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Preamble

The UGC has formulated variou-s regulations and.guidelines from time to time to improve the higher educationsystem and maintain minimum slandards and quality across the higher education institutions it-tg,r) in India. Theacademic reforms recommended by the UG(l in ttre recenr pasr iiaue tea to ;".;.ll ;;;;;*ent in the highereducation system.
Based on "the IJCC guidelines on adoplion of (lhoice Based cr-etlir Sysrem (c.B.C.S.) and uGC-Creditl-ramework lbr online l,earning (lourses through sw^YAM, Regulalion-2016'- (ordinance -t4), the VikramUniversity introduced Crcdit Based Sernestel Sylteur (cBSS) ar rhe M.Sc. (Botany) in UTD level from theAcademic Session 2016-17 and has updated in iurrenr sessio,, 2018-lg. rne ucc l.s also gir.n the option tomodifo the course contents according to specific needs. After a thorough review ofthis Curriculfm of GBCS by themembers of Board ofstudies in Botany, it has felt necessary to reorganize the course content, number of papers andtheir order so as to give it a more systematic and balance look.

Il: ld::l of Studies in Botany. Vikram University. U.ijain has adopted cBCS (ordinance-14) in M.Sc., Botany.This is 04 semesters (eacll semester ot'* 90 daysi acide,nic progran (02 vears duration). There are 120 totalcr€dits in 4 sernesters (eaclr semester of .]0 crediis). Studcnts have to earn 104 actual/ valid credit and l6 virtualcredit points in 04 selnesters during two years duratiorr. The course is comprised of lectures, skill development,ability enhancernent, prdcticals. project wor-ks, seminars, assignments and comprehensive viva voce exams.The semester will consist of I 6- I 8 weeks of academ ic worklOI credit is equivalent to 0l hour ot teaching/ lectureg O] !9ys1f Oracticals, project works, seminars and assignments per week in a semester.
Total 120 Credits have been distributed among Core pap"ers. Discipline Centric Elective (DCE). Ceneric Elective(GE)' Skill development. soft skills and abilitl enhancernerrr (Senrirrars-2/ croup Discussions/ Review of LiteratureiSurvey/ Posters/ MooCs f.rm swAYAM). Practical & ('onrprehensive Viva voce .',f pup"r, of each semester,Pro.ject work (Maior and Mirror'r llcld trips) anrl Vira roce orr thc Project rrork. The credits associated with thecourses will be rclual/ talid credil, ultile crctlils ussocialcrl uilh corrrprehcnsive viva voce will be virtual credil.From these Total r20Credits.the(r'editsrbreachsLrbheacr arc girerr in r-abre-r.
Dtrring the semester. a teacher offering the coulse will do the'continrroLrs evaluation of the studenl at 0l points oftime by conducting 03 tests of 20 marks each (of these. 02 must be wriften test and third may be written test/assignment/ quiz/ seminar) for theoretical couises. l"4arks obtain in o; u.riil.i, 

",,t "r 
oj' *iii";" Internal (40%)awarded to the student. In each semester. there shall be university/ end senresler exam of 600z marks. Each studenthas to appear in aI least 02 lests and Lrniversity/ end sernester exirn: otherwise. the studenl rvill be awarded Absent(Ab) Crade in that course. Erarrrination- evaluation ofcourses and nrininrurn passing mar.ks *iit-t" ,. per table ofOrdinance -14 (page-l l4) ol'the vikram Unir,ersity. The detarls olthe course are girln in tables. 
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M.Sc. (Botany) - I Semcster

Oourses, Subject, Marking and Credits

BOT PC
l0t

Title of the Course

Biology and
Diversity of Algae
and Bryophytes

Course
-l'] pe

CORE:l

Total
Marks

Credits

)

5
BOT PG
102

BOl' PC
r03

Biology and
Diversity of
Pteridophytes and

-l 
axonomy and

Morphology of
Angiosperms

G1'mnospenrs

CORE:3

60

60

100

100 )

BOT PC
t04

5

ED(].
001
BO I P(;
I05

Plant Development
and Reproduction

Entrepreneursh ip
l)er elo;rnrcnt
Practical- I

Based on the tsOT
PC l0l. 102. 103

& 104 courses

*+*qkill
l)cr c lopntcnl

(]OR L:
l-4 based

CORF-:.1
60 100

50 80

40

1o

10

..r0

l5

40

Marks
lnternal
lixamination
Marks *
40

University
0xamination
Marks*+
60

4

2
( lir hc
Shorrn
separatcly
in Mark
Sheer)

BOT PG
r06

80 80 4
(Virtual)

I

l

S.
No.

I
.l

-l

2

.1

l5

_)

6

7

I
I
I
I
I
l_

I

Comprehensive
Viva voce- Based
on the BOT PG

l0t. 102. l0:r &
104 courses

CORE:
l-4 based

Total .-10

*lnternal examination marking is of 40%.
**[lniversitr'1 l:rrd scltrcstcr crarrrirrartiolr nrarliirrg is ol (r0,]/ir

*** ('orlrlon (.oursc ollclctl b1 thc Unirclsitl.
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Course
Code

CORE:2

l5

600
( I Credit=
20 Ma{g)t_
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Title of the Course

C'ytogcnetics and
Genetics

M.Sc. (llotany) - II Scmcste r

C'ourses, Sub.jcct, Marking and Credits

Course
l'ype I n terna I

Examination
Marhs *
.l0

Marks
University
Examination
Marks **
6o

Cell and Molecular CORE:6

Biolo

Ecology ( OR I-:7

( ( )R l,r5

***skill
Developnrent

40

40

10

l0

Generic Electi
(GE- Choice based) CE

EDC-
002

Comnrunication

1|Ot t,(;
205

( ( )t{ l:.
.i-7 & (i t:
based

CORE:
.5-7 & cE
based

60

60

50

l5

80

I'otal

VC

Skills

Practical,- II
Bascd on rhc l]( ) I

PG 20 t.202.20i &
204 courses

(lomprehensive
Viva voce- Based
on the BOT PG
201.102.10,t & 201
courses

l
80

600
(l Credit=
20 Marks

4
( V irrua l)

-10

nternal examinati on nrarking is ol'40%
r * University/ []nd serllestet. exanr rnatiorr rnarking is ol-(r0%.*** Contnlot.r ('ourse ol]i,r.etl h_r the t.lnir cr.sitr

1

S

No.
Course
Code

BO'I' P(;
20t

BOT PG
202

BOT PC
203

BOT PC
204

Credits
'fotal
Marks

r00

r00

5t00

r00 5

( Iir hc
Slro\\lr
scparalcl\
in Mark

4

1

Sheel

60

BOT PC
206

I

5

)

.10
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M.Sc. (Botany) - III Semester

(,-ourses, Subject, Marking and Credits

Total
Marks

Credits

Course
Code

I]O1' PC
30r

r00 5

2
BOT PG
302

r00 5

.5
BOT PG
J0_1

BO'I PC
301

Plant Physiology
and Biochenr istrl
Discipline Ctentrii
Elective (DCE)
Choice based

University
Examination
Marks *+

60

60

60

60

100

100 5

4

I'ractica l- I I I
ljased tu rhc l]( )'l
PG 301. i02. i0i
& 304 courses

EDC-
003

BO-I' PC
J05

Personality
Development

.10

40

-i0

40

40

Intern al

++*skill
l)cr.eiopnrenl

C()RI::
8- t0. D( t:
based

Examination
Marks *

50

l.)

4
(Virtual)

30

S.

No.
Title of the Course

[]asic
Biotechnolo

Course
Typ"

( ( )Rl :l{

CORE:9

Marks

Genetic
Engineering and
Genomics$

.5

CORE: l0

I)('I:

CORE:
8-r0. DCE
based

l6

_l

l
1

1

7

2
( lir frc
Shorln
scparalcl\
in Mark
Sheel)BOT PC

106
Comprehensive
Viva voce- Based
on rhe BOT pG

30r.302. i0l &
304 courses

80

'l'otal

80

600
( I Credir=
20 Marks

*lnternal examination nrarking is ol40%.
* * [ irriversity/ I]nd senrcslcr cr
**, con,mon (..ur.se o{}.crcd r;iiliillJllliing 

is or'(,0%o

$Offered 
to other departntents ol. l_if.e Science.
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M.Sc. (Botany) - IV Semcste r
Cou rses, Subject, Marking and Credits

S.

No.
(lo u rse
Code

'l'itle of the
( ourse

Major Project
Work in an
institution or in the
departmenr (UTI))
l.Project Work antl
presental ion
2. Assessrtrcnl ol'
pro.iect report an(l
viva-voce
Minor Project
Work -Field Trip
or Visit of a placr:/
institution related
with S,!bjecti Paper
Review Writing/
Surveys

(lo u rse
'l'ype

Sofi Skill
Developntent

Ability
Enhancement

Abiliry
[: rrltarcenren I

lnternal
Ilxamination
Marks *

[Jn iversity
Examinafion
Marks **

NIarks

2

BOT PG
401

BOT PC
402

BOT PC
40.1

BOT PC
404

Seminars/ Grou
Discussions-

30
(Report)

i0
(lleport)

25
(Write up)

Project Work r00

Project Work

140

50
(Viva voce)

50
(Viva voce)

i5
( Presentation)

i5
( Prcscntn ti()lt )

li0

Total

240 t2

I
I

r
I

4

l
80

4
p

J

BOI' PC
l0s

Poster presentation /

MO(X':; liorl
S\\'A\ N J\I
('onrprchcnsir e
Viva voce

(t

* Internal exartr inat ion rtrar.k ir rg ii ofaOz".

ll

University
llxamination
Marks

600
( I Credit=
20 Marks

4
(Vin al)

30

Total
(lred its

**t.lniversity/ l:ntl senrester exanrirration rnarking is o1.60%

GRAND TOI'AL OII MARKS
I nternal
liramination
Ma rhs

(of all 4 Semesters)
I-Senr-600. tl- Sem-600. lll_ Senr_ 600, & tV_
Sem- 600)
= I20 CRttDl't'S

Total
Ma rks

9

'Iotal

Marks
Credits

1i l)7i 2{00 t20

80

BOl' PC
406

25
( \\'rire up)

4

60

60

80

.t



Letter Grade Range of Marks
ercen e

o
A
A

90- 100%
80-89%
70-79o/o

Outstanding.
Excellent

Description

CoodVe

Good
B
B-

Abovc Avera e

60-69%
50-59%

C

Grade Points

!0
9

8

-5

7

6

Average 40-49%

CBCS BOTANY. Ordina nce-14

TABLE: GRADES, GRADE POIN.I.S AND RANGE oIT PERCENTAGE oF MARKS

P .1

F 0

0

PASS
F-4!r.
Ahsent

35-39%
0-340/t
AbsentAb

Note: While calculaling percentage ol'Marks and lbr deternrination of tl.re Grade rounding of
Marks shall not be done.

The Comnutation of Semester Grade Point Averasc (SGPA) and Cum u lative Grade Point
Avcrase (CGPA

The UGC reconrnrcnded the fbllowing proceclure to The C'on.rputation of Semester Grade point
Avelage (SGPA) and Cumulalive Grade poir.rr Average (CGpA):

i. The SGPA is the ratio ofsum ofthe product ofthe number ofcredits with the Grade points
scored by a student in all the courses taken by a student and the surm ofthe nunrber of
credits ofall the courses undergone by a studenr. i. e.

S(IPA (si) I (( i r (iir /\ ( i

\\'here- ( i is the nurnbcr ol crctlils ol lhc i,r,coLr.sc itlrd
Gi -is the Cracle Point scored by the student in the itr,course

The GGPA is also calculated in the same manner taking into account all the courses
undergone by a student overall the sentesters ofa progranr. i. e.

ll

lI

(IGPA )- (('i rSi)/Iti
Where. Si is the SCPA ol'the irr'sentester and
Ci -is the'fotal nunrber ofcredits in that semester.

The SGPA and ccPA shall be rounded olTto 2 decimal poi.ts and reported in the
transcripts.

10
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lllustra t ion 0l conr p utation ol' S(; I,,\ and ( (i PA and lormat lbr 'l'rAnsc rl ts

Computation of SGPA and CGpA

Illustration for SGpA

(lou rse

Course- I

Course- 2
Course- 3

Course- 4
(lourse-,5

(lred it (l rade Lettcr (i radc l)oint Credit Point
Credit x Grade )J

J

J

Br-
8

7

6

IO

(

3x8=24'
4

J

4

2t)

B

o

Course- 6

Thus. SGPA = 139/ 20 = 6.95

Illustrati<.rn lbr CGpA

Poin ts Semcslcr- I
Credits 20 22

6.9 7.8

Semeslrr- 3 Semes(er- 4
2-5 26
5.6 6.0

3xl0=30
3 x 5 - 15

4i 6 .,i4 ---
t39

Semesler- 5 Semester- 6
25
8.0

C

I]
5

6

Thus. CGPA . 20x6,9 r 22x7.g r 25x5.6 1 26x6 t.26x6.i I 25xg / 144:6.73

.
'l'ranscript (1,'ormal): llascd on tlrc rborc. or.t Lcllcr (ir.ades. qrrdc points and SGpA andCGPA- the Vikram University nray issue trre tmnscript fbr each senrester and aconsolidated transcript indicating the performance in'all semesters.

4x7=28
3 x 6 = l8

SGPA 26
6.3

11
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Choice Based Credit Systcm (c.B.c.s.) based Scheme and Syllabus M.Sc. (Botany) _ordinance-l4

Part- B: Syllabus of corc, Discipline centric Elective (DCE)

and Generic Elective (GE) papers

12



Paper- BOT pG 102: Bioiogr and Diversity of pteridophytes and Gymnosperms

Unit-l: Salient features and affinities of Pteridophytes. crassification, origin and evolution ofPteridophytes'vascurar erements and evolution of ru..rlu, (Stere) system. Heterospory: Apospory andapogamy..Distribution and Life history of preridophytes in India.

Unit-2: ceneral f'eatures' nrorphttlogr. inlernal structures and reprodLrctive organs of psilophilicales.Psilotales' Sphenophyllales. Equiserales. t-y.opoaiates. ophioglossales, osmundales, pteridales.
Marsileales and Salviniales. Extemal morphology and development
of sporophyte of Filicales.

unit-3: Salient features' affinities and classifications of Gymnosperms. Economic impor(ance anddistribution of Gym.osperms in India. Progymnosperms ano o.;gin of gynrnospernrs.Generar accounl orPteridospermales and Bennettitales.

Unit-4: Main features' distribution, external nrorphorogy; the sporophyte- vegetative arrdembryology, internar structures of vegetatir. 
- 

and 1e* organs; mare and fenraredevelopment. interrerationships of cycadares- (7cas. Ginkgoal es- Ginkgo and coniferales-(' rv p kt m e r i u. B i o I cr. p otlot o r pu.s u n tl Tux t t.t..

CBCS BOTANy- Ordinance-14

Suggested Readings:

reproductive,
gametophytes

Pinus, Piceu.

vegetative and reproductive.
ar.rd f'emale gametophytcs
We iy itschiu and Gnetales-

Gymnosperms. New Age International pvt. Lrd.. New

[]nit-s: Main ll'aturcs- distr.ihution. crlcr.nal nrorphologr: the spot.oplt)te-
enrbfyology: Intcrnal structures of' vegctarir" ond ,,"* organs: male
development, interrelationships ol Ephedrales _ Ephedra, Welwitschiales-
Gnetum.

Bl.ratnagar. S.P. and Moitra, A. 1996
Delhi.

' Biswas' c. and Johri. B. lgg7. The Gymnosperms. Narosa publication House. New Delhi.o Bower. F.O. 1959. prinritive [-and planrs. Halner pr.rblishing Co.. New york.
' c'anrberlin. c. .r. I999. ovnrn.spernrs- Structure an<i Evorution. cBS pubrishing andDistributors. Ncu Delhi.

' [-iattres' A J' Morphologr ol' Vascular I)lants- [.orvcr' (iroups. Tata Mc(jraw- Hill publishing
Conrpany Ltd. New Delhi.

o Foster' A' S' and Gif'ford, E.rvt. Corrparative Morphorogy or Vascurar prant. Vakirs,Feffer&Sismons pvt. Ltd.. Bombay.
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Vikram University, Ujjain
CBCS based Syllabus for M.Sc. (Botany) _ I Semester

Paper- BOT pG l0I: Biologv and Diversity of Algae and Bryophytes

Unit-l: General classification o1'living organisms. Slructule- Thallusorganisation, diversified habitats,
cell structure and reproduction of Algae.Criteria for classification of Algae.pigments, Reserve foods,
Flagella.Different classifi cations of Algae.

Unit-2: Salient features and sttrdy of- Cyanophyta: Nostoc, Anabaena, o.scilrutoria,charopiy"ta: Charo
and Nitella. chlcrophyta; ('hlorella, Lllothrix. Fritschiaello antl oodogoniurz. Xanthophyta: vaucheria,Botrydium. Bacillariophyta: pinnururiu. phaeophyta: Ecrocarpu.r. Fucus, surgassl.rz, Ithodophyta:
Porphyru. Balrachospcrmum. l,oly.rilshon ia. Algal hloonrs. Algal fertilizers. Economic importance ofAlgae-

Unit-3: lntroduction and classiflcation of Bryophyta. Morphology. structure, reproduction and Life
history of Bryophytes.Occurrence and distribution of Bryophytes.

CBCS BOTANy- Ordinance-14

Unit-4: Detail study of N,larcharrtials: Ricciu. Marcfutntia. Sphaerocapos. Jungermeniales
P e I I iaandP orclla, Anthoceratales : A nl hoc.crosandNot hot hyll u.t.

l-lnit-5: Detail study of Sphagnales: Sltltugnunt. Funariales
Evolutionary trends in Bryophytes. Econonric importance of Bryophytes.

Suggested Readings

Funuriu and Polyrichales: Polylricum.

Irritsch. l:.[:. l9-59. (Vol- l)

Brower. F.O. 1956. primirive Land plants. Cambridge Universiry press
Chopra & Kutnar.. 1988. lliokrg-r ol'llrrophlra. Wilcr l:astcrn l_rcl.

I lrc Stlr.rcturc and llcprodrrction o['thc Algac. Cantbridge Univer.sity

1959' (Vol- II). The structure and Reproduction of the Argae. cambridge Unive'sity

Press.

Fritsch, F.E

Press.

' Kashyap. 1972. Liver Wons ol Western Himalayas and Punjab. Research Co- publication. Delhi.
' K'mar. H.D. 1988. Introd.ctory phl,corogy. AlIiiared East-west press [.td. New Derhi.. Parihar'. N.S. 1991. Ilr.1.oph1,ta. ('crrtral llook l)epor. Allahaba<J.

' Puri' P. 1980. tsryophyta. Motphology, Glomh and Difl'erentiation. Atma Ram & Sons. Delhi.

' Ram Udar. 1970. An Inrroduction to Bryophyta. ShashidharMarviyaprakashan, l.ucknowo Smith G.M. 1955. cryptogamic Botany vol- (2"d edition) Tata MCGraw-Hill publishing
Cornpany Lrd. Bomhay- New Delhi.

' Snrith. G.M. 19.5-5. ('ryproganrir: Berant, vol.-l (1,,,r eclition). Tara MCGraw-llill publishing
('onrpanr l-td. llonrhar'- Ncrr l)ellti.

o wats.rr. I9(rll. Strrrcrrrrc irrrtr rirL'.r'rlrl.prr-rla. Irutcrrirrso, & ('.. r.lrr.

13
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Suggested Readings

Unit-l: Introduction' aims' ob.iectives and principals oftaxonomy. systems of angiosperm ciassification,phenetic versus phylogenetic systems.cladistics in taxonomy. relative merits and demerits of majorsystems of classification. Sarient features of Internationar code orBotanical Nomencrature.
unit-2: The species concept, tax3llmic hierarchy- species, genus, family and other categories. principlesused in assessing relationship. delimitation of taxa and attribution ol rank. Taxonomic evidence- andRelevance of Taxono;ny to Conservalr()n.

lJnit-3: 'faxononric tools- herbariunt. I:loras. Histological. (.'yrological. phytochemical. Serological,Biochemical and Molccula, techniques. ('onrputers ana c'is. Local plarrr Diversiry and its socio-economicimportance'Endemism, Hotspots, I{ottest Hotspots. plant Explorations, Invasions and Introductions.
Unir4 Morphological and anatomical structure of vegetative parts of the prants: Root, Stem and Leaf-their types' modifications a,d functions. ftre uegetatii shoots.phyllotaxis and Ieaf meristems. Types olwood ray and bark types.

unit-s: Morphological and anatonlical structure olflower arrd their palls: stamens, types ofpollen tetras.

:ifr;j#:::j:varies 
and ovutes.ptacentation_ types and their origin.strucrure, typ., una morphology

. Banson- I.. U. I9i7: lrlant (.lassilicatiorr. llcalth & (.o. Boslon.
' Davis P.R. & ireyw.od v.H. r97j: principres of Angiosper.,rs and l.axononry. Rohert E. KreigerPub. Co. New york. USA.
o Eames, A. J. l96l: Morphology of Angiosperms, Mc_Graw Hill. New york.
' Heywood & Moore. D' M. rgg4: CW Tent concept l,? prant taxonomy Academic press.

' 'leffery' c 1968: An Introduction to prant Taxonomy..r. & H. Churchilr Limited. l.awrence. G.H.M. l95l: Taxononrl ol Vascular. plants. Macnrillan, New york.
' Massey 'l R' and Llen (.-R. 1974. vor-r. pant systenratics. Harper & Row. New yorko Naik, V. N. 1992: Taxonomy of Angiospernrs. Tata Mc-Graw Hi, pub. co.Ltd. New Derrri
' Singh' V'P' &Khare' v.s. r 996 Flora of (Jrjain disrricr. pEBA pubrishers New Derhi
' Singh' v'P 20r 4 Frora or Madhya pradesh (western part) Scientific pubrishers .rodhpuro Sivara-ian. v.v. r984. Inh'oduction to principres of prant Taxonomy. oxrbrd & IBH pub. Co. NewDelhi

' Spttt trc' K I{' 1 97'1' l hc It4.r'1.tli.l.gr o l','7\r){.li.ripcrr)s. l rutchirs.n I rnir crsit-r l.ibrary. l ..nclono verma' I)'M . ,ark.ishnan. N.r). & t)ixir- It.r). r99:r rrlora or'M.r). -5 r,.rLrnrcs. B.S.r.. c.arcutta

16
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I

1

I
I
l

. Kashyap. I971. I.ircrr+orrs r.t. \r -..., .*. r.
Delhi. ^.orls 

()1. \!.cstcnr llinralayas and puniab. Research Co. publication,
o Parihar, N. S. 1965. pteridophytes, 

Cenrral Book Depot, Allahabad.' lf*X;"i: 
s' Iee6 Bt"l";v ;;;"'ffil#T, .,",,o"phytes, centrar Book Depot,

. Rashid. A. 1999. An Intr. Shukra. A C and , ;#;'ltl;;r::::fiiJ':}vikas,Pubrishing House pvt Lrd
Ltd., Delhi 

//J. Essenrrat ot paleobotany. Vikas publishing House pvt.

' 
*1-*;#",1i.'"t*..,til?lli'"8v or Gvmnosperms. Encvcropedia or prant Anatomy X.

- i[.fl;:;T;,?l;TlI;""T#,,.H"i, 
,e72 lSecond Edirion), rata McGraw- Hiii' 

illl;,,1;Y.,,1;[']*'i.i;.,1ilil^*;rji ie72 (Second r:dition). rata McGraw-Hirl
. Sporne, K. R. 1991. Tl

London. 
..re Morphology ol. Gymnospernrs. Hutchinson University Library.

' Spome. K. R. 1991. The Momhnt^-., ^rD,^-:i. stewart. w. N. and *u,n'oTnl:9, 
of Pteridophyres. B.l. pubiishing pvt. Lrd., Bombay.

Universiry press. 
-'*"'well' c w lgg3 Paleobotany and Evolution of plants. Cambridge

. ll'ivedi and Singh. 1966.
I-ucknow An Introduction to Gymnospernrs. ShashidharMalviyaprakashan.

o Vashishtha. p.C.2005. Cynrnosperms. S. Chand & Company, New Delhi.
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[Jnit-3: Flower. development. generics of Iloral or.gan differentiation Sex determination, homeotic

Paper- BO'l'pG 104: plant Developnrent and Reproduction

Unit-l: Unique tbatures o1' plant deveirpmcnt. Dilll'rences helween development of dift'erent plant
groups' Organization ol shoot apical meristem (SAM.1. Control ol tissue diflbrentiation specially Xylem,
Phloem, Secretary ducts and Laticifers. Wood development in relation to environmental factors.

unit-2: organization of root apical meristem (RAM). cell fates and lineages, Vascular tissue
differentiation' I-ateral roots' Root hairs. Roormicrobe interaction. Leaf growth and differentiation.

nrutants in Arabidopsi.s and Ant irrhinum. Vegetative options and sexual
microsporogenesis, role of tapetum, pollen development and gene expre

reproduction.Structure of Anthers,
ssion.

Suggested Readings

o Atwell' B J. Kriedermann. P.E. and Jurnbull, C.G.N. (eds).1999. Planrs in Action: Adaptation in
Nature, Performance in Cultivation. MacMillan Eduction, Sydney, Australia.

. B.M. Johri (Ed.) I 984 Ernbryology of Angiosperms. Springer_Verlag

' Bhoiwani . S.S. &Bhatnagar. S.p. 2000. The Embrorogy of Angiosper.nrs 14rr, Edition;. vikas
Puhlishing House l)elh i.

' ' Bhoiwani. S. S.&llhatnagar. S.P. 197(r linrblrologl of' A ngiosperrrrs. 2 Ed Vikas publishing House
Pvr. Ltd.

' Burgess, J. 1985. An lntroductiorr to Plarrt cell Developrnent. Carnbridge University press.
Cambridge.

' Fageri. K. & Van der Piil 1979. The Principles of Pollination Ecology. pergamon press, Oxford.. Fahn. A. 1982. plant Arratomy. 3d Edition. pergamon pr.ess. Oxford.
o Fosket' D. E. 1994. Plant Grovrth and Development. A Molecular Approach. Academic press San. Diego.

' Howell' S H l998. Molecular Genetics ol Plant Development. Canrbridge lJniversity press.
Carnbridge.

' Leins' P" Tucker. S C. &Endress. P.K. 1988. Aspects of Flolal Development. .1. cranrer. Germany.

Unit-4: Pollen germination' pollen tube greet and guidance. Pollen storage. pollen allergy and pollen
dispersal'Male sterility.ovule developnrent. megasporogenesis. organisation olenrbryo sac. Structure of
enrbryo sac cells.

Unit-S:' F'loral characteristics. pollination. breeding systcnrs. pollen stignra inieractions. sporophytic andgametophytic self-incornpatibility. double f'ertilization. endosperm developnrent. embryogenesis,
polyembryony- apomixes, dynamics of fruit groMh, biochemistry and molecular biology of fruit
maturation.

77
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. Lyndon, R.F. 1990. plant Developnrent. The C.ellular Basis. IJniHyntan. London.
' Maheshwari, p. 1950 An Introduction to Embryology of Angiosperma. McGraw_Hi, Book co.Inc. NY

' Murphy, T.M. & Thompson, w.E. 1988. Molecular plant Developmenr. prentice Hall. NewJersey.

' Proctor' M & yeo' p. 1g73. The polrination ofF,owers. wiriam Corins Sons; London.' Raghvan' v. 1986. Embryogenesis in Angiosperms. The press Syndicate of cambridge University,

' 
ll*|?l;J' 

1997' Molecutar Embryologv of Flowering plants. cambridge University press,

. Raghvan. V. 1999. Developmental Biology of Flowering plants. Springer-Verlag

18



Suggested l,ahoratories excrcise ofpaper r0r: Iliorogy and Diversity of Argae and Bryophytes'l N'lorphological study of represenrative menrbers o1' division cyanophyta. charophyta,
Chlorophyta, Xanthophyta, Bacillariophyta, phaeophyta, Rodophyta, erc.

2' Study of permanent slides and specimens of various representative members of division
Thallophyta.

3. Colleclion of Algal material from nearest locality.
4 Morphological and analomical study of representative members of division Marchancials.

J ungerrneniales. Anthocerodales. Sphagnales , Funariales and Polytrichales etc. (Section cutting
and preparing permanent slide)

5 ' Study of permanent slides and specimens of various representative members of Bryophya.
6. Collection ofBryophytes material from nearest locality.

suggested Laboratory exercises r02: Biorogv and Diversit-v ofpteridopohyta and Gymnospermsl Ciontparatile slttclr ol the anatornr ol \cltctalive antl lcproclrrctive parts of' Pteridophytes:
Ptilrtlunt. Lt'cttlxxliunt.,\alugincllu. [.qui.\tlutlt. (ilt,it'funiu. l,tari.t. ()phioglr).\sunt.tnd l.\oala.\_2 Sttrdy of Morphology- Anatonry arrd reproductive structures of Pteridophytes fiolr pr.epared slides
and specimens.

3' Comparative study ofthe anatomy of vegetative and reproductive parts of C)cas, Ginkgo, Cedru.r,
Abies. Picea. ('upressus, Araucoria. Cyptomeria. Taxodiunt. pinus, Bioto, podocarpns, Agarhi.r.
Taxus. Elthedru and (inetum.

4 SttrCy of irr.rportant fossil gl nrnosperrrs antl living gvrnnosperms fronr pr.epared slides arrd
specimens.

CBCS BOTANY- Ordina nce-14

Paper- BO1' PG 105: Practical-l

Suggested Reading for the Laboratory exercises
o Bhatnagar. S.P and Moitra. A. 1996. Gynrnospernts. New Age International pvt. Ltd.. New Delhi.o Chambcrlin. C. .1. 1998. Gvmnospenrs- Srnrctur€ and F'uncrion. C-'BS Publishing and Distributors.

Neu Dclhi.
. Foster. A. s. and (jittirrd. L..M. ('onrpararir,,e Morphology ol' vascular. plant. vakils.

Feffer'&Sismons Pvt. Lld.. Bornbay,
. Parihar. N. S. 1996. Riology and Morphology of pteridophytes. Central Book Depot, Allahabad.
o Shukla' A.C. and Mishra, S.P. Essential of Paleobotany. Vikas Publishing House pvr. Ltd., Delhi
' Singh. H. 1978. Embryology of Gymnosperms. Encycropedia or plant Anatomy X.

GebruderBorlraeger. Berl in.

' Sporne' K R. 1991. 'rhe Morphology of Gynrnospernrs. Hutchinson University Library. London.o Steu'art. W' Il. and Ratliwell. (i.w. 199i. Paleobotany and Evolution of piants. Cambridge
Universitv Press_

19



CBCS BOTANy Ord ina nce_ 14

Suggested Laboratories exercise of papcr r 0.r: 'r'axonomy and Morphorog' of Angiosperms

l' Description of a specimen from representative, locally available representative families (about 25).2' Description of a species based on various specimens to study intraspecific variation: a collective
exercise.

3 Description of various species of a genusi location of key characters and preparation of keys atgeneric level.
4. Location ofkey characters and use ofkeys at family level.5' Field trips within and around the campus, compilation offield note and preparation ofsuch plants.wild or cultivated, as are abundant_
6. Training of using flora and herbaria for identification ofspecimens in the class.7 c-'omparison of dilferent species of genus and different genera of a family to calculate similaritiescoefflcient and preparation ol'dendrosl.anrs
S Prepaiation ol'a rrc'rba.iunr r,os"a .rn nrorPrrorogicar and anatomicar study of vegetative andreproductive.

9. Study ofvarious types of pracentations, inflorescence, ovures and fruirs.

Suggested Laboratories exercise of paper 104: prant Deveropment and Reproduction

l study of primary and secondary anatomical structure of root and stem in selected dicots andmonocots.
2 Microscopic examination of monocol and dicot leaves to understand the internal structure of leaftissue and trichomes. glands etc. Also stud), the C3 and C4 lealanatonty of plarrts.l' Examination of nrodes ol anther dehiscence a.d collection of pollen grains of nricroscopicerarnination
4' lest olpollen 

'iahilitl using stain itr-ritr. ger.rination. fistinrating percerrtage and average pollentube Iength in vitro.
5. Field study ofseveral flowers with different pollination. nrechanism.
6. Emasculation. bagging and hand pollination to study pollen germination.
7. Study of permanent slides and specinren and comments upon thent.

-l

I
I
I
-1

-l

I
I
I
l
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[.lnit: I

Vikram Universitl', tljjain

CBCS based Syllabus for Class- M.Sc. (Botany) - [I Semester

Paper- BO1' PG 201: Cytogenetics and Genetics

Brief history ol Genetics.('hronlosonre s(r'uclurc and flnctions. Karyotype and its evolution.oiganizationof chromatin, euchromatin and heterochromatin, packaging of DNA, nucreosome.chromosome
banding'Special types of chromosomes. Cetl cycle: control mechanisms, role of cyclins and cyclin
dependent kinases. Cell divisions: Mitosis and Meiosis, cytokinesis and cell plate formation, mechanisms
of Programmed cell death.

lJnit:2

Cyogenetics of Numerical and Structural changes of chromosomes: origin, Meiosis and breeding
behavior of duplication, deficiency, Inversion and Translocation heterozygotes; origin, occurrence,
production and meiosis of haproids, euploids and aneuploisl origin. types and production of
autopolyploids and allopolyploids: their significance and uses.

Unit: 3

Organization olgenetic matcrial: Nuclear DNA contenl. c- value paradox and repetitive DNA sequences.
Cot curve and its significance' Molecular cytogenetics: Restriction mapping. in situ hybridization-
concepts and techniques, physical mapping of gene on chromosomes FISH, GISH. Virtual and spectral
karyotypes.

Unit: 4

Mendel's laws of Inheritancc. lethalitl and lntcraction ol'genes. Quantitative Inheritance. Multiple alleles.
Physical basis ol Heredity: The chromosome theory of lnheritance. Linkage and crossing over and
chromosome mapping in eukaryotes. Extra chronrosomal Inheritance: inheritance of Mitochondrial and
Chloroplasl genes.

Unit:5

Mutations: Types (lethal. conditional. bioclrcnrical. nrolc.cular elc.). causes and nrethods of detection.
Cernlirral versus solllatic tntrtanls.lr ttl ucctl n] r.rtagcncsis: plrlsical and chcnrical nrutagens. l-ransposahle
elements in prokaryotes and eukat votes.Genetic recombination in prokaryotes (tra.sfbrmation.
conjugation and transduction) and in eukaryotes.

27
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Suggested Readings

o A.Kornberg&T.A.Baker 1992 DNA Replication. W.H.Freeman' iliil*,lF;,i#ihj.l;.1'c Donard, r.E' reee. rhe Science of Genetics. Saposts coilege

. Benjamin Lewin 2010 Gene X. pearson prentice Hall
' 

3:il1'T' 
A' 2006 Gene Cloning & DNA Anatysis,5'h Edition ( Supplier; N R distributor,

o Burnham' c'R r 962 Discussions in cytogenetics. Burgess publishing co. Minnesota.' Busch, H' &Rorhbrum' L. rgg2. Volume i. The Ce, Nucleus rDNA part A. Academic press.. Clark. David2005 Molecutar Biclogy ( Supplier: 
^ 

* O,rrr*r,o.. O.,nf i' 
^""""'

r F. Jacob 1973. The Logic of Life : A History of Heredity.pantheon Book, N.y.o Fairbanks & Anderson 1999 Cenetics the continuity oflife. Cole pub. Co
' Hartl. D.[.. &.lones. I] W 2006. Cienelics: pr;nciples and Analysis (.5rr,edition). Jones & BartlettPublishers. Massach usett s. [J.S.A.

' Jurgen Scrrurz-Schaefler rgg0 cytogenetics prarrts. Aninrars. Hunrans. Springer-verrag
' Khush' G'S' lgT3 cytogenetics orAneuploids. Academic press. New york, London,. 

l?.j: 
R. lee7. Human Genetics: concepts *a eppri..tt"".. i;;; ;.;;;. ;iil na"c,u* ni,,

' Ma, Ridry 2000Genome : The autobiography ofa species in 23 chapters. Fourth Estate. P. K. Gupta 2004 Biotechnoiogy and GenonricsRastogi publisher, Meerulo P. K. Cupta 2010 Cytogenetics Rastogi publisher. M.l.rut. P. K. Gupla 2010 Genetics Rasrogi publisher. Meerute R c' King & w D. Stansfierd 2002 A Dictionary of Genetics.oxford Universiry presso R. Dulbecco 1987 The Design of Life yale University press. New Haven. R. .1. Singh I996 Cytogenerics. CRC pr.css
o R Mor.is et ar. rgg8 ('ylogenetics : ('rassicar & Morccurar Kluwer Acarrenric pubrisher
' R' S' vernra r995 ,urran ( rrr.nr.sonrcs : ManLrar ol rlasic -r'echniqucs 

Mc(iraw IJirl
' 

I::1 
P"l' 1998. Generics 15rr' edirion; I'he tse.ja.rin/cunrnrings pubrishing Conrpany [nc..

o Snustad, D.P. & Simmons, M.J. 2006. principres of Genetics (3d edition)..rohn wirey & Sons Inc..U.S.A.
o Wagner. R.P. . Maguire. M.p. & Sralling. R.1.. l99j Chronrosonres. Wiley Liss, Nyo . Watsorr. Baker.. Bell. Gann. l_cvinc. I_osick 2004 Molecr.rlar Biology of the Cene V EditionPearson Education. I nc.
o willium Klug & Michael Cunrnings 2002 Concepts of Genetics. prentice Hall

22
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Paper- BO'l' PG 202: Cell and Molecular Biologl'

Unit: I

Structural organization of the cell: specialized plant cell types, structure and function of cell wall,

biogenesis. growth. Cytoskeleton: organization and role of Microtubules and Microfilaments, motor

movements. Plasma nrembrane: structure- models and functions. sites for ATPases. structure of
Plasmodesmata and role ir.r tlre rnovenre nt ol nroleculcs.

Chloroplast: structure, genome organization and expression, lunctions, nucleo-chloroplastic interactions.

Mitochondria: structure, genome organization. biogenesis, functions. Plant Vacuoles: as storage organelle,

Tonoplast membrane. ATPases. as transporters. Golgi apparatus. Lysosomes. Endoplasnric Reticulum.

[-lnit: -i

Structure and functions of Nucleus: The nuclear envelope. structure of the Nuclear pore complex (NPC)

and its role in Nucleo - cytoplasmic exchange. The concept of a gene as a unit of inheritance. T'he

chemical nature ol the gene. Structure of DNA: A. B. and Z forms. Watson- Crick model. DNA

supercoilir.rg. Organizatiorr of the genome.

[.]nit: d

Functions of Nucleic Acids: DNA Replication in prokaryotes and eukaryotes: basic i'eatures of DNA

replication in vivo and, irt vitro, role of DNA polymerases and other enzyflles, the complex replication

apparatus. Gene expression: Transcription in prokaryotes and eukaryotes. P.NA Processing in eukaryotes,

RNA splicing. Promoters and transcription factors.Types of RNA molecules.lnterrupted genes in

eukaryotes: exons and introns.

[ ]nit: 5

Translation and the Genetic code: synthesis of protein, rnechanism of translation- initiation. elongation

and termination. Genetic code- propefties. codon assignment and Wobble hypothesis.Structure and role of
IRNA. Protein sorting. targeling of proteins to organelles. Regulation of gene expression irr prokaryotes

(operon and other nrodels) and in eukar)'otes.

23
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Suggested llead ings

' Arberts' B Bray. D. t.ewrs, J. Itat,. M. riobens. K. & warson .r.D. rggg. Morecurar hiorogy orthe -Cell. Garland publishing Inc., New york, U.S.A.o Benjamin Lewin 2010 Gene X. pearson prentice Hallo Buchanan, B'B. Gruissem. w. &.rones, R.L. 2000. Biochemistry and Morccular Biorogy of plants.American Society ol planr phl,siologist. Vurytana. J.S.n.
' 

li;,.'],) 
2000 prent ('c, VacLrores: An Introduction. tisrRo pubricarion. (.oollingwood, 

_. Karp. G. 1999. Cell and
U.S.A. 

Molecular Biology: Concepts and Experiments. John Wiley & S<.rns Inc., _

' Kleinsmith' L 'r' & Kish'. v.M. I995. principres of Ce, and Morecular Biorogy (2,,d edition).llarper co[ins coucge pubrishers. New yor.k. J.i;. '"" qrru rvrurscurar brotogy

. Kuntar. Il. D. 2000. l\f olecular lliologv. Vikas pLrblishrng 
I louse. pr t. l.t<J.. 

l:f i;,il i]:.ll;o 
,,n,,,^r. s r ,r,,; ,,,,i,i'n,.,i..",.r (.elr rlioiogy. \\,, r,reen,an anrr co..

' 
[liii],i,il,,1;Y;,1i1 iff,llei. 

D. i ee8. Essenriars of.Moiecura,. B,orogy (3,,, edirion ) rones and 
-

. P. K. Gupta 2010 Genctics Rastogi publisher. Meerur. Pollard. T.S. &Ealnshau. W.C. 2002. Cell Biology. Sal,osts. philadeiphia. U.S.A.o Rosl. T. ar ul..l9g9. plant Iliolo-rr1 . Wadsuorth iuf,t,rn,n, Co.. Calilbrnia. tr.S.A.' Sheerer" p and Bianchi' D Lr' 200(r. Ce'and MorecuilL Biorogy..rohn wirel- & Sons.' 
:,:J:" 

D p & Simm.ns. M..r. 1006. principles urc"r.ti.s (3d edition)..rohn wirey & sons Inc..
. Trvyman, R. M. 2003. Ad. 

m::*::; ffiil:,;I#t::H,,il1"#:,""J:,T:iil;'Jffi ::1",)",1,.", uo,.,.n
o\\/olte.s,I,.l99]']\]tllcctrlilrarltl(.clItrlltr.I}irrl11g1\\.adsr,rtrrlltPublislring(-tr,.(.ali1brnia.[J.S.A.
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Paper- BO'f PG 203: Ecologr

Unit-l: Ecology and Ecosystenr: Deflnition. lypes, history and scope: Organization and components.
Structure, functions and types of ecosystems, trophic organization, food chains, food webs; Energy flow
pathways; Productivity and net energy.Ecosystem cyberneticsand ecological footprints.

Unit-2: Population Ecolory- Growth and Regulation: Ecological population; Densities, distribution,
natality, mortality' survival curves. groMh, age structures and pyramids. Fecundity schedules; Life
Tables; Exponential and logistic culvesl Inrra specitic competition and self regulation; r- and k-
Stlategies. Populalion (icnct tes.

Unit- 3: Community Ecorogr' Ecosystem development and biodiversity: concepts, types and anarysis
of community, ecological niche, ecades, ecotypes; lnterspecific association; Evolution and differentiation
ofspecies; Keystone & dominant species; Concept of biodiversity; Causes of biodiversity loss; Hot spots.
Succession- processes, types and mechanisms. Concept .of climax persistence, resilience and
resistance.Ecological perturbations and ecosystem restoration.

[Jnit- 4: Nutrient pathways, Biogeochemicar cycles and soil: Nutrient exchange and cycling;
Relationship between energy florv and recycling path\a,ays. clobar biogeochemical cycles of C. N, p, S
and hydrological cycle.Biological magr,ification of toxic substances.Soil pr.ofile; physical. chemical and
biological properties of soil.

CBCS BOTANY- Ordinance-14

Ijnit- 5: Environmental Pollution, climate change and conservation: Kinds. sources and effects o[air,
water' soil' noise and ladioactive Pollulion. Green House gases- trerrds- role and et]'ect o1 climate: Acid
rainl GIobal ozot.tc prohlenr and global rrarrnirrg. l)rllercnt nrcthgtls fbr.soil and $aref co*sefvatio,s. pianr
resource - Folest.Natur.al fbrest ntanagellent r is-joint llrr.est rtranagentent.

Suggested Readings:

o Andrews. W.R.. .lackson & .lulie. M. Jackson. 1996. Environmental Science_ The Natural
Environment and Huntan Impact. Addison Wesley Longrnan Ltd.

' Barbour. M.G.. Burk. J.H. and pitts. w.o. r9g7. Ter.restriar prant Ecorogy. cunrnrings pub. Co.,
California.

' Begon, M.. Harper, J.L. a.d rownsend, c.R. 1996. Ecology. Blackwe Science. CambritJge. U.K.. Brady, N. C. 1990. The Nature and properties of Soils. MacMillan.

' Chaptnan. .1.L. and Reiss. M..1. 1988. Ecology- Principles ancl Applications. Canrbridge University
Press, Canrbridge. LJ.K.

o Lleywotld. V.ll. and Watson. l{. I. l()9-5. (ilobal []ioclirersitl Assessntenl. (.anrbridge gniversify
['r'ess. ('anrbridgc. t t.K.

' Hill' M'K' 1997. Llndelstandittg [Jnvironmerrtal Pollution. Canrbridge Uliversity lress.
Cambridge, U.K.
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Kohli, R.. Arya, K. S., Singh, p. H. and Dillon, H. S
Lovedale Educational. Neu, Delhi.

1994. Tree Direcrory of Chandigarh

' Kormondy. E. J. r996. conceprs ofEcorogy. prentice-Ha of lndia pvt. Ltd., New Derhi.
' Kothari. A. 1997. [Jnderstarrding biodiversitr,- t-il'e sustainability and Equity. orient Longman.
' Ludwig. J. and Renold. J.r--. r988. Statisticar ticorogy. .rohn wirey & Sons.. New york.
o Mason, C. F. 1991. Biology of Freshwater pollution. Orienr Longman.o Moldan, B. and Billharz, s. 1997. Sustainability Indicators. John wiley & sons., New york.
o Muller- Dombols, D. and Ellenberg, H. rgr4. Aims and Methods of Vegetation Ecology. wi ey,

New York.

' Nair' M N' B' et al (lids.) 1998. Sustainable Managenrent ofNon-wood Forest products. Faculty
of Forestry. Universiti putra. Malaysia._4 j4004. p.M. Serdong. Selangor. Malaysia.o Odum, E.P. 1971. Fundamenrals ofEcology. Saunders, philadelphia.

o Odum, E.P. 1983. Basic Ecology. Saunders, philadelphia.
r odum, E.P. and Barrett, G.w. 2005. Fundamentals of Ecology.Thomson Brooks/ cote, EWp prt.

Ltd., New Delhi.

' santra. s.c. 2008. Envirorrmentar Science. New centrar book Agency pvr. Ltd.. Korkota.
' Sharrna. P.D. 2000. Irc.rouv arcr I:rrr.i.onrre.t. riastoui r)uhricatiorrs- vrcer.uth

' Singh' 'l S ' Singh. S.P. antl (iuplir. S.R. 10u6. Ecology. Ilnvironnrent apd Resource conservation.
Anamaya Publisher. New Delhi.

. Smith, R.L. I 996. Ecology and Field biology. Harper Collins, New york.
o Treshow, M. 1985. Air pollution and plant Life. Wiley Interscience.. Wilson, E.O. 1988. Biodirersity. National Academic press. Washington. D.C.
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a. Biostatistics and Computer Application
b. Plant Cytogenetics
c. Pollution Ecolory
d. Weed Science

e. Bioinformatics
f. Water Management and Ireatnte!ll
g. Floricu lt urc

h. Plant Breeding

i. Basiclnstrumentation
j. Remote Sensing and GIS

Paper- IIOT PG 204: List of Generic Ele ctive

(GE Choice based-any one) Papcrs

2l
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I'aper- BOT pG 204: Generic Elective

U nit-l

(a ) Biostatistics and Computer Applications

An Introduction to Biostatistics: Definition, Scope, role ofstatistics in biological sciencesSample and sampling merhods
Frequency distribution: Graphicar representation. measures of centrar value and dispersibn

I

2

J

tlnit-2
t.
2.

3.

Unit-3
l.
2.

l.

Unit-4
l.
2.

Probability: Discrete and corrtinuous distl.ibutions
Sampling methods, Standard Deviation and standard errors.
Testing for Goodness of Fit, Analysis of Variance, .F, test, Student,s, test, 12 test

Correlalion and Regressions: I_inear- & Multiple. polynomial Regression.
Experimental designs- Completely Randonrized. nunaori."a cornplete Block and Factorial.Biological applical ions of S rar istics.

4

Introduction, Structure and Functional Aspects of Computers.
common usirg computer programs: MS-Dos. MS- woRD. I',rS- ExcEL. powER poINT.coRAI_. WINDOW 2007.
Applications ()I cot.nlllllcr in Iliostirtical problcnrs.
Detail study o,' InternL,t

Uni15
l.
2.

3.

Networking of Computer need and advantages
Conrnronly used programs. packages and Internet.
computer in biology: Sequence data base: sequence analysis of protein and nucleic acid. structureptediction. sintple molecular nrocieling. san.,pl" groph plorting
Some commonry used sofiwares rerated to pra,rt science. Biodiversity. conservation. moreculartaxonom) and vegetaliot) ntapping.

4
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Suggested Readings

' Finne, D.J. 1971. Statisticar Methods in Biological Assay (2'd Ed.). Griffin London.o Fisher, R'A. and Yates, F. 1970. Statistical Tables for Biological, agricultural and medical research
(6'r' Ed.). Oliver and Boyci Edinburg Tweeddabe Court.

' Gomez, K'A and Gomez. A.A. 1984. Statistical Procetlures lor agricultural research. (2nd Ed.).
Jonh Wiley & Sons. Inc. New york.

o Johnson' R'C'B.T. 1971. Probability Methods and Statistical Methods in Genetics. John Wiley &
Sons. Inc. New York.

o Prasad, S. Elements of Biostatistics. 2013. Rastogi publications. Meerut.o Snedecor. G.w. and cocrrra.. w.c. r994. statistical Methods (grr, Ed.). East west press.. New
Delh i.

Suggested Field/Laboratory Exercises corresponding to theory courses, covering all units.

Suggested Field/Laboratorl, Exercises:
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Unit l. Chromosomes

(b) Plant Cyrogenctics

I .l Chromosomes and their structure, modem methods.
I .2 Genetic map, cltogenetic maps and physical mapsl'3 Molecular cytogenetics: Genome organization, restriction mapping, molecurar markers in mipping.

Unil 2. Cytogenetics of Duplications and Deficiencies
z.I uupltcatrons: Origin. occurrence. nteiotic behavior. phenotypic effect and uses2.2 Duplicatiorrs in plant hrccding antJ cvolLrlion.
2'3 Deficiencies: origin. occrirre.ce. r,ciotic be.avior.. phcnotypic elrbct and uses.2.4 Genetics of deficiencies.

Unit 3. Cytogenetics oflnversion and Translocation

,;;1.]:t"t''""t' 
Types. origin, occurrence and production. meiotic behavior. complex

l.l Role ol'in\ct.si()n in cvolution and karrotypc rcconslructron.
3.3 Translocations: Origin, induction and meiotic b.h;;;";.
3.4 Breeding behavior of translocations. Cornpt"* tyf"r. 

"'

I]nit.a. Cytogenetics of Haploids and polyploids
4. I Haploidy: Origin. induction. rrreiotic behavior and uses of haploi<ls.4.2 Autopol_vplo id-v-.: Origin. indLrction. nrciolic l.rhuvior. u.,r",i".4 3 Alloprllpioidr: Naru.ar and irrcrucr-'d. *"r,,r,. . 

",, 
ir.r,ii,t-"ttup,,t. proras. syntrretic alop.ryproids

Unit 5. Cytogenetics of Aneuploids and other systems
5.1 Classification of Arreuploids. Trisomics i, aipl"ii 

^"0 
polyploids. rheircytology. gerretics and uses. Trisorny in t unrunr.f"r**nri'

.5.2 lr4onosomics and Nullisonrics: Ori-sin. nreiotic behauic,r.. irh"ritun"" ancl uses5.1 AIien gene tr.ansf'er through chronrosonral ntan ipr latiol,.
5.4 Human cytogentics.

30

Paper- BOT PG 204: Ceneric Elective
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Suggestcd Rcadings

Paper- BO'I'PG 20,1: Generic Elective

(c) pollution Ecology

Unit l.Pollution:Status and Concerns
l.l Classification of contaminants and pollutants.

l? Briefaccout ofmajor environmental disasters ofthe past.1.3 Indicator concept- biological indicators ofpolfrtion. '

Unit 3. Water poIution
3. I Sources and causes of r.r,ater pollution.
3.2 Status olwater pollution in India and M.p3.3 Water lrarvesting and recharging ofwater resources _concerns and remedies

Unit 4. Soil pollution and other pollution types4.1 Causes and sources ofsoil pollution.
4 2 Pesticidal and heavy metar poUution- sources, causes a,d effects.4.3 Nuclear. tl.rermal and noise poilution_ causes. sources and ef_fects.

tJnitS. Pollution: Moniloring and (.ontrol
'5 1 Mrinito'ing s.,stc!'rs Nnd an.r-r'ticar rncrrrrlds ftrr air.. ualcr ard s.ir poILrti..5.2 Control and abatement nleasures lbr air.. water.and soil pollution.5.3 Briefaccount of legislation and environmental protection acts in India.

Unit 2. Air Pollution
2.1 Sources and causes olair pollution.
2'2 Effects of air pollution on llora and fhuna. nrarerials and structures. soir atmosphere. water, bodiesand on human health.
2.3 Transport and disirersion ofpollutants.

o Ali' S'M'' Legal Aspecrs of Envitorutental Pollution and its Managenlent. cBS publication anddistribr.rtion, New Delhi.
o Butler, J.D., Air pollution Chemistry. Academic press, New york.
' coughtrey, p.J.. Martin- M.H. and Unsworth. M.H.. pouutant Transport and Fate in Ecosystem.Blackwel I Scientifi c publication. Canada.
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' Goel' P K ' water Pollutiorr -c'atrses- I:flects and ('ontrol. New Age International publishers, NewDelhi.
o Harrison R.M. and perry R. Handbook of Air pollution.
. Harrison, R.M., pollution Causes, Effects and Control.
' Khan, S'U., Pesticides in the Soil Environment, Elsevier scientific publication co.,o Laws, E.A., Aquatic polrution. A wiley Inter science publication, New york.o Lenihen and Fletcher. Measuring and Monitoring the Environment.

New York.
r Stern, A.C., Air pollution Vol. I - IV. Academic press, New york.

Suggested Field/ Laboratory Exercises

l.
2.

3.

4.

5.

6.

7.

8.

Survey ofindustrial and po,uted zones in the region/rocarity: Synrplom studies on vegetalion.ceneration ofSo: a,d its efrbct on chro'ophy, content usi,rg open/crose top chambers.
Determination of'antbient SOl and NOl leveis using lJigh volunre sampler.
Determination of'suspended particulate matter in u,rbi.-nt ui..
Determination ofdust coliecring potential ofdifferent plants (foliage capacity).
Estimation of BOD loads in industrial efiluents/sewage.
Determination of pH, conductivity of different effluei'ts and waste water.
Dele.minalion of rorar Suspended Solids (TSS). Totar Dissorved Solids (TDS) and Totar sorids (TS)in different fresh and waste water samples.

9. Moventents olpesticides in soil_ bioassay. quantitative (using soil columns).
10. Volarility ofpesticides - ef'fecr on seed germination, growth ofseedlings.

I ] lffects of pesticides on plants- foliar application, soiiapplication.
12. Effects oftoxic metals in biosynthesis ofchlorophyll.
13. Determination of D.O. in a given sanrple.
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Y

l'aper- flO-l p(j 20.1: (jeneric Elective

(d) Weed Science

Unit l. Introduction to Weed Science
I.l Definition, Origin and classification ofweeds.
I .2 Fornrat lor the study ol biology and ecology of weeds.
I .3 Biological adaptations of weeds.
1.4 Positive and negalive aspects ofweeds as vectors for other pests.

Unit 2. Weed Biology and Ecolugf

I I Y*O seed dormancy and germination. vegeurive propagation.
2.2 Crop-weed interference: competition tbr Ilght. water. nutrient and space.2.3 Phyto- alleloparhl_ Rol,., irr crop_ucc,l inreia.ri,.,n.

Unit 3. Herbicides
3.1 Herbicides, their classification and general mode ofaction.
3.2 Herbicide absorption, translocation and oanrf*."ii"r, in plants.3.3 Degradation and persistence ofherbicides in soil.
3'4 Bioassay and anaryticar techniques fo. d.t."rion urd quantification of herbicides

Unit 4. Weed Control

1 ] y"* control by manual, mechanical and cultivation methods4.2 Biological control of weeds.
4.1 Chemical weed control in inrportant crops kharifand rabi.

LInit 5. Weed Science prospects
5.1 Weed Scicnce in Inclia_ past- pr_cscnl and f:utLrre.
5.2 Weed Research Centers in India and World.
5.3 Quarantine for weeds and its importance.
5.4 Effects of weed control on Agriculture and Environrnent.

Suggested Readings

i::;# 
and crafis A.s. r99r Mode of Action of Herbicides. wirev- Interscience pubrication.

Fedtke c' r 9g2 Bioche,ristry and physicrogy or'Herbicide Action. Springer-Veriag. New york.
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o Freyer J.D. And Evans, S.A.. 1968 Weed Control Handbook Vol. I/ll Blackwell Scientific
Publications.

' (;upta- o.P. 1978 Scientiflc \\'ccd Managenrenr in lropics and Sub tropics. Today and
Tomorrow's. Printers and Publislrers. New Delhi.

e Joshi, N.C. 1974 Manual of Weed control. Research publication, Delhi.

' Keamey, P.c. and Kaufman, D.D.1975 Herbicides- chemistry, Degradation and Mode of Action
Vol. I, II, III Mercel Dekker Incorporation.

r Klingman. G.C.. Aston F.M. and Noordhoof. L..J. 1975 Weed Science: Principles and piactices. A
Wile Interscience Publication. New york.

. Muzik. T.J. 1970 Weed Bi6l6gy and Control. McGraw-Hill Books Corporation.
o Sen, D.N.l98l Ecological Approaches to lndian weeds. Geobios lntemational, Jodhpur.

l. Survel'ofweeds associalcd r.rith dilll'rcnt kharil'and rabi crops.
2. Delermination ol'density. liequency arid dislribution of weeds in crop fields.
3. Determination of herbage covers ofvarious weeds.
4. Comparative study of weeds with the help of potygraphs.
5. Survey ofaquatic and semi- aquatic weeds in and arorrnd nearby water bodies.
6. Weed seed collection and identification.
7. Effect of herbicides on rate of photosvnthesis.

8. Effect ofherbicides on rate ofrespiration.
9. Determination of EC-50 of a given herbicide with reference to respiration.
10. EC-50 ofa given herbicide rxith reference to photosynthesis.
I l. Effect ofa given herbicide on rate of tr.anspiration.
12. EC-50 ofa given herbicide with reference to transpiration.
I3. Bioassay oftriazine/ phenoxy herbicides.
14. Seed viability test (TTC) lbr crops/u,eeds.
15. Effect ofherbicitlcs on chlorophrll content.

16. Chenrical tests for herbicide groups-L.lrea aud Phenoxv.
I 7. Degradation of a given helbicide and its residual toxicity.
18. Effect ofa given antidote on herbicide toxicity.
19. Effect of a given herbicide on seed germination and seedling growth in crops/weeds.

35
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Unit -1

Papcr- llO'l' I,(j 20{: Cener ic Ulective

(e) Bioinformatics

Introduction and Bioinformat
avairabre ar these *.;;;;;,:":;"*,;;::.::"fl::f1fi: ::ffi:::: ,1ff: il1"il:::.ffi:[::::Jsequence databases: GenBank. EI''{BL. DDB.|. a.o,r, ,.irln.. databases: swrss pRoi .rrEMBL, prR,
;l"i;*:'""" Databases at NCBI. .;i. ;;C'i.:;rJil.o** Databases 

"io*,"-,"rr",irs/system

Unir 2

,ifff;ff"fi;il"1,:yj:ffi,::::"il:,,::itl,lffi,ilo ,n",. apprications in Bioinformatics.Genetic
development nt:n",rt nro,t"ir. nrerh.ds ard ruols ri,,. rr iu;n tir.lll i.their 

practical applications towards the

Unit -3
Phylogeny: Phylogenetic analysis' Definition and description of phyrogenetic rrees antr various rypes oftrees, It{ethod of construcrion of phylogenetic ,;; i;ilr; based method (UpGMA.N'l)' Maximum parsimony and MaxinrJm Lir..[n".a *.rr,"ar.

Ilnit- 4

:,ii,,:,T:'*?;,'.i::iJ::X;11:ffi::ffi:il:fl::,*,, 
pro,ein - pro,ein protein - Nuc,eic acids,

biology.compututionul ,n"thoar" tools, and databases ,n ,oo 
oot"n and bottom up approaches in systems

applications to the biological conrmunit1... Sequence uno "tt^t 
biology' their description, analysis and

I lnit- v
Prediction of protein strucr ur
s,trultlre:0",,.0.,-.,,i., #;';:;::;:lJffi::"Hl;,:;::il;ll:J:llill,l,;i,3lJ,ill,lll;*xlT]
classification: crasses, fords; ,h. **"p,, i;;; ;ili, comparison, purpose of srrtrcrure comparison.
li-J.l'iil'iJ::T".,:,':J*:I "'o 'ori .,,*;;;;';, merhods orprotein rordingVisuarization or
rcprcseritation-s of morecures. 

aslc concepts in molecular modellng uni ditf...n, ,yi., ofl computer

36
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Suggested Rcadings

o cynthia cibas and Per.ranrbeck. 2001. Deveroping [3ioinfbrnratics computer Skills. o.Reiuy.o David M webster. 2000. Protein Structure Prediction: Methods and protocols.springer Science &
Business Media.

o Devidw. Mount. 2004. Bioinformatics second editio.. cold Spring Harbor Laboratory press.
o Jin Xiong. 2006. Essential Bioinformatics. Cambridge University press.
r S' C Rastogi' 2008. l)ioin lbrnratics ( onocpls. Skills & i\pplications. 2!. (pf]). CBS publishers &Distributors

Suggested Field/Laboratory Exercises:

Suggested Field/l-aborator 
-v-, Exercises corresponding to theorv courses- covering aI urrits
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Suggested Laboratory exercises: 201: Cytogenetics and Genetics

I . Study of mitotic stages and metaphase chromosomes in suitable materials.
2. Study ofmeiotic stages in suitable materials.

3. Preparation of karyotype.

4. Working out the Mendel's laws of inheritance and interactiorr of genes using seed mixture.
5. Working out the efloct ul'nlrno and tri-sornv on plant phenotype, f'ertility and meiotic behaviour.

6. lnduction of polyploidy using colchicinet diflerent methods oithe application ofcolchicine.
7. Effect of induced and spontaneous polyploidy on plar.rt phenotype, meiosis, pollen and seed

fertility and fruit set.

8. Effect of translocation heterozygosity on plant phenotype, chromosome pairing and chromosome

disjunction and pollen and seed fertility.
9. Meiosis of complex Iranslocation heterozygotes.

10. Isolation of chlorophyll mutants of tbllowing irradiatior.r and treatment with chemical mutagens.

Suggested Laboratory exercises: 202: Cell & Molecular Biology

1. Isolation of genomic DNA from plant tissue using CTAB (cetyetri methyl ammonium bromide) or any

animal tissue.

2. Isolation of DNA & its quantitation by a spectrophotontetric metlrod.

3. Restriction tligestion ol'plant l)Nr\. ils separation tr1 Agrose gel electlophoresis and visualization by
eihidiurrr bromide stainig.

4. Isolation ofRNA and quantitation by a spectrophotometric method.

5. Separation of RNA by Agrose gel electrophoresis and visualization by Et.Br.staining.

6. Immunological techniques :Ouchterlony method, ELISA & western blotting.
7. Isolation of chloroplasts and SDS-PAGE. Profle of proteins to demarcate the two subunits of Rubisco.

Suggested Laboratory exercises: 203: Ecology

I . To determine minimum size and nunrber of quadrats recurred for a liable estimate of biomass

In Grasslands.

2. To tlnd out association between ir.l.rportarlt grassland species using Clri-square test.

3. To compare protected and unprotected grassland stands using comr.rrunity coefficients
(Similarity ind ices).

4. To analyze planet conrnrunities Lrsing Bra- ('ultis oldination mcthod.

5. To detennine divelsity indices ( Shannon-W iener'. concentratiorl of dominance. species

richness, Equitability and unprotected grassland stands.

Paper- BO1' PG 205: Practical-Il
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6 To estimate [v] of the species in a woodrand using point centered quarter method.7 To deterrrine gross and ner ph1'toprankro" 0."*;;;;, righr and dark bortre method.8. To determine soil moisture
Depths at different lo"u,ion.to'""nt'polosity 

and bulk densiry of'solid coliected fror', ua.ying
9' To determine the water hording capacity ofsoirs corected from different locations.,, 

l"r:TilI" 
percent organic carbon and 

".*"r,. ,r#,, the soil or croptand, grassland

I i . To estimate to dissolved o:

_ - Azide modificarion 
", 

*,JltT;:ilenr 
in eutrophic and ohgotrophic water sampte by

l2 To estimate chrorophyll content in So2 fumigated and unfunigated plant leaves.l3' To esrimate rare of carbon dioxide evolutio;?;;;;", soir using soda lime orAlkyl absorption method.

Suggested Reatling for the l,aboraton, exercises

' APHA- 2000- Standard Metrrods fbr the Exanrinatio. or water- a,d waste water. AmericanPublic Health Association" Washington, D.C. 
'--"'-':'

' 
flllil;,Xrf n.Xl'1.*u'u" 

E'R' le84' wild Relatives or crop prants in rndia NBpGR Science
. Baker. H.G. 1979. plants civilization (3ded.). C.A Wadsworth. Belmonr.' 

i,iliil 
and vagharri. y re86. erercr criieio ";;;",, rrrdiarr rrees. oxrord LJniversity press.

Chander, K.p.s Shukra. G. and sharma, N. rg66 Biodiversity in Medicinar and Aromatic plants inIndia: conservation and I,tirization. Nationar tr."r, 
"iatr, Genetic Resources, New Delhi.. Krebs. G.J.: 1989. Ecological y"tf,-.t"f"gy, U"ffi; Row. New york, USA.' Ludwig. J.A. and Reynor<is. .r.F.: te88. s;;.;;;1il;gy. wire. Newyork.' Magurra,' A E : r98g Ecorogical lri*..iru u,riirr"nilo"rr,=nr.n,. Chaprran &Kar. r_indon.' Misra- R. : r96g l:'cologr \\,ork. lrook. wrlirr-ii& It]H. Neu Derhi.' 

ffio,,,.";,,:;l'. 
and (.'hapnran. S.B : te8(, Merhod in planr F.corog1.. Btackwe, Scienrific

' 
[TT"T]obois' 

D' Ad E'enberg' H' : 1974 Aims and Methods of Vegetatio. Ecorogv, wire.. Plelou. E.C.: 1984. Th. 
S mi th. R L : r ee6 .;i:Ji :ffi :',:;:,f;;l Hff :,?:L,I,:, il; Ji: J".' sokar' R R and Rohrr. ti..r: r995. nio,,,r.,1"lw.H.'lr""rruna Brackwel Scientific pubricatio,s.

Suggested Labor+tcry Exerciscs: 304: Generic Elective- (a) Biostatistics and Comrruter
Applicalions_ For derails_ See page ,rn. ZS_29]--'
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Unit-l
Biotechnology: history, origin and detlnition
biotechnology: genetic engineering. plant

environmental biotechnology. enzyme and.

Vikram [J nivcrsitl', tjjjain

Paper- BO'l'PG 301: Basic Biotechnology

Basic concepts. principles and scope. Different aspects of
and animal tissue culture, microbial biotechnology,

Unit-2
Plant Biotechnology: General introduction and history. Laboratory organization, culture media and

sterilization. Techniques of plant cell. tissue and organ culture. Cytodifferentiation and organogenic
differentiationl organogenesis. embrvogenesis. types oi culture. M icropropagation / Clonal propagation.

l..1nit-3

Protoplast isolation. culture. somatic hybridization. hybrid selection and regenelation. artificial seeds.

production ofhaploids, somaclones and somaclonal variations, production of secondary metabolites. Cell
immobilization.Cryopreservation.

Unit-4
Anirlal Bioteclrnoiogy: Aninral cell and tissue culture. In vitro f'ertilization (lVF) and Embryo transfer in
humans and livestock. Clon ing.Transfection nrethods. Enzyme biotechnology: enzyme engineering.

protein engineering, immunotoxins. drug designing. Microbial biotechnology: isolation and cultr.rring of
micro-organisms; microbial fermentation, microbial transformation; nitrogen fixationl biolertilizers.

LJnicS

Applications: transgcnic plants. DNn tingerplinting. rlolecular nraps. pollutiorr control. production of
organic corrtpor.rnds arrd crrzr nrcs l:nr irurrrrrcntal hiotcchrrologl: \\atcr- pollution. BOD sensor. waste water

treatnlent. renewable sourccs ol energ). cncrg) and lrrel using rl icro-organistns: Ail pollution: pesticides

and herbicides pollution, degradation.

IntellectuaI Property Rights- possible ecological risks and ethical concerns.
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Suggested readings

r Brown T. A. 1999. Genc
o Burenko, R.G. 2000. ,,u't"t' 

John wiley & sons' Singapore'

' ca"ow r A. Fod-L,o;::{l;}t:*.,il:',i:",;i;Ti:";chno,ogy 
and p,ant GeneticsResources: ('onservati<,rr ana Irse . ( Ar] Intcrnalional- oxon- [ IK.

' collin' fr' A. And Edwards. S. r998. pianr ,r",, ,,,,i,rr" Bios Scientific pubrishers, oxfbrd. UK.o Dixon' R' A. (Ed.) Igg7. prant ce, culture: e n*",i"ri apporach. IRL press, oxford.o Gelvin, S. B. and Schilperoort, R. A. (Eds), 1994. plant Molecular Biology Manual, 2nd edition,KIuwer Academic publishers, Dordrecht,,*,.'N.,f,".f"r0,
' George. E. F. 1993. plant propagation by Tissue C,ir_ 0,., r r'a T-^L_^r^_- rnrrExegetics r-ta. ral,rgton.-urc. ture' Part I The Technology' 2"- edition.

' 
i,llEl;,,?;i.,'Jl: 

o''"t Propagation bv rissue Curture. parr 2. rn practice. 2,,d edition. Exegetics

' S[ll;i".l.JJ"1llllilil;*j. ree3. Methods in prant Morecurar Biorogy and Biotechnorogl,.
. Glover. D. M. and Hames. B. D (Eds) 1995. DNA Clonningl : A pracrical Approach; CoreTechniques.2,,d edition. pAS. IRL press at Oxford-Unlr.rrity press. Oxford.. Gupra P. K.2004 Biotechr. Gupra p K.20r0 o",,",,",,1',llli.,l']ilrlljlli. 

Rasrogi p,hrisher. Mee,ur

' 
i:l]]lJ;,*d 

Jornvall. H (Eds.) 2000. proteonrics in Functionat Genomics. BirkhauserVerlas,
. Primrose, S. B. I995. principles of Genome Analysis. Blackwell Science Ltd. Oxford. UK.

I

l

I'
I
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I

i-
I
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tln it- l

Paper- BOT PG 302: Genetic Engince ring and Genomics

Genetic Engineering: basic concepts, principal and scope; Tools and techniques - isolation of ENA from
bacteria, animal and plant cerr. Restriction enzymes: endonucleases, Iigases, kinases.

Unit-2

Cloning vectors: plasmids, bacteriophase. cosmids. phagemids. transposone, shuttle vectors. Techniques
of restriction mapping- gel electroplroresis. blotting techniques. Gene cloning: construction of chimeric
DNA, molecular probes, construction and screening of genomic and cDNA libraries. pcR-
principle,technique and types.

Unit-3

Cene tr'ansfer irr plants: vector dependent (Agrob(tclerium) mediated gene transfer. Direct DNA transfer
(nr icroinjection- electroporation. particle gun etc. ).stratcgies lbr de,r,elopnterrt oltransgenics. Transposon
mediated gene taggirg: c'hl.roplast engireering: rrarsrbrnrati.n an<J its utility.

Unit-4

Gene transfer in animals. Transfection rnethods using lertilized or unfertilized eggs and cultured
mamnralian cells. Transgenic animals- mice. sheep, pig etc. Genetically modified bacteria and their uses
in agricultule and control of pollution.

tJnit-5

Genomics and Proteomics; genetics and physical mapping of genes; molecular markers for introgression
of useful traits: artificial chromosomes; high throughput sequencing: genonre project; bioinfomraticst
functional genomics; microarraysl protein profiling and its significance.

Suggested readings

. Brown l. A. 1999. (icnorres. .lohn Wiler. & sons- Sirrgapor.c.
r Brown' l. A. 2006 Gene croning & DNA Anarysis. 5'r' Edition. (Supprier ; N R Distributor ,

.Delhi )
o callow, J. A., Ford-Lloyd, B. v. and Newbury. H. .r. 1997. Biotechnology and plant Genetics.

Resources: Conservation and Use. CAB International. Oxon. UK.
' Edward Alchamo 200r DNA Technolog_n.'. Thc Arvesonre ski Harcourt- Acadenric press
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' Edward Alchamo 200r DNA Technorogy. The Awesome skir. Harcourt- Academic press

' Gelvin' S B' and Schilperoort. R. A. (Eds). 1994. Plant Morecular Biology vranual, 2,d edition,
KIuwer Academic publishers, Dordrecht, the Netherlands.

' Glick, B. R. and rhompson, J. E. 1993. Methods in pranr Molecular Biorogy and Biotechnorogy.
GRC Press, Boca Raton, Florida.

' Glover' D' M and Hames, B. D. (Eds) r 995. DNA Clonningl : A practical Approach; CoreTechniques, 2"d edition. pAS, IRL press ar oxford University press, oxford.
' Jolles' o' And 'lornvall- H. (Eds.) 2000. Proteomics in Furrcrional cenomics. Birkhauserverlag.

Basal. Swizerland.

' Lodish' H Bcrr' A. Zipursky. s.r... ar ti.,2000. M.recurar Ce, Iliorogy. w.H. Freeman and Co.,New York, U.S.A.
. P. K. Gupta 2004 Biotechnology and Genomics, Rastogi publisher, Meerut. P. K. Gupta 2010 Genetics Rastogi publisher, Meerut

' Primrose, s. B. 1995. principres of Genome Analysis. Brackwelr Science Ltd. oxford. UK.
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The structure and properties of water- plant water relations, nrechanism of water transport through xylenr.root-microbe interactions in faciritating nutrient uptakc. Menrhrane transpofi pro"a$ ond proteins.
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Paper- BOT PG 303: plant physiology and Biochemistrv

Unit- I

Unit-2

Suggested readings

Asana. Il. l). arrd Nanda. K
Book Agency. New Delhi.

K. l9(r-5. Cilorvth antl [)crclopment ol' plants. I-odav and Tontorrow-s

Buchanan' B. 8., Gruissenr, w. and .rones, R. L. 2000. Bioche.ristr.y a.d molecular Biorogy of
plants. American Society of Plants physiologist. l,4aryland USA.

Phloem transport; phloem loading and unloading, passive and active solute transport. Signal transduction;
overview, receptors and proteins, phospholipids signalling, role of cyclic nucleotides, calcium-calmodulin
cascade. Specific signalling mechanisms in bacteria and plants.

Unit-3

Plant growth regulators and elicitors: physiological effects and mechanism ol action of plant hormones.
Photoperiodism, endogenous clock, floral induction and development, phytochromes and cryptochromes,
roal of vemalization' Stress physiology: biotic and abiotic stress. water deficit and drought resistance.

Unit-4

Stl'tlcttlrc and lltrction ol hionlolcculcs: carbohrdlatcs- lipitls proteins. nucleic acids. F undamentals of
enzymology: allosteric nrechanisnt. enzynre kinetics. regulation. mechanism of enzynre action. isozymes,
enzyme immohilization Respiration: overview, glycolysis, TCA cycle, erectron transport and ATp
synthesis. Oxidative pentose phosphate pathway, alternative oxidase system.

Unit-5

Photosynthesis and Photochenr istry: ceneral concepts. evolution of pholosynthetrc apparatus.
photosynthetic pigments and light harvesting compiexes. Photooxidation of water, meclranism of electron

1nd ryoton 
transport. Carbon assimilation: Calvin cycle, photorespiration and its significance. C4-cycle.

CAM pathway, physiological and ecological considerations.
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Salisbury, F. B. and l{oss. C. W
California USA.

Dennis, D' T. and rerpin, D. H., Lefevere, D. D. and Layzel,D. V. 1997 plant Metaborism II Ed.Longman England.

9::l*'"'T' 
W' and Mercer' E. I. r9g5. Inrroduction to prant Biochemisrry. pergamon press New

Heldt, H.W. 2005. plant Biochemistry. Elsevier Academic press. Amsterdam
Hopkings, w. G. 1995. Introduction to plant physiology. John wiely& ,Sons ,rnc., New york,
USA.

Jones, H'G', Flowers' T.J. and Jones. M.B. rgg3. prants Under Stress: Biochemistry, physiology
and Ecology and their Apprications to pranr Improvemenr. canrbridge University press, Ny.Kunrar' H D' and singh- u- N. r976. prant nretaborisnr East-west press pvt. Ltd. New Derhi.Lodislr' H ' Berk' A Zipursky. S. L.- Matsudaria. r'.. gJi,rro... D. and Darnelr. J. 2,,O.Morecurarcell Biology (rburth edition.y. w.H. .Freenran ancr con.rpany.Nwe york USA.
M. Ashral, M., Ozturk, M.. Arhar, H.R. (Editors). Z0OS. Satinity and Water Stress: ImprovingCrop Efficiency. Springer Science + Business Media B.V.
Moore' T' c' 1989'Biochemistry and physiorogy of prant Hormones (second edition).springer-verlag, New York. USA.
Nelson' D L and coax- M-M. (2000. Lehringers- principres of Biochemistry III Ed. MacMiranWorth Publishers. '
Nobel. P. S. I 999.Ph1 siochemical and environmentar prant physiorogy (second edition).Academic
Press, San Diego,USA.
Paleg,LG' and Aspinall' D. r9gl. The physiorogy and biochemistry of droughr resistance inplanls. Academic press. University of Califomia. UiA.
Pandey S N and Sinha.8.K.2009. prant physiorogy. vikas pubrication pvt. Ltd. New Delhi.Publications. Meerut

iffilli;,:.i, J;[i4. 
rrrn'onar 

'csLrrirri.rr 
.l'pranr uro*rh and clc'eropnrerl -r. Agro Botenicar

l99l Plant Physiologl IV Edirion Wdsworth publishing co

o shrivastava, H's' 2005 plant physiorogy and Biochenristry. Rastogi pubricalions, Meer.no Shrivastava. H.S.2009 plant physiology. Biochenristry and Biotechnology. Rastogi. Sh'yet.. I_. 1988. Biochenristry. Frec-nran ,rd 
"nn.,puny. 

New york.
' Taiz' l and Zeiger' F- 1998 Planr Physiologl tt rjaition. Sinauer Associates Inc. publisher MS.
' Tatz'L and Zeiger' E 20 l4' Plant Physiology and Developnrert. sinauer Associates. Incorporatedo Verma, S. K. and 

'erma,M. 
200g. A Textbook of plant physiology. Biochemistry AndBiotechnology. S. Chand Limited. New Delhi.
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a.

b.

c.

d.

e.

f.

h.

i.
j.

paper- BO'l- pG -304: List of Discipline Centric Elective
(DCE Choice based_any one) papers

Plant Pathology
Utilization and Conservation of plant Resources
Ethnobotany
Environmental Science
Industrial Microbiologr
Forcst Ecolory
PIant Tissue Culture
Soil Biology and Conservation
Plant Metabolism
Environmenlal Microbiology.
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Vikram University, Uj iain

CBCS based Syllabus for Class- M.Sc. (Botany) - III Semester

Paper- BC)'[ PC 304: Discipline Centric Elective

a. Plant pathology

Unit 1. General Principles
l.l History ofplanr pathology and its modem trends. plant pathology in India and

role of plant pathology in Indian Agriculture.
l-2 Nature. concept- inrportancc and classilication ol.plant diseases.

Synr ptorr raro logl and idcn t ilit.a iir)rr ol planl discascs.
1.3 Methods of investigating prant diseases, Koch's postulate. establishment of

pathogenicity. Dissemination of plant pathogens.Disease forecasting.
1.4 The phenomenon of infection, host-pathogen relationships, pathogenesis and

disease development.

llnit 2. Mechanism of Diseasc Development and Resistance
2.1 Seed as carrier olplant disease. seed surface micro_flora, seed pathology.
22 concept ofgenetics ofresistance and susceptibility, horizontar and vertical
resistance. Breeding of resistaltt varieties.
2.3 Mechanisms of plant defense against pathogens.

Unit 3. Diseases caused b1, viruses, Ml.coplasma and Bacteria
i.l Diseases caused h'r'i*rscs: ,rosaic- nec'osis a,d lca|curl of porato. brncr.ly top
of banana. leaf curl ol papal a.

3'2 Diseases caused by mycoplasnta: little teal'of brinial. greening disease ol citrus. grassy shoot of
sugarcane.

3 3 Diseases caused by bacteria: citrus canker. tundu disease of wheat, soft rot of potato, blight ofrice,
angular leaf spot of coflon.

llnit 4. Diseases caused b1, Lorvcr Fungi, Ascomycetes and Basidomycetes
4.1 Diseases caused by nlyxonlycetes: club root diseases ofcrucifer.
4'2 Diseases caused by phycomycetes: wa,t of potalo. wrrite rust of crucif'ers:
downy mildew ofpeas. green ear disease ofbajra.
4.3 Diseases caused by Asconrvcetes: stem gall ofcoriander. peach reaf cur-r.
powdery rn ilderr
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of wheat, ergot of bajra.
4.4 Disea-ses caused by Basidiomycetes; loose smut of wheat, covered smut of barley,
rust of wheat, wheat rust problem in India.

Unit 5. Diseases caused by Deuteromycetes and principles of plant Disease Control
5.1 Disease caused by Deuteromycetes: will ol'cotton. root rot ofcotton. canker ol

potato. takka disease o1'groundnul- and blast tliscase o1'rice. r.ecl rot ol'sugar.cane.
5.2 Principles and practice olplant disease control: physical arrd regulatory nrethods.

physical agents, chemotherapy, biological control.

Suggested Readings

. Agrios. C.N. I 978. Plant Pathology. Academic press. New york.
o Blackwell Scientific Publication. Oxford.
. Dickinson. H. and Lucas. 1977. Plant Pathology and plant pathogens.

o Manners, J.G. 1982. Principles of Plant Pathology. cambridge University press. cambridge.
o Mehrotra. R.S, and Agrawal. A. 2002. Plant Pathology. Tata McGraw-Hill publishing company,

New Delhi.
. Plank- .1.E. Van l)en. I975. I)r'inciples ol l)lant Inl'cction. Academic press. Neu, york.
. Rangaswa.ry, G. 1962. Bacterial Plant Diseases in India. Asia publishing House. Bombay-

' Rangaswamy, G. 1975. Diseases of Crop Plants in India. Prentice Hall of lndia Private Limited.
New Delhi.

' Raychawdhary, S.P. and Nariarri. T.K. 1977. Virus and Mycoplasma Diseases in India. Oxford &
IBH Publishing Co. New Delhi.

. Singh. R.S 1968. Introduction to Principles of Plant Pathology. Oxlbrd & IBH Publishing Co.,
New Delhi.

o Walker, J.C.1972 Plant Pathology. Tata McGraw Hill Publishing Conrpany, New Delhi.
e Wheeler, B.E.J. 1969. An Introduction to Plant Diseases. The English Language Book society and

John Wiley and Sons. Ltd. London.
o Wheeler. H. I 975. Plant Pathogerresis. Springer- Verlag. Berlin.
. Wood. R.K.S. and Jellis. G.J.1984. Plant Diseases. lllackvrcll Scieutific Publications. Oxford.

I . Estimation of loss due to disease.

2. Fungi. bacteria as causal agents in plant diseases

3. Isolation of pathogen fronr diseased nratcrial.

Suggested Field/Laboratory Exercises
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4.

5.

6.

7.

8.

9.

Isolation and identifi carion of seed_borne microorganisms.
Production of wilt syndr.orne and toxin in t".u.tur iuitt *ilt nt_ tn.uto.
Appresorium lormations in root rot ofbean caused 6y Rhizoctoniu.utlani
Transmission ol viral diseases
Production and measurements ofactivity ofcellulase enzymes by pathogenic fungiEffect of Fusarium wilt on water transport in to;;;. 

-' -'"

Study of the follou'ing riisettst' u'ith the help 
'/ prc.terved materiar. museum mounrs. microscopic sriderun<l living matet'iar to bring our 

'))mpto_ms, 
pulhogen. hosr-path*gen rerationships anrl disease cycre.I . Diseases caused by viruses, mycoplasma and bacteria.2. Clubroot disease ofcrucifer, Wart disease, f.ufuni foot rot ofpan.3. White rust of crucifers, downy mildew di..us"s. po_d".y mildew diseases.4. Smut. Rust and Wilt disenses of importanr ..;; 

""'-
5 Tikka disease of ground nul. Root rot caused by Rhizocronia spp.. whire rot of onion.6. Eflecr of antibiotics on baclcrilr ancl lirngi.

l
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paper_ BOT pG 304: Discipline Centric Elective

(b) Utilization and Conservation of plant Resources

Unit-l: Plant Biodiversity: Major Biomes of the worldl Tropical rain and seasonal forests. Temperate
rain and seasonal fbrests- Boreal fbrests. Grasslands. Desens. Aquatic bionresl Wetlands. Lakds, ponds,
Streams, Rivers- Marine. Estuarine habitats arrd ('oral reef.s.

Unit-2: Sustainable Development: Resource utilizationl Status and utilization of Biodiversity;
Sustainable development and utilization ol resources from forest, grassland and aquatic habirats; Food
forage, fodder' timber and non wood forest products; Threaten to quality and quantity of resources due to
overexploitation.

Unit-3: Strategies for conservation of resources: Classification of Resources; principle of
conservations: in -sil, Conservation. Sanctuaries. National Parks. Biospheres reserve for wild life
conservations: Habitat conser".'ation practices of conservation for Forest, Ranges, Soil and Water: e.x -si/a
conservation; Botanical gardens, Field gene banks. Seed banks. fu -r,lrro Repositories. Cryo- banks.

Unit-4: Pollution and climate change: Air. Werter and Soil Pollution; Kirrds. Sources, euality
parallleters: llttect on struclttre ttt.td littrclion of ecosvstenr: Managenrent o1'Pollr.rtion. Bioremediation:
Clinrate change source: Trend atrd rolc ot'(ircen house gases- t.-fI'ect of Global warming on Climate,
Ecosystem process and Biodiver.sity: Ozone layer and Ozone Hole.

Unit-S: Resources Monitoring: Remote sensing concepts and tools; Types of Remote Sensing: Satellite
& Radar remote sensing; Basic sensors. Visual and Digital interpretation; EMR bands and their
applications: Indian Remote Sensing Program: Thenratic nrapping of resources. Applications of Renrote
sensing irr Ecology. Forestrl.. Agr.iculture and Water bodies.

Suggested Readings:

' Andrews' W.R.. Jackson & .lulie, M. .lackson. 1996. Environnrental Science- The Natural
Environntetrt and Human lnrpact. Addison Wesley Longnran [_td.

' Barbotlr. M.G.. Burk. .1.H. and l)itts. W.O. 1987. Telrestrial Plant Ecology. (iurnmings pub. Co..
Calil'orrriir.

o Begon. M.. Ilarper..l.L. and lownsentl. ('.R. 199(r. Ecologl-. Blackwell Science. Canrhr.idge. U.K.
o Brady. N. C. 1990. The Nature and Properties of Soils. MacMillan.
o Chapman, i.L. and Reiss, M..f. 1988. Ecology- Principles and Applications. Cambridge University

Press. Cambridge. U.K.
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Heywood, V.H. and Watson. R. T.
Press. Carnbr.idge. t J. K.
FIill. M.K. I997. t lrrde rstan<ling
Cambridge. U.K.

t99.5 (ilohal Biodiversity Assessnrenr. Cambridge University

l:nrilonnrental lrollution. Cambridge University press,

' Jenson' J'R' 2003' Remote sensing of the Environnlent- An Earth Resource perspective. pearson
Education (Singapore) pte. Ltd. Delhi. 
lJIl"[;fi?i"f;,i;.]?ij;l H. and Dirron, H. s ree4. rree Directory of chandigarh

' Kormondy' E 'r' l996 concepts ofEcology. prentice-Halr of India pvt. Ltd., New Derhi.' Korte' c B' 200l rhe GIS Book. 5rr',Edition. onward press- Thomson Learning, Singapore.o Kothari, A. 1997 - Understanding biodiver.sity- Life sustainability and Equity. orient Longman.o Ludwig' J' and Renold, J.F. rggg. Statisticar Ecorogy. John wirey & Sons.. New york.e Mason, C. F. 1991. Biology of Freshwater pollutiol. Orient Longman.
' Moldan' B' and Birharz. S. I997. Sustainabiriry Indicators. John wirey & Sons., New york.
' 

[1,',T,R"-bors' 
D and E'enberg' H I974. Airns and Methods of Vegetation Ecologv. wirev.

o Nair' M N tl el al (lrds ) lgg8 Sustainable Managen:enl or'Non-wood Foresr products. FacultyofForestry' IJniversiti purra' Maraysia. -434004.p.Mi Serdong. sera,gor. Maraysia.. Odum, E.P.l97l. Fundamentals of Ecology. Saunders. philadelphia.. Odum, E.p. 1993. Basic Ecology. Saunders, philadelphia.
. 

:.l:t.a*ill. 
Barre*, G. w. 2005. Fundamentals of Ecology.Thomson Brooks/ Cole, EWp pvt.

' santra' s c' 200g. Environnrenlar Science. New Centrar book Agency pvt. Ltd.. Kolkota.o Sharma, P.D. 2000. Ecorogy and Environnrent. Rastogi pubrications. Meeruth.
' Singh' J S ' Singh, s.p. a,d Gupta. S.R. 2006. Ecoioly, Environmenr and Resource Conservation.Anamaya publisher, New Delhi.
. Smith, R.L. I996. Ecology and Field biology. Harper Collins. New york.. Treshow. M. 1995. Air pollution and plant Life. Wiley lnterscience.o Wilsorr. F..O. l9gg. Bioclivcrsitr. National Acadc.ntic prcss. Washington. I).(,.

-t

I

I
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Paper- BOT PG 304: Discipline Centric Elective

(c) Ethnobotany

Unit-l: Definition and scope of Ethnobotany. Hitoricalreviw and outline idea ol archaeoethnobotany,
Ethnoecology, Ethnomedicines, Ethnonarcotics, Ethnopharmacology, Ethnotaxonomy, Ethnocosmatics,
Ethnolinguistics, Etnoorthopadics, Ethnopadiatr.ics.

Unit-2: Preservation of genetic diversily. plants used in various system of medicine- Ayurvedic, Unani
and honreopathic svslem. Allopathic srstcnr. Plant used b1. villagers and tribal people. Role of
Ethnobotany in the developr.nent of society.

Unit-3: Plants in mythology, Taboos and Totems in relation to plants. folklore and folktales. Wild life
protection in tribal, Plant domestication by the tribal, plants in similes in metaphors.

Unit-4: Ethnobotanical importan ce of - Aconitum napellus, Altium cepa, Allium sativum, Aloe vera,
Alropa bellatlonna, Aztulit'ittLt in<litrt. Bulcuntt,nt 

'.\pe 
rmo. ( as.sia .fisfulct. ('annabis soliva.

Emboliccut/it inali.s. Eugineujantbolarut. Hollarhenuantidy.tenlrico, Lowsoniainerfis. Manlhaarttensis, Nux
vomica' Ocimum sanctum, Piper nigrarn. TarocarpusMarsupium. Ricinuscommunis, Santalum album,
Terminaleabellerica, Terminaleachebula, Terminaleaariuna, llithonia somanifera.

Unit-S: Detailed study ol the common plants and their parts used in the treatment of lotlowing disease-
Expulsion ol worms. Skin disease Bronchial inflammation and asthma flamation, Tuberculosis,
Urinogenital problems. An.roebic dysentery. Malaria. Rheumatism. Leprosy. .laundice, Heart diseases,
piles. leukodernra

Suggested readings:

. Cotton. C.M. 1996. Ethnobotany- Principles and applications. .lohn Wiley & Sons. Ny.

' .lain. S. K. &MLrdgal V. 1999. A hand book of Ethnobotany. Bishan Singh &Mahendla pal Singh.
Dehladun.

' Jain. S. K. & Rao R. R. 1976. Field and Herbariunr metlrods. Todays & tonlorrow Pub.. New
Delhi.

. Jain, S. K. &Shlivastava S. 1999. Dictionary ol Ethnobotany- Veterinary Plants of India Deep
. Pub. New Delhi.
. .lain. S. K. 1987. Manual ol' f:thnohotanl.. Scicntitic Pub. .lodlrpur.
. .laitt. S. K. 1991. I)ictionalr ol lntlian lrolk Nlcdicinc antl l:thnobotany. l)ccp l)ub. New Delhi.
o .lain. S. K. 1997. ('ontr.ibutiorr to lnditn Lthnrrtrolanl -lll Ird. Scicntillc I,ub. .lodhpur..
o Jain, S. K. 2001. Bibliography ol'lndiar.r Ethnoborany. Scientific Pubr .lodhpur..
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o Jain' s K' 1989' Methods and approaches in Ethnobotany. Society of Ethnobotany, Lucknow.. Martin J. 1995. Ethnobotany. Chapman & Hall. t.ondon.
' Sakalani A. & .Iain s- K r994. cross (-'urturar Ethnobotany of N-E India. Deep pub, New Derhi.
' vargese E I996. Applied tithnobt)tan-\- A casc sludy of'among the Kharia of Central India. DeepPub. New Delhi.

Suggested Laboratories exercise of elective paper of Ethnobotany

I . Preparation of certain herbal drugs_

l- Triphla cl.rurn 2' Sitapodi churn 3. satva 4. Triphlakwath 5. Sanjeevanivati 6. vasa * kalk 7.Mirchiadivati 8. Certain herbal drugs made by singre or doubre he.bal 
"o-pornd, mixtures.

2' Collection and study of germplasm (seeds) and prepare a seed-bank medicinal &ethnobotanicallyimportant plants.

3 Preparation of a herbariunr. medicinal palts ol plants. (Leal. stem. bark. roolpowder. decoction, Barkpowcier also. )

4 Detailed study o1'certain diseases and collect plants which are use'd in tr.eating these diseases like - .Skindiseases - Expulsion olworms, Bronclrial inllanrmation and asthnra. Tuberculosis, uriongenital problems,amoebic dysentery, mararia, rheumatism, reprosy, Jaundice, Hear diseases, piles and Leucoderma,5 collection oflocally availabre plants their parts which are credible to medicinal purposes.
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Paper- BOT PG 304: Discipline Centric Elective

(d) Environmental Science

{Jnit- 1: Ecology and Environment: History and scope ofEcology. Autecology, Synecology, Population,

Community, Biome. Distinguishing characters of folests. grasslands, arid lands and wetlands, community

organization- concept of habitat, key stone species, dominant species. Species diversity and measurement

of diversity. Biological communities and Ecosystem, Bioelement cycling.

Unit- 2: Natural Environmental Resourccs and Conservation: Forest Resources- Forest types of India,

Deforestation and its effects. Water Resources- Indian Water Resources, Hydrological cycle' Surface

Water. Ground Water- \tr,orld Watcr llcsourccs. aticl distribution. FooJ Resources. Consen'ation of Natural

Resources and Euvironnrerltal Manage mellt.

Unit- 3: Current Environmental Issues: Climate Change- Global Warming, Green House Effect and

Global Ozone Problems, Acid Rains, Atmosphere Turbidty and Nuclear Winter, Global Carbon di-oxide

rise and impact on Biosphere. Air, Water and Noise Pollution. Radiation hazards and environmental

degradatior.r.

Unit- 4: Iinergy Production and Management: lntloduction. Energy Productior.r and Consumption,

Sources of Energy, Non- conventional and Biological Energy. Use of wastes and energy use pattern in

India. Future Energy Scenario of the World.Nuclear Energy and the Risks'

Unit- 5: Environmental Biotechnology: Basic techniques in Cenetic Engineering: Nucleic Acid

Hybridization and Polvnrerase chain reaction as sensitive cletection rnethods. Ilse of rnicroorganisms like-

Thermophiles. Alkalophiles. Acidophiles. I-lalophrles ancl Pslch|oPhlis itl uaste treatmerrt and nrethane

production. Production ol' Enzyl.ues like- Clellulase. Ploteases. Atrylases: Alcohol and Acetic Acid

Productior.r.

Suggested Readings:

. Andrews. w.R.. .lackson & Julie. M. .Tackson. 1996. Environmental Science- The Natural

Er.tvitontuent ancl Hutnan lmpact. Addison Wesley Longnran Ltd'

o Anjaneyulu. y.2004. Introduction to Environmental Science. B.S. Publications' Hyderabad, lndia.

. Brady, N. C. 1990. fhe Nature and Properties of Soils MacMillarr'

. Chaprnan. J.L. and Reiss, M.J. 1988. Ecology- Principles and Applications. Cambridge University

Press. Carnbridge. U.K.
. Hill. M.K. 1997. IJnderstanding Environmerrtal Pollution. Canrbridge Ur.riversity Press.

Carnbridge. U.K.
. Kaur- Il. 2(X)6. l:n,u ironttlctllal Stutiics. I)ritual i I'ra kas ltatr.
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. Kormondy. E. J. 1996. Concen,s nt tr.^t^^,. D_- -.r Ludwig, r 
""d 

R*";, j'Jffi ::,:::[,J JffiH.flxl $[x' J$*1*]ff1,,. Mason, C. F. I 991 . Biology of Freshi.r,ater po utiof . Orient Longman.. Odum, E.p. I 971 . Fundan
. odum, E.p. I9g3. urr,. u'"ntu'' 

ofEcology. Saunders, Philadelphia. uSA
. 

:;t"i:l,; ;""lil ii"*"'l;,i;Tff:: :li:?:Tl[*,.,,,n"_.* u.oo, Co r e, EWp p*
. Santra, S.C.200g. Enviror

I l*:.: .,,ooo i"ffi ,X;::;I:-_:il:1,1T:ffiHi",;,,H Ko,kota

' 
iT*;if;;t;,,f*,i^i;i'3"irli* t * "'i i'""'"ir' En'i'on,,.n,and Resource conservation

. 
:mi1h. 

R.L.1996. Ecology.arrd Field biology. Harper Collins. New york.. Treshow. M. 19g5. Air po,
o wanger, K.D. r 99g. unr,.l'ut'o" 

and Plant Lil'e. wiley Interscience.

. wi,son, E o ,e88 "il:H;Ii:XIlTl::#i;li #ilfJlide,phia 
USA

' wright, R'T. 2007. Environmentai chemistr.y. pearson Education Inc.. South Asia.

Suggested Laboratory exercises:

' 
":r"-Tr3:".::torv 

Practices: prepararion and Standardizarion of experimentar solurions, caribration
2. Physical Characteristics

Arkanity. Acidity. 
of waste/ water': Ilardness' color. turbidly. Totai sorids; TDS, TSS.

3. Estimation of Dissolve Ox+ stuav orsome e;;;;;i:il;i}"jff' oxvgen Dema,d' Biological oxvgen Dema,d.
5' Study of morphorogicar and stmcturar adaptatio, of roca.ry avairabre Hydrophytes. Mesophyes.Halophytes and Epiphytes and correrare ," ,'n.t, ,",a,.,,*r habitats.
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Paper- B()'l'I'Cl 30,1: Discipline Ccntric Elective

(e) Industrial Microbiolog-r

Unit l. Industrial Strains

1.1 Isolation, Preservation and Improvement ofstrains'

1.2 Microbial groMh kinetics. Aeration and agitation' Sterilization'

1.3 Media for industrial I'ermentations.

Unit 2. Fermenter Design and Function

2.1 Design of Fermenter, stirred tank fermenter, Basic components, sterilization of

Fermenter, Air supply, Sampling, Foam control, Transfer of inoculum'Air lift'

2.2 Types of fermenter.

Unit 3. Fermentation Processes

3.1 Media tbr industrial l'ernlentations. Development of inoculunr'

3.2 Downstreanr processing. F'iltlation. (.'entritirgation. ('ell clisruption. I-iquid-liquid Extraction,

ChromalograPhY.

Unit 4. Microbial Productions I

4.1 SCP, Protein for animal feed, Mass production of baker's yeast'

4.2 Microbial transformations of acetic acid and glucorric acid'

4.3 Oriental food and Mushroom cultivatior.r.

Unit 5. Microbial Productions II
5.1 Organic acids and Vitamins.

5.2 Antibiotics and Vaccines.

5.3 Alcohotic beverages, lndustrial alcohol and solvents'

Suggested Readings
. Anke. T. lg91 . Fungal biotechnology' Chapman and Hall Londor.t'

o Bulock. .1. ancl Kristiarrsen. t]. l()ti7. llasic []iotcclrnologl . Acadenric Press. Neu York.

. Casida..1r.. L.t:.. l96ti. lndusrrial Miclobiology. Nera Age Intelnational (P) t.td Publishers' New

Delhi.

. crueger, w. and crueger, A 2000. Biotechnology: A Text Book of lndustrial Microbiology'

Panima Pubtishing Corporation, New Delhi'

. Peppler, H.J. ',I997. Microbial Technology. Robert E. Krieger Publishing cor.npany' New York'

o Prescott. C.S ar.rd Duinr. G.c. 195q. h.rdustr ial Microbiology. McG[aw'[]ill Book cornpany' New

York.
. Reed. G. 1987 Prescott and Dunn's ludustrial Microbiology. cBS Publishers and Distributors, New

Delhi.

.Riviere..I.lgT5.Industr.ialApplicatiorrsofMicrobiology..TohnWile&sons.NewYork.

56



CBCS BOTANy- Ordina nce_14

illl;,j-?,.?,,"1;^?,i;;T*#istiansen B re83 Firamentous Fungi Vor. rv, Fungar

ilil"#J;t, X5:*:'' 
A and Harl, s.r. rees. principres or Fermenration rechnorogy,

Suggested Field/Laboratory []xercises
l. Isolation of microorganisms- Selection of culture rnedia. Isolation olcolony,screen ing.
2' Growth pattern in shake curture ana 

'ermenter. 
Lrtirizaticn of carbohydrate/productionControl of parameters: nutrition, agitation, aeration, ,eI*..u,r,", o*rr"n.3. Biomass production of baker,s yeast ard s*ittw ii";igirrrir.4' utilization of cellurose/methanor for uioru* p."'rr" iian-Trichodermareesei/ CanMethylohacterium.

5. Producrion of:
i. Organic acids - Citric acid (Aspe rgillu.inr.ger), Cluconic acid (A. niger),lacticacid(A. oryzae) and Acetic actd (Acetobacter\.

ii. Amino acids_Clutamic acid tCorye:hacr criuml.
iii. Solvents - Alcohol (.Saccharomyces cerevisia-e).
iv. Vitamins and Hc

(G i b h e r c tt a /u j i kur o i) and.J;Ifi l/1,:,1:i),ff I l::r" "rrii). 
Gibbererin

v. Enzyrles- Antl,lasc (,5. ot.t.idtntuli.s. B. nrag)ttcrittntydiastase (,4. or.1.,.:./? ).pectinase (A. u u rc t t.s).

of biomass,

dida wilis,
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Paper- I)0'l PC -304: Discipline (lcntric lllective

Unit 1. Forest and Environment

I .l Forest Ecology - State of world forests and resources. state of Indian forests and resourcee.

1.2 Forest Environment - Solar radiation. temperature' precipitation' humidity, fire

and soil.

Unit 2. Forest Types and Forest Composition

2.1 Principal types of forest in India, their geographic distribution. Basics ofclassification

2.2 Ecology oftropical deciduous forest, tropical rain forest. mangrove

forest. temperate coniferous forest- savannah vegetation'

2.3 Forest types in Madhya Pradesh. their- composition. diversity' ecology'

lJnite 3. F-orest Mensuration and Mapping

3.1 Forest Mensuration - Measurement of tree height. girth. volume and age. Estimate ol growth Stem

analysis. Volume table. Yield table.

3.2 Forest utilization and forest-based industries.

3.3 Remote sensing in lorest mapping.

Unit 4. Forest Restoration

4.1 Factorsaffectingdeforestation.
1.2 Concept of Restoration ecology. natural vs man-made lestoration

Unit 5. Forest Management

5.1

5.2

wildlife management. various protection acts. National wildlif'e Actior, Plan

.loint I'orcst lltatragetttcl'lt.

Suggested Readings

o Ahlgren, C.E. 1960. Fire and Ecosystem' Acadenric Press' Inc'

. Boman E.H. and I-ikens G.E.. 1987. Pattern and Process in a Forested Ecosystem' Springer

Verlag.

. Bur.roii. B. V. Donald. Z. R.. Shirley. D.R-. and Stephen. s.H.1998. Forest Ecology. 'lohn wiley &

Sons.

Caiurs. J. 1992. Rehabilitation of Disturbed Ecosysterns CRC Press' Boca Raton Florida' IJ'S'A
58
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Suggested l-ield/ Laborat0n. lixcrcises
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. Champion, H.G. and Seth. S.K. 1968. Forest Types of lndia. Government of India.

' Champion. H.c. and Seth. S.K. 1968. General Silviculture of India. Government of lndia.
. Dwivedi, A.P. 1993. Foresrry in india. Surya publication.

. Lal, A. B.1965. Indian Silviculture. Jugal Kishore & Company.

. Sagreiya, P.K. 1967. Forest and Ecology. Narional Book Trust of India, New Delhi.

. Troup, R.s. 1921. The Silviculture of Indian Trees. volume 1,2 &3, clarendon press, oxford

I . Forest composition by plotless method.
2. Relationship between girth and height.
3. Relationship between girth and canopy spread.
4. Measurement of tree height.
5. Measurenrent of diameter and girth classes.

6. Measurement ol bark thickness.
7. lVleasurement of volume ol trees.

8. Measurement of moisture in u,ood biomass.
9. Ordination of forest species.
10. Litter production on area basis.

I I . Organic matter estimatiorr on Iand area basis.
12. Nitrogen in soil on land area basis.
13. Phosphorus in soil on land area basis.

i4. Microtrial biontass. C. on land area basis.
15. Microbial bionrass, N, or.r land area basis.
I6. Buried seed population.

17. Determination ofchlorophyll content in leaves offorest trees situated at varying horizons.
18. Deterr.r.rination of chlorophyll and carotenoid contents in leaves ol forest trees in light and shade

cor.rditions.

I 9. Nleasurenrenl of rates of tlanspiratitin of two fbrest species by cobalt chloride method.
20. To determine tlre lelati',e turgidity of fbrest leaves by weight metl.rod.
2l . Determination of protein content in leaves.
22. Determination of NPP in various forest species by leaf disc method.
23. Preparation ofabsorption spectra of Chloropliyll a and ChloLophyll b.
24. Spectral ploperties under. gap and cr.own canopy in fbrest.

r
r
r
l-
I

rr
I

t-
I

I

r

-
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Paper- BOT PG 304: Discipline Centric Elective

(g) Plant Tissue Culture

Unit-l: Plant (lell and -l issue ('trlture

differentiation and totiPotencY.

(icneral lntroduction. History. Scope- Concept of cellular

unit-2: Techniques of Tissue culture. organ culture- meristem, anther, embryo.in vitro fertilization'

unit-3: organogenesis and adventives embryogenesis; fundamental aspects of morphogenesis, somatic

embryogenesis and androgenesis. Mechanism. techniques and utility'

Unit-4: Somatic hybridization. protoplasl isclation. lusion and culture, hybrid selection and regeneration;

possibilities and achievements and limitation of protoplast research'

unit-S: Application of plant tissue culture; clonal propagation; artificial seeds; production of hybrids;

somaclones and somaclonal variations; production of secondary metabolites/natural products;

cryopreservation and gernrplasm storage.

Suggested readings

. Bojwani, S. S. and Razdan. M.K. 2004. Plant 
.l 

issue Culture. Panima Ptrblishing corporation New

Delhi.
. Brown T. A. 1999. Genomes. John Wiley & sons' Singapore'

. Butenko, R.G. 2000. Plant Cell Culture' University Press of Pacific'

. callow. J. A., Ford-Lloyd, B. v. and Newbury. H. l. 1997. Biotechnology and Plant Genetics'

Resources: Conservation and Use CAB Intemational' Oxon' UK'

. chawla. H.S.200j lntroduction to Plant Biotechnology. oxford& IBH Publishing Co' Pvt' Ltd'

New Delhi.
. collin, H. A. And Edwards. s. 1998. Plant Cell culture. Bios Scientific Publishers' oxford' UK'

oDixon,R.A.(Ed.)lgST.PtantCeIlculture:APracticalApporach.IRLPress,oxford.
. Gelvin. S. B. and Schilperoort. R. A. (Eds). 1994. Plant Molecular Biology Manual' 2"d edition'

Kluwer Academic Publishers. Dordrecht' the Netherlands'

o George. t--. F. 199i. Pla.l Pro1.r,gati.n h' Tisstre Culture. Part l. The Technology' 2"d edition'

Fixegctics Ltd. l:dington- t lK'

. George. E. F. 199j. I,lant propagation by f issue Culture. Part 2. In practice. 2"d edition. Exegetics

Ltd. Edington. UK.

. Glick, B. R. and Thompson, J. E. 1993. Methods in Plant Molecular Biology and Biotechnology'

GRC Press, Boca Raton' Florida'

.Glover.D.M.andHanres.B.D.(Eds)lsg5.DNAClonnirrgl:APracticalApproach;Core
Techniqtres. 2'"i edition. PAS' Illl' PIess at C)xford L)niversity Press' Oxfbrd'

. Gupta. P. K. 2004 lilenrenls ol' Biotechnology Rastogi Publication' Meelut'

60



CBCS BOTANy- Ordinance-14

' Primrose' s B r995. principres of Genome Anarysis. Blackwell science Ltd. oxford. UK.o Purohit. S. S.2004. plant Biotechnology. AgrobiosJhodhpur.. Ramawar, K.G. 2000. plant Biotechnotogy. S.ChanaA Co. Ltd. New Delhio Razdan, M. K. 2003. planr Tissue culture. oxford & IBH pubrishing Co. pvt. Ltd. New Delhi.

Suggested Laboratory exercises: 303: (g)plant l.issue Culture:

Jolles, o And Jornvall, H. (Eds.) 2000. proteomics in Functional Genomics. BirkhauserVerlag,
Basal, Swizerland.

Sterilization techn iq Lres.

[)repalalion ol ( LrllLrr.c ntctlia
Sterilization ol' ntedia
To prepare tissue cultGE lab
Sterilization of glasswares
Preparation of tissue culture media
Sterilization of ex plarrts

Study effect of plant growth horntones (p(iR) on tissue culture'Io perltrrrn the tecrrniq.es of nric'o propagatron/ solnatic ernbryogenesis/ androgenesis
To perform the techniques oforganogenesis

Study of applications ol'tissue culture.

l.
2.

J-

4.

5.

6.

7.

8

9.

I0.
ll.
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Paper- BOT PG 305: Practical-Ill

Suggested Laboratory Exercises: 301: Basic Biotechnolory

l. Growth characteristics of E.coli using plating and turbidimetric methods'

2. Sterilizationtechniques.
- 3. Preparation of culture medium.

4. Sterilization of medium.

5. To prepare tissue culture lab.

6. Sterilization of glass ware.

7. Preparation oftissue culture medium'

8. Sterilization of exPlants

9. Study effect ofplant grr.rutli honno;tcs (PCR ) on tisstte cultttre

rO. io pl.t.,r,., the techniques ol' rn ic ro-propagal ion/sonrat ic enrbrxrgenesis/ androgeresis.
- 

I l. To perforrn the techniques ot organogeiresis'

12. Study ofapplication oftissue culture'

13. Isolation of protoplasts from various plant tissues and testing their viability'

14. Effect of physicai (e.g.temperature) and chemical (e.g.osrnoticum) factors on protoplast yield.

15. Demonstiation of protoplast fusion employing PEG'

16. Organogenesis una ,o,niti" .*uryog"n"rii uii,.,g uppropriate explanrs and preparation of artificial seed.

l?. Demonstration ofandrogenesis in Datura'

I g. Electroporat ion of prototlasts arrd c heck ing of transieut express iotr of the reportet gene.

-. Suggested Laboratory Exercises: 302: Genetic Engineering and Genomics

- l. To demonstrate growth characteristics of E coli using plating methods'

2. To demonstrate lrowth characteristics of E coli by turbidimetric methods'

3. Demonstration oIDNA sequencing b1'sanger's dideoxy method

4. lsolation of DNA and preparatiorr of'Cot' curve'

5. lsolation ofDNA ancl qrrantitalion t-'1 spectrophotonretric nrethods'

6. lsolation ofgenonric llilA titm plant or anirltal tis-stre trsing CTAB nrethod'

7. lsolation of ihloroplasts &sDS-pAcE-. Prol'ile of dernarcale the two subunitsof Rrrbisco.

8. To study the effeci of antibiotics otr growth of tn icrootgatt ism'

9. To study fermentation techniques'

Study of nitrogen fixer and its applications'

Dernonstration of Cel electrophoresis'

Demonstrstion of molecular tnarkers'"n"irii",, 

"i 
pf".'"id fi.onr E.coli by aikulir"lysis n'tethtd and its quantitation spect'ophotornetrically'

n".i,li.,ion jig".tion ofthe plasnrid and estinration ofthe size ofvarious DNA fragments.

CloningofaDNAtiagrnenti..^pr^',.ia,".to,.n.un,fon,,.atiorrofthegivenbacterialpopulationand

t0.
lt.
t2.
|].
14.

t5.
selectiort of reconlbitrants.

16. Co-cultivation ol the plant n'iaterial

lr istochernicallY.

(e.g. feaf discs) with Agrcbuctcrium and study GUS activiry
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Suggested Laboratory Exercises: 303: plant physiology and Biochemistry
, 

,a,H: :l|I:i,ld ""rr"r. concenrration on rhe rare of reacrion of enzyme. e.g. acid phosphatise,

2. E Ilbct ol'subslrale crrncen
3. Demonstration or,r,.,uu,ll1llilffiilll"?f::""],,#illlj:::ilination orits Km varue

4 Determination ofsuccinare dehydrogenase u.tirity, it, tin.tics and sensitivity to inhibitord.5 separation ofisozymes of esterases,peroxidises by native polyacrylamide ger erectrophoresis.6' Extraction of chroroprast pigments from reaves una i..pru,ion of the absorption spectrum ofchlorophylls and carotenoids.

]o.deternine 
the chlorophyll a./ chlorophyll b rario in C3 and C4 plants.

Isolation ofintact chroroprasts and estimation ofchroroplast proteins by spot protein assay.To demonstrate photophosphoryration in intu.t 
"t 

to.oitu.l resorve the phosphoproteins by sDS_PAGE and perform autoradiography.
Extraction o,fseed proteins depending upon the solubility.
Desalting of proteins bl gel fi ltration 

"hro,rutogruphy "n 
pfoylng Sephadex G25.Preparation of the sta,dard curve olprotein fSSAj arO ..tin.,ution ofthe protein conteni in extractsof plant ntaterial bv Lorvrr .s 

or []radlbr.cl.s rtrcthod.
Fractionation ol' proreins using geffirratio, chronratogr.aphy by Sephadex G r00 or sephadex

7

8

9

10.

ll.
12.

IJ

l4' SDS-PAGE for soluble proteins extractecl from the given prant materiars and comparison of theirprofile by staining with Coomassie Brillianr Blue or. 
jlver 

nitrate.

Suggested Laboratorl' Exercises: 304: Disciprine centric Erective -(rI) Environmentar scicnce
For details_ See page no. 55
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S. No.

t

M.Sc. (Botany) - IV Semestcr

Courses, Subject, Marking and Credits

Minor Project Work -Field Trip or Visit of a place/
institution related with subject/ paper

Review Writing/ Surveys

Senrinars/ (iroup
Discussions-

Poster presentatio

BOT PG 406 Comprehensive Viva voce

I

L

t
L

I

l2

5

6

n/ MOOCs from SWAyAM Ability Enhancement

Course
Code

BOT PG 4OI

N4a_jor Proiecr Work in an institution or in tlre
department (UTD)
I .Project Work and presentation

'l'itle of the Course

2.Assessmenl of ect and viva-voce

Course Type

Project Work

Project Work

Soft Skill Development

Bo',t' PC 402

tso]' P(; .t03

BOl' PC 404 Ability Enhancement

64
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Choice Based Credit System (C.B.C.S.) based Scheme and Syllabus M.Sc. (Botany) -Ordinance-I4

Part- C: Syllabus of Skill development / Entrepreneurship
development Papers
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VIKRAM UNIVERSI'I'Y, UJJAIN

E NI-RI,] PR}] N I.] I] RS I I I P D EVI.] I,OPM ENI' CEI,L

courses oflered by Entrepreneurship Development cell for p.G. students of U.T.D. of Vikram Universitv.

S.NO. NAME OF CoI-]RSE COURSE
CODES

COMMIJNICATION SKII,LS EDC OO2 I

4

1

PT]RSONAI,I'I'\' DT]VEI,OP]\{I'NI' EDC OO3 III
1 OtiRISM \4ANAGEM T-N'I' Etxt 004 IV*

*Optional

CREDIT SEMESTER

I ENTREPRENEURS HIP DEVELOPMENT EDC OOI 4 I
2 II

-l

I
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VIKRAM UNIVERSITY, UJJAIN
SCHOOL OF STUDIES IN COMMERCE

ENTREPRENET.]RSI{IP DEVELOPMENT (EDC ()()I)

Course Objectives:
To prepare the budding entrepreneurs and to provide the students seedbeds of entrepreneurship at the
entry level and enhance their entrepreneurial ikills.

Course Contents:

Unit l: I ntrod uction
Entrepreneurship - r.neaning. nature. importance. specific traits of Entrepreneurs.
Role ofentrepreneurs in Indian Economy

Unit II: Analysis of Entrepreneur opportunities
. Defining, objectives, identification, process of sensing, accessing the impact ofopportunities and

threats.

tinit III: Search of Business ldea

, ?reparing for business plan. legal requirements lbr establishing ofa new unit-procedure fbr registering
business' starting ofnew venture. product designing / branding. reiearch and development, selection oflorms ol business organization.

Unit IV: Role of Supportive Organizations

.D'I'C and various goventment oolicies for the development of elrtrepreneurship, Government schemesand business asslstance: subsidies. Role of Banks.

l-lnit V: Marke t Assessment
Meaning ofmalket assessnlent. cot'ltponelrts arrd dintensions ol'nrarket assessntent- euestionnairepreparations, survey of local market, Visit to industriai unit. business houses. service seclor etc.

Submission of Survey based report on one successful / one unsuccesslul entrepreneur.

Suggested Readings:

I .Entrepreneurship Developrnent
2.,Dynamics olEntrepreneurial Developnrent and Managenrent
3.lrulovation and Entrepreneurship
4.Entrepreneurship Development
5.Entrepreneurship-Need of the Hour.
6. Entlepreneu rsh ip Developn:en1

Dr.C.B.Gupta
Vasant Desai
Peter F.Drucker
C.A. Kaulgud
Dr.Vidya Hattangadi
Dipesh D. LJike
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Communication Skilts (EDC 002)

Course objective: .

I-he. objective ol'this paper is to ntake students aware of the pmctical sigr.rificance ofgood communicationskills ar'd help them in acquiring competence in reporring .diafiing and development of negotiationsskills.

CBCS BOTANY- Ordina nce-14

Course Contents:

ques of report writing, letter writing,

Suggested Reading:

Business Comnrunicarion- Rovan and v.resikar'..rohn D. pettit..rR.Richard D.rrwin. INC
Business comrrunication- K.K. Sinha
BusinessEtiquettes David Robinson
Business contnrunication - Dr. Nageshwar Rao and Dr.. R.p. Das
Effective business communication- Morphy Richards

Unit I: Introduction:
D^efinition' nature. ob.iecls. elemelrts and importance of comrnunication, principles and practices, modeisof contmunicalion. types ol comnrLrnicalion..

Unit II: Communication skills and soft skills
Interviewing and group discussion, resume preparation . eriquette and manners, self management, bodyand sign language, presentation skills. feeibick & qriestioning technique: objectiueness in argumenr(Both one on one and in groups).

LInit III: Concept to effective communication
Dimensions and directions ol' cornnt un ication, nteans
communication.

of contntunication. 7C's for effective

Unit IV: Listening skills
Importance of listening skills,.good & bad listening . communication channels. types of communication

medium- audio. r,ideo. digital. barriers of cornnruniJarion.

Unit V: public speaking and reporting
effective public speaking and its principles, interpretation and techni
negotiation skills.

68
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VIKRAM UNIVERSITY, UJJAIN (M.P),
SCHOOL OF STUDIES IN COMMERCE

Personality Development (EDC 003)

Ilnit l: lntroduction
Personality development- corcept. rypcs. r'.re and inrpact, developing sef awareness, projecting awinning personality.

Unit II: Personality assessment
Personality assessment and testing- resume writing- types, contents, formats, interviewing skill ,group discussion..lAM sessions. pcrsuasive.o**rii.uiion 

.

Ijnit III: Ccmmunication skill
Practice on oral/spoken conlmunication skill and testing-voice and accent, feedback and questioningtechniques, objectives in an argument.

Unit IV: Presentation skiiis

,Yll"* l*iques.. etiquette. projecr/assignment presentarion. role play and body language,lmpressrou manallentent.

llnit V: Personalig tlcvelopmcnt actir itics
Leadership activitics. ntotiration acti'ities. teanr builcling acti\,ities. stress and time nranagement
techniq ues. creativity and ideatiorr.

Suggested Readings:

Btrsiness comnrunication- Ro1.an and v.lesikar..lohn D. pettit. .lR. Richard D.L.win. tNCPersonality Development and sofi skills- Barun K- tr,nt.u. o*rora publisher.
Personality Development -Raliv K.Mishra. Rupa publislrer.
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Course Objectives:
To prepare student with the aim ofdeveloping personality for leadership & awareness to develop an idealcitizenship values.

Course Contents:
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Tourism Management (EDC 004)

Course Objective:
The course is of utmost importance when the industry is poised to take a leap forward and therefore. the
cause assumes greater significance for understanding lhe resources development, modernizatiol syndrome
in the field of rourism.

UNIT I: Introduction
Concept of tourism & importance in economy, types of tourism, tourisrn in Madhya Pradesh history and
development ,Geography, Climate, Forest , River and Mountain.

UNIT II: Overall Scenario
Present scenario, planning. development and opportunities. Social and Economical impact of tourism,
role oipublic and plivate sector in the promotion oftourisnr.

UNIT III: Tourism Resources
Physical and Biographical. Tourist satisfaction and service quality-Transport accommodation, other
facilities and amenities available in Madhya Pradesh. Role of tourist service provider. heritage site in
M.P.

UNIT IV: Financial aspects of 'fourism
Requirentents olcapital investr.t.tcrtt. sourccs ol'flnancc. Madh1,'a l)racleslr State Tourisnr Developrnent
Corporation Limited - lunds. finarrce. policies. packages and its role fbr the developrrent of tourism irr
Madhya Pradesh.

UNIT V: Practical training
Case studies ofpopular tourist places and tourist statistics in Madhya Pradesh, Analytical studies ol
tourist arrivals trends.

Suggested Readings:

Ancient Geography of M.P-Bhattacharya D.K
All district Gazettes of M.P
Tourism planning -Gunn. Clare A

I'rof. R. C. Verma
Dr. Jagtdish K. Shorma
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Course (lontents:
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