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Soil salinity is one of the rnajor ellVironmentfil iftipectiTrienis limiting crop yield 

and, quality, Citrus. a major fruit crop of the India and subtropical and. tropical 'world is 

grouped. a a g1ycoptryto., 'Flitottg..h, the salinity .i.olerance clo exist to it shorter ex.tentin 

some of the genotypes o citrus, a nutritional and biochemicai :metabolism would be 

helpful to plalitt. breeders and geneticists to form a. policy t.o esp.:Dive sti,,tit tolerant cuati'varsi 

hybrids. Citrus, being colnimercially propagated. by shitsid iimidicittnspp, the. study of different 

rootstocks for salinity tolerance forlumen important .aspect of ei0i,:.:1.1.11o,cc,•:; , The :,tvrbuscular 

mycorrhmal f'ungi are thought to ;Jai:Tease salt toicitincePic piallIS Under 

conditions i some crop plants. Hence the resetuch on its role in citrus is also inwerative. 

The 0. 	 a Or 	to ae III I Ira 	0II,InS S Fonfisiteg envitionment 

ci :y an d energy efficietot approaeh. 	tettiiiimmici also reduces 	lapoititr mid space 

requirement tor ovaluatirut and seleictifyace riurrib-,:fr cif genotypes withiin a short span 

or bine iirreispectiNQ ofitsori. 	 faCIS; die ill 	 C;Stigat110P, VMS carried 

011t i 	WO pha.ses viz. 112 1211's1,0 1111ftdIiV1.7.2"0 StleiditS. 

vveIL conducted 	Pi0Jr 	roOtStOck gencitypeS 

(7ifites 	 P riv....-jrus 11'2fi1iit.112(1 and I' n o 	fruoliatci x t 1i 

sinonsis,. Tile mature fruits of selected citrus species were obtained from the Citrus 

onthard u Division 	Frohs and Horticultural if ei.:11nology„ IndiarmAgriculturai. Research 

Institute, New Delhi. S. 	seeds were extracted and sown tre:shly in the earthen • • 

having potting mixture composed of well decornposed ITYM..„ sand and soil 0:1:1), 

initially the effect ,of salt (NaCi) was observed on different germination parameters Le. 

germination percent, .tnne 01 germination and true 	emergence. In another experiment 

Ii I 



the three-month-old seedlings of about similar size it..)f selected citrus ;hi-not:thetas were 

taken, for the experiment. The seedlings were then tanslileteed to plastic containers 20 em 

depth and 2( car. mouth diarrieterit having same boning robentille composition. The, soil 

based mycorthizal inoeula was applied ;..i@ 300 spot 	00 a- soil') in root zone while 

transplanting the seedlings. 'file seedlings were allowed te tSbY-AiSh 	naJ then 

the salinity gradient was developed by regular irrigation of sail .aainer 	ti sA (0, c 

t 00 and Ad PM). The experiment was replicated thrice. 

The physical parameters viz, plant neit 	roaryityfir, sleep, diameter, tile root 

infection by Arbusouiar Mitytorrhi2-11  ntgi Mg' 	'and cr)or,' 

SOH 'Were recorded, Inc pralibentotal proteins and gars estirria.tions were clone -using tiara 

I ip portions (stern and leaves) of fresh plant sainoles„ while the chloronlyils estimation 

V as done by using tender leaves only, The MaCrOrnitiiCnt and inicrorainient analysis was 

done by using the oven dried whole plant SaMpleS Using standard prottieols. 

Based on the results of citrus species in .the 	141"0 StUdiCS, C. i.aMblZirj: anU L 

1fartla Were taken for jr vitro studies. The .diffenent phytohormones and explants were 

standardized for shoot and. root differentiation, The standardized hormones' tAniabination 

used for the in vitro .screentrig ICitrUS species for salinity tolerance, The saftnity 

gradient was developed by t.itsiniat lblaCl in different concentrations (), 50, 75, 1 011g 

120,130mM 'Nal 1), The wetN ,developed salt tolerant plantlets were shifted for in  

and further to waste hinc for field. evaluation, fi-e di:filen:ma nutritional arid biochemical 

parameters were also studied in salt tolerant plants, 

The results of in vivo 	.indicated that all the physical parameters toetudinQ 

seed germina.tion were affected -.with increasing salinity. Praline, total proteins, sugars, 



phosphorus, potassium, sodium and (..,•;hloride &c 	Hr increased and enloropliyil 

'edahras 	UPI,rnagdiesium, copper and m.angariese dec:Teased significantly—with 

increasing saiinity. The A.M. colonization decreased sianificantly under salt stress; 

however, it increased the phosphorus and chlatophy„ls 1..maler controlled condition and 

chloride, add. sucldrs concent.ration in planis irrespdcalve of salinity, 

In. CaS=?: Of 	V [lir.) ,:a,"!...iehd, arm:acid die different I .tCCn1 it 	rd 	plan the 

combinadon 	gda,,,vih. substances 1,0 In.g/I BAP 0- 0.5 , 	-a 40 mg,/1 Ikehmind 

SalPlaate was draved best for ladiTer expktrit response 3,',.3..ys; required far ShOOt inifiati If, 

ShOOt rf„MfbeTI Xp of 	,.A").11Y0I length 	 C, 	ttgenotypes., fhe nodal 'seat-nada eXplarti 

S41,.tlifiCarilly higher nurnber of sdax:hdif ex plant Ihan shoot tip exrAant.:. The rooting 

\vas easily .Elcdaiemed with combination 11 N„A,..A. 	hagill) and IBA (0.5 mg/1 ). 

ResIdas on CS vitro screening 3 'linhy tolerance revealed that all the physical 

parame“,'ss viz. snout differentiation .response„ days required for shoot differentiation, 

shool number/ex-ohud. and shootSI were sevelety affected due to salt stress. Similarly 

ad. doting IttAtetTRACrstCS wse shgrinaddirday adeettsx„. ht SC11X dmh..aamai.kz. was, lound 

to resist salinity eil2 	as compared to C, icarna. The: nutritional and blochernical 

I arameters 'tvere. also fUand affeCted S.'42:111Ctilitiv With tliiC Salt 'trecs and showed similar 

results aS that of in vivo studies.. The Drop:in:1 profile. of sail tolerant saplings substantiated 

'..forrnation ot ome new unknown proteins (57 .IKDa, 46 k.Da and 23 kDa) as a iesponse to 

SJCSS. the change to 'heterotrophic condition from an autotrophic, the survival of 

plantlets 'waS reduced during acclimatization. The field studies revealed the better 

performance of in vilro salt tolerant sapitril4s :ever 

V 



O 

. 24 

27 

43 

4.3 

45 

46  -4 

A.Okriawled.gement 

Abstract 

Contents 

List of figures 

List of tables 

List of plates 

Abbreviations 

Chapter 1: IrrilliftOltYUCTION]i 

C]bjectives 	 ..„. „m„.,.... 	7 

Chapter 2: REVIEW OE LITERATI-  TIR.E 	 8 

2.1 411 t.t.k deagidicati 	 8 

2.2 In Ann studies 

2.2.1 Shed germanation. under salinity 	 • . .. .re  

Crow ]ita arriete f 

2.2..3 Cliterracal/ nutritional parameters 

2.2.4 .Na and CI accurrtulation and I< su.bstitu Lion 

2,2..5 Water relation./ stomata]. conductance and gas ext.hange 

2.2,6 Biochemical aspects 

2.2.7 Salinity and Ntlycorrlanital Fungi 

13, in vitro studies 

2.11 In :natio seed germination of citrus 

73.2 Calma induction and dafferentiation 

2i123 Clonal propagation 

2.3,4 Salinity and Tissue culture 

Chapter 3: MATERINL. AND METHODS 

31 In vivo studies 
Seed 't2r,ertC nation studies 

3.1,1.1 Germination (?4) 
3,1.1,2 Days to germination 
3,1.1.3 True leaf emergence 
3.1,1.4 'Electrical condtleti vity and p.j. of soil at germination 

AL) 

v IV 

Vi 



3,1.2 Growth perform-nice SiUdies 

3,1:2,1 Pliant s-tuvivai 

31.2,2 Electrical conductivity and pniti 	soi1 
3,1.2,3 14 	:4p aria:routers 

Mycorrhizal parameters 

4,1 ,611g1 root color :izanon 

3.1.24,2 AM spore court :in pot sot1 
Estetrita den of :nutrients 

312.5,1'in:di nitrogen 

,2.5,21?hosphorits 

2.5 3 Potassium 

3.1.2.571 Sod nin 

1311ioritie 

2,5, e Ca lc Lin 

Rtingne i ,111 

,2.5t3 irtinnentinsients 	Fet  Zn and i'at 
3.1,2„6 RietStientnitial estimations 

3,1.2 671 Psoi 

Totai soluble ore tonis 
3.1,2.6.3 Pricl ti icing sugtars 
3.1.2.6,4 'Cut, sugars 

3,1,2,6.5 Chlorophylls and calm ten:aids 

3,1,3 fn ztivo stitches4iGrua ind Salinity Water el.:15'0,9 
3..2 in vitro studies 

Seed gerraina 

Cerrnin anon il1N 

3„2,1.2 Doi) s to ge 	ation 
321,3 Tride leaf entrgence 

3,2,2 In 	regettieret;oli stutilists 

3,2.2,1 Shoot regeneT aton StU eS 

32.2J.1 Sitnot initiation resportse 
2.1.2 	da yS required f shoot iriitianon 

3,2.2,1,3 No, of shoots/ expla.rit 

3.12,1.4 Shoot length (ern) 

3,2.2,2 Root regeneration studies 

3,2,2.2.1 Root initiation response (21111 

47 

41 



3..2.2..2,2 No. o.f da.ys required for root initiation 	 1 

3.21..2.3 No. of root.s/ shoot 
	

61 

3.2,2.24 7a. a' 	 91 

3„2.5 	vitro screeningsa2. stress 

arkct Biocictomical esiiimations 

3...2,14). Protein. nvn'1114 

3,2.4 AcclimatizatOn .of in vitro r 	9i3..pi.ings 

3.2,5 Field trials 

3,3 tatistic analy's.is 

Chapter 4: RESUL,TS AND DISCUSSION 

=1.1 Jst o dies 

441.,1„ Seed .74,,,r4Triirkation 	q:fleretq Na21 concentrations 

2 	011 parameirs 

4,1 .:7,;( 	 ytith thfftbrent sait concentrations 

1.11-ir4ica patztrneters 

41.2.3 Mycorrhizal colonizatkm 

1r...4.itinq7na', pay:ameters 

4.1.2.4 

4. .242 "Phosphorias 

4.1,9.4.3 Potassium 

412,4.41 Sot:Lwn 	 ... 93 

72.4.6 Chloride 

4,1Na K ratio  

4.22.47 Magnesium 	 102 

4,1.214.8 Calcium. 

MicronLitrients Nab Cu, Fe, 

4„ 125 3cemcai para(r.eters 

F1 roline 	 .113 

4,1,2,5,2 Total soluble proteins 

412.5,3 .7).ugais 

4.1,2.5.4 Plant pigments 	 121 

4.1.3 -RosuJts on the experiments with ground saline water 	 "Yi 

4.1.3.1, Physical parameters 	 123 

4.1.3.2 Biochemical parameters 

4,1 .3.3 Nutritional parameters 

Vii I 



4.2 In vitro studies 127 
4.2.1 In vitro seed germination 128 
4.2.2 In vitro regeneration studies 130 

4.2.2.1 Shoot regeneration 130 
4.2.2.1.1 Shoot initiation response (%) 131 
4.2.2.1.2 Days required for shoot initiation (DAC) 	 133 
4.2.2.1.3 Numbers of shoots/ explant 134 
4.2.2.1.4 Shoot length 134 

4.2.2.2 Root regeneration 139 
4.2.3 In vitro screening for salt tolerance 143 

4.2.3.1 Shoot regeneration 145 
4.2.3.2 Root regeneration 147 

4.2.4 Nutritional parameters 148 
4.2.4.1 Nitrogen 151 
4.2.4.2 Phosphorus 151 
4.2.4.3 Potassium 152 
4.2.4.4 Sodium 152 
4.2.4.5 Chloride 153 
4.2.4.6 Na: K ratio 153 
4.2.4.7 Magnesium 155 
4.2.4.8 Calcium 155 
4.2.4.9 Micronutrients (Fe, Mn, Cu, Zn) 155 

4.2.5 Biochemical parameters 156 
4.2.5.1 Proline 156 
4.2.5.3 Reducing and total sugars 158 
4.2.5.4 Plant pigments 160 
4.2.5.5 Protein profile .162 

4.2.6 Acclimatization of in vitro raised saplings 164 
4.2.7 Field trials 166 

Chapter 5: SUMMARY AND CONCLUSIONS 	169 

	

REFERENCES   .178 
APPENDICES 	200 
CURRICULUM VITAE 	203 

ix 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

