava yield. 

Model 3: The knowledge of the farmers might affect 
agro-practices that they adopt and hence can have an 
indirect effect on cassava yield. To examine this 
possibility, Model 3, which includes only the farm size 
and the attributes of the farmers, was also estimated. 
But the estimation result showed that the variables such 
as education level and farming experience do not have 
significant association with cassava yield. This result 
implies that education and farming experience do not 
have a significant correlation with agro-practices that 
affect cassava yield (Table 6). 

 
Constraints of cassava farmers before planting 

According to data analysis, only 49.54% of the farmers 
had no problem with the previous planting, while 50.46% 
have encountered some problems as shown in the left pie 
chart of Figure 7. Problems mentioned by the farmers 
include lack of rain (15.60%), a lack of cut stem (9.17%), 
the high cost of the cut stem (4.59%), lack of capital 
(8.26%), and lack of labor (12.84%), as shown in the 
right pie chart of Figure 7. 

 
Fig. 7: Representation of the percentage of constraints before cassava 
planting.  

 
Constraints of cassava farmers during cassava growing 

Forty-six percent (45.87%) of the respondents answered 
that they faced problems during the growing period; the  
other 54.13% said that they had encountered some 
problems as shown in the left pie chart in Figure 8.  

Those problems, as shown in the right pie chart of 
Figure 8 were associated with pests and diseases 
(16.52%), weed competition (10.09%), increased 
drought (12.84%), lack of capital (5.50%) and a lack of 
labor (9.17%). 

Hence, pests and diseases represented around 16% 
and a big percentage of problems in the study area. The 
farmers showed the invasive pests such as mealybugs, 
cassava mites and Cassava witches broom (CWB) 
diseases in their plantation. According to another study, 
CWB has affected 64% of the fields in several prime 
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cassava-growing areas, and was especially problematic 
in Cambodia where 78% of the cassava fields were 
impacted by CWB (Ignazio et al. 2016). 
 

 
Fig. 8: Representation of the percentage of constraints during cassava 
farming.  
 
Discussion 

The farmers had, in general, a low education; 41% of 
them had only a primary school education diploma. So, it 
was difficult for them to understand information on new 
techniques, the weather factors, the pest mitigation, and 
appropriate agro-practices. The knowledge of all those 
factors could improve the yield and narrow the cassava 
yield gap. A major effect of education on agriculture is 
the cognitive effect, whereby a farmer acquires basic 
literacy and numeric ability to read the instructions on 
fertilizer, pesticides, and herbicides containers and to 
calculate the number of multiple inputs correctly to 
enhance productivity (Appleton and Balihuta 1996). 

The farmers use different cassava varieties because 
they want to achieve higher yields. According to our 
interview, they don't know which variety is suitable for 
their specific agro-ecological condition. Our survey also 
revealed that for planting a new crop, most farmers used 
cassava stems which they bought or kept from their 
previous cultivation, for their convenience. 
Unfortunately, this technique provides an easy way for 
the diseases to spread to the next season especially when 
cassava stems affected by viruses are kept. Presently, no 
cassava breeding program has been either established or 
carried out in Cambodia and only the testing of some 
varieties from cassava breeding centers of Thailand, 
Vietnam, and China have been done in Cambodia 
(MAFF 2015). It is undeniable that the cassava farmers 
have a difficulty to find or to get healthy and high-quality 
planting material. 

The rainfall conditions and good management in 
agro-practices have effects on the yield of cassava 
production in the study area. The study Luar et al (2018) 
revealed that the optimal nutrient management is the key 
to closing wide yield gaps and to attain a sustainable 
intensification in the cassava production. Continuous 
cropping of cassava without balancing the fertilizer 
application can lead to soil nutrient depletion and yield 
decline over time. Our findings showed that cassava 
farmers did not use fertilizer based on cassava needs. The 

concept of the 4R Nutrient Stewardship is a framework 
for promoting the right application of nutrients sources 
(or products) at the right rate, right time, and right place 
(IFA 2009). 4R Nutrient Stewardship Framework as a 
means of linking science to practice, and supporting 
effective communications with all stakeholders 
(Johnston and Bruulsema 2014). Thus, the judicious use 
of chemical fertilizers is essential to maintain soil 
fertility. Fertilizer usage is closely associated with the 
growth phases of cassava. Apply N, P, and K fertilizer 2 
to 4 weeks after planting to ensure that the crop has 
enough nutrients to support its early growth (IPNI 2012). 
On the soils that are moderately deficient in P and K, a 
general recommendation is to use a fertilizer with an N: 
P: K ratio of roughly 1:1:2, e.g. 40-80 kg N, 40-80 kg P, 
and 80 -160 kg K per hectare (MAFF 2015).  

Based on our interviews, the cassava farmers often 
used fertilizers, pesticides and herbicides based on their 
experience and the suggestion of other cassava farmers 
or agrochemical sellers rather than the manufacturer’s 
recommendations or agricultural experts, and the farmers 
would often mix pesticide with chemical fertilizer spay. 
If the farmers followed the experts’ recommendations, 
they would benefit from it and would not need to spend 
extra money and time with herbicide spraying. 

Conclusions 

The results of this study have shown substantial 
disparities in cassava yields at the Cambodia-Thai border 
region. The maximum yield obtained, 34 tons per 
hectare, was considered to be representative of the 
maximum potential yield under the rainfall conditions in 
this region with proper agro-practice. However, large 
gaps relative to the maximum yield were found for most 
fields, and fields with a low to moderate level of yield 
accounted for 63% of the fields surveyed in this study. 
The regression analysis revealed that weed control by 
hand, application of liquid fertilizers and herbicides 
significantly affect the cassava yield. Another possible 
constraint to higher yield is the usage of cassava stems 
from a previous crop to plant their new crop, because of 
the risk of carrying diseases from a previous cassava 
generation. The knowledge of all those factors could 
improve the yield and narrow the cassava yield gap. 
Climate change (drought or rainfall) would also affect 
cassava yield, as many of the farmers surveyed 
mentioned the climate as a problem in their cassava 
cultivation. But this study could not examine whether or 
not and to what extent the climatic factors affect the 
cassava production. Further research is needed to 
investigate the effects of the climate factor. 
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Abstract 

Feed shortage is a critical constraint for scaling-up of cattle production and productivity in Cambodia. This study aims 
to assess growth performance and feed intake by cattle fed sorghum silage and rice straw. Cattle (n = 18) with a variety 
of ages (8 to 72 months old), and body weights (66.0 to 246.6 kg) were used in the feeding test. The cattle were dived 
into two groups; one group was fed rice straw, and the other sorghum silage. The results suggested that use of sorghum 
silage provides a better fibre source for gaining weight quickly after an initial adjustment period. For cattle with a low 
body condition, as they start the trial, the cattle consumed nutrition for body maintenance before consuming for body 
weight gain. The sorghum silage had better nutrient contents, higher crude protein, lower crude fibre, and higher 
energy contents than other forages and provided better growth performance and feed intake of cattle. 

Keywords: Buffalo-Hariana breed, Cambodian cattle, forage, feeding test. 

Introduction 

In Cambodia, cattle are generally kept in small-scale, 4-
5 heads per household, and they are mainly used as labour 
force in agriculture, such as for land preparation, e.g. 
plough, and transportation of agricultural products like 
paddy rice and manure (MAFF 2015). Cattle production 
is primarily based on mixed crop-livestock systems, 
predominantly utilising local yellow breed and Haryana 
crosses. There are very few commercial cattle farms in 
the country (Pham et al. 2015). In the last decade, due to 
beef’s increasing demand and price, particularly for 
western restaurants and hotels, cattle farms have been 
scaling up in both farm size and number (Pham et al. 
2015). 

To scale up cattle farming, the main constraints that 
need to be addressed include: feed availability, low level 
of education of the livestock farmers, unpredictable 
market prices (e.g. too many middlemen), using local 
breeds with low productivity, and the fact that traditional 
management systems still dominate the subsector (Darith 
et al. 2017). Previous studies (Pham et al. 2015; Srean 
2018) showed that shortage of feed is a critical constraint 
for increasing cattle production and productivity. 
Generally, cattle feed deficiency is due to climatic 
variability and arable land devoted primarily to rice 
production. During the rainy season (June – November), 
rice growing occupies a large portion of arable land, 

cattle are typically tethered and fed with native grasses 
by grazing along the roadside. During the dry season 
(December – May), grasses are scarce, and cattle are 
usually fed with rice straw and tethered in rice paddies to 
consume rice stubble. In both seasons, rice straw 
provides roughage but is of limited nutritional value to 
cattle. These feeding regimes are low in protein and high 
in crude fibre (Devendra and Leng 2011). Low nutrition 
limits growth and body condition, reproduction and 
productivity and increases susceptibility to disease 
(Young et al. 2013). 

However, the agricultural development industry has 
recommended the improvement of the livestock sector in 
Cambodia with the animal feed industry as one of the 
most important sectors to be developed in the country. 
Alternatives to rice straw are being explored and this 
research presents findings of one feeling trial using 
sorghum silage. Recently agricultural development 
initiatives have supported the production of sorghum 
silage in Battambang Province, Cambodia. The 
objectives of this study were to assess growth 
performance and feed intake of cattle fed diets of rice 
straw and sorghum silage. 

Methods 

The tests of growth performance and feed intake for 
Cambodian cattle were carried out at Research and 
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Training Farm (13°00'26.5" N; 103°18'49.0" E) of the 
University of Battambang in Cambodia. The cattle used 
in the test were a breed of Buffalo and Haryana, which 
were brought from Thailand. Calf and adult cattle were 
included in the test, with age ranging from 8 to 72 months 
old, and body weights ranging from 66.0 to 246.6 kg 
(Table 1). 
 
Table 1: Characteristics of cattle involved in the growth test. 
No. Group Age (months) Sex Initial body weight (kg) 
1 

A 

8 F 66.0 
2 8 F 114.8 
3 17 F 145.8 
4 11 F 162.5 
5 9 M 165.0 
6 36 F 218.9 
7 72 F 220.0 
8 12 M 232.0 
9 48 F 246.6 
 !̅ ± $%   174.6 ± 60.2 
10 

B 

8 F 102.2 
11 11 F 103.4 
12 36 F 114.3 
13 60 F 128.4 
14 9 M 158.0 
15 72 F 159.7 
16 17 M 175.4 
17 15 M 199.5 
18 24 M 240.9 
 !̅ ± $%   153.5 ± 46.9 

 

 
Fig. 1: The two groups (A and B) of cattle involved into the growth test. 
The cattle were mainly fed with rice straw and sorghum silage, in group 
A and B, respectively. 

 
To assess the weight gain of cattle fed with rice straw 

or sorghum silage, the18 cattle were divided into two 
groups, A and B (Fig. 1), and then the cattle were mainly 
fed with rice straw and sorghum silage, in group A and 
B, respectively. For the cattle in group A, the feed was 
daily rice straw supplemented with fresh grass as the 
typical diet of cattle in the country. This served as the 
control group. For the cattle in group B they were fed 
with sorghum silage and supplemented with rice straw. 
To get the cattle in group B adapted to the new feed, the 
cattle were fed with sorghum silage for 10 days prior to 
the test. The test was carried out from late January to late 

May, 2019. Daily climate characteristics during the 
feeding test period (January 1st to May 11th, 2019) 
included air temperature, relative humidity, and rainfall 
are presented in Fig. 2. Data on the nutrient contents of 
feed fed to cows in the experiment are presented in Table 
2, their samples were analysed at General Directorate of 
Animal Health and Production, Phnom Penh, Cambodia. 

 

 
Fig. 2: Daily climate characteristics (January 1st – May 11th, 2019) 
including average air temperature (°C), relative humidity (%) and 
rainfall (mm) during the feeding test; the data were collected at the 
Research and Training Farm, University of Battambang. 
 
Data collection and analysis 

The daily feed intake was measured for each cattle group 
(A or B). Body weight of individual cattle was measured 
every two weeks before they were fed. Weight gain (WG) 
of individual cattle was measured biweekly following 
equation: 
 
WG = Wf – Wi 
 
where, Wi = initial body weight (kg), and Wf = final body 
weight (kg).  
 

To test whether the mean of the daily feed intake, and 
biweekly WG differ between group A and B, the non-
parametric test of two samples was applied for 
homogeneity by Wilcoxon test (Wilcoxon 1945) in R 
statistic software, version 3.3.3 (R Core Team 2017). All 
the plots were performed using ‘ggplot2’ R package 
(Wickham 2011).   

 
Table 2.  Nutrient contents of forage provided during the experiment. 

Forage Dry matter (%) Moisture (%) Crude protein (%) Crude ash (%) Crude fibre (%) Crude fat (%) pH ME (kcal/kg) 
Sorghum silage 21.8 78.2 11.7 2.53 34.6 1.24 4.01 1,921 
Local grass 27.9 72.1 8.3 3.70 38.1 1.20 NA 1,490 
Rice straw 91.0 8.98 3.5 9.87 36.7 1.33 NA 733 
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Results 

The daily feed intake for each cattle group is presented in 
Fig. 3, showing the variation of the amount of daily feed 
intake for both rice straw and sorghum silage. The 
amount of sorghum silage was higher than rice straw 
based on actual moisture, and vice versa when the rice 
straw and sorghum silage are the same moisture content. 
The feed intake of cattle with Sorghum silage were about 
60–90 kg/group, equalled to 7.5–11.3 kg/head per day or 
1.6–2.5 kg/head per day in dry matter intake (DMI). 
While, the average of initial body weight of cattle in this 
group was 149.7 ± 45.9 kg. Feed intakes of cattle with 
Rice straw were about 30–60 kg/head, equalled to 3–6 
kg/head per day or 2.73–5.46 kg/head per day in DMI. 
Whereas, the average of initial body weight of cattle in 
this group was 182.1 ± 11.81 kg. 

However, since the nutrient content in this silage is 
higher, it therefore showed higher body weight gain (Fig. 
4). It is important to note that the daily weight gain during 
this feeding test were actually only about 0.02 kg/head 
per day in Rice straw cattle and 0.04 kg/head per day in 
Sorghum silage. These results suggest that this present 
experiment was under the recommended body weight 
gain with the recommended DMI. This condition might 
be more due to the high body weight variation used in 
this growth test, particularly since the weight of younger 
cattle will change faster than older cows. 

Fig. 3: Daily feed intake of cattle in each group (9 cattle) from the first 
to last day of the test, and feed with moisture content: a). 78.2% and 
9.0% for sorghum silage and rice straw, respectively; and b). 9.0% for 
both sorghum silage and rice straw. 

Biweekly weight gain of cattle in the sorghum silage 
group (B) improved significantly after three-month 
feeding with sorghum silage (Fig. 4). This suggests that 
the first six weeks, cattle maintained their body weight 
while adapting to the new feed (sorghum silage). 

Over the four-month feeding test, the average total 
weight gain of cattle per head in sorghum silage group 
(48.70 kg) was greater than those in rice straw (26.45 kg) 
group (P < 0.13); this indicates that the sorghum silage 
provided better feed nutrition compared to the rice straw. 
Feed eaten per kilogram gained (feed conversion) was 
25.61 kg and 2.64 kg for rice straw and sorghum silage, 
respectively; both feed at moisture of 9%. 

Fig. 4: Biweekly weight gain of cattle in sorghum silage (B) and rice 
straw (A) groups over the sixteen weeks of feeding trials; n = 9 for each 
group. Vertical bars indicate standard errors. Stars indicate which 
means differed between groups (Wilcoxon test; α < 0.05). 

Discussion 

In the first 4 – 6 weeks, cattle with Rice straw showed 
higher body weight gain. However, gradually it 
decreased, while cattle with Sorghum showed increasing 
body weight gain all the way to the end of the experiment. 
Although it was indicated that the rice straw group 
apparently adapted easily to rice straw, sorghum silage 
had better nutrient contents, higher crude protein, lower 
crude fibre, and higher energy contents than other forages 
given. Therefore, the cattle that consumed sorghum 
silage eventually reflected higher body weight gain. This 
finding supports the results of other studies showing that 
substituting rice straw with 500 g/kg of dry matter 
cassava pulp in a fermented total mixed ration was 
reported effective for improving Zebu cattle productivity, 
including body weight gain, nutrient intakes, nutrient 
digestibility, ruminal metabolism, energy intake and 
energy efficiency (Kongphitee et al. 2018). Additional 
research results also support these present results that 
nutrient intakes of dry matter, organic matter, NDF 
(neutral detergent fibre), ADF (acid detergent fibre) and 
daily weight gain of  cattle fed rice straw and grass were 
lower than those with these forages plus additional 
fodder, i.e. cassava foliage (Sath et al. 2012).  
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In this study, the DMI of cattle for Rice straw was 
found in the range of the recommended rate, whereas for 
Sorghum silage was under the recommendation. Based 
on nutrient requirement especially DMI for cattle, 136.2 
to 181.6 kg body with 0.23 kg/day daily weight gain are 
3.5 to 4.4 kg/head per day (NRC 1984). 

There are very few commercial cattle farms in 
Cambodia and due to the increase in demand, scaling up 
of cattle production is growing. However the cattle 
industry cannot grow if there is not an accompanying 
growth in the availability of cattle feed (Pham et al. 
2015). This research tested one alternative for cattle feed: 
sorghum silage.  For this research we fed two groups of 
cattle different diets and tested the impacts on cattle 
growth. The results suggested that use of sorghum silage 
provides a better fibre source to gain weight quickly. 
However, because the cows used for this trial had low 
body conditions, the first two months of feeding the cattle 
they consumed feed for nutrition to maintain body 
weight, and then they were able to gain additional weight 
throughout the trial. These results suggest that the 
mentioned roughage sources could be use alone or with 
sorghum silage and fresh grass or rice straw in 
combination in feeding cattle. 

Conclusion 

The average total weight gain of cattle per head in 
sorghum silage group (48.70 kg), gained greater than 
those in rice straw (26.45 kg) over the four months 
feeding trial. Feed conversions were 25.61 kg (with rice 
straw) and 2.64 kg (with sorghum). The dry matter 
intakes (DMI) were 1.6-2.5 kg/head per day with 
Sorghum silage and 2.73–5.46 kg/head per day in cattle 
with Rice straw. The cattle fed with Sorghum silage 
performed better growth than those with Rice straw. 
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Abstract 

High temperature is one of the most unfavourable factors which affects biochemical, morphological, and physiological 
facets of tomato, decreases normal growth and subsequently reduces the crop yield. The optimal daily mean 
temperature for tomato fruit set under field conditions is between 21 and 24 oC. While Cambodia has high temperature 
in a couple of months (e.g. March-May) up to 38oC, resulting in low productivity or even no production of tomato 
available during this period. The aim of this study was to investigate the performance of various tomato genotypes 
under high temperature between March-May 2018. Eight tomato lines (CLN3736D, CLN3078G, CLN3212C, 
CLN3024A, CLN2498D, CLN3125L, CLN1621, CLN2026D) and two local varieties as check varieties (KK1 and 
Neang Tamm) were selected for the study. The highest temperature during the trial was up to 38oC with an average 
day temperature of around 30°C. This experiment was conducted in the open field of crop station (sandy loam) at the 
Royal University of Agriculture and was laid out in a Randomized Complete Block Design (RCBD) with three 
replications. The results showed that (KK1) had the highest total fruit yield (795.01g plant-1) followed by CLN1621L 
(586.99g plant-1) and CLN3212C3 (454.94g plant-1). Moreover, CLN1621L produced the highest number of fruits per 
plant (23fruits plant-1) followed by KK1 and CLN3212C3 with 10.84fruit plant-1. Based on this study, KK1, 
CLN1621L and CLN3212C performed the best during this high temperature span. Further study on agronomic 
practices such as crop rotation, pest controls, grafting, etc. should be investigated to enhance the productivity of these 
potential genotypes. Fruit size preference should also be considered to select potential genotypes for commercial 
purposes. 

Keywords: Tomato genotypes, agronomic performance, heat tolerance. 

Introduction 

Tomato (Solanum lycopersicum) is one of the most 
popular vegetables which contains vitamins and minerals 
necessary for human dietary intake (Dorais et al 2008). 
There are roughly 4,762,457 hectares of cultivated 
tomato with 182.3 million metric tons worldwide 
(FAOSTAT, 2018). In a temperate climate, favorable 
conditions can be found for the cultivation of tomatoes. 
It causes drastic reductions in tomato flowering and fruit 
set and in fruit size and also quality (Harel et al. 2014). 
Singh et al. 2015 reported that the temperature at 38°C 
for 3 to 4 hours is most sensitive to the flowering period 
of the tomato. It has effect on pollination, lower number 
of seeds or grains and limiting crop yield, because of 
failure in reproductive processes such as pollen tube 
growth, fertilization, and early embryo development 
(Kartikeya et al. 2012).  Moreover, heat stress reduced or 
abnormal pollen production, abnormal development of 

the female reproductive tissues, hormonal imbalances, 
low levels of carbohydrates, and lack of pollination 
(Pushparani et al. 2017). 

At high temperatures (an increase of 3oC to 5oC above 
normal), most tomato cultivars have problems with fruit 
set, pollen meiosis and germination, ovule development 
and viability, and development of the embryo (Jiang 
2016). Seed germination, seedling and vegetative 
growth, flowering, fruit set, and fruit ripening are 
adversely affected at a temperature of above 35°C 
(Thomas et al. 2004; Prasad et al. 2008; Wahid et al. 
2007). Heat resistant characteristics that may be 
imperative steps of crop growth such as germination of 
seed, reproductive and vegetative steps. Heat tolerance is 
a critical character of tomato varieties targeted for 
production in the tropics and sub-tropics as Cambodia. 
The country has a tropical climate with warm 
temperatures throughout the year. There are two seasons: 
dry season runs from December to April and cool season 
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is from May to November (Cambodia Weather-Climate, 
2020). Nowadays, tomato is a popular crop among 
Cambodians, but they can mainly be grown at the end of 
rainy season (October-January) that has temperatures 
around 21-25oC, but dry season cultivation (Feb-May) is 
often subjected to damages caused by extreme hot 
weather (40oC, April) and low fruiting rates. Cambodia 
is a country that has high temperature for growing tomato 
during summer session (October – April), 21 to 35oC 
(Cambodia’s climate and weather, 2016). Laxman et al. 
2013 reported that the optimal daily mean temperature 
for tomato fruit set under standard field conditions is 
between 21 and 27oC, so Cambodia is facing this 
problem. Some genotypes may be resistant to high 
temperature, but those genotypes have not been tested in 
Cambodia. The objective of this study was   to investigate 
the agronomic traits and performance of some selected 
genotypes cultivated during high temperature period. 

Methods 
Experimental site and design 

The experiment was located in the tropical climate zone 
with an average annual rainfall of 1400 mm (Solaw, 
2011). The experiment was conducted at the Royal 
University of Agriculture during high temperature 
months between March to June, 2018 which was an off-
season period for tomato production. This experiment 
was designed in Randomized Complete Block Design 
(RCBD) with three replications. The ten treatments were 
the tomato genotypes cultivated under open field 
condition at field crop station. 
 
Genotypes  

Heat-tolerant tomatoes are reported to have the ability to 
set fruits at higher temperatures than other tomatoes 
(AVRDC 2000). AVRDC tomato line CL5915-93D4-1-
0-3 is a valuable source of heat tolerant-genes for tomato 
genetic improvement. Medium temperature for growth 
and reproduction is markedly different between crop 
species and their lines (Bohnert et al. 1995). Ten 
genotypes were cultivated in the experiment. Eight 
genotypes were obtained from AVRDC (Asian 
Vegetable Research and Development Center), Taiwan 
namely: CLN3736D, CLN3078G, CLN3212C, 
CLN3024A, CLN2498D, CLN3125L, CLN1621, 
CLN2026D) while other two local check varieties such 
as Neang Tamm and KK1 were obtained from the 
Cambodian Agricultural research and Development 
Institute (CARDI), 2006 and Kbal Koh Crop Station of 
Cambodia, respectively. 
 
Growth performance of tomato Genotypes  

CLN3736D, CLN3212C, CLN2898D are semi-
determinate genotypes while the rest are determinate 
ones. The heat tolerance ranges from fair to moderate. 
 
Temperature 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Temperature during the whole crop cycle 
 
Source: Weather station in crop station of Faculty of 
Agronomy, Royal University of Agriculture 
 
The maximum temperature (24h) range from 30.70 to 
37.5 oC. Sato and Peet et at. 2006 reported that 8-13 days 
prior to an thesis is the period most sensitive to 
moderately elevated temperature stress. It was very 
difficult to pollinate in tomato flowers because pollen has 
to move through small tube to reach stigma for 
fertilization. The distance between anther and stigma was 
also large which results in parthenocarpy fruit at heat 
stress condition. This means that it will effect tomato 
cultivation as the objective of this experiment. In this 
experiment, the maximum temperatures (24 hours) were 
recorded during the flowering stage in April at 37.5 oC. 
 
Characteristics of experimental soil 

The soil characteristics (0-30cm layer) were sandy loam 
with the pH of 7.1% and organic matter (SOM) of 1.01%. 
Addition soil characteristics were; total nitrogen (N) 
0.03%; available phosphorus (P)32.7ppm; potassium (K) 
1.01 cmol/kg; calcium (Ca) 4 cmol/kg; magnesium 1.6 
cmol/kg; CEC 13.3 cmol/kg; EC 87.6 µS/cm; clay 18.1 
%; silt 21.9 % and sand 60.0% (Soil laboratory of Royal 
University of Agriculture 2019). 
Agronomic practices. 

Plot at the open field. A recommended rate of N-
P2O5-K2O (75-30-100 kg ha-1) was applied (CARDI, 
2017). Cattle manure was applied to the plots and 
combined with minerals fertilizers before planting. The 

18

20

22

24

26

28

30

32

34

36

38

40

0 6 12 18 24 30 36 42 48 54 60 66 72 78
D

eg
re

e 
ce

lc
iu

s

Day after Planting

Average Min Max



2020 Dy et al. 

Asian Journal of Agricultural and Environmental Safety  
Vol. 2020, No. 1 

34 

rate was then converted to the amount needed per plot. 
The cattle manure, all mineral P and K, and 50% of N 
were applied as basal. The remaining 25% N was applied 
at the first flower blooming and 25% after the first fruit 
harvest. 

Data collection sixteen plants per plot were chosen in 
each genotype and all replications. Data was recorded on 

reproductive growth where the scale based on flowers 
and fruits sunburns, rolling and sensitivity of individual 
plan of all tomato genotypes. 

The land was plowed twice. Thirty plots were raised 
and were covered by rice straw, and cattle manure before 
24-day old seedlings were transplanted in each.

Results 

According to the ANOVA analysis, it was non-
significant among all genotypes of 100 % flowering. The 
average was observed at 32 days. There was a highly 
significant difference (P ≤ 0.01) on number of truss per 
plant. KK1 is the highest among all genotypes with 7 
trusses per plant. Moreover, the second higher are 
CLN1621L, CLN2026D and CLN3212C and 
CLN2498D with 5.25 truss per plant in average. 
However, the lowest number of truss was CLN3736D, 
CLN3078C, CLN3024A, CLN3125L, and Neang Tamm 
with 3 trusses per plant. On the other hand, there was a 
highly significant difference (P ≤ 0.01) on the number of 
flowers per plant. The highest number of flowers was 
G10-kk1 with 106 flowers per plant. However, 
CLN2026D, CLN3078C, CLN3212C, CLN3024A, 
CLN3125L, and Neang Tamm had no significant 
difference in number of flowers per plant. CLN3736D 
was the lowest. For the number of fruits per plant, 
CLN1621L was the highest (23 fruits), followed by G10-
kk1 and G3-CLN3212C with 11 fruits pe plant. 
Moreover, the third higher were CLN2026D, Neang 
Tamm, CLN3078C, with 20 fruits per plant in average. 
CLN2498D, CLN3125L and CLN3024A in average 
produced 18 fruits per plant. The lowest was CLN3736D, 
producing only 2 fruits per plant. Single fruit weight per 
plant was significantly different. KK1 was the highest in 
a single fruit weight followed by CLN3212C, G5-
CLN2498D, CLN3125L. However, Neang Tom, 
CLN3078C, CLN2026D was the third highest with 
39.34g/plant in average. The lowest are CLN3024A, 
CLN1621L, CLN3736D with 20.38g/plant. Total fruit 

weight of kk1was the highest at 795.01g. There was no 
significant difference between CLN3212C and 
CLN1621L. Furthermore, CLN2498D, CLN3078C, 
CLN2026D Neang Tamm are the third highest (320.89g), 
followed by CLN3125L and CLN3024A.  CCLN3736D 
was the lowest for fruit weight per plant with only 
22.06g. 

Table2: Physiological parameters of the 10 genotypes. 
Genotype Chlorophyll index reading Biomass plant-1 (g) 
CLN3736D 44.59 242.78 ab 
CLN3078C 52.84 259.85 a 
CLN3212C 51.34 227.73 ab 
CLN3024A 50.23 153.45 bcde 
CLN2498D 54.93 168.03 abcd 
CLN3125L 56.86 178.60 abc 
CLN1621L 56.71 68.57 de 
CLN2026D 52.02 121.92 cde 
Neang Tamm 59.31 70.22 de 
KK1 48.51 57.58 e 
F (test) ns ** 
CV 10.71 37.69 
The values in table followed by the different letters indicate significant 
difference among genotypes using the least significant difference 
(LSD) test at P<0.05;** = P<0.01; ns= non-significant. 

Chlorophyll index reading measured by a mobile 
SPAD-502 (Minolata Camer Co., Osaka, Japan) showed 
that it was not significantly different in each genotype 
with the average of 52.73. According to data analysis, 
biomass revealed significant difference among 
treatments. CLN3078C was the highest with 259.85g 
plant-1 followed by CLN3736D and CLN3212C. 
Moreover, it was not significantly different among 

Table 1: morphological parameters of tomato genotypes. 
Genotype Days to 

flowering 
No. of truss 
plant-1 

No. Flowers 
Plant-1 

No. Fruit 
plant-1 

Single fruit weight 
plant-1 (g) 

Total fruit weight 
plant-1 (g) 

CLN3736D 32.67 3.00 e 14.59	c 1.67g 13.98 d 22.06 f 
CLN3078C 31.67 3.67 de	 27.01 bc	 7.67cde 38.79 bc 295.91 cd 
CLN3212C 31.67 5.67 abc  21.71 bc	 11.00b 43.23 b 454.94 bc 
CLN3024A 32.00 3.67 de	 21.44	bc 4.00fg  20.73 d 70.33 ef 
CLN2498D 32.00 4.67 bcd  58.04b	 7.00 def 44.68 b 310.66 cd 
CLN3125L 32.67 3.67 de	 25.36 bc	 5.67 ef 40.91 b 227.29 de 
CLN1621L 31.00 6.00 ab  56.53 b	 22.67a 26.43 cd 586.99 b 
CLN2026D 31.67 5.67 abc  50.26 bc	 9.33bcd  39.83 bc 354.92 cd 
Neang Tamm 30.67 4.33 cde  36.77 bc	 8.00 bcde 39.42 bc 322.09 cd 
KK1 31.67 7.00 a  106.49 a	 10.67 bc 74.29 a 795.01a 
F (test) ns ** ** ** ** ** 
CV 3.77 18.50 5.68 20.26 20.67 27.08 
The value in table followed by the different letter(s) indicated significant difference among treatments according to the least significant 
difference test, by Fisher’s LSD test. ** Significant at P < 0.01, ns= non-significant. 
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CLN3024A, CLN2498D, and CLN3125L. CLN2026D, 
CLN1621L and Neang Tamm were non-significant 
(86.90g plant-1) while the lowest was G10-kk1 with 
57.58g plant-1. 

Discussion 

High temperature adversely impacts on the tomato 
vegetative and reproductive phases and eventually 
decreases in yield (Abdul-Baki, 1991). The optimum 
daily mean temperature of tomato is between 21- 27oC 
depending on the developmental stage (Geisenberg and 
Stewart 1986). The study illustrated that the KK1 and 
CLN1621L genotypes were the best while CLN3736D 
genotype was the worst in both morphological and 
physiological parameters.  

A significant reduction in physiological parameters 
was observed for the number of trusses per plant, number 
of flowers per plant, and number of fruits per plant in all 
genotypes. The day to flowering (100%) and leaf 
chlorophyll index reading had non-significant difference 
among genotypes (Tables1 and 2). Chlorophyll is a green 
pigment that is found in the leaves and plays an important 
role in photosynthesis. The chlorophyll index reading is 
used to indicate the overall chlorophyll content of the 
leaves. One of the major factors illustrating leaf 
photosynthesis capacity and plant health is the content of 
chlorophyll (Jiang,2016). High temperature probably had 
not affect the day of flowering of tomato and leaf 
chlorophyll index. The variations of plant genetics in 
tomato genotypes have different abilities to resist high 
temperature (AVRDC, 2018). Thus, when there was no 
occurrence of abnormal characteristics, it means that it 
was not affected by high temperature.  

The results in the present study showed that 
CLN1621L had the highest number of fruits per plant (23 
fruits plant-1) followed by the second highest such as 
CLN3212C and KK1. The lowest was CLN3736D (2 
fruits per plant). High temperature is known to cause 
drastic reductions in tomato flowering and fruit set 
(Abdelmageed et al. 2003). High temperatures would 
affect anthers development, especially in pollen 
development. Failure of fertilization after exposure to 
heat could attribute to decrease in pollen germination and 
pollen tube elongation (Dane et al. 1991). Anomalies in 
these tissues may be the reason why the amount of pollen 
produced under high temperature stresses decreases. 
Sexual reproduction in plants is more sensitive to high 
temperatures, resulting in a more adversely affected male 
gametophyte than vegetative growth. This phenomenon 
causes less fruit sets (Borghi and Fernie. 2020). Sato 
andPeet. 2006 also found the decrease in pollen viability 
due to high temperature. Although KK1 did not produce 
the maximum number of fruits, but it had the highest 
weight. In addition, CLN1621L also got high weight as 

well. KK1 had the highest fruit weight (795.01g pant-1) 
and fruit diameter (53.89cm plant-1) compared to other 
genotypes. CLN3736D was the lowest with 22.06g plant-
1. The difference in total fruit yield could be explained by
the differences of fruits per plant, number of trusses per
plant and number of flowers per plant. Higher amount of
production supports a greater number of fruits per plant
and higher number of trusses per plant. Higher total fruit
yield per plant in open fields has also been reported in
some previous studies (Yeshiwas et al. 2016). As a result,
KK1 produced the highest single fruit weight (74.29g
plant-1) compared to other genotypes, that is the reason
why the amount of fruit weight of KK1 was the highest.
Heat stress reduced fruit size (Integrated Pest
Management, 2011).

Thus, KK1 might had been resistant to high 
temperature because it still produced big fruit while it 
was exposed to temperature. However, other genotypes 
set fruits, but fruit size was generally small and ripe early-
cell expansion is inhibited. This experiment showed that 
the difference was recorded for biomass. CLN3078C 
genotype was the highest followed by CLN3736D and 
CLN3212C while the lowest was KK1 (57.58g). Dry 
matter was positively and strongly correlated with plant 
photosynthetic rates. According to Tadahisa et al. 2009, 
differences in dry matter content might be attributed to 
differences of light efficiency use among varieties and 
the availability of suitable climatic conditions that 
enhance photosynthetic capacity of these varieties.  

In addition, tomato that produced maximum fruit 
weight, it has minimum biomass. This is due to the fact 
that nutrients were transported to every part of plants 
especially fruits. Moreover, there have been reports that 
the different genotypes or varieties have different 
biomass because it has different characteristics. In our 
study, CLN3078C produced many leaves and branches. 
More importantly it had many roots whereas KK1 had the 
lowest mass of leaves and branches. Biomass probably 
was not affected by high temperature.  

Conclusion 

On the basis of the results of the experiment, it can be 
concluded that fruit weight, number of flowers per plant, 
number of fruits per plant, and fruit size in plants 
increased at high temperature, KK1 genotype was the 
highest. Furthermore, CLN1621L and CLN3212C were 
the second highest because it also produced high yield. -
KK1, CLN1621L and CLN3212C were found to be heat 
tolerant while the rest seven were heat sensitive. In 
contrast, CLN3736D was the genotype that cannot 
resistant to heat stress, because it produced the lowest 
yield. KK1, CLN1621L, and CLN3212C could be 
tolerant genotypes. 
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Fig. 2: The highest and the lowest yield of tomato 
genotypes. 
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