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Background

This technical training manual is intended to assist subject matter specialists 
(SMS) in conducting training and advisory services with development 
agents (DAs) on scaling up of Bora type of garlic.

This technical manual was prepared based on the documented outputs 
from CASCAPE project (Best Fit Manual for Garlic Production).

This technical training manual focuses on overview of garlic, recommended 
growing conditions for garlic production, biology of garlic, types of garlic 
varieties, land preparation, planting, improved management practices in 
garlic production, protection of pests and diseases in garlic, harvesting and 
post-harvest handling, marketing, nutrition sensitive agriculture, gender 
and climate smart agriculture.
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UNIT 1:  OVERVIEW OF GARLIC 
CROP

Garlic (Allium sativum) belongs to the Alliaceae family, in the same family 
with onions, shallots and leeks. Garlic is one of the most important crops 
widely cultivated throughout the world and in Ethiopia. In Ethiopia, it is the 
second most widely cultivated Allium species next to onion (Rubatzky and 
Yamaguchi, 1997). A total of 21,258 ha of land was under garlic production 
during the 2012/13 main cropping season, taking up about 10.4% of the 
land area covered by all root crops at country level and yielding about 
22,254.79.30 tons of those cultivated by small scale farmers, contributing 
about 6.13% to the total country level root crop production (CSA, 2013). 
Over 1,020ha of land was planted to garlic in the Tigray region. Southern, 
central and Eastern zones are the main garlic growing areas in Tigray region 
(CSA, 2013). Many small-scale farmers in southern Tigray zone widely 
cultivate garlic and use it as food and source of income.

Garlic is native to southern Europe and western Asia (Etoh and Simon, 
2002). There are reports that the crop is originated on the northwestern 
side of the Tien-Shan Mountains of Kirgizia in the arid and semi-arid areas 
of central Asia (Kazakhstan). Major garlic growing areas are China, India, 
USA, Egypt, Korea, Russia and (FAO, 2012).

LEARNING OBJECTIVES:

After completing this unit, participants will be able to:

 � Name the origin of garlic.

 �  List the leading garlic producing countries in the world.

 �  Describe the composition of garlic.

 �  Describe the nutritional and economic benefits of garlic.
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Figure 1. Leading garlic producing countries of the world

1.1.	 Composition	and	nutritional	benefits	of	
garlic

Garlic contains about 40% dry matter, 6-7% proteins, 0.2% lipids, 23-28% 
carbohydrates, 0.7-0.9% fiber, 1.1-1.4% ash matter and vitamins, especially 
B1, B2, B6 and C (Lošák and Wiśniowska-Kielian, 2006). Table 1 shows the 
food composition of garlic.

Table 1 Food composition of garlic (per 100gm of edible portion)

FOOD KCAL PROTEIN 
(G)

VITAMIN 
A RAE 
(MCG)

VITAMIN 
C (MG)

IRON 
(MG)

ZINC 
(MG)

Garlic, 
raw 136 6.1 0 18 1.5 0.6

(Source: FAO, 2010)

Garlic is used as a condiment for flavoring in soups, stews, pickles and salads. 
Studies have supported the idea that the regular consumption of garlic can 
reduce blood pressure, blood cholesterol levels, act as an inhibitor to the 
overgrowth of pathogenic organisms in the body, such as Candida albicans 
and can be useful as a worm medicine. It is also used for the treatment 
of whooping cough, lung diseases, diabetes, cancer, rheumatism, stomach 
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complaints (as healing of ulcer of the intestines) and disorders resulting 
from child birth and as a specific for colds, sore eyes and ear-ache (Azene 
and Worku, 2015). The biological health benefits of garlic are summarized 
in Table 2.

Table 2  Widely renowned biological functions of biotic compounds of 
garlic

NAME OF COMPOUND
BIOLOGICAL POTENTIAL/

FUNCTION

Alliin
Antioxidants

Antimicrobial

Allicin
Antibiotic

Antifungal

Ajoenes

Anticancer

Antimicrobials

Antioxidants

Cardioprotective

Allylsulfide

Anticancer

Antimicrobials

Antioxidant

Antithrombotic

1,2-vinyldithiin

Antimicrobials

Antioxidants

Antithrombotic

(Source: Adapted from Martins, et al, 2016)

Garlic is composed of vitamins like vitamin C, vitamin B6, essential dietary 
minerals such as phosphorous, manganese, zinc, calcium and iron. It also 
contains thiamin and pantothenic acid in addition to carbohydrates and a 
small amount of protein. It is equipped with antiseptic properties and was 
traditionally used to dress wounds in times of war. Garlic is also rich in trace 
minerals like iodine, chlorine, sulfur and allicin in exorbitant amounts. The 
major health benefits of garlic are summarized below.

Reduces hypertension

Garlic is an effective medication to alleviate stress levels, particularly 
symptoms of hypertension. Allicin, which is a major component of garlic, 



CAPACITY DEVELOPMENT FOR SCALING UP OF BORA TYPE OF GARLIC VARIETY

6

helps relax the blood vessels in the event of an increase in pressure. It also 
enables resistance towards platelet aggregation and thus prevents and 
fights conditions like thrombosis.

Prevents acne

Garlic is considered to be a highly effective medium for the treatment of 
acne when mixed with other soothing ingredients like honey, turmeric, 
cream, etc. Owing to its antibiotic properties, garlic acts as a skin cleanser 
soothing rashes, scars and inflammation of the skin.

Prevents cancer

Garlic research suggests that it is highly beneficial to fairly eliminate the 
risk of prostate, esophageal and colon cancer. It considerably reduces, to 
an extent eliminates the process of production of carcinogenic compounds 
that are responsible for causing the deadly disease called cancer. Garlic is also 
widely popular to eliminate the possibility of cyst and tumor development 
in the breast responsible for causing breast cancer.

Improves digestion

Regular consumption of garlic enables the human body to maintain a steady 
level of digestion. The herb acts as an aiding component for the intestines 
to function full throttle ensuring healthy digestion. Swelling, irritation, 
inflammation and other such disorders inhabiting the gastric tract can be 
successfully eliminated with the use of garlic.

Treatment for cold and cough

Garlic, in its raw form has been used since time immemorial as a means to 
treat common cold and cough. Consuming crushed cloves of fresh garlic 
has been proven to considerably lessen the severity of cold.

Purifies	blood

Consuming crushed garlic cloves with warm water daily helps to keep the 
blood as pure as it gets. Garlic performs the functions of cleansing the body 
and flushing out all the unnecessary toxins out of the body. This ensures 
a healthy skin apart from eliminating the possibility of any disorders that 
may be caused due to the accumulation of hazardous toxins in the body.
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Keeps cholesterol in check

Owing to the abundant presence of the compound allicin, garlic prevents 
the harmful LDL cholesterol from oxidizing. It purifies the body of any toxins, 
prevents accumulation of fat and causes elimination of LDL cholesterol 
from the body.

Keeps diabetes in check

Diabetes is probably the most harmful of ailments existing in the world. Not 
just a stand-alone condition, diabetes if not put under control may result 
in a number of chronic disorders like failed kidneys, inefficient nervous 
system functioning, poor eyesight, heart disorders, etc. Garlic is advised to 
be generously used in the diet and applied in the form of oil by patients 
suffering from diabetes.

Eliminates intestinal ailments

Garlic is an effective way to prevent and eliminate intestinal conditions 
like dysentery, colitis, diarrhea, etc. It acts as a detoxifier, eliminating the 
negative bacteria present in the intestine. It expels worms from the body 
while also aiding in digestion and enhancing the proper functioning of the 
digestive tract.

Enhances the libido

Garlic is known to rejuvenate sexual prowess owing to the aphrodisiac 
properties it possesses. It is widely known to enhance the sexual libido in 
both men and women. It helps prevent nervous fatigue that might occur in 
the event of a hyperactive sexual lifestyle.

Boosts the immune system

Consumption of garlic ensures that the body becomes immune to 
foreign invasion of any bacterial, viral and microbial invasion. Owing to 
its antioxidant quality, garlic eliminates free radicals and harmful toxins 
flushing them out from the body.

Controls asthma

Research and use of the herb has proven that garlic is highly effective in 
alleviating problems in patients suffering from asthma. Consuming a glass 
of milk boiled with a few garlic cloves is an effective remedy to keep asthma 
at bay.
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Side-Effects and Allergies of Garlic

Excessive consumption of garlic might cause irritation in the digestive 
functioning of the body. It is regarded as a highly effective and most 
commonly available herb that acts as an excellent natural cure without the 
possibility of any side effects. Garlic is one of the safest herbs to use.
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UNIT 2:  RECOMMENDED GROWING 
CONDITIONS FOR GARLIC 
PRODUCTION

Altitude and slope range:

 � Ranges from 1800-2700 m.a.s.l.

 � Garlic is adapted to cool climates and should not generally be planted 
at altitude below 1800 m.a.s.l.

 � Areas that are too sloppy to cause erosion and those that accumulate 
water are not suitable for garlic production.

Temperature:

 � The temperature requirement of garlic ranges from 12 to 24OC. Garlic 
resistant to frost.

 � High temperature is required for bulb development, but cooler 
conditions in the early stages favor vegetative growth (Rice et al., 
1990).

 � Cloves require prolonged temperatures below 18oC to reproduce 
mature bulbs and mean temperature above 300C inhibit bulbing 
(Rubatzky and Yamaguchi, 1997).

 � Long days and high temperatures during the growing season 
encourage bulb formation.

LEARNING OBJECTIVES:

After completing this unit, participants will be able to:

 � Describe the suitable altitude and slope range of Bora type 
of garlic

 � Describe the optimum temperature range and moisture 
requirement of garlic

 � Describe the soil type and importance of knowing plot 
history in garlic cultivation
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Moisture requirement:

Garlic is sensitive to moisture stress throughout the growing season. Any 
periods of dry soil conditions, especially during bulbing will result in yield 
reductions. Where enough rainfall is not available, then irrigation is a 
requirement for this crop to provide satisfactory yields. To this effect:

 � It has to be grown in areas with rainfall greater than 600mm/season.

 � Excessive humidity and rainfall are detrimental to the vegetative 
growth and bulb formation.

 � Insufficient moisture and water logging easily stress garlic plants.

 � To attain maximum yield, moisture in the top 30cm of soil should be 
maintained close to field capacity

Soil:

 � Garlic likes full sunlight deep, loose and well-drained soil which has 
plenty of organic matter. Garlic is quite tolerant when it comes to soil 
types and textures, but it definitely appreciates sandy-clay-loam that 
is friable (easily crumbled in the hand) and has a high organic content. 
It does best when the pH is in the 6 to 7 range while tolerable pH 
range is 5.5 to 8.5.

 � The field selected for garlic cultivation should drain easily-standing 
water which otherwise the bulbs could rot in the ground.

 � To increase the tilth of the soil, add organic matter such as well-
composted manure.

 � Incorporating compost or well-rotted manure into heavy soils will 
result in the soil being friable and suitable for garlic production.

 � Malformation and difficulty when harvesting bulbs may result when 
garlic has been planted in heavy, clay soils.

 � Diseases like white rot are both soil and seed borne. Thus, garlic 
needs to be planted on soils with no history of white rot disease. The 
disease also affects onion and other crops in the Alliacea family. Thus, 
note should be made to the history of the field selected for garlic 
cultivation.

pH is a measure of level of acidity or alkalinity of the soil. Uptake of 
some nutrients is hindered in very acidic soils (pH less than 5.0)
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UNIT 3:  BIOLOGY OF GARLIC

Garlic is a perennial crop that can grow up to 60cm height or even more. The 
average plant height of Bora type of garlic planted on hot water treated plots 
was 80cm. The most important part of this plant for medicinal purposes is 
the compound bulb. Each bulb is made up of 12 to 20 cloves, and each clove 
weighs about 2 to 3 grams. With the exception to root cluster, underground 
stem and the protective papyrus-like wrappers on the garlic bulb, all of the 
other parts of the garlic plant are edible. The commonly consumed parts 
though are peeled garlic cloves and the scape.

Root

Garlic roots grow from all sides of the garlic bulb’s flat plate of the 
underground stem. The roots are white, hairless and quite strong. A mature 
garlic plant has around 40-60 roots. Surprisingly, the garlic plant roots are 
not efficient for a nutrient intake, especially phosphate (due to a symbiotic 
fungus commonly found on the roots of a garlic plant). This is the reason why 
growers are advised to feed the garlic plant with phosphate to ensure the 
plant’s strength and health. The optimal temperature for the garlic roots to 
emerge is 15oC to 25oC. The roots appear faster in the lower temperatures 
and much slower in the higher temperatures. Garlic has a shallow fibrous 
adventitious root system at the bottom of the bulb. The roots can grow to 
a depth of 30cm.

Leaf

 � Garlic leaves can be confused for other alliums, but it has flat leaves 
whereas onions have round leaves.

 � In addition to being flat, the leaves are long and grass-like and smell 
like garlic or onion when crushed.

LEARNING OBJECTIVES:

After completing this unit, participants will be able to:

 � Describe the morphology of roots, leaves and flowers garlic

 � Explain the how garlic is propagated
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 � They are blue-green in color and grow in a form of a dense clump.

 � Leaves are alternate and are larger near the base of the stem.

 � Eight to twelve leaves grow per plant, widely spaced, along the central 
stalk of the plant.

Flower

Cultivars like the Bora type which are grouped under the softneck subspecies 
do not produce flowers. Hardneck types, on the other hand produce flowers. 
The scape or flower stem usually emerges coiled and then later straightens 
to vertical as it grows and develops. A papery spathe covers the umbel at 
the top of this scape (also called a capsule). This spathe splits along one 
side to reveal the umbel, which consists of many bulbils that vary greatly 
in size between cultivars. The small, greenish-white, purple, or pink flowers 
vary in number, or may be absent. In many cultivars, these flowers wither 
as buds, without opening. Even those that open and occasionally produce 
black withered seeds are sterile, however (Figure 2).

Figure 2.  Flower of a hardneck type of garlic

(Source: FAO: Garlic post-harvest operations, 2007)

Bulbs

The garlic bulb is the most complex of common alliums. Garlic bulbs are 
designed for long storage. Garlic bulbs grow underground and the mature 
garlic plant’s bulb contains from a few to over 20 cloves. Due to the lack 
of scape emergence, soft-necks produce larger bulbs than hard-necks, 
however the hard necks’ bulb size can be significantly affected if the scape 
is left on for longer. Hard-necks produce smaller bulbs, but the cloves 
within the bulbs are usually larger than the average soft-neck’s. A garlic 

Bulbils

Spath
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bulb contains storage leaves known as cloves. The commonly known garlic 
skins are protective garlic sheaths that don’t swell during the garlic cloves 
growth, but dry and form protective wrappers which promote the garlic’s 
bulb vegetative propagation.

Propagation

Garlic is propagated vegetatively from the cloves or bulblets in each bulb. 
Garlic does not have true seed. As a result, garlic is normally propagated 
from cloves. The size of both the clove and the bulb is an important 
consideration when selecting planting stock. Grade your garlic for both size 
and quality. Discard anything that is diseased, small, soft, damaged, or 
discolored. This is time-consuming, but important. Garlic presents no 
pollination problem and when flowers do appear on garlic, they are sterile, 
so seeds are unknown.

Figure 3. View of bulb neck (left) and basal plate (right)
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UNIT 4:  TYPES OF GARLIC 
VARIETIES

All garlics are divided into two common subspecies, based on whether or not 
they form a hard flower stalk (scape) or not. Allium sativum ophioscorodon, 
or the hardneck garlic, is considered the more primitive type, producing 
a tall stalk with a cluster of bulbils and undeveloped flowers at the top. 
These bulbil stalks emerge curled and looped in a variety of ways. How the 
stalk is produced and emerges is one of the classification descriptors of 
the different varieties within the general “hardneck” type. These varieties 
are generally considered the “gourmet” types, with better, more complex 
flavor than their softneck kin. In general, though, they do not store as well 
as softneck types.

LEARNING OBJECTIVES:

After completing this unit, participants will be able to:

 � Describe the commonly grown garlic varieties in Tigray and 
beyond

 � Explain the advantages of growing Bora types of garlic over 
other varieties of the crop.
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Figure 4. Hardneck (left) and softneck (right) types of garlic

(Source: Sterling, S. January 2000. Garlic. www.dpi.vic.gov.au. In: Production guidelines for garlic: 
Department of Agriculture, Forestry and Fisheries, REPUBLIC OF SOUTH AFRICA)

Over millennia of selection, softneck garlics, Allium sativum, were developed. 
These produce no hard central stalk or aboveground clusters of bulbils. All 
energy storage is in clove form within the bulbs produced underground. 
These bulbs typically have many more cloves than the hardneck types, some 
of them small central ones, thought to be converted remnants from what 
once would have been a bulbil stalk. The leaves form a pseudostem above 
the ground, which softens and falls over as the garlic matures, very much like 
the tops of an onion. These are the garlics of the mainstream marketplace, 
because they yield more, store better, and require less maintenance in the 
field than the hardnecks (Figure 5B). The soft, pliable stems also make them 
the garlics of choice for braiding. Softneck cultivars may be less hardy than 
hardnecks in cold winter areas. Bora type of garlic variety is grouped in the 
softneck type of garlic. Softneck type does not produce the spathe or the 
umbel filled with bulbils and flowers.
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Figure 5. Hard (A) and softneck (B) garlic cultivars

(Source: FAO: Garlic post-harvest operations, 2007)

Apart from its adaptation, the variety selected for a given locality should 
have high yield potential, tolerance to biotic and abiotic stresses have good 
marketability and high consumer preferences. Unless the variety meets the 
requirements of farmers and consumers, it is less likely to be widely adopted 
(Bishaw et al., 2008). Table 3 presents the major garlic varieties grown in 
Ethiopia and their characteristics.

Table 3. Average yield and characteristics of garlic varieties

CULTIVAR
YEAR OF 
RELEASE 

(EC)

M
AT

U
RI

TY
 T

IM
E

(D
AY

S)

RA
IN

FA
LL

 (M
M

)

ALTITUDE 
(MASL)

YIELD (QT/HA) UNDER

BREEDER/

MAINTAINER

Re
se

ar
ch

D
em

on
-

st
ra

tio
n

Fa
rm

er
s

Bishoftu Nech 
(W-014)

1999/00 132 >870
1900-
2400

100-
130

75-85 55-85
DzARC/
EIAR

Tsedey 92 (G-
493)

1999/00 138 >870
1900-
2400

100-
120

80-90 60-70
DzARC/
EIAR

Qoricho (W-
027)

2006 138
500-
1000

1900-
3350

61 - 15-20 SARC/OARI

Kuriftu 2010 140 -
2100-
2400

41 -
DzARC/
EIAR

Bora
Maintained 

by farmers 

for years

120-
150

600-
700

1800-
2700

-
80-
126*

50-90*

Farmers 
around 
Bora-Alaje 
Woreda

* CASCAPE trial results

Bora type of garlic is high yielding, has big cloves, attractive white colored 
bulbs, good pungency, good marketability and is well preferred by farmers. 

A B
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Thus, this local garlic variety is more preferred by farmers in the garlic 
growing areas of southern zone of Tigray region than the other released 
varieties. A general rule in garlic production is the longer the vegetative 
period, the larger the bulbs and the higher the yield.

The performance of Bora type of garlic during the 2013/14cropping season 
in Emba Alaje Woreda is shown in Table 4.

Table 4. The effect of seed treatment on yield and yield component of 
Bora garlic in 2013, Alaje

TREATMENTS
AVERAGE 

PLANT  
HEIGHT (CM)

AVERAGE 
LEAF 

NUMBER PER 
PLANT

MARKETABLE 
(HEALTH)  

YIELD QT/HA

UNMARKETABLE 
(INFECTED BY 
WHITE ROT) 
YIELD QT/HA

Chemical 
treatment 78.38b 10.47b 111.76b 21.50b

Hot water 
treatment 80.31a 10.76a 126.90a 16.58b

Farmers 
practice 76.68c 9.88c 96.57c 34.70a

LSD (5%)

CV (%)

0.86

1.17

0.20

2.014

8.34

7.96

6.63

29.08

*Values connected by the same letter across a column are not statistically different at 5% significant level.
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UNIT 5:  LAND PREPARATION

The ideal site for garlic production is the one which is protected from stray 
animals, has a reliable source of water. Garlic is frost hardy and requires 
well drained soils with good tilth. Farm land is prepared to a fine tilth by 
3-5 ploughings depending on the type of the soil and leveled properly. The 
following are the activities that need to be undertaken in preparation of 
land for garlic cultivation.

1. Clearing the land

Once the site for garlic farming has been selected based on soil type, its 
fertility status and plot history, the farmer proceeds with clearing. This 
involves cutting down the vegetation that is growing on the land and then 
removing the dead plant and other residual material from the cropping 
area.

The aim of land clearing is to:

 � Avoiding competition of nutrients, water, light and air,

 � Reduction of shading effect of the vegetation to the crop,

 � Eliminating the possibility of serving as shelter of pests and diseases, 
and

 � Enhancing good vegetable crop development.

The materials to be removed from the vegetable site include unwanted 

LEARNING OBJECTIVES:

After completing this unit, participants will be able to:

 � Explain the importance of preparation of raised beds in 
improving productivity of garlic,

 � Explain the required depth of ploughing for garlic 
production,

 � Describe why suitable soil tilth is prepared for garlic 
production.
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vegetation (trees, bushes and weeds etc.), tree roots, stones, and stumps. 
The cleared materials should then be avoided from the site by burning it. 
Compostable plant litter can be used for compost preparation.

2. Preparing the land for planting

 � After the land has been cleared and plant debris is removed, various 
tillage operations for 3-5 times carried out. Tillage refers to mechanical 
manipulation of the soil to provide necessary soil conditions favorable 
for the growth of the crop. Tillage includes all operations and practices 
used for the purpose of modifying the physical character of the soil. 
A soil with good tilth will be smooth, friable and adequately aerated.

 � Soil selected for garlic production is ploughed to a depth of 20cm to 
ease growth of roots.

 � Since garlic has shallow fibrous roots, preparation of soil in to a good 
tilth is quite important.

 � The following tillage operations are carried out to prepare land for 
growing garlic and other vegetable crops.

 � Establishing good soil condition – loosening the soil to the right 
depth (20cm), moistening the soil and aerating the soil,

 � Ways of soil improvement–any crop gives its best yields in suitable 
soil conditions in regard to texture, water, nutrients, pH and so on.

Preparation of raised beds (up 20cm) reduces soil compaction and water 
logging particularly in heavy soils. This also improves productivity of the crop 
by reducing the ill-effects of excess water accumulation and development 
of diseases.

Most vegetables are susceptible to damping off and collar rots when grown 
in excess water. This can be improved by:

a) Organic manuring – apart from supplying some of the plant 
nutrients, organic manures play other significant roles. These 
include the improvement of soil structure and water retention 
capacity within the root zone, increase aeration of the rooting 
medium, lower bulk density and increases holding of other major 
nutrients like nitrogen and phosphorus. Organic manures must 
of right composition and must contain a high ratio of nitrogen to 
carbon; otherwise they may temporarily immobilize plant nutrients 
and reduce the growth of the crops. Minimum rate of FYM and 
compost for one hectare is 10 and 5 tons, respectively.
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UNIT 6:  PLANTING AND PLANTING 
METHODS

 � In general, the size and weight of the clove planted will affect the 
ultimate size of the bulb formed. In a given planting of a single cultivar, 
bigger cloves almost always make bigger bulbs. The cloves from the 
outer parts of the bulb are the best planting material. When there is a 
shortage of planting materials, the inner cloves can be used also but 
these should be separated from the outer cloves.

Just prior to planting, bulbs are broken apart into individual, unpeeled 
cloves. Care needs to be taken to align the cloves within the row to keep 
foliage uniformly arranged in the rows to facilitate cultivation. If cloves 
are planted with the flattened sides perpendicular to the axis of the row, 
the leaves will all develop in the plane of the row. This makes mechanical 
cultivation much easier.

On well-drained soils, rain fed garlic may be planted on flat beds; but on 
heavy soils, which are poorly drained during the rains; it is advisable to 
plant on ridges as for irrigated crops. It is essential to select land with high 
fertility or to apply considerable quantities of manure or fertilizers to obtain 
good yields.

Preparation of planting material

Disease free bulbs are used for planting material. It is harvested and stored 
2-3 months in dry ventilated storage well until the dormancy period is 

LEARNING OBJECTIVES:

After completing this unit, participants will be able to:

 � Describe the appropriate time of planting of Bora type of 
garlic.

 � Describe the optimum seeding rate for Bora type of garlic.

 � Explain appropriate planting methods and planting depth 
for garlic.
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broken down. Check the planting material (clove) before planting by 
breaking in to two parts to know wither it is sprouted or not. If it is sprouted, 
split the cloves and used for planting material.

Steps in planting of garlic

1. Select clean and disease free sprouted garlic bulbs of the desired variety.

2. Select plots free of garlic white rot disease.

3. Crack or split the bulb into individual cloves.

4. Be careful not to damage the cloves at their base, where they attach to 
the garlic plate. If the base is damaged, the garlic will not grow.

5.  Grade your garlic cloves for both size and quality. Discard anything 
that is diseased, small, soft, damaged, or discolored; reserving only the 
large, healthy outer cloves for planting (Figure 6).

6. Where seed borne disease/s are expected, treat the cloves with hot water 
(see ‘Unit 6’ on Improved Management Practices in Garlic Production).

7. Plant the cloves in rows at spacing of 40 cm between farrows, 20cm 
between plant rows and 5cm between plants when double face 
planting is used in irrigated condition or simply 20cm inter and 5cm 
intra row spacing when single facing spacing is used. Depending on 
the size of the cloves used; narrow spacing for smaller cloves and wider 
spacing for bigger cloves.

8. Plant the garlic cloves in the holes with the flat root end facing down 
and the sprouts or pointed end facing up.

9. Plant cloves to a depth of 4 – 5cm.

10.  Garlic is often planted in raised beds for ease of digging, good soil 
drainage, and reduction of soil compaction.
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Figure 6. Selection of cloves for planting 

(Source: Melkassa research center)

Time of planting

The appropriate time of planting for garlic (Bora type) under rain fed 
condition is from end of May to 2nd week of June depending on the onset 
of rains and starting from august for irrigated agriculture.

Seed rate

The recommended seeding rate for Bora type of garlic is 8-12 qt/ha 
depending on the size of the cloves used and planting method applied. 
Higher seeding rate is used when planted using broadcasting method.

Planting method

There are two major planting methods used for Garlic.

 � Broadcasting: Cloves are broadcasted in a well prepared leveled 
land and covered by harrowing. Farmers in southern zone of Tigray 
region still use this method in rain fed agriculture when large plots 
are planted to garlic but not recommended.

 � Row planting: Furrows are prepared with the use of drought animals 
or hand hoe and cloves are dropped into furrows by hand. Then they 
are lightly covered with loose soil. This planting method is preferred 
over the broadcasting method for ease of crop management, 
reduced seeding rate and higher yield. This method, however, is labor 
demanding as no technologies are so far in place for row planting of 
garlic.

Cloves 
unfit for 
planting
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Spacing

Spacing between rows depends on the method of planting. CASCAPE 
experience in the Southern Tigray is to use a spacing of 10 cm between 
plants and 20 cm between rows (Figure 6). Latest, plant spacing designed 
and recommended by melkassa research center as a package for irrigation 
through country side is 5cm. Cloves of small bulb strains may be planted as 
close as 5 cm apart under irrigation, while large-bulb strains will require as 
much as 7-12 cm between plants under rain feed. Single or double rows of 
plants are commonly used, with spacing between rows generally not less 
than 20 cm. The cloves are planted to the depth of about 5cm on raised 
beds or on the flat ground.

Figure 7. Furrows prepared for garlic planting in rows

(source: Own picture)

Mulches can be used on small plots to moderate soil moisture and 
temperature, and to suppress annual weed growth. It also reduces soil 
compaction and contributes to soil organic matter and soil health (Figure 
8).

10cm40cm
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Figure 8.  Organic mulch in garlic

(Source: Crystal Stewart and Robert Hadad, 2018)

Compatibility to the cropping system

Garlic is a good companion to lettuce, beetroot, swiss chard, and 
strawberries; but should not be planted near peas and beans.





TECHNICAL MANUAL FOR SMS

27

UNIT 7:  IMPROVED MANAGEMENT 
PRACTICES IN GARLIC 
PRODUCTION

7.1.  Fertilizer requirement and fertilizer 
application methods

Agricultural soil characterization studies conducted at different locations 
in southern Tigray indicated that the total nitrogen content of Vertisol for 
Endamohoni Woreda is rated mostly as medium with some exceptions 
(low and high). Available P is generally high while CEC is high to very high 
implying that the soil is potentially fertile. In case of Cambisols, it has low to 
medium nitrogen content and OC content, and moderate to high available 
P and CEC (Amanuel et al, 2015). Nitrogen and phosphorus are among 
the most important and frequently applied mineral fertilizers applied for 
producing most crops in the region.

In the southern zone of Tigray, the common inorganic fertilizers used by 
farmers were diammonium phosphate (DAP) and Urea. Both fertilizers 
were applied for Garlic at the rate of 200 kg/ha DAP and 150 kg/ha Urea. 
The whole amount of phosphorus fertilizer is applied once during planting, 
whereas half rate of urea is applied during planting and remaining is 

LEARNING OBJECTIVES:

After completing this unit, participants will be able to:

 � Explain the required fertilizer types (also organic) and rate 
of fertilizer application,

 � Describe the amount and method of irrigation application,

 � Explain how weeds, diseases and pests are managed,

 � Describe the steps in the management of white rot disease 
using hot water treatment,

 � Explain the safe use of pesticides.
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applied 30-45 days after planting. In some cases, when there is good rain, 
application of urea can be done in three phases (1/3 during planting, 1/3 
after 30 days after planting and the remaining three weeks after the second 
application) under rain feed . For irrigation apply urea fertilizer in two splits 
½ urea 7 days after planting cloves, ½ urea 30-45 days after the first urea 
fertilizer application. Currently, the existing P source of fertilizers is being 
formulated in the form blended. Thus, the recommended elemental P 
fertilizer for garlic has to be applied from the existing types.

Garlic is a heavy feeder. Fertilizer requirements of garlic crop vary with 
fertility status of the soil, availability of soil moisture, variety of the crop, 
purpose for which the crop is grown, etc. Of many factors, fertility status 
of the soils significantly is affecting garlic crop yield. The total amount of N 
required for crops vary with the soil type, the previous crop grown, and the 
amount of organic matter present in the soil and the climatic conditions 
during the growing season. Garlic will generally require 70-125 kg N per 
hectare and one-half of it should be applied as soon as the crop begins to 
grow; the remainder should be split into two applications at three-week 
intervals. It is advised not to apply N when the bulbs are beginning to 
enlarge since it will encourage excessive leaf growth and reduce bulb size.

Among the major macronutrients, potassium (K) and sulphur (S) have been 
ignored by most of our local growers to apply to their crops. Application 
of 92 kg N + 40 kg P + 30 kg S per hectare in combination with 140 kg 
per hectare of KCl fertilizer are optimum for Andosols and Vertisols to 
attain better productivity of garlic crop to enhance household income and 
livelihoods of farmers (Diriba et al., 2015).

The use of balanced sources of nutrients to obtain high yield and good 
quality garlic bulbs is an important practice in today’s garlic production. 
Organic inputs are often proposed as alternatives to mineral fertilizers. 
Application of one season 2 tons of FYM per hectare and inorganic fertilizers 
of 61 kg N per hectare and 31 kg P per hectare produced the highest bulb 
yield of shallot (Teklu and Teklewold, 2009).

Organic fertilizers like compost and FYM can be used to supply some of 
the plant nutrients and to improve soil conditions. These include the 
improvement of soil structure and water retention capacity within the root 
zone, increase aeration of the rooting medium, lower bulk density and 
increases holding of other major nutrients like nitrogen and phosphorus. 
Organic manures must of right composition and must contain a high ratio 
of nitrogen to carbon; otherwise they may temporarily immobilize plant 
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nutrients and reduce the growth of the crops. Minimum rate of FYM and 
compost for one hectare is 10 and 5 tons, respectively.

7.2.  Irrigation application

Garlic can be successfully grown using furrow, sprinkler, or drip irrigation. 
Garlic has a relatively shallow root system and it is therefore sensitive to 
moisture stress throughout the growing season. The quantity of water 
that should be applied depends on the weather and the soil conditions. 
Furthermore, there will be increased water demand during hot, dry weather 
conditions. Where the conditions like this prevail, mulching is recommended 
to reduce the rate of moisture loss from the soil surface.

The preferred time of irrigation water application is morning and late 
afternoon, thus allowing sufficient time for the plant foliage to dry before 
nightfall. As garlic becomes mature at harvest, irrigation should cease. This 
increases ease of harvesting and reduces the potential deterioration and 
staining of exterior bulb sheath leaves. Water the garlic to keep the soil 
moist while plants are young, and then restrict water to keep the soil fairly 
dry when the garlic gets closer to maturity. Watering should be stopped 
two weeks before harvest to help the plants dry down. Garlic can double in 
size in its last month of growth. Cutting back the water forces the tips of the 
foliage display to dry out, this stimulates garlic bulb development.

7.2.1.  Soil moisture constants

The field capacity and permanent wilting point represent the upper and 
lower limits of water storage in the soil and are called the soil moisture 
constants.

Saturation: the condition in which all the pore spaces in a soil are filled 
completely with water. A soil is saturated or nearly so for a short time after 
water is applied until drainage takes place (fig 9a).

Field Capacity, FC: water held in excess will be drained away by gravity and 
when the rate of downward movement of water by gravity ceases, a soil is 
said to reach FC. This will take place 2 to 3 days after heavy rain or irrigation. 
The FC is, therefore, the approximate starting point from which plants 
began to use water from the soil. At FC the macro pores are filled with air 
and the micro pores are filled with water (fig 9b).
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Permanent Wilting Point, PWP: the moisture content of the soil below 
which the plants can not readily obtain water and plant remain wilt (die) 
(fig 9c). Some plants will not wilt but show other signs such as decreased 
plant height and change of color. Temporary wilting could occur on a hot, 
windy day, particularly in the case of broad-leafed plants, even when the 
soil is well supplied with water, plants usually recover from wilting when 
atmospheric conditions change. For all practical purpose the value of FC 
and PWP is fixed.

Figure 9.  Soil moisture regimes

 (Source: Taken from a training manual prepared by Melkassa Agricultural Research Centre)

The soil type influences the maximum amount of water which can be stored 
in the soil per meter depth of the soil. Sand can store only a little water 
or, in other words, sand has low available water content. On sandy soils it 
will thus be necessary to irrigate frequently with a small amount of water. 
Clay has high available water content. Thus on clayey soils, larger amounts 
can be given, less frequently. The root depth of a crop also influences the 
maximum amount of water which can be stored in the root zone. If the root 
system of a crop is shallow (like garlic), little water can be stored in the root 
zone and frequent - but small - irrigation applications are needed. This is 
the case for most vegetable crops except pepper and tomato. Young plants 
have shallow roots compared to fully grown plants. Thus, just after planting 
or sowing, the crop needs smaller and more frequent water applications 
than when it is fully developed.

a) b)

c)
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7.2.2.  Irrigation water application methods

Various methods can be used to supply irrigation water to garlic plants. 
Each method has its advantages and disadvantages. These should be taken 
into account when choosing the method which is best suited to the local 
circumstances

More sophisticated methods of water application are used when larger 
areas require irrigation. There are three commonly used methods: surface 
irrigation, sprinkler irrigation and drip irrigation.

Surface irrigation

Surface irrigation is the application of water by gravity flow to the surface 
of the field. Either the entire field is flooded (basin irrigation) or the water is 
fed into small channels (furrows) or strips of land (borders).

Furrow irrigation

Furrows are small channels, which carry water down the land slope between 
the crop rows. Water infiltrates into the soil as it moves along the slope. The 
crop is usually grown on the ridges between the furrows. This method is 
suitable for all row crops and for crops including garlic that cannot stand in 
water for long periods (e.g. 12-24 hours).

Furrow irrigation is suitable for a wide range of soil types, crops and land 
slopes. Crops that would be damaged if water covers their stem or crown 
should be irrigated by furrows.

Figure 10.  Furrow irrigation

(Source: training manual by MARC)
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Basin irrigation

 � Basins are flat areas of land, surrounded by low bunds. The bunds 
prevent the water from flowing to the adjacent fields. Basin irrigation 
is commonly used for rice grown on flat lands or in terraces on 
hillsides. The basin method is suitable for crops that are unaffected 
by standing in water for long periods. Other crops which are suited to 
basin irrigation include: pastures, e.g. alfalfa, clover; trees, e.g. citrus, 
banana; crops which are broadcast, such as cereals; to some extent 
row crops such as tobacco. Basin irrigation is generally not suited 
to crops which cannot stand in wet or waterlogged conditions for 
periods longer than 24 hours. These are usually root and tuber crops 
such as potatoes, cassava, beet, garlic and carrots which require loose, 
well-drained soils.

 � Other irrigation water efficient methods like drip irrigation can also 
be used in garlic production (Figure 11). This method improves water 
use efficiency and reduces salinity problems that might arise from 
irrigation water application.

Figure 11.  Drip irrigation

(Source: Crystal Stewart and Robert Hadad, 2018)

7.3. Crop protection

7.3.1. Weed control

Weeds are frequently the worst problem in garlic fields and the crop is a 
poor competitor. Unless weeds are controlled early, they can easily overtake 
young garlic plants, causing significant yield losses. Weed control can be 
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achieved by cultivation, hand-hoeing or by applying registered herbicides. 
Deep cultivation close to the plants should be avoided as root damage with 
subsequent yield losses may occur. Each method of weed control may be 
effective but the best way is to integrate these methods to ensure a weed 
free garlic field. Hand weeding is useful method that a garlic producer can 
use to control annual grasses and some broadleaved weeds. This can be 
done at every 10-15 days interval. Shallow cultivation with equipment such 
as finger weeders and hoes are used to avoid most annual and perennial 
weeds. Mechanical weed control may also have the added benefit of 
stimulating the mineralization of soil-bound nitrogen, which, if timed with 
the crops peak demand for nitrogen, could help to improve crop yield and 
quality.

7.3.2. Insect pest control

Bulb Mites

Bulb mites are shiny, creamy white, bulbous-appearing mites that range in 
size from 0.5 to 1 mm long. They have four pairs of short brown legs and 
look like tiny pearls with legs. They generally occur in clusters inhabiting 
damaged areas under the root plate of onion bulbs or garlic cloves. They 
have a wide host range, feed on many kinds of bulbs, roots, and tubers, 
and can infest bulbs in storage or in the field. Bulb mites can survive on 
decaying vegetation in the field until it is completely decomposed.

Damage

Bulb mites damage bulbs by penetrating the outer layer of tissue and 
allowing rotting organisms to gain entry. This pest is most damaging when 
plant growth is slowed by cool and wet weather. Bulb mites can reduce 
plant stands, stunt plant growth, and promote rot of bulbs in storage.

Management

Cultural Control:

Avoid planting successive onion or garlic crops. Fallow fields to allow 
complete decomposition of organic matter; this reduces field populations 
of the mite. Flood irrigation or heavy rains during the winter may reduce 
mite levels in the soil. Garlic growers must insist on use of clean seed 
cloves. Hot water treatment of seed garlic before planting may reduce mite 
infestation.
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Chemical control:

Apollo 50 SC (common name Clofentezine) is recommended for the control 
of different stages of mites.

Thrips (Thrips tabaci)

Thrips are very small, slender insects that are best seen with a hand lens: 
mature onion thrips are about 0.05 inch (1.3 mm) long and flower thrips are 
slightly larger at 1.5 mm long. The most distinctive characteristic of thrips 
are two pairs of wings that are fringed with long hairs. Adults are pale yellow 
to light brown in colour.

Onion thrips have a very extensive range of hosts, including cereals and 
broadleaved crops. Thrips also can be a problem on garlic, but generally are 
not as serious pest as they are on onion.

Damage

High populations of thrips can reduce both yield and keeping quality of the 
crop. Thrips are most damaging when they feed during the early bulbing 
stage of plant development. Both nymphs and adults lacerate the leaf tissue 
and suck the sap from the leaves causing silvery leaf spots that turn into 
white blotches and silvery patches along the leaves (Figure 12). Damaged 
tissues coalesce exhibiting blast like appearance. Affected tissue will dry up 
when the damage is severe. Damaged leaves may become papery and 
distorted. Infested terminals lose their colour, roll, gradually dry from tip 
downwards and drop leaves prematurely. Leaf tip discoloration and drying 
is the main symptom.

Figure 12.  Damaged leaves by thrips with silvery patches

(Source: http://www.krishisew.com)
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Managment

Cultural Control:

Avoid planting garlic near grain fields, if possible, because thrips often 
build up in cereals. Field sanitation, removal of weed and avoid successive 
planting of onion and garlic or mono cropping; crop rotation with non-
hosts will help to reduce the population build-up.

Chemical:

Locslay 5% EC (Common name lambda-cyhalothrin) and Nimbicidine 
(common name Neem) are approved to control thrips of onion and Garlic.

Monitoring and management decisions:

Although thrips feeding during the early bulbing stage is the most 
damaging to yields, thrips must be controlled before Garlic reach this stage 
so that populations do not exceed levels that can be adequately controlled.

7.3.3. Disease control

Most garlic diseases are either soil or seed borne and usually can be 
controlled with proper rotation and by planting disease-free seed. Certain 
cultural practices can help to reduce the incidence of diseases in garlic. The 
major Garlic diseases prevailing on garlic in the southern zone of Tigray are 
rust and white rot.

Rust

Rust, which is caused by Puccinia allii, is the major problem in almost all 
garlic producing Kebeles. Puccinia allii infects garlic at bulb formation stage. 
The earliest symptom of garlic rust is small, circular to elongate white flecks 
that occur on both sides of leaves. As the disease progresses, these small 
spots expand, and the leaf tissue covering the lesions ruptures and masses 
of orange, powdery spores (uredospores) then become visible as pustules. 
Severely infected leaves are almost entirely covered with pustules, resulting 
in extensive yellowing, wilting and premature drying of leaves (Figure 13). 
Teliospores, a second type of spores formed by garlic rust fungus, later 
develop on the same leaves, resulting in black pustules.
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Figure 13. Symptoms of rust on infected garlic leaves

 (Source: Koike, et al, 2001)

Management of Garlic Rust

 � Cultural and chemical methods are recommended to prevent the 
effect of rust on Garlic.

 �  Remove crop residues after harvest or incorporate it into the soil. 
Burning crop residue is also useful in minimizing spore loads.

 � Rotation of garlic with non-allium species is also important.

 � Application of Natura 250 EW (common name Tebuconazole), which 
is systemic fungicide recommended for the control of the disease. The 
fungicide is applied at a rate of 1 liter per hectare starting on the first 
date of disease appearance. Propiconazole (Tilt 250E @ 500ml per ha) 
can also be used to control the disease.

White Rot

Onion and garlic white rot caused by Sclerotium cepivorum is a major 
production threat of garlic and onion in Southern Zone of Tigray. During 
favorable weather conditions and when susceptible varieties are in the 
production system, the disease can cause up to 100% yield loss (Zeray, 
2011).

Symptom

The initial symptom of the disease is yellowing and dieback of leaf tips. 
Scales stem plate and roots get destroyed. The bulbs become soft and 
water soaked. White fluffy or cottony growths of mycelium are seen on the 
infected bulbs (Figure 14).

A B



TECHNICAL MANUAL FOR SMS

37

Figure 14. Above ground symptom of white rot (A) and infected bulb (B)  
(Source: Own picture)

Damage

 � The pathogen produces numerous small size sclerotia which aid in 
survival, and are primary source of inoculum.

 � On germination, the sclerotia produce mycelium which penetrates 
the root epidermis and invades the cortical parenchyma both intra 
and intercellulary causing extensive tissue degradation

 � Infected plants suffer water stress and usually die prematurely

Symptoms

 � Additional relevant crops: leek, onion.

 � The disease can occur at any stage of plant growth but the symptoms 
are usually seen when the plant has 3-5 leaves.

 � Check plants from the seedling stage every week and look for 
yellowing of the leaves starting from the tips and moving downwards.

 � As the disease continues, the leaves will wilt, collapse and die.

 � Symptoms on the uprooted bulb include white fluffy fungal growth 
around the base, stunted/ rotted roots, soft rot of the bulb and small 
black sclerotic (fungal structures).

 � As soon as the first symptoms are seen implement control measures

Preventive measures of Garlic white rot

Non-chemical treatment is one of the possibilities to minimize the effect 
of white rot of Garlic. Cultural practices like crop rotation and hot water 
treatments are among the most important measures that farmers can apply 
with minimum cost.

A B
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Cultural management practices like avoidance and sanitation are also 
recommended. Cull bulbs, litter, and soil should not be moved from infested 
to non-infested fields. Equipment should be cleaned before moving from 
one field to another. The most effective way to avoid introducing the 
disease is to plant only clean stock from known origins that have no history 
of white rot.

Hot water treatment

Hot water treatment has been used to prevent the disease, which can be 
transmitted from the seed. The following steps are important to implement 
during hot water treatment (Figure 15 to 17).

Step 1:  Garlic cloves at rate of 600 kg/ha are prepared from known 
source for a unit of land,

Step 2.  Prepare a clinical thermometer that can measure up to 50oC,

Step 3:  Water is boiled to a temperature of 46oC,

Step 4:  The required temperature is measured using clinical 
thermometer,

Step 5:  The cloves are dipped in to the hot water for 20 minutes,

Step 6:  The hot water treated cloves are then spread on clean plastic 
sheet or put in to other   clean container for planting,

Step 7:  The hot water treated garlic cloves are planted immediately.

 Figure 15.  Breaking selected 
bulbs in to cloves 

Figure 16.  Boiling water to 46oC 
(left) and thermometer 
(right)

Figure 17.  Hot water treated cloves spread on 
plastic sheet
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Note that the recommended temperature of the hot water to treat the garlic 
cloves is 46oC. Temperature below this is not effective and temperature 
above 46oC is detrimental to the cloves.

Disease management decision guide for onion and garlic white rot: (adopted 
from www.plantwise.org)

Prevention

 � The fungus can survive in the soil for up to 20 years making the disease 
virtually impossible to eradicate. It is thus extremely important to 
avoid moving infected material into disease-free areas.

 � Seeds do not carry the disease but bulbs can. Use clean planting 
material from an area with no history of white rot.

 � The disease can spread in contaminated soil on tools and footwear. 
Clean these before moving to a disease-free area.

 � Do not let irrigation water run from an infected field to a clean field.

 � Follow a long-term rotation with another crop except allium crops.

 � After harvest, do not compost infected bulbs—dispose of them by 
burning or burying.

Direct control

 � Remove affected plants at first symptoms and destroy by burning in 
the field.

7.4.  Safe use of pesticides

When using pesticides, it is important to use them safely in order to protect 
both the farmer and the consumers, to reduce environmental contamination 
and to maintain the efficacy of the pesticides. Farmers must take appropriate 
safety precautions when mixing and using pesticides. This includes reading 
and following the label recommendations for use, using the right personal 
protective equipment (PPE) and practicing personal hygiene.

Information that can be found on the product label includes:

 � PPE required,

 � What crops and pests the product can be used for,
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 � Dosage rate,

 � Timing of application,

 � The time required before anyone can re-enter the field after spraying 
(REI),

 � The number of days a product must be sprayed prior to harvest (PHI), 
and

 � Other precautions.

It is important that farmers read and understand what is on the label prior 
to use. If they are unable to read it or do not understand it, then they should 
find someone to help them, such as a local extension agent or family 
member.

Farmers should be encouraged to use PPE when mixing and spraying 
pesticides. At a minimum, a farmer should wear:

 � Long sleeved shirt,

 � Long trousers,

 � Goggles, glasses or a face shield to protect the eyes,

 � Boots (preferably rubber or impermeable boots),

 � Gloves (preferably rubber or impermeable gloves),

 � Dust mask (for dry formulations) or respiratory protector, and

 � Hat.

Warning symbols are used on labels to indicate what type of PPE should be 
used for both mixing and spraying the product as shown below.

It is also important to practice good personal hygiene when applying 
pesticides. Farmers should never eat, drink or smoke when mixing or 
spraying pesticides. They must wash the equipment and bathe after each 
use. If any chemicals leak or splash into their eyes or onto their skin, they 
should immediately wash them off.

It is also important to know that the pesticides to be included in the 
integrated pest management strategy are registered for use in Ethiopia. 
Once the registration is ensured, it is crucial to make sure that the pesticide 
is recommended for the pest or disease or weed we are intending to control 
in garlic.
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UNIT 8:  HARVESTING AND POST-
HARVEST HANDLING

8.1. Harvesting

Garlic is harvested when the tops have fallen and are completely dry. This 
is usually 100 to 140 days from planting. Farmers experience regarding the 
best time to harvest is the dying back of the leaves used as an approximate 
indicator. Garlic does not develop its full flavor until the bulbs have dried 
and the outer layer appears papery. Harvesting begins when the leaf tops 
begin to dry, discolor and bend towards the ground. Another indication of 
bulb maturity is the reduced thickness of the sheath leaves surrounding the 
bulb. Early harvest results in bulbs which are immature and tend to shrivel 
when cured, while late harvest may result in bulbs which have stained, and 
have partially decayed wrapper leaves and exposed cloves.

LEARNING OBJECTIVES:

After completing this unit, participants will be able to:

 � Describe the importance of the last one month to maturity 
in doubling bulb size,

 � Describe the stage at which garlic plants are harvested 
based on color of the leaves, drying of leaves, softening of 
the main stem and when tops have fallen,

 � Explain how delay in harvesting deteriorates yield and 
quality of garlic,

 � Explain how mature garlic plants are harvested to get clean, 
white and firm to touch bulbs,

 � Explain how harvested bulbs are cured under shade for 10 
to 14 days and importance of trimming of roots and leaves,

 � Explain the advantages of grading bulbs according to its 
size and quality, storing at well-ventilated area, disease 
control and use of proper transportation methods.
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Harvest the garlic when 75% of the leaves turn yellow and begin to fold 
over. Keeping matured garlic in the ground beyond a certain point does not 
result in bigger bulbs, but rather become dried out, split and nearly useless. 
Harvesting can be done by hand pulling or using garden forks. On larger 
plantings, the potato digger or a small onion plough can be used to lift the 
garlic crops. High quality bulbs are clean, white (color is dependent on the 
variety grown) and well cured. Bora type of garlic has white color bulbs. 
A well cured bulb is one with a dry neck and outer leaves. A well matured 
bulb should be firm to touch. Garlic can get sunburned and some varieties 
of garlic change flavor when left in the sun and so we take each load of 
baskets of garlic into the curing shed as soon as it is harvested. After lifting, 
the crops can be left on the field, using their leaves to protect the bulbs 
from sunburn. The process is also termed curing and it is very important 
for the quality of the garlic crop. Care must be taken not damage bulbs as 
outer cloves of bulbs are easily damaged during mechanical harvest and 
these damaged areas discolor and decay during storage.

Figure 18.  Harvesting of physiologically matured garlic

(Source: FAO, 2007)

The leaves and roots of the harvested bulb should be trimmed off in order 
to remove soil to prevent the movement of pathogens into storage. Cure 
harvested bulbs for 10-14 days under dry shade. Proper drying is essential 
to minimize diseases during storage and to produce good skin color.
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8.2.  Post-harvest treatment

Sorting and grading

After curing, the garlic tops and the roots should be trimmed. Topping and 
root trimming can be done mechanically or by hand. Brushing to remove 
the loose outer sheath is the final step before marketing. Garlic is usually 
graded by size, with the larger-sized bulbs commanding a higher price. The 
grading process can also be done manually or mechanically.

Packing

Garlic can be packed in a mesh bag or in a well-ventilated crate (Fig 19). The 
quantity when packed should be taken into great consideration because if 
too much is packed, there is a lot of heat released and this can result in loss 
of quality of the garlic bulbs. For export purposes, garlic is packaged, among 
other things, in wooden jointed boxes (17 kg) and in 25 kg jute bags.

Figure 19. Ventilated and medium sized packaging

(Source: FAO, 2007)
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Storage

In storing garlic, care must be taken to ensure that the product is dry. Garlic 
must not be wet or covered with condensation; instead, it must be dry. The 
stems, the outer bulb skin and the skin around the individual garlic cloves 
must be completely dry. For maximum storage life, garlic should be properly 
cured and stored at -0 °C with a 60 to 70 % relative humidity. Higher humidity 
provides suitable conditions for the development of penicillin mold and 
root growth, which is undesirable. Adequate air circulation and proper 
storage containers are important to remove transpired heat and moisture. 
As storage temperatures are increased above 0 °C, the rate of bulb weight 
loss also increases. Storage life under the mentioned suitable conditions is 
6-7 months depending on the strain of garlic. Controlled atmosphere with 
0.5 % of O2 and 5 to 10 % of CO2 can also increase the storage life of the garlic 
bulb. The healthier the bulbs are, the longer its storage capability. Garlic can 
be kept in good condition for 1-2 months at ambient temperatures (20°-30 
°C) under low relative humidity (<75%). However, under these conditions, 
bulbs will eventually become soft, spongy and shriveled due to water loss. 
For long-term storage, garlic is best maintained at temperatures of -1°C to 
0°C (30-32°F) with low relative humidity (60-70%).

Garlic for seed purposes should not be stored under refrigeration. Optimum 
storage temperature for garlic for seed is 10°C with a humidity of 65-70%. 
Garlic cloves sprout most rapidly between 4.4 to 10 °C; hence prolonged 
storage at this temperature range should be avoided. Storage of planting 
stock at temperatures below 4.4 °C results in rough bulbs, sideshoot 
sprouting (witches-brooming) and early maturity, while storage above 18.3 
°C results in delayed sprouting and late maturity. The indigenous practice 
of storing bunches of garlic bulbs suspending in the house is good for use 
as seeds.

Transport

The bulbs must be thoroughly dried before being shipped or transported. 
The moisture content is very important before transportation as it greatly 
affects the quality of the bulb. It is also advisable to have refrigerated 
transport vehicles if the garlic bulbs are to be transported to distant 
destinations. It is not suitable for closed standard containers, as garlic bulbs, 
like onions, consume large quantities of oxygen and special ventilation 
measures have therefore to be implemented. At temperatures of 20 - 30°C 
and relative humidity >75% there is a risk of spoilage: the garlic bulbs then 
rot or begin to sprout.
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Processing/value addition

Conventional air drying is one of the most frequently used operations for 
garlic dehydration. Export and value addition in the form of processed 
products (powder and garlic salt) are the important factors for stabilizing 
prices in internal markets and thereby bringing sustainability in production 
of certain commodities. Garlic can be processed industrially into dry 
products, such as slices, granules or powder, or by distillation to produce 
garlic oil.

8.3.  Marketing of Garlic

Currently, the majority of garlic is marketed as fresh product to the fresh 
produce markets throughout the year. The market prices are greatly 
influenced by the supply. When the garlic crop is scarce then the prices are 
high. Farmers should be advised to sell their produce to potential markets 
before their produce losses weight or spoiled. For informed decisions, 
access to up-to-date market information is of paramount importance. To 
this end, the role of extension staff is significant.

In general the price of garlic was fairly good in the past three to four years 
in Southern zone of Tigray region except for some fluctuation during peak 
harvest season. With the increase in production, however, other potential 
markets should be sought in and outside the country. Reaching international 
requires production of quality produce and use of improved postharvest 
technologies.
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UNIT 9:  INTEGRATING GENDER AND 
NUTRITION SENSITIVE 
APPROACH IN GARLIC 
VALUE CHAIN

9.1. Role of women in vegetables production

Vegetables are cultivated in approximately 30,000 hectare area in Tigray. 
The annual production of vegetables is estimated to be over five hundred 
thousand tons. Vegetable cultivation has become highly commercialized. 
But still there is a wide gap between current production and potential 
productivity. Women participation in the family farming system is crucial 
to the sustenance of rural economy. Study undertaken by Gawaya showed 
that woman in sub Saharan Africa; including Ethiopia perform over half of 
the rural action and delivering around 60-70% of the food in this region. 
However, they give most of the work in farming creation, they get to and 
control over gainful assets is incredibly compelled because of disparities 
built by patriarchal standards.

The participation of women in different activities is variable. The major 
portion of women’s labor force in the production system is invested in 
weeding, harvesting, household animal care, marketing, post-harvest 
handling, etc. Harrowing and weeding of vegetables, in particular, are 
considered as women’s activities. Their traditional role of housekeeping 

LEARNING OBJECTIVES:

After completing this unit, participants will be able to:

 � Describe the roles of men and women in vegetable 
production,

 � Explain the linkage between agriculture and nutrition,

 � Discuss the guiding principles of nutrition sensitive 
agriculture programing
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has been extended to collect firewood, fodder, and working on farms. In 
addition to their active engagement in agriculture and livestock production 
including home garden, women are responsible for all household tasks. 
Despite their active involvement in the vegetable value chain, women’s 
participation in capacity development activities related to production, post-
harvest handling and marketing is often low. In the rare chance of trainings 
organized for farmers on garlic value chain, it is the man in a male headed 
household who participates; women headed households are rarely invited.

Garlic is a labor intensive crop. Approximately 60 man days are required for 
producing one ton of fresh garlic. Majority of the garlic cultivation activities 
are performed by the women. Since most of the cultivation practices of 
garlic resemble with onion, the role of women in garlic production is similar 
to onion. The contribution of women is much higher in operations such as 
breaking of bulbs and preparation of cloves for planting, planting of cloves, 
weeding, harvesting and grading, etc.

Raising vegetables for supplementing diets as well as income is an important 
activity that women of the rural area perform to play their part in agricultural 
production. Women can do a better job of vegetable production if they are 
provided with proper training, suitable alternative technological package 
and with proper inputs. This will enable them to increase their efficiency 
in vegetable production and income and will thus alleviate poverty. It is 
therefore recommended that:

 � Women should be provided with proper training near their homeland 
during appropriate time of the year.

 � Proper credit and marketing facilities should be extended to female 
vegetable growers.

 � Wherever possible, water for irrigation and other purposes should be 
made available.

9.2.  Agriculture and Nutrition Linkage

Agriculture is the main source of food and income in Ethiopia. Smallholder 
farms are responsible for about 90% of the food production in the country. 
The main role of agriculture in improvement of nutrition is through improving 
access to adequate, safe and nutritious foods. Poor agricultural production 
can lead to poor harvest and food insecurity. Food insecurity leads to 
under-nutrition which negatively affects agricultural productivity, socio-
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economic development, educational performance, and community health. 
Poor nutritional status among farmers can lead to reduced agricultural 
productivity, a decline in household income and food insecurity. Improved 
nutritional status is an input for increased agricultural productivity. Good 
nutritional status is necessary for productive and healthy community.

9.3.  The role of women and men in nutrition 
sensitive agriculture

Improving women’s access to agriculture or livelihoods inputs and services 
has the potential to reduce under-nutrition in children. One reason is that 
money controlled by women is more likely to be spent on household 
including nutrition and health care for the children and the family.

The time spent on agricultural activities during the different agricultural 
seasons, may have variable effects on maternal nutrition status and on the 
child nutrition. Efforts to boost agricultural productivity must, therefore, 
consider the impacts of time use and physical demands–especially of 
female’s time spent on agricultural activities. Therefore, it is important that 
women have access to infrastructure, time and labor saving technologies 
to decrease their workload. Men need to support women to generate 
additional income to spend on nutrition or health care, and to help with 
childcare practices. Pregnant or lactating women need enough time and 
physical rest. Women may be over burdened with triple roles and the 
probability that they face time-related constraints in providing adequate 
care for the children and betterment of the household. Therefore, fathers 
need to engage in household activities normally handled by mothers so 
that mothers have sufficient time to take good care of their children and 
themselves.

DAs are advised to closely work with HEW on maternal and child feeding 
and caring practices in the farming community. DAs and HEW need to 
understand the role of women and men in the society and help build an 
understanding in order to have a positive impact on the welfare of women 
themselves, small children, family and the community at large. This entails a 
well-coordinated and continuous engagement with the community, elders 
and religious leaders through sensitization and realization of the impacts 
and benefits of balanced gender role.
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UNIT 10:  CLIMATE SMART 
AGRICULTURE

Weather is the temperature, humidity, precipitation, cloudiness and wind 
that we experience in the atmosphere at a given time in a specific location. 
Climate, on the other hand, is the average weather over a long time period 
(30 – 50 years) in a region. Climate change is “a systematic change in the 
long-term state of the atmosphere over multiple decades or longer or 
any change in climate over time, whether due to natural variability or as 
a result of human activity. El Niño, which changes temperature, rain and 
wind patterns in many regions over about 2–7 years, is a good example of 
natural climate variability, also called natural variability. Climate projections 
suggested an increase in rainfall variability with a rising frequency of both 
severe flooding and droughts due to global warming.

The Government of Ethiopia’s green economy strategy focuses primarily 
on emission intensive sectors, where the climate mitigation potential of 
Ethiopia resides – energy, forestry, agriculture, soil based emission, livestock, 
cities, infrastructure, and health.

The green economy plan is built on four pillars:

 � Improving crop and livestock practices for higher food security and 
farmer income while reducing emissions.

 � Protecting and re-establishing forests as carbon stocks= REDD+.

LEARNING OBJECTIVES:

After completing this unit, participants will be able to:

 � Explain climate change and its causes,

 � Explain what climate smart agriculture and the pillars of 
CSA,

 � Describe conservation agriculture and its principles, and

 � Describe the ill-effects of unwise use of irrigation water.
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 � Expanding renewable power generation for domestic and regional 
markets.

Currently, the agricultural sector is also the highest source of emissions in 
Ethiopia, contributing to 52% of the total emissions. With 80-95 percent of 
Ethiopia’s agriculture being rain-fed, the agriculture sector is also the most 
vulnerable sector to climate change and variability and disaster.

Figure 21. Impact of climate changes

Figure 22.  GHG emission

(Source: Taken from a training manual prepared by Melkassa Agricultural Research Centre)

Approaches to climate smart agriculture

 � Agricultural sustainability increases productivity and income,

 � Strengthens resilience to climate change and variability,

 � Reduce agricultural contribution to climate change,

The major pillars of CSA are:

Productivity: CSA aims to sustainably increase agricultural productivity and 
incomes from crops, livestock and fish, without having a negative impact 
on the environment.

Adaptation refers to measures taken to reduce the harmful impacts of 
climate change or take advantage of any beneficial opportunities through 
“adjustments in natural or human systems.

Mitigation refers to “measures to reduce the amount and speed of future 
climate change by reducing emissions of heat-trapping gases or removing 
carbon dioxide from the atmosphere.
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Resilience means the “capability to anticipate, prepare for, respond to, and 
recover from significant threats with minimum damage to social well-being, 
the economy, and the environment.

Major characteristics of CSA

 � CSA addresses climate changes, systematically integrates climate change into the planning and 
development of sustainable agricultural systems.

 � CSA integrates multiple goals and manages trade-offs. CSA produces triple-win outcomes, 
increased productivity, enhanced resilience and reduced emissions.

 � CSA has multiple entry points at different levels ranging from the development of technologies 
and practices to the elaboration of climate change models and scenarios.

 � CSA is context specific.

 � CSA engages women and marginalized groups.

CSA practices and technologies

 � CSA includes proven practical techniques such as mulching, intercropping, conservation 
agriculture (CA), crop rotation, agroforestry, and improved water management.

 � CSA also involves innovative practices such as improved weather forecasting, early-warning 
systems and climate-risk insurance.

 � CSA aims to get existing technologies off the shelf and into the hands of farmers, as well as 
to develop new technologies such as drought-tolerant or flood-tolerant crops to meet the 
demands of the changing climate.

Conservation agriculture (CA)

CA as a concept for resource-efficient agricultural crop production based on 
integrated management of soil, water, and biological resources combined 
with external inputs.

Principles of CA

 � continuous residue cover on the soil surface

 � continuous minimum soil disturbance (no tillage, reduced tillage), 
and

 � diverse crop rotations and cover crop mixes.



CAPACITY DEVELOPMENT FOR SCALING UP OF BORA TYPE OF GARLIC VARIETY

54

Figure 23.  Conservation of soil and water in slopy areas

(Source: Taken from a training manual prepared by Melkassa Agricultural Research Centre)

Advantages of intensive agriculture over extensive agriculture

The farmer can produce agricultural crop by intensifying all improved 
activities and technologies within a piece of land and he can get high 
production without expanding cultivated land and clearing forests. 
Therefore by using intensive agriculture the farmer can conserve natural 
resources.

The ill-effects of unwise use of irrigation water

Without water crops cannot grow. Too much water is not good for many 
crops either. If there is too much water in the soil there will not be enough 
air. The excess water must be removed otherwise the soil is water logged, 
which could also restrict plant growth and development. If there is too little 
water in the soil will reduce plant growth and development, restricting yield 
or causing the plant to die and thus it must be supplied from other sources. 
Therefore, adequate water supply is important for plant growth.

The required timing and amount of applied water through irrigation is 
governed by the prevailing climatic conditions, crop and stage of crop, 
soil moisture holding capacity and the extent of root development as 
determined by type of crop, stage of growth, and soil. The process by which 
irrigation water is controlled and used in the agricultural production is 
called Irrigation Water Management, IWM.

The irrigation is normally applied on the surface of the soil and water 
must infiltrate the surface and move downward throughout the root zone. 
Irrigation water management requires determining when to irrigate and 
how much water to apply in each application. Thus, Knowledge of crop 
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water requirement and soil properties are essential for management of 
irrigation water.

The most common source of salts in irrigated soils is the irrigation water 
itself. After irrigation, the water added to the soil is used by the plant or 
evaporates directly from the moist soil. The salt, however, is left behind in 
the soil. Salt affected soils can be classified under three classes as saline, 
saline-sodic and sodic based on general EC, SAR and pH. The salinity and 
sodicity are commonly occurring in arid and semi-arid climatic conditions. 
Crop yield can be reduced significantly when the dissolved materials or 
salinity of the irrigation water, is high enough.

High amounts of exchangeable sodium can cause soil particle dispersion 
that reduces soil structure and restricts air and water movement into and 
within the soil. Sodium, chloride, boron and other ions are toxic to many 
plants when present in sufficient concentrations.

If the soil is waterlogged, there will be little dissolved oxygen available and 
the amount of air space within the soil will be reduced. With most crops, the 
roots will die if they are submerged for a period of 3 days. High water table 
and inadequate drainage will result in a shallow root-zone depth.

Figure 24.  Irrigable areas flooded by water leads to salinity

(Source: Taken from a training manual prepared by Melkassa Agricultural Research Centre)
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