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Tesk {Fectona grondis Linn f) belongs to family Verbenanceae, is a

tree species of considerabie cvenomic importance. The chief importance iies 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 cylindrical boie, which is often buttressed a't the base and some times even

fluted {Troup, 1986)

Lér’;-’: scaie nlantations 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 Information Bureau, 1995). Despite its immense popularity and

commerciai importance, nutritional aspects of this species have seldom been

studied, espacially in the nursery stage.

The importance of mineral nutritoin in the production of healthy and
vigorous scedlings in the nursery can not be over emphasized. The linal
performance of nursery stock largely depends on the nutrient composition of
:":3-3(‘ bed.soif of potting medium where the seedlings are grown. Severe nutritional
d;s-c.r.-_;r;rg and deficiency symptoms have bzen reported in teak seedlings grown

ariment nurseries of Keraix, Tamilnadu, and Karnataka. The growth

nursert

)
7

me preneni siudy will help to charactierise the importance of varoius nutrient
arrition of teak mainly based on the deficiency symptoms

~
Fay
i

anifosied ne inai discolouration,leaf area reduction, growth retardation, icaf



tudy will alsz establish a direct

!

ratation Deiwesn nuirients zgpi:ied and puirients absorbed which in turn is

w

and siem deformaiicn and poo: ruotgrowth Th he

responsible for the productics oof various zuiritional disorders. This informaiion
will help to underziand ine imooriance of va rigus nutrier nt elements on the growth

of seecdlings ir ihe :esfsery, This in turn will enable the nursery men to produce

neaithy,vigorcus :szzdiings of tegk for varcus commercial planting

programmes. The visuai sympioms of secdlings in the nursery is aiso expected to

discrders of teak even

ide some guide lines to .nderstand the nutrizio

sndsr the field conditions.

Hence, e preseni series of studies were undertaken to find out the visual

deficiency sympioms of various nuirient elements ic investigate the effect of
muirianin oo growil aod vigour of teak seediings and also to find out tbe uptake

>
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REVIEW OF LITERATURE

Nutritional deficiency symptoms and disorders have been well studied and
described in many tree species. However, most of tieye works are mainly limited
to fruit plaatation crops and spices. Though teak (Teciona 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.

2.1.Role of mineral nutrient elements on plant grewth and -

developinent

Apari from 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

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
controi the use of carbohydrates and hence, determine whether the plant will produce
vegetative or repreductive growth (Kraws and Kraybill, 1918). It is reported to be
one of the most important structural constituents of the cell. Nitrogen containing

compounds coastitate 5 t0 30 per cent of the dry weight of plants (Kramer and
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is also a component of sugar phosphates, phytic acid and other components in plants

(Evans and Sorger, 1966).

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 coasiitute a major portion of protoplasm concerned with the cell
division and the transfer of hereditory characteristics by the chromosomes (Gauch,

197')‘

Like N, P aisc plays an important role as a structural componeni of the cell
constituents and metabolically active compounds. Phosphorus acts as a structural
component of the membrane system of the cell, the chleroplasts and the mitochondria,

It forms the main part of the sugar phosphates - ADP, ATP, nucieic acids,

nucieoproteins, purine aznd pyrimidine nucleotides, flavin nucleotides and severai

anzymes and ¢o-enzymes {Greulach, 1973 and Agarwala and Sharma, 1976).

Phosphorus is reported t¢ play a major roie in energy metabolism of all
tiving celis, even though ihe shure of P is oniy 0.1 to 0.8 per cent of the total dry
weight in plants {Epstein, 1978 and Jain, 1981). Marschner {1982) found that P
favoured the movemert of cytokinins from rgots 10 other plant parts and hence, its

deficiency resulied 2 decline in cytokinin content of tissues,
J

) [n)

Potassium is the only monovalent cation essential for all higher plants (Reed,

1942y It aeiivaies protein synthesis and N metabolism (Mulder and Bakema,

[#}]
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respiratory enzyme pyruvate kinase (Evans,‘1963) and

. Potassium also plays a role in the translecation

i plants (Spragu, 1954 and

targe amounts of K, isol

scome completely possible. More than

r {1966} which need X for mzzimal
thesis as a result of reduced energy
, oxidative phosphorylaiion,

“vans and Sorger 1966).

[

¢ transpiration (Fischer and Hsiao,

oiiotosynthesis.  Investigations have

mvolvement of K in siarch synihesis in various plant species (Murata

Rajput er al., 1978). Pandeyv and

ynthesis of chlorophyll, though it is

stated that K deficiency may be expressed as water 1mbdlan:e

‘important in regulating membrane permeability in plam ceils.

of K to occur primarily in the ionic

articles on colioidal surfaces has made it most apt to function as a

zctor for many enzymatic reactions of the cell.

socording ¢ Agarwala and Sharma {1974 Klinerzused the resistance power of
piants to water sivess | heat, pest and diseases. Potassium appears to be compietely

3



warer soiuable in planty znd 1 readily mobile within the plant tissues (Salisbury and

e . AN L - on 4 .. 2h e - V7 mrmbicrmbnd nure H H
Capron ef ol {1882) neizd that theugh X activated svnthesis of chicrophyll,
. P LN e T S S . T 3 e . H
an morsssed pariiiionng of K o ihe ehigroplast in ¥ daficiont p]ants was ing major
S STV S i i amasalemaie smeme Geeed S itiad o
FUOSSAN I07 10V Quiinin iy founoimyt i DOouDsvina” faies aily iRg the initia SiAgCes 07

L8 ey TarEE SOOI : i
Puizssoam was reporied 1o have direct influence on ceit

+
LR . LIS I S LT P Y. S - -0 S i T -4 oy 3150 A
givisinn ung higher cell number (Boringer and Schacherer, 1987, Marschner {1982}

>

found thar low K resalisd in reduced transport of cyickining from roots but enhanced

AIA expom 10 grains and cuused accelerqied ssnescence.
Z.:.2, Calcinm

Talicum is the major cailon in the middie kwneila and hence, supports the
mechanical sirongih of issues {Tugawa and Bonrer, 1657 ; Cleland, 1960 and
Rasmussen, 1947 Marinus (19382) reporied that Ca is essential for the formation

Calcium is found o be immobile excepl when it is in xylem and is supposcd

io be very essential for root growth {Rios and Pearsen, 1964). Paulson and Harper

(1968 repoiied the invoivment of Ca in metaieiism. They concluded thai Ca is

inveived in intra cellular transport of NOz_ and not in the induction or activity of

ike phosphaiases, kinases and succinaie dohydrogenases (Pandey and Sinha,



1972). 1t is an essential part of o< — amylase,a starch digesting enzyme in plant

tissues (Salisbury and Ross, 1977).

Calcium ion itself is reported to be inactive, its activity being modified through
a homologous ciass of Ca binding proteins. 'Calmodulin’ is one among such proteins
that control numerous key enzymes systems and cetlular processes. The Ca-caimodulin
compiex bind the calmodulin dependent enzymes like NAD kinase thus turning them

§ active cnzymes (Anderson and Cormier, 1978). Emanueison {(1984) has reported

far

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

enhanced with increzse in its concentration

Pt

TMagnesiur: i the sole cation preseiit in chlorophyll and is constituting 2.7 per

=z Ly welgit of chiorophyll molecule. Thus, Mg piays a key role in photosynthesis.
T a2 number of enzymes including enolases, pyrophosphatases, hex-

transketolases, fructokinases, glucokinases

and pyrophosphoryiases {(Utier and Werkman, 1942 | Bailev and Webb, 1944 ; Bailey

and Webb, 1948 | DMxon, 194% and Mae, 1949y, RMagnesium nlays a significant role

as u Co-factor reguired for oxidative de-carboxylation of pyruvic acid o Torm aceiyi

According i Wallace and Muller (1952), there is a higher requirement for Mg

ai Digh {emprainres dus o ds sigrificance in C0C9 fixation during photosynthesis.
Mizgnesium aio invelved o various siages of i amd carbohydraie metabciism (Pandey

.
s



Magnesium is a constitiznt of chromosomes and plays a significant role in
photosynthesis (Agarwala an Sharma, 1976). it acts as a carrier of P and helps in

iis. sioubilisation {Ananthanarzyzn and Rao, 1979}, ,
2.1.6. Suiphur

All plant proteias have S contairing amino acids like cysteine, cystine and
methicnine. In many piants through tile different amino acids, S participates in
protein synthesis (Kramer and Kozlowski, 1960). Sulphur is essential for cell
division and also for the synthesis of chlorophyll ( Edmond ez 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
acid, co-enzyme- A, thiamine, pyrophosphate, biotin, phosphosulphate and other
compounds (Evans and Sorger, 1966). Thompson (1967) based on his studies on
ulphur metabolism stated that from quantiiative point of view the most important

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

Sulphur deficizncy causes poor quality crop products and is heuce recoganised

as z quality nuirient (Rajagopalan, 1987). It is found to enhance the efficiency of
) P Y

translocaticn of assimilates from leaf to fruits, particularly in annuals and vegetables

( Thirumalaiswamy ef af.. 1987).

2.1.7. fron

w
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iron cxizis an porphyrins @ living celis, iracts as a caialvst and helps in eleciron

carrier in respiraiion. Tie peroxidasas, cataiases and cvleckrome oxidases which are
widely distribuied in plants ars iron porphyrin containing enzymes that caalyse various
cnomies! reactions. The transfer of electrons from subsirates i3 mediated exclusively

Y
]

by the Fe pombyoin containing series of cywcchromes {MNasor: and Mc Elory, 1963).

Thora axizi non hams Fe oroteing like ferrodoxing end mitochondrial Fe enzymes
ively participates in chiorophyll synthesis and much
o1 the Ve in lcaves v reporied o be in the chloropiasis (Bogorad, 1966). Iron is

activator of nitrate reductase and aconitase (Salisbury anc¢ Rose,

P I S P, T
e {
ATt Wwals ay .

raz 27 ai., 1979) and piaved significant roie in synthesis of pucletc acids

;‘-.‘{3' ga. ese hm been reported to act as an activator of carboxylase that catalyses
assimiiziion of COp  that ieads o the formation of ¢i and tri-carboxylic acids. It is
also divectly invelved in photosynthesis as an electron carrier participating in the reaction

for release of oxypen (Mehler, 1951 ; Salisbury and Rose. 1978).

"‘ne highest concentration of Mn in plant celil is found in cytoplasm and the cell
organelles and chloroplast is believed o be richest in Mn content (Levanidov, 1957).

Ranganese decreases the soluaibility of Fe by oxidaticn 2ad hence. in certaii; cases

=da
e
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higher concontration of Mz oads o Po deficiency w plants (P andey and Sinha,

1072y, Shiainik ar gf, {3773 has reporied mome of ihe hydrophytes and woody

Fianis T_(} be rich in vin, w WOrS velined e piocnginl
are referred as manganoph

Miapgeness piays an knporteni role i glycolysis and krebs cycle and hence

irs deflcency resulis glucoss accumulaiion. i is alsc zsseniial for chioropliyii synthesis

fResh 1578 ; Horiguchi and Fukemnic, 1987}, Manganese content of varicus

. s mtera e a4 u oo . .
niani species exinibirs wide variiion and they show differential tolerance to Mn

i mest of the plants the concenirarion of zine was feund o te highest in
leaves, genergtive organs and growth points compared to other parts (Riceman and
fpaxes, 19600, Inside the cell, greater partof Zn occurss in nuclei and mitochondria

ardicaling He significant roie in cell division (Kathers «f af., 1972).

Zinc is essential for the synthesis of iryptopiuu:e, a precursor for the synthesis

ot 1A A the principal hormone in higher plants (%'sui, 1943 ; Karmer and Kozlowskl

196C; Salami and Kenefick, 1970 ; Salisbury ans Ross, 1977). The large amount
f tryptamine found in Zn deficient plants is an indication that Zn is absolutely

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

Epstein (i961) has reported Zn to have an apparent role in function of

membranes. Zinc and Ca ions were found to regulzie the ion transport across celt

11



consiiident of carbonic anhydrase, lactic

Y

n2s. Zinc is reported i be
drogenase and many reS"r'-“r-f-"-. y enzymeas {Price, 1962). Zinc plays a role in
givoolysis and respiration being a consiifiznt of many snzymes in these path ways
iagon z2nd Mce Eiroy, 1963)  The respiration path ways strongly inhibiied under

ina-,'.e-:;'z;aie Zn supply are due 0 decrease in activity of aldolase auind z .oumber of

Zincisan essential consiiiiuent of aichghol dehydrogenase, alkzline phospatase

rboxy peptidase (Evans and Sorger, 1966). Zinc is found tc be involved in the
::s;“c'-:-ss of porphyrins and huemnc proeins, inciuding cytochroine (Brown et al.,
_96'3‘ The involvement. of 2 in nucleic acid metabolism is said to be the most
impo;iént physiological role of Zn in living tissues. It is repoited to be an integral
part of KN A dependent DNA pciymerases {(Springate et al., 1973). Deficiency of Zn
ferveriy f‘eorﬂs*;eu the production of protein in meristamatic tissue rcsultmg in

avenrngiafion of amino acids and amides (Kitagishi and Obata, 1935).

z.22:0. Copper

Copper plays a role in auxi: metabolism which is evident from the high correlation
exist2d between indole acetic acid content-and activity of copper enzyme - as carbinate
gxidase (Gamayuncova, 1965). Nucleic acids and some nucleic acid precursors were
founc to have high affiniiy towards Cu ions. In many plant species blosynthems of

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

e al. ., 1960).

A positive infiuzence of Cu has been reported in building resistance to wilting in

many p iants. This effect i apparently relaiad on the role of Cu in syntheswmg phenolic

12
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inhibicr content in tissues {Prusakova, 144663, Chioroplasts »f Jeaves contained

vz than 70 per cent of Cu and was found ko e involved in bic-synthesis of proio-

s

chicrophyll and Fe norphyrii: complexes {Se:okinz, 196

-
)
L

The nature and invoivement of Cu in meiabolic process is determined by the

i .
spacific physico -

mical properties of this eiemeni. Copper ions reacts with

%]
23"
Y]

arhing seids, proweins and other polymers sroducing stable complexes and hence, was

found (o be more acrive thar other metals. This also possess catalytic properties

which were enhanced upor tinding of this ion to protein molecule.  Copper ions
ave reporied 1o readily release or accept an cieciron, which accounts for the behaviour
of Cu either as 4onor or a3 an accepior of elecirons in plant tissues (Frieden,

1969), it was found to be a component
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in ribulose diphosphate carboxylase thus confirming its role in photosynthesis.

Endowed with the ability to change valesncy, Cu like Fe, Mn and Mo occupy
nrrai position in the mechanism of biological sxidation reduction reactions including
those of respiration, photosynthesis and assimilation of molecular nitrogen (Shkolnik

ef al.. 1975).

Boron is neither a constituent of enzymes nor an activator. Starck (1963}
stated that bulk of the B present in plants is mainly concentrated in cell walls.
Although the exact physiological role of B is unknown, this element is said to be
necessary for cell division, development of phioeﬁl and transport of plant hormones.
in the absence of adeguate supply of this element, the middle lamella of new cells

develops poorly resuliing hreak down of phloem tissues (Edmond ef al., 1964).
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ceangd Arnoff (1967) reported that borsic complex with 6- phosphogluconic
said; inbibiting the aclivon of dehydrogenase and preventing the eventuai synthesis of
excessive quuniiiies of phenolic acids will accumulate in B deficient plants resalting

necrosis and deaih. The growth of vegetative shoots was observed to be retarted in B

deficient plunis due o the accumulation of peniose phoschate {Shkolnik and Illinskaya,

Iy a .

amsmlilea

1GR3}, the presence of Bowas found essential to mainain membrane siructure and

many of the deficiency symptoms were reporied 1o be secondary effects caused by

. .
- . [ g e e g R g N m e

= ANk T ]
cUandes N DA iinns nennoaniiny
> B J

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

o7 pther trace elements. The highest requirement of Mo have been shown by plants of

the fzmily leguminosae (Hewitt and Jones, 1947).

The most significant physiological role of Mo isits involvement in N metabolism
in the reduction of nitrate and fixation of molecular N (Nichloas and

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

respiration and phosphoryiation (Hewitt, 1958).

According ic Burkin  (1968), Mo influenced the metabolism of vitamins in

plants. A dramatic fail in ascorbic acid content occurred in Mo deficient plants.

14



Molybdenum also acts as & ::.::.1) st in various :etabgelic reaciions (Shkolnik er al.,
1975). It forms complexes with ENA through phosphate groups (Ivchenko, 1981).
He alsc reported that 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. Characteristic symptoms of deficiency of nutrient elements in

tree species
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Visual sympioms of N deficiency has been described in various trees. Maskell
et el (1953) reported stunted growth, yellowing of older leaves, dieback and
reduced rate of leaf produciion in cocoa. Similar reports have been made in citrus

e und Embleton, 1959), coffee (Muller, 1966), avacado (Jones, 1975) and
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INizrogen being a inobile element, deficiency symptoms first appear on the
si:jcfi::a'v'cs {Gauckh, 1972). The N deficiency resulted in chlorosis which generally
reduced the raie of photosynthesis. Chlorosis was reported to be as a result of
inagequaic supply of N for chloroplast protein synthesis. Deficiency caused

disproporuonaie amounts of secondary wall thickening due to carbohydrate

acoumuiation that tend 10 make terminal growth slender and woody. Root growth
was consideraniy better unless N was totally lacking in the media (Greulach, 1973).
CThiorosis, which was reported to be due to inadequate supply of N for

chioroplast synihssis, was the most typical deficiency symptom in most of the tree

specics. The iissue analysis values for N were less firmly established compared to
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other elements, because of wids variations in N level in a given plant in relation to

l}

plant paris, fype and age of {issiucs, seasens and also due (¢ is high mobility within
ihe plani. However, tisste analysis values for indicating the deficiency, optimum

~

nd excess levels of N have been well developed for a number of temperate and

wropical fruit tree species {Junes, 1975).

Pale green colour of older Iraves which gradually changed to uniform yellow
colour was the major symptom of N deficiency observed by cashew seadlings grown
in aursery (Chler, 1979 and Gopikumar and Aravindakshan, 1988). In white
spruce,-vellowing of needles and reduced height are typical symptoms of N deficien-
cy {Hallett, 1685). Yellowing of clder leaves, necresis, premature _Ieaf fall and

substantial reduction in growth has been reported as sympioms of N deficiency in

According te Gopikumar and Aravindakshan (1988), visual deficiency

sympioms such as leaf discolouration and stunting of growih of cashew seedlings

aszaclaleq with N deficlency was found to correlate with leaf content of this element,

Sirsitar observations were also made in cocua seedki ngs grown in sand culture .I.ockard

ai., {1989) reported chiorosis of older leaves coupled with stunting

of growih in seedlings of paper birch. They also noted it santing due to N deficiency
wizs usially easy to diagnose and subseguently to correct, because deficiency seedlings

ragidly respond o application of N fertilizers. According to Driessche {1989),

L rie &} — her wa o ] it Frern] & o
Douglas-fir, the needies were pale yeilow initiaily becoming hrown at the tip and
Yowr dosimer v basta te wbvies oo ilaa weadiosgd ~E TH .
eventuaiiy dying while in white spruce the yeliowing of newdies finally lead to red or

prown necdle development
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using Aiianrhus sae:_‘-iings showed that, N deficiency resulied in development of
yellow chiorotic patches in the older leaves of seedling. At acute stages of

deficiency, severe chlorosis of entire seediing followed b
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defoliation was noticed {Ancop, 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
alsc found that uptake of Zn, Cu and B was improved by N deficiency. Antagonistic
effect of N with P had been reported by Lockard and Asomaning, {1964} ; Smith
(1966); Dewaard (1969) and Nybe (1985). The uptake of N was higher in the
prese:ib_e of §, '1:::&‘“g a Dositive iiiteraction between Nand S (Kandaswamy and

Arulmozhiselvan, i987}.

!

l
|-

expressed as s:mali dark green leaves with bronze to purple tipge, sparse foliage and
i, eral., {1953) observed that P
deficiency resuiiied in general stuniing of cocoa pl"nz.; In older lzaves, iose of
green colour oocuried i areas petween the veins giving rise to a biotcky appéarance
and intervemnal chicrosis, Lockard and Ascmaining (1964) stated that in cocoa,

reduced dry weight was noticed when P was deficient in tissues.

1
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The element being mobiie, iower leaves were the first to exhibit hunger signs.
Phosphiorous deficiency induced formation of anthocyanin pigmentation resulting in
purpie colouration (Muiler, 1966 ; Gauch, 1972 and Resh, 1978). Childers (1966)
reported  restricted growth of root and shoot, small leaves with dull bluish green
coiour with purple tint followed by brown spctting and premature defoliation as the

sympioms ¢f P deficiency in avocado, citrus and strawberry. The iateral buds of P

deficient plants remained dormant or sometimes dried resulting in reduced lateral

Phosphorus deficient plants accumulated carbohydrates to a higher level. Vascular

l-1~

issues were found to be poorly developed and the nucleic acid synthesis was greatly

reduced. The production of ATP, NAD and NADP was founé to be reduced disrupting

-‘

the mictabolic path ways resulting in stunied growth of the plants (Greulach, 1973).

Swun (i1%71) observed remarkabie difference in P deficiency symptoms in the
iwe species of spruce studied. White spruce showed tiie characteristic stunting and

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

U:‘

ingham {1975} described the P deficiency symptoms in tree crops as slow growth and

sparse foliage turning duli bronze io purple tinged resulting early dropping Of leaves.

a

The reot system of P deficient plasis 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 conducted by Narayanan and Reddy (1982). The dry weight
decreased in iZ out of 14 species studied. Hormonal imbzlance especially that of
auxins and cyiokinins was said to be the reason for increase in root elongation.

Hallett {1985) observed that in black spruce, primary needles, develop purplish

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

18



necrotic blotches 1o

; defoliation has been described as symptoms of P

llowed b3

Yuz!

deficiency in nutmeg {Philip, 1985},

=Y

Deficiency symptoms appeared first in the lower leaves indicating the
motiie nature of P inside the plant. In the leaves of cashew seedlihgs when
subjected to anificial P deficiency, a gradual transition from dark green leaves
ic bronze green was noticed (Gopikumar and Aravindakshan, 1988).
Deficiency also caused reduciion in height and leaf number in cashew,

eventhough girth reduction was not considerabie.

According to Driessche (1989) in Douglas-fir seediings, phosphorus def' icieic
resulted in duii, greyish coloured foliage ; while in white spruce bright purple foliage,
gradually turning darker was observed. Foliar deficiency symptoms of hard wood
seedlings inciuded the deveicpment of reddish- pink patches in red maple, general

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

clder leaves in paper birch (Landis ef af., 1989). in Ailanthus, phosphorus

el
w~

L

D-p-:

R
-

iciency symptoms sppeared first in older leaves as purple bronze patches. At

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

Interaction of P with other elemenis had been reported by various workers.

L

£hosphorus deficiency was found to be associated with a decrease in Mn (ILebanauska

7 af, 1958) and N and Mg (Embleton 22 al., 1958) conient in tissues. According

N

v -

to Matsui er 2., {1977), P level was found positively correlaied with Ca and Mg
leveis and  megaiively with K in apple. El-Gszzar et al., (1979) aiter their
iperimen:s in orange, olive and guava have reported a positive relation between P

o

and Mn ané 2 negative irend with Fe and Zn whereas N and Cu remained without



much change., Phosphorus has heen reporied ic inierfere greatly with Zn and Fe
uptake in many crop species (Gardner er al., 1¥55). Philip {(1986) has reported an
increase in foliar concentration of N and Zu and 2 decrease in Mg and Mn in P

deficient seedlings of nutmeg.

Potassium being mobile inside the plant, the deficiency symptoms were first
manifected on lower leaves. According to Eckstein ez gl., (1937) in coffee, crowding
of young leaves and darkening and irreguisr devciopment of new growth were
reported te be the characteristic symptoms of X deficiency. In coffee, Purseglove

'( Ay ry
"

1977) has observed scorching of entire leaf margins foliowed by defoliation when -

~

K. was deficient in tissues. According to Muiler (1966), necrosis of leaf margins of
:;Ea‘ar Ieaves was the most conspicuous symptom of K deficiency in coffee. He also
ci;s::rved_that K concentration was lowest near the icaf margins increasing gradually

iuswards the midrib and K was readilly translocated from older leaves to younger growth.

Chapman ez al., ( 1947) described potassium deficiency symptoms in oranges as
iluting” or “tucking” of leaves with a variety of chlorotic spotting pattern. Potassium
defict ency plants were found to produce and accumulate putiiscine, a diamine that
resuits necrosis in leaf lamina {Richards and Cgoleman, 1952). Evans and Murray

{1933) described the K deficiency symptoms i na 3s pale yellow areas with interveinal

I:s
0
3

regions near leaf margins, quickly becoming necrotic. In cocoa, Lockard and
Asomaning (1964) noted primary veins of older leaves first turning light green to
yeliow and then brown. The mid rib aisc was affected. They also noted that plants

grown under K deficiency condiiions wers less ssverely stunted compared to those

v
(e



grown under comparable deficiency levels cf any other macronutrients. Leaf analysis
of low yieiders of mandarin with scorched leaves and non fruiting terminals showed

moere 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 Chki (1975). Development of necrotic older leaves associated with
reduced height, number of branches and dry matter has been reported due to K
deficiency in nugmeg (Philip, 1986). Acute deficiency of K in trees results in the
entire piant showing typical symptoms including sévere 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

Aravindakshan {1088).

In white spruce and Douglas-fir, K deficiency resulted in dull green seedling,
lower i ;: dles turning purple at tips, then into yellow or brown (Driessche, 1989).
According to Anoop (1993), in Ailanthus K deficient seediings manifested chlorotic
tips of the cider leaves which in severe stages, turned completely chlorotic.

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

Potassmm strongly antagonises with Ca and Mg {Cain, 1948 ; Smltn 1966;

and Philip, 1986). Spler:: (1987)

reporied reduced P, Ca aind Mg uptake with increased X fertilization. In this study,
high ¥ conient was found io decrease plant growth. Interactions uwolvmg K and
other nutrients were studied by Tandon and Sekhon (198&;. Potassium and Mg

‘-
¥
1

ions were negative, which at times icd o K induced »g deficiency.



in frees, Ca deficiency symptoms have been reported to appear first on roots.

oot tips become slimy and turn black in cocoa (Murray, 1966). Lockard and Asomaning

Jawt
‘J..)

964) observed chilorotic symptoms in the first flushes of leaves immediately after
sermination in cocoa. However, no specific symptoms on leaves were noticed in the

y stages of Ca deficiency (Chapman, 1975).

Being immobile inside the plant, deficiency symptoms are manifested on
young lesves {(Muller, 1966 and Chapman, 1975). This was followed by dieback of
terminai ouds. Franco and Mendes (1949) described the Ca deficiency symptoms in
cotfes a8 death of terminal buds and ycllowmg of leaf margins followed by browning
necrosis of margins of older leaves. In coffee, Muller (1966) observed the Ca
deficiency zs chliorogis of the youngest leaves. Light green to slightly yellowish

chicrosis developed in the leaf margins and leaf tip and extended towards the midrib.

f.ockard and Asomaning (1964) reported that seedling of tree species grown
ander Ca deficiency were more severely stunted compared to seedling grown under
defeciency devels of M, P, K Mg and S. According to Shear (1971) in apple, Ca
deficiency was inuialiy exhibited as cupping and chlorosis of developing leaves
foliowsd by :13:;::05:5 of chlorotic area. Chapman (1975) reported dieback followed
by chiorosis of leaves due to Ca deficiency in citrus.

Pevelopment of thick, brittle and small younger leaves with blunt erid which
laier lead o crinkled appearance is the main symptom of Ca deficiency in nutmeg

-— -

}. Im cashew, Ca deficiency did not produce any visual symptoms such as

22



ieaf discolouration but growth of seedlings was found o be reduced (Gopikumar

and Aravindakshan, 1988).

Calcium is reported to aniagonise with K snd Mg (Smith and Rasmussen,
1959 and Smith , 1966). High Ca was found to reduce leaf Mg, K, Naand 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 foliagr 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

Magnesmm is mobile within the plant systems and henice, the Ceﬁmenuy

symptoms first appear on older leaves (Embleton 1975 and Resh, 1978). Inapple,
older leaves of current season’s growth appeared to de\/elop green or grayish -
green blotches between veins often extending upto margins. Under acute deficiency,
fruits failed to ripen normally on tree, and were small, noorly coloured without any
flavour (Wallace, 1953 and Wood bridge, 1955). The first sign of Mg deficiency
noticed by Bull (1954) in African cil palm was the development of olive green
area on leaves with no sharp boundary betwean lateral veins.

Boynton and Erickson {iG54} -e::"t:d. that in cocoa, symptoms first
appeared on older leaves as interveinal chiorosis and necrosis. Necortic spots
frequently increase in size, join and progress to leaf marging resulting in premature

defoliation. Magnesiom deficiency increased thelevel of K m the leaves and Ca



in the roots and stems of cocoa (Lockard and Asomaning, 1964).

Ambleton (1975) observed that Mg deficiency symptoms first appeared on
oider ieaves. Charucieristically there was a loss of green colour between the veins
followed by cholorosis or development of brilliant colours.

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

ions scatierd over the entire blade was the characteristic symptom of Mg deficiency

—r
w
4]

n biack spruce, yellow tipped nesdles were observed due to deficiency of Mg
{Hailets, 1985). Pale yellow discolouration of midrib of older leaves followed by pale
groen, lemon and necrotic blotches towards margin, with upward cupping were the
Mgz deficiency in nutmeg (Philip, 1986). Severe inter veinal
chiorogis of the older leaves was observed in cashew seedlings grown in sand

cuiture due to the deficiency of this element { Gopikumar and Aravindakhan,

inter wveinal chlorosis was found ic be the characteristic symptom of M
ymp g

s of paper birch, a hard wood (L_aadis ez al., 1989). In



green midrib and veins developod necrosis {Ancop, 1992)

[

effect of Mg with K and Ca bas been reperted by Emmert

~
4

tice
{(1961) ; Dewaarc (1999) ; Manicot erai., (1980} and Nybe (1986). Magnesium
deficiency was associated with a decrease in foilar concentration of Zn and Mn.
However, foliar concentration of N, P, Fe and B in leaves was noi affected by any

ievel of Mg even under severely deficient conditions (Smith, 19606).

~ s~ Y
Z.2.8. Sulzhur
Lo all

Though S is not a constituent of chloropnyll unlike N, it is reported to be very

esseptial for the synthesis of chlorophyll (Eaton, 1975) and hence, it is very

difficulr to differentizie between N and § deficiencies, under conditions of ditninish-
ing supply of either elemeni. Sulphur deficiency is best identified by determining

the N/S ratic rather than $ concentration i vegetative tissues {Rasmussen ef al.,
sclution lacking S, the newly formed youngest leaves in coffee
show z uniform light green colour later turning to a more intensive chlorosis (Lott

e: al., 1960}, In coffec typical yellowing of the youngest leaves was observed due to

~Sulphur deficiency resulted in phloem breakdown. decrease in cambiai tissues
.. an increase in leaf thickness . Increase in thickness of fibre, xyiem and
teachyma cejls has also been reported in many plants (Hewiit, 1963). Cocoa
piants deficient in S were found to record significantly lower éry weight compared
1o freatments deficient in other macroelements, except Ca (Lockard ané Asomaning,

1084y, Childers {1968) reported that in fruii plants like apple, pear and grapes the



top most leaves on the shoots were first effected by S deficiency.

According io Gauch {1972} in many plants unifcim ysiiowing of the youngest
leaves was the characteristic symptom of S deficiency . Mybe (1986) studied the
deficiency sympsoms of S in pepper and reported initial symptoms of S deficiency

appeared as piale green to siivery white discolouration of the younger leaves

finally turning to uniform yeliow.

Increase in foliar N and P was observed due to 5 deficiency in nutmeg
{Philip, 1985;. In cashew, the early symptoms of S deficiency appeared as pale
green 1o preenish veliow discolouration of younger teavas which later turn to
uniformn yeliow (Gopikumar and Aravindakshan, 198%). Small necrotic spots

appearad on the affected leaves followed by the development of necrotic areas.

In Douglas-fir, S deficiency resulted in yellow needies itke N deficiency but
severe needle twisting was 2 distinguishing feature while in white spruce there was

a¢ obvigus svmptoms early in season, later needle extremities become golden

particularly aear shoot apex (Drieessche, 1989).
In Atlanthus, discolcuration of leaves which advanced from the margin
inwards was the iniiia! sympiom of § deficiency. This was followed by necrosis of

the wvellow areas and in the acule stage of deficiency ihe entire leaf became

Ironis }r..mb ie in plan? fissues and hence, the younger icaves are first affected

hy fron deficiency (Resh, 1978}, However, the smdics conducied by Branton and



Jacobson (1942) demonsirated the moderate mobility of Fe in piants. Deficiency
manifests as intervenial chiorosis of leaves which in severe cases make the entire

leaf blades yellow to whitish yellow {Gauch, 1¥72).

In cases of slight chlorosis, the general pale colour of leaves cbuld be
indistinguisable from N or Mg (Haas, 1942 and Wallihan, 1955). However, in
lernorn, leaves showing inter veinai chlorosis of an intermediate degree is
reported to be a characteristics symptom of Fe deficiency (Wallihan, 1955).
Childers (1966) reported that in fruit plants like avocado, citrus and strawberry, 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
becomes chlorotic and the disorder is almost impossible to correct at this stage
{Hewiit, 1963). The entire younger needics were turning chlorotic in jackpine
tf, 19853, Siraw coioured young flush with inter veinal chlorosis which
jaier developed necrotic patches on leaf has beer reporied as the iron deficiency
sympicm in autmeg (Philip, 1986) . He aisc observed size reduction anéi down
“teaves in Fe deficient planis. In white spruce needles turned pale
green with yefiow tps while in Dougias - fir, terminai needies were pale green to

whiie with ccoasionz! spiraling of needie tips {Driesseche, 198%).
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Manganese ai hizi: levels has been reporred 1o be toxic in various tree species.

-

In citrus, toxicity syingioms were manifestesi s mmarginal yellowing and necrotic
spots on leaves foliowsed by 2:icessive leaf faii. Tree growth and croping was also
found to be greatly raduced {izhihara #r ai., 1902 and 1571).

Ir sandal, the younger ieaves turned veliow and became brittle as the leaves
expanded (Kamalz 25 2/, 1986 ). Lat , these lezves deveioped irregular patches
and paired at some iniernodes and grew unequally., The seedlings died at severe

stages. Application of Mn resulted in maximum height gTowth in Dalbergta lattfolza

1986). i

Developmsezt of pale yellow chlorosis, water soaked necrosis, reduction in:
leaf size and torn off Ieaves were symptoms of Mn deﬁmency in nutmeg (Philip,
1986).  Inter veinal cklorosis of younger leaves was the first visual symptom of

Mn deficiency chserved in cashew seedlings (Gopikumar and Aravindakshan,

=3

198%) As the intensity of deficiency increased, chlorosis spread almost ccmpletely

in the interveinal poriicn, making the major veins and laterals more pronounced.

Visual sympioms of Mn were also reported in tropical forests tree species by
Kamala e al. (19%8}. In rose wood, chlorotic areas were observed between the

4.

veing of the leaves. Leaves became brittle with margins rolling and there was

(J‘J

hicriening of inisrnodes. Deficiency of Mn :zsulted a reduction of leaf area,
chlorcphyll activiiy and photosynthetic efficiency in the leaves of Cassia siamea,
fucalypiiis remivarniy, Pterocarpus marsupium, Swietinia mahogany, Azadirachm
indica, Daibergin lmifolia, Santalum album, and Tectora grandis, as observed by

Angadi ef ai. (1588).
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deficiency. In the case of Dicuglas-fir, Mn deficiency resulted in- overall

reduction in growth of the seediings while colour of the neeiles remained normal.

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

reporied in various tropical tree species (Hewitt, 1963 and Agarwaiz 21 al., 1986).
2.2.9. Zinc

Typical inter veinal chlorosis termed as ‘mottied leaf’, reduced internodal
length 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

TAA as a result of Zn deficiency.

The Zn c.ontent in the plant tissues was found to range from 2C ppm to
10200 ppm (Holmes, 1944). Zinc deficiency was often associated with high
content of N and K and low Ca inleaves (Smith, 1966). Foliar Zn absorption was
said 10 be increased by higher Mn concentration but reduced by Fe and Cé 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, 195% and 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.

30



Lockard and Asomaning (1964) stated that in cocoa Zn deficiency inhibited
plant growth to the highest exlent compared to other micronutrients. In cacao, the
width of leaf decreased progressively with the intensity of Zn deﬁcieﬁcy and
showed a high ratic of iength to width (Murray, 1966). In citrus, Nair et al.
(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
{Naumov eral., 1977). Little leaf, rosette and intervenial chiorosis of the vounger

icaves 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
nodai length, {eaf area and drymatter has been reported due to Zn deficiency in

nutmeg (Philip, 1986).

In sandal, Zn deficiency resulted in younger leaves turning vellow and

subseguently becoming britile as leaves expanded (Kamala ¢f ai., 1936). Unequal

: 4

growih at the internodes followed by stunting was also cbserved. In Prerocarpus

nuirients {(Kamala and Angadi, 1989). Angadief af. {1988) cbserved thai in most
¢f the tree species except eak and mahogany the reduction in leaf area was the least
i cass of £n defciency. Phoiosynthetic efficiency was also found o be less due to
Zn deliciency in all the species except in the Cassin yiamew and Dalbergia iciifolic
in mange, Zn deficiency was first noticed on young and middle lzaves
These-icaves wurned olive green in colour and developed irreguiar brown spots near
ihe Hy {Agarwala ¢r af | 1988}, Reduced internodal length, retarded werminal



growh and production of small leaves with inter veinal chlorosis were the symptoms
of Zn deficiency noticed in cashew (Gopikumar and Aravindakshan, 1988).
Inter veinal chiorosis with reduced inter nedal distances and progressively smaller
new foliage were the sympioms observed in rose wood. Stuntiug of growth was also

observed in Cassia siamea and Azadirachta indica (Kamala er al., 1988).

Driessche (1989) reported spiraling of pale terminal needles and stunting of
growth in Dougias-fir due to Zn deficiency. Apical needles were found to be twisted
togerhier and were clorotic. In white spruce, stunted growth with occasioral dead
needia tins towards shoot apex was the characteristic symptom observed due to Zn

deficiency (Driessche, 19%9).
2.2.1¢. Copper

Cepper being immobile in plant system, the deficiency symptoms were first
exihibitea by new growth {(Muller. 1966 and Resh, 1978). In mostof 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 er al., 1989),

Iockard and Asomaning (1964) roticed development of small swellings
above the node zfter the shedding of the small and immature ieaf in plants of
cocoa deficient in Cu. They afso noticed hat growth of cocca seedlings was not

affecied significantiy by the deficicncy of Cu when grown in sand culture. Topper

7/

deficicn: piants

teg

L L e

ecorded low asmeiic pressure due o low lovel of sucrose and hence



are highly vuinerabie 10 meterniogical changes {Mizuno of af., 1983). The ieaf iip

hecame dry, curied up and shows e deformaztion and dropping. Leaves also
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stowed a marked decrease in :nuisicre conient,

Production of twisted chisroiic needles was the characteristic symptom of Cu
ceficiency observed inspruce {Hailett, 1985). Inter venial chiorosis, reduced size
of new flush, downward cuppiug of ieaf margins, coupied 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 sandai , Cu

izficiency resulted in the developmeunt of white patches at the tip of the older leaves

=

wiich gracually spread 1o other paris.

In Prerocarpus marsepiurn:, the new leaves were found curling. The ieaf.

was reduced followed buy cupping of leaves (Kamala er al., 1985). Inward

W
i
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43
&

curiing of leaf édg& and browning of tips which later spread t¢ the entire leaf
resuitiing in their death  were ihe symptoms obsereved in rose wood. P opper
deficiency significanily raduced the leaf areas, chiorophyll activity and
photosynthetic efficiency i the leaves of most of the tropical tree séedlings

(Angadi et al., 1988).

in Douglas-fir seedlings grown in peat based growing media, u dificiency
resulied in vellowing or chlorosis of needles. The needles were ofien twisied with
7 the iermipsl end (Driessche, 1989). In  Eucalprus nitzns, ‘serious

maiformation of trae stems and branches was observed afier ssveniccs momnths of

| TP S, - Ny NS [ L 3
plasiing in 25 mmproved pasire sife in southern Tasmamia, The COI‘;C-EHII‘HUOII
o P T . SRR \ S —r v
of Cu i G toliage was significanily lower in malformed trees comparas 1o healthy
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wrinkling. As deficiency acdvanced, leaf biades became leathery and ragile,
especially near the leaf spex {Rocha Filho er ¢l., 1979). In Eu,utyptus 2icbuius,
the eariiest visibie sipn of B deficiency was the upward cupping and roliing of
leaves. Under acute condiiions, deveiopment of leaves was impaired, resulting in
the production of leaves with parts of the lamina missing (Dell and Malajczuk,
1994).
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seedling deficient in B showed a reduction in leaf arez, decrease in

chicrophiyif content znd pkomsvathetic efficiency of the leaves compared to plants

grown in complete nmutrient solurion (Angadiefal., 1988). Kamala er al. (1988)
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reported the presence ¢ 13 on the chiorotic leaves of r¢se wood. They
also cbserved yellowing and development of wavy margin znd conical shape of
the leaves in Pterccarpus marsupiuin. This was followed by blackening of the leaf
tip and margin, White spots with reduction in leaf size was the characteristic

symptom Observed “in’ Cassiz siamea. In Azadirachta indica, white and yellow

spots developed in- the leaves due to deficiency of B.

in mango, depressed growth, mild chlorosis, marked reduction in the

length and width of the middle leaves were reported to be the common symptoms of
boron deficiency (Agarwaia et ai., 1528). At severe stages, the apex of the main
stem turned black and necrotic and further growth was completely checked. In
Douglas-fir, stunted growth with few branches coupled with reduction in needle size
was the charactérisf.ic symptoms obsarved due to B deﬁciehcy (Driess.che, 1989).

e noticed stunted growih with poorly deveiosped terminal buds



r levels of P, Mg, Ca, Zn, and Mo This
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ietic reiation of B with other elements. Incitrus, Bé L.eu-:zency

P and Mg and low K content in leaves (Smith, 15956). A

was found asscciated with B deficiency ia nutmeg {Philip,
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rewing in acidic soils usuaily exhibit Mo deficiency (Burkin, 1968).
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‘the nitial sympioms of Mo deficiency appeared on younger leaves as yellowish

sreen O pale orange interveinal spots. The Mo deficiency eventually results in poor

ar) ——— 2~ r s ~
fowering and frating (Shiolnik ¢ @i, 1975}
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in orange and grape frui, Mo deficiency first appearad as water scaked

srens, subsequenidy developed into large interveinal chiorotic spots. These spots

.
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in colotir and herce ilie name “Yeliow- -spot” hkas been given for
thiz disorder {Vanselow and Datta, 1949). Lemon seedling grown in solution
cuimre, developed rough fextured and mottled leaves. At severe stages, the
motiied spois became necrotic, enlarged and extended to margins resulting the edges

i curl, These nocrotic leaves usually drop off (Stewart and Leonard, 1952 and
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Hewitt {1993} reported development of rough textured and mottled leaves in

lemon. T.ockard and Ascmaning (1964) observed that in cocoa, when Mo was
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2.3, Bagngstic methads for delecting nuiritional deficiencies and

Gigorders im ires
Normaily, dizgnosis «f H nuiriticaal problems is more essential -or the

nanggers ¢ make sound decisions concering profitable and most effectlve

9 and Landis et ¢/, 1989). General

Gingposit impiias e deternunziton of the nutritional status of the sites or tress
{Towen ang Mambiar, 1084), This is very essential to make a gualitative appraisal

'

of puirient or nutrlenis Himiiing the growth. But, more often it is Impurizat to

rnow  how  zevere the deficiency is and also to predict the response to given

quaniiizz of nuirients appiled o correct it (Evaans, I982 ané Rowen and
Maminar, iFid
The mow comman meilinds of dlagnosis are based on visual symptonts, viant

i snalysis; pot cultures, bicassays, field trials and using indicator

oiznis {iTitchou, 1979).; Among these techniques, some have proved more

eridin situations compared to others and all have their

—— . tam he oy ———— L PR P -~
—ihyy 3zl [} H L
LETTGL 2RG GTEnsnYVE N O

Twn merins and demorits Hence, it s prudent to use a range of techinigues for

25 of sfudies {Tentle and Humphreys, 19845,

Wizl prowin syrgoeioms have been studied and explained in maay forestrss
wpocies and i bud mroved a2 useful method in diagnosing ssvers  nuirient
deficiancies  Lenf {1962} pointed out that mosi of the essential nutrients
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reg that 2 characieristic Sympiom generally develops
i one of the glomeni i rmigsing or deficient . Most of the visual srowth symptoms
were doseriingd hass! on observation o seedlings grown undsi sirgss in pots or

somenmes -on the huld of fieldrexperience (Binns ef al., 1984,
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T he deficionoy sympioms ol bee scediings daveloped in por swdies do not
B T, temee Fialed eninditicnn e 3 Ao
2IWIAYE BRVE a0 apphication under Deid conditions. Turtherinore, visual s; yIinploms
—~ ’:no'::ﬂd’\"‘n'f_\ e P S TS P e S vEes :1.‘-‘-'d i b Giffie ] 0o 1 C et b cAUse f
D1 GENICIANCICS GeVSISDEC & ine a4y De duinicull 10 inICIprel decause o

insecr problems {Priicheti, 1675,

Vual syimptoms of deficiency or toxicity have been induced in several tree

crons ining sand acd solution cultire method (Will, 1961 ; Ingestad 1963 and Swan,

1077 Bousshnzaii (1850) is believed o be the first to introduce the idea of
growing pianis in sand cuiiv:=. Use of synthetic nutrient solutions for sand culture
was first reponied by Koop (1965).  Hoagland (1919) attempted to provide the

<

nuirients in amaounie which resembled those in soil solution. Later, a nutrient formula

was dovised By Amon and Hoagland (1940) and was subsequently modified by

variGiis workars o 3 for various iree species. Leaf symptoms, stem malformations

« changss in morphology and sppearance are useful in gualitative diagnosis, but
iy urc ofisn readiily apparent onjy after the deficiency had already resulted in

i of growih or in malformation (Mead, 1984).

.";:::j.:—r::i":;' incipicni deficiencies of many nutrients result mild chlorosis which
muke precise dizgnosis difficult particularly in the case of micronutrients (Landis
. 1989}, Visual symptoms varied with the intensity of deficiency or with tree
species, of zven provenances and sometimes deficiency symptom of one element
muy b masked by another where muliiple deficiencies occur (Walker, 1956 ;
Z; Erdmann o @i, 1979, Pritchen:, 1975 and Binns et al., 1980).
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In tissue sampling, various tissues wors used for determining nutrient
upiate and distribuiion inrocs Those o netioles, bark, jatex, phloem, fruits
or rooucts, but for most spacizs tizsus srglysiz refers w foilage analysis (Pritchett,
19793 In tree crops, folings analivais i nopulariy used because it has proved to
he reasonabiy seniiive for dejeciing deficiencies and also had the advantage of
heing divectly reisied  w productivity av foilage is  the siie of photosyathesis
{Mead, 1984} The mueof unjl analysis for the estimation of nutritional deficiency
was reported By Priichein {1979}, Evans (1982) and Alban {1984;. However, in

most OF the ires crops, folior deficiency symptoms along with tissue and soit

analvsis are mosty used for the deisction of nutritiona! deficiencies and disorders.
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TATERTALS AN METHDS

The present investigations relating to the nuiriional deficiency symptoms of
Tectona grandis Linn.f, seedlings were carried out in College of Forestry, Kerala
Agricultural  Univessity, Vellanikkara during the period 1994 -1996. The study
included two main parts ; the first part dealt with the inducticn of various
autrient deficiency symptoras in seedlings grown in sand culture while the second
part aimed at diagnosis of these 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 nuirient deficiency symptoms

To induce the deficiency symptoms in the seedlings of Tectona grandis, sand
culture experiments were carriad out under controlled conditions inside a glass
house attached :c the Colicge of Horticulture, Kerala Agricultural University main

campus, Vellapikkara.
3.1.1, Preparation of sand

Pure quiartz silica sand of 250 mesh obtained from M/s. Usha Mini Chem
industries, Bangalore was used for sand culture studies. The sand was first
washed with tap waier and then soaked in dilute hydroechloric acid for cight hours.

‘The sand was then washed thoroughly with fap water and subsaequently with Geionized

water until it became chloride free.
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Fiaipg I, Seedlinngs arranged for sand culivre studies xs:dz i






The experimental seediings were suppiied with complete Hoagland No.2
-:1948) auirient solution for a period of one enit: till they estabhshed well in the
sand, Before imposing the nuetrient treatments. iie sand was completely flushed
with deicnised water repeatedly for three to four times to wash away the

utrient residues.

3.1.3. Treatment details

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

pelow.

! Complete Hoagland nutrient sclution

2 Mutrizne solution lacking nitrogen

3. Nutrient solution lacking phesphorus

4 Nutrient Solution lacking potassium

5 Nutrient Solution lacking magnesium

6 Nutrient Solution lacking sulphur

7 Nutrient sclution lacking zinc

2 Nutrient Solution lacking moivbdenum

The chemical composition of complete Hoagland No.2 (1948} nutrient
soiviion i given in table 1. From the stock soluticn, the required quantities of
each nuirient as ruextioned above were pipetted and made up to one litre. The
nutrient sojuticns required for each treatment were carefully prepared in bulk by
eliminating the desired nutrient from the sicck, Analytically pure chemicals (AR
grade} were used for the preparation of the solutions. Fresh nutrient solutions

were prepared every week. Iron was added separately in order to avoid
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Compiete solution

(Stock solution?

NH, H, PG, {iM}

MrCl,. 45,0 (1 81 g/)

ZnSO,. TH,0F ZaCl, (0.28 g/l)
CuSO,. 5H,0/Cu(NO,),. 3H,0 (6.08g/1)

Moiybdic acid (0.92 g/i)

o8

[ t\;

p—t

[y




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 mi of deionized water was

supplied to each pot.

The experawent was laid out in completely randomised design (CRD) with

ihree rephf'at.ons and the total number of potted seedlings for the study was 360.
3.2. Diagnosis of nutrient deficiency symptoms
3.2.1. Visual symugioms

‘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. fzrowth behavigur of seedlings

3.2.2.1. Shect growth parameters

Observations were recsrded on the following shoot growth parameters after

imposing the teatmenis

3.2.2.1. 1 Height

The heighi of the individual seedling was measured from the soil surface upto

the growing point using a scale at fortnightiy intervals,
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The collar diameter of ihe individuai seedling was measured using a

vernier calliper at fortnightly intervais.

3.2.2.1.3. Number of leaves and leafarea

The number of leaves Drod 2d by the seedlings was recorded st

fortmightly intervals. Leaf area was also found out using leaf area meter.
3.2.2.2. Reet grewth parameters

Leasd

Th

(‘D

following root observations were made at monthly intervals by takmg

representstive samples from each ‘treatment.
3.2.2.2.1. Rost length

1he length of the main root from collar to the tip was measured and

expressed in cen*"neters

“u

3.2.2.2.2. Roﬁtnumber

1 e nuiiiber of secondary roots araising from the main root was counted

and recordyd
6

3.2.2.3. Fresh and dry weight

The -Seedlings uprooted at menthly intervals for recording the root

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

ree of dust 9'1-'1 the fresh weights of stem and root were recorded separately.
He
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Thage were then dried in cross flow air oven at 7i° 20 till constant dry
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roofs were recorded sepa-

rziely uging a precision balance.

3.2.3. Chemical analysis of ieaf tissues

The following chemical analysis were carried oui csipg sxperimzamai ssedlings.
2.2.3.1. Cklorephy¥ content

Three seedlings from each treatment were uprooted at monthiy intervais for
analysis oi’; the i hiero"'wvl content of the leaves . The chiorophyli content of the
fzaf was =ztimated specmo photometrically in a known aliquot of zcetone (80 per
cent) exiract. The absorbance of the extract was measured at 645 ,663 and 652
am for the estimation of chiorophyli- A, chic 1':ph - B and total c:IO"oDnyil The

refirngiion of different fractions of chicrophyil.
Chiorophvll - A= 12.7 {Abs, 20 803w ) -2.59 (Abs. 21345 nm)x VYV
PR ~ / \ )
Almlal 045 nm) - 2.68 (Abs. at 663am) x V
1000 x W

Toixl Chilorophvii = 20.2 (Abs.zt ©45am) + §.02 (Abs.at 663nm) x V

1000 x W

i oW
(4]



Where
Abs = absorbance
V = Final volume of chiorophyll extract

igitt of the leaf extract in grams

VW = Fresh we
= TSI We

3.2.2.2. Nitregan

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

es in 5m! concentrated sulphuric acid and the nitrogen content in the

wn
2
)

digest was esiimaied by microkjeldhal distilation method (Jackson, 1958).

Phosphorus was determined in a known aliquot of the acid extract

colorimetrically by Vanado-molybdophosphoric yetlow colour method (Jackson,

“The vellow Tolour was read in a spectrophotometer at a wavelength of
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This was alsc estimated in Atomic Absorption Spectrophoiometer at 285.2 nm

o I i i, .
xnown veoiume of the ciacid exiract,

=
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7. Suiphur

3.2.

Y]

Sulphur was estimated turbidometricaly at 400nm using diacid extract in

gresence of Ba Ci; {Jackson, 1958).

[ 9]
[T

3.8, Zine

Zinc was estimated using Atomic Absorption Spectro photometer. Zinc content

in diacid exwract was ineasured at a wave length of 213.9 nm using the hollow

for the recovery studies. The nutrient element which was deficient eariier was
supplied through complete Hoagland nutrient solution. The improvement in the growth
of the seedlings and recovery of leaf discoluration was recorded . Ali the growth
pbzeivatons made earlier were repeated here also. At the end of the study, these
seedlings were analysed for varicus chemical constituents zs per the standard

procedures described earlier.
4. Statistica] analysis

Al} the observaiions recorded were siatistically ana‘ya.d using anaiysis of various

techniques as suggested by Panse and Sukhatme. {1978).
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RESULTS

The results relating to the study of nutrient deficiency symptoms of Tectona
grandis Linn. f. seedlings grown insand culture are described here under in varicus
heads namely visual deficiency symptoms, growth behaviour of seedlings,
chlorophyll content of leaves, tissue nutrient concentrations and recovery of

deficiency symptcms.
£.1. Visual deficiency symptoms

The visual deficiency symptoms of seedlings grown in complete Hoagland
nutrieat 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 all nutrients through complete Hoagland nutrient
sohuticn were found to be very vigorous and healthy in growth and produced dark
gresn normal shaped foliage throughout the period of study. These seedlings did

not snow any visua! symptoms of deficiency.
4.1.2. Ritrogen
The symptoms of nitrogen deficiency appeared by the end of the first month

after the eomnmenceinent of treatment. During the initial siages, yellow patches

appearsC tonwards the margins in the cider izaves. Later the entire lamina turned
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seedlings grown with nutrient solution lacking various elements

. Control Seedling
. Seedling lacking nitrogen

Seedling lacking phosphorus
Seedling lacking potassium
Seedling lacking magenisum

. Seedling lacking sulphur

Seedling lacking zinc
Seediing lacking molybdenum






paiz vellow. Stunting of seediings was alsc noticed at this stage. In the acute
stages of deficiency | the entire seedling ap,,eare-j severely chiorotic compared to

is

controi {Plates 3 and 4). The comp‘etﬂiv chiorotic leaves gradually started

4.1.3. Phrosphiorus

Symptoms of phosphorus deficiency appeared roughly two months after the
treatmenis were imposed. The first symptoms were appeared on oldest ieaves.
Initially purpie bronze patches on the leaves which later changed to yellow
chlorotic paiches were observed (Plates 5 and 6). The new leaves were pale in
colour. Gradually the bronze patches extended towards the entire leaf rcsulting
premature defoliation. At tﬁe end of the study, the seedlings had sparse foliage

and were stunted in growth compared to control.
4.1.4.Potassiom

Deficiency symptoms of potassium started appearing by third month éfter the
initiation of treatments. The symptoms were first manifested on the lower izaves.
The leaves had chlorotic tips at the beginning. These chlorotic areas gradually
spread through the margin upwards. The entire leaf developed chlorotic symptoms.

The necrosis progressed from the lower part of the chiorotic leaves. Th's stage

was notice:d during-the fifth month of starting the treatment (Plates 7 and 8).
4.1.5. Magnesium

Muznesinn ceficiency symptoms wers noticed from the 50th day onwards
The older iecaves produced small chlorotic areas during the initial stanes of

i

deficiency. {huncieris .1(: chlorotic patterp herween the veins was noticed here.



Plate 3. Teak seedlings grown with nutrient solution lacking nitrogen

_L. Control Seedlings |
‘2. Seedling lacking nitrogen

Plate 4, A leaf showing acute stage of nitrogen deficiency
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Plate 7. Teak seedlings grown with nutrient solution lacking potassium

1. Conirol Seedling
4. Seediing lacking potassium

Piaie 8. A icaf showing acui stage of potassiu:: deficiency






Plate 2. Teak seedlings grown with nutrient solution lacking magenisum

1. Control Seedling
5. Seedliing lacking magenisum

Piaiz 1§. A leaf showing acute stage of magenisum deficiency






the chlorotic areas developed into necrotic regions. Compared to conirol

seediings, Mg deficient seediing: were smnuui in growih,
4.1.6.Sslphur

Seedlings which lacks S developed deficiency symptoms afier three
months. The symptoms first apreared on the terminal leaves as discoicuration
from <ark green to paie green. The symptoms gradually advanced from margin
inwz:dn., At the moderate stages of deficiency, only the region close to midrib
appear=d green. Later, necrosis set in and at the acute stage the cxuiire leaf
develoned chioroiic. The affected leaves were yeilowisk white in coicu: {Plates

- -

[iand i7;

Zinc deficiency sympioms were noticed from the fourth month onwards.
The symptoms firsr appeared on the lower lzaves as chiorotic paiches. Scedlings

-

were stunted in growth with short internodes, more number of br:.mches and

smati clusiered ioaves, Dater the icaves develop necrotic patches and at severe

stages he icaves had g hurned appearance (Plates i3 and i14).

Seediingz which Iacks Mo developed deficizacy sympioms siter five months,
‘Piie syinpicms first appoared on ferminal leaves. The size of the terminal leaves
reducsd considerably, The icaves were narrow i appearance. At laior stages
interveinat of s was 2iso noticed {Plates 15 anad 16}



Plate 11. Teak seedlings grown with nutrient solution lacking sulphur

1. Control Seedling
6. Seedling lacking sulphur

Plaie 12, 4 izaf showing acute stage of sulphur deficiency






Plai= 13, Teak seedlings grown with nutrient soluiion lacking zinc

1. Control Seedling
7. Seediing lacking zinc

Piafe 14, A leaf showing acute stage of zinc deficiency
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Plaie 15, Teak seedlings grown with nutrient sciution lacking molybdenum

i. Controi Seedling

8. Seedling iacking molybdenum

ieaf showing acute stage of molybdenum deficiency






ponnewrs and dry matter preduction of seedlings are presenisd separately.

4,2.1. Shont gt parameters _

Rl

a2 influenze of various weatments on shoot growth parameters of seedlings

bz heigit, collar diaméter, leaf munber and leaf area is expiained nere under.

4.2.1.1. Zieight

o -

Pue observations recorded on height of seedlings at formighidy intervals are

preseaisd in {able 2 .-.:':d illustrated in fi . There was significant difference

f-.-

..,..‘ments with regard (o the height of seedlings. At the end i the

j o « wetugn -
Celween vanoun

L

study perivd, seadlings grown with comipleie nutrient seclution had the maXkimum

-

heigh! growih ©f 53.03 ¢ while the N deficient seedlings recorded the lowest

Among the varicus nutrient deficien: seedlings, molybdenum generally
prodizzd mzximum height growih (45.72 em) during the last fortnighi which was
378 per cent legs compared to control. This was followed by Zn.and K
leficient seedlings. It couid also be seen from the table that S deficient sesdlings
wels on par with Mg deficient seedlings in terms of height during the last two
formights, AL the end of stndy the height increment was founki io he rstatively

iczz in alithe fresiciendis coan ‘)r."ed to conmrel

[ 538
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Table 2. Effect of nutrient deficiencies on the height (cm) of seadiings

Mutrient element

ke P ¥ 8 B B o = PP e i e e e T B NS S W L o R A — A

_____ qe_l_elted from_ ‘ ' Fortnights . o
complete solution 1 2 3 4 5 6 7 8 9 10 11 12
Nitrogen 13.20 13.38 14.21 1512 1551 16.28 1643 16.31 16.54 16.50 17.58 17.49
Phosphorus 13.62 14.04 156.35 18.00 21.75 2577 2529 27.29 29.29 31.47 3347 34,55
Potassium 13.41 14.70 20.35 2124 2333 2712 2847 28.66 30.64 23.21 3345 40.34
Magnesium 12.59 13.59 15.59 20.51 2336 2573 2750 29.14 31.40 32.88 KT 37.41
Sulphur 13.46 16.46 18.56 2232 2273 25860 2841 29.59 32.58 32.32 3428 38.09
Zinc 13.79 16.43 18.64 2088 2478 2730 3163  33.51 3343 3568 36.64 40.74

Molybdenum 14.65 16.02 17.83 2029 2501 3068 3738 39.86 4226  43.52 4474 45.72

Control 14.04 17.76 20.87 2471 3211 3490 4133 43.85 4640 4948 50.69 53.03
F.tast NS " - sx T aw - » . - P~ - *

SEM + ' 0.41 0.34 0.38 0.36 068 039 0.29 0:45 0.50 0.39 0.38 0.56
CD (5%} - 1.2 - 114 109 2.05 1.18 0.86 1.34 1.50 116 1.18 1.67

NS - Non Significant

** Significant at 1 per cent leve!
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Observations releied & collar dizmeser of seediings as influenced by
various ireatmenis are furnished in table 3 and iilustrated in figure-Z. It is evident
from the data that there ic significant difference between the various treatments in

rerms of cellar diameter through out the study period. The seedlings grown in

b}

compiste nutrient solution recorded the maximum mean collar diameter of 0.43

cm at the end of ihe study.
Nirogen deficient seediings fended to produce lowest diameser growth at

icwer diameters begioning from the fifth fortnight oowards. The S deficient
seediings recorded the second lowest mean collar diameter of 0.26 cm at the
end of siudy. It could be seen irom the data that N deficient seedlings had
31.i5 par cent lower diameter compared {0 control seedlinge during the last
igh: while in the 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 (.29 cm each towards the last fortnight. In the case of Zn the mean collar

diameter was found to be 0.34 cm at the end of 12th fortnight.

4.2.1 .2 Number of leaves

Ihe data given in table 4 and illustrated in figure 3 indicate the effect of
various treatments on the number of leaves produced by seedlings. Trzatment
differences were found to be significant with regard to this parameter alst. The »

seedlings receiving complete nutrient solution produced the highest numiber of

s 1S

o - 0y

leaves (23.70) towsrds the end of swdy.

(A

e



ool By Efeer of awtriene deficiencios on the codlar diaraeter {om) of secdlings

Nudnertelamens

clahatacivom Fortnights

coraplets solution 1 2 3 & 5 & 7 A 9 10 14 1

avilre g an 0.12 0.14 0.15 s 018 L7 2.1 .19 0.20 Q.21 0.2 S
""" Pregptems = 0 013, 014 . (.16 249 0.49 . 021 022 - 0.2 0.26 0.25 0.27 029
Fetzssiam  © 0 0.13 0.18 .18 Q.18 0.2 023 0.24 .05 .25 0.286 0.29 £0.29
Magnesium 0.14 0.16 r£.2c 0.21 023  0.25 0.26 0.27 0.28 .30 0.30 R
Sulbhur 0.13 0.14 G17 0.18 0.21 ~ 0.21 0.24 0.21 0.23 0.24 .25 )
Zinc 0.14 0.16 0.18 020 022 024 0.28 0.27 0.29 0.31 0.32 0.34
Molybdenum 0.14. 0.16 R 3 0.19 024 0.23 0.27 0.28 0.30 0.52 0.35 0.38
Contro} 0.15 0.18 0.2 0.22 024 026 0.30 0.33 0.34 0.36 0.39 0.43
Foiest NS - “s . . . . - . v «w .r
SEM -+ 0.01 0.00 0.1 (.00 0.01 0.00 0.00 0.00 .00 0.00 .00 0.01
Tl 15%) = © 008 0 Y0E T T 005 060 0.05 0.08 0.08 cos £.05 ~ea 0.05

NS - Non Significant

A

Significant at 1 per cent level



Table 4. Effect of nutrient deficiencies on the leaves ( number) produced by seedlings

Nutrient eiernent

NS - Non Significant

** Significant &t 1 per cent level

deleted from Ft:-rmights________ o
' complete solution 1 2 3 4 5 g 7 8 9 10 1 12

Nitrogen 1000 1014 1135 1175 1122 1684 1172 1152 1173 4141 067 1030
Phosphorus 987 1005 1108 1120 1285 1373 1247 1399 1422 1352  1366. 1404
Potassium | 917 1073 1372 1447 1659 17.81 1874 1838  19.34 1981 1801  18.89
Magnesium 945 1059 1283 1323 1510 1579 1692 1671 1733 720  162%¢ 1647
Sulphur 947 1050 1221 1354 1435 1592 1632 1711 1832 1983 20756 2035
Zine 1075 1084 1273 1314 1380 1665 1719 1761 1886 1719 2010 2056
Molybdenum 1054 1086 1288 1371 1550 1534 1696 1753 1888 1980 2096 2222
Contro! 1114 1530 1578  17.04 1906 1910 2066 2198 2226 2286 2325 2570
tost NS NS . e e e e ‘e ‘s ‘e .
SEM + 032 026 027 030 024 031 020 035 032 033 057 0.46
CD (5%) : 081 091 071 093 060 106 097 0989 170
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Tabhie 5. Effect of nutrient deficiencies on the leaf area (cm2 ) of

seedlings

Nutrient element
deleted from Months
compleie soiution 1 2 3 4 S 3
Nitrogen 576.27 547.58 £59.11 534.00 550.114 52,67
Fhos phorils 763.16 879.30 125567 1744.87 1044.22 935635
Pctassium €38.27 162548 16G65.90 1606.58 1806.28 1338.8¢
Magnesium 87215  1878.50 173156 1554.26 1417.56 1058.3%
Sulphir 62031 160025 160553 133278 1502.22 2227.00
Zinc 104B 38 1248.80 1343.22 1266.47 1663.26 1080.63
Molybdenum i032.46  1332.89 1762.56 2180.44 2384.71 2633.78
Contro! 150845  1983.05 2048.78 2057.66 2461.11 3240.63
C_iagt N - - . . .
SEM + 135.68 108.00 139.63 167.39 169.54 88.65
0 {5%) 406.8 3238 418.6 501.8 508.3 26580

* Significant ai 5 percent level

LN -

* Significant at 1 per cent level
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and recorded a value of 1905.97 cim“. However, gradually this showed a decreasing
trend and at the end of study it was 1338.90 emZ, The difference in leaf area
between Ng and Zn deficiest seedlings during the last fortnight was not

statistically sigmificant.
4.2.7. Root growth parameters

The effect of different treatments on the root growth parameters like iength

of the main roct and the number of secondary roots are described here under.
4.2.2.1. Length of the main root

Lezngth of the main root did not show any significant differences due & the
mment zpplication except for £he last month (Table 6 and Figure 3}. Ai the
end of the study, the K deficient seedlings recorded the lowest root lengih of
15.79 crr compared to control (26.67 cm). Among the different treatments deleting
various nutrient elements, Zn recorded the maximum root length of 24.35cm
iowards the end of the study. During this period N and P deficient seediings
recorded mean root length of 20.97 and 20.61 cm respectively. Seedlings grown
under Mg deficiency produced rcots of 19.20 em long towards the end of the

study. . '

he effect of treatments on the number of secondary roots produced by the
plants is given in table 7 and depicted in figure 6. Except at the end of sixth

monih, nuirieni deficient treatmenis did not bring about any significant difference

in the number of secondary roois produced by.ihe seedlings. Mg deficient

51



Table 6. Effect of nutrient deficiencies on the length (cm) of the main

root -
nutrient element
ssleted from Months
complete solution 1 2 3 4 5 6
nitrogen 20.76 22.08 21.23 22.40 20.33 2C.97
Phosphorus 19.33 22.84 21.18 22.3(_) 21.67 2c.31
Potassium 1623 23.74 20.94 22.51 21.8C 16.79
saagnesium 20.50 22,08 20.52 21.82 2063 18.20
Sudphur : 19.98 22.08 20.84 21.67 21.38 22.20
Zinc 19.81 22.38 20.18 2265 20.73 2435
Molybdenum 20.06 2251 20.73 22.55 21.83 20.18
Control 29.13 2513 2473 26.18 24.90 2687
F-test NS NS NS NS NS -
SEM 203 1.78 1.21 1.48 1.28 1.78
CD{5%) - - - - - 5.28

™S - Non Significant

Sigrificant at 5 per cent level



Table 7. Effect of nutrient deficiencies on the number of secondary roots

Nutrient elament

deleted from Months

complete solution 1 2 3 4 5 6
Nitrogen 28.55 42.46 34.67 3567 34.00 32.14
Phosphorus 32.44 39.33 36.00 35.22 4267 33.22
Potassium A 41.33 37.82 34.22 36.67 37.78
Riegnesium 2855 3500 3400 3522 34.23 28.78
T_Su'fr,r'Jhur 30.44 39.89 33.11 32.56 36.34 31.89
Zing 32.08 36.657 34.00 33.67 3511 4222
Molvbdenum 32.87 3512 38.55 39.67 41.78 40.78
Control 52.89 47.11 42.89 4278 44 42 43.00
F.test NS NS NS NS NS *
SEM + 2068 1.98 232 262 2.14 3.13
CD (5%) - - - - - 9.39

NS - Non Significant
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seedlings had the lowest number of secondary roots in the first {28.55) and last months
(28.78} of the study and these were respectively 46.82 per cent and 33.07 per cent
iower when compared o control seedlings during the same periods. The seadlings

grown ia S deleted nutrient solutions had the second lowest number of secondary
(\

rocts (31.8%) towards the end of ihe study. .

In generai, Mo and Zn deficient seedlings continued to produce larger
number of sccondary roots through out the period of study. However, these were

inferior compared 1o heaithy seedlings grown in complete nutrient solutions.
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4£.2.3. Fresh and dry weights of shoots

The effecis of nutrient stress on the fresk and dry weights of the shoots are

ciearly ovident from the dam tabulated in table 8. The various nutrient treztments
sigmificandy infiuenced the fresh and dry weight of the seedlings.

With regard o shoot fresh weights, treatment differences were very

pronounces irom  the second month onwards. Seedlings that received complete
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the highest shoot fresh weight from the beginning of the

smdy  tseif. Among  the putrient elements, Mo deficient seedlings recorded the

highest shoor fresh weights of 36.95 g and 45.72 g respectively during the ﬁfth and
3ixih months, It could be seen from the table that the N deficient plants recorded the
lowest shoot fresh weight through out the course of study. During the second month
i was lowsst {7.01 2) and towards the end of study these plants recorded a fresh
weighi of 11.3% g The second  iowest fresh weight was recorded by those
sesdiings grown w soluiion deficieni i K (31,61 g). |



Table 8. Effect of nutrient deficiencies on the fresh and dry weights (g) of shoots

MNutrient element Meanths
deleted from 1 3 4 5
cdmplete solution Fresh Dry Fresh o Dry Fresh  Dry Fresh Dry Fresh Dry Fresh Dry
Weight Veight Weight Weight { Weight Weight Weight Weight Weight Weight Weight  Weight
Nitrogen 12.01 3.50 7.01 2.91 11.38 3.70 11.23 4.01 10.87 393 . 1139 4.19
Phosphorus 10.63 3.05 12.82 423 2385 7.58  31.51 11.75 27.48 1157 33.69 10.1?
Potassium 12.98 3.71 12.35 3.63 17.37 6.64 2342 10.84 27.45 8.58 31.61 11.31
Magnesium 13.43 3.98 18.82 6.61 21.98 713 2172 9.54 29.03 11.60 32.61 10.67
Sulphur 12.91 3.93 10.57 3.08 1879 882 27.00 11.84 29.06 10.03 34.88 11.65
Zinc 12.55 3.84 14.31 435 2102 944 2520 10.92 31.21 1126 3535 11.81
Molybdenum 12.61 373 1624 553 2522 B.47 36.03 9.37 36.95 11.71 45.72 15.30
Caontrol 14.20 4.04 20.89 740 35.03 10.58 4?.1 2 12.96 S0.ee 14.38 65.84 18.23
F-test NS NS . - . - . - - - - .
s SEM +. L --...0.68 - 0.26 - - 0.51 0.39 0.9u 0.41 0.66 0.44 0.91 0.61 0.82 1.07
CD(0.05) - - 1.54 1.7 2.86 1 :25 1.97 1.31 2.73 1.84 2.77 3.20

NS - Non Significant

* *

Significant at. t per cert fevet



The seedlings receiving compleie niitricnt solution recorded the highest shoot
fresh weight through out the study period. During the sixth month they recorded
a value of 65.84 g. The shoot frosh weighss of the rest of the treatments were in

theorder-Mg < -P < -85 < -Zn {Fig. 7}

Dry weight cof the shoois preduced by  different nutrient treatments also
Y g .

B

differed significantly from the second monii: onwards. The results obtained were
more or less similar to the shoot fresh weights, Here also the highest shoot dry
weights were invariably rccorded by those pianis which received the complete

autrient sojution. The N deficicn: scedlings recorded the lowest shoot dr
g y

weights through out the study pericd. This was lowest in the second month

(2.91 g) and increased to 4.1% g towards the end. With regard to this parameter
& b 4 P

ireatment were in the order -N<- P <- Mg<- K<«- §<-Zn<- Mo< Control

-~

{Fig 8)

4.2.4. Freshr and dry weignt of roots

Reot fresh and dry weights werc alse found to be influenced by different
treatments from the second month onwards {Table ¢ and Fig.9). The seedlings
grewn in complete nutrient solition recorded the highest root fresh weights of

18.68 g during the sixth month. Among other treatments Zn deficient seedlings

i

i

showed the highest root fresh weights during the sixth month (15.32 g) followed

by Mo deficient SPedllrg {15.15 g). The N deficient plants invariably re;:rarded

the lowest root frash weights through out the growth period. At the end of stady,

fresh weight of roots of N deficient pianis was the lowest (10.73 g) followed by
9

K deficient plants {12.39 g).

[pn]
1



- Table . Effect of nuirient deficiencies on the fresh aud dry weights (g) of roois

Nersiarnt shenten Months
* deisted from ) 1 2 3 4 5 6

complete solution Frash Dry Fresh | .llxy Fresh iy Fresh [y Frass Dry Fresh Dry

_ \Meight Weight Wveight Weight \.'_\fsright Weight Weight WWeight Weight Weight J Weight Weight
Mitrogen 4712 1.74 13.28 4.453 V.67 2863 8.19 4.22 11.26 4.93 10.73 5.37
Friaspriorus 4.18 1.87 6.23 2.05 7.99 .01 10.90 519 12.17 4.80 12.87 573
["ataesium 418 1.82 8.11 252 1130 432 1079 442 10.70 427 12.39 5.33
Magnesium 4.13 1.85 7.50 2.58 8.28 279 1082 5.21 12.73 5.41 ’.I 3.44 5.47
Sulonur 4.53 1.66 13.79 .14 9.18 3.99 9.01 3.93 9.87 443 14.70 5.63
Zinc 4.47 1.54 14.78 a7 10.06 378 1040 442 13.52 5.38 16.32 6.32
Molybdenum 4.89 1.93 11.95 2.90 7.54 . 255 13.36 562 14.92 6.75 16.16 6.79
Controi 4.98 1.76 10.73 244 1324 398 15,57 719 16.26 7.54 18.68 7.43
F-test NS NS . . » - - - - - * *
SEM + 0.23 0.1 0.68 0.23 035 031 0.71 0.40 0.68 0.50 0.73 0.44
CD(8%) - - . .203 0.68 . 1;05 0.94 2.14 1.20 2.05 1.51 . 2.20 -3

NS - Non Significant

*

¥ oA

Significant at 5 per cent level

Significant at 1 per cent leve!
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From the data it is aiso clear that oot dry weights were significantly
tnilueuced by the nuirient trearmenss particulasiy from second month onwards. The
rooi dry weights at the end of study were inthe order - K <-N<-Mg<-§<-P<«<-
Zin <~ Moe< Cenirol (Fig.10). At the end of study, the root dry weight of

sesdiings zrown in complere mitrient solution was 7.43 g while it was only 5.33 g
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The chlorcphyil content of ieaves was found to be significantly influenced by
the deficiency of various nutrient elements. The data related to chlorophyl! content

re trbainied in fable 10

Tha amcunt of chlorophyil - A in the leaves decreased gradually <uring the

study period for most the ireatments (Fig.1i;. The N deficient piants had the

[P - [ PR T n . < s -1 e s i1
iywest chiorophyil - A conieni (0.42 myg g7} followed by P deficiznt seedling

{8.50 mp g7') during the fifth month. The seedlings receiving compleie nutrient
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mave recorded the highest chlorophyll - A contents

Chisrophyll - B content also declined gradually for ail the treatments -except

for ¥ which showed a slight increase during the third month (Fig.12). The N

deficient plants recorded the lowest content during the sixth month (0.31 1ag g

sug; while highest value during this period was recorded by K deficient

plants {1 {3 mg g1, Nextio K was Mg deficient pizants which recorded a value of

88



Tzhie 10. Effect of mptrient deficiencies on the chlorophyll coutent of leaf tissue of seedlings

Nuirient eteriient Months
delated from 2 3 4 5 6 2 3 4 5 6 2 3 4 5 6
complate solution™

Chlorophyli- A (mg g‘1) Chlorophyll- B (mg g'1) Total chlorophyli (g g"1)
Nitrogen 088 072 083 042 032 150 0.69 0.65 0.44 0.31 2.39 1.41 .28 085 063
FPhosphorus 197 129 060 056 0.61 1.75 1.28 1.14 0.84 0.73 3.72 2.57 174 140 1.34
Potassium 1.59 129 117 069 058 1.26 1.35 1.24 1.1 1.03 2.85 2.64 241 180 1.61
Magnesium 207 160 088 068 071 1.45 1.18 1.16 1.1 0.93 3.53 2.80 204 179 184
Sulphur 206 110 081 0B84 033 1M1 1.38 1.14 0.20 0.74 3.77 2.48 205 1EHL 17
Zinc 2.1 131 078 057 041 124 1.10 (3.95 0.84 0.67 3.23 2.41 .74 142 1.08
Molybdenum 1.81 128 091 080 062 132 1.0% 0.83 0.81 0.67 313 2.38 1.74 161 1.29
Centrot 203 165 139 080 058 160 114 0.99 0.97 0.87 3.69 278 238 177 1.44
F.test . on - - e s . “n . . . w - . “ x - -
SEM - 0.5 003 006 003 C24 0.08 0.ca 0.04  0.03 0.03 0.09 0.03 .05 0.0 0.04
S (5%) 0.14 008 017 0.09 J2.09 G.0a 0.08 0.27 0.09 0.14 0N .11

0.26

012

** Significant at 1 per cent level
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.general, iotai chiorophyil content of the leaves was found to decrease

3. Scediings subjected o N siress recorded the lowéest iotai

chiorophvil content throughout the pericd of study. Here also total chicrophyi

-

content was found to decrease from 2.39 mg g™ during the second morth ©
.63 mg g'l iuring the iast month. The difference in total chlorophy!! content
he seedlings receiving complete rutr:ent solution and those deiicizni in

Mg and ¥ was not significant during the fifth month.

4.4, Tissue nuirient leveis
The effect of various treatments on the nutrient content of leaves of szediings
grown in sund culiure iy presented in this part.

ﬁn'

aves was found tc decrease in seedlings supplied with
auirieni seluiion facking N (Table 11). In these seediings, the N content gradually
= from 1.G2 in the beginning to 0.56 per cent by the end of the snth month
study was completed. The seedlings receiving complete nutrient sotution
recorded highest N conient during the sixth month (1.53 %). It could also be s

from “ihe tble that by the end of the study, P deficient sezdlings had a N
dodcontration fo sthe tune of 1.34 per cent which was the second highest. At the

end of sixth moeni, ihe second lowest value was recorded by those seedlings

e ML st NG (7Y Snilaeerand b ¥ ;
grown without K {(31.U8 %) followed by Zn (1.14 %). In the of Mg and 8
T ST U £ 3 i
deicieni heedlings a2 moderate conient of 1.23 and §.74 per cenr of N wis

& .= 4 e * e - .
reforaed resneciively
' 3
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The effect of various treatments on the concentration of P in the seedlings is

T

furnished in table 12, The tissue concentration P in planis supplied with nutrient
seiuinen lacking this element showed a gracuz] decline during the course of the
siudy. At the end of the study, P concentration in these plants decreased to 0.42
per cent from the initial content of 1.26 per cent. The reduction was to the extent
of about 66.67 per cent. A close examination. of the data revealed that all the
other nutrient deficient treatments also recorded lower levels of P during the
course of the study. At the end of the study the seedling receiving complete nutrient

soiution recorded the highest value of 1.39 per cent.
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gs as affected by the various treatments is

¥
1

depicied in tabie 13 All the treatments were statistically significant w1th regarcl to
their K content. The seedlings deficient in K showed a decreasing Lendency from

-

ontent of .31 percent to (.28 per cent towards the end of study At

l 4]
@
£
v
L]

the end of study, the S deficient seedlings recorded the highest value of 1. 54 per
ceni feliowed by seedlings receiving complete nutrient solution (1.51 per cent).

However, (he diference between the above treatments is not statistically signiﬁcant.

b

o

T

i

¢
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e

s which are deficient in N showed a decreasing tendency w1th regard
fo the K oconient except during the fifth month. At the end of study it recorded a
mesn centent of .98 per cent of K. In the case of P, Mg and Mo deficient
wreatmenis, the seedlings recorded moderate values of 1.37, 1.33 and 1.30 per

cent respociively wwards the end of the study.
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Tabie 12, Effect of nutrient deficiencies o the foliar concentration of
vhesphorns {per cent

deisted from Months
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af tissue concentraiion of Ca as influenced by nutrient sirsss in
summarised in table 14. The data revealed thai the treatments were having significant
effect on the concentration of Cz in the seedlings through out the peried ¢f study.
The seedlings grown using solutions deficient in K and Mo recorded more or less
similar values with regard to Ca content while the seedlings deficient in N, P, Mg
and Zn show a decreasing tendency as the study progressed. At the end of the

study the seedlings receiving complete nutrient solution had the highest {(1.22 %)

and those which were deficient in Zn had recorded the lowest content (0.79%).
4.4.5. Magnesicm

in seedlings supplied with nutrient solution lacking Mg, the concentration of
feit ’:‘ror.f; an inttial level of 1.27 per cent to 0.70 per cent iowards the enid of the
study {Tabie 15). However, in the case of seedlings grown with nutrient solution
izcking N, there was not much variation in the content of Mg through out the study
pericd. With regard tc most of the other treatments, the Mg content shown a
decreasing tendency with the progress of study. In the case of seedlings receiving

complete nutrient soiution of the Mg content slightly increased towards the end

ata periaining to the effect of nutrient stress on the concentration of S

=

issues s tabulated in table 16, The difference in S content due to
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Nutrisnt slemant

deieted from Months -

complete solution 1 2 3 4 5 6

Nitrogen 0.94 1.06 0.99 0.86 0.87 0.93
Phospionus 124 1.18 2.55 1.20 0.95 0.92
Potessium 1.2 1.21 1.29 1.16 1.16 1.16
Magnesium 1.28 1.01 0.87 0.93 0.92 0.9C
Suphur 1.04 0.95 1.04 2.23 1.06 1.01
Zinc 1.2 0.83 1.03 0.74 1.13. 0.79
Moiybdanum 1.17 1.32 115 0.90 1.05 1.1
Contrel 1.41 1.08 1.32 0.90 1.54 1.22
Etesi . - . - . .
SEM + 0407 0.05 0.03 0.08 0.04 0.c4
Ch s 0.23 0.15 0.16 0.16 0.12 01

* Signiftcant at

-—h



Tahle 15. Effect of nutrient deficiencies on the foliar concentration of
magunesium (per cent)

deleted ffom Months

compieie é-aiution 1 2 3 4 5 6
Nitragen 0.78 0.91 . 1.04 099 0.87 0.94
Phosphorus 1.79 1.55 1.26 1.20 1.02 0.90
Potassium 1.34 1.58 1.24 1.01 1.07 1.18
Magnesium 1.27 1.07 1.086 0.94 0.82 0.7G
Sulphur’ 1.81 1.40 1.86 1.45 1.30 0.97
-Zinc 123 1.14 1.21 1.20 1.44 1.10
pMoiybdanum 1.13 1.62 1.77 2.16 1.94 1.63
Control 257 1.79 241 247 1.86 2.59
F'iﬁ“&'t e * * * -ii ER LR ]
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 0.1

** Significant at 1 per cent ievei



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 0038 0.033 0.036 0.041 0.040 0.637
Phosphorus 0.047 C.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 0.03z 0.034 {3.040 £.036
Suiphur 0.042 5.038 0.030 0.024 0.021 0,020
Zinc 0.040 0.050 0.050 0.G41 0.044 0.634
Molybdenum 0.052 Nn,043 0.054 0.058 0,049 0.044
Control 0.G47 0.072 0.033 G.0e0 0.057 £.058
F_test s » . . - . “a
SEM + .00 .01 0.00 0.60 .00 0.00
CD (5%) 0.05 0.05 0.08 0.05 0.05 0.05

** Significant at 1per cent leve!
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‘Taiie 17, Eftect of nutrient deficiencies on the foliar concentration of
zine (per centj

from Moenths

compiste selution 1 2 3 4 5 6

pitrogen 0.013 £¢.009 0.013 0.008 0.010 0.00&
Phosphorus 00513 0.012 0.011 0.008 0.009 0.04€6
Paotassium 0827 0.005 0.003 0.009 0.012 0.c09
0,020 3,008 3,068 . 2.609 0.009 0.006
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{Fiaie 17). The secdlings recorded vigorous growth
;-

t

T'he effect of supplying complete nutrient solution on the increment in height,
diameter and leaf production of nutrient deficient seedlings is clearly evident from

the data furnished in table 18. Height differences were significant after the

]

ommencemeiit of recovery studies. Applicatior of complete nutrient sclution to the

aurrient deficient seedlings, resulted a considerable improvement in the height growth.

The N deficieni seediings had recorded a height increment from 16.31 cm to

t2

3.20cm  while P deficient seedlings recorded the increment from 27.29 cm to
38.34 cm {28.82 % increase) at the end of the recovery studies. Like N and P all the
other nuirient deficient seedlings also TE:GISLC‘J'EC'[ an improvement in height by the

end of recovery studies as is evident from the data furnished in table 18. The mean

hieight of conirof szediings was found to be 53.35 cra at the end of study.

el -
[1
a

ne diffsrence in diameler was alse signi

wingier increase was more pronounced for seedlings deficient in Zn and P, Here

<,

the increment was from 8.2 cm 1o 0.32 cm and 0.24 cin to .33 cm respectively.

With regard to leaf production alse the treatments differed significanily during
the recovery studies. The seedlings deficieni in Mo have prodiced maximum number
of leaves {(24.76} with the application of complete nutrient soluticn whils not

much difference was observed in the case of seedlings deficient in K.

0
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Table 18. Growth parameters of nutrient deficient seediings after the application of complete solution

i

4.98

0.08

0.05 005 0.05

Nutrient element _ Fortnights
deleted from - o Height (Cm) Diameter (Cm) Leaves (number)
complete solution
-0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
Nitrogen 16,31 18.39 1923 2126 2320 | 0.19 0.19 0.19 0.20 022 |11.52 1239 12.89 1356 14.18
Phosphorus 2729 3342 3508 3662 3834 } 0.24 0.30 0.31 0.32 033 [1399 1664 17.64 1758 1233
Potassium 2866 36.85 3850 3952 4042 | C.25 0.29 0.30 0.32 0.33 (18.38 1711 17.69 18.15 18.04
Migresium 2014 33.85 3508 3591 36.92 | 0.27 0.27 027 0.29 0.31 [16.71 1649 17.71 2012 2017
Sulphur 2959 2477 3528 3758 39.28 | 0.2 0.27 0.28 0.31 0.33 [|17.11 1591 16.55 17.88 21.08
C Zine . 351 3688 3804 I8ET 4019 | 027 0.30 031 0.33 036 (1761 1744 1773 1960 20.74
Molybdenum 3936 4462 (592 4806 4928 | 0.28 0.32 032 034 0.36 |17.53 1966 22.51 2461 2476
Contno 4345 4TS 4835 5076 5335 | 0.33 0.33 034 0.36 0.40 [21.98 2207 23.62 2434 24471
Fest " o - . . - - .w . - - . - “s o,
SEM + 045 182 186 166 165 | 0.00 0.02 0.02 0.01 0.01 0.35 1.61 132 148 121
CD (0.05) 1.34 547, 559 494 0.05 1.06 483 396 445 364

*

** Significaint at 1 per cent level

Significant at 5 per cent level



Seediings showing recovery of deficiency symptoms and
improvement in growth after the application of complete

nutrient solution

{. Control Seedling
Z. Secdiing selected from - N treatment
3 3eedling selected from - P treatment

b
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eedling selected from - K treatment
H
Seadling selected from - 8 freatment
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LA
op
i}
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ng selected from - Mg treatment

P

=

Secdling selected from - Za treatment

0

Seedling selected from - Mo treatment






4.5.2. {mprovement in leaf nutrient conient

The chemical analysis i e leaf tissues ut the end of the recoverS( 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
from .56 per cent 10 1.34 percent on receiving complete nuirient solution.
With regard to P deleted seedlings there was an improvement froin 0,42 to 1.22 per
cent in P concentration. Similarly the K content of K deficient seedlings before
recovery studies was 0.28 per cent and had been increased tc 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.
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Table 15. Leaf tissue concentration of nutrient deficient seediizgs after

the application of complet: solution

Nutrient element

deleted from Percent

complete solution N P K Ca Mg S Zn
Nitrogen 1.34 1.93 217 1.04 1.95 0.057 0.020
Phosphorus 1.51 1.22 1.73 0.98 1.19 0.065 0.011

Potassiuim 1.40 2.01 1.53 1.39 1.57 0.063 0.016
raagnesium 1.40 1.48 1.30 1.32 1.86 0.067 0.024
Suishur 1.23 2.27 1.75 1.21 1.84 0.050 0.032
2nc 1.34 233 1.33 1.16 1.85 0.052 0.010
Maolvedenum 1.29 2.30 1.55 1.12 1.29 0.051 0.026
Control 168 2.34 1.98 1.34 153 0059 0.036
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GISCUSSION

The present series of studies relating to the nutritionai deficiency symptoms
of Tectona grandis were conducted with an objective of inducing and describing
the 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, Vellanikkara during the period 1594-96. The major results on the
deficiency symptoms, growth behaviour, tissue nufrient concentration and recovery

studies in relation tc various nutrient elermnents are discussed here under.

S.1. Nitrogen
5.1.1. Visuai deficiency symptoms and growth behaviour of seedﬁngs

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 alsc stunted in growth cempared to control.

- Chicrophyll content was found i0 decline gradually in these seedlings.
Nitrogen deficient plants incidentally récorded the lowest chlorophyll- A (0.32 mg
g-1), chiorophyil- B (0.31 mg g-1) and toial chlorophyli content (0.63 mg g-1).

The reductior iz 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 growth 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 al. (1989? in
seedlings of paper birch and Driessche (1989) in seedlings of Douglas-fir and
white spruce. Maskel er al. (1953) reported stunted growih, yelicwing of
older leaves, die back and reduced rate of leaf productior in young seedlings of
cocoa. Similar symptoms were also observed in citrus (Jones and Embelton,
1959), coffee (Muller, 1966), avacade (Jones, 1975), apple (Pant et al., 1976),
nutmeg (Philip, 1986), Cashew (Gopikumar and Aravindakshan, 1988) and
Aifanthus ( 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 yduﬁger
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 synrhesis (Greulach, 1973).

Nitrogen deficiency had pronounced effect on the growth behaviour of
seediings 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 cent less
compared to control. In cashew seedlings grown in sand culture, N deficiency
resuited in reduced height, girth and leaf production of seedlings {Gopikumar
and Aravindakshan, 1%88). Similar cbservations were also made in  Ailanthus

by Anocop {1993},
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In the present study, shoot fresh and dry weights were res_pectively
82.70 per cert and 77.02 per cent lower in N deficient seedlings compared to
contrel. Lockard and Asomaning (1964) also observed low dry matter comntent in
seedlings of cocoa grown under N stress. Similarly, in this treatment the 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 containing compounds

constituie 3 13 30 per cent of the dry weights of plants.

Thie reduction in vegetative growth may be due to the fact that N supply
largely conirols the usé of carbohydrate and hence determines whether the plant
will make vegeiative or reproductive growth {Xraws and Kraybill, 1918 and
s, 1975). In addition, N is also reported to be inviived in various other processes
associzicd  with protoplasm, enzymatic reactions and protein synthesis {Gauch,

72; Pandey and Sinha, 1972 and Jones, 1975},
5.1.Z.Tissue nutrient concentration

visual deficiency symptoms produced by seedlings supplied with treatment
sofuticn facking N concurred with a significant reduction in the foliar concentration
of N in these snedlmgs By the end of the study the N concentration fell te

0.5% per cent from the initial content of 1.02 per cent. This coincided with the

T

seve:e siage of deficiency when the entire seediiiigs apneared chlorotic followed

by preszanire drying and defoliation of leaves. The present observations are also

in agreement with the finding of Lockard and Asomaning (1964), who observed

typicai syn #:PLOmS of N deficiency in cocoa seedlings when the tissue conient of



N was reduced 0 0.96 per cent. Similar results were obtained with N deficient
Ailanibus seediings (Anoop, 1993) when the tissue content of N was reduced to

1.0

L

per cent,

Dieletion of N from the treatment solution increased the P conceniration

o these seedlings at the end of the sixth month. Antagonistic effect of

R
. 1 “dm L
.44 u} ~

N and P has been reported in cocoa {Lockard and Asomaning, 1964), <itrus (Smith,
1988} and pepper (Dewaard, 1989 and Nybe, 1986). The K concentratict: of N
siicieni seedlings recorded a decreasing tendency in the present siudy. However,
foliar concentration of Mg showed a declining trand upon the deletion of N from
the compicie nutrient solution. Similar effects were also reperted in citrus by

- \

skas ef @i, (1958} and in pepper by Nybe {19865,

Intersstingly the N deficient planis recovered from the visual symptoms of

deficioncy and produced green and heaithy folizge by the end of the recovery
siudies when  complete nuirieni solution was agin applied. There was aiso a

- 1 oL : PR i H- . - 1 1
wirh the applicadon of complete solution.  Landis @ 2/ {1985} in papecr birch
aoied fhai stunting due to N deficiency wags usually casy o disgnose and

[4}]
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subsequently to correct, becausc dcficient seedlings rapidly respond to application

of N fertilizers.

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 chlorotic patches. In acute

stages of deficiency seedlings had sparse foliage with stunted growth, :

Like N, here also the chlorophyll content decreased gradually zs the level of
deficiency progressed. In tree seedlings similar symptoms were obser:ifed by
other workers also. In apple, P deficiency symptoms are expressed as smail dark
green leaves with bronze to purple tinge, sparse foliage and restricted branching
(Wallace, 1953). The swmdy conducted at the University of Florida by Chiiders
(1966) also revealed the development of bronze foliage in citrus and strawberry,
Bingham (1975) explained the manifestation of P deficiency in iree species as
slow growth, sparse, dull bronze to purple tinied foliage and early dropping of
leaves. Develo;arﬁent of bronze green lower leaves with purple and riecrotic
blotches foliowed by defoliation have been described as symptoms of P
deficiency in nutmeg (Philip, 19863 while reddisb nink colouration of older
leaves and siunting of growih kave been reported in red mapie (Landis er al.,

198G). According to Driessche (1989} in Douglas-fir 2nd white spruce seedlings,

8BS



P deficiency resulted in dull, greyish coloured or purple foliage. Appearance of
purple bronze patches in older Icaves which laier extend 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 its translocation from older to younger tissues, manifesting the P
deficiency symptoms to appear first in the older leaves. Phosphorus deficiency
is reported to resuil 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 aiso to be noted that P is an improtant structural component of
the chioroplasts and hence its deficiency have contributed a lower content of
chlorophyl! in leaf tissues finally resulting in typical discolouration. Swan (1971)
is of the opinica ti:at I 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 xeaf production werc significantly affected by P deficiency. Height  growth

was lower in these seediings {34.55 cm) compared tc control (53.02 cm). Towards
the end of the study, P deficicnt seedlings had 32.56 per cent lower collay diameter
compared to seediings tha: received complete nutrient sciution. Leaf production

4

was 45.37 per cent less compared to control seedlings. Ai the and of study,

Iq‘:l

defieicnt seedlings recorded a ieaf area of 935.69 ¢mZ which was 71. 13 per cen

lower comparzed to seedlings tba: received complete nutrient solution. The lower
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number of leaves in P deficient plants might have resulted from the premature

efoliation as has been reported by other workers. Childers (1966) has also

wl.

observed early dropping of leaves in avocado, citrus and strawberry due to P

deficiency. The sand culture studies conducted by Gopikumar and Aravindakshan

{1928} in cashew and Anoop (1993) in Ailanthus also revealed similar outcome for

_____

Like shoot growth parameters, the P deficient seedlings recorded lower
shoot tresh and diy weights during the study period compared to control. Such
reductions in shoot growth parameters have also been cbserved in cocoa (Lockard
angd Asomaning, 1604}, cashew {Gopikumar and Aravidakshan, 1988),' clove
{Nazesim, 168%) and Ailanthus {Anoop, 1993). The retardation in growth could
be explained by the fact that like N, P also plays an improtant role as 2 structural
connponsnt of cell constituents and other metaboucally active compounds (Greulach,
1¥73 and Agarwalz and Sharma, 1976). It is alsc an established fact that P is the
najoi controfling factor for energy in all jiving ceils and as a constituent of

nuciecproteins it is concerned with celi division also (Epstein, 1978).

-~ - v , = . ¢ g s
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in P deficient seediings, the concentration of P in the leai tissues decreased

graduaily as visual deficiency sympioms progressed. In ihe acuie stage of deficiency,
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and Aravindakshan, 1988, nuwmmeg (Thilip, 1988, Douglas-fir and whiie spruce
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{Lresschs, 1989 and Ailanthus {Anoop, 1993} aiso observed a gradual reduction

CHCERration of ¥ with the advancemeni of visual deficiency symptom



Phosphorus deficiency caused an increase in the foliar levels of N and K and a
corresponding decrease in the levels of Ca and Mg. Similar results were reported
in apple and nutmeg by different authors. In apple, Matsui ez al., (1977) noted a
positive correlation of Plevel with: Cuand Mg contents and a negative correlation
with K while in nutmeg, Philip (1986) 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.
Faoliar conceniration of Pin these seedlings reached 1.22 per cent at the end of
reccovery studies. It is also interesting to note that the P content in these
seedlings at the end of the recovery studies and before the development of visual
sympicms was almos: uniform there by indicating the possibilities of improving

the ssedling growih and the control of the deficiency by its proper application.

5.3.1. Vieusi deficiency symptoms and growth behaviour of seedlings

. »
H
a

he ¥ deficient seediings manifested chlorotic tips in the older leaves by

dird month after tmposing the treauwents, This later spread through the margin

Tyt e

-y
-

ds. Graduzlly the entire leaf developed chicrotic symptoms with necrosis

progressing from the lower part of the jeaves. The symptoms observed in the

present study also agree with the observations made by various workers on other
tree species. Mulier (1966) noticed necrosis of leaf margins of older ieaves in



coffee. fﬁjrseglbve(1977)‘ repe: izt browning and scorching of entire leaf margins
and defoliation as fypical visuzi symptoms of K deficiency in coffee. Necrotic
older leaves have been repericd by Philip ( 1986) in nutmeg. Yellowing and
necrosis of iower leaf tip which later spread to other portion of the leaves were
reported by Gopikumar and Aravindakshan (1988) in cashew and Anoop (1993) in
Ailanthus, Ulrich and Ohki (1975) stated that in trees, since K moves to the grewing

peint, the oider leaves ﬁrrmaxiy exhibit the most characteristic K deficiency symptoms

Necrosis of ieaf iamina at the acute stage of deficiency might have resulted
from the accumuliation of diamine and puiriscine as reported by Richards and
Coleman {1852), Even though there was a gradual decline in the chiofopkyll- B

and fotz 1 ccntent of K deficient seelings, they generally had higher

—
b
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conceniration compared to other treatments particularly at the end of the study.

Timugh ¥ activated the synthesis of cholorophyll, an increased partitioning of K
to the roplast has been reported as the reason for no substantial reduction in
chlorophiuii content and photosynthetic rates in K deficient plants {Capron et al.,
15382},

present study, the reduction in height, collar diameter and leaf pro&uction
was not found io 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
the girth of seedlings {Gopikumar and Aravindakshan, 1988). Similar trends in
reigiion to helght, leaf procution and drymatier as resuit of K deficiency ha;./e been

reported in nutmeg (Philip, 1986) and Ailanthus {Angop, 1993).
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he property of K to occur primarily in the ienic form or as charged particle on
colloidal surfaces has made it most apt to function as a catalyst or as a co-facter 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).

.5.2. Tissue nutrient concentration

un

Potassium deficiency was associated with a decrease in the initial foliar content
of X from 1.31 1 G.28 per cent at the end of the study. Visual symptoms of K
deficiancy were reporied te be concurred with reduced fevels of X in foliages of

cashew {Gopikumar and Aravindakshzn, 1988), nutmeg (Phiiip, 1986) and Ailanthus
{Ancop, 1993). A close observation of the data revealed that N and P levels were
reduced while Mg and S levels ipcreased on acccunt of K deficiency. Among, all

st pronounced. Antagonistic
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apple, Smith (1966) in ciirus, Nybe (198¢} in pepper. Philip {1986) in nutmeg and

Cn application of compiele nuirient solution. scediings recovered well from the
visual sympioms and growih: retardation induced by K deficiency. The tlssue level
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of K aist improved when K was suppii

ed through compiete nuirient soluuon.



5.4.1, Visual deficiency symptoms and growth behaviour of seédlings
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£.4.2, Tissue nuirient concentration

Magnesium concentration in scedlings supplied with nutrient sofution lacking
Mg feli from 1.27 per cent in the beginning to 0.70 per cent by the end of the study
period. The developrment of chlorosis between the veins of leaves occured when

the Mg content of the tissue was declined to lower levels. -

Antagonistic effect of Mg with all other elements except P is evident from

the nresent sindy. Smith {1966) observed that in the leaves of citrus, P

cencentration was not affecied by Mg level even in severely deficient trees.

Aniagonisiic infiuences of Mg with K and Ca have been reported by various

workers {Emmeri, 1961 ; Dewaard, 1969 ; Manicot ef a!f., 198G, Nybe, 1986
2l Ancop, 1993;

Magnesium deficient plants recovered weli by the end of the recovery studies,
when supplied with complete nntrient solution. Fcliar concentraticn of Mg in
seedlings kept for recovery studies increased from 0.70 per cent to 1.86 per cent

at the end of the study when the growth of seediings were normal.

5.5, Sulphur

2

5.5.1. Visua! deficiency symptoms and growth tehaviour of seedlings

Discolouration of terminal leaves from dark green to pale greea which
gradually advanced from margin inwards was the typical symptom ghserved in S

deficient seedlings. In the moderate stage of deficiency the region close to-midrib



appeared green and in the acute stage the entire leaf became chlorotic. This
discelouration was associated with defoliation and the seedlings appeared to be
lanky compared to control seediings. The chlorophyll content of the S deficient

scedlings decreased by the end of the study. Compared to control the S deficient

i¢ the lanky appearance of these seedlings. Lott er al. (1960) in coffee observed
ihe voungest leaves showing uniform light green colour later turning to more

iziensive chlorosis because of S deficiency. Overall yeilowing of leaves similar

irgi, At the end of the study the collar diameter was found to be 39.53 per

ceni lower when compared to.control.

The shoot fresh and dry weights due te S deficiency was respectively 47.02

™
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ver cent lower when compared to control. In cocoa
scediings grown in sand culture, deficency of S, recorded significantly lower dry

compared o ireatinenis deficient in other macro elemerts except Ca



5.5.2. Tissue mu:trient concentratic:

sedlings supplied with treatment solution lacking S develeped chiorotic

sympioms after three months. The S deficient seedlings recorded the lowest S

1Y
Jes

and Aravindakshan (1988) alsc found that S deficiency coincided with low S

leveis in the foliage of cashew seedlings grown in sand culture.

Suiphur deficient plants recovered well by the end of the recovery studies
when supplied with complete nutrient solution. Sulphur content in the foliages

of rhe seediings after the application of compiete nutrient solution improved from

5.6.1. Vienai deficiency symptoms and growth behaviour of seedlings

instered leaves. Laier these leaves develop necroiic paiches and ai severe

o o . . . e
siages the leavey deveioped burned zppcarance. Chiorophyil conient was aiso
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.si_s fermed  u2s ‘moitied !eaf‘, reduced inter
are the common symptoms of Zn  deficiency as
reported by Gruelach (1873}, Zinc deficiency results in inadequate supply of
TAA, avery important growth hormone. Philip (1986) in nutmeg also reported

that, Zn deficiency resulied in reduction of internodal length, leaf area and

dry matter content. In cashew seedlings, reduced internodal lenth, retarded

rerminai growth and production of small leaves with interveinal chlorosis are the

=

symptoms sbserved by Gopikumar and Arvindakshan {1988).
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issue netrient concentration.

cient seedlings, the concentration of Zn in the leaf tissues decreased

gradualiy as visual deficiency symptoms progressed. The Zn conieni reduced

from (.013 per cent in the beginning to 0.004 per cent at the end of the study.

In nutmeg, gradual reduction in foliar concentration Gf Zn with the
advancement of visual deficiency symptoms was reported by Philip, (1985). A
close observation of the data revealed that N and K levels was high while Ca levels
decreased on account of Zn deficiency. Smith (1966) in citrus reported-that Zn
deficiency was often associated with high content of N and K and low Ca in leaves.

On the application of complete nutrient solution, the seedlings recovered
well from the visual symptoms and gowth retardation indiced by Zn deficiency.

The tissue level of Zn also improved significanty.



5.7. Molybdenum | -

5.7.1. Visual deficiency symiptoms 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 terminal
leaves. The size of iealf reduced considerably. The leaves were narrow in
appearnace. At later stages interveinal chlorosis was also noticed. With regard
to the growtk behaviour it was not much affected compared to other treatments.
The reduction in height was only 13.78 per cent compared te control seedlings. In

the case ¢f collar diameter and leaf number the reduction was only 11.63 per cent

and 13.5 per cent respectively compared to healthy seedlings.

In crange and grape fruit, Mo deficiency first appeared as water soaked
areas, subsequently developed into iarge interveinal chiorotic spots (Vaﬁselow
and Datta, 1949}, Curling of the ieaves was reported by Kamala ez al. (1988) in
most of the trogical tree species. This was associated with reduction in leaf size
in Dalbergia laifolic. s Azadirachasa indice they noiiced chlorotic leavés with
curled marging. The changes in the isoenzyme pattern are the primary biocﬁemical
changes occeuring at the celi ievel due {o deficency of these trace elements and
-on accouni of these phvsiclogical changes, e piant finally shows its effect on the
leaf anatomicai uind morphological character further expressing as visible deficiency
sympiom {Kamiziz & al., 1988}, Like other treatments Mo deficient plants recovered

well by ihe end of the study, when supplied with complete nutrient solutlon The

growﬁn wit normal and there was improvement in discolouration and size of the
leaves.
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SUMMARY

The present investigations pertaining ic the autritional deficiency symptoms
of teak ( Tectona grandis Linn. f.) were taken up with the main objeétive 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 invéstigate
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 plass house attached to College of Horticulture, Kerala Agricultural University
Main Campus, Vellanikkara, during the period of 1994-96. Two months old
seadlings of uniform growth were planted in plastic containers filled with pure
quartz sand.  Hoagland No. 2 (1948) solution was used for supplying the
nutrients. Treaiment solutions were prepared in bulk by eliminating the :desircd

nutrient element from the complete Hogland nutrient solution.
The salient results of the present studies are summarised below :

1. Characteristic vizual deficiency symptoms were manifested by the seedlings

st different levels of Jeficiencies of N, P, K, Mg, S, Zn and Mo.

2. For N, ihe initial visual symptom of deficiency was chlorosis of the
glder icaves. Later the entire lamina turned pale yellow. The acute_ stage of
dsficiency was characterized by severe chicrosis of the entire seedling foliowed by
premature drying, defoliation, and stunting in growth. Fhosphorus deficiency

sympioms appeared 1irst on the older leaves as purple bronze patches which later




changed 15 yeliow chlorotic patches. in the acute stage of deficiency, tke bronze

oh rxiend

S ds the ontive jeal’ resuliing in premature defoliation. The
Hage and were stunied in growth compared to control.
Chiorotic tps it lower leaves were ihie initial symptoms of K deficiency. The
chlorotic areas sprzad through the margin upwards. The entire leaf developed

The necrosis progressed from the lowsr part of the chiorotic

r

chiorotic symptoms.

i2aves.

3. Magnesium deficiency resulted in the development of small chlorotic

in the older leaves as initial symptoms . Gradually, the chlorotic areas

areas i

developed into necrotic regions. However, mid rib ar n i reen.
ieveleped int tic reg Iowever, the mid rib and veins remained gieen

Compared to conmral, Mg deficient seedlings were stunted in growth, In the

case of S deficiency. ihe sympioms {irst appearec on the terminal leaves as

J.'

appoared gresn. At acute stage entire leaf mmed chlorotic and df*vploped DECTOSIS.

Tho affecied izaves wire vellowish white in colour.

4. The 7n deficiency symptoms first appeared on the lower leaves as

cRiorotic pawches by ihe end of fournb month, The scediings were s wnted in
urowth with small clusizred leaves. Later the ieaves deveiop necrotic patches and

gos the leaves had 2 burned sppearance, In the case of Mo deficiency,
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5. Yegetative growth was ziso affectec by the deficiency of various nutrient
ziemenis. Among the shoot growth paramemr: heighi, coilar diameter, leaf
production and leaf area of the deficient seedlings were found to be seriously
affected compared to control seedlings. Deficiency of N resulted maximum
usction in height compared to other elemenis whici: was followed-by P.
However, the effect of deficiency of Mo on the vegetative growth of seedlings

was not as severe compared to deficiency of otirer elements. Nitrogen deficient

sezdiinge produced the lowest diameter growih compared to all other treatments,

5. In the case of leaf productior, N deficient seedlings recorded the
fowest vaiue foliowed by P deficient seedlings. The other treatments also
2} 2 value which was much lower compared to confro!, In the case of leaf
arez o M deficient seedlings recorded lowest leaf arca followed by ! deﬁc1ent
woitlingz, In the case of K| the leaf arez was increasing uptc the third momh

s after that it showed a decreasing tendency. The maximum leaf areas was

scorded invariably by the seedlings grown in complete nutrient solution.

fresh and dry weighiz of shoots. Among the different treatments, Mo deficient
gzedlinzz recorded the highest shoot fresh and dry weights but lower compared
< the seediings that received complete nutrient solution. Rooi growih parameters

ignificantly influenced by the deleticn of nutrient =izments m.ept for

:
4]
11
h=
(o]
[Ty
-1

iry-weights.  Among the different treatments, 2Zn deficient
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seediings  recorded  the hiphest root fresi: weight while N deficient seedlings
recorded the lowest value. The dry weighi of roots in K deficient seedlings was

found t¢ he the lowest compared to other treatments.

o
-
:J"'

chicrophyll content of the leaves was found to be significantly
infivenced by the deficiency of various nutrient elements throughout the study
period. The amount of cblorophyll - A, Chlorophyll - B and total chlorophyll
decrezscd gradually during the study period for all the treatments compared to
control. The lowest chlorophyll content was recorded by those seedlings which

were Geficient 1n nitrogen.

2. Yisus! deficizncy symptoms of seedlings were concurred with tnarked
reduction in folizr Ievels of the concerned elements. Compared tc seedlings that
krough the complete solution, the seedlings showing
ficiency symipioms recorded significanily iower levels of the concerned elements

in thejr lear tissues.

0. Foliar symptoms manifested by the seedlings due to the deﬁcxency of

nutnignis gradually disappeared during the course of recovery studies. The new

fizshes of leaves produced wore healthy, grees and normally shzped resulting vigorous
sirowth, Chemical anaiysis of leaf tissues 2t the end of the recovery studies
revealed that the clemental concentraticns of most of the nutrients in these seedlings

wore 2isc improved when comparcd to the iniiial nuirient conients at the beginning
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APPENDIX -1

Akbstrzet of analysis of variance for the effect of treatments on the height of seedlings

Soutce of df Mean sguare at formightly intervals
variaticn i 2 3 4 5 6 7 8 9 10 TR
%

s ¥ g L3 3 s *% b3 L3 3] e tisl
Treatment 7 1.31 6.98 17.51 | 24.28 62.33 | 83.64 [ 172.08 |210.20 | 239.23 278.24 { 279.18 | 212.80
Error 16 0.35 0.35 0.44 0.39 1.40 0.47 0.25 0.60 0.75, 0.45 0.47 .93
Total 23 0.64 2.37 5.63 7.66 19.94 | 2578 | 52.54 | 64.39 73.33 84.99 85.29 95.87
** Significant at | per cent level

APPENDIX - II
Abstract of analysis of variance for the effect of treatments on the collar diameter of seedlings

Source of df Mean square at fortnightly intervals
variation 1 2 3 4 5 6 7 8 9 10 1 12

* %k ok *x E *k Aok ok L34 R ok Rk
Tmatmcﬁt | 7 0.00 0.00 0.001| 0.001 0.002 1 0.002 | 0.004 | 0.006 0.006 0.008 0.010 0.015
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

= * Significant at 1 per cent ‘evel




APPENDIX - 111

Abstazt of zalysie of vartanie for she effect of rearmencs on the-ieaves (number) of seedlings

--------

..........................

--------

S(;mce of df Mean squzse at formightly tutervals
.,........“;;&ié{:ﬁ.‘;}.ﬁ ......... yee !'1-1 vvvvvvvvvvvvvvv ; ------- I-.'.-E; ----- Iq‘ ‘.-!*.-'-'E-- .E.:“.-"-- -..'.’ ------ 8 ';‘ - i{) - l l 12
: ) 1
: S—
? K | i : Mk l Bt B } N Ak B¢l 13 ] L
Treanmest 7] 234 | 838 | 647 | 947 {1652 |1642 |26.65 | 2847 | 31.88 | 4347 | 5307 | 7060
""" E rror 16 419 | o020 1 022 . 0% | 017 | 029 | 012 | 0.38 0.31 0.33 0.5¢ .54
CTowl | 23| 0.89 | 275 | 212 | 30% | 527 | 520 | 819 | 891 | 992 | 1346 | 1652 | 2153
¥ % Significant at 1 per cent level
APPENDIX - IV
Abstract of analysis of variance for the cftect of treatments on the leaf area of seedlings
Source of df Mean square at monthly intervals
variation [ 2 3 4 5 )
* *x Kk . ok sk Wi,
eTreatment ~T © 262142.G44 “767649.98 “670076.35 "783785.34 122338329 1302780211
""" 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 ] per cent leve!

*  Sigunificant ai § per cent vl



Abstrac: of grziyvsis of variance for tae 2ffect of treammems on the length of oo
! }) >

APFENDEY -V

- Source of

<f Mean squesz at centh]yingzrvals
uariation ] 2 I 4 5 6
Trezinent 7- 30.26 25.57 7.85 16,68 14.12 28.05
Ervor 16 12.33 7.24 4.37 6.59 11.73 5.34
Towl- . I 23 17.78 12.82 543 . 9.66 12.46 13.03
¥ Significant at 5 per cent level
APPENDIX - VI
Abstract of analysis of variance for the effect of treaimenis on the number of secondary roots

Source of df Mean square at. monthly intervals
variation 1 2 3 4 5 £

"
Treatment 7 241.59 120.20 63.68 66.22 3472 §7.83
Error 16 11.72 10.29 15.71 12.76 20.66 29.42
Totg R CL8LGRL . 4374 30.31 2903 24.94 47.19

Significani at 5 perceni wvei




APPENDIX - VI

£

Absctact of analysis of variance for the effect of treaiments on the‘fresh weight of shoots

Source of af Mean square al mowhly intervals
vataion | | T 3 5 5 6
3k L 3] RER *uk kK
~ Treatment 7 43.16 ¢0.75 140.76 319.67 366.10 57.37
“Error 16 1.37 0.79 2.53 1.29 7.49 2.55
Totat 23 14.70 19.04 44.83 104.28 113.16 214.02

* % Significant at 1 per cent level

AFPENDIX - VI

Abstract of analysis of variance for the effect of treatments on the dry weight of shoots

Mean square at monthly intervals

-Source of df
varigion | o 1 2 3 4 5 6
£ 33 ) l:*'_ - ek Jeap Ak
- ‘Treatrnent 7 6.82 8.11 - 13.05 22.74 28.45 49.53
Error 16 0.20 0.46 0.52 (.58 1.13 1.42
Total 23 2.22 2.19 4.34 7.32 9.45 17.46

.............

**  Significant at 1 per cent level



APPENDIN - X

) . . . . e o . .
Abstract of znalysis of variance for the effizet of treavmes on the fresh weight of roots

" Source of df Mean squares at monthly intervals
variation l 2 3 4 5 6
KK sk ok 2 e
Treatment 7 1.30 30.68 12.24 16.61 13.99 17.12
Error 16 0.16 1.37 0.37 1.53 1.40 162
Total 23 0.50 10.29 3.98 6.12 5.23 6.33
**  Significant at | per cent level
APPENDIX - X
Abstract of analysis of variance for the effect of treatments on the dry weight of roots
Source of df Mean square at monthly intervals
variation 1 2 3 4 5 6
thak ‘ *K 3 ** K
Treatment 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
ceteezn - Total 22 0.081 .. 0.63 . 0.58 1.33 1.73 0.94

% Significant at 1 p2r cent fevel



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 4 5 0
Chlorophyll - A Chlorophyll - B Total Chlorophyll
A% 3 ¢ I** _ ok Ak Et Kk % L 3 *xk *k eax 12 5 F%
Treatment 7 0.52 | 0.25 [0.21 ] 0.05 | 0.06 | 0.12 | 0.14 0.-12 | 014 | 0.14 0.71 | 0.51 | 0.43 } 0.29 | 0.33
Error 16 0.007{ 0.002 [ 0.01 | 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 {007 | 0.02 [ 0.02

005 0.04 | 004 | 0.04 | 0.05 023( 0.18 | 0.13 | 0.09 0.10

*>¢ Significant at 1 per cent level



APPEMDIX - X

Abstract of avalysis of variance for (ne 2tfect of ireatments on  foliar concentration of nitrogen

0 Fanificant an !oper cent level

— - Scwre of df Mzan squars at rnonthly intervals
. \.'ariatiou | 1 ) 3 4 5 | s
b A HE 3 Hoow 3 WH
_ Treamment 7 0.14 0.26 018 Q.16 0.28 0.2
_Emor 16 0.04 0.02 0.03 0.04 (.06 0.0z
Total 23 0.07 0.09 0.08 0.08 0.13 0.09
* Significant at 5 per cent level
**  Significant at 1 per cent level
APPENDIX - XI1II
Abstract of analysis of variance for the effect of treatments on foliar concentration of phosphorus
Source of df tvlean sguare at monthly intervals
~ vanation i 2 3 4 S 6
*® % * ¥ L 1k E3 ] P
Treaument 7 0.54 0.41 C.34 0.42 0.26 0.25
Error 16 0.014 0.008 0.015 0.004 0.006 0.011
~ Tow 23 AU 0.13 o1 i 0.13 0.08 0.08




AFPENDIX - XTIV

Abstrzet of analysis of vatiance for the effect of treatments on {oliar concentration of potassium

“;ourceu i Mean squzre at moonthly intervals
Cvariation | T 2 3 s | 5 6
* % *%k xR Ao Rx 3
Treatment 7 0.12 0.3% 0.56 0.51 0.50 0.53
Error 16 0.02 0.05 0.02 0.05 0.05 0.03
Total 23 0.05. 0.15 0.18 0.19 0.18 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
Source of df Mean square at monthly intervals
variation 1 2 3 4 5 6
x X Heok XK Sk Nk *%k
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
Total 23 0.03 0.02 0.27 0.21 0.04 0.02

o Signihioant oo 1 cer cow Jevel



APFENDIX - VI

Aosizaze of zzalysis of varianes for the effect of trescments

an foliar concentration of magnesiu,

Scurze of df Mean squers at montily intervalg
“variation | 1 2 3 4 5 0

* ¥ NN KK »k sk % K
Treatment 7 0.94 0.29 0.70 0.69 0.55 13
Error 16 0.002 0.003 0.002 0.005 0.019 0.004
Total 23 0.29 0.09 0.22 0.22 0.18 0.35
**  Significant at | per cent level

APPENDIX - XVII
Abstract of analysis of variance for the effect of treatments on foliar concentration of sulphur

Source of daf Mean square at monthly intervals
variation 1 2 3 4 5 6

e e ok L] ok ook sk
Treatment 7 0.00 0.001 0.00 0.00 0.00 0.00
Error 16 0.001 0.0001 0.00 0.00 0.00 0.00
Toul 23 0.00 0.0002 0.00 . 0.0001 0.0001 0.0001

o Sipnificgst alopereengisiel




AFPEMNDIX - XV

Sourre o a | T Mean square at monthly intervals

“varaden | [ T 4 5 s
* % Ty *% K *%5¢ e

Treatmen: 7 0.00 0.00 0.060 0.00 0.00 0.00

Error 16 0.001 0.00 0.00 0.00 0.00 0.00

Total 23 0.0001 0.00 0.00 0.00 0.00 0.0001

**  Significant at 1 per cent level

APPENDIX - XIX

Abstract of analysis of variance for the effect of treatments on the height, collardiameter and ieaf number of seedlings after
application of complete nutrient solution

Source of df Mean square at fortnightly intervals
variation J- 0 1 2 |3 |4 0 1 2 3 4 0 1 2 3 4
Height Collar diameter Leaf number
e *xak Kk ke ek A:2k | ek * % ek L2 k& 3 Sk ‘ XiNe MW

CTieawment. . | 7 1210.20(231.53]239.46/236.75239.81 0.006| 0.00€¢]| 0.006| 0.007| 0.0087 28.42 | 23.78 |[34.20 {40.01 | 33.13

Error 16 0.60| 0.98( 10.42] 8.27| 8.14 } 0.0c0} 0.001( 0.001| 0.001| 0.001| 0.38| 7.78 | 5.22 | 6.61 4.43
Total 23 | 64.39) 77.41( 80.13| 77.63} 78.65 | 0.002| 0.002| 0.002} 0.003| 0.0031 8.91| 12.65 [14.04 |16.77 | 13.16
OORignirean:at [ percent level



 NUTRITIONAL DEFICIENCY SYMPTOMS OF

TEAK (Teétona grandis Linn.f) SEEDLINGS

By

VIJU VARGHESE

ABSTRA_CT OF THE THESIS

Submitted in partial fulfilment of the

requirement for the degree

Master of Bcience in Horestry

Kerala Agricultural University

COLLEGE OF FORESTRY
VELLANIKKARA, THRISSUR

1997



ABSTRACT

e studies were conducted in College of Forestry, ‘Kerala
Apriculieral Tiniversity, Vellanikkara, Thrissur with an objective of inducing the
oms of deficiency of various nutrient elements in seedlings of teak (Tectona
fy Lim. )} asrown in sand culture. The effects of nutrients viz., N, P, K,
My, ¥, Znand Mo on the growth, chlorophyll content and nutrient conccntratlon
seediings in the nursery were also studied. The results were finally confirmed
recovery studies by supplying the seedlings showing the symptoms of deficiency

of verious eletnents with complete nutrient solution. For the study, two months

=

uniform growth were planted in containers filled with pure quartz
izd with Hoagland No. 2 (1948) nutrient solution. The treatment
soiition  was prepared by eliminating the desired nutrient from the complete

Hoagland puirient solution.

The -:“a cteristic deficiency symptoms produced by seedlings due to the
"" “various nutrient elements include leaf discolouration, nccrrmq
. deiuhiaiion and growth stunting. The seedlings showing visual .f..'f‘fzcwncy
svmptoms ware also photographed. Seedlings that received complete nutricst
fon wore healthy with dark green foliage. Vegetative growth of the seedlings
was aise found 1o Le affected due to the nutrient stress. All the fractions of

ii ig; chlorephyli - A, chlorophyll - B and total chlorophyli of the
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