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Te"]( :7"'''''(0"'' g'("":;" : ; f \ be!on,7s 'r, 'he family Verbenanreae is'1(.J.. '".,. "-Il_ , .. ~. , ."'''~~,J LJ 'J c ~.... && -'-', . ,

tree species of considerable e:.:onomic importance. The chief importance lies in

the fact that it is the principal timber tree of India and also one of the most

important in the world. It is a large deciduous tree with rounded crown and a tall

clean cyiindrical boie. which is often buttressed at the base and some times even

fluted (Troup, 1986)

Larg<: SC;lj~ plantations of teak are being grown in many parts of the country.

In Kerala. teak is raised in plantations of the Forest Department over large areas.

It is estimated that about 78,799 ha.of teak plantations are being maintained in

Kerala (Forest I!1formation Bureau, 1995). Despite its immense popularity and

commercial impurtance, nutritional aspects of this species have seldom been

studied, especi;:!!y in the nursery stage.

The importance of mineral nutritoin 111 the production of healthy and

vigorous seedlings in the nursery can not be over emphasized. The filla:

performance of nursery stock largely depends on the nutrient composition of

~c,~d bed,sOl! 0' potting medium where the seedlings are grown. Severe nutritional

dis0,c]r:.rs ;;'-'::' d"fi:::ency symptoms have been reported in teak seedlings grown

. in f...,:,esl !.J-::partment nurseries of Keraia, Tamilnadu, and Karnataka. The growth

had been also reported to be very poor in some private commercial

nurserIes.

T;,,, pc;",::::: ,.'''''y will help to characterise the importance of varoius nutrient

e'''':::::;:::;' :,: ~-::-::d;i,-;g '-;c;"i,;();1 of teak mainly based on the deficiency symptoms

.~ .. -:=........: .... : :. ·:;····.. :· ··"·'I·lJn leaf area ~e(luAtl·on growth rPtorrb,inn ·' ·,,·f!!l.:.:.:ll!·••~~·.·_! "!" .. ~ , .•~ .. ,.', L, I....., ~ •• , .



......~ p • ..,. ...... ~""fo~m'),;-:·-_·· and .a.,,,,, "' ..\.-Ill........ 1. •• ........... P( . ,.::::lgnJwth.TiH:: study will al50 cstiiblish a direct

re:adon b~t'.i:e=r: r:t:.trients :.:::::·::~d and nutrients absorbed ~'hich in turn is
. .

:"esponsibie for ti"::: ::roduct!o:: ~·f various ::':.l~:~~iona! disorders. This ~nformation

.....,iH helD to und=r~:~~::~ Lt:=: ir:.l~0rtance of various nutrient elements on the growth, . .

of seedlings if: UlE: ::",sery. This in turn will enable the nursery men to produce

l:ea:thy,vigor0u~ 5:::euiir:gs of teak for varous commercia) planting

programmes. The vls""i symptoms of secdiings in the nursery is also expected to

pro'.' ide ,;ome guide !ir:es to understand the nutritional dis0rders of teak even

:..:::de:, the t:eld conditions.

He::ce,th::: p:e"::::!l ,,:::ri:::5 of studies were undertaken to find ouctbe visual

:;"fici":l:':'" ~v:::::!::,,::: ot various '~utdent elements to investigate the effect of
.. .. I • ....

~ .. ,~: .... ,,,' .... ·..c ·:· .....: .. j<Jou' .,t· te~" ~eedl';n(T" and also to ",I'nd ou', the uptake·~t .... • '0,." '.,:" •.•. ::.. " !" ••••••• IS ,oJ ...... it..... .., • "0'" •• ~





REVIEW OF LITERATURE

Nutritional deficiency symptoms and disorqer,; have been well studied and

described in many tree species. However, most of t!:~i;e works an~ mainly limited

. to fruit pl;lntation crops and spices. Though teak (Tedona grandis Linn.f.) is one

of the most important timber species grown in India ~ research information on the

nutritiional aspects of this species is scanty. Literature pertaining to some of the

most important nutritional aspects of tree species are reviewed and presented here

under.

2.l.Role of mi~.eral nutrient elements on plant growth and .

development

Apart f!"Om carbon, hydrogen and oxygen, nitrogen, phosphorus, potassium,

calcium. magnesium, sulphur, iron, manganese, zinc, copper, molybdenum and

boron are also recoganized as universally essential for plant growth and their

development.

2.1.1.Nitrogen

Nitrogen is regarded as the fourth most abundant element in plants next to

carbon, hydrogen and oxygen. Nitrogen content of the tissues was reported to

contl'Oi [he use of C3rbohydrates and hence, determine whether the plant will produce

vegetative or reproductive growth (Kraws and Kraybill, 1918). It is reported to be

one of the most imponant structural constituents of the cell. Nitrogen containing

compounds constitute 5 to 30 per cent of the dry weight of plants (Kramer and



• • ~.. e' • e' , ,. I 1.-.5 rnucn ~S :u per cent or roe ;ear J1nTogen is present In ch.orop asts

(1969) reponed that nitrogen as

~~03- luns is involved Ii! f_D.e acuvation or nitrate reductase enzyme. It plays an

of proteins, chlorophyH ~:nd r:ucleic acids and is also

~~ ' •• rw.n(>n+..~.u..._",•..! l..')u.! ••.. , ... (Pandey Sinha, 1972).

........ ~ canst:.tuent or nur!1be~- of organ:c cn~npo::nds including

&.'"TI:n0~cids.proteiiis,enzyme5and choh::rouhv!:,l~
. . , ~ .
~s ::~\Io:ve(: ::: varin::s processes

~ ..
~_"reuracn.

..........
~!~!

. .
pro!optasH1,ef;.zym:~ photosynthesis (Gauch. 1972 and

in plants ::- f!4"ir.ii;·,:;.r: ti..,,:;. c.inU·'le,;.>:e.· .. :.' ·-'v;··lr;nl·r;l~ \'"1 ro'1" mp.rl's'ems .' r., ','nlerruptl'on I'n.- _ UOJ •• ...... v. ""'",,11.'_",,"U 1.:3 1 '-''..!__ 'W"_ l _. t\.i

nitrogen supply enha..i1ced the ahscislc acid ':ev~i and favoured leaf senescence in various

tree spe(:jes (rvlarschner ~ 1982).

""; -: ~
~-~~~.

l~ known to be involved in P',", ,-,:-,-.~ ..,n t:1"'~ i c..... ~" ....~ ".". -.......... as~ociated with

~~hosahorvlationofvudQUS int~nned~ares in CO'? assimi1adoD.. In u*1e two Dhotochemkai• • J. _ _

:eaClifJn~; oc[;uring during photosynthesis, P is involved in the conversion of light into

physiniogic;lHy usefuJ chemical energy by the formation of !".rp.~DPH and A.TP.

Phosphaie aff~cts more directly the true photo chemical events of photosynthesis than

Ph:.'spboru~; oc[;urs as organic and inorganic forms and is translocated readily in

hOih forms (Karmer and Kozlowski, 1960). Phosphorus is said to be essential for

sugar starch tr£isformation reactions in tree species (E.-l'uond et aI., 1964), Phosphrous



is also a component of sugar phGsphates, phytic add and other components in plants

(Evans and Sorger, j 966).

According to Pandey and Sinha (1972), P promotes healthy root growth and

fruit ripening by helping translocation of carbohydrates. As a constituent of

nucleoproteins, P constitute a major portion of protoplasm concerned with the cell

division and the transfer of hereditary characteristics by the chromosomes (Gauch,

197 ?'.-).

Like N, P also plays an important role as a stmctural component of the cell

constituents and metabolically active compounds. Phosphorus acts as a structural

::omponent of the membrarle system of the cel!, the chloropla~ts and the mitochondria.

Ii ii)rms the main part of the sugar phosphates - ADP, ATP, nucieic: acids,

nucleoproteins. purine al1d pyrimidine nucleotides, flavin nucleotides and several

enzymes and co-enzymes (Greu!ach, 1973 and Agarwala and Sharma, 1976).

Phosphorus is reported to play a major role in energy metabolism of all

living celis, even though the share of Pis oniy 0.1 to 0.8 per cent of h'le totai dry

weight in plants (Epstein, 1978 and Jain, 1981). Marschner (1982) found that P

favoured the movement of cytokinins from roots to ot.~er plant pan.s and hence, its

deficiency resulted a decline in cytokinin content of tissues.

2.1.3. POl.assiurn

, Potassium is the only monov:\lent cation essential for all higher plants (Reed,

1942). It ;::;tivates protein synLhesis and N metabolism (Mulder and Bakema,



-
1956';. I, is an activator of the respiratory enzyme pyruvate kinase (Evans, 1963) and

succiny; COA synthetase (Bush, 196'7;' Potassium also plays a role in the translocation

of phot,~~~y",hates from leaves ,-::. ·:·'.\,er portions ,)f th:, plants (Spragu. 1964 and

Hartt, 1969).

require
. . .

r o '.~.....
.,..\~~ ~.:: large amounts of K, ISOlanc·!1 of K

containi"g '''~~rGm;ds from plants has nt', y.~; become completely possible. More than

50 enzyrr:e~ ;',,(1 been listed by Evans and 50rger 0.966) which need K for ma:..:imal

activitiy. Def:c\ency of K decreased starch s"im..~esis as a result of reduced energy

supply ':~i'-:"t, K is necessary fo glycolysis, oxidative phosphorylation.

jJhotophosph~~ryla!ionand for adenine synthesis (Evans and Sorger, 1966).

Pc-:~<Si;]ill inf1uencedstomatal opening .=:nd transpiration (Fischer and Hsiao,

J968). l"0:2ssium plays a prominent role if' :)ho!osynthesis. Investigation,; have

... ,.. :.:.,:,~.~ ':'.~ ''-·''''lvement of K I'n "'·.. ····f·· .".·,:1,,.,,i,, m'. "a-,I'ous n',ant specI'es (',Kurata....................~ ...,A . ~ .. _~ u~ ! u .. 7 r • • ,1'0'1

;::::: :··.:~aw::. ! 968 ; Nitsos and Evans, 1969: Rajput et ai., 1978). Pandey and

:-::::::;,: :.J 97l.' e:t-served that K is essential fo!" Lt,e synthesis of chlorophyll, though it is

::ot a sons,ituent of chlorophyll.

Gre;]i"ch (1973) stated that K deficiency may be expressed as water imbalance

as this eleme!"!! is very important in regulating membrane permeability in plant cells.

Ulrich and Ohki (! 975) stated that the property of K to occur primarily in the ionic

form or as charged particles on colioidaI surfaces has made it most apt to function as a

catalySt or ::;; :: ''': listor for many enzymatic reactions of the cell.

Accordi;;g tG Agarwala and Sharma (1976) K i-,,,;::::ased the resistance power of

plants to water strcss heat, pest and diseases. Potassium appears to be completely



·",:,~r.er ~;~iuable :r: p!an~; ;":Hi i~ :cadily mobile within the plant tissues (Salisbury and

~ 1"~7)K:JSS, 'JI .

CaprG:~ ::;l:::.L (1982) ::0ttd that though IC activc..!ed synthesis of chlorophyll~

L'2.HCUIT! is tho:" ;-n,.jOi ~;::t:or: '" dte :-n:ddi~ i~nena and hence, supports the

",ech3.kal ,~r:;~g.," 'If U~',;,,::s {T::gawa am.! Bonner, 1957 ; Cleland, 1960 and

T"'~:~r;"':l~.' (1952)' rt:oo,-ted L'lat.Ca is essential for the formation. . .
of ,:eE m<:.mbr,,:::e sy~;:::ms on wll:ch functional integrity and cellular metabolism are

dependent.

CalcitE!! is f::·E!lG to be immobile ~xcept when it is ill xylem aId is SUppG3c,d

[0 be very essentiai for root grr.wth {Rius ami Pear~;cll, 1964). Paulson and Harper

(1968) reponed the iTIYo!vment of Ca in metai:f:iism. They concluded that Ca is

invo:v:::::! in intra cellular transpon of NOZ- and lIot in the induction or activity of

enzyme$. Calc!~m provides a base for the neutralisation of organic acids and is

",;sent:a: 1'0: ::;ountei"actlo!1 of metal toxicity. It also functions as an activator of



1972). It is an essential part of oK - amylase,a starch digesting enzyme in plant

tissues (Salisbury and Ross, i 977).

Calcium ion itself is repofted (0 be inactive, its activity being modified through

a homologous class of ea binding proteins. 'Calmodulin' is one among such proteins

that control numerous key enzymessystems and cellular processes. The Ca:calmodulin

compiex bind hic calmodulin dependent enzymes like NAD kinase thus turning them

as active enzymes (Anderson and Cormier, 1978). Emanueison (1984) has reported

root development to have an exponential course at higher levels of Ca and was

enhanced with increase in its concentratio!::.

A~~-- ~.L.l ..~ .. Magnes~um

-Magnesium is t:'ie sale cation present in ch!orophyli and is constituting 2.7 per

.... ' .. ·'~;·-ht 0" '!1'"rophy"l! mol·P('.·I". T"I1"S ""g -:a'i'~ a kev -o"le ,'n photosynthes,'s:...:::::: ;;y.Yo .....01 I 1.,;; .. IV.. au .... __~ ..... ....t. • 1'tJ. p!...... J .:..... 1.

:: ". ;.::: activator of;;;. ;:umber of enzymes including enolases, pyrophosphatases, hex-

(;:c:r:ases~ C2.tb(;xy!~se5. phc:spho¥..!nases, ufu-:sketoiases, fructokinases, glucokinases

a:::': ~:--r0phosphory!ases (Utter an.d WerY...1TIan, 1942; Bailey and Webb, 1944 ; Bailey

a"d Webb, 194:5 : I}i;-;e:r:, 1949 aI1d Mae, 1949). Magnesium r·iays a significant role

A'·,·.. .,li· ..' :.. ,;.: .. 11'" Po "nrl ~.l.uiler (1· '::':,2.)' ;"lel-~_- ,';; a h·,'gher requirement for Mg........."........~ ....., .. ~. (:;.-- ""...... ~.~ .. .. .... ,- -

... ',; .. :. ;~ ... ,..., •..•~... :.. ~ '.. ,:, ";,, .. ,:','canc"" 'n ,~") ',"OO"'I'on du·~,·ng p.hotosynthesl·s";''- 11!6!J '.~'I •.,.. ,- ~ ~ -- o,JO'OI... __ _ _. .

'·'~··-'··~:tl- ..:.... :_",,:.,M: ;- ., ...·;A" ... ··'· .. ·es ,.. :' r.. : : , rl··oh\'d,"~'''" ;lleta,,-,,!'Slll ('''andeyl':'!.~O!:\..·"=: .:!.: ~.,=,._. ~". ,:,._.~ .'."'_' ... ~ l.~' !'-'V'_' .... v,,e, .... '0,.. • ...--.... LOU.. ._



, Magnesium is a cons'ir~·::nt of chromosomes and plays a significant role in

photosynthesis (Agarwala (E;.j S;;anna, 1976). it acts as a carrier ofP and helps in

its sloubilisation (Anantham;r;;~;,,:; and Rao, 197().

2.1.6. Sulphur

AI! plant proteins have S contair;ing amino acids like cysteine, cystine and

methionine. In many plants through the different amino acids, S participates in

protein synthesis (Kramer and Kozlowski, 19(0). Sulphur is essential for cell

division and also for the synthesis of chlorophyll ( Edmond et al., 1964).

The importance of S is equal to that of N in its roll in protein synthesis and

in total uptake it may exceed P by many times. Sulphur is a component of lipic

~;cid, co-enzyme- A, thiamine, pyrophosphate, biotin, phosphosulphate and other

compounds (Eva11s and Sorger, 1966). Thompson (1967) based on his studies on

suiphur metabolism stated that from quantitative point of view the most important

function of S metabolism in plants is to produce cysteine and methionine.

Sulphur deficiency causes poor qu~Jity crop products and is hellce recoganised

as" quality nutrient (Rajagopalan, 1987). It is found to enhance the efficiency of

translocation of assimilates from leaf to fruits, particularly in annuals an~ vegetables

(Thirumalaiswamy et ai., 1987).

2 1 7 fr-"n. . - . ...

Thuugh Fe is described by various scientists as immobile inside the plant

"~ "'~n~;.-.,..... : ',- -.- c - ("'''''') ~-'j p.r()w~ fI OL <;) h orted Fe to besy,::;o~~m, '.' £I""", u. .. l. ,:~~uUSOu \ 1 7UL d.II'!..J u ... JU~~. .ave rep
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.~~~icr i~ r~:~0jra~ :nr:. Ti:t neroxidas~s. catalases and cvLochwme oxidases whi.ch are,. -

·~f ~~.:: ;::':; ;~ k:~:.'.!::::~ i~~ :-epor1:E:d tv be in tl1.e chlompiaslli (Bugor.1d, 1966). Iron is

.::::pc·fted. to aeI as a.~ ~:;tivatGr or nitratt reductase tilid ;iconita~e (Sali$bury and Rose,

i ~T7g a.:,-;..j ..t.-.l-:araz €; ~?l.. 19791 i~~~d nlav=:d si unificaiit ioie~ ill 5J"'nthesis of nllclei~ acids, a.. _
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:~1anga.'1eSe has been reported to act as an activator of carboxylase that catalyses. . . .' .

:::;~;i:n:j~:'iml of C02 that ieads lO the formation of d~ arId tri-carbo"ylic acids. It is

::lsu uiredly inv[:~ved in photosynLiesis a" an dectron carrierpc.rticipating in the reat:tion

r,):- ~e!e2se of oxygen (Mehler. 1951 ; Salisbury and Rose. 1978).

The hight=st concentration of 1v1n in plant cdl is found in cytOplasm and the cell

org.mel1es and chloroplast is believed to be richest in Mn content (Levanidov, 1957).

soluaibiHty of Fe by mddalil;n a:"1d hence. in certaill cases
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I::: :!:cst c·f the plants tb;: c~·)nceDr.rario.rl of ;wjnc was f{;il:"ld ~o lie ~lighest in

lea'.'::::., g::::lerEt~Ve organs and giOWth points compared to other ;.>arts IRiceman and

1m::::;., : 960). Inside the cell, greater pan of Zn OCC,:ft,,; ill nudd and mitochondria

bi:{;;1l1:,g ,[$ significant role in celi division (Kathon:::! al., 1972).

Zinc is essential for the synthesis of tryp!opi:al::::, a precursor for the synthesis

of Lt·_A.., the pri..''!cipal hormone in higher plants Ci'sui, 1943; Karmer and Kozlowski,

1960; Salami and Kenefick, 1970 ; Sali~bury ans Ro~s, 1977). The large amount

a1' tryptamme found in Zn deficient plants is an indication that Zn is absolutely

essential for conversion of tryptamine to IAA (Takaki and Arita, 1986).

Epstein (1961) has reported Zn to have an apparent role in function of

membra:,es. Zinc and Ca ions were found to regula,", the ion transport <J,Gross cell

"1I.



m"mbfaf:::~. Zinc is reported!Co be;; C'::iE!i!:lent of carbonic anhydrase, lactic

dehyd.r~ge:lase arid many respi~atCory enzy~:.!es (Price, 1962). Zinc play:~ a role in

glycviys:~ and respiration be~ng c. consdraent c·f many enzymes in these paih ways

(t-!:;SOTI and Mc Elroy, 1963) The respiration path ways strongly inhibil::d under

inadequa,e Zn supply are due !O deere;;s>: in activity of aldolase :tile! a .number of

g~yc0jytk enzymes (Shkolnik et.:Ii.. 1975).

Zinc is <ill. essential cOl1slili;:;;:nt oi" ::.ichohol dehydrogenase, aj¥~iine phospatase

~s;d .:artoxy peptidase (Evan~ ;:nd Sorger, 1966). Zinc is found to be involved in the

tiosyTIu':esls of porphyrins and h',1::r\10 proteins, including cytochrome (Brown et at.,

1966). The involvement of Zn in nucleic acid metabolism is said to be the most

imporilin.t physiological role of Zn in living tissues. It is reported to be an integral

part of RNA dependent DNA poiymerases (Springate et at., 1973). Deficiency of Zn

'.::['1er'y depressed the produc!iCon of protein in meristamatic tissue resulting III

;,c;C;:::l:::::{t:on of amino acids and aiTIides (Kitagishi and Obata, 19R6).

2.r:w. Copper-

Copper plays a role in auxin metabolism which is evident from !he high correlation

exist,=d between indole acetic acid content and activity of copper enzyme - as carbinate

o:'.idase lGamayunova, 19(5). Nucleic acids and some nucleic acid precursors were

found to have high affinily towards Cu ions. In many plant species biosynthesis of

adenine, adenosine and adenosine monophosphates were enhanced by Cu ions (Okuntsov

ei al. " 1966).

A positive inf::.!ence t~;' eu has been repurted in building resistance to wilting in

many plants. This effect ,,; ;lpp~rently re!at,~d on the role ofeu in synthesising phenolic

12



ir.h i~.i<•., '"ontent in tissu~" I Prusako""------~_......... ..... .. & & ... ..... •• '- • • .... :
.... ( . Ch' l' - J • d: '::) ":)& ~ Jlorop :;lSlS nr eaves contalnc

~Y:0re ~~an 70 Dc: cent of C~ ~:::.J wali fo~:::.l h~ ::e involved in biu-s"... nthesis of proio-
• J

chk·ropty!l 2.TId Fe porphyrb c;omplexe~ (.Se::lkin,;., 1967).

The r:ature and im'ojvement of Cu in metabolic process is determined by the

sp~dGG vhY~;G0 - ~hemicaI properties of !'!'11S eiement. Copper ions reacts with

~.'....,... ~ •. ": "... h", ...., """..:. a ..1-. th - - tn· ......~: ....... I..... ........ .... ...... \ t' 'ft'......HIU IV u ...· •• 1'-" · u.·,.~v .... ~ua~ 0 el !~.•_e aJ~", !.!H':'!I. S'-' p,_·ssess C~L-!1 y l~ prop!,;;; les

Copper ions

of eu :.~lth::;;"' 3.S donor or as an accep!o~ oI e.lections in platl! tissues (Frieden~

19(8). Acc:::.rding!O Wishnick and Miidva" (1969), it was found to be a component

;;; r~bui0S'~ diphGsph,,":: carboxylase thus ,::onfirrning its role in photosynthesis,

Endcwed wiu.1 thc abiiity to change valency, Cu Eke Fe. Mn and Mo occupy

('emral position in Lile mecha."lism of biological0xidation reduction reactions including

those of respiration. photosym..hesis and "-Ssimilation of molecular nitrogen (Shkolnik

ei al.. 1975).

2.1~11. Boron

Boron is nehher a constituent of enzymes nor an activator. Starck (1963)

stated that bulk of the B present in plants is mainly concentrated iIi cell walls.

/ ..Jt..1ough the exact physiological role of B is unknown, this element is said to be

necessary for ceil diVision.. development of phloem and transport of plant hormones.

In the absence af adequate supply of this element, the middle lamella of new cells

d~velors poorly reslliiing hreak down of phloem tissues (Edmond et at., 1964).

13



L~ :;nd Amoff (1967) reported that bomle complex with 6- phosphogluconic

;nhibi:.::-ig the actidn of dehydrGgenase and preventing the eventual synthesis of

neer')";' '''l'~ ':~"'h T'["e ,"",••",10 ",f "~g'eta'!'v" ohOO" wac o'!JserJ"',j to hp retart"'d i .. B.....J'(~ ~.\.I e..v....- ,#...... .. ~... 11~.~... a .____~... .:1

dencient pl;;.;-~~ due (0 the accumulation of pentose phosphate (Shkolnik and Illinskaya,

iias iilustmted the principle fU!lction metabol ism ()T

"N'~POOAf .-.,1",.,. ,jP';'-""D,",pnt anrl dift-erpnti~,ion p.,"cordm·g ',0 Pi1'"u'e:~n an,.d "L'!'rkby~ • ...., ........ >J •• • ~ • •• .! .......... __ ............. .;.;,;,_ &Al.:. ...... ... .. _'-._ I;'. __ "" ~_ _Q.!..I i"Itr..

.(":'983), [h:; ,;,'ese"e;e of ,8. was fO~1!d essential to maimain membrane siructur;;: and
-

Hiany of the' deficiene;y sympto~s were reported to be secondary effect.s caused by

The requiremem of Mo by plants is reported to be considerably lower than that

·:·f other trace elements. The highest requirement of Mo have been shown by plants of

the family !eguminosae (Hewitt and Jones, 1947).

Tne mos, ';ignif:c:mt physiological role of Mo is its i!lVolvement in N metabolism

particula,]y in me reduction of nitrate and fix.ation of molecular N (Nichloas and

Stevens, 1955). Molybdenum is important in energy metabolism and also stimulates

,espiration and phosphorylation (Hewitt, 1958),

Acc.ord:ng te Burkin (1968), Mo iilfluenced the metabolism of vitamins in

p;ants. A dra.'miic f'lH in ascorbic acid content occurred in Mo deficient plants,

14



Molybdenum also acts as a ca",iyst in various :netabolic reactions (Shkolnik et al.,

i975). It fonns complexes with RNA through phosphate groups (Ivchenko, 1981).

He also reported Liat pectin metabolism has been influenced by Mo to some extent

and a possible influence of Mo on cell membrance structure has also been observed.

Z;Z. Chai"acteristic symptoms of deficiency of nutrient elements in

tree species

Visual symptoms of N deficiency has been described in various trees. Maskell

et d., (1953) reported stunted growth, yellowing of older leaves, dieback and

r~d"c""'''-: r·,I ~.:' ~~.. f' .......o ~·· ....... I·on 'n cocoa.... .. .......... u VI ......0. }II ,!'~.~ _ 1_' • Similar reports have been made in citrus

r; "'.· ........ : 1:"""'':-.1 t '; (',.I:;l;(';\ &.r (M' II
\ H ",n.l L...oU1U el.On., .~-J-'I, • o!!ee l.U er,

•• lu ID., .•• 1 • 97r;.)a.pp,"" \ .. v.n[ eO. flL, 1 I U •

1966), avacado (Jones, 1975) and

Nitrogen beirig a mobile elemer.t, deficiency symptoms first appear on the

"Ide, kavcs (Gallch. 1972). The N deficiency resulted in chlorosis which generally

~educcd r.'lc rale of photosynL!}esis. Chlorosis was reported to be as a result of

:"',:.ir:'q:Jalc· supply of N for chloroplast protein synthesis. Deficiency caused

di:;propon:.onate alTIOlJnlS of secondary wall thickening due to carbohydrate

:::';:;I:mu131;::.'11 thaI tend 10 make terminal growth slender and woody. Root growth

was cOrisi::krabiy better unless N was totally lacking in the media (Greulach, 1973),

Chlorosis. which was reported to be due to inadequate supply of N for

cl,;oroplas, symll;;sis, was the most typical deficiency symptom in most of the tree

spec,:::,:. 'n,::: "':$:.:e anOi!ysis values for N were less firmly established compared to

15



c·llier e:ienlent3~ becau~e of '"v:dr: variations in r~ level in a given plant in relation to

plant parLL
:, type ~~d age of t:ssuo:s. se~scns and also due to its high mobiiiiy within

t.!1c plant. Howevcr~ tissue analysis values for indicating L.1e deficiency; optimum

and excess ievels of N hav::: been well developed for a number of temperate and

rropica! fruit tree species (Jones, 1975).

Pale green colour of older leaves which gradually :.:h'Ulged to uniform yellow

colour was the major symptom of N deficiency observed by cashew seedlings grown

in nursery (Ohler, 1979 and Gopikumar and Aravindakshan, 1988). In white

spruce;-yelIowing of needles and reduced height are typical symptoms ofN def'icien-

'" (Hallett '9'-""l;) '.. , 1 C-"J' Yellowing of older leaves, necrosis, premature .leaf fall and

~;llb~;tantial reduction in growth has been reported a~ symptoms of N deficiency in

According to Gopikumar and Aravindakshan (1988), visual deficiency

,ym-ptoms such as leaf disCDlouration and stunting of growth of cashew seedlings

;:;,ss·Jc.i~teu '"villi r.; deficiency ...vas found to co:-r-elate with leaf content of this element.

SiI"f:.ilar observations ,:vert: also made in cocua seedlings grown in sand cultuf'~ (Lockard

:A".d ~"·"In"n:"'))__ ._ • ...~ ..J' • (, JIIIC'_ 1964).

Lan.dis et :.:L ~ (1989) rep0rted chk:rosis of oldt:f. :eavcs coupled willi srunting

~::r gn)\\'u~ in seedlings ofpaper birch. 'T'hey also noted u:at stunting due to N deficiency,

'Ha~ usuaBy easy to diagnose and subsequently to correct, beeause deficiency seedlings

rapitHy re:sfoond to ap;;::cadon of N fertilizers. J-\ccording to ·Driessche (lY89), in

Douglz~-f1r. the ntcdie:~ wer~ pale yeHov/ iui!:iaHy beclHning brown at the tip and

16



Studies conducted in The College of Forestry, VeHanikkara , Thrissur,

uSlng A ·" ...UGnJnus see.(!Hngs

yellow chlorotic patches In the oider leaves of seedling. lH acute stages of

deficiency, severe chlorosis of entire seedling followed by premature drying and

defoliation was noticed (Anoop, 1993).

Nitrogen was reported to interact highly with several elements. In citrus,

foliar level of Mg decreased with N deficiency (Lebanauskas et al., 1958). They

also found that uptake of Zn, eu ,md B was improved by N deficiency, Antagonistic

effect of N with P had been reported by Lod:ard and Asomaning, (1964) ; Smith

(1966); Dewaard (1969) and Nybe (1986). The uptake of N was higher in the

presence of S. indicating a positive interaction between N and S (Kandaswamy and

Aruln:ozhise!van,

2.2,,2. PhusphQr~

Varied

, " .. , "..h b . e 'I db' 'd'U- ,-·~pn" r • ........ nr n·' .... · ..r ........... ....Ine~ '.ao. "0" '''It 'l ......... ·~ "'rens rOI owe y s··oo lng......H ., 6~~ 5 ~~!I \..1 , • ......0."'-'..'..." 'il.!''-'V'3. a. J. ...

T ...... • -h •I.n apple, t· QeJ1CIency symptcms are

I I,'· I ., b .. f l' dexpressel as S~:~(1 1G::rK gre~n eave$ 'wVUD rOGze to purple nnge, sparse o_lage an

restricted hrc:.r:ching Cvlallacc, 1953). r..iaskc:ll, f!r at., (1953) observ~d t1at P

In older Ieo_ves, lose of

OTee" "U~':Ol;'.-.('.-:,;;,;·,::,.--! i,--,.:;;,reas b,:;.n' iPP,-, :-:-.~ y,::.inc .yi"i"o rise to a bl'nt"ln, appe·aranceb- :.1.- - _&0.1-'__.. &_............. _LV\ ""' ub o oJ .:

and interveinal chlorosis. Lockard and Asoll1aifling (1964) stated that III cocoa,

reduced dry '"vcighr '!"'~~ noticed when P '-Alas defie-ient in tissues.



Th:::: element being mobiie, lower leav~~. were the first to exhibit hunger signs.

Phosphorous defidency induced formation of anthocyanin pigmentation resulting in

purple co!ouration (Muiie:, 1966 ; Gauch, i 972 and Resh, 1978). Childers (1966)

reported restricted growth of root and shoot, small leaves with dull bluish green

colour v/it.'1 purple tint followed by brown spotting and premature defoliation as the

symptoms of P deficiency in avocado,' cious and strawberry. The lateral buds of P

deficient plants remained donnant or sometimes dried resulting in reduced lateral

Phosphorus deficient plants accumulated carbohy~tes to a higher level. Vascular

tissues were found to be poorly developed and Lhe nucleic acid synthesis was greatly

reduced. The production of ATP. N.AD and N.A.DP '.vas found to be reduced disrupting

the metabolic path ways resulting in stunted growth of the plants (Greuiach. 1973).

Swan (1971) observed remarkable difference in P deficiency symptoms in the

t\V0 sp~cies of spruce studied. White spruce showed the characteri~tic ~tunting and

purple leaf discolouration while red spruce, though stunted~ exhibited no ·purpling.

Bingt:~m {l975) described the P deficiency symptoms in tree crops as slow growth and

~parse foliage taming auH bronze io purple tinged resulting early dropping ':.)f leaves.

The root system of P deficient plants was found to be poorly developed. Length

of primary and secondary roots was reported to be increased and that of tertiaries

decreased in a study cond~cted by Narayanan and Reddy (1982). The dry weight

decreased in ; 2 out of i 4 species studied. Honnona! imbalance especial!y that of

auxin:; and cyr:)kinjns ;;!as said to be the reason for ~ncrease in root elongation.

Ballett (1985) observed Liat in black spruce, primary needles, develop purplish

tinge, a symptom called 'purple heart'. Bronze green lower leaves with purple and

18



necrotic blotches followed by defoliation has been described as symptoms of P

deficiency in nunneg (Philip. 1986).

Deficiency symptoms appeared first in the lower leaves indicating the

mor-ii<; nature of P inside the plant. In the leaves of cashew seedlings when

subjected to artificial P deficiency, a gradual transition from dark green leaves

bronze gr~en was noticed (Gopikumar and Aravindakshan, 1988).

Deficiency also caused reduction in height and leaf number in cashew,

evemhough ginn ,eduction was not considerabie.

According to Driessche (1989) in Douglas-fir seedlings, phosphorus deficieiicy

resulted in dull, greyish coloured foliage; while in white spruce bright purple foliage,

gradually turning darker was observed. Foliar ueticiency symptoms of hard wood

~;eedlings included the development of reddish- pink patches in red maple, general

yellowing in white ash, marginal chlorosis in sugar maple and general chlorosis of

Uie 0ltier leaves in paper birch (Landis et at., iY8Y). In Ailanthus, phosphorus

de!":(;iency symptolIls ;:ppeared first in older leaves as purple hronze patches. At

later stages, these patches extended to the entire leafiet CAnoop, 1993).

Inter;:ction of P ~~'ith other elements had been reported by various workers.

Phosphorus deficiency was found to be associated wit.l-t a decrease in Mn (Lebanauska

::U:'£., 1958) a."d N ,;no Mg (Embieton ::t ai., 1958) content in tissues. According

toM:atsui er al., (1977), P leye! was found positively correlated with Ca and Mg

lev~ls and ;::.~gativcly with K in apple. El-Gnzar et ai., (1979) after l..l'1eir

expe,iments in orange, olive and guava have reponed a positive relation bet.ween P

and Mn and 2. negative trend ·.'!ith Fe a..,d Zn whereas Nand Cu remained without.
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mucn cnange. Phosphorus h<ls heen reported tU interfere greatly with Zn and Fe

uptak:c in many crop species (G::niner et ai., i'};;5). Phiiip (1986) has reported an

increase in foliar concentration nr Nand ZII ami·;i decrease in Mg and Mn in P

deficient seedlings of nutmeg.

2.2.3. Potassium

Potassium being mobile inside the plant, the deficiency symptoms were first

manifested on lower leaves. According to Eckstein et al., (1937) in coffee, crowding

of young leaves and darkening and irregular development of new growth were

reported to be the characteristic symptoms of K deficiency. In coffee, Purseglove

(1 Y77) has observed scorching of e'ntire leaf lliaigiils foliowed by defoliation when·

.K was deficient in tissues. According to Muiier (1966), necrosis of leaf margins of

:;:der-_~eaveswas the most conspicuous symptom of K deficiency in coffee. He also

()b:::rvedthat K concentration was lowest near the leaf margins increasing gradually

"'·....ards the midrib and Kwas readilly translocated from older leaves to yo~ger growth.

Chapman et aI., (1947) described pot"ssium deficiency symptoms in oranges as

u nuting" or "tucking" of leaves with. a variety of chlorotic spotting pattern. Potassium

:.id:ciency plants were found to produce and accumulate putriscine, a diamine that

resuits necrosis in leaf lamina (Richards "nd Coleman, 1952). Evans and Murray

{j 953) described the K deficiency symptoms in cocoa as p<:Je yellow areas with interveinal

::-eglons near leaf margins, quickly becoming necrotic. In cocoa, Lockard and

Asollianing (1964) noted primaf'J veins of older leaves first turning light green to

yellow and then brown. The mid rib also was affected. They also noted that plants

grown under K deficiency conditions were less severely stunted compared to those
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grown under comparable defbency levels of any other macronutrients. Leaf analysis

of !ow yielders of mandarin with scorched leaves and non fruiting terminals showed

more K and less Ca and Mg (Morchal and Laccevilhe, 1969).

The tip and marginal scorching of K deficiency in tree crops was reported by

Ulrich and Ohki (1975). Development of necrotic older leaves associated with

reduced height, number of branches and dry matter has been reported due .to K

deficiency Ln nutmeg (Philip, 1986). Acute deficiency ofK in trees results in the

emire plant showing typical symptoms including severe die back. Yellowing and

necrosis of lower leaf tip which later spread to other portion of the leaves were the

typicai symptoms of K deficiency in cashew as observed by Gopikumar and

Aravlndakshan (1988).

In white spruce and Douglas-fir, K deficiency resulted in dull green seedling,
,-

lower needles turning purple at tips, then into yellow or brown (Driessche, 1989) .

.....ceorGi::g to Anoop (1993), in Ailanthus K deficient seedlings manifested chlorotic

tips of the older leaves which in severe stages, turned completely chlorotic.

Drying of tenninai bud followed by death was also observed in many cases.

POlaSSiUi11 strongly antagonises '.vith Ca and Mg (Cain, 1948 ; Smith, 1966;

Dewaard, 1969; Hailsen, 1970 : Nybe. 1986 and Philip. 1986). Spier:; (1987)

rep"rted r~l!uced p~ Ca ~nd rv1g uptake with iJ.Jcreased K fertilization. In th:s study.

hi2"h K t;on!.ent \va~; i{:~f.:d to decrease Dlant 2rowth. Interactions involvin.g K and
~ . -

other nulrienL~ were studied by Tandon and Sekhon (1988). Potassium and Mg
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I.. tn~es. Ca deficiency symptoms have been reported to appear first on roots.

Rom tii's became slimy and tum black in cocoa (Murray, 1%6). Lockard and Asomaning

(1964) observed chlorotic symptoms in the first flushes of leaves immediately after

ge:mi;;at;()t) ;r; cocoa. However, no specific symptoms on leaves were noticed in the

e",fly 5«,ge, of Ca deficiency (Chapman, 1975).

~e:[:g immobile inside the plant, deficiency symptoms are manifested on

yeotmg ;e',ves (Muller, 1966 and Chapman, 1975). This was followed by dieback of

terminal buds. Franco and Mendes (1949) described the Ca deficiency symptoms in

-::0ffee a, deaL,', eof terminal buds and yellowing of leaf margins followed by browning

,:,":::! ,-,ec:0,1, of margins of older leaves. In coffee, Muller (1966) observed the Ca

de:':..:;e;,..:;y as chlorosis of the youngest leaves. Light green to slightly yellowish

·~hl0ro,1s d.:vcJoped in the leaf margins and leaf tip and extended towards the midrib.

Lockard and Asomaning (1964) reported that seedling of tree species grown

under Ca ueficiency were more severely stunted compared to seedling grown under

!eveb ::1' N, P, K, Mg and S. According to Shear (1971) in apple, Ca

was imiai1y exhibited as cupping and chlorosis of developing leaves

Ivii'.)Weu hy :le~ ..osis of chlorotic area. Chapman (1975) reported dieback followed

by chlorosis of leaves due to Ca deficiency in citrus.

Development of thick, brittle and small younger leaves with blunt e~ld which

later lead to crinkled appearance is the main symptom of Ca deficiency in nutmeg

:'0:" it;.... ~ ~8f~\
... .!! II ':~; ...... oJ," I;; cashew, Ca deficiency did not produce any visual symptoms such as
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leaf discolouration but growth of seedlings was fOU!ld to be reduced (Gopikumar

and Aravindakshan, 1988).

Calcium is reported to antagonise with K "'1d Mg (Smith and Rasmussen,

1959 and Smith, 1966). High Ca was found to reduce leaf Mg, K, Na and P in

citrus (Anderson and Martin, 1970). However, Lockard and Asomaning (1964)

found that Ca deficiency did not affect significantly the levels of Mg or K in any

plant part. Nybe (1986) has observed an increase in foliar K and Mg due to Ca

deficiency in pepper. An incerase in levels of K, Mg, and Na and decerase in B

was found to be associated with Ca deficiency in nutmeg (Philip, 1986).

2.2.5: Magnesium

Magnesium is mobile within !lIe plant systems and hence, the deficiency

symptoms first appear on older leaves (Embleton 1975 ,lIld Resh, 1978). In apple,

older leaves of current season's growth appeared to develop green or grayish 

green blotches between veins often extending upto margins. Under acute deficiency,

fruits failed to ripen nonnally on tree, and were small, ~oorly coloured without any

flavour (Wallace, 1953 and Wood bridge, 1955). The first sign of Mg deficiency

noticed by Bull (1954) in African oil palm was the development of olive green

area on leaves with no sharp boundary between lateral veins.

Boynton and Erickson (1954) rep·:med [hat in cocoa, symptoms first

appeared on older leaves as interveinal ':hlorosis and necrosis. Necortic spots

frequently increase in size, join and progress to leaf margins resulting in premature

defoliation. Magnesium deficiency increased the level of K in the leaves' and Ca
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in t.<1e roots and stems of cocoa (Lockard and Asomaning, 1964).

Embleton (1975) observed that Mg deficiency symptoms first appeared on

oider leaves. ChardCleristically there was a loss of green colour between the veins

foiiowed by cholorosis or development of brilliant colours.

In avocado, general chlorosis with veins remaining green, followed by dead

lesions scatterd over t.'1e entire blade was the characteristic symptom of Mg deficiency

l"Oint" h • ..·.1 1060)\., ..g..a.. ,........ . Magnesium deficiency ,in coffee was characterised by the

d~vd()pmt:lltof olive green chiorosis near the midrib and laterals which gradually

progressed towards the It:afmargin (Muller, 1966). Abnormal K- Mg ratios in soil

"nd leaves are supposed to be the factors causing deficiency of this element. Leaf

r"H was also reported to be accelerated by rVlg deficiency (Sadowski et ai., 1976).

"[n blaCK spruce, yd!ow tipped needles were observed due to deficiency of Mg

(Ifailett, 192:5), Pale yellow disco!ouration of midrib of older leaves followed by pale

green. ';,:m'm an:.! ::ecrotic blotches towards margin, with upward cupping were the

major ~;ymplDI::s uf Mg deficiency in nutmeg (Philip, 1986). Severe inter veinal

chlorosis Df the older leaves was observed in cashew seedlings grown in sand

t.<'1is element (Gopikumar and Aravindakhan,
.

1988).

inter veinal chlorosis was found to he the characteristic symptom of Mg

deficiency ~n the seedlings of paper birch;:: hard wood (La.;ldis e! ai., 1989). In

norway spruce, Mg deficiency resulted in needle yellowing (Schaaf and Zech,

1993). Tn /\i!anthus, Mg deficieccy produced typicai visual $ymptOITIS of Lrlterveinal

chlorosis with retieuiate pattern. Ll acute stages. these chlorotic patch:;s between the
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,...., .. f- - ~ ~ . h l.P .".. d b E~ It::. a::togomstlc e rec~ Vi Mg Wit !'\. ann La nas neen reporte y mmert

(1961); D~·N2.ard (1969); M~nicm eta!., (10RO) and Nyhe (1986). Magnesium

deficiem;y was associated with a decrease in foilar concentration of Zn ~nd Mn.

However, foEar concentration of N, P, Fe and B in leaves was nol affected by any

level Df r"ig tven under severely deficient conditions (Smith. 1966).

- .... ..,. ..'"""' I h' , ~ _.1 ur
~.#; .. v. v .... a_ .....

Though S !s flot a constituent of chlomphyII unlike N, it is reported to be very

:?:ssend~i for the sY~1thesis of chlo~ophyll (Eaton, 1975) and hence, it is very

ing 5upp1y of either elemenL Sulphur deficiency is best identified by detennining

the N/S rat~0 ra!:.!~er than S :.xmcentr~ticn in vegetative tissues (Rasmussen et ai.,

1977). In !lUU-rent soiuiim: lackir:g S~ the ne\.llly fonned youngest leaves in coffee

~:10\V a unifonn light green colour later t~mi:1g to a more intensive chloro~is (Lott

ei a1. ~ i 960)_ In coffee typi{;ClI yellowing of the youngest leaves was observed due to
,

··:·,Su!phur defiekncy r~sulted :n phloem breakdowfl. decrease in cambiai tissues

r:nJ ,i1: increase in leaf thickness. Increase in thickness of fibre, xyiem and

~ci!t:1chY::'1a ce1!s has also been reported in many plants (Hewin. 1963). Cocoa

p:ants deficient in S wer\~ found to recurd slgniticantly lower dry weight compared

10 tre2tr:1::;:Hs deficient in otJ~cr macrnelements, except Ca (Lockard and Asomaning,

(1966) r~ported t-~ai in ITu::. p!anl'\ like apple. pear and grap~s the
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top most leaves on the shoots were tlrst effected by S deficiency.

According to Gauch (1972) in ma'1y plants uniform yeHawing of the youngest

ieaYe~ was the characteristic symptom of S deficiency. Nybe (1986) studied the

deficiency symptams of S in pepper and reported initial symptolT,s of S deficiency

appeared as p::!e green to sHvery white discolouration of the younger leaves

fin;:!!y turning to unifonn yeiiow.

Increase in foliar Nand P was observed due to S deficiency in nutmeg

(Philip, D86). In cashew, the early symptoms of S deficiency appeared as pale

gr:>.en i:D greenish yellow discolouration of younger le-.lves which later tum to

ur:iform yeiiow (Gopikumar and Aravindakshan, 1988). Small necrotic spots

app':'':lrca on the affected leaves followed by the development of necrotic areas.

In Douglas-fir, S deficiency resulted in yellow needles like N deficiency but

severe needle twisting '.vaS;l distinguishing feature while in white spruce there was

"c· obvious symptoms eady in season, later needle extremities become golden

pa",kuiady -::ear shoot apex (Drieessche, 1989).

In Ailanthus, disco!0uration of leaves which advanced from the margin

i!"!wards was the init1,,1 sym;)tom of S deficiency. This was fallowed by necrosis of

the yeHow areas and if: the acute stage of deficiency the entire leaf became

chlorotic: (Anoop, 1993);

2.2.7.. !!'O;U

lfOn is irmnobile i.n plant ti~'$:;~s and hence, the YOl!!1grr jc·a.cs arc ftrst affected

However, Lhe studies cGrrducted by Branton and

26



Jacobson (1962) demorlstratf:d the moderate mobiHty of Fe in piants. Deficiency

manifests as inter-,;er:.ial ·:::hiof(]Eis of leaves ,-'/hid: in severe cases make t..hc entire

leaf biades yeilow to whitish yeiIO',.v (Gauch. 1tJ72).

In cases of slight chlorosis, the general pale colour of leaves could be

indistinguisable from N or Mg (Haas, 1942 and Wallihan, 1955). However, in

iemon, leaves showing inter veinai chlorosis of an intennediate degree is

reported to be a characteristics symptom of Fe deficiency (Wallihan:. 1955).

Childers (1966) reported that in fruit plants like avocado, citrus and strawbe.rry, Fe

deficiency appeared as a network of green veins on a yellowish green background.

Severely affected leaves turned yellow and showed marginal and tip burning.

Iron chlorosis is a common disorder in forest nurseries and some species are

found ,to be very sensitive for this (Bunt, 1976). In severe cases, the entire seedling

be<.;omes chlorotic and the disorder is almost impossible to correct at this stage

(Hew~tt, 1963). The entire younger needles were turning chlorotic in jackpine

(HaHett, i 9K1). Straw coloured young flush with inter veinal chlorosis which

later deveioped necrotic patches on leaf has been reported as the iron deficiency

symptom :~<: ~:.rt."'nt;:g (Philip, 1986) . He ajso obsen;cd size reduction and down

vJard cunr~h12 {Jf iezves in Fe deficient planrs~ In white spruce needles turned pale
.. .II .......

greer: \';.'~a"l yeHuw tips whik in Douglas - fir, tennin~:! m;edies were pale green to

wh:te ·.v:~h ~;~~:.:.~.:op.21 spiraling of needle tips (Driesseche, 1989).

-. I
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:e' "e'" (Srn ;vh 4 9t:.~\. a 'I' U:- II' • ,.1.1, 1 V'VJ. Iron d0ficient plants ·:of cocoa recorded very lGw c0!1tent of

dement in roetr,;; compared to ~;:~~~; .:nd ieavr.s as stated by Lockard and Asomaning

I' ur4\\. 1"..0 ,.. The Fe l:Gntent m iOotS was redistributed to stems and leaves under its

deficiency conditions, High foiiar P, Zi1 arId Mn and low K and Ca in leaves were

. , ., ~ d ~ . 'Ph" . i QSUi.)assocmteo wltnt'e enclcncy In nutmeg l. .Hlp, 1.... .......

Mangan.esc IS an immobile element in the plant iitisue (Shkolnik et of., 1975

~,,"mDtoms of \-vell , <"'" ,

aermea most of the
...... .-
It not mas!'-~eu by other derlciem.:y or toxicity. tissue an.aiysis to determine

leaves show :r.ierveinal chlorosis, beginning near margms and

progressmg towards the midribs (Wallace, 1953), III mango, leaves d~velop a
~.. .-

." ..... I I ...... _ ............

VC!~v..-'!]~:..: v.,...._,t,0. .. __ ..... bac~:!!rOUi1d n'le".·." ..v.... ~.r~_ ...... ft"" ---F:nV" ,. v 6~ ..... '-' Mature leaves

The !ru.~t like citrus .. pium produced small leaves with

chlorl.)sis bet\Aieen the !:-:air~ \/ei~:s fo!h}\.ved hy d:~ Ow hack of twigs cuid t·ranches under

Ivi ui :er (19n6) r~r~{Jrte:i yOllngest ieavcs to be first affected by ~ln deficiency

111 Affect-eej ieaves showed typical chlorosis with coarse retic:llation.
,.,. -,
~:mua.r have made III man.go by Agarwa1a et al. ~1988).

exit-ired a reduction in resulting in low

cc·nceEltratiC·u of _""hi. :-.:.J.....,h,;)!
........ --.. - - :-' &A J 1.



Manganese alllig;: ie,·ds h.::s been rcr·G'""'': :.n be toxic in various tree species.

In citn.ls, toxicit'j ~Ylf:fJ,orr,5 "\'fere manife"""; :::, ::u:rgina! yellowing and necrotic

spots on leaves [oHow::::1 by ::;.:.:;essive leaf f<oiL Tree growth and croping was also

~ound'o he gro>a.h , ~""d;;.',,d ::<;":;"ara Q[ al' ,<:;,';' ~.-..~ 1"71)I L U ..... ".J ._..... ._...!!!l! ".- ":' ~""" ............ ~7 ....

In sandal, the YOimger leaves turned yeliaw 2.:,d became brittle as tile leaves

expanded (Ka.!1ala €r al., 1986 ). Lat:::r, these leaves developed irregular patches

and paired a, some ir"ernodes and grew unequaliy. The seedlings died at severe

stages. Application of Mn resulted in maximum height growth in Dalbergia latifolia

roHowed by Lager:ir:YJemia ianceolata and Terminalia alata (Kamala and Angadi.

1986).

Deve!opLUe::;, c·f pale yellow chlorosis, wa,er soaked necrosis, reduction in

leaf size and tom off leaves were symptoms of Mn deficiency in nutmeg (Philip,

1986): . Inter veinal chlorosis of younger leaves was the first visual symptom of

Mn deficiency obse.v:::d in cashew seedlings (Gopikumar and Aravindakshan,

198f.) I\s the intensity of deficiency increased, chlorosis spread almost completely

in the interveinal porU'J:l, making the major vei::, and laterals more pronounced.

, Visual symptoms of Mn were also reported in tropical forests tree species by

KamaJ'i et' al. (1988). In rose wood, ci'Jorotic areas were observed between the

veins of the leaves. Leaves became hrittle wit.h margins rolling and there was

shortening of iI:i:::~:;o::J:::s. Deficiency of Mn r:::suited a reduction of leaf an~a,

ch!orvphyll activiiy and photosynilietic efficiency in the leaves of Cassia siamea,

EUC!2!yprus ,-?:-:;immi.,·, Pterocarpus marsupium, Swietinia mahogany, Azadirachta

indica. Daibc:-:.r:;i;; [mi[olia, Santalum album, and Tectona grandis. as observed by

Angadi et ai. (1988).
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According to Driessehc (989) in white spruce, slight grey colour coupled

with reduced grnv.;th rate wt:n:: the charactt::·i~;tic symptoms observed due to Mn

deficiency. In the case of Dnuglas-fir, Mn deficiency resulted in overall

reduction in growth of the seedlings while colour of the needles remained pormal.

Shive (1941) and Somer and Shive (1942) reported Fe - Mn antagonism

and a'low Fe to Mn ratio in plant tissues to cause oxidation of ferrous ion to ferric

form making it unavailable to plants. Manganese induced Fe deficiency has been

reponed in various tropical tree species (Hewitt, 1963 and Agarwaia et at., i 986).

2.2.9. Zinc

Typical inter veinal chlorosis termed as 'mottled leaf', reduced internodal

!engt..lJ and 'little leaf' are the common symptoms of Zn deficiency (Gruelach, 1973

and Chapman, 1975b). This was reported to be largely due to inadequate supply of

!AA as a result of Zn deficiency.

The Zn content III the plant tissues was found to range from 20 ppm to

10200 ppm (Holmes, 1944). Zinc deficiency was often associated with high

content of Nand K and low Ca in leaves (Smith, 1966). Foliar Zn absorption was

said to be increased by higher Mn concentration but reduced by Fe and Ca in most

of the plants (Arora et al., 1970).

In many trees, root growth was found to be reduced by Zn deficiency (Mallik

and Singh, 1959 al1d Millikan, 1963). Muller (1966) observed that due to Zn

deficiency in coffee, the network of veins became elevated above the leaf surface

and became dark green.
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Lockard and Asomaning (1964) stated that in cocoa Zn deficiency inhibited

plant growth to the highest extent compared to other micronutrients. In cacao, the

width of leaf decreased progressively with the intensity of Zn deficiency and

showed a high ratio of iength to width (Murray, 1966). In citrus, Nair et at.

(1968) decribed the visual symptoms of Zn deficiency as mottled-leaf, reduced

leaf size and dieback of terminals"

Rosetting in apple is reported as mainly due to an imbalance of Zn nutrition

(NaumoY et al., 1977)" Little leaf, rosette and intervenial chiorosis of the younger

leaves with a network of dark green veins were reported to be visual symptoms

associated with Zn deficiency in pepper (Nybe, 1986). Marked reduction in inter

!lodai length, leaf area and drymatter has been reported due to Zn deficiency in

nutmeg (Philip, 1986).

In sandal. Zn deficiency resulted in younger leaves turning yellow and

subsequentiy becoming brittle as leaves expanded (Kanlaia ei ai., 1986).- Unequal

gro\vth at the internodes foUowed by stunting \vas aiso obs:::rved. In Pterocarpus

" "7 •••••• j"h" ." .
nlarsup:um~ Lon appHc.at10n rCSUHea maxImum le:g.. t 1ncren1ent comparea to otner

nutrier:.t5 C-K:.a.:.-nala and _A...!!.g;:;)i~y 1986). Angadi ei af. (1988) observed that in most
.' ' • ~ 4 Y Y I", - • •0: t.he tree Spec.ies ex.cep~ !e~:..: :::r.G ffiR-nogany i..'1~ reullctlon in lea! area ¥i"aS me ~east

•...-... - ~'- •• '" I' - b; ne~::::::eaves ttlmeG O!1VO::. green H1 COlour ana G.eve~opec ll"fegu.!ar rown spots near

tbe tip (.A..gac-thi12. et at.. 1988). Reduced intenux.!al lengt.h, retarded tCmlinal



growth ,md producdoll of small leaves with inter veinal chlorosis were the symptoms

of Zn deficiency noticed in cashew (Gopikumar and Amvindakshan, 1988).

Inter veinai ::h.iorcsis with reduced inter ncdal distances and progressiveiy smaller

fleW foliage were me symptoms observed in rose wood. Stuntiug of growth was also

observed in Cassia siamea and Azadirachta indica (Kamala et at., 1988).

Driessche (1989) reported spiraling of pale terminal needles and stunting of

growth in Douglas-fir due to Zn deficiency. Apical needles were found to be twisted

toger.her and were c!orotic. In white spruce, stunted growth with occasior:::1 dead

needle tips towards shoot apex w~s the characteristic symptom observed d',1e to Zn

deficiency (Driessc!le, 1YX9).

2,2.10. Copper

Copper being immobile in plant system, the deficiency symptoms were first

exihibited by ne':, gwwth (Muller, 1966 and Resh, 1978). In most of the plants

Cu deficiency has been reported to cause dieback of twigs and growing points

(Anderson, 1932). Chlorosis, dieback of terminal shoots and shortening of

internodes are the most common symptoms found in many plants (Reuther and

Lebanauskas, 1975). Copper deficiency is reported to occur mainly when the

seedlings are grown in peat based growing media (Landis et at., 1989). -

LDckard and Asomanlng (1 YM) Iloticed development of small swellings

above the node :;ftef the shedding of the ~;m:lll ar.d immature leaf in plants of

COCQ~ def'i{;:::::nt in Cu. They (~h;n noticed that growth of cocoa seeJIings was not

affected ~;ignitic<mtiy by the dd'icicncy of eu when grown in sand culture. Copper

defidcm pi~ms recorded low osmotic pressure due lG low l·~.....ei of sucrose and hence



are highly vuJrr.erabie to mete;-":::g::;al changes (Mizuno et at., 1983). The :eaftip

h""c~me dry ("'r'len IIp'' d··: .. ·.. · ,j.•~ dpfr,~""u_ .... , .... u ._. ~-,n .•.••• _'./';j ........ _.~;Jl.:.~:.lon

shov/ed a marked decrease in ::~:::s~~(e conte-rHo

and dropping. Lea~'es also

Production of t"'isted r.hinroiic needles was the characteristic symptom of Cu

deficiency observed in spruce (Hallett, i 985), Inter venial chlorosis, reduced size

of new flush, downward cupping of leaf margins, coupled with reduced height

and total dry matter production are the symptoms reported in nutmeg due to Cu

deficiency (Philip, 1986). According to Kamala et al., (1986), in sandal, Cu

deficiency resulted in tile development of white patches at the tip of the older leaves

which gradually spread to ot.her parts.

In Prerocarpus mllrsupiuft:., the new leaves were found curling. The ;eaf .

5':00: was reduced followed buy cuppiI1g of leaves (Kamala et at., 1986). Inward

c:urEEg of leaf edges :Inu brc ..·:r:irrg of tips which iater spread to the: ?_r:'~iire leaf

deficier:cy significantly ;,:~:.i:;c:::d the leaf areas, chlorophyil activity and

photosynthetic efficiency in the leaves of most of the tropical tree seedlings

(Angadi et al., 1988).

In Douglas-fir seedlings grown in peat based growing media, eu dif:ciency

resulted in ye!ioWi!lg or chlorosis of needles. The needles were often tw;sied with

SFii;:Hh:~ (;f the ierrr.in(.;1 ~~d (Driessche, 1989). In Eucalp!us nitens. :serious



,yp:: of interactions b"tween 'C;; and other miner;:! e:ements. Antagonism was reported

;,. "~(;ur betw""e'n:::" :mrt r-- "'~J"-"-~--~"~ "1":" ·"I.. tr'l"s:"··va :96·4' In :~I'tnllS eu••••• ..., ........ - --- ..... ~ ~. c:.l.!.1a..r~~"-·'!~ tl , ••••. ., ... 'Ii • .........J ," .. " .. ~ ~- ..

h""..........

, .......... ~ ..."""' "• A .... _.

was reDor,ed bv
J

1.1: .. 11. Boron

~.. : , B i" h:":':" ;.~- 'l,-.hl:p.ln. S 'b"': , - ..
_....-~
~l~.::. tissues ';:::::::'er.o:\' ,,,'mptoms f!TS;; aDpcar. - -

.....~ .... !""""'!"\: ..... : g~)" i:-' f:".,': .. :: ....
'..-'!.! !.·.·!.1J.~1'-.:'.! Ie .:.t ... •• , """1, 196G arid Resh. 1978;. BGn;;l deficiency resuit; in the

(nEafe·rd, 19.75). :Rosetting of terminal growth, die back, discolot::'ation,

..,. deE~lency ~"""" ....... "",.. ;; .
!! ~. ':-:-.' .

ai.. m addition to curling and

r~~:istiI!g of icavcs ~nnna!!y caused by B: deficieiicy i numerot:s hro\;;/TI spots were

of cocoa (Lo':;kard and Asamaning, 1964).

SmaU y,:mp.g lea'!i:S with leathery texture,. irrcglilar leaf margii:, and reduced

::":::nl(;::1a~· l"r:gth WEre the re.sults of B deficiency in coffee (Muller, 1966).

Boron .:kfleier;:_:~· in most oft.J.jeplam5 was man 'rested when the tissuei:ontent

was 'tnU1ln:the r2gc_of lS to 20 ppm. (Bradford, 1975). Boron deficiG:lcy In

:;".,~,,/;,•..•.•,".,..... _.•. __ ..i:_
.. . .'._'.'-"."'~.'.'"'-"""'~~'J':'~-" _ --- - .' ...."...00~1·~~

~...:~~.~., ......... first ................., ..
.' - ---':' ::pical leav"s, resulting



wrinkE...,g, As defi.:;i,:,n.:;y ,,:;·.'''01ced, leaf bi,,::i;;s became leathery and fragile,

especially rrea, the le"f ;'P"~ ::::::cha Filho et af,. 1979). In Eu.~aiyptus globuius,

the eariiest visible s:~i1 :,f R ~k:f1c;jency ;;"!~~'; ~h~ upward cupping and rolling of

leaves. Under acute cor.diiions, development of leaves was impaired, resulting in

the production of leaves with parts of the lamina missing (Dell and Malajczuk,

1994).

Tree seedling deficient in B showed a reduction in leaf are;:;, decrease in

chiorophyii content and phmosynL1}etic efficiency of the leaves compared to plants

grown in comple,e rrutrien, solmion (Angadi et at" 1988). KalHala et at. (1988)

reported the presem:e of brm"n spor.> on the chlorotic leaves of rose wood. They

also observed yeilowing and d·~;:ejopment of wavy margin and conical shape of

the. !eaves in Pterocarpus marsupium. Tni~ was followed by blackening of the leaf

tip a...T1d margino v!hite. SP0t~ ~.... ith reduction in leaf size was the characteristic

symptom observed' in: Cas:;i:;; siamea. In Azadirachta indica. whiie and yellow

spot:; developed iil· the leaves due tn deficiency of B.

In mango, depressed g;"owm, mild chlorosis, marked reduction i01 the

length and width of L!}e middle lea"ves were reported to be the common symptoms of

boron deficiency (Agarvvala et ai., 1988). At severe stages, the apex of the main

stem tU::led black <i!!d necrotic. and furL1}er growth was completely checked. In

Douglas-fir., stunted growth wilh few branches coupled with reduction in needle size

was the characteristic symptoms obse·fYed due to B deficiency (Driessche, 1989).

In "Nhite snru"ce", he noticed stuTIt-.::d gr·:-~·th ·~:;iL.1 DoorlJV developed t·:nninal buds.. - - -

AOl'cai il",pod" lo=--.: .~I':-~''=- ";,,·sr. c:ll'''-'~'; :-•• ;;.::.:.::.:,"; -:onr. iier'n,t!'"• .. ......... • ......... w• .., • .., .... v v .. va .. : .....u ..... _ ~._ .......... ~ <oJ.



Nem('\Y'U,:::--"~-'~-;:'''' ;-~.- ~;-.;,~.-..-.. -.i",;;,""'- ,-.=-::::;,:;.-.;i "fg 'lii.·l·t~ n:-h,~i" p','pmen'< In CI"tn ll; B u-ler.,I..... ip.ncy.... 'J H = .. ~ _ .. .__ ___ L:l. :..Ll..~. J __

VIas as:;;uci~:zd 'Hit!:. high P and !vfg and low K content in leaves (Smith, 1966). A

decrease in foliar Nand P was fOund associated with B deficiency in nuoneg (Philip.

1ge6).

~ .......

Plants growing in acidic soils usuaily exhibit Mo deficiency (Burkin, 1968).

initial syr:::ploms ,if Mo deficiency ap'peared on younger leaves as yellowish

f"G''-'' or p;.;;:; :;,;:~g<; interveinal spOL~. The Mo deficiency eventually results'in poor

::,e:::', s;:;';;eqtlenGy developed into large interveinal chlorotic spots. These, spots

""'-" ,._':~.>., .;u,':,;·:,';n "'bIo"" and he"ce ,io ... "a.""p ~Yeliow-<p"t" h~< hp"n niven for......!~. ," ~.~"." :: ..~ ....... w.... _ ~.. II u......... ......... . .., ~ ..._.......... - ... t:"

this disorder (V:mse]ow ~,,:i Datta, 1949). Lemon seedling grown in solution

- .. ;-._~ G'e··nl()-~'" -oucrh ',ov"urucJ 'lnd mottled leaves'-~!~:"~!~-" '!'-' ._~"..,•..!! ',':1 "........ '-' • L'" . At severe stal!es, the

;;;ottIedspms became necrotic, enlarged and <;:::tended to margins resulting the edges

te· curl.

i"i=',l·...:tt.

These necrotic leaves usually drop off (Stewart and Leonard, 1952 and

H~..... iU (1963) reported development of rough textured and mottled leaves in

lemo". :..~,~cbm': :lnd As(:mar:ing (1964) observed Lllat in cocoa. when Mo was

~ESSi1e: C'c-·nrcnr Gf th~: ~l~.ment
c'

;0 ....,,, ::Jl~~ •• :- Dart ":-l1die"" U"",," • ,U"L. .. "' .......... ~.
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General

r::;,~':";-; '<1;;,'agers tG make sound decisions concering profitable and mosl effective

u-;::: ·')f ;;~;.:;-:~r~~.,; ;;::d fe~~]::z~!"s (Pritchett, 1979 and Landis et al., 1989).

(;':0""'-''' "."G I-J,;"-;;;:m:,, 1(84). This is very essential to make a q':a!italive appraisal

Wut more often ;r· ',"< lI"~'''J··;~··t tro~ ... ,....-..- _ . _ I ...~ •• ; ...... ~.... .......

kno;,:.; :.:.'-~w .=s...·erc 'G."1C deficieDcy is and also to predict the response to given

qU2rlii::i~~ or ~!.I~!~ntEi appneG to correct it (Eyans, 1982 EG B0w~n and

.: ........ -_ .. : .... : ...... :J ..~o1."';o: "0·t···..1tures bl"oassays field
:':'::~'-:'-' ~~.'''''; :-'-~ •..•••' ...~ -:'-"-O;'J"~"-'" }' _: ~~~.. , • , trials and using indicator

;:-;211.'S ii'r!tc;;ca, 1979)., Among these techniques, some have. proved more

,,~tilii a;,d i;,f:jr2~';"0 m certain situations compared to others and all have their

Renee, it is prudent to use a range {)f tech"::.jues for

de~ci~nc;e:~ ":_.f~~': (1 ~6g) .pointed Out that most of the essential nutrients

ro •• ;. :-.

'-'~'-'~. fU!lti.::~:s ill the tree that a ch'!ra::teristic symptom generally develops

Most of the v!su:J.! growth symptoms

''''~--.



~nvirorrnlem.al ir.teid::=tions cliHlatic and soil conditions a..nd also due to disease and

V:~;:.1:':': ~;yn:ptc:m5 of deficiency or toxicity have been induced in severa! tree

~:r::::~,; ::~;~::6 ~;~~J ~{ld ~01ution cuir:.ire method (\VUl, 1961 ; Ingtstad 1963 and Swan,

.--_ ...", .. ,..-,' , ~. .'. ~ . "(185'·')_."' "1 .. 1'''·A • .- III..J' lItt bU"'" u is bel ieved (0 be the first to introduce the idea of

gr0Wlnj; p:::nj~: ill ~ami cuHu:=:;. Use of synthetic nutrient solutions for sand culture

.... -"' ...... =-....r _~__.....o.n ~1I1 K ., (101\.1\)
~::::'~':''=~~-!·-·.F,-·.. t"",,,,,,,,,·~I:: ,1l0~ A~'.J_,'" Hoagland (1919) attempted to provjde the

-"~;~5 -i;';'Yi~·:-d t':: .A~Gn u~d Hoagland (1940) and was subsequently modified by

•••• ':.-.;;;;: ,:.:.-.;-:.••->;-:;: ~.-. ':.::~~ fm- ''::'ri')\ls 'r~'" so~cie'-' Lpaf symptom~ ~·em malfonnations._ _ __ .. l t "l, "" "" oJ. _ ~.;:)l J. _ ..

..... : ,'h~~,...;.;;: :r, mr.:-;",.:-:n:ogv :mcj :-mnearanc" are useful in qualitative diagnosis but........ - _ _ :::;:---- -=-'---- 4; _.-~ ~ • .- I - _.... ,

;: •.-" .•.•_. ,-,~:,:. .. '. ;';''=ld~:hf :;.ppar..n~ O~L'J'·· aftor ~~L> d""fic·lP.l"(," had already re.sulted 1'11....... "'..: .... -'J.~,. ..... ..........'- J ....... _ -] "" UI""" ...... ~.-J -.

.. :~:::~~~:~.;r: of gw'wth or in malformation (Iv!ead, 1984).

GeE=r~iiv. ~~.:::ipicm dendendes of many nutrients result mild chlorosis which. ~

f::~~~t: p:'edse di?.=-d)si~ difficult particularly in the case of micronutrients (Landis

ei. at., lyc9),'·/isuai symptoms varied with the intensity of deficiency or with tree

~~:-:t::.:ie~ or ever? provenances and sometimes deficiency symptom of one element

r~"" t.~ ,.-::,.;:..-i b'; <>r,r.rhp-r "/hp.~le ..... ull·(·ple ,-1efi (';""n''';p(; OCCll f (Walker 1956'1._••.• ; ,,_ fI.............__ .' a..:. .. Y":' __ "-' .. JI. ...... •• _11._ ....._OJ _ ,-. ,

.. .~ ~ ..... --I.......__.....
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.~ .. relationships between ~rowth

2.n~:-ai~!) Iht;:sc

to· differentiate betweell or hie d.egree of nutrient stress.

~eportE.j !.r.jat mTra red photography did nOt disting'.lish between the

.conifer se-cul!ngs ..

... I'• .. ,,~ ,.3_ I~r ".

.!....I~._!!'.~\._.}I..........!..! t:..~ Lo!-tL. (197.1) .......,...,.....LJ_"" lvlur:se!! colour charts to assess nutritional

Haase (1984) reported good correlationsH1 Plcea and

retiectance, spectral
.. ..
lDtenSlty ratios and leaf N

in.cluding citms and. aVQcado trees. K~rnala et

. .,
the prE.3cnce -&1\1/or

C(;'SSitl .\":al::ea and ,,4.zudirachta il:dica could he taken as a

f ..-'II;"" . . .
~l:.tr~llon:;}:

. ..-. .
aeriClenc!es This was particularly useful in

me manifestation ()f

D~~g~;}stic~~.-::~n:[p:.e~ha.s~d on visual symptoms often combine<! with plant
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In tissue nssues fOi determining fil.!lrieni

1979;. In tree crnf'~:. roii::E" ;;;;;~;:;~;;s i,; r:};J::iariy used because it has proved to

'-"-
..""'......."'.... n........ .... '.".... , "..
~""·a..:-._.'la·.·,:: ~._ .•.." . .:.no aiso had the advantage of

~"I~" (::'-""c'l" -.f .. ~,·.,,·.·.,.,:.'.,... ~It:, ~..• "",,:: -- -- t.1e site of

...... -.' ., ' .. r"·.....' E .........n",,) 'An. /108'.' H .
.... _ ' •• 'UI 'OUO. ".~ (". I .'-< L. an.' .00;.,\'10·· LJ,.. owevpr in............... " !: ,.". .. '/'" , ..

:nos t b< the in:"
0- 0" • ,- •

:::-:,;ps. :nl mr uer:t:~t~lCY symptoms alor:g with tissue and soil

....... ~., .... : ...- " .....":........•: f' th .... ~ .... a. ..... ; .....
~u~~~,; ::'!s (!~C m._..~':..;; u;:,···_. Of "''''' V'.~UA"'''''Un of nutritional deficiencies and disurders.





l\r.I-~TE'D-I·ALS A'N== :;',-:l<'TUnns.!.'!'L_3...... .- I ••.•~ ......"

The present investigl:t:np.:,; relating to the :lutr:t:onal deficiency symptoms of

Tecrona grandis Linn. f. seedlings were carried out in College of Forestry, Kerala

Agricultural University, Vellanikkara during the period 1994 -1996. The study

included two main parts ; the first part dealt with the induction of various

;;~trient deficiency symptOft1S in seedlings grown in sand culture while the second

part aimed at diagnosis of l!}ese symptoms through analysis of growth- behaviour

and tissue nutrient status including chlorophyll content. An attempt was also

made to find out the extent of recovery of nutrient deficiency symptoms in seedlings

after the application of the concerned nutrient elements which were deficient earlier.

3.1. Development of nutrient deficiency symptoms

To induce lhe deficiency symptoms in the seedlings of Tectana grandis, sand

cu!rure experiments ""ere carried out under controlled conditions inside a glass

house attached to ,,'Ie Coilcge of Horticulture, Kerala Agricultural University main

ca-,n'u- Vella- 'lq"~ral!-r~. _.H l\.~ •

3.1.1. Preparation of sand

Pure quartz silica sa:::! of 250 mesh abtained from Mis. Usha A1ini Chem

Industries, Banga/are was used for sand culture studies. Thc sand was first

washed with tap water and the:: soaked in dilute hyJ:0clllork acid for eight hours.

The sand was then washed thoroughly w;,h l,:p water anJ subsequently with deionized

·..·/aler until it became chloride fr~e.



'::. -: "'"oJ' • ... .:..

Seeds of Tec!or::J. gnlfz(Jis frOIr. thirty five to forty ye~r old

piantations of Nilambur Forest Division, Kera!a. Good quality unifonn seed~

•,,""' ...... (",h;o;H.i ...O· i,.... ·.. :.':O..-.... ..-... llo ;"i/etti"v "):;rl dry.:n» r-or f.'uP ri':nlS After tJh,,1.,:::= ('eed"~ were,..,.,V••• ."~'"" L~J""'''''''''" '-OJ 11"..... "" •••u.".... • ........ 0 .::Ll._ _ .0 _ _ .,. ... \.:..a." • r!l. ... " -

sp~~~!.d in sand h~ds. The ~';etds wen: covered uniform!; with a thin iayer of ~~anti.

Tts seed beds v.'cre kept ........ "iC"., ".'''~L

.
ny regular \l/atering.

Two mGn(n:~
,.. -r

u: l:.r:~:onn resp'3ct of height.

diameter leaf i!um r.cr wen~ selected fer

Plastic COntaIners :-Jf height 2UCHl, ","ith a dia:':1eter of 10cm __ !..!.!I~. top ana

~Eghtiy tapering to 12cm c~t t.~e b;l~ie were u~eu for the experiment.
_. .
1ne CGr!ta"!ners

··.~··=re ri~s~d with dilute hydrochloric a~id and then ..~/ashed wiT.!' deionised water. A

d,ain h0k pl~Jgg~r! with a p::rl of iead free glass woo! was also provided at the bottom

·:.,·f each cornainrr.

The containers were fiUed '!l' '!o" acid washed sand to one-fourth of the volume

.. ~ ,: . l~; p:anting of seedEngs. The sfedHngs w~re ~en:()"ed from the sand bed and

::.- , ,: an.! "oil p~rti('l",,, •.';;;;>.,;n<J tn ';;P ~,oors "'ere w"s:'ci Of'f first "'I'tI-. tar, wate.r....... I ~ .. ~._._~ __• ---0 '- __ "" _".". . U. ,. • Y\ Y

., I······;:~[: ~;~:n:iequentY Wlth GelOnise·:! Water.

.\ fter 01<1'·'1"-' tho=. ~e~d!~n,.,n-, \, I,. • .... ••t; .......... - -- _ ___ me centic ~. "
V! !! p'.11 th~ was fined with

The DOts Viere

~~

'_'11 cor:;.;ret~ ir::-.;:d.e the housC'" at a :ji~~t;.tn~c of Hk:rH t'::OiT: one



-- ....
--_.-_.~ -- . Seedii::gs arranged for sand culture studies I,-:si,;", U::: glass house





The experimental seedlings were supr-:i:;:i with complete Hoagland No.2

(1948) !iuiiie.m solui.i:m fnr a :",ri,,(] of one :::u::;;, till they established well in the

sand. Before imp:)sing the nu(:,:;nl treaLments. ;;le sand was completely flushed

with dekmised water repeatedly for three to fOUl times to wash away the

':1,utrient residues.

3.1.3,'Tre;;ltment details

The details of various treatments tried for the present study are furnished

below.

1. Complete Hoagland nutrient sC'lution

2. r·!!.:tr~,~", solution lacking nitrogen

3. Nu,nent solution lacking phosphorus

" Nutrient Solution lacking potassium

5 Nutrient Solution lacking magnesium

6 Nutrient Solution lacking sulphur

7 Nutrient solution lacking zinc

(. !'h:trier:t Solution lacking molybdenum

'The chemica! composition of complete Hoagland No.2 (1948) nutrient

sO;U:,;OI1 i~ given in table 1. From the stock solution, the required quantities of

each nutrient as fnt;f,tioned above were pipetted and made up to one litre. The

i1Utrient solutions required for each treaLment were carefully prepared in bulk by

elimin<ltine the de~:;red nutrient from the scock. Analytically pure chemicals (AR

grade) were '",;eel for the preparation of the solutions. Fresh nutrient solutions

".'ere prepared' every week. Iron was added separ3.tely in order to avoid
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·.3.abie LThe composition of H03.g1and Nc.2 (1913) n~tr~ent solution

Complete solution
------~-~~.~._~--------~--._~-----------------

(Stock solution)

Boric Add (2.86gli)

ZnSO4. 7H~O -j: ZnCl2 (0.28 gIl)

6

4

1

1

1

1



precipitation when mixed with solution containing other nutrient elements. Every

alternate day 50 ml of nutrient solution along with 2 ml of 0.1 per cent iron sulphate

solution was added to each plant. On other days, 50 ml of deionized water was

supplied to each pot.

The exper,n:~nt was laid out in completely randomised design (CRD) with

three replications and the total number of poned seedlings for the study was 360.

3.2. Diagn.osis of nutrientdeficiency 8ymptoms

3~2.L Visuai :;ymptmns

The seedlings were observed' daily for the appearance of symptoms of

nutrient deficiencies. The time taken for the manifestation of various visual

symptoms was recorded and colour photographs were also taken.

3.2.2.1. Sheet growL" parameters

Observations were recorded on the following shoot growth parameters after

imposing the teatments.

The heigh;; of th~ hdividual seedling was measured from the soil surfac.e upto
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The conar diameter UL fhe indivh1ua: seedling \¥as measured :ising a

vernier calliper at fortnightly intervals.

3.2.2.1.3. Number of ieaves and leafarea

The number of leaves produced by t.;e seedlings was recorded at

fortnightly i:1tefn!s. Leaf area was also fOill1d out using leaf area meter.

3.2.2.2. Root growth paramete!"s

.rne following root observations were made at monthly intervals by taking

representative samples from each treatment.

3.2.2.2.1. Root iength

The length of the main root from collar to the tip was measured and

expressed in centimeters.

3.2.2.:z,.2. koo(nillnber
,. .

Tae number of secondary roots araising from the main root was counted

End recorded~

,

3.2.2.3. Fresh a~d dry ~eight :

The 'Seedlings uprooted at monthly intervals for recording the root

parameters were,then separated into stem and root portions. These were cleaned

free of dust and t'le fresh weights nf stem and root were recorded separately.
:1';'

47



The...~ were then dried in cross flow air oven at ·-/:/JC +- 2°C till constant dry

",.'eights were obtained. The dry weights of stem ad roots were recorded sepa-

'f2~ely using a precision '" .O3.:ance.

3 ~2.3. Chemical analysis of leaf tissues

The following chemical aflalysis were carried aui

~ 2 3 1 CJ..10 ..""..,h"rH conte'n"t.-i' .... It ,,~.... £i:l. "'V~.,!!""".~.. _

Three: seedlings from each treatment were uprooted at monthly intervals for

analysis of u1e chlorophyll content of the leave:;:. The chlorophyll content of the

~eaf was c~~G~~Hed specn-o photometrically in a kuown cliquot of acetone (80 per

Gent) extract. Tne abSG7bance of tile extract was measured at 645,663 and 652

~m for the estimation of chlorophyll- A, chlorvphyH- B fu"1d tornl chlorophyll. The

fi)llowir:.g ;"t~:'mulas suggested by Stamer and Eardley (i 967) were llsed for the

1000 x W

= 22.:; , '. .
=... ~ :.,:~. at 645 nm.) - 4.68 (Abs. at 663nm) x V

1000 x W

Tr.; .• l ['·}J1r••-...-.h.,H = 70 2 ( ... ~IS 'jt ('.1'\i1 n·') -+- 0°.0'2 (Abs.a! 663nm) x V
~... , ••• ~....._A ...~ • ....,.t' ....~...... -". ,I ". "" ......... '-' ._i...i.J.J.J. I _

1000 x W



Where

Abs = absorbance

v = Final ",,[ume 0i dilorophyll extract

VI = Fr~h weigh! of !he leaf extract in grams

3.2.:1.2. Nitroge>:.

Nitwgerl was determined at monthly intervals by digesting 0.25 g of the

sampies· in 5m! concentrated sulphuric acid and the nitrogen content in the

digest was ('.~tim;;ied by microkjeldhal distilation method (Jackson, 1958).

Ph0sphoms was determined in a known aliquot of the acid extract

cOlarimetricaliy by Vanado-molybdophosphoric yellow colour method (Jackson,

1953) .. 'H",e yellow Colour was read in a spectrophotometer at a wavelength of

".....f· . ••• ;-,. ,",
I • '." •••••• -

3.2.3.4. PntES!um

Poinssium W:lS estimated in a known volume of the acid extract using a flame

photomet~r .

C:ddu!T.: was estimated at 422.7nm in diacid extract using Atomic Absorption
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This was also estimated ill .A.!Omie Absorption Spectrophotometer at Z!lS.2 nm

using a knOV1I1 Vo~u.u.le of the (Ha~iu extract.

Sulphur was estimated turbidometricaly at 400nm using diacid ex.tract in

presence of Ba CiZ (Jackson, 1958).

Zinc was estimated using Atomic Absorption Spectro photometer. Zinc content

'" ,mcld eXu--acr was measured at a wave length of 213.9 nm using the hollow

cathode rube.

3.3. Recuvi:ry studies

At the end of four months, after imposing various treatments representative

seedlings from each replication showing nutrient deficiency symptoms were selected

fc;[ the recovery studies. The nutrient element wbich was deficient earlier was

supplied Lltwugh complete Hoagland nutrient solution. The improvement in the growth

of the seedlings and recovery of leaf discoluration was recorded. Ali the growth

oo£ervatons made earlier were repeated here also. At the end of the study. these

seedlings were analysed for various chemical constituents as per t.he standard

procedures described earlier.

3.4. Stati:;tkai analysis

AI! the observations recorded were statistically analysed llsi!lg analysis of various

techniques ~3 .~up.;gestect by Pause and Sukhatme. (1978).
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RESULTS

The results relating to the study of nutrient deficiency symptoms of Tectona

gramtis Linn. f. seedlings grown in sand culture are described here under in various

heads namely visual deficiency symptoms, growth behaviour of seedlings,

chlorophyll content of leaves, tissue nutrient concentrations and recovery of

deficiency symptoms.

4.1. Visu.al deficiency symptoms

The visuai deficiency symptoms of seedlings grown in complete Hoagland

nutrient solution and in nutrient'solution lacking various nutrient elements are

described below and depicted in plate 2.

4.1.1. Complete nutrients

The seedlings that received ali nutrients through complete Hoagland nutrient

solution were found to be very vigorous and healthy in growth and produced dark

green normal shaped foliage throughout the period of study. These seedlings did

not show a.'1y visual symptoms of deficiency.

The symptoms of nitrogen deficiency appeared by the end of the first month

after t.~e Cf}:l,me::cemeni of treatment. During t!)e initial smges, yellow patches

appealed tc:'.·,an1s Li:le margins L'1 the older k<ives. Later Lie entire lamina turned



Plate 2. Teak seedlings grown with nutrient solution lacking various elements

1. Control Seedling
2. Seedling lacking nitrogen
3. Seedling lacking phosphorus
4. Seedling lacking potassium

5. Seedling lacking magenisum
6. Seedling lacking sulphur
7. Seedling lacking zinc
8. Seedling laddng molybdenum





pak yeBow. Stunting of seedlings was also noticed at this stage. In the acute

stages of :jefid:::':~GY ~ the eniire ~;t:t:dling appeared severely chiorotic compared to

control (Plates 3 and 4). The completely chlorotic leaves gradua!ly started

premature drying also.

4.103. Phosphorus

Symptoms of phosphorus deficiency appeared roughly two months after the

treatJ"Ilents were i..mposed. The first symptoms were appeared on oldest leaves.

Initially purpie bronze patches on the leaves which later changed to yellow

chlorotic patches were observed (Plates 5 and 6). The new leaves were pale in

colour. Gradually the bronze patches extended towards the entire leaf resulting

premature defoliation. At the end of the study, the seedlings had sparse foliage

and were stunted LT1 growth compared to control.

Deficiency symptoms of potassium started appearing by third month after the

initiation of treatments. The symptoms were first manifested on the lower leaves.

The leaves had chlorotic tips at the beginning. These chlorotic areas gradually

spread'through Llle margin upwards. The entire leaf developed chlorotic symptoms.

The necr:;~;:~ progressed from the lower part of the chlorotic leaves. This stage

was notice:: d:.:ring. the fifth month of starting the treatment (Plates 7 and 8).

41
-~i •. .:'!.lv~agnesmm

Iv!::gn,,:-;::.:::: detlciency symptoms were noticed from the 50th day onwards.

The older i"" .,,;~ prvduced small chlorotic areas during the initial stap,es of

dcficiem.'y. C;:;~,::crerislic chlorotic pattern !:Jetween the veins was noticed here.

Howeve -" ~~.:., ~;.: ;; : ",:::.::-.""' __ : A ~r?On rp;9t~o;. Q '-~"ld 10\
~ Il'.,"-U ".' 1•• ;:, !CIIIa.III(..U t5 \:. J. \.L lU.,"~..J ./ ,.
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Plate 3. Teak seedlings grown with nutrient solution lacking nitrogen

.1. Control Seedlings

,2. Seedling lacking nitrogen

,

Plate 4. A leaf showing acute stage of nitrogen deficiency





folate~. Tea-I<: seeu;:ng< lrown with nutrient solution lacking phosphorus

3. SeedJiE.g !ac;'.lf:g phosphorus

•

Plate G. A :dr ~hc\Ving acute ~;lage of phosphorus deficiency





Plate 7. Teak reedlings grown with nutrient solution lacking potassium

1. Control S::edling

4. Seedling lacking potassium

•





Plate 9. '( eak seedlings grown wid nutrient solution lacking mageni:mm

1. Control Seedling

5. Seed!:::g iacldng magenisum





~..e ch 0 a. eas de veloped int ne~r, egions. Compared to comJ I

... -'-'-,

dey lop • de. Ide ,cy ympt m~ ~tf!'" three

on th !eav d· l .co! ·urall n

·r y p dally #c van...ed from margin

nly the reg : do e tr midrib

ter, :.

r • :

.;-;1' "l'h affiect &> '1........... ..- ""---

"'·· ...dlin .

. ore numr- .. of ...r.ch and

rrt::U ~~~~~.:-~~ ~::-~'':~~. ! ~:. r the i~ e deveLp necrotic patch and at

-t :: _... : ~ ..~~ ~ .•• : .• ~'''r",-,t ap) a ance Plat_ ..... :-_ .... :.l~\'; : .._~ ... ,_ ~ !.l! .... I: •••• il~...... .. _
. - .. 41J a;::J: ..

- ,.. ~ ... ,._ .... ~...: : .. : :_ .. "... .-:..f"'· .; ' _ •• _ .....

•_~_--_:._:._:~~_ ..:....:... _~.:.... :.~ : I. :. t : , :... 4'~ 1i~~:I-:;:.':"':..-·.: ---nr--'" ··J··".·..r f: 11 •••• ,_~ .' _._ :"_~ _ .. __ .' .::::~~_ '!'1~ ••• "'" .. _ .1 "', _.
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PI:.\le 1L Teak eedlings grown with nutrient solution lacking sulphur

1. Control Seedling

6. Seedling lacking sulphur

PI2;:~ ..1. A i~f vh:;"'!!~g acute stage of sulphur deficiency





Plat:: 13. Teak seedlings growl:! ;,!!,h nutrient solution lacking zinc

I. Control Seedling

7. Seedling lacking zinc

P:;;t:· 14. A leaf r.bowing acute stage of zinc deficiency





Plaoe 1 . rf eak seedlings grown with nutrient solution lacking molybtienum

1. Control Seedling

8. Seedling lacking molybtienum

Flat, if>. A leaf showi::g acute stage of molybdenum deficiency

•





.. " -" -- - ~ . . • • h' f ~1'.:. ::e etiec:t ot nut:-ler:l ut::"_:::-::-::es on tr.:: .~i:,: ...·.:tn oe..a'l:cur 0.. seeu..mgs grown

iI' ';;:;:;i c:~lture is presented below. Results on shoot growt.lJ parameters, root growth

4 2 1. "'bOl" ,-..-......,-;., D....lUnetel~~ ... u,. _,.~ ;;.a'l,~""';..J..... a.a 0.1

Thi;; influen;;e. 0f v:'.rious m:atments on shoot growth parameters of seedlings

!ik'Z: heigh!, collar diameter, leaf Humber and leaf area is explained here liF.der.

'-!',::: "DSe,'1a!ions recorded on height of seedlings. at f0;sightly intervals are

P;-:';31~:;;;':::::: taole 2 and illustrated in figure 1. There was significant difference

l-"' "'•.• 0<.. : '7".~ .....ento wi,}> rega",; '0 the he; ~'n' of seedl','ngs At ,;.~ ",..,: ". the.U' , """'"'L.:. .. ~ ...., ..~l~ .. UL J.!l6~ '. u.~· ""~.·_· l

study VC;it;d, s:o:;dlings grown with .:;omplete nutrient sc!ution had the ma~;imum

heigb~ grc:wth of 53,03 em while the N deficient seedlings recorde~ the lowest

h~ight

P-,,",o;;:g the ."anous r:utrient deficief!r seedlings, molybdenum generally

prod",:,:d ",-~,;ill;ml height gF'·... :h (45.72 em) during !..'lc last fortnight which was

,,:::y 13.125 per cen;: ]~ss compared to control. This was followed by Zn.and K

de!icienr seedli1::gs. It C"auid also be Been from the table L'lat S deficient sef:.dlings

we!::: ,,:: pal- with Mg deficient se~-dliI1gs in tenus of height during the IdS' two

r:'}r:;;;ght~:. .".t :1":e e:::d of smdy, the height increment was found to he r::t:<tively
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Table 2. El'fect of nutrient def1cicndl!!i on the hdglll: (em) of ser.,dling.;;

.~"~_"'_."'. ____••_.__.'••••-"--__••_______~__•••"" ___ ••___•.~__ • _______• ___._._•••••••••• _ .• u ••___ •••_.___

~llItriente1emEmt

deleted from Fortnights
-----------..._._---._---_._---_._.._-_._--- . ___u_.._.___...___..._

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

._._---_._----------_...............--....---._..

Nitrogen 13.20 13.38 14.21 15.12 15.51 16.28 16.43 16.31 16.54 16.50 17 .~)~~ 1'7.49

Phosphorus 13.62 14.04 15.35 18.00 21.75 25.77 25.29 2'7.29 29.29 31.47 33.4i' 34.~I=1

Potassium 13.41 14.70 20.35 21.24 23.33 27.12 28.47 28.66 :10.64 33.21 3:~.45 40.:'-4

Magnesium 12.59 13.59 15.59 20.51 23.36 25.73 27.50 29.14 :1'1.40 :12.88 35A~' 37.41

SulpllUr 13.46 15.46 18.56 22.32 22."73 25.60 28.41 29.59 32.58 32.32 34.:<5 :lU.09

Zinc 13.79 16.43 18.64 20.68 24.78 27.30 31.63 33.!i1 :~:l.43 35.68 36.64 40.74

Molybdenum 14.65 16.02 17.83 2G.29 25.01 30.68 37.38 39.86 42.26 43.52 44.74 45.72

Control 14.04 17.76 20.87 24."71 32.11 34.90 41.33 43.85 46.40 49.48 50.69 53.03

F·test NS ** • • •• • • •• •• • • • • • • .* • •

SEM+ 0.41 0.34 0.38 0.36 0.68 0.39 0.29 0.45 0.50 0.:39 0.39 0.56

CD (5%) 1.03 1.14 "•.~.HJ 2.05 1.18 0.86 1.3·1 1.50 1 16 '1 :18 1.67

NS - Non Significant

•• Significant at 1 per cent leve!
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various treatments are fumi~!'led in table 3 and iilustrated in tigure -2. It is evident

f~')m th::: dam that thefe is significant difference between the various treatments in

rerms of collar diameter through out the study period. The seedlings grown in

Gcmpiete nutrient solution recorded the maximum mean collar diameter of 0.43

em at the end of the study.

Nitrogen deficient seedlings tended to produce lowest diame~r growth at

t.'1e er::i of 12th fortnight (O.21cmi. These seedlings were found to record relatively

lewer ~1iameters beginning from the fifth fortnight onwards. The S :1eficient

seediings recorded !be seco;:;d lowest mean collar diameter of 0 26;;m at the

51. 16 pC'. cent lower diameter compared to contra! seedlings during the last

formigb, while in tIle case of Mo deficient seedlings it was only 11.63 per cent

lower compared to control at the end of study. For P and K the mean diameter

was 0.29 em each towards the last fortnight. In the case of Zn the mean collar

diameter was fGund to be 0.34 em at the end of 12th fortnight.

';.2.1.3. N'lmber vf ieaves

The data given in table 4 and illustrated in figure 3 indicate the effect of

varim:s treatments on the number of leaves produced by seedlings. Treatment

djffe~ences were found to be significant with regard to this par..meter ah.(J, The·

seedlings receiving complete nutrient solution produced the highest number of

the end of st<lGY.



. .:"', 1'1":' ~fi.f·l!· ,,'. ,0" ·1····'· ;;; 'l~;'" I'" •• " 'il . , " '1'1'" .~'" t' (." .... '. ,';\' ~.' ,;. ,.. "" ",[I), ' •• ), ; ,:1 .1.1. .,lil.·dlJ.'lll':.dl. tIL 'IL.IU:..lLlr.!J '~')11 r..b.-L '.1:·' ,E '~!aHle cr (.])t; ..'.'[ ~,·.~r:'dLHJ,,~:~.

r::OI tl1i~lhts._..,--..._.__ ..",.__._-_.._--
:2 5 6 7 10

..•.•••.• " ......... _....................................._.__............... ___......._ ....... _ •• ___....__.....___ ••••••_______.........._______ • ____••• ____.......... _•• __•••• _._.,•• ____ ............ 'O-.'_"~.__• __ • ,",," _....... oo ................ _.oo • ________ .... __...

.,~~ilp:!;- ':,~"l 0:1 ~~ CI.H 0.15 ':1.17' 0.:6 (,'17 ':1.1 ~ r) ~:J 0.20 0.:2.1 n.;!' : ;2 I

..... 'Pl' c'::j:h:,p.J$ 0.13 ;.' {UA· 0.16 0.: ';J O~ -j ~l O.:?1 022 CJ •.~!,~· ().~W 0.25 o.;~~' (1.:!'9

Fct:: :s:,i .Im 0.13 a.Hi C'.18 O.'If} 0.21 0.23 0.24 eJ.:?5 0.25 0.2() O.:!~l 1).29

Magnesium 0.14 0:l6 C.2C 0.21 O.2~\ 0.25 0.26 C12? 0.213 0.30 1l.:Hl );·1

SUlp~ul 0.13 0.14 G.'1? 0.18 0.21 0.21 0.24 0.21 O.2:i n.;~4 O.;~!i (12b

Zinc 0.14 0.16 0:16 0.20 1).22 0.24 0.26 OZ( 0.29 0.3'1 O.:i~~ 0.34

Molybdenum 0.14. 0.16 1).'ll; 0.19 0.24 0.23 0.27 0.28 0.30 0.:12 O.3!; 0.38

Control 0.15 0.18 0.20 0.22 0.24 0.26 0.30 O.~i:i 0.34 0.30 0.39 0,43

F-test NS <c .. * * .. .. ** * ~. * * .. .. * * t' U (r * * ..

SEli' + 0.01 o.on 0.(>1 ().OO 0.01 0.00 a.oo 0.00 0.00 ().OO 1).00 0.01

'C;;i:5%) '0.00 ···O.0.~ '0.05 " ·0.C5 0.05 o.no () .Oll 005 n.O!; r:' C5 0.05...

NS - Non Significant

". SiGni-FI~nt at 1 per cent level



Tabl,c 4. Effed of nutrient defidendes on the leaves ( number) produced by !ieedlings

.-,----··7-~··-7 - -:-'-7'~'------"777----..----·-7:-~~-_:_7----·-7··:--~. . -•..•-- - •. -- .. -__ .__••.•. _.__ ...- ••••••• u •••_-----_••••• _ •••----.-~.--. ------....---..---_..--.--- --- _._..-

NutriEHlt eiernent

deleted from ••-,-___,.._._.__•.~~:~:(:~ig_ht~,.-.------.----.--.--,- ...._.___.._.•__._.•____•___________...._.......••._.___..___.___.
~-----

complete SOllllion 1 2 3 4 5 6 7 8 9 10 1'1 -12

--.-----.-- ...._-_._--_.-- ._- ... .. " - _.....

Nitrogen 10.00 10.14 11.35 11.75 11.22 11.54 11.72 11.52 11.73 11.11 10.1:7 ·IC.:JO

Phosphorus 9.87 10.05 11.08 11.20 12.85 '13.73 12.47 13.99 14.22 13.52 1:3.1:1; , 1·I.O·l

Potassium 9.17 10.73 13.72 14.47 16.59 17.81 18.74 18.38 19.34 19.81 18.01 18.139

Magnesium 9.45 10.59 12.83 '13.23 15.10 15.79 16.92 16.71 17.:l:1 17.29 11~.29 '16.4"1

SUlphur 9.47 10.50 12.21 13.54 14.95 15.92 16.32 17.11 18.32 19.83 20.75 2CHi

Zinc 10.75 10.84 12.73 13.14 13.80 16.65 17.19 17.61 18.86 17.19 20.10 2.C.513

Molybdenum 10.54 10.86 12.88 13.71 15.50 15.34 16.96 17.53 18.88 19.80 20.96 22.2.2

Control 11.14 15.30 15.78 '"1.04 19.06 19.10 20.66 21.98 22.26 22.86 23.25 25.70

F-test NS NS • • • • •• •• • • •• •• •• • • ...

SEM.~. 0,32 0.26 0.27 0.30 0.24 0.31 0.20 0.35 0.32 0.33 0.57 0.46

CD (5%) 0.81 0.91 0.71 0.93 0.60 1.06 0.97 0.99 1.70 1.38

___•• ____ : ___ • ________ •• ____ ••__________________ : ___ •• ___ no. ---------_..._-_._-----

NS - Non Significant

•• Significant at 1 per cent level
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'. . r 'r'.' '..u. :nn· ... ..n····.....,: ...I:;(..ve~, .n,1 . ,nt': [,...gl aln,s GI __Utl.,<:>.

The seedHng::; r~ceiving I~ u(';ficient solutions were producing ie-53 number of

Towards the end of the smdy, the N ckficient

seedling:; hold ;: leaf number of iV.30, This was foliowed by P deficient (14,04) and

Mg deficient (J 6.47) seedling"

I:: gene:""Cl.l, ? and ;"1 deleted treatments produced ~he lo"\'est number of :caves.

Tine S ,,.,,: 7 n defit'l'ent spedll'ngs producod a ·,'.~ar" ,~,l',mber v"f 20.~5 al,.r: '21,),56u ..v .~ • _. ~', ~ _ _

rC$pec:t~·...e.ly towards the end OT L1e study.

The data f:liT~ished in table 5 and illustrated in tlgu.re 4 reflect the errect of

various tr~tments on L.~e leaf art:a produced by the seediings. The maX!H.ll.:.iTI leaf

~.re~: VJa~~ recorded invariably by the seediing:~ grown in c~)mplei.e nutrient solutiof:.

3240.68 :;m-" a! ~ne end of the study.

'rhe !c~vesi. ieaf
.,

e > ' -20 r_ , \ "'as "0 dod bar ...h \.:J , .0; ern- / w re_ r _ y

... , ...1....:,......

.:!'.. ~! ~.4~.!._·.l_. iacking I~ . During the entire study period never

' ..V\ 2o m .' The second lowest ';,vas m:..:St st:edlings whi,;;h

dcr:ci:~r:t :i1 , , the er,:d of L~e ~;tudy they recurded a ie~f area of 935.69 crn2

~n the case of Sand Zn tl~e h::af :{:"e:i \vas 2227 ::;:'12 2..11d 2933.78 cm2 respe.·::ti·.;ely at

-.
~ 1744.7cmL

' 'Nhit~_t.::e respectjve figure h"1 conrrol rr~atffit,:nt V·las

-('--~' 'jL ]): .~::: cm-. "'''~''"-' -~,

;::,-.
'~:.3



Table 5. Effect of nutrient deficiencies on the leaf area (cm2 ) of
seedlings

Nutrient element

deleted from Months

complete soluiion 1 2 3 4 5 6

Nitrogen 576.27 547.58 559.11 534.00 550.11 520.67

Phosphorus 763.16 879.30 1255.67 1744.87 1044.22 935.69

Potassium 668.27 1625.46 1905.90 1606.56 1806.28 1339.90

Magnesium 872.15 1979.50 1731.56 1554.26 1417.56 10f.8.39

Sulphur 620.31 1600.25 1605.53 1332.78 1502.22 2227.00

Zinc 1048.35 1248.00 1343.22 1266.47 1563.26 1080.63

Molybdenum ;039.46 ·1339.59 "1762.56 2150.44 2384.71 2933.13

Control 1506.45 1983.05 2048.78 2057.66 2461.11 3240.68

F-t~st • •• •• • • • • • •

~iEM -To 135.68 108.00 139.63 167.39 169.54 88.65

.~'"' :::;0-0) 406.8 323.8 418.6 501.8 508.3 265.flO~ .......... 'oJ ,

-- ~'-----_._~-,-- .--_.

• Significant at 5 per cent level

** Significant at 1 per cent !evel
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and recorded a 'faiue of 1905.90 :;m2. However. gradually this showed a decreasing

. d d' ·th~ ~ " ~~ "~ 0'.. :. "'0" 1 ~j39 "1°, 2lren an a.. "'" .....nu V! "nlJ :: !l. ~~...,..!. .7~ em . The difference in leaf area

between Mg and Z:; defkiem seedlings dUiing Lile last fortnight was not

4.2.2. Koot growth. parameters

The effect of different treaunents on the root growth parameters like length

of the main root and the number of secondary roots are described here under.

.,,~., gth fth . t...~.~.~. Lell 0 e mam roo

L.~ngthof the main root did not show any significant differences due t:: the

treatment appiication except for the last month (Table 6 and Figure 5). :\t the

end of the study, the K deficient seedlings recorded the lowest ;:oot length of

16.79 c", compared to control (26.67 em). Among the different treatrnems deleting

,;anous nutrient elements, Zn recorded the maximum root length of 24.35cm

towards the end of the study. During this period Nand P deficient seedli:lgs

recorded mean root length of 20.97 and 20.61 cm respectively, Seedlings grown

under Mg deficiency produL:ed roots of 19.20 em long towards the end of the

study.

The effect of treatillents on the number of secondary roots produced by the

plants is given in !able 7 and depicted in figure 6. Except at the end of sixth

munt.~, nutrient deficient treatments did not bring about any significant difference

in the number of secondarj roots produced by. i:.~e seedlings. Mg deficient

61



Table 6. Effect of nutrient deficiencies on the length (em) of the main
root

Nutrient element

deleted frcm Months

complete solution 1 2 3 4 5 6

Nitrogen 20.76 22.08 21.23 22.40 20.33 2G.97

Phosphorus 19.33 22.84 21.18 22.30 21.67 2e'.51

Pota.ssium 19.23 23.74 20.94 22.51 21.80 16.79

?.i~gnes;um 20.60 22.09 20.52 21.82 20.63 :9.20

~u!phur ; 19.98 22.08 20.84 21.67 21.35 22.20

~~c 19.81 22.36 20.18 22.65 20.73 24.35

~..~olytA1ei1lJm 20.06 22.51 20.73 22.55 21.83 20.18

Control 29.13 25.13 24.73 26.18 24.90 26:67

F-test NS NS NS NS NS

SEM-:;· 2.03 1.78 1.21 1.48 1.26 1.76

CD (5%) 5.28

r-!s - Non Significant

• Significant at 5 per cent level



Table 7. Effect of nutrient deficiencies on the number of secondary roots

Nutrient element

deleted from Months

complete solution 1 2 3 4 5 6

Nitrogen "0 -:; 42.46 34.67 35.67 34.00 32.14L. ..... Ov

Phosphorus 32.44 39.33 36.00 35.22 42.67 33.22

Potassium 31.11 41.33 37.82 34.22 36.67 37.78
. . .

28.55 35.00 34.00 35.22 34.23 28.78:,..:~gneslum
,r .•

30.44 39.89 33.11 32.56 36.34 31.89'.iliipnUr

Zi:::c 32.08 36.67 34.00 33.67 35.11 42.22

Molybdenum 32.67 35.12 38.55 39.67 41.78 40.78

Control 52.89 47.11 42.89 42.78 44.42 43.00

F-test NS NS NS NS NS •

SEM.± 2.09 1.98 2.32 2.62 2.14 3.13

CO (5%) 9.39

NS· Non Signirlcant

>l. Significant at 5 per cent level
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Figo6 Effect of IDlaIl twjjll!'nt deficiencies on
ttbe IlllUlllmlber oj[ secondarv roois
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seedHngs had L'1e lo'.vest number of secondary roots in the fIrst (28.55) and last months

(28.78) of th~ study and these wcr:~ rcspective!y 46.02 PCi cent and 33.07 per cent

:t.::·.....er wh~n ~~.rmp<n-ed to control seedlings during rhc same periods. The sc,~dlings

grown in S deleted nutrient st,luticms had the second lowest number of secondary

roets (31. g9) towards tho:> .<> ,~ "'r'" ;'he studyILl ,,':,.. "'_ 1,'..& '-I , .

In generai. Mo and Zn deficient seedlings continued to produce larger

number ot ,;('-condary roots mrough out the period of study. However, these were

1· • ,s 19nrly inf:~ii.or compared to healthy seedlings grown in complete nutrient solutions.

4,Z,3. Fresh and dry weights of shoots

The effects of nutrient stress on the fresh and dry weights of the shoal') are

d~~..rly ~videm frG~ ::-:e dc.~ tabulated in table 8. The various nutrient tre.::tments

:;: ~~;::,-:;;::h: :;-:r:::;:-l'":.":L"....: ~ht" fresh and dry weI'oht of the se~dlm'gs--,......---- ... ---.1 ..------ .. -- - --- e- - ... .

. \Vh.h regarG to shoot fresh weights, treaunent differences were very

pronounc::;d ;10lIi !.lie second month onwards. Seedlings that received complete

nutriem soiution recorded me highest shoot fresh weight from the beginning of the

Among Lie nutrient eiements. Mo defIcient seedlings recorded the

h:3hZ'.s~ ~t!GGr fresh weights of 36.95 g and 45.72 g respectiveiy during the ~fth and

3~~!.!:'; illG!i!.!1S. It could be seen from Lhe table that the N deficient plants recorded the

i'J\~es~ she'CoL fresh weight ~'1rough out the course of study. During the second month

i~ '\iiaS ~0'Nest (7.til g) and to\i/i:.rds the end of study these plants recorded a fresh

;-;'IO"·i,,·:-.; .-..F : ~ •...:Q ,-. '·:'1,." Co",-·,-.;·,r: i..."o",·t f,'res}",' n,'el'ght '''as ('ecorded b)' thl}Se.. _.= ,.. ".-..6'-'.::::: ~ __'"" •• _ .'"" • .,~"" V'i Yr/

......·CIo~f'J~I·.'.'" ... {'.-." -, •• ,r1l
.-"-_.A~"I·b"" e.' _..... III



Table fL Effect of ITmtrient deficiencies on the fresh and dry weights (g) of shoots

- - .._._.-..- ..__._-_.._--------_._-------..- ••.--
Nutrient element Months

------~-- ---.--..---------1-- -----.---------- _..

deleted from 1 2 3 4 5- -------- -.

complete solution Fresh Dry Fresh Dry Fresh Dry Fresh Dry Fresh Dry

Weight Weight Weight Weight Weight Weight i Weight Weight Weight Weight

6

Fresh Dry

Weight Weight

Nitro~len '12.01 3.50 7.01 2.91 11.39 3.70 11.23 4.01 10.87 3.93 11.39 4.19

Phosphorus '10.63 3.05 12.82 4.23 23.85 7.58 31.51 11.75 27.48 11.57 33.69 10.17

Potassium 12.98 3.71 12.35 :J.63 17.37 6.64 23.42 10.84 27.4ti 8.58 3'1.61 11.31

Magnesium 13.43 3.98 18.82 6.61 21.98 7.13 21.72 9.54 29.03 11.60 32.61 10.67

Sulphur 12.91 3.93 10.57 3.08 18.79 8.82 27.00 11.84 29.06 10.03 34.88 11.55

Zinc 12.55 3.84 14.31 4.35 21.02 9.44 25.20 10.92 31.21 11.26 35.35 11.61

Molybdenum 12.61 3.73 16.24 5.53 25.22 8.47 36.03 9.37 36.95 11.71 45.72 15.30

Control 14.20 4.04 20.99 7.40 35.03 ·10.5B 47.12 '12.96 50.60 14.38 65.84 18.23

F-test NS NS •• ,~ .. • • •• • • • • • • •• •.- 11' • •

., SEM_:!> ... .. ·..0.68 . 0.26 0.51 . ·0.39 . 0.99 0.41 0.66 0.44 0.91 0.61 0.92 1.07

CD (0.05) 1.54 1.17 2.96 1.25 1.97 1.31 2.73 1.84 2.77 3.20

NS - Non Significant

* * Significant at 1 per cer.! ievel



The seedlings receiving complete nutrient solution recorded the highest shoot

fresh weight through out the smay peiiod. Dlldo:g the sixth month they recorded

a value of 65.84 g. The shoot the treatments were in

,,'Ie order - Mg < - P < - S < - Zn (Fig "

Dry weight of the shoots produced by different nutrient treatments also

differed significantly from the second munti, onwards. The results obtained were

more or less similar to "'ie sboot fresh weights. Here also the highest ~hoot dry

weights were invariably recorded by those plants which received the complete

nutrient solution. The N deficient seedlings recorded the lowest shoot dry

"'eights through out the study period. This was lowest in the second month

(2.91 g) and increased to 4.19 g towards the end. With regard to this parameter

treatment were in l1-Je order -N <- P <: - Mg <- K<- S<- Zn <- Mo < Control

4.2.4, Fresh and dry weight of mots

Root fresh and dry weights were also found to be influenced by different

treatments from the second momh onwards (Table 9 and Fig.9). The seedlings

grown in complete nutrient solution recorded the highest root fresh weights of

18.68 g during the sixth month. Among other treatments Zn deficient seedlings

showed the bighest root fresh weights during the sixth month (15.32 g) followed

by Mo deficient seedlings (15.16 g). The N deficient plants invariably recorded

the lowest root fresh weights through out the growth period. At the end of study,

fresh weight of roots of N deficiem plants was the lowest (10.73 g) followed by

K deficient plants (12.39 g).



....................__.-----_ __._.--;-._._- _.--- _- -...._ -- ~ _--- _--..- --.--_ ---_ _---_.._- -- _.._-- __ ..--_ _-- _ _-- _..---- .._--_ _- -._ _-_ ..

1,];.r;:ri,;n'"l'( 1::1l;'11}1::m hf f] nth s

-- --- :::::::::':::'UI;on ~~;esh ----\~- -j--'-;=~::;~~:;;;;~:=: ::=~~~~-;--:~y -= ~~=:~:::~--= =::~~:::,:::i;:--;:=::r;~:;,:_~~:~~~=
Weight Weight \ Weight WfJight W:i~lht Weight Weight \Neigh! Weight weiQlltJ Weight Weigh!.. -...------.__........._ ... ---L__...... .... . ..... _ ..__ ..-..._-.____ - ....__ .._.. _

hlitrr.I~le(l ·Ln 1.74 '13.29 il.!i:l ;'.6i' ;?1~3 8.19 4.22 1'1.26 4.93 '10.73 5.37

PhCl3pflorus i~:18 1.87 6.23 2.0~) 7.99 3.01 10.90 5.19 1~~.17 4.80 '12.87 5J3

r:',:Jtas:;ium 1t.19 1.82 8.11 2.52 11.30 4.32 10.79 4.42 10.70 4.27 12.39 5.33

Magnesium 4.13 1.85 7.50 2.5U 8.28 3.7'9 10.62 5.21 12.7:-S 5.41 '1:3.44 5.47

StlJprlur ·J.53 1.66 13.79 :3:14 n. 'I B 3.99 9.01 3,S1;3 9.87 4.43 14.70 5.63

Zinc 4,47 1.54 14.7'8 3:1? 10.0n 3.78 10.40 4.42 13.5=! 5.38 15.32 6.32

Molybdenum 4.89 1.93 11.95 :~.90 7.54 . 2.55 13.36 5.62 14.92 6.75 15.16 6.79

Control 4.98 1.76 10.73 2A4 '13.24 3.98 15.57 '7.19 '16.26 7.54 18.68 7.43

F-test NS NS ** .... .. .. ... .* .... .... .. .. .. ~ ..

SEM+ 0.23 0.11 0.68 0.23 0.35 0.31 0.71 0.40 0.68 0.50 0.73 0.44

C~I) { 5~~t . .2.03 0.68 1.05 0.94 2.14 1.20 2.05 1.51 - 2.2(} . '1.31
---_.._---------.-

I~S - Non Significant
.. Significant at 5 per cent level

i- • Significant at '1 per cent lelJet
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r:Jm C GaLa it is also clear th~~ f00£ dry wei:!:hts "vere si:::::nific3.t'1t1v. - ~ -
::~nuem:~d b ... the n~:~"r'~er'.t, trearInCnr3 particulcdy fmm second !~onth onwards. The... , '

""0; r: .... , ,uA; '~h t's f ih", ""n'~ ·)f stu'~" .. ''''re 'In t;'r- orde-. - K < - N < - Mg c - (,: < - P <!' -IV 1.. ,: .-Ir""""16 L..::: ~_ ••• n '_.' u:: ~'':;;; .. W!._ -._ -...... _ .....

Zn < - 1'-1::": < C(mtrnl (Fig. 10). At the end of study, the ront dry weight of

was 7.43 g while it was only 5.33 g

4.3. Chiorophyll content

The chlorophyll cDntent of ieaves was found to be significantly influenced by

0-1,,, d",F;";"'ncy f V"" 'o"s nu·t-;""n+ ""lp:mo. ts......... ...... "~Ir.L... 0 ,g"fJ,.... ~ ! . ..!A~L L "-'1 ....1 ~n . The data related to chlorophyl! content

': ':-!;~ :::;=.-.: ~ ,-.f chl·Q"·Or,l;,dl _:.. 'in li"·w ~,,":'>"AS de"h'a'''se': ·.........;uaJI·· ';'1-1'-0 thp... _...,1'--_... _-_ !"" .....,/ ....... .._._..... '.1_ ........~ ...... SIUU .:J ..~....... ~,li,"""'l ...

Th"" N d"'~'-""nt ~"n~~;"a I the...... _ ..... _ iIl_Jl"", p.'!tr. ~ .~~ G .

foUowed by P defiC'ie~t seediing

(O.5~ mg g-1) during the nfth month. The seedlings receiving complete nutr.ient

, • • t- • I· 1\.... t i
~"':.Ul:!)r: ~nu .....'1use ~~cK:ng lY':O ::ave recorae(

1
('-.~,':' ,'n ry-,.-~ g-l c"lrt'n'" 'm'" :".. pe";od
... ,a 'J'~'~"'.' •• "0 \,A_ 6 It·-' I'" •

the highest chlorophyll - A contents

C.h10LophyH - B content a~so declined gradually for all the treatments '~xcept

for K which showed a slight increase during the third month (Fig.12). The N

deficient plaIlts recorded the lowest content during the sixth month (0.31 lag g-l

of teaf tissue.) '~hik highest value during this period WH5 recorded by K defident
"

~l',nt~ (~ r.':l ~~ ~-.:.\ r;"'vt ...... II" •• ,~" "GO" ri",.c::JcI·ent _l~~.~ w~:ch -~~or..led ~ "value of}I!n"!-.:>',1.'-'-""5;:" "J. -~.~"" lvn.. ""!"._!Vll;:>·-<:'~ . PI~U~ .. J!J !!C~ _U d

0.93 mg g-l"" ~I.C pia."lts receiving complete solution were having Eo .~hlorophyH B

" "-~ontent ';:~r
..... --- - ~ .. . ..,.- ..:: x; ma ~ ....1r:n-laO' thp. :;;;;:i th m.-.ntr-.'-"'. -.. ....,.;;.-,~ ~ ~_.. -eo - - ~ ... ~ _& .6 -. ... -... ....
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T3.ble 10. EI'l'cLi of ntltrienl deficiencies on the chlorophyll c,.ulen( of leaf tissue of seedlings

;:;:I;~;:~~'~'~:i18nt-_"~_~~"_"-_~~~-'_I~~~~~~~~'~~~~:~~=-~::~---_-~-~~_-o-n-_~-J=I=S==~5-'61 ------2====--3-·--------5-.•.---.-6--

dflleted from 2 3 5 6 2 :3 4 -et 4

Tolal chlorophyll (mg g-.1)Chlorophyll- B (mg g-1)

COmpIE!t£,sollition···-·--~-------------f--.---~.-.---~.4----'-----,--+-------------.---..-

Chlorophyll- A (mg g-1)

Nitrogen 0.89 0.72 0.63 0.42 0.32 1.50 0.69 0.65 0.44 0.31 2.39 1.41 ·I.;~B (I ;::6 D.li:l

F'hosphorus 1.97 1.29 0.60 0.56 0.61 1.75 1.28 '1.14 0.84 0.73 3.72 2.57 1.74 1.40 1.34

Potassium 1.59 1.29 1.17 0.69 0.58 1.26 1.35 1.24 1.11 1.03 2.85 2.64 2.41 1.80 V,'I

Ma(;'nesiun1 2.07 1.60 0.88 0.68 0.71 1.45 1.19 '1.16 1.11 0.93 3.53 2.80 2.04 1.79 1.1)-\

Sulphur 2.06 1.10 0.91 0.64 0.33 1.71 1.38 '1:14 0.90 0.74 3.77' 2.48 :i.05 '1 .~~!. 1.1:'7

Zinc 2.11 1.31 0.78 0.57 0.41 1.24 1.10 D.95 0.84 0.67 3.23 2.41 '1.;'4 1.42 '1.013

Mo!yhdenulll 1.81 1.29 0.91 0.80 0.62 1.32 1.09 0.83 0.81 0.67 3.13 2.38 '1.74 1.61 1.29

Centrol 2.09 1.65 1.39 0.80 0.58 1.60 1 14 0.99 0.97 0.87 3.69 2.78 2.:38 i .i'i' 1.44

F·te:;1 • • • • • • • • • • • • • • •• • • • • • • •• • • .' . ,..
SEM.!:. 0.05 0.03 0.06 0.03 C.Q4 0.09 on" D.04 0.03 0.03 0.09 o.o:~ D.l]!; O.Dt. 0.04.-~
~D (roo') 0.14 0.08 0.17 0.09 0:1'\ 1l.2G 0.09 0:12 0.09 O.OB 0.27' 0.09 0.14 0.11 0.11v _ .) 1O,

-------_. ------.-.--:-_..__.._~--_ ......_- --------_..._------

•• Significant at 1 per cent level
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m'ii:g;J.:2: ]R:fl['~!let '1;l1/' 1II111lll:wli'I!!nt d'I!:I[lk:f.l~nldl(t!:§ f}1lf.
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CihIOI:![ljfJRI;rH··]R (mg g-l of leaf H!isues)
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III _generaI" rotai c:hicirorhyncontent (If the ieaves \vas r~Jund to de~rease

'/-/ !th S~cdiinp:s :.;::biected to N :;tress re{;orded the lowest totai
" J

chl·Jfopl1.yil content thiOU_ghGut th:.~ period ()f sfudy. Here also total ch!oropi1~/!i

content was found tG decrease from 2.39 mg g-l dUrillg the second mont!'"l ~o

0.63 mg g-l during th~ iasr month. The difference in total chlorophyll content

ht=h... ttr: the seedlings r~-:eiving cGmplete nutrient solution and tho~;e uefic::::::t in

Mg and K was not significant during the fjfth month.

Tr:~ etTe:.:l of various treatments on the nutrient content of leaves of s~edijngs

.-,..,..", .. ,- ;,.." •.• ,,. ..... : ,.•• :i.,,,..~ ;.... "If'.:-"".::a.nfpri iii th'l'S part;;,!. '_I"'" !I .,. _)l"-lIIU __ 1 ,_ .~. :".~_ ••__ ...... _ .....

The N cu::tent of ieaves was found to decrea~e in seedlings suppiied with

~::tr.~:~l ~;:;::"':Lie:': lacking N (Table 11). In these seedlings, the N content gradually

d~':r"e<:~~ed from 1.02 in the bcgiruling to 0.56 per cent by the end of the sixth ".lOnth

woe::;. r...:":~~ ~;!:l:.iy ',,'/as {;~;mpleted. The seedlings receiving complete nutrient soiution

recorded highest N coni.enl during the sixth month (I.53 %). It could also be seen

of the study, P deficient se~dlings had a N

cc·nc,:mration te) :the tune of 1.34 per cent which was the second highest. At the

. ~.. .,.. -I' , A' th 'I"end or s~~rn m(~r:~.n, :.nt: ~ecof:d ..owest 'v~iue was recorae-u oy ose s~eu lngs

::~~:~~.::1 \'.:ithtJut K (1.08 %) follc·wed by Zn (1.14 %). In L.~e c~se of ?vig an(1 S

modera~E content of 1.23 ~.nd J424 pe~ cenj clf 1\-1 ~';lS

70



Table 1i 0 Effect of nutrien.t deficiencies on. the foliar COlli:entrat!on of
nitrogen (per cent)

Nutrient element

deleted from :·.~onths

f'.omplete sciution 1 2 3 4 5 6

---"'-~'--_.

Nitrogen 1.02 0.95 0.74 0.52 0.60 a.Sf;

Phosphorus 1.71 '1.73 1.51 1.:7 .. ~,.. 1.34:.L::J

PcfCJssiurn .. 47 .. ".. i .13 .; 20 ..; .,;t; i.08L
~ ."",!,,i__

I 1· ..... U

r~1agriesi~Jm 1.62 ~ ~c .....) ... 1.26 1.44 4.23..-.... 1.---' !

Sulphur i.59 '; ?C .. ,.,,., .. ?-. 1.[,0 1.24......- :.u~ l._f

Z~nc i.SU 1.29 1.31 1.13 1.36 1.14

:\I~","""~'''n.r~cu',, "'.... .. ~~
1.1 "! 1.47 -i ~.; 1.32 ·1 ~i..v.u1: .......... _ •• _ •• J J.~'::" I. ~ L l.vU

'::ontrc.j .; hJj . 8- .. ~7 .. ",.. A r~ 1.b3, ,;-,4, L / : ..! L.,)= !.:.:~

F..test woW "'''' ~ ~ "'''' "'*

SEM -{. n 11 0.08 0.11 0.12 0.;4 0.08- ..... I I

r~n {!;ty" , " -) A ., .,;: 0.32 0.36 0.43 0.25~_ ,_ 'WI '.' ...•- V.LtoJ

:!' Significant at 5 pc: cent leve;

.. S!gnificant at 1 par cent level



Figoll}l- :}KUJ[f.!let judI' n l] Itri.ltnlt ~lip.~1tiicieD~~jles on
ftl].(;~ tloltl:mJ t~~J111lo:ro:p h:yll content

6s43

];u'l.nl c:hJoln(ljphyll <.mm Lr1 or lenr ~i~i §lU~S)

"... ;U i·, ..······_·_~······_·····_·_-_·····~···_·-'---·-·nTlj;-:;-;.]"'··~jl--:D-T·"r"17~·--I~·I··-I·~:--r.""I--';~~ z-····1~..~r-I~-1:···1;J·:r·I:~··-- I
'::1·: ...:: ,...... "I J~.L-I .. " .lJ~:r·:·L:~~: "·.L\. ~.~~ •. h.l~ ~.~ t: ~ III D....I-'~.Il .!~J I .,OICl{;ro

V r
I ~:~" 8: :_.r-<'""<""""I'

'~ , , .• •••• I I ..
, I I,. I ..

1 I ',; . :
. I .. , ~".

if I : : :',\ : : '. \ ~I "I." \
'I' :: ,~::

I :: \,,\ .: ,
: : '\ ::,,4 "
.. :: '< /

: /

.. 0

Ilr l

Months



4 ,i ': 'PhnSDhorus..... _ ....a ..... _ ....

Ttle effect of various trearrnent~ on th:: "uncentration of P in the seediings is

l'::rnished in table 12. The tissue concentration P in plants supplied with nutrient

~;ob:<::: lacking this element showed a gradual decline during the course. of the

study. At the end of the study, P concentration in these plants decreased to 0.42

per ::ent from the initial content of 1.26 per cent. The reduction was to the extent

DT about 66.67 per cent. A close examination of the data revealed that all the

Corn:;r nutrient deficient treatments also recorded lower levels of P during the

course of tlle study. At the end of the study the seedling receiving complete nutrient

S:::-;:j,10n recprded the highest value of 1.39 per cent.

4.4.3 .. Pn!assium

The K concentration of seedlings as affected by the various treatments is

depiCted in table 13 Ali the treatments were statistically significant with regard to

their K content The seedlings deficient la, K showed a decreasing tendency from

:.he ~::jtja! content of 1.31 per cent to 0.28 per cent towards the end of study. At

the ;;jiG of study, the S deficient seedlings recordeu the highest value of 1.54 per

ce"l foi:c:'.'!ed by seedlings receiving complete nutrient solution (1.51 per cent).

I-!.:)·.... :::"eL the difference between the above treatments is not statistically significant.

Tire ,;:::::::..ilings which are deficient in N showed a decreasing tendency with regard

r:: ,?:,., K e:mlent except during the fifth month. At the end of study it recorded a

me,;:1 c(,,"ent of 0.98 per cent of K. In t.he case of p. Mg and Mo deficient

,rea,m,:,:;,s. ,he seedlings recorded moderate values of 1.37. 1.33 and 1.30 per

cenr r~3p(,L~~iYe]y t[Y,;:ards the end of t.l-te study.



T~bh.~ -: 2. Effeet of nutrient deficiencies on the foliar concentration of
phosphonl~ (per cent)

Nutrient element

dei~ted from

... . ~ .
;\-~~:;:rn~8num

Control

SEM~

__ '_no, ~

'""'U ~0~'v,:

i .28

2.(:7

0.07

0.20

2

1.27

1.13.

1.58

~-, .-...;
-f..~ '.' I

2.14

0.05

0.15

3

0.83

1.05

:.31

1.24

1.36

:.59

1 ......
•. 0 I

0.07

0.21

Months

4

1.05

0.89

1.05

·i.28

1.43

1.30

l.l~

1.97

......

0.04

0.11

5 6

0:89 1.21

0.58 O.4_~~

1.32 11',:.....

0.86 1.23

1.39 1.15

1.25 1.09

'i.35 '1.20

1.18 1.39

...... ... ...

0.05 0.06

0.13 0.18



Table 13. Effect of nutrient deficiencies on the foliar concentration of

Nu'trient element

deleted from

complete sclL.'ilon

Nitrogen

Phosphoru~

_. .
:'"'mnSSlum

Magnesium

SUlphur

"'-,~-.Ir ~Lr

Cuntrol

F-test

SEM-4'

CD (5(%)

1

1.9'=

1.96

:.72

0.26

2

1.86

1.86

1.66

0.38

3

1.33

17R

0.62

"
, ...

.. ! !

1.75

1.77

1.58

0.07

0.21

Months

4

1.06

1.39

0.34

1.50

.; Aol
1-'

....
0.13

O.3P.

5

1.28

1.21

0.4:

-I ;:;c
......I"l,J
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The leaf tissue concentration of Ca as influenced by nutrient str:;::ss 111

summarised in table 14. The data revealed that the treatments were having significant

effect on the concentration of Ca in the seedlings through out the period of study.

The seedlings grown using solut!ons deficient in K and Mo recorded more ar less

similar values with regard to Ca content while the seedHngs deficient in N, P, Mg

and Zn show a decreasing tendency as the study progressed. At the end of the

study Ole seedlings receiving complete nutrient solution had the highest (1.22 %)

ami those which were deficient !n Zn had recorded the lowest content (0.79%).

A • - ll.'i •"+.4.:J. r~_agnesm.m

IT: seedlings supplied with nutrient solution lacking Mg, the concentration of

Mg feU from an !r:it:a! level of 1.27 per cent to 0.70 per cent towards the end of the

study (Tab!e 15). However, in the case of seedlings grown with nutrient 3:)lution

!<~~kjng N: ~her-e was not much variation in the content of Mg through out the study

period'. \Vith regard to most of the other treatments, the Mg content shown a

decreasing tendency with the progress of study. In the case of seedlings receiving

cOffiple!e nutrient sQlution of dle Mg content slightly increased towards the end

OT the study.

The data pertaining to the effect of nutrient stress on the concentration of S

." the 1eaf tissues is tabu lated in table 16. The difference in S content due to
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Table 14. ::··ffect of Eutrient deficiencies on the foliar concentration of
calcium (per cent)

Nutrient eJemant

dej~ted from Months

·')")mp[ete solution 1 2 3 4 5 6

Nitrogei! 0.94 1.06 0.99 0.86 0.87 0.93

Ptlospr!o:!.lS 1 ". 1.18 2.55 1.20 0.95 0.92~.~~

~. .
" ~ , 1.21 1.29 1.16 1.16 1.16t-"crass:~rn •• .L- r

. . .
i ~:2fs i.O-j 0.87 0.93 0.92 0.90rv,;~giie~;lJm

SU;p::ijf .. "'. 0.95 1.04 2.23 1.06 1.01~ .~I~

~nc .~ .~ ') 0.83 1.03 0.74 1.13. 0.79t. I&.

Moiyb-:i;:lrium 1.17 i .12 1.15 0.90 1.05 1.11

Control A ~ .. 1.08 1.32 0.90 1.54 1.:22!.. I

F-test *~ .... .. * ** ** ,. ..
St:rv~ ~ o (i7 0.05 0.05 0.06 0.04 0.04.u.

C;[} {51!,;.. : o "'J.~ O.le 0.16 0.16 0.12 0.11.L..)

.... Significant at 1 per cent h::\tel



Table !5. Effect of nutrient deficiencies on the foliar concentration of
magnesium (per cent)

Nutri::;nf dGr:1eni

deleted fiGiT'! Months

complete solution 1 2 3 4 5 6

Nitrogen 0.78 0.91 1.04 0.99 0.87 0.94

Phosphorus 1.79 1.55 1.26 1.20 1.02 0.90

Potassium 1.34 1.58 1.2.<! 1.01 1.07 1.18

Magnesium 1.27 1.07 1.06 0.94 0.82 O.lG

Sulphur' • q. 1.40 1.86 1.45 1.30 0.97: .... I

·Zinc 1.23 1.14 1.21 1.20 1.44 1.10

Mciybdenum 1.13 1.62 1.77 2.16 1.94 1.63

C:·:lntrO! 2.57 1.79 2.41 2.17 1.86 2.59

F-iest •• • • • • • • •• • •

SEM..-:. 0.03 0.03 0.03 0.04 0.08 0.04

CD (5%) 0.08 0.09 0.08 0.12 0.24 0.11

•• Significant at 1 per cent level



Table 16. Effect of nutrient deficiencies on the foliar concentration of
, sulphur (per cent)

Nutrient element

deleted from Months

complete solution 1 2 3 4 5 6

Nitrogen () 038 0.033 0.036 0.041 0.040 0.037

Phosphorus 0.047 0.045 0.045 0.032 0.049 0.037

Potassium 0.048 0.069 0.039 0.036 0.034 0.046

Magnesium 0.042 0.056 0.032 0.034 0.040 0.036

Sulphur 0.042 0.038 0.030 0.024 0.021 0.020

Zinc 0.040 0.050 0.050 0.041 0.044 0.034

Molybdenum 0.052 O.D43 0.054 0.058 0.049 0.044

Control 0.047 0.072 0.033 0.060 0.057 0.058

F-test ** • • •• •• il. .. :.

SEM+ 0.00 00'; 0.00 0.00 0.00 0.00

CD (5%) 0.05 0.05 0.05 0.05 0.05 0.05

•• Significant at 1per cent level



var10US treatments was 5tatistic~jly significant. The concentration of S was the

lv".;v'e.Sl in s;~edlings h'1aI re.ceiv(,::j nutrient solution lacking S. The initial content of

<: '" """ nar ~e"' "nl)' .,,' tl..• un': or" sI'udy ;l' ' .. ··5 () ()2u'\ pur "unl Thl's' u'e"rease~. vYu..:o ._' .•_........(". 1-' ............ ~ ... UJ' U , ..........u. I....... ..... .......... • • ....

from initial value to final value is about 50 per cent, In ail "ie other nutrient

defic1cnt seedlings there was not much fluxtuation In the content of S from

beginning 1.0 end. At the end of the study, the highest value was recorded by those

..1:-';,',,, "Iere r",,-,p.;';;na ,"omplete nutr',''''nt solution C' U-l 'ix 010 ').......... •• !:;.... . __ ~/l.

The data on the effect of various treatments on the Zn concentration of the

... . .. . . b'·" Th dl' h' h d fi' . Z ' ISeeGiings !S ilitotHarca HI tc. Ie I!. _lC see ings w ,c were e lelent In .n:o t,le

difference ue:''Ileer: fnitiaJ (O.Oi3%) and final content is to the tune of 69.23 per

cent. A.t the end c·f Study i!"10 seedlings grown \vith nutiient solution deficient

In f!:Ogt of the rnJ.trient

'-:"':'-;,.:,o.ni ;;-'::'i1'l~i'(;':''-.:-;'·- ::;,.::. -i.,·~: .. Fo .-"f i7n 'cnn'lent sh'own a rl~f"'reas',';;v :-Piid~n("'; ".l!I'th the............... __•• L L..... • •• __ L -..I .. _- t:- ~-".__• __ .' yy

progress of study.

Dunr:g the course of recovery studies~ it \NaS found u"1at u"1C fGliar SY2ptOffiS
,-, I ... I:' - •. 'h . ''''. _. . '. \.:l!':e :ea: ujscolouratIon HHluceCi uy t:le C1e:lC:ency or var:OES nutne.nts graGua ly

disappeared. The ne'.¥ flushes of leaves produced \¥ere healthy. green 2Ild normally

<.:-'i1·'."P'Ci. ~ ~ ~}.,~ ~nu~ ...{ Sij-"th mnnth t'he ",v'l""',' Of ,·p.r'''';'ipry... __ "'J.. , 1 .. • __~. __:
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.i '&i}l~ 17. E!r~t of n.utrient deficiencies on tIle foliar concentration of
:line (per cent)

r"Jt.:~~:e~~t ~~~msnt

deleterl from Months

,,:,o:Tlplate solution 1 2 3 4 5 6

Nitrogen 0.013 0.009 0.013 0.008 0.010 0.008

Ph~sphcru$ 04013 0.012 0.011 0.008 0.009 Oa016

Pntassium .. n n:;J7 0.006 0.008 0.009 0.012 0.C09

;~f'G:Qn"::S!L:f(~
n ___

0.OG6 0.009 0.009 0.009 0.006.....I.~~......

~ ..
I' '1'101 a.DOE .. nii7 O.OOS 0.012 0.013,:,~:r..:::L:r u._ . ...., -.--.

,; .......... ,..... .,.:. :).005 0.009 0.005 0.006 0004,~~ .. 1'..- '_'~'J ! .~J

~,~~ ...~h .. ~-'.t:.i::.;411 j i""n n """ ........ ,... "... ...... 0.012 onn7 0.OG3 0.G0911.,1 'I" ., II I'"
"'-'J --_. '-'"

- .. .-. II , ... O.O-i3 0.013 r. nn;: 0.013. ,.... n.r". u.u~u...~""'I '''''-1' v.lr......J'LJ

\,,11 • ...,__

:::-tc;;: ;. ;. " ;. •• • ;. Ii: Ii: Ii: 1;

.. "'I,.....
~ v.GO O.OG U nf} O.OIJ D.UO 0.00-="~:~:

':D (5~'o) -II "_ 0.05 ~ -- - -- 0.05 onr;..,4 ..... _ 1111- ',,.t.u;:} ._~

--_.--_-_.--



~"Ir;"""[' ,.[ ,.•. W'..!f' rem'Jr ' • bl .... :~:.,i 17'.,U ...... ,~ ;:'0 .•1\. ,:'1 .}.,:, .)u1Ka '""\' .& ).

''':11"'0 "a"'~' •... r""po..,. '-,,"'r~ U;";""K' rO'l·!"l·· ........ ! ~ '..!!!'. lS o..-vH Q.. IV....... I ue ·

The;: ~::d!ings recorded vigorous growth

The effect of supplying complete nutrient solution on tbe increment in height,

diameter and leaf production of nutrient deficient seedlings is clearly evident from

tht: data furnished in table 18. Height differences were significant after the

commencement of recovery studies. Application of complete nutrient solution to the

nutrient defici.':';].( seedlings, resulted a considerable improvement in tt'1e height growth.

The N deriden;, seedlings had recorded a height increment from 16.31 cm to

23.20cm while P deficient seedlings recorded the increment from 27.29 cm to

38.34 cm (28.82 % increase) at the end oft..'le recover; studies. Like N and P all the

otht:r nutrient deficient seedlings also registered an improvement in height by the

end of recovery studies as is evident from the data furnished in table 18. The mean

height'of control seediings was found to be 53.35 cm at the end of study.

Tn:.: :jiff:;reilce i.n diarneler v.las also significant during the recovery studies,

Diainc;ter ir.creas~ 'J/as :nore pronounced for seedlings deficient in Zn and P_ Here

the increment was from 0.2 em to 0.33 em and 0.24 CH~ to 0.33 em cesDectively.

\Vir.h regard to ieafproduction also the treatrnents differed significantly during

the recovery studies. The seedlings deficient in Mo have produced maximum !ll;mber

of ieaves (24.76) 'Nith the application of complete nutrient solution while not

much difference WaS observed in the case of seedlings deficient in K.
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Table 18. Growth parameters of nutrient deficient" seedlings after the application of complete solution
"

__••____••0 ______•• ____••_____ • _____._••••• ___________ • ____ • ________ • _______._•••___ • _____• ___••____________• ._-_...----
Nutrient element J?oll'tnigh ts

------..---..--------._----_.------. _._----_.~---._------._.._------- _._-. --_.-.
<:Ieleted from Heigl1t (em) Diameter (Cm) Leaves (number)

._---....-----.-----------._-_._. ---.--------.--0___--__·_-------- -----_.-
complete solution

a 1 2 3 4 0 1 2 3 4 0 1 2 3 4
._--..-----------.._------,

Nitrogen 1631 18.313 19.23 21.26 23.20 0.19 0.19 0.19 0.20 0.22 11.52 12.39 12.89 13.56 14.18

I"hosphorus 27"2,9 :33.4:1 :35.08 36.62 38.34 0.24 0.30 0.31 0.32 0.33 13.99 16.64 17.64 1T.S8 19.33

F' olassiull1 28.66 :36.B!3 3850 39.52 4Q.42 0.25 0.29 0.30 0.32 0.33 18.38 17.11 17.69 18.15 19.04

IlIli;Jgn<:";lu rI1 :2Rl,l, :3:3.135 3~j,.OI:i 35,91 36.92 0.27 0.27 0.27 0.29 0.31 16.71 16.49 17.71 20,12 20.17

SUlptllif "2'£1.59 3..~.·J:2 315.2.e 37".58 39.28 0.21 0.27 0.28 0.:31 0.33 17.11 15.91 16.55 17.88 21.09

Zinc ., 33.:i1 :36.136 38.(1·<· ~IEI,31 40.19 0.2"1 0.30 0.31 0.33 0.36 17.61 17.44 17.73 19.60 20.74

MolybdenulIl ~,9 .,€IEi ·4-U:2. ·~.S.9:2 48.06 49.28 0.28 0.32 0.32 0.34 0.36 17.53 19.66 22.51 24.61 24.76

ContnJI 4'I.BS ·fl.!:';': ./1Ei.j:i :;[1.76 53.35 0.33 0.33 0.34. 0.36 0.40 21.98 22.07 23.62 24.34 24.41'

F·test » • •• •• • » • • •• •. » •• ..' • • • • • • • • • • •

SEM.± 0,45 1.82 1.86 1.66 1.65 0.00 0.02 0.02 0.01 0.01 0.35 1.61 1.32 1.48 1.2'1

CD (0.05) 1.34 5.47, 5.59 4.98 4,94 0.08 0.05 0.05 0.05 0.05 1.06 4.83 3.96 4.45 3.64
........ ",------_._-_...._-_.._----_......_..--- _._-_....- ..-.

• Significant at 5 per cent level

•• Significant at 'j per cent level



?l::te 17. Seedlings showing recovery of deficiency symptoms and

impmvement in growth after the application (If complete

nutrient solution

, .~ • ; S dl':.. ........ OrafOl ee Ing

.!. , Secdli;;g selected from - N treatment

J :;eedling selt:cted from - P treatment

4. Seedling selected from - K treatment

_'. Seedling selected from - Mg treatment

l:. 5eedli::g selected from - S treatment

7. Sedling selected from - Zn treatment

8. Seedling sdected from - Mo treatment





4.5.2. lmprovement in leaf nutrient content

The chemical analysis "r U:~ leaf ti~,,;u~'-;:it the end of the recovery studies

revealed that there is much improvement in the concentration of major nutrients

in the seedlings when compared to nutrient content before starting the recovery

studies (Table 19). In the case of N deficient seedlings, the N content increased

t"mm 0.56 per cent to 1.34 per cent on receiving complete nutrient solution.

With regard to P deleted seedlings there was an improvement from 0.42 to 1.22 per

cenl in P concentration. Similarly the K content of K deficient seedlings before

recovery studies was 0.28 per cent and had been increased to 1.53 per cent after

the recovery studies. It could be also seen from the table that the application of

complete nutrient solution has increased the content of Mg, S and Zn in seedlings

which were deficient in these elements before the commencement of recovery studies.



Table 19. Leaf tissue concentration of nutrient deficient seedlings after
the application of complet~ solution

Nutrient element

deleted from Percent

complete solution N P K Ca Mg S zn

Nitrogen 1.34 1.93 2.17 1.04 1.95 0.057 0.020

Phosphorus .~. 1.22 1.73 0.98 1.19 0.055 0.011I.v I

Potassiurr: 1.40 2.01 1.53 1.39 1.57 0.063 0.016

. - . 1.40 1.48 1.30 1.32 1.86 0.067 0.024:''''8g~~eslum

Stl!phur 1.23 2.27 1.75 1.21 1.94 0.050 0.032

Zir:c 1.34 2.33 1.33 1.16 1.85 0.052 0.010

Molybdenum 1.29 2.30 1.55 1.12 1.29 0.051 0.026

Control 1.68 2.34 1.98 1.34 1.53 0.059 0.036





uISCUSSION

The present series of sTUdies relating to the nutritional deficiency symptoms

of Tectona grandis were conducted with an objective of inducing and describing

Lhe symptoms of deficiency of various nutrient elements in the seedlings. This

will also provide information to understand the importance of different nutrient

elements, their actual role, quantity required and uptake pattern which will finally

benefit the foresters and farmers for the production of healthy and vigorous seedlings

for extensive planting programmes. The experiment was conducted in College of

Forestry, VellaniY.kara during the period 1994-96. The major results on the

deficiency symptoms, growth behaviour, tissue nutrient concentration and recovery

studies in relation to various nutrient elements are discussed here under.

5.1. Nitrogen

5.1.1. Visual deficiency symptoms and growth beha¥iour of seedlings

The initial symptom of N deficiency was the formation of yellow chlorotic

patches in the older leaves of the seedlings. In acute stages, the entire seedling

appeared severely chlorotic followed by premature drying and defoliation. The

seedlings were also stunted in growth compared to control.

. Chlorophyll content was found to decline gradually in these seedlings.

Nitrogen deficient plallts incidentally recorded the lowest chlorophyll- A (0.32 mg

g-I), chlorophyii- B (0.31 mg g-l) and toud chlorophyll content (0.63 mg g-I).

The reduction in the chlorophyll content of chlorotic ieaves due to N deficiency



was also reported by Nazeem (1989) in clove and Anoop (1993) in Ailanthus.

Chlorosis of the older leaves and stunting of the growt.':1 are the common visual

symptoms of N deficiency observed in most of the tree crops. Typical chlorotic

symptoms due to severe N deficiency were reported by Landis et at. (1989) in

seedlings of paper birch and Driessche (1989) in seedlings of Douglas-fir and

white spruce. Maskel et at. (1953) reported stunted growt.~, yeiiowing of

older leaves, die back and reduced rate of leaf production in young seedlings of

cocoa. Similar symptoms were also observed in citrus (Jones and Embelton,

1959), coffee (Muller, 1966), avacado (Jones, 1975), apple (Pant et at., 1976),

nutmeg (Philip, 1986), Cashew (Gopikumar and Aravindakshan, 1988) and

Aiianthus (Anoop, 1993).

Nitrogen is reported to be mobile inside the plant system and hence, its

deficiency leads to the movement of this element from older leaves to younger

ones resulting in the development of symptoms first on the older leaves (Gauch,

1972). Chlorosis of older leaves was as a result of inadequate supply of N for

chioroplast protein synthesis (Greulach, 1973).

Nitrogen deficiency had pronounced effect on the growth behaviour of

seedlings particularly with regard to shoot growth. Shoot growth parameters

like height, collar diameter and leaf production were lower in these seedlings

compared to seedlings grown in complete solution. In fact, at the end of the

study period, the height of these seedlings was found to be 67.02 per :::ent less

compared to control. In cashew seedlings grown in sand culture, N deficiency

""Suited in reduced height, girt.1-j and leaf production of seedlings (Gopikurnar

and f\ravindakshan, 1988). Similar observations were also made in Ailanthus

oy Anoop (1993).



In the present study, shoot fresh and dry weights were respectively

82.70 per cent and 77.02 per cent lower in N deficient seedlings compared to

contro!. Lockard and Asomaning (1964) also observed low dry matter content in

seedlings of cocoa grown under N stress. Similarly, in this treatment u'J.e fresh

and dry weights of the root portion were also very low in relation to rest of the

treatments. According to Kramer and Kozlowski (1960), N contaj;"\jng compounds

constitme 5 tv 30 per cent of the dry weights of plants.

The reduction in vegetative growth may be due to the fact that N supply

largely ':0r;tmis the use of carbohydrate and hence determines whether the plant

wif] ,hake vegetative or reproductive growth (Kraws and Kraybill, 1918 and

JOl!e~;, ! 975). In addition, N is also reported to be involved in various otherprocesse~

ass(,ci"ld with protoplasm, enzymatic reactions and protein synthesis (Gauch,

ll.J7:2; Pandey and Sinha, 1972 and Jones, 1(75).

5.1.2. Tissue nutrient concentration

v ~sua! deficiency symptoms produced hy seedlings supplied with treatment

solutio:, ;acking N concurred with a significant reduction in L.'le foliar concentration

of N in these seedlings. By the end of the study the N concentration fell to

0.56 \)e,- cent from the initial content of !'(l2 ner cent. This coincided with the. .
seve,:: si.:::ge of deficiency when the entire seedilllg~ appeared chlorotic followed

by pl'e'f:2.ture drying and defoliation of leaves. The present observations are also

in ag:::e,""er;t with the finding of Lockard and Asomaning (1964), who observed

typic:d sy,,,ptoms of N deficiency in cocoa seedlings when th.e tissue content of
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N was r-=duced to 0.96 per cent. Similar results were obtained with N deficient

Ailanir.\.1s scediings (Anoop, 1993) when the tissue content of N "las reduced to

1.()3 per cent.

Deletion of N from the treatment solution increased the P concentration

:.l.Ll %) ::r the~;e seedlings at the end of the sixth month. Antagonistic effect of

r~ and P has been reported in cc":oa (Loci:Jird and Asomanmg\o 1964), citrus (Smith,

; (66) ami pepper (Dewaard, J9:')9 and Nyhe, 1986). The K concentration of N

deficie::l :-;~ings recorded a dec.-easing tendency in Hle present study. However,

foliar -:oncerHration of Mg sho\ved a declining trend upon the deletion of N fronl

r,ic comp];;te m.Hriem solution. Si.."11ilar effects were also reported in citrus by

and in pepper by Nybe (1986).

Interesting!y the r~ deficient plants recovered from the visual syrIlptoms of

healt.hy foliage by the end of the recovery

LatH.lis e! ai. (1989) in paper birch

::n:ed :::a:' stunting due lU r~ usuaHv -:-a~" f .... diilgnos~ a'"ld.. .... -'-':; '.'-' ...... .......



subsequently to correct, because dd'icient seedlings rapidly respond to application

of N fertil izers.

5.2. Phosphorus

5.2.1. Visual deficiency symptoms and growth behaviour of seedlings

Phosphorus deficiency symptoms appeared first on the older leaves as purple

bronze patches. As the level of deficiency advanced, these purple bronze patches

extended to entire leaf and later changed to yellow cWorotic patches. In acute

stages of deficiency seedlings had sparse foliage with stunted growth.

Like N, here also the chlorophyll content decreased gradually as the level of

deficiency progressed. In tree seedlings similar symptoms were observed by

other workers also. In apple, P deficiency symptoms are expressed as small dark

gn:en leaves with bronze to purple tinge, sparse foliage and restricted branching

(Wallace, 1953). The study conducted at the University of Florida by Chiiders

(1966) also revealed the development of bronze foliage 1."1 citrus and strawberry.

Bingham (1975) explained the manifestation of P deficiency in tree species as

slow growth, sparse, dull bronze to purple tinted foiiage a..,d early dropping of

leaves. Development of bronze green lower ieaves with purple and necrotic

blotches foHowed by defoJjation have been described as symptoms of P

deficiency in nutneg (Philip, ] 986; while reddish pink calouration of older

leaves and stunting of growth have been reponed in red mapie (Landis et aZ.,

II)R9). Accordil:g "i Driessche (1989) in Douglas-fir and white spruce seedlings,
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P deficiency resulted in dull, greyish coloured or purple foliage. Appearance of

purple bronze patches in older leaves which laler extenC: to entire leaflet was the

symptoms of P deficiency observed in Ailanthus (Anoop, 1993).

Since, P is a mobile element, deletion of this element from the nutrient

solution resulted it., translocation from older to younger tissues, manifesting the P

deficiency symptoms to appear first in the older leaves. Phosphorus deficiency

is reported to result in the formation and accumulation of anthocyanin pigments

which resuits in the development of purple colouration (Muller, 1966; Gauch,

1972 and Resh, 1978). Greulach (1973) based on his studies stated that reduced

quantities of ATP. NAD, NADP and various other P containing compounds

resulted decrease and disruption of metabolic path ways resulting in stunted growth

of the plant. It is also to be noted that P is an impr~tant structural component of

the chloroplasts and hence its deficiency have contributed a lower content of

chlorophyll in leaf tissues finally resulting in typical discolouration. Swan (1971)

is of the opinion that P deficiency symptoms are extremely variable between

species and some times even within the species and therefore this problem is

difficult to diagnose from visual symptoms alone.

In the present study, shoot growth parameters such as height, collar diameter

and leaf production were significantly affected by P deficiency. Height' growth

was lower in these seedlings (34.55 em) compared to control (53.03 em). Towards

the end of the study, P defident seedlings had 32.56 per cenl :owe:' collar dia\l1eter

compared to seedlings that received complete nutrient solution, Leaf production

was 45.37 per cent less compared to control seedlings, l".l the end of scudy, P

defieicr,t seedlings recQrde.d a leaf area of 935.69 cm2 which was 71,13 'per cent

lower compared to seedlings w;;; received compiete nutrient soiution. The lower
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number of leaves in P uefic:eI:l plants might have resulted from the premature

defcliarion as has been reporled by other workers. Childers (1966) has also

observed early dropping of leaves in avocado, citrus and strawberry due to P

d~f:dency. The sand culture studies conducted by Gopikumar and Aravindakshan

(1938) in cashe'",' and Anoop (1993) in Ailanthus also revealed similar outcome for

Like shoot growth para..meters, the P deficient seedlings recorded lower

stlf:0t fresh and ~':'! weights dnring the study period compared to control. Such

f:::uuctim::s in shoot growth. papmerers have alsn been cbs~rvcd in cocoa (Lockard

and .t..somaning, 1964). cashew (Gopikumar and .A..ravida..lcshan. 1988), clove

(Nal:eem, 1989) and Ailanthus (A.I."1oop, 1993). The :,etardation in growth could

be tXplaified by the fact tllat like N. P also plays an: improtant role as a structural

~~:::":pon::;ntof eel! constituents and other metaboiically active compounds (Gi·eulach.

t t)'!'3 amI :i)..gaI'J/ala and Sharma. 1976). It is also an established fact that P is the

n~;1.joi· controlling factor for energy in all Hving cells and as a constituent of

flucleonfoteins it is concerned WiLh cell division. also (Epstein, 1978).

concentration ::~f P in tilt: ieaf tissues decreased

graduaily as. '/lsual deflcEency sympv:1ffiS progresseti. Ir~ tlle acute stage of deficiellcy ~

P cnncc:f:~'ation reduced to a very low v~.luC' of 0.42 per cent [n t:aShew (Gopikumar

c·~
... I



Phosphorus deficiency caused an increase in the foliar levels of N and K and a

corresponding decrease in the lcve1.~ of Ca and Mg. Similar results were reported

in appIe and nutmeg by different authors. In apple, Matsui etal. . (1977) m?ted a

positiv.e currelation of P level ....':i11 ell and Mg contents and a negative corr~lation

with K while in nuuneg, Philip (1906) reported an increase in foliar concentration

of N and a decrease in Mg when P was deleted from the nutrient solution.

In P deficient seedlings, the extent of recovery of visual symptoms was

remarkable on application of complete nutrient solutions. There was also

improvement in height, collar diameter and leaf production of the seedlings.

F:)::ar cuncentration of P in these seedlings reached 1.22 per cent at the end of

recovery studies. It is also interesting to note that the P content in these

~:~edlings at u.1e end of the recovery studies and before the development of visual

symptoms was almost unifonn there by indic4ting the possibilities of improving

the sf;~(i1iI1g gro'Hh'1 2..ild the control of the deficiency by its proper appli~tion.

5.3~ Pr:ta5sium

5.3.1. Visu;~! deficiency symptoms and growth behaviour of seedlings

ThG K def1cient seedHngs ma.l1ifested chlorotic tips in the older leaves by

~~!~fd ~~(m!h tlf:.er i:npG~irig !.he treatments, This later spiead through the margin

upwards. Gr<~r!uj:i!ly the entire leaf developed chlorotic symptoms with necrosis

progrCSS!Dg frorr. the :ower part of the ieaves. The symptoms observed in the

present study also agree witi:! the oDserJatinns made by various wcrke1=S or;, other

- -.. {' QF r, . d .. f
MUHcr \ I ,CO} notice 1!ecros~s ot lea margins of older ieaves in
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coffee. Purseglove (1977)· rep':: ld browning and scorching of entire leaf margins

and defoiiation as typical visu:1; ~y,nptoms of K deficiency in coffee. Necrotic

older kaves have been repc:rld l:y Philip (1986) in nutmeg. Yellowing and

necrosis of lower leaf tip which later spread to other portion of the leaves were

,eported by Gopiknmar and Aravindakshan (1988) in cashew and Anoop (1993) in

AHa::.thus. Ulrich and Ohki (197.':) stated that in trees, since K moves to the growing

poi"t, the older leaves uorrnaiiy exhibit the most characteristic K deficiency symptoms

as tip and marginai scor:;hil1g.

,

Necrosis of ieafi1L11lina at the acute st:::ge of deficiency might have resulted

from the accumulation of diamine and putriscinc as reported by Richards and

Coleman (1952). Eyen though t.1.ere was a gradual decline in the chlofophyU- B

and tota; ch!rophyll content of K deficient seelings, t..lJ.ey generaliy had higher

concentration compa,ed to other treatments particularly at the end of the study.

Though K activated the synthesis of cholorophyl!, an increased partitioning of K

to the chloroplast has been reported as the reason for no substantial reduction in

chlorophuH coment and photosynthetic rates in K deficient plJilts (Capron et aI.,

19(2).

in LI-Je present study, the reduction in height, co!!ar diameter and leafproduction

was nOl found to be very severe in K deficient seedlings compared to other treatments.

However, shoot growth parameter recorded lower values compared to control. In

cashew, absence of K adversely affected all the shoot growth parameters except

tht' girth of seedlip.gs (Gopikumar and Aravindakshan, 1988). Similar trends in

f:lialion ta hdghl, leaf procution and drymatter as result of K deficiency have been

reported in nutmeg (Philip, 1986) and Ailanth.us (Anoop, 1993).
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The property ofK to occur primarily in tht: it,nic tann or as charged particle on

colloidal surfaces has made it most apt to function as a catalyst or as a co-factor of

one or more of many enzymatic reactions of living cells (Ulrich and Ohki, 1975). It

also activates protein synthesis and N metabolism (Mulder and Bakema, 1956). This is

reported to have a direct inflence on cell division resulting in a higher cell number as

suggested by Boringer and Schacherer (1982).

53,2, Tissue nutrient concentration

Potassium deficiency was associated with a decrease in the initial foliar content

of K from i.31 to 0.28 per cent at the end of the study. Visual symptoms of K

deficiency were reporied to be concurred with reduced levels of K in foliages of

r:ashew (Gopikumar and Aravindakshan, 1988), nuuneg (Phiiip, 1986) and Ailanthus

(Anoop, 1993). A dose observation of the data revealed that N ,md P levels were

reLiuced whiie Mg and S levels increased on account 0f K deficiency. Among, all

interactions, the antagonisiic e!fect of K and Mg was most pronounced. Antagonistic

00 o,,·th ',,' . . .. , h " 'T" be' (1 048)'effect 01 l'\.. Wif fVlg nave neen alSO e.staons.,eo lD ~l1.Terent crops y am _ In

3.pph;. Smith (1966) in G:trus~ !'!ybe (lY86J in pepper. PhiHp (1986) in nutmeg and

AnDOp (1993) in P...ilanthus.

On application of CGrnnieie nutrient solution. seedlings recovered well from the.' ."

visuai symptoms ar.d gnY...·(1": fetardati',}!i IEduced by K deficiency. The tissue level

oK' - .... -- .. . th 'or) HlSO InlprovCU ,\-,'hen 1<'" was SUppBeG ,.urougn
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5.4.1. Visua! deficiency symptoms and growth behaviour of seedlings

I'tf:igcesium GCriClency produced typical visual symptoms as inter veinal

ctdQfOSis with reticulate pattern. In the acute stage, these chlrotic patches between

_.~

I It, ana YCins d~veloped necrosis. Growtl-t was also stunted III

Cr.~n~.p.1 :0 ::n-1'¥uTol
--"r~ -- - - - - . ThuS, Mg could be Hs!f:d as another element,

ch~-acterisiic en hJresis which is generaly

t· .. rl "... If: ,,' (!:":! ~.'.!'"..i-.;-•• '='~--!..... ·· .. ,··c· ...· --- -- .....-
r· "). ,. ~ 0) c.' l ' ."..t-. b . dc'hl ip \.!'7uu) a.so noteG. symptoms snm:ar to tue ones 0 tame

,~... ..
• ,,!,'Iu.... -.... Tn nii:iiiPO... .... _-- ....0" he observed the development of pate ....eHow

~G!')~Jr;:ti,):: lle~f .::~:idrib of older leav'es follc·wed by pale green, letnOl~ and flecrotic

blotches to'.....ard:-i marigin, with upward cupping, due to Mg deficiency. Such

~~~~mpt:;ms 'vvere als~; reported in citpJS (Reitz, 1958 and Tanaka. 196()~ coffee
.. ,'-, ,' ....
: 'leG) •Q89'L ).

o:ants. ii.=:;. . det1cie!lcy . resu.Ited the
,.
...r~'Tn
I ~ \...., •• " aide:- to younger nnp.~_........_, the

•rol .,·.....·•.· '.)'••' ,a-t.t·i1 ...._-... JI~av. p._~ .l~~•• ;...:,"'•• ~-.. 197~\v _ ....._ :; \~~!:.!...• _:.' ..\.-.._.IO'I .,.1/.
, , "
:V.l3g::~..;:ufn

0,....... ..
lG~ ... ·.,4:..I .. 'i'• ...... (,.a.,"'''' ....

oJ
constituents in tn.e by

,.. 'I.. •
.." ..... ,. .. .., 1~,r~"Cl- "
"J.r ....... , t.,,'1 .... t.,Ja' ...

of a -~...
~.

;:;''-;7'ump,~_."-.' .....·_~t
_...... ,.. ..
!.l.!.t..·,:)!" of

. . .wnlcn

.
r' ...
(1. . ~s is evident from L~e ~_'·resem smtiv... -".
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5.4.2. Tissue nutrient concenti-ation

hiagnesium concentrdtion in seedlings supplied wiL~ nut.'ient solution lacking

Mg fei: from 1.27 per cent. in ~~e beginning to 0.70 per cent by the end of the study

period. The development of chlorosis between the veins of leaves occured when

Ll-Ie Mg content of :he tissue was declined to lower levels.

.A...i1ta.gonistk effect of Mg with all other elements except P is evident from

present study .. Smith (1966) observed that in the leaves of citrus, P

concentration was not affected by Mg level even in seve~ely deficient trees.

Antagonistic influences of Ivig wit.; K &lQ Ca have been reported by various

we-ike.s (Emmert, i961 ; Dewa.ard, 1969; Manicot-et at.• 1980, Nybe, 1986

,... ,..; l. ,..... ...... -: O,,)"'l\
~nu n.IlvO::-" .!. J':>--'l-

Magnesium deficient plants recovered well by the end of the recovery studies,

when suppiied w.ifh complete nutrient solution. Foliar concentration of Mg in

seedlings kept for recovery studies increased from 0.70 per cent to 1.86 percent

at the end of the study when the growth of seedHngs were nonnaI.

5.5. Sulphur

5.5.1- Visum deficiency symptoms and growth -behaviour of seedlings

Disco!ouration of tenninalleaves from dark green to pale green which

gradually advanced from margin ~nwards w~~; !:'1.e typical symptom observed in S

deficiem seedlings. In Lhe moderate stage of deficiency the region close to~midrib
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appe<:r::d green and in the acme stage the entire leaf became chlorotic. This

disco!ouration was associated with defoliation and the seedlings appeared to he

lanky compared to control seediings. The chlorophyll content of the S deficient

seedlings decreased by the end of the study. Compared to control the S deficient

seedlings had 25.69 per cent less total chlorophyll content during the last

monL~..

The chlorodc nature of S deficent plants is due to the impaired phosynthesis

attribmp.d to t.'Je direct effect on the protein level and the chorophyll content in the

chioroplasts. Since S is intimately associated with protein synthesis, its deficiency

,:::sulted in accumulation of carbohydrate and soluble N compounds, there by finally

resulting a break down and decrease in cambial tissues. This might have contributed

to the lanky appearance of these seedlings. Lott et ~l. (1960) in coffee observed

ll:e: youngest leaves showing uniform light green colour later turning to more

;::t:::::51'.'e chlorosis because of S deficiency. Overall yeilowing of leaves similar

l~J one appeared in the present study has also been reported in apple, pear, peach

.-. ,-.. : f· i·~"'::';;: h~ :.......,hilu"'e~.s ("., 966\........... :;;& --:J-'" ~ ~ ---- J'

·there was no remarkable retardation in height and leaf production compared

'" <;::"t,'oL At l.<'1e end of the study the collar diameter was found to be 39.53 per

c:::r:t !:",·.ver v"her: compared to. control.

The ,;1;oot fresh and dry weights due to S deficiency was respectively 47.02

.... ,-,- .
!-'\.'~ _,.,. ;md 36.64 per cent lower when compared to control. In cocoa

sew,ffig, r:;,-:w.'r.: in sand culture, deficency of S, recorded significantly lower dry

in other macro elements except Ca
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5.:5.2. Tissue nutrient concentratic:H

Seedlings supplied with treatment solution lacking S developed chlorotic

symptoms after three months. The S deficient seedlings recorded the lowest S

cOi1ccmrarion by the end of the study (0.02 per cent). In ,ulOthcr study, Gopikumar

and Aravindakshan (1988) also found that S deficiency coinddcd with low S

breis in the Toliage of cashew seedlings grown in sand culture.

Sulphur deficient plants recovered well by the end of the recovery studies

when supplied with complete nutrient solution. Sulphur content in the foliages

oT rhe seedlillgs after t,l)e application of compiete nutrient solution improved from

,........... '1 ............ u .. (""Ou •
'J. \,;.'-"_' ,.~. ",""""n ..

~.~~. Line

t(} 0.050 per cent.

':;3LL Vis:l?J d~n:::iencysymptoms and growth behaviour of seedlings

Th~ ini:iai symptorn ofZn deficiency appeared on the lower leaves as.chlorotic

pa!:ches. Seedlings ueveloped short inter nodes, more number of branches and

Sillail ci;::;tered leav~s. Later these ieaves develop necrot.:c patches and at severe

stages the :e::-:ve~; deveioped burned appcararlcc.

- . . l' " I • 1'l.., - ••TOUnG [(~ Gee.d.n::: gruuua::y :.:1 tuese SeeG1LTlgs as study progressed.

~- - - - h - i fj "1''111:= lear area G! L!_C ,,:.n 'e ~C1ent seea... lngs ..vas 66.65 per cent less
- ..........., hr· ,j- .~ ~ •.•

~{):npaf=:.1 to the controi SeeGHugs. t n~ SuOOt fresh auu dry ~.ve1gnt alSO snoweo a

seedHng~ rec.er-nng compie.!c solution.



,., . 1" • 1 4 4 •. • , I I I <c,
1YPical Hlter VGinal cn!Qr0';~S rennet: ~~~ rnotliea .eal , reduced inter

..J).." _ • • ~. IV·"" \reponeu uy tJruelacn ~;~l,j}.

are u1e comrr.!.on symptoms of Zn deficiency as

Zim; deficiency resuits in inadequate supply of

IAA, a very importa.'1t growm hormone. Philip (1986) in nutmeg also reported

that, Zn deficiency resulted in reduction of Lnternodal length, leaf area and

dry matter content. In cashew seedlings, reduced internodal lenth, retarded

terminai growth and production of small leaves with interveinal chlorosis are the

symptoms observed by Gopikumar and Arvind:<kshan (1988).

5,6,(" Tif:sue nutrient concentmtion,

In Zn dei/dent seedlings, the concentration of Zn in the leaf tissues decreased

gradually >is visual deficiency symptoms progresse.:L The Zn content reuuced

from 0.013 percent in the beginning to 0.004 per cent at the end of the study.

In nutmeg, gradual reduction in foliar concentration of Zn with the

advancement of visual deficiency symptoms was reported by Philip, (1986). A

close observation of the data revealed that Nand K levels was high while Ca levels

decreased on account of Zn deficiency. Smith (1966) in citrus reported: that Zn

deticiency was often associated with high content of Nand K and low Ca in leaves.

On the application of complete nutrient solution, the seedlings recovered

wel1 from the visual symptoms and gowth retardation induced by Zn deficiency.

The tissue level of Zn also improved significantly.
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5.7. Molybdenum

5.7.1. Visual deficiency symptoms and growth behaviour of seedlings

Seedlings which were deficient in Mo developed symptoms only after

five months of imposing the treatments. The symptoms appeared first on tenninal

leaves. The size of ieaf reduced considerably. The leaves were narrow in

appearnace. At later stages interveinal chlorosis was also noticed. With regard

to the growth behaviour it was not much affected compared to other treatments.

The reduction in height was only 13.78 per cent compared to control seedlings. In

the case t:r collar diaIueter and leaf number the reduction was only 11.63 per cent

and 13.5 per cent respectively compared to healthy seedlings.

In orange and grape fmit, Mo deficiency first appeared as water soaked

areas, subsequently developed into large interveinal chlorotic spots (Vanselow

and Datta, 1949). Curling of the ieaves was reported by Kamala et al. (1988) in

most of the tropical tree species. This was associated with reduction in leaf size

in Dalberoia !tli£loliu. In, Azadirachata it;dic{l thev noticed chlorotic leaves with~ _ J

curied rcarg:nE.. 'fhe changes in t.!1e jS0CI1zyme pattenl are the primary biochemical

changes ot;cu:-ing at t..~e eel! ie.vel due tn deficency of tl"lese trace elements and

.on accot:nt of these physiological ch&-1.ges, the plant fmally shows its effect on the

leaf anatomical ;iflu !norphok.gical character further expressing as visible deficiency

symptom (Karr:'~i(i et al. . .l9gg) . Like other treatments Mo defici~ntplants recovered

well by the end of the study. when supplied \vith complete nutrient solution. The

•

grow ' h .
~ •. !.-! ""'!-!'O

leaves.

nOD11~d an.a there was ;mprovement in discolouration and size of the

.. .-'i"'\
:V"J
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~UMMA:?V:s . _

The preseut investigations pertaining to the nutritional deficiency symptoms

of tep,k (Tectona grandis Linn. f.) were taken up with the main objective of

inducing and describing the symptoms of deficiency of various nutrient elements

in the seedlings grown in sand culture: An attempt was also made to investigate

the effect of nutrient elements on the growth behaviour of seedlings. Recovery

studies with the application of complete nutrient solution was conducted to

confirm the deficiency of various elements manifested by seedlings.

Sand culture experiments were conducted under controlled conditions inside

a glass house attached to College of Horticulture, Kerala Agricultural University

Main Campus, Ve112nikkara, during the period of 1994-96. Two months old

seedl ings of uniform growth were phmted in plastic containers filled with pure

quartz sand. Hoagland No. 2 (1948) solution was used for supplying the

nutrients. Treatment solutions were prepared in bulk by eliminating the desired

nutrient element from the complete Hogland nutrient solution.

The salient results of the present studies are summarised below:

1. Charoicteristic viwal deficiency symptoms were manifested by the seedlings

at different levels (:f Jeficiencies of N, P, K, Mg, S, Zn and Mo.

2. For N, lhe initial visual symptom of deficiency was chlorosis, of the

oider ka..;es. L;;:e~ th~ entire lamina turned pale yellow. The acute stage of

deficier:cy was charactcrized by severe chlorosis of the entire seedling followed by

pr~n',~tl.lre drying, defoliation, and stunting in growth. Phosphorus deficiency

,jlllplOiliS appeared ii.st QJl lhe. older leaves as purple bror.ze patches which later



chang.:;a ~:') ydio'.'.' chlorotic patches. hi ttl::: 2.clite st~gc of deticiency, the bronze

The

".".;, • .:,=. f.-,!iac-;· aj1d U!""' .,;,~.,,-.:,:;..-1 in p'rr.wth "')U'o-:lj'ed to control~~:.I_ .. ~_ .. ~ ...... e- -. """I u"'_...~__ •.a. 0 - ........"..... ..... •

ChiOfOtiC Lips m h}vier leav·::s were 1.1;:;; iH~!ial symptoms of K deficiency. The

chlorotic area~; spread through the margin upwards. The entire leaf developed

The r:.ecrosis progressed from the lower part of the chlorotic

!eaves.

3. Magnes~um deficiency resulted in t..lJ.e development of small chlorotic

i::l.reas in !.:.1e older :eaves as initial symptoms. Gradually. the chlorotic areas

developed into ne~r"ntic regions. However. the mid rib 2-TJ.d veins remained green.

(':{)mpared to o;omm:, Mg deficient seedlings were stunted in growth. In the

t:ase of S deficic~cy, the symptoms first appeared on the terminal leaves as

{'ii~;L:t~!ourati·Jn from {lark green to pa~e green. 1"'he symptoms gradually ad~;anced

[rG·m mar8~ii ~.~·,,;·;:rds. At t.he moderate stage, only the region close to mid rib

~pp~r:;,,_d gr:::e::-:. At acu~c stage entire !e2f turned chlorotic wd developed necrosis.

Th~ affe~:red i~ves ;:.;r ...c ~c:lowish ,!'i:-~ in colour.~ -- ..I - ... &-..- - t

A..,.. leaves as

'T}; ...... &:e sc.eG.n.ngs were stunted in

<.:'."••··.·!·~to-.·.·-_'s &:11-_, ~_... r_ ;::_r'•.• I1_,~. :~·.·e!! onl L'e~l'na: 1o"ves
- J =- - - • ~ - -!!! 1 1 •• -<, '. The size of the tt=,rmhiai ]eaves

'.,..../::~: r:oticed.
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:;. 'Vegetative groY-/th was also affectef. h"i th~ d~5~iency of various nutrient

'" -- - -'" Among th- "hoo' g~-'Wtl1 n"r~~"'''-'' h~:":'; ,-()B.,., diameter leaf:::: ....;::=::11:..:,.."""'\ .. C :S••' ~ -v r- !11H ... ·• •• ··.. I""JE.'.H~ .... Jl.t:.o..... ,

_production and leaf area of ilie deficient seedlings w~r~ found to be sedously

affected compared to control seedlings. Deficiency of N resulted maximum

:echJCtion in height compared to other eiemer:i.·; whici, was followed by P.

I-I-:·'."!ever, the effect of deficiency of Mo on ilie vegetative growth of seedlings

'H'::S not as severe compared to deficiency of other elements, Nitrogen deficient

seedlings prcdueed ilie lowest diameter growth compared to all oilier treatments.

6. In the case of leaf production, N deficient seedlings recorded ilie

:;;·.·:est value followed by P deficient seedlings. The oilier treatments also

",,:::::-:]:::1 a v::.!u~ which was much lower compared to ecmtro1. In the case of leaf

::""". ;., ddlcien: seedlings recorded lowest leaf area followed hy P deficient

~"_,:;11ir:~:,_ :r: the case of K , t.l}e leaf area was increasing upto the iliird monili

::n:' ;-,:ftt:r that it showed a decreasing tendency. The maximum leaf areas was

r:;:;nrtied invariably by the seedlings grown in complet~ nutrient solution.

fresh and dry weights of ilie shoot portion w~re also found to be

;:I!::.:enced by nu,,'ie::, deficiency. The N deficient seedlings pmuuced the lowest

f,es:': £:d dry weights ('·f shoots. Among t.'J.e different treatm:;;nts, Mo deficient

se",-1!:::go reGor-:i·~d the highe~;r shoot fresh and dry weights hut !Qwer compared

w tl-,e 5eedEngs ,,'fat received complete nutrient solution. Ruot gr0wtli. parameters

"'f:;re no, signif1c,,-nt!y influenced by the deletion of nutriente!:;i:lents except for

U::;;::' f,e5h and dry -weights. Among ilie different treatme::~, Zn deficient
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~CeGI;ng:; recnrCl:::U the hig;,:::,.;, root fr:::~;, ,,'eight while N deficient seedlings

recorded the lowest v:.lue. Ttle dry weight of roots in K deficient seedlings was

found tD he the lowest compared to othe!" treatments.

H. The dllorophyll content of the leaves was found to be significantly

inf1;;{,r;:;ed by the deficiency of various nutrient elements throughout the study

period. The anlount of chlorophyll - A, Chlorophyll - B and total chlorophyll

decre"scd gradually during the study period for all the treatments compared to

control. The lowest chlorophyll content was recorded by those seedlings which

;;;en~ defkient in nitrogen .

.:;. VisuEl deficie,,·:y symptoms of sec.dlings were concurred with marked

reductio:: in foli~r ievels of the concerned elements. Compared to seedlings that

,"::;::;::;,,;::1 :<!l the nutri",,,ts through the cqmplcte solution. the seedlings showing

d,,:t"lcicncy symptoms recQrded significamly lower levels of the concerneu elements

i" ;heir leaf tissues"

10. Foliar symptoms manifested by me seedlings due to the deficiency of

!:utnents gradually disappeared during the course of recovery studies. The new

n:::~r,e~ of leaves prc-juced were healthy, green al1d normally shaped resulting vigorous

go"owt,';. Chemic~ 1 analysis of leaf tissue:: at the end of the recovery studies

fe·.':::~led th~t the dcmcmai concemraiions of most ofihe nutrients in these seedlings

',":::;i"e also h:.lproved when compared to the :n;t::ll nu:.rient cor.:i.ents at the beginnLTlg

uf :"ecovery sr~dies.
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APPENDIX - I

Abstract of analysis of variance far the effect of m,atments on the height of seedlings

312.89

**

0.93
---

95.87

TI2-'-~'

+--_._-

_____ 0 __ •

~.._-_._- ------.-.~------------------------- ---------._---
SOUlet r:;f df Mean squarc at fortnightly intervals

I . ·r---·- -.- ---- -
variatioll 1 2 3 4 5 6 7 8'-1 9 10 11

.-.

** ** ** ** ** ** ** ** ** *.

Treatment 7 1.31 6.98 17.51 24.28 62.33 83.64 172.08 210.20 239.23 278.24 279.18 .
Error 16 0.35 0.35 0.44 0.39 1.40 0.47 0.25 0.60 0.75. 0.45 0.47

. .--
Toral 23 0.64 2.37 5.~3 7.66 19.94 25.78 52.54 64.39 73,33 84.99 8).29

*. Significant at I per cent level

APPENDIX - II

Abstract of analysis of variance for the effect of treatments on tht; collar diameter of seedlings

.
Source of df Mean square at fortnightly intervals

. -
variation 1 2 3 4 5 6 7 8 9 10 II 12

•• •• •• •• *• •• •• •• •• ** **, ,
Treatment 7 0.00 0.00 0.001 0.001 0.002 0.002 0.004 0.006 0.006 0.008 0.010 O.Ql5

Error 16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total 23 0.00 0.00 0.00 0.00 0.00 0.00 0.001 0.002 0.002 0.002 0.003 0.004
, .. -- -- ------- ---- ... ..L.._. .- ---. ------_ .. -----------_..

,;c * Significant at 1 per cera ~evri



APPENDIX - HI
'>

AtlsVa.::: of ~~'''ah~;i~ of v3rian:l;- fol' !h·~; effect C':~ lr~:?\r.l11t::rl.t.~ Q'fl the· ieav(~~ (number) of ~.I~ed1ing.s
• > •

, .. ' ,.-.~., ". .. ..--- _"" " - "'''' - --_ ---- -._.-- _----- - - -----_ -- -_ -- --
.~;ourc;- of . df

, :.. ,';,;;;;:' i~':i"O'I; ,. .. ---- -- 'j , :? r";j.•..,J···~4······"'lJ:"'s-" , ~ ii-···o

•• - •• :.1·······-f··.~;_.._-.--S;-.- ~··i()-~-······· "j'i···-'··'·· "l:i'" _ ---
. ,." --~-- _ _-.. ---.__..-- ·····_·······1-·--1---···· r···········~··_··········· ······-1-··_········ _- - _ - - _.- .- -.---.'

I :~:~ l >:4 \ .:* \ "'., .:~ I "'* ~,* ::<>: _:. .,.*
I ~ i ..

..... T~~~~~~~~:: __.~ 2.34 o5a ~..•~~-~.~~ .•I~~~.- .:~~~1. 26.65 ~~~~. ~::88- __~!~~__~!:~.. 7C,~~__

~::~:~ .~.6__t~__4-.1-9_+_-0._.1~--~-~~:::.t·_ ~:~~...•_ O.I~~__~~?:~.__~.12 _..~~~.__"_.O~ __O,_3:'_·
l

_ ~~ ~:~~~:~ .

Total 23 0.89 2.75 I 2.12 ;1.0.~ 5.27 5.2:1 8,19' 13.91 9.9L 13.46' 16.~·,1 ~:1.~;3
-~__•...-,.J.-_~--J- L...-__--l.-_.__• _._ __ __. _. .___ - ._ __".'__

:+ * Significant at 1 per cent le'lel

APPENDIX - IV

Abstmct of ,ma~}'sjs of variance for the effect of treatments on the leaf area of seedlings

t --- __A

--------------_..
Source of df Mean squar~ at monthly intervals

- _. .
variation I 2 3 4 5 6

---- . .

* ** ** ><* .,* :tu.
I

'Treaulltnr • t. .. ?" . . 262 i,42.C44 t .. '767649.SIJ .. I"' "670076'.35' . . ... 783785:34 ... '1223383'.29 - ...
t •• 3027802: 1r' ..

........... ._-----f---- .....- . ._---- ---_.--_.-_ .

Error 16 55226.174 34996.00 58486.05 84.54.86 86227.88 23578.68

Total 23 118200.570 257976.25 244622.23 297016.31 432318.65 937907.55
- .

Significant at I per cem leve~



· _-._.. - -_ _-----_.._.- --_ _-_ .. -. a. _.. . - - __ -_..__ -_ _ --- _. - . ._.. __._ __ -- --_..

2 4 ," ,
.I

T " ... "1 3026 25 '-7 7 lV 1( U" 14 l"=+ ')l~ (y..~~:~:::~:~~-.....--......~ .. '-±---..:..:~_...".._--_.--~.-=~ ....--.~~, -~.~:..~:~._---- --_..-...--_.._.:......:: ---~:_(.-._.~_ .._-_ ..._.__..._.
En'or ,16 12.33 7.24 4.37 \ 6.~i9 I 11.'73 ~;.:34
----_._.~ ..._-'}---- ------ ---_..-- ---_._------_._--~_._-_ .._--~-----+- ,,-- -_.._-.---:-.~._-_._---_ ..__._-_.
~~t&1..:_~_----.L-- ~3 . 17.78 _~.~?- 5.43 . ~~_J..._._ 9.06 L 1".46__-1- Ij:~~ ..__. .

~: Significant at 5 per cent lc\'el

APPENDiX .. VI

Abstract of analysis of variance for the effect (If lr:::atmems on the number of secondary roots

Source of -]df ... .__....... 2__,......_~_1C_.aJ_31-S1-.~~_~~_~~:~~l~~:~n~~ 4imervalS '-----r-~~-~------.~-.-..:~~:::~~:::~::.
variatioll 1 5 ']

----;-- ------. --,..------+---r-----+--.------t----- -- -----

Treatment

Error

7

16

241.59

11.72

63.68

15.71

}1J.?o1

66.22

12.76

29.03

34.72

20.66

24.94

8i.83

29.42

47.19_.__._--_............_-_.._-----------



APPENDIX '. VII

.---••- •••••- ••-. • ••_ ••••••••y ••••_-_.- ••••- •••••• _.•-._--_... -••- .••-.-••••_••••••••_ ••••••••••.- ••••••- .••_ ••••_.-••••••••••••••••- •••• -_ .••"-" •••."'---'-._._._-_••••••- •••••• - ••••• _. -- •••- -- --'"

Sourer of of M(~;m ~qllaT(: ~l m(l:m:hl:~ ilm:;.r\'aJs

'Jariation - _....•.-···~i·-····· '1··' _-~~- -."- - --. ":j·-·-····--l··-······-····-t~····· - -.······-·..-:5-····-·-'-" ----····-·--·6·· - -
I :.___ _ _ _ _ .i. .. _ _ _ •• _ •• _ __ .. __ _ .. __ .. _ ••• _ .. __ • _ ••• • __ _ - ••

.. -_ .. "- .....;;. ................__--1._

___._.._.____ _ . -+- __ . _ .. . .. __ _ _ 10 .. _.

Treatmr,nt

.Error

Total

~I

j

16

23

4:5.16----_._---_.
1.37

......_-------
14.70

60.75 140.76

0:79 2.93
--------I--······----··-··

19.04 44.88
.-"-_~_olo.:. .......__.._ .. _ .. _ .... _

339.67

1.29

104.22

366.10

7..49

113.16

,~"i7.37

') .-,'._ ..).1

214.02

* ~: Significant at 1 per cent level

APPENDIX - VIII

Mean. squ.are at. monl.h.1y intervals

Abstract of analysis of valiance for the effect of t.reatments on the dry 'J/eight of shoots.

----,....-~.p--._----_._------_._------_ " - ..- -_._-_.__._.-.-._ - _._-_._--_.._--_..- .
Source of df

2variation
" "- . _ _._ ----._---- .._----.------_ _--,.-..__ _--_._ -..- .-_.....•---_ - ._._-..- ----_..---.•.........

3 4 5 6

-----t---.-..f--.-.--.--.-J-------i-------+--------..--.-----... -.-.-....--....-.-.....--....-

Treatment

Error

Total

I·

7 6.82 8.11

•,* ** .,* .::.
-. 13.09 22.74 28.45 ~9.53

0.52 0.58 1.13 3.42
--------

4.34 7.32 9.45 17.46
-_ .._-------- _..._------

Significtint at I per cent level
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!,ource of

variation

----t---+---------+--------1-------+---,----- ------------..---....-------.-..-..-.
** **

Treatment 7 1.30 30.68 12.24

Error 16 0.16 1.37 0.37

Total 23 0.50 10.29 3.98

* * Significant at 1 per cent level

APPENDIX - X

"'*
16.61

1.53

6.12

** :;::>.:

17.1~
- f--.-...------

1.6::

6.33

Abstract of analysis of variance for the effect of treatments on the dry weight of roots

Source of elf Mean square at monthly intervals
_.--

variation 1 2 3 4 5 6

I

*~ ** ** ** **

Treaunent 7 0.184 1.71 1.24 3.29 3.94 1.77

Error 16 0.036 0.16 0.29 0.48 0.76 0.58

Total· .23 - 0.081 -- -. 0.63 - 0.58 1.33 1.73 0.94 -_ ..---_........._.._-_._....--_.-...__......._--- - .. - -_._--_.
Signiti~;u!'. ,l{ 1 p<;;1 et:m level



,

APPENDIX - XI

Abstract of analysis of variance for the effect of treatments on the chlorophyll content of the leaf tissues

--------------
Source of df Mean square at monthly intervals

variation 2 3 4 5 6 2 3 4 5 6 2 3 4EI~._
Chlorophyll- A Chlorophyll- B Tolil Chlorophyll

r-----O ... ---_.
** ** ** ** ** ** ** ** ** ** ** ** *'_~ 1.(* .,iI;

Treatrnem 7 0.52 0.25 0.21 0.05 0.06 0.12 0.14 0.12 . 0.14 0.14 0.71 0.51 0.43 0.29 0.33

Error 16 0.007 0.002 om 0.003 0.004 0.02 0.003 0.005 0.003 0.002 0.02 0.003 0.007 0.004 0.004

Total 23 0.16 0.08 0.07 0.02 0.02 0.05 0.04 0.04 0.04 0.05 0.23 0.18 0.13 0.09 0.10

"" Significant at I per cent level



A.PPENDIX .- XII

Abstract of ar:31ysis of :valianr:e lbi r.:~j(.' ,,;ffeci of i:rentnH:ntf. on foliar (:ofl(:e::mminn of nitrogen

.---------.--- .._--_..------- --_..,;,;;,-------.,;------_..-._---_ __.__ __ _--.- -----._ -----_..- ------ - _--------- .---- _---.-----------_ .._--- ----..-------_ _.. --_. -_..
Sc·ur.;:e of elf M~an SqU31;~ at filGnrhly intervals

variation
----.-.••••••---••-.~-••---:'-'::---···-·-·-·-:1·····--.---..-----.:-.....--- --....------.---.. ----- .-._~--- ---..-----.---- '.'--'-------....•---••.-. ---...--. _po.

1 :2, 3 . 4 :) .:'

--~- -----.- ------..;;.--'-.------T'---,-..----- .--.-----....------....-- --...--.-------..--------..------..--....------.----.---..-------
* .Ji;:+ :ii:* ** *";* f;:*=

0.09

0.02,

0.13

0.06

0.28

23

0.14 0.26 (US 0.16
'"-'-+-------~.._-----_._-----_. . ------- -_..------------ -.---_._----_..-----_._----

0.04 0.02 OJ)) 0.04
----..- .......--"'t"""-.:.:.....--+-'-------+-------+--------- -------,---1.---------- ------..----------

0.07 0.09 0.08 0.08

Trca)::D.ent 7
- -_._--_._~.. -._--

EnN 16

----.........__.........~ .1.__ ......... • • __'_____ _ -J'. •• _ ••••_••__• •• _

*
* ..

Significant ar 5 per cent level

Significant at 1 per cent level

APPENDIX - XIII

Abstract of analysis of variance for the effect of treatments on foliar concentration of phosphorus

Source of elf
'r---~----------.--------.----------- ...----------------------.----

Mean f>quart: at monthly intervals

:~':::"i:._ ,---- ~----~~-~l~---~:..: .: ~------~-----.-_.-

Trcauuc=tnt 7 0.54 0.41 0.34 0.42 0.26 0.25

Er:~:__ 16 ~14 __?.:?D~ ~.015 0.004 0.006 0.011

TOtal, 23 O.t7 0.13 0,11 0.13 0.08 0.08
~ ~ ••••• I .... I ~.........._ ...... 4 ........ .i.;,,,; ....... .:..l. ... ~.:..:~_..:,..,; :;L.:...:.;;"':.~,;.:..;;06.;.:..;..;,,;,;, ••••••• .:..::.;;;.;._•• J.,;..... ,;,.. ,;..;.: .. .:.;;...~ ....._•.;._ ......... ;. .. .:. .. 6. ....~ ............~ ....._~ •••-":- .--:---_-------..- ..~-----------------..-----------.-c;-



APPENDIX - XIV

"Ab!>tr':::.cl ,af analysi5 of v,\~iance for the efff.'.ct of treatments on foliar ,:.O):i.,cl~ntrati()n cf potassium

.-5-~~;;~;~~~7r- 6f~" ~""~.."-."-"~-.. - ...-"--."--"..-.-- .- MelU~-;~~2r~';~'m~n1iti;;··in~~~-~~··-----··-··-·------···-··-·-------··-·····---·

. . , . -'. . - .----- --------- --...",......----- --- - _----------_. ---- ---- __ .._._------_.
variation I 2 3 4 5 6

** ** ** *'" **

Treatment 7 0.12 0.39 0.56 0.51 0.50

Error 16 0.02 0.05 0.02 0.05 0.05

Tol.a1 23 0.05 0.15 0.18 0.19 0.18

** Significant at 1 per cent level

APPENDIX - XV

Abstract of analysis of variance for the effect of treatments on foliar concentration of calcium

0.18

Source of df Mean square at monthly intervals

variation 1 2 3 4 5 6

* '" ** ** *'" ** 0 **
Treatment 7 0.07 0.05 0.86 0.68 0.13 0.07

Error 16 0.02 0.009 0.009 0.009 0.005 0.004

TOlal 23 0.03 0.02 0.27 0.21 0.04 0.02
-



APPENDIX - XVI

-._--_..--_._-_ ----_.._.__ _ _------------_.__.-..--_ ---_._-_.----._-.._..--_ - _-_._--_ __..----_._--_..--.._- -------'--
SClJr:e 0 r (\t"

62
._--_._-------,-----.,......-----_ -.._-_ ----------._--- ---_._------..,----------------_.

:, - 4 5variation

----- ---·i------ --+------+-------+- --------1--------..--- ------.----------.

"'* ** "'* **
Treatrnem

Error

7

16

0.94

0.002

0.29

0.003

0.70

0.002

0.69

0.005

0.55

0.019

l.lj

0.1)()4

Total 23 0.29 0.09 0.22 0.22 0.18 0.35

Significant at 1per cent level

APPENDIX - XVII

Abstract of analysis of variance for the effect of treatments on foliar concentration of sulphur

Source of df Mean square at monthly intervals

variation 1 ') 3 4 5 6..
,

~I( ...~ ** *>11 ** "'* "''''
TreaUllCnt 7 0.00

I
0.001 0.00 0.00 0.00 0.00

Error 16 0.001 0.0001 0.00 0.00 0.00 0.00
-------
Total '1'" 0.00 0.0002 0.00 0.0001 0.0001 (U)()() I••:J_______•___ ••_.___._._________•______ •• ________._••••_____-;__c...__•__ ••_____•____ ••__'-___ ---- - - --... --------



A?PENDIX " ): V1H

•:----- ._ __•••• ~ ~ ':-:-:''' --••••• ~ .. ":,:,,,:,~,:,,,:,--~,:-:-~~,,:,,,:,~~~-:~~,:,~'!":"':"":'~":"'~ ...,.,..,...,.,..,.,.~.~--_ -.- --.-- ---- -------_•••------------ __ _•••--.- -----_ _••••__.--••• _-

df M(~m squ.are at mouthly imeptals

variation
. """-'-.-.----;:.."~ " ._~ , -.-.-._--_._-------- -.-.._..- _--_._----.---._-_ _-_ __._-_.._ _-

1 2 3 4 5 Ii

-----4--------+---······-----·-----

** *'"
0.00

0.00

0.00---
0.00

0.00 0.0001

Abstract of analysis of variance for the effect of treatments on the height. collardiarneter and leaf number of seedlings after
application of complete nutrient solution'

\, ';;;','j"ll" ~l") l"n(('Cl'll' 'le~"'1.. ~, ..J •• •• , i. ... ~ /..., "

Source of df Mean square at fonnightly intervals

variation 0 I 1 /2 I 3 /4 0 .1.1 2 3 4 a 1 2 3 ~--.
f

Height Collar diameter Leafnumber------- .
1**

I

** "'* ** ** ** ~:* ** J!I* ** ** * ** "'* 1IC1IC

I l

Treatment . 7 210.20 231.53 239.46 236.75 239.81 0.006 0.006 0.006 0.007 0.008 28.42 23.78 34.20 40.01 33.13

En'or 16 0.60 0.98 10.42 8.27 8.14 o.oeo 0.001 0.001 0.001 0.001 0.38 7.78 5.22 6.61 4.43

T()[al 23 64.39 77.41 80.13 77.63 78.65 0.002 0.002 0.002 0.003 0.003 8.91 12.65 14.04 16.77 13.16
:--;';-:";~": -~ ':''':'':'':'''':''':!; ~~ • ~ ~": ~ ': 0:0-:-:. T-;:~':''=''':'TT;· ~ ••-:~~"':"7'7~.-.. -..--~-:--,,:,----~-~ .~7":''P I''''~''I'~~~ _... "''"',!,,!,''T''''. ~.~---_ ••• --"",",".~---- '-----'----'-..- "-._.__._. -_ .._----- -~~-...;~. " .....i ..... i'
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ABSTRACT

5:>"6 "uh::re studies were conducted in College of Forestry, :Kerala

.....";,,:,;uil:l,·,,, University, Vellanikkara, Thrissur with an objective of inducing the

5},;;;1'!Offi3 of "r.fic!cncy of various nutrient elements in seedlings of teak (Tectona

gm...,:li.~· Lim. L) grown in sand culture. The effects of nutrients viz., N, P, K,

Mg, ::!, Zn and £.:10 orr the growth, cWorophyll content and nutrient concentration

"f seedE!1gs iTI tlienurscry were also studied. The results were fmally confirmed

by r~co·"('.ry ~;tudies by supplyL.'1g the seedlings showing the symptoms of deficiency

nf "'~.r1::us t:leUlenL~ with complete nutrient solution. For the study, two months

:.::::1 seedlings of uniform growth were planted in containers filled with pure quartz

,;:.:f:u and supplied wiL!} Hoagland No.2 (1948) nutrient solution. The treatment

,,·~·!:.ltioTI was pr0p"r~d by eliminating the desired nutrient from the complete

The characterisric deficiency symptoms produced by seedlings due to the

d'}";,;;:''''.•y n" "V:lriOUS nutrient elements include leaf discolourati::m, necrosis,

",:::rd:;::g, de,":;li::,uon and gro\'ith stunting. The seedlings showing visual deficiency

sy:::ptOffis were 'also phorographed. Seedlings that received complete nutrient

50];';']0';; "'''"re hc<l \thy with dark green foliage. Vegetative growth of the seedlings

w:).~; 8Is:~ fou::c to be affected due to the nutrient stress. All the fractions of

c1:io:cphyH je; chlorophyH - A, chlorophyll - B and total chlorophyll of the
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