Mahatma Gandhi Chitrakoot Gramodaya Vishwavidyalaya, Chitrakoot, Satna (M.I.)
Statute No. 9, Faculty Board of Studies, Section-15 (3)

i For M.Sc.(Hort.) in Vegetahle Science Course

Session 2023-24, Onward

Minutes of the Meeting

The meeting of the Board of Studies for M.Sc.{Hort.) in Vegetable Science programme is held on
17.04.2023 &t 11.00 AM. in the Dean office, Faculty of Agriculture. The commitice for Board of Studies
of M.Sc.(Hort) in Vegetable Science constituted as follow :-

S.N. | Name of the Designation & Address Committee | Signature
Members position
L. Dr. D. P. Rai Prof &Dean, Chairman W
Faculty of Agriculture 2 -LI;-""
2 Dr. Kanhaiva Principal Scientist, External : E
!

Singh, Division of Fruits and Expert Og :
Horticultural Technology; \] .%’/

' ICAR-Indian Agricultural
i Research Institute (IARI),

, MNew Delhi-110012
3. Dr. 5.P. Mishra Assoc. Prof. (Ag. Biochemistry) & | Member -
Head, Deptt. OF Crop Sciences -
L

4. Dr. U.S. Mishra Associate Prof. (Soil Sci.) & Member
Head, Deptt. of NEM

p & Dr. Y_K. Singh Associate Prof. and Head, Member
Deptt. of Transfer Technology
6 Dr. K. K. Singh Prof. (Ag. Ext.) Depit. of Transfer | Member

Technology
7 Dr. H.S. Prof.{Agronomy) Deptt. of NRM | Member
Kushwaha
8 Dr. Pawan Sirothia | Asso.Prof. (Soil Sci.) Deptt. of Member
NRM
9 Dr. 5.5. Gautam Associate Prof. Member
L (Agril. Statistics)
10 | Dr.S. 8. Singh Asst. Prof. (Horticulture) Member (I
Secretary 2‘5}1}’“’
77112
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All the Committee Members discussed on the name of course and suggested that, the name of
Degree should be M.Sc.(Hort.) in Vegetable Science as per the BSMA of ICAR has revised and
restructured Post-graduate on the basis of National Education Policy-2020 as per the ICAR Rule.

1. The Committee Members discussed thoroughly on the course contents and semester wise
breakup of the course. The valuable advice of the members were incorporated in the light
of course breakup as per prescribed by the ICAR has revised and restructured Post-
graduate to finalize the syllabus of M.Sc¢. (Hort.) in Vegetable Science course.

2. Course will be effective from Academic Session 2023-24 and onward.

The meeting ended with a vote of thanks to the esteemed external members, Faculty
members and the chair.
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M.5Se. (Hort.) in Vegetable Science
Framework of Courses

As per the recommendation of ICAR BSMA Report

M.Sc (Hort.)in Vegetable Science
Major Courses 20
Minor Courses 08
supportive Courses 06
Common Courses s
Seminar 0l
Thesis 30
Grand Total 70
Semester wise course distribution
Semester —1
&l. | Course Mame of the course Code Credit
1. | Major Production of Warm Season Vegetable | VSC 502 I(2+1)
course® Crops
2. | Major Principles of Vegetable Breeding VSC-504 3(3+0)
Course* 3
3. | Minor Course | Basic Biochemistry BIOCHEM-501 4(3+1)
4. | Supporting Statistical Methods For Applied | STAT- 502 4(3+1)
Course Science
5. | Common Technical Writing and Commutation | PGS-502 1{0+1)
course Skills
6. | Common Basic Concept in  Laboratory | PGS-504 1{0+1)
COULse Technigues
Total Credit- 16(11+5)
Semester — 11
1. | Major Production of Cool Season Vegetable | VSC-501 32+1)
course® Crops
2. | Major Course | Breeding of Self Pollinated Vegetable | VSC-503 3(2+1)
3. | Major Course EEFPmduntinn of Vegetable Crops | VSC-508 3(2+1)
4. | Minor course | Soil Fertility and Fertilizer Use SOIL-502 3(2+1)
5. | Supporting | Experimental Design STAT- 511 3(2+1) T
COLTSE =
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6. | Common Library and Information Services PGS-501 1{0+1)
i
7. | Common Intellectual ~ Property and  its | PGS-503 1(1+0)
Course Management in Agriculture
Total Credit- 17(10+7)
Semester = 111
(1. | Major course | Breeding of Cross  Pollinated | VSC-506 3(2+1)
- Vegetable Crops
2. | Major Growth and  Development of | VSC503 3(2+1)
Course* Vegetable Crops
3 | Major Course | Systematics of Vegetable Crops VSC 510 2(1+1)
4 | Common Agricultural  Research, Research | PGS-505 1(1+0)
Course Ethicse and Rural Development
e Programme
5 | Major course | Seminar VSC-591 1H{0+1)
Total Credit- 10(6-+4)
Semester-1V
2. | Minor course | Analytical Techniques and | SOIL-508 2(0+2)

Instrumental Methods in Soil” and
Plant Analysis

3. | Major course | Masters Research/Thesis VSC-5599 30 (0+30)
Total Credit- 32(0+32)
L, I1, 11, & IV Semester Total Credit T5(27+48)

*Compulsgry among Major courses
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Eestructured and Revised
Syllabi of Post-graduate Programmes

Vol. 1

Horticultural Sciences

— Vegetable Science
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ﬁ e Restructured and Revised Syllabi of Post-graduate Programmes val. 1
b
Course Title with Credit Load
M.Sc. (Hort.) in Vegetable Science
Course Code Course Title p oz Credit Hours
Major Courses (20 Credits)
vAsC 501* Production of Cool Season Vegetable Crops 2+1
VSC B02* Production of Warm Season Vegetable Crops 2+1
VSC 503* Growth and Development of Vegetable Crops 2+1
wYEE 504 Principles of Vegetable Breeding 3+0
VEC 505 Breeding of Self Pollinated Vegetable Crops 241
VSC 506 L Breeding of Cross Pollinated Vegetable Crops 2+1
VBC 507 Protected Cultivation of Vegetable Crops 1+1
VEC 508 Seed Production of Vegetable Crops 2+l
V8C 509 Production of Underutilized Vepetable Crops 2+1
V8C 510 Systematics of Vegetable Crops 1+1
V&L 511 Organic Vegetahle Production 1+1
VSC 512 Production of Spice Crops 2+1
VSC 613 Processing of Vegetable 1+1
YaC 514 Postharvest Management of Vegetable Crops 2+1
Minor Courses 08 l-"'f
Bupporting Courses 06G
Common compulsory courses 3 05
VEC 591 Seminar 0+1
V&C 549 Research 0430

Total Credits 70

*Compulsory among major courses
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Preamble
(Vegetable Seience)

ndian diet and play an important role ensuring

- igh yielding, nutraceuitica]]
nutritional security. They are generally of short derTl;ﬁ?ll'nk::: n-:ld. off-farm Emplnymunt]:
rich, economienlly vinble and generating w-hﬁﬁmm?cmnnm}'- The country is being blessed
Vegetables have aprestine place in Indian "“r'ﬂ} umthn tempearate to arid more than 60
with diverse agro-climatic conditions ranged from % L0
cultivated and 30 lesser known vegetables are i ::.ruth :in vegetable production and

The country has witnessed a tremendous K rids/ technologies through systematic
productivity ns a result of improved va I‘Iﬂllﬂ'ﬂj' F1 hy ﬂt’ + and developmental policie
rescnrch coupled with their lurge seale adoption Y B SRR g productivity (5.8
of government compared to arca (2.84 m ha), production >3 folds; 10.1 m ha) prﬂdur:t;;
tha) in 1950-51 there had been phenomenal inerease in nrun.dl,' 3 fo 2[;1'1'-'15 Im.'.‘reasi.n on
(=10 folds; 185 mt) and productivity (>3 folds; 18.0 Ejhu} IEIS to hi h,'m]ue e t:hpljr
capita income, health conciousness, urbanisation, shifting “rfﬂr‘;““md unn%lia] wthg'r: = n;
due to higher income, favourable income elasticity ok demnr ul!ta wth E::hu m:nt
domestic demand for vegetables are also important factors fueling its gro s ry.

During 2016-17, the total exports including potato and onion “““‘;““ t fﬂ" B2z
crores sharing 35% of total horticultural exports. With the cufrent e, 0w table
production in the country {171 mt), population (1.3 hl]lmn:}l anld_mnsl ering St f:;" h"?m’."
losses and 5% export and processing, the per cuplta_awﬂahlht}r vaﬂgeti "ilul':'tth uction in
pur country is 250 g as against 300 g recommended dietary allowance (RDA). With projected
population of 1.45 billion by 2030, India has to produce 210 mt of vegetablea. The targeted
production needs to be achieved through utilizing mmnlt:.i'ii: technological and traditional
strength in a sustainable manner without much increasing area l'-ﬂ_dﬂl' vegetables.

Looking in to the above scenario in vegetable production, there is a need to update the
knowledge among the post-graduates of Vegetable Science. An effort is therefore made to

ble production by revisting the post-graduate

encompass the adavances made in the vegeta _ A
curriculum for delivering and assuring quality education. The proposed curriculum aims to
develop a competent human resource equipped with holistic and updated knowledge and

skill in the field of Vegetable Science.

The course curriculum has been restructured to cover the current requirement of
vegetable production and post harvest management to increase capabilities of students. In
order to accomplish the task, either new courses have been formulated or existing course
contents are upgraded to include latest developments in vegetables production.

In line with national policies, the existing courae contents have been upgraded and five
new courses, viz., Principles of vegetable breeding, Breeding for special triats in Vegetable
crops, Biodiversity and conservation of Vegetable crops, Biotechnological approaches in
Vegetable crops and Advanced laboratotory techniques for vegetable erops have been added.
A course on Vegetable Breeding has been divided into two courses one for self-pollinated
crops and another for cross pollinated vegetable crops. New components, viz., hydroponics,
aeroponics, grafting technique and precision farming have been added in appropriate courses.
The overall upgradation of course contents as well as addition of courses are in line with
national policy priorities like doubling of farmer's income, more crop per drop, jaivik krishi,
goil health, skill development, entrepreneurship development, startup :i.l'l:i.tia_.tiw:s., ey
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'\'g e _HHIFLIEErn:E_and Rovised Syllabl of Posl-graduaia Programmas Val. 1
e 3 et i B 2 sbiaaiua

Course Title with Credit Load
M.Se. (Hort.) in Vegetable Science

El:lul'ﬂl;l Code

Courae Title w_.-v-" Credit Howra
Mujor Courses (20 Crodita)
w50 5I]I"f Production of Cool Senson Vegetablo Crops 2+
WS 502 Production of Warm Senson Vegetable Crops 2+1
VEC 504 Growth and Development of Vegetable Cropa 2+l
wVSC 504* Principles of Vegotable Breeding 3+0
VSC 506 [ Breeding of Self Pallinated Vegetable Crop 2+1
VSC 506 Breeding of Cross Pollinated Vegetable Crops 2+1
VSC 507 Protected Cultivation of Vegetable Crops 1+1
VAC 50H Seed Production of Vegetahle Crops i+l
VSC 500 Production of Underutilized Vegetable Crops i+l
WEC 510 Syatematics of Vegetable Crops I+]
V8C 511 Organic Vegetable Production 1+1
VSC 512 Production of Spice Crops 241
VSC 513 Processing of Vegetabla 1+1
VSC 514 Pastharvest Management of Vegetable Crops 2+1
Minor Coursos Eﬂ—'uﬁ
Sppporting Courses 06
Common compulsory eourses . .':E’—'
VEC 591 Beminar 0+1
VSC 5ag Rescarch 0+30
Total Credits 70

*Compulsory among major courses
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78 F_Iﬂﬂnm'rumd__ BE Hauu_nd Syllabi of Post-graduale Programmes et
2 Unic 11

Cole cropa—Cabbage, cauliflower, kohlrabi, broceoli, Brussels sprouts and kale.

Unit 111

Root crops—Carrat, radish, turnip and beetroot.

Unit IV

Pras and beans—Garden peas and broad bean.

Unit v

Leafy vegetables—Boot leaf, fenugreek, coriander and lettuce,
VII. Practieal

* Scientific ralsing of nursery and seed treatment:

* Sowing and transplanting:

Description of commercial varieties and hybrids;

Demonstration on methads of irrigation, fertilizers and micronutrients application;
Mulching practices, weed management;

Use of plant growth substances in cool season vegetable crops;

* Btudy of nutritional and physiological disorders;

* Studies on hydroponics, neroponics and other soilless culture;

* Identification of important pest and diseases and their control;

Preparation of cropping schome for commercial farms;

Wisit to commercial farm, greenhouss! polyhouses;
Yisit to vepetable market;

* Analysis of benefit to cost ratio.
VIIL Teaching Methods! Activities
+ Clagsroom lectures
+ Assipnment (written and speaking)
* Student presentation
* Hande on training of different procedures
+ Growp discussion .
M. Learning outcome

After successful completion of this course, the students are expected to:

« Apprecinte the seope and scenario of cool season vegetable crops in India

+ Acquire knowledge nbout the production technolegy and post-harvest handling of
cool season vegotable crops

« Calewlate the eeonomics of vegetnble preduction in India

X, Suggested Roading

Bags TE. Kabird, Maity TK, Parthasarathy Vi and Som MG, 2003, Vegetable crops. Vals, 1111
Maya udyag.

Bose TE. Soms MG and Kabir J. (Eda}). 1583, Vegelable crops. Maya prokash.

Chadha KL and Kalloa 0. (Eds.). 1093-94. Advances in horticulture Vols, V-X. Malhatra publ.
hionase.

Chadha KL. (Ed.). 2002. Hand book of kortéculture, Il:ﬁ._‘ﬂ.

Chauhan DVS, (Ed.), 1986, Vegetable produstion in [ndic. Ram prasad and sons,

Fageria M3, Choudhary BR and Dhaka RS, 2000, Vegeiable crops: production feehnology. Vol,
1. Kalynni publishers. :

Gopalakrishanan TR, 2007. Viegetable crope. Mow Indin publ. agency.

3
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seed trentmont, rnising of nursery including gralting tochnique, sowing! planting
time and methods, precision [nrming, cropping system, nutritionnl ineluding
micronutrients and irrigntion requiremente, interculturnl operations, apecial
hortiewltural practices namely hydroponics, aoropenies, weed control, mulching,
role of plant growth regulntors, physiologien! disarders, moturity indices, hnrvesting,
yiold, post-harvest management (grading, packnging and morking), post and discose
management ond economics of erops,

Unit 1

Fruit vegetablea—Tomato, brinjal, hot poppor, swoet pepper nnd okrn,
Unit 11

Brons—French bean, Indinn bean (Som), cluster boan apd cowpeen,
Umit 111

Cucurbits—Cucumber, melons, gourds, pumpkin nnd squashos.

Unit IV

Tuber crops—Sweet potato, clephant foot vam, tapiocn, thro ond yom.
Umnit ¥

Leafy vegetables—Amaranth and drumstick,
VII. Practical

+ Bcientific raising of nursery and sced treatment;
« Bowing, transplanting, vegetable grafting
+ Description of commercinl varicties and hybrids; _—
- Demonstration on methods of irrigation, fortilizers and micronutrients application;
+ Mulching practices, weed monngement;
* Use of plant growth substances in warm senson vegetable crops;
» Siudy of nutritiona] and physiclogical dizorders;
« Studies on hvdroponics, aeroponics and other soilless culture;
« Identification of important pest and diseascs and their eontrol;
+ Preparation of cropping scheme for commercial farms;
+ Visit ta commercial farm, greenhouse! polyhouses;
* Visit to vegetable market;
»  Analysis of bonefit to cost ratio.
VIII. Teaching Methods! Activities
» Classroom Lectures
+ Assignment (written and speaking)
+ Student presentation
+ Hands on training of different procedures
« Group discussion
K. Learning outcome
After successful completion of this course, the studonts are -Htpl:ﬂ:‘tnlli bo:
- Appreciate the scope and scenario of warm season vegotable crops in India )
- Acquire knowledge about the production technology and past-harvest handling of
warm season vegetable erops ) )
+ Calculate the cconomics of vegetable production in India

X s
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ed Reading o
-:':;FTEKHK“I'I‘J. Maity TE, Parthasarathy vA and Som M '

TH : l-".rgﬂublt eropa, Nayn prokaeh. = h
0 A Crop e ilture Vols, V-X. Malhotra publ.

Base TK, Som MG and Habir J. ;
Chadha KL and Kalloa . (Bds.). 1993-84. Advanoss 1

houss. . ’
Eh-dh.:u![?]c... (Ed.). 2002 Hand book af horticuliure. }Eﬂ S e T

le production in jon technology, Vol
Chauhan DVS, (Ed.). 1986, Vepetable P sotable craps: production technology. Vol.
Fageria M3, Choudhary BR and Dhaka RS. 2000. ¥
[1. Kaolyani. i bl. mgoncy -
(lopalakrishanan TR 2007. Vegetahle crops. New [ﬂdilz p:’wi::?::ﬂf vegetable crops in Indio,
B P and Banerjec MK and Chattopadhyay A. 2015 17
(Second edition), Kalyani Fu?&ﬂmkﬁf:;?ﬂ:iﬂhhnﬁ Ludhians.
jerce. 270 0dn, g i T
E:::ﬁ E EES:E Eﬁ::::::d:mm and technology. Now India publishing agency, Mow Dl..]i'l;.
Hazra P, Chattopadhyay A, Karmakar K and Dutta 8. 2011 Madern technology for vegetanie
production, New India pubilishing agency. Hnw_Dclhl. 413p _
Rana ME. 2008, (lericulture in India. Kalyani Fuhlmhcra,_ﬁuw [Iflelhn. _
Rana ME. 200B. Scientific cultivation of vegetables. Kalyani I“uhhuhu_ra,lﬂaw Delhi.
Rubatzky VE and Yamaguchi M. (Eds,). 1987. Warld vegetables; principles, production el
pudritive palues, Chapman and Hall. o
Snini (08, 2001. A text boak of oleri and Jfori culture. Aman publishing house.
Salunkhe DE and Kadam $8. (Ed.). 1908. Hand book of vegetable science and technology:
production, composition, storage and processing. Marcel dekkor.
Shanmugavelu KG., 1989, Production technology of pegetable crops, Oxford and IBH.
Singh DE. 2007, Modern vegeiable varieties and production technology. International hook
distributing Ca,
Singh SP, (Ed.). 1880, Production lechnology of vegetable crops. Agril. comm. res, contre.
Themburaj § and Singh N._ (Eds.). 2004. Vegetables, tuber crops and spices. ICAR.
Thompson HC and Kelly WC. (Eda ). 1878. Vegetable crops. Tata MeGraw-Hill

3. Vegeiahle crops. Vaola, I-T1.

L Course Title : Growth and Development of Vegetable Crops
11, Course Code : V8C 603
II1, Credit Hours : (2+1)

IV. Why this course 7

m“‘;‘;h"’““hﬂ“"?" the term plant growth and development is often substituted with crop

ﬁrzd t:ml:'j:m:Illi since agriculture is mainly concerned with crops and their economic

Eul e .|!' rowth, which is irreveraible quantitative increase in size. mas nd! or
ume of & plant or its parts, cccurs with an expanditire of meta.hn]i:: maoss, A

development is an overall term, which " encrgy. Plant
life eycle. In vegetable crops, dmln::c refers to various changes that occur during its

ment i i Tk
of growth to death of a plant ar itm.]I ‘2 series of processes from the initiation

used iﬂFErr:h.anmblr in nnnveuutinnr.m;u'tf-if;?::tf !'nd devalopmans ary semmetiones
events in the organization of the mature plant bﬂ;‘ﬁ; l&n:lie, they describe separate
need to have an understanding of growth students of vegetable science

(]
;s il tlin vtk nd development of vegetable crops.
To teach the physiology of growth

R =

and development of vegetable crops

329
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!J mewh?uwm Wol. 1
thwmm ns under
ha  Hiock i {r“_.“: -
i Cirwwtily mped drve lapoment of ? E-Lr.dﬂtu-q-:d phﬂ-h-;m :
vegriatls rpoge 2 Physenleogs of dormancy and germination
3 Aot fartors
4 Fruit physmlogy
. . & Marphogenesis and ussue culture
VL Theory - o
Unit 1

Introduction and phytohormones—Definition of growth and development: Celluler
structures and their functions, Physiology of phyto-hormones functioning/
tncaynthesis and mode of action, Growth analys:s and its importance in vegetable
Pt jan

Umie 11

Phypsdogy of dosmancy and gremination — Fhysology of dormaney and germination
of vegrtable seeds, tubers and bulbe Hole of aurine, gibberellilns, cyktokinine and
shaciessr seud Application of synthete Iils including plant growth retardants
and inhibstars fof various purpeses 10 vegetable crope, Hele and mode of sction of
merphictine, antitrsnspiranta, snti-auin, nipraing retardant and plant stimulanis
o vegrtable erep prosducteon

Umit 101

Absotir forters—Impart of Lighl, tsmperaiure, photogernoed, carbeon denids, oxygen
e sthet pases on growth, developmen) of underground paris, Mlewening and e
uprTeiea L6 vegriahls srogm Ajwral demcssnee

Usits IV

Fru phyoelogy— Phresiopy of fras st freil development, fruel prowth, Oower
sned fro drep. partbesnow arpy o0 vegetable rrge. phetatropaosm, ethylroe mhibitors,
srmrwrmee bl abecaeen, frod ngemeg sl phynalopes) changrs sssnnated with

FiE L
Unmizt Vv
Merphogprasris and Darsr cultere  Morphageness and tisser cullore techniques in
vegriable cropa Girafling tebsegues o dufferent vegrtable crops
VII. Practical
+ Preparation of plant growth requlstor’s selutcas snd their application,
- Experiments i breaking srd inducton of dormancy by chemicals.
s pdartees of partherararpy and frun ripening.
« Appleates of plant growth substances for improving fower initation, chanqng
mnmmmﬂhﬂ:ﬂrh—mm-ﬂhﬂhﬂpﬂw
Frot set ip solansres vrgriables,
+ pewth aralvais ter hrogues in vegriable crups,
« Cirsfing teehnigues in tomatn, brumal, rorumber and sweel pepper.
VIIL Teaching Mrethodo' Activities
¢ Classrooms Lectures
+ Assigneent (written and spraking)

Ny O
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+ Etpdent presentation

- Hands on training of different procedure
+ Group discussion

e e dents are expected to:

.on of this course, the stu .

Aﬂfmzﬁﬁﬂgpﬁz:m growth and dm‘elnpm:hnlt ﬂf::;n:ﬂ;;:‘t;egemhm cTops
. Distingui i gecondary growth in p
: E:a;;:;gﬂﬂ r;:mT:fﬁlnfme mwﬂ; and development of vegetable crops
- n

* ;:ﬁ::gi;::nfm:wmm in relation to hnrrr‘:uﬂg:lﬁ" Edition) MacMillan.
s o Ed':. 1'975. Cmﬂ.ﬁmhﬁ-ugffﬁzdnﬁﬂ}:;%ﬂ ]I;‘HFHHEW'I

Eﬁfmﬁiﬁt?ﬁﬂfﬁ:ﬁmn Fr:u-m substances and their laes o agriculiure, Taia
mﬁﬁg :nlﬂ.:;:ﬂ 'PE. 1881, Plant growth and development, Tata McGraw-Hill.
Mr?EﬁEdﬁlﬁ:ﬂ?Tiﬂ:}T;:gﬁ lﬂf;h.nﬂ-ﬁgg: of pegetables. Btudium Press LLC, PO, Bex
Peter v, (Eds). 200, Basics of horticulture. New India publication agency, New Delhi.
Rana ME. 2011, Physio-hiockemistry and Biotechnology of Vegelables. Mew Indin Publishing
hmﬁ??ﬁfjnr;ﬂ?ab:ﬁﬁ:mm o.fml:mml' technigues in Borticulivre. Agrobios,
“'nnil?il;;..:.]. 1997, The physiodogy of vepeiable crops. CAR Internationnl.

I. Course Title : Principles of Vegetanble Brecding
L. Course Code 1 VBC 504
I Credit Hours 1 (2+1)

IV, Why thiz course 7

Plant breeding has been practiced for thousands of vears, since beginning of human
givilization. Vegetable breeding. which is an art and scienee of changing the traits
of plants in order to produce desired traits, has been used to improve the quality
of nutrition in products for human beings. A breeding programme, which is needed
if current varieties are not producing up to the capacity of the environment, can
be accomplished through many different techniques ranging from simply selecting
plants with desirnble charscteristics, make use of ‘knowledge of genetics and
chromosomes to more complex molecular techniques, When different ponotypes
exhibit differential responses to different sets of environmental conditions. 8
genotype x rnximnmfnl (GxE) interaction is said to occur. Breeding high vielding
open pollinated varicties and hybrids, and exploitation of location specific component
of gesotypic performance are the only options left to reduce this increasing £3p
between the production and requirements in view of decrensing Innd resources
Noevertheless, vegetable breeding is an integral part of plant breeding but this will
be re-modeled to suit to breeding of different vegetables crops. The students ol
vegetable stience who are having breeding as major subject need to have an
understanding of vegetable breeding principles.

V. Aim of the course
l'r Tnmrhhuh:pﬁndplunndmmiﬂquhhhl ling
\.f\{ 3
. ; hf ---""'_H--.

Vs
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ﬁgf Hestructured and Ravisod Sy#abi of Posl-gradiate Programmas Vol. 1 !

The eourse is constructed given ns undor:

Mo, Block Unit

L Principles of vogotnhle broeding [. Impartance and history
IL. Belection procedurcs
TII. Hetorosin breeding
IV, Mutation bresding
Y. Polyploid breeding
V1. ldeatype breeding

VL. Theory
Unit I

Importance and history- Importance, histo '
. . : ry and evelutionary aepects of vegetable
breeding and its variation from cereal crop breeding. b

Unit 11

Selection procedures- Tochnigues of pelfing and crossing; Breeding systems and
methads; E-L'leﬂw:_L procedures and hybridization; Genetie architecture; Breeding
I'urlhmuc stress (diseases, insect pests and nematode), abiotie stress (temperature,
moisture and salt) resistance and quality improvement; Breeding for water use by
efficiency (WUE) and nutrients use efficiency (NUE),

Unit I1I

Heterosis breeding. Types, mechanisms and basis of heterosis, facilitating
mechanisms like male sterility, self-incompatibility and sex forms.

Unit IV

Mutation and Polyploidy breediné; Improvement of asexually propagated vegetable
crops and vegetables suitable for protected environment. | o

T UnitV :
Ideatype breeding. ]de?'t-r]:!-n breeding; varietal release procedure; DUS testing in
vegetable crops; Application of In‘vitro and rtholecular techniques in vegetable
improvement, :

VIL Practical - o
* Flora! biology and pollination behavisur of different vigetables:
= Technigues of selfing and crossing of differ~nt vegetables, viz., Cole crops, okra
cucurbits, tomato, eggplant, hot pepper, etc.; R :
* Breeding system and handling of filinl generations of different vegetablos:
* Exposure to biotechnalogical lab practices; _
* Visit to breeding farms. i
VIIL Teaching Methods/ Activities T
- om Lectures
+ As #nt (written and speaking) |
- Stodent pradintation :
+ {Hands on trabuang of differest prozedures
+_ (rroup discussion
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IX. Learning osutcome kil R
After successful completion of this @Fﬂﬁhﬂl:i:ﬁ:&ﬁ;:ﬁ '
+ Acquire knowledge about the principles of VERE . .
- Improve vield, quality, abiotic and biotic resistance, other important traits of
vogetable crops .
+ Understand how the basic principles are important to start breeding of vegetable
CTOpE

X. Suggested Reading _
Allard RW, 1960, Principle of plant breeding. John Willey and Sons, USA.
Hallen G. 1988, Vegetable breeding (Vol. L. IL IIT). CRC FT."" Fl, USA, _
Kole CR. 2007, Genome mapping and matecular breeding in planis-vegetables. Springer, USA,
Peter KVand Pradecp Kumar T, 1098, Genetics nnd breeding of vegetables. ICAR, New Delhi, p.

484,
Prohens J and Nuez F. 2007. Handbook of plant breeding-vegetables (Vol 1 and 11). Springer,
USA.

Singh DD, 2007, Plent breeding- principles and methods (Bthedn.), Kalyani Publishers, Hew Delhi,
Bingh Bam J, 27, Gerelie resourees, chromosome engincering, and crop improvsment-vegelable
“ crops (Vol, 1. CRC Press, F1, USA, _

I. Course Title : Breeding of Self Pollinated Vegetable Crops

1. Course Code 1 VBT 505 .

111, Crodit Hours 1 (2+1)
I'V. Whx this course ? . gt

Self-pollination, which is considered the highest degree of inbrecding & plant can
achieve, promotes homozygosity of all gene loci and traits of the sporophyte and
restricts the creation of new genc combinntions (oo introgression of pew genes
through hybridization). The progeny of a single plant is homogeneous due to self
'p!u":lmtim- A population ﬂf_l!lf-pu'l]jnnl.ed gpecies comprises a mixture of homorygous
lines. New genes may arise through mutation but such change is restrebed to
individual lines or the progenies of the mutant plant. Since a self-pollinsed cultivar <
is penerally one single penotvpe reproducing itself, breeding of self-pollinated species

usunlly ontails identifving one superinr Eenotype (or a few) and its multiplication.

Specific breeding methods commonly used for self-pollinated species are pure-

:i“.fdiﬁff‘é?mﬁ'“ o hulk populations and backeross broeding. The
o srenct who tnke breedin B -.ﬂ] B
an understanding of breeding of E 88 a mifor su JE'!{I‘-_.nEEdiq_I_l_:L_vE

self pollinated vegetable erops. BT - .
V. Aim of the course = il }

To impart comprehensive knowled - oy - )
shlf paliased Teastable m’l ge a lﬂ-.'qll‘:lnl:lplﬂ and p%h: of Iilhmd|ng. of

The course is constructed given as undE-T:_

Mo, Block Uit

1. Breeding of eell pollinated
i vegetnble 1. Potatg
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Rastructured and Ravsod Syl of Posl-graduate Programmas Vol. 1
VI Theory

Origin, hotany, tagonomy, wild relatlives, cytogenetics and genelics, Lypes of
pellination amd Tertalization mechoniem, sterility, breeding abpectiees, breeding
methods (mtrsduction, selection, hybndization, matation and palyploidy), varicties
and varietal characlerzation, resistance hreeding for biotic anid abiotic stresses,
breeding for protected enviennment and gualily improvement, malecular markers
and marker's aasisted breeding; QTLa, IV amld FRR Act

Unaki 1

Tber erope: Potnbo.
Unie 11
Fruit vegelables: Tomate, egeplant, hot pepper, sweel pepper and okra,
Unit 111
Leguminous vegetables: Gorden peas and cowpen.
Unit IV
Leguminous vegetables: French bean, Indian bean, cluster bean and broad bean.
Unit ¥V
Leafy vegelalles. Lettuee and fenugreck.
VIIL Practieal

« Flornl mechanisms favouring self and often eross pollination;

« Progeny testing and development of inbred lines,

+ Beleetion of desirable plants from breeding populntion. absorvations and analysis
of various gualitative and quantitative traits in germplasm, hybrids and segregating
penerations;

« Palynological studies, selling and crossing techniques;

+ Hybrid secd production of vegetable crops in bulk;

. Screening technigues for biotic and abiotic stress resistance in above mentioned
CTOpE;

. Mnfutulnr marker technigees to identify useful traits in the vegetahle erops and
gpecinl breeding techniques;

+ Visit to breeding farma;

VIIL Teaching Methods/ Activities

+ Clagsroom Lectures

+ Assignment (written and speaking)

« Student presentation

+ Hands on training of different procedures

« Oroup discussion

X, Lenrning outedamds

Alter suceessful completion of this course, the stwdents are expected to

+ Acguire knowledge ahout the breeding of self pollinated vegetable crops

. Improve yield, quality, abiotic and biotic resiatnnee and ather important traits of
wegetable crops

« Understand how to start the breeding of self pollinated vegetablo craps

X. Suggested Reading
Allned RW. 1920, Principles of plant breeding. dahn Wiley and Sons.

334
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. Course Title
. Course Code : VBC 506
111

Iv.

AVT Pubil.
Basset MJ._ (Ed.). 1986, Breeding vegetable crops netic resourees: hortaculs
Dhillon BS, Tyagi RE, Sﬁ:l;lﬂﬂ-slnd Randhawa Gd_ 2005, Flant penetic culfzirg]
erope, Morosa Publ. Hoase,
Fagerin M8, Arya PS and Choudhary AK. 2000,
Vel L. Kalyani. -
Gardner EJ. 1975. Principles of genetica. John Wiloy and Sons. !
Hayes HE. Lmmer FR and Smith DC. 1955. Methods of plant *;:ffg_ﬂﬁ;;'ﬂ: o
Hayward MD, Bosemnrk NO and Romagosa L (Eds.). 1993, ™
ts. Chapman and Hall, , . . .
Hazrs P amd Sara MG, 2015 Vegetable science (Second revised edition), Kalynni publishers.
Ludhiana, 588 p. 3
Hazra P and Som MG. 2016, Vegetable seed production and hybrid technology (Second revised
edition), Kalyani Publishers, Ludhiana, 459 p
Kalloa G. 1988, Vegetable breeding. Vals. III1. CRC Press. ,
Kallso G. 1988, Vegetable breeding, Volx. 1111 (Combined Ed). Panima Edu. Bock Ageacy.
Kumar JC and Dhaliwal M3, 1990, Technigues of developing hybrids in vegetable crops. Agro
Botanical Publ,
Pareda RS and Kalloo G. (Eds.). 1995, Vegetable resenrch with special reference to hybrid
technaology in Asin-Pacific Region. FAD.
Peter KV nnd Pradecpkumar T. 2008, Genetics and breeding of vegetables. Revised, [CAR
Peter KY and Hozm P. (Eds). 2012. Hand book of vegetablea, Studium press LLC, PO, Box
TE2200, Houston, Texns T7072, USA, BTER.
Petor KV and Hazra P (Eds). 2015. Hend book of vegefables Volume 11 Studium Press LLC,
F.0. Box 722200, Houston, Texas 77072, USA, 509 p.
Peter KV and Hozrn P, (Eds). 2015, Hand book of vegetables Volume [T1.Siudium Press LLC,
thP.ﬂ.ﬂl:::l. TI2200, Houston, Texas 77072, USA, 634 p.
an i M. 2008, Heteragis breeding in vegelable erops, NMew India Publ, Agency.
ﬁim Pﬂiﬁlﬁ.l'l-;?;mb_h b.l'f-rd.lu?ﬂ"- principles and practices. Kalyani Publishers, Wew Delhi
ST . . Principles of erop improvement. Lo =i L ing.
; Gh!‘;;;{lai Publishers, New Delhi. L AR L, TR R Tinetng
in asgupta SK and Tripathi SK. 2004, Hybrid ;
Book Distributing Co. ybrid vegetable development. Internatienal

Swarup V. 1976. Breeding procedure for cross-pollinated vegetable craps. ICAR.

Vegetable crops: Dreeding and geed producting

¢ Breeding of Cross Pollinated Vegetable Crops

Credit Hours 1 (241)
Why this courae ?

The important methods of breeding in erg i
; e 4 is-pollinated vegetable species are (i)
mass gwlm:;yun_ (ii) davehpmm of hybrid varioties and {ii} ﬂ:l;lelnpmn:ﬁ;q;n'ﬂth{‘ﬂf
:Bmm it ““T.uq: nnted vogetable erops are naturally hybrid (heterosygous)
uTul?:fn{Mm;tT:rﬂmE mﬂcthﬂdlli.al T;“ hnz::,ne purebred (homozygous), a goal of
" o or Ty i
pollzaed vegtablecos The todents o vopial sconce s e g o

ect need to hove i : :

vegetable crops. " understanding of breeding of cross pollinated

. Aim of the course

To impart comprohensive knowl M
Mli“ﬂlﬂ‘d Wi 1o crops hrﬂnt‘:iwih;ldge .bnhl. ]:Il'l.l'l-l:]pll_i._ and Pmtl'i.l:t‘l of croas

335
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X Learning outcoms — L
After murceselul completion of this couree, the students are svpected 1
* Arquire know bedpe sbeast the breeding of croes [-ﬂl!mq-lﬂ! vegrtable eropg
* Improve yarld, quality, sbistic and kaotie rearstance, and imgaetant traite of tram
pollinated vegriable crops
* Understand how 1o start the breeding of cross pollinsted vegetahls FEEga

X. Suggested Reading

Allard HW 1990 Pranriples of plant breeding John Wiler and Sona

Basset MJ (4§ 1956 Fepeding vepwiable cropa. AVT Pakbl

Dikilion NS, Tvags RK. Sarens 5 sod Rendhawa (3 2008 Flant praetic teeweres L.
frops Marmma pobd beuse

Papora M5, Arys 5 and Choudbary AK. 2000 Veprlable rinpe: brovading e bewd prodfems
Wil 1 Kalysea

Gardner EJ 1078 Princples of pemeties. John Wiley and Sons

Hayes HE. Immet FR and Smath T 1985 Methods of plant breeding MeGram 1.0

Hayward MI. Bosemark X0 and Romagoas . (Ede), 1903 Plant beeediag Primcigden gwi
Freapects Chapmen and Hall

Hazra ' and Som MG 2008 Vegetable acirnce {Second revised edition), Kalvass poblabes
Ludkisna, 855 5

Hezrs P and Som MG 2016 Vegetahle seed production and Aybed trehnifogy (Rerorad pesm]
eeditam), Kalyani Publishers, Ludhinps, 450 p -

Ealloo (i 1988 Vepriahle brreding, Vols, LI CRC IPreas

Kalion (7 19698 Veprtghle breeding. Vols. 111 iCombined Ed) Panima Edu Dok Agwees

Kumar JC and [haliwn] M2 1800 Teehnigues of developing Aybrida jn vegrtahle reope Mg
testanienl b

Parods RS snd Kallss 05 (Eds). (oo Vegrtakls
terhnodagy in Ania-Parific i

Peter BV and Fradespkumar T 008 Ceneticn and he

Feter KV and Horrs P (Eds) W2 Hand boak
TE2200, Houston, Texns 77072 UEA, n78p

Peter BV and Hazrs I° (Edsi 20185 Mand bonk of veperables V, bime willam peres
LLC, PO Has 722200, Houston, Tesns TIOTZ, URA, H:I'I‘: fHand s .

er;;: and Nuey F 90T Nondbook of Plaar Heveding Vegrtables (Vil | mpd 11 Spwonger

Bsi N wnad Has M 2008 Mereronis l"'-fd-'llmuwrtnhb-tm New Indin Publ Agescy

Ham HH 1955 Vepriable Brevding Principles and pryciivey Kalyani p:hm.“_ Spw [t
Bimmonds NW (078 Priaciples af crop improement. Longman

Singh BTV 1983 Plant beeeding Kal

ki B 2004 fiy 4 ;
book distnbutang Co Iybrid vegeiable development Inermations
Sarup V. 1978 Mqﬁﬂwhm-ﬂhnu.;wm AR

erding of vegetahles reviaed, [CAR
of vegetables. Studium Press 1L P Bes

L. Course Tiile t Proteeted Cultivation of Vegetable Crops
1L Course Code 1 VB 07
I Credit Hours i (2+1)

IV. Why this rourse 7

vegelable crups fomwuer, otd

vegeiable production s much less than the mm*l:‘:h; :‘:h:rﬂ o

provided 1o every individusl Thers are different ways anad means lo achivve his

target. Protectad cultivation, shich js the madification of the patural envirenment

i achigye optimum plamt growth e ghe st intenaive furm of crop prosheten
- ar
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Harticulturnl Sdamua-!iﬂnl_ul_ﬂ_n_scl_:in_m

g::::':nrﬁml of crops- Regulation of Nowering t'lll‘-l’« Et'r?-m:“:l ::lh\:llﬂulani.lt Ernps,
Technology for raising tomato, uwmli pepper, Eu:-.{um e 4':1 m._!- vegelably |
protected struetures, including varieties and hybrids, training, pruning nnd Wtaking
in growing vegetables under protectod atructurcs.

Unit V1

Solutions to problems- Problome of growing vegetables in protected structure
their remedies, physiologienl disorders, inscct and :Imcnluun mAnagoment in protestd
structures; Use of protected structurea for seed production; Eeonomics of greenhou,
erop production,

VIL. Practical

« Btudy of various types of protected structure;

+ Btudy of different methods to control temperature, carbon dioxide and light;

« Study of different types of growing medin, trnining and pruning systems in
greenhouse crops;

Study of fertigntion and nutrient management under protected atructures;
* Btudy of insect pests and disenses in greonhouse and its control:

Use of protected structures in hybrid seed production of vegetnbles:
Economics of protected cultivation (Any one erop):

Visit to established green/ polyhouses! shade net houses in the region,
VIIL Tenching Methods/ Activities

* Classroom Lecturcs

* Assignment (written nnd speaking)

* Btudent presentation

* Hands on training of different procedures
* Group discussion

IX. Lenrning outcome

MT successful completion of this course, the students are expected to:
“::d]::il_;cmatn the scope and scenario of protected eultivation of vegetable crops in

* Acquire knowledge about the effect of gl _ i
production of vegetable crops abiotic factors on growth, flowering a0

X. Suggested Reading

Chadha KL and Knlloo G, (Eds.). 1990.94
EhnnE;‘u 8 and Som V. 2000, Cultivating
Ealloo G and Singh K.

development Resen
Parvatha BP. 2016, Sus

Advances in horticulture, Malhotra Pub. Hou.
vegetables in groen house, Indian horticulture 45
(Bds.). 2000, Emergi : |
;.?mp:f“dim“ and nmuf;?,fﬂ.'ﬁzﬁ:f“ "
Prosad B and Eumar 1J SMIE G' crap protection under profecied eultivation. E-Dook EPI"l“Fr'
Resh HM. 2012, Hydropanie reenhouse monagemgn for horticul . gl Ed Agrobi®®
Singh B. 2005 i“rn!rc?epﬂn:;;md.pm;“ﬂm TEdn. CRC Pr::: posLam.
: : lation . ‘ :
Singh DK and P vegetable erops, Kalyani : Ihi
Ing ]ndiaum?-h Peter KV. 2014, Protected wlﬁumzf:. ani publishers, Hﬂ:]gfui.ﬂm New
publishing agency, Now Delhj, of horticultural crops (1

4
vegetable research &°
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Zingh 8, Singh B and Sabkir M. 2014, Advances i ted cultivati i ishi
o Mo Dol o8 iR prodected cultivation, Mew India publishing

Tiwari GN. 2003. Green house technology for controlied enviranment. Narosa publ. house.

L Course Title : Seed Production of Vegetable Crops
Il. Course Code : V8O 608

IIL Credit Hours 1 (2+1)
IV. Why this course 7

Enhancing yield and quality of vegetable crops depends upon a number of factors.
The j-ﬂI-"“IU like fertilizers, irrigation and plant protection mensures and suitable
agronomic practices contribute greatly towards improving yvield and quality of the
vegetable preduce. If good quality sced is not used, the full benefits of such inputs
and agronomie practices can not be realized. The use of high quality seed thus, plays
a pivotal role in the production of vegetable crops. It is, therefore, important to use
the seed conforming to the prescribed standards, A good quality seed should have
high genetic and physical purity, proper moisture content and good germination
It should also be free from seed borne diseases and weed seeds. The quality of the
produce will deteriorate if these factors are overlooked. Out crossing, physical
admixtures and mutations are the prime factors responsible for the deterioration
of seed quality. A variety could be saved from deterioration if proper checks are made
at different stages of sced multiplication. It is alse extromely important to maintain
high genetic purity of a variety. The students of vegetable science need to hove an
understanding of seed production technology of vegetable crops and their essential
processing before supplying them to the market or further use.

V. Aim of the course
To impart a comprehensive knowledge and skills on quality seed production of
viegetable crops
The course is constructed given as under:

Mo, Block Unit

1. Seed production of vegetable erops I, Introduction, histary, propagation and
reproduction
II. Agro-climate and methods of seed production
IIL Sevd multiplication and its quality

malntenans .
IV. Seed Rareesting, cxtrsction and its
proceasing
W, lmproved agro-techniques and field and seed
standards
VL. Theory
Unit I

Introduction, history, propagation and reproduction—Introduction, definition of seed
and its quality, seed morphology, development and maturation; Apomixis and
fortilization; Modes of proprgation and reproductive behaviour; Pollination
mechanisms and sex forms in vegetables; History of vegetable seed production;
Status and share of vegetable seeds in seed industry
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V1L Practical
+ Sandy of feral biology and pollinstion mechapises in vegetables
s Determinstion of modes of pollination,
s Ferld and seed standsrds
* Use of pollination contrl mechanioms in hybrid wed prodocts of isgertr
reprishiss
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fiord sampling and trating.
Vinat o oo reerren] weed proedectam arean
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X. Suggested Reading

Agorwanl MK ond Anurndha V. 2018 Fundamentals of eeed science and technalogy. Brilliant
publications, Mew Dalhi.

Agrawal PE and Dadlnni M, (Eds), 1992, Trchniques in seed seienee and lechanlagy. South
naian Publ.

Agrawnl RL. (EdL), 1997, Seed technnlory. Oxford and 1B,

Basrn AS. 200¢). Hybrid seed production in vegetables, CRC press, Florida, USA.

Bench ALR and Sanches RA. 2004. Handbook of seed physinlagy. Food products press, NY/
Landen,

Dendlell PE. (Eda.). 1998, Seed scienee and techrology: [adian foresicy apeciea, Allied Publ.

Chakrobarty SK, Prakash S, Shorma ST and Dadlani M. 2002, Testing of distinctivensas,
uniformity and stability for plant variely pratection. IART, New Delhi :

Copland LO and MeDonnld MB. 2004. Seed seéence and technolagy, Kluwer Academic Press.

Fagerin M, Arya P8 nnd Choudhary AK. 2000, Vegetable crops: breeding and seed production.
Vol. I. Knlynni Publishers, New Delhi. i s i

Gearge RAT. 1989, Vegetable peed production (2™ Edition). CAD Internatisfnl

Kalloo G, Jain SK, Vari AK and Srivastava U. 2006. Seed: A global perspective. Associntod
publishing company, New Dalhi. -~

Hazra P and Som HG. 2015. Seed production and hybrid technalogy of vegetable crops. Kalyani
puhlishers, Ludhinna. ]

Kumar JC and Dhaliwal MS. 1980, Technigues of developing hybrids in vegetable erops. Agro
batanical publ, )

Mare TA, Kale PB and Khule BW, 1996, Vegetable seed production technology. Maharashtra
state seed corp. :

Hajan S and Markose BL. 2007, Propagation of horticultural crope, New Indin publ. agency.

Singh NP, Singh DK, Singh YK and Kumar V., 2006, Vegetable seed production fechnology.
Interpational book distributing Co,

Singh 8P, 2001, Seed production of commercini vegetables. Agrotech puhl-_nnnderl'lr.

Singhal N, 2003, Hybrid seed production. Kalyani publishors, Mew Delki

. Course Title : Production of Underutilized Vegetable Crops

I1.
I11.
. Why this course ¥

Course Code : VSO 500
Credit Hours ¢ (2+1) )

With increasing population and fast depletion of natu!nl resources, it has become
esgentinl to explore the possibilities of using newer mdm?_nnui plant resources.
Underutilized crops are plant species that are used teaditionally by the country
pecple for their food, fibre, fodder, oil, or medicinal properties but have yet te be
adopted by large scale agriculturalists. In general, ulnddrﬂl-lhted plan ta constitute
those plant species that occur as life support species in extreme environmental
canditions and threatened habitats, having genetic tolerance to survive under harsh
conditions and possess qualities of autritional and! ar indgatria_l. importance I':_:r a
variety of purposes. Underutilizod erops are thoss plant_sj_:mm: with I.I_m_ﬂur-nr!:lmtcd
potential for contributing to food security, health {nutritional or medicinal), income
generation and environmental services, Once the underul.'::hsed ﬁmd CTOpS AFe
properly utilized, they may help to contribute in food security, nutrition, health,
income gencration and environmental services. The undnrv._:tillml crops can be
defined as the crops, which being region specific are less available, lupa utilized or
rarely used. These underutilized crop species have alse been deseribed as rare,
minor, orphan, promising and little-used vegetable eropa. The students of vegetable

"
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. - technology of underutilized

science noed 1o have an anderstanding of production

vegelahle crops.

V. Aim of the course : b
To impart knowledge about production technology of leaser utilized vegetahle crops
The course is constructed given as under: ) L

Mo, Bleck l,.I:ni:l - ) -
T od underatilized i. Stem nnd hulb erops
: ﬁ:t;;:n:gp - [1, Caobe nnd salnd crops
1. Gourds nnd melans
IV, Lealy wegetahlos
V. Yams and beana
_;’Ij'hwn'

Importance and scope, botnny and taxonomy, climate nnd 1lDi1. rrquill'emml_
ecommercinl varieties/ hybrids, improved cultural practices, physinlogical disorders,
harvesting and yield, plant protection measures and post harvest management of

Unit 1
Stem and bulb ecrops—Asparngus, leek and chinese chive

Unit 11 :
Cole and zalod crops—Red cabbage, chinese calibnge, kale, sweel corn and balby
corn

Unit 11
Leafy vegetables—Celery, parsley, indinn spinach (poi), spinach, chenopods,
chekurmania and indigenous vegetables of regionnl importanee

Unit IV
Gourds and melons—Sweet gourd, spine gourd, teasle gourd, round gourd, and
little! lvy gourd, snake gourd, pointed gourd, kachri, long melon, anap melon and
gherkin

Unit V
Yam and beans—Elephant foot yam, yam, yam bean, lima bean and winged bean

VII. Practical
= ldentificntion and kotanical description of planis and voricties:
* Seed! planting material;
+ Production, lay out and method of planting:
+ [mportant cultursl oporations;
+ [dentification of importanl peats amd discoses snd their contrl;
+ Maturity standards and harvesting;
o Viait o loeal fnrma.

Teaching Moethods! Activities
* Dalivering of lectures by pawer point prosentation
Ansignmont (writbon mnd sgsonking)
Biudent prosentatlon
Hands on training of difforent procedures
Group discunsion
343
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Learning outcome

After succeasful completion of this course, the students are cxpected ta

+ Appreciate the seope and scenario of production of underutilized vegetable crops
in Indin

- Acquire knowledge about the production technology of underutilized vegetable
CTOpE

* Adopting production of lesser utilised crops as entreprencur

Buggested Reading

Bhat KL. 2001. Minor vegetables-untapped potentil, Kalyani publishers, New Delhi.

Indirn P and Peter KV. 1984. Unexploited tropical vegetables. Keraln agricultural universaty.
Kernla.

Pandey AK. 2011. Aquatic vegetables. Agrotech publisher academy, Now Delhi,

Peter KV, (Eds.). 200708, Underutilized and underexploited horticultural crops. Vol.1-4, New
Indin publishing ngency, Lucknow

Peter KV and Hazra P. (Eds). 2012. Hand book of vegetables. Studium Press LLC, P.O. Bax
T22200, Houston, Texas TTOTZ, USA, 678p. -

Peter KV and Hazra . (Eds), 2015, Hand book of vegetables Volume IT and L1 Studium press
LLC, P.O. Box 722200, Houston, Texas 77072, USA, 509 p. .

Rana ME. 2018 Vegetable erop science. CRC Pross Taylor and Francis Group 6000 Droken
Sound Parkwny NW, Suite 300 Boca Raton, FL 33487.2742 IEBN: 878-1-1 380-3521-8

Rubatzky VE and Yamnguchi M. 1997. World vegetables: vegetable crops, NBPGR, New Delhi.

1. Course Title : Svstematics of Vegetable Crops
I1. Course Code 1 VBC 510
IIL Credit Hours 1 (141}

IV, Why this courae T "
Systematics is fundamental to our understanding of the world around us as it
provides basis for understanding the patterns of diversity on earth. ?*E‘l'm]:'l“
systematics iz the science of botanical diversity of vegetable crops on earth, including
varintion from the level of genes within an individual to individuals, populations
and species. The primary aim of systematics is to discover all the branches of the
tree of life. document evolutionary changes occurring along those branches, and
deseribe all the species on carth (the tips of the branches). T!:m ur_mnd-r_'f' aim of
systematic is to analyze and synthesize infarmation into a classifieation that !E'n-ﬂu-ul.n
evolutionary relationships, to organize this information into a useful, rotrigvable
form to gain insight into ovolutionary processcs that lead to diversity. 2

% I the coursse
Y #:l:r-':r:mrt knowledge on morphological, cytological and molecular taxonomy of

vegetable crops :
The course is constructed given ns under:

Mo Black Unit

ics of vegetnble o I. Significance of systematics
e s 1I. Origin and gvolution
11l. Botanical and morphological description
IV, Cytology
V. Molecular markers

344
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VL.

VIIL

Theory
Unit I e and crop divoraity in vegotable
Siani i Significance afl a}'mmﬂm fl ; prdii -
crnpau'rPﬁ n:i;{:-ﬁlﬂliﬁu:f:;: diffsrent methods of elassification; Salient features

of international code of nomencloturs of vegotahle crops

u L
G:'::;Zrluund' cvolution—Origin, history, evolution and distribution of vegetable crops

Umit 111 : o —
i i iptinn—Botanical description of families, geners
o ﬂﬂrphﬂfﬂ.ﬂlfﬂ-r it IF;L gubiropical and tompoernte vegetahles;

pnd apecios covering va riplis Lropic ;
Murphlzlnginpl keys to identify important familica, Moral hln:ﬂﬁ'. floral formula and
dingram; Morphological deseription of all parts of vegetables

Unit IV
Cytology—Cytological level of various vegetable €

Unit ¥

Malecular markers—lmportance of G el
erops; Molecular markers as an aid in charn
crops .

rops with descriptive keys

lar markers in cvolution of wegetable
cterization and taxonomy of wepetable

. Practical

. Identification, description, classification and maintenance of vegetable species and
variclies;

« Survey, collection of allied species and genera locally available;

« Preparation of keys to the species and varietics;

+ Methods of preparation of herbarium and specimens.

Teaching Methods! Activities

+ Clagsroom Leclures

+ Assignment (written and speaking)

¢+ Spudent presentation

+ Hands on teaining of different procedures
« Group discussion

I, Learning outcome

After succossful completion of this course, the students are expected to

+ Acquire knowledge on identification, description, :lnnifm:mm maintenant®
of vegetahle species and varietics

+ Collecting locally available allied species of vegetable crops

+ Preparing herbarium and specimens )

X, Suggested Reading

Chopren GL. 1968, Angiosperma- sysiemotics ard X
Dratin AC. 1988, A class book of botany, Oxfard “’;";: ke ET‘- Nagin
Pandey BP. 1998, Taronomy of angicaperm. 5. Chand and Co

Peter KV and Prodecpkumar T. 2008, Geretics and . B
Peter KV and Hazeo F. (Eds). 2012, Nond book #m"ﬂ'ﬁmm' wh’;%
722200, Houston, Texas TI072. USA, 678p.  Studium Press LLE 555

Petor KV and Hozea P {Eds). 20056 Hand boo _
722200, Houston, Texas 77072, :F;L'-?"hgffﬂ Volume ILStudium press L1C
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Peter KV and Hozra P. (Eds). 2015, Hond book of vegetables Volume T 8tudium pross LLC,
= P.0. Box 722200, Houston, Texns TT072, USA, &ap, i
immonds NW nud Smortt J. 1898, Euolition of crop plasis, Wiley-Dlackwall,
g-u:.ﬂe o, 1985, Eiu:m_r_'rfnr Horticultural Crops, John Wiley and Sons,
rw-;l.nu_ . Mnhmu_n RK. Gangopuidyay KK, Singh M nnd Dhillon 1S, 2001, Minimal
e ;ﬂn‘rp]'nnl D.fﬂa‘-'"-ﬁmi:rm!urral crope, Pur-I1: Vegotahle Cropa. NOPGIR, Mow Dolhi.
".?'“ut a. P98, Taronomy of angiosperm. Knlyani Publishers, New Delbi,
incent ER and Yamnaguehi M. 1997, World vegrtables. 2nd Ed. Chapmann and Hall.

I. Course Title : Organie Vegetable Production
II. Course Code : V5C 511
1. Credit Hours 1 (1+1)
IV. Why this course ?
Organic vegetable farming is an ecological production management system that
promotes and enhances biodiversity, biological cycles and soil biological activity.
Organic farming has been simply defined as a production system working in
partnership with nature to produce vegetable erops. The current trend townards
increasing popularity of organically produced vegetables is relatively new. The
objective of organic farming is to produce safer food and to keep the environment
hr:u.ltl:l:_.r. During th_c decade of ninotics, the interest in organic farming began to
treep into T-;h’-'! mainstream consumer purchases. Currently, it appears to b an
influx of business ariented producers inte the organic production field. The incrensing
popularity of organic food among the elite societies is due to the belief that food
Prﬂﬂ“m{d with this system is free of pesticides and has groater nutritive value than
conventionally produced food. The students of vogetable science need to have an
understanding of organic vegetable farming technology.
¥. Aim of the course
To elucidate principles, concepts and their applications in organic farming of
vegetable craps
The course is constructed given as under: |
Mo, Hleck Unie
1. Orgunic vogetable production 1, Importance and principles
2, Organie production of vegetnbles
3, Managing sall fertility
4. Composting methods
b. Certifieation and export
Y1, Theory
Umic I

Importance and principles—Importance, principles, perspective, concopts and

components of organic farming in vegetable crops

Unie 1T

Organic production of vegetables—Organic production of wegetable crops, viz.,

Bolanaceous, Cucurbitaceous, Cole, root and tuber crops

Unit 111

Managing soil fertility—Managing soil fertility, mulching, roising preen manure
346

”WWZ”%C%K//

(3 scanned with OKEN Scanner



Henicullural Sciences—Vegetable Science

VIIL.

o

organic farming system; Crop rotation in orgyy;,

L1 .
crops, weed management 1n lity control of organic vegetable produce

production; Processing and qua
Umnit 1V )
Composting methods—Indigenous methods of composting, Panchyagavvyy,
Biodynamics preparations and their application; ITKs in organic vegetable farmi,
Hole of botanicals and hio-control agents in the management of pests and disegsy
in vegetable crops

Unit V |

Certification and export—Techniques of natural vegetable farming, GAP and GMP.
certification of organic products; Expart- opportunity and challenges

. Practical

* Methods of preparation and use of compost, vermicompost, biofertilizers and
biopesticides;

* Boil solarization;

* Use of green manures;

* Waste management; Organic soil amendments in organic production of wegetshle
crops;

* Weed, pest and disease management in organic vegetable production;

* Wisit to organic fields and marketing centros.

Teaching Methods! Activities '

* Classroom Lectures

* Assignment {written and speaking)

+ Btudent presentation

* Hands on training of different procedures

* Group discussion

IX. Learning outcome

After successful completion of this course, the students are expected to:

* Appreciate the scope and scenarin of organic vegetable production in India

* Acquire knowledge about the :
: i : Jreanie vegetable production technolo
Adopting production of arganic vegetable crops a 5 ¢ P EY

X. Suggested Reading

II.
1.

3. Organg : ice, Scientific publ

Praduepkimar T, Suma B, Jyothibhacka. i orming, ¢ il w“-“‘m' it &mmnml?:’“‘
_ erops, Mew Indin Publ, Agency. wd Sathecsun EH, et
Ehivashankar K. 1997, Fong SOCIrily in hara

Conl. 1- 4 December, UAS, B Y with nature, Jrd [FOAMASLA, Scientif

ongalore,
- Course Title : Producti
Course Code : VSC 513 on of Spice Crops
CrB’iit Hnura. i {2...,1'}
. Why this course 7
Spices are an importan
dﬂwmmmlﬂfmmtculm ﬂrhlﬂulh hint.gw and played an important rale in the
around the world go: may be n seed, fruit, rooh

(3 scanned with OKEN Scanner



YV &)

E; Flostructured and Alevised Syfiabl of Posi-graduate Programmas Vol. 1

or any other plant substance primarily waod for Naveuring, colouring, or

preserving food. Spices are distinguished from herbs, which are the leaves, flowers,
or stems of plants used for flavouring or as a garnish. Many spices
hnve llmt'nm\»cm'bml_prﬂrlﬂr‘tiﬁﬂ. hecause of which why spices are more commonly
used in warmer climates, which have more infectious discnses, and use of apices
18 prominent in meat, which is predominantly susceptible to spoiling. The students
U'_"ﬂEﬂt!hlE BLience IIEE:d to have an underatanding of production technology of
spices and their proeessing before supplying them to the market or further use,
Y. Aim of the course

To impart basic knowledge shaut the importance and production technology of
gpices grown in India

The course is constructed given ae under:

Ho. Block _ Unit

1. Production of spice crops 1. Fruit spices

2. Bud and kernel spices

3. Underground spice cropsa
4. Beed spices

5. Tree spices

V1. Theory

Intreduction and importance of spice crops- historical accent, present status (national
and international), future proepects, botany and taxenemy, climatic and sofl
requirement, commercial cultivars/ hybrids, site selection, layout, sowing' planting
time and methods, seed rate and seed treatment, nutritional and irrigation
requirement, intercropping, mixed cropping, intercultural operations, weed control,
mulehing, physiological disorders, harvesting, post-harvest management, plant

protection measures, quality control and pharmaceutical significance of crops
mentioned below:

Unit [ .
Fruit spices- Black pepper, small cardamom, large eardamom and allspice
Unit 11
Bud and kernel- Clove and nutmeg
Umit II
Underground spices- Turmeric, ginger and garlic
Unit IV
Seed apices- Coriander, fenugreek, oumin, fennel, ajownin, dill and celery
Unit ¥ )
Tree gpices- Cinnamon, tnmarind, garcinia and vanilla
VII. Practical

» Tdentification of seeds and plants;
Botanical description of plant;

+ Preparation of gpice herbarium;

+ Propagation;

» Mursery raising;

348
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+ Cultural practice: packaging and processing’

« Harvesting. drying. storage:
« Value addition;
. Short term eIpET
Teaching Methods/ Activ

. (Classroom Loctures _
« Assignment {written il upcnhng}

. Student presentation
. Hands on training of different procedures

« Giroup disoussion

X, Learning outeome
Aftor successful completion of
. Appreciate the scope and scenary o
- Acquire knowledge about the production technology an

- Adopting production of spce crops as entrepreneur

X. Suggested Reading

Apnrwal 5, Sastry EVD and Sharma
Publicabion

Arya P'S. 2004, Spice crope of India Kalvari

Bhattachares SK. 2000 Hand beok of aromatic plants. Pointer publications. .

Bose TE. Mitra SK, Farooqgt SK and Sadku MK (Eds) 1999 Tropical harticuliure Vol 1. har
Prekash

Chadha KL and Rethinam P, (Eds ). 1891 Aduances ia horticulture. Vols, [X-X. Plonjatiot
erops gnd spdoes. Malhotra Publ. House

Gupta §. (Ed) Hand book of spices and packaging with formulae. enmneers India resears
imstitute, Mew Delhy

Kumar NA. Khader P, Rangaswami and lrulappan | 2000. [atroduction fo spicet, planlatitt

’ “rﬁ?iﬂnrd-m:u! and aromatic plants. Oaford and TRH

i . Miniray N and Peter KV. 2007 Spiees. New Indin Publ. Age

= - o | ncy. i
Parthasarthy YA, Randiannnn V and Srinceasan V. 2008, Crgpanic sices, New India Pat

ments on gpice crops-

ities
VIl itie

this course, the ptudents nro expected to:

f production of spice crops in Indin
d processing of spice crops

RE 2001 Seed apices production, quality, export. Painter

L

Agency.
Peter KV, 200
urum 1. Hand book of herbs and spices. Vols_ 1111, Woodbead Publ. Co. UK nnd £
Pruth: I8, (Ed.). 1808 Spices and cond
Prathi 1. 9007, Miner aotons oad xﬂ ::::; National Book Trust
ey crap management and post harvest I
Puarseglove JW
mehmfﬁ;?‘ﬂmhm.ﬁﬁmhm SR (Eds ). 1981 Spices. Vols. L 11 W!mmﬁ;
crops. Agrobios. ' Production technology of spices ond
Tharmbura S and Singh N. (Eds). 2004 Vegetables,
1: AT Jll'r'l.l.’.. ﬂﬂ'l:hl. M.m m hlhf mw lﬂl-rf'r Imﬂ-
Varmudy V, 2001 Marketing of spices, Days m“""ﬂl H aof spices. International Boak
ousg,

hmolog?

piser. O

1. Course Title . p

: Frocessi
IL Course Code : VSC 513 ng of Vegetable Crops
1. Credit Hours : (141)

[V. Why this course 7
In lﬂ-di., Ig'ri:-ultun i’ th .
%" 1y. Agricultural industries and relat®®

N = e

-
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petrvities. which can be termed as agrseulturally based vegetable processing. can
sermmunt for 8 conmierable propartion of theit outpat Both established and pianned
vegriabls provesing prowects sim o1 sobving & very rienrly identified deve
problems The prowers sustain substantial lossen due to insufficient demand in the
market weal infrastructure er trensportation and pershable nature of the
vegrtable crope [haring the pestharvest glut. the Joss s considerable and often
wois of the produes sre fed o the snomales or allewed W deray Even the setabiished
vegetable canning industries ot semall medium scale processing rentres suffer huge
bows dion o orvatee sappliss unee the growsrs like to sell their produce in the open
marke lwthhmmm.wlhm-liﬂhﬂﬂm
lﬂurhmhﬂﬂlﬂlhrﬂwhmmm‘ﬂnum
provessing o sy undererpleted The main shpertive of vegetable proceasing
o s supply whelessme safe. mutritious sed scewptable food 1o Lhe ronsumers
thrmmaghaont the year Vegetable prumesing sles sims b replace imported products
lshe spuash jama mhu“.ﬂih.m.%mmwmhl
rugrating finated v srmi proesssd proabets The students of vogetable

el b Rave b csderutanding of segelable prosessang

Kb of 1w comres
T--hmuuﬂ-ﬁmu—nm#-ﬂp-im-fﬂ——-ﬁ“ﬂ““'
=T

The somtme o cenalbated Poen oo whdet

ey Eanl 1
[} Prmstaing o sigeoilo smgl T o oo

LU'min 1

“.—.‘h-m-w denﬂpﬂﬂdw
gl Moo Saow o] -t-q--l-n-—u.-uui-l_i-d-m
-h.-h.nq-lq-h.-up-ﬂ-nl-lp—-'—ln-_-l-uﬂ-.
Himwnl—lm

i
‘::nuq spuspmsats - Rae material fos promessing Primery asd minimal
MW#&IMMMIH“M
FT9 latwesie P gmrrisey of b Mari samitslen

Uwnia IV

Qusdets rumtred igwalay passraren and guality roetrel TYM, GMF Froad stavdnrds
FY) PPA, ate Fonsd laws aned regulations. Fasd satery haard aralvens snd rriteal
comtred prmts HACCT Lateling and |sheling st and nutriten labeling
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":’-’:.!“ vd:ﬁri n—Mnjor value added vegetable products: Utilization of byproducts of
we addition—1

ine industry waste; Investm
i try: Management of processing in s
;;R;IET::F %ﬂ;ﬂi‘:ﬂﬂ“ :;-,hudn of sensory evaluation of fresh and processed

vepetables

. Practicnl _ _
v . rStud:r of machinery and cquipments used in processing of ‘&“““mh‘“h?'jﬂd“ﬁi
. Chemical analysis for nutritive \rnl_un of fresh and processe ':i‘-'ﬂ'-‘m ‘:'i -
- Study of different Lypes of apmlage in I'rv!:'uh ns well o8 processed vegel able produce:
. (lnssification and identification of apoilnge organisma, :
+ Study of biochemienl changes and enzymes associated with spoilage;
. lLaboratory examination of vegetable products;
. Qpnsory evaluation of fresh and processed vegetahles; ) :
« Study of food standards: National, international, CODEX Alimentarius;
« Visit to processing units to study the layout, hygicne, sanitation and waste
management.
VIIL Teaching Methods/ Activities
+ Classroom Lectures
. Asstgnment (wntten and speaking)
« Suident presentation

« Hands on training of different procedures
« Group discussion

Hoicultural E-I:im:a:-‘u'agalahlficiﬂma_ - E

X, Learning outcome

Afver nurr_rsn!'m completion of this course, the students are expected oo
» Appreciate the scope and scenano of vegetable processing in India
- Acquire knowledge about the processing tech nology of vegetable crops
* Adopting processing products of vegetable erops at small or medium seale
« Adopt processing of vegetable crops as entreprencur
¥. Suggested Reading

Arthey D nnd Dennis C. 1886 Vegetable processing. Blackie! Springer-Verlag.

Chadha DS 2008, The Prevention of fi
- o aduliera : ;
Desrosier NW . 1677 Elements and tech “!”ﬂ.‘:\.'ln"llml bﬂ] £. Confed. of Indian Industry

FAD. 1897, Fruit and Vegetable processing. FAQ

Fal. CODEX Alimentarius: Joint » -1 VB
irapical fresh fruits and ""R'I::,E_FFI‘::;F food standards programme. ged Ed. Vol !

FAD. Food

o T ool salely aysiems. training manual on food hygiene and hoccp- FAl

Frazier WC and Wmh];trmn:_:ﬂ:;;?hpmnl i Breiniad tatmrnavni.

?;'-"1”"] al GS Siddnpps and Tandon GL "I‘;'&';bﬂm- 4™ Ed. Tata McGraw Hill.
isela J. V985 Sennory "Lﬂluu:mlmuf .fmtl'; . Preservation of fruits and pegetables-

Graham HD. 1920 theory and : 3 .
Hildegrade H and ﬂfﬁ‘:‘“{_‘ﬁ?ﬂﬁ AV Publ. Ca. practices. Ellia Horwood

; 1o,
nan 3. o s e N O
Ranganna S. 1986, Hmbﬁ"{ concepts and reality, ;irfﬁum. Corp.

2 Ed. Tata-McGraw I~|_if'| analysis and quality contral for fruit and vegetable prods™
Shapiro R. 1995, Nutrition lobel; e
Erivastava BP and Kumar 5 'i:':ﬂ;‘

Ed, Internationnl Bogk Distsi. 0y
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Pewaaber anal Jowlyn MA 1091 Fruii and e ’ . i

: e il vegetable fiuice proceasing teehnology. AVI Publ, G,

Vernin LR wid doaki VK $im Poadborrpear Fechmabagy of frioita aned vegetablo; handling,
FINYRRERE, fermentation and teste manstgement. Tndun Pabl, Co,

¢ Postharvesi M mivageme il of Yogetalile Crops
Vonrse Uoile Y T

Vel Maowvs boiden)
Why thils comran 7

Vesgetablen ave highly pevishabie et an Uiy e groat guantity and gquality leas
alter hnrvest, "I1lll‘ll.I "Lu‘l,_- “'1|||||FI" i“tl'l'lrll'l"ll I1|I|H"|'|||'-"|'| o mrronl Lhoir ﬂll{l“ﬂ#ﬂ.
which canses tonnes of vegetablo ol annually, Lack of pasthnresil awarenoms
and imadeguacy of cquipmonts wee tie wajor problems in postharvest chain, which
bewd to a sevions pont-harvest loss in the developing countrios overy yoor. A
comprehenaive understanding of postharvent factorn eavning dotarioration is
teeesRary i ovorcome these chinllonges, Pee nmd posthapvosl manngement such ag
wse o impreved varieties, gl ealtuenl practices, gomd pro wid ponthorvest handling
pravtiees, manngement of mpersiure, elalive Bivinniedity amal slornge intamspakicro
weearsdings o evop requireiment, use of permitted chomicals, design of sppropriote
packaging material aad atornge slrnetures e some of Lo conbeol moasunes ugid
i wedueing postharvest lossen, thorofore, thin course win customizod,

oAb of the conrse

To facilitate deoper understanding of principles and to scquaing the student with
proper handlivg amd management teelmologien of vegetable eropn for minimizing
the poat-harvost losmea

The courae s organized na followea;

Wi, Miscks Uit
1 Post-harvest mnnagement af I Imporinises ol seope
vepeialilbe crps 11 Muodurity nmliees apd hiochomistry

I lareesting and bosses (nelors
IV P'eckinghouse operations
W Methods of storngpe

Theory

Unit 1
Importance and scope—lmportanes and seopo of post-harvest management of
vigetables

Unit 11

Maturity indices and biochemistry—Muturity indicos nnd stnndards for different
vogetables; Methods of maturity determinntion; Bimhmniatr;_ af maturity and
ripening: Enzymatic and textural changes; Ethylene evolution and othylene
management; Hospirntion and transpiration along with their regulation methods

Unit 111
Harvesting and losses foctors—lnrvesting l.unh‘ nnel proctices for specific markot
requirement; Postharvest physical and biochemical changes; Preharvest practices
and other foctors nffecting postharvest loasea
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Unit IV

5 5 . tona: modity pretreatments
Packing house operations—Packing house operations; Commad
chemieals, wax coating, precooling and irradiation; Packaging of vegetables,
prevention from infestation, management of postharvest diseases and principles of
traneportation

Unit ¥V

Methods of storage—Ventilated, refrigerated, modified atmosphere and controlled
atmosphere storage, hypobaric storage and cold storage; Zero-energy cool chamber,
storage disorders like chilling injury in vegetables

YIL. Practical

* Btudies on stages and maturing indicos;

* Ripening of commercially important vegetable crops; oo
Studics of harvesting, pre-cooling, pro-trentments, physiological disorders- chilling
InjuEy;

* Improved packaging;

* Use of chemicals for ripening and enhancing shelf life of vogetables;
Physiological loas in weight, estimation of transpiration, respiration rate and
ethylene release;

* Btormge of importent vegetables;

* Cold chain management; :

* Wisit to commercial packinghouse, cold atorage and control atmosphore storags,

VI Teaching Methods! Activities
= Clazsroom lectures incloding ppd.
= Btudents group discussion
* Individual or group assignments (writing and speaking)
Presentation of practical handwark

IX. Learning outcome

After successful completion of this course, the students are expocted to be able to
understand:

+ Regulation of postharvest losses by using chemicals and growth regulators

* Pre and postharvest treatments for oxtending shelf life of V'Emmblguurupa

* Packinghouse aperations for extending the shelf life of vegetable crops

+ Buecesaful storage of vegetable crops

XK. Suggested Reading

Chadha KL and Parcek OF, 1996, Advances in horticuliure. Vol. IV, a Publ. H
Chattopadhyay SE. 2007, Haadling, transportalion ond sia Malhotr . Hpuse, :
Tech books, New Delhi. rage of fruit and vegetables. Gene
Hutd NF and Salunkhe SK. 1997, Poptharves physiology and handli
Gronada Publ, } rg of fruits and vegetables.
Mitea SH. 197. Postharvest physiology and storage of trapical and sub-tropical fruita. CABL
Paliyath G, Murr DP, Handa AK and Lurio 5. 2008, Postharvest bioiog, and toch s
Fraits, vepetabies “;iﬂ"‘““- Wiley-Blackwell, ISBN: 8780813804088
Ranganna 3. 1997, Hand, of analysis and qualit d i
Tata McGraow-Hill. o for fruit and vegetable products.
Stawley JE. 1988, Postharvest phyvsiology of perishabie plant _
Sudheer KP and Indirn V. 2007. Poatharvest technologs of hortis :d:r:i:i ﬂ";ﬂﬂh‘-‘" . bl
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