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Introduction and Importance

1.1. Introduction

Thewor d vegetable is derived fr omtoerivenoctat i n w
give energy. In the 13th century vegetable m
since the 17th century is fanyturgidefintianofavhi c h i
vegetabl e i s thehetbpceamisiplabtwhdch ig @onstmed by the human fresh or
processedo. 't may t he v egefloaersiike the flowering of a
head in broccoli, leaves in spinach, fruitaokra and tomato, root in sweet potatdoer in

potatqg and bulb in onionA branch of horticulture that deals with vegéesbis known as
nolericulture. The word olericulture is the
means herb andthegd i sh word fAculturedo means rai sing

vegetabl e i s A anhgrbaceduplant ise kngvo asivagetable.of t he

1.2. Importance
1.1.1. Economic Importance

The vegetable business is one of the most important businesses in the world. Millions of people
are linked to this business. According to 2020 data collection, the total business of vegetables
exceeds 549 billion US dollars, which is at least four timesentban that of cereals
(contributing 128 billion USD to the world economy). A major part of vegetables uses in local
markets and less than 10% of total production is used to import and export purposes. According
to the surveys, China, India, USA, aidrkiye are the biggest producers of vegetables.
Pakistan produces 5.5 MMT of vegetables annually, with an annual increase of 3.25%.
According to the latest statistics of the State Bank of Pakistan, Pakistan exports vegetables of
worth 2.11 billion USD fromuly 2021 to January 2022. Onions, carrots, and tomatoes produce
49% of total vegetable production whereas vegetables occupy only 3.1% of cropped area of
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the country. Punjab is the biggest shareholder among all provinces with 60% of the total

vegetable cuivated area and produces 67% of total vegetable production

1.1.2. Nutrition

[ 3T
Most ofthevegetables do not have cholesterol, low| Broccoli $ Y
calories and fatsvhich is beneficial for heart health vewesire e ?

and blood pressure I

healthy choice; more than
one-third of its carbohydrates
come from fiber

Vegetables area rich source of potassium (like N

H H %% o 2 ;ercup, raw, chopped
potatees tomat@s white beans, spinachnd sweet . “ﬂy )

potatoes). [ T
\ o\zc;? \‘ ‘
Carrot -

Almost all vegetables at&e major source of dietary

+ Cholesterol-Free v Fat-Free

\, PROTEIN
\

fiber including cauliflower, broccoli, cabbage, turpig =~ ™" 05¢ h 18

N b :
carrot etc. gy \

v’ Oc l .
They area rich source of folatgfolic acid), vitamin I\ S

A, vitamin B, vitamin C vitamin K, vitamin BG andCobalamin

All vegetables especially root vegetables are a major source of phosphorus, ,calcium

magnesium, sodium, manganese and iron | Beets k.75

+ Cholesterol-Free  Gluten-Free

(especially leafy vegetables). DR, P

+ Good Source of Fiber

Contains phytonutrients and anti-
oxidants which may help to reduce

Vegetables provide na adequateamount Of | ifemmaonintnebosy 22

carbohydratessugarandproteins.

1.1.3. Health Benefits

Dietary fiberspresenin vegetablenelprelieve constipation, remow&ncerous compounds in
the digestive tractand helps to cure ulcebietary fibers are also helpful in healthy weight

gain, maintainingbowelhealth andlowering cholesterol level.

Folate present in vegetables helps in fetal development in childbearing wonredacekhe
risk of spina bifida ad neural tube defectBuring early pregnangyeduceghe risk of birth
defectsin the brain and spind-olate is als@ crucial part of healthy cell growtlfunctioning,
and formation of red blood cells.
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Vitamin A improves eyesight especially in dim light keeps skin smooth and healtland
enhanceimmunity against infectiondt alsoaidsthe proper growth and development of babies

in the womb.

Phosphorus and calciuare present in vegetablaghich requirein blood andthe formation

and strengtheningof bones and teeth Phosphorus has a significant role in using of
carbohydrates and fats in the bolllys also needed for the body to make protein for the growth,
maintenance, and repair of cells and tiss@acium plays ammportant role inthe proper
functioning of muscles and nerves. According to several studies, cdltiti combination
with vitamin D have benefits more than bone heglérhaps protecting against diabetes, high
blood pressureand cancer.

Iron isthe basic part of oxygetarrying units (hemoglobin) in blootfon is also a crucial part
of myoglobin formation which help to reach the oxygen to muscles. Iron intake is also

important to make some hormones.

Vitamin C keeps gums and teeth healthy, hélealwounds and improvs iron absorption.
Vitamin C is a naturahntioxidantthat preventsbody cells from fregadicals These free
radicals argproducedwhenthe body breaks down food or is exposed to tobacco smoke and
radiation from the sun,Xrays or other sources. Free radicals might play a role in heart disease,

cancerand other diseases.

Potassium helpt regulat blood pressure, maintanhe sugar and cholestedelelsin the

blood and prevens the developnent — —

of kidney stoneslt enaires the proper,|strengthen bone health § Fekmale ity

weight

functioning of nerves and muscles ar|

regulateghe heartbeat.

Low calories in vegetables improv(

the fitness ofthe body and enhance

immunity against diseases.

Rich in antioxidant

properties

Beneficial for healthy

skin and hair

Aid in improving eye
health

Prevent hypertension
and multi-morbidity

Vegetable intake improves cardiac
health andeduceshe risk of hearattack and heart strokes.

Regular intake of vegetables may also reduce the risk of metabolic syndrome and obesity

According toresearchby NCBI, vegetablesntake results suggest an inverse association
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between fruit and vegetable consumption and diagdtdied pressure in metabolic syndrome

patients
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Classification of Vegetables

2.1.Introduction

About 10,000 species pilantsareconsumedsvegetableshroughout the worldAccording

to Biodiversity International scientist$097 arecultivated worldwideout of which 40 to 50
vegetables are commercially and economically important. To understand, these are classified
into different groups according to their characteristics. Vegetables are classified according to
different ways for the @amplete satisfaction of farmer, student, and consumer communities.
Some classifications are discussed below.

Botanical classification

=

Classification based on plant part used
Classification based on hardiness and season
Classification based on cultural ptiaes
Classification based on plant life cycle
Classification based on photoperiodic response
Classification based on major climatic region

Classification based on soil reaction (pH)

= =4 4 A4 A4 A A -2

Miscellaneous Classification

2.2. Botanical classification

The only classification that is applicable or accepbetérnationally in sciencé botanical
classification. In botanical classification, all plant species have a scientific name that is given
by the great taxonomist Linnaeus. Linnaeus firstly introdudénomial classification and
nomenclature. This classification is based on the morpholodlgeoplants floral biology,
cytological similarities and dissimilaritiesrigin, and behavior of plant species. In botanical
classification plants are classified intlke kingdom, division, suidivision, phylum, sub
phylum, class, sublass, order, family, genera, species, subspecies, and vAriaiyily is a

broad group in which vegetables are discusgkd.combinatiorf genus and specis known
asthebotanicalname. The scientific or botanical names are accepted universally the same as

their nomenclature
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Species

This classification is helpful only for students and scholars but has little importance for the
farmer community. For example, carrots aadisheshave the ame cultural practices but
belong to different families. On the other hand, tomatoes and potatoes belong to the same

family but they have different cultural practices.

The main division of vegetables &permatophytaand the suldlivision is Angiospermag
which is thelargest suldivision, and all vegetable crops lie in this group. It has further two

classes Monocotyledoneae and Dicotyledoneae.

Many vegetablesire concernedith the classDicotyledonae Thetablebelow is related tthe
class family, genusandspeciecommon and local names of most of teenmonvegetables.

TABLE 1. Class, family, genus, speciethe common and local name ofnajor vegetable

crops
Class Family Scientific English Local name
name name
Allium cepa Onion Pyaaz,
gandda
Monocotyledonead Alliaceae Allium sativum | Garlic Lehsin
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Allium Shallot Shallot,
ascalonicum pyaaz
Liliaceae Asparagus Asparagus | Asparagus
officinalis
Araceae Colocasia Taro Arvi
esculenta
Dioscoreaceae | Dioscorea Lesser yam | Yam
esculenta
Dioscorea Greater yam| Yam
rotundata
Dioscorea White yam | Yam
alata
Beta vulgaris | Beetroot Chaqgandar
Chenopodiacea| Spinacia Spinach Palak
oleracea
Lactuca sativa | Lettuce Salad
Compositae Cynara Artichoke | Artichoke
scolymus
Convolvulaceag Ipomoea Sweet Shakargandi
batatas potato
Brassica Cabbage Band gobhi
Dicotyledoneae oleracea
var.capitata
Brassica Cauliflower | Phoolgobhi
oleracea
var. botrytis
Brassica Brussels Brussels
Cruciferae oleracea sprouts sprouts
var.gemmifera
Brassica Broccoli Broccoli
oleracea
var.italica

Dr. Muhammad Rashid Shaheen, Muhammad Amijid, Ali Shan
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Brassica Kale Kale

oleracea

var.acephala

Brassica Kohlrabi Kohl rabi

oleracea

var.

gongylodef

Brassica Turnip Shaljam

compestris

var. rapa

Brassica Chinese China gobhi

chinensis cabbage

Raphanus Raddish Moli

sativus

Raphanus Mougri Mongra

sativus radish

var. mougri

Cucerbita Pumpkin Kaddu

moschata

Cucerbita pepo| Summer Sarda

squash

Cucerbita Winter Garma

maxima squash

Citrullus Watermelon| Tarboz
Cucurbitaceae | lanatus

Cucumis Cucumber | Kheera

sativus

Cucumis melo | Muskmelon | Halwa kaddu

Momordica Bitter gourd | Krela

charantia

Lagenaria Bottle gourd| Loki

siceraria
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Euphorbiaceae | Manihot Cassava Cassava
esculenta
Fabaceae Pisum sativum | Pea Mattar
Phaseolus Lima bean | Bean
lunatus
Vigna Cow pea Channa
unguiculata
Cyamopsis Cluster bean Arind
tetragonoloba
Glycine max | Soybean Soybean
Malvaceae Abelmoschus | Okra Bhindi
esculentus
Solanum Potato Aalu
tuberosum
Solanum Tomato Tmatar
Solanaceae lycopersicum
Solanum Brinjal, Bengan
melongena eggplant
Capsicum Chili Mirchi
annuum
Daucus carota | Carrot Gajar
Petroselinum | Parsley Parsely
crispum
Apiaceae Apium Celery Celery
graveolens
Pastinaca Parsnip Parsnip
sativa

2.3.Classification based on plant part used

In this classification, @getable crops are divided according to their edible pars.type is

quite important for consumers as well as for gustvest handling techniques. Highly
perishable such as stem or leafy vegetables have less shelf life as compared to low perishable.
There aredgn main groups in this type of classification
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i.  Bulbs: bulbs ofa fewplants are used as vegetables such as onion,,gartideek.

ii.  Flowers: Flowers of gveralplants are edible and used as a vegetable, eaten raw as well
as after processing. Some flower vegetables are cauliflower, brawblartichoke.

iii.  Fruits: abotanically ripened ovary gefined as fruit. Severalcommercial vegetables
arebotanicallyfruits and contain seeds. Cucurbttsnatoeseggplantand chilies are
examples of fruit vegetables.

Iv. Leaves:leavesof several plants are used as edimdetssuch as spinach, asparagus,
cabbage, and lettuce.

v. Pods:cowpea, chickpeandbeans are examples of pods that are commonly used as
vegetables.

vi. Roots:roots of some plants commonly used for vegetable purposes. Some most
common examples of root vegetables @arrots radishessugar beet, turnip, parsnip

yam etc.
vii.  Seedsthe seeds of peas and beans are used as a vegetable.
viii.  Stem:asparagus, celergnd kohlrabi are examples stemvegetables.

iX.  Tubers: tuber is an underground swollen stem of a plarémples ofuber vegetabke

aretaro, potato, sweet potaﬂmd cassava.

2.4 .Classification based on hardiness and season

In this group, we classified the vegetable crops according to their atfilitlerance and
sensitivity to frost. Crops that can bear frogimpletelyare known as hardy. These are winter
season and temperategion cropsthat can grow best dbwer temperatures (188). These

crops can further be divided into two sgioups,semitolerant (semthardy) and tolerant

(hardy) vegetables. Asparagus and rhubarb can tolerate even freezing temperatures.
Vegetable crops that are highly sensitive to frost are known as tender. Thesamerseason
cropsthatcan grow best at higtemperatoes (20-27°C). Warmseason crops can further be
classified into two groups tender or sensitive crops and very tender or very sensitive vegetable
crops. These crops are highly sensitive to frost. Examples of these vegetables are discussed

below.
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Flower bud - artichoke

Main bud -

lettuce
Stem sprout -

asparagus

Inflorescence -

broccoli Seeds - corn

Fruit - pumpkin

Axillary bud -
Brussels sprout

%/ Petiole -
celery

Leaf -
silverbeet

Vi

Swollen leaf
base - leek

Bulb/
underground
bud - onion
Swollen

hypocotyl -
turnip

Stem tuber—
potato

Root tuber -

sweet potato Swollen tap

root - carrot

2.4.1. Simmer Season Vegetables
i.  Tender/ sensitive vegetablesthis group of vegetables neealsvarm temperature to
grow which must be more than °@ below this temperature their growth will be
stuntedthese includehili, snap bearjma beanand sweet corn.
il. Very tender/ very sensitive vegetablesThese vegetables are more sensitive to
temperature than previously mentioned crops. These crops grow ideal between the

temperature range of A% to 3%C and day temperature less thafCQ% harmfulto

14
Dr. Muhammad Rashid Shaheen, Muhammad Amijid, Ali Shan



these. This group of crops includeslude amaranth, tomato, bell pepper, okra, chili,

cluster bean, cowpea, eggplant, sweet potato, tapioca, cucaniitgam.

2.42. Winter Season Vegetables

Hardy/tolerant vegetables:These vegetables cannot grow normally whée
temperature falls below 20 and can withstand frgghese include broccoli, cabbage,
Brussels sprouts, chive, collard, asparagus, pea, garlic, kale, leek, onion, parsley,
spinach, turnipand radish,

Semthardy/ semitolerant vegetablesThis is a hakhardy group of vegetables that

can withstand conditions from a light frost to higher temperatures up’@ 2ese
include parsnip, carrot, cauliflower, potato, Chinese cabbage, celgugeleglobe

artichoke and leaf beet.

2.5.Classification based on cultural practices

This classification is based on the cultural practices of vegetable crops. The vegetables that

have similar cultural practices are categorizgd the same group. This type of grouping is

very easy to understand for the farmer community as well as fatutents of Olericulture.

The followinggroups are classified accordingtbeir cultural practices

Bulbous vegetablesin this grouplies all species of Alliumand belong to the family
Alliaceae.lt is agroup ofcoolseason vegetabléisatcortains garlic, onion leek etc
Cole vegetablesVegetable cropshat belong to the familyBrassicaced€ruciferae
and are also known as crucifers or Brassicas. These are winter eseasoh and
transplanted crops. The vegetables include cauliflower, Chicedsigage, cabbage,
Brussels sprouts and sprouting broccoli, etc.

Cucurbit vegetables:The group which containsegetable®f the Cucurbitaceae
family, is also known as the gourd family. Generally, the plants have tendrils and
produce fleshy edible fruits. These are die®mtded warrseason vegetable crops and
some examples are gourds, cucumber, pumpkin, melons, and summer squash.
Leafy vegetablesAll crops belongig to this group are direseeded leafy vegetables
such as Swiss chard, spinach, coriander, leaf apdtamarantls.

Pod vegetablefpeas and beans:This group has legume crops and belongs to
Leguminosae or Fabaceae family alsmwn asthe Pea family. These are directly
sowing crops and contapeas Frenchbeans Lima beans broadbeans clusterbeans,

and cowpea.
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Vi.

Vil.

viii.

X.

Root vegetablesThese vegetable crops have digtished and fleshy underground
edible parts and are direebwn cold-seasoncrops. This group includesarrots
radishesturnips parsnipspeetroofetc.

Salad vegetablesThese vegetables are mostly eaten raw such as parsley,, lattdce
celery.

Solanaceous vegetablesthese vegetable cropserelated tothe family Solanaceae
commonly known as the nightshade family and are summer/warm season transplanted
crops. Such as tomato, chili, bell pepper, eggplant/brinjal, etc.

Tuber vegetables:This group cordins potato, taro, sweet potato, cassava/tapamch
yamcrops.

Okra: It is an independent groupatconsistf only okra or ladyfinger.

2.6.Classification based on plant life cycle

According to the life cycle of vegetablesese are categoriz@uto the following group.

Annual vegetablesitheseincludesuchvegetable cropthatcompletethe life cycle in

one growing season. Such@esas beans, tomaty okra, eggplant, chili, bell pepper,
cucurbits, etc.

Biannual vegetables thesevegetables complete their life cycle in two growing
seasons. During the first season, they complete their vegetative growth (leaves, stems,
roots), and during the second growing season, they contipégteeproductive growth
including flowers, fruits, and seedsjch as Cole crops, bulb crops, root crops, etc.
Perennial vegetablesvegetableropsthatremain in the field for more than two years

are referredo as perennial vegetables. Thaéselude asparagus, artichoke, Jerusalem

artichdke, chayote, ivy goutdnd pointed gourd.

2.7.Classification based on photoperiodic response

Short-day plants: A plant that needs prolonged darkness is called a “slagtt (long

night) plant Shortday plants make flowers only when the length of the dayasnd

10-12 hours. Oniorinitiate bulb formation when the day length is about 12 haundg,
soybean are examples of shday vegetable plants.

Long-day plants. Long-day plants need lesaikness to produce the reaction they need

for production. These plants need about eighteto hoursof darkness tdloom
Examples of such vegetable plants are spinach and lettuce for seed production. Best

Tuber formation such as in potatoes is the charax longday plants.
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iii.  Day-neutral plants: Day-neutral plants don't rely on the measure of darkness or
sunshine hours. These plants react to the maturing procedure. As the plant develops,
the blossom sprouter the plant blossoms and sets natural products. Peas and tomatoes

are the best examples of dagutral plants.

2.8.Classification based on major climatic region

There are three major climate regions, including a temperate region with an average
temperatre of from minus temperatures to less th&tC1a tropical region with a temperature
range of less than 2Z, and a sultropical region with an average temperature above€27
Crops of these regions are;

I.  Temperate these crops include all hargggetables.

ii.  Tropical: these crops include all setmardy vegetables.

iii.  Sub-Tropical: all tender crops lie in this group ofassifications

2.9.Classification based on soil reaction (pH)

Soil pH is a master characteristic in soil chemical properties begatisgoverns many
chemical processes. The pH specifically affects nutrient bioavailability by controlling the
chemical forms of nutrient§.he grouping of vegetables based on the preferable pH level is
given below.
i.  Slight tolerant vegetablesthe cropsvhich grow best between the 6.8 to 6 soil pH and
include broccoli, cauliflower, cabbage, onjamd okra.
ii.  Moderately tolerant vegetablesthe vegetable crops which are moderately tolerant to
soil pH (6 to 5.5) are peas, beaoatrots cucumbersandturnips
iii.  Highly tolerant vegetables:the vegetable crops which are highly tolerant to soil pH

(6.5 to 5) are potato, sweet potato, etc.

2.10.Miscellaneous Classification

i.  Direct sowing crops:these include okra, cucurbits, radish, carrot, spinactd
coriander.
ii.  Transplant sowing crops:these include chiliesitomatoes cabbage, cauliflower,

brinjal, and onion.
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Cropping systems in Olericulture

3.1 Introduction

Historically, cropping systems have been designed to maximize yielthdulgrn agriculture
is increasingly concerned with promoting environmental sustainability in cropping systems.
croppingsystem can bdefined as yearly ordes special sequence of crg@sd management

techniques usedn the same piece of land

3.2.Classification of cropping systems on the bases of vegetable farming

i.  Mono Cropping system (Monoculture)
ii.  Poly cropping system (Polyculture)
lii.  Ratoon cropping system

iv.  Crop rotation.

3.2.1.Mono cropping system(Monoculture)

Mono cropping can be defined as the cropping system in whetultivation of crop ona

piece of landvith the pure stand of only one cradpis practicedn commercial farms, normally

in large cultivation areas.
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Mono cropping isalsopracticed in arid zones due to the shortage of water. The advantage of
monoculture is the convenienoé sowing and harvesting with the help of farm machinery
under a mechaned farming systemrlhe drawback®f this type of cropping system age
reduction in productivity and fertility ofhe soil. Deterioration of soil structure, increase in

infestation of diseases, weeds, and pests.

3.2.2.Poly cropping system

To reduce thempacts of climate change and personal benefit, fararefsllowing different
vegetable farming systems such as:
[.  Multiple cropping
Il.  Intercropping
lll.  Mixed cropping
IV.  Multistoried cropping
V. Relay cropping
VI.  Succession cropping
i.  Multiple Cropping

The cropping system in which two or more vegetable crops are cultivated either in a sequence
for an entire ompart of their life cycle on the same piece of land in a year is known as multiple
cropping. The examples of multiple cropping, sequencteivegetablesre:

a) Tomato, pea, carrot, cucumber

b) Pea, coriander, bean, bitter gourd
Multiple cropping is an intensified cropping system in which the use of the field in time and
space dimensions is ensured. In simple words, it is ayeaecropping system wvhich two
or more crops are cultivated in succession within a year. Harvesting more produce from the
same piece of land during a specified time igpiingposeof multiple cropping. It is influenced
by varieties, crop rotation, climatic conditions, d@adn e r rsofivation. Both varieties and
crops selected for multiple cropping should dsaptableo the local environment and soil
conditions. For multiple cropping, mostshortdurationand photainsensitivecultivars are
recommendedShortday verities of onion are preferred for growing at high altitudes.
Generally, multiple cropping igborconsuming but an increase in net profit and production
motivates the farmers tadoptit. For growing vegetable crops under multiple cropping
systems, an advanced sdlnle must be prepared. Laboratory tests must be conducted to check

the fertility status othe soil. Leguminous crops should be included in the system for the

19
Dr. Muhammad Rashid Shaheen, Muhammad Amijid, Ali Shan



fixation of nitrogen.High-yielding and early-maturing varieties should be selectedThe

recommadeddoseof fertilizers andmanure should bappliedto each crop.

ii.  Intercropping

The growing of two or more crops simultaneously on the same piece of land at the same time
is called intercropping. It means a cropping system in which intercrop is grobetween

rows of the major crop without affecting the optimum plant population and yield of the major
crop. In intercropping, the cropping intensity in the space dimension is increased.

Following intercropping, the net profit and productivity of land @ased because the crops
utilize given inputs efficiently. The crop also serves as an assurance of crop failure. However,

during the selection of crops care must be taken their nutritional and light requirement should

not be overlapping.

Some common examgs of intercropping are radish and turnip grownahbagdields as an
intercrop; spinach and onion are also grown as intercrops in chilies and tomatoes. There are
some classes of intercroppiagggiven below:

a) Row intercropping

b) Patchintercropping

c) Strip intercropping
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d) Relay intercropping
iii.  Mixed cropping

As the name indicates, the Growing of two §

more crops with no distinct row arrangement
called mixed cropping. Examples of mixe
intercropping aresugarcane +okra + onion,
cotton +radish +cluster bean +beetrootand
cotton +radish +beetroot+ coriander.

There are three types of mixed cropping.

a) Parallel Crops: The cultivationof such
cropsthat have different naturahabits ¥
and zero competition is called parall
cropping. Example of parallel croppin;

cowpea +sweet corn.

b) Companion crops: A system in which
the production of both companion crop
is equal to the production of both crof;
when grown individually is known '.
companion cropping. The best exam
of companion cropping {gtato oronion

+ sugarcane.

c) Guard crops: The main crop is sown i
the center surrounded by hardyropsto .'
protect he main crop from animals, ;
winds and sometimes from peattacks :

is called guard crop.

iv) Multistoried Cropping
Suchatype of cropping system in which crops of differaeightsand vertical layers

of leaf canopies according to light requirements are grown together on the same field
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v)

Relay cropping is defined as the system
which a succeeding crop (next crop)

planted when the first cropiecealing crop)

at the same time is calledmultistoried croppingystem Examples of multistoried

cropping are Sugarcane + Okra + Onion, Date palm + citrus + laregetable.

Relay Cropping

has reached its physiological maturity stal

type of poly cropping helps avoi

competition between the main crop and t

cabbage which may be almost reachi
physiological maturity for harvesting. So
most common examples of vegetabbsed :
relay cropping ar¢éhe sowing of cucurbits i
the potato field anthe planting of chilesin
sweet corn fields. The main advantage
relay cropping ighe sowing of the next cro

can be done without any land preparatio.

S )

Hence the cost of cultivation reduces.

Vi)

Succession Cropping

Succession cropping can be definedh&syrowing of two or more crapin succession on the

same land within a yea®uccession planting is a detailed system of planning the amounts and

maturity dates of each vegetable you grow in order to avoid being overwhelmed with produce

all at once and to guarantee an extended harvest
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3.2.3. Ratoon Cropping

regions. This techniquallowsa crop to produce two 0g% :
more harvests for yield frorone-time planting. The @&
basic requirements of ratooning are that the cnoist s
have perennial nature, a wetleveloped root syste

and earlier maturity. There are many advantages

cropping system economicall/more productive whe
it is compared tahe conventional cropping syste
Ratooning is commonly practiced in brinjal and chilie

Okra is also an ideal vegetalide ratooning.

3.2.4. Crop Rotation

Crop rotatiom can be defined as the cultivation of different crops on the same piece of land in
aspecific order. Generally, a good crop rotation means the systematic succession of the main
three classes of crops major crops, grain crops, and grass crops. A retdébnite when the

crops repeat in fixed order and interval.

Objectives of crop rotation

A good rotation in crops maintains the soil in good tilth.

One of the maimbjectives of grain crops(nitrogenfixing) in therotationis to supply
organic matter and nitrogen tioe soil to increase fertility.

It improves the physical structure and texturéhefsoil.

Prevents the crogsom thedestructive outbreak of n s eattatks 0

It reduces the risk of plant diseases.

= =/ A

It keepsthe soil occupied which minimizes the risk of soil erosion.
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It alsoprovidesthe proper removal of planutrients
It provides the plafor systematic farming.

It reduces the cost of inorganic chentéca

= =/ =4 A4 -

It maintains the yield of crops.
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It provides the economic destruction of harmful weeds.
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Types of Vegetable Farming

Major types

In this chapter, wewill discuss various types of vegetable farming or vegetable gardens.

Vegetable farming can be categorized into different types depending on the area under

cultivation, the method of cultivation, and especially the purpose of vegetable production.

According tothese facts, vegetable cultivation is classified into the following types of gardens.

1 Kitchen gardening

Market gardening

Truck gardening

Vegetable forcing

Gardening for processing
Gardening for seed production

Floating garden

= =4 4 A4 A A -

Organic vegetablgardening

4.1. Kitchen gardening

Kitchen gardenings defined as :

TR ;
raising vegetable crops i o . Kitchen Gafden ®
residential houses to fulfill th AR z LY
demandor vegetables of a famil ' “ - R TSR

all over the yearor at least a
seasonlt is also termed as hom§s
gardening.
There are many befits of BESS

growing vegetables at home su

as effective and efficient use of land for raising essential as well as organic vegetables by a

family according to their likeness. It is quite economic because vegetables are expensive in the

markes of city areasBesides, these vegetables are fresher than those present in the market.

Kitchen gardening is also a little share in vegetable producHeweral people take it as a
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hobby, whichis a healthy and joyful hobby and the extra time of the family will bezadli
well. The aim of the home garden should be in a way that a continuous supply of vegetables to
a family throughout the year will ensure. We can get organic and healthy vegetaiied

the year.

4.2. Market gardening

Farms that produce vegetable crégssupplydirectto consumers in the local market is known

asamarket garden.

In beginning, this kind of = :
farming was limited to thef
near surroundings of th
cities, where quick means
transportwere not present;
Most of the market garden
are available within the
rangeof a few kilometerof

a city. The cropping pattern of market gardening relies on the requirements of the nearby
market. Intensive methods of cultivation are followed as theisamdhly expensive. In market
gardening, farmers like to cultivate early varieties of vegetables. In this gardening, a farmer
should be a good sellsothat he could sell his produce. He should be a multitalented person
as he will have to cultivate seatrvegetablearoundthe year. The high cost of land and labor

is reimbursed by the availability of municipal sludge and water near several cities and the high

profit of the produce.

4.3. Truck gardening

In this type of gardening, we produce particularetagle crops in relativellarge quantities

for markets at long distances

The word truck has been derived frofneFr ench word o&étroquer &6 meani
no relationship with a motor truck. When gardens are located away from the consumes,market
mostly the middleman is involved in marketing the commodaresresale is a common thing

of truck gardeninglin this type of farming, cultivars must possess spetialacteristicgo

withstand distant transportation, mostly in the case of perishadgetables. With the
development ofcold containers, good quality roadand, a quick and easy system of
transportation, the distinction between market and truck garden is continuously diminishing.
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4.4. Vegetable forcing

In vegetable forcing, vegetablase producedout of theseasonof their normal growthThe
vegetables are produced under forcing structures in this farming. Greenhouses, cold frames,
and hotbeds are common structures that are used for this puiCpts&ames are the smallest

and simplest types afreenhouseghat absorb solar energy to keep warm airspace and soil
floor. In hotbeds, energy is provided by saihich is produced by the decomposition of
organic matter, like manur@he use of thesstructuregesultsin high production costs. Itis

done for higheincome consumergho havemore paying capacity. Vegetable forcing ensures
more incomehroughthe supply of vegetables during the-sffason. This type of gardening is

more popular in wesrn countries. Vegetable forcing encourages the development of hotels,
restaurants, and tourism industries.
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45.Vegetable garden for processing

In this type of garden, vegetables a

produced for processing industrie
Vegetable gardens for proceassi
ensure the regular supply of ra
materialsto related processing units
These types of gardens are getti
popular nowadays due to the increa
in processing industries. Tomat)
potatoes, chilies, peas, and cucumk :
are specially grown for processing. Generally, the cultivation is done under the supervision of
the processing industry and using the techniques and inputs provided by the processing unit.
Such type of gardens inciass the per unit area income of farmers due to the reduction in post
harvesting losseddigh-perishablevegetables have more returns; these can be grown with
minimum postharvesting losses in this farming. The main advantage of this type of gardening

is the commercialization of vegetable farming and new employment generation.

4.6. Vegetable garden for seed production

Goodseed is the base of any success

vegetable farming. Growing vegetable
exclusively for the sake of see
production is known as gardex for
seed production. For seed productic
exceptional knowledge of the crop
required. For example, its growth hab
mode of pollination, handling of see
crops curing, cleaning, harvesting SRS S AE S F b : ._: ik

grading, packing, and storage are the prime iportancrwmity seed produtin. The seed
production industry is an expanding industry in Pakistan and has a bright future. Seed
production gardening has many advantages such as high returns, availability of quality, and
high-yielding seeds in local markets, erogment generation, and opportunity farmers for

seed replacement.
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4.7. Floating Gardens

It is commonly practiced in Dal Lake of Kashmir. In such types of gardens, the floating base
is made fronroots oflocaly growing Typha grass, compost, and otl@ganic matter. The
vegetables cultivated in floating gardens are organic with proper plant protection measures and
cultural practices. Sometimes these types of gardens are the practice of floating boats. There

are many advantages floating gardens suchs sufficient use of water surface to an area and

it also enhances the aesthetic value of a place.

4.8. Organic Vegetable gardening

Gardens, which produced truly organic vegetables according to international standards, are
known as organic vegetable gardens. In organic gardens, all inputs which areaudtchte
vegetables are purely organic. The usenofganicbasednutrients, psticides, and growth

regulatorsis verylimited. Organic farming is a unique production management system. The
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aims of the organic farming system aoeconservenatural resources and the environment.
Encouraging sustainable agriculture aneeséablishig the ecological balance. Conserving
natural flora and fauna and improving the fertility of the soil. It is increasing genetic diversity,
reducing toxic residuesind chemical pollutionSeveral countries are working speedily on
organic farming to achievaustainability goals, for example, China planned to shift 100 percent
to organic vegetabldsy 2030.
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Recent Trends in Vegetable Production

5.1.Introduction

As the population of the world increase day by day, agricultural lands decrease. It is alarming
news for the food production sectors. To fulfill theedfor food it should be necessary to adopt
modern techniques and technologies in the agriculture sector. Advancements in the field of
science and technology along with global urbanization are the major factors driving the course
and evolution of agricultural search.Nowadaysthe most challenging task for agricultural
sciertistsis to ensure the proper and continuous supply of food for growing human civilization.
Environmental stresses such as climate change and shortage of land resources and water are
major caistraints haunting this task. At the same time, these environmental problems like
excessive use of chemicals (pesticides) are not desirable in agriculture for the preservation of
biodiversity, environment, and soil quality. thrd-classcountries, duedta lack of knowledge

of technological advancements and financial resoutbedarmer communities are unable to

shift to practices of modern intensive agriculture and remain isolated from global linkages.

In this chapter, wewill discussthe recent tretls in vegetable production as well as in
agricultual productionIn the first section, weiill study the organic farming of vegetahligs
advantagesand disadvantages. Later, in the second sectiomilvetudy the vertical farming

and vegetable forsawhich are the recent advancement in vegetable and fruit farming.

5.2.0rganic Farming

In simple words, organic farming can be defined as the production of crops without using any
pesticides fertilizer, or growth hormones. Organic farming also knownas biodynamic
agriculturewhich meansworking in harmony with nature. For example, thgrieultural
practices followed in organic farming donét
biodiversity. Because of the efiendly nature of organic farming, it is deemed a feasible
alternative in comparison tohemicalbasedfarming. In a scenasiwhere extreme use of
chemicalbased pesticides and fertilizers has raised concerasdtoxicityand health hazards,

organic farming is an important need.
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In organic farming, to create the perfect soil for vegetable production, farmers commonly
dependnbiofertilizercomposts as well as green manures. Green manure ensures the nitrogen
supply to plants as well as improves the physical structure and textinesofl. It helps to
increase the water amditrientholding capacity ofthesoil, andalsoprevents erosion. We can

grow all types of vegetables in all seasons following organic farming. We should cultivate

seasonal vegetables rather than-seasonal ones becaubkey may work but require much

care. Only organic seeds are used in organic farmin

Weeds are those unwanted plants that could create diseases and provide shelter to most of
insects anduse most of the nutrients from the soil. In organic farming, weeds should be
eradicated from the field as soon as possible by the means of hand, mechanical scheme,
biological way, cultural and thermathemesin organic farming pest control starts before
creating beds whicltontinuedill the harvesting of the crop. The modern farmer community

knows themeaninppf a f amous quote fiprevention is bet

to controlpests should follow the given instructions:

Ensurebetterqudity compost in the soil

Choose resistant varieties of vegetable seeds.

Deep monitoring of all stages of vegetable growth.

If thereareanydiseaseaffectedplants, eradicate them.

Keep the plantrying because wet foliage favors fuattacksck.

Crop rotaion is the best practice to minimize the risk of insect pests.

=A =4 =4 -4 -4 - -4

Minimize the habitat of insects near your vegetable garden.
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There are so many advantages

organic farming. Organic farming ca|

These functions of organic farmingis

produceresultln higher sugar conten ”"

better taste. Another advantage of organic fruits is not loaded W|th tOXIC chemlcals such as
fungicides, pesticides, and herbicides and is considered healthy. Organic vegetables can be
stored foralongtime as compared to those that arevgnaconventionally. Organically grown
vegetable crops are pure and free of diseases and pests. Abotienedeverything about
organic farming ensures sustainability by protecting the environment. Some other general
benefits of organic farming of vegetablare given below:

T Vegetables produce by following organic farmirayeless environmental impacts than
conventional farming.

T This type of farming improves plant growth and the physiological activities of plants.

T Following organic farmingfarmers can mimize their production costs because they
dondédt have to spend a | ot of their money

1 The practice of Organic farming helps to reduce water pollution.

1 Organic farms help to save energy as well as protect the environment.

1 Animals and plants can live in the same habitat in a natural way which increases
biodiversity.

1 It can also slow down the rapid increase in global warming.

Organic farming has many advantages but also has some disadvadtggagproduce costs

more because thegld fromthe same piece d¢énd is less than the farmers produce through
conventional methods. Sometimes, the production cost of production is high because a lot of
laborand time are involved in this farming. The main drawback of organic farming is a lot of
gapsexistin distributing and marketing organic products. Organic farming cannot produce
enough food that thworld needs to live
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5.3.Vertical farming

Inthenext® years, the worl dds population is expe

and the availability of food for their survival will be a huge challenge. Due to a rapid increase
in industrial development and urbanization, we are losing our agriculaurd$ every day.
According to scientists and analysts, the earth has lost about a third of its agricultural lands
over the last four decades. Gradually increase in food demand becatlse gnbwing
population along with decreasing in agricultural lands brings the greatest challenges that we
will face in upcoming years. Scientists and experts believe that vertical farming can be the

answer to all these challenges, and think vertical farmitigeifuture of agriculture.

The term vertical farming was introduced by an American geologist named Gilbert Ellis Bailey
in 1915. The concept of vertical farmingas popularizel by another American Professor
Dickson Despommier in 1999. Other than cori@ral farming methods, aeroponics and
hydroponics produce more and faster yields. Vertical farming can be defined as the practice of
growing crops in vertically stacked layers. The practice can use soil as well as soilless farming
techniques such as hygnics, aeroponics, and aquaponics. Following Controlled
Environment Agriculture (CEA) techniques, this modern idea of vertical farming uses indoor
farming technology. In this type of farming the artificial control of light, temperature, gases,
and humidiy maketheindoorproduction of vegetables and fruits possible. Vertical farming is

similar to greenhouses in many ways where artificial lighting and metal reflectors are used

instead of natural sunlight. The aim of this type of farming ismé&ximizecrop yield in a

3

limited spaceAs we know our main aim of using vertical farming is to produce maximum

34
Dr. Muhammad Rashid Shaheen, Muhammad Amijid, Ali Shan



yield per unit area. To find this goal vegetables and fruits are grown in stacked layers in a
towerlike structure. A proper and exact combination of aitifiand natural lights is used to
provide and maintain the proper environment for photosynthesis in the room. Some techniques
like rotating beds are used to enhance lighting efficiency. In vertical farming soilless cultures
such as hydroponic, aeroponicydaaquaponic growing mediums are preferred tvesoil.
Coconut husks, peat moss, and other similar mediums are also used in vertical farming. Many
sustainability features are used in this farming to minimize the energy cost of farming. As
compared to t conventional farming method vertical farming uses 90% less water.

There are so many advantages of vertical farming some of them discussed here. The main
advantage of this type of farming is allowing maximum crop yi€hds means that vertical
farming can allow fruits and vegetable crops to be cultivated at all @rmesdthe year

because it does not weather depend

type of farming. Another mai %

regions. Vertical farms produegigh
yield of producgrom a small piece of
land, which means it saves space a
offers a plan to handle future fdo
demand and helps to reduce future food security rigksonserves the resources like water,
fertilizer, and labor. As we discussed earlier vertical farms save up to 90% of water because in
conventional farming most of the water leach down but inftiiming no chance of water as

well as fertilizer loss. It also prevents insects and diseases because it provides a controlled
environment. lis environmentally friendly farming becaugéiighly decreases tremountof

fossil fuels needed for farming eguaent which is not required in vertical farmifoy sowing,

mechanical operations, and harvesting crops.

Vertical farming also has some disadvantages such iasréaseghe unemployment rate
because less labor consumption causes a lot of people td jobless. Another disadvantage

of vertical farming is pollination cost& flower or fruitbased vegetables like tomatoes,
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because there are no insects to pollinate the crops it will have to be done manually
mechanically Because rdepersnt famnmd thadihceeasgs the production cost.
If the power stops all the crops growing will die that is the major disadvantage of vertical

farming.

5.4.Vegetable forcing

Vegetable forcing is an important branch of Olericulture amécent trend in vegetable
production. In this method, vegetables are produced out of their normal season of outdoor
production under forcing structures that admit light and indiawerable environmental
conditions for plant growth. Greenhouses, cold frames, and tunnels are common structures that
are used. The vegetable produced by vegetable forcing is knownsesmetin vegetables. It is

the most intensive type of vegetable farming. Vegetameduced through these structures

give a very high return. Vegetable forcing is titmost common because consumers cannot

afford the prices of such vegetables.

Greenhouse:the greenhouse is a framed structure covered with a transparent material.
Greenlouse a covered structure that protects the plants from external climate conditions and
diseases creates an optimal growth microenvironment that offers a flexible solution for

sustainable and efficient yessund cultivation.

Tunnels: In vegetable forcing, ) e

summer vegetables ar e en

cultivated in the winter,

sunlightis capturedunder the

cover ofa polythene sheeto

maintain the temperaturend

the heat is provided artificiall | yi \
to get an early crop. Thi
technology is called Tunne
Farmirg. In the absence o
storage infrastructure an@
vegetable processing indust
in the country, offseasorvegetabldarming is the only viable option that can add value to the

fa r menmoduce.
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Types of Tunnels according to structures

[ron Tunnel

Theiron tunnel consists aiin Angling Rod, T-Iron, or Jisti Pipes. The life limit of this tunnel
is up to 20yearsbut at the time of construan, it is expensive. To minimize the cost of this
structure, Flrons can beeplacedwith bambooon theroof. Basicpipe structure are fixed in
thesoil through concretélhis type of tunnemay be moved from one tmother placeasily.

Bamboo Tunnel

Bamboo tunnels are less resistant but cheap in price. This type of stuodélirecould be
modified easily. For burying in soihamboomay be replaced with Eucalyptus stick$e

averagdife of this tunnel structure is about®years.

Low Tunnel

Low tunnel structurearecommonly made up of 5 mm iron bars, mulberry sticksharrow
bamboo 2-3-meterlong bars of iron or wood arkeentand fixed inthe soil to makel-meter

hightunnels.

Types of Tunnels according to Height
High Tunnels

The height of hig tunnelds commonly 4 to 5 meter$heseypesof tunnelstructures are used

for growing Cucumber, Tomato, Bottle Gouyreltc

Walk in Tunnels

The average height dfie walkin tunnel is 2 to 2.5 meters. This type of turstelictures used
for growing Sweet pepper, HeeppersCucumbersand other vegetables.

Low Tunnels

The height othelow tunnel is |8
up to 1 meterBitter Gourd, [ -
Sponge Gourd, Musk Melon W 4

some vegetables are raised [

low tunnels.
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Tuber and Bulb Formation

6.1. Tuber vegetables

Tuber vegetables can bdefined as a vegetablethat grows TUBERS
i Jerusalem Artichoke

underground on the root of a plamtibers are underground plar

stems that swell to store nutrients fbe next season's growth

Potatoes

The mature tubers are dug from the ground and cleaned of s

store or prepare as food. They are capable of producing com

new plants from a part of the tubdmese are mostly high i .

Ginger Roots

starch. Examples of tuber vegetables amypotato, taro, ang_*

ulluco.

6.1.1. Process of tuber formation in potato

Simply, as the potatplantgrows, its compound leaves produce starch that is moved to the end
of its underground stems. The stolons thicken to form a few or as many as 20 tubers close to
the soil surface. The buds generate shoots that grow into new plants when conditions are again
favorable The success of the tuber formation phase is a major factor in determining the final

harvestable yield.

Stimulating factors for tuber formation Many factors affect tuber formation such as
temperature, day length, and the availability of nutrients and water. At the start of the season,
tuber formation is mainly initiated by the day length and temperatuteeebil. Every potato

cultivar hasaaet ain o6cri ti cal day | engt ho, a measur
tuberization under the influence of day length. The choice of potato cultivar in association with
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the planting date plays an important role in finding the moment of tubeafiorm Low
temperatures at night and high light intensity at day time can stimulate the formatian of
tuber. Tuber formation is best at a temperature ofQC@nd can be reduced with higher
temperatures.

Inhibiting factors for tuber formation

In potatoes energy transfer and storage in both vegetative and productive plant organisms
continually compete. Undersurface, tuber formation is consequently inhibited when the energy
is moved to developing the vegetative parts of plants. Application of overwataoig®
foliage growth, hence delay in tuber formation. A high nitrogen application mainly stimulates
vegetative growth. This has an adverse effect on tuber formation. With late cultivars, in
particular, it is highly important to moderate how much nitrogempplied and to spread
applications over the growing season using foliar spray treatment.

6.2. Bulb vegetables | S

Bulb vegetables usually grow just under the surface of @ Chives
ground and produce a fleshy, leafy shoot above |
ground.Bulbsusually consist ofclustered segments o
Shallot

layers. Examples of bulb vegetables are onion, shallot, ge

leek, chives, and fennel.

Onions

6.2.1. Bulb formation in onion

Garlic

To grow good bulb oniongou need to know about how day
length and temperature affébeirgrowth. Onions are phototimaoperiodic, which means they

are highly sensitive to temperature and day length.

6.2.2.Temperature and onion bulb formation

Temperature encourages the plant of onion to stop making a bulb and begin flowering stalks
and forming seeds known as bolting. Wh&n oniongainsa certainlevel temperatureof
between 40° and 50°F (4° to 10°C) wilitiate it to bolt formation its range may differ in
different varieties. As we know onions are a biennial -s@alson crop, which means they
require two seasons to roplete the life cycle from seed to seed and these two seasons are
separated by winter cold.

T Onion seeds sprout commonly within 7 to 10 days. The minimum temperature

for sprouting is 55°F (12.8°C), as the temperature of soil increases from 55°F to
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75°F, the timeof emergence decreasemnd the percentage of seeds sprouting
(rate of germinationyvill increases.

1 Onions are frost tolerant and adapted to a wide range of temperatures.
Development of leaf, root, and bulb occurs in cool temperatures betweé&n 55°
to 75°F.The optimumleaf growth of onion occurs at 6Bto 77°F (20° to 25°C).
Once bulbformationhas begunonions can tolerate temperatures above 75°F.

1 Bolting is the setting of seed and cessation of bulb development driven by

temperaturesLower am higher temperatures both are linked with the initiation

of bolting. Temperatures less thd8°F and greater than 7F initiate the bolting

is also an important factor thafffects the bolting.Late transplanting of aged
seedlings, transplanting timelant variety, plant sizggoor supply of nitrogen
and restricted vegetative growth due to any strass,all these factorghat
initiate thebolting.

6.2.2. Day length and onionbulb formation

Daylight hours or day length is determined by the-snartking south during the fall and
winter and north in the northern hemisphere during the spring and suminieh
stimulates the onion plant to start making a bulb of onion and tofst@ge growth.

Every onion cultivar will form a bulb only after it has received a certain number of
hours of day length every day for a certain number of days. Onions are classified into

shortday,long-day, and dayneutral varieties.

There are many cultiva of onions used for growing bulbs. When you choose a bulb
onion variety for your field, it is very important to know that how many daylight hours
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you will have during the growing season and the temperature range during that time.
Onions first form theileaves and then start to form bulbs depending upon the variety

and day length.

1 Shortday onions require 12 to 14 hours of day length every day to form bulbs.
This happens in the southern regions of the northern hemisphere to not greater
than latitude 36°N.

1 Day-neutral onions require just 13 to 15 hours of daylight each day to form bulbs.
Intermediateday onions grow best between latitudes 35° to 38flN many are
adapted for production to latitude 42°N.

1 Long-day onions require 14 to 16 hoursddylight each day to form bulbs. Long
day onions do the best north of the 36th parallel or latitude 36°N.
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Hardening, Pruning, and stacking

7.1.Hardening

Exposing seedlings to outdoor conditions gradually is known as the hardeoicess. It
prepares them to withstand harsh and windy outdoor environmental conditions. Hardening
encourages thehanges from succulent, soft growth to harder and firmer gr@wehhardening
process begins one to two wedleforesetting them out in thigeld or thegarden. Place them

in a protected and shaded spot during daytimeand bringng them inside at night is the
easiest way to harden the seedlings. Every day, increase the amount of light the seedlings

receive.

When the outdoor temperature ildwv 45F andthe weather is windy, do not put vulnerable
seedlings into the field or garden. Even hardy crops can be hurt ditbeyposed to freezing

temperaturewithout hardening.

The amount and frequency of watering should be reduced to slow Hewnawth but should

not allow the plant to wilt.
Excellent environmental conditions for the hardening of seedlings are in the cold frames.

After appropriate hardening, Seedlings can tolerate unexpected frost, samgftind with

minimum damage.

Seedings are tender and grom the

sheltered and protected environme
where theycompletetheir young lives.
So, these newborn seedlings require _ e '

extra step in their growing cycle. TR

care also known as hardening offhe #
hardeningof vegetables is intended t
slow plant growth. If mov&to the extremgactually stopping plant growtandserious damage

can be done to certain crops. For example, melonswanunbes may stop growth if hardened
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severely. They can be left outside for a nighih&temperature will higher than %0. Broccoli

and cauliflower produce thurrdized heads(Buttoning) that cannot grow further.

7.2. Pruning

The term pruning means choppind of trimming branches from a plant. In vegetable crops,
first pruning is done to keep leaves off the ground and allow aeration at the base ofrplants.
other wordspruning is the removal of axillary shoots(Suckers) and can vary from no pruning
totheremoval of all axillary shoots up to the first fork (shoot just below the first bloom cluster).
Pruning influences the quality and yield of produce greatly. In various cultivars, the degree of
pruning and time of pruning is different according to the growiaigern of the cultivar. Like

in tomatocrops only minimum pruning is required and most of the time only ground suckers

areremoved in weak determinate cultivars e.q.

Solar set, Solar fireand Equinox. Heavier
pruning in these cultivars leads to serious yie
losses and increased sunburned fruit, bloss
end rof and cat facing. In vigorous determina
varieties, heavier pruning(trimming of twg
additional suckers with ground suckers) istbé
for maximum yield and quality like in FL91
FL47, and Agriset 761. Several seed compan
that sell the variety will recommend the amou
of pruning needed. Pruning must be done at
early stage when shoots are only two to fou

inches long to minimizdamage to the plants.
Purposes of pruning

1 It helps train plantsvho want to climb athetrellis and facilitates their upward climb
in trailing and trellising culture.

1 Pruning is done to improve the quality and size of harvest by reducing the unwanted
growth of plants.

1 To facilitatethe aeration and ensure light penetration which optimizes the growth and
reduces the threat of disease pedts

1 To Control the size of pht which prevent excessive growth and overcrowding and
plant only takeup theirdesignated space in the garden.
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7.3. Staking

Several plants need support to help the

grow, especially climbing plants includingd
winter squash, cucumber, beanand
tomato. Staking is the most appropri
way to train plants to grow vertically.
improves the quality and yield of harve
by keeping fruit anglantsoff the ground =

and prevent from severalsoil-bearing

g

pathogens and crawling peststdmatoes F=:

if left the plant to grow without training, the fruit is exposedht® sun and causssinscald.

Staking allows better air circulation, improves spray coverage and plants dry off faster.

In tomatoes, without training plants sprawl along the ground due twelght of the fruit
which causesseveral physiological disorders amtreaseghe threat of disease and pests.
Staking makes easier the harvest and minimizes the damage dbeeptantsindeterminate
cultivars, wooden stakes 48 to 54 inches longa@enchsquare are used. One stake is placed
with every plant. Several farmers have used a stageery other plant successfully at times,

but, under severe wind and rainy conditions, they may not support the plants enough.
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Seedlessness and Parthenocarpy

8.1. Seedlessness

Seedless plants develop the fruit withseedor with the minimum traces of aborted seeds or
having a minimum number of seeds. Seeds are necessary for propagation but from the
consumes point of view, tley can bea nuisance. Seeds produce hormones that lead to fruit
deterioration and are often as hard with tzede so it is a desired characteristic. Seedless fruits
have more shelf life and better quality. These vegetables and fruits with minimum or no seeds
are produced by meticulousrossbreeding mutation and different advanced breeding

techniquesand this mayake decades to introduce a new strain to marketable viability.

Careful breeding to get better qualities like larger fruits with smaller seedebadone since

the start of agriculture. After Mendel s wo
the 19" century. Mendel identified sontgpesof units thawvereresponsible fopassingdown

the traits and duringhe 20" century it was discovered, genes #re units which transmit
inheritancehrough offspring Genes contain chemical sequences tepresent specific trajts

and it is very important to understand the details of genetic transmission to produce seedless

fruits and vegetables. Seedless grapes and oranges were produced naturally happening seedless

plants. An orange plant in Brazil wasind
seedless during the ¥@entury and navel
seedless oranges are descendahtthat
plant. And the seedless grapes are
successor of the seedless grapes strain
originated in the middle of the Caucas
and Black Seas. This -cultivar
throughout the world within a short perio
of time andwas cultivated irthe USA known as Thompson since 1872. This cultivar has a
genetic abnormalityhat stopsthe development of the seedfter a few weeks of fruit setting
through pollination and feralizatioill the other seedless varieties including black and red

varieties are also developbgt Thompson. Growers on large scale use the spray of a growth
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hormonegibberellin which speedsp the fruit growth
and grapes become juicy and big regardless of
arrested seeds. In 1990 seedless watermelons
introduced inthe USA. All seedless varieties of =
watermelon are selhfertile, and they need poller Y

grains from a seeded watermelon npldo produce

seedless fruits. In watermelons, fruits with small se

are aborted after fertilization.

8.2. Parthenocarpy

Another form of seedlessness is parthenocarpy. In this process, thebecanjesable to
produce fruit without fertilization therefore pollination is not required for this. Parthenocarpy
is a required trait in the fruit of vegetable crops to enhance their commercial value.
Parthenocarpy is occurred in both ways i.e. naturally andcedliy artificial methods.

Parthenocarpic fruits are obtained undg

prohibited environmental conditions thg
prohibit fertilization and induce the formatio
of fruit without converting the ovule into the
seed. Only a few cultivars are developed wh
prodwce parthenocarpic fruits without an A )
treatment but in several other species, fruit I
treatment by exogenous application
artificial phytohormones is used to develop
parthenocarpic vegetable fruits for late or early production in protected cultivByigenetic
engineering, a few varieties of transgenic parthenocarpic eggplant, fandttobacco are
developed which produce fruit without seeds after pollination or without pollination due to the

same changes in the genome that contain
codes for iniiation of parthenocarpy. Geneti
manipulation with phytohormones leads
develop parthenocarpic cultivars
Parthenocarpic cultivars of summer squask
and cucumber are ideal to grow ihe

greenhouseand high tunnelsin addition,

these cultivars work weewith insect netting,
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as the netdo not need to be removedthé floweringstage as required by varieties that need
pollination. Methods to develop a new parthenocarpic specie ase teither genetic mutants,

synthetic growth factor®r change thelpnt behavior by the change in ploidy level.
8.2.1. Benefits of Parthenocarpy

1 Improve quality, yield and processingattributes of vegetable fruits including
watermelon, cucumbgeggplantetc.

Complete cost of cultivation reduced.

Largersizedfruits producedoy the application of natural growth regulators.

It keeps pests and insects away from the plant because there is for pedithators.

= =4 4 =

One of the main advantages is they can also set fruit properly in undesired
environmental conditions. because pollens are the most sensitive part of plants to
unfavorable environmental conditions and they caasheavy loss in adverse
conditions.

1 Temperatre is the main restriction fwoducingout-of-seasorvegetable fruits but it is

possible with parthenocarpic cultivars.
8.2.2. Types of Parthenocarpy

1 Stimulative Parthenocarpy: It can be inducedy flowing air orplant growth
regulatordnto the unisexal flowers that are present inside the syconium and also be
achieved when the ovipositor of a wasp is inserted into the ovary of a flower.

1 Vegetative Parthenocarpy:Normally it occurs due to the lack of pollination and without
pollination, seeds are notqatuced inside the fruit.

1 Artificial Parthenocarpy: In unparthenocarpic varietiepollination is practiced
artificially with altered or dead pollens or pollens from another type of plant to get the

parthenocarpic fruit.

Several Fruits withparthenocarpiwarietiesare watermelon, yellow summer squash(Golden
Glory), zucchini(Dunja, Partenon), tomato(Oregon Spring, Tomato Legend), grapes,

cucumber(Picking, Slicer, Longnd Mini), pineappleetc.
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Factors Affecting VegetableProduction

9.1. Temperature

Temperature igthe measurement othe amount of heatnergy,and it isone of the most
important factors that affect germination, growth, developmeemd maturity. Temperature
directly affects the seed germinatiandaffects almost all physiological features of the plant

including the development of pollens, receptivity aftigma, fruitbud differentiation,

blooming, fruit setting, fruit growth, see

formation, the maturity of fruit and vegetativel ...~ Pqosnthesis 2 @
part and ripening of fruit. The temperature 4 7
required for normal growth for mostthfeplants e :)g 6

is between 1% to 37°C. Higher temperatures L ‘\Dimde A\ 5‘4
increase the risk of the development a \w ; W\!‘y
reappearance of insects and diseases and | » & E*ﬁ ‘ ‘ .
the vectors that convey infection. w

Pollens are the most sensitive part tbe plant which cannotbear a little fluctuation in
temperaturePollensgerminate ahtemperature range ofO to 39°C approximately. Crops of

the colder regios requirea lower temperature
range to accelerate the pollen tube growt gl =
kinetics and increased fertility by developin
more pollen tubes to fertilize the egqgesenin
the style baseFor example intomatoespollen
cannot develop with nightemperaturesower
than 55FPollination is one of the most sensitiv
phenological stages ttemperature extremes

across all species and during this developmel

stage temperature extremes would greatly affect
productionTherehydration process ocalyy absorbing water when pollen landstbestigma

but highertemperatureseduce the rate of rehydration and decrease fertility.
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Temperature is the most important factor that affects the germination rate of almost every crop.
Fluctuations in temperature may influence germination in three main ways including hormone
induction,moisture availabilityand activity of enzymes. For the initiation of enzymes work
and hormones production water absorption is necessary but duringmgératuremoisture

may reduce withan increase in temperatur®ormancy induces in some species wiigh
temperature but also can reinforce it and low temperature alsm dloe same way. Seeds of
warm-seasorcrops are dormant during winter aodolseasorcrops remain dormant during
summer.Temperature effect on germination and dormaguoyatly depends on amplitude
(relative periods spends above or below the medium temperature range and number of periods).
After breakng the dormancytherate ofgerminationwhich is reciprocal to the time taken for
geminationshows the positive linear legionship between the base temperatgttee lowest
temperature at whidimegermination rate is zer@nd the optimum temperature, and a negative
linear relation to optimum temperature and the ceiling temper@hedighest temperature at

which germindbn rate is again zero)

The other effect of temperature is influencing the growth rate and quality o§.gthgher
temperature causean increasen therespiration process, lesser the sugar content and water
requirement goes uhysiological activities stop wittemperaturesibove 50C and below
freezing point (BC). It is due to disturbance in all tiethermosensitive processes in the cell.
Proteinsstartto denature with highetemperaturesnd the electron transport chain cannot
remain normal, and low temperature cause chilling injury which sahegouncture of cells

and tissues which appears in the form of death of cells and tissuesontroled condition,

warm temperatures expanded the pe Pathogen defence

Stress responses

«—> N-, S-
metabolism

Plastid gene

of phenological development, but thel egpression

A
waslittle impact on leaf region or ther \
again vegetative biomass contrast R Scavenging

. . i)

with  ordinary temperatures. Th(_ : i

. - synthesis <—— / Calvi \

significant  effect  of  warmer " NADPHAH >\ e

. . t NelTRK| 7 .

temperatures is at the timef the |, l"s’ \\ Energy
. metabolism

reproduction proces®hotosynthesis is| & - 0,=R08 [CcdA N
e

also affected greatlpy anincrease in

2H0 O, +4H ”stCH 64
. e . : HS'
temperature due tthe high sensitivity |tmen e p———

of the electron transport chaitowardtemperature fluctuation3.he maturity of any crop is
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based on daily dagight temperature unlesle plant is not stressed by other environmental

factors.

Temperature impacts are expanded by water shortagethan
overabundanceof soil water showing that understanding tk:
cooperation otemperature also, water will be expected to gr
progressively successful adjustment systems to counterbal

the effects of more noteworthy temperature extraordin

rate of transpiration

occasions related to a changing atmosphere

temperature

Soil temperature ialso avery important factor that influenselant growth and reproduction,
it affectsthe chemical reactions and physipebcessesccurring in the soil. IEhangeshe rate
of uptake of solutes and water and alsftuencesthe growth ofundersoilplant partsike
tubers, bulbs, rhizomesand roots. Soil s Emaywee g

Iy
¥

temperature greatly affects the activities S/ Y\

v

microorganismsn the soil that influence the,
availability of nutrients. At the time ofE
germination) it is very critical to have =~'" 9
optimum  soil  temperature  otlveise "
germination rate will decrease gradually wat
change in temperaturéhe gowth rate ofthe
vegetative past as well asthe reproductive 3=

parts of plantss low in colder soils.

9.2.Humidity

Relative humidity(Percentage of water vapors preserthagnair as per amount at saturation at
a specific temperature and pres3udepends onthe temperature and pressure thfe

surroundingsAt the level of 100%relative

humidity expresses there is no more spé
for wate vapor inthe air, therefoe no

transpiration and soil evaporation ocas
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transpiration is necessary to uptake the nutrients and mineralstfi®@isoil and a low

transpiration ratéowersthe availability of nutrients tplantswhich caussalow growth rate

and many diseasemd disordersAnd if
the humidity levelis very low in the air H:_O
aroundthe plant, the respiration ratgoes H_w_O,\
up andthe plant losesa large amount of
water, in result stomata will be closed ar
cause the stoppage of photosyntheBme
optimumlevel of RHfor most ofthecrops Relative Relative

is between 4®0% andheplant does not| ~ Humidity = 10% Humidity = 50%

grow better at 80% or above.

9.3.Water

Water is the basic component of every type of lif
without water there is no concept of lif&ater is one [
of the essential components thie raw material of
photosynthesis. Aie tanspiration process helps
maintain the plant temperature and facilitates

uptake of soil nutrientsThe quality and quantity of

water and time of irrigation influee greatly the @4 e

growth and development of cr@pAn excessive

amount of water present the root zone may causs
therotting of roots and decrease the amount of oxy(
in the soil aroundthe roots. Andthe low amount of
water intheroot zone may causadecrease imutrient
uptake andhe plant cannotperform photosynthesis
properly, inaresult growth is affected arttie plant

does not give better quality and yieldhe severe

capacity andhe permanent wilting point is availablé
water forplants and its amount will be more in claye

soils than other textured soilsChemical and R AT e
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biochemi@l reactions in soil are based ovaterlike mineralization andni cr oor gani s m
activities in the soil. Soil moisture playn important role to maintain the soil temperature,
optimummi c r cattigtesHand mobility of nutrientsFor different cropsthe number of

required irrigationss different. The numbeof irrigationswill be more ifthe temperature is

high in that region. Water with high satbncentrationss not suitable for most dhecrops.

9.4.Precipitation

Falling waterfrom the atmosphere in an

form is known as precipitation including
rainfall, hails, dew, fogand snowfall The
type time, and intensity of precipitation irf
specific area determine the type of croy
growing in that region. Vegetation in any ar¢
is affected severely by rainfall, deserts ha®s&&&s
thelowest rainfall and only shrubs and grasse ’
can grow there, but in plains atttk WesternGhats with optimum to high rainfalielps to

grow severalaluable crops likeice, tea,andcoffeg and rubberThe amounand distribution

of annual rainfall determine the climate of a region and it is very important to have longer

growing periods.

9.5.Light
Light influences directly the crop from o
N o . e
germination topostharvestactivities. It is a oqe»f./"
sk
- - - — ,b " 4 i

driving force for photosynthesisA one |% > 4 20°C

£ - 3°l'o90’,, == Graph 3
percent increase in light intensity will gitlee | # E

. : 2 ,

same one percent increase inhe |2

o e bt Tt Graph 2
photosynthesis process amad a result the |2 ' e +~ Graph 1
. . . 0.03% CO, at 20°C
yield will be high. But when the rate of /
photosynthesis reaches its maximum po| © Light intensity

anda further increase in light intensity cannot enhance the photosynthleisisis known as

the light saturation poinPlants use water and carbon dioxide to generate &oodrelease
oxygen into the atmosphere, a natural process that feeds all other life on our planet. The
light-absorbingunit of the plant isthe green pigment chlorophyll. Any type of vegetation
cannotgrow in darkness becauger every plant having chlorophyll coursing througits
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leaves, light isompulsory. Other than photosynthesis, all physical and chemical reababns
occur in soil, waterandtheenvironment depend on lighthe intensity and duration aunlight
determine the climate of a regioFhe intensityand duration of sunlight receivetiangewith

the changing season$o, cultivate adaptedplants to that climate. During cold weather
temperature andunlightdecrease so photosynthesis decrease in reslites plant growth.
Blue light withwavelengthsof 400500nm is absorbed perfectly by chlorophyll asanost
suitable for vegetative growth. Incompatible lightshad effects on plant growth, leaves
remain small or grow to extlarge, and internodal distanceincreasesor decreasesrom
optimum. Red light witha wavelength of 60yO0nm ha low energy ands essential for
blooming and fruitsetting Light intensity determines the rate of photosynthesis and light
duration determines the growth phaseshefplant. Sun is a single natural source of perfect
light but inthe artificial systemit is very difficult to regulate théntensity, wavelengthand
duration according tthe crop and growth phase tife crop. Ultraviolet light is very harmful

to cropsas it may cause several changegenetic material and may induce the chaggin

genetics.

Another major effect of light duration is photoperiodidrhe numbepf hours of sunlight in a
day directly impacts reproductive growth. Plants can be divided into three categories based on

the required day lengtio trigger flowering:

Long-day Plants: These plants require more day length than rligidgthor more light hours
than darkhours In these planighe reproductive phasstartswhenthe day length increases

like carnation and petunia bloom in early summer or late spring.

 PHOTOPERIODISM

3 Flash of light

6 P.M. @ 6 AM.

Noon

Midnight

Long-day Short-day Long-day Short-day Long-day Short-day
plants plants plants plants plants plants
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Short-day Plants: These plants require short d@ngthsthan nightlengthsor fewer light
hours than darkours In these plantghereproductive phase stamwhentheduration of dark
hours increases. These plaetgterthe reproductive growth phase whitee day lengthis
shorterthanthenight like zinnia and poinsettia bloom in early spring or fall.

Day-neutral Plants: These plants flower regardless of the tgth They flowerwhen they
reach their reproductive stage and does not influence by day length or light duration like pepper,

cucumberand potato.

The short intensity of light determisghe rate of photosynthesis atite length ofthed ay 6 s
impact onthetime of flowering.

9.6.Soll

24 hrs

Many properties of soil affect plant growt o l
and development including soil structur H

Critical
12 hrs photoperiod

texture, water holding capacitthe activity

of microbes inthe soil, soil aeration, soil| LJPeneth # 8k o]
VAR

.nght length
FLOWERING IN DAY NEUTRAL PLANTS

temperature, soil pH, presence of nutrients

thesoil, and amount of organic matter. Plants
caninfluence bysoil conditions in ways thatannotfreely be explained in terms of the ability
of the roots to take up water and neititis. Roots may sense difficult conditions in the soil and
thence send inhibitory signals to the shoots which harden the fdargsdsthe significance

of a deteriorating or restrictive environment, especially ifghle a wated supply is at risk.
Aeraion is essential for germinatiothe uptake of waterandproviding oxygen to microbes

in the soil. In the presence of ainsoluble mineralfbecomesoluble and organic matter

decomposed properhRice crops -

can tolerate waterlogged soils
becausehe roots of rice requira
very low amount of oxygenThe
amount of organic matter prese + 5
in soil determines fertility becau
it is a source o$everalmajor and
minor nutrients. It also enharse
the waterholding capacity ofthe
soil, improves the soil structure,
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facilitates aerationandis a food source fomicroorganismsn the soil. The presencef
microorganismsn the soil is essential to decompose organic matter in the soil and nitrogen
fixation bacteria inthe soil fix the nitrogen tothe root zone fromthe atmosphere. Soll
temperature affects greatly the germination, c r adtti@tg, &ndabsorption of water and
nutrientsinfluencingthe undergroungart ofthe plant. Cold soils are not good ftire proper
growth and development afops Soil pH or soil reaction (concentration of hydrogen ions)
affects the growth and soils with pH 7 are good for most of crops. Acidic soiapithgreater

than 7.0sinjurious due tdahetoxicity of Al and Fenterferedere with other essential nutrients.

9.7.Biotic Factors

Biotic factors including plants and anima

influence plant growth. Competition betwee
plants affectthe type of vegetation and some
theplants release toxic compounds in the soll
kill the other plants nearby. Small animals lik
honeybees, waspand butterflies are benefici
because they facilitate pollination and enha
the yield but large animals may cause physi

damage to crap

9.8.Genetic Factors

The cesirable yield and quality of any crapeobtained through controlled genetics. Genetic
factors influence the resistance to lodging, early matutitgught and salinity tolerance, high
yield capacity, quality of foliage and® =

grain, chemical composition and

genetic  control  through

engineering.
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Plant Growth Regulators (PGRS)

10.1 Introduction

Plant growth regulators refer to synthetic or natural substancesatfest the growth and
development of a plant. Initially, the use of PGRs was started in 1940. There is little difference
between planhormonesand plant growthiegulators Plant hormones a@ganic compounds
produced by the plant itself in one part and translocated to other parts, where in very low
concentrations it causése physiological response. Plant growth regulators on the other hand
are chemical substances either produce naturgliyldnts or synthesize artificially. We can

say that all plant hormones are PGRs but all the P&&Rsot plantingpormones.

10.2 Classification of plant growth regulators and retardants

A Auxins (4D,MNAA 4GCPBA, 2
A Gibberellins (GA3)
A ytBkinins (Zeatin, Kinetin)

A Ethylene (Ethereal)

A Abscisic acid (Phaseic Acid, Dor mi ns)

A Phenolic substances (Coumarin)

A Natural substances:umdtidhbidet ochr ome, Vi t ami
A Flowering hormones (Anthesin, Fl origin,

A Synthetic substances: (Synthetic Auxins

A Growt h i nH618, Cycasel, $hosphdd B-@99, Morphacting)
In nature, some PGRs are growth promotengreassome are growth inhibitors such as in
naturally occurring chemit@ompounds Auxins, Gibberellins, and Cytokinins are recognized

as growth promoter hormoneferea€thylene and Abscissic are growth retardants.

10.3. Functions of hormones

i. Auxin

The word 6Auxind is derived from the Greek

Auxin was isolated from human urine firstly. The precursortled hormone auxin is

Tryptophan. In plants, it is produced in the apical part (tipg)atsand shoa and sometimes
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in seeds. The natural form of Auxin is IAA (indeBeAcetic Acid) and PAA (Phenyl Acetic
Acid) while synthetic Auxins are IBA (Indol@-Butyric Acid), 2,4D, 2,4,5T, and NAA.

The associated functions of Auxin af
apical dominance and pronote root
induction. It also regulates flowering, .
controlsprematurédruit drop, andinhibits AU}“ N
theabscission of leaves and flowers. Aux Promote root initiation

helps in nucleic acid activity, se

determination, and xylem differentiation.
il. Gibberellin

The nameéGibberellins was obtained from a fungBberella fujikuroiwhich causes Bakane

Foolish seedling disease in which rice plants grow abnormally tall. The precursor of
Gibberellin isthe compound Terpenoids (Terpenes, Diterpenes & Sesquiterpenes). It is
produced in embryos of young leaves as well as in the roots of plants. Gibberellin is produced

in the G1, G2, and G3 forms in plants but the most common form is G3.

The associated functions of Gibberellir
are inducing cell division andcell {

elongationjncreasingflower and fruit size, : 1

promotinggermination of seeds, breakin

ceed  domaney,  meing | (Sl hyaralfin

flowering(bolting) in response to long

days, preventing genetic dwarfism,  Stimulate cell elongation

stimulatingmaleness in dioecious flowers

This hormone also produces tolerance agaimi#iing.

iii.  Cytokinin

The hormone Cytokinin was first isolated from coconut milk by Miller and Skoog. They
isolated the growth factor that controls the cell division from DNA preparation, known as

Cytokinins. The precursor of Cytokinin dhe compound is5-AMP (Adenosine Mone

Phosphate). It is produced in the endosperm of seeds, young fruits, and root tips of plants.

Cytokinin promotes cell division, stimulatdud initiation and root growth, induseell

enlargement and cell differentiation, dedathe storage life of flowers and vegetables,
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translocation of nutrients,prevents
aging of plants (senescencegnd
promotes lateral bud development. ..
Cytokinin

Induce growth of shoot

iv. Ethylene

Ethylene which is also known #se ripeninghormone is a colorless gaseous hormone. The
precursor of ethylene is Methionine. An adequate amount of Carbon dioxide and oxygen can
inhibit the synthesis of ethylene. Sites of production where it produces are ripened fruits, leaves

flowers, and nodes dlfie stem.

The hormone stimulates uniform ripening in vegetables, promotes abscission, and promotes

thesenescence dtiieleaf. Ethylene also breaks bud and seed dormancy in some species.
v.  Abscisic Acid

Abscisic acid is a naturally occurring plant hormahés also known as Stress Hormaoaued
acts as AntiGibberellin. Mevalonic acid is the precursor of Abscisic acid. It is produced in

almost all organs of a plant.

Abscisic acid acts as a plant stress hormone and stimulates seeds to synthesizedtieirage pr

It induces dormancy of buds and seeds and inhibits seed development and germination. It
involves leaf and fruit abscission (fall). It is also playing important role in stomatal opening
andclosing andorotects cells from dehydration.

Gibberellin @ @ x)
Auxin (X ] @ @
Cytokinins @ (X ) @
Ethylene @ @ X )
Abscisic Acid (X ] @ @
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10.4.Commercial use of Plant Growth Regulators (PGRS) in vegetable
crops

To stimulate fruit setting: in solanum crops, poor fruit setting is a major problem. To
stimulate fruit set in tomatorops,theapplication of 2,4D at the rate of - ppm or 4CPA is

very helpful.

To promote flowering: GA has been reported to induce early flowering in lettuce azieit
Hydrazidedelayed flowering in okra. To induce flowering in potato crops, apply 50 mg/l GA

to young leaves of nefiowering varieties when floral buds had just formed.

To break seed dormancy:Lettuce is a vegetable in which treatment with GA has been
reported to keak seed dormancy induced by high temperatures. Mostly the tulprsatdes

fail to sprout before the termination of the dormant period, GA has been reported to break the
dormancy period irpotatoes For breaking of dormancy comprise the vapor treatmeithi
ethylene chlorhydrin (1 liter per 20 ghdthen dipping in thiourea (1%) for 1hr. finally in GA

(12 mg/l) for 2 seconds.

To increase seed germinationtreatment of seeds before sowing with growth regulators has
been reported to enhance seed emergeatse NAA at 20ppm and IAA enhance seed
germination in okraPresowing treatment of seeds in ethephon at 480 mg/l for 24 hours
improved germination in bottle gourd, muskmelon, squash melon, and watermelon at low

temperatures

Inhibition of sprouting: treatment of potato tuber in IAA at 300 to 1000 ppm solution prolongs
dormancy and thiourea at 1% breaking the tuber dormancy. For storage of onions, application

of MaleicHydrazideat 2500 ppm 15 days before harvesting prevents sprouting.

Parthenocarpy: The role of plant growth hormone in fruit development can also be seen from
the fact that with their help it is possible to stimulate fruit development without fertilization
(parthenocarpy). Auxin produced parthenocarpic fruit in watermat@hcucumbers, PCPA
(paraChlorophenylalanine)50-100 ppm induced seedlessness in tomato and brinjal,
application of 2,4D at 0.25% in lanolin paste or foliar sprays to freshly opened flower bunch

has been reported to induce parthenocarpy.

Sex expressionthe treatment with plant growth regulators has been found to change sex
expression in some crops like cucurbits, pepper, and okra. Application of silver nitrate (300
400 ppm), GA3 (150@000 ppm), and Silverhiosulphate (30@&00 ppm) spnged atthe 2-4
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leaf stage stimulates male flower production in cucuritsereasapplication of GA 3 (125
ppm), NAA (100 ppm)and IAA (100 ppm) when sprayed a#tdeaf stage in cucurbits, then
they have been reported to increase the number of feloaer§ in cucurbits.

Hybrid seed Production: plant growth regulators can also be used as an aid in hybrid seed
production. Sometimes Ethephon has been used for producing temporary female lines in some
cucurbit varieties. In cucumber, GA3 sprays

have been made to staminate flowers -
gynoecious linesSilverNitrate at 500 mg/l hasgi
been reported to be as effective as GA3 ‘"
inducing male flowers on gynoecious lines
cucumberA successfuF1 hybrid inbutternut
squash has been made by using a female
produced with ten weekly sprays of ethephc
Plant growth regulators have been reporteg
the maintenance of gynoecious line
However, in muskmelon foliar sprays of Silvg
Thiosulphate at 400 mgWerefound best for

simulation of maldlowerson gynoecious lines.

To enhance fruit field: plant gravth regulatorsarealso used to enhance the yield of many

vegetable crops some of thegegiven below.

Tomato: Treatment of seed in GA atZD mg/l,m NOA at 250 mg/l| and CIPA at 10

mg/l, 2,4-D, 0.5 mg/l or thiourea at M have beemeported to improve fruit yield in tomato.

Chilies and PeppersFoliar sprayof GA at 50 mg/l at fruit settingor planofix (NAA 10

mg/l) double sprays (at flowering andv@ekdater) decreased flower shedding and gave better

fruit yield in chilies.

Brinjal: Drenching of seedlirg doots inGA at 520 mg/l and NAAat 0.2 mg/lhas been
reported to produce higher fruit yield.

Fruit ripening: an ethylenereleasingcompound known as ethephon has been reported to
stimulate ripening inomatoesnd pepper. Application of ethephon at 1000 mg/I at the turning
stage of earliest fruits induced early ripening of fruits thus increasing the early fruit yield by
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30-35%. Posthrvest dipping with ethephon at 5000 mg/l has also been reported to induce

ripening in mature green tomatoes.

10.5.Methods of PGR application

I. Aerosol method of application

This is a very common method in greenhouses
this method plant growth hormone solution is

applied through a small aerosol cylinder. Liqu

-
gases in a little while evaporate leaving the 1%
chemical in the air.

il. Soaking method of application

In this method, uniform quantities of PGRre

liquefied in alcohol andhakedilutedwith distilled

water to make the desired quantity and amoun
solution (262000 ppm). Before planting, cutting
are treated witlthe solution for almost 24 hours.

iii. Application in powder form

In this method of application, the powderstloé
plant growth regulator dissolved ian organic
solvent. And then mixed with moistened soybe
flour, charcoal powder, or wheat flo@nd prepare
a uniform paste. The pasteaisabledo stand until

the solvent evaporates.

iv. Application in lanoline paste

Most of the roots promoting PGRare easily
soluble in lanoline, a fatty acid substance.
lanoline is a pastethat encourages the
advantageous roots in plants. It is made by mix
plant growth hormone in lanoline and allowing
to cool

V. Root feeding method
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Vi. Spraying method

Vii. Injection of solution into internal tissues.

10.6.Precaution Measuresin the Application of PGRs

Use plant growth regulators at an appropriate stage of plant growth.

These growth substances should be spralyeihg the time ofafternoon for getting
maximum results.

Spray should be applied uniformly and wetboth sidesurfaceof theleaves.

Add some adhesive material like Twe2d or Teepol.

We should always use only distilled water for the preparatitimegfrowth substande s
solution.

Fine application of spray can be achieved by hand atomizer.

Always should usafresh solution of chemicals.

1 Should avoid spraying in windy hours.

10.7.Limitations in the Use of Growth Regulators

1 Sensitivity of each plant to a given PGR treatment prevents predicated biological effects
in the plant.

1 Screening for PGR activitie®thands high costs and causes many complications. Some
synthetic plant growth regulators are very harmful to human beings.

1 Lack of support from agricultural researchers in public and private sectors.

1 Substances that are usediakesynthetic plant growtlhhormones have high costs, so
the development of PGR is not an easy task.

T Itis very difficult to find an appropriate stage of plant growth that is suitable for PGR
application. Any mismanagement regarding this matter causes heavy loss.

1 Lack of basic knovedge of toxicity and mechanism of action in farmers.
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Physiological Disorders

11.1. Introduction

Physiological disorderare alsdknown as abiotic disorder$hese are different from diseases
or biotic disorders because théseno involvement of livingorganismdike bacteria viruses,
fungi, insectsetc. but caused by ndiving factors especially eccentricity from normal growth.
Almost all physiological torders are irreversible once they occurrEldey are caused by
chemical and physical changes in the pldikese are occurred by the shortage or excess of
any substance that interfereith thelife and development dheplant. Physiological disorders
cannot be transmitted but they provide susceptible places to path8geesadisorders occur
due to abnormal changim temperature, deficiency of several nutrientgyalance in moisture
content, low soil fertility, pooharvest and postharvest techniquedhe specificcause of
physiological disordersan be identified by examining soil such as determining soil reaction,
which can help tadentify the presence of physiological disorders. Recent conditions, such as
heavy rains, drought spells, frosts, etc. Physical diserdman be divided into different
categoriedhased orphysiological factors involved in their development includingather

relateddisorderssenesceneeelateddisordersandnutrientrelateddisorders.

11.2 Certain Physiological Disorders and description
i. Tip burn

It appears whethe crop reached its maturity stag

and is caused by deficiency of nutrients or water
Brown-black lesionsappear on the edges tie

leaves of cabbage, cauliflower, broccoli, bruss
sprout and lettuceTo prevent the plants from tig
burn, the poper limingplans optimalsoil moisture .
and tilth arehemainconsiderationsGrow resistant o \ o

-

cultivars nonrammonical nitrogen fertilizeysindpropercultural practices.

ii. Blossom end rot:
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Symptoms are¢he appearance of dry sunken lesions

the end ofthe blossom in eggplant, pepper, brinjahd
tomato. It is mostly triggered from wet areas at the enc
the fruit and it is initiated during the early stage of fr
development. It is also triggered ayeficiency of water
or nutrients Control measures ammaintainingoptimal
soil moisture and tilth are main considerations, grow

resistant cultivars and @per cultural practicesre also helpful practices
iii. Phenolic browning:

Most of the time it attacks only carret Symptoms are
discoloration and browning on the surfacettué carrot. If

harvested carrots store in cold rooms for a long timettier
chances of phenolic browning increase. Abrasiliminates
the epidermal layer, exposing the carrot to oxidation
phenolic complexes which change tobrown, or black in

severe case Wash the carrots completely just after harv

and avoid bulk storage and pack them as soon as pos

after cooling to increase quality.

iv. Internal Brown Spot

Brown-colored flecks appear throughout th

internal tissues dheflesh ofthetuber inpotatoes
Streaks are roughly circular, typically taand
about 1/8 inch in diameter. lhas different
symptoms and appearance from tip burn
blossom end rdiut their underlying cause appear

to be the same i.e. cell dealilhe reason behind i

is thesame as other disorders i.e. lack of nutrie
or water and control measurés maintain optimal soil moisture and tilth atkee main
considerations, grow resistant cultivars, g@o cultural practicesusing nonrammonical

nitrogenous fertilizerggrowingresistant varietieand proper cultural practices.

V. Greening
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In potatoes symptoms of greening ar¢he e L |

appearance of green colorthretuber due tdahe

production of chlorophyll when it is exposed 1
light. Theselight-exposedubers also produce
toxic compound known aglycoalkaloidsfrom '
which the mostdominant are chaconineand
solanine. Posharvest storage of potatoes mu
be done in trays ayn brown paper in dark aral

cool place.
Vi. Scaling or Silvering

In storage carrots develop a scaly surface in a few cases. The appearansaitoiér to
dandruff which is white and flaky. e o Nwa Y
This disorder mostly attacks whe ‘ -

dehydration occurs in stored carrot
Washing foralonger time can remove
this skin layer but can lead to
increasedreakage of roots. The mogg
important preventive measure i
carrots should not let dehydratec

during harvespostharvest duration.

Vii. Hollow heart and Brown center

The hollowheart is also known d@ke brown center or sugar center and itaegorized by a
region of cell death in the heart of the potato which csdatewn color tissuelt is also
characterized by a star shapavity in the middle of the potatdbut sometimesa cavity
surrounded by nornhdlesh or only a little spot in the center thie tuber. It is initiated bya
shortage of several nutrientespecially water and nitrogemnd can be controlled by
maintaining moisture dheoptimum level an@pplyingnitrogenous fertilizerespecially athe

initial stage of tuber formation. Plant spacing is also important to control hollow heart and

brown center in potatorops

viii.  Growth Cracks in Potato
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During growth stages tuber split, mostl-

from the epical tip orbud and spread
lengthwise. Occurrence and appearar®
vary in severity from appearing as
surface scratch to a crack through t
tuber. The growth stag@n which initial
cracking occurg influences entirely the _ : :
severity of cracking. Growth crackinge® = ¢ T
increases when sudden environmental changes occur or when growth condrgons
unfavorable buthe specific reasoffior cracking is still unknownilt is critical tomaintaining

optimum soil moisturgespeially atthebulking stage when tubers grow rapidly.
iX. Tomato Cracks

In tomato cracksthe epidermis or outer layer of frusiplits,and cracks appeafwo forms of
crackingare occuring in tomatoes.e., concentric cracking and radial crackingoncentric
rings appeararound the stem scar and radial cracking starts fhenstem end and extended
toward the blossom end. Sometimes both types of cracking occurred on a singl®fnaito

cracks result from extremely rapid fru

growth brought on by periods o
abundant rain and high temperatur
especially when such weath
conditions follow drought.The most
susceptible fruits are those exposed
sunlight. Preventive measures dhe
use of resistant varietiespaintaining
proper soil moisture and avoiding

direct exposure of fruit to sunlight.
X. Sunscald

It is caused byexcessive exposure to the sunlight and the subsequent elevated tissue
temperature during fruit development disiog lycopene synthesis and appegellowish

areas that remaiantil to end oftheripening processDuring winter, visible damage appsar

on bark due teéhefreezing of bark following higlbemperaturedt is also known as southwest
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injury in the northern hemispherA. good fruit-to-

foliage ratio can reduce the chances of sunsca
Plants grow under sunscreen sheets or in wire cé
ensuringproper foliage protectionThe dtack can
also reduce bycontolling defoliation diseases
which reduce the foliage and cause direct expos
of fruits to sunlightlt is adisease of green fruits likeg

capsicum and tomato.
Xi. Bolting

Bolting is a disease of most biennial crops i

lettuce, cabbage, radish, kahbi, kale, broccoli,
brussels sprouts, cauliflowend collards. Plast
produce premature, nutriegbbbling and hearty
bolting stem before maturity or harvelst.a few
crops such as lettuce produce secondm
metabolites in leaves that gima unpleasat and
bitter taste ancdtause a heavy loss in mark
value Preventive measures are growing resistant varieties to stradgestjingthe dates for
the crop in which chilling may not occur arbe plant can get a good marketable size with
optimumquality. Proper fertilizer applicatioandgood irrigation are also helpful aontrolling
early bolting.

Xil. Bracting

Bracting is a type of vernalization i

which cauline smallsized leaves
develop and penetrate the curd surface ;
cauliffower. The main cause igshe 4
temperature higher thanducing fuzzy |

heads. These small leaves grow frg

promoted by higher temperatures.

Control measures atleuse of resistantarieties to environmental stressagjustingthe dates
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for thecrop in which chilling may not occur aride plant can get a good marketable size with

optimum quality. Proper fertilizer applicatiamdgood irrigation are also helpful aontrolling

the irduction of bracts.
xiii. ~ Buttoning or Premature Heading

Buttoning is a process in which cauliflower and broccoli plants produce eargnaaiksized

curd that is not usable and does nottgetmarketable sizeEarly plantation during wet and

cold seasonseducesvegetative growth and may cause the formation of small headsaafter
short period of plantation and cause severe log&esronmental stresses which weaken the
vigor of the plant and reduce vegetativewth, such as transplanting in cold temperatures,

seem to enhance the buttoning€ontrol

measures ar¢he use of resistant varieties t
environmental stresseagdjustingthe dates for|.
thecrop in which chilling may not occur atite

optimum quality. Proper fertilizer applicatio
and good irrigation are also helpful i
controllingthe induction of bracts.

xiv.  Pithiness

Pithiness isadisorder of radislandisal s o known as #Apore ddtvel

is asymbol of senescence. Physiologically, parenchyma

cells die and are filled with airExcessiveroot growth in
contrast to theconsistent assimilation abilitgf the led.
Cultivars with rapid enlargement and early maturity a
reduction in root weight to top weight ratio can devel

large pores. More pronounced with delayed harvesting. L

can be minimizé by harvesting donattheappropriate time

and withtheuse of resitant varieties.

xv.  Elongated root

In elongatedoot disorder the root getsa fork-like structure due tthe secondary elongated

growth of roots and it is also known as forking disorder. This disorder is alsal@tzgely to

soil adaptationThe excesamount of moisture in the soil #te root development stage in
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carrots and radishesis the main cause. In heav

soils, it occus due to the high waterholding
capacity ofthe soil and due to soil compactnes
The dsorder also facilitates the presence
Undecomposedrganic manure. The ratio dfe ‘
disorder can be reduced by optimg the &
irrigation, controlling the soil moisture and K&
cultivating the radish and carrot in g soils like |

silty loam and sandy loam having lesgtructuresandarefriable in nature.
xvi.  Pungency

MTB-ITC (4-methylthio3-butenyl isothiocyanate$ the pungent compound present in radish.
Cultivars witha low percentage of MTBTC are less pungent armteferredin Europe and
America. As a disorder, due to environmental stress or abiotic stress roots become more
pungent. Low moisture availability and high temperaturdlaenain causes anincrease in
purgency. Proper supply of irrigation water and use of resistant cultivatisear&in control

measures.
xvii.  Cavity spot

This disorder appears as a cavity in the cor

with pitted lesions formed due to subtendi
epidermis collapses in most casAsdeficiency
of Ca is the main cause of cavigpots if the
accumulation of potassium increasi leads to

less accumulation of calcium. This disorder is

I - .ty
NSRS B T e

manifestation of caldm deficiency which
initiate by excessive uptake of potassium dutimgontogeny of carrot plants. A significan
decrease in cavitgpotsby increasingthe calcium level in growing medi&ertilizer supply

shouldbe minimum andappliedonly whenthe crop need it the most This method would

reduce potassium accumulation in ptant
xviii.  Root splitting
Affected carrots are unmarketable and cause héasses Soils with highconcentration®f

nitrogen or nitrogenous compounds leadatoincrease in root splittingA side dressing of
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ammonium nitrate othe application ofan excessive
amount of fertilizer to widely spaced carrots al
increaseghe risk of splitting disorder. Larger the tso
due to wider spacindghegreater the chance of splitting
Control measures are the selection of resistant varie
spacing should be right, fertilizers should apply

optimum amounts,and useof the N fertilizer source

rather than ammonium compounds

Vegetables are the most important parthefdiet all over the worldln most processed food
items there are vegetables used as raw material. These fresh or processed fo@tdtems
affected by diseases or disorders and cause a heavy tflsgumlity and market value of fruits

and vegetables?hysiological disorders include all the fr@hd vegetablalterations and
guality defects that are not attributable to pathog€hssedisordes aredifficult to identify

and control in several cases. If syimips and preventive measures are recognized, they are not
economical. But a few stepsve to takeduring harvest or during piearvest activities to
reduce the chances of physiological disorder occurrdreeentive measures are including
proper cultural practicespaintainingoptimum soil moisture, sowing and harvesting must be

on time, application of balandeutrients and careful postharvest operations.
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Production Problems and their
Management

12.1. Production problems

12.1.1.Lack of Government Support

In developing countries like Pakistan, most of ploécymakersare not related to the field and
they cannot understand the basic problems of farrReises of agricultural products are not
determined by market forces and there are several restrictions on their transportation in
domestic markets and also on their ortpexports there areno free market regimes that can
ensure the priceareclosely relatd to world priceswhich canresultin optimal utilization of
resourcesThe inequitablalistribution of land and resources is also a major problem. &6%
farmers hae less than 50% of land and water resourcestaather 16% occupied more than
50% of the resource®rice and supplyarenot fixed bythe government in local markets, a
good production leads to decraeagin price due taanincrease in supply, andmice drop
weakenghe financial conditions of farmers and they can easily gofduisinessandif there

is an excess in supplyprices cardrop below the costand this alsocauseghe spoilage of a
considerable part of fresh vegetableariffs onhorticulturalproducts lead to lower income for

food exporters in developing countries is a big stumbling block to trade.

The most important step to solve these problems is to devisgegadtiat make agriculture
more equitable for small farmers and landles®r. The government should properly manage
the stocks to stabilize the maximum and minimum prices. Authorities should minimize the
tariffs onimportsand export which encourage trade. Government institutions should provide
subsidies forthe betterment of infrastruate and adopénvironmentallyfriendly methods.
Government and private firms should provide loang technical helpp small farmers during

the period when crops are damaged by natural diséigeefloods hails and locusittacksare

main natural disdsrs.Authorities should serve to aid the poorest farmers whosurallyhit
hardest by natural disastefe government should improve agriculture insuratiwe®ugh
collaboration between publgrivate sectoand by supporting agmarkets the government

could act as catalyst for the financial protection for farmers.
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12.1.2.Poor Transportation Facilities

Il n t od a,yrénsportatiorn ishelkey elemenbf the global economy, but roads in poor
conditiors and obsolete vehicles slow down the economic growth of developing countries. In
Pakistan challenges are faced by farmens both ends of their business. One of the major

problems is tshippingtheir producs. Food items especially raw foodhaterialsareperishable

and when prepared for shippititeyrequire | o

special treatments. Vegetable farmers ;

developed countries but developing countries like Pakidtanot have enouglof these
transportation resources. And the few facilities that are available cannot be afforded by most
farmers.The public transport system for small farmerstlae rural level is not present and a

large number of perishable vegetable
cannot transfer tothe man markets.
Policymakers should force the Pakistan
government to develop and manage th
public transport systems to provide a hig
level of equity, mobility, and environments
sustainability. About 86%ef farmers have
small areasof land, and they do not hav
access to main mieets tosell their perishable products like fresh vegetables and fruits which
can spoil later. Dilapidated roads in rural areas of Pakistathamajor cause othe bad

condition of agriculture and poor financial conditions of small farm&eme ofthe main

problemsfacedby farmers in Pakistan are given below.

1 Lack of clear policy from the government
9 Lack of updated, mukmodel| and modern transportation system.

1 Non-availability ofaneffective and adequate private sectottfi@transportation sector
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Lack of efficient and suitable private sector for the transportation sector.
Unrealistic transport regulations

Unavailability ofadequate financial support for the public sector

= =2 =2 =4

Increase in population has resultedamincreased supply of vehiclesmdincreased
transportation needs.

Private sector is facing the absence of credit facilities.

Critical safety issues on roads.

Lack of effective accident compensation procedures

Spread of small vehicles

Absence of coordination between transport agencies

Inadequate institutional management for appropriate planning of transport
Absence of standard manpower for management and operation

Inadequacy of traffic managemeathniques

= =4 4 A4 A4 A A5 -2 -

Involvement of norprofessionals in transportation policies and plans
12.1.3.Lack of Quality Seeds

The unavailabilityof quality seeds is the factor that affects production most adversely
especially in developing countries. Causes of low quality and low production of quality seeds
are improper use and lack of fertilizers, restricted infutd use of poor genetic potah The
production of quality seed may also affect byclimatic factors including temperature,
photoperiod, wind, rainfall, altitugand topography dheland. Farmersannothit per hectare

yield and optimum crop size without having enough seeds of better qualiyquality seed
givesalow germination percentage and weak sprouts that cannot stand a little fluctuation in

environmental condition§&eedbornediseases and iasts are majorause®f low quality and

yield. In Pakistan the problem of N SRR NS 05 5 00

seeds are mainly supplied by t

private sectorA major part ofthe
seeds is imported from other
countries. Thse include both,§
hybrids and openpollinated ;
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Federal Seed Certification and Registration Department about local and imported seed

percentageand total requiremntsbetween the years 20@2s given below.

Sr. No. | Year Estimated Seed Seed Avalilability in MT
Required Total Local Imported
(MT)
1 20023 5156 3087.13 646.50 2450.63
(60.05%) (12.53%) (47.52%)
2 20034 5268 4012.38 861.06 3151.32
(76.16%) (16.34%) (59.82)
3 20045 5270 5084.® 408.00 4676.60
(96.48%) (7.74%) (88.74%)

12.1.4.Lack of Education and Awareness

Lack of education and awareness is one of the most critical issues faced by small farmers. They
do not know how to managie land area and resources efficient§mall farmers need
progressing education to stayware of business management, science, -fasving
developments in technology, and an array of skills and fields that affect agricultural

operationsThe nmain benefitof spreading education and awareness among farmers are:

1 Foodcontamination is reduced.

1 Less harm to the environment.

1 Reducetheneedfor chemicals and water for crops.

1 Increased profits.

The aloption of statef-the-art technology by educated farmers can result in huge savings over
time. One of the majocause®f unawareness thehuge difference betwedherequirements

and availability of extension workers in developing countries like Pakistan.

12.1.5.Quality and availability of Irrigation Water

Water is the princig sourceof agriculture.Pakistan is an agriculturabuntry,and its line is
dependent on irrigation. With the progressive Indus Basin Irrigation System, no one can ignore
its routine and strategic importance. A major part (about 90%géfakistan agriculture sector

depends on irrigatiowater.In Pakistaragriaulture sectoconsumes 9Bercenf the available
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water resources whereas more tharpéftentof

irrigation water is lost during the conveyance af:
application in the field. The major reason
application losses is the lack of knowledge abg
irrigation schedulingln a developing country like
Pakistan, the agriculture sectorfigurishing. In .
addition to the natural curriculum of rivers, margss R h, i
manrmade structures have been built over the years to ensure water availability and there is a
complex and comprehensive irrigation systdime lackof irrigation water in Pakistan is one

of the major problems inthe agriculture sector. And main problems which affect water

availability are the:

Water polling andunoff.

Damaging and turningf irrigation system during heavy rains.
Lack of upgradation and improvements

Groundwater i9eing overexploited

Evaporation losses

1

1

1

1

)l

1 Wara bandi system
1 Overwatering

1 Poor government policies.

1 Lack of reservoirs.

1 Water pressure problems.

1 Evaporation losses.

These problems are due to malpractice and incompetence of provisions and government
institutions. They do not know about current requirements and future strafBogesweak
strategies and poor policies can increase the probléne ahavailability of water.

Another problem in irrigation water is water logging and salinity problekesording to
researcland surveys, itheIndus Basin Irrigation Systerabout 43% area of land is affected

adversely bywaterlogging 7.1 million hectare area of lamsl affectedbadly whichcausesa
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huge economic loss to shares die
agriculture sector ithe GDP of Pakistan.

And whenwater logginguns out inthe soail,

which causes salinity problems. Salt

affected soils alone cover an areanodre

than 6 million hectares and irrigation through tube wells is also a ajeof salinity and
more than 70% of theibe wellsin saline areas are pumping out brackish watke saliity

problem is more severe in areas of Southern Punjab and Sindh thler regions of Pakistan.

12.1.6.Extension staff

The professional and technical qualifications of the outreach/extension staff (commonly known
as extension workers) do not meet the needs and demands of the rural community. The
country's current agricultural extension system is under extreme pressuceiteigm is
outdated and pathetic. In these circumstances, agricultural extension policies need to be
formulated to revive Pakistan's agricultural extension systdém.nain difficulties faced by
extension workers in Pakistan atlee lack of proper transptation facilities and the
unavailability of funds to approach the farmers in ruralckward,and neglected areas. And
another major causetiselack of cooperation and strong bonding betwieent-line extension
workers and allied departments. Theneasstrong integration of public and private agricultural
extension service providers to address the main issues of farmers. Furthermore, the country
does not work to strengthen education, reseath extension links for better communication

and sustairtale agricultural developmentPunjab is more developedtimeagricultural sector

and meet 76% of annual food grain production, hsgues do not resolve here too. In Punjab,

the field services for extension services of agriculture have been shiftée tistricts.
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However, the Punjab Assembly has passed a new Local Government Act, 2013 to manage the
extension of agriculture at the provincial level through regional setughkeuaw is not
implemented yetSeveral vacancies of extension officers ar@tyndue to mismanagement

and lack of budgePunjab is also followinthe Farmers Field School approach for fruit and vegetable
programs. Since 201glantwise 0 approaches have been introduced
conduct plantdiagnostics and data managemdifte Information and Communication Department is
increasingly using technologies to deliver information to farmers. The Department of Agriculture is

also using SMS, voice calland websites to reach more farmieus the prblem is that these practices

are not fully implemented.

12.1.7.Poor Infrastructure

The rate of economic growth and development of a country generally depends on the power of
its infrastructure similarly, development in the agricultural sector also depends on its

infrastructure. After the partition in 1947, Pakistan was improving the status of infrastructure
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but the rate of growth was very low the last five decades. According to the surveys and

researh of the World Bank the rate ofnfrastructure improvements a samdig the slowest

for the majority of public infrastructureg

S e c t ®his slaw.rate of improvemen

has failed to improve the infrastructu

middle ofthe50s, with the investment in
infrastructure and heavgdustry in Pakistan came a fertile agricultural revolution from which
not even a rich India could move forward. But after a short era of development Pakistan faced
the worsipolitical turmoil which combingwith numerous social causes, economic waves soon
led to the worst changes likeequality increased and inflation swallowed the weakest poor in
Pakistan. Historically, agriculture has been and continues to be very important for Pakistan's
economic development. The sector employs about 50 percent obtiméry's labor force,
provides significant input to most of the country's manufacturing sector, contributes a large
share of export earnings, and contributeprtwviding food for a rapidly growing population.

In addition, there is a broad rural econongy@nd agriculture, which includes small business
activities, transportation services, village retail shops, local scharadisclinics, all of which

are estimated to account for 40 to 57% of rural household income. Today, Pakistan-is a low
middle income contry with a population of abo@30million people, not only at the bottom

of the Human Development Index (147th out of 188 in a United Nations report) but also living
in poverty, rural and urban populations also face discrimination in terms of income,
development and infrastructure.Furthermore, the government of Pakistan has faced

international criticism for pursuing development projects when the existing infrastructure in
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Pakistan is not fully capable of meeting the country's transportation requirements, resulting in

billions of dollarsin costs. The saalled white elephant projects are estimated or implemented.

Which are only benefiting the affluent minorit

who can afford luxury cars. Pakistan is facang

lack of almost every type of infrastructur

including advanagirrigation systemsadvanced
research centers, updated storage hopsager
transportationand roadslIn main agricultural
rural areasthere is ngroper infrastructure like roads, storage facilities including cold storage
houses, transport, electricity, education, itsaion, health facilities etc, and they are
inadequate to meet the requiremént the growth of agricultureThe kength of road from

farm to market I's not only longer but al so
available to a major part tieagriculturesector in rural area¥he lackof modern posharvest
technologiesthe absence okcologicalbasedcropping paterns smuggling ofagricultural

inputs andutputs are the failures of our system

12.1.8.Environmental Changes

Vegetables provide all dhe nutritional constituents including minerals, vitamiasd other

essential nutrients. e btal production of vegetables across the wanmltteasedoy 100%

within thelast 25 years antthe current trade of vegetablestime global market is greater than
cereals.Ecological changesncluding climate change, raipollution, water scarcityand
salinization endanger horticultural produces, healéind food security. Past surveys
recommend that ecological changes will generously influence future yields of starchy dietary
staplesAccording to Schneider et al. (200dulnerability of any system to climate change is

the degree to which these systems are at risk and unable to persist with the adverse impacts of

climate changeVegetables are more sensitive to environmental changes compared to
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agronomic crops. The modffective isthe change in temperature which affect the crop from

germination t@ostharvestingoperation of vegetableSlowadaysudden changesccuredin

Changing Rain
and Snow

temperature cause most of the environmental changes including earlyotrest;season
rainfall, and sudden fluctuations in temperature which affect the production of vegetables
(expl ai ned fierc tfi fnagc tveergse Heab ramsamlthespeedy melting ofo ) .
glacierscause flods which decreasehe production areand destroy cultivated croms the
summer seasons.

12.1.9.Narrow choice of Varieties

In developing countries like Pakistan, we do not have a range of hybrid vatietiésve
international standard qualities includitige potential to produce cropsadbetterquality and
productionthanthose already grown, lesser days to hanaeud, resistancto environmental
conditions especially for low andigh-temperaturefluctuations, resistant to pathogenic

diseases including those brought by nematodes, bacteria, viruses, osdasgnal addation
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in a specific area, produce should have characteristics desired by buyer and gives stable
performance for years. In Pakistatmost all ofthevegetables are propagated by seeddhut
farmerscould not get F1 generation of hybrid seeds whicthésmain obstacle in heavy
production because in Pakistan F1 seeds are not providée ggvernment or private sector

and imported seeds are very expensive whaimotafford by smallandholdersMost ofthe
vegetables arepenpollinatedand they do not produce tri@type seeds. Seeds packages are
not labeled byninimum germination standardggetable name, variety name, whether it has
been treated with any chemical, germination percentage, days required for germination after
sowing, ret weight and details abouthe company.lt is also very important to know the
weaknesses and strengths of a variety. Cultural and pest management practices can be modified
to enhance the best characteristics and overcome poor characteristics.

12.1.10.Financial Condition of Farmers

In Pakistan70%of employment is linked with agriculture and this sector has about 20% shares
in GDP. Despite the important role of agriculture in the national economy, farmers in our
country are facing immense difficultigsSauses of financial stress on farms could be as varied
as harvest issues, decreased market prices, crop failures, excessive deahtbzdsiflow
challenges. It is important not to lay blame on anyone or anytinicigding the weatheDue

to weak financial conditionsfarmers cannot affordhe latest machines, newly developed
hybrid varieties and proper fertilizers andhey cannot adopt advartéechniques like drip
irrigation and vegetable forcingtc.85% of our farmersn Punjab, Pakistaholds less than

12.5 acre and 10% contains less tRaracreland, advance technologynd latest machines

are out of their reach. Our government is also not giving any significant subsidy on agricultural
inputs.

Khuda Bakhsh, an agricultural scientist at the Comsats Institute of Information Technology in

Punjab, told the Thomson ReutersiRdation "Providing technical, financjand institutional
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assistance to poor farmers is the orn

solution”. Experts also say that without t

help of small farmers, it will not be possibl

for the government to achieve its goals | -.

alleviating food shodges and reducing

poverty.According to a recent report by the |
Thomas Reuters Foundation, wealthy farmers, who own more land and are more educated, are
rapidly adopting new farming methods. However, accordirgné&stimate, Pakistan could face

a future invhichuncertain climatic conditions will force many farmers to leave the agricultural
sector, cultivating 80% of the countr@griculturalland. Unfortunately, if the farmers stop
farming, Allah Almighty knowsthe best what will happen to mankind, besathe only way

to get food, whichman tas is the food produced by farming in the fields.

12.2. Management ofProblems

As science and technology have progressedy techniqgues and methods of farming are
developedandadvanced machinery is also invented for bdaeming, but due ta lack of
resources and economic hardship,sinof the farmersare still using the old methodsd
implementsDue to thisnot onlydothe farmers have to work hard but also tyestd per acre

is very low.

It is veryimportant to rid the farmers of these outdated farming metit@dshispurposethe
government should start "training and development" programs for the farmepe@pid of

rural areasThe country needs to improtiee Department of Agriculture Extensiand its link

with practical workers and researchdrsthe past, governments have launched programs such
as "Rural Agriculture and Industrial Development” and "Rural Development” which have

failed due to inadequaganning and institutional collusioithe present government should
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learn from the reasons for the failure of these programs and formulate progrash®théitoe
effective andwill benefit the farmers, the rural peopsnd Pakistan.

Farmers are committg suicide due to povergnd aebtridden farmers spend their entire lives
taking out loandhut they cannoflhe government has a huge responsibility to get poor farmers
out of this predicament. The government needs to take revolutionary steps to ithprohght

of the farmersFarmers, especially small farmers, shouldaseistednstead of loans, but if
loans are to be given, then interfrse, with easy installments should be givéhea and DAP
fertilizer prices havdeendoubled; The farmer needeartilizer, good certified seeds, water,
pesticides, herbicidesind agricultural machinery to grow the crop. The government should
provide subsigsto farmers on all thesaputs

It is very critical to improve the irrigation system. Canal water is ruled by influeatiadiers

who easily steal water with the connivance of the irrigation department and ordinary farmers
are deprived of canal water. In this way, fineductionof small farmers is sevegeaffected.

The water aggressionf India, and rapidly depleting water resources coudd extremely
dangerous to the country's agricultuf@e lackof water resources is not only dangerous but
also a major cause tfepower crisis in the country. The iruction of small and large dams

in the country on an emergency basis is an important need of the hour taissaterand

water wasted in case of floodsd flood damage can lw@ntrolled

Thefarmeris one of the most oppressed sections of our cowttoge issues are not given any
attention in the mainstream media nor is the voice for their rights given adequate coverage. If
farmers raise thewoicesfor their rights, the administratioshould take iseriouslyand take

action againsthe mafia The government needs to take practical steps to address the plight of
farmers beyond verbal accruals. Because a prosperous farmer is the guarantee of a prosperous
Pakistan. Pakistan cannot join the ranks of developegtices unless the farmers along with

other sections of the people prosper in this country.
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Crop management and quality
assurance

13.1. Crop management

13.1.1.Soil management

For vegetable production, soil preparation involeeseraloperations which areusually
required for other crops. Proper drainage is very important for early and optimum production
because soils with excessive water retard growth and developmesang soils, early
production is possible because these soils have better drainage qualities than heavy soails.
Drainage inthe soil can be facilitaté usingditches is moreadvantageouthan the drainage
increasedy planting crops on ridges because the former not only removes the excess water
but also allows air to enter the sdieration inthesoil is essential fathe optimum functioning

of roots and proper growth of planted cs@nd several beneficial soiliono-organisns make
nutrients available to plantsatneed air for their proper working.

Ploughing is also a critical practice in soil managemesbften thesoil, break thenardpan

make the nutrients available to plartsdfacilitateaeration and drainage. Management should

be directed towarédccomplishingthe desired crops with a minimum Iafbor. Control of

TR

soil erosion, the adoption of crops

rotation, maintenance of organi. ~  —._
matter in the soil, and'
cleancultureare important soil
management practices
Application of organic matter in

the form of farmyard manure o
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green manure is essential to mainthi@organic matter percentage in the soil.

13.1.2.Fertilization practices

A technical surveyled by the Punjab Agriculture Department has revealed that due to low or
unbalanced use of fertilizers, the natural reserves of organic matter in the soil have become
critically low and ®il fertility is declining According to surveys and reports deficierafy
potassium is most sevef@ yield than N, R and Zn. 2 million sampgeof soil obtainedfrom

far across the provinageretested inthelaboratory whicthas provedhat nitrogen deficiency

is 98%, Phosphorus deficiency has
reached 90%, potash deficiency 53%
and zinc deficiency has been reached
70%

If we want to geta high yield and

optimum qualityof productsaccording

to our desired qualitiesve mustapply

all of therequired fertilizers inherecommended amount.

1 Plants need nitrogen to grow. Nitrogen is an essential element for the height and spread
of leaves and plants.

1 Phosphorus is a very important element for strengthening and spreading the roots of
plants.

1 Potash strengthens plants against various diseases. In the same way, with the presence
of potassium, the plant can take proper advantage of nitrogen and phospouesy
important for the healthy growth and quality of fruits and seeds.

91 In addtion to these three elements (nitrogen, phosphorus, potassaufayy other
elements such as calcium, iron, zinc, boron, etc. are also required by plants in very small

guantities which are known as trace elements
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