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Legume-based cropping system and Brachiaria forage system could play a significant role in
enhancing food and nutrition security and sustainable intensifications of African agriculture. To reveal
this potential, acomprehensive review of literatures and assessment was performed using key indicators
in relation to food and nutrition quality, agro-ecological services and socioeconomic benefits. The
key indicators for legumes intercropping systems include: Grain yield, soil organic matter, food
availability, nutritive values of legumes, maize and millets- based foods, proportion of income from
crop sale and percentage of farmers aware and/or adopting intercropping. In the case of Brachiaria
system, the forage biomass, milk yield, availability of milk, milk nutrition contents, income from
Brachiaria grass and milk sale and people practising the Brachiaria technology were considered key
indicators. Both systems showed positive impacts and contribute to a range of the United Nation’s
sustainable development goals including 1, 2, 3, 12, 13 and 15 and other associated targets.
Integrating legume-based cropping systems and Brachiaria forage system will enhance contributions of
smallholder farmers to food and nutrition security. The necessary changes needed in technology,
institutions and policies to upscale legume-based cropping systems and Brachiaria forage system were
suggested. These changes include improved varieties, quality seeds, improved cultivation practices,
market provision, effective extension and advisory services and support to the seed productions and
distribution systems, among others. Yet, to fully tap the potentials of legume-based and Brachiaria
forage systems sustainably and raise the profile of these climate smart systems, context specific
research measures are necessary.

Key words: Brachiaria forage, climate change, food and nutrition security, legumes-based cropping
systems, sustainable intensifications.

INTRODUCTION

Food and nutrition security (FNS) remain a major the proportions of undernourished people (FAO, IFAD

challenge in Africa, though some progress has been and WFP, 2015). The contribution of agriculture to FNS
made in the last two decades, particularly in reducing remains minimal in sub-Saharan Africa (SSA) despite the


mailto:mehreteab.tesfai@nibio.no

development and release of improved agricultural
technologies by research institutions and others (FAO,
2015). Among the factors contributing to this situation is
that the current agricultural landscape is dominated by
monoculture system and there is limited use of planted
forage for livestock feeding. A few crops constitute the
staple diets of majority of the population in SSA, for
examples, maize in eastern and southern Africa and
cassava in the western African (OECD/FAQ, 2016). These
staple food crops are rich in carbohydrates but do not meet
the recommended dietary allowance for proteins, vitamins,
and minerals levels necessary for healthy life.
Monoculture lessens the soil fertility and increase
incidence of pests and diseases. In addition, monoculture
of staple crops in large acreage causes negative
impacts on the environment and ecosystem services
(IPES-Food, 2016). Added to these, poor agricultural
extension and advisory services, inappropriate policies,
and weak institutional arrangements have aggravated the
problem of FNS. Several cases have been reported on
major failures of monoculture practices in different crops
across the globe that includes the damage of rice crop
by brown plant hopper in Indonesia in 1970s and
the destruction of citrus industry by citrus greening
disease in USA in 1980s (World Conservation Monitoring
Centre, 1992).

A shift from monoculture to diverse agro-ecological
farming can be an alternative pathway as the latter
promotes sustainable agriculture intensification (SAI)
and provides multiple benefits and ecosystem services
from the use of the same piece of land. These benefits
and services entail provision of diverse food sources to
human nutrition and animal feeding, agro- biodiversity
conservation, greater climate resilience, improved soil
fertility, and increased income of smallholder farmers
with concomitant decrease in risks of crop failure.
Crop diversification with legumes and forages (e.g.
Brachiaria grass) supply the above-mentioned benefits
and services on a sustainable basis (Tables 2 and 3).
Brachiaria grass is a tropical forage native to East Africa,
which is highly palatable, nutritious to livestock, well
adapted to drought and low fertility soils, and increase
livestock productivity (Mutai et al., 2017; Ghimire et al.,
2015).

There is a growing interest to explore the potential of
the legumes-based cropping systems and Brachiaria
forage systems for sustainable FNS and ecosystem
services. To explore this potential, a project called
Innovations in Technology, Institutional and Extension
Approaches towards Sustainable Agriculture and
Enhanced Food and Nutrition Security in Africa
(InnovAfrica) funded by EU-Horizon 2020 program has
been implemented in Ethiopia, Kenya, Malawi, Rwanda,

*Corresponding author. E-mail: mehreteab.tesfai@nibio.no.
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Tanzania and South Africa. This consortium involves
eleven institutions from Africa and five institutions from
Europe (www.innovafrica.eu). Validation and upscaling of
innovative sustainable agriculture intensification systems
(SAls) integrating along with novel extension and advisory
services (EASs) and innovative institutional approaches
(lIAs) is one of the major objectives of the InnovAfrica
project. Crop diversification of maize/millets with
legumes and Brachiaria forage interventions are two major
SAls being evaluated and promoted in the selected sites
of InnovAfrica case countries. These interventions are
being implemented integrating various EASs (e.g. farmer
to farmer extension) and IlAs (e.g. multi-actor platforms).
The multi actor platforms (MAPs) members constituted
of public sectors, non-governmental organizations
(NGOs), farmers organizations and small and medium
enterprises (SMES).

In this paper, we attempt to review and synthesize
recent research findings on two SAls, that is, legume-
based maize/millets system and Brachiaria forage
system for livestock production. Moreover, the paper
assesses the performance of these systems in delivering
food and nutrition quality, agro-ecological services and
socioeconomic benefits under the smallholder farming
system. Finally, the paper concludes with some possible
measures to improve the legume-based cropping and
Brachiaria forage systems thereby revealing their
potentials.

Legume based cropping systems

There are several forms of crop diversification practices
adopted by smallholder farmers in Africa. These include
from mono-cropping to multi-storey intercropping systems
(Table 1). Of the above listed cropping systems, there is
enormous knowledge and rich experience on the
intercropping systems. Some of the benefits and
impacts of legume-based intercropping systems are
listed in Table 2.

Crop diversification planting legumes with
maize/millets could contribute to achieve the various
SDGs including SDG 1 (Alemayehu et al., 2017), SDG 2
(Habiyaremye et al., 2017), SDG 3 (Tesfai et al., 2018),
SDG 13 (FAO, 2016), and SDG 15 (Chaer et al., 2011).
However, their potential to contribute to the SDGs is
poorly understood and has not been fully assessed.

Brachiaria forage system

Brachiaria (Brachiaria spp.) is a tropical forage with
productive lifespan of about 20 years. This native

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution

License 4.0 International License
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Table 1. Brief definitions and concepts of the various types of crop diversification systems.

Cropping system Definitions/concepts

Reference

Monocropping culturing

Intercropping piece of land

Crop rotation
year

Sequential cropping

Strip cropping the field

Relay cropping harvesting the first crop

Multi-storey intercropping the same field

Growing a single crop year after year on the same land also called as mono-

Growing two or more crops during the same growing season on the same

Planting by changing the type of crops grown in the field each season or each

Growing two crops in the same field, one after the other in the same year

Growing two or more crops with different heights and cultivating simultaneously on

Gebru (2015)

Ghosh et al. (2006)

Nyambati et al. (2006)
Massawe et al.(2016b)

Planting alternating strips of crops (e.g. cereals and legumes) in broad strips in Szumigalski and Van

Acker (2008)

Growing one crop and then planting another crop in the same field before Massawe et al.

(2016a)

Nimbolkar (2016)

Table 2. Benefits and impacts of legume-based intercropping.

Benefit Impact

Reference

Increases agricultural productivity
Grow on residual soil moisture

Contribute to increased farmers income
Contribute to more

Alemayehu et al.(2017)

efficient utilization of water ~ Mugendi et al.(2011)

Save fossil  ener required to . _ . .
. 9y ”q Contribute to reduce emissions of nitrous oxides FAO (2016)
manufacture synthetic N fertilizers
Minimise risks of crop failure and i i i .
_ p Increases coping strategies to climate Gliessman (1985)
market fluctuations change

Supply nitrogen through biological
N- fixation

Enhance pollination and provide feed to
pollinators and beneficial insects

Reduced pest and diseases incidence
Meets food preferences  and/or
cultural demands

Major source of protein and are rich in iron and Contribute
zinc, excellent supplier of fibre and vitamins malnutrition

Helpful in the fight against non- communicable

diseases (e.g. heart disease) Contribute

Contribute to increase soil organic matter and solil
fertility improvement

Promote agro-biodiversity

Reduce cost of pesticides and chemicals

Increased consumption of plant-based diets

to

Dwivedi et al. (2015)

Tesfai et al. (2018)

Lithourgidis et al. (2011)

Brooker et al. (2015)

improved nutrition and alleviate Habiyaremye et al.

(2017)

to improved human health Tesfai et al. (2018)

African grass is well adapted to drought, marginal soils
and drought stress. Brachiaria is the most extensively
grown tropical forage in Latin America, Asia, South Pacific,
and Australia (Mutai et al., 2017). The -cultivation of
Brachiaria grass for pasture production has been
spurred in Africa following the pioneering collaborative
work among Biosciences eastern and central Africa -
International Livestock Research Institute (BecA-ILRI)
Hub, Kenya Agricultural and Livestock Research

Organization (KALRO) and Rwanda Agricultural Board
(RAB), International Centre for Tropical Agriculture
(CIAT) and Grasslanz Technology Limited (Ghimire et al.,
2015). Brachiaria grass is used for hay production and for
sale by non-livestock farmers. Some of the benefits and
impacts of Brachiaria forage systems are listed in Table
3.

Brachiaria forage cultivation could contribute to
achieve the various SDGs including SDG 1 (Kermah et
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Benefit Impact

Reference

Increases forage availability and milk productions
Ability to sequester large amounts of organic carbon

High biomass production with nutritious herbage growth
Improve soil fertility

Adapted to drought conditions and enhance nitrogen
use efficiency utilization

Minimizes eutrophication and ground water pollution |
0sses

Contribute to increased farmers income
Contribute to reductions of greenhouse gas emissions
Hosts diverse groups of bacteria beneficial to plant

Significant roles in erosion control
Greater climate resilience and efficient resources

Contribute to reduce nitrogen and phosphorus

Kermah et al. (2017)
Njarui et al. (2016)

Mutai et al. (2017)

Ghimire et al. (2015)
Arango et al. (2014)

Moreta et al. (2014)

Table 4. Challenges faced by African smallholder famers to implement legume-based intercropping

and Brachiaria forage cultivations.

Challenges faced by African smallholder famers

Reference

Legume based intercropping

Lack of access to improved seeds

Difficulties in farm mechanization or inputs application
High cost of maintenance (e.g. labour for weeding)

Supply chains and markets are inadequately developed
Inadequate policy support to legume-based intercropping

Lack of awareness on long term benefits of legumes
Brachiaria forage
Lack of access to Brachiaria seeds

Lack of information and awareness on Brachiaria grass
Inadequate policy support to Brachiaria forage cultivation
Upscaling repatriated commercial varieties requires caution

Hauggaard-Nielsen et al. (2003)
Feike et al. (2012)

Kebebew (2014)

Stagnari et al. (2017)

Mapfumo (2011)

Mapfumo (2011)

Ondabu et al. (2017)
Njarui et al. (2016)
Njarui et al. (2016)
Ondabu et al. (2017)

al., 2017); SDGs 2 and 3 (Vendramini et al., 2014); SDG
12 (Arango et al., 2014); SDG 13 (Moreta et al., 2014);
and SDG 15 (Mutai et al.,, 2017). However, their
potentials to contribute to the SDGs is poorly understood
and yet to be documented.

Despite the immense benefits and positive impacts of
the Brachiaria grass; its potential to address the
challenge of livestock feed scarcity in Africa, remain
unexploited. Some of the challenges faced by African
smallholder famers to implement legume-based
intercropping and Brachiaria grass systems are presented
in Table 4.

In the following sections, the multiple services
delivered by legume-based cropping and Brachiaria
forage systems are assessed and discussed using a set
of key ecological, food and nutrition and socioeconomic
indicators.

APPROACH

It is assumed that with integrated interventions in

technology (e.g. legume-based intercropping with
maize/millets plus Brachiaria forage); innovative
institutional approaches (e.g. MAPs) and EASs (e.g. F2F),
the combined effects of ecological and food/nutritional
impacts will contribute positively to socio-economic
impacts (Figure 1).

The criteria used to select these indicators include: (i)
methodological soundness and base line data availability,
(i) easy to measure and sensitivity to changes in short
term, (iii) relevance to objectives of the study and utility
for users, (iv) capacity to monitor the indicators, and
(v) usefulness of indicators for project monitoring and
evaluation.

Indicators for legume-based cropping systems

Six key indicators were selected to assess the
performance of maize/millets-legumes intercropping
systems against sole crops. These indicators assess
the ecological, food and nutrition and socioeconomic
aspects of the cropping systems.
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Figure 1. Innovations in technology, extension and advisory services (EASs) and institutional approach on ecological, nutritional

and socio-economic conditions of a smallholder in Africa.

Crop yield

The grain yield in maize-legume intercropping was
higher than sole cropping in Ethiopia (Alemayehu et al.,
2017), in South Africa (Tsubo et al., 2004) and in Malawi
(Mhango, 2011), and in Tanzania (Massawe et al.,
2016b). The higher yield for intercrop compared with
sole crop maize was due to the additional bean (dry)
yield obtained from intercropping. However, the yield is
lower than sole crop when computing the vyield
separately for intercropping. The vyield penalty of
intercropping maize was compensated for by yield of the
companion bean crop leading to land equivalent ratio
greater than one. This additional yield of bean (dry) is of
great benefit to farmers for improved nutrition, as a
source of cash, and also for sustainability of the cropping
system.

Soil organic matter

Legumes have potential to increase soil organic matter
(McCallum et al., 2004) because the nitrogen supplied
by legumes through biological nitrogen fixation facilitates
the decomposition of crop residues in the soil and their

conversion to increase soil organic matter. Switching from
monoculture to a rotation with legume crops is reported
to stimulate the accumulation of 0.5 to 1.0 t/ha of soil
organic carbon annually, with the legume component in
the cropping sequence contributing up to 20% of the
carbon gain (Wu et al., 2003). Legume intercropped with
millet, the glume/chaff residues left after threshing of
millet represents a potential source of reusable organic
material when applied with N and P fertilizers (Issoufa,
2015).

Food availability

The level of food availability is expressed in terms of how
long the food stock lasts (humber of months in a year)
and the household dietary diversity score (HDDS) that
ranges from 0 to 12. The food stock lasts between 8 and
11 months in all the case countries. In other words, none
of the countries are food secure throughout the year.
The HDDS varies from 5.8 to 10 which indicate that
household diets offer some diversity in both macro- and
micronutrients (Table 5).

This food diversity could include cereals and pulses.
Except for Malawi, diet diversity scores are mostly lower
(< 4) for female-headed households than male headed
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Table 5. Number of months food stock lasts and dietary diversity scores in case of study countries (average values).

Case study Food stock lasts (No. of months) Household dietary diversity score * ((0 — 2)
Malawi 10 8

Ethiopia 8 6

South Africa 11 10

Tanzania 9 6

Kenya 8.6 5.8

*Source: Household survey

households.

Nutrient contents of food from legumes, maize and
millets

Legumes are important food crops that can play a major
role in addressing future global FNS while providing
multiple ecosystem services (FAO, 2016). They have
important role in human nutrition, especially in the dietary
pattern of low-income households in developing
countries and vegetarians. Pulses are often called ‘the
poor man’s meat’ for their protein source and their rich
content of minerals especially iron and zinc, fibre and
vitamins (Tharanathan and Mahadevamma, 2003).
Except for carbohydrate, the nutrient composition of
pulses in general is higher than rice and wheat (Tesfai et
al., 2018). On the other hand, millets, in general are rich
proteins, fiber, mineral, iron and calcium compared to rice
and wheat. For example, finger millet has 7.6 times
more calcium than rice while some of the other millets
group contains even more calcium compared to rice and
wheat (Tesfai et al., 2018).

Maize seeds are rich in various nutrients
including carbohydrates and vitamins. Intercropping
of unfertilized maize with grain legumes increased
protein yields compared to sole maize stands (Snapp et
al., 2010; Waddington et al., 2007a). Similar increments in
protein are possible through some maize-grain legume
rotations (Waddington et al., 2007b). This shows possible
to enhance the production of protein without large
investments in subsidized mineral fertilizer (Droppelmann
et al, 2017). Therefore, consuming legumes with
millets/maize -based diets can alleviate malnutrition that
affects millions of people in Africa.

Proportion of income from crop sale

In Ethiopia, economics of the intercropping versus sole
cropping system was analysed following a partial budget
procedure based on the existing cost of production.
Legume-based intercropping increased financial returns
by 16% relative to sole crop maize (Alemayehu et al.,
2017). According to this finding, the highest financial

advantage was obtained from the single row
intercropping plant arrangement (with 128 kg N and 20
kg P kg per ha) due to the high productivity of the
component crops. Similar results were also found by
Workayehu and Wortmann (2011) who reported the
profitability of maize—common bean intercropping as
compared with sole crop production.

Percentage of farmers aware and/or
intercropping

practising

The practice of intercropping (e.g. cereals with legumes)
has existed over a long period of time and is embedded in
the indigenous knowledge systems. Almost all the
sampled farmers in the case countries were aware of
intercropping principles and practices, and most of them
cultivate legumes intercropped with cereals or other
suitable crops to the area. There are several success
stories on legume based intercropping practices in the
case countries. One good example is the Malawi Farmer
to Farmer Agroecology project that aimed to implement
intercropping of cereal crops with legumes using a
Farmer to Farmer (F2F) extension approach.
Intercropping of leqgumes and cereals was encouraged
for soil health improvement through biomass
incorporation and nitrogen fixation. The incorporation of
legume residues into the soil redressed the soil nutrients in
areas used to apply bush burning. Moreover, the project
encouraged farmers to apply compost and/or organic
manure, and organic pest control methods. The maize-
legumes intercropping rendered a 6% increase in yield
when compared to sole cropping (Nyantakyi-Frimpong et
al., 2016). However, constraints such as lack of access to
improved seeds and low market prices deter farmers
from fully integrating the intercropping system in their
farm. In this case, the MAPs members (in each case
country) are actively engaged in linking the value chain
actors (from producers to consumers continuum). The
MAPs members also participate in other activities of the
project (www.innovafrica.eu).

Indicators for Brachiaria forage systems

The multiple services delivered by Brachiaria forage grass
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Table 6. DM yield of Brachiaria spp. at different field management in Kenya and Tanzania.

Country AEZs and field management DM yield (t/ha) Source
With fertilizer applications 5-36 Bogdan (1977)
Kenya Coastal lowlands >8.0 Ondiko et al. (2016)
Central highlands >10.0 Nyambati et al. (2016)
Semi-arid eastern region 4.0 Njarui et al. (2016)
Tanzania With no fertilizer application 3.0 Frederiksen and Kategile (1980)
With N fertilizer application 6.0 - 26.5 Urio et al. (1988)

are assessed using six key indicators in contrast to other
forage grasses. These indicators assess the ecological,
food and nutrition and socioeconomic aspects of the
Brachiaria forage systems.

Forage biomass

There is limited information on the productivity of
Brachiaria spp. in different agro-ecological zones (AEZ) in
Africa. The dry matter (DM) vyields of Brachiaria vary
among countries and are influenced by a range of
factors including variety, moisture, soil fertility, and
fertilizer applications (Table 6).

Furthermore, the cultivated forages are relegated to the
less fertile part of the land and degraded soils and, as a
result, growth is poor, they suffer mineral deficiencies,
and are low in crude protein and energy. This is primarily
because forages are not the final product.

Milk yield

In Kenya, Brachiaria grass has shown remarkable
response when fed to livestock. It is superior to Rhodes
grass which is the commonly cultivated grass for livestock
feed. Studies carried out with smallholder farmers showed
increased milk production from 4 to 4.6 L per cow per day
for low yielding animals, a 15% increase and 9 to 12.6
L per cow per day for the relatively higher yielding dairy
cattle representing a 40% increase (Muinga et al., 2016).

In Rwanda, dairy cattle feed Brachiaria grass and
supplemented with legumes reported higher daily milk
yield than those based on Napier grass. Cows fed
with sole Brachiaria brizantha cv. Piata produced 33%
more milk than cows fed with sole Napier grass diets.
Cows fed with Brachiaria brizantha cv. Piata-legume diets
produced approximately 21% more milk than cows fed
with Napier-legume diet (Mutimura et al., 2018).

Availability of milk

Feeding Brachiaria has significant positive impacts on

annual milk production. Data from recent trials indicates
that adoption of Brachiaria brizantha cultivars increased
baseline milk production by up to 4 L per cow per day
on participating farmers thus improving the availability
of milk at both household level and for sale.

Milk nutrition contents

Milk contains numerous nutrients and it makes a
significant contribution to meeting the body’s needs for
calcium, magnesium, selenium, riboflavin, vitamin B12 and
pantothenic acid (vitamin B5) (Muehlhoff, 2013). As a
concentrated source of macro- and micronutrients, milk
and dairy products can play a particularly important role
in human nutrition in smallholder farm that frequently
lack diversity and consumption of animal-source
foods. Water is the maincomponent and make up
approximately 90% of milk followed by fat (or lipid)
which constitute from 3.5 to 6.0% of milk. Milk is also a
major source of dietary energy, protein and fat
(FAOSTAT, 2012). The concentration of protein in milk
varies from 3.0 to 4.0 percent or 30 to 40 g L™ (Wattiaux,
1995). Milk is recommended as part of a healthy diet
since it contains naturally many essential nutrients.

Income from Brachiaria grass and milk sale

Livestock are important source of income for
smallholder farmers in Africa. Adoption of Brachiaria
technology has positive implications for income generation
of smallholder livestock farmers. The most important
contribution of Brachiaria forage is their direct effect on
increasing milk production which generates cash.
Although no economic analysis has been conducted
from the milk yield increment as a result of adoption of
Brachiaria, it is quite clear that the extra milk produced
would give high profit margin as there is no additional
cost in establishment of Brachiaria compared with the
other traditional forages. The use of Brachiaria for hay
production also offers not only as feed resource for
livestock but also an opportunity to raise income by selling
the baled hay to other livestock farmers.



People practising the Brachiaria technology

The current dissemination and expansion of Brachiaria
acreage in Africa depends on seeds imported from
South America and East Asia. The seeds are not easily
accessible and expensive for smallholder farmers.
Despite numerous efforts to promote cultivation of
forages in Africa, adoption of Brachiaria grass have
remained slow and its expansion of acreage is low in
Africa. The contributing factors could be: (i) lack of
information and awareness on Brachiaria grass; (ii) small
land holding size (1-2 ha) and (iii) shortage of labour. The
source of labour is mainly from the family and forage
production yet to be mechanised (Njarui et al., 2011).
Hence, small scale farmers give preference to grow food
crops than forages in general. On average, less than
10% of the households’ land holdings are allocated for
forage production. For example, in Kenya, the Brachiaria
technology is practised mainly by smallholder crop-
livestock farmers in the coastal lowlands, eastern region,
central highlands and north western highlands. The
farmers are more commercially oriented, and the main
animals reared are exotic and crossed with local zebu for
milk production (Njarui et al., 2011).

CONCLUSIONS AND RECOMMENDATIONS

In this paper, the benefits of growing legume-based
cropping systems and Brachiaria forage grass and
associated constraints of both systems was reviewed.
Legume-based cropping systems and Brachiaria forage
system contribute to a range of SDGs including 1, 2, 3,
12, 13 and 15 and other associated targets. Adoption of
legume-based cropping systems with Brachiaria forage
system will enhance contributions to SDGs and associated
targets. Moreover, legume-based inter cropping systems
and Brachiaria forage system showed positive impacts
on the key indicators chosen for ecological, food and
nutrition, and socioeconomic conditions of smallholder
farmers. Despite these, adoption and expansion of
legume-based cropping systems and Brachiaria forage
system is limited and slow in SSA. Possible measures that
could improve the adoption of legume-based cropping
and Brachiaria forage systems are suggested below.

Measures to improve legume-based cropping system

Measures that could improve the adoption of legume-
based cropping include the following:

1. Improved varieties and quality seeds by:
a. Increasing investments to research and development

on improved varieties that are climate resilient and
tolerant to abiotic and biotic stress through participatory
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plant breeding programs; and

b. Providing better access to quality seeds of improved
varieties of legumes, maize/millets that are rich in the
essential micronutrients, minerals and vitamins for
human nutrition and livestock feeding.

2. Improved cultivation practices
mechanization or inputs application) by:

(including farm

a. Intensifying crop diversification in smallholders
farming systems through crop rotations or intercropping
of legumes with maize/millets or other suitable cereals;
and

b. Integrating conservation agriculture practices in
legume-based cropping system.

3. Making legumes-maize/millets marketing accessible
and attractive to consumers by:

a. Investing in value added product innovations (for e.g.
developing legume/maize/millet-based food recipes) gives
the opportunity to diversify their use and reuse; and

b. Promoting access to markets by establishing
effective legume/maize /millet networks that connect the
different value chain actors and enhances public-private
partnerships

4. Improved extension and advisory services by:

a. Raising awareness and promotional campaign on
benefits of legumes particularly targeting women,
children and youth on the health and nutrition benefits of
legumes with maize and millets;

b. Providing customized trainings on seed production,
multiplication, storage, and consumption of legumes with
maize and millets; and

c. Stimulating the development of agribusiness services to
support smallholders’ access to inputs and services for
e.g. by supporting legumes maize/millets seed systems
(like community seed banks)

5. Creating enabling policy environment by:

a. Reforming policies that are barriers to the
development of legumes and maize/millets cultivation (for
e.g. insecure land ownerships laws); and

b. Developing upscaling strategies/incentives that
promote legume-based cropping system in SSA.

Measures to improve Brachiaria forage cultivation

Measures that could improve the adoption of Brachiaria
forage cultivation includes the following:

1. Improvement of Brachiaria for specific trait by:

a. Initiating breeding for drought tolerance as well as pest
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and diseases resistance; and

b. Capitalizing on acquisition and screening of existing
germplasm that are stored in gene banks in different part
of the world. For e.g. ILRI Ethiopia and CIAT-Colombia
gene banks hosting about 700 accessions of Brachiaria.

2. Improved Brachiaria forage management by:

a. Implementing improved agronomic practices and
management technologies to maximize herbage yield
and improve plant persistence; and

b. Developing guidelines on forage cultivation practices
(including planting, harvesting, fertilizer application) for
optimum production and nutritive quality.

3. Increased Brachiaria seed production by:

a. Developing a sustainable seed production system to
address seed availability at affordable costs. Research
should focus on identifying optimum conditions for
maximizing seed production for smallholder farmers; and

b. Developing simple and affordable seed harvesting,
threshing technologies and storage structures at
smallholder level.

3. Improved extension and advisory services for
Brachiaria by:

a. Raising awareness program on the potential of
different Brachiaria forage spp. for income generation of
livestock farmers and identify best extension methods to
increase adoption and upscaling.

4. Conducive policy and institutional environment of
Brachiaria by:

a. Supporting local institutions to promote Brachiaria
forage cultivation; and

b. Developing upscaling strategies to promote Brachiaria
forage production and to repatriate commercial varieties
as problem of pests and diseases are foreseen.
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St. John’s wort (Hypericum perforatum L.) is one of the introduced medicinal plants that have medicinal
uses for anti-depressant. Germplasm conservation of St. John’s wort has been conducted at the
laboratory for over ten years and plantlets showed a rosette growth. Therefore, laboratory
investigations are necessary to be done to have better methods for obtaining normal growth of culture.
In this study, we evaluate the effect of concentration levels of silver nitrate (AgNO3) on shoot
multiplication, rooting induction and visual characteristics of plant in-vitro culture. The study was
conducted in two stages (shoot multiplication and rooting induction). For shoots multiplication,
cultures were grown in Murashige and Skoog (MS) media supplemented with 0.1 mgl™* N°-Benzyl
Adenine (BA) combined with various concentration levels of AgNO; as follow: MS + 0.1 mgl™* BA +
AgNO; (0.0, 0.1, 0,3, 0.5 and 0.7 mgl™). For rooting induction, cultures were grown in half-formula of MS
media with various concentration levels of AgNO3: ¥2 MS + AgN0; (0.1, 0.3, 0.5 and 1.0 mgl™). The results
showed that the application of AgNO; combined with 0.3 mg/l BA could improve the culture
characteristics and showed normal plantlets. The best rooting induction was obtained at
% MS + 0.3 mgl-1 AgNOs. This protocol provides a technique for improving visual culture during
conservation.

Key words: Hypericum perforatum L., shoot multiplication, protocol for improving visual culture, in vitro.

INTRODUCTION

St. John’s wort (Hypericum perforatum L.) is one of the
medicinal plants that have been used for over a decade
(Gadzovska et al., 2012). St. John’s wort is a species of
the Hypericaceae that has many benefits and efficacy as
medicinal treatments such as burns, bruises, swelling,
wound healing, mild to moderate anti-depressant,
antiviral, antibiotic, antioxidant and anti-cancer (Luo et al.,
2004; Agostinis et al., 2002; Silva et al., 2005; Yadollah-

*Corresponding author. E-mail: ifa_sy@yahoo.co.id.

Damarvandi et al., 2015).

St. John’s wort grows optimally in the highlands.
Traditionally, plant propagation can be done by
separating tillers, or generatively by seeds. St.John’s wort
needs to be conserved because of the benefit of this
plant as medicine and plant germplasm need to be
maintained for future research purpose. To support the
conservation of St. John's wort germplasm in the
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Indonesian Spice and Medicinal Crops Research Institute
(ISMCRI-IAARD), propagation is done through tissue
culture technique. Plantlets multiplication is done by
using Murashige and Skoog (MS) media, supplemented
with 0.1 mgl™ BAP. In ISMCRI-IAARD, St. John’s wort
has been conserved as in vitro culture for over ten years.
The culture grew on MS media supplemented with 0.1
mgl™ BA, and has fairly characteristics of their acclimated
plants. It showed rosette growth, small plant leaves, no
roots, and the ones which are not the original
characteristics of normal plants as grown in the field.
Those abnormal characteristics may be due to changes
during culture for a long period.

Many factors may influence plant characteristics during
its growth in the in vitro culture, which tends to produce
changes at morphological, cytologycal, physiological,
biochemical or event at molecular levels (Bajaj, 1992).
Changes that occur during the period of in vitro culture
can be triggered by both internal and external factors,
such as; sources of explants, media composition, type
and concentration of growth regulators used (Karp, 1991;
Veilleux and Johnson, 1998). In case of propagation of
Big-White Ginger Cultivar of Indonesian Variety
Cimanggu-1 in vitro by direct organogenesis, the healthy
plantlet and vigorous plants were not able to produce
normal rhizome after planting in the field. It is suggested
that genetic alteration or epigenetic change during the in
vitro culture and regeneration have been performed
(Rostiana and Syahid, 2008).

Silver nitrate (AgNQOs) is an inhibitor of ethylene activity
and has been widely used in in vitro plant propagation.
This chemical compound also plays a role in the process
of shoot proliferation and multiplication, as well as rooting
induction in Solanum nigrum culture (Geetha et al.,
2016), and induced shoot multiplication and rooting of
vanilla (Vanilla planifolia) (Giridhar et al., 2001). The
application of silver nitrate showed the effect to increase
direct organogenesis from leaf explants of Brassica
napus and Sinningia speciosa (Akasaka et al., 2005;
Park et al., 2012).

The purpose of this study was to determine the effect of
concentration levels of silver nitrate on shoot
multiplication, root induction and visual characteristics of
St. John’s wort in-vitro culture.

MATERIALS AND METHODS
Plant materials and culture conditions

St. John’s wort has been conserved as in vitro culture for over ten
years. The in-vitro culture was prepared from a sterile young shoot
taken from two months old of healthy St. John’s wort plant. It is
transferred and grown in MS medium (Murashige and Skoog, 1962)
supplemented with 3% sucrose.

Shoot multiplication culture was performed on MS media
supplemented with N®-benzyl adenine (BA), in combination with
concentration levels of silver nitrate (AgNO3): 1) MS + 0.1 mgl™ BA
+ 0.0 mglt AgNO30, 2) MS + 0.1 mgl™* BA + 0.1 mgl* AgNO3 0.1, 3)
MS + 0.1 mgl* BA + 0.3 mgl™ AgNO3, 4) MS + 0.1 mgl* BA + 0.5

mgl* AgNOs;, and 5) MS + 0.1 mgl™ BA + 0.7 mgl* AgNOs .
Plantlets produced a highest number of shoot multiplication then
were used for rooting induction experiment. Rooting induction
culture was prepared on a half-strength of MS media, in
combination with concentration levels of AgNO; as follow: 1) ¥2 MS
+ 0.1 mgl™ AgNOs, 2) 1/2 MS + 0.3 mgl™ AgNO3, 3) 1/2 MS + 0.5
mgl™ AgNOs, and 4) 1/ 2MS + 0.5 mgl™* AgNOs. Number of shoots
produced, shoot length, number of leaves, root number and length,
and plantlets characteristics were observed during treatment.
Growing plantlets of St. John’s wort were maintained in in vitro
culture at temperature 24°C + 20°C, with 16 h/8h photoperiod and
phot on flux density at 1000 lux.

Data analysis

The experiment was arranged in completely randomized design
with ten replications. Data obtained were analyzed by using
Statistical Analysis System (SAS) portable version 9.1. Further
analysis was carried out by using Duncan Multiple Range Test
(DMRT) at 5% of level of significant.

RESULTS AND DISCUSSION
Shoot multiplication

Application of silver nitrate at various concentrations
affected the growth of St. John’s wort in vitro. Without
application of silver nitrate, culture tend to be rosette on
MS + 0.1 mgl™* BA as indicated in Figure 1a. Combination
of silver nitrate from low concentrations (0.1 -0.5 mgl™)
with BAP could improve the growth of St John’s wort
which is characterized by changes of leaf size as
presented in Figures 1b, ¢ and d. It indicated that culture
has more normal morphological characteristics when
cultured on MS + BA 0.1 mgl™ in combination with 0.1-0.5
mgl™ AgNO;. Increasing concentration of AgNO; to 0.7
mg/" showed the signs of vitrification of the culture as
shown in Figure le. The best treatment to obtain the
normal growth was reached on MS containing 0.1 mgl™
BA + 0.3 mgl™ AgNO3 as indicated in Tables 1 and 2 and
Figure 1c.

Rooting induction

Rooting induction on St. John’s wort in vitro showed a low
response. Application of macronutrient at a half-strength
concentration, in combination with silver nitrate at 0.3
mgl™ were able to produce a rooted culture even though
only small percentage (30%) and the roots were still very
limited as indicated in Table 3 and Figure 1f.

DISCUSSION

Addition of silver nitrate into culture media could improve
the quality of culture growth by inhibiting of ethylene
activity in the culture. St. John’s wort culture treated with
a combination of 0.1 mgl* BAP+ 0.3mgl’ AgNO3
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Figure 1. (A) Characteristic of St. John’s wort on MS + 0.1 mgl™ BA , effect of BA and AgNOs; combined with
several concentration levels on shoots multiplication and visual characteristics of St. John’s wort in vitro: (B) 0.1
mgl™* BA + 0.1 mgl™ AgNOs , (C) 0.1 mgl™ BA + 0.3 mgl* AgNOs , (D) 0.1 mgl™ BA + 0.5 mgl™ AgNOs; , and (E) 0.1
mgl" BA 0.1 mgl™ + AgNO; 0.7 mgl™. (F) Rooting induction of St. John’s wort in vitro at % MS + 0.3 mgl-1 AgNOs,

Table 1. Effect of combined concentration levels of BA and AgNO3; on the growth of St John’s wort in
vitro at two months after culture.

Treatment (mgl™) Number of shoot Shoot length (cm)
0.1 BA + 0.0 AgNO; 9.0° 8.40™

0.1 BA + 0.1 AgNO3 9.6° 9.00°

0.1 BA + 0.3 AgNO; 12.6 10.6

0.1 BA + 0.5 AgNO3 8.4° 8.8"

0.1 BA + 0.7 AgNO; 4.2° 7.4°

The numbers followed by the same letter in each column are notsignificantly different at 5% DMRT.

Table 2. Effect of combined concentration levels of BAP and AgNO3 on plantlets characteristics of St. John’s wort in vitro at two
months after culture.

Treatment (mgl'l) Plantlet characteristic

0.1 BAP + 0.1 AgNOs (control) Leaves rather small and tended to rosette

0.1 BAP + 0.1 AgNO3 Leaves were slightly larger than control

0.1 BAP + 0.3 AgNOs3 Leaves were normal

0.1 BAP + 0.5 AgNO3 Leaves were rather large but tended to show vitrification symptom
0.1 BAP + 0.7 AgNO3 Leaves showed signs of vitrification

showed the best growth performance compared to the having vitrification symptom usually produces larger
others. However, higher concentration of silver nitrate leaves which contain much water and easy to be
may cause vitrification of St. John’s wort culture. Plantlets withered. Silver nitrate is known to promote multiple
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Table 3. Effect of various levels of silver nitrate concentration on rooting induction of St. John’s wort in vitro.

Treatment (mgl™)

Rooting percentage (%)

Number of root Root length (cm)

% MS + 0.1 AgNO3 0.0°
% MS + 0.3 AgNO3 30.2°
% MS + 0.5 AgNO3 1.9°
Y% MS + 1.0 AgNO; 0.0°

0.0° 0.0°
1.3% 3.3%
0.7° 1.2°
0.0° 0.0°

The numbers followed by the same letter in each column are not significantly different at 5% DMRT.

shoot formation in different plants. In vitro shoot
formation was improved by incorporating silver nitrate in
the culture medium.

Most plants that are propagated through tissue culture
produced ethylene which may affect the growth of
culture. The influence of ethylene on the growth of culture
was greatly varied depending on plant sensitivity. Silver
nitrate is usually applied to inhibit ethylene activity in in
vitro propagation. Silver ions are able to prevent a variety
of responses displayed by plants due to the influence of
ethylene (Beyer et al., 1984).

The exact mechanism of AgNO3 action on plants is
unclear; however, few existing evidences suggest its
interference in ethylene perception mechanism (Beyer,
1976c¢). In recent years, AgQNO3 has been employed in
tissue culture studies for inhibiting ethylene action
because of its water solubility and lack of phytotoxicity at
effective concentrations (Beyer, 1976a). In S. nigrum
culture, the use of silver nitrate is able to increase shoot
multiplication, the same as can be observed in Coffea
arabica and V. planifolia plants (Ganesh and Sreenath,
2008; Sankar et al., 2008). The addition of different
concentrations of AgNO3 (10, 30 and 50 M) to the
medium, however, induced shoot regeneration in distal
cotyledon except Suyo Long cultivar and effectively
increased shoot regeneration response as well as the
number of shoots per explant in proximal cotyledon and
hypocotyl of all cucumber cultivars (Mohiuddin et al.,
1997).

Results of preliminary research showed that the use of
macronutrients at full concentration with the addition of
auxin IBA has not been able to induce rooting perfectly
(Syahid, 2008). Response on silver nitrate is varying in
different plants. In S. nigrum culture, a combination of
IBA 2.0 mgl™ with silver nitrate 0.4 mgl* was able to
produce roots up to 24.6 + 0.26 (Geetha et al., 2016).
The effect of AgNO3 on rooting and shooting was
evaluated in V. planifolia. Application of silver nitrate into
the medium showed positive response not only on
shoot initiation, number and growth, but also increased
root number and length. Maximum number of shoots and
highest shoot length was obtained on medium containing
20 pM AgNO3. Application of AgNO3 not only induced
shoot multiplication but also influenced rooting of vanilla
explants (Giridhar et al., 2001).

Conclusion

Application of silver nitrate in combination with BA was
able to improve the growth of St. John’s wort (Hypericum
perforatum) in vitro. The combination of silver nitrate at
concentration of 0.3 mgl™ with 0.1 mgl™ BA produced the
highest number of shoots, longest shoot and largest
quantity of leaves (10.6 leaves) within two months. Silver
nitrate was able to induce normal morphological
characteristics of St. John’s wort which was indicated by
normal stems and leaves growth during culture period.
The best rooting induction was obtained on %2 MS + 0.3
mgl™* AgNO;,
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The evaluation of salinity tolerance of rice germplasms based on phenotype and genotype of 100 rice
germplasm was identified at the seedling stage at the High Agricultural Technology Research Institute
for Mekong Delta, Vietham. Screening of the phenotype was done with 30 day old seedlings using
salinized concentrations (EC = 8 and 15 dS/m). Results show that the growth of the varieties, the higher
the salt concentration, the lower the survival date, the lower the tree height, the higher the root length,
and the weight of the stem and roots were all significant positive correlations in this study. These
indicators are also closely correlated with each other. This shows that saline conditions greatly affect
the survival, growth, and development of rice. Genotypic analysis on the RM223 and RM3252 molecular
markers recorded polymorphism on both indicators. Among rice germplasms, the proposed varieties
including Pokkali, OM4900, HATRI144, HATRI60, OM5704, HATR162, HATRI131 and HATRI132 were
found to have salt tolerance for evaluation future of the breeding program. Thus, the RM233 and RM3252

used in this study are proved available to identify salt tolerance for rice breeding.

Key words: Phenotype, genotype, simple sequence repeat (SSR) markers, salt stress, seedling stage, rice.

INTRODUCTION

Rice is one of the most important grains grown and
accounts for more than one-third of the world's food
(Munns, 2002; Wassmann et al., 2009). However, climate
change, particularly the greenhouse effect, the
atmospheric temperature warms and melting ice at the
two poles, will create flooding in the lowlands. Seawater
intrusion into the mainland is increasing rapidly, causing
serious consequences for rice production in Vietnam and
other countries in the world, especially in the Mekong
Delta. Farm land is affected by the saline intrusion of over

*Corresponding author. E-mail: phamthithuha@tdtu.edu.vn.

400 million hectares, accounting for 1/3 of the world's
cultivated land. It is often accompanied by the
phenomenon of alkaline and wetland soils (Gale, 2002).
In Vietnam, in 2008 the area of rice cultivation reached
7.4 million hectares, of which the Mekong River Delta had
2.9 million hectares with 800,000 ha of saline soil. In
recent years, global urbanization and climate change
have affected agricultural land, especially drought and
saline intrusion. Therefore, developing high-yielding rice
varieties that are salt tolerant could be the best effort for

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution
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these areas.

Research on the development of saline tolerant in
plants has been at the forefront of international projects in
genetic technology. The breeding crop of salt-tolerant rice
would likely be an economical improvement and
overcome the problems of salty soil. With the
advancement of biotechnology, molecular markers can be
used in breeding. Based on molecular markers associated
with salt-resistant genes, breeders can identify genotypes
for resistance and infection from an early stage.
Determining the main gene position by microsatellite
marker analysis can be used to develop new varieties
(Mondal and Ganie, 2014). And appropriate strategies for
breeding salinity tolerance and crop cultivation are seen
as the most effective and economical way to increase
paddy production in saline areas (Buu and Lang, 1995).
Significant differences in injury rates between cultivars
when grown under salt stress were detected by Ali et al.
(2014) and the results were used for screening purposes.

Screening is also being done on different parts of the
discovery of diverse genetic potential to determine salinity
tolerance of rice genotypes. Vegetative stage and
reproductive stage tolerance of the rice was expressed in
tolerance at the seedling stage by Hariadi et al. (2015).
There were some germplasms with high salt tolerance
offering. In spite of this, these common germplasms have
many undesirable traits. The highly tolerant, and often
used as donors in breeding for salt tolerance, was Pokkali
which is tall, photosensitive, low yielding, and has red
kernels (De Leon et al., 2016). Conventional breeding is
time-consuming and depends on environmental
conditions. Molecular markers are technologies that
provide the possibility of applying the genetic map (Islam,
2004), and studying genetic diversity in germplasms. The
most efficient descriptors to screen the salt tolerant
genotypes were simple sequence repeat (SSR) markers
RM8094, RM336 and RM8046, which have a higher
polymorphic information content coupled with higher
marker index value (Ali et al., 2014). Five SSR markers
(RM1287, RM8094, RM3412, RM493 and RM140) and
two EST markers (CP3970 and CP6224) were linked to
Saltol QTL on chromosome 1 were detected by Niones
(2004). The RM3412 marker has been shown to be useful
for marker-assisted selection of Saltol QTL (Naresh et al.,
2014). The present study determined the phenotype of
rice germplasms used salinized conditions (EC= 8 and EC
= 15 dS/m) at the seedling stage and identified salt
tolerance rice germplasms from 100 varieties by SSR
markers.

MATERIALS AND METHODS

Plant

Seeds of 100 rice germplasms (Oryza sativa L.) were collected in
this study (Table 1) including one salt tolerant Indian variety

“Pokkali” and one salt susceptible variety “IR28” as controls. The
rice germplasms were received from Intentional Rice Research
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Institute (IRRI), Cuu Long Delta Rice Research Institute (CLRRI)
and High Agricultural Technology Research Institute for Mekong
Delta, Vietham (HATRI).

Screening of phenotype

Rice germplasms were screened for salt tolerance at the seedling
stage using IRRI standard modified by Lang et al. (2001). The
evaluation was done using Yoshida et al. (1976) nutrition solution to
obtain EC (8 and 15 dS/m). The experiment was conducted at the
HARTI laboratory. The final scoring was observed after 30 days of
salinization followed by a protocol of Gregorio et al. (1997). The
characteristics as SES coring, survival day, shoot height, root
length, plant dry weight, and root dry weight were observed at the
seedling stage.

Genotyping using SSR markers

Modified CTAB was used to extract DNA from leaf samples of
genotypes. Two primers as RM233 and RM3252 were chosen for
the study (Lang et al., 2017) (Table 2). 30 pl polymerase chain
reactions (PCR) reaction contained 15 ng DNA samples, 1.25 units
Taq DNA polymerase, 0.2 pM primer, 1.7 mM MgCl; 0.17 mM
dNTPs and PCR buffer. PCR profile was maintained as the initial
denaturation at 94°C for 4 min, and then the reaction was subjected
to 35 cycles of 94°C for 1 min, 55°C for 1 min, 72°C for 2 min with a
final elongation step of 4 min at 75°C. Amplification products were
resolved by electrophoresis on a 3% polyacrylamide gel within TBE
1X.

Data analysis

The data was analyzed using Excel and the software by CropStat
7.2. The correlation coefficient of among traits at the seedling stage
also was calculated under salinized conditions.

RESULTS AND DISCUSSION
Screening rice germplasms by phenotype

In the first experiment, the salt tolerance of the
rice germplasms in the seedling stage was assessed in
two different salt concentrations (8 and 15 dS/m) (Figure
1). 100 varieties were purified in the saline phase. There
were 8 varieties that died 100% before 30
days. According to SES scoring of IRRI standard protocol
was modified by Gregoe et al. (1997). The scoring was
used for the evaluation of the tolerance, moderate
tolerance, and susceptible rice varieties. The
levels surveyed after 30 days of completing the saline test
were as follows: Among 92 remaining varieties,
there were 10  varieties  found with level 3 at 8
dS/m compared to Pokkali control variety, two varieties
with level 5, 79 varieties with levels 7 and 9 (susceptible).
In case of 15 dS/m, the varieties were burnt and died a lot
compared to the 8 dS/m medium, only a few survived, but
they also burned heavily. Most of the varieties in this
environment exhibited very high levels of dry leaves, level
9 with 78 varieties, accounting for 84.78%. There are 13
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Table 1. List of varieties used for the study.

Afr. J. Agric. Res.

No. Name of varieties Origin No. Name of varieties Origin
1 OM4900 CLRRI 51 HATRI60 HATRI
2 OM1490 CLRRI 52 HATRI90 HATRI
3 AS 996 CLRRI 53 OM10413 CLRRI
4 M362 IRRI 54 OM10414 CLRRI
5 BASMATI IRRI 55 OM10415 CLRRI
6 Basmati BB IRRI 56 OM6614 CLRRI
7 OM6162 CLRRI 57 OomM6843 CLRRI
8 Swarna Subl IRRI 58 OMCS2009 CLRRI
9 IR64Sub1 IRRI 59 OM5703 CLRRI
10 IRGA318-11-6-9-2B IRRI 60 OM5704 CLRRI
11 IR78966-B-10-B-B-B-2 IRRI 61 HATRI62 HATRI
12 IR78913-B-10-B-B-B IRRI 62 OMCS2008 CLRRI
13 IR75499-73-1-B IRRI 63 HATRI31 HATRI
14 IR78913-B-19-B-B-B IRRI 64 HATRI32 HATRI
15 AZUCENA IRRI 65 OMG63L CLRRI
16 IR78933-B-24-B-B-2 IRRI 66 Pokkali IRRI
17 IR78933-B-24-B-B-3 IRRI 67 OM71L CLRRI
18 IR78933-B-24-B-B-4 IRRI 68 OoM72L CLRRI
19 WAB326-B-B-7-H1 IRRI 69 OM5681 CLRRI
20 IR79008-B-11-B-B-1 IRRI 70 OM6730 CLRRI
21 IR75499-38-1-B IRRI 71 OM6014 CLRRI
22 V3M-92-1 IRRI 72 OM6778 CLRRI
23 IR75499-21-1-B IRRI 73 OM6033 CLRRI
24 V3M-109-2 IRRI 74 OM6032 CLRRI
25 WAB272-B-B-8-H1 IRRI 75 OM6613 CLRRI
26 WAB340-B-B-2-H2 IRRI 76 OM6729 CLRRI
27 WAB176-42-HB IRRI 77 OoM62L CLRRI
28 IR78937-B-20-B-B-1 IRRI 78 OM10279 CLRRI
29 WAB880-1-38-18-20-P;-HB IRRI 79 OM10280 CLRRI
30 WAB881SG9 IRRI 80 OM10418-1 CLRRI
31 IR78997-B-16-B-B-B-SB2 IRRI 81 OM10704 CLRRI
32 IR78966-B-10-B-B-B-SB1 IRRI 82 OM3673 CLRRI
33 IR78944-B-8-B-B-B IRRI 83 OM4249 CLRRI
34 IR78941-B-16-B-B-B IRRI 84 OM4693 CLRRI
35 IR78948-B-21-B-B-B IRRI 85 OMA4726 CLRRI
36 IR78942-B-2-B-B-2 IRRI 86 OM4796 CLRRI
37 IR78937-B-20-B-B-3 IRRI 87 OM6379 CLRRI
38 IR78985-B-13-B-B-B IRRI 88 OM5629 CLRRI
39 IR78933-B-24-B-B-1 IRRI 89 OM6387 CLRRI
40 WABC165 IRRI 90 OM6426 CLRRI
41 IR80315-49-B-B-4-B-B-B IRRI 91 HATRI15 HATRI
42 IR78966-B-16-B-B-B IRRI 92 HATRI16 HATRI
43 IR78913-B-22-B-B-B IRRI 93 HATRI33 HATRI
44 OMCS2000 CLRRI 94 HATRI20 HATRI
45 OM6161 CLRRI 95 HATRI35 HATRI
46 OM10405 CLRRI 96 HATRI28 HATRI
47 HATRI144 HATRI 97 HATRI50 HATRI
48 HATRI 1 HATRI 98 HATRI192 HATRI
49 OM10408 CLRRI 99 HATRI603 HATRI
50 IR29 IRRI 100 HATRI608 HATRI




Lang et al. 1157
Table 2. The primers used to study.
. . Sequence
Primer PCR product size (bp)
Forward Reverse
RM223 200 bp-220 GAGTGAGCTTGGGCTGAAAC GAAGGCAAGTCTTGGCACTG
RM3252 220 bp-230 GGTAACTTTGTTCCCATGCC GGTCAATCATGCATGCAAGC
90
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Figure 1. Performance of SES scoring of rice germplasms under salt stress.
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Figure 2. Performance of survival day at the seedling stage of rice germplasms under salt stress.
varieties at level 7. Only the Pokkali variety was days with 9 varieties, 23 - 25 days with 24 varieties, 25 -

expressed at level 3. The results in these experiments
showed that the few tolerant varieties based on
phenotype analysis exist.

The expression of salt tolerance also included the
correlation of survival time and reduction of height
seedling (Figures 2 and 3). In the saline environment with
EC = 0 dS/m, all varieties survived 30 days of purification.
The highest survival time in the 8 dS/m medium was 29.5
days while in the saline environment EC = 15 dS/m (28.8
days). The lowest survival time in a saline environment
with EC = 8 dS/m was 22.1 days and in the environment
21 days. Saline medium with EC = 8 dS/m survived 21-23

27 days with 38 varieties, 27 - 29 days with 19 varieties,
29 - 30 days. The saline environment with EC = 15 dS/m
survived from 21-23 days with 24 varieties, 23 - 25 days
with 33 varieties, 25 - 27 days with 22 varieties, and 27 -
29 days with 13 varieties. In general, the varieties
survived in EC = 0 dS/m more than in saline environments
with EC = 8 dS/m, and in saline environments with EC =
15 dS/m were the most dead varieties over 30 days of salt
purification in the nutrient environment.

The largest plant height reduction (from 8 to 20 cm) was
observed in the three rice germplasms at EC = 8 dS/m.
On the other hand, the lowest plant height (from6 to 8
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Figure 4. Performance of plant root length (cm) at the seedling stage of rice germplasms under salt

stress.

cm) was observed in the five rice varieties at EC = 15
dS/m. The highest number of varieties (54 rice varieties)
was found by plant height from 12-14 cm at 8 dS/m
followed by 41 rice varieties from 10-12 cm at 15 dS/m.
There was only one variety (16 cm) which was observed
at 15 dS/m. The previous studies showed that the
increase in salinity level reduced the seedling height
(Javed et al.,, 2006; Maiti et al., 2006). These results
suggested that the plant height was reduced under higher
concentration of salt stress. To adapt to saline conditions,
stress-tolerant rice plants will grow very quickly to get out
of the sensitive phase with salt and adapt to
acclimatization to harsh environments.

The roots and biomass traits were reduced in the rice
seedling stage in different salt concentrations (Figures 4

to 6). Varieties have different root lengths and vary
between concentrations. In this study, several rice
germplasms showed higher root length reduction at 8
dS/m only one line (26 cm). At 8 dS/m, it showed the
highest number of rice germplasms in 54 varieties which
had roots lengths ranging from 11 to 14 cm. Almost all rice
varieties also showed lower root length reduction (6-8 cm)
at 15 dS/m (Figure 4). The result showed that root length
decreased under salinity stress. Root length is very
sensitive to salinity, so the fluctuation is complex,
especially in the nutrient environment. Roy et al. (2002)
reported that the number of roots per plant decreased with
increasing levels of salinity. Rodrigues et al. (2002)
reported that root length was reduced due to the effect of
salinity, which coincided with the present study.
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The biomass traits as plant dry weight and root dry
weight are important traits to evaluate the performance of
rice varieties for salt tolerance. The salinity caused a
significant reduction in plant dry weight of the rice
germplasms, compared with control EC = 0 dS/m (Figure.
5). The highest of plant dry weight reduction was found in
one variety (26 mg) at 8 dS/m followed by one variety (26
mg) at 15 dS/m and 6 varieties (from 13 to 16 mg) at 15
dS/m after 30 days of stress (Figure 5). The lowest plant
dry weight reduction was found in 41 varieties (7-10 mg).
Similar to the plant height and root length, the weight of
dry shoots was greatly influenced by the saline
environment. In addition, a lesser amount of dry mass in
rice has been produced under salt stress (Sakina et al.,
2016). Salinity reduces the ability to accumulate dry
matter in rice due to the slowing down of nutrient transfer,

the ability to form and accumulate dry matter in reducing
the dry weight of plants. Salinity caused a significant
reduction in the root dry weight compared with the control
(Figure 6). The maximum number of rice germplasms
recorded at 15 dS/m (40 varieties) by root dry weight
varied from 2.5 to 3 mg, whereas, the minimum in one
variety at 8 dS/m by root dry weight was about 4.5
mg. Morphological parameters such as plant dry weight
and root dry weight are well correlated with crop salt
tolerance at early growth stages and can be used as an
indicator for salt tolerance. Under salt stress, reduction in
biomass production is a common feature in crop plants. In
this study, salinity caused a significant reduction in shoot
and root dry weights of the varieties compared with
control (Shereen et al., 2005); a significant reduction in
seedling growth under salinity was also observed.
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Table 3. The coefficient of correlation among different traits from salt stress in the seedling stage (30 days).

Trait Survival day Plant height Root length P!ant dry Root dry weight
(cm) (cm) weight (mg) (mg)

EC=0dS/m

Survival day 1

Plant height (cm) - 1

Root length (cm) - 0.704** 1

Plant dry weight (mg) - 0.968** 0.839** 1

Root dry weight (mg) - 0.987* 0.701* 0.971* 1

EC =8dS/m

Survival day 1

Plant height (cm) 0.960** 1

Root length (cm) 0.681** 0.842* 1

Plant dry weight (mg) 0.900** 0.977* 0.917* 1

Root dry weight (mg) 0.973** 0.961** 0.727** 0.928** 1

EC =15dS/m

Survival day 1

Plant height (cm) 0.953* 1

Root length (cm) 0.708** 0.857* 1

Plant dry weight (mg) 0.946** 0.981* 0.884* 1

Root dry weight (mg) 0.995** 0.962** 0.734** 0.958** 1

**Significant at the 0.01 level.

The correlation among different traits under two
salinized concentrations (8 and 15 dS/m) are shown in
Table 3. For salt stress, rice plants respond very
differently depending on the characteristics of each
variety. However, the correlation of the salt tolerant
characteristics showed a significant positive correlation
with each other (Table 3). A similar finding was reported
by Lang et al. (2017) and Zang et al. (2004) regarding
larger biomass production. In this study, the results
implied that the salt tolerance germplasms had lower salt
tolerance score, higher traits as plant height, root length,
and dry total mater. On the other hand, the relative
importance of the attributes must be decided on based on
the higher condition among the traits.

Screening rice germplasms by using SSR markers

In this study, two primers RM233 and RM 3252 were used
for the polymorphism survey of 100 rice germplasms. The
bands were obtained from the Pokkali; a cultivar was used
as salt tolerant genotype in genotype banding. With
respect to RM233, eight varieties (Pokkali, OM4900,
HATRI144, HATRI60, OM5704, HATR162, HATRI131
and HATRI132) were found tolerant of salt stress in
Figure 7. A similar result was found by Lang et al. (2000)
who found that RM233 was closely linked to the salt

tolerant gene in chromosome 8. The SSR marker RM223
also was tested by Lang et al. (2017), with an accuracy of
82% between genotype and phenotype at the sexually
productive stage and 92% at the seedling stage. In the
case of RM3252, five rice germplasms were identified
tolerant for salt stress compared to the tolerant variety
Pokkali in Figure 8. These two markers showed
polymorphisms in the same of four varieties (OM5704,
HATR162, HATRI131 and HATRI132). Finally, salt
tolerant rice germplasms were identified in both
phenotype and genotype using eight varieties. The tested
marker RM233 could be used efficiently to identify the
study for salt tolerance in the rice breeding program.

Conclusion

Based on the results, it can be concluded that the
experiment was performed to classify 100 rice
germplasms into groups of tolerance, moderately
susceptible and susceptible. The salinity tolerance
showed a significant positive correlation to those traits
(survival days, plant height, root length, plant dry weight,
and root dry weight). Genotype analysis recorded the
polymorphism on both markers (RM233 and RM3252).
Among rice germplasms, Pokkali, OM4900, HATRI144,
HATRI60, OM5704, HATR162, HATRI131 and HATRI132
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were found to be salt tolerant at the seedling stage, which
can be used in breeding rice for tolerance to salinity.
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The objective of this research was to analyze the correlation between climatic and milk composition
variables. Thus, meteorological data and data on milk quality and composition (fat, protein, lactose,
total solids content and defatted dry extract (DDE)) were used, as well as somatic cell count (SCC). The
analysis was performed using the Pearson correlation test. After the study, it was verified that the
temperature variations had a significant correlation with the fat, protein and total solids contents, as
well as the temperature-humidity index (THI) also had correlation with lactose. In the analysis between
the components, the correlations were between fat and protein, fat and total solids content, protein and
total solids content, and lactose and fat. Moreover, SCC correlation with DDE and lactose were
considered. The thermal comfort of dairy females has a direct influence on the quantity and quality of

the final dairy product.

Key words: Dairy cattle, milk production, welfare.

INTRODUCTION

The dairy cattle are more sensitive and lacking more
specific care to maintain good productivity due to the
climatic variations that occur in the tropical climate. Thus,
according to Rossarolla (2007), the management of dairy
cattle to pasture leads the animals more vulnerable to
higher temperatures, as in the case of countries with a
warm climate. With the need to offer artificial shadows to
the animals, aiming at improving thermal comfort and
reducing losses in milk production by stress. High
temperatures, prolonged days length and few shadows to

the animals, decreases dairy cow productivity (Fagan et
al., 2010).

Mastitis is an inflammation of the mammary gland.
The inflammatory response are to destroy or neutralize
the injurious agent and allow healing and return to
normal function. The inflammation is the influx of white
blood cells or leukocytes which results in an increase in
the somatic cell count (SCC) of milk; although, the SCC
is a usual measure of mammary gland health and milk
quality (Harmon, 1995).
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The quantitative distribution of milk components
informs about their quality (Noro et al., 2006). The
consumer market raises its requirement for products with
superior quality. Dangers of degradation of milk with
eradication of contamination by undesirable bacteria and
also by unusual solids should be reduced (Vallin et al.,
20009).

When the animal stress increases, its welfare
decreases, and hence, it is possible to conclude that the
production efficiency of the cows is linked to the quality of
the dairy cow environment (Rossarolla, 2007). One of the
ways to evaluate the thermal comfort of milk cows is by
temperature-humidity index (THI) to indicate the level of
thermal comfort, to evaluate the welfare of several
animals, as in this study for dairy cattle (Perissinotto and
Moura, 2007).

Therefore, the objective of this study was to evaluate
the determinant effect of climatic indexes on milk
production in dairy farms located in the city of Morrinhos,
southern region of the state of Goias.

MATERIALS AND METHODS

Data on milk production and quality were obtained from the
Company Mixed Cooperative Milk Producers of Morrinhos
(COMPLEM), through a logistic information control system.
Information from 94 dairy farms in the city of Morrinhos, state of
Goias, Brazil, was used for the period from March 2015 to August
2018, reaching a total of 3,948 observations. The climatic and
meteorological data used in the development of the study were
collected from the Meteorological Station installed at the Institute
Federal Goiano - Campus Morrinhos (located at the geographic
coordinates: Latitude 17° 48' 50.4" S; longitude 49° 12' 16.5" W;
altitude 902 m).

In this study, total milk production, milk quality, fat, protein,
lactose, defatted dry extract (DDE), total solids content and somatic
cell count (SCC) were analyzed, after collected data.

Regarding the climatological factors, data of average
temperature, maximum and minimum, relative humidity and
temperature-humidity index (THI) were analyzed. In order to
determine the THI, the following model was used: THI = T = 0.55
(1-UR) (T-58), where T = ambient temperature in °F and UR =
relative humidity in decimal number (Roma Junior et al., 2009).

The information collected was arranged in a single spreadsheet,
organized in order of properties and the respective months of the
year, in order to analyze the correlations between milk production,
milk composition and climatic measures by means of statistical
analysis. The equation for Pearson's correlation is described below
in Equation 1.

'/':":'\ )° :l.). -3)° (1)

Pearson's correlation using the statistical program SAS, (2001)
(SAS® University Edition).

RESULTS AND DISCUSSION
Milk composition

For milk production, there was no significant correlation

with any environmental variables or milk composition.
However, according to Bertoncelli et al. (2013), milk
production is clearly associated with the duration of
thermal comfort in which the dairy cow is exposed, that
is, the lower the thermal stress, the greater its milk
production.

For the evaluated components, protein had the highest
correlation with the maximum and minimum temperature
indices, with r = -0.18027 and r = -0.17489, respectively,
as shown in Table 1. Nakamura et al. (2012), for protein
analysis, had similar results, it was also negative
correlation, r = - 0.250, for maximum temperature and r =
-0.218, for minimum temperature. When the cow is
subjected to high temperature stress, a change in its feed
intake and digestion occurs. It results in alteration of the
microorganism  population with variation in the
percentage of volatile fatty acids in the rumen produced
results in a reduction in the amount of propionic acid, with
a decrease in milk protein levels (Van Soest, 1994). In
conditions of thermal discomfort, the animal naturally
exhibits physiological and behavioral changes, and
consequently, its productivity decrease. Thus, dairy cows
have a reduction in feed intake and grazing, with grazing
preference at night, as well as search for water and
shade sites, increased water consumption and
respiratory rate (Rossarolla, 2007).

For protein, the study also showed a negative
correlation with the mean temperature (r = -0.17694).
According to Vargas et al. (2014), there is a positive
correlation for mean temperature with somatic cell count
at a value of r = 0.34, this correlation is considered as
mean.

These results with the heat-stressed animals tend to
increase the SCC, had as a consequence, the reduction
of the protein content of the milk produced. According to
Pereira et al. (1999), the modification in the proportion of
protein and in other constituents of milk is by the
decrease in the efficiency of synthesizing the secretor
cells. Fat, however, is the most inconstant constituent
that is incorporated in milk; depends on factors such as
genetics, feed management and environment (Fagan et
al., 2010). The Jersey breed has its genetic selection to
produce milk with the highest percentage of fat (Botaro et
al., 2011). According to Reis et al. (2012), the Holstein
breed is more productive, and their milk contained lower
concentration of lipids and proteins when compared to
the Girolando breed and cows crossbreed. The fat
content values were also negative and significant,
however, the correlation results for this variable are
classified as low, -0.12228 for fat correlation with
maximum temperature and —0.12454 for correlation with
minimum temperature. Nakamura et al. (2012), with
negative correlation values with mean intensity (r = -
0.586 and r = - 0.619), in this order. Thus, Noro et al.
(2006), pointed out the proportion of fat is higher during
the winter season, when compared to the summer days,
due to the change in feed intake of roughage tropical and
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Table 1. Pearson's linear correlation between maximum and minimum temperatures and milk components.

Component of milk Temperature maximum (°C) Temperature minimum (°C) P value
Fat (r) - 0.12228 - 0.12454 0.0001
Protein (r) - 0.18027 -0.17489 0.0001
Total solids content (r) - 0.13160 -0.13113 0.0001

r: Correlation value; correlations were significant (p <0.05).

Table 2. Pearson's linear correlation between temperature-humidity index (THI) and milk components.

Component of milk Temperature-humidity index (THI) P value
Protein (r) - 0.10513 0.0001
Fat (r) -0.13471 0.0001
Lactose (r) 0.15004 0.0001
Total solids content (r) - 0.11576 0.0001

r: Correlation value; correlations were significant (p <0.05).

temperate by dairy cows. Dairy cows exposed to heat
stress have reduced ruminal contractions, and for this
reason, they are more predisposed to acidosis. This
reduction in contractions reflects unfavorably on the
production of saliva, causing a reduction in the pH of the
rumen. This type of alteration can also be associated with
a decrease in the proportion of volatile fat acids (VFAS),
within the rumen in stress condition (Valente et al., 2017).
Mota et al. (2010) observed that cows with a lower
proportion of acetate in rumen affected fat production in
milk.

Nakamura et al. (2012), in their study revealed a
negative correlation between the maximum temperature
and the fat level. The correlation values for total solids
and for fat were negative and low, with both maximum
and minimum temperature, expressing r = -0.13160 and r
= -0.13113, respectively. The proportion of total solids is
reduced in the summer when compared to other
seasonal seasons, and is based on the decrease in the
dry matter intake that occurs due to the climate with high
temperatures. The result is the correlation between total
solids and temperature indices (Fagan et al., 2010).

Relationship between environmental effects and

somatic cell counts

The somatic cell count represents the presence of
defense cells in the mammary gland. Thus, SCC of dairy
cattle indicates the level of udder inflammation (Machado
et al., 2000). Directly related to the appearance of
mastitis, the percentage of somatic cells is used as a
primordial instrument in the determination of subclinical
mastitis (Aradjo et al., 2012) when there is an increase in
air humidity, which may contribute to higher rates of SCC
and diseases of the mammary gland (Nakamura et al.,
2012). Thus, dairy cows exposed to high temperatures

exhibit reduced ability to protect against invasions of
deleterious microorganisms (Porcionato et al., 2009).
This is because it is possible to associate climatic
variables with the somatic cell count.

Temperature-humidity index (THI)

The variables that affect the dispersion of body heating
are air humidity and temperature. In order to better
understand the influence of environmental variables on
the welfare of dairy cows in lactation, THI was
established, an instrument to measure the thermal
disturbance, which associates the effects of the two
measures mentioned above. The higher the value, the
greater the animal discomfort. The THI is considered
high, when it exceeds 68 points (Prado, 2018).

For the protein level, it had a negative correlation, but
low intensity with THI, as shown in Table 2, against the
result by Silva and Antunes (2018), which had no
correlation between these two variables. However, this
decrease in protein levels due to thermal stress is also
associated with decreased feed intake, which will lead to
a decrease in the production of microbial protein (Valente
et al., 2016).

Regarding milk fat, there was a negative correlation
with THI, as identified by Silva and Antunes (2018), which
may be justified because, under warm conditions, there is
a spontaneous decline in pasture and silage intake,
leading to a reduction in fat levels in milk. Animals
submitted to high THI values are 85% more likely to
decrease grass grazing (Rodrigues et al., 2010; Prado,
2018).

Only for lactose had positive correlation, and in
agreement with Silva and Antunes (2018), in a similar
study also had a positive correlation between lactose and
THI. Therefore, as the THI increases, the higher the
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Table 3. Pearson's linear correlation between milk components.

Components of milk Correlation value P value
Fat x protein 0.23576 0.0001
Fat x total solids content 0.91426 0.0001
Protein x total solids content 0.52707 0.0001
Lactose x fat - 0.25930 0.0001

Correlations were significant (p <0.05).

Table 4. Linear Pearson correlation between milk components and somatic cell count.

Components of milk Correlation value P value
DDE x SCC -0.30148 0.0001
Lactose x SCC - 0.45169 0.0001

Correlations were significant (p <0.05).

percentage of lactose. The environmental factors reflect
unfavorably on lactose and fat, noting that the elevation
of the climate variables and the welfare indicators,
causes the reduction of lactose and fat levels in milk.

The correlation between total solids and THI was
negative and low, similar results found with Silva and
Antunes (2018), obtained a negative correlation for these
variables. The levels of total dry extract are higher in the
winter season, and decrease in summer (Henrichs et al.,
2014) confirm that the influence of temperature and
humidity on these results for these compounds. A
positive correlation between fat and milk protein (r =
0.23576, considered weak) in Table 3 contrary to
Henrichs et al. (2014), which had a negative correlation
between these variables.

The correlation between fat and milk protein was
similar between the seasons and months of the year,
where fat and protein appear as great indicators of milk
quality, the most favorable results of measurement of
these two items were obtained in the period of the lowest
rainfall index and with minimum temperatures, confirming
the direct influence of the environment and animal
welfare on the proportion of these components in the milk
(Roma Junior et al., 2009). The reduced percentage of
milk fat is a consequence of the dilution effect due to
increased milk production (Fagan et al., 2010; Prado,
2018).

Already, the correlation between fat and total solids
content was high, almost reaching 1, as was exposed by
Henrichs et al. (2014). Zanela et al. (2006) confirms that
total solids content levels increase as the fat percentage
increases. This relation is related to the producing breed,
for the milk produced by Jersey cows, greater percentage
of fat and, consequently, greater proportion of total solids
content.

The protein content is considerably relevant to
determine the milk yields in the dairy industry (Henrichs

et al., 2014). Casein appears to be the most important
protein in dairy products. In this study, there was a
positive correlation between total solids and milk protein
in Table 4, a result similar to Henrichs et al. (2014). Reis
et al. (2012) presented a value of r = 0.58, very similar to
the value in this study. Protein and total solids have
similar results when compared to the seasons, with the
highest percentage in autumn and winter, decreasing
during the spring and summer periods in the tropical
climate (Henrichs et al., 2014). The correlation between
lactose and fat in the milk was negative among the
components (r = - 0, 25930). As for lactose, it is the sugar
present in milk, and it is also the constituent with lower
rate of change, unlike fat, which has a greater instability
characteristic (Van Soest, 1994). This confirms the
negative correlation result observed in the present study.

Mastitis lead to changes in the constitution of milk
produced by the dairy cow (Pereira et al.,1999). The
highest somatic cell count measurements occur in
summer (Bueno et al., 2005). For the DDE analysis, it
had a negative correlation with the SCC, with a
considered average value. Montanhini et al. (2013), in
their study had found a negative correlation value equal
to -0.227. On the other hand, the result of Rangel et al.
(2009), in his analysis was a positive correlation between
SCC and DDE, for a situation of mechanically milked
cows of the Holstein breed, and DDE, which does not
involve the fat content of milk. The increase in SCC leads
to increased fat levels (Lacerda et al., 2010; Montanhini
et al., 2013). This is due to the fact that inflammation in
the udder caused a decrease in the total volume of milk
produced by the cow and accumulation of fat (Machado
et al., 2000).

The correlation between lactose and SCC, as well as
total solids, was negative for both considered of medium
degree. In agreement with what was exposed by Bueno
et al. (2005), which also had a negative correlation



between SCC and lactose, and it is possible to conclude
that lactose is the constituent with the highest decrease,
and the SCC increases. Reis et al. (2012) also had found
negative mean correlation for lactose and somatic cell
counts. Botaro et al. (2011) stated that cows with mastitis
have a decrease in lactose levels, as a result of the fall in
the synthesis of this constituent under these animal
health conditions.

Conclusion

Thermal comfort directly influences the quality and
guantity of milk produced by dairy cows under conditions
of thermal stress, milk production decreased, milk
composition changed. Indirectly, the thermal comfort
exerts influence in the health and the capacity of defense
of these animals against pathogens.
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Many countries are running short of agricultural land. Even where land appears to be available, soil
fertility, water availability as well as nutrient mining still remains a challenge yet at the same time the
world’s demand for food is rapidly increasing. Millions of square meters of soil are mined each year for
use in vegetable nurseries and in backyard gardens in addition to excessive use of inorganic fertilizers.
There are however a number of soilless growth media and organic sources of plant nutrients that could
be used to address this problem. This study investigated the effects of application of NPK (Nitrogen,
Phosphorus and Potassium) and plant tea (Tithonia diversifolia) manure on selected soilless growing
media on growth rate of Amaranthus cruentus L. This was to determine their suitability as an alternative
growing media. A split plot design was used and the experiments carried out for two seasons. The
soilless growing media investigated were: charcoal dust, saw dust, dry coffee husks, and mixture of
charcoal and saw dust (1:1), saw dust and coffee husks (1:1), charcoal dust and coffee husks (4:1) and
a compound mixture of charcoal dust, sawdust and coffee husks (2:2:1). The growing media were
randomized in the three split blocks with eight pots each. Growth rates in terms of shoot height,
number of leaves, leaf length, leaf width, stem girth and root length were measured for two seasons.
Results indicated that all the growth media could support amaranth growth. However, a mixture of
charcoal dust and dry coffee husk (4:1 respectively) with application of plant tea manure significantly
affected the growth rate of A. cruentus (p<0.05). Mixture of charcoal dust and dry coffee husk (4:1
respectively) with application of either NPK or plant tea manure could be used as the best alternative
growth media. Soilless growth media that constituted of charcoal dust and coffee husks could be
explored for amaranth production in home kitchen gardens in rural areas and backyard gardens in
urban areas.

Key words: Soil, soilless growing media, plant nutrients, amaranth.

INTRODUCTION

According to Wilkinson et al. (2014), surveys of tropical
and sub-tropical areas of Africa, Asia, and Latin America
showed unexpectedly poor field growth of seedlings after
out planting, and correlated this problem with poor root
development because of using soil-based media in

nurseries. These nurseries could be for vegetables, fruits
and trees. One of the major challenges soil-based
agriculture poses is its vulnerability to pests and diseases,
environmental changes such as floods, wind, drought and
climate change. These changes can lead to huge losses
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for farmers (Bout Well, 2014).

Butler and Oebker (2006) reported that soil-based
agriculture is facing some major challenges, with the
advent of civilization all over the world, such as decrease
per capita land availability, incidence of pests and
diseases, soil degradation among others. The degraded
soils require constant addition of inorganic fertilizers if
any better plant growth is to be achieved. These
inorganic fertilizers are relatively expensive and most
local rural people may not afford them. Apart from this,
due to rapid urbanization and industrialization as well as
threats from climate change and its related adverse
effect, the land cultivation is going to further face
challenging threats (Mghemene et al., 2016).

Over the years, vegetables have been grown on natural
soil, however with the increase in population especially in
urban centers, growing vegetables like Amaranthus
cruentus is carried out in containers, sacks within the
compounds and backyard gardens with natural soil as a
growth media. According to Husain et al. (2014) the soil
used is normally collected (mined) from other places like
from the forest, swamp and gardens. This has led to sail
nutrient mining which is one the greatest threats to
agricultural production, decreased crop yields and per
capita food production, in the mid to long term, a key
source of land degradation and environmental damage
according to Henao and Baanante (2006).

Besides, poor soil fertility in some of the cultivable
areas, less chance of natural soil fertility build-up by
microbes due to continuous cultivation, frequent drought
conditions and unpredictability of climate and weather
patterns, rise in temperature, river pollution, poor water
management and wastage of huge amount of water,
decline in ground water level, etc., are threatening food
production under conventional soil-based agriculture.
Under such circumstances, in near future it will become
impossible to feed the entire population using open field
system of agricultural production only. Naturally, soil-less
culture is becoming more relevant in the present
scenario, to cope-up with these challenges. In soil-less
culture, plants are raised without soil. Improved space
and water conserving methods of food production under
soil-less culture have shown some promising results all
over the World (Sengupta and Banerjee, 2012).

The recommended alternative according to Soga
(2010) is to replace soil-based media whenever possible
with organic-based media. If soil must be used, it should
be only a small percentage of the mix, amended with
other ingredients to overcome some of the problems.
According to Nkonya et al. (2012) about 60% of the total
land area is marginally suitable for cultivation due to
limited organic matter and water retention capacity while
close to 30% is considered degraded and vulnerable to

*Corresponding author. E-mail: rosechemutai77@yahoo.com.

erosion. Sub-Saharan Africa suffers from extensive soil
degradation, threatening the livelihoods of the 70% of
Africans who are involved in agriculture. The poor quality
of soils is another constraining environmental factor. For
example, phosphorus deficiency, low organic content,
and low water infiltration and retention capacity on much
of African soil have been limiting factors in agriculture.
Unlike climate variability, this problem can be addressed:
soil quality can be augmented through careful
management and soil nutrient supplementation.

Depardieu et al. (2016) reported that due to increasing
risks of water scarcity resulting from climate change and
the intensification of crop production worldwide, the
agricultural sector needs to improve water use efficiency
for crop production. At present, soilless cultivation under
protective conditions is an intense cultivation method that
can provide more efficient use of water. The increasing
demand for low cost, environmental friendly and highly
performing soilless substrates for crop production has led
to the search for alternative materials as constituents of
growth media such as organic wastes from the agri-food
and agriculture industries. Organic substrates are usually
preferred because of their low costs, biodegradability and
their high productivity potentials (Caron et al., 2015).

Soilless growing media

The origins of soilless culture go back at least to the 17th
century when, in 1666, Boyle attempted to grow plants in
"vials containing nothing but water", and reported that
one species (spearmint, Raphanza aquatica) survived for
nine months (Olympios, 1999). Soilless cultivation
addresses the problem of dwindling farmlands, as plant
roots do not need to stretch much to reach nutrients; the
nutrients they need are supplied in the nutrient formula
(Bout Well, 2014).

According to Olympios (1999), the main advantages of
soilless culture are the most accurate control over the
supply of water, nutrients, pH, root temperature, increase
productivity due to easier and more accurate control of
production factors, reduction of labour requirement, no
need for soil sterilization and more crops per year. With
soilless agriculture, plants may be cultivated indoors,
where they are protected against potential destructive
environmental elements. Crop yields are also stable and
much higher due to the use of artificial lighting, making it
possible to grow year-round. Soilless cultivation requires
little-to-no pesticides or herbicides, or can get by using
minimal amounts of organic options. Crops grown in
protected environments are fed optimally and experience
less stress. This makes them better able to resist the
pests. Furthermore, weeds are not a problem in soilless
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cultivation since they require soil to grow (Boutwell,
2014).

According to Bhardwaj (2013) and Salisa et al. (2016)
in studies on effects of soilless growing media on
germination of different plants, found out that growing
media plays important role in seedling emergence and
quality of the seedlings produced. A good growing media
provides sufficient anchorage or support to the plant,
reservoir for nutrients and water and permit gaseous
exchange between root and atmosphere outside the root
substrate (Sardoei and Shahdadneghad, 2015).

Coffee husks

According to Nguyen et al. (2013) coffee husks may be
added into soil when used alone or in combination with
NPK. Application of fertilizers as amendments improves
the chemical characteristics of the soil. The reduction in
mineral fertilizer application through their supplementation
with organic sources, such as coffee husk makes the use
of soil nutrient amendments affordable to small holder
farmers, guarantees and improves soil life. Application of
coffee waste in sandy soil increases the availability of
phosphorus, retained soil water from 53 to 60%. It also
promotes the retention of basic cations and immobilized
manganese. Coffee waste also has the potential to be
used as a liming material, NPK fertilizer and has the
benefit of increasing water and nutrient retention
(Kasongo et al., 2011).

Charcoal dust

Ukrfuel (2015) reported that moisture content together
with the ash content are very important charcoal’s
chemical properties that define its quality. Moisture
lowers the heating value of charcoal. Usually fresh
charcoal from the kiln contains less than 1% of moisture,
however due to humidity of the air the moisture content
can reach 5 to 10%. When the hygroscopicity of charcoal
increased, the moisture content of charcoal can rise to
15% or even more. The reason for high cation exchange
capacity on charcoal dust is due the process of pyrolysis
that causes increase in the surface area after pyrolysis.
Secondly, there is an increase in charge density on the
surface. Generally, the higher the pyrolysis temperature
the higher the charcoal dust surface area. This high
surface area is in the form of micro/nanopores (Gomez-
Eyles et al., 2013).

Saw dust

According to Tran (2005), sawdust holds potential as a
contributing carbon source for increasing soil organic
matter when applied to soil. Marinou et al. (2013) also
added that sawdust is widely used as a growth medium
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component in areas with wood processing industries,
because of its low cost, high moisture retention, and high
availability.

Plant nutrients (NPK)

According to Mariana et al. (2015), soil is the main source
of mineral nutrients and water for plants, but its ability to
provide plant nutrients needed varies depending on the
level of fertility. The removal of nutrients from the soil into
the plant by sucking them through leaching or other
processes related to the natural dynamics of soil,
reducing entail the contents of mobile forms of nutrients
and the gradual decline of production capacity of soils.
For these reasons, it is necessary to applying mineral
and organic fertilizers. Plants require essential nutrients
for normal functioning and growth. A plant’s sufficiency
range is the range of nutrient amount necessary to meet
the plant’'s nutritional needs and maximize growth
(McCauley et al., 2011).

NPK fertilizer is primarily composed of three main
elements: Nitrogen (N), Phosphorus (P), and Potassium
(K), each of these being essential in plant nutrition.
Among other benefits, Nitrogen helps plants grow quickly,
while also increasing the production of seed and fruit, and
bettering the quality of leaf and forage crops. Nitrogen is
also a component of chlorophyll, the substance that gives
plants their green color, and also aids in photosynthesis
(Okese, 2016).

Plant tea manure made from Tithonia (Tithonia
diversifolia)

Tithonia produces a nutrient-rich (N, K and P) biomass
and its positive effect on subsequent rice and maize
crops has been reported from Africa and Brazil as
reported by Partey (2010). In addition, T. diversifolia
causes immediate and sustained increase in soil pH and
an immediate and sustained decrease in extractable
Aluminium in soils. Its abundance and adaptability,
coupled with its rapid growth rate and very high vegetative
matter turnover, makes it a candidate species for soil
rejuvenation and improvement, as a green manure or as
a major component of compost manure. Different
practices have been reported: Mexican sunflower can be
left to decompose on the field, or it can be turned into
green manure according to Olabode et al. (2007).

Amaranth (A. cruentus)

Common names: purple amaranth, red amaranth, red
shank, bush greens, African spinach, Indian spinach
(En.); amaranteétalée, queue de renard (Fr.); achita,
bledo (Sp.). This amaranth species was domesticated as
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a grain in Mesoamerica and found its way to the tropics
and subtropics of the Old World during colonial times. It is
used for grain production (pseudo cereal), as a leafy
vegetable, and for ornamental purposes. In tropical Africa
it is a traditional, highly productive, nutritious and
economically important leafy vegetable (Andreas, 2011).
Amaranthus originated in America and is one of the
oldest food crops in the world, with evidence of its
cultivation reaching back as far as 6700 BC.

Most of the vegetables consumed in the urban centres
in sub-Saharan Africa are grown on soil mined and
collected far away from swamps, forest or gardens. The
yield from these soils does not match with high demand
of vegetables therefore more has to be transported from
some miles away in the rural villages using motor cycles
and vehicles. This leads to soil nutrient mining which is
one the greatest threats to agricultural production,
decreased crop yields and per capita food production.
This is one of the mid to long term, a key source of land
degradation and environmental damage according to
Henao et al. (2006). Transporting of vegetables using
motorcycles and vehicles which use the fossil fuels
contributes to the carbon dioxide emissions that are
responsible for the greenhouse gases and their effect on
global warming and climate change. According Viljoen
and Bohn (2014) when food is produced in the city, food
miles are generally reduced which may as well reduce
carbon dioxide emissions linked to it (Viljoen and Bohn,
2014).

Many countries are running short on agricultural land at
the same time the world’s demand for food is rapidly
increasing. Soil and water fertility decline, nutrient mining
still remain a challenge in many countries in sub-Saharan
Africa. Harvesting topsoil is actually a mining operation
that uses up a limited resource that took thousands of
years to develop. Millions of square meters of soil are
mined each year for use in, vegetable nurseries and in
backyard gardens in addition to excessive use of
inorganic fertilizers. However, soil fertility status has
attained a saturation level, and productivity is not
increasing further with increased level of fertilizer
application (Sengupta and Banerjee, 2012). There are
however a number of soilless growth media and organic
source of plant nutrients that could be used to address
this problems.

METHODOLOGY

This study was conducted in Luweero District in Central Uganda,
0.712°N, 32.1250 specifically at Bukalasa Agricultural College
green house. The green house was typical standard green house
for horticultural production in tropical Africa. It was well insulated
with a transparent and translucent polyethene material. The inside
environment was well aerated with temperature ranging from 24°C
in a cool weather to 30°C on warm weather conditions. The source
of water was from the taps and watering using Watering Can. This
was regularly carried out early in the morning and sometimes in the
evening depending on the weather conditions (Jyopti and Davidson,
2015).

Preparation of research materials

To determine the effects of application of NPK, plant tea manure on
selected soilless growing media on plant growth, an experiment
was conducted using A. cruentus L. as model plant. The different
growing media were prepared by carrying out the following
activities: sorting, sifting and boiling. The dry coffee husks (Robusta
coffee husks) were boiled in order to soften it. The different media
were measured in the right ratios, mixed and potted. Proper mixing
of the media was ensured to avoid variations in container plant
quality. The pots were arranged in randomized blocks in the
greenhouse and watered thoroughly (Brein, 2013).

The sources of plant nutrients included NPK (17:17:17) which
was purchased from the farm shops. It was applied at a rate of 2
g/pot. Tithonia (Mexican sunflower) was obtained from the college
farm hedge. Plant tea manure was prepared from fresh Tithonia
(Mexican sunflower) leaves (1 kg) cut into small pieces of 3 to 4 cm
and soaked in 10 L of water, kept in the dark place and stirred
regularly for 7 days (Nalunga, 2014; Partey, 2010). After that it was
filtered to remove the residues and the filtrate is diluted at a ratio of
1 L:10 L of water for root application or 1 L:20 L for foliar application
of plant tea manure and water, respectively. Each of the different
sources of nutrients was applied to specific plots as shown in the
research design (Koller et al., 2016).

The experimental design

A split plot design was used to carry out the investigations. Using
this design enabled the control of all other factors which would have
affected the research experiment. It also helped in making
comparisons between the effects of different sources of nutrient
(treatments) on soil and the different soilless growing media on
growth rate of A. cruentus (O'Connor et al., 2018).

Twenty four 10 L plastic experimental pots, each perforated at
the base to permit drainage of excess water each were filled with:
soil, coffee husks, sawdust, and the different combinations of the
soilless growth media, respectively as shown in Table 1. The
distance between blocks was 1 m apart and between pots in the
respective blocks was 30 cm and were randomly arranged (Koller et
al., 2016; Brein, 2013).

All the pots were watered and left to rest for 48 h. A. cruentus
seeds mixed with sand were planted in each pot with a spacing of 2
cmx10 cm and covered thinly with soil. At the growth period of 2
weeks, the plants were thinned and six plants were left to grow in
each of the pots throughout the experimental period (Kamara et al.,
2016).

The first group (block 1) of plants in the different growth media
(T1 - T8) received no treatment and was used as a control. The
second group (block 2) received NPK (17:17:17). The third group
(block 3) received plant tea manure on weekly intervals (Tithonia
plant tea manure). The two treatments were applied at 2 weeks
after planting. The plants were allowed to grow and watered at
alternate days as necessary. Subsequently, the growth parameters
were recorded on weekly intervals for 5 weeks. By this time most of
the plants in the different growing media and the different
combinations with the different sources of nutrients had reached
reasonable size for better observations and recording of data (Both
etal.,, 2015).

Data collection methods and tools

The methods use to collect date included physical observation and
measurements. The tools included camera (photographs), 30 cm
ruler, and 3 m tape measure to measure leaf length, width and
shoot height. Vernier calipers (12.5 cm Chinese make) were used
to measure the stem girth. The shoot height was measured from the
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Table 1. (a) Showing growth media composition of different plant growth media used in the

research. (b) Layout of the experiment

Growth media

Growth media (% or volume ratio)

T1 Natural soil 100%

T2 Saw dust 100%

T3 Charcoal dust 100%

T4 Coffee husks 100%

T5 Saw dust + charcoal dust (1:1)

T6 Saw dust + Coffee husks (1:1)

T7 Charcoal dust + Coffee husk (4:1)

T8 Charcoal dust + Saw dust + coffee husks (2:2:1)

Control (Block 1)

NPK (Block 2)

Plant tea (Block 3)

Tl T4
T2 T8
T3 T7
T4 T6
T5 T2
T6 T3
T7 T1
T8 T5

T6
T5
T1
T3
T7
T8
T4
T2

collar region to the end of the shoot tip or foliage. The stem girth
was measured at the collar region (cotyledon scar) using the vernier
calipers. The root length was measured from the collar region to the
end of the tap root tip (Pooter et al., 2016). The seed emergence
was verified by observing the seedlings that had emerged in each
pot in the first four to five days (Carta et al., 2016).

At 2 weeks after planting, the initial growth and development
parameters such as number of leaves and shoot height were
recorded. Thereafter as the seedlings growth progressed
observations on growth indicators were recorded on weekly basis.
A. cruentus has soft and tender stems that are quite delicate
therefore the stem girth and the root length were determined at the
end of the experiment. After termination of the first experiment the
different growth media were left to rest for one month then fresh
seeds were planted. This was used to determine whether the
different soilless growing media can be reused for growing (Barrett
et al., 2016).

The data recorded were analyzed using SPSS Version 16 and
Genstat 2.0 software packages. For each response variable, two
phases of statistical analysis were employed. The first step involved
one way analysis of variance (ANOVA) to compare whether the
observed response among the main factors of interest; different
growing media and treatments were significant. The second phase
involved further analysis in comparing means to detect the
differences among the different growing media and the treatments.
The means of significant response parameters were separated
using the Tukey-Kramer Honestly Significant Difference (HSD) test
at p<0.05 level of significance. This was used for separating means
of different plant growth parameters and their level of significance
and to determine the differences between groups (Abdi and
Williams, 2017).

FINDINGS
Shoot height

Figure 2 shows clearly that the soilless growing media

that had the best performance in terms of shoot height is
T7 (mixture of charcoal dust and coffee husks 4:1, T3
(charcoal dust) and T4 (coffee husks). However, T7 had
the highest coefficient of variation compared to all the
other soilless growing media. Further analysis was
conducted using ANOVA in Table 3.

There was a significant difference between means of
heights of A. cruentus grown in different growing media at
p<0.001<0.05. These findings confirm the observations
illustrated in Figure 1. It indicated that the application of
NPK and plant tea manure affects the growth rate of A.
cruentus, shoot height in particular. From these findings
therefore the null hypothesis which stated that application
of NPK and plant tea manure on selected soilless media
has no effect on the growth rate of A. cruentus was
rejected.

The data on Tables 3 and 4 present sufficient evidence
that there was a statistically significant difference in shoot
height in different growing media and treatments. These
clearly show that the different growing media and
treatments have effects on the growth in height of A.
cruentus.

Number of leaves

The data in Table 5 shows that there was statistically
significant evidence that different treatments have an
effect in growth in the number of leaves (p<0.001<0.05).
Stem girth

The data in Table 7 shows that there was statistically
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Figure 1. Making observations and recording data.
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Figure 2. Shoot height in different growing media.
Table 3. Summary of ANOVA on shoot height in different growing media.
Shoot height Sum of squares df Mean square F Sig.
Between Groups 25367.692 7 3623.956 143.662 0.001
Within Groups 28857.982 1144 25.226 - -
Total 54225.675 1151 - - -

significant evidence that the stem girth of A. cruentus was
different in the different growing media. This further
confirms that application of NPK and plant tea manure

cruentus. The null

has an effect on the growth rate (attributes) of A.
hypothesis which states
application of NPK and plant tea manure on soil soilless

that
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Table 4. Summary of ANOVA on shoot height of in different treatments.

Shoot height Sum of squares df Mean square F Sig.
Between Groups 487.295 2 243.647 5.210 0.006
Within Groups 53738.380 1149 46.770 - -
Total 54225.675 1151 - - -

Table 5. Summary of ANOVA on number of leaves of in different treatments.

No. leaves Sum of squares df Mean square F Sig.
Between Groups 1525.352 2 1525.352 67.478 0.001
Within Groups 19485.741 862 22.605 - -
Total 21011.093 863 - - -

Table 6. Summary statistics for stem girth in different growing media.

Growth media T1 T2 T3 T4 T5 T6 T7 T8
Mean 0.794 0.0233 0.35 0.058 0.0654 0.0322 0.48 0.0383

Table 7. Summary of ANOVA stem girth in different growth media.

Stem girth Sum of squares df Mean square F Sig.
Between Groups 20.322 7 2.903 106.409 0.001
Within Groups 7.639 280 0.027 - -
Total 27.961 287 - - -

Table 8. Summary of ANOVA root length in different growing media and treatments.

Parameter Sum of squares df Mean square F Sig.
Between Groups 7710.841 7 1101.549 120.905 0.001
Root length ~ Within Groups 2551.034 280 9.111 - -
Total 10261.875 287 - - -
Between Groups 0.000 7 0.000 0.000 1.000
Treatment Within Groups 192.000 280 0.686 - -
Total 192.000 287 - - -
growth media has no effect was therefore rejected. length was not statistically significant in different growth

media with the application of the different treatments
(p>1.00>0.05).
Root length

Data in Table 8 clearly shows that there was a DISCUSSION

statistically significant difference in root length between

groups in different soilless growing media (p<.001<0.05) The results indicate that the application of NPK and plant
(Figure 3). However, the data also showed that root tea manure has effect on the growth of A. cruentus on
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Figure 3. Stem girth in different growing media.

selected soilless growing media (Makinde et al., 2011).

Shoot height

Figures 2 and 3 reveal that the soilless media T7 had
better performance compared to the rest. The mixture of
coffee husks and charcoal dust had a significant effect on
the shoot height of amaranth. This is in line with Rabani
(2018), he found that growth media affects roots as well
as shoot growth of lentils. Similar findings were also
reported by Crush et al. (2005) and Olosunde et al.

(2009).

Number of leaves and stem girth

As shown on Tables 5 and 6, the leaves and shoot height
were similarly affected by the growth media as well as the
stem girth. These findings confirm that of Chalwa and
Mahta (2015) who also found that growing media affects
the survival and growth of transplanted Litchi layers with
better root development and therefore better leaf growth.
Ibironke and Victor (2016) also reported similar results
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Figure 4. Root length in different growing media.

that growth media has significant influence on number of
leaves per plant. However other soilless growing media
showed no significance on the number of leaves and the
stem girth. This could be attributed to their structural
differences and ability to release nutrients required for
plant growth (Olubanjo and Alade, 2018).

Root length

T7 still showed the significant effects on the root length of
amaranth. These findings are also in line with the study
carried out by Magesa et al. (2017) where he found that
growth media affects the rooting stem cuttings of hybrid
coffee. These results show that root length is determined
by the media where it is grown. Furthermore Fagge and
Manga (2011) found that root length in most cases is
related to the growing media. Growing media that has
good structure with enough pore space and ability to hold
adequate water and plant nutrients for plant growth is an
ideal media for proper root growth (University of Maine,
2019).

The mixture of coffee husks and charcoal dust is well
aerated, porous thereby promoting rapid absorption of
nutrients facilitating root penetration and eventual plant
growth observed in shoot height, number of leaves, stem
girth, and root length among others. Therefore, addition
of either NPK or plant tea manure further enriches the
mixture with plant nutrients. Fairhurst (2012) reported that
coffee husks when added into the soil improve its
chemical properties. These chemical properties include
water holding capacity, aeration and cation exchange
capacity (Mukherjee, 2013; Gomez-Eyles et al., 2013).
Growing media with a high cation exchange capacity
withhold cation and act as a long-term cache. In general,

an abundance of small to medium-sized pores can
enhance the surface area of the material. The high
surface area of charcoal dust provides space for
formation of bonds and complexes with cations and
anions with metals and elements on its surface which
improves the nutrient retention capacity. This high
surface area is in the form of micro/nanopores that can
tightly trap ions (e.g., NH,") and water cannot flush them
out (Haven, 2010). This capacity is the reason charcoal
dust is able to hold water for long compared to other
soilless growth media (Barrett et al., 2016).

Coffee husks are organic substrates which are highly
biodegradable. Therefore, after it breaks down it avails all
the nutrients for pant growth. This confirms the report by
Caron et al. (2015). Kasongo et al. (2011) also reported
that addition of coffee husks in soil promote the retention
of basic cations and immobilized manganese as
improving the pH of soil due its liming properties.

Charcoal dust is porous and hygroscopic in nature
which makes it absorb moisture from the air. The porous
nature also makes it well aerated therefore facilitating
root penetration and eventual plant growth. These
properties also make charcoal dust to hold water,
regulate its temperature due to its dark colour and
availability of nutrients for plant growth. This confirms the
report by Ukrfuel (2015) that quality charcoal has the
moisture content of around 5 to 15% of the gross weight
of charcoal.

Conclusion
The findings of the study showed that NPK and plant tea

manure influence significantly the growth rate of A.
cruentus grown on a mixture of charcoal dust and coffee
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husks as a growing media. A. cruentus reached a height
of 26 cm at 5 weeks from the time of planting. This
growth rate is even higher than for natural soil conditions.
Therefore, the best alternative soilless growing media
that gave outstanding performance on the growth
attributes of A. cruentus was the mixture of charcoal dust
and coffee husks in the ratio of 4:1, respectively. It can
therefore be used as an alternative growing media for
growing A. cruentus and plant tea manure as an
alternative source of plant nutrients.

RECOMMENDATIONS

Rising tree and vegetable seedlings in nurseries as well
as kitchen gardening and urban farming should be
carried out using the soilless growing media: a mixture of
charcoal dust and coffee husks. Harvesting topsoil is not
a sustainable operation that uses up a limited resource
that took thousands of years to develop. Therefore, by
using the soilless, soil mining, nutrient mining, food miles,
soil degradation and environmental pollution could be
avoided. Coffee husks as a bio-waste should be put to
agricultural use by mixing it with charcoal dust so that it is
properly put into useful use. This will also further help to
reduce soil degradation and environmental pollution
which are of great challenge in soil based agriculture and
also proper management and disposal of coffee husks
which present major challenges in countries where coffee
is produced in large scale.

More research is needed on the different soilless

growing media in open field conditions so that the
findings could easily be adopted by the people even in
local communities who do not have green houses.
Furthermore, there is need to carry out research to
determine the nutritive profile of A. cruentus grown on
soilless growing media. Carrying out this would help in
establishing the possibility of coming up with a soilless
media with best quality growth conditions and A. cruentus
with higher nutrients (higher quality) which is good for
human health. This would further help the current vitamin
A deficiency which is one of the major health problems in
Uganda and sub-Saharan Africa at large.
Further research should also be carried out to determine
the possibility of using charcoal dust as a growing media
for other vegetables like tomatoes, egg plants and other
African leafy vegetables that are highly nutritious as well
as in flower farms to avoid the importation of cocoa peat
which is expensive.

There is need to establish the possibility of popularizing
amaranth as a leafy and grain vegetable as an alternative
vegetable/crop which requires less inputs, easy to
establish and manage for income generation in marginal
areas in Uganda
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Shortage of irrigation water at critical melon growth stages can be the most important limiting factor in
the future due to climate change, especially in the Mediterranean region. Apart from the improvement of
irrigation systems and crop management, the development of drought tolerant cultivars by genetic
breeding is the best solution to achieve stable yields. Screening germplasm collections is a
prerequisite for that. A melon core collection was evaluated in the current work in two assays. Seven
morphological traits were assessed at plantlet stage and compared under drought and standard
conditions imposed. Significant differences for all traits were recorded among the sixty accessions
evaluated. Clustering analysis also grouped the accessions according to their response to drought,
detecting some landraces and wild types of interest, mainly of Indian and African origin, although the
best behavior under drought was found in a flexuosus melon from Irak. Some Spanish inodorus
landraces also showed better response than the average behavior of commercial types. The
employment of this set of traits has allowed screening a large germplasm collection in an easy and non-
expensive way, in one of the most sensitive developmental stages.

Key words: Cucumis melo germplasm, morphological seedling traits, abiotic stress, response to drought,

variability

INTRODUCTION

Melon (Cucumis melo L.; 2n=2x= 24), which belongs to
Cucurbitaceae family, is one of the most important fruit
crops worldwide. Approximately about 31 million tonnes
of melons were produced worldwide with more than 1.2
million ha harvested in 2016 (FAOSTAT, 2018). In
addition to China, which is the main producer country
with nearly 16 million tonnes, Egypt and Spain are also
important producers, ranking 4 and 8th position, with
about 1 million and 660,000 tonnes produced in 2016,
respectively (FAOSTAT, 2018). In fact, in 2016 Spain

was the second exporter in the world after Guatemala.
Therefore, due to its economic relevance, the
development of new melon cultivars adapted to different
biotic and abiotic stresses and with high quality standards
is required by global markets. This includes the tolerance
or resistance to drought and salinity, as climate change is
likely to affect many croplands, particularly in the
Mediterranean region where is predicted an important
increase of arid areas (Turral et al., 2011). The incidence
of this stress and the resulting losses in yield for many
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crops including melon, are a major threat to economic
and social stability in many societies, since developing
countries probably will suffer the consequences more
drastically. In addition, weed invasion can aggravate this
problem in croplands with no weed management, since
competition for water, light and nutrients takes place, also
affecting seed germination (Yigit et al., 2016). Several
studies have focused on the determination of optimum
irrigation requirements in melon, as water scarcity is a
growing problem nowadays in many melon-producer
regions (Kusvuran et al., 2011; Lima et al., 2017).
Negative effects of excessive watering in melon have
been reported such as an increase in the presence of
rotten fruits, flesh vitrescence or flesh sweetness loss
(Sensoy et al., 2007). However, as previously said, water
deficit can seriously affect yield (Sensoy et al., 2007;
Sharma et al., 2016), fruit size (Fabeiro et al., 2002; Long
et al., 2006), and can cause an important reduction in
biomass finally leading to plant death (Kusvuran, 2010).
This reduction in growth under drought and salinity is
consequence of several physiological responses
including modifications of ion balance, mineral nutrition
and photosynthetic efficiency. The rate of photosynthetic
CO, assimilation is reduced and generally implies
oxidative stress. Additionally, metabolic disturbances and
fruit quality effects due to salt stress have been described
in melon, whose fruits usually become soft, wrinkled and
turn brown, displaying premature ripening. In contrast,
activation of secondary metabolism with positive effects
on fruit quality (antioxidant compounds, aroma) also has
been reported in several species in response to deficit of
water (Ripoll et al., 2014).

Although plants can be affected by drought at any time
of their life, presenting unique challenges to growth and
productivity, one of the most critical stages are during
germination and seedling growth (early-season drought).
In fact, recent studies such as the one by Yigit et al.
(2016) and Sevik and Cetin (2015) carried out with
landscape species, have focused on the germination
rate, reporting significant falls under water stress. In
addition, early drought stress experienced during the
seedling stage, when plants are very sensitive to this
deficit, provokes significant inhibition of growth and
developmental delay (Blum, 1996).

Drought tolerance is a function of several
morphological traits such as reduced leaf area or
stomatal density, physiological aspects such as low
transpiration rate or cell membrane fluidity (Cetin et al.,
2018); and biochemical composition such as proline or
trehalose accumulation, which are effective indices for
screening in breeding programs (Ashraf and Foolad,
2007; Cha-um and Kirdmanee, 2009). Regarding
biochemical indices, studies by Dasgan et al. (2009) and
Kusvuran et al. (2013) suggested citrulline as a good
indicator of tolerance to salinity and drought as they
reported higher accumulation in tolerant melon
accessions in comparison to sensitive ones.

Characterization of these drought-tolerance-related traits
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under water stress conditions have been assessed in
several species, including seedling traits like shoot and
root weight and lengths, root/shoot ratio and coleoptiles
length at seedling stage (Taiz and Zeiger, 2006; Zhang et
al., 2011; zafar and Azhar, 2015; Akinwale et al., 2017).

A few candidate genes for drought tolerance in crops
have been characterized to date (Ripoll et al., 2014), and
metabolic pathways and differential gene expression
related to this stress are still not well understood.
Recently, in the model plant Arabidopsis, Fabregas et al.
(2018) have overexpressed BRL3, a brassinosteroid
receptor, conferring drought tolerance without affecting
plant growth, and in melon, Altunoglu et al. (2017)
identified several LEA genes which were up-regulated
under drought conditions. Nevertheless, routine
screening for drought tolerance is nowadays carried out
by phenotyping the response under deficiency and not by
the analysis of particular drought-related genes.

C. melo is a very polymorphic species that exhibits high
levels of diversity regarding morphological, physiological
and biochemical aspects, including tolerance to different
abiotic and biotic stresses (Esteras et al., 2013; Pitrat,
2017). This species is divided into two subspecies,
subsp. melo and subsp. agrestis (Kirkbride, 1993).
Although in the last classification, Pitrat (2017) reported
19 horticultural groups, a simplified version adapted from
Pitrat (2008) is usually adopted: inodorus, cantalupensis-
reticulatus, adana, chandalak, ameri, chate, flexuosus,
and dudaim (in subsp. melo), and momordica, conomon,
chinensis, makuwa, acidulus, tibish and wild agrestis (in
subsp. agrestis). The extant diversity in the species for
drought tolerance is nowadays underexploited, as few
studies have been carried out searching for drought-
tolerant accessions (Kusvuran et al., 2013; Pandey et al.,
2013, 2018; Ozer et al.,, 2015; Sharma et al., 2016;
Leskovar et al., 2017).

In this context, we present the characterization of a
melon germplasm collection representing most of the
variability of the species, with several morphological traits
easily-measured at seedling stage with the aim to search
for new genotypes most adapted to the increasing lack of
water. The finding of these resources may provide
valuable information about potential crosses in future
breeding programs to develop drought-tolerant
commercial varieties. Also, the most tolerant landraces
reported may be used to develop varieties better adapted
to local farming systems in developing countries.

MATERIALS AND METHODS

A set of 60 melon accessions representing the huge diversity of the
species and including melon varieties, from diverse origins,
maintained at the COMAV’s (Institute for the Conservation and
Breeding of Agricultural Biodiversity) core collection at Polytechnic
University of Valencia (UPV, Spain) (Esteras et al., 2013; Leida et
al., 2015), and some wild accessions from India held at Germplasm
Resources Information Network-National Plant Germplasm System,
USDA (GRIN-NPGS) (Table 1), were analyzed for their response to
early-drought in two assays.



1182 Afr. J. Agric. Res.

Table 1. Accessions included in the study.

Genotype code’ Accession name’ Reference Origin subsp. Variety/Hort. group Assay
Ac-TGR1551Zimb TGR1551 Leida et al. (2015)  Zimbabwe agrestis acidulus 1
Ac-TGR1843Zimb Pl 482429 Leida etal. (2015)  Zimbabwe agrestis acidulus 2
Ag-15591Gha Pl 185111 Leida etal. (2015) Ghana agrestis wild melon 1
Ag-C38Nig CO38 (CUM 287) Leida et al. (2015)  Nigeria agrestis wild melon 1
Ag-Calllnd Callosus Leida etal. (2015) India agrestis wild melon 2
Ag-Callosusind Pl 435284 Endl et al. (2018) India agrestis wild melon 2
Ag-Chibbarind PI 532839 - India agrestis wild melon 2
Ag-Cuba Cuba Leida et al. (2015) Cuba agrestis wild melon 2
Ag-FadSud Fadasi Leida etal. (2015)  Sudan agrestis wild melon 2
Ag-HumSud Humaid Leida et al. (2015)  Sudan agrestis wild melon 2
Ag-KSM428Ind Pl 614465 - India agrestis wild melon 2
Ag-KSM528Ind Pl 614518 - India agrestis wild melon 2
Ag-KSM531Ind Pl 614521 - India agrestis wild melon 2
Ag-MelCol Meloncillo Leida et al. (2015)  Colombia agrestis wild melon 1
Ag-SM2Ind_B P1 381782 B - India agrestis wild melon 2
Ag-SM2Ind_A P1 381782 A - India agrestis wild melon 2
Ag-TendSud Tendelti Leida et al. (2015)  Sudan agrestis wild melon 2
Ag-USM170Ind P1 614307 - India agrestis wild melon 2
Ag-Velliind Pl 164320 Leida et al. (2015) India agrestis wild melon 2
Ag-WChind Wild Chibbar Leida et al. (2015) India agrestis wild melon 2
Am-3584Afg Pl 125951 Leida et al. (2015)  Afghanistan melo ameri 1
Am-AfrMor Afr-c-1 Leida et al. (2015)  Morocco melo ameri 2
Am-ApelRus Apelsinaja Leida etal. (2015)  Russia melo ameri 1
Am-ChandAfg Chandalack (P1 276660) Leida et al. (2015)  Afghanistan melo ameri 1
Am-GalaTun Galaoui Leida et al. (2015)  Tunisia melo ameri 2
Am-HassanTur Hassanbey (Pl 169368) Leida et al. (2015)  Turkey melo ameri 1
Am-KafEgy Kafr Hakim (Pl 288233) Leida et al. (2015)  Egypt melo ameri 2
Am-KizilUzbe Kizil-uruk Esteras et al. (2013) Uzbekistan melo ameri 1
Am-KokUzb Kokcha (ASI-C-5) Leida et al. (2015)  Uzbekistan melo ameri 1
Am-NanaGeorg Nanatri Leida etal. (2015)  Georgia melo ameri 1,2
Am-NesviGeor Mucha Nesvi Leida et al. (2015)  Georgia melo ameri 2
Am-OuzUzb Quzbeque Leida etal. (2015)  Uzbekistan melo ameri 2
Am-U1715Br CUM502 Brazil agrestis ameri 2
Can-NYilsr Noy Israel Leida et al. (2015) Israel melo cantalupensis 1
Can-U1716Br Casca de Carvalho Brazil agrestis cantalupensis 2
Can-VedFran Vedrantais Leida et al. (2015)  France melo cantalupensis 1
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Con-Co6Chi Makuwa Leida et al. (2015) China agrestis
Con-Pat81Ko Pat 81 Leida et al. (2015) Korea agrestis
Con-SCKo Songwhan Charmi (Pl 161375) Leida et al. (2015) Korea agrestis
Con-ShiroJa Shiro Uri Okayama Leida et al. (2015) Japan agrestis
Dud-254Afg CUM 254 Nunes et al. (2017)  Afganistan melo
Dud-QPMAfg Queen's pocket melon Leida et al. (2015) Afganistan melo
Flex-AlficozSp Alficoz Leida et al. (2015) Spain melo
Flex-Aryalnd Arya Leida et al. (2015) India melo
Flex-Khilrak Khiar Leida et al. (2015) Irak melo
In-AmCafiSp Cafia Dulce Leida et al. (2015) Spain melo
In-BBescrSp Blanco Escrito Leida et al. (2015) Spain melo
In-BTempSp Blanco Tempranillo Leida et al. (2015) Spain melo
In-MaazTun Maazoon Leida et al. (2015) Tunisia melo
In-PsPifiSp Piel de sapo Pifionet Leida et al. (2015) Spain melo
In-RoMoch1Sp Mochuelo Leida et al. (2015) Spain melo
In-StutzUSA CUM 468, Stutz Supreme Nunes et al. (2017) USA melo
In-TeLVillSp Largo de Villaconejos Leida et al. (2015) Spain melo
In-TeMollSp Mollerusa Leida et al. (2015) Spain melo
La-Bol Bol-84 Leida et al. (2015) Bolivia melo
La-VoaMad Voatango Leida et al. (2015) Madagascar agrestis
Mom-Khalnd Kharbuja Leida et al. (2015) India agrestis
Mom-PI124Ind PI1124112 Leida et al. (2015) India agrestis
F1 PSxDud
F1_PSxCon

conomon-makuwa-chinensis
conomon-makuwa-chinensis
conomon-makuwa-chinensis
conomon-makuwa-chinensis
dudaim

dudaim

flexuosus

flexuosus

flexuosus

inodorus

inodorus

inodorus

inodorus

inodorus

inodorus

inodorus

inodorus

inodorus

indeterminate landrace
indeterminate landrace
momordica

momordica

hybrid Inodorus x dudaim
hybrid Inodorus x conomon

NP RPRPRRPRRRPRPRPRPRRNRPRPRPRPRPRRPRRPREPRERNERLER

'Some codes employed in previous studies. 2Pl and CUM accessions were kindly provided by NPGS-USDA and IPK genebanks respectively.

Two assays were performed under greenhouse conditions
in Valencia (UPV facilities) with the following conditions:
average air temperature of 27.8°C and average humidity
61.5%. The first assay was conducted from June to the
end of July, while the second assay was conducted from
August to the end of September. Seeds were germinated
in a pre-germination chamber for 24 h at a temperature
37°C. Afterwards, the uniform-sized seedlings were
transferred into plastic pots (one seedling/pot, 55 x45 cm)
with commercial substrate (Huminsubstrat N3®) at the
cotyledon stage. A triplicate complete randomized block
design (RCBD) was used. The plantlets grew under the

same conditions until the three-leaf stage. Subsequently,
plants were divided into two groups, and different
conditions were applied: drought and standard conditions.
For drought condition, the water deficit was achieved by
watering the plants with a decrease of 50% of water with
respect to standard irrigation (control). The application of
drought was accomplished and monitored using ECH,O
EC-5 capacitance sensors connected to an Em50 data
logger using the ECH,O Utility software (Decagon Devices
Inc., Pullman WA., USA). When the humidity degree
reached 15%, plants were approximately 45 days under
this condition and were phenotyped. Plants (5 to 10) were

evaluated per accession and condition. The seven
morphological traits selected as indicators of drought
tolerance at plantlet stage were: first leaf curled score,
second leaf curled score, length (cm), fresh weight (g), dry
weight (g), number of green leaves, and number of brown
leaves. High percentage of curled leaf area is indicative of
high susceptibility to drought. The leaf score employed was
a 1-5 scale, where 0 is 0%, 1 is 1-5%, 2 is 5-10%, 3 is 10-
15%, 4 is 15-20%, and 5 is more than 20% curled in leaf. A
decrease in fresh and dry weight, and in the number of
green leaves are also traits used as indicators of a
decrease in total biomass in the response to drought.
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A mixed model was used to analyze the data of each assay.
Drought conditions (two levels; drought and standard conditions),
genotype and its interaction were included as fixed effect whereas
the plant was included as random effect. Significant differences
were estimated by least square difference (LSD) method 95%.
Correlations between traits were also estimated separately by each
drought condition and assay. SAS/STAT 12.1 was used to perform
all the analysis.

New parameters were calculated to measure the differences in
the traits assessed with respect to control conditions in each
genotype. For vine length, fresh weight, dry weight and number of
green leaves, the value for control conditions were assumed to be
100% and the decrease percentage was subtracted to obtain a new
parameter. For first leaf score, second leaf score and number of
brown leaves the difference was calculated directly subtracting
control value from drought value. A clustering analysis for each
assay was also conducted with these new parameters to determine
groupings of accessions with similar responses. The hierarchical
dendrogram was performed with JMP v.5.1 using Ward method.

RESULTS AND DISCUSSION

Selection of drought tolerant plant species has been
considered to be an economic and efficient means of
alleviating agricultural problems especially in dry areas.
To achieve this goal, a set of reliable drought-related
traits of rapid and relatively inexpensive screening was
used to assess a melon core collection which displays
high levels of variability.

After the descriptive study of the dataset, a few outlier
values were discarded in both assays. The analysis of
the seven traits for the two subsets corresponding to both
assays, at the beginning (assay 1) and at the end of
summer (assay 2), were done separately, as only one
accession was characterized in both assays. General
data for these two subsets of accessions evaluated in
drought and standard conditions are presented in Table
2.

Drought, genotype effect and its interaction were
observed for all traits at 95% with the exception of the
trait first leaf score which was detected at 90% in the
assay performed at the beginning of summer (figures for
each trait and genotype in both conditions are shown in
Supplementary File 1). In addition, the drought effect for
each subset of accessions for each trait is as shown in
Figure 1. The effects of water availability on the traits
were found significant in both assays. As expected,
effects on leaves (first leaf score, second leaf score)
increased with application of drought, having scores
around 0 in standard conditions and over 2 (assay 1) or
between 1 and 2 (assay 2) when drought was applied.
The number of brown leaves also increased under
drought conditions in both assays. Regarding the
remaining traits, their values decreased with drought as
fresh weight, dry weight, green leaves and vine length
are traits directly related to biomass production. This
effect was more evident in the conditions of assay 2,
maybe due to the slightly increase in the temperatures in
the second assay. Fresh weight was the best indicator of
drought damages in both assays, with a decrease of 55.9

and 68.6% with respect to standard conditions in assays
1 and 2, respectively (Figure 2). Dry weight also suffered
an important decrease of 51.9 and 65.0%, respectively,
while number of green leaves (45.8 and 57.1% for assays
1 and 2, respectively) and vine length (31.2 and 41.5%,
respectively) presented much moderate loss. Previous
studies about salinity and drought effects on melon
genotypes reported that shoot growth differed
significantly among the tolerant and sensitive melon
genotypes (Kusvuran, 2010; Kusvuran et al., 2011), which
is in agreement with our results.

Significant differences were observed among the
assayed accessions for seedling traits. As expected, any
accession showed higher fresh weight under drought
conditions than standard (or no drought) conditions,
except for the accession Flex-Khilrak which behaved
better in this condition (Figure 2). Other accessions like
Ag-C38Nig, Am-3584Afg, In-BTempSp, In-RoMochl1lSp
and La-VoaMad showed similar values in both conditions
(Figure 2). These results suggest that these accessions
are adapted to semi-arid climates, since for example,
Flex-Khilrak, Am-3584Afg, and In-RoMochlSp, are
grown in regions of Irak, Afganistan, and Spain,
respectively, where precipitations are generally scarce.
This group of accessions included a wild type and also
landraces, not only from African and Asian origin, but
also Spanish ones which are closer to the commercial
types. These accessions, therefore, are described as not
affected by drought, or even positively affected in the
case of Flex-Khilrak. La-VoaMad, together with Am-
KizilUzbe, Am-KokUzb, Can-VedFran, Flex-Aryalnd
(assayl) and Am-NesviGeor, hybrid F1_PSxCon and
Am-OuzUzb (assay 2) presented the highest fresh weight
under drought conditions (Figure 2). These results under
limited water conditions which inhibit plant growth
suggested a sort of tolerance to drought in these high-
weighed genotypes, revealing landraces such as La-
VoaMad as potential genotypes for breeding. In addition,
some of them also displayed one of the highest fresh
values under standard conditions (Am-OuzUzb), showing
the vegetative growing potential of this accession in both
conditions. However, future characterization of the fruit
quality will be necessary to use them in breeding
programs since effects on organoleptic traits and fruit
size have not been assessed in this first approach.

The correlation values (P-value < 0.01) different from
zero are presented in Table 3 for each assay and
condition. Similar correlations between traits were
obtained in each assay. When drought conditions were
evaluated, positive correlations among vine length, fresh
weight and dry weight were observed in both assays. In
fact, Flex-Khilrak, In-BTempSp, In-RoMochlSp, La-
VoaMad, Ag-C38Nig, and Am-3584Afg, accessions
previously mentioned with no drought effect in fresh
weight (or a positive effect in Flex-Khilrak), presented
also no differences in vine length as well as the Indian
Flex-Aryalnd. In both assays, positive correlation was
also observed between first leaf score and second
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Table 2. Mean raw effects of drought (1) and standard (2) conditions on the seedling traits analyzed in the two assays.

First leaf Second leaf Vine length Fresh weight Dry weight Green Brown
Assays score score leaves leaves
D' s? D S D S D S D S D S D S
1 225 0.21 3.16 0.36 53.55 77.79 4.78 10.84 0.64 1.33 448  8.27 1.71 0.94
2 0.96 0.15 2.18 0.30 71.44 122.06 3.76 11.93 0.56 1.60 6.46 15.05 3.00 1.34

leaf score (Table 3). Flex-Khilrak, La-VoaMad,
Ag-Velliind and Ag-Chibbarind were the only
accessions displaying 0% of curled leaf area (first
and second leaf score) in both conditions
(Supplementary file 1), suggesting again the
tolerance to drought of these landraces. In
addition, these two traits showed negative
correlation with vine length and the number of
green and brown leaves. When standard
conditions were evaluated, most of the positive
correlations observed in drought conditions were
achieved. In addition, negative correlation
between fresh weight and brown leaves were
obtained.

Cluster analysis was carried out in both assays
and several groups of accessions were detected
according to the different response to early-
drought (Figure 3). In assay 1, some accessions
showed lower to medium-level of damages (red,
Figure 3A) displaying lower losses of weight and
length and less curling in leaves. This cluster
included subsp. agrestis types like momordica,
acidulus, conomon and wild types, and also some
intermediate types between both subspecies like
ameri or flexuosus. They included types
mentioned previously like the African Ag-C38Nig
or the Asian Am-KizilUzbe, Am-KokUzb, and Am-
3584Afg. Flexuosus melons like the Indian
landrace Arya (Flex-Aryalnd), also in this cluster,
have been previously reported to have good
adaptability to drought (Ahlawat et al., 2018).

In the present work, this accession showed a
good behavior although it did not group with
accessions with the best response (blue cluster).
This blue cluster (Flex-Khilrak, La-VoaMad, In-
BTempSp, In-RoMoch1Sp) included accessions
which showed no or small difference under
drought in comparison to standard conditions for
weight and vine length (Figure 3A). The other two
clusters (green, orange; Figure 3A) presented
more severe damages and included mainly subsp.
melo accessions (inodorus, cantalupensis, ameri)
with the exception of two conomon types. The
commercial Charentais and Piel de Sapo types
(Can-VedFran, In-PSPifiSp), especially important
in Western countries, were included in this group
(green cluster), whereas Ag-MelCol and Dud-
QPMAfg (orange cluster) were the ones with the
higher level of brown leaves in response to
drought.

Regarding assay 2, three clusters were
observed, one corresponding to accessions with
more severe losses in weight and length with
respect to the remaining accessions assessed in
this assay although a low level of curling in leaves
(red, Figure 3B), a second one with intermediate
accessions regarding the response to drought
(blue, Figure 3B) which mainly included ameri
types like Am-OuzUzb, and a third one with a
lower level of damages (green, Figure 3B).
Although most of the Indian agrestis accessions
were among the most affected accessions (red

cluster) together with the two Brazilian landraces
assayed, two of them (Ag-KSM428Ind, Ag-
KSM528Ind) can be highlighted due to their good
response (green cluster) as well as the African
wild agrestis Ag-HumSud and the Egypcian Am-
KafEgy. India has several agro-ecological regions
and therefore, maintains huge diversity in melon
(Fergany et al., 2011; Roy et al.,, 2012), which
explains the diverse response found in this work.
The accessions with more damages on leaves
were Am-NanaGeorg, Ag-MelCol and Dud-
QPMAfg (assayl), and In-MaazTun and Am-
GalaTun from Tunisia (assay 2) (Figure 3). In
general, African and Indian accessions showed
better results for these traits (La-VoaMad, Ac-
TGR1551Zimb and Mon-PI124Ind in assay 1 and
Ag-WChind, Ag-Vellilnd, Ag-Chibbarind and Ag-
USM170Ind in assay 2) (Figure 3).

The results of the evaluation of this large melon
collection suggest that African and Asian
continents retain an important genetic variability
which should be further studied, as well as
Spanish landraces which seems to be
underexploited for drought-adaptation traits. In
fact, several accessions were detected with better
behavior than typical international commercial
types belonging to inodorus and cantalupensis
groups. Traditionally, exotic types belonging to
momordica and acidulus groups from India have
been used as sources of resistance genes to
biotic stresses, but few studies have evaluated
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drought tolerance.
focused on the screening for drought tolerance of large

In fact,

to date few studies have

melon germplasm collections (Ozer et al., 2015; Sharma

et al.,

2016; Leskovar et al., 2017; Pandey et al.,
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Table 3. Correlations among traits evaluated under drought and standard conditions in two assays (assay 1 performed at the beginning of the summer and assay 2 at the end of the

summer).
Drought conditions Standard conditions
Assay 1 Second Vine Fresh Dry Green Brown Second Vine Fresh Dry Green Brown
leaf score length weight  weight leaves leaves leaf score length weight weight leaves leaves
First leaf score 0.83 -0.38 - - -0.57 -0.36 0.73 - - - - -
Second leaf score -0.31 - - -0.56 -0.30 - - - - -
Vine length 0.61 0.69 0.56 - 0.63 0.65 0.74 -
Fresh weight 0.85 0.31 - 0.89 0.36 -0.40
Dry weight 0.44 - 0.43 -
Green leaves - -
Drought conditions No drought conditions
Assay 2 Second Vine Fresh Dry Green Brown Second Vine Fresh Dry Green Brown
leaf score  length  weight weight leaves leaves leaf score length weight weight leaves leaves
First leaf score 0.70 -0.29 - - -0.32 -0.41 0.65 - - - - 0.36
Second leaf score -0.25 - - -0.38 -0.42 - - - - -0.46
Vine length 0.55 0.52 0.56 - 0.21 0.33 0.55 -
Fresh weight 0.90 0.36 - 0.59 - -0.34
Dry weight 0.41 - - -
Green leaves - -
-: Non significant correlations (P value >0.01).
2018) and most of them only include (green cluster, Figure 3). Moreover, some other very useful. As a conclusion, the accessions
cantalupensis and inodorus types. Regarding Indian accessions presented a notable good presented in this work as more tolerant to water

exotic types, some accessions like the Turkish
Kav-248 have been described as drought-tolerant
(Ozer et al., 2015; Torun et al., 2018). Also, some
Kachri melons from India, described as semi-
domesticated large agrestis probably evolved
from Wild Chibber and momordica melons, have
been reported to show drought tolerance (Pareek
and Samadia, 2002; Roy et al., 2012; Pitrat,
2017), since they can be grown in semi-desert
areas. The present results are coherent with this,
as the two Wild Chibbar types tested herein (Ag-
WChind, Ag-Chibbarind) showed a good behavior

response under this stress, confirming again the
importance of Indian germplasm in the genetic
breeding of this crop. However, the most adapted
melon to drought conditions was a flexuosus type
from Irak (Flex-Khilrak), reinforcing Near East as
an important area to search for germplasm to use
in breeding.

Since the screening of a core collection is the
first step for breeding for adaptation to the new
scenario with more severe and frequent periods of
drought due to climate change (Turral et al,
2011), the results presented in this work can be

scarcity might play a significant role for the
incorporation of drought-tolerance genes in
landraces to improve production in local-farming
systems and under ecological farming, or even in
commercial types. Traditionally, the development
of such cultivars has been hampered by the
complex nature of drought adaptation, genotype x
environment interactions and the difficulty of
having an effective drought screening method
(Verulkar et al., 2010). However, the parameters
measured in this work have allowed a first rapid
and low-cost screening to select genotypes with
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Figure 3. Dendrogram for assay 1 (A) and assay 2 (B) showing

several groups based on the drought response of the 60 accessions

screened. The new parameters calculated for each trait were used. Hierarchical clustering was performed using JMP V.5.1 and Ward

method.

the best behavior in early stages of plant growth in order
to further assess fruit yield and quality in future assays.
Therefore, herein we report, not only some genotypes of
potential interest for melon breeding such as some
landraces and wild types from India and Africa as well as
a flexuosus type from Irak, but also a useful and
straightforward set of traits for early-drought tolerance
screening.
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Supplementary file 1. Plots showing means and standard errors per genotype for each

trait assessed in both assays under drought/no drought conditions.
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