Development and I mprovement of Upland Rice Productivity through
Dry Land Utilization

Dedi Kusbiantoro!, Dian Hendrawan!, Khairunnisyah?!, Martha Adiwati Sihaloho?, Y enni Asbur?,
Nurhayati®, Rahmi Dwi Handayani Rambe®, Syamsafitri®
1Departement of Agribusiness, Faculty of Agriculture, Universitas Islam Sumatera Utara, Jalan Karya Wisata Gedung
Johor, Medan 20144, Indonesia.

2 Departement of Agrotechnology, Faculty of Agriculture, Universitas Amir Hamzah , JI. Pancing Pasar V Barat, Medan
Estate, Kenangan Baru, Percut S&i Tuan, Kab. Deli Serdang 20219, Sumatera Utara, Indonesia
3Departement of Agrotechnology, Faculty of Agriculture, Universitas |slam Sumatera Utara, Jalan Karya Wisata Gedung
Johor, Medan 20144, Indonesia.

Keywords:

Abstract:

Upland Rice, Dryland, Conservation Technique.

Development of functional rice agro industry requires simultaneous economic and socio-cultural approach.

The economic approach alone will not be effective because consumption behaviour of household is
influenced by tastes and socio-cultural values that shape eating habits. Land use conversion causesrice field
narrow therefore it needs to be directed to dry land. Dry land cultivation is critica to meet food for
increasing population while supporting food security. Multifunction of dry land farming needs to be seen in
broader dimension that is, besides providing food, a so having services or benefits to the environment, either
biophysical, chemical or socio-economic approach. Efforts to improve productivity in dry land can be done
with land use under oil palm stands, margina land utilization, and application of soil conservation

techniques.

1 INTRODUCTION

Upland rice has important role in the Indonesian
people's agricultural system. Dry land can be utilized
for extension of rice through cultivation. Upland rice
is usualy planted solely on open land/fields,
watersheds, or intercropping with crops or young
plantation tree. Currently, upland rice farmers are
difficult to obtain high quality varieties so that
farmers cannot manage their farm as expected,
including applying the recommended technol ogy.
Development of functional rice agro-industry
requires simultaneous economic and socio-cultural
approach. The economic approach alone will not be
effective because consumption behaviour of
household is influenced by tastes and socio-cultural
values that shape eating habits. Land use conversion
causes rice field narrow therefore it needs to be
directed to dry land. On the other hand, socio-
cultural approach desperately needs the support of
economic approach because the motives of
individual, family, or community action are heavily

depending on economic considerations. In the socio-
cultural approach, the tastes and eating habits are
related to the perceptions of individuals, families,
and society and the first step to be taken isto change
such perceptions.

Land use conversion causes the narrowness of
rice field so it needs to be directed to dry land.
According to Pudlitbangtan (Puditbangtan, 2005),
the potential of dry land in Indonesia is quite large,
namely 55.6 million hectares spreading in various
provinces and about 11 million ha is potential to be
developed as an upland rice field. Such rice is one of
the varieties in dry land. Upland rice is generally
grown once a year at the beginning of the rainy
season (Prasetyo. 2002).

Utilization of dry land is one of the resources
that has great potential for stabilizing food self-
sufficiency and for future agricultural development.
Food needs have been supported by paddy fields,
which in their production require characteristics of
land with a high fertility rate. Characteristics of rice
cultivation limit the opportunities for increased rice
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production through the expansion of rice fields. This
is because the narrow reserve area is suitable to be
used as rice fields and the increasingly intense
competition for water use with industry, mining, and
households (Abdurachman et al. 2008).

Due to large potential of the land and the
opportunity to develop upland rice farming, strategy
that needs to be pursued is improvement of
intensification and extension program. Information
on agricultura technology that has not been used by
farmersis also an opportunity to develop upland rice
farming. On the other hand, increasing added value
of agricultural products can be achieved by food
diversification. Based on this, the research aims to
study the utilization of dry land for the devel opment
of upland rice.

2 MATERIALSAND METHODS

Description on upland rice development through dry
land utilization is obtained from various literatures
and research finding. Research methods are
literature review from various sources, then analyzed
and described in scientific writing.

3 RESULTSAND DISCUSSION

3.1 Opportunities and Challenges of
Upland Rice Development on Dry
Land

Dry land management needs to be done to meet the
food needs of increasing population while
supporting food security. Indonesia's population
grew by 1.34% per year (BPS. 2006), while there
was a change in the consumption pattern from non-
rice to rice, increasing irrigated land conversion for
non-agricultural purposes, and decreasing wet land
productivity. In the period 1981-1999, there has
been a conversion of rice land to other use as much
as 1.6 million ha (Irawan et a. 2001). Assuming the
productivity of rice fieldsis 6.0 t/ha of dry harvested
grains (DHG), there has been aloss of production by
9.6 million tons of DHG/year (Agus et a. 2004).
The problem of reducing food production needs to
be overcome by improving rice field’s productivity,
creating new rice field and management and
development of other potential land including dry
land.

BPS data (Kontan. 2011) shows that the area of
rice fields in 2010 was around 12.87 million ha
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However, according to the agriculture minister
(Suswono. 2011) the area of raw rice fields is 6.7
million hectares while in order to achieve food
security until 2025 requires an additional rice field
of 5.875 million hectares. On the other hand, the
increasing number of population will be a threat to
Indonesia, where Indonesia's population growth rate
currently reaches 1, 4%.

3.1.1 Water Availability

Population growth, especially in developing
countries, increases domestic water consumption
both for agriculture and industrial production and
processing. Water pollution will be higher so that the
guantitatively available water is unusable or costly
to process to be used. All of these are limiting
factors for production in agricultural sector (Bouwer.
2000).

Water is a physica component that is very
important and needed in large quantities for plant
growth and development. Water also functions as a
plant temperature stabilizer (Suhartono. 2008).
Ariffin (Ariffin, 2002) suggest that plants that lack
water will trigger the formation of abscisic acid
inhibiting hormones and inhibitors of growth
stimulating hormones.

3.1.2 Poor Agricultural Practices

High pressure demand on agricultural land causes
annual crop is not only to be cultivated on flat land,
but also on slopes > 16%, which should be used for
annual crops or forests tree. Overall, flat to rolling
dry land covers a total area of 31.5 million ha
(Hidayat and Mulyani. 2002), but their use is
contested for agriculture, settlement, industry,
mining, and other sectors. In general, farmers and
dry land farming competitiveness is much lower
than other sectors, so agriculture is pushed into steep
slopes.

Soil erosion rates increase with the development
of farming practices that are not accompanied by the
conservation techniques application, such as slash
and burn system in outside Java. Even in settled
agricultural  systems,  application of land
conservation technigues has not been the custom of
farmers and has not yet been regarded as an
important practice in agriculture.

3.2 Problems Solving
Based on the available resources, budget

capabilities, risks and uncertainties such as climate
change, opportunities to improve upland rice
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farming productivity in oil palm plantations are till
very open. Without the support of infrastructure and
pricing policy applied to rice, spectacularly
development of harvested area and productivity of
upland rice are quite difficult to achieve. Challenge
of production aspect faced in this context is how to
increase the production of functional upland rice to
reach food security status (food sovereignty) that is
the ratio of food reserve to the use is up to 20%.

3.2.1 Upland Rice Planting under Tree
Stand

Expansion of planting areas towards fertile land is
difficult; therefore efforts to increase national food
production must utilize untapped potential land,
among others under plantation tree. Role of upland
rice as food stuff must be improved by increasing
productivity and expanded planting (harvest) areain
oil palm plantation area. According to Wasito
(Wasito, 2013), intercropping of upland rice farming
with oil pam plantations in District of Hinai,
Langkat  regency  showedgood  agronomic
performance. Such intercropping is in rain fed land
using Ciherang varieties with productivity around 2-
3 tong/Ha at non rain season. In contrast, at rainy
season, the productivity is 3-4 tons’/Ha. The
existence of rice integration program on oil palm
plantations is expected to create synergism or
mutually beneficial linkages. Integration of upland
rice in oil palm tree in tidal area has great prospects
to be developed and expected to increase food
availability, farmer welfare, and reduce greenhouse
gas emissions (Balittra, 2013).

3.2.2 Utilization of Marginal Land

Main constraint on dry land is low intensity of light
due to shade factor, high soil acidity and drought
threats. Increasing production on margina land,
including land under annual crop stands, can be
achieved through improvements: (1) potential yields,
(2) rates of crop adaptation to abiotic and biotic
stress, and (3) cultivation techniques based on
physiology or eco-physiology knowledge (Sopandi
and Trikoesoemaningtyas. 2011).

Unlike rice fields with relatively high fertility,
uniform, and often flooded, generally dry land has
low fertility rate, low organic matter content, and
difficult to maintain so that productivity is rapidly
declining, and farmers choose to leave it as
idle/critical land. On doped land and no adequate
conservation measures, the land is easily degraded,
both chemically and physically. In addition, water
supply is also inconsistent, as it depends on rainfall.

Currently, the productivity of dry land is
relatively low or not yet optimal (Mulyani. 2005;
Dariah and Las. 2010; Mulyani and Sarwani. 2013).
The fertile dry land areais also increasingly limited,
s0 the choice falls on the suboptimal dry land, i.e.
land that has low productivity due to interna
(intrinsic) factors such as parent material, physical,
chemical and biological soil properties, and external
factors such as extreme rainfall and temperatures
(Mulyani.  2013).  Therefore,  technological
innovation is required to overcome these limiting
factors to be utilized for agricultural development.
Such suboptimal land needs rehabilitation efforts to
increase its productivity.

Multifunction of dry land farming needs to be
seen in the context of a broader dimension, that is,
besides as food provider, it also has services or
benefits to the environment, either biophysical,
chemical and socio-economic environments (Agus et
al. 2003). As agricultural producers, dry land
contributes to food security, economic buffer, social
and cultural value (lrawan et al. 2004). As an
environmental service provider, dry land functions
in erosion control, flood mitigation, biodiversity and
recyclers of organic materials (Notohadinegoro.
2000; Agus et al. 2004). The soil is capable to clean
the waste from substances or pollutants by filtering,
absorbing, and/or disentangling. Thus the land is
able to act as an environmental sanitation factor
(Notohadinegoro. 2000).

3.2.3 Utilization of Conservation Techniques

Vegetative soil conservation techniques are the use
of crops and plant residues as soil protector medium
from erosion, inhibition of runoff, improve moisture
content, and improve soil physical, chemical and
biological properties. Soil chemical conservation
technique is the use of chemicals, both organic and
inorganic, which aims to improve soil properties in
suppressing the rate of erosion. This technique is
rarely used because it is quite expensive and the
result is amost the same as the use of natural
materials. Chemicals included in this category are
soil conditioners.

Water scarcity is often a major limitation in dry
land management.  Therefore, technological
innovations in water and climate management are
needed, including water harvesting techniques,
supplementary irrigation, climate prediction, and
determination of planting time and land management
techniques. Harvesting can be done by harvesting
rainwater or surface runoff at temporary or
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permanent shelters, to be used for irrigating crops
(Subagyono et al. 2004).

Besides the water availability, other things that
become obstacles in dry land farming are low
nutrients and organic material availability. Efforts
are made is fertilizer application, both inorganic and
organic fertilizer. According to Norsalis (2011),
fertilizer used in upland rice framing should be
combined between inorganic and organic fertilizer.
Provision of organic fertilizer (manure, compost and
green) can improve physical, chemica and
biological properties. Meanwhile, inorganic fertilizer
can provide nutrientsin quick time.

The simple land resource technology to control
erosion and improve dry land productivity is the use
of organic materials. Mulch, organic waste, compost
and manure (organic matter) are able to control soil
erosion, improve soil physica and chemical
properties and increase crop production. Mulch from
various materials, among others, residue of crops on
dry land farm are intended to protect soil from
external forces such as rainfall splash that reduce
soil fertility and rooting. The role of crop residues
used as mulch in agricultural lands, especially on dry
land has been quite widely. Organic mulch includes
all agricultural waste materials that are economically
less useful such as rice straw, corn stalks, peanut
stalks, banana leaf leaves and midribs, sugarcane
leaves, reeds, kirinyu leaves and sawdust. With the
presence of mulch material above the soil surface,
the rainwater energy will be retained by the mulch
material so that the soil aggregate remains stable and
avoids the process of destruction and erosion. The
use of mulch will also maintain the condition of the
soil's microclimate such as temperature and soil
moisture so that the soil does not dry quickly and is
not easily cracked (Jajang, 2009).

The soil temperature in the root area is important
for plant growth and development because it affects
physiological processes in plant roots such as taking
water and mineral nutrients from the soil (Diaz-
Perez and Batal, 2002). Soil that is given platinum
mulch and organic mulch, is able to increase the soil
temperature between 1.20 - 4.19 °C higher than soil
without mulch. Soil temperature is one of the
important micro-soil environmental factors because
it influences. soil moisture, soil aeration, soil
structure, activity of microorganisms, enzymes, and
availability of nutrients. Soil moisture is available to
plants in rice straw mulch higher than other mulch
and controls. Soil moisture that is sufficiently
available in the rhizosphere stimulates plant growth
and yield.
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4 CONCLUSIONS

Efforts to improve productivity of upland ricein dry
land can be done with land use under oil pam
stands, marginal land utilization, and application of
soil conservation techniques using organic mulch.
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