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1. MINERAL NUTRITION -

11 INTRODUCTION |
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Plants take up mineral elements n only Jimited number of elemeng, are

o 92 patur curring elements, ; e
solution, Out of 92 naturally occurring ¢ are found in plants. Most of the 0]

. . Aetually some 60 clements T
essential to plants. Actually some 60 eteme™= ts exhibit selectivity in the uptaj,
elements are not readily soluble in water. Roots f

mineral elements. '

| Carbon, l‘\)jglrogcn and oxygen are the most _?hl}ng?,r_?t?]ﬁmﬁms Pr.CSCTlt In the
plant on "\.s.':\ight basis, The Chemical composition of the plant is determined by Ash
131\#11: As carbon hydrogen and oxgen are given off as gases, the composifion
the plant is determined by ash analysis. It revealed smaller amounts of Nitroger
followed by several other elements even in lesser concentrations. These minerg|

elements make up about 5% plants of dry weight. Out of them, 16 mineral elemen:

21¢ considered as essential elements.)

The list of essential elements has been built up over many years and perhaps

SVen no» Riete. By mid 184 century it was established that plants obtained
15.In the 19'h century development of sand
1 to recognition of most important elements
xperiments showed that Nitrogen, Sulphur,
esium, Iron are essential for a number o
Siements for flowering plants stands at 17-20
Supon the species. Some elements appear to b

o IlCentrati(;u'tdems' and micronutrients
— ns (1000 i.g g of dry matte!
E ef: -~Fqncentraﬁons_..(100 ug. g1 of drf
.eflcml elements aye recognised. The¥
BIOMOte plan growth. eg. Cobalt
Rubdium and strontium ¢
HeNnium g beneficial to so™
=€ taken up by plants. A%
& SMall amouynts in plan®
- 'Ough non essential the
Cells. Many non essenti”
take is hazardous to pla"

.
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'1-3| CRITERIA OF ESENTIALITY | =

Plants contain about 60 elements. 1
5. However only about 16 element
S are

a remaininge e
2 : . < )} ) Y . %
they happen to be present in the soil soluti B i arelbiks
R ) . 5 : Hion
- ¢ Y1 ¥ . N
J.'P}»Yk-dk hL‘d 1‘) :N‘ OW “]3“ }WL]]]L\‘ m C(““}’l(\[k‘ ]h‘\
: apsence

necessary for the growth of the plant. Th
ant. The
" n up because
¢ problem of esentially is
(.)t a given element. If the plant
ntial. If it fails to grow normally

grows normally, the element is evidently non
: ) . : ) esse
‘)\‘1\1.\ e 8 D NN ~ .
the element is considered as essential. Early workers could
\ T d rec

4 |

of elements due to difficulties i . CRRE AT ’
of ment 1 difficulties in conducting experiments "FI antered
b s i cxihire e : g exg 'nts. They encountered
puri i re medium, in the salts and even in the vessels S‘qihs established
ssels. Sachs establishe

she technigue of water ¢ es of i
hniq ater cultures of plants which eliminated many difficulties with

s

Zenn o) M 1o - N . b .
! CS. In o1 ie Y De ¢cor . ! .
4 aer tc 1(‘ certain (hdl th‘ k‘lClnL‘lllS ll‘llly CSSCI]HH], Arnon ar 1 St t

FEERe saL il

L

- 320) O n ~gey gty g sals
(1939) proposed the criteria of essentiality. The three requirements are |
v O d
1) The eleme ‘ ssenti ,
(1) The element must be essential for normal growth and reproduction ‘
. ]
" T sl e ~ aQ 1 |
(2) The element can not be substituted by another element. {

(3) The concerned element should directly be involved in some function within

y is required in their
osition and needs.
but impossible to ,

iteria are rather strict and some liberalit

v variation with reference to their comp

ential under certain circumstances

r conditions It is extremely difficult to demonstrate

t. Certain micro nutrients may be required in i

ful analysis could not detect because of level of 1
|

hese ¢r
-oolication. Plants shos
2 requirement under othe
~on essentiality of an elemen
stions which the most care
solution. Unl
Jements, its
not be pr

————

81

ess the deficiency can be demonstrated and
essentiality can not be proved. On the other
oved due to the inability to demonstrate a

tial if deficiency symptoms appear on
tion of the element to the nutrient
). This criterion led to evidence

ered as essen
own without addi
ts form viable seeds

plan
| for some plants.

ssentia

leriteria it is ostablished that 16 elements are essential
oments are classified as Macronutrients and micro
¢ required in large quantities where as 7 micro

quantities. The macro elements are Carbon
Phosphorus, Calcium Potassium anci
ron, Manganese, Boron, Copper, Zing,
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W AVAMPTOMS |
LS NATURITIONAL DEFICIENCY SYMPTC

e functions in the plant. If any elemg,
veesential elemoents. carmrvout S e tunction I y Tl'l(m

he plant is upset. The Nutrg; I
ant, normal &\h\ siology of the pilant tritig,,
: \ pal st or vellow colour develops due to failure of ]Qa\'p
) Chilorosic : A pale green of |
we notmal amount of chlorophyll.
\ Death of localised tissues such as leaf tips or Margin r}
N OF T0AY )
drying and withering of leaves
g fall of leaves, flowers and fruits.
WTra A\.' Sy

mptoms are first noticed in older |
otassium. Nitrogen, Magnesium are call
'S appear first in older leaves, Some elements

1
™ Olader
i olQae

© to younger leaves. Their de
leaves. Eg. Calcium, Sulphur an

eaves and then in younge,
ed mobile elements a5 thei:
are immobile and they are ng
ficiency causes Symptoms
d micro nutrients except Zinc.

[ P
410'S

=N S
S ¢ ¢

,m.

ed into groups based on the:

mic elements,

and Oxygen come under th
€ dry matter of the majority ¢
of protoplasm, reserve foods

OTus, Sulphur contribute to &

Calcium and Magnesium are ai

Oups or types based &

. : 3 n
with ionic bala

g C e ot
as "anion” in!

Yy
Mg, Fe, Cl, B act

|
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M|NERALNUTHITION I ' 63 |

C],qu]f]C'lth“ of Plant Nutrients :
Generally, the classification depends on their

(a) miner ral composition

(b) Concentration (macro 0.02 - 6.0%) and Micro (0.01-500 mg/kg)

(c) Physiological functions
1’sychologicnl Groups of Nutrients : Six groups are recognised. They are

(,x'm.n'p l: Cons‘litucnts of various organic or in-organic compounds. This
droup acludes N, P, S, Ca, B, Fe, and Mg.

Group-1I : Activators of Enzymes. This group includes K, Mg, Ca, Fe, Zn, Mn,
Cu, Mo, Na, and CL

Group-1II : Includes components of Redox-systems and electron transport. P,
3 Fe, Mn, Cu, Mo. are included in this group.

Group-IV : Includes osmotic regulators and ionic balancing elements They are
K Na, and Cl etc.

Group-V : Includes stimulating elements They are Co, Cr, Ni, Sn. Li, Fe, Se,
Si etc.

Group-VI : Includes tox1c heavy metals and other elements like Cd, Cr, Hg,
Ni Se, etc.

16 ESSENTIAL ELEMENTS - FUNCTIONS AND DEFICIENCY SYMPTOMS

xygen : These elements are not mineral in origin.
f practically all organic compounds of the plant.
f CO, from air. ‘Oxygen is derived from water as

2 1O T
from water. These elements constitute the ma]or

arbon 45%, oxygen 43%, Hydrogen 6%)
3, hydrogen and oxygen, nitrogen is the fourth

antly present in the atmosphere but plants obtain
n of nitrates and ammonium salts. Some bacterla
) osphenc nitrogen.

mponent of proteins, amino acids, nucleic ac1d
% S,
.1ds and plant harmones Some \rltaml
! ns

4_» ellowing of leaves {chlorosi. ).
8 10 young leaveg, Lower leaves fsll
a

veins N et
thh bECOme
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‘ 64 t o elyinthe makeup of the plan; -
S 1 1 Il\ p]LSLl\lO 10/ 1pP,f0?§1.1ﬂ fsulphate Little quantt
hur ¢ It s » i of sulphate. LitHe ¢ ;
iy ped from U the 5011 in t ’h_e“f?j ———Jluted air. e
Sowre 115 25 ’(“_»,.1., lmmh when Present inp
) ale

enter throug

di \\1dc o acids
-,ulphm — 1 "npmlant constltuent of aming like c}’st
al

d Biot; \
1 vxtamms 11ke1h1am1n an iy
found i py sulphahydryl groups. I%
), onion and garlic. It favou%
cell division.

Functions Sulphur i8

\\hmv md mvlhummc Tt is
~~~~~~~~ any enzymes

tin m
mm \nu A It is presen
eae
odom to mustard family (Brassicaces
ation and

ation, fruit. forma
ncy seldom occurs in natural conditions as S0,

P un\,k nt
to nmhou chlorophyll form

Deficiency Sulphur deficie - 1
abundant and is taken up by the plant. The deficiency is known mainly from t}

colution culture experiments. The symptoms are characterised by yellowlng
younger leaves. Stems become slender and roots are > larger. Tea jellows is duev

sulphur deficiency in Tea plants.
Approx1mately phosphorus constitutes 02% in

4, Phosphorus :
composition of the plant

Source : Phosphorus is taken up by plants in the form of d 1on H,PO,~
HPO,~, .

Function : It is a constituent of nucleic acids. Phospholipids, coenzymes
ich compound ATP. The highest percentage :

phorus deficiency are not so marked ast
};orus deficient plant is stunted in growt
ndency to develop purple or redd

2y be accompanied by the appearance!
8 resulting in leaf fall,

gately 05% in the chemical compositior
tons. It is abundantly present in the$

nthes1s of rmddle lamella of cell we
e as Ca2+ jons, It is neceS‘
Actions as activator of s07
. Necessary in small amotf

f growmg reglOﬂS of ght
=S, chlorosis of yourlgl/ea
Uiting take p € place, “Deficie”
af tips due to distorti’”
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= . Potassium present in the plant is about 1% of the dry weight

7 potassium ¢ PotassuIm
¢ the plant: :

P Potassium is an exchangeable cation. Plants absorb K ions in large
5“{” I(t ryry structural role in plants i.e., it does not enter the composition of
athounts: 1 ~ompound. However it is essential for functioning of about 40 enzymes

L Egm““LtL o It is abundantly present in young parts like buds, root ~’tlpsthan in
"—5’“‘1’@\\ aT;u: ;:pecific function of potassium in plants is not clearly known.,
‘:M }j:l:n dct’icicﬁ&y “affects respiration, photosyntheses and chloropﬁyl
3:5_:;},1.‘“‘“{, The bext known function of Potassium iqns is its role in stomatal
spening and closing: o :
S eficiency Po‘tig_si/um,defieiency---results”in"'yélld'Wirig of leaves (mottled
! .rting in older leaves and spreading. to younger leaves. This leads to

-‘.1:3:'0555) starling : —
Joment of necrotic areas along. the margin and tips of leaves. As in all

develor
] orowth is retarded and stems are weak so that plants are readily

—

any 0

jeficiencies
2o ie., lodged - eg, cereals ‘
- Magnesium : Magnesium constitutes 0-2% of the dry weight of the plant !

«ree : Magnesium is absorbed as Mg?2* ions from the soil. |

—of—chlorophyll without which
photosynthesis would not occur. Magnesium pectate occurs in the middle lamella.
The binding of two sub units of ribosomes during protein synthesis is controlled by
i i tis an activator of enz ymes _involved in the synthesis of

arbohydrate metabolism. It activates phosphate

e e

SN0
.

unctions : Magnesi e I

es develops from the base of the plant to the
rveinal chlorosis. After chlorosis, leaves become
nent. Later necrotic spots develop resulting in
— T ———

quired in small quantities are called as trace
irement ranges in between 0-1 to 100 prﬁ, BRI

d they can not be substituted by others,

rowth in the absence of these elements

ements are Iron, Manganese
ecise manner in which
8 not know

, Boron,
. the micro
n. But in all plantg they

‘ -eleme

nt because j .
Itis pr S Cquirement

esent APProximately () 01%
~——tl.

3 N ,7"'\
L 1ons) T
1) The ferroy

BCidic sl oate (Fe2+ i
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Y o T~ b o : h ll)eventhOugh T
ial for the synthesis chlorophyll/. it is
Functions { Iron is essential for the bymh.muent of ctodtionics catalag, Y
one of its constituents. It is an important const respiraion, It s 2 iy d
peroxidases which play an im])()l'{z‘\}‘x_l_'wl'.()lc in 01 nt

g ———

ferredoxin and enzyme nitrogenase.

. :  deficiency of iron is e .
Deficiency : The characteristic symptom of lc}eﬂCSis sZts m\qT.l;té <S~3§i‘%
chlorosis in \';\ung leaves. The yellowing iron chloro 17T Sug denly

Eranbe S =
because iron unlike nitrogen is not mobile. So it can not.be wit}iiiirawn ferBT
leaves. The leaves show interveinal chlorosis. The chlo.rohc leaves do not dje at
as in other deficiency induced chlorosis. They remain on the plant as a tey
cluster of white leaves.

i
On(e
mina]

2. Manganese : Manganese constitutes 0-005% of the plant.

Source : Tt is absorbed as Mn2+, Mangenese is deficient in alkaline soj] becays,
it is converted as unavailable form.:

Function {It is an activator of enzymes of respiration and rq_ttogen metabolisr};

cle requires Manganese
e photosynthetic split o'f water. Although it is otz
pears to be connected with chlorophyll formatiop,
Deficiency : The Symptoms of Manganese deficiency are chlorosis and necrotic
M. oider leaves. Manganese deficienc: occurs in alkalinemiﬁ'not in acidic
fosis. Grey speck of oats, marsh spot of
Nganese deficiency.,

titutes. 0-002% of the dry weight o

For example malic dehydrogenase an enzyme of Kreb's cy
an activator. It is involved in th
constituent of chlorophyll, it ap

ns (H,BO;-). 1t g present in smal
0 plant metabolism is not full
0N of sugars, in synthesis of DNA i?

Lof shoot tiP§?3The leaves show thid

2ot and root growth is stunted. !
Nternal tisgyeg results.
e, In water core of turnip andt®
5d: Ction of new ]eaves.

of the plant . Excess 1

. aion @
=XCessive applicatio ©
plants. Its deficienc)

. i disitt
ent of several Okld’laa.
tyrosinase, phen© i
electron carri€

|
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| EHA/L Youn ng leaves ShC show w1ther1ng of tips which leads to loss of leaves.

‘N
i/M /Df e j -ev when water is supphed Exanthema is a disease of fruit trees
Sy Wi " udates (gummosw) accompanied by die back and glossy brown

h glll“ aﬂd fruits.
eav ants the dly welghl of zinc constitutes about 0- 002%

g Zin '7111; is wldelx_ @@_ﬂable in_the soil b_uf_}f pH of soil increases, it

gouree '“mlable As a result Zinc def1c1ency is common especially in citrus
NQhH ¢ »

e (“‘1 alkaline soils.
ards ‘,,,,; Zinc is involved in the synthesis of Indole Acetic acid (IAA). It is an
Fam «everal enzymes such as alcohol dehydrogenase, pyridine nucleotide

N ﬂm d“ﬂ;ndw |
ot o aency “The first sign of zinc deficiency is interveinal chlorosis of older
ang at tips and margins. In severe zinc deficiency leaves become “small,
pdes are shortened resulting in stunted growth. Leaves are distorted, smaller
o and cluster a5 rosettes. The zinc deficiency is known as little leaf disease eg.

, ﬂLAf .nd rosettes of apples, peaches White bud of Maize i is a zinc dificiency in
{‘.',re 1tis characterised by ‘stunted growth reducgd flowering\and fruiting Mottled

sickle leaf of Cocoa are also due to zinc deficiency.

e ——

20 ‘leflls,
6. Molybdenum : It is present in minute quantity comprising 0 00001% of dry
gt~
Source : It is readily absorbed from soils with high pH. It is available in the
wm of molybdate MoO4 ) in the soil. It is in short supply in acidic, sandy and

sortant role in Nitrogen fixation and nitrate reduction. It is
ceductase. Molybdenum deficiency leads to drop in the
¢ acid. Hewitt (1963) observed that it causes chloroplast
o whip tail disease.

ic interveinal mottling of lower leaves, followed by necroses
ling of leaves. In whip tail disease of cabbage and cauliflower
orotic but develop severely twisted young leaves

ne is about 0- 01% in the dry welght of the plant tissue.
available as chlorlde (Cl- ) ions in the soil.

in the form of CI- in the plant without becoming the
ic molecules. It stlmulates the spht of water durmg

and new
st of Micro-nutrients. On account of the

2 sodium, Cobalt, Silicon and Nickel .

are
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fictal [ements’
ahsorb it in the for
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"N
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The Jdets il ol e
yosyimploms iy i

0 \h"ulll\n| i«
woa trace

\\\\\\ detis e
though they a
1, Sodinm (Na) @ |
Na' tons,
Physiological functions
(a) It can subatitute for |
dhon fixation for (

amotic By e,

"4 and CMP |»«|!IIVJ.|yf;,

woli s in o

() It s rvq\nrml for Ca

(©) 1t regulates the transport of aminoacids,

Deficiency symploms :
(a) Chlorosis and Necrosis

(b) Reduction in Cellsize,

(©) Failure of flower production.

” ; : I8 ac H H "
2 Cobalt: It is a trace clement. Plants absorb it in the form of CO?" jons

N, fixation

| AT i
boxylases and Pepstidases)

ement ina majori
majorit , 3
jority - of plants and specifically

& bs”l'l)v

¢ d in
tactor the form Ni2* Jon®

for
Uride metabolism
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jal clements :

/(;)r) penefici? 1 elements fo 1 ' ATon

Jition 10 essential € ements, few other elements like Sodium, Aluminium
n ?dt‘ -, Silicon, Vanadium elc are recognised as useful to certain lant ’
.‘\Nu,b«jl“‘c dcscribt‘d as "Beneficial Elements". These are, not necessai fc;c;
d Y {mlﬁ but they do promote plant growth. Few of them and their acti\}/’ities
,-\'.'.-\-i\-.ﬂ 1;'\\11‘ are dCSCl'ide below.

. _Lﬁﬁ }: . T o il it ) _
ap 1 \uminium It is beneficial to Tea plant. Manyplant species like Maize

et POAS, cereals, hydrophytes and grasses respond to the small quantities
-A‘.ﬂ ) d . oy - " E = .
N ,:‘\ qinium. It also acts as a catalyst in some reactions in plants.
Ry ; ;l'u

el

, godium (Na) : It can replace potassium in certain plants to some extent. It
: ,-,;c:‘;ﬂ or the growth of many ‘crop plants . It exhibits specific requirement to
’\ \-cropl)’ﬁc plants.

(eg :Atriplex vesicaria), halophytes.

(eg :Halogeton glomeratus), CAM plants

(eg: Bryophyllum) and certain C, Plants

The deficiency of Na in these plants affects reproductive growth phase.

.' 3.Cobalt : Its requirement to plants is very low. Cobalt helps Blue Green
dzze, Bacteria, Legumes in Nitrogen fixation. Beneficial effects of cobalt are
#fically seen on Tomato and Rubber plants. Cobalt is a component of Vitamin -
| to compounds of Carbohydrate metabolism.

ertain plants like Astragalus, Haplopapus, xylorhiza absorb
sium. This helps these plants to avoid or reverse the toxic
sse plants grow well when grows in Selenium cultures. Also
ystitute for Sulphur in these plants.

rtain plant behaves as a substitute or as an alternative to
ium, Calcium, Venedium Molybdenum in their metabolic

2 common element in majority of plants and mostly found
Deficiency of silicon affects growth in Diatoms and Crop
ato, Also silicon deficiency reduces transpirational rates and
in Rice and Tomato plants. This element also protects plants
like Rust, mildews etc by its deposition on the cell walls

)

e e e weca ® e . ma tem Eme——— I
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