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mit-TI Minetal Nuliikion 

Majo_and and Mino elemens 

lo complele life -cycle notmally,liwng 
otgdnismu hequvres a supply f Jahde mumbea 
Subslances ftom 0ntside. This supply is calle 

nuisren. 
The gieem planls areaulolkophc d hey 

equise outide Ahespply of_nly inotgataaie 
substanceslAitk the exceplion C H4 O 
all otkes dna1ddnic 8ubstancer dke ob1ainedL 
disectlyo indiLectly jsoom soils the sources 
heedmotd.anie nuhsealkahe mine solk,- 

the elemenl& ahe called _minehalnuliLemlg_and 
the nuilbalim is lalled mineal nultim- 

Za_all,sixteen elemenlk dhe keguiel bry 
The plantk ef hich Some aLA equiiedum. 
lahdepudnilties K_called major elemenlk
masamulhiemlg egCHO, N S Pk,M{ Ca kE-

The _elemtmlt zbich ahe LequibedJm 
ilaall quaniitier ake tebmed as mino elem enls 
Tace elemenlo nichomulbrenlk 
eg eB M», Z», lu, Mo cl 

A MACRON UTRIENTS 
abon Hydraden and OaYOe 

hese _le nett mineal un big in, bul 
dhe dpatoall obddmic Lomp0lnds pLesem Lm 
he plant { fosm_majoxpart dry ueight.larbon is absoibed by-the plantin the ft CO fam aih. L s eSsenlal fe pniheais q casbohydrales. at.Hydrogen02ygen a'ie present in udi 

O. 

2hucl is.absesbed by the plantom soil.klates. 
s needed for vaous vilal ailivities The plaml. 



2Nithode 
euhce 
The claiep soUrCe nilhodem sal, euthel the jdm ef nliate o axomanical lalle, dueh d Sadium ndhale, pataSsium ilzale dmmanLum nds zlo ete 

-AT Same batesia fx almospheic milaodem& make i dualable to the plaint

ecemCyLymplome -
Lnhibiln of Cell-dstsiom 

-ChloosLs in elde dedmes k thevyellowLnd 
(because Na maes iapidly m oldeb t 

taumde keane4.) 
Shertape of nitioden_éesulti un accelehadluon 
in thefo- amlhe cyamin pigmenls hence 
easesbecme puiple in Celos 
e redudien m pheleLn plantghaLattt 

Aemains 2lunled. ts_d reult, cekeals_da not 
&homu chasdcterisic tillehing 

Rode Nitsopen io an essemdial constituent g 
dferent þholeLns and nudeic_dcidc 

- It isalso ancomstuiuent hleiaphyll.. 
- PhoceiSES Like phbteLn áunthesis,_ole 
nuedeicdcid and chletophyil suynthesis We 
Aelaled Ti nulhogtm. 

-



Sulphu 

Sulphu io awailable to planli um the fotn f 

&oluble sulphaler gf soil 

efieLerH fmpta 
Role 

Sulphus is camxtiluent ef amino acide_ 

CcysTene methiomine), itamun B1 dnd 
Coemtyme t4 volatile oilk The chakactesistie 

odouk Guitersaus planli,onian lgarlieis 
de To sulphuzzas LomStuthuent ef volalile oils. 
Thio' aligfehent amino acid, t participales n 

otein áyfnthesis 
Sulphueaflecte am inchease Lm_nedile -fotma 

n Aest q Legumin.aus planli. Tt_dducezsely- 
alheii _chlsopbyl ynthesis 

Oefiuency Symplam 
eiieny Sis_ Are im nalue, TÁe 
deficier plantsshons Aymhlami imilan 

nithopen_deficuemeH 
Cell-diri.cion k elasded. 

-2it-fotmalon ie SuppAessed 
Chlorosis olde leaee. 
Young leawes_derelop orange, redo purple- 

Pidmemi. 

Leaf fatl is_rapid 
The Sea margins ups_rollLnudhds 



PhospheisLs 

Souhce 
The plands absosb phosphaikus in thefam 

&.otuble bhosphalessuch as H2O k HPO 

Role 
Phosphortu is presemt ahundantly n iuiti fseed 

Tt is dn esseadial element inpldSma memmane 
nAsclete deld mamy Coem2ymeL ATP, NADP ele. 

-- 
eficiemy symplaa 
Tlesing af op plamlk e ie beduued1

PAeratare leaffall laker place. 
hauth ig 2etaided kdetd patclhes dppeesh n 
petielee, Jedee euile. 
urple pidmenlation 
Floweaind is_delayed 

leaseR. 

Calcium 

It oceuhe Said. lvilb nahiety ef minelale. 
-The soil_debuned feonslaneei chalk Aocks- 

cerilains lage percenfage flatoy, hile sandy soil-
shaws a deficenty shich is metaddi lime 

Role -
-A lalge fuanlily fALais feund in leaurez K 

relatively Longianle liyitis fhundi he 
Seeds dnd uil. 

- Ccaleium S maun Censituent f planls eas Calcis 



pectate e middle lamella f cell-wal. 

Tt s_Canceined with Jiowin ront dpices 

Zt s net easily ansbotable,k Hherefoie 
Lenc in olde2 paris is hishe2 tham yaunfer aie 

Tt may be the redson dor developmnemt f easlp 
icaemCy sfmplame dt_ the tip& of Shonle amd 

icwing poinls 
--Zt is_essential eiufat melabelism,omalen 
membrane cakbohydrale melabatis na 6indind 
nucleic_acidk, ele 

deficnemtaLLappeass _ÁM HIUndleaes nedh 

he orming foinls slem kiodls 
leaf mahgins_became eguldh imshape k 

sh hiam Spolk 
-Chlmsis is_seen_alomd leamdhylns8 
Gming ponk aie killed 

Potassium 
Qourcee 

Potassium is widely disl.abitedasoil ninerale 

Ztis stngly ixed in soil 

Rale i 
Potassium ik_dConalituent oteins eh fals, 
chlacaphyll4, carbohydrales, el 
Tt is found in laige propo~tian atrouiin£ 
þpoinls k mobile within the plart issues... 

Zt ix comcebnel 2uith fexmf cakbohydaaZEA 

phatern,-photosynthesis, sythesis -nueleie 
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dcids, l chlokophyl, en2yme alion, anslocahon . 
Sotules,ele. 

eficiemey_tmploms 
Shnls may dieback, eenliuallypldmb may clie 

Planls mdy keLame alunted. 

Litlle_at no {latareking. 
Leanes may became dlull o blush eem 

ChlospsL8_im dnteraseinal LLgioms 
Tn oldehleases bujng tips kdeselopmemt 

bioumshols nea magins deat occus 
Keduced idnlehnedes stemk 2educed odudlhoe 

ains 

adnesiUm 

Uce=Mg eccuhs AL Canbonales in soil .Zt 

OAds_eaSily_leaehed & fo thie edsm mayy become 
delicient in sandy sSile dusing 1ulet þeiods 

Rste 
-Taconstitsent f chlosaphyll &_thehefpite 
ELSenkal fetufotmaadian OThus igmemti 
It mobile k Temsfeksed ln olden. To frung 
dissues.tasesult,_dejicieney ipmmploms. 

deelop first_om_oldesLeaues 
It iu essentiat fadynlheaio faland 

melaboismcanhohydliales kphosphoiats. 

eiaency ymploms 
Aiaemey spmplamsdessedop_mn stdes Leairel and 

fps vceed. Jauah ds youngeblearee 



hlorosisl defolialon occus. 

leaues, s0metmes, deuelop neilic pols. 

(B) MICRONUTRIENTS.- 

Ton 
Source Tt is pesent un he om gaxides pivind 

well-i 
hed oibhown ColouUto Ahe 3oil.Tn 

gated aheds, feraic compoundk ae edamindnl 

ly tound k imwateh-logded soile, feAauL 
Campaunds aze oimeh. Ii is_absox bed i 
issic slate but melabolicalt it aetiuve tn 

feiseus_slale. -

N 
Rate 
Thaughihen ie not_a canalituent f chlaophyll 
yet_it is dosely cncerned with it 4 probably t 

laysa ole g_ calaylyst- 
Sn also _acis_as_catalyet & elech-m cariiez in 

Aespihalhon.
Tt is constituemt ef eylochiomes, feedoxin,.-
Latalasepezaxiclase,etz 

Tt s immobrle im pldnt tissues l_hence i 

delhcuenty4trst_dlesrelops_n younge leaves. 
N 

Beficueny iymploms 
- Chlorosis of leaves occuhR k younde Leaes 

dhe most sererely aecled. Psincupal veine 
may eandin f2eem-sPotd 
ChloroSis ma Show mottled pattem o£Lea 
may show Complele bledching.Cmuch DGheyhnis -Zh exlkeme tondiluons, Coching n 

hiR 
Proce. 

& ups may occU. Cer6), 
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Mandanese 

Ce 
OXide foians e mangamese de comman 

Sail, but the moeshighly oxidisedfetsms 

mangamese dioxide) ae oveydour dstailab1lils 
to planta. sSamelhmea, oxidisnd bdctesid_dn oil 

may make namgdmeoe dwailable im soiL. 

Role 
Mangctne2e _acis ds dm_ acllac of same oxiddaséz 
pesoxicdases, lehzpdsodeMdLes, kindses, _edc 

tisessenlial fefeimcluon f chlckaphyll 
Tt alse decheases the&olubility ef Lhmby 

OKidationHente, abumelamce f mamganese_Ledds- 

Toinan_deiciemoyinpldnis 

eicency symflemg 
- dhlerosis q leases is mosi commm symplornt 
-Leddtüssue spols ae faund tn ledies 
The tissue nay tuho bu binm Lnaln 

ahea. may The 

hot sysTen is joy desreloped plant may die 
4iain. foimdtion is2educed 

Coppe 

Soutce 
Coppedsfoundi smali quantuiyun sails 

facles athectind uts civailabiily ta plini cie
Aittle knonn, ut ezamic mates Soil. 

edanisms, p ae all Umpolamt. 



Role 
obpe is Conadituent of aLabic aid oidase 
lacyase,tyrosinase, phenatoxidase plaslacanin, 
Tt is esséntual Z photoaynthesis, repiraion 

carbohydrale/nitopen balance 

eficicncy ymplom 
- Both egetature hepreducliue gaasth arededue 

Buhning leapmardins c chleiosis CCeuhi 
Yaung dedmes_ uwither Shau mazáinal chlonsis 

Heads_ase dwafed, distorted tps ahe 
chlointic 
sainfrealon is seiacted 
ie back disedse _in GUus is cdiused. 

in 

Tis faund in sai in e Small quantiiies 
Llarsely it xesulth fham LencemtialLon _and 
addilen fem grruing planfs faddedzesidue. 

Role 
Zt is camponeni e tniymes like taikonic 

enbydheodfnase, adlcohalkydsogenase, lactui 
dehydhedlnasealkalne phosphatase elc 
-Tt LS essenlialfei Co eelutio & iulilizalen 
cazbthydrale d phosphstuu melabatisms_and 
Sn+heses ef RNt {auxins. 

ehcents &mploms 
it causel metle leaf f Cl 
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(10) CElc 
Pace 

Tt also_ couses itle leaf ofepples, vneR_elk 

-kn_deficiency symplams im brodd-leaued_rnps 
ahe intesueinal chlohosis,2edte 2with. pidmenlaluam 

educed leaf siee.,shoitening f intehmades ez. 

5Molybdaes enum 
whce Ti is faund in mall emami in zoils 

kut helatively higheb comcenlacttion acahs im 
minezaloils 4_coal ashe 

Rete 
Tt isimpactant censthluent fntuäle edudaze 
y&Tem 

Tals ds_dn actiaatosorsame dehydrogemases 

phosphalasesk_ as cofactirsdnéynthesit o 
dLceibte deid- 

Tt snecessahy ot nodule -fdtmdluona 
legumes ffaalion of_almoshheuc nlhodem 

aoieney mplamg 
-Chloro6LL AmleaLs aCLuh8 
- Aleek0sIs Ofdeal ussue mayoCAt in acule spo 

ovedeicienoy 
-Ih oalTfailuha ofdsadin-foimaluon aCCuis- 

da 

btack i 
Cotaut 9 In Caulshlouseiahap Iaut oczuss. 

olom 
0uhce 
edimemls It is absstbed dn Ahe fri K 

on oceuL Jm ocks aiin 

borate ions. 



Pag? 

Role- 
Bhoxnis mecessay dr iamslocalen sugaze 

4 inualeed in sepodulon germinaion jollen 

Itkegulales dmlake. of waterinlo the cell. 
Tt is ncerned sith nitrodem melabolism. 

eicienCy Symplam 
Hoxon deficiemcy is respomsible f2 Sesesal diseases 

disedses_ Such as "Heart 2ot ef dspalbeet dnd 
nakigoldA hollon slem caulizloare, ele 

Leaueskherr uhite siripe scoxrching lcurding. 
SlC shas die-back o apea, abromal illeking
Cuskingele 
Hnsers_dhe phoduced inlessez numben kstora 
ulk ae deformed&uselesg. 

hloine 

Chleiine occAs Commmly in 5nil ds chlosides 

ole No genenal statememi Lan be made _om t 
Iebtczo Aole g chline in plamt melabriikm. 
TnTabacco, chlorineumtedAe 12atel contemt d 

cells dnd also afect carhohsdeale metabolisn 
Chloxine may Speedup phala3fmtheiLS An bo 

eiciencySymploms 

Chlor osts,_ necroSIs leaf wiltand aee din. 
defiuenty symploms o chlarine 
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Minehal Sall_absorplun 
Planls are imneed q minehal salle fo 

au ailirities. he only soure the minerals . 
Soil. Ihe minesal sals areabsoshed by- Jools, hich 
ahe.in comlact with. soil. Various theoies hanre heen

praposed ti explain_absoption f minezal sallk.- 

Passine Absaspia 
Ahen the abso4plionfminerdl Salls iakes 

iplace withnut expendilre of metabntue_emesgy (ATP) 
Bimply by dilfrusiooim plant cells, it ic caled di 
Asstire absosjtuon 

tan Mechanism ef bassire ahsosplion 
Lon exchdmgehesiiE: == 

= = 

Aecaiading to his theriy, _dnions A Calim 
ddrsbed n theplant cells_ase exchanded Ben 
zitk Ihe amsem o Caliens_of the eguuwalen Chalgez 

n the estepnal medium dm 13hich issue ds 
LmmAsed The fmcess n esChdnde take place 
by Tisp methads, ds folloJS 

a) 3ued Lm exchdnge ar Cnlact exchdnge theaiy 

Root R 

H 
clay 

Amicelte 
cla 
inicelle 

Fig Siaga mnale vebrescmlalion of ihe 
Coilact exchange Iheoif. 



Acertding to this theosy, the ions ahe 
Zansfehreod iom Sol pahtucleg n thehoot o 
ce-hkafhe ions ddsosbed to the surpd ce o 

soot cells _o cldy partucles dre not held ghtly,- 
meve but oscillate within the_Smallyspace. Zt is_temed 

<wih sascillahon yvotume /lhen the oSallalion valumee 
and q tiooions 2wilh the sdme chahge oeila6, ome 

volume SuAGbatkiu 

im is exchanded wiIk atkes, Jhis racessi 
alled as conlact epchange the Conlact exchange 
Lonslakes plaace nst_oaly belween Sailfahticles 

ut also hetween sail particles f the sool sLM 
Suppose_ Ht i adsosbed eat cell face_ 

4Kt is _ddsohbed on the clay micelle batk 
scillale An suth a wdy that the oscilalion vattme 

lie HTaeilahs wilh that of Kt ZE will xesult wm 

Zhe am.sfeh e Htt the clay micelle Ktt 

the soot 8lface. 

Cby Indbect im exchange_o arbonic acid 
eKchangeAheiL 

Root 
CD *t20 }t HCO soil sor) 

Clay 
wicette 

K+HC0 

Ei iaghdmmdlehehreáCnlalon of. the 
Cabonc. dcid. exchange the -



Positve ca on) at0?e 
Neqafive 
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Acco2ding to thusthesiy,- he Ca ielesse 
duhingAeshisauon of Aoot cells canbines with wal 

To foim carbante_dcd (2COz) im the Soilsolhulon 
Carbonic dcid dissociales into 1and Hcog (anion). 

Acalion eg k dadsoxbed m the clay micelle 
may be exchanged with Htof the Soil Solulron .Thu 

calien CKt)_may dirzuseo the .oot surface 

exchande fr Ht im. 

_Aclie_abso£pluAm 
When the _eoccaznde cf absoiAlion oP mineial 

salts Takes place with the help of_melabatheenee >- 
is Called as _aclwe absosblLen. 
NechdniSm_acae absopisn= 
aAie Concept-heo y(HoneË, 1g37), 

The cellmembrne plays an impotlamtt hole 
in aiure ahsoiplon The cell meambiane is eemi-
pemeable in nature kallmas omly selecteckeed 
matehial to pAsS thhnieh t, kimpekneable a 

other ins On the membrame swface,_certain 
ubstances like ylochiemes, ipopsoteins act a 

CaAes huc Cambne umita minehaliomg_and 
don-CalrAeh ComplexAs fomed.jThi cemplex 
naeL dUAss the membiame _and Leacheg the 
nnel Juhfdce of membiame ahe>e the ceornplea 
breaks. Zons dhe 2eleased inside_the celL and 

caliue camer_again lo the utet sutfdce e 

cell membiameI 2eceLne moie ine o epeat. 

ereky slep in thuo mechanismhe _emerdy tequis 
t the casiers is 8upplied in the frtm AIP 

hs enengy il o6lcte nek om2espitalor_&hence 
acture absorptian is mote piominemt in yrung cells of 
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iAring foinl, uhich. eshureaiq 0alusly 
The caksies Loncept theriy has gollooind 

&pposte 
) Seuesal wokess usedhadivdcte Aeme 
ihe sludy cAhie cmceft. They faund that, the 

ions failed to diuse thrugha cell tembiane 
This yactimplies that, the dithusion midht le 

atcomplished ky Se cbiess 
Ki) T has been ohsezued that, the rdle 
absspliC ofims does net imcease beymd a 

O 

manimum leMel, eemik the concenlralnonL 
Aedsedehy muth. This is supposed kzæ2 

abe due ta presemce of Jimilted caiiieis. 



I6) 

x sanslocalion e ogamie solules. 
Plans te alalzophs dnd 8/rithesSt2e 

Aheis dd foak. TheJoods manufaclused in 
seen cells ef leaes Zt is slaied in various 
slorage_otddns ef The plant. These iwo pues 
leaes{ sloxade o2dans) f plant_act as the 
Supply Lnd (source) ef the food mateial. The food 
dsTdnslocated Aapidly feem sufpply emdsCsaurce) 
to ditfehent ptzis e pblanlk (Sink) Lar Consumplion 

Lelilization in melabalic process 
Maveaert of Salules fm_ane aET the 

plant Za amathes is_caalled as d2amslocalion0 
Zsansfott 7hanspoxt ef sugarin stere lubes is 
Lailedhamslocaior 

Mechanism edmslocation 
Munck Mass Flow Hypothesis 7Pressue flow lheon = 

0This hypotaesis 22aepDpOsed by-Mung ACcsrding Ta this theciythe pmitaplast d a 

uf SLese Iiube& iscamnected_tk edch-atkes. 
by meams oplasmoclesmaTa feiming a contintau 
8y4tem &ymplast".he/Tt emables the solule ta 
lor as masS' Undei ceblau Comdlone 

ACcording To the hypotkesis, hen food is 
manukaclusedd ln Leaf, the 0Smalc resSe mesophyll cells_ LS Ors much Amckeased/hii cuses 
abso~tianf 1aate icm hexylem elemenls ef the 
Jeaf, esultingin the inchease theis Iadoue phessure./his cceeds in.febcindSome T cell solulon unla k dozu the siene ubes. 7he 
oSmauc þötenlctl in the phlocm falls. Onthe cther 



Mesophyll cells 

lates 
lo3t n 
hanspiraluon 

Supdrshom hlates at hiph O.P 
photoseyndkesis 

ytem Phtvem 

MovemEnt_ 
owate 

Movemert ofwatee 
itkh dissoled ugdrs 

et 

Supars orsume4kate at low P. 4 lateo Soil 

a stoed 
Root Cels 

Fg)iagsammateepzesortation of 
Munck Mass fors kypothesis 

handin the Lells 7 the oot et the siotage 
etgdn8 The foodie eilhe cnsumed oi is 
emerted unlo unsoluble fotme/ his deckeadses 
theit aSmdioressuLe k_comseguently thei 
Tugou phessure also dels LonLLednder the 
Cmdita0ns memhonedabreduAdouh piLLkuke. 
ghadient is elablished the Bupaly end in the 

LeaCSource) l the Lsnsumflim emd in the goat 
L8ink)_dnd thexefote dmass flor oatew. 
(conlaining dissalued solules)food satution Iakes 
placein the phlsemPran the24ppe emd i he 
Jcueeemd q the pluntt. the.comsum5lian end 
water ditusesiti the ylem element G the 
Aoot due to thedorverinp e aSimdepressuke & 

2will be ansloealed t zhe. leaf thiugh ulem 
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T be_awailable t the mesophyll cells adain A sostg cydic cieculaloty system is formed as 

thenn_in dieure la). 
The pinciple of mais floa can be illuetiates 

ih the help gfa simple ecpeiment. The Tivo Lchambes_ 2with Semipehmedble walls A dnd B_ 
ahe cnnededby a tube e conlaining uwate 
ta feim_d closed syslemLEigl6)J._ 
Salde 
added 

Jater 

Wate 
3emipermeable 

membrane Solule 
demove 

Vessel 

Concenlratol 
Sugar soliion 

Dilude 
Sugar Solulion 

FiExperi mental zepresenlalion Munch Mass flows hypothesis.

Chambei H lontauns highky- Lsmcenthated Lugdh salulkon, Jhile chamben e' Cmtains The system is dipped im_a wates-filledvessel Chambe A Coiesponds with the supply emdLm Zhe les, chanbes B.Lotiesponds witi he eceine end in the coot& tube C Cozhes ponds witk the lompiludinal sieve tube syslem . 



he ouler vessel tosnesbonds with the nuylem 

jelemenls he comcenltaled suga 2oluhon n 

chdmbea Asill cause Aapicd elithusion of wate 
l inla it, resultind inta tho develofrm emi vey 

hiph tundour pissure prddienttull zhe solulont 
Anboth the chdmbers altdun the sdme Concent- 
ton, at whith the procesR will come l a slatp 

K howesres, sugdl could be conlnuously added lo 
the chamben and eemaved fom the chamben-, 

a contunuous mass flnr cP solulion will Zake 
-place eom A t B thtmugh the iube C.On 
teachind the chamben B, 2oateh will diffuse _alu 

nto the essel_and cam dgain fass thtogh t 
lochamben A. An analogous &ilualions dound- 

nplamlz..
The lrondest_eMidemcedn ftirouk Ae 

hypothesis Comefom tihe zact that, Sap 
exudalhom Conlaining hidh sugde comlemt fakes 

place dta idpid kale fiomd Cut made unlo 

the phloem las0ody0& hetbace aui slem dur a 

berued f moie than 24 houh&. This sudgests that. 
mass ow siap occLWAs Undery peessikL un 

the phloem elememls unlactsleml. 
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HYdroponic technique 

Zhe science eP,soil- tess qardeningis 

calledbydrep0nics 
ZI basically ovolvesqmwinq healthy plan 
wjtheut zhe se of a tracli tional soil 

22edium_ by usinq a nutrient like a nineal 
ich alater SOLUtiOn, 

Zhe Len_ bydreponicsSasseen utedfoL-
2mwtb aPplanh in rater and sand kultl- 

ie 1erms soil lescaqriclture, test-tube 
Parmin9 tankLarming have alsa beenLLed. 
semmercially hydrap�nic cuLtires are Main2- 
tainedin large shallau tanks nade upap. 

LOncrete, Lement aad aN Metal-shees. 
The Aydopenics hare been us ed Ler dbe 

pnductaon eL horticudturalandLLori 
Cultural erepc Theqardeners are utilizing 
hyadropanic 2ethods insuch Lecalitie Where 

q00dsoil i6 n0E availebte_ 
Advanzaq2s e Hydreeonics 

TtKPassible_ pruide_watevefnuhi 
ent_eniironnent is desiahle-

This mehodis cheapey and mare faroure-
ble medium thansOil Par qniwing Plank. 
THenutrihonLan be Chah9ed af-any_- 
ine te Coordinate aithLluLalakOnL io 
he ueaher,_especially changes io Light- 
aNd zemperature. 

TheLGuipmenp Lan he made _authm2aic 
-aioicling hetabour charges and 
exPense bp_cwaterag the plan 
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