190 Soil Science

Functional Roles-based Classification

S.No Group Nutrients
1 Structural Components | C,H,O,N,PandS |
2 | Enzyme Activators K, Ca, Mg, Mn and Zn
3 | Redox Reagents Fg, Cu, Mn and Mo . :[

3 \ &

Ballast Elements — SiZicon (Si) and Aluminium (A1), second and third most abundant
elements in the earth crust don’t find role in plant nutrition, as yet are present in

significant amounts in plant tissues. These have been termed as “Ballast Elements”.
These elements impart physical strength to Planis: "

Some important points about nutrients .~

3

1. Si(Silicon) and Na (Sodiuml have been listed as the beneficial elements, particularly
for paddy rice,, A i
2.4

“Molybdenum is structural component of nitrate reductase and nitrogenase
———— = =

enzymes associated with nitrogen metabohs/m :

3. Cois the only element missing on the essential nutrient
Williams stability series”[ This series refers to the relative

formed by a metal io/r}; For high-spin complexes of the divalent ions of first-row

transition metals, the stability constant for the formation of 5 complex follows ,

the order: Mn(II) < Fe(IT) < Co(II) < Ni(I1) JCuDf Zn(

Functions and Deficiency Symptoms of Nutrients

s list from the “Irving-

stabilities of complexes

1. Nitrogen

1. Nitrogen is vitally important plant nutrient, "~

) - I ) ) X
2. Essential constituent of proteins, amino acids, nuclejc acids, nucleotides,

enzymes, hormones, vitamins, alkaloids and phosphatides.
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3. Nitrogen is the “basic constituent of life”,. A -
- il
4. Itis the integral part of chlorophyll. - L

5. 'The basic unit of chlorophyll’s structure is the ﬁrphyrin ring system,
composed of four pyrrole rings, each containing one nitrogen and four
carbon atoms. A single magnesium atom is bonded in the centre of each
porphyrin ring.

6. Responsible for transfer of genetic code to the off-springs. -
7. Improves quality of leafy vegetables and fodders.

8. Nitrogen fertilization improves the protein quality of the food grains.
—

[NOTE: Nitrogen is absorbed by plant roots as NO -

, 1on and in the case of rice -
as N f)ion also. Because of the occurrence of wide-spread deficiencies, N is often
referred to as the “universally-deficient nutrient’ ele

ment in crop production and
frequently creates serious nutritional problems]

Deficiency Symptoms -

L. Yellowing or chlorosis of the plant leaves -

e

2. Reduction in ﬂower1ng;c;op yieizlg and lowef;};rontgi_\gﬂcontent — e I
7 CU o] |
ucidly by Agarwala and |
_~Sharma (1976¢). “Paling”starts from the oiderleaves and spreads towards };oungeﬁ
first appears towards the leaf apex or towards the anterior leaf margins and
spreads gradually the base of the leaves. As paling and pigmentation become
severe, the affected tissues become‘dry necroti”cf,',é condition sometimes referred

~ ’\\\._ - ;
as 'firing”l. Root growth gets frﬂe_sgrict'_e\a}and roots become fibrous.

3« Typical nitrogen deficiency symptoms are described |

2. Phosphorys P)

L. Phosphorus has a great role in energy storage and transfer. =

ey

2, Closely related to cell division and development.

e
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3. Phosphate compounds act as energy currency within the plants. -~
4. Stimulates early root development (Root developer).
5.

It gives rapid and vigorous start to plants, strengths to straw and decreases
lodging tendency. - o

6. Brings early maturity of crops. «~

/ 4 ; .
‘_7//“Transferfg{netic characters from one generation fo the next.

8. Essential ingredient for Rbizobium bacteria to convert atmospheric N

(N,) into the ammonium (NH,") form usable by plant. Being an energy
source it also influences nodule development of plan

9. Improved drought and s%l’(lzm_ty resistance.
10. Important for flower/seed formation.

[NOTE: Phosphorus stored in seeds in the form of ¢

pbytm and calcium present in
seeds as calczum phytate. ]

Deficiency Symptoms

D
~, 7

1. In maize and some other grass species, purple discolouratio

nof the leaves or leaf )
edges appears and this purple discolouration due to antbocyanm accumulatlon

\,M..-;-ﬁ

]

2. Development of lateral budlsuppressed

[NOTE: The ATP and ADP are the energy currency of the plants as_47p stores 12 _~

kcalenergy per mole contamed in two pyrophosphate bondew\etween three P molecules]

3. Potassium -

1. It plays major role in catalysing activities of more thay gp enzymes and
slarc@yntbelase is prominent among them, v———

2. Itis respon51ble for the activation and Syntl}is,ls - fprotem forrnmg mtmte)
N e
{ reductase ‘enzyme. erat

|
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3. It regulates the opening and closing stomata.
— —
4. It plays a major role in the Lransport of photosynthates tbrougb@loeﬂ\, to
other parts of the plant for utilization and storage. o

5. Increased botbﬁisease and drought resistance of crops.
/

6. Enhances winger hardiness to legumes and other crops.

7. Potassium plays a significant role in enhanci

ng crop quality and that is why
Potassium also called (quality elemens”,

g, Helping to stabilize PH between 7 and 8 which is optimum for most
S
€nzyme reactions,

9. Playsa major role in fransport

of water and nutrients throughout the plant
—e,
in the@f )

10. Potassium.\rc_ql."z‘gces‘_lq«riging and wq;q_[_owsg‘.}  (4ARS & NET 201 7)
11. Translocation of assimilated

ugars from leaves is greatly reduced in
potassium deficiency plants.

12. 63'motic regulation is another function of potassium.

Deficiency Symptoms .

1. Chlorosis along the leaf margins is followed by sc/brcbing and browning of tips
oflolder)leaves which gradually progress inwards, -

|
[NOTE: Luxury consumption and Hiq’den hunger both are related to potassium
element] )

Luxury Consumption - Some crops tend to absorb and accumulate potassium
for in excess of their needs if it i present in sufficiently large quantities in the

. . . : d
soil. This tendency is termed “luxury consumption” because the excess K absorbe
does not increase crop yields to

occurs especially wit

any appreciable extent. Wasteful luxury consumption
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) i serious vield reductions occur in crop plants without
Hidden Hunger - Sometimes serious yield reductions occ pp

the appearance of deficiency symptoms.

— or other nutrient
[NOTE: Hidden hunger occurs not only for potassium but also f
clements]

= t
[NOTE: Potassium is not a structural componf:nt of the plant]

e

4. Calcium — ~

1. As calcium pectate, it is constituent of the cell wall. It maintains the
integrity of the cell membranes.

2. Tacilitates the growth of meristems and functioning of the root tips.

o=

3. It plays role in mitosis (cell division) and helps maintain the chromosome
structure. |
4. High supply of Ca maybe a pre-requisite for making symbiotic leguminous
plants susceptible to infection by Rhizobium.
/

/5. It fieutralizés the charge on acidic molecules of phosphoric acid and
organic acids viz. Citric acid, maleic acid, oxalic acid etc.

6. It protects theroot cellsjagainst

e

‘ion imbalance, low pH and toxic ions like AL,
Deficiency Symptoms

1.

2. Calcium deficient leave

. ¢s become cup-shaped an@d the terminal
buds deteriorate with some bregj- | T

down of petioles,
.

]31()35()m end rotin tomato, .
4. Bitter pitin apple.

5. Tip hooking in cauliflower
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6. Blackheart in celery

Cavity spots in carrot

8. Water core of apple

Leaf tip burn in cabbage and lettuce

jent” as its sulphate
+ 2H.0) is used for reclamation of

the oxide/hydroxide/carbonate salts [CaQ, Ca(OH),, CaCO,] are used for

counteracting soil acidity] 7
5. Magnesium NG

1. Magnesium is eonstizuens of chlorophyll as M, g-porphyrin with one atom of

Mg bound to four}}rmle rings. Role of Mg
in the chlorophyll molec:uiél was discovere
received the Nobel Prize in Chemistry in
structure of chlorophyll.

-
Magnesium is the powerhouse behind photosynthesis in plants.. -

e being the coordinating ion
d by Richard Willstatter, who
1915 for the purification and

Without Mg chlorophyll cannot capture sun energy that is needed for |

photosynthesis to occur and the reaction 6CO2 + 6H20 — C6H1206+ 6 |
O, can’t be driven to completion.

g is required to give leaves their green colour.
4. Mgisreq g 8"

It activates critical enzymes, including ribulosbiphosphate carboxylase

(RuBisCO)and phosphoenolpyruvate carboxylase (PEPC) — both having

a role in carbon fixation,
~——

6. Essential constituent aj%blyribosomg s

: 3 nen . |
7. It promotes uptake and translocation of Pw§}and mover

within the plants.

m_!_:_;’ ;. S

(3 Scanned with OKEN Scanner



196 / Soil Scienee

———

4

8/""‘/Mg brings about significant increases in thé oil content of several crops.
9. Mg involved in carbohydrate metabolism and synthesis of nucleic acids,

\\\NOTE The porphyrin ring contains the N, where as Mg is bonded at the centre

porphyrin rings] )

of the
N =175

Deﬁciency Symptoms -~

1. Mg deficiency symptoms manifest themselves in terms of i

! n?erwemal cbloroszf/
and streaked or patchy effects onfolder leaves.
P

2. In many species, shortage of Mgz

results in intervenial chlorosis of the leaf, in
which onlyi’ﬁé;'ns remain green. . -
IR / =

{/3 Grass tetany is an Mg-deficiency related nusrizianeal lisorder common in cattle
0 bt

«

grazing on Mg-deficient pastures well fertilized

G with potassium
(\//4 Sand drawn in tobacco 7 .
2

.
#
-

6. Sulphur

1. Su’I_Ehur is the essential constituent of S-containingr'éf‘hino acids, wiz.
N : iy N == )"
(cy Stem*e/(_ﬁpsH7NOZS); Cystine (C6H12N20482) fi(tW@ molecules of cysteine

N . o2 T ) -"’,' ,4’;,,'»-\ N . . .
upon getting oxidized to ymldgp&g)molecule of cystine) and metbz'on_zj_z%- :
All nitrogenases haye an iron (Fe), and sulphur-containing cofactor that
includes an iron-gy] = -

phur cluster at the active s ‘the
this Fe-S cluster also contains Mo, , .,

ite, in most of the proteins,

_ . ; RV
5. Itisinvolved in the synthesis 0{ gl"COSl_de.S)in mustard il

~ Ve
g
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6. It plays a major role in improving the oil quality in oilseed crops.

7. Although not a constituent, sulphur is required for the synthesis of

cbloropbyll
Deﬁciency Symptoms :
1. Crop plants having N: § ratios more than 16:1 also can be suspected to be
deficient i in S
2. Sulphur deﬁc1enc1es first appear on the ({r‘(y)ungep’grovvths as S is immobile in
the plants,.~ £
3.

Brasszcas are most susceptible for S- deﬁc1ency,

show cuppzng owing to the curling of the lea
growing points.

the lamina is restricted, leaves

f margins and arresting of the

4, “Teq yellow dzsease m tea. ./ .

7. Chlorine

/
Chlorine plays a major role in Osmoregulatzon (cell elongation, stomatal
opemng) and charge compensation in hlgher plant |

5.

2. Itis essennal for pbotosyntbeszs \where it is involved in the evolution of oxygen

3. Itactsasa cofactor men contalmng water sphttmg enzyme of photosystern |
II. B

Chlorine mZabnndance suppres\sgs ‘he plant diseases, vz, Grey leaf spot in

coconut palms, take — all and commonroot rot\m ‘wheat, common root rot
and Fusarium root rot in barley, stalk rot in corn, stem rot and sheath blight
in rice, hollow heart and brow

n centre in potatoes/Fusarzum yellows in
celcry and downy mildew in millet. -

J
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Deficiency Symptoms

W
Y 4

1.~ Wilting, twisting and,curling of lea\(es. P

[NOTE: Deficiency symptoms of chlorine are similar to Mn deﬁczency]

8.Iron

1. Iron is a constituent of two groups of proteins, viz. (a) Heme proteins
containing Fe porphyrin complex as a prosthetic group: Cytochrome oxidase,
catalase, peromd1se leghaemoglobm and (b) Fe-S proteins in which Fe is
coordinated to the thiol. group of cystezne or to inorganic S: Ferredoxin.

-~

2. It plays an essential role in the nucleic acid metabolism.

37 It is necessary for syntl.;eszs and mazntenamﬂ

3 - of chivrog )b_yll in plants.
(ARS Mains 201 7) o

Deficiency Symptoms

~1. " Inte F"/—\ g o .
y ntervenial cb@w@eaws with leaf margms and ‘veins remaining

green Under COIldlthl'lS OI severe dCﬁCICHC}), gl’OWth CCSS&UOH Ooccurs Wlth the
WhOlC plant turnin 118[7‘0th MRS Mazns 20
2\ 17

Sl

Lime induced chlorosxs 5, (ARS Mains 2015)
3. Akiochiin rice

>
4,

[NOTE Akiochi disease in rice d '
" (ARS & NET 2015) Fased due o toxicity of FL§ and deficiency of Fe] |

9. Boron

1. Boron is res ib ———
2 B ponsible for the <«

4 lienif cell wall fOrmatmn and stabilization,
igni lcatmn and xylcm differentiation - ;
o

2 bomn 1s involved in the P &
. . v movement of Cyq ;| " N el

’ \ 1¢ l"l > 7\
\\J/n pPlant,~ Y

\Co
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MV P AN
3. It plays major role in transport of water, nutrients and organic ~compounds

including sugars to the actively growing portions in plants.

It increases flower production and retention, pollen tube elongatlon and
germination and seed and fruit development

'l \_)

5. It imparts drougbt tolemnce to cro

,,,,,, ps. Regular boric acid sprays helps in
mitigating harmful effects of drought

AT It plays a role in pallen germination and pollen tube gmfwtb

7. It facilitates transport of K in guard cells as well as stornatal opening.

8. Boron regulates carbobydrate metabolism.

Deficiency Symptoms

Boron deficiency symptoms become consplcuous on the terminal buds or the Jr
youngest lewves which become dlscoloured und rnay@ under acute conditions L

of B- deﬁc1ency

W

Internal cork of apgl)g{w,_, - (ARS & NET 2015)

3. Uneven thickness peel, gummy deposits and lumpy fruit in citrus
4. Brown heart in root crops

[NOTE: Black heart of potato due deficiency of oxyg@/

5. Heart rot of sugar beet
6. Heart rot of mangold
7;/,,' Browning or hollow stem of cauliflower

8. Top sickness of tobacco >~

9. Cracked stem of celery (Increased diameter of stem and petioles) *

10. Fruit crackin g

N
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11. Crown rot of sugar beet
12. Hard fruits
'_4_,,"1'3. Hen and chicken disease in grapes
14. Brown heart of radish
15. Crown chocking of coconut

16. Rotting of fruit

10. Manganese

— 74
— TP < e
1. Mn is \integral /component of water gphﬁm‘gﬁenzyme associated with
S : . - \"‘w-,_, e . . i 5
photosystem 11, it catalyses the biochericai reaction of water oxidation
QH,O — 4e + 4H" + O,). Because of this, Min

deficiency is associated
with adverse effects on iihotosynthesis and

02 evolution.

Itis a constituent of superoxide dismutase (]V!n—@ OD) which being present

in mitochondria, peroxisomes and glyoxy

some, protects cells against the
deleterious effects of superoxide free radic | 7

als.

3. Beinga constituentofﬂiirii‘?féducta&e andhydroxylaminereductase enzymes,
" Mn is linked with nitrogen assimilation in plants.

4. Mn has a role in tricarboxylic acid cycle

(TCA) in oxidative and non-
oxidative decarboxylation reactions o

Mn plays a role in maintenance of chlo

6. Mn helps in

rap]ast membrane structure. /
_~kc‘blbropbyll formatioz;z;/ el

Deficiency Symptoms

/{ Grey speck in oats , .

2. Spcckled yellow of sugarbeet

|
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3. Marsh spots in pea

|
|l

\{\ ( o Cn = !
4. Pabala blight in suglrc,m( . MRS/VImmZ!)IZ) l \ )

—

5. Trenching in tung trees
6. Little leaf in apple |/,

[NOTE: Generally little leaf symptom related to zinc deficiency but in apple it is
due to Mn deficiency|

P

.,
o 11.Zinc \\
e

Zinc is a constituent of 3 cnzymes — carbonic anhydrase, alcoholic
debydrogenasc and super oxide di smutase.

2. Zincis involved in the synthesis of indole acetic acid (I, ( Z metabolism of
= 1 gibberellic acid and synhesis of RNA. K

3. ch promotes synthesis of cytochrome C

4.

ch 1nﬂuences translocatlon and transport of P in plants.

[NOTE P Px Zn having generally negatwe interaction which is called “ ant,

agomsm 7]
\?/z\ P —

\

—
5 Zinc involved in, auxin metabolzsm\hke tr_yptapban synthetase, tryptamine
metabolism. T

6. Zinc stabilizes ribosomal fractioni.,,,

Deficiency Symptoms

L

1. Khaira disease of rice — deriving it’s from dark reddlsh(brown pxgmentatlon of
the leaves of the affected plants (ARS & NETZOI 7y~ '

2. White bud in maize and sorghum -

3. Little leaf in cotton, brinjal and mango

; o
A
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4. Mottle leaf or Frenching of citrus
5. Rosette disease of apple

6. Fern leaf of potato

Khaira Disease — Khaira disease in India discovered by Dr.YL. VL. Nene at GBPUAT,
Pantnagar. As described by Agarwala a and Sbarma (1676) first symptoms of zinc
deficiency appear in 3 or 4 week old seedlings when young leaves develop reddisp

brown pigmentation. “The plgmentatlon first appears in the middle of the leaves,
then intensifies and spreads over the entire lamina.

[NOTE: “Bronzing” in nce caused due to toxicity of Al]

12. Copper
1‘/
v
1. Cuis imparting disease resistance to the plants
. |
2: Enhances fertility q)f \nzgle ﬂo‘vwerskpj;;

3. Cu indirectly@é&é"hodﬁle formavtz'gn‘;;:;( JRF 2016 )

4. It acts as “electron carrzer in enzymes which brmg about oxidation-
reduction reactions in prnts
Deficiency Symptoms

1. Male flowers sterility -

2. Delayed flowering and senescence
3. White tip 7

1 { ' 3
4. “Reclamation diseasé‘a(

5. Diebackin citrus”’ \

\
6. Excess gumming ./~
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7. Exanthemain citrus
8. Empty glumes in wheat -
9. Stem melanosis in wheat

10. Gummosis._—

13. Molybdenum_,~

1. Mo is structural component of mtrogenase en _yme ThJS enzyme has MoFe
e’ ot

protein and the FeS protem as its structural components. Nitrogenase

catalyses the blolog1cal nitrogen reduction of N, to NH as per following
equation. o

N, + 8¢ + 8H* + 16ATP — 2NH + H, + 16ADP + 16Pi

2. Requlrement of Mo is particularly high m,nodulated \]egumes &

‘;ﬁ/ Nztmte is reduced by nitraite reductase (NR) enzyme in c_ytoplasm by transfer

of electrons from Mo to 1*}‘03 i (SRF2015)

[NOTE: Owing to close relationship between Mo supply, nitrate reductase activity
(NRA) and plant growth NRA Ims been used as mdzcator of status of Mo in plants]

e —————

antheis//

Deficiency Symptoms

1. Chlorotic mottling in cauliflower
2. th._r_ip,—tail_inAcauliﬂower//

3. Cupping in cauliflower

4. Scald in beans
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14. Nickel

1. Niis associated ?v;'t/)@zii’o gen metabolisd by way of influencin g

——

Urease acgi

trease activipy

2. Infree-living Rhizobium,adequate Nisupply ensures optimum h}’drogenase
activity,.”

3. It facilitates transport of nutrients to the seeds or grains.
~_\\ T et ’-4 A.’,. (—/
Deficiency Symptoms -

1. Leaf chlorosis and leaf tip necrosis in cowpea. .-

[NOTE: Fe - Component of nitrogenase, nitrite reductase and nitrate
reductase >

Mo — Component of nitrogenase and nitrate reductase

Mn — Component of nitrite reductase] . (ARS & NET 2017)

S.No Deficiency symptoms Nutrient
1 | Symptoms appearing first on older leaves — | N, P,K, Mn and Mg i
2 | Symptoms appearing first on younger leaves | S, Fe, Min, Cu and B’

[NOTE: Intervenial chlorosis on younger leaves —Fe deficiency _~
Intervenial chlorosis on older leaves — Mg deficiency /

Complete intervenial chlorqwﬂnﬂaéﬁéiéhcy]s //

Growth Laws P,

1. Liebig’s Law of Minimum/— Law of Minimum states that “Ever if all but one of
the essential possible elements be present, the absence of that one will render the crop barr. en, -
P of /s = (‘\/‘ W
[NOTE: In India nitrogen is most limiting factor in low land and upland conditions.
So the most deficient macro nutrient in Indian s

oils is N and micro nutrient is Zn
(Boron is second place after Zn))

— ]
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