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Abstract

Sorghum is a critical crop especially in semiarid areas where there is inadequate moisture.it is the fi fth important crop among the cereals. Sorghum is a C4 plant 
which is originated and diversifi ed in Ethiopia. It is used for feed, fuel, and consumed by human beings in the form of enjera, boiled porridge or gruel, malted beverages, 
beer, popped grain, and chips. In Ethiopia, biotic, socioeconomic, and abiotic restrictions limit sorghum production and productivity. Drought, Striga, disease, insect pests 
and etc are major problems Sorghum breeding program Melkassa Agricultural Research Center, which is part of the Ethiopian Agricultural Research Institute, is in charge 
of coordination in Ethiopia. National and regional sorghum improvement programs have released many open-pollinated and hybrid sorghum varieties for Ethiopia’s various 
agro-ecological zones. Nowadays to feed the world population the production and productivity of sorghum should be increased. As a result, the aim of this review is to 
evaluate the progress, successes, and challenges of sorghum production and productivity in Ethiopia.
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Introduction

Sorghum [Sorghum bicolor (L.) Moench; 2n=20] is one of 
Ethiopia’s most stable and varied food crops. Sorghum is the 
world’s fi fth most important cereal crop, after maize, rice, 
wheat, and barley [1]. In terms of acreage and production, it 
ranks third among cereals. Its importance as a source of food 
for rural populations feeds for a burgeoning cow population, 
and raw material for industries and construction is growing. 
Furthermore, because sorghum is a C4 plant, it is the heart 
of dryland agriculture in the current scarcity crisis. Sorghum 
is primarily a self-pollinating monocotyledon crop, with 
spontaneous cross-pollination levels ranging from 5 to 30% 
depending on panicle type [2].

In comparison to other food crops, sorghum is an ideal 
crop for dryland farming agriculture because of its vast 
fl exibility and tolerance to unfavorable circumstances [3]. 
According to Mindaye, et al. [4], Ethiopia is the world’s sixth-
largest sorghum producer and Africa’s third-largest sorghum 
producer, after Nigeria and Sudan [5]. After teff and maize, it 

is the third most important crop in terms of area covered and 
overall production. According to the CSA, (2018) data from the 
total grain crop area 81.31% (10,358,890.13 hectares), sorghum 
cover 14.13% (1,829,662.39 ha) and total production 15.70% 
(50, 243, 68072kg). Sorghum is grown and cultivated nearly in 
all regions of the country.

Sorghum is among the most important essentials for the 
world’s poorest and most vulnerable people [6]. Sorghum is 
a major food crop around the world. Alongside the content of 
carbohydrates, it holds iron, protein, and vitamin B3 which 
are greater than rice and maize. It is suitable for a specifi c 
nutritional diet because sorghum contains low gluten and 
glycemic index content [7]. Its grain is consumed in the forms 
in Africa such as injera, bread, boiled porridge or gruel, malted 
beverages, beer, popped grain, and chips [8].

Ethiopia, according to Vavilov [9], is the center of sorghum 
origin and diversifi cation. Following the United States, Mexico, 
Nigeria, Sudan, and India, the country is the sixth greatest 
sorghum producer in the world. Sorghum is grown on roughly 
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1.83 million hectares of agricultural land in Ethiopia, with a 
total yield of 4.34 million tons per year (FAOSTAT, 2017). 
According to the CSA (2016), sorghum is the third most 
important food crop in Ethiopia, behind maize and tef, in 
terms of a total number of producers, area coverage, and grain 
production, and is frequently used to make local bread, Injera, 
and different local beverages such as tela and areke. It’s also 
eaten as a roasted vegetable and a boiled grain. Sorghum stalks 
are also utilized as animal nutrition, construction, and fencing 
materials.

Sorghum crop production is hindered by biotic, 
socioeconomic, and abiotic constraints. The parasitic weed 
Striga hermonthica and the stem borer (Chilo partellus) are the 
most damaging biotic restrictions [10,11]. According to various 
authors, optimal crop production and productivity in Ethiopia 
have yet to be achieved due to a number of socio-economic 
constraints, including a lack of fi nancial support, a lack of 
farmer preferred varieties, a lack of improved seed systems, 
a lack of market linkage, a lack of value addition, a lack of 
extension service support, and a lack of storage facilities [10]. 
The most major abiotic restrictions infl uencing sorghum 
production, including in Ethiopia, are drought, poor soil 
fertility, and soil salinity [10,12].

Melkassa Agricultural Research Center (MARC), which is 
part of the Ethiopian Agricultural Research Institute, is the 
coordinator of the sorghum breeding program in Ethiopia 
(EIAR). In terms of overall duties for the formulation and 
execution of country-wide sorghum research projects, 
Melkassa Agricultural Research Center (MARC) is the center 
of excellence for sorghum research or houses of sorghum 
improvement. The sorghum breeding program’s activities, 
notably multi-location variety trials, are carried out at various 
federal and regional research centers and testing locations, 
higher learning institutions, and farmers’ fi elds under the 
canopy of this institutional architecture[13]. Many open-
pollinated and hybrid sorghum varieties have been introduced 
by national and regional sorghum improvement projects for 
Ethiopia’s moisture defi ciency lowland areas [14]. Generally, 
the aim of this review is to state the progress, achievements, 
and major problems of sorghum breeding in Ethiopia.

Review literature

Origin of sorghum and growing areas in Ethiopia

Sorghum’s geographic origin and preliminary 
domestication, according to Vavilov [9] and Doggett [2], is in 
Africa. Ethiopia is thought to be the genesis and domestication 
hub for sorghum [Sorghum bicolor (L.) Moench] from African 
countries. Domestication of farmed sorghum began in 
northeastern Africa. Due to the great variety of the crop, Vavilov 
proposed Ethiopia as a middle of origin for sorghum [9].

Sorghum is grown in 13 of Ethiopia’s 18 major agro-
ecological zones and 41 of the 49 sub-agro ecological zones [15]. 
Because Ethiopia is one of the sorghum’s founding countries, 
it is endowed with a richness of genetic variation, as evidenced 
by the variety of morphological kinds grown in the country and 

the crop’s extensive agro-ecological coverage [2]. It is grown 
in Ethiopia at a variety of elevations and rainfall conditions. 
Sorghum is grown in many of the hot, arid lowlands, and 
certain varieties are even grown in the cooler, wetter highlands 
up to 2,700 meters in height. Sorghum is typically the sole crop 
grown in dry lowland places where rainfall is scarce [16].

Production status and economic signifi cance of sor-
ghum in Ethiopia

Cereals are the most important food crops in the overall grain 
crop, according to the CSA [17] data, both in terms of planted 
area and production size. Because they are the primary staple 
crops, they are produced in greater quantities than other crops. 
Cereals are grown in varying quantities in all places. Generally 
in Ethiopia around 81.19% (10,538,341.91) hectares) was under 
cereals. From those sorghum took up 12.94% (1,679,277.06 
hectares) and of the grain crop area. As to production, the 
Cereals contributed 88.36% (about 302,054,260.58 quintals) of 
the grain production. Sorghum made up 13.22% (45,173,502.18 
quintals) of the grain production. It is primarily produced in 
Oromia, Amhara and Tigray region with their area coverage of 
676,075.00 ha, 597,440.83 ha, and 232,636.49 ha respectively.

Sorghum is the most important nutritional staple grain 
crop for more than 500 million people, mostly in poor nations, 
providing carbohydrates, vitamins, protein, and minerals [18]. 
Ethiopia is the world’s greatest sorghum producer, followed 
by the United States, Mexico, Nigeria, Sudan, and India. 
Sorghum is grown on approximately 1,679,277.06 hectares of 
agricultural land in Ethiopia, with a total annual production 
of 45,173,502.18 quintals [1]. According to the CSA [17] data, 
sorghum is the third most important food cereal in Ethiopia, 
after maize and tef, in terms of the total number of growers, 
area coverage, and grain production. It is typically used to 
make Injera, a local bread, as well as tela and areke, the two 
local beverages. Sorghum is also used as feed for animals, 
construction, and raw material for industries.

Historical perspective of sorghum breeding

A scientifi c sorghum research study in Ethiopia was started 
in 1953 at Jimma Agricultural Technical School (JATS) now 
Jimma University College of Agriculture through the collection, 
exploration, and evaluation of sorghum germplasm [19]. 
Then it was moved and formal research was started in 1957 
at Alemaya College of Agriculture and Mechanical Arts now 
Haramaya University. The establishment of the Ethiopian 
Sorghum Improvement Project (ESIP) in 1972 with substantial 
grants from the International Development Research Center 
(IDRC) can be considered to be the landmark of formal 
research on the sorghum in the country. In 1982, EIAR the 
then EARO assimilated ESIP as one of the national programs 
and took the lead of sorghum research. Since then, EIAR has 
been coordinating sorghum research from Melkassa Research 
Centre all over the country. Nowadays, the national sorghum 
research program is working with international, national, and 
regional research institutes and universities.

Currently, the breeding program identifi ed six product 
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types (PC1 - PC6) depending on the attention of sorghum 
growing farmers, stakeholders, and end-users ‘requirements 
for each of the four main sorghum agro-ecologies. The resource 
allocation and efforts for the pipeline development aligned to 
the importance of the market segment for the outlined product 
types. The fi rst three product types targeted the dry lowland 
environment, which accounted for 72% of the total area of 
production and the other three product types account for 8%, 
11%, and 9% respectively for humid lowland, highland, and 
intermediate altitude agro-ecologies.

Breeding system of sorghum

The breeding method of sorghum employed in sorghum 
is generally intended to the improvement of livelihoods of 
smallholder sorghum farmers through the development and 
promotion of enhanced sorghum technologies and information/
knowledge for increased production and productivity by 
enhancing diet, feed, and malting quality of sorghum for 
industries. Because genetic variation is so important in 
inbreeding, the production of sorghum varieties is based mostly 
on germplasm enrichment, exploitation, and preservation of 
existing variation, or the creation of new variation. The steps 
in sorghum breeding pipelines start from gathering working 
collections (parents) for targeted traits followed by designed 
hybridization and management of segregating generations. 
Once the trait of interest has been fi xed, multi-location trials 
will follow to evaluate and then to release a farmer preferred 
variety for production [20] Figure 1.

Major achievements

Despite the crop’s critical importance, Ethiopia began 
a scientifi c sorghum enhancement research effort in the 

late 1950s to raise yield and productivity through genetic 
improvement and appropriate cultural practices. According 
to Knife & Tesfaye [21], more than fi fty improved varieties 
have been released for production by several national and 
regional research organizations as well as universities across 
the country with their agronomic recommendations since the 
beginning Table 1.

Challenges of sorghum improvement and production

A multitude of abiotic and biotic factors have lowered 
sorghum’s potential output. Drought and low soil fertility 
(nutrient defi ciency) are two of the most frequent abiotic 
stresses. Important biotic constraints include the parasitic 
weed Striga (Striga species), foliar and panicle diseases, stem 
borers, and shoot fl y [11].

Drought

Drought is one of the most serious issues infl uencing crop 
output around the planet. Droughts will become more common 
as a result of climate change, especially in Africa’s drought-
prone regions. Water problems, for example, are anticipated 
to affect 67 percent of the world’s population by 2050 [22]. 
Drought is more likely in the dry and semi-arid tropics at 
the beginning and end of the growing season. Drought stress 
early in the growing season has a considerable impact on plant 
establishment, whereas drought stress later in the growing 
season might lead to reduced establishment, yield, or crop 
failure [23].

Many sorghum-growing areas in Ethiopia are subject to 
recurring droughts due to rainfall scarcity and/or unequal 
distribution. Rain comes late or ends early in sorghum-

Figure 1: Schematic diagram summarizing the fl ow chart and interrelationships of sorghum breeding activities.
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Table 1: Lists of released sorghum varieties Ethiopian.

SN Variety Year released Altitude Center released Flowering date Height(cm) Yld(Q/Ha),
Station

Yld(Q/Ha)
farm Seed color

1 Gambell 1107 1976 Dry Low Land MARC/EIAR 80-90 150-200 30-50 25 White

2 76T1#23 1976 Dry Low Land MARC/EIAR 60-70 120-140 25-45 17 White

3 Seredo 1986 Dry Low Land MARC/EIAR 65-75 110-140 20-40 17 White

4 Meko-1 1998 Dry Low Land MARC/EIAR 61-92 157-177 22-33 17 White

5 Abshir 2000 Dry Low Land MARC/EIAR 83 110-140 15-25   White

6 Gobiye 2000 Dry Low Land MARC/EIAR 80 110-140 19-27   White

7 Teshale 2002 Dry Low Land MARC/EIAR 65-76 170-210 26-52   White

8 Macia 2007 Dry Low Land MARC/EIAR 55-60 135-150 42-44 23-30 White

9 Redswazi 2007 Dry Low Land MARC/EIAR 55-60 120-153 30-33 20-21 Red

10 Melkam 2009 Dry Low Land MARC/EIAR 76-82 126-163 37-58 35-43 White

11 ESH-1 2009 Dry Low Land MARC/EIAR 71-78 160-243 50-55 35-45 White

12 ESH-2 2009 Dry Low Land MARC/EIAR 61-75 150-192 42-60 35-43 White

13 Dekeba 2012 Dry Low Land MARC/EIAR 75 136 37-45 26-37 White

14 Pac 537 2013 Dry Low Land GCT/MARC 75 136 37-45 26-37 White

15 ESH-3 2014 Dry Low Land MARC/EIAR 62-78 132-170 43-53 - White

16 ESH-4 2016 Dry Low Land MARC/EIAR 67 120 42 - Red

17 IS 9302 1983 Intermediate MARC/EIAR 87-120 100-180 30-60 25 Red

18 Dinkimash 1986 Intermediate MARC/EIAR   103-150cm      

19 Birmash 1989 Intermediate MARC/EIAR 147-181 129-178 35-69 20 Red

20 Baji 1995 Intermediate MARC/EIAR 147-181 139-164 35-56 20 Red

21 Geremew 2007 Intermediate MARC/EIAR 103 170 49 40 Red

22 Dagem 2011 Intermediate MARC/EIAR 87 156 27-54 42 Brown

23 Al-70 1970 High Land MARC/EIAR 120-130 250-384 30-55 33 White

24 ETS 2752 1978 High Land MARC/EIAR 130-140 243-285 30-56 36 White

25 Chiro 1998 High Land MARC/EIAR 130-140 234-315 42-58 38 Red

26 Chelenko 2005 High Land MARC/EIAR 124-131 250-410 29-64   Red

27 Dibaba 2015 High Land MARC/EIAR 120 - 140 290 - 320 37 -50 30-40 Brown

28 Jiru 2016 High Land MARC/EIAR 117-144 239-389 33-86 32-44 Brown 

29 Adelle 2016 High Land MARC/EIAR 123-149 255-356 37-72 30-40 White 

30 Bonsa 2017 Intermediate MARC/EIAR 111.7 168.1 50 43 brown

31 Argiti 2017 Lowland MARC/EIAR 79.4 200 37.82 21 White

32 Yeju 2002 Dry Low Land SARC/ARARI 68 172 50.9   White

33 Birhan 2002 Dry Low Land SARC/ARARI  63  106-167 40   Brown

34 Abuare 2003 Dry Low Land SARC/ARARI 67-80 134-156 26-57 26 White

35 Hormat 2005 Dry Low Land SARC/ARARI 71 161-171 23.3 16-22 White

36 Mesay 2011 Dry Low Land SARC/ARARI 65-79 137-231 38-62   White

37 Raya 2007 Dry Low Land SARC/ARARI 82 185.7 37.68 22.77 White

38 Misikir 2007 Dry Low Land SARC/ARARI 76 123-191 40.73 37 White

39 Girana-1 2007 Dry Low Land SARC/ARARI 75 135-305 40.86 38.7 White

40 Dano 2006 Intermediate BARC/OARI 132 350 40-50 30-48 Orange

41 Lalo 2006 Intermediate BARC/OARI 129 300 40-52 35-48 Red

42 Chemeda 2013 Intermediate BARC/OARI 120 290 32 25 Creamy

43 Gemedi 2013 Intermediate BARC/OARI 115 287 33 28 yellow

44 Muyra-1 2000 High Land HU 100-140   30-65   Red

45 Muyra-2 2000 High Land HU 100-140   30-65   White

46 Fendisha-1 2015 High Land HU 147 332 63   Red

47 Adukara 2015 Humid Low Land AARC/EIAR 148 - 154 161 35.6 – 41.6 30 – 30.6 Red

48 Assosa 1 2015 Humid Low Land AARC/EIAR 138 -144 260 35.3 – 41.3 27.6 – 33.3 White

49 Abamelko 2001 Intermediate JARC/EIAR  90-100  250 75 50 Brown

50 Emahoy 2007 Humid Low Land PARC/EIAR 73-78 220-300 40-45   Red

51 Chare 2011 Dry Low Land DBARC/ARARI 73 192 42 33 White

52 GEDO 2007 Dry Low Land Early 75 116-138 34 27-36 White

Source: Kinfe and Tesfaye [21] and some unpublished personal communication
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producing regions, resulting in a crop growing time that is too 
short, resulting in crop failures. Drought-prone sections of the 
country have been made vulnerable by an unpredictable rain 
pattern combined with a year’s subsistence agriculture system, 
resulting in acute malnutrition and famine [24].

Traditional agricultural practices in Ethiopia’s lowlands 
rely entirely on a rain-fed food production system, which is 
characterized by poor crop performance and low yields. Low 
yields are caused by moisture stress, low soil fertility, Striga 
hermonthica, and a lack of availability to improved seed and 
effective production procedures. The variable rainfall patterns 
are the most important factor determining crop productivity 
in the region. Rainfall is insuffi cient, its distribution is 
inconsistent, and its onset is uncertain [22].

Drought is a severe limitation in sorghum crop production 
around the world, and it is regarded as the most important 
source of yield decrease in agricultural plants [25], particularly 
in water-stressed locations like eastern and southern Africa. 
Drought can strike at any stage of development, including 
seedling, pre-fl owering, and post-fl owering, and has the 
greatest impact on production [26]. Drought stress during 
the seedling stage will have a signifi cant impact on plant 
establishment [27]. If it happens during the pre-fl owering, 
blooming, or grain fi lling periods, it can lead to lower yields 
or even crop loss [28]. Drought tolerance has been studied as 
pre-and post-fl owering stress, and the response of genotypes 
to these stresses is diverse and mediated by many genetic 
pathways [29].

Currently, researchers are investigating numerous growth 
characteristics, physiological, biochemical, and agronomic 
performances of distinct stay-green sorghum accessions in 
order to improve crop genotypes for drought-prone areas. 
Ethiopian sorghum landraces have native drought resistance 
genetic variation that has not been harnessed in the production 
of sorghum cultivars resistant to these critical conditions [30]. 
Because Ethiopia has such a large genetic pool of drought-
tolerant landraces, the breeding strategy in Ethiopia has 
mostly concentrated on screening landraces and varieties in 
drought-prone areas. For example, dry lowland locations such 
as Werer, Kobo, and Miesso were utilized to verify drought-
tolerant landraces or varieties before they were released [14].

Weeds

In agricultural production, weeds are an issue. They have 
the potential to reduce crop output. They compete with crops 
for resources like moisture, nutrients, space, and light, and 
they can also harbor pests and diseases that harm crops [31]. 
Weed management in grain sorghum is problematic due to a 
limited number of herbicides available to growers, rotational 
crop restrictions following the use of a number of herbicides 
permitted for use in grain sorghum, and the growing occurrence 
of herbicide-resistant weeds [32].

If high yields and effective harvesting are to be accomplished, 
weed control in sorghum is critical; nevertheless, adequate weed 
control in sorghum is generally diffi cult to obtain. Sorghum 
is a small-seeded grass that grows slowly in the fi rst several 

weeks after planting. Furthermore, several herbicides that are 
effective on maize are not effective on sorghum. Sorghum weed 
management is complicated by the sluggish seedling growth, 
as well as the limited number of herbicides and low rates that 
must be utilized [33].

Insects

Sorghum productivity is affected by insect pest damage. 
Insect pests target seeds, seedlings, whorls, blooming 
structures, and mature grain at various phases of growth. 
More than 150 insect species have been identifi ed as sorghum 
pests around the world, with more than 100 of them found in 
Africa. In the recent decade, entomologists have focused their 
attention on twenty-nine signifi cant insect families [34]. 
Shoot fl ies, midges, stem borers, and head bugs are severe 
insect pests in Africa, causing damage of up to 85% in some 
cases [35].

Sorghum yield losses are estimated to be between 11 and 49 
percent in West Africa, 15 to 88 percent in east Africa, and 50 
to 60 percent in southern Africa owing to stem borer infections 
alone. Insect damage causes an estimated $1.1 billion in annual 
losses in Africa and Asia [36]. The grasshopper, green bug, 
sorghum aphid, shoot fl y, sorghum midge, sorghum borer, and 
other major insect pests of sorghum include the grasshopper, 
green bug, sorghum aphid, shoot fl y, sorghum midge, sorghum 
borer, and others. General integrated management for sorghum 
insect pests includes cultural techniques (planting date, crop 
rotation, and fertilization), resistant cultivars, biological 
control (use of pests’ natural enemies), and appropriate 
chemical control.

Disease

Major production restrictions were identifi ed as sorghum 
anthracnose, grain mold, smut, and ergot [37]. Anthracnose 
and other foliar disease-resistant sources have been identifi ed 
in the national sorghum improvement program. Sorghum 
landraces from the country’s western and southern regions were 
resistant to a variety of leaf diseases, including anthracnose. 
Under the national sorghum improvement program, these 
places are used for sorghum screening in natural conditions 
(hot spot areas), particularly for disease resistance breeding 
[38,39].

Basically, the Western and South-Western areas of the 
country are used as hot spots for disease testing in the national 
sorghum improvement program’s variety verifi cation before 
distribution. Sorghum breeding in these agro-ecologies has 
been performed by the Ethiopian national sorghum research 
program and various regional research centers, with a focus 
on leaf and grain mold resistance breeding. Bako Agricultural 
Research Center (BARC), Asosa Agricultural Research Center 
(AARC), Pawe Agricultural Research Center (PARC), and Jimma 
Agricultural Research Center (JARC), for example, have done a 
lot of sorghum breeding for leaf and grain mold diseases. Only 
foliar and grain disease-resistant cultivars (Chemeda, Gemedi, 
Lalo, Dano, Adukara, Asosa-1, and Aba melko) from BARC, 
AARC, and JARC have been released and are in production since 
today (ECVR, 2014, EIA, 2014) [40,41].
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Striga

Drought and Striga weed have been identifi ed as the most 
signifi cant restrictions in Ethiopia’s northern and north-
eastern regions (Gebretsadik, et al. 2014). Infection with 
Striga has resulted in a total loss of 30-50 percent of Africa’s 
agriculture on 40 percent of its fertile land (Amudavi, et al. 
2007). Striga causes large yield losses, and infestation by Striga 
usually results in a major yield decline, often exceeding 65 
percent in densely infested regions. According to Haussmann, 
et al. (2000), high Striga infestation levels can result in grain 
production losses of up to 100% on vulnerable sorghum 
cultivars. According to Ejeta, et al. (2002), in extensively 
infested areas in Ethiopia and Sudan, losses of 65-100 percent 
are normal, but the total loss might occur when Striga infection 
is worsened by drought.

Striga causes damage to host plants by parasitism, reduced 
photosynthesis, and greater partitioning of photosynthates 
to the roots. By allelopathy, competing for nutrients, and 
inhibiting the expression of sorghum plants’ full genetic 
potential, the weed reduces crop output. It attaches itself 
to the roots of the host plant, weakening the crop plant by 
robbing it of carbon assimilates, water, nutrients, and amino 
acids (Pageau, et al. 2003). Furthermore, striga lowers water 
use effi ciency (Gebremedhin, et al. 2000) and has a signifi cant 
impact on the host plant’s water economy due to its high 
transpiration rates, rendering the crop particularly vulnerable 
to drought. Striga infestation is frequently associated with 
low soil fertility, which leads to poor harvests and, as a result, 
starvation (Ejeta, 2007).

Summary and conclusion

Ethiopia’s national sorghum improvement is looking very 
promising. It has got research attention. It is a very important 
crop for food, fuel, feed, construction and etc. especially in 
moisture stress areas of the country. Sorghum production 
and productivity are hindered by many biotic (Striga, insect, 
birds, disease) and abiotic (a nutrient defi ciency, drought, etc.) 
challenges. More than 52 sorghum varieties have been released 
to date for various ecologies with distinct sorghum features, 
along with multiple agronomic suggestions.

Ethiopia’s population is expected to grow at an alarming 
rate in the future. To feed this growing population, a quick and 
less expensive method of variety enhancement is projected to 
be used, saving both time and money. To feed the country’s 
growing population, the National Agricultural Research System 
should concentrate on molecular breeding technologies, which 
allow varieties to be enhanced in a shorter amount of time with 
desirable traits. Furthermore, introducing superior released 
materials, evaluating them across places, and then releasing 
them to farmers is a preferable strategy for addressing the food 
problem of this growing population.
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