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IN T R O D U C T IQ N

The 'c lo v e '  o f  co m m erce  is the dried [f lower buds o f  the c lo ve  plant, 

Syzygium  a ro m a t icu m  (L . )  M err. and Perry';. The main producing countries 

in the w or ld  are  Tanzania  (Zansibar), Indonesia, M edagascar, Srilanka 

and India, The w orld  production o f  c lo ve  isi es t im ated  to be around 40,000 

tonnes per y ea r .  Indonesia is the la rgest consumer (30,000 tonnes) w here  

it is used mainly fo r  the production o f  kre tek  c iga re t te s .  India produced 

1300 tonnes in 1985-86 from  an area  o f  1600 hectares . In addition, India 

im ported  3053 tonnes o f  c lo ve  valued a t R s .1,698.16 lakhs during 1985-86 

and 3239 tonnes valued a t Rs.1,985.42 lakhs during 1986-87. The a ve ra ge  

dom est ic  price per kg o f  c lo ve  var ied  be tw een  R s . I 86 and 189 during 

these tw o  years.

U n ited  States o f  A m er ica  (1100 torines/year), West Germany and 

other European countries (1850 tonnes/year) a re  im port ing  substantial 

quantities o f  this spice. In addition, there  'is  also demand from  Jamaica, 

Scandinavian countries , Japan and the M iddle East.

C lo v e  is la rge ly  used in the tobacco  industries. It is o therw ise  used 

as a sp ice in con fec t ion a ry , perfum ery  and pharm aceu tica l industries.

In K era la , c lo ve  is being cu lt iva ted  in an area  o f  883 hectares 

(1986-87) and it  is mainly con fined  to K o ttayam , Trivandrum and Ernakulam 

d istr icts . K era la  has much potentia l in grow ing this crop  as an inter 

crop  in coconut and arecanut gardens. Tea  and c lo ve  as a m ixed crop 

combination holds considerab le  promise in K e ra la  and Tam il Nadu 

(Madhavan et  ̂ ah, 1984). The net incom e ‘from  the crop  is reported  to  

be very  high com pared to  any other in tercrop  (Jacob and A lles , 1987). 

Long ges ta t ion  period and lack o f  proper technology and extension serv ice  

are  the main constraints in production and productiv ity . Substantial increase 

in a rea , production and productiv ity  o f  this crop is essentia l not only 

to  m ee t  our internal demand but also to earn fo re ign  exchange by exporting 

the  surplus quantity.
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Balanced nutrition is one o f  the  most im portan t aspects fo r  im prov ing

the production and productiv ity  o f  any crop. P ra c t ic a l ly  no work has

been reported  on the  nutritional requ irements o f  c lo v e  from  India or

other c lo v e  grow ing  countries. In v iew  o f  its  im portance, studies on

certa in  nutrit ional aspects o f  c lo v e  has b<een taken up, w ith  the  main 

ob jec t ives  o f

W  Inducing nutrient d e f ic ien cy  symptoms under con tro l led  conditions.

(n) Understanding the nutrient distribution and translocation  pattern  

in d e f ic ie n t  plants.

( ii i )  Assessing the nutrient rem ova l f rom  a bearinc c lo v e  t re e .

( iv ) Evaluating the  seasonal variations in fo l ia r  nutrient concentra tion .
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REVIEW OF L ITE R A TU R E

The idea o f  g row ing  plants in sand cu lture was f ir s t  introduced by 

Boussingault in 18.56. Nutr ien t solutions fo r  sand cu lture exper im en ts  w e re  

f ir s t  reported  by Knop (1865). Hoagland (1919) a t tem p ted  to  prov ide the 

nutrients in amounts which resem bled  those in soil solution. L a te r ,  a nutrient 

fo rm u la  was devised by Arnon and Hoagland (1940) and is m od if ied  and used 

even  now.

2.1 The  essentia l e lem ents

A part  from  carbon, hydrogen, and oxygen ; n itrogen, phosphorus, potassium, 

ca lcium , magnesium, sulphur, iron, manganese, z inc, copper, molybdenum 

and boron a re  recogn ised  as universally essentia l fo r  plant grow th .

R eported  work on m ineral nutrition o f  c lo ve  is very l i t t l e .  Hence, 

a genera l rev iew  on mineral nutrition o f  crop  plants is looked into.

2.1.1 N itrogen

2.1.1.1 R o le  in plant g row th  and deve lopm en t

N itrogen  is a major structural constituent o f  the ce l l .  The cytoplasm  

and ce l l  organells  conta ined vary ing amounts o f  n itrogen la rge ly  in combination 

w ith  carbon, hydrogen, oxygen , phosphorus and sulphur. Being a constituent 

o f  im portan t organ ic  compounds such as amino acids, proteins, purines, 

pyrim idines, chlorophyll and many co -enzym es, N  was found invo lved  in 

all processes associa ted  w ith  protoplasm, en zym e react ions and photosynthesis 

(Greulach, 1973).

N itrogen  contain ing compounds constitu ted  5.to  30per cen t o f  the dry 

w e igh t  o f  plant (K ram er  and K oz low sk i,  1960). As much as 70 per cent 

o f  the le a f  n itrogen may be present in ch loroplasts (S tock ing and Origun, 1962).



A ccord ing  to  Makino e t  ah (198«f) the supply o f  n itrogen determ ined 

the con ten t o f  ribulose b iphosphate-carboxylase prote in  in le a f  and consequently 

the ra te  o f  photosynthesis.

N itrogen  supply con tro l led  the g row th  and fru it ing  o f  most plants. 

When other fa c to rs  w e r e  not severe ly  l im it ing , n itrogen supply large ly  

con tro l led  the use o f  carbohydrates and de term ined  w hether  the plant w i l l  

make v e g e ta t iv e ,  or rep roductive  g row th  (K raw s and K rayb il l ,  1918; Dones, 1975).

N itrogen  has a major ro le  in maintaining the phytohormone balance 

in plants. It favoured  the synthesis o f  cytokin ins in root m eristem s. An 

interruption in n itrogen supply enhanced the abscis ic  ac id  le v e l  and favoured 

le a f  senescence. Regu lar supplies o f  n itrogen was reported  t o  cause constant 

leve ls  o f  A B A  but decline in G A  le v e l  (Marschner, 1982).

2 .1.1.2 C h arac te r is t ic  d e f ic ien cy  symptoms

N itrogen  being a m obile  e lem en t  in plants, d e f ic ien cy  resulted in 

m ovem ent o f  n itrogen from  older leaves to  a c t iv e  younger ones and the 

symptoms to  be deve loped  f irs t  on older leaves  (Gauch, 1972).

The N  d e f ic ien cy  resulted in chlorosis which genera lly  reduced the 

ra te  o f  photosynthesis. Chlorosis was reported  to  result from  inadequate 

supplies o f  N fo r  ch ioroplast protein  syn thes is .D e f ic iency  caused d isproportionate 

amounts o f  secondary ce l l  w a l l  th ickening due to  carbohydrate  accumulation 

that tend to  make term ina l g row th  slender and w oody . R o o t  g row th  was 

considerably b e t te r  unless N was to ta l ly  lacking in the media  (Greu lach, 1973). 

The de f ic ien cy  o f  the e lem en t  reduced le a f  area resulting in low er  interruption 

o f  radiation and low er  crop  y ie lds.

Visual symptoms o f  N d e f ic ien cy  has been described in various crops. 

Maskell e t  ah (1953) reported  stunted grow th , y e l low in g  o f  o lder leaves, 

d ie back and reduced ra te  o f  le a f  production in cocoa . S im ilar reports have
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been made in ^co ffee  (M u ller , 1966), citrus (Jones and Em bleton, 1959), 

avocado  (Jones, 1975) and apple  (Pant t r t a h ,  1976).

Sand cu lture exper im ents in c itrus showed nutrient solutions lacking 

N , Mg and Ca to  produce plants w ith  less carbohydrates . D e f ic ien t  plants 

showed high var iation  in m orphology and g row th  ra te  com pared to  contro l 

plants (M axim os e t  ah , 1980).

Y e l lo w in g  o f  o lder leaves , necrosis, prem ature le a f  fa l l  and substantial 

reduction in grow th  has been reported  as events o f  N  d e f ic ien cy  in Nutm eg 

(Ph ilip , 1986).

The n itrogen  requ irem ents for the crop  var ied  w ith  the species.

2.1.1.3 In terac tion  w ith  other e lem ents

A n tagon is t ic  e f f e c t  o f  N has been reported  on phosphorus (Smith, 1966; 

De Waard, 1969; Nybe, 1986). Z inc, Cu and B uptake was found im proved 

by n itrogen de f ic ien cy  (Lebanauskas et. ah, 1958). Fo lia r  Mg le v e l  decreased 

w ith  N  de f ic ien cy  (Em bleton  e t  ah, 1958, Smith, 1966, Nybe , 1986),S im ila r  

response w as  exh ib ited  w ith  Ca  (Lebanauskas e t  ah , 1958) and Fe (N ybe ,  1986).

High N application  s lightly  increased the N ,  P  and K contents and 

decreased  the Ca contents o f  leaves and branches o f  orange trees  (G ionti,

1970). Increased N leve ls  raised the Ca, Mn and Zn contents in a ll parts 

o f  apple t re e  and low ered  the K content. Magnesium-and F e  con ten t increased 

only in leaves w hereas P and Cu increased in bark (W enot, 1971). S to i lov  

and Lekhora (197<f) has reported  a n ega t ive  re la tionsh ip  o f  N w ith  P and K.

The rat io  o f  le a f  N  to c.a appeared to  be pos it ive ly  co rre la ted  w ith  

the lev e l  o f  K but not o f  Mg in the  citrus le a f  (W eir, 1969). N i t ra te  sources 

o f  N increased Ca and Mg and decreased F e  and Mn concentra tion  in leaves  

o f  b lackberry (Spiers, L987). N  re co ve ry  was reported  to be higher in the
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presence o f  S ind icating a pos it ive  in teract ion  be tw een  N and S uptake 

(Kandaswam y and Aru lm ozh ise lvan , 1987).

2.1.2 Phosphorus

2.1.2.1 R o le  in plant g row th  and deve lopm en t

L ike  n itrogen, phosphorus played an im portan t ro le  as a structural 

component o f  the ce l l  constituents and m etabo l ica i ly  a c t i v e  compounds. 

Phosphorus a c ted  as a structural component o f  rhe m em brane system o f  

the c e l l ,  the ch lcrop lasts  and the m itochondria. It fo rm ed  the main part 

o f  sugar phosphates -  A D P ,  A T P  e tc . ,  nucle ic acids, nucleoproteins, purine 

and pyrim idine nucleotides, f la v in  nucleotides and severa l en zym es and 

co -enzym es  (Greu lach, 1973, A ga rw a la  and Sharrna, 1976).

Though the share o f  P was only 0.1 to  0.8 per cen i o f  the to ta l  dry 

w e igh t  in plants, i t  was the major contro ll ing  fa c to r  o f  energy  for a ll liv ing 

ce lls . It was reported  to  play a key ro ie  in energy  m etabolism  (Epstein, 1978. 

Jain, 1981). "

Phosphorus was g rea t ly  invo lved  in the  photochem ica l react ions and

C o2 assim ilation  was found to be dependent on a preced ing phosphate 

assim ilation resulting in A T P  fo rm ation  a t the expense o f  light energy.

Being a constituent o f  nucleoproteins, it  w as concerned w ith  c e l l  division 

and trans fer  o f  hered itary  tra its  (Gauch, 1972).

Phosphorus favoured  the export o f  cytokin ins from  roots and hence,

d e f ic ien cy  caused dec line  in cytokin in con ten t (Marschner, 1982).

2.1.2.2 C h a ra c te r is t ic  d e f ic ien cy  sym ptom s

Phosphorus d e f ic ien t  plants accum ulated  carbohydrates i ike  the  N

d e f ic ien t  ones. Vascular tissues w e re  poorly deve loped  and the nucle ic  acid
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synthesis was g rea t ly  reduced. Reduced quantities o f  A T P ,  N A D ,  N A D P  

and various other P contain ing compounds contr ibuted  towards gradual 

d ecrease  and disruption o f  m etabo l ic  pathways resulting in stunted grow th  

o f  the  plant (Greu iach, 1973).

The e lem en t  being mobile , low er  leaves  w e re  the f i r s t  to  exh ib it  hunger 

signs. Phosphorus de f ic ien cy  induced fo rm a tion  o f  anthocyanin p igm entation  

resulting in purple co loured leaves  (M uller, 1966).

Bingham (1975) expla ined P  de f ic ien cy  in t r e e  crops as. slow grow th , 

sparse, dull bronze to  purple t in ted  fo l ia g e  and early  dropping o f  leaves .

In apple , P  d e f ic ien cy  symptom was expressed as small dark green  

leaves w ith  bronze to purple t in ge  (W a llace , 1553).

The la te ra l  buds o f  P  d e f ic ien t  plants rem ained dormant or dried 

resulting in reduced la te ra l  shoots. Childers (1966) reported  res tr ic ted  grow th  

o f  root  and top, small leaves  w ith  dull bluish, green  co lour w ith  purple tint 

fo l low ed  by brown spotting and prem ature  de fo l ia t ion  as symptoms o f  P 

d e f ic ien cy  in a vocad o , citrus and s traw berry .

Bronze, g reen  low er  leaves  w ith  purple and n ec ro t ic  b lo tches and 

de fo l ia t ion  has been described as sym ptoms o f  P  d e f ic ien cy  in nutmeg 

(Ph ilip , 1986).

The root system o f  P d e f ic ien t  plants was found to  g e t  a lte red .  Length  

o f  primary and secondary roots increased and that o f  te r t ia r ies  decreased. 

The dry w e igh t  decreased in 12 out o f  1'; species studied. H orm ona l im balance 

espec ia lly  that o f  auxins and cytokinins was suggested to  be the reason 

fo r  increase in roo t  e longation  (Narayanan and Reddy, 1982).
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2.1.2.3 In terac t ion  w ith  other  e lem ents

Phosphorus in teract ion  w ith  other  e lem ents  has been reported  by various 

workers . Phosphorus . d e f ic ien cy  w as found | assoc ia ted  w ith  a decrease  in -  

Mn/(Lebanau5kas, 1958) N  and Mg (Em bleton  d t  aL , 1958).

Added  N and K  f e r t i l i z e r s  w e r e  found 'jto decrease  P  in leaves  (W enot, 

1971). In apple , P le v e l  was found positively ! c o rre la ted  to C a  and Mg leve ls  

and n ega t ive ly  to  K  (Matsui e t  aL , 1977).

. E l-G a zza r  e t  a L  (1979) a f t e r  their exper im en ts  in orange, o l iv e  and 

guava has reported  a pos it ive  re la tion  be tw een  P and Mn and a n ega t ive  

one w ith  F e  and Zn w hereas N and Cu rem ained w ithou t much change.

Phosphorus has been reported  to in te r fe r e  g rea t ly  w ith  Zn and F e  uptake 

(Gardner e t  ah , 1985). Ph ilip  (1986) has reported  an increase  in fo l ia r  

concentra tion  o f  N and Zn and a decrease  in Mg and Mn in P d e f ic ien t  

nutmeg plants.

De Waard (1969) and N yb e  (1986) reported  that the  fo l ia r  concentra tion  

o f  o ther nutrients w e r e  not in f luenced by P  d e f ic ien cy  in pepper.

2.1.3 Potassium

2.1.3.1 R o le  in plant g row th  and deve lopm en t

Though potassium is present in a l l  l iv ing ce lls , i t  is not associa ted  

w ith  any sp e c i f ic  compound w ith in  the c e l l .  Potassium occurred  prim arily  

in the ion ic  fo rm  or as charged pa rt ic le  on jcolloidal surfaces. This property  

made it  most apt to  function  as a ca ta lys t  or as a c o fa c to r  fo r  one or m ore  

o f  many en zym a t ic  react ions o f  liv ing ce l l  (U lr ich  and Ohki, 1975). It a c t iva te s  

protein  synthesis and N metabolism  (Mulder and B ak em a ,,, 1956). The e lem en t
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seem s to  be the most abundant o f  univalent cation  to  se rve  as an en zym e 

a c t iv a to r  (Greu lach, 1973). M ore  than 50 enzym es has been listed  by Evans 

and Sorger (1966) as those that need K  fo r  m ax im al a c t iv i t y .  They have 

also reported  its  in vo lvem en t  in the  incorporation  o f  am ino acids in proteins.

In fluence o f  K on stom ata l opening and transpiration has been reported  

by F ischer and Hsiao (1968) and Thomas (1970). Insu ff ic iency  o f  K resulted 

in reduced s tom ata l C O ^  conductance. Though potassium a c t iv a te d  synthesis 

o f  ch lorophyll, an increased partit ion ing o f  K to  the ch loroplast in K d e f ic ien t  

plants has been reported  as the reason fo r  no substantial reduction in 

photosynthetic  rates during in it ia l stages o f  K d e f ic ien cy  (Caporn et^ ah, 

1982).

The e lem en t  K was reported  to have d irec t  in f luence on ce l l  division

and higher c e l l  number a t  higher K supply had been reported  by Boringer

and Schacherer (1982).

Low  K was found to h inter transport o f  cytokin ins from  roots. Potassium 

de fic iency  enhanced A B A  export  to  grains and caused a c c e le ra te d  senescence 

(Marschner, 1982).

As a consequence o f  the ro le  in rjegulating membrane permeability , 

K d e f ic ien t  plants w e r e  found to  express w a te r  im balance (Greu lach, 1973).

Potassium increased the res istance o f  plants to  stress o f  moisture,

heat, pest and diseases (A ga rw a ia  and Sharma, 1976).

2.1.3.2 C h arac ter is t ic  d e f ic ien cy  symptoms

Potassium being m obile  inside the plant, the d e f ic ien cy  symptoms 

w e re  f irs t  m an ifes ted  on low er  leaves. The tip and marginal scorching o f

mature le a f  w as the ch arac te r is t ic  symptom o f  K de f ic ien cy  (U lr ich  and 

Ohki, 1975) in t r e e  crops.
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Potassium de f ic ien cy  in orange has been described as flu t ing  (Chapman 

e l  a L ,  1997). C rowding o f  young leaves , darkening and irregu lar deve lopm en t 

o f  leaves  w e r e  reported  to  be ch arac ter is t ic  symptom s o f  K de f ic ien cy  in 

c o f f e e  (Eckste in , e t  a l . f 1937). Purseg love  (1’977) has rep orted  brown scorching 

o f  en t ire  le a f  margins and d e fo l ia t ion  as iK d e f ic ien cy  sym ptom  in c o f f e e .

N e c ro t ic  o lder  leaves  assoc ia ted  w ith  icuuced  height, number o f  branches\ r °  1
and dry m a tte r  has been reported  as e f f e c t s  o f  K de f ic ien cy  in N u tm eg  

(Ph ilip , 1986).

Potassium d e f ic ien t  plants w e r e  found to  produce and accum ulate  
» • p

putriscine, a d iam ine that favour necrosis in l e a f  lamina (R ichards and

Colem an, 1952).

Analysis o f  low y ie ld e rs  o f  mandarin w ith  scorched leaves and non

fru it ing  term inals showed m ore K and less Ca  and Mg in Scorched leaves 

(M orcha l and LacceviJhe, 1969).

2.1.3.3 In teraction  w ith  other  e lem ents

A n tagon is t ic  e f f e c t s  o f  K w ith  Ca 'and Mg has been established in 

d i f fe r e n t  crops (Cain , 1998, Smith, 1966, ]j De Waard, 1969, Hansen, 1970, 

N ybe  1986, Ph ilip , 1986).

L e a f  K was reduced in Washington navel orange by Mg sprays (Jones 

and Em bleton, 1971). Wahid e t  al. (1979) dem onstrated  the  e f f e c t  c f  combined 

le v e l  o f  Na, Ca and Mg' against the leveljj o f  K in the le a f  and suggested 

that c r i t ic a l  leve ls  o f  Na, Ca and Mg cannot be established in coconut w ith  

c e r ta in ity .  High K a va i lab i l ity  decreased  Ca, and Mg uptake in apple (Ludders 

and Bunemann, 1973X. -Sodium decreased th'je uptake o f  K . Calc ium  and Mg

w e r e  found decreased  'c on com it ten l ly  v/ith increased K uptake (Gardner

e t  ah, 1985). Spiers (1987) reported  reduced P, Ca a n d 'M g  w ith  increased
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K fe r t i l i z a t io n .  High K w as found to  decrease  plant g row th . A n tagon is t ic  

in fluence ex is ted  fo r  K  and Mg on ca lc ium  concentrations.

Tandon and Sekhon (1988) studied the in teract ions invo lv ing  K  and 

o ther  nutrients. Am ong the n ega t ive  in teract ions, the  im portan t one reported  

was K x Mg, which even  led to  K  induced Mg d e f ic ien cy .  Potassium and 

Ca antagonism occurred  com m on ly and under conditions o f  m oisture stress 

g rea te r  amounts o f  K  supply was required to ensure K uptake by the crop.

Potassium, Ca and Mg played s ign if ican t ro le  in b u ffe r  system . Potassium 

increased m em brane perm eab il ity  w hereas Ca and Mg decreased  it . Hence, 

a K/Ca/Mg ba lance has to  be maintained in plants (Greu lach, 1973).

2.1.9 Calcium

2.1.9.1 R o le  in plant g row th  and deve lopm en t

Calc ium  is found to  be im m obile  ex c ep t  when in xy lem . It is considered 

to be the only ion essentia l fo r  root g row th . It  is reported  not to  g e t  

translocated  in the phloem and to  be continuously supplied to  the m eristem . 

This resulted in continuous uptake o f  Ca ■ ions a n d -a  d i f fe re n c e  in w a te r  

po ten tia l c rea t ing  a f low  o f  solutes and w a te r  in ce l l  w a i l  and in the xy lem  

(Bangerth, 1979). Ferguson (1980) has reported  Ca from  w ood  to  g e t  rem obilised 

to  the deve lop ing  shoots in Ca starved  plants. •

Emanuelson (1989) has reported  root deve lopm en t to  have an exponentia l 

course a t higher leve ls  o f  Ca and was enhanced w ith  increased Ca concentration .

Being the major c a t i o n . in m iddle lam e lla ,  Ca is supposed to  support 

the m echan ica l strength o f  tissues (Rasmussen, 1967). Paulson and Harper 

(1968) reported  synthesis o f  n itra te  reductase to  be reduced by Ca d e f ic ien cy ,  

but the a c t iv i t y  ' o f  en zym e  was found u n a f fe c ted . Calc ium  functions as 

an a c t iva to r  o f  enzym es iike phosphatase, kinases, and succ inate dehydrogenases
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(Pandey and Sinha, 1972). They have described ca lcium  as a base fo r  

neutralisation o f  organ ic  acids and essentia l fo r  counteract ing  m eta l tox ic i ty .  

Being a constituen t o f  am ylase  - a starch d igesting en zym e, i t  played an 

im portan t ro le  in binding o f  nucle ic acids w ith  protein .

Calc ium  ion i t s e l f  is reported  to  be inac t ive ,  its a c t iv i t y  being m od if ied  

through a homologous class o f  calcium binding proteins. 'Ca lm odu lin ' is 

one among such proteins that con tro l numerous key en zym e  systems and 

ce llu lar processes. The Ca calmodulin com plex  bind the calmodulin dependent 

enzym es like N A D  kinase thus turning them - 'on ' (Anderson and C orm ier ,  1978).

Calc ium  ions and the ir  a ccep to r  calmodulin w e r e  found invo lved  in 

d iverse  processes such as phototropism, photoperiod ism , geotrop ism  and 

hormonal regu lat ion  o f  g row th  (Cheung, 1980).

2.1.4,2 C h a ra c te r is t ic  d e f ic ien cy  symptoms

Calc ium  de fic ien cy  symptoms have tjeen reported  to  appear f irs t  on 

roots. R o o t  tips b ecam e slimy and turn black (Murray, 1966; Chapman, 1975).

Being im m obile  inside the plant, d e f ic ien cy  -sym ptoms w e r e  f irs t  

m an ifes ted  in younger leaves . There  may be dieback o f  term ina l buds and 

the leaves  may be o f ten  d is to rted  and small, w ith  irregular margin and 

n ecro t ic  spots (M u ller , 1966).

Murray (1966) described Ca de f ic ien cy  in cocoa  as th ickened midrib 

in young leaves  and shortened internodes. P rem ature  d e fo l ia t ion  and die-back 

resulted in advanced cases.

In apple, Ca de f ic ien cy  was exh ib ited  as cupping and chlorosis o f  

deve lop ing  leaves , marginal chlorosis and necrosis o f  ch lo ro t ic  area (Shear,

1971). Chapman (1975) reported  dieback fo l lo w e d  by le a f  chlorosis as Ca 

de f ic ien cy  sym ptom  in citrus.
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Thick, b r i t t le  and reduced younger leaves w ith  blunt end which la te r  

deve loped  to  leaves w ith  crink led appearance and n ecro t ic  areas w e r e  the 

Ca  d e f ic ien cy  sym ptom s reported  in nutmeg (Ph ilip , 1986).

2 .1.4.3 In terac tion  w ith  other e lem ents

Calc ium  is reported  to  antagonise w ith  K and Mg (Smith and Rasmussen, 

1959; Smith, 1966). High Ca w as  found to  reduce le a f  Mg, K , N a  and P 

in citrus (Anderson and Martin , 1970). U ptake  o f  K , Rb, Br, CJ, 50^  and 

PO ^  w e re  found a cc e le ra te d  by Ca (Gardner et. ah, 1985). N ybe (1986) has 

observed an increase in fo l ia r  K and Mg due to  Ca  de f ic ien cy  in pepper. 

An increase in leve ls  o f  K, Mg and N and a decrease  in B w ere  found 

associa ted  w ith  Ca  d e f ic ie n c y ’ in Nutm eg  (Ph ilip , 1986).

2.1.5 Magnesium

2.1.5.1 R o le  in plant g row th  and deve lopm en t

Magnesium fo rm ed  one o f  the constituents in the most v ita l and v/idely 

distributed plant p igment -  ch lorophyll. It constitu ted  2.7 per cen t by w e igh t  

o f  ch lorophyll and hence, p layed a key ro le  in photosynthesis. Magnesium 

w as known to  play a c a ta ly t ic  ro le  as an a c t iva to r  o f  a number o f  enzym es 

most o f  which  w e r e  concerned in carbohydrate m etabolism , phosphate transfer 

and decarboxy la tion . The enzym es include enolases, pyrophosphatases, 

hexokinases, carboxylases, phosphokiriases, transketo lases, fructokinases, 

glucokinases and pyrophosphcrylases (Dixon,, 1949 and A ga rw a la  and Sharma, 

1976).

A ccord ing  to  W allace and M uller (1962), there w as a higher requ irem ent 

fo r  Mg a t high tem pera tures  due to  its s ign if icance  in CO^ f ix a t ion  during 

photosynthesis.
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Magnesium is reported  to  a c t  as t _ and helps in the

solubilisation o f  P  (Anajithanarayan and Rao, 1979).

2.1.5.2 C h a ra c te r is t ic  d e f ic ien cy  symptoms'

Being m obile  inside the plant, the d e f ic ien cy  symptoms f i r s t  appeared 

on o lder leaves  (Em bleton, 1975).

The Mg de f ic ien cy  in c itrus was reported  as chiorosis o f  o lder leaves  

which sta rted  a t  the  t ip  and prem ature sheading o f  o lder leaves (R e i t z ,  1958; 

Tanaka, 1960). T r e e  g row th  and l e a f  fa l l  during summer in citrus w e r e  c loseiy  

re la ted  to l e a f  Mg con ten t (Hansen, 1970).

Magnesium de fic ien cy  in c o f f e e  was character ised  by an o l iv e  g reen  

chlorosis near mid rib and la tera ls  which progressed to  le a f  margins 

(M uller, 1966).

In apple Mg d e f ic ien cy  occurred  in young trees  and was rare  in grown 

up trees  due to  deep root penetrat ion . Po tass ium -M g rat io  in soil and leaves  

was the fa c to r  causing Mg d e f ic ien cy .  L e a f  fa l l  is reported  to  be favoured 

by Mg de f ic ien cy  (Sadowski e t  a h , 1976).

Pa le  y e l lo w  co louration  o f  mid rib o f  o lder leaves  fo l low ed  by pale 

green , lem on and n ecro t ic  b lo tches  towards margin, w ith  upward cupping 

w e r e th e  major symptoms o f  Mg de f ic ien cy  ini nutmeg (Ph ilip , 1986).

2.1.5.3 In teraction  w ith  o ther  e lem ents

Various workers  have reported  an tagon is t ic  in f luence o f  Mg w ith  K 

and Ca (E m m ert ,  1961, D e Waard, 1969, Nybe , 1986). Magnesium de fic iency  

was o f ten  assoc ia ted  w ith  high K (M an icot, e t  ah, 1980).
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2.1.6.2 C h a ra c te r is t ic  d e f ic ien cy  symptoms

Many o f  the symptoms o f  S d e f ic ien cy  w e r e  s im ilar to  that o f  N 

d e f ic ien cy .  Both N and S w e r e  constituents o f  protein  and de f ic ien cy  caused 

accum ulation  o f  carbohydrates and soluble n itrogen compounds. Increased 

protein  hydrolysis and decreased synthesis has been reported  in d e f ic ien t  

plants (Greulach, 1973).

Sulphur d e f ic ien cy  resulted in phloem breakdown, decrease  in cam bia l 

tissues and increase  in l e a f  thickness. Increase in thickness o f  f ib re , xy lem  

and co llenchym a ce lls  has also been reported . Sulphur d e f ic ien t  plants w e r e  

ch lo ro t ic  and had an im pa ired  photosynthesis a ttr ibu ted  to  d ire c t  e f f e c t  

on the protein  le v e l  and the ch lorophyll con ten t o f  the chioroplasts 

(H ew it t ,  1963).

C e l l  division may b ecom e  abnormal in sulphur d e f ic ien t  plants. The 

spindle m ovem ents and mechanism depend on the presence o f  th iol groupings 

which  fo rm  cross linkages by oxidation  and disulphide fo rm a tion  (S te f fensen , 

1954; H ew it t ,  1963).

An ove ra l l  y e l low in g  o f  leaves  occur due to  S d e f ic ien cy .  In fru it  plants 

l ike apple, pear, peach and grapes, the top most leaves  on the shoots w e re  

the f i r s t  to  be a f f e c t e d  by S de f ic ien cy  (Childers, 1966).

L o t t  et_al_. (1960) and Muller (1966) observed typ ica l y e l low in g  o f  youngest 

leaves  as the 5 de f ic ien cy  symptoms in c o f f e e .  The young leaves  f irs t  

expressed a uniform light green  colour turning la te r  to  in tens ive chlorosis 

and leaves eventually  becom ing y e l lo w .  The areas a long the mid rib w e re  

a lways green . The shoot g row th  was reduced.
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Smith (1966) reported  Mg de fic ien cy  to be associa ted  w ith  a decrease  

in fo l ia r  concen tra t ion  o f  Zn and Mn in citrus. They also observed that, 

concentra tion  o f  N , P, F e  and B in leaves w e r e  not a f f e c t e d  by Mg lev e l  

even  in seve re ly  d e f ic ie n t  trees .

Increasing Mg supply was found to  low er  K con ten t in apple , (H ugrie t, 1979) 

the e f f e c t  be ing most ev iden t in the ep iderm is  and m esocarp. L e a f  magnesium 

w as usually nega t ive ly  co rre la ted  w ith  K.

2.1.6 Sulphur

2.1.6.1 R o le  in plant grow th  and deve lopm en t

The im portance o f  S is equal to  that o f  N in terms o f  protein  synthesis 

and in to ta l uptake, i t  exceeds P a t  t imes.

The most im portan t function  o f  *S: reported  in plants is its partic ipa tion  

in am ino acid  synthesis, which  is the im portan t building m ater ia l o f  plant 

protein  (K ra m er  and Kozlow sk i, 1960, H ew it t ,  1963).

The SH group o f  proteins w e r e  found im portan t in the ir  en zym at ic  

a c t iv i t ie s  and also in cross bonding o f  protein  m olecu les (Greu lach, 1973). 

Sulphur d e f ic ien cy  resulted in poor quality crop  products and is hence 

recogn ised  as a quality nutrient (Ra jagopa lan , 1987).

Sulphur is a com ponent o f  l ipo ic  acid , C oen zym e  - A , th iam ine, 

pyrophosphate, b iotin , e tc .  It is found essentia l fo r  synthesis o f  ch lorophyll 

and fo r  ce l l  division (Evans and Sorgor, 1966). It is found to enhance the 

e f f ic ie n c y  o f  translocation o f  assim ilates from  le a f  to fru its  (Th irum ala iswami 

e t  aL , 1987).
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2.1.6.3 In teraction  w ith  other e lem ents

Sulphur de f ic ien cy  w as associa ted  witH high N , P  <5c K  contents in leaves  

o f  c o f f e e  (L o t t  e t _ a L ’, 1960) and c itrus (Smith, 1966).

Increase in fo l ia r  N and P w as observed due t o  5 d e f ic ien cy  in nutmeg

(Ph ilip , 1986).

App lica t ion  o f  sulphur in the fo rm  o'f dust increased the to ta l  Ca in 

the stem  as against the con ten t in the leaves o f  groundnut (Th irum ala iswam y 

e t  ai., 1987).

2.1.7 Iron

2.1.7.1 R o le  in plant grow th  and deve lopm en t

Iron in liv ing ce lls  is found ch ie fly  in the fo rm  o f  porphyrins. O f  the 

various m eta l  porphyrins, F e  porphyrins (Hem es) and Mg porphyrins (chlorophylls) 

have been found in nature in abundance. Iron a c t  as a ca iayst and e lec tron  

ca rr ier  in. respiration. The peroxidases, cata lases  and cy toch ro m e  oxidases 

which a re  w ide ly  distributed in plants are iron porphyrin conta in ing enzym es 

that ca ta lyse  various chem ica l react ions. The  trans fe r  o f  e lec trons  from  

substrates a re  m ed ia ted  a lm ost exc lus ive ly  by the iron porphyrin containing 

series o f  cy toch rom es  (Nason and M cE lroy , lj963).

There  ex ist  non hem e iron proteins l ike  fe rrodox in e  and m itochondria l

F e 'e n z y m e s  (Burris, 1966). F e  a c t iv e ly  partic ipa tes  in ch lorophyll synthesis 

and much o f  the F e  in leaves  is in the chlorbplasts (Bogorad, 1966).

Iron is reported  to a c t  as an a c t iv a to r  o f  n it ra te  reductase and acon itase  

(Salisbury and Rose, 1978; A lca ra z  et_ al.;: 1979) and p layed s ign if ican t ro le  

in synthesis o f  nucle ic ac ids and proteins.
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Though F e  is described by various sc ientists  as im m ob ile  inside the 

piant system , Branton and Jacobson (196:2) and Brown (1965) have reported  

iron to  be  m oderate ly  m ob ile  in plants. Fo lia r  applied F e  was found 

trans loca ted  to  m er is tem a tic  tissue.

2.1.7.2 C h arac te r is t ic  d e f ic ien cy  symptoms

The most ch a rac ter is t ic  e f f e c t  o f  iron de f ic ien cy  reported  was the 

fa i lu re  to  produce ch lorophyll in young leaves . The e lem en t  being sparsly 

im m obile , the younger leaves  w e r e  the f i r s t  a f f e c t e d  by F e  d e f ic ien cy .  

L eaves  that had once obta ined adequate iron fo r  d eve lopm en t, seldom 

deve loped  chlorosis even when de f ic ien cy  was subsequently se ve re  to  cause 

com p le te  chlorosis o f  younger leaves  (H ew it t ,  1963).

In terve ina i ch lorosis appeared in it ia lly  producing a f in e  re t icu la te  pattern 

in partia lly  expanded leaves. Necros is  reported  was rare fo r  iron de f ic iency . 

Chloroplasts w e r e  found decreased in size and the injury being irrevess ib ie  

under seve re  conditions o f  iron stress (Jacobson and O er t l i ,  1957).

Chlorosis under F e  stress was associated  w ith  break down o f  chloroplasts 

in young leaves , w ith  ear ly  lysis o f  starch grains. Vacuolation  o f  ch loroplasts 

has also been reported . R es tr ic ted  g row th  w as reported  in iron de f ic ien t  

plants due to  an abrupt cessation  o f  ce l l  division in the ap ica l m eristem  

(Brown and possingham, 1957).

Stunted g row th  and t ip  d ie back w e r e  found (to  fo l low  in tervenal 

chlorosis in F e  d e f ic ien t  cocoa  trees  (M askell e t  aL , 1953). They have also 

reported  abnormal shooting o f  ax il lary  buds and d ie back o f  young shoots 

as ch a ra c te r is t ic  symptoms.

Childers (1966) reported  iron chlorosis in s traw berry , citrus and avocado. 

S evere ly  a f f e c t e d  leaves turned y e l low  and showea marginal and tip burning. 

Dieback o f  shoots and branches occurred in -acu te situations.
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Muller 11966) described F e  deficiency! sym ptom s in c o f f e e  as dark green  

ve ina l network on ch lo ro t ic  parenchyma'.' G enera l papery co llapse o f  le a f  

margins or w h o le  leaves  fo l low ed  by to ta l  b leach ing has been reported  as 

s e ve re  sym ptoms o f  F e  d e f ic ien cy  (Gauch, 1972).

Straw co loured young flush w ith  in terve ina l ch lorosis w h ich  la te r

deve loped  n ec ro t ic  patches on l e a f  lamina has been  reported  as F e  d e f ic ien cy

sym ptom  in nutmeg by Ph ilip  (1986). He has a lso reported  reduced le a f  

s iz e  and downward cupping o f  leaves  in Fe!| d e f ic ie n t  plants.

2.1.7.3 In teraction  w ith  other  e lem ents

Iron de f ic ien cy  was found to b e  iriduced due to the  presence o f  Ca 

and Mg carbonates, d e f ic ien c ies  o f  K or Ca, excess P, Cu, Mn, Zn or Mo. 

High pH also induced F e  de f ic ien cy  (Wallacee and H ew it t ,  1946).

H igh N , P  and .K have been reported  in F e  d e f ic ien t  leaves  o f  c o f f e e

(M uller, 1966). Iron de f ic ien cy  in c itrus was reported  to  be assoc ia ted  w ith  

a high con ten t o f  N and low  Ca  in lea ves  (Smith, 1966). Iron was found 

to  antagon ise w ith  P  (M uller, 1966; C h i ld e rs .  1966).

High F e  ra t io  has been reported  t o  induce fo l ia r  sym ptom s o f  Mn 

de f ic ien cy  in lemon. The l e a f  N , P  and K  rose a long w ith  F e  but Ca decreased 

in proportion to  increase in Fe . Low  F e  :a te  induced most rapid decrease 

in fo l ia r  N  lev e l .  Sim ilar trends w e re  observed  w ith  P and K (Carpena 

e t  ah , 1968).

High fo l ia r  P , Zn and Mn and low Ki and Ca in leaves  w e r e  associa ted  

v/ith F e  d e f ic ien cy  in nutmeg (Ph ilip , L986)|.



2.1.8 Manganese

2.1.8.1 Role in plant growth and development

Largest amount of Mn in plant cell is concentrated in the cytoplasm 

and among cell organells, the chloroplasts are the richest in Mn. Manganese 

as an oxidator has been reported to counterbalance large amounts of tannides 

(Levanidov, 1957). Shkolnik (1984) has reported some of the hydrophytes 

and woody plants to be rich in Mn, which was related to their biochemical 

composition. They were referred as manganophiles and were reported to 

be rich in tannides and apparently alkaloids.

Manganese and iron are reported to regulate and maintain the activity 

of a particular oxidation reduction reaction. Mn acted as an activator of 

many enzymes including dehydrogenase, peroxidase and catalase. Increase 

in Mn content increased the peroxidase activity in leaves and this attributed 

to the necrotic browning in high Mn plants (Horiguchi, 1988).

Manganese has been reported to act as an activator of carboxylase 

that catalyse assimilation of C O j and lead to the formation of di and tr.i 

carboxylic acids. It was directly involved in photosynthesis as an electron 

carrier participating in the reaction for release of O2 (Mehler, 19515 
Salisbury and Rose, 1978). It was found involved in many o f the reactions 

in glycolysis and Krebs' cycle (Horiguchi and Ftkomoto, 1987).

Wide variation has been reported in Mn content of plant species and 

crops exhibited differential tolerance to Mn levels (Edwards and Asher, 1982). 

Horiguchi and Fukomoto (1987) has reported that though Mn concentration 

of 200 to 300 ppm in plant parts were toxic in most cases, it was 1000 ppm 

for corn and 2000 ppm for rice. Mn toxicity level reported for sunflower 

was 5300 ppm (Edward and Asher, 1982). Wang (1987) has analysed rubber
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plant parts collected from 46 countries and reported that the Mn content 

varied from 31 to 2167 ppm.

2.1.8.2 Characteristic deficiency symptoms

Manganese deficient plants exhibited either a reduction in number 

of chloroplasts or a disorganisation, resulting in low concentration of

chlorophyll (Hofman, 1967). The deficiency symptoms first appeared on 

upper leaves and resembled iron deficiency characterised by irregular green 

bands and necrotic spotting (Shkolnik, 1984).

The fruit plants like citrus, walnut and plum exhibited young leaves 

with chlorosis between the main veins and die-back of twigs and branches 

under conditions of Mn deficiency (Childers, 1966). Citrus decline and leaf 

blight were found associated with Mn and Zn deficiency (Anderson and

Calvert, 1970).

Muller (1966) reported youngest leaves to be first affected by Mn

deficiency in coffee. Affected leaves showed typical chlorosis with coarse 

reticulation. Similar reports have been made in mango by Agarwaia et al.(1988).

Pale yellow chlorosis, reduced size of young leaves, water soaked 

necrosis and torn off leaves were symptoms of Mn deficiency in nutmeg 

(Philip, 1986).

Mangansese at high levels has been reported to be toxic in various 

crops. Toxicity symptoms were expressed in citrus as marginal yellowing 

and necrotic spots on leaves. Excess application on Mn was found to increase 

abnormal leaf fall in citrus. Tree growth and cropping was greatly reduced 

(Ishiham et al., 1968 and 1971).
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Manganese toxicity was found to be the main cause of internal bark 

necrosis of apple trees and that, low levels of boron supply was reported 

to be a modifying factor (Sadowski et ai., 1981).

2.1.8.3 Interaction with other elements

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

and a low Fe to Mn ratio in plant tissue to cause oxidation of ferrous iron 

to ferric form making it unavailable to plants. Mn induced Fe deficiency 

has been reported by various workers (Hewitt, 1963, Agarwala et al., 1986).

Edward and Asher (1982) has reported Mn to have no effect on Ca 

and Mg content in tops of Mn tolerant plants. They have reported the 

concentration of Zn in leaves of Mn sensitive plants to increase with increase 

in Mn. Zn and K increased in shoots and decreased in roots. Islam (1986) 

has reported a reduction in Fe and Mg with increased Mn. He has also 

reported an interaction between Ca and Mn. An increase in Ca was effective 

in reducing Mn toxicity. Mn uptake was reduced by increase in Ca level 
in nutrient solution.

2.1.9 Copper

2.1.9.1 Role in plant growth and development

The presence of Cu in plants has been recognised as early as in 1816. 

The nature and involvement of Cu in metabolic processes was determined 

by the specific physico chemical properties of the metal. Copper ions reacted 

with amino acids, proteins and other polymers producing stable complexes 

and hence, was more active than other metals. Secondly, Cu ions possess 

catalytic properties which were enhanced upon binding of the ion to a protein 

molecule. Thirdly, Cu ions readily release or accept an electron, which



23

accounted lo r  the behaviour o f  Cu eith'er as a donor or as an a ccep to r  

o f  e lec trons  (F r ieden , 1968).

Chlorop lasts conta ined m ore  than 70 ■ per cen t o f  Cu conten t in leaves 

and w as found invo lved  in biosynthesis o f  jproto-ch lorophyll and iron porphyrin 

com p lexes  (Sorokipa, 1967). It was found to  be a component in ribulose 

diphosphate carboxy lase  (Wishnick and Mildvan, 1969), con firm ing  its ro le  

in photosynthesis.

Endowed w ith  the ab il ity  to  change va lency , Cu l ike Fe , Mn and Mo

occupy centra l position in the mechanism o f  b io lo g ic a l  ox idation  reduction
I1 . . . .

reactions including those o f  respiration, photosynthesis and assim ilation
I

o f  m olecu lar nitrogen* Phenol oxidation| w as reported  not to  take place 

in the absence o f  Cu resulting in accum ulation  o f  gum on tw igs  and fruits 

(Shkolnik, 1984).

The p ro te c t iv e  uctipn o f  Cu agaipst des truc t ive  superoxide rad ic le  

has been established by K lyav inya  anjd O zo llhva  (1978). Hence, Cu de f ic iency  

resulted in reduced p ro tec t ion  against filtra v io le t  rays, ox idation  o f  lipids 

and chlorophyll and d is in tegrat ion  o f  membranes.

Nuc le ic  acids and some nucle ic ac id  precussors w e r e  found to have 

high a f f in i ty  fo r  Cu ions. Biosynthesis o f  adenine, adenosine and adenosine 

monophosphate w e re  enhanced by Cu ions (Okuntsov et^aL, i 966).

Copper was found to  play a ro le in auxin m etabolism . High corre la t ion  

ex is ted  be tw een  indole a c e t i c  acid  con ten t and a c t iv i t y  o f  Cu enzym e - 

ascorb inate oxidase. It was found to  enhance tryptophan synthesis 

(Gam ayunova, 1965).

A  pos it ive  in fluence o f Cu has been reported  on res istance to  w ilt in g . 

This e f f e c t  is apparently  re la ted  to  the e f f e c t s  o f  Cu on the phenolic inhibitor 

con ten t (Prusakova, 1966),
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Copper was found to have variab le  phloem mobility  from  leaves ; being 

reta ined while, they are  green  and mobilised w ith  N during senescence 

(Loneragan , 1982).

2.1.9.2 C h arac te r is t ic  d e f ic ien cy  symptoms

Copper being im m obile  in plant system, the de f ic ien cy  symptoms w ere  

f irs t  exh ib ited  on new grow th  (M u ller , 1966)i D ie  back o f  tw igs  and Chlorosis 

o f  young leaves haVe been reported  as the ch a ra c te r is t ic  sym ptom s in most 

o f  the plants (Anderson, 1932).

Production  o f  large , dark green  leayes fo l low ed  by gurnmosis and die

back o f  shoots w e r e  the in it ia l symptom s reported  in citrus (Cam p et^ah, 1949).
j'

L a te r ,  tw igs  deve loped  m ult ip le  shoots witlji small leaves  that dropped shortly. 

L ea ves  w e r e  irregular w ith  cupping o f  mid rib.

Copper de f ic ien t  plants had leaves w ith  low  osm otic  pressure due to 

low le v e l  o f  sucrose and hence showed itsj inability  to  adapt to  m ete ro log ica l  

changes (M izuno e t_a L ,  1983). The le a f  t ip l 'becam e dry, curled up and showed 

de form ation  and drooping. They showed a marked decrease  in moisture 

content.

Interveinal chlorosis, reduced s ize  o f  new flush, downward cupping o f

le a f  margins assoc ia ted  w ith  reduced height, and to ta l  dry m atte r  a re  the
■ \

symptoms reported  In copper d e f ic ien t  nutmea plants (Ph ilip , 1986).

2.1.9.3 In teraction  w ith  other e lem ents

Phys io log ica l functions o f  Cu in plants w e r e  in t im ate ly  associa ted  w ith  

in teract ions that take place be tw een  Cu and other  m ineral e lem ents . 

Antagonism was reported  to  occur be tw een  F e  and Cu (Gamayunova and
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Ostrovskaya, I960). In acid soils, tolerance of Co content was low whereas  

in alkaline soils, plant tolerated opto 3|' times that in ac.d soils (Plessis 

and Burger, 1971). N o foliar accumulation of Cu has been reported.

Interaction between C a  and Cu was reported by Zhiznevskaya (1972). 

Copper acted as a regulator of Ca level in leguminous plants. In citrus, 

Cu deficiency has been found associated w ith high fo liar N , K and Low

Ca (Smith, 1966).

Copper deficiency was associated w,ith an increase in foliar Fe and 

Mg and a decrease in Ca content of leaves of nutmeg (Philip, 1986). The 

N and P O content w ere found to be dbubled in Cu deficient wheat plants 

(Mizuno et ah , 1983). No foliar accumulation of Cu has been reported

(Burger et_ ah, 1971).

2.1.10 Zinc

2.1.10-1 R o le  in plant g row th  and deve lopm en t

Within the  plant, Zn concentration  w.as high in leaves, ge 

and g row th  points (R icem an  and ilohes, i960 ). Z inc  Was found in plants 

mostly in the ion ic fo rm  and less associa ted  w ith  com plex  compounds. Inside 

the  ce l l ,  g rea te r  part o f  Zn occurs- in nuclei and m itochondria  (K a thore  

e t  al., 1972) associa ted  v/ith 'high molecular w e igh t  compounds suggesting

its ro le in ce l l  division.

Z inc was found incorporated  in a multitude o f  m e ta l lo en zym e  com plexes 

and has the ab il ity  to  a c t iv a te  a lange number o f  en zym e  com plexes

(R iordan, 1976). The m etabo lic  function  o f  Zn has been reported  to  be m ore

varied  than any other trace  e lem ent.

Z inc is reported  to be invo lved  in the biosynthesis o f  porphyrins and 

haemo proteins, including cy toch rom e (Brown et^ah, 1966).
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Zinc in fluenced g lyco lys is  and respiration being a constituent o f  many 

enzym es in these pathways (Nason and M cE lroy , 1963). The principal 

respiration pathway was reported  to  be strongly inhibited under inadequate 

Zn supply (Shkolnik, 198*0 due to  decrea.se in a c t iv i t y  o f  a ldolase and a 

number o f  g ly c o ly t ic  enzym es.

Z inc was reported  to  be  invo lved  in the biosynthesis o f  ch lorophyll 

precursors - protoporphyrins and porphobilinogen (Fug iw ara  and Tsutsumi, 1962).

Z inc has been reported  to  de te rm in e  the auxin le v e l  in plants through 

their  in fluence on tryptophan, the precursor o f  IA A  (Skoog, 1940; Tsui, 1941). 

Tryptophan was converted  to IA A  through tryp tam ine . The la rge  amount 

o f  tryp tam ine found in Zn de f lc ie ft t  plants Ind icated  that Zn is necessary 

fo r  convers ion o f  tryp tam ine to  IA A  (Takaki and A r ita ,  1986).

In the absence o f  Zn, g lucose was found to g e t  accum ulated  and synthesis 

o f  ce llu lose  reduced. The osm otic  pressure o f  c e l l  was high and ce l l  e longation  

reduced. Z inc was reported  to  in fluence g ibbere ll in  content in plants (Shkolnik 

e t  ah, 1975) and the shortage o f  endogenous g ibberell in  during Zn de f ic iency  

may be one o f  the fac tors  that inhibit stem  grow th  resulting in shortening 

o f  internodes.

Evidence on the in vo lvem en t o f  Zn in nucle ic  ac id  m etabolism  suggests 

the most im portan t phys io log ica l ro le  o f  Zn. It is reported  to  be an in tegra l 

part o f  R N A  dependent D N A  polym erases (Springate et^ ah, 1973) which 

plays an im portan t ro le  in transcriptions* Many o f  the en zym es needed for 

D N A  duplications w e re  found to contain Zn. D e f ic ien cy  seve re ly  depressed 

the production o f  protein in r rer is tem atic  tissue and brought about 

accumulation o f  aminoacids and amides (K itag ish i and Obta, 1986).

Epstein (1961) has reported  Zn to  have an apparent ro le  in function 

o f  membranes. Z inc and Ca ions w e re  found concerned in regu lating ion



27

transport across ce l l  membranes. Z inc d e f ic ien t  plant roots exh ib ited  a 

g rea te r  leakage (W elch  e r tab ,  1982),

2.1.10.2 C h arac te r is t ic  d e f ic ien cy  symptoms

Reduced internodal length, resetting* d is torted  and unusually small 

leaves  a re  the major symptoms reported  o f  Zn d e f ic ien cy ,  a ll  be ing la rge ly  

due to inadequate supplies o f  IA A  (Greulach, 1973).

Z inc de f ic ien cy  symptom s have been reported  in many crops, under 

f ie ld  conditions. Na ir  e t  ah (1968) has Ireported visual symptoms o f  Zn 

d e f ic ien cy  in citrus as m ott led  lea f ,  reduced le a f  s ize  and dieback o f

term inals .

R osett ing  in apple is reported  as mainly due to  an im balance o f  Zn

nutrition (Naum ov et^al,, 1977). In mango, .among the minor e lem ents  studied, 

Zn de f ic ien cy  appeared f irs t  on young and m iddle leaves  (A ga rw a la  et_ ah, 

1988). Marked reduction in length o f  vine, internodal length, le a f  area and 

dry m atte r  has been reported  in Zn d e f ic ien t  pepper vines (N ybe , 1986). 

S im ilar reports w e r e  made in nutmeg by Ph ilip  (1986).

2.1.10.3 In teraction  w ith  other  e lem ents

Suggestions that Zn de f ic ien cy  cause1 P to accum ulate  to  to x ic  leve ls  

in o lder leaves  have been con firm ed  in various crops (Johnson and Simons, 1979; 

Andrew et^ah, 1981; Welch et^ah, 1982).

In citrus, Zn de f ic ien cy  was associa ted  w ith  high N and K and low Ca

in leaves (Smith, 1966).

Fo liar Zn absorption increased w ith  higher Mn concentra tion  whereas 

iron reduced it . Calc ium  was found to reduce fo l ia r  Zn absorption (A ro ra  

et ah, 1970).
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Increase o f  fo l ia r  P, Fe and decrease  in Mg has been reported  in Zn 

d e f ic ien t  nutmeg plants (Ph ilip , 1986).

2.1.11 Boron

2.1.11.1 R o le  in plant g row th  and deve lopm ent

Unlike other essentia l t ra ce  e lem ents , boron is neither a constituent 

o f  en zym es nor an a c t iv a to r .  Bulk o f  boron present in plants was reported  

to  be concen tra ted  in ce l l  w a lls  (Starck, 1963). L e e  and A rn o f f  (1967) reported  

that bora tes  com p lex  w ith  6 phospho gliuconic ac id ; thus inhibiting the 

a c t ion  o f  its dehydrogenase and preven ting the even tual synthesis o f  excess ive  

quantities o f  phenolic acids, which accusrnulate in boron de f ic ien t  plants 

and cause necrosis and death.

Inhibition o f  g row th  o f  v e g e ta t iv e  shoot as a result o f  boron de f ic iency  

was reported  to  be based on the accumulation o f  phenolic g row th  inhibitors 

which resulted in stimulation o f  pentose phosphate pathway in boron  d e f ic ien t  

plants (Shkolnik and Illinskaya, 1975).

L ew is  (1980) has i l lustrated  the principal function  o f  boron as connected  

w ith  the metabolism  o f  phenolic  acids arid lignin biosynthesis and w ith  the 

mechanism o f  auxin act ion  in the process o f  xy lem  deve lopm en t and 

d i f fe ren t ia t ion .  It was found to regu la te  the hydro ly t ic  and ox id a t ive  functions 

o f  phenolases, contributing to the biosynthesis o f  lignin precursors which 

a re  highly essentia l fo r  vascular plants especia lly  those w ith  w e l l  l ign if ied  

xy lem .

Boron de f ic ien t  plants exh ib ited  a reduced ra te  o f  photosynthesis which 

was due to an a lte ra t ion  in ch lorop last structure a long w ith  a reduction 

in ga la c to  lipid content (K iba lenko, 1973). Boron was found to  in te r fe re
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w ith  the prote in  synthesis in ribosomes, the e f f e c t  be ing reported  oniy in 

d ico t  plants (Shkolnik, 1984).

N ecros is  o f  ap ica l m eris tem , the m ain -s ite  o f  IA A  synthesis and synthesis 

o f  phenolics and inhibition o f  xy lem  and phloem d i f fe ren t ia t ion  a c ted  behind 

a ll  the ex te rn a l symptoms exh ib ited  by 'boron d e f ic ien t  plants (Marschner,

1982).

A ccord ing  to  Pilbean and Kirkby (1983), the presence o f  B was found 

essentia l to  maintain membrane structure and many o f  the de f ic ien cy  

symptoms w e re  secondary e f f e c t s  ca.used by changes in membrane

permeability.

2.1.11.2 Characteristic deficiency symptoms

Boron d e f ic ien cy  lead to  degenerat ion  o f  m er is tem a tic  tissue, breakdown 

o f  w a lls  o f  parenchyma ce lls  and poor d eve lopm en t o f  vascular tissues. 

Ph loem  and xy lem  w e re  poorly d e v e lo p e d . . R o s e t t in g ’ o f  term inal growth , 

die back* discolouration , thickening and br itt leness  o f  leaves , curling, 

w rink ling ,, chlorosis e tc .  a re  some o f the genera l symptoms (Brad ford , 1975).

Downward cupping o f  leaves and re f fex in g  o f  lea f  tips w e r e  the de f ic iency  

symptoms in cocoa  (Maskell e t ah, '1953). Small young leaves , leathery 

tex ture , irregular lea f margin, and reduced internodal length w e r e  the results 

o f  boron de f ic ien cy  in c o f f e e  (Muller, 1966).

Fa ilu re o f  ap ica l bud, b r i t t le  upper leaves  w ith  m ott led  appearance 

fo l lo w e d  by necrosis w e r e  the typ ica l symptoms o f  boron de f ic ien cy  in pepper 

(N ybe ,  1986). Crinkling o f  leaves , prem ature shedding and die back w ere  

the ch arac ter is t ic  symptoms in nutmeg (Ph il ip , 1986).
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2.1.11.3 In teraction  w ith  other e lem ents

Boron in teract ions w ith  other e lem ents  a re  quite scanty. In citrus B 

de f ic ien cy  was associa ted  w ith  a high P and Mg and low K conten t o f  leaves  

(Smith, 1966). A  decrease  in fo l ia r  Ca and K and increase in fo l ia r  N and 

P was found associa ted  w ith  B de f ic iency  in N u tm eg  (Ph ilip , 1986).

A  synerg is t ic  re la tion  be tw een  B and K has been reported  by Sakai 

et_al_. (1988) based on their work in legumes.

2.1.12 Molybdenum

2.1.12.1 R o le  in plant g row th  and deve lopm ent

The requ irem ent o f  plants fo r  Mo is r e p o r te d  to  be considerably low er  

than that o f  o ther t ra c e  e lem ents . The highest requirement- o f  Mo have 

been shown in plants o f  ieguminosae fam ily  (H e w it t  and 3ones, 1947).

The most s ign if ican t physiologica l ro le  reported  fo r  Mo is its invo lvem ent 

in n itrogen m etabolism  particu larly  in the reduction o f  n itra tes and f ixa t ion  

o f  m olecu lar n itrogen (N icho las and Stevens, 1955). The Mo containing 

en zym es reported  are  numerous. Shkolnik, 19C4. has reported  the ro le o f  

Mo as a ca ta lys t  in various m etabo l ic  reactions.

Molybdenum is im portant in energy m etabolism . H ew it t  (1958) reported  

Mo to st im ula te  respiration and phosphorylation. It io rm ed  com p lexes  w ith  

R N A  through phosphate groups (Ivchenko, 19Si).

Molybdenum influenced the m etabolism  o f  vitamins in plants. A  dram atic  

fa l l  in ascorb ic  acid  con ten t occurred in Mo de f ic ien t  plants (Burkin, 1968).

P ec t in  metabolism  has been reported  to be in f lueced  by Mo to  some 

ex ten t  and a possible in fluence o f  Mo on c e l l ' membrane structure has been
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suspected. Molybdenum has been reported to in f luence the phospholipid 

synthesis and thereby the ce l l  membrane strujcture ( Ivechenko, 1981).

Much o f  the a c t iv i t ie s  o f  Mo in plants remain obscure and further 

invest igat ions a re  needed to  de te rm ine  itis a c t iv i t y  in individual b io chem ica l 

reactions.

2.1.12.2 C h a ra c te r is t ic  d e f ic ien cy  symptoms

Plants grow ing in a c id ic  soils usually exh ib ited  Mo shortage w h ere  this 

e lem en t  is found In a la rge ly  im m ob ile  s ta te  (Burkin,1 1968). The in it ia l 

symptoms o f  Mo de f ic ien cy  appeared as ye l low ish  green  or pale orange 

in terve ina l spots. The molybdenum de fic ien cy  even tually  resulted in 

diminished number o f  f low e rs  on the plant (Shkolnik, 198^).

The f lo w e rs  on Mo d e f ic ien t  plants Usually lost their  al^jiity to  anthesis. 

Severe  disturbances in the fo rm ation  o f  rep rodu ct ive  organs, especia lly  

in the deve lopm ent o f  pollen has been reported  (A ga p v a la  et_ a l * , . 1979).

2.1.12.3 In teraction  w ith  other e lem ents

Molybdenum and A1 has been reported  to  be an tagon is tic , the tox ic  

in f luence o f  A1 and Cu being counteracted  by Mo (M ill ikan, 1948). Barroc io  

(1962) reported  synergism be tw een  Mo and K. Candela e g  ah  (1957) has 

reported  excess Mn to  adverse ly  a f f e c t  g row th  o f  plants su ffer ing  from  

Mo de f ic ien cy .  Ishihara e t  al. (1968) has reported  an tagon is t ic  re la tion  

b e tw een  Mo and .Ni.
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2.2 Seasonal changes in fo l ia r  nutrient leve l

Since le a f  is the principal s ite  o f  plant m etabolism , changes in nutrient 

supply a re  r e f le c t e d  iii the composit ion  o f  l e a f .  These changes a re  more 

pronounced a t  certa in  stages o f  deve lopm en t and concentra tion  o f  nutrients, 

in le a f  a t  sp ec i f ic  growth  stages a re  re la ted  to  the p e r fo rm an ce  o f  the 

crop.

Seasonal in fluence on nutrit ional status o f  the plant has been reported  

in various crops. A s ign if ican t n ega t ive  co rre la t ion  be tw een  light intensity 

and nutrient concentra tion  has been reported  in a p p le  (R o g e r  and Batger, 

1952), rubber (Shorrocks, 1962),. ap r ico t  '(M alik , 1966) pepper (D e  waard, 

1969), e tc .

Accord ing  to U lr ich  (1952) best t im e fo r  co l le c t in g  l e a f  samples was 

be tw een  8 AM  and 12 Noon. Lin (1963) opined that le a f  samples should be 

c o l le c ted  b e fo r e  noon to avo id  diurnal var iation  in le a f  N.

In citrus, the N, P and Mg contents o f  the t re e  w e re  m aximal as new 

shoots em erged  and then decreased. The Ca content was low est on em ergen ce  

and then rose. N itrogen  absorption was g rea tes t  in D ecem ber , I<20  in dune, 

Cao  in N ovem b er  and Mgo in Septem ber - O ctober .  During w in ter ,  minerals 

w e r e  trans located  to  the roots (H ir o b e  and Ogaki, 1968).

In lemon, the n itrate  n itrogen varied l i t t l e  from  O ctob er  to  April, 

but rose b e tw een  May and Septem ber w ith  peak in duly. High tem pera ture  

brought the n itra te  reductase a c t iv i ty  low est in duly and H ighest in O ctober  

to  April (A ic a ra z  et ah, 1979).

Seasonal changes in Zn and w a te r  soluble phenolics has been reported  

in citrus by Nair  and Mukherjee (1970). The contents w e re  more in. outer

2.5 cm trunk o f  orange trees  in w in te r  than in summer.



Ludders and Buneman (1973) have reported  the highest uptake o l  nutrients 

in dune to  Septem ber in apple . The N con ten t o f  apple trees  has been reported  

to  be highest early  in the season, which declined sharply until mid summer 

and remained stable th e rea fte r  (Chuntanaparb and Cummings, 1980). Phosphorus 

concentra tion  was the highest in early  sample w ith  slight var ia t ion  a f t e r  

mid seasons. Magnesium was highest in lea f  margins. No seasonal trend Was 

reported  fo r  K and Mg. Calc ium  content increased non linearly  throughout 

the season.

GuManru ah (1981) has reported  the N requ irem ent fo r  apple to  be 

the g rea tes t  during March to  May, least iti Septem ber to  March and a steady 

supply from  May to  Septem ber.

High N reserves  and high N supply during the w ho le  v e g e ta t iv e  period 

w e r e  found necessary for  a regular, annual bearing in apple (Faby* 1986). 

N itrogen  reserves in the trees  from  previous yea r 's  manuring w e r e  mobilised 

in spring and toge th er  w ith  spring N application , w e r e  essentia l fo r f lo w e r  

bud in it iation  in early  dune.

Seasonal changes in N concentra tion  has been reported  in A vocad o  by 

Bar e t  ah  (1987). L eaves  from  spring flush .w ere  sampled to. in terpre t  nutrient 

concentration .

Bargara and CI tad ha (1988) has reported  the s ign if icance  o f  standard 

le a f  fo r  le a f  analysis. They have quoted the standard le a f  fo r  d i f fe re n t  crops 

which is o f  high s ign if icance in pred icting the nutrient status of the crop. 

There  ex is ted  a c y c l ic  rythm to the e lem enta l concentra tion  in pla'nts r e f le c t in g  

the in teract ion  be tw een  uptake and transiocation w ith  changes in the dry 

m atte r  accumulation . E lem ental concentra tion  var ied  w ith  species. O f  the 

10 major and minor e lem ents  studied, only B and K was reported  to  be a f f e c t e d  

by ra in fa ll  and applied irr igation. Boron concentra tion  increased during dry 

periods and decreased a f t e r  rains and reverse  w as1 the case fo r  K.





M ATER IALS  AND METHODS

The invest igat ions pertaining to  the nutritional aspects o f  c lo ve  (Syzygium  

arom aticum  (L .) Merr* and Perry ) reported  herein consist o f  four main 

parts.

1. Induction o f  nutrient d e f ic ien cy  symptoms.

2. Nutr ient distribution and translocation  under nutrient stress condition.

3. Annual nutrient rem ova l by a bearing1 c lo ve  t re e

if. Seasonal variations in fo l ia r  nutrient .concentration in bearing c lo v e  t ree .

The f irs t  tw o  aspects w e r e  studied w ith  c lo ve  seedlings grown in 

pots and the la t te r  tw o  w ith  f ie ld  grown c lo ve  trees .

3.1 Induction o f  nutrient d e f ic ien cy  sym ptoms

To induce nutrient de f ic iency  symptoms in c lo v e  seedlings, sand culture 

exper im ents w e r e  carr ied  out in the igreen house o f  the Rad io  Tracer 

Laboratory,, K era la  Agr icu ltura l U n ivers ity , Vellanikkara from  duly 1986 

to  August 1988.

3.1.1 P lanting m ater ia l

C lo ve  seeds w e re  c o l le c ted  from  se lec ted  high y ie ld ing  gardens in 

N aga rco i l ,  Tam il Nadu during IJune-duly; The seeds w e r e  depulped and 

larger o l iv e  green  ones w ithout any d ispoloufation w ere  s e lec ted  from  

single-seeded fruits. They w e r e  sown in itia lly  irt germ ination  beds b f  f in e  

sand. F la t  and shallow sowing w ith  5 cm spacing was adopted. The seed 

beds w e r e  kep t  moist by regular w ater ing . The seedlings w ith in  2 days 

o f  germ ination  w ere  transplanted in po lythene bags o f  25 x 15 cm s ize  

f i l led  w ith  potting m ixture (1:1:1 sand soil and powdered cowdung). They 

w e r e  kep t  in shade and w a te red  regularly!.
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the f irs t  tw o  w eeks  o f  transplanting, the plants w e r e  supplied w ith  com p le te  

nutrient solution fo r  their  establishment and th e rea fte r ,  the nutrient 

t rea tm en ts  w e re  imposed. B e fo re  start ing the trea tm ents , the grow th  

media was flushed w ith  deionised w a te r  repeated ly  fo r  th ree  t im es to 

w ashaw ay the nutrient residues.

3.1.4, T rea tm ents

1.

The trea tm en ts  tr ied  w ere  

C om p le te  nutrient solution (C)

2. Nutr ient solution minus nitrogen (-N )

3. Nutr ient solution minus phosphorus,.(-P)

4. Nutr ien t solution minus potassium (-K )

5. Nutr ien t  solution minus ca lc ium  (-C.a)

6. Nutr ien t solution minus magnesium' (--Mg)

7. N utr ien t  solution minus sulphur (-S)

8. Nutr ien t solution minus iron (-F e )

9. Nutr ien t solution minus manganese (-Mn)

10. Nutr ient solution minus copper (-Cu)

11. Nutr ien t solution minus z inc  (-Zn)

12. Nutr ien t solution minus boron (-B)

13. Nutr ient solution minus molybdenum (-Mo)

There  w e re  f i f t y  plants in each trea tm en t  and .a to ta l  o f  650 plants

in the exper im en t.  The plants under .each treatment- w e r e  grouped into

three  sets o f  15 plants each and the remaining f i v e plants w e r e  kep t

fo r  observationa l purpose.

3.1.4.1Standardisatlon o f  nutrient solution composit ion

Pre lim inary  studies w e re  conducted w ith  Hoagland and Arnon solution 

as m od if ied  by Loue (1962) fo r  cocoa  and by Ph ilip  (1986) fo r  nutmeg 

to  exam ine its su itab ility  fo r  grow ing  c lo ve  seedlings.
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When the Loue 's  solution (pH 6.5) was applied to  the pots, the 

establishm ent was very poor and the plants deve loped  le a f  scorching with in 

15 days. L a te r ,  the plants b ecam e  stunted in g row th . L e a f  samples w e re  

co l le c ted  from  these plants fo r  chem ica l analysis and the fo l ia r  nutrient 

com posit ion  was com pared w ith  that o f  healthy plants grow ing in pot - 

m ixture.

The chem ica l analysis ind icated  a high con ten t o f  K (1.83%) in 

the plants rece iv in g  the nutrient solution as against a fo l ia r  l e v e l  o f  0.91 

per cen t  in healthy plants. Further the pi I o f  the sand medium also var ied  

markedly.

In v iew  o f  these, tria ls  w e r e  conducted to  f ix  u p .the  optimum leve l  

o f  K and pH o f  the nutrient solution.

Th ree  leve ls  o f  K v iz .  1, 3 and 5 meq i * and pH v iz .  4.5, 5.5 and

6.5 w e re  tr ied . O f  these, the nutrient solution w ith  3 m eq o f  K and pH

5.5 was found to be the best as its app licat ion  resulted in maximum response 

and survival o f  the plants (98% ). Further, the solution was sa fe r  to  apply 

as the plants did not show scorching o f  the leaves. The le a f  analysis o f  

these plants ind icated  low leve ls  o f  K but adequate fo r  sa t is fac to ry  growth.

From the results o f  these trials, the composit ion  o f  the com p le te  

nutrient solution fo r  c lo ve  was finally  m od if ied  and f ix ed  as g iven  be low :

Com position  o f  co m p le te  nutrient solution

Elements meq 1~̂

NO j . 10

3

K 3

Ca 6

Mg 4

4
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Elem ents Meq 1 *

Fe 0.18Q

Mn 0.005

Cu 0,010

Zn 0.004

BQj 0.050

Mo 0.03 ppm

As fa r  as possible, the r e la t iv e  proportion , o f  the e lem ents  present 

in the com p le te  nutrient solution and in the d e f ic ien t  solution w e r e  kept 

the same. The deta ils  o f  stock solution prepared and the quantity taken 

fo r  preparing the final solution a re  g iven  in Tables 1 and 2. A na ly t ica l ly  pure 

chem ica ls  (A R  grade) w e r e  used fo r  the preparation  o f  the solutions. 

The w a te r  fo r  the preparation o f  n u tr ie n t  solution was f i l t e r e d  and 

dem inera lised  by passage through an ion-exchange resin column. Fresh 

nutrient solutions w e r e  prepared every  tenth- day. The pH o f  the f inal 

solution was adjusted to 5.5 by the addition o f  25per cen t NaO H  or 6N  HC1 •

Iron was added separate ly  to  the pots as it caused prec ip ita tion  

when m ixed w ith  solution containing other nutrient e lem ents . Stock solution 

o f  Fe  was prepared by dissolving the required quantity o f  F e  SO^. 7 ^ 0  

in dis ti l led  w a te r  and ac id i fy in g  it  w ith  ^ S O ^  (0.5 ml 1 to  avoid  

prec ip ita tion .

Every a lte rn a te  day plants w e r e  supplied w i th  250 ml o f  respec t iv e  

nutrient solution. Sand in each conta iner was flushed w ith  deionised w a te r  

a t  an in terva l o f  15 days to  preven t salt accum ulation and was fo l low ed  

by th e 'ap p l ica t ion  o f  fresh nutrient solution.

3.1.5 Record ing  o f  d e f ic ien cy  symptoms

The aer ia l portion o f  plants under each t rea tm en t  w e r e  care fu lly  

w atched  fo r  the appearance o f  any visual sym ptom  and the date o f
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Tab le  1. Com position  o f  stock solution prepared fo r  making the f ina l solution

C hem ica l used Quantity Molar concentra tion

g 1

k n o 3 101.0Q M

h n o 3 63.00 M

M g S C y  7H20 246.50 M

Ca ( N 0 3) 2. 4H20 236.00 M

k h 2p o ^ 136.00 M

Mg ( N 0 3) 2. 6H20 256.00 M

M g C l2. 6H20 203.00 M

N a N 0 3 83.00 M

k 2s ° ^ 87.00 0.5 M

N a 2SO^ 71.00 0.5 M

Ca (H 2P O ^ )2. H 20 6.30 0.025 M

CaSO^. 2H20 1.70 0.010 M

FeSO^. 7H20 2.50 0.010 M

F e  ( N 0 3) 3 4.00 0.016 M

h 3b o 3 1.00 0.016 M '

Z n S C y  7H20 0.56 0.002 M

CuSO^. 5H20 1.25 0.005 M

(C H 3C O O )2Zn '0.44 0.002 M

C u C l2. 2H20 0.85 0.005 M

M nC l2. W 20 0.50 0.0025 M

h 2m o o ^ .  h 2o 0.05 0.0003 M



Table 2. Composition of the different stock solutions (m l) taken to make one litre of

nutrient solution under each treatm ent

Chem ical C -N -p -K -Ca -M g -s -F e -Mn -C u -B -Zn -M<

k n o 3 2 0 2 0 2 0 2 2 2 2 2 2 2

H N O , 2 0 2 2 2 2 2 2 2 2 2 2 2

Ca ( N 0 3) 2 3 0 3 2 0 3 3 3 3 3 3 3 3

MgSO^ 2 0 2 2 2 0 0 2 2 2 2 2 2

K r L P O ,
/ 4

M g (N o3) 2

1 0 0 0 1 1 1 1 1 i 1 1 1

0 0 0 0 0 0 2 0 0 0 0 0 0

* 2s c \ 0 3 1 0 0 3 0 0 0 0 0 0 0

C a  (H 2P 0zf) 2 0 20 0 20 0 0 0 0 0 0 0 0 0

CaS0 4 0 200 0 0 0 0 0 0 0 ■ 0 0 0 0

H 3B0 3 . 1 i 1 1 1 1 ' 1 1 1 r 0 “ 1 1

M nCl2 1 1 1 1 1 • 1 1 1 0 l 1 1 1

FeS 10 10 10 10 10 10 0 0 10 ' 10 10 10 L0

F e (N 0 3) 3 0 . 0 0 0 . 0 0 10 0 0 0 0 0 0

H2M oO z, 1 1 1 1 1 1 1 ^ 1 1 l 1 1 0

CuSO^ 1 1 1 1 I • 1 0 1 1 0 1 1 1

ZnSO^ 1 1 1 1 1 1 0 • 1 1 i 0 1 1

(C H 3C O O )2Zn 0 0 0 0 0 0 1 0 0 0 0 0 0

C u C l2 0 ■ 0 0 0 0 0 1 0 0 0 0 0 0

M g C l2 0 2 0 0 0 0 0 0 0 0 0 0 0

NaN03 0 0 0 4 6 2 0 0 0 0 0 0 0

N a 2SO* 0 0 0 0 0 1 0 0 0 0 0 0 0



appearance o f  symptom suspected to  be rdue to  d e f ic ien cy  w e r e  recorded 

and colour photographs taken. The symptoms w e r e  how ever  con firm ed  

only when three  plants rece iv in g  the same t rea tm en t  deve ioped  iden tica l 

symptoms.

3.1.6 Observations on g row th  param eters

Observations on the fo l low in g  grow th  param eters  w e r e  recorded 

a t  monthly in terva ls  a f t e r  the com m encem en t  o f  the trea tm ents . The 

observations w e r e  recorded  fo r  each plant in each group under a t rea tm en t  

so as to g e t  th ree  group means fo r  each trea tm en t.

3.1.6.1 H eigh t o f  the plant

The height o f  the individual plant was measured from  the soil surface 

upto the grow ing point using a f le x ib le  measuring tape.

3.1.6.2 Internodal length

The topm ost four pairs o f  leaves  w e r e  considered to  obtain the 

internodal length. The to ta l  length o f  the stem  supporting the four nodes 

d iv ided by the number o f  nodes (4) was; taken as the in ternodal length.

3.1.6.3 Num ber o f  leaves

To ta l  number o f  leaves  produced in a plant w e r e  counted and recorded 

separate ly  and mean value fo r  each group was ca lcu la ted .

3.1.6.4 L e a f  area

A  method to  com pute the le a f  ' area  from  length and breadth 

m easurements was f i r s t  standardised. For this purpose, actua l areas o f



100 c lo v e  leaves o f  vary ing maturity  and s ize  w e r e  ca lcu la ted  graphica lly  

and d i f fe re n t  equations w e r e  tr ied  fo r  the ir  goodness o f  f i t  by least squares 

m ethod. The  function X = 0.58 lb w here  1 is the maximum le a f  lejigth, 

and b is the maximum le a f  w idth , w as found to  expla in  98.8 per cent 

var ia t ions in le a f  a rea  <R2 = 0.98S). The relationship is shown in F ig .  1. 

The ana ly t ica l values a re  furnished in Appendix 1. This equation has been 

used fo r  computing the le a f  area  o f  the seedlings in a l l  the exper im en ts .

3.1.6.5 Dry m atte r  content

Th ree  plants from  each trea tm en t w e r e  marked out and uprooted 

a t b i-monthly in terva ls  fo r  the f ir s t  ten months and a t  monthly in terva ls 

th e rea fte r .  The uprooted plants w e r e ,w a s h e d  and separated  into root, 

stem  and lea f .  They w e r e  c leaned f r e e  o f  dust and dried m cross f low  

air oven a t 70° ± 2UC till constant w e igh ts  w e re  obta ined. For the purpose 

o f  ch em ica l analysis, the leaves from  > each plant w e r e  sorted into tw o  

as those from  low er  half o f  the stem (A )  and those from  upper half o f

the stem  (B).

3.1.6.6 L e a f  area  ra t io  (L A R )

L A R  was w orked  out by the form ula  suggested by wh itehead  

and Mycersough (1962).

L A R  = L A 1 + L A 2

L e a f  area  per plant a t  tw o  successive grow th  

stages. (

T o ta l  dry w e igh t  o f  the plant a t  tw o  successive 

grow  til stages.

Where,

L A ^  and L A 2 

W and W2
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3.1.6.7 N e t  assim ila tion  ra te  (N A R )

It is the ra te  o f  Increase in dry w e igh t  per unit lea f  a rea  per

unit t im e .  This w as ca lcu la ted  by the form ula  o f  G regory  (1926) and was

2
expressed as g per m per day. .

N A R  = (W ? - W p  ( lo g e L A ? - loge L A ^

( t " T f " )  ( L A 2 - L A l )

Where,

L A  and W 1 = L e a f  area ,and  w e ig h t  o f  the plant respec t ive ly

at t im e  t^

L A  and W 2 = L e a f  area^and w e igh t  o f  the plant respec t ive ly

a t  t im e  t 2

3.1.6.8 Absolute grow th  ra te  (A G R )

This g ives  an idea o f  daily grow th  ra te . A G R  w as w orked  out 

by the form ula  suggested by Briggs (1920) and expressed as g per day.

A G R  = W 2 - W j

H  " t i

Where,

W and W , are  the to ta l  plant dry w e igh ts  a t  t im es t j and t 2 
1  ̂

respec t iv e ly .

3. 1.6.9 R e la t iv e  g row th  ra te  (R G R )

It is the ra t io  o f  increase in dry w e igh t  per unit dry w e igh t  

per unit t im e . R G R  was ca lcu la ted  by fo l low ing  the form ula  o f  Blackman 

(1919) and expressed as g per g per day,.



Where,

V/ = Dry w e igh t  o f  the plant a t  t im e  t j

W = Dry w e igh t  o f  the plant a t  t im e  t 2

3.2 N u tr ien t  distribution and trans location  under nutrient stress condit ion

The accum ulation  and distribution pattern  o f  tw o  anions (F ^ P O ^  

and SO^~) and a ca t ion  (Ca) w e re  studied under nutrient stress condition 

using radio isotopes.

Six month old seedlings w e r e  grown in quartz  sand as in the 

previous study. For f i v e  months, the plants w e r e  supplied w ith  d e f ic ien t  

nutrient solutions which lacked the particular e lem en t  whose distribution 

pattern  was to be studied. A t  the end), o f  f i v e  months' g row th  in nutrient

d e f ic ien t  media, f i v e  plants w e r e  a l low ed  to absorb the nutrient from
■ 32 35 45

a labe lled  solution o f  that particu lar nutrient. . Phosphorus, S and Ca

w e re  used fo r  the purpose. The plants rece iv in g  co m p le te  nutrient solution

w e r e  also a l low ed  to  absorb the labelled nutrient solution in each case.

As the plants w e r e  shy absorbers o f  the nutrients and did not 

y ie ld  d e te c tab le  rad ioac t iv ity  in the le a f  in short term  tria ls, longer periods 

w e r e  g iven  fo r  absorption o f  the labelled  nutrient. For the very  same 

reason, a la rger in it ia l a c t iv i t y  in the ' solution was also found necessary. 

From  the results o f  prelim inary trials conducted fo r  standardising the 

rad ioac t iv ity  requ irem ent and feed ing  duration, the fo l low in g  quantities 

and durations w e r e  a rr ived  at.
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Dose and duration o f  isotope trea tm en t

Isotope Concentrat ion T im e  a l low ed  fo r  
absorption

32P 0.04 uci ml * 24 hrs

35S 710 /jci ml 30 days

* 5Ca 418 /uci ml"* 30 days

F iv e  plants each o f  the con tro l and those under resp ec t iv e  nutrient

stress w e r e  utilised fo r  the study. The plants w e r e  f lo oded  and leached

w ith  deionised w a te r  b e fo r e  applying a c t iv i t y .  Then they w e r e  kep t  in

larger buckets (5 1 capac ity ) so as to  avo id  the leach ing loss o f  labelled
32

solution. The a c t iv i ty  was fed  to  a ll th e  t rea tm en ts  ex cep t  P along 

w ith  250 ml nutrient solution corresponding to each trea tm en t .  Once the 

isotopes w e r e  fed , no m ore nutrient solution w as supplied to  the plants. 

To  com pensate  the evapo-transpirationa 'l losses, 100 ml deionised w a te r  

was applied once in a w eek  to  each plant under the trea tm en t .

32
For fe ed in g  P, the plants in s ilica sand media w e r e  uprooted

32
and placed in 300 ml capac ity  solution bo tt les  to  which the 250 ml P 

labelled  solution (0.04 ^jci m l"* )  was added. The plants w e r e  kep t  in position 

w ith  cardboards provided w ith  slits.

A f t e r  the prescribed period o f  absorption as m entioned ea r l ie r ,  

the aer ia l  plant parts w e r e  detached, d i f fe re n t  parts separated , oven dried 

a t 70 + 2°C  and radio assayed fo r  a rr iv ing  a t  the distribution pattern  

o f  r e sp ec t iv e  e lem ents .



3.2.1 Rad io  assay

32
For the determ ination  o f  P in plant samples, the Cerenkov  

counting m ethod deve loped  by Wahid e t  al. (1985) was fo l low ed . The method 

consisted o f  w e t  d igestion o f  oven-dried  and f ine ly  cut leaves  w ith  2:1 

n itr ic -p e rch lo r ic  ac id  m ixture and de term ination  o f  rad ioac t iv ity  in the 

d igest a f t e r  trans fer ing  it quantita tive ly  into a sc in t il la t ion  counting v ia l. 

The rad ioact iv ity  was determ ined  in a m icroprocessor con tro l led  liquid 

sc in t il la t ion  system (R ack be ta  o f  Pharm acia , L .K .B .)  adopting channel 

sett ings and com puter  program m e recom m ended  fo r  trit ium  counting by 

liquid sc in til la t ion  technique.

The 35S and ^3Ca assays w e re  pe r fo rm ed  a f t e r  dry ashing the 

plant sample in silica  crucib le  over  d irec t  f la m e .  The ash was taken up 

in one ml 0.1 N HC1 and trans ferred  quantita tive ly  into a 20 mj sc in til la t ion  

counting viaJ using 15 ml o f  a d ioxane-based liquid sc in t i l la to r  (60 g 

Naphthalene/ 4 g 2,5-dipheriyl oxa zo le  (PP O ) and 0.2 g 1,^-bis (5-phenyl 

oxazo ly  1) benzene (P O P O P ) ,  100 ml methanol and 20 ml e thy lene  g ly co l  

brought to  1 l it  w ith  dioxane). The rad ioac t iv ity  w as then determ ined  ..^by 

sc in t i l la t ion  counting technique in a liquid sc in t il la t ion  system mentioned 

a lready .

3.2.2 Autorad iography

32 35,. k5 ■
The plants that r e c e iv ed  P,; 5 and Ca w e r e  cut a t  5 cm

above  sand lev e l  and the leaves  w e r e  detached from  the stem  by cutting 

a t  the le a f  axes to preven t further translocation  o f  the absorbed rad io label 

in the plant. The plant parts w e re  then arranged on an absorbant paper 

in their . orig inal position and secured v.'ith the aid o f  adhesive tape. The 

specimen sandwiched be tw een  absorbant paper sheets was then pressed 

in a herbarium press and dried in an oven at 70°C fo r  30 minutes. A f t e r
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drying, it  was autorad iographed by placing on an X -ray  f i lm  o f  s ize  17.5 x 

30 cm in dark. The X -ray  f i lm  was exposed fo r  a period o f  20 days and 

then deve loped  using a com m erc ia l  X -ray f i lm  deve loper  solution (A g fa -  

G ee va e r t  . India L td ). The deve loped  f i lm  was photographed by placing 

it against an illum inated w h ite  back ground.

3.3 Annual nutrient rem oval by adult clove trees

Three  e igh t yea r  old c lo ve  t rees  grow ing  under uniform fe r t i l i z e r  

and cultural m anagem ent as recom m ended  by K A U  (1986) and a t  a spacing 

o f  6 x 6 m a t  the Instructional Farm , Vellanikkara w e r e  used fo r  studying 

the annual rem ova l o f  major and minor nutrients by the new grov/th 

put fo rth  in an year.

In March, 1987, when the ap ica l buds w e r e  dormant, a l l  the shoots 

o f  the plant w e re  tagged  serially  on each t re e ,  f. 'ext y ea r ,  in Apr il  ( i .e .  

a f t e r  a llow ing  the shoots to grow fo r  one year ) all the tagged  shoots 

w e r e  c o l le c te d  from  the t re e .  The harvested  shoots from  each t re e  w e re  

then separated into le a f  and stem . The f lo w e r  buds (the  econom ic  plant 

part) w e r e  harvested  as and when they matured during the period. The 

plant parts from  each t re e  w e re  w e ighed  im m ed ia te ly  to  g e t  the fresh 

w e igh ts  o f  each portion. The dry w e igh t  o f  these plant parts w e re  worked  

out separate ly  a f t e r  drying sub samples o f  each portion in an oven a t  

70°C ± 2°C . The dried plant samples w e re  used fo r  major and m icronutrient 

analysis a f t e r  grinding them in a m il !  f i t t e d  w ith  stainless s tee l  blades. 

The samples w e re  analysed fo r  N, P, K, Ca, Mg,' S, F e , Mn, Cu, Zn, B 

and Mo.

3>A Seasonal variations in fo liar nutrient composition

. Seasonal var iat ions in fo l ia r  nutrient concentra tion  W ere studied 

w ith  bearing c lo ve  t rees  o f  e igh t years  rece iv in g  uniform fe r t i l i z e r  and



cultural m anagem ent as prescribed by K A U  (19S6) a t  the Instructional 

Farm , K .A .U . ,  Vellanikkara. Inorganic fe r t i l is e rs  v iz .  U rea , Super phosphate 

and Muriate  o f  potash w e r e  applied to supplement the m ineral nutrients. 

Six rows o f  plants (spacing 6 x 6 m) w ith  10 plants in each row w e re

made use o f  fo r  co l le c t in g  lea f  samples, t h e  leaves  w e re  sampled separate ly

fo r  f irs t,  second, third and fourth ranks starting from  the f ir s t  m atu re

lea f  a t  the shoot tip. The le a f  samples w e r e  taken from  shoots a l l  round 

the t re e .  A t  a g iven  sampling t im e  three  trees  from  each row w e r e  sampled 

in this manner to fo rm  a rep lica t ion  fo r  each le a f  rank. Thus, th ere  w e re  

6 rep lications (6 rows) and 2  ̂ samples ( ;f le a f  position x 6 rep lication ) 

fo r  each sampling in terva l.  Each le a f  sample consisted o f  50-70 leaves .

The samples w e re  c o l le c ted  fo r  one y ea r  a t  monthly in terva l starting 

from  N ovem ber  1987. The le a f  samples w e re  c leaned  w ith  .cotton p iece  

soaked w ith  deionised w a te r ,  dried in a n ' oven a t 70°C ± 2 °C  and powdered 

in a m ill w ith  stainless s tee l blades, p r io r ' to  ch em ica l analysis.

3.5 C hem ica l analyses

The dried le a f  samples w e r e  ground and chem ica lly  analysed 

fo r  the m acro and m icro  nutrients as deta ild  be low .

N itrogen  was determ ined  by d igesting 0.1 g o f  the sample in 

2 ml concen tra ted  sulphuric acid  using hydrogen perox ide and N was 

es t im ated  in the d igest co lo r im e tr ica l ly  using Ness ler 's  reagen t (W o l f ,  1982). 

The co lour was read in a spec tropho tom eter  (Spectron ic  -  20) a t  a w ave  

length o f  ^10 n.m.

Diacid  ex tra c ts  w e re  prepared by d igesting 1 g o f  the sample 

w ith  15 ml o f  2:1 concen tra ted  n itr ic  ac id  -  perch lor ic  ac id  m ixture (Johnson 

and U lr ich , 1959) and was made upto 100 ml. A liquots from  this solutions 

w e r e  taken fo r  the analysis o f  P, K , Ca, Mg, S, Fe , Mn, Zn and Cu.



49

Phosphorus was determ ined  co lo 'r im etr ica lly  by the Vanadomolybdo 

phosphoric y e l low  colour method (Jackson, 1958). The y e l lo w  colour was 

read in a spec tropho tom eter  (Spectron ic  - 20) at a w a v e  length o f  470 nm. 

Potassium was es t im a ted  using a f la m e  photom eter  (EE L  make). Sulphur 

in the diacid d igest, was determ ined  tu rb id im etr ica lly  by barium ch loride 

method (H art , 1961) em ploy ing a spec tropho tom eter  (Spectron ic  - 20).

Iron was es t im a ted  by the th iocyanate  method and the colour

was read in a spec tropho tom eter  (Spectron ic  - 20) a t  a w a v e  length o f  

490 nm (Jackson, 1958).

An a to m ic  absorption spec tropho tom eter  (P e rk in -E lm er  make)

was used fo r  determ in ing Ca, Mg, Mn, Zn and Cu conten t o f  the digests. 

For the de te rm ination  o f  Ca and Mg, S r C ^  (1000 ppm Sr in t h e . f inal 

solution) was used as the releasing agent.

Molybdenum was determ ined  spec trop ho tom etr ica l ly  as the orange 

co loured  com plex  which was fo rm ed  when molybdenum rea c t  w ith  iron 

and th iocyanate  in the presence o f  a reducing agen t. The co loured com plex  

was e x tra c ted  into di- isopropyl e ther. The absorbance was read a t  470 nm 

(F A O ,  1982).

For boron es tim ation , plant samples w e re  dry ashed and then 

analysed co lo r im e tr ica l ly  by using curcumin oxa l ic  ac id  reagen t (Jackson, 

1958). The colour deve loped  as a result1 o f  the fo rm ation  o f  rosecyanine 

was read in a spectro  photom eter  a t  a w a v e  length o f  540 nm.

The ch lorophyll con ten t o f  the d e f ic ien t  and normal leaves  a t

the t im e  o f  d e f ic ien cy  w e r e  analysed by the method suggested by H iscox 

and Israelstam (1979) using d im ethy l suiphoxide. The colour was read in 

a spec tropho tom eter  (Spectron ic  -  20) a t  645 and 663 nm..

For a ll the chem ica l analysis, ana ly t ica lly  pure grades o f  chem icals 

and glass d is ti l led  w a te r  w e re  used.
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3.6 Statistical analysis

The recorded  data w e re  s ta t is t ica l ly  analysed w h e re e v e r  found 

necessary by fo l low iw n g  the methods suggested by Papse and Sukahatme

(1978).





RE SU LTS

The data genera ted  from  pot c u l tu r e . exper im en ts  w ith  seedlings and 

from  the investigations on the nutrient requ irements o f  f ie ld -g row n  adult 

c lo v e  trees  a re  presented in this chapter.

4.1 N utr ien t  d e f ic ien cy  sym ptom s

The results o f  the sand culture exper im en ts  to  induce nutrient 

d e f ic ien c ies  in c lo ve  a re  presented under four major heads namely, visual 

de f ic iency  symptoms, grow th  o f  c lo ve  under nutrient stress, nutrition o f  

c lo ve  under stress condition and recove ry  of' d e f ic ien t  plants.

4.1.1 Visual de f ic ien cy  symptoms

The plants that r ece ived  com p le te  nutrient solution exh ib ited  normal 

g row th  throughout the period o f  invest igat ion . The mature leaves w e re  

dark green and the new leaves  w e re  light green  w ith  pink tinge. A l l  the 

leaves had a glossy appearance due to  high o il content. (P la t e  I ) .

4.1.1.1 N itrogen  de fic iency

The in it ia l sym ptom  o f  N de f ic ien cy  was character ised  by a change o f  

normal dark green  colour o f  the leaves  to  pale green . The symptom  appeared 

f irs t  on the low er leaves (p la te  111). In it ia lly , the leaves  becam e ch loro t ic  

and turned slow ly  to y e l low  (p la te  IV) fo l low ed  by shedding o f  the o lder 

leaves . The symptoms advanced from  low er  to  upper leaves . N ew  leaves 

fo rm ed  w e re  smaller in s ize  and their g row th  was very much retarded. 

N itrogen  de f ic ien cy  was unique w ith  a genera l y e l low in g  o f  o lder leaves. 

It took 10 months a f t e r  starting the trea tm en ts , fo r  the symptoms to  

firs t  appear. The symptoms w e re  seve re  by 15th month and w ith in  16 months 

more than 50 per cent o f  the plants had shown the symptoms a t vary ing 

degrees . P la te  V expresses the d i f fe ren t  stages o f  fo l ia r  symptoms o f  

N de f ic ien cy .



P L A T E  1. C lo ve  seeding rece iv in g  co m p le te  nutrient solution In sand culture





P L A T E  II

P L A T E  III.

C lo v e  seedling rece iv in g  co m p le te  nutrient solution,
to  com pare the low er  leaves  w ith  that o f  N -d e f ic ie n t  
plant

The N -s ta rved  seedling w ith  de f ic iency  symptoms expressed 
on low er  leaves  ' K





P L A T E  IV. The N -d e f ic ie n t  seedling shdwing early  d e fo l ia t ion

P L A T E  V. The leaves  showing d i f fe re n t  stages o f  N de f ic iency  

symptom
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1.1.2 Phosphorous deficiency

The plants under P stress showed stunted growth,. The  o lder leaves  b ecam e 

dull g reen  and small brownish spots appeared on le a f  margins and lam.na, 

mostly towards the basal par, o f  the leaves (P la te  V I).  The  adjo in ing n ecro t .c  

spots coa lesced  and deve loped  into b igger  round spots to  g .v e  a burnt appea

rance to  the  o lder leaves  (P la te s  V I ! ) . The  o lder  leaves  b e ca m e  ch loro t.c  

la te r  and w e r e  shed resulting in sparse fo l ia g e  on seve re ly  a f f e c t e d  plants.

It  took 13 months fo r  the  visual d e f ic ien cy  sym ptom s t o  f irs t  appear. 

The  s e ve re  s tage  w as reached w ith in  f i v e  months th e rea f te r .  M ore  than 50 

per cen t  o f  the plants showed the sym ptom s w ith in  this period.

4.1.1.3 Potassium deficiency

Mature and o lder leaves  w e r e  the f irs t  to  exh ib it  the visual symptoms 

o f  potash de f ic iency  (P la te s  VIII and IX ).  L e a f  tips and margins f irs t  turned 

brown, fo l lo w e d  by drying-up o f  the tips. The  symptoms progressed in ward 

until about ha lf the  le a f  blade exh ib ited  a scorched appearance (P la te  X). 

The  em erg ing  leaves  w e r e  pale g reen  to  y e l low ish  g reen . The leaves fe l l

off the plant only at a later stage.

. Potassium de f ic ien cy  symptoms w e r e  f irs t  observed , 12 months a f t e r  

the w ithdraw al o f  the nutrient. Symptoms becam e  s e v e re  w ith in  another 

th ree  months and by that t im e , m ajority  o f  the plants under -K  trea tm ent

had developed the characteristic symptoms.

i l . i A A  Calc ium  de fic iency

Reduced shoot g row th  w ith  die-back o f  th,e t ip  w as the most conspicuous 

sym ptom  o f  Ca de f ic ien cy .  The young leaves  w e r e  a f f e c t e d  f ir s t  and w e re  

sm aller in s ize . The upper mature leaves  showed n ec ro t ic  areas, especia lly  

near the tips and margins. The leaves  la te r  becam e ch lo ro t ic  and f e l l  o f f  

(P la te  X I). The grow ing  points o f  the plants rem ained dormant w ithout further



P L A T E  VI. The leaves showing d i f fe re n t  stages o f  P d e f ic ien cy  
symptom

P L A T E  VII. The P -s ta rved  seedlings showing the d e f ic ien cy  symptom 
on low er  leaves





P L A T E  VIII. The K -s ta rved  plant express ing1 the d e f ic ien cy  symptom 
on o lder leaves

P L A T E  IX . The K -s ta rved  plant a t  advancetd stage o f  K  de f ic iency





P L A T E  X. The leaves  showing d i f fe re n t  stages o f  K d e f ic ien cy  
sym ptom  3
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grow th . L a te r  they becam e n ecro t ic  and -fell o f f  leav ing  a bare t ip  (P la te  XII). 

The a f f e c t e d  plants fa i led  to  putforth  new grow th . The visual sym ptom s w ere  

ev iden t  12 months a f t e r  the trea tm en t  arid m ajority  Of the plants exh ib ited  

seve re  symptoms w ith in  16 months.

4.1.1.5 Magnesium de fic iency

As a consequence, o f  Mg stress, o lder leaves  becam e ye llow ish  green  

due to  the chlorosis spreading from  th e : margins towards the midrib. It  took 

12 months fo r  the sym ptom  to appear, a f t e r  the v/ithdrawal o f  the e lem en t  

from  the nutrient solution. The leaves  becam e increasingly ch lo ro t ic  as the 

d e f ic ien t  plant pul fo rth  newer flushes. A t  the la ter  stages, the young d e v e 

loping leaves fa i led  to deve lop  norma! s ize  and co lour (P la t e  XIII ).  Necrosis  

o f  the le a f  t ip and margins as w e l l  as downward curling o f  the lamina, w e re  

also, seen on d e f ic ien t  plants (P la t e  XIV a.nd XV ). The leaves  rem ained ch loro t ic  

fo r  about tw o  months, prior to  de fo l ia t ion . The plants w e re  stunted. The 

sym ptoms o f  seve re  d e f ic ien cy  w e re  expressed by 18 months a f t e r  the com m en

cem en t  o f  the trea tm en t.

4.1.1.6 Sulphur d e f ic ien cy

Symptoms o f  sulphur de f ic ien cy  w e re  f ir s t  observed  on the plants 10 

months a f t e r  imposing -S trea tm en t. The newly produced leaves  w e re  the 

most a f f e c t e d  by S d e f ic ien cy .  They w e r e  pale green  in colour and fa i led  

to  a tta in  normal s ize  (P la te  XV I).  7'he o lder leaves rem ained u na ffec ted . 

The young leaves also showed m a rg in a l ' necrosis and a tendency to  drop o f f  

from  the plant p rem ature ly . L a te r  g row th  produced still sm aller leaves  w ith  

shorter internodes (P la t e  XVII). The die-back o f  the tips and com p le te  cessation 

o f  grow th  marked the seve re  s tage  o f  d e f ic ien cy .  These symptom s w e re  

observed 15 months a f t e r  the com m encem en t o f  the t rea tm en t .



P L A T E  X I. The leaves  showing d i f fe re n t  stages o f  Ca d e f ic ien cy  
symptom

P L A T E  XII. The Ca starved  plant showing stunted grow th
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P L A T E  XIII. The M g-s ta rved  plant w ith  low er  and upper ch lo ro t ic  
leaves

P L A T E  XIV. The M g-s ta rved  plant w ith  the leaves  showing ch lo ro t ic  
and n ecro t ic  sym ptom





P L A T E  XV . Leaves  showing d i f fe r e n t  stages o f  Mg de f ic ien cy  symptom



I



P L A T E  XVI. The S-starved  plant w ith  ch lo ro t ic  upper leaves

p l a t e  XVII. The S-starved  plant expressing se ve re  s tage  o f  d e f ic ien cy





4 . 1 .1 .7  Iron d e f i c i e n c y

Plants under Fe stress showed in terve ina l chlorosis on younger leaves 

as in it ia l symptoms o f  the d e f ic ien cy  (P la t e  XVIII ) .  These sym ptoms appeared 

12 months a f t e r  com m encem en t  o f  the trea tm en t .  The new leaves  w ere  

ye l low ish  w h ite  w ith  the midrib remaining green . The leaves  fa i led  to  produce 

ch lorophyll a t  normal ra te  and w e r e  papery w h ite  in many cases (P la te  X IX ).  

The newly  produced leaves w e re  shed soon, u lt im ate ly  resulting in sparse, 

fo l ia g e  on the plant. The deve lop ing  shoots showed tip  d ie-back. The plants' 

a lm ost stopped its g row th  by 15 months a f t e r  s tart ing the t rea tm en t . The 

symptoms w ere  very seve re  by the 16th month. The various stages o f  fo l ia r  

symptom o f  F e  d e f ic ien cy  a re  presented in P la te  X X .

4.1.1.8 Manganese de f ic iency

The in it ia l symptoms o f  Mn d e f ic ien cy  resem bled  those o f  F e . The symptoms 

f ir s t  appeared on young leaves  as in terve ina l ch lorosis by 12 months a f t e r  

starting the trea tm ent. The plants exh ib ited  not much reduction in growth 

ut leaves  w e r e  .smaller and d is to rted  in subsequent flushes (P la te  X X I ) .

In advanced stages o f  d e f ic ien cy  the g r iw th  becam e  stunted w ith  pract ica lly

no ne flush. Curling and cupping o f  leaves  w e r e  a lso observed  on seve re ly

p a n ts .  Symptoms o f  s e v e re  d e f ic ien cy  w e r e  observed  by the iJ th  

month a f t e r  w ithdraw ing the e lem en t  from  the nutrient solution.

4.1.1.9 Copper deficiency

G row th  reduction due to Cu stress becam e ev iden t in it ia l ly  by „  months

ympr,::ar7 , h e o u e r  ^
sym ptom . The new leaves produced w e r e  small, narrow and ch lo ro t ic  (P la t e  XXIDr dryins  ° f  ,he tips -  “  -  

- * «  • — • z  “
«  CU de f ic ien cy  b ecam e  se ve re  with in three months o f
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P L A T E  XVIII. The Fe-s ta rved  plant expressing in terve ina l chlorosis.

P L A T E  X IX .  The F e-s ta rved  plant showing papery w h ite  upper leaves





P L A T E  X X .  L ea ves  showing d i f fe re n t  stages o f  Fe  de f ic ien cy





P L A T E  X X L  The M n-starved  plant expressing the d e f ic ien cy  symptoms





P L A T E  X X II.  The Cu-starved  plant w ith  narrow, ch lo ro t ic  and short 
l ived  upper leaves

P L A T E  X X III .  The Cu-starved  plant expressing the d e f ic ien cy  symptoms
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4.1.1.10 Zinc de f ic ien cy

C lo v e  seedlings grown under Zn stress fo r  13 months deve loped  the 

ch arac te r is t ic  d e f ic ien cy  symptoms on their  new flushes. T h ere  was a reduction 

in internodal length resulting in ro se t te  condition (P la t e  X X IV ).  L ea ves  fa i led  

to  deve lop  the normal green  co lour (P la t e  X X V ).  The pe t io les  and laminae 

showed a tendency to  curl downward g iv ing  a s ick ie - l ik e  appearance (P la te  

X X V I) .  The symptoms becam e seve re  w ith in  th ree  months o f  the appearance 

o f  the in it ia l symptoms. U n like  in the case o f  Cu de f ic ien cy ,  the curled 

leaves  w e re  s t i f f e r  and sick le shaped in Z n -de fic ien t  plants. M oreove r ,  the 

leaves  w e re  reta ined  on the plant fo r  a longer period. A t  seve re  stage  o f  

d e f ic ien cy ,  the grow th  o f  the plant was considerably reduced. Visual symptoms 

o f  Zn de f ic ien cy  w e re  absent on the o lder leaves.

4.1.1.11 Boron de f ic ien cy

The c lo v e  seedlings becam e stunnded ' a f t e r  14 months' g row th  under 

B stress. The upper leaves  fa i led  to  deve lop  dark green  colour and w ere  

slightly ch lo ro t ic .  The symptoms becam e seve re  by 17 months. The leaves 

had a hard, and b r i t t le  appearance w ith  occasiona l t ip  and marginal necrosis 

(P la te  X X V II) .  N ew  growths w e r e  small and o f te n  aborted . The leaves dried 

o f f  prematurely  (P la te  XX V III )  leav ing  a barren top. By 17 months o f  B 

stress, m ore than 50 per cent o f  the plants deve loped  iden tica l B de f ic iency  

symptoms.

4.1.1.12 Molybdenum d e f ic ien cy

The c lo ve  plants grown in -M o solution fa i led  to  d eve lop  any 

ch arac ter is t ic  visual d e f ic ien cy  symptom  fo r  2 years . The g row th  o f  t rea ted  

and contro l plants w e re  a lm ost identica l.

4.1.2 G row th  o f  c lo v e  under nutrient stress

The g row th  pa ram eters  found a f f e c t e d  by nutrient stress a re  presented 

in this section . The re levan t data on the e f f e c t  o f  nutrient stress on 

v e g e ta t iv e  grow th  o f  c lo ve  a re  furnished in Tab le  3 to  10 and F ig . 2 to  9 .



P L A T E  X X IV . The Zn-starved  plant expressing the de f ic ien cy  symptoms

P L A T E  X X V . The Z n -d e f ic ien t  plant w ith  reduced in ternodal length 
and sick le  shaped ch lo ro t ic  leaves  as com pared  w ith  
healthy plant





P L A T E  X X V I.  L eaves  showing d i f fe re n t  stages o f  Zn d e f ic ien cy





P L A T E  X X V II.  The B -starved  plant w ith  necro t ic ,  b r i t t le  leaves

P L A T E  XX V III .  The B -starved  plant w ith  the young g row th  drying 
prematurely





56

4.1.2.1 D e f ic ien c ie s  o f  major nutrients (N , P and K)

D e f ic ien cy  o f  N , P or K had a pronounced e f f e c t  on height o f  the 

plant, l e a f  production, l e a f  area , root g row th  and biomass production (T a b le 3). 

The e f e c t s  w e re  m ore pronounced when the plants s tarted  showing symptoms 

o f  seve re  d e f ic ien cy  b e tw een . 15 to  18 months a f t e r  w ithdraw al o f  the 

nutrients from  the nutrient solution. The m an ifestations o f  de f ic iency  in 

term s o f  reduced grow th  ra te  was observed as early  as 7 to  8 months 

a f t e r  w ithdraw ing a major nutrient (F ig . 2, 3 and 7). Further, the de f ic iency  

o f  N was found to a f f e c t  the plant grow th  most (F ig . 7). The plants under 

N -stress had a height o f  35.23 cm at the end o f  15 months stress period 

as against 44 cm fo r  the con tro l.  Reduction  in the number o f  le a f  fo r  

N de f ic ien t  plants was much more, to the ex ten t  o f  46 per cent. The to ta l  

le a f  area also declined drastica lly  (53 per cent) and the root mass reduced 

to 40 per cent. The ch lorophyll le v e l  at starved  condition is dep ic ted  in F ig .8.

The reduction in grow th  param eters due to  P stress w e r e  to  the tune o f  

13 per cen t in height, 31 per cen t in le a f  a rea  and 24 per cen t in to ta l 

biomass produced, by the t im e  the plants expressed seve re  fo l ia r  symptoms 

o f  P d e f ic ien cy .

Potassium stress for a period o f  15 months reduced the height o f  

the plants by 15 per cent, le a f  area by 32 per cen t  and to ta l  dry m atte r  

by 18 per cent (Tab le  3).

The in fluence o f  major nutrients on phys io log ica l pa ram eters  is presented 

in Table  4. Stress induced by w ithdraw ing any one o f  the major nutrient 

from  the nutrient solution reduced the L A R ,  N A R ,  A G R  and R G R  as compared 

to  contro l plants. The adverse e f f e c t s  w e re  m ore pronounced towards la ter 

stages o f  g row th  and was m ore due to  N starvation .

4.1.2.2 D e f ic ien cy  o f  secondary nutrients (C a , Mg and S).

Growth retardation  in c lo ve  plants fo l low in g  w ithdraw al o f  Ca, Mg 

or S from  the nutrient solution occurred  in vary ing degrees . Calcium



Tab le  3. E f f e c t  o f  m ajor nutrient (N P K )  stress on g row th  o f  c lo v e  seedling

E lem ent
under
stress

S tage*
o f

de fic iency

Months
a f t e r

trea tm en t

T r e a t 
ment

G r o w t h p a r a m e t e r s
H eigh t
(cm )

Num ber
o f

lea ves

In ter -
modal
length
(cm )

L e a f  a rea  

(c m 2)

R oo t  
dry 

w e igh t  ■

(g)

Shoot
dry

w e ig h t

(g )

T o ta l
dry
w e ig h t

<g)

N Initial 10 -N 28.53 27 2.43 272 1.12 4.05 5.17
(17) (3 3 ) (13) (42) (22) (29) (28)

C 34.30 40 2.80 469 1.43 5.73 7.16

Severe 15 -N 35.23 33 2.70 358 1.20 5.20 6.40
( 20) (46) ( 20) (53) (40) (39) (39)

C 44.00 61 3.36 766 2.00 8.46 10.46

P Initial 13 -P 39.17 43 2.90 535 1.50 5.77 7.27
(7) ( 20) (9) (19) (4) (23) (20)

c 42.30 54 3.20 660 1.56 7.49 9.05

Severe IS -p 42.10 52 2.93 632 1.83 7.17 9.00
(13) ( 22) (15) (31) (20) (25) (24)

c 48.10 67 3.43 909 2.30 9.53 11.83

K Initial 12 -K 36.47 37 2.50 435 1.20 5.50 6.70
( 10) ( 21) (17) (26) (18) (17) (17)

c 40.40 47 3.00 590 1.47 6.63 8.10

Severe 15 -K 37.40 46 2.30 518 1.47 7.10 8.57
(15) (25) (32) (32) (27) (16) ( IS )

C 44.00 61 3.36 766 2.00 8.46 1.0.46

*  Corresponds t o  the s tage  when d e f ic ie n t  p lants s ta rted  showing fo l ia r  sym ptom s. 
Paren theses  in d ica te  p e rc en ta g e  reduction  from  healthy plants.
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Tab le  4. E f f e c t  o f  major nutrient (N P K )  stress on L A R ,  
N A R ,  A G R  and R G R  o f  c lo ve  seedling

Per iod  (days)
0-180 180-360 360-540

45.12
36.38
33.51
41.61

66.64
50.39
60:73
58.97

75.21
58.24
71.25 
64.82

0.7802
0.6635
0.7375
0.6717

0.7351
0.6534
0.6770
0.6688

0.2800
0.1110
0.2309
0.2384

0.0087
0.0062
0.0067
0.0072

0.0255
0.0138
0.0182
0.0183

0.0207
0.0039
0.0128
0.0119

0.0033
0.0024
0.0024
0.0027

0.0047
0.0032
0.0037
0.0038

0.0021
0.0006
0.0016
0.0015

Param ete r T rea tm en t

L e a f  area  ra t io  

(c m 2/g)

C
-N
-P
-K

N e t  assim ilation  rate  

(g/m2/day)

C,
-N
-P
-K

Abso lu te grow th  rate  
(g/day)

C
-N
-P
-K

R e la t iv e  g row th  ra te  
(g/g/day)

C
-N
-P
-K
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Fig. 2* E f fe c t  o f  nutrient stress on the height o f  the plant
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Fig. 3 E f fe c t  o f  nutrient stress on the number of leaves
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Fig. 4 E ffe c t  o f  nutrient stress on the iriternodal length
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Fig- 5 E ffect of nutrient stress on the leaf area
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Fig. 6 E f fe c t  o f  nutrient stress' on the shoot dry weight



Months a fte r treatm ent 

Fig . 7 E f f e c t  o f  nutrient stress on ;the to ta l  d r y  w eigh t



A  - Low er  leaves
B - Upper leaves
D  - Contro l
gj - D e f ic ien t

A B  A B  A B  A B  A B  A B  A B  A B  A B
_p  _K - Ca  - Mg  - S - F e  - Mn  - C u  - Z n

T reatments

8 E f f e c t  o f  nutrient stress on the  to ta l  ch lorophy ll  con ten t (a t  the seve re  s tage  o f  d e f ic ien c y )
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d e fic ien cy  was found to  a f f e c t  the root g row th  most (Tab ie  5, F ig .  9). The 

e f f e c t  o f. ' stress . on the other grow th  param eters  w as re la t iv e ly  lesser 

than this. While root production decreased by 51 per cen t, the ex ten t  of. 

reduction in other characters  was be tw een  13 a n d 24 per cen t (Tab le  5).

Magnesium de fic ien cy  was found to a f f e c t  height o f  the plant, internodal 

length, le a f  area  and to ta l  biomass production to the ex ten t  o f  15 to 

25 per cen t as com pared to healthy plants (Tab le  5). M ore  or less a s im ilar 

trend was observed fo r  S d e f ic ien cy  also. The ex ten t  o f  reduction ranged 

to  a higher degree  and i t  ranged be tw een  33 to ^1 per cen t fo r  number 

o f  leaves , internodal length, le a f  area., root dry w e ig h t  and to ta l  biomass 

production, by the t im e  the plants exh ib ited  s e ve re  symptoms o f  nutrient 

de f ic ien cy .

The L A R ,  N A R ,  A G R  and R G R  w e re  found in fluenced by w ithdraw ing 

anyone o f  the secondary nutrient from  the nutrient solution (Tab le  6). 

The adverse  e f f e c t  was m ore due to S-stress fo l lo w e d  by Ca and Mg.

4.1.2.3 D e f ic ien c ie s  o f  m icronutrients 

^.1.2.3.1 Iron, Manganese and Copper

The data pertain ing to the in f luence o f  Fe , Mn and Cu on grow th  o f  

c lo ve  seedlings are  presented in Tab le  7,8 and F ig . 2 to  8.

Am ong these th ree  nutrients, the d e f ic ien cy  o f  F e  had a m ore marked 

e f f e c t  on plant g row th  (F ig .  2 to 7). Iron d e f ic ien cy  a f f e c t e d  g row th  

components l ike height, number o f  leaves, internodal length and to ta l le a f  

area  per plant to  the ex ten t  o f  18 to  28 per cen t (Tab le  7). The marked 

reduction in grow th  character is t ics  as w e l l  as dry m atte r  production o f

F e  d e f ic ien t  plants was ev iden t r ight from  10th month onwards (F ig . 2).

Stress induced by w ithdraw ing  Mn from  the nutrient solution w as r e f le c t e d  

on number o f  leaves , to ta l l e a f  area  and to ta l  biomass production. There 

was a reduction in number o f  leaves to  the ex ten t  o f  11 per cen t  and to ta l 

le a f  a rea  by 13 per  cent. Manganese stress did not in f luence the height



Tab le  5. E f f e c t  o f  secondary  nutrient (C a , Mg, S) stress on g row th  o f  d o v e  seed ling

E lem ent
under
stress

S ta g e *  o f  
d e f ic ien cy

Months
a f t e r

trea tm en t
T re a tm en t  -

Growth param eters

H e igh t
(cm )

Number 
o f  leaves

Internodal 
length (cm )

L e a f  a rea  
(cm  )

R o o t  dry 
w e igh t  (g)

Shoot dry 
w e ig h t  (g)

T o ta l  dry 
w e ig h t  (g)

Ca In itial 12 -C a 33.63 38 2.93 460 1.07 5.96 7.03
(17) (19) ( 2) ( 22) (27) ( 11) (13)

C 40.40 47 3.00 5.90 1.47 6.63 8.10

S evere 16 -C a 36.67 50 2.80 615 0.98 7.54 8.52
(18) (21) (21) (24) (51) (13)? (20)

C 44.8 0 63 3.56 807 2.00 8.63 10.63

Mg Initial 12 -M g 35.57 44 2.90 478 1.26 6. IS 7.44
( 12) (6) (3) (19) (14) (7) ( 8)

C 40.40 47 3.00 590 1.47 6.63 8.10

S evere 18 -M g 41.10 56 2.70 680 1.80 8.20 10.00
(15) (16) ( 21) (25) ( 22) (14) (16)

C 48.10 67 3.43 909 2.30 9.53 11.83

S Initial 10 -S 26.80 29 2.03 305 1.16 3.70 4.86
( 22) (28) (23) (35) (19) (35) (32)

C 34.30 40 2.80 469 1.43 5.73 7.16

S evere 15 -S 37.40 41 2.00 467 1.30 5.29 6.59
(15) (33) (41) (39) (35) (37) (37)

C 44.00 61 3.36 766 2.00 8.46 10.46

*  Corresponds to  th e  s tage  w hen  d e f ic ie n t  plants s tarted  showing fo l ia r  sym ptom s. 
Parantheses in d ica te  p e rcen ta g e  reduction from  healthy plants.



C - M9 C - S C - F *  C - Mn
Treatm ents

E f f e c t  o f  nutr ient stress on the roo t  dry w e igh t  (a t  the  s e v e re

C - Cu C -

s ta ge  o f  d e f ic ien c y )
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Tab le  6. E f f e c t  o f  secondary nutrient (C a ,M g , S) Stress on 
L A R j  N A R ,  A G R  and R G R  o f  c lo v e  seedling

P a ram ete r

L e a f  area rat io  

(c m 2/g)

T rea tm en t

C
-Ca
-M g

-S

Per iod  (days)
0-180

45.12
39.28
40.84
41.73

180-360

66.64
57.36
58.76
59.01

360-540

75.21
70.11
66.40
69.89

N e t  assim ilation  rate  
2

(g/m /day)

C
-C a
-M g

-S

0.7802
0.8479
0.7197
0.8115

0.7351
0.6987
0.7234
0.4991

0.2800
0.1475
0.2482
0.1458

Abso lute g row th  ra te  
(g/day)

C
-Ca
■Mg

-S

0.0087
0.0088
0.0078
0.0083

0.0255
0.0192
0.0215
0.0127

0.0207
0.0079
0.0142
0.0063

R e la t iv e  g row th  rate  
(g/g/day)

C
-Ca
-Mg

-S

0.0033
0.0033
0.0028
0.0032

0.0047
0.0038
0.0041
0.0028

0.0021
0.0010
0.0016
0.0010



Tab le  7. E f f e c t  o f  m icronutrient (F e ,  Mn, Cu) stress on grow th  o f  c lo v e  seed ling

E lem ent
under
stress

Stage o f *  
de fic iency

Months
a f t e r

t r e a tm e n t

T rea tm en t

G row th  param ete rs

Height
(cm )

'  Num ber Internodal 
o f  lea ves  length  

(cm )

L e a L a r e a  
(cm  )

R o o t  dry 
w e ig h t  

(g)

Shoot dry 
w e ig h t  

(g)

To ta l  dry 
w e igh t  

(g)

Fe initial 12 -F e 32.94 41 2.60 482 1.51 5.89 7.40
(-18) ( - 12) (-13) (-18) (+3) ( - 11) (-9)

C 40.40 47 3.00 590 1.47 6.63 8.10

Severe 16 -F e 36.80 50 2.55 602 1.78 6.82 8.60
(-18) ( - 21) (-28) (-25) ( - 8) ( - 22) (-19)

C 44.80 63 3.56 807 1.93 8.70 10.63

Mn Initial 12 -Mn 43.24 46 3.04 568 1.23 6.82 8.05
(*7 ) ( - 2) (+3) (-4) (-16) (+3) ( - 1)

C 40.40 47 3.00 590 1.47 6.63 S.10

Severe 15 -Mn 46.42 54 3.20 663 1.64 7.43 9.07
(+6) ( - 11) (-5) (-13) (-18) ( - 12) (-13)

C 44.00 61 3.36 766 2.00 8.46 10.46

Cu Initial 15 -Cu 42.60 53 2.00 630 1.78 7.70 9.48
(-3) (-14) (-41) (-18) ( - 11) (-9) (-9)

C 44.00 61 3.36 766 2.00 8.46 10.46

Severe 18 -Cu 43.07 55 1.90 642 2.03 7.87 9.90
( - 11) (-18) (-45) (-29) ( - 12) (-17) (-16)

C 48.10 67 3.43 909 2.30 9.53 11.83

*  Corresponds to  the  s tage  when d e f ic ie n t  plants s ta rted  showing fo l ia r  sym ptom s. 
Pa ren theses  ind ica te  p e rcen ta ge  va r ia t ion  from  healthy plants
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Tab le  8. E f f e c t  o f  m icronutrient (F e , Mn, Cu) stress on L A R ,  N A R ,  
A G R  and R G R  o f  c lo v e  seeling ,

_________________________________ Per iod  (days)________________
Pa ram ete r  T rea tm en t  0-180 180-360 360-540

L e a f  area  ratio  

(c m 2/g)

C
-F e
■Mn
-Cu

45.12
40.03
46.27
46.31

66.64
58.50
64.28
67.96

75.21
68.80
71.68
69.31

N e t  ^ssim ilation ra te  
(g/m /day)

. C
-F e
■Mn
-Cu

0.7802
0.7864
0.7290
0.7340

0.7351
0.8310
0.7016
0.7565

0.2800
0.1274
0.1111
0.1553

Abso lute grow th  ra te  
(g/day)

C
-F e
-Mn
-Cu

0.0087
0.0076
0.0092
0.0083

0.0255
0.0230
0.0241
0.0263

0.0207
0.0070
0.0069
0.0097

R e la t iv e  g row th  ra te  
(g/g/day)

C
-F e
-Mn
-Cu

0.0033
0.0031
0.0033
0.0032

0.0047
0.0045
0.0043
0.0049

0.0021
0.0008
0.0008
0.0011



o f  the plant and a t  in it ia l stages o f  d e f ic ien cy ,  there  was even  a slight 

increase in height and internodal length com pared  to  that o f  contro l 

plants (Tab le  7).

The grow th  o f  d o v e  plants under Cu stress was s im ilar to  that o f  

con tro l plants until about 13 months a f t e r  inducing the stress (F ig .  2). 

The in f luence o f  Cu stress was m ore marked on in ternodal length, le a f  

a rea  and number o f  leaves. The decrease  w as about 45 per cen t  in internodal 

length and 29 per cen t in le a f  area  towards the advanced stages o f  

d e f ic ien cy  (Tab le  7).

Once the d e f ic ien cy  becam e seve re , fu rther increm ents in height o f  

the plant, number o f  leaves  and le a f  a rea  w e r e  re la t iv e ly  low fo r  a ll the 

th ree  nutrient e lem ents  (F ig .  2, 3 and 5).

The L A R ,  N A R ,  A G R  and R G R  fo r  c lo v e  plants under Fe, Mn and 

Cu stress did not vary much from  the con tro l plants upto 12 months a f t e r  

inducing the stress. L a te r ,  the adverse  e f f e c t  was m ore fo r  Mn starved 

plants c lose ly  fo l low ed  by Fe  and Cu (Tab le  8).

4.1.2.3.2 Z inc, Boron and Moiybdemum

From the grow th  measurements and data on biomass production, it 

was observed that Mo de f ic ien cy  did not produce any adverse  e f f e c t  on

the plant g row th  (Tab le  9, F ig . 2 to  9). In contrast, w ithdraw al o f  Zn

or B from  the nutrient solution g rea t ly  reduced plant height, le a f  production, 

internodal length, root  production and to ta l  l e a f  area . The e f f e c t s  o f  Zn 

stress w e r e  m ore pronounced on in ternodal length (72 per cent) le a f  area 

(28 per cent) and number o f  leaves (23 per cen t ).  W ithdrawal o f  B from

the nutrient solution for.’ 17 months reduced the to ta l  dry w e igh t  by

26 per cen t. The reduction w as even  m ore  marked in le a f  production and 

internodal length (Tab le  9). The e f f e c t s  o f  Zn and B stress w e r e  apparent 

from  IQ months a f t e r  w ithdraw ing the nutrient (F ig .  7). The L A R ,  N A R ,  

A G R  and R G R  reg is tered  w e re  the low es t  fo r  the Zn-starved  p lan ts . (Tab le  10).
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Table 9. E f f e c t  o f  m icro  nutrient (Zn, B, Mo) stress on g row th  o f  c lo v e  seedling

E lem ent
under
stress

S tage *  o f  
de fic iency

Months
a f t e r

trea tm en t
T re a tm en t

G row th  param eters

H e igh t
(cm )

Number 
o f  leaves

.Internodal 
length  (cm )

L e a f  area  

( c m 2)

R o o t  dry 
w e igh t  (g)

Shoot dry 
w e ig h t  (g)

T o ta l  dry. 
w e ig h t  (g)

Zn Initial 13 -Zn 35.23 47 2.24 555 1.51 6.90 8.41

(17) (13) (30) (16) (3) ( 8) (7)

C 42.30 54 3.20 660 1.56 7.49 9.05

Severe 16 -Zn 36.30 48 1.00 581 1.68 7.14 8.82

(19) (23) (72) (28) (16) (17) (17)

C 44.80 63 5.56 807 2.00 8.63 10.63

B Initial 14 -B 38.20 43 2.30 534 1.40 6.49 7.89

( 12) (25) (31) (30) ( 22) ( 21) ( 21)

C 43.40 57 3.33 762 1.80 8.16 9.96

S evere 17 -B 39.47 44 2.40 554 1.72 6.71 8.43

(13) (32) (31) (35) (18) (28) (26)

C 45.40 65 3.50 847 2.10 9.27 11.37

Mo Symptoms 18 -M o 45.43 66 3.23 887 2.02 9.30 11.32

not ( 6) . ( 2) ( 6) ( 2) ( 12) ( 2) (4)

expressed C 48.10 67 3.43 909 2.30 9.53 11.83

*  Corresponds to  th e  s tage  w hen  d e f ic ie n t  plants s ta rted  showing fo l ia r  sym ptom s. 
Paren theses  in d ica te  p e rc en ta g e  reduction  fr o m  healthy plants.
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Tab le  10. E f f e c t  o f  m icronutrient (Zn, B, Mo) stress on L A R ,  
N A R ,  A G R  and R G R  o f  c lo ve  seedling

_________________________ Per iod  (days)________________________
P a ram ete r  T rea tm en t  0-180 180-360 360-540

L e a f  area  rat io  

(c m 2/g)

N e t  assim ilation  ra te  

(g/m2/day)

Abso lute grow th  rate  
(g/day)

R e la t iv e  g row th  ra te  
(g/g/day)

C  45.12
-Zn 48.71

-B 45.19
-M o  50.53

C 0.7802r
-Zn 0.7947

-B 0.7582
-M o 0.7*350

C 0.0087
-Zn 0.0096

-B 0.0092
-M o  0.0096

C 0.0033
-Zn 0.0037

-B 0.0032
-M o  0.0035

66.64 75.21
61.89 66.41
65.07 68.82
64.34 73.74

0.7351 0.2800
0.7570 0.0769
0.5803 0.1063
0.6948 0.2548

0.0255 0.0207
0.0256 0.0044
0.0195 0.0057
0.0245 0.0179

0.0047 0.0021
0.0045 0.0005
0.0036 0.0007
0.0044 0.0019
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1.3 Nutr it ion  o f  c lo ve  seedlings

The c lo v e  seedlings fed  w ith  com p le te  Hoagland 's solution (m od if ied ) 

w e r e  found to possess a nutrit ional status as g iven  in Tab le  11. Since visual . 

d e f ic iency  symptoms w e r e  found re la ted  w ith  le a f  position, the nutrient 

leve ls  o f  low er  (A )  and upper (B) leaves w e r e  considered separate ly . The 

genera l trend in the fo l ia r  nutrient composit ion  o f  c lo v e  seedlings was 

that, in the absence o f  d e f ic ien cy ,  the fo l ia r  lev e ls  o f  N , Mg, Zn and B 

w e r e  m ore or less the same on the upper and low er  parts o f  the plant. 

Phosphorous, Ca, Fe , Mn and Cu showed a tendency to  g e t  accum ulated

m ore on low er  leaves  w h ile  reverse  was the trend fot K and S.

1.3.1 Fo liar nutrient le v e l  under nutrient stress

The data on the fo l ia r  nutrient com posit ion  o f  c lo v e  seedlings which 

exper icenced  nutrient stress fo r  a period o f  18 months a re  g iven  in 

Appendices II to XII.

The omission o f  an e lem en t  from  the nutrient solution resulted in

the reduction o f  fo l ia r  le v e l  o f  that particular e lem en t  in the plants. The 

ex ten t  o f  reduction var ied  fo r  each e lem ent.

Though the concentra tion  o f  nutrient e lem ents  w e r e  found to  decrease  

a t  early  stages o f  stress, visual d e f ic ien cy  symptoms w e r e  expressed by

the plants only a t  a la te r  stage .

4.1.3.1.1 N itrogen  de f ic iency

The c lo ve  seedlings fed  w ith  N -d e f ic ie n t  nutrient solution showed 

a drastic  reduction in the fo l ia r  n itrogen leve l .  The nutrient le v e l  which was 

1.29 per cen t  and 1.53 per cen t respec t ive ly  in the o lder and younger leaves  

a t the t im e  o f  start ing the trea tm en t  w e r e  reduced to  0.46 per cen t and 

0.71 per cen t  by the end o f  18th month. The reduction was m ore pronounced 

in o lder leaves  a t early  stages o f  stress (Append ix  I I ).. The plants showed 

vis ib le d e f ic ien cy  symptoms when the N le v e l  o f  the o lder leaves  dropped



Table 11. Nutrient status o f c lo ve  seedlings fed  w ith  com plete nutrient solution

Period  a f t e r  t r e a tm en t  
(months)

. Posit ion  o f  
fo l ia g e

N
%  '

P
%

K
%

Ca
%

Mg
%

S
%

F e
ppm

Mn
ppm

Cu
ppm

Zn
ppm

B
ppm

0 A 1.29 0.098 0.68 0.66 0.273 0.106 149 207 60 39 31
B 1.53 0.84 1.03 0.92 0.270 0.145 140 191 33 40 28

2 A 1.36 0.099 0.88 1.44 0.289 0.122 143 227 50 34 30
B 1.46 0.093 1.16 1.12 0.230 0.140 127 217 38 33 28

4 A 1.48 0.126 1.10 1-58 0.316 0.131 146 227 52 39 27
B 1.54 0.106 1.50 1.04 0.250 0.146 126 209 38 42 25

6 A 1.30 0.125 1.28 1.41 0.310 0.130 133 251 61 47 34
B 1.50 0.085 1.78 0.89 0.260 0.160 125 234 40 50 30

8 A 1.31 0.128 1.43 1.24 0.288 0.125 141 258 64 48 31
B 1.53 0.093 1.72 0.84 0.220 0.155 124 244 54 49 28

10 A 1.48 0.119 1.50 1.21 0.236 0.139 165 274 64 50 32
3 1.55 0.093 1.63 0.80 0.254 0.172 154 257 55 50 29

11 A 1.42 0.103 1.53 i.3 7 0.270 0.141 184 281 54 51 27
• B 1.43 0.097 1.78 0.95 0.300 0.164 161 270 47 52 24

12 A 1.33 0.121 1.61 1.36 0.260 0.130 181 266 64 48 30
B 1.56 0.080 1.68 0.91 0.290 0.148 162 254 56 44 29

13 A 1.41 0.106 1.51 1.43 0.261 0.126 171 272 64 58 29
B 1.50 0.080 1.67 0.90 0.290 0.156 165 268 54 57 28

14 A 1.47 0.115 JL.58 1.44 0.280 0.133 185 289 74 57 31
B 1.52 0.082 1.72 0.94 0.300 0.150 175 278 59 56 30

15 A 1.54 0.124 1.48 1.40 0.270 0.146 171 268 64 55 31
B 1.52 0.086 1.74 0.95 0.295 0.150 167 261 56 53 28

16 A 1.50 0.126 1.51 1.40 0.261 0.140 164 267 68 55 27
B 1.51 0.103 1.70 0.90 0.262 0.161 149 261 49 57 23

, 17 A 1.50 0.116 1.51 1.34 0.270 0.136 174 283 69 58 28
B 1.49 0.100 1.66 0.96 0.280 0.147 145 274 65 60 24

18 A 1.50 0.126 1.56 1.37 0.290 0.144 182 280 60 54 28
B 1.52 0.106 1.75 0.87 0.280 0.160 176 260 53 59 27

A  - L o w e r  lea ves B - U pper  lea ves
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to  0.74 per cen t  and by, the t im e  it reached 0.47 per cen t , the plants showed 

s e ve re  symptoms o f  N stress (Tab le  12). During the corresponding periods, 

the N le v e l  on younger leaves  w e r e  1.22 and 1.03 per cen t  respec t ive ly .

C oncom itter it  to the decrease  in fo l ia r  N le v e l ,  the P le v e l  increased. 

The increase in P was noted both on low er  and upper leaves  w ith  more 

in fluence on low er  leaves. A t  seve re  stages o f  d e f ic ien cy ,  the P leve l 

in the low er  leaves  o f  N -s ta rved  plant was 0.15 per cen t  as against 

0.12 per cen t in healthy ones. The fo l ia r  concentra tion  o f  K , F e  and Mn was 

decreased  under N stress. The fo l ia r  Cu le v e l  var ied  d i f fe re n t ly  in low er  

and upper leaves . It was reduced in low er  leaves but w as m ore on upper 

leaves. The fo l ia r  concentra tion  o f  Ca, Mg and Zn did not vary much due 

to  N stress.

4.1.3.1.2 Phosphorous de f ic ien cy

The fo l ia r  nutrient le v e l  o f  c lo ve  seedlings as in fluenced by P-stress 

a re  presented in Tab le  13 and Append ix ll l .  W ithdrawal o f  P from  the nutrient 

solution reduced the fo l ia r  P le v e l  in c lo v e  seedlings. In con tro l plants, 

the fo l ia r  P le v e l  increased from  0.08 to  0.13 per cen t  as the plants grew . 

In itia l symptoms o f  P -d e f ic ien cy  w e r e  observed when the P con ten t o f  

o lder leaves  was low ered  to  0.055 per cent, as against 0.106 per cen t P 

in healthy plants (Tab le  13). Phosphorous le v e l  o f  o lder leaves  w as reduced 

to  0.045 per cen t when plants expressed sym ptom s o f  s e ve re  d e f ic ien cy .  

The younger leaves recorded  a P le v e l  o f  0.06 to  0.07 per cen t when the 

nutrient was in short supply.

As a consequence o f  reduced P le v e l ,  fo l ia r  Fe  and Zn in c lo v e  was 

found to  increase. The F e  con ten t increased to  the ex ten t  o f  214 ppm 

in low er  leaves  and 198 ppm on upper leaves  during seve re  stages o f  

P -d e f ic ien cy .  Fo liar Zn le v e l  in P -s ta rved  plants w e r e  found to  be high 

a t  in it ia l and seve re  stages o f  d e f ic ien cy .  N itrogen  and Ca leve ls  in c lo ve  

plants under P-stress w e r e  found to decrease  s lightly . F o lia r  K , Mg, S, Cu 

and B leve ls  w e r e  less in fluenced by P stress in c lo ve .  ,



Table 12. E ffe c t  o f  n itrogen stress on fo lia r nutrient leve l o f c lo v e  seedling

S tage*  o f  
de fic iency

Months
a f t e r

t rea tm en t

Pos it ion  
o f  fo l ia g e

T r e a t 
m ent

Nutr ient le v e l

N K Ca Mg F e Mn Cu Zn B
% % % % % % ppm ppm ppm ppm ppm '

A -N 0.740 0.145 1.23 1.23 0.257 0.140 157 244 48 58 35
(-50) (+ 22) (-18) (+2) (+9) (+ 1) (-5 ) ( - 11) (-25) (+16) (+9)

C 1.480 0.119 1.50 1.21 0.236 0.139 165 274 64 50 32

B -N 1.22 0.080 1.30 0.97 0.295 0.160 117 209 56 56 32
( - 21) (-14) ( 20) (+21) (+16) (-7) (-24) (-19) ( - 2) (+ 12) (+ 10)

C 1.55 0.093 1.63 0.80 0.254 0.172 154 257 55 50 29

A -N 0.47 0.148 0.90 1.37 0.275 0.156 163 234 44 54 35
(-70) (+19) (-39) ( - 2) (+2) (+7) (-5 ) (-13) (-31) ( - 2) (+13)

C 1.54 0.124 1.48 1.40 0.270 0.146 171 268 64 55 31

B -N 1.03 0.100 1.30 0.95 0.286 0.173 140 187 63 56 31
(-32) (+16) (-25) ( 0) (-3) (+15) (-16) (-28) (+13) (+ 6) (+ 11)

C 1.52 0.086 1.74 0.95 0.295 0.150 167 261 56 53 28

Initial 10

Severe 15

*  Corresponds to  the stage when d e fic ien t plants started showing fo lia r  symptoms.

Parentheses ind icate percentage variation from  healthy plants

A  - L ow er leaves B - Upper leaves



Table 13. E ffe c t  o f phosphorus stress on fo lia r  nutrient le ve l o f  c love  seedling

Stage*  
o f  d e f i 
c iency

Months
a f t e r
t r e a t 
ment

Pos i
tion o f  
fo l ia g e

T r e a t 
m ent

N u tr ien t  le v e l

N
%

P
%

K
%

Ca
%

Mg
%■

S
%

Fe
ppm

Mn
ppm

Cu
ppm

Zn
ppm

B
ppm

Initial 13 A -P 1.23 0.05 5 1.58 1.39 0.272 0.130 172 264 67 68 31
(-13) (-48) (+5) (-3) (+4) (+3) (+ 1) (-3) (+5) (+17) (+7)

C 1.41 0.106 ; . 5 i 1.43 0.261 0.126 171 272 64 58 29

B -P 1.26 0.070 1.83 0.86 0.300 0.156 166 228 56 70 26
(-16) (-13) (+ 10) 1-4) (+3) ( 0) ( + 1) (-15) (+4) (+23) (-7)

C 1.50 0.080 1.67 0.90 0.290 0.156 165 268 54 57 28

Severe 18 A -P 1.40 0.045 1.56 1.23 0.286 0.120 214 258 63 68 29
(-7) (-64) ( 0) ( - 10) ( - 1) (-17) (+18) ( - 8) (+5) (+26) (+4)c 1.50 0.126 1.56 1.37 0.290 0.144 182 280 60 54 28

B -P 1.41 0.060 1.83 0.73 0.280 0.160 198 223 58 72 28
(-7) (-43) (+5) (-16) ( 0) ( 0) (+13) (-14) .(+9) (+ 22) (+4)

C 1.52 0.106 1.75 0.87 0.280 0.160 176 260 53 59 27

*  Corresponds to  the stage when d e fic ien t plants started  showing fo lia r  symptoms.

Parentheses indicate percentage variation  from  healthy plants

A  - Low er leaves B - Upper leaves
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4.1.3.1.3 Potassium de fic iency

The in fluence o f  K stress on fo l ia r  nutrient le v e l  o f  c lo v e  is presented 

in Tab le  14 and Appendix IV. The in f luence o f  K stress on fo l ia r  K le v e l  

o f  c lo v e  was m ore ev iden t on low er  leaves . The fo l ia r  K leve ls  w e re  0.64 

and 1.06 per cent respec t ive ly  fo r  low er  and upper leaves  o f  d e f ic ien t  

plant a t  in it ia l s tage  o f  de f ic iency  as against 1.61 and 1.68 per cent 

respec t ive ly  fo r  low er  and upper leaves o f  healthy plants. The K lev e l  

was further reduced to  0.56 and 0.99 per . cen t  in d e f ic ien t  plants during 

seve re  d e f ic ien cy .

The I<-starved plants w e r e  found to  have higher le a f  Mg. Magnesium 

was increased both on low er  and upper 'leaves due to  K stress. The increase 

in Mg le v e l  was to  the ex ten t  o f  0.369 per cen t  in low er leaves  o f  K starved  

ones, as against 0.295 per cen t in healthy plants. The in f luence o f  K on 

Ca le v e l  was much less as com pared to  Mg.

4.1.3.1.4 Calc ium  de fic ien cy

The data perta in ing to  the in fluence o f  Ca stress on fo l ia r  nutrient 

leve ls  o f  c lo ve  a re  presented in Tab le  15 and Appendix V. Calc ium  stress 

resulted in the reduction o f  Ca con ten t o f  the upper leaves . By the t im e  

the plants expressed seve re  de f ic ien cy  sym ptoms, the fo l ia r  Ca le v e l  had 

declined to  0.76 per cen t and 0.35 per cen t  respec t iv e ly  in the low er  and 

upper leaves  as against 1.4 and 0.9 per cen t  in healthy plants.

The fo l ia r  le v e l  o f  K was found a f f e c t e d  due to  Ca stress. An increasing 

trend was observed fo r  fo l ia r  K leve ls  o f  plants under Ca stress (Tab le  15). 

The concentrations o f  other nutrients w e r e  re la t iv e ly  u n a f fe c ted  by the Ca stress

4.1.3.1.5 Magnesium de fic ien cy

W ithdrawal o f  Mg from  the nutrient solution resulted in in it ia l de f ic ien cy  

symptoms to  appear by 12th month when the low er  and upper leaves  reg is tered  

0.176 and 0.22 per cen t Mg respec t ive ly  (T a b le  16). As the symptom s advanced



Table 14. E ffe c t  o f  potassium stress on fo lia r nutrient le ve l o f c love  seedling

S ta g e *  
o f  d e f i 
c iency

Months 
a f t e r  
t r e a t 
ment ,

Posi
tion o f  
fo l iage

T r e a t 
ment

Nutr ien t le v e l

N
%

P
%

K
%

Ca
%

Mg
%

S
%

Fe
ppm

Mn
ppm

Cu
ppm

Zn
ppm

B
ppm

In it ia l 12 A -K 1.31 0.108 0.64 1.56 0.320 0.126 164 00 -P* 63 52 29
( - 2) ( - 11) (-60) (+15) (+23) (-3) (-9) (+7) ( - 2) (+8)\ (-3)

C 1.33 0.121 1.61 , 1.36 0.260 0.130 181 266 64 48 30

B -K 1.43 0.083 1.06 0.97 0.360 0.153 137 257 50 50 27
( - 8) .(+■4) (-37) (+7) (+24) (+3) (-15) ( + 1) ( - 11) (+14) (-7)

C 1.56 0.080 1.68 0.91 0.290 0.148 162 254 56 44 29

S evere 15 A -K 1.4S 0.121 .. 0.56 1.58 0.330 0.152 163 282 69 56 32
(-4) ( - 2) (-62) (+13) (+ 22) (+4) (-5) (+5) (+ 8) (+ 2) (+5)

C 1.54 0.124 1.48 1.40 0.270 0.146 171 268 64 55 31

B -K 1.49 0.082 0.99 1.02 0.369 0.150 135 271 51 60 30
( - 2) (-5) (-43) (+7) (+25) ( 0) (-19) (+4) (-9 ) (+13) (+7)

C 1.52 . 0.086 1.74 0.95 0.295 0.150 167 261 56 53 28

*  Corresponds to  the stage when d e fic ien t plants started showing fo lia r symptoms.

Parentheses indicate percentage variation fror.i healthy plants

A  - Low er leaves B - Upper leaves



Table 15. E ffe c t  o f  Calcium  stress on fo lia r  nutrient le ve l o f c love  seedling

S tage *  
o f  d e f i 
c iency

Months
a f t e r
t r e a t 
ment

Posi
tion o f  
fo l ia g e

T r e a t 
m ent

N u tr ien t  l e v e l

N
%

P
%

K
%

Ca
%

Mg
%

S
%

Fe
ppm

Mn
ppm

Cu
ppm

Zn
ppm

B
ppm

Initial 12 A -C a 1.38 0.119 1.57 0.88 0.303 0.133 170 266 63 48 30
(+4) ( - 2) (-3) (-35) (+17) (+2) ( - 6) ( 0) ( - 2) ( 0) ( 0)

C 1.33 0.121 1.61 1.36 0.260 0.130 181 266 64 48 30

B -C a 1.46 0.080 1.93 0.47 0.290 0.150 164 254 53 49 28
( - 6) ( 0) (+15) (-48) ( 0) (+ 1) (+ 1) ( 0) (-5) ( + 11) (-3)

C 1.56 0.080 1.68 0.91 0.290 0.148 162 254 56 44 29

Severe 16 A -C a 1.450 0.120 1.66 0.76 0.291 0.130 165 261 63 59 29
(-3) (-5) (+ 10) (-46) (+ 12) (-7) (+ 1) ( - 2) (-7) (+7) (+7)

C 1.50 0.126 1.51 1.40 0.261 0.140 164 267 68 55 27

B -C a 1.48 0.090 .2.07 0.35 0.302 0.156 152 254 51 58 28
( - 2) (-13) (+ 22) (-61) (+15) (-3) (+2) (-3) (+4) (+ 2) (+22)

C . 1-51 0.103 1.70 0.90 0.262 0.161 149 261 '49 57 -2 3 -

*  Corresponds to  the stage when d e fic ien t plants started showing fo lia r symptoms.

Parentheses ind icate percentage varia tion  from  healthy plants

A - Low er leaves B - Upper leaves



Table 16. E ffe c t  o f  magnesium stress on fo lia r  nutrient le ve l o f  c lo ve  seedling

S tage * Months Posi
-----------------------

N utr ien t  le v e l

o f  d e f i 
c iency

a f t e r
t r e a t 
ment

tion o f  
fo l ia g e

T r e a t 
m ent N

%
P
%

K
%

Ca
%

Mg
%

S
%

F e
ppm

Mn
ppm

Cu
ppm

Zn
ppm

B
ppm

Initial 12 A -M g

C

1.39
(+5)
1.33

0.103
(-15)
0.121

1.66
(+3)
1.61

1.38
(+ 2)
1.36

0.176
(-32)
0.260

0.130
( 0)

0.130

170
( - 6)
181

286
(+8)
266

61
(-5)
64

49
(+ 2)
48

31
(+3)
30

B -M g

C

1.47
( - 6)
1.56

0.081
(+ 1)

0.080

1.82
(+ 8)
1.68

0.93 - 
(+ 2) 
0.91

0.220
(-24)
0.290

0.150
(+ 1)

0.148

140
(-14)
162

261
(+3)
254

49
(-13)

56

55
(+ 2)-
54

28
(-3)
29

S evere 18 A -M g

C

1.43
(-5)
1.50

0.110
(-13)
0.126

2.00
(+33)
1.56

1.60
(+17)
1.37

0.140
(-52)
0.290

0.120
(-17)
0.144

172
( - 6)
182

294
(+5)
280

66
(+ 10)

60

56
(+4)
54

28
(0)
28

B -M g

C

1.42
(-7)
1.52

0.086
(-19)
0.106

2.20
(+26)
1.75

1.06
(+ 22)
0.87

0.156
(-44)
0.280

0.160
( 0)

0.160

160
(-9)
176

284
(+9)
260

51
(-4 ) .
53

57
(-3)
59

27
( 0)
27

*  Corresponds to  the stage when d e fic ien t plants started  showing fo lia r  symptoms.

Parentheses indicate percentage variation  from  healthy plants

A  - Low er leaves B -  Upper leaves
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by 18th month, the Mg leve ls  w e r e  further reduced to  0.140 and 0.156 per cent 

respec t ive ly  in low er  and upper leaves . During the corresponding period, 

healthy plants had 0.29 and 0.28 per cen t Mg in the low er  and upper leaves 

respec t iv e ly .

In M g -d e f ic ien t  plants, fo l ia r  K and Ca lev e ls  w e r e  found to  increase. 

A  reverse  trend was observed fo r  fo l ia r  P. A t  seve re  stages o f  M g-d e f ic ien cy , 

the K le v e l  o f  low er  and upper leaves  increased to  2 to  2.2 per cent as

against 1.56 and 1.75 per cen t  in healthy plants. The in f luence was much

less on Ca and P leve ls .

4.1.3.1.6 Sulphur d e f ic ien cy

The fo l ia r  S le v e l  o f  c lo v e  plants was reduced to  0.10 per cen t in the 

low er and upper leaves when the plants showed in it ia l d e f ic ien cy  symptoms 

(Tab le  17). Stress induced fo r  15 months made the symptom s seve re  w ith  

a further reduction in fo l ia r  S lev e l  to  0.08 per cenc. There  appeared no 

marked d i f fe re n c e  in S le v e l  o f  low er  and upper leaves  o f  S -d e f ic ien t  plants 

w hereas, in healthy, plants the S content o f  upper leaves  seem ed to  be always

higher than low er leaves  (Tab le  11). The d e f ic ien cy  o f  S was not r e f le c ted

on the fo l ia r  concentra tion  o f  o ther nutrients (Tab le  17).

4.1.3.1.7 Iron de f ic iency

The data on the in f luence o f  Fe  stress on fo l ia r  nutrient leve ls  o f  c lo ve  

a re  presented in Tab le  18 and Appendix VIII. The iron content o f  low er  and 

upper leaves was 103 and 46 ppm respec t ive ly  when the plants exhibited 

in it ia l symptom o f  iron de f ic ien cy ,  as against 181 and 162 ppm fo r  healthy 

plants o f  the same age  group. The leve ls  w e r e  further reduced to  94 and 

22 ppm with in  4 months, when the plants showed seve re  symptoms o f  iron 

d e f ic ien cy .  Th ere  was no further reduction in the F e  le v e l  on continuing 

the stress period even  fo r  18 months.



Table 17. E ffe c t  o f sulphur stress on fo lia r nutrient leve l o f c love  seedling

Stage*  
o f  d e f i 
c iency

Months
a f t e r
t r e a t 
ment

Posi- ' 
t ion o f  
fo l ia g e

T r e a t 
m ent

N u tr ien t  leve l

N
%

P
%

K
'%

Ca
%

Mg
%

S
%

F e
ppm

Mn
ppm

Cu
PPm

Zn
ppm

B
ppm

Initial 10 A -S 1.46 0.121 1.46 1.30 0.249 0.103 153 269 63 45 31
( - 1) (+ 2) (-3) (+7) (+6) (-26) (-7 ) ( - 2) ( - 2) ( - 10) (-3)

C 1.48 0.119 1.50 1.21 0.236 0.139 165 274 64 50 32

B -s ' 1.51 0.085 1.67 0.83 0.243 0.103 149 250 50 51 28
(-3) (-9) (+3) (+4) (-4) (-40) (-3 ) ( - 2) (-9 ) (+ 2) (-3)c 1.55 0.093 1.63 0.80 0.254 0.172 154 257 55 50 29

Severe 15 A -s 1.48 0.114 1.48 1.48 0.253 0.086 175 272 65 61 30
(-4) ( - 8) ( 0) (+ 6) ( - 6) (-41) (+ 2) ' ( + 2) (+ 2) (+ 11) (-3)c 1.54 0.124 1.48 1.40 0.270 0.146 171 268 64 55 31

B -s 1.47 ’ ,0.085 1.74 0.93 0.285 0.076 166 254 55 55 26
(-3) ( - 1) ( 0) ( - 2) - (-3) (-49) ( - 1) (-3) ( - 2) (+4) (-7)c 1.52 0.086 1.74 0.95 0.295 0.150 167 261 56 53 28

*  Corresponds to  the stage when d e fic ien t plants started showing fo lia r symptoms.

Parentheses indicate percentage variation from  healthy plants

A  - Low er leaves B - Upper leaves



Table 18. E ffe c t  o f iron stress on fo lia r nutrient le ve l o f c love  seedling

Stage*  
o f  d e f i 
c iency

Months
a f t e r
t r e a t 
m ent

Pos i
t ion o f  
fo l ia g e

T re a t 
m ent

N u tr ien t  le v e l ----------------

N
%

P
%

K
%

Ca
%

Mg
%

S
%

Fe
ppm

Mn
ppm

Cu
ppm

Zn
ppm

B
ppm

Initial 12 A -F e 1 .40 0.118 1.50 1.39 0.264 0.144 103 277 66 48 30

C
(+5) (-3) (-7) (+ 2) (+ 2) (+ 11) (-43) (+4) (+3) ( 0) ( 0)
1.33 0.121 1.61 1.36 0.260 1.130 181 266 64 48 30

• B -F e 1*54 0.088 1.68 0.91 0.279 0.150 46 262 54 50 28

C
( -1 ) (+ 10) ( 0) ( 0) (-4) (+ 1) (-72) (+3) (-4) (-7) (-3)
1.56 o .oso 1.68 0.91 0.290 0.148 162 254 56 54 29

Severe 16 A -F e 1.46 0.125 1.53 1.44 0.255 _ 0.137 94 298 - 68 56 28

C
(-3) ( - 1) ( + 1) (+3) ( - 2) ( - 2) (-43) (+ 12) ( 0) (+ 2) (+3)
1.50 0.126 1.51 1.40 0.261 0.140 164 267 68 55 27

B -F e 1.49 0.090 1.77 0.90 0.259 0.156 22 293 49 59 26

C
( -1 ) (-13) .(+4) ( 0) ( - 1) (-3) (-85) (+ 12) ( 0) (+4) (+13)
1 -51 0.103 1.70 0.90 0.262 0.161 149 261 49 57 23

* Corresponds to the stage when d e fic ien t plants started showing fo lia r symptoms.

Parentheses indicate percentage variation  from  healthy plants

A  - Low er leaves B - Upper leaves
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As the fo l ia r  iron le v e l  was reduced due to  F e  stress, the Mn leve l  

increased as com pared to  healthy plants. The Mn le v e l  o f  Fe  d e f ic ien t  

plants was found to  'increase to  the ex ten t  o f  298 ppm when the plants 

exh ib ited  seve re  symptoms o f  F e  de f ic iency  (Tab le  18). A l l  the o ther  e lem ents 

studied w e r e  less a f f e c t e d  by Fe-stress.

4. 1.3.1.8 Manganese d e f ic ien cy

Resu lts pertin ing to  the in f luence o f  Mn stress on fo l ia r  nutrient leve l 

o f  c lo v e  a re  presented in Tab le  19 and Appendix IX . *

Though the fo l ia r  Mn le v e l  was found to  be re la t iv e ly  high in c lo ve ,  

d e f ic ien cy  symptoms w e r e  m an ifested  only a f t e r  a prolonged stress period. 

In itial symptoms w e re  exh ib ited  12 months a f t e r  s tarting the -Mn t rea tm en t , 

when the fo l ia r  Mn le v e l  was reduced to  164 and 81 ppm in low er  .and 

upper leaves  respec t iv e ly ,  as against 266 and 254 ppm in healthy plants. 

The symptoms w e re  seve re  by 15 months stress period. By the t im e  the 

Mn le v e l  was further reduced to  151 ppm and 55 ppm as against 268 and 

261 ppm respec t ive ly  fo r  low er  and upper leaves  in healthy plants (Tab le  19).

The F e  con ten t o f  Mn d e f ic ien t  plants w e r e  re la t iv e ly  high as compared 

to con tro l.  There  w as an increase in fo l ia r  Fe  le v e l  as the plants expressed 

s e ve re  stages o f  M n -de f ic iency  (Tab le  19, Appendix 9). The in f luence was 

m ore pronounced on upper leaves . Mn-stress was found to  have l i t t l e  in f luence 

on the other major and minor e lem ents  studied.

4.1.3.1.9 Copper de f ic ien cy

The results perta in ing to  the in fluence o f  Cu-stress on fo l ia r  nutrient 

le v e l  a re  presented in Tab le  20 and Appendix X . ,  The fo l ia r  Cu le v e l  was 

less a f f e c t e d  by the w ithdraw al o f  the e lem en t  from  the co m p le te  nutrient 

solution. The reduction in Cu le v e l  was ev idenced  only a f t e r  a stress period 

o f  10 months. The Cu le v e l  was 56 and 14 ppm respec t ive ly  fo r  low er  

and upper leaves  a f t e r  a stress period o f  15 months (Tab le  20). When severe  

de f ic iency  symptoms becam e ev iden t, the fo l ia r  Cu leve ls  w e r e  42 ppm 

and 11 ppm respec t ive ly  fo r  the low er  and upper leaves. The upper leaves



Table 19. E ffe c t  o f manganese stress on fo lia r  nutrient leve l o f  c love  seedling

Stage*  
o f  d e f i 
c iency

Months
a f t e r
t r e a t 
ment

Pos i
tion o f  
fo l ia g e

T r e a t 
ment

N u tr ien t leve l

N
%

P
%

K
%

Ca
%

Mg
%

S
%

Fe
ppm

Mn
ppm

Cu
ppm

Zn
ppm

B
ppm

Initial 12 A -Mn 1.40 0.122 1.54 1.32 0.290 0.126 196 164 68 62 28
(+5) ( + 1) (-4) (-3) (+ 12) (-3) (+ 8) (-38) (+ 6) (+15) (-7)

C 1.32 0.121 0.61 1.36 0.260 0.130 181 266 64 54 30

B -Mn 1.51 0.083 1.76 0.91 0.320 0.142 169 81 51 55 27
(-3) (+4) (+5) ( 0) (+ 10) (-4) (+4) ( - 68) ( - 10) (+25) (-7)

C 1.56 0.080 1.68 0.91 0.290 0.148 162 254 56 44 29

Severe 15 A -Mn 1.47 0.127 1.56 1.37 0.305 0.136 197 151 64 60 27
(-4) (+ 2) (+5) ( - 2) (+13) (-9) (+15) (-44) ( 0) (+9) (-13)

C 1.54 0.124 1.48 1.40 0.270 0.146 171 268 64 55 31

B -Mn 1.50 0.080 1.84 0.91 0.280 0.149 200 55 52 56 25
( - 1) (-7) (+3) (-4) (-5) ( - 1) (+ 20) (-79) (-7 ) (+ 6) ( - 11)

C 1.52 0.086 1.74 0.95 0.295 0.150 167 261 56 53 28

*  Corresponds to  the stage when d e fic ien t plants started showing fo lia r  symptoms.

Parentheses ind icate percentage variation from  healthy plants

A  - Low er leaves B - Upper leaves



Table 20. E ffe c t  o f  copper stress on fo lia r nutrient le v e l o f  c lo v e  seedling

S ta g e *  
o f  d e f i 
c iency

Months
a f t e r
t r e a t 
ment

Pos i
tion o f  
fo l ia g e

T r e a t 
ment

Nutr ient le v e l

N
%

P
%

K
%

Ca
%

Mg
%

S
%

Fe
ppm

Mn
ppm

Cu
ppm

Zn
ppm

B
ppm

Initial 15 A -Cu 1.54 0.119 1.46 1.46 0.265 0.133 183 270 56 62 29

C
( 0) (-4) ( - 1) (+4) ( - 2) (-9) (+7) (+ 1) (-13) (+13) ( - 6)

1.54 0.124 1.48 1.40 0.270 0.146 171 268 64 55 31

B -Cu 1.55 0.098 1.70 0.89 0.291 0.157 164 248 14 54 27

C
(+ 2) (+14) ( - 2) ( - 6) ( - 1) (+5) ( - 2) ( - 6) (-75) (+ 2) (-4)
1.52 0.086 1.74 0.95 0.295 ' 0.150 167 261 56 53 28

Severe 18 A -Cu 1.57 0.129 1.57 1.38 0.283 0.131 198 282 42 54 26
(+5) (+ 2) ( + 1) ( + 1) ( - 2) (-9 ) (+9) (+ 1) (-30) ( 0) (-7)

c 1.50 0.126 1.56 1.37 0.290 0.144 182 280 60 54 28

. B -Cu 1.58 0.107 1.65 0.91 0.273 0.163 173 238 11 60 22

C
(+4-) (+ 1) ( - 6) (+4) (-3) (+ 2) ( - 2) (-9) (-79) (+ 2) (-19)
1.52 0.106 1.75 0.87 0.280 0.160 176 260 53 59 27

*  Corresponds to  the stage when d e fic ien t plants started  showing fo lia r  symptoms.

Parentheses indicate percentage variation from  healthy plants

A  - Low er leaves B - Upper leaves
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w e re  found to  be much m ore a f f e c t e d  by the nutrient stress.

Though the Cu stress w as found to  in f luence the fo l ia r  Cu le v e l  o f  

c lo v e  plants, it  had l i t t l e  in f luence on the .absorption o f  o ther e lem ents .

4.1.3.1.10 Z inc de f ic ien cy

The results perta in ing to  the  in fluence o f  Zn stress ..on fo l ia r  nutrient 

status a re  presented in Tab le  21 and Appendix; XI.

A t  in it ia l stages o f  Zn de f ic ien cy ,  the Zn le v e l  recorded  was 27 ppm

for  leaves on low er  ha lf o f  the stem  and 11 ppm fo r  those on the upper

half o f  the s tem . The Zn l e v e l  o f  upper leaves  w e r e  found fu rther reduced 

to  8 ppm by the t im e  the plant expressed s e ve re  symptoms o f  Z n -de f ic ien cy . 

The reduction in Zn le v e l  w as drastic  on upper leaves  than on low er  leaves .

Z inc-stress was found t o : in f luence the fo l ia r  le v e l  o f  o ther  nutrients

to  a lesser ex ten t .  Am ong the 10 other nutrients e v a lu a te ^  P and Fe  w ere  

found to  respond to  Zn-stress. As the fo l ia r  Zn le v e l  g o t  reduced in plants, 

the P . and F e  leve ls  w e r e  s lightly  increased as com pared  to  healthy 

plants (Tab le  21).

4.1.3.1.11 Boron de f ic ien cy

The data on fo l l ia r  nutrient leve ls  in re la tion  to  B-stress a re  presented

in Tab le  22 and A ppend ix  X II ,  The fo l ia r  B le v e l  declined to  24 ppm in

the low er  leaves  and to  10 ppm in upper leaves  w ith in  a stress period o f

14 months. S evere  symptoms o f  B; d e f ic ien cy  w ere , expressed w ith in  a stress 

period o f  17 months and by that t im e , B le v e l  w as reduced to. 20 ppm 

in low er  leaves  and to  9 ppm in upper leaves . The upper leaves  w e r e  m ore 

a f f e c t e d  due to  starvat ion .

A  decrease  in fo l ia r  Cu and Zn le v e l  was found to  be associa ted  w ith  

B de f ic ien cy .  The ex ten t  o f  reduction tuned to  56 ppm fo r  Cu and 51 ppm 

fo r  Zn as against 65 ppm and 60 ppm fo r  con tro l plants (Tab le  22).



Table 21. Influence o f zinc stress on fo lia r nutrient leve l o f c love  seedling

S tage*  Months P ^ iT- N u tr ien t  le v e l    _ -
o f  d e f i -  a f t e r  t ion  o f  T r e a t -    “  "  “  ~ ~  T "  g
c iencv t r e a t -  fo l ia g e  ment N P K C a  Mg . S Fe

m ent % % % % %  °/o ppm PRm Ppm Ppm PP

Initial 13 A -Zn

C

1.37
(-3)
1.41

0.124
(+17)
0.106

1.49
( - 1)
1.51

1.34
( - 6)
1.43

0.287
(+ 10)
0.261

0.128
(+ 2)

0.126

184 ' 
(+ 8) 
171

280
(+3)
272

55
(-14)

64

27
(-53)

58

30
(+3)
29

B -Zn

C

1.56
(+4)
1.50

0.090
(+13)
0.080

1.76
(+5)
1.67

0.90
( 0)

0.90

0.302
(+4)

0.290

0.158
(+ 1)

0.156

173
(+5)
165

261
(+3)
268

48
( - 11)

54

11
(-81)

57

28
( 0)
28

S evere 16 A -Zn

C

1.41
( - 6)
1.50

0.136
(+ 8)

0.126

1.54
(+ 2)
1.51

1.42
(+ 1)
1.40

0.278
(+7)

0.261

0.128
(-9)

0.140

174
(+ 6)
164

284
(+ 6)
267

54
( - 21)

68

27
(-50)

55

28
(+4)
27

B -Zn

C

1.46
(-3)

1.51

0.114
(+ 11)
0.103

1.75
(+3)
1.70

0.87

(-3)
0.90

0.272
(+4 ) '

0.262

0.156

(-3)
0.161

164
(+ 10)

149

244

(-7)
261

50

(+ 2)
49

8
( - 86)

57

24
(+4)
23

*  Corresponds to  the stage when d e fic ien t plants started showing fo lia r symptoms.

Parentheses indicate percentage variation  from  healthy plants

A  - Lower leaves B - Upper leaves



Table 22. E ffe c t  o f  B stress on fo lia r nutrient le v e l o f  c lo ve  seedling

S ta g e *  o f  
d e f ic ien cy

Months
a f t e r
trea tm en t

Position 
o f  fo l ia g e

T r e a t 
m ent Nutr ien t  le v e l

N
%

P
%

K
%

Ca
%

Mg
%

S
%

Fe
ppm

Mn
ppm

Cu
ppm

Zn
ppm

B
ppm

In it ia l 14 A -B 1.49 0.112 1.61 1.46 0.285 0.126 184 282 62 57 24
(+ 1) (-3) (+ 2) (+ 1) (+ 2) (-5) ( - 1) ( - 2) (-16) ( 0) (-23 )

C 1.47 0.115 1.58 1.44 0.280 0.133 185 289 74 57 31

B -B 1.53 0.083 1.68 0.92 0.293 0.147 169 263 48 49 10
( + 1) ( + 1) ( - 2) ( - 2) ( - 2) ( - 2) (-3) (-5) (-19) (-13) (-67)

C 1.52 0.082 1.72 0.94 0.300 0.150 175 278 59 56 30

S evere 17 A -B 1.48 0.106 1.48 1.31 0.283 0.136 166 280 65 56 20
( - 1) (-9) ( - 2) ( - 2) (+5) ( 0) (-5) ( - 1) ( - 6) (-3) (-29)

C 1.50 0.116 1.51 1.34 0.270 0.136 174 283 69 58 28

B -B 1.49 0.087 1.56 0.94 0.289 0.152 146 264 56 51 9
( 0);-- (1 3 ) '  . ( - 6) - ( - 2). ■ (+3) (+3) ( r l ) (-4) (-14) (-15) (-63)

C 1.49, 0.100 1.66 0.96 0.280 0.147 145 274 65 60 24

*  Corresponds to  the stage when d e fic ien t plants started showing fo lia r  symptoms.

Parentheses ind icate percentage variation from  healthy plants

A  - L ow er leaves B - Upper leaves
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4.1.4 R e co v e ry  o f  d e f ic ien t  plants

When the de f ic iency  symptoms w e re  visually con firm ed , tw o  plants 

each from  the in it ia l and se ve re  stages w e r e  fed  w ith  co m p le te  nutrient 

solution and observed fo r  re co ve ry .  The plants w e r e  considered to  have 

recove red  o f  the nutrient d e f ic ien cy ,  e ith e r  when the visual de f ic ien cy  

symptoms had disappeared or when new flushes had em erged  . w ith ou t :. .. 

fu rther advancem ent o f  the a lready ex ist ing  d e f ic ien cy  sym ptom . ' .

The re co ve red  plants w e r e  analysed fo r  the fo l ia r  nutrient le v e l .  The results 

o f  the recove ry  studies a re  furnished in Tab le  23.

Plants exh ib it ing in it ia l stages, o f  visual d e f ic ien cy  symptom s recove red  

fas te r  when supplied w ith  co m p le te  nutrient solution. Quickest recove ry  

w as obta ined fo r  the N -d e f ic ie n t  plants (2 w eeks) whereas, calcium and

Z n -d e f ic ien t  plants took 5 to  6 w eeks to  ind ica te  signs o f  recove ry  even  

a t in it ia l stages o f  visual de f ic iency  sym ptom t

Plants exh ib it ing s e ve re  de f ic ien cy  symptom s fo r  Ca, S, Mn, Zn or B 

fa i led  to re c o ve r  even a f t e r  supplying the nutrients fo r  tw o  months.

4.2 Nutrient distribution and translocation under nutrient stress condition

In this exper im en t, the patterns o f  distributin ’ o f  tw o  anions (P  and S) 

and a cation  (Ca ) w e r e  studied w ith  one y ea r  old c lo v e  seedlings.

4.2.1 Phosphorus

- 32
The data perta in ing to  the distribution o f  Pand p in the stem  as

w e l l  as in the le a f  under su f f ic ien t  and d e f ic ien t  conditions in rela tion  

to nodal rank is presented in Tables 24., 25, 30 and Appendix XIII and XIV. 

When P supply was not l im iting , there was a g rea te r  accum ulation  o f  the 

nutrient in the plant tissue. Stem was found to  accum ulate  m ore  P than 

the lea f .  A  maximum P le v e l  o f  0.574 per cen t on dry m atte r  basis has 

been recorded  on low er  stem  segm ent. The fo l ia r  P. le v e l  was maximum at 

grow ing tips and has recorded  a maximum le v e l  o f  0.142 per cen t. The 

stem  P le v e l  o f  plants rece iv in g  Pd ec reased  from  the f irs t  node starting

from  the top  to  the f i f th  node. T h e rea fte r ,  there  was a steady increase
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Tab le  23. R e co v e ry  o f  m acro  and m icro  nutrient d e f ic ien c ies  in

c lo v e  seedling

D e f ic ien t  S tage o f  T im e  taken Fo lia r  nutrient status a f t e r  recovery

nutrient d e f ic ien cy  fo r  recove ry  A  B
__________________________ ■___________ (weeks) .

N Initial 2 1.00 % 1.24 %
Severe 4 0.86 1.25

P Initial 4 0.08 0.10
Severe 7 0.08 0.10

K Initial 4 0.80 1.20
Severe 6 0.80 1.20

Ca Initial 6 1.04 0.67
S evere - - -

Mg Initial 4 0.20 0.22
Severe 6 0.18 0.18

S Initial 4 0.10 0.12
Severe - -  ■

Fe Initial 3 110 ppm 50 ppm
Severe 6 100 45

Mn Initial 3 160 90
S evere - -

Cu Initial 4 55 20 .
Severe 5 55 18

Zn Initial 5 30 20
Severe - -

B Initial 4 25 15
S evere _

A  - L ow er  leaves B - Upper leaves - N o t  re cove red
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in the P content o f  the successive low er  nodal positions, w ith  the highest 

con ten t in the low est node (Tab le  24). This pattern  o f  distribution was 

also found in the leaves in re la tion  to  their  ranks. N ever th e less , the increase 

in P con ten t was much less com pared to  the stem . The only node a t which 

the accum ulation  o f  P was m ore in le a f  than in stern, was the youngest 

node a t the t ip . In P starved  plants also, the stem portion had accum ulated 

m ore P than did the lea f .  H ow ever ,  in the younger portion o f  the shoot 

from  the f ir s t  node to  the sixth node, the leaves  conta ined more P than 

the corresponding stem portions. Unlike in the case o f  con tro l plant, the 

P concen tra tion  did not increase much from  the f i f th  node onwards. Another 

d i f fe re n c e  noticed  was the maintenance o f  a steady P le v e l  in the stem 

upto the sixth node. The increase in P con ten t occurred in these P -s ta rved  

plants only beyond the sixth node.

Em perica l equations o f  linear and quadratic fo rm  w e re  tr ied  to  exam ine 

the goodness o f  f i t  o f  these models in describ ing the distribution pattern

o f  the nutrient in re la tion  to  nodal positions (Tab le  25). Both linear and
■ • • 2

quadratic functions y ie ld ed  low R values (the  maximum obtained was

0.695) in both su f f ic ien t  and d e f ic ien t  conditions fo r  the distributions o f  

P in the stem . H ow ever ,  when log P concentra tion  in the stem was used, 

both linear and quadratic models gav e  b e t te r  R values ranging from  0.761 

to  0.965. O f  the tw o  m odels , the quadratic equation was found to explain 

the distribution o f  P in the stem  under both su f f ic ien t  and de f ic ien t  

condition (F ig .  10). In the case o f  le a f  P concentrt ion  both linear and 

quadratic models proved unsuitable in describ ing its distribution as a function o f  

nodal position, but when log P values w e re  used, the quadratic  model was 

superior to linear model fo r  both d e f ic ien t  and su ff ic ien t  condition (Tab le  25). 

The equation expla ined how ever , only 61.4 per cent and 69.4 per cent 

var iab il ity  in healthy and d e f ic ien t  conditions respec t ive ly .

A  pos it ive  s ign if ican t relationship b e tw een  le a f  P and stem  P was 

obta ined in healthy plants (Tab le  30). Though the R2 yaJue wag j thg

relationship was pos it ive  and s ign if ican t in P starved  condition also. Both 

linear and quadratic  models y ie ld ed  m ore or less s im ilar c o e f f i c i e n t  o f  

corre la t ion .
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Tab le  24. D istribution pattern  o f  P and P in c lo ve  plants

as in fluenced by P stress

32

Param ete r
Nodal
Rank

Healthy D e f ic ien t

Stem L e a f Stem L e a f

P (%) 1 0.126 0.142 0.058 0.103

2 0.110 0.102 0.058 0.090

3 0.098 0.092 0.058 0.085

4 0.092 0.086 0.058 0.075

5 0.093 0.088 0.058 0.068

6 0.100 0.100 0.058 0.079

7 0.151 0.103 0.080 0.075

8 0.161 0.113 0.089 0.076

9 0.185 0.117 0.116 0.080

10 0.291 0.112 0.140 0.078

11 0.344 0.127 0.165 0.076

12 0.344 0.134 0.191 0.090

13 0.574 0.136 0.191 0.083

32P (cpm  g " 1) 1 114 37 380 330

2 104 20 350 75

3 353 24 236 31

4 618 10 401 80

5 552 191 768 268

6 673 174 981 378

7 349 340 1859' 501

8 618 316 2540 996

9 267 422 2840 671

10 712 362 2928 569

11 1025 412 3409 501

12 928 321 5207 920

13 1970 418 5207 1634



2 . . 32 •
T a b le  25. Goodness o f  f i t  (R  ) o f  the m a th em a t ica l  models describ ing  P  and P concen tra t ion

in c lo ve  seedlings as a function  o f  nodal rank

Variable (y) P lant part
C ond it ion  o f  the 
plant

L inear model 
y = a ± bx

Quadratic  n^odel 
y = a ± b x ± c x

P concen tra t ion  (% ) Stem Hea lthy 0.467 0.252

D e f ic ie n t 0.695 0.524

L e a f H ea lthy < 0.001 <  0.001

D e f ic ie n t 0.035 < 0.001

Log  P con cen tra t ion  (ppm) Stem H ea lthy 0.761 0.965

D e f ic ie n t 0.870 0.944

L e a f H ea lthy 0.246 0.614

D e f ic ie n t 0.191 0.694

32 -1 
P a c t iv i t y  (cpm  g ) Stem H ea lthy 0.293 0.094

D e f ic ie n t 0.840 0.446

■Leaf H ea lthy 0.786 0.073

D e f ic ie n t 0.367 0.192

32 ~1 
L o g  P a c t iv i t y  (cpm  g ) Stem H ea lthy 0.546 0.581

D e f ic ie n t 0.859 0.860

L e a f H ea lthy 0.687 0.887

D e f ic ie n t 0.564 0.564

N o te  : X  is the  nodal rank
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When labelled  P was supplied, the s ta rved  plants absorbed m ore p

than those rece iv in g  adequate P. On dry m a tte r  basis, the absorption o f

the rad io-labe l amounted to  1310 and .435 cpm g-1 o f  dry m atte r  fo r  d e f ic ien t
32

and su ff ic ien t  plants resp ec t iv e ly .  The accum ulation o f  p in both su ff ic ien t

and d e f ic ien t  plants was m ore in the stem  than in the le a f  (Tab le  24),

the stem  portion and le a f  a t  the low est node accum ulating most o f  the 
32

absorbed p .(P late X X IX ) .

32
The distribution o f  p in re la tion  to  nodal rank in the stem  o f  healthy

c lo ve  seedlings was not found to  be expla ined by both linear and quadratic
32

models even when logar ithm ic  transform ations o f  p a c t iv i t y  was em p loyed

(Tab le  25). In contrast, the distribution in the stem o f  P s tarved  plants

could be expla ined by e ith e r  linear model ( R 2 = 0.84) using 32p a c t iv i ty

or by both linear ( R 2 = 0.859) and quadratic ( R 2 = 0.86) models when
32 . . 2

log p a c t iv i t y  was used. Am ong these, R  values w e r e  slightly  b e t te r

when log  trans form ed data w e r e  used. The goodness o f  f i t  o f  the 32p data

con form ing  to  the linear model is shown in F ig . 10.

32
The distribution pattern  o f  p a c t iv i t y  in the le a f  in re la tion  to  nodal 

rank could be described by the m athem atica l models only when the plant 

was not d e f ic ien t  in this nutrient, (Tab le  25). The quadratic models gave  

highest R  values (0.887) when log  32p values w e r e  used (F ig .10).

■ • ■ 32
The distribution o f  p a c t iv i t y  in le a f  and stem  w e re  found re la ted  

in d e f ic ien t  condition. The linear, model expla ined 64 per cen t  o f  the var iation  

in P -s ta raved  plants (Tab le  30).

4.2.2 Sulphur

Sulphur was m ore accum ulated  in the le a f  than in the stem  o f  c lo ve  

plants. The distribution o f  S in the plant decreased from  the uppermost 

le a f  upto the seventh nodal position and tended to  increase th e rea f te r  

in plants rece iv in g  S. A  m ore or less s im ilar trend was seen in stem 

also (Tab le  26). In S -d e f ic ien t  plants, although the S con ten t was reduced 

from  the upper to low er  leaves , the ex ten t  o f  reduction was much less 

com pared to. that in S -su ff ic ien t  plants. The S con ten t o f  the uppermost 

. leaf in S -d e fic ien t  plant was 0.146 per cen t  which decreased  to  0.118 per cent

32



P la t e -X X IX .  Translocation  o f  P . in P starved  plant

A .  The P -s ta rved  plant fe d  w ith  32P

B. The autoradiograph showing the. rad io label 
accum ulated  on low er  stem  and le a f

32
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Tab le  26. D istribution pattern  o f  S and S in c lo ve  plants

as in fluenced by S stress

35

P a ram ete r  ^od a l Healthy D e f ic ien t
R a n k ---------------------------------------------------------------------------------

Stem L e a f  Stem L e a f

S (% ) 1 0.200

2 0.166

3 0.153

4 0.141

5 0.135

6 0.128

7 0.118

8 0.124

9 0.155

10 0.180

3 5 -1
S (cpm  g ) 1 17712

2 19710

3 36602

4 36602

5 51534

6 41987

7 36460

8 41086

9 40686

10 22357

0.205 0.140 0.146

0.182 0.130 0.137

0.171 0.132 0.138

0.155 0.123 0.130

0.143 0.114 0.128

0.138 0.082 0.128

0.137 0.077 0.120

0.150 0.088 0.118

0.145 0.097 0.126

0.150 0.128 0.133

54897 255486 191025

10230 235406 101026

12845 229625 91628

7138 199612 53863

4251 125697 18994

4195 115444 51665

4143 91873 18226

4165 87874 9079

4098 91172 5902

42 75 52402 5847
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in the leaves  a t the eighth node. Further, the S content increased to 0.133 

per cen t a t  the 10th node. On the other hand, in healthy plants, the decrease 

was from  0.205 per cen t in the f irs t  le a f  to 0.137 per cent in the seventh 

lea f .  The increase in S content beyond the seventh le a f  upto 10th le a f  

was in the range o f  0.14 to  0.15 per cen t. The accum ulation  pattern  found 

in the stem was m ore or less sim ilar to that in the le a f  in both su ff ic ien t  

and d e f ic ien t  plants when S was not l im iting . The stem  portion a t  the f irs t  

nodal point had a S le v e l  o f  0.2 per cen t which  decreased  to  0.118 per

cen t a t  the seventh node and rose again to 0.18 per cen t a t  the last node

(10th node). In the case o f  S -d e f ic ien t  plant, the stem  portion a t  f ir s t  node

had a much less concentra tion  o f 0.14 per cen t which further decreased 

steadily  to about 0.08 to  0.09 per cen t b e tw een  sixth and eighth nodes. 

The increase in S content beyond this region down to  the 10th node was 

to  the ex ten t  o f  0.128 per cent.

In order to  exam ine w hether  the distribution o f  S in the plant part 

could be described by m athem atica l expressions, tw o  models namely linear 

and quadratic w e re  tested . When S concentra tion  was used as the dependent 

variab le , both linear and quadratic models fa i led  to explain the variab il ity . 

On the other hand, when log S concentration  was used as the dependent 

variab le , the distribution pattern  in the stem as w e l l  as in the le a f  as a 

function o f  nodal rank could be sa t is fa c to r i ly  explained by the quadratic 

model (F ig . U ) .  The quadratic equations re la ting  log S concentra tion  in 

stem and lea f  w ith  nodal rank expla ined 90 .2  and 93.7 per cent var iab il ity  

respec t ive ly  in healthy plants whereas in the d e f ic ien t  condition, the

variab il ity  expla ined was 62.4 per cen t in the stem  and 84.6 per cent in 

the le a f  (Tab le  27).

In both S -d e f ic ien t  and su ff ic ien t  condition, s ign if ican t pos it ive  

relationship was obtained be tw een  S concentra tion  o f  stem  and le a f  (Tab le  30).

• S -d e f ic ien t  plants when a l low ed  to  absorb SO. from  ca rr ier  f r e e  
35 . . ^

P labelled nutrient solution fo r  one month, took up g rea te r  quantity o f

the nutrient than S su ff ic ien t  plants. The accum ulation  o f  in the dry

m atte r  o f  the S -d e f ic ien t  plants was 102596 cpm w hereas it  was

22668 cpm g 1 dry m atte r  in S -su ff ic ien t  plants. In both su ff ic ien t and
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,in c lo v e  seed lings as a function  o f  nodal rank

2 o c
Table 27. Goodness o f f i t  (R  ) o f the m athem atical models describing S and S concentration

Variab le  (y) P lan t  part C ond ition  o f  the 
plant

L inear  model 
y = a ± bx

Q uadratic  mode^ 
y = a ± bx ± cx

S concen tra t ion  (%) Stem Healthy 0.013 < 0.001

D e f ic ie n t 0. 112 < 0.001

L e a f Hea lthy 0.478 < 0.001

D e f ic ie n t 0.242 <  0.001

L o g  S concentra tion  (ppm) Stem Hea lthy 0.110 0.902

D e f ic ie n t 0.305 0.624 .

L e a f Hea lthy 0.700 0.937

D e f ic ie n t 0.476 0.846

35S a c t iv i t y  (cpm  g *) Stem Hea lthy 0.015 0.005

D e f ic ie n t 0.833 0.048

L e a f Hea lthy 0.171 E

D e f ic ie n t 0.559 0.829

L og  33S a c t iv i t y  (cpm g *) Stem Hea lthy 0.162 0.808

D e f ic ie n t 0.931 0.934

L e a f Hea lthy 0.636 0.890

D e f ic ie n t 0.960 0.962

N o te  : X -  is the nodal rank E - Error due to  high var ia t ion
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d e f ic ien t  plants, m ore  rad ioac t iv ity  was r e co ve red  from  the stem  portion 

than from  the lea f .  The absorbed rad ioac t iv ity  was accum ulated  m ore  in

the uppermost part o f  the shoot o f  both d e f ic ien t  and su ff ic ien t  plants

(P la te  XX X ).The  le v e l  o f  rad io- labe l recorded  in the topm ost stem  portion

o f  S d e f ic ien t  plants w as 2,55486 cpm and was 191025 cpm in topm ost 

le a f  (Tab le  26). The rad ioac t iv ity  that could be re cove red  from  the low est

part o f  the stem  was 52402 cpm g "  and w as 5847 cpm g * on low est  le a f

o f  S-starved plants.

35
The distribution o f  S in stem and leaves  fo l low in g  absorption o f

this nutrient by healthy and d e f ic ien t  plants also showed a sim ilar trend

as in the case o f  S concen tra tion  (Tab le  27). The distribution fo l low ed
35

quadratic model when log S a c t iv i t y  was considered as the dependent
3 5

variab le . It may also be noted that the linear model o f  the fo rm  Log  S

a c t iv i t y  = a ± bx was equally good as the quadratic model to  describe the
• • • 35

distribution o f  the absorbed S as a function  o f  nodal rank, when the plant

was d e f ic ien t  in the nutrient (F ig .  12).

The rad io -labe l r e co ve red  from  the le a f  and stem w e re  found re la ted

under S stress. The quadratic model expla ined 92.7 per cent variab il ity  
35

when le a f  S a c t iv i t y  was considered as the dependent var iab le  (Tab le  30).

4.2.3 Calc ium

The distribution pattern  o f  Ca in the shoot was not the same under 

su ff ic ien t  and d e f ic ien t  conditions. In plants rece iv in g  Ca, the upper half 

o f  the stem  (upto about sixth node) was found to  accum ula te  m ore Ca 

than the leaves  on this part. On the other hand, low er  stem  portions

w e re  found to  conta in less Ca than the corresponding leaves . H ow ever ,  

the Ca distribution w as m ore on low er  part than on upper part, both

fo r  stem  and leaves  (Tab le  28). In C a-s ta rved  plants there  w as a steady

increase in the concentra tion  o f  the nutrient in both le a f  and stem' towards



' 35
P la te . X X X .  .Translocation  o f  5 in S-starved  plant

A . The S-starved  plant fed  w ith  33S

B. The autoradiograph showing the rad io label 
accum ulated  m ore on upper le a f  and stem
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Tab le  28. Distribution pattern  o f  Ca and Ca in c lo v e  plants as

in fluenced by Ca stress

45

P a ram ete r  Nodal Hea lthy D e f ic ien t
Rank ----------------------------------------------   :------------

Stem L e a f  Stem L e a f

Ca (% ) 1 0.725

2 0.773

3 0.868

4 0.947

5 0.938

6 0.988

7 1.077

8 0.757

9 0.860

10 1.040

45 - I
Ca (cpm g ) 1 625

2 304

3 338

4 861

5 2525

6 6689

7 13079

8 20749

9 32863

10 61067

0.401 0.236 0.174

0.624 0.253 0.398

0.692 0.259 0.395

0.795 0.446 0.459

0.937 0.462 0.586

1.048 0.495 0.695

1.138 0.561 0.759

1.209 0.565 0.846

1.304 0.570 0.946

1.435 0.588 1.200

82 34688 4726

75 65724 1777

108 110155 1609

118 171188 1115

86 262750 2211

75 327143 5092

75 437829 5760

170 537487 14462

947 790233 18071

8348 950296 23186
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the base. The Ca concentra tion  o f  the shoot was found to  be less in plants 

grown under Ca stress. The co rre la t ion  be tw een  stem  and le a f  Ca 

concentra tion  in con tro l plants was not s ign if ican t  whereas, in d e f ic ien t  

plants, the relationship was s ign if ican t (Tab le  30).

The distribution o f  Ca in the stem  o f  healthy plants in re la tion  to 

nodal rank could not be described by both linear arid quadratic models 

(Tab le  29). H ow ever ,  when the plant w as d e f ic ien t  in Ca, the distribution 

in the stem  could best be  expla ined by the linear and quadratic model 

using log Ca as the dependent var iab le . In the case o f  l e a f ,  simple linear

equation was as good as the logar ithm icm ode ls  (Tab le  29, F ig . 13).

When Ca d e f ic ien t  plants w e r e  fed  w ith  ^5Ca there  was a g rea te r

absorption by the plant as could be observerd  from  the stem and le a f

Ca contents (Tab le  28). The plants which w e r e  w e l l  nourished w ith

Ca, absorbed much less quantitites o f  ^5Ca. On an ave ra ge ,  the ex ten t

o f  absorption was 1,88275 and 7459 cpm g  ̂ dry m a tte r  respec t ive ly  fo r

the d e f ic ien t  and su ff ic ien t  plants. Most o f  the absorbed rad ioact iv ity  was

found 'accum u la ted  in the stem  in the con tro l and de f ic ien t  plants. Further, 
45

Ca conten t o f  l e a f  w as much less com pared to  that o f  s t e m , (P la te  X X X I ) .

The distribution pattern  o f  absorbed ^5Ca could be  expla ined by

the m athem atica l models when log ^ C a  was considered as the dependent 

var iab le . There  w as not much d i f fe re n c e  in values explaining the 

var iation  i n . the distribution o f  / ^ C a  in the stem ‘ by the tw o  models. 

N everth e less , the quadratic equation was found to  be b e t te r  in describ ing 

the distribution o f  ^ C a  in the le a f  in re la tion  to  nodal rank

(Tab le  29, F ig. 1 $ .



98

Table 30. Goodness o f  f i t  (R  ) o f  the m athem atica l models 

describ ing the fo l ia r  leve ls  o f  the e lem en t  in re la tion  to the stem

2

Variables 
y vs. x

Condition o f  
the plant

L inear model 
y = a ± bx

Quadratic  mode^ 
y = a ± bx ± cx

L ea f  P vs. stem P Healthy 0.760 0.827
D e f ic ien t 0.528 0.522

Log  lea f P vs. log stem  P Healthy 0.678 < 0.001
D e f ic ien t 0.252 < 0.001

32 32 
L e a f  P vs. stem P Healthy 0.088 0.023

D e f ic ien t 0.641 0.416

32 32 
Log  d e a f  P vs. log stem P Healthy 0.019 <  0.001

D e f ic ien t 0.265 0.004

L e a f  S vs. stem S Healthy 0.943 0.946
D e f ic ien t 0.836 0.942

Log  lea f  S vs. Jog stem S Healthy 0.863 < 0.001
D e f ic ien t 0.670 <  0.001

L ea f  35S vs. stem 33S Healthy 0.006 0..029
D e f ic ien t 0.573 0.927

Log  lea f. 33S vs. log stem 35S Healthy 0.185 < 0.001
D e f ic ien t 0.756 <  0.001

L e a f  Ca vs. stem Ca Healthy 0.302 0.306
D e f ic ien t 0.795 0.881

Log  le a f  Ca vs. log stem Ca Healthy 0.130 C 0.001
D e f ic ien t 0.640 <  0.001

L e a f  ^ C a  vs. stem ^ C a Healthy 0.595 E
D e f ic ien t 0.781 0.722

Log  l e a f - 5Ca vs. log stem  ^5C aH ea lthy 0.204 0.004
D e f ic ien t 0.243 < 0.001.

N o te  : E - Error due to high- variation
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P la te  X X X I .  Translocation  o f  ^5Ca in C a-s ta rved  plant

45
A .  The Ca-s ta rved  plant fed  w ith  Ca

B. The autoradiograph showing the radiolabel 
accum ulated  m ore on the stem  .
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4.3 Annual biomass production and nutrient rem oval in adult clove trees.

4.3.1 Distribution o f  nutrients

The nutrient concentra tion  in various parts o f  adult c lo ve  t ree  

a re  g iven  in Tab le  31. On dry m atte r  basis, the concentra tion  o f  N in 

the le a f  was the highest fo l low ed  by f lo w e r  bud and stem . L e a f  contained

1.23 per cent w h ile  the other parts had about 0.8 per cen t N. Phosphorous 

was m ore concentra ted  in the stem and f lo w e r  buds than in the lea f.  

Potassium content on the other hand was more in the harvested produce 

than the lea f or the stem . In the case o f  Ca, stem  portion and f lo w e r  

bud w e r e  b e t te r  accum ulators than the lea f ,  w ith  a concentra tion  o f

1.23 to  L.28 per cen t in the fo rm er  parts and 0.95 per cen t in the la tter .  

H ighest concentration  o f  Mg was observed in the f lo w e r  bud (0.295%). 

It was much less in the stem and le a f  (0.20 to  0.21%). Sulphur 

concentra tion  was the highest in the le a f  (0.148%) fo l lo w e d  by the f low er  

bud (0.121%) and stem  (0.108%). Accum ulation  o f  Fe  was m ore in the 

le a f  and stem portions and nearly one ha lf o f  this concentra tion  ( 77ppm) 

was found in the harvested  produce. The accumulation o f  Mn was more in

the le a f  (1263 ppm) than in f lo w e r  bud (919 pp,m), or stem  (794 ppm). 

N o t  much d i f fe re n c e  was observed in the concentra tion  o f  Cu, Zn and B 

among the three plant parts. The concentra tion  o f  Cu was about 18 

to 24 ppm much sim ilar to  that o f  B w h ile  concentra tion  o f  Zn in all 

the three plant parts was slightly less than this (10 to 18 ppm). 

;The Mo leve l in the plant, was too  small to be measured and as such 

could not be es tim ated .

4.3.2 Partit ion ing  o f  biomass production and nutrient rem ova l

. The annual break up o f  the biomass produced and the quantities o f  

nutrients rem oved  by the plant a re  g iven  in Tab le  32. An 8 yea r  old 

c lo ve  t re e  was found to add 3.77 kg o f  dry m atte r  per annum o f  which, 

85 per cent was accounted fo r  the production o f  leaves . Only 12 per cent 

and 3 per cen t o f  the to ta l dry m atte r  production w e r e  found to be



Table 31. Nutrient distribution in adult c iove  trees

Plant part N P K Ca Mg S F e  Mn Cu Zn B Mo
%  %  %  %  %  % ppm ppm ppm ppm ppm ppm

L e a f  1.23 0.098 1.45 0.95 0.201 0.148 148 1263 21 15 21 Traces

Stem 0.80 0.126 1.17 1.23 0.213 0.108 138 794 24 18 22 Traces

F low er
buds (harvested  0.85 0.137 1.70 1.28 0.295 0.121 77 919 18 10 23 Traces
produce)



Table 32. Partition ing o f annual biomass production and nutrient rem oval in adult c love  tree

Plant
part

Dry
m atte r
(g/tree )

Moisture N utr ien t  rem ova l (g/tiree/year)

(% ) N P K Ca Mg S F e Mn Cu Zn B

L e a f 3225
(85)

59 39.60
(90)

3.160
(82)

46.83
(87)

30.57
(82)

6.480
(84)

4.770
( 88)

0.477
(87)

4.073
(90)

0.068
(84)

0.048
(84)

0.068
(85)

Stem 43 5 
( 12)

44 3.48
( 8)

0.548
(14)

5.08
(9)

5.35
(14)

0.926
( 12)

0.470
(9)

0.060
( 11)

0.345
( 8)

0.010
(13)

0.008
(14)

0.010
( 12)

F lo w e r  buds
(H arves ted
produce

117
(3)

68 0.99
( 2)

0.160
(4)

1.98
(4)

1.50
(4)

0.345
(4)

0.142
(3)

0.009
(2)

0.108
(2)

0.002
(3)

0.001
(2)

0.003
(3)

/
To ta l 3777 44.07 3.87 53.89 37.42 7.751 5.382 0.546 4.53 0.081 0.057 0.080

Paren theses  denote  p e rcen ta ge  o f  the to ta l  rem oved  

N o te  : S ince Mo concen tra t ion  in plant parts a re  be low  the d e te c t ion  lim its , quantities  r em oved  w e r e  not e s t im a ted
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due to  stem  grow th  and f lo w e r  buds resp ec t iv e ly .  The quantities o f  

N , P, K , Ca, Mg, S, Fe , Mn, Cu, Zn and B annually rem oved  by the 

plant fo r  its added biomass w e r e  44.07, 3.87, 53.89, 37.42, 7.75, 5.38, 

0.546, 4.53, 0.081, 0.057 and 0.080 g resp ec t iv e ly .  The annual nutrient 

rem ova l by an adult c lo ve  t r e e  in the order o f  p re fe ren ce  is g iven  in 

F ig . 15. O f  the to ta l  quantities o f  the nutrient rem oved , le a f  accounted 

fo r  about 82 to  90 per cen t, stem  8 to  14 per cen t  and harvested  produce 

( f lo w e r  buds) 2 to  4 per cent.

4.4 Seasonal va r ia t ions in fo l ia r  nutrient concen tra t ion  in bearing  

c lo v e  t r e e

S ta t is t ica l analysis o f  the ana ly t ica l  data fo r  le a f  samples representing 

the four positions ind icated  s ign if ican t d i f f e r e n c e : among le a f  ranks in 

the nutrient concentra tion  (Tab le  33). .N itrogen con ten t was lowest 

in the f i r s t  fully m atured le a f  ( L ^ .  A  sim ilar trend was also observed  fo r  

Ca. On the other hand, the concentra tion  o f  P and K leve ls  w e r e  high 

fo r  the f ir s t  l e a f  com pared  to  other le a f  ranks. In the case o f  Mg, the 

concentra tion  w as the same ir r esp ec t iv e  o f  the le a f  rank and was true 

fo r  the S le v e l  also.

The var ia t ion  in fo l ia r  nutrient le v e l  a t  monthly in terva ls  a re  presented 

in Tab le  34 and dep ic ted  in F ig . 16. The data represent the mean values 

obtained fo r  leaves  o f  rank 1 to  4. During the period o f  study, there  

w e r e  th ree  flushing t im es in January -  February, May - June and 

Septem ber - O ctob er . The f e r t i l i z e r  applicat ion  was then during July - 

August. The fo l ia r  N concentra tion  w as genera lly  low during February - 

March. L a te r  it increased upto May and then decreased  sharply until 

July. Beyond July, th ere  was an increase upto O ctober .

The P le v e l  in the leaves rem ained m ore or less steady from  

N ovem ber  to  A pr i l .  A  decrease  in the P 'c o n t e n t  o f  thet mature fo l ia g e
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Tab le  33. Fo lia r  nutrient le v e l  o f  bearing c lo v e  t re e  as 

in fluenced by le a f  position

L e a f  rank
N
%

P
%

K
%

Ca

% ,
Mg
%

S
%

L 1 1.07 0.11 1.55 0.80 0.20 0.13

4 1.20 0.10 1.41 0.81 0.20 0.14

L 3 1.26 0.09 1.25 0.89 0.20 0.14

L 4 1.22 0.09 1.12 0.98 . 0.20 0.14

SEm 0.042 0.006 0.047 0.040 0.006 0.009

CD (1 %) 0.046 0.007 0.051. 0.044 . 0.006 0.010
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Tab le  34. Mean monthly variations in fo l ia r  nutrient le v e l  

o f  bearing c lo ve  t re e

Per iod  (months)

Nutr ient le v e l
"

N .
%

P
%

K
' %

Ca
%

Mg
%

S
%

N ovem ber 1.20 0.08 1.66 0.76 0.22 0.12
D ecem ber 1.29 0.11 1.52 0.89 . 0.23 0.13
January 1.32 0. 11' 1.44 0.90 0.21 0.13
February 1.25 0.10 1.44 0.93 0.20 0.14
March 1.15 0.10 1.33 0.82 0.21 0.13
April 1.17 0.09 0.94 0.87 0.21 0.12
May 1.32 0.08 1.40 0.93 0.21 0.12
June 1.12 0.07 1.35 0.89 0.22 0.13
July 0.86 0.07 1.26 0.89 0.22 0.13
August 1.04 0.10 1.36 0.82 0.16 0.15
Septem ber 1.23 0.12 1.40 0.86 0.18 0.16
O ctober 1.32 0.11 1.21 0.76 0.18 0.20

SEm 0.042 0.006 0.047 0.040 0.006 0.009
CD (1 %) 0.077 ' 0.011 0.085 0.074 ' 0.010 0.017 ’
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was observed from  May to July. The le v e l  o f  P how ever  increased 

from  August onwards upto O ctober .

Potassium le v e l  in the fo l ia g e  decreased steadily  from  N ovem ber  

to  April. From May onwards, the trees  had a b e t te r  K le v e l  in the leaves,

although there  was a slight decrease  in July. The fo l ia r  K le ve l  was

im proved further in August which decreased again until O ctober .

There  was a slight increase in fo l ia r  Ca le v e l  from  N ovem ber  to  

February but in March, the concentra tion  decreased to  increase again 

upto May. Beyond this period, there  was a more or less steady decrease  

in the Ca con ten t o f  the lea f ,  ex cep t  during August - Septem ber. The 

leve ls  o f  both Mg and S remained re la t iv e ly  u n a f fe c ted  from  N ovem ber  

to  July. In the case o f  Mg, the fo l ia r  le v e l  decreased in August, w h ile

in the case o f  S, the le v e l  showed an increasing trend a f t e r  the month

o f August.
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DISCUSSION

The results obta ined from  the exper im ents conducted on the nutrition 

o f  c lo ve  a re  discussed in this section .

5.1 Nutrient deficiency

5.1.1 N itrogen

N itrogen  de f ic iency  was character ised  by a genera l ye l low in g  o f  the older 

leaves. The to ta l  ch lorophyll content was g rea t ly  reduced in N -s ta rved  plants. 

The symptoms spread to  younger leaves  only during la te r  stages ,o f d e f ic ien cy .  

The de f ic ien cy  resulted in the early  de fo l ia t ion  o f  the a f f e c t e d  leaves.

N itrogen  is essentia l fo r  the synthesis o f  ch loroplast in plants and hence, 

its d e f ic ien cy  leads to chlorosis o f  the leaves . About 70 per cent o f  lea f  

N ex ists in chloroplasts (S tock ing and Origun, 1962). The appearance o f  early 

symptoms on o lder leaves  may be due to  the m obile  nature o f  N (Gauch, 

1972). In the even t  o f  l im ited  supply, the N present in the o lder leaves g e t  

mobilised and trans located  to  the a c t iv e ly  grow ing points. This would result 

in the appearance o f  the d e f ic ien cy  symptoms f irs t  on the o lder leaves. Works 

reported  in cocoa .(M aske l l  et ad. 1953), citrus (Jones and Embleton, 1959) and 

c o f f e e  (M u ller, 1966) also agree  w ith  these findings. The early  de fo l ia t ion  

is due to  the fa c t  that N is essentia l to  maintain the phytohormone balance 

in plants. Marschner (1982) has reported  that the interruption o f  N would 

lead to the depression o f  cytokin in synthesis and enhancement o f  abscisic 

acid  le v e l  favouring le a f  abscission.

N itrogen -stress  resulted in substantial g row th  reduction in c lo ve .  N itrogen -  

containing compounds constitu te  about 30 per cent o f  the dry w e igh t  o f  plants 

(K ram er  and Koz low sk i, 1960). Further, the r o l e - o f  N in m etabo lic  processes 

associa ted w ith  protoplasm, en zym e reactions and photosynthesis (Greulach, 1973) 

substantiates the reduced grow th  ra te  and biomass production in c lo ve  plants 

under N stress. '
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W ithdrawal o f  N from  the nutrient solution in fluenced the fo l ia r  nutrient 

leve ls  to  vary ing ex ten t.  The fo l ia r  N le v e l  o f  c lo v e  seedlings ranged be tw een

1.3 and 1.5 per cent. N itrogen  stress reduced the fo l ia r  nutrient le v e l ,  the 

reduction being m ore pronounced on low er  leaves . This again con firm s the 

m obility  o f  N. Fo liar leve ls  o f  P was found increased under N stress whereas 

K , Mn and Cu w e re  found reduced. The N -P  antagonism has been reported 

in c itrus (Smith 1966) and apple (S to i lov  and Lekhova, 1974). The impared 

protein  synthesis and other m etabo lic  a c t iv i t ie s  under the nutrient stress 

would explain the d i f fe re n t ia l  uptake o f  these v ita l  e lem ents  during N  d e f ic ien cy .  

Variable  phloem mobility  o f  Cu has been reported  by Loneragan (1982). Copper 

appeared to  be reta ined on green  leaves but rapidly mobilised w ith  N during 

senescence. This explains the r e la t iv e ly  low leve ls  o f  Cu in low er  leaves 

o f  N -d e f ic ie n t  plants.

The c lo ve  plants under N  stress recove red  from  de f ic iency  as the plants 

w e re  supplied w ith  the e lem en t  fo r  tw o  to  four weeks. The recovered  plants 

. recorded the fo l ia r  N le v e l ,  higher than that a t  in it ia l s tage  o f  N -d e f ic ien cy .

5.1.2 Phosphorus de f ic iency

Small, brownish spots deve loped  on the o lder leaves  o f  the P -s ta rved  

plants which la te r  coa lesced  to  fo rm  large  n ecro t ic  patches. The leaves 

w ith  burnt areas due to  P -d e f ic ien cy  has been reported  in citrus (Haas, 1936), 

a vacodo , and strawberry  (Childers, 1966). R epor t  made by Bingham (1975) 

in various t re e  crops and Philip  (1986) in nutmeg a re  also in agreem en t  w ith  

the P -d e f ic ien cy  symptoms obtained fo r  c lo v e  in this study. The mobility  

o f  the e lem en t  resulted in the de f ic iency  to  occur in it ia lly  on older leaves.

Reduced plant height, number o f  leaves  and to ta l  biomass produced 

by P -s ta r v e d  plants resulted in a reduced assim ilation ra te  and crop growth, 

ra te . Phosphorus being the major con tro ll ing  fa c to r  o f  energy fo r  all liv ing 

ce lls  (Epstein, 1978) and the major ro le  p layed by it  as a constituent o f  

nucleoproteins and other m etabo lica liy  a c t iv e  ce l l  constituents (Gauch, 1972)
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ju st i f ies  the reduced N A R ,  A G R  and R G R  values- reg is te red  by P -s tarved  

c lo ve  seedlings.

The fo l ia r  P le v e l  o f  healthy c lo ve  seedlings ranged be tw een  0.098 ^nd 

0.13 per cen t  and symptoms o f  P stress w e r e  expressed when fo l ia r  P le v e l  

was brought down to  0.06 per cent. Phosphorus-starvation markedly reduced 

the P le v e l  o f  low er  leaves, suggesting the rem obiiisation  o f  absorbed P in 

the plant and re la t iv e ly  low P-uptake under starved  condition.

. Phosphorus deficiency was found to  increase- the fo l ia r  F e  and Zn leve ls . 

S imilar reports have been made by E l -G a z z a r  e t  a l^ (1979) in orange, o l iv e  

and guava. The in teract ion  has also been reported  by Gardner et_ a l. (1985). 

Phosphorus in teract ion  w ith  other e lem ents  studied w e r e  r e la t iv e ly  less in 

c lo ve .  It was found possible to r e cove r  P d i f ic ien t  plants by applying the 

e lem en t  fo r  seven weeks. The recove red  plants putforth., new grow th  and 

the fo l ia r  P le v e l  was im proved  to  0.08 to 0.1 per cent.

5.1.3 Potassium de fic iency

Potassium de fic ien cy  symptoms in c lo v e w e r e  character ised  by the necrosis 

o f  the tips and margins o f  the lamina that progressed inward t i l l  about half 

the le a f  blade presented a scorched appearance. U lr ich  and Ohki (1975) .

described the genera l symptoms o f  K -d e f ic ien cy  in perennial crops as tip 

and marginal necrosis. Pu tresc ine (a diamine) produced and accum ulated 

by K -d e f ic ien t  plants is reported  to  favour fo l ia r  necrosis (R ichards and 

Colem an, 1952). Increased partit ioning o f  K to  the ch loroplast in K -d e f ic ien t  

plants as reported  by caporn et^al_»(1982) may be the reason fo r  the re la t iv e ly  

less in fluence o f  K on ch loryphyll content o f  c lo ve  seedlings.

Though K is not a constituent o f  any ce llu lar  compound, its function 

as a ca ta lys t  or an a c t iv a to r  in protein  synthesis and nitrogen metabolism  

(Evans and Sorger, 1966; Greulach, 1973) substantiates the reduced grow th  

ra te  and biomass production o f  plants under K-stress. D ecreased  ra te  o f
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photosynthesis, low er photochem ical e f f ic ie n c y  and reduced C c o n d u c t ------

reported  fo r  K -d e f ic ie n t  plants (capo rn  et_ a l. 1982) would have reduced the 

N A R ,  A G R  and R G R  o f  K -s ta rved  c lo ve  plants.

The fo l ia r  K le v e l  o f  healthy c lo ve  seedlings ranged be tw een  0.7 and

1.6 per cent. As against N and P leve ls , the fo l ia r  K le v e l  was found to 

be r e la t iv e ly  high on upper leaves  o f  c lo v e  seedlings. Under conditions o f  

K-stress, the K lev e l  o f  low er  leaves  w e r e  considerably reduced suggesting 

the rem obilisation  o f  K to  grow ing  points. Reduced fo l ia r  K leve ls  w e re  

found associa ted  w ith  a higher Ca and Mg leve ls , the e f f e c t  being more 

on Mg. An tagon is tic  e f f e c t s  o f  K w ith  Ca and Mg has been established in 

d i f fe re n t  crops (Smith, 1966; Hansen, 1970; Greulach, 1973; Nybe, 1986). 

Tandon and Sekhon (1988) has reported  a strong K - Mg in teract ion  and 

a c c o rd in g : to them , K -C a  antagonism occurred  comm only under conditions 

o f  moisture stress.

C lo ve  plants could be recove red  from  K de fic ien cy  by applying K fo r  

four weeks. It was not possible to  reverse  the a lready ex ist ing symptoms 

o f  lea f  necrosis, but the further advancem ent was preven ted  by applying K.

5.1.4 Calc ium  de fic iency

The younger leaves w e r e  the f ir s t  to  be a f f e c t e d  by Ca de f ic iency . 

C h loro t ic  and necro t ic  upper leaves  w ith  reduced shoot g row th  and t ip  die 

back in C a-s ta rved  c lo ve  plants could be expec ted  considering the re la t iv e  

im m obil ity  o f  Ca reported  in plants (Bangerth, 1979). The de fic iency  symptoms 

obta ined fo r  c lo v e  a gree  w ith  that reported  by chapman (1975). The marked 

reduction in roo t  dry w e igh t  (51%) in Ca sta rved  c lo ve  plants emphasises 

the essentia lity  o f  Ca ion fo r  roo t  g row th . The ro le  o f  Ca-ca lm odu lin  com plex 

in contro ll ing  numerous key en zym e system and their  in vo lvem en t in diverse 

m etabo lic  processes and hormonal regu lation  o f  g row th  (Anderson and Cormier, 

1978; Cheung, 1980) would explain the reduced grow th  ra te , assim ilation
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rate  and to ta l  biomass production o f  Ca starved  c lo v e  plants. The grow th  

o f  c lo ve  was com p le te ly  a rrested  by 15 months' stress period.

The fo l ia r  Ca le v e l  o f  c lo ve  seedlings w e r e  re la t iv e ly  high (1 to 1.6%) 

as compared to  other e lem ents . W ithdrawal o f  Ca from  the nutrient solution 

reduced the fo l ia r  Ca le v e l  m ore markedly on upper leaves . Calc ium  accumu

lated on o lder leaves w e r e  less utilised fo r  new grow th . Fo lia r  K leve ls  

w e re  found to  be high in C a-s ta rved  plants due to  their  antagonistic  

relationship. P lants could be recove red  o f  C a -d e f ic ien cy  only a t  in it ia l 

stages o f  d e f ic ien cy .

5.1.5 Magnesium de fic ien cy

C h lo ro t ic  o lder and younger leaves  w ith  t ip  and marginal necrosis at 

la te r  stages w e re  the Mg de f ic ien cy  symptoms expressed by c lo ve  plant. 

The ch lorophyll le v e l  was markedly reduced in M g-s ta rved  plants. The necrosis 

o f  the laminar tips and margins distinguishes Mg d e f ic ien cy  from  the symptoms 

o f  N de f ic ien cy  in c lo v e  seedlings. Magnesium being a constituent o f  

ch lorophyll, its reduction would naturally induce ch lo ro t ic  symptoms. The 

s ign if icant ro le  o f  Mg in photosynthesis, synthesis o f  ribosomes (Greulach, 1973) 

and ca ta ly t ic  ro le  as an a c t iv a to r  o f  en zym e concerned w ith  carbohydrate 

m etabolism  (Cheung, 1980) explains t h e , reduced grow th  ra te , assim ilation 

ra te  and to ta l  biomass produced by Mg-starved c lo v e  plants.

The Mg le v e l  o f  healthy c lo v e  seedlings was around 0.28 per c e n t .  

•Though the e lem en t  is reported  to  be m obile  inside the plant (Em bleton, 1975), 

the de f ic iency  symptoms w e re  expressed both on low er  and upper leaves 

o f  c lo ve  plants. This may be due to  the r e la t iv e ly  low fo l ia r  leve ls  o f  Mg 

in c lo ve  plants ava ilab le  fo r  rem obilisation . With the low er ing  o f  Mg leve ls  

in the lea f ,  the K and Ca leve ls  exh ib ited  an increasing trend. Antagon is tic  

in fluence o f  Mg w ith  K and Ca has been reported  by Em m ert  (1961), Hugrie t  

(1979) and N ybe  (1986). It was found possible to  nullify  the e f f e c t s  o f  Mg 

stress in c lo ve  by supplying the nutrient solution su f f ic ien t  in Mg. R ecovery  

from  in it ia l symptoms occurred  in four w eeks ' t im e .
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5.1.6 Sulphur de f ic iency

The new ly  fo rm ed  leaves  w e r e  found f irs t  a f f e c t e d  by S d e f ic ien cy .  

The leaves w e r e  pale green  w ith  low ch lorophyll, reduced s ize  and occasionally  

w ith  marginal necrosis. As reported  by M engel and K irkby (1978) the S 

reserves in o lder leaves may not be contributing to  the S supply o f  younger 

leaves resulting the d e f ic ien cy  symptoms to  occur on younger leaves. Reduced 

internodal length, t ip  die back and com p le te  cessation o f  grow th  w e re  the 

marked symptoms a t seve re  stage  o f  S -d e f ic iency . Sim ilar reports have been 

made in apple, pear, grapes, c o f f e e ,  pepper e t c . ( L o t t  e t  a l . , 1960;Childers, 1966', 

Nybe, 1986). The partic ipa tion  o f  S in amino acid  synthesis and en zym at ic  

a c t iv i t ie s  (K ram er  and K oz low sk i,  1960, Greulach, 1973) and the d irec t  

in fluence o f  S on protein  le v e l  and ch lorophyll con ten t (H ew it t ,  1963) 

substantiate the d e f ic ien cy  symptoms, reduced grow th  rates and assim ilation 

rates o f  S -starved plants.

The fo l ia r  S le v e l  o f  c lo v e  seedlings var ied  be tw een  0.11 and 0.14 per 

cent. Sulphur starvation  reduced this le v e l  to  nearly ha lf. Th ere  was a general 

tendency fo r  the healthy c lo v e  plants to  accum ulate  m ore S on upper leaves. 

H ow ever ,  no marked, d i f fe re n ce  in S le v e l  was noted fo r  low er and upper 

leaves o f  S -d e f ic ien t  plants. It w as found possible to  r e cove r  the plants 

from  in it ia l stages o f  S -de f ic iency  by supplying sulphate ion through the 

nutrient solution fo r  '4  weeks. H ow ever ,  once the seve re  symptoms o f  lea f  

necrosis and grow th  cessation w e r e  m an ifes ted , i t  was not possible to  r e cove r  

the d e f ic ien t  plants. The loss o f  v igour and ex trem e ly  low leve ls  o f  the 

nutrient reserve  a t  seve re  stages o f  S -de f ic iency  would have made the plant 

impossible to res tore  the S le v e l  to the ex ten t  needed fo r  the normal ce l l  

division and protein  synthesis. When a comparison is made among the macro 

nutrients, N and S w e r e  found to  m an ifes t  fo l ia r  d e f ic ien cy  symptoms at
c

the ea r l ies t  (10th month)'. Phosphorus took the maximum t im e  (13 months) 

fo r  the m an ifes ta t ion  o f  d e f ic ien cy  symptoms. A l l  the others (K ,  Ca <5c Mg) 

exh ib ited  the stress in f luence m ore or less simultaneously (12 months stress 

period). The fo l ia r  symptoms o f  N , Mg and S stress in c lo ve  w e re  unique
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in that ch lo ro t ic  leaves w e r e  noticed  in all the th ree  cases. A  general 

y e l low in g  o f  o lder leaves which w ere  soon detached from  the plant was 

ch a rac ter is t ic  o f  N stress w hereas chlorosis o f  younger leaves  that fa i led  

to  a tta in  normal s ize  was the sp ec i f ic  symptom fo r  S stress. Though the 

Mg stress induced sim ilar symptoms as that o f  N , the chlorosis soon spread 

to upper leaves  and w e r e  n ec ro t ic  la te r .  Un like the N -d e f ic ie n t  leaves, 

ch lo ro t ic  leaves o f  plants under Mg stress w e r e  reta ined fo r  a longer t im e  

(2 months) on the plant. T ip  and marginal necrosis o f  upper ch lo ro t ic  leaves 

w e re  comm on in both Mg and S d e f ic ien t  plants.

Phosphorus, potassium and ca lcium  starved  plants exh ib ited  necro t ic  

patches on leaves. L o w er  leaves  w e re  f ir s t  a f f e c t e d  in P and K starved  plants. 

Small reddish brown spots towards the base coa lesced  to  g iv e  n ec ro t ic  patches 

in P -s ta rved  plants w hereas K -s ta rved  plants w e r e  character ised  by greyish 

brown n ecro t ic  patches that f ir s t  appeared in le a f  t ip  and margin and la ter  

progressed inward. C a-s ta rved  plants had necro t ic  upper leaves  which la ter  

turned ch lo ro t ic  and d e fo l ia ted .  The stunted grow th  w ith  bare top and dull 

green  leaves w e r e  ch a rac ter is t ic  fo r  C a-s ta rved  plants.

The v e g e ta t iv e  g row th  o f  the c lo ve  plant was most a f f e c t e d  by N stress, 

fo l low ed  by S, P, Ca, K and Mg. N -s ta rved  plants gave  the quickest recovery  

when supplied w ith  the nutrient and was very  slow in the case o f  C a-s ta rved  

ones. It was found d i f f icu lt  to  r e cove r  plants under seve re  stages o f  Ca 

and S de f ic ien cy .

5.1.7 Iron de f ic iency

In'ierveinal chlorosis on younger leaves  w e re  the in it ia l symptoms o f 

F e -d e f ic ien cy .  As the symptoms advanced, the leaves becam e increasingly 

ch lo ro t ic  and w e re  papery w h ite  in many cases. The a c t iv e  partic ipation  

o f  Fe  in ch lorophyll synthesis and the fa c t  that, much o f  the F e  in the leaves 

is found in the chloroplasts (Bogorad, 1966) substantiates the fo l ia r  symptoms 

exh ib ited  by F e -s ta rved  c lo v e  plants. The re la t iv e  im m ob il ity  o f  the e lem en t
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inside the plant caused the de f ic iency  to  f ir s t  appear on upper leaves. The 

ro le  o f  F e  in photosynthesis and as a ca ta lys t  and e le c tron  ca rr ier  (Nason 

and Me Elroy, 1963; Salisbury and Rose, 1.978) in various v ita l  reactions 

and its partic ipa tion  In m itochondria l en zym es (Burris, 1966) explain the 

reduced grow th  and m etabo l ic  a c t iv i ty  in F e -s ta rved  c lo v e  p lants.The re la t iv e ly  

low le v e l  o f  P and high Mn recorded  in F e -s ta rved  plants is in con firm ity  

w ith  that reported  by H e w it t  (1963) and Carpena e t  ai. (1968).

The F e  status o f  healthy c lo ve  plants ranged be tw een  133 and 185 ppm. 

The le v e l  was com para tive ly  higher on low er  leaves . It was possible to  r e cove r  

the de f ic ien cy  by applying the nutrient continuously fo r  th ree  weeks.

5.1.8 Manganese de f ic iency

Initial symptoms o f  Mn de f ic ien cy  resem bled  that o f  F e . The leaves 

w e re  pale green , narrow and d istorted  on la te r  flushes. Variations in number 

and structure o f  ch loroplasts reported  (H o fm an , 1967) in M n-starved  plants 

would have contributed to  the reduced ch lorophyll con ten t and ch loro t ic  

symptoms o f  M n -de f ic ien t  c lo ve  plants. The ro le  p layed by Mn in oxidation 

reduction reactions and its d irec t  in vo lvem en t in photosynthesis and respiration 

(M eh ler , 1951; Horiguchi and Fukomoto, 1987) c lea r ly  explains the retarded 

grow th  ra te  in M n-starved plants. The re la t iv e ly  higher le v e l  o f  Mn (207 to 

289 ppm) and de layed expression o f  d e f ic ien cy  symptoms suggest the 

accumulation o f  Mn a t leve ls  much more than that w hat is needed fo r  the 

g row th  o f  c lo ve .  Wide var iation  in Mn le v e l  o f  woody plant species have ' 

been reported  by various workers  (Edwards and Asher, 1982; Shkolnik, 1984, 

(Wang, 1987 and.Horiguch i, j g g g ) .  A n tagon is t ic  e f f e c t s  o f  Mn w ith  F e  and 

K has been observed in c lo ve .  This has been previously reported  in other 

crops by Somer and Shive (1942) and H e w it t  (1963). A pp lica t ion  o f  Mn could 

c o rre c t  the d e f ic ien cy  a t  in it ia l stages o f  expression.
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5.1.9 Copper de f ic iency

Reduced v ig o u r , le a f  s ize  and internodal length, bending o f  lamina and 

drying up o f  le a f  tips w e r e  found associa ted  w ith  Cu d e f ic ien cy .  The re la t iv e ly  

m ore  concentra tion  o f  Cu reported  in chloroplasts {Sorokina, 1967) explain 

the ch lo ro t ic  symptom o f  Cu starved  plants. The ro le  o f  Cu in auxin 

metabolism  (Gamayunova, 1965) explains the reduced internodal length o f  

Cu-starved  c lo ve  plants.

The in vo lvem en t o f  Cu in oxidation reduction reactions including those

o f  respiration, photosynthesis and n itrogen assim ilation (F r ieden , 1968)

substantiates the reduced grow th  ra te  and assim ilation ra te  recorded  fo r  

Cu-starved  c lo ve  plants.

The fo l ia r  Cu le v e l  o f  healthy c lo ve  seedlings varied  be tw een  50 to

68 ppm. The le v e l  o f  upper leaves w e r e  reduced to  11 ppm under severe  

stages o f  d e f ic ien cy .  It was found possible to  r e cove r  the C u -d e f ic ien t  plants ' 

by applying Cu fo r  four to  f i v e  weeks.

5.1.10 Zinc de f ic iency

The reduction in internodal length, co lour and s ize  o f  leaves  w ith  le a f  

pe t io le  and lamina showing a tendency to  curl down g iv ing  a s ick le - l ik e  

appearance was the ch a rac ter is t ic  symptom associa ted  w ith  Zn de f ic iency  

in c lo ve .  The symptoms appeared only on new flush. The in vo lvem en t o f

Zn in biosynthesis o f  ch lorophy ll ( fug iw ara  and Tsutsumi, 1962) would have 

a ttr ibu ted  to  the reduced ch lorophyll le v e l  in Zn-starved  c lo ve  plants. Being 

a constituent o f  many enzym es, it  is reported  to  invo lve  in many o f  the 

anabolic  and ca tab o l ic  react ions in the plant system  (Nason and Me Elroy, 

1963; Riordan, 1976). Hence, it  is quite natural fo r  the c lo ve  plants under 

Zn strss to  put fo r th  d is to rted  and im pared grow th  habits. Takaki and A r ita  

(1986) has reported  la rge  amounts o f  tryp tam ine  in Z n -de f ic ien t  plants
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ind icating Lhe ro le  o f  the e lem en t  in the convers ion o f  tryp tam ine to IA A  

in plants. This may be the reason fo r  .reduced internodal length g iv ing  a 

rose tte  appearance to  Z n -de fic ien t  c lo ve  plants. The impared production 

o f  protein  in m er is tem a tic  tissues (K itag ish i and Obata, 1986) o f  Zn-starved 

plants c lear ly  explain the stunted grow th  and reduced assim ilation rates 

o f  c lo v e  seedlings towards the la te r  stages o f  Zn de f ic ien cy .

The fo l ia r  Zn le v e l  o f  c lo ve  seedlings ranged be tw een  34 and 58 ppm. 

D e f ic ien c ie s  w e r e  m an ifes ted  when the le v e l  was brought down to  11 ppm. 

Reduced Zn le v e l  in c lo ve  plants was found associa ted  w ith  a higher P and 

Fe  leve l .  S im ilar in teractions have been reported  in other crops by A rora  

et_ aJL (1970), Andrew e^al_. (1981) and Loneragan (1982). It was found possible 

to r e cove r  Zn de f ic ien t  c lo ve  plants a t  in it ia l stages o f  de f ic iency  by 

supplementing Zn.

5.1.11 Boron

Boron-starved c lo ve  plants deve loped  hard and b r i t t le  upper leaves which 

w ere  slightly ch loro t ic .  New  growths dried o f f  prem aturely  leav ing  a barren 

top. The degeneration  o f  m er is tem a tic  tissues, breakdown o f  parenchyma 

and poor deve lopm en t o f  vascular tissues reported  in B starved  plants 

(Bradford, 1975) would have contributed to  the ch a rac ter is t ic  B -de fic iency  

symptoms in c lo ve .  Marschner (1982) has reported  necrosis o f  ap ica l 

m eristem  - the main s ite  o f  IA A  synthesis, synthesis o f  phenolics, inhibition 

o f  xy lem  and phloem d i f fe ren t ia t ion  to  a c t  behind the ex te rn a l symptoms 

exh ib ited  by B -de f ic ien t  plants.

The B le v e l  o f  healthy c lo ve  plants ranged be tw een  27 and 32 ppm. 

The le ve l  was reduced to  10 ppm on upper leaves  of' d e f ic ien t  plants. It 

was found possible to  re co ve r  c lo v e  plants a t  in it ia l stages o f  B -de fic iency  

by applying B fo r  four weeks.
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5.1.12 Molybdenum

Withdrawal o f  Mo from  the nutrient solution fo r  a period o f  18 months 

did not in f luence the grow th  o f  c lo v e  seedlings. The chem ica l analysis showed 

that the fo l ia r  Mo le v e l  in healthy plants was too  low to  be d e tec ted .

Am ong the m icronutrients studied, symptoms o f  nutrient stress w ere  

f i r s t '  expressed by F e  and Mn de fic ien cy  (12th month) . fo llow ed  by Zn (13th 

month). Boron and Cu took the maximum t im e  fo r  expression o f  hunger 

signs (14 to  15 months). The maximum reduction in biomass production was 

recorded in B-starved plants (26 per cent) a t  seve re  stages o f  de f ic iency  

fo l low ed  by Fe , Zn, Cu and Mn. D e f ic ien cy  o f  a l l  the m icroe lem ents  w e re  

expressed on new grow th  w hereas the o lder shoots remained u na ffec ted . 

The c lo ve  plants s tarved  w ith  Mn, Cu and Zn produced ch arac ter is t ic  d is torted  

leaves that could be iden t i f ied  from  one another. The leaves  w e re  pale and 

narrow w ith  normal or even  la rger internodes in M n-starved  plants whereas 

the internodal length w as g rea t ly  reduced by Zn and Cu stress. The sickle 

shape o f  leaves was ch a rac ter is t ic  to  Zn stress w hereas Cu-starved  plants 

produced drooping sm aller leaves w ith  reduced turgor. The younger leaves 

on C u -d e f ic ien t  plants soon d e fo l ia ted  as against Zn and Mn d e f ic ien t  ones 

which w e re  reta ined on the plant.

From the fo rego in g  discussion, ch arac ter is t ic  d iagnostic  sym ptoms o f  

m acro and m icronutrient d e f ic ien c ies  in c lo ve  may be iden t if ied . These are 

summarised in the fo l low ing  page.



Diagnostic symptoms o f  nutrient defic iency in c love

F O L IA R  S Y M P T O M S

Macro nutrients M ic ro  nutrients

O lder leaves

N General ye llow ing  
and early^ de fo lia t ion

P Dull g reen  leaves 
w ith  tiny brownish 
spots that deve loped 
to  burnt areas.

K Tip and marginal 
necrosis

Mg Chlorosis from  
margin towards 
midribs '

Younger  leaves

Ca N e c ro t ic  spots on leaves
which la te r  becam e ch lo ro t ic  
and a bare top w ith  
in a c t ive  grow ing point.

Mg T ip  and marginal necrosis 
o f  ch lo ro t ic  leaves  w ith  
downward curling o f  margin

S N ew ly  fo rm ed  leaves  pale 
y e l low  and o f  reduced s ize , 
w ith  marginal necrosis

O lder leaves

N il

Younger leaves

F e  Inter ve inal chlorosis and papery 
w h ite  younger leaves.

Mn In terve ina l chlorosis w ith  narrow and 
d is to rted  pale green  younger leaves .

Cu Narrow  and sm aller young leaves  
w ith  w ither in g , g rey ing , loss o f  
turgor, cupping and curling

Zn R ose t t in g  due to  reduced internodal 
length w ith  pe t io le  and lamina curling 
downwards to  fo rm  a sick le  shape

B Hard and b r i t t le  leaves  o f  normal 
s ize .  A b o r t iv e  new leaves  which 

r dried a t  an ear ly  stage



The threshold level o f  nutrients in the leaves o f two year old clove

plants below which visual deficiency symptoms could be expected are as

fo l low s  :

E lem ent L o w er  leaves U pper leaves

N 1.00 per cent 1.25 per cent

P 0.08 per cent 0.10 per cent

K 0.80 per cent 1.20 per cent

Ca 1.04 per cent 0.70 per cent

Mg 0.20 per cent 0.24 per cent

. S 0.10 per cent 0.1 ? per cent

Fe 105 ppm 50 ppm

Mn 160 ppm 85 ppm

Cu 55 ppm 20 ppm

Zn 30 ppm 20 ppm

. B 25 ppm 15 ppm

The le v e l  o f  the e lem en t  on low er  leaves  w e r e  m ore sensitive and 

ind icate the nutrient status o f  the plant in the case o f  N, P, K and Mg whereas 

fo r  the other e lem ents  the le v e l  on upper leaves would g iv e  a b e t te r  indication 

o f  the nutrient status o f  the plant. It is th e re fo r e  necessary to maintain 

the threshold le v e l  or even a b e t te r  status o f  the e lem en t  in the plant fo r  

ensuring adequate nutrition and normal growth .

5.2 Nutrient distribution and translocation under nutrient stress condition

The results perta in ing to the distribution and translocation  o f  H PO~ 
2- . 2 4’

SO ^ and Ca a re  discussed hereunder.
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5.2.1 Phosphorus

The results obta ined revea led  that the stem  portion serves as a b e tte r  

sink fo r  P compared to  le a f  in c lo v e .  Stem has been described to  accum ulate

more P in d i f fe re n t  t r e e  crops by K ram er  and K oz low sk i (1979) and Reddy

and Reddy (1987). Both stem  and lea f,  showed a concentra tion  grad ient 

in the accumulation  o f  P , the accum ulation  increasing from  the top to  the 

low er  most node, when P w as not in short supply. In P  s ta rved  plants, le a f

P le v e l  did not increase w ith  increase in nodal rank towards the bo ttom .

In v iew  o f  the very  low concentra tion  o f  P  in d e f ic ien t  plants, such a trend 

in P accumulation in the l e a f  can be expec ted .  Further, P would have been 

rem obilised  from  low er  to  upper grow ing parts due to  its phloem mobility  

as expla ined by Nason and M e Elroy (1963) and Bouma (1967). The data 

further ind icated  that le a f  P content on dry m a tte r  basis was in fluenced 

by P accumulation in the stem , a t  the corresponding nodal position. When 

P was not l im it ing , stem  and le a f  P  concentra tion  w e r e  co rre la ted . Between  

the tw o  models tr ied , the quadratic function h a d .a  slightly  b e t te r  edge over 

the linear model in the P -su f f ic ien t  plants (Tab le  30). H ow ever ,  the re la t ion 

ship was poor in the d e f ic ien t  condition (Tab le  30). It may be assumed that, 

P supply to  le a f  occurs from  the corresponding nodal position when P is 

not l im iting .

Phosphorus: distribution pattern  in the. stem was found to  be b e t te r  

explained by the quadratic  m odel o f  the fo rm ,

L og  P (S tem ) = a - bx + c x 2

Where,

X is the nodal rank.

This model expla ined 96.5 and 94.4 , per cen t var ia t ion  in su ff ic ien t  

and d e f ic ien t  plants respec t iv e ly  as against 76 and 87 per cen t  respec t ive ly  

fo r  loga r ithm ic  model,
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log P = a + bx 

(stem )

Where,

X is the nodal rank

~ Although the le a f  P concentration  in re la tion  to  nodal rank was also 

b e t te r  expla ined by the quadratic model, in v iew  o f  the low pred ictab ility  

(61 to 69%), the app lication  o f  this model was found not sa t is fac tory .

When P was supplied to  a P -s ta rved  plant, there  was marked d i f fe re n ce  

in the distribution pattern  compared to  the healthy plants. The ra te  o f

absorption by the starved  plant was tw ic e  that o f  healthy one (1310 and
“ 1 *39

435 cpm g dry m atte r  respec t iv e ly ) .  The absorbed p was mainly

accum ulated  in the stem portion than in the le a f .  A  comparison o f  the

distribution pattern  o f  the absorbed label be tw een  su ff ic ien t  and d e f ic ien t

plants ind icated  that, in the la tte r ,  the concentra tion  grad ien t fo r  32P was

more marked along the stem  and lea f ,  com pared to the fo rm er .  The accumu-
• 32

lation pattern  o f  absorbed P was consistent w ith  the normal distribution

pattern o f  the nutrient in the plant. When the plant was under P stress,
■ 32

the major part o f  the absorbed P was reta ined  by the low er  shoot portion

and only a small quantity was translocated  to the upper reg ion . These results

a re  in con fo rm ity  w ith  that obtained in nutrient d e f ic ien cy  studies wherein ,

low er  leaves  g o t  dep le ted  f ir s t ,  under P starvation . Hence, b e t te r  distribution

o f  absorbed P in low er  leaves  and .stem portion is quite reasonable.

The distribution o f  absorbed 32P in the stem  was not found to  be 

adequate ly  expla ined by e ith e r  linear or quadratic models when P supply 

was not l im iting . H ow eve r  32P distribution in plants d e f ic ien t  in P could 

be explained by linear equation using 32P a c t iv i t y  data as w e l l  as both linear 

and quadratic models using log 32P data, ;as the dependent var iab le  (Tab le  25).
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Eventhough the log trans form ed data y ie ld ed  s lightly  b e t te r  R 2 (0.86), linear
■ • 32 . . . .

, f i t  using P a c t iv i t y  data w ithout loga r ithm ic  trans form ation  can be

considered fo r  describ ing the distribution pattern  o f  absorbed 32P in the 

stem portion o f  the d e f ic ien t  plants. In contrast to  this, none o f  the models 

tested  could explain sa t is fac to r i ly  the distribution o f  P in the lea f ,  when 

the plant was d e f ic ien t  in the nutrient. In healthy plants, both the linear 

and quadratic function did y ie ld  b e t te r  R values.

The correspondence o f  the distribution pattern  o f  absorbed 32P in the

lea f  to  the m athem atica l models tes ted  when the plant is not d e f ic ien t  in

P and the non correspondance o f  the distribution o f  32P to  e ither  o f  these

models when the plant is d e f ic ien t  in the nutrient may be expla ined by taking

into consideration the im pact o f  the nutrient stress on the plant a t  the t im e 
• 32
it rec e iv ed  the P t rea tm en t . The plant normally stores m ore o f  the absorbed 

P in the stem . Since th ere  was no a c t iv e  grow th  fo r  P -s ta rved  plants at 

the t im e  o f  the trea tm en t ,  the translocation  to  the upper leaves  was not 

w arranted . The healthy plants w e r e  a c t iv e ly  grow ing when it  rece ived  the 

P and hence the translocation  was proportionate ly  m ore to the leaves.

From the fo rego in g , it  is ev iden t that the accum ulation  o f  P in the 

stem as w e l l  as in the le a f  can be described as a function  o f  nodal position. 

When the plant is d e f ic ien t  in the nutrient, it  absorbs the applied P more 

but the distribution o f  absorbed nutrient depend on the phys io log ica l condition 

o f  the plant.

5.2.2 Sulphur

Discontinuation o f  S from  the feed ing  schedule fo r  about f i v e  months 

had markedly reduced the VS concentra tion  in the plant tissue. In c lo ve , le a f  

was as good as or even a b e t te r  accum ulator o f  S than the stem . Under 

both nutrient su f f ic ien t  and stress condit ion, the pattern  o f  accumulation 

o f  S in the plant was m ore or less identica l, w ith  the g rea te r  concentration
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in the upper nodal position. This is in con fo rm ity  w ith  the reports made 

in other t r e e  crops. Kirkby and M engel (1978) has reported  S to be mainly 

trans located  in an upward d irect ion  and the capability  o f  higher plants to 

m ove  S downward to be poor. Irrespec t ive  o f  the part o f  the shoot namely 

stem or le a f ,  S 'con cen tra t ion  decreased towards low er  nodes.

The stem  and le a f  S concentration  a t .d i f fe ren t  nodal points ind icated 

s ign if ican t relationship b e tw een  the tw o  concentrations, ir resp ec t iv e  o f  the 

condition o f  the plant (su f f ic ien t  or d e f ic ien t ) .  This corroborates  the view  

that S supply to the leaves  a re  re la ted  to  the S content in the corresponding 

stem portion. Sulphur concentra tion  in the le a f  was highly co rre la ted  w ith  

the concentra tion  in the corresponding stem portion. The distribution pattern 

o f  S in le a f  and stem w ith  respect to the nodal position was curve linear 

when log S concentra tion  was considered (Tab le  27). The model explained 

m ore var iation  in the case o f  S -su ff ic ien t  plants (90 - 94%).

The absorption o f  33S label by d e f ic ien t  plant was considerably more 

than that rece iv in g  S. On dry m atte r  basis the absorption was about four 

t im es more than that by the S -su ff ic ien t  plants. Com pared to  the higher 

S content o f  the lea f ,  r e la t iv e ly  less quantity o f  35S was translocated  to 

this part. On the other hand, stem  portion accum ulated  m ore 33S. The 

accumulation pattern  o f  35S a t  d i f fe re n t  nodal ranks ind icated  that, the 

highest accum ulation occurs in the newly fo rm ed  and deve lop ing  leaves 

(current flush) w h ile  on the mature le a f  just be low  the new flush, the 

accumulation o f  the rad io label was m ere ly  half.

The distribution p a t t e p  o f  absorbed 35S in both le a f  and stem w ith  

respect t o : nodal position in su ff ic ien t  plants was b e t te r  described by the 

quadratic model which expla ined 80 to 89 per cent o f  the var iab il ity  in the 

observed values when log a c t iv i ty  was the dependent var iab le . On the other 

hand, when S is l im iting , the distribution pattern  could be explained e ither 

by the exponentia l model or by the quadratic model to  m ore or less same
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ex ten t .  In this case, the var iab il ity  expla ined was to  the order o f  93 to  96

per cent. The results ind ica te  that the absorption as w e l l  as the pattern

o f translocation  o f  absorbed S is in fluenced by the nutrient stress. The
3 5

g rea te r  absorption and p re fe ren t ia l  trans location  o f  S towards growing

points r e f l e c t  the im portant o f  S to the grow ing points o f  the plant.

The results obta ined also substantiates the S -d e f ic ien cy  symptoms obtained 

fo r  c lo ve .  The upper leaves  w e r e  found more sensit ive  to  S-stress than

the low er  leaves . Eaton (1975) has reported  S ' to have res tr ic ted  phloem

m obility . H e has reported  no loss in the amount o f  protein  sulphur or organ ic

sulphur in the o lder leaves  o f  S-starved  plants w hereas most o f  the sulphate
• 3 5

S m oved out o f  it . The enhanced translocation  o f  absorbed S to  the upper

parts o f  S-starved  c lo ve  plants is quite reasonable ow ing to  the reduced 

rem obilisation  o f  S.

5.2.3 Calcium

When Ca was not in short supply, the accum ulation  o f  this e lem ent 

steadily  increased more or less in a linear fashion in the le a f  towards the 

low er nodes. A lthough an increase was noted in Ca con ten t o f  the stem portion 

towards the base, it  was not much conspicuous towards the low er  nodes. 

A  notable d i f fe re n ce  in the distribution pattern  o f  Ca compared to  P and 

S was th e . r e v e r s a l  o f  the trend a t low er  nodes. In the upper part o f  the 

shoot, leaves had a low er  concentration  than the corresponding stem portion, 

w h ile  in the low er  part, leaves  had a b e t te r  concentra tion  than the stem 

portion. Such a trend w as found lacking in d e f ic ien t  plants. H ow ever ,  the 

Ca leve l  of. o lder stem  and le a f  w e re  much higher than that o f  younger 

parts and is in con fo rm ity  w ith  the results obta ined fo r  G lonti (1970) and 

Evans (1979). Since Ca, when once deposited in o lder leaves cannot be 

mobilised to  grow ing tips (Loneragan and Snowball, 1969) the low Ca leve l
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o f  o lder leaves o f  C a-s ta rved  plants may be due to  the low in it ia l accumulation 

under the stress condition.

Un like  in the case o f  P and S, under su f f ic ien t  c o n d it io n  the concentration  

o f  Ca in the le a f  was not found to  be re la ted  w ith  that o f  the stem . H ow ever ,  

when the Ca supply was l im it ing , there was a linear correspondence betw een  

the concentra tion  o f  these tw o  plant parts. The results ind ica te  that, P and 

S w e r e  distributed d irec t ly  from  the nodal position into the leaves o f  e ither 

side. Such a translocation patten can be observed in the case o f  Ca only 

when the plant is under Ca stress.

In healthy plants, none o f  the models tes ted  could adequate ly  describe 

the distribution pattern  o f  Ca in the stem  in re la tion  to  the nodal rank. 

In plants d e f ic ien t  in this nutrient, the distribution o f  Ca fo l low ed  the 

quadratic and linear equations considering log  stem Ca concentra tion  as 

the dependent var iab le  (Tab le  29). The distribution pattern  o f  Ca in the 

le a f  could be best expla ined by simple linear equation ir resp ec t iv e  o f  the 

condition o f  the plant.

The stress condition caused by the w ithdraw al o f  Ca from  the nutrient 

solution fo r  f i v e  months was very s e ve re  as could be deduced from  ^5Ca 

uptake fo r  the starved  and w e l l  nourished plants. On dry m atte r  basis, the 

absorption o f  Ca by d e f ic ien t  plants was o ve r  25 t im es than that o f  contro l 

plants. Stem was found to  be a b e t te r  sink fo r  the absorbed label than le a f  

in both con tro l and d e f ic ien t  plants. Translocation  o f  ^ C a  to  the leaves 

was not much. The im portance o f  the stem in the accumulation o f  Ca in 

the plant was  ̂ further ev iden t from  the high co rre la t ion  c o e f f i c ie n t  obtained 

be tw een  stem Ca and the nodal position.

The distribution o f  ^5Ca in the stem and le a f  o f  both healthy and de f ic ien t  

plants in re la tion  to  nodal ranks could be described by taking log ^5Ca as 

, the dependent var iab le  ind icating that the relationship is not simple. Further
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the exponentia l model g a v e  a b e t te r  f i t  fo r  the data o f  the stem whereas,

the quadratic  model proved to be most suitable fo r  determ in ing  log ^ C a

a c t iv i t y  in the le a f  in re la tion  to  nodal position. The d i f fe re n c e  in the

suitability  o f  the models fo r  describ ing the patterns o f  accumulation o f  
45

the absorbed Ca in the stem and le a f  is also ind ica t ive  o f  the d i f fe ren t ia l
• 45 •

translocation  o f  Ca to  the stem portion and leaves  o f  c lo ve  seedlings.

The correspondance o f  the distribution pattern  to  a m athem atica l model

fo r  a g iven  part ir resp ec t iv e  o f  the nutrient status suggests the absence

o f  stress induced d i f fe re n c e  in the translocation  o f  this nutrient.

P re fe re n t ia l  accumulation o f  Ca in the o lder stem tissue and a reduced

upward m ovem ent has been reported  by Trom p (1980). Ferguson (1980) has

reported  Ca from  the w ood  to  g e t  rem obilised  to  deve lop ing  shoots in

C a-starved , plants w hereas much o f  the Ca in the bark a re  mostly immobilised.

High le v e l  o f  xy lem  Ca (revers ib le )  has been reported  in woody plants by

Robson and Pitman (1983). H igher partit ion ing o f  ^5Ca to  the stem o f  c lo ve

seedlings under Ca-stress may be due ,to the r ed u c ed 'x y lem  Ca leve l  in the 

Ca-s ta rved  plants.

5.3 Annual b iomass production and nutrient rem ova l in adult c lo v e  trees

In an adult bearing c lo ve  t re e ,  le a f  was found to be the major accum ulator

o f  N, S and Mn on dry m atte r  basis. ' F low er  buds served  as the best sink 

fo r  P, K and Mg. Both stem and f lo w e r  buds w e r e  equally e f f i c ie n t  in

accum ulating Ca. Generally  l e a f  was a poor accum ulator o f  P and re la t iv e ly  

so fo r  Ca also. L e a f  and stem  w e re  b e t te r  accum ulators o f  F e  than f lo w e r  

buds. In the case o f  o ther nutrients namely Cu, Zn and B the concentration  

in d i f fe re n t  plant parts w e r e  more or less s im ilar. The concentra tion  o f .  

Mo was found to be the least in the plant and was be low  the de tec t ion  leve l 

o f  the ana ly t ica l method used. Low. P and higher Ca, K and Mn requirements 

o f  c lo ve  plants has been reported  by Finck (1973). C om parab le  results has
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also been reported  in other t r e e  crops by Wenot (1971), Reddy and Reddy (1987) 

and Stassen (1987).

The th ree  c lo v e  trees  used in the study fo r  es tim ating  the annual biomass 

production and its nutrient rem ova l had an a ve ra ge  y ie ld  o f  117 g o f  dried 

f lo w e r  buds. The low y ie ld  o f  the plants under the study may b e  primarily 

due to  the fa c t  that, these plants w e re  grown under ra in fed condition and 

w e re  only in the early  years o f  f low e r in g  (8 years  old). N ever th e less , the 

data genera ted  from  the study a re  ind ica t ive  o f  the r e la t iv e  im portance 

o f  d i f fe re n t  nutrients to  the crop. The requ irements o f  d i f fe re n t  m ater ia ls  

by the crop  is in th e 'd ec reas in g  order o f  K > N > C a > M g > S > M n > P ^ F e ^ C u ^ B > 'Z n .  

It is im portan t to note that the P requ irem ent o f  the crop is much less 

than the conventional secondary nutrients like Ca, Mg and S and the 

m icronutrient, Mn. On the other hand, the requ irem ent o f  the conventional 

secondary nutrient Ca is found to  be r e la t iv e ly  high. Though it is not possible 

to distinguish the e x a c t  ro le  o f  Mn in this crop, substantial quantity 

accum ulated  in the plant suggests a high requ irem ent o f  Mn fo r  the crop. 

Levan idov  (1957) has reported  Mn rich plants or 'manganophiles' among woody 

plants and has re la ted  the increased Mn leve l  to  their b iochem ica l composition. 

Manganese as one o f  the strongest oxidising agen t was found to counterbalance 

the la rge  amount o f  tannides in such crops (Levan idov , 1961). The ro le  o f  

Mn in the synthesis o f  eugenol-a  phenol which is the main constituent o f  

essentia l o il  o f  c lo v e  is to  be looked into on assessing the essentia lity  o f  

the e lem en t  to  the crop.

The annual biomass added up (excluding roots) was found to  be 3.78, kg. 

on dry m atte r  basis. O f  these, about 85 per cen t was by way o f  l e a f  production 

wh ile  stem and f lo w e r  buds contributed 12 and t 3 per cent respec t ive ly . 

Eventhough the accumulation pattern  o f  d i f fe re n t  nutrients in the d i f fe re n t  

parts o f  the plant var ied  considerably, to ta l  accum ulation  o f  a nutrient was
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found to be the highest in lea f ,  fo l low ed  by stem and f lo w e r  buds. This is 

expec ted  because o f  the g rea te r ,  contribution o f  le a f  than the other two 

parts in the to ta l  biomass production o f  the plant. In other words, the 

d i f fe ren ces  in the distribution pattern g e t  nu llif ied  as most o f  the dry m atter  

produced by the plant com es from  the lea f .

5.^ Seasonal variation in fo liar nutrient concentration in bearing clove tree

The fo l ia r  nutrient le v e l  varied  w ith  le a f  ranks but was not identica l 

fo r  the d i f fe re n t  major and minor e lem ents . Varying trends in fo l ia r  nutrient 

le v e l  a t  d i f fe re n t  positions has also been observed in c lo ve  seedlings in the 

previous experim en ts . ■

The fo l ia r  N le v e l  o f  mature c lo ve  t r e e  w as found in fluenced by the 

ra in fa ll as w e l l  as f e r t i l i z e r  applications. The low er  leve ls  o f  N in the fo l ia g e  

during February and March could be a ttr ibu ted  to  ins ign ificant amounts 

o f  ra in fa ll r e c e iv ed  during this period. When the moisture regem e  o f  the 

soil was im proved due to  the rece ip t  o f  rains, N uptake was found enhanced 

as r e f le c t e d  on the N concentra tion  in the le a f  upto May. H ow ever ,  despite 

the continuance o f  rain in the fo l low ing  months upto July, the fo l ia r  N leve l 

was found to  decline . S ign if ican t leach ing o f  N O "  in the soil coupled w ith  

a larger demand o f  this nutrient fo r  the new grow th  would have been responsible 

fo r  the decrease  in the N status o f  the fo l ia g e .  This v iew  was fu rther supported 

by the increase o f  N  content fo l low in g  fe r t i l i z e r  application .

As fa r  as P le v e l  in the le a f  is concerned, it  was not much in fluenced 

by the ra in fa ll as was ev iden t  from  the fo l ia r  P leve ls , during low rain fa ll 

period from  D ecem ber  to  March. It may be noted that, w ith  the onset o f  

monsoon in Apr il ,  the absorption o f  P decreased and when the t r e e  put fo rth  

new flushes, it  m ore  or less maintained a steady P le v e l  in the lea f .
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Neverth e less , subsequent to f e r t i l i z e r  applicat ion  in the rainy season, there

was a pe rcep tib le  increase in le a f  P content. The decrease  in fo l ia r  K content

from  N ovem ber  to  Apr i l  may be ascribed to the decreased soil moisture

supply. The K uptake increased w ith  the r e c e ip t  o f  rain in Apr il  but decreased

in June due to  flushing and consequent nutrient demand. The decrease was

made good how ever , fo l low in g  fe r t i l i z e r  applicat ion  in the middle o f  July.

A  further decrease  observed a f t e r  f e r t i l i z e r  app licat ion  could be mainly

due to  the increased nutrient demand fo r  the new grow th  as w e l l  as due

to  the probable leaching o f  K in the la te r i t e  soil. The decrease  was further

agg reva ted  when the t r e e  putforth  another flush in m idd le ' o f  Septem ber.

This would also ind icate a further dilution o f  absorbed nutrient in the biomass 

produced.

The decrease  in fo l ia r  N and K le v e l  in the le a f  during summer months 

may be due to  the fa c t  that, the plant w i l l  be preparing fo r  the new flush 

w ith  g rea te r  accumulation o f  dry m atter . The f ir s t  flush which occurred 

in January was rather ins ign ificant and cannot account fo r  the decrease 

in the le v e l  o f  these nutrients. H irobe and Ogaki (1968) has reported  reduced 

fo l ia r  le v e l  due to  the translocation  o f  major part o f  the nutrient to  the 

roots o f  the citrus plants in w in te r  when there  was pract ica lly  no growth .

The f luctuation  in the fo l ia r  Ca lev e l  during the period o f  one yea r  

was not much compared to that o f  N or K . H ow ever ,  the Ca concentration  

in the le a f  decreased steadily  fo l low in g  the second flush, ind icating inadequate 

supply o f  this nutrient to  m ee t  the g rea te r  demand fo r  the newly produced 

biomass. H ow ever ,  the Ca nutrition was found to im prove  im m ed ia te ly  a f t e r  

fe r t i l i z e r  application . This may be due to the contribution o f  this e lem en t 

from  super phosphate as the f e r t i l i z e r  contains 20 per cen t o f  Ca. Absorption 

o f  m ore Ca by coconut palm when fe r t i l is ed  w ith  super phosphate was reported  

by Anilkumar and Wahid (1989). The increased absorption o f  S fo l low ing  

fe r t i l i z e r  application  as revea led  from  the fo l ia r  analysis may also be due
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to the contribution from  superphosphate, as this f e r t i l i z e r  also contain S (11%).

On the other hand, the decrease  in fo l ia r  Mg le v e l  fo l low ing  fe r t i l i z e r

application  could be due to  the increased uptake o f  K and consequent

antagonism. K -M g  antagonism was also observed in c lo ve  seedlings in previous 

experim ents o f  this study.

Seasonal in fluence on fo l ia r  nutrient le v e l  has been reported  in various 

o ther crops l ike  rubber (Shorrocks, 1962) citrus (H irobe  and Ogaki, 1968, and 

A lca ra z  e t  ah, 1979) and app le  (Mason and W hite f ie ld , 1960, Ludders and 

Buneman, 1973 and GuManru e t  al., 1981).



Summary



SU M M ARY

The invest igat ions perta ining to  the nutrit ional aspects o f  c lo ve  

(Syzyg ium  arom aticum  (L .)  M err. and Perry ) w e r e  carr ied  out in the C o l leg e  

o f  Hort icu ltu re  w ith  a v iew  to  induce nutrient d e f ic ien cy  symptoms in 

c lo ve  seedlings and to  understand the pattern  o f  nutrient distribution and 

translocation under stress condition. The annual nutrient rem ova l by bearing 

c lo ve  trees  and the seasonal variations in fo l ia r  nutrient concentrations 

w e re  also assessed. The results o f  the study a re  summarised be low .

The N -d e f ic ien cy  symptoms in c lo ve  f i r s t  appeared as a genera l 

ye l low in g  o f  o lder leaves . The symptoms gradually spread to  the upper 

leaves  and the ch lo ro t ic  o lder leaves  w e r e  soon de fo l ia ted .  By the severe  

s tage o f  d e f ic ien cy ,  the plant grow th  w as retarded  to  the ex ten t  o f  20 

to  53 per cen t in plant height, number o f  leaves , le a f  area , root  dry w e igh t  

and to ta l  biomass produced. The N le v e l  o f  low er  leaves o f  d e f ic ien t  plant 

was 0.7k and 0 A 7  per cen t  respec t ive ly  a t  in it ia l and severe  stages o f  

d e f ic ien cy .  The upper leaves  o f  N -d e f ic ie n t  plants reg is tered  a. re la t iv e ly

higher le v e l  o f  fo l ia r  N (1.03 to 1.22 %). It was possible to  rescue the

N -d e f ic ie n t  plants by applying the nutrient fo r  tw o  to  four weeks.

The P -d e f ic ien cy  symptoms in c lo ve  appeared as small brownish spots 

on dull green  o lder leaves . The spots coa lesced  toge th er  to  g iv e  a burnt 

appearance. Phosphorus stress reduced the grow th  param eters to  the ex ten t  

o f  13 to 37 per cen t  by the t im e  the plants expressed seve re  de f ic iency  

symptoms. The fo l ia r  le v e l  o f  the e lem en t  was reduced to 0.05 to  0.06

per cent a t  advanced stages o f  d e f ic ien cy .  It was possible to recove r

P -d e f ic ien t  plants by applying P  fo r  four to seven w eeks . ,
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The K-stress resulted in K -d e f ic ien cy  symptoms that appeared f irs t  

on o lder leaves . L e a f  t ip  and margins turned brown and gradually progressed 

inward, presenting a scorched appearance fo r  the le a f  blade. Potassium- 

stress fo r  a period o f  18 months reduced the various1 grow th  parameters 

to the ex ten t  o f  13 to  32 per cent. By that t im e , the K le v e l  o f  lower 

leaves  was reduced to  0.56 to  0.99 per cen t. Fo lia r  Mg le v e l  was found 

to  be re la t iv e ly  high under K-stress. The K -s ta rved  plants when supplied 

w ith  com p le te  nutrient solution fo r  four to  six w eeks  put fo r th  new flushes 

w ithout the advancem ent o f  a lready ex ist ing symptoms.

Calc ium  de fic iency  in c lo ve  was character ised  w ith  reduced shoot 

g row th  and t ip  die back. The younger grow th  was a f f e c t e d  f irs t.  Leaves  

deve loped  necro t ic  areas near t ip  and margin which becam e ch loro t ic  and 

was d e fo l ia ted  la te r .  By seve re  Ca d e f ic ien cy ,  the grow th  param eters 

w e re  reduced to  the ex ten t  o f  13 to  51 per cen t, the e f f e c t  being more 

seve re  on roo t  g row th . The Ca le v e l  o f  s ta rved  plants w e r e  reduced to 

the ex ten t  o f  0.3 to  0.5 per cent on upper leaves  whereas the im pact was 

less seve re  on low er  leaves . Potassium le v e l  was found to  be re la t ive ly  

high in C a-s ta rved  plants. It was possible to  re co ve r  the de f ic iency  by 

applying the e lem en t  continuously fo r  six weeks..

Though the Mg de f ic iency  symptoms in c lo ve  w e re  f irs t  expressed 

on o lder leaves , it  soon spread to upper fo l ia g e  g iv ing  a pale appearance 

to the w ho le  plant. In la te r  stages, the young deve lop ing leaves fa i led  

to deve lop  normal s ize  and colour and w e r e  occasionally  n ecro t ic  a t  tip 

and margins. The to ta l  ch lorophyll was g rea t ly  reduced (1.2 mg as against 

2.9 mg fo r  contro l) on o lder leaves . The d e f ic ien t  plants recorded ' 15 to 

25 per cen t  reduction in various -growth param eters . The fo l ia r  Mg leve l 

in s tarved  plants was reduced to 0 . H  to  0.16 per cent. The K and Ca 

leve ls  o f  M g-s ta rved  plants w e r e  found to  be re la t iv e ly  high. It was found
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possible to  re cove r  M g -d e f ic ien t  plants by applying the e lem en t  continuously 

fo r  four to  six w eeks.

Sulphur-starved c lo ve  plants deve loped  fo l ia r  symptoms when the fo l ia r  

S le v e l  was reduced to  0.08 to 0.1 per cent. The newly produced leaves 

w e r e  the most a f f e c t e d  by S stress. They w e r e  pale in colour w ith  reduced 

internodal length and fa i led  to  a tta in  normal s ize . The young leaves had 

a tendency to  shed prem aturely . The grow th  param eters  w e r e  reduced 

to  the ex ten t  o f  15 to  41 per cen t by the t im e  the plants expressed severe  

symptoms o f  S d e f ic ien cy .  It was possible to  r ecove r  the S -de fic iency  

symptoms by applying the e lem en t  fo r  four w eeks . H ow ever ,  i t  was rather 

d i f f icu lt  to  requip the plants exhib it ing seve re  S -de fic iency  symptoms.

In terve inal chlorosis and production o f  pale and paper.y w h ite  leaves 

a t la ter  stages marked the seve re  symptoms o f  F e  d e f ic ien cy  in c lo ve . 

The to ta l  ch lorophyll o f  d e f ic ien t  le a f  was reduced to  0.85 mg as against

2.65 mg in healthy plants. There  was a reduction to  the ex ten t  o f  19 to 

28 per cen t in various grow th  param eters by the t im e  the c lo ve  plants 

exh ib ited seve re  symptoms o f  F e -d e f ic ien c y .  The nutrient le v e l  was reduced 

to  22 ppm in upper leaves  o f  d e f ic ien t  plant. The F e-s ta rved  plants recove red  

from  the de f ic ien cy  symptoms on applying the e lem en t  fo r  th ree  to  six 

w eeks.

Manganese d e f ic ien cy  symptoms resem bled that o f  iron a t  early  stages. 

L a te r , ,  the leaves  w e r e  pale, sm aller and d istorted . Though there  was not 

much reduction in plant height, the le a f  a rea  and the to ta l  biomass produced 

w e re  reduced to  the ex ten t  o f  13 per cen t by the t im e  the plant expressed 

seve re  d e f ic ien cy  sym ptoms. The fo l ia r  Mn le v e l  o f  d e f ic ien t  plants w e re  

reduced to  55 ppm and was found recove red  o f  the in it ia l symptoms on 

applying the e lem en t  continuously fo r  th ree  weeks.
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The o lder leaves o f  the Cu-starved  c lo v e  plant did not' exh ib it  any 

marked de f ic iency  sym ptom . The new leaves  produced w e r e  small, narrow 

and ch loro t ic . Loss o f  turgor, bending o f  lamina and tip  drying w e re  

associated w ith  la te r  stages o f  C u -d e f ic ien cy . The internodal length and 

le a f  a rea  w e re  g rea t ly  reduced (29 to 45 per cent) in Cu-starved  plants. 

The Cu le v e l  recorded  in upper leaves o f  C u -d e f ic ien t  plant was be tw een  

11 and 14 ppm. App lica t ion  o f  the e lem en t  fo r  four to  f i v e  w eeks  nullified 

the e f f e c t s  o f  Cu-starvation  on’ newly produced flush.

Reduced internodal len g th ; rosetting. and sick le  shape o f  newly produced 

leaves character ised  the Zn d e f ic ien cy  symptoms in c lo ve .  The to ta l  

chlorophyll content o f  upper leaves  w e r e  reduced to  1.25 mg as against

2.65 mg in healthy plants. The Zn le v e l  o f  d e f ic ien t  leaves  w e r e  reduced 

to  8 to 11 ppm. It was found possible to r e co ve r  Zn-starved  plants by applying 

co m p le te  nutrient solution fo r  f i v e  w eeks  a t  in it ia l stages o f  d e f ic ien cy .

B oron fde f ic ien cy  in c lo ve  was character ised  by hard and b r i t t le  upper

leaves and aborted  new gorw th  which dried o f f  p rem ature ly . There was

a com p le te  sessation o f  grow th  due to death o f  m er is tem a tic  area. The

gorwth param eters were, reduced to  the ex ten t  o f  12 to  30 per cent. The

leve l  o f  B in upper leaves o f  d e f ic ien t  c lo ve  plants w as found reduced 

to 9 ppm.

M olybdem um -starvation  was found to have l i t t l e  e f f e c t  on c lo ve  seedlings. 

The Mo le v e l  in the fo l ia g e  was found to  be very low to  be d e tec ted  by 

normal methods.

The pattern  o f  distribution and translocation  o f  the e lem ents  studied 

(P , S and Ca) w e r e  found to vary , in c lo ve  plants. Stem was found to  be 

a b e t te r  accum ulator o f  P w ith  the highest P le v e l  on low est  node. The 

s ign if ican t co rre la t ion  ex is ted  be tw een  stem  P and le a f  P  ind ica te the
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stem  and le a f  a t  low er  nodes accum ulated  most o f  the absorbed P. 

P -s ta rved  c lo ve  plants absorbed and trans located  P a t a much fas ter  rate 

than those which w e r e  adequate ly  supplied w ith  P.

Sulphur was found m ore accum ulated  in c lo ve  leaves  than in the stem 

and was maximum on the upper most lea f .  The S le v e l  o f  stem was found 

re la ted  to  the nodal rank w ith  the maximum le v e l  a t  upper most node. 

In both d e f ic ien t  and su ff ic ien t  conditions, s ign if ican t pos it ive  relationship 

was obta ined be tw een  S concentra tion  o f  stem  and lea f .  Sulphur was found 

not translocated  from  low er leaves  and mpre rad io label was recove red  

from  upper most part o f  the shoot.

The Ca distribution was m ore on low er  part o f  the c lo ve  plants both 

in the stem  and le a f .  The Ca concentra tion  o f  stem  was found to  be less 

In plants grown under Ca stress. Stem and le a f  Ca concentration  w ere  

found re la ted  only in d e f ic ien t  plants. Th e  ra te  o f  absorption o f  Ca was 

much less by plants w e l l  nourished w ith  Ca. Most o f  the absorbed rad ioact iv ity  

was found accum ulated  in the stem  both in con tro l and d e f ic ien t  plants.

In adult c lo ve  trees , le a f  was found to  be a b e t te r  accum ulator o f  

N , S, F e  and Mn w hereas K and Mg w e r e  maximum in f lo w e r  buds. Both 

stem and f lo w e r  buds w e re  more or less equally good fo r  accum ulating 

P and Ca. There  was not much var ia t ion  among the plant parts in the 

distribution o f  m icro  e lem ents , Cu, Zn and B.

Phosphorus requ irem ent by the crop  was found to  be much less than 

the other primary and secondary nutrients. Whereas, the Ca and Mn leve ls  

w e re  r e la t iv e ly  high. The order o f  p re fe ren ce  o f  nutrient rem ova l by an 

adult c lo v e  t re e  was N > C a > M g  S P’M n ^  P c ? F e ^ C u ^ B  >Zn .

supply to the lea f to occur from the corresponding nodal position. Phosphorus

from lower plant parts w ere  found remobilised in P-starved plants. The
32
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L e a f  contributed about 85 per cen t o f  the to ta l  biomass produced 

by a t r e e  in an yea r .  Though the accumulation  pattern  o f  d i f fe re n t  nutrients 

in d i f fe re n t  parts o f  the plant varied  considerably, to ta l  accumulation was 

found to be highest in the lea f .

The leve ls  o f  N, P, K and Ca var ied  s ign if ican tly  among the d i f fe ren t  

lea f  ranks. The seasonal fluctuations w e r e  more marked fo r  the fo l ia r  

N and K leve ls  o f  the bearing c lo ve  plants.
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APPENDIX  I

2 .
C o e f f ic ie n ts  o f  de term ination  (R  ) y ie lded  by d i f fe re n t  models for

le a f  area  es tim ation

SI. No. Model R 2

1. y = -17.3948 + 1.82012 L + 5.62925 B 0.977

2. y = 0.55548 + 0.56001 L  B 0.982

3. y = 0.58 L  B 0.980

L = Maximum length o f  the le a f  

B = Maximum breadth o f  the lea f



APPENDIX  II

E f fec t  o f  nitrogen stress on foliar nutrient composition o f c love  seedlings

Months a f t e r  N P K Ca Mg S F e  Mn Cu Zn B
trea tm en t  % %_______ %_______% %__________ % ppm ppm ppm ppm ppm

A  - Low er  leaves

0 1.29 0.098 0.67 1.06 0.273 0.106 149 207 60 39 31
2 1.35 0.098 0.90 1.41 0.284 0.120 139 211 52 46 30
4 1.40 0.115 1.10 1.34 0.300 0.125 150 223 52 48 28
6 1.17 0.120 1.16 1.43 Os-300 0.126 151 234 50 53 31
8 0.99 0.110 1.40 1.43 0.290 0.128 161 243 53 60 33

10 0.74 0.145 1.23 1.23 0.257 0.140 157 244 48 58 35
11 0.63 0.123 1.20 1.44 0.250 0.150 160 250 50 53 32
12 0.59 0.128 1.30 1.43 0.246 0.150 169 255 52 56 31
13 0.54 0.136 1.10 1.45 0.270 0.140 172 248 48 57 30
14 0.55 0.148 1.00 1.32 0.280 0.150 164 252 48 62 36
15 0.47 0.148 0.90 1.37 0.275 0.156 163 234 44 54 35
16 0.47 0.155 0.75 1.40 0.278 0.130 154 240 49 48 36
17 0.46 0.168 0.83 1.35 0.282 0.140 120 245 48 48 27
18 0.46 0.173 0.81 1.40 0.285 0.140 141 23/ 50 • 49 27

B - Upper leaves

0 1.53 0.084 1.03 0.92 0.268 0.145 140 191 33 40 28
2 1.48 0.081 1.09 1.12 0.250 0.150 122 187 47 50 29
4 1.45 0.080 1.40 1.02 0.330 0.150 124 198 45 52 30
6 1.36 0.092 1.56 1.07 0.330 0.140 124 206 48 55 29
8 1.24 0.094 1.70 1.05 0.314 0.150 125 222 59 63 29

10 1.22 0.080 1.30 0.97 0.295 0.160 117 209 56 56 32
11 1.22 0.088 1.56 1.07 0.280 0.180 129 201 59 55 39
12 1.17 0.086 1.34 0.82 0.270 0.186 140 210 58 60 37
13 1.07 0.093 1.33 0.88 0.260 0.170 152 213 60 59 38
14 1.16 0.101 1.30 0.90 0.270 0.180 137 199 64 62 35
15 1.03 0.100 1.30 0.95 0.286 0.173 140 187 63 56 31
16 0.92 0.102 1.43 0.87 0.280 0.165 111 189 68 49 34
17 0.74 0.100 1.40 0.99 0.332 0.165 103 205 66 49 25
18 0.70 0.107 1.43 0.82 0.306 0.168 112 189 68 51 28



APPENDIX 111

E ffec t  o f phosphorus stress on foliar nutrient composition of c love  seedlings'

Months a f t e r  N P K Ca Mg S F e  Mn Cu Zn B
trea tm en t________ % ________% ______ % _______% ________%_______ % ppm ppm ppm ppm ppm

A  - L ow er  leaves

0 1.29 0.098 0.67 1.06 0.273 0.106 149 207 60 39 31
2 1.37 0.097 0.83 1.20 0.297 0.113 126 214 51 45 28
4 1.50 0.090 1.21 1.26 0.290 0.126 144 244 53 49 28
6 1.47 0.095 1.31 1.41 0.300 0.157 133 257 64 61 27
8 1.33 0.080 1.40 1.34 0.215 0.146 144 243 62 59 27

10 1.45 0.065 1.50 1.33 0.256 0.140 154 269 65 66 32
11 1.-43 0.058 1.52 1.43 0.266 0.123 184 249 68 63 27
12 1.29 0.056 1.64 1.38 0.267 0.123 185 259 66 65 26
13 1.23 0.055 1.58 1.39 0.273 0.130 172 264 67 68 31
14 1.25 0.048 1.60 1.29 0.276 0.113 193 254 62 62 29
15 1.31 0.050 1.61 1.37 0.286 0.116 183 258 64 58 29
16 1.34 0.046 1.63 1.37 0.296 - 0.116 187 279 65 64 30
17 1.36 0.047 1.60 1.36 0.270 0.153 210 262 65 66 30
18 1.40 - 0.045 1.56 1.23 0.286 0.120 214 258 63 68 29

B - Upper leaves

0 1.53 0.08 1.03 0.92 0.268 0.145 140 191 33 40 28
2 1.50 0.083 1.17 0.93 0.254 0.147 131 187 38 51 29
4 1.55 0.080 1.67 0.99 0.260 0.153 140 215 37 51 32
6 1.56 0.080 1.80 0.83 0.260 0.170 125 220 41 64 29
8 1.46 0.080 1.86 0.88 0.210 0.163 115 228 50 63 28

10 1.51 0.080 1.81 0.90 0.296 0.163 127 230 53 71 29
11 1.43 0.073 1.77 0.88 0.286 0.160 161 220 55 67 30
12 1.29 0.066 1.84 0.90 0.286 0.152 162 219 54 71 25
13 1.26 0.070 1.83 0.86 0.300 0.156 166 228 56 70 26
14 1.37 0.070 1.78 0.84 0.296 0.166 178 221 56 67 31
15 1.37 0.073 1.77 0.84 0.286 Oil 73 168 224 52 66 26
16 1.35 0.063 1.88 0.80 0.276 0.163 201 243 56 68 29
17 1.35 0.070 1.80 0.82 0.276 .0.150 195 225 54 68 28
18 1.41 0.06.0 1.83 0.73 0.280 0.160 198 223 58 72 28



E f fe c t  o f  potassium stress on fo l ia r  nutrient composit ion  o f  c lo ve  seedlings

APPEND IX  IV

Months a f t e r  N P K Ca Mg S Fe  Mn Cu Zn B
trea tm en t________ %________%  %  %  % ________ %  ppm ppm ppm ppm ppm

0 1.29 0.098 0.67

A  - L ow er  leaves 

1.06 0.273 0.106 149 207 60 39 31
2 1.35 0.097 0.89 1.33 0.297 0.113 141 209 59 39 30
4 1.36 0.112 0.94 1.47 0.313 0.120 145 235 51 40 29
6 1.32 0.123 1.00 1.40 0.310 0.129 134 253 61 52 34
8 1.34 0.123 0.89 1.46 0.310 0.123 141 260 63 56 30

10 1.39 0.120 0.80 1.37 0.303 0.137 150 256 60 49 33
11 1.43 0.116 0.72 1.52 0.320 0.150 168 281 61 52 30
12 1.31 0.108 0.64 1.56 0.320 0.126 164 284 63 52 29
13 1.30 0.108 0.60 1.56 0.320 0.126 164 284 60 52 29
14 1.44 0.118 0.64 1.56 0.330 0.123 169 285 60 58 30
15 1.48 0.121 0.56 1.58 0.330 0.152. 163 282 69 56 32
16 1.50 0.120 0.58 1.63 0.330 0.136 160 286 67 61 31
17 1.48 0.115 0.57 1.66 0.340 0.133 162 298 62 62 32
18 1.50 0.123 0.58 1.62 0.330 0.130 161 300 69 64 32

0 1.53 0.084 1.03

B - Upper leaves 

0.92 0.268 0.145 140 191 33 40 28
2 1.50 0.080 1.30 1.17 0.268 0.140 127 197 34 44 27
4 1.46 0.097 1.10 0.89 0.270 0.157 127 210 38 44 26
6 1.52 0.097 1.17 0.87 0.280 0.153 120 236 40 48 30
8 1.54 0.090 1.09 0.88 0.300 0.147 . 123 244 47 49 27

10 1.57 0.096 1.05 0.85 0.330 0.160 133 239 54 52 29
11 1.49 0.093 1.06 0.92 0.370 0.163 150 242 53 58 27
12 1.43 0.083 1.06 0.97 0.360 0.153 137 257 50 50 27
13 1.49 0.083 1.03 1.00 0.340 0.133 137 272 55 59 27
14 1.52 0.080 1.00 1.00 0.360 0.153 144 252 54 66 28
15 1.49 0.082 0.99 1.02 0.369 0.150 135 271 51 60 30
16 1.51 0.083 0.90 1.06 0.356 0.170 134 268 58 60 28
17 1.49 0.083 0.86 1.00 0.350 0.153 138 264 57 63 29
18 1.48 0.083 0.73 1.06 0.360 0.160 136 247 65 60 29



A P P E N D IX  V

E ffec t  o f  calcium stress on foliar nutrient composition o f c love  seedlings

Months a f t e r  N P K Ca Mg S Fe  Mn Cu Zn B
trea tm en t________ %________ %______ %______ %_______%________ % ppm ppm ppm ppm ppm

A  - Low er  leaves

0 1.29 0.098 0.676 1.06 0.273 0.106 149 207 60 39 31
2 1.37 0.088 0.890 1.06 0.280 0.110 144 222 52 38 35
4 1.43 0.125 1.07 1.05 0.300 0.126 146 230 53 40 36
6 1.34 0.177 1.23 1.05 0.310 0.136 134 255 57 50 27
8 1.31 0.116 1.45 1.04 0.290 0.127 144 252 64 49 30

10 1.46 0.097 1.57 1.02 0.290 0.127 163 273 63 50 29
11 1.42 0.104 1.63 0.09 0.290 0.150 170 282 59 49 31
12 1.38 0.119 1.57 0.88 0.303 0.133 170 266 63 48 30
13 1.39 0.109 1.55 0.78 0.290 0.137 171 276 63 52 28
14 1.43 0.107 1.77 0.78 0.300 0.130 179 285 72 63 29
15 1.49 0.110 1.61 0.76 0.300 0.132 176 258 63 58 31
16 1.45 0.120 1.66 0.76 0.29] ' 0.130 165 261 63 59 29
17 1.46 0.116 1.67 0.76 0.290 0.126 172 284 66 55 30
18 1.44 0.120 1.67 0.76 0.290 0.126 178 284 66 58 29

0 1.53 0.084 1.03

B - Upper leaves  

0.92 0.268 0.145 140 191 33 40 28
2 1.44 0.083 1.11 1.11 0.243 0.133 130 206 35 42 35
4 1.55 0.110 1.53 0.99 0.254 0.138 129 212 36 48 33
6 1.54 0.080 1.69 0.90 0.280 0.159 125 233 41 52 27
8 1.56 0.097 1.88 0.74 0.250 0.142 128 236 52 51 29

10 1.56 0.070 1.70 0.70 0.290 0.153 148 258 53 52 27
11 1.51 0.080 1.93 0.67 0.280 0.160 155 265 46 52 28
12 1.46 0.080 1.93 0.47 0.290 0.150 164 254 53 49 28
13 1.37 0.080 1.89 0.4.3 0.310 0.155 160 261 53 50 26
14 1.43 0.070 2.06 0.44 0.320 0.160 ■ 170 272 57 64 28
15 1.48 0.070 1.96 0.37 0.320 0.160 167 251 57 55 29
16 1.48 0.090 2.07 0.35 0.302 0.156 152 254 51 58 28
17 1.57 0.080 2.17 0.34 0.310 0.150 150 272 53 59 29
18 1.38 0.100 2.13 0.34 0.310 0.143 160 262 53 60 28



APPENDIX  VI

E ffe c t  o f magnesium stress on foliar nutrient composition o f c love seedlings

Months a f t e r N P K Ca Mg S Fe Mn Cu Zn B
trea tm en t % % % % % % ppm ppm ppm ppm ppm

A  - L ow er  leaves

0 1.29 0.098 0.67 1.06 0.273 0.106 149 207 60 39 31
2 1.33 0.079 0.80 1.20 0.280 0.117 140 216 54 40 31
4 1.42 0.112 1.10 1.50 0.280 0.128 137 210 54 41 28
6 1.34 0.123 1.20 1.44 0.290 0.137 132 219 59 41 31
8 1.41 0.123 1.40 1.44 0.270 0.128 140 256 60 52 30

10 1.47 0.120 1.47 1.46 0.236 0.134 149 268 63 55 33
11 1.43 . 0.103 1.45 1.45 0.207 0.130 166 283 55 55 30
12 1.39 0.103 1.66 1.38 0.176 0.130 170 286 61 49 31
13 1.38 0.103 1.82 1.66 0.168 0.126 169 282 62 51 31
14 1.42 0.112 1.85 1.60 0.171 0.126 180 286 70 50 32
15 1.44 0.103 1.88 1.65 0.170 0.130 182 293 66 59 32
16 1.42 0.113 2.00 1.64 0.160 0.133 177 290 68 57 32
17 1.45 0.110 2.00 1.58 0.146 0.123 168 294 61 54 29
18 1.43 0.110 2.00 1.60 0.140 0.120 172 294 66 56 28

B - Upper leaves

0 1.53 0.084 1.03 0.92 0.268 0.145 140 191 33 40 28
2 1.43 0.097 1.30 0.96 0.240 0.147 121 193 32 38 27
4 1.53 , 0.097 1.40 1.03 0.257 0.144 116 189 35 38 24
6 1.54 0.093 1.72 0.88 0.250 0.153 119 198 37 50 27
8 1.49 0.090 1.66 0.89 0.260 0.167 122 218 37 53 27

10 1.54 0.080 1.73 0.87 0.253 0.155 130 246 42 49 28
11. 1.45 0.080 1.76 1.00 0.236 0.165 140 264 45 52 28
12 1.47 0.081 1.82 0.93 0.220 0.150 1^0 261 49 55 '28
13 1.42 0.083 2.06 0.96 0.216 0.151 153 272 49 50 29
14 1.43 0.070 2.16 1.01 0.210 0.156 167 262 56 54 27
15 1.46 0.073 2.16 1.03 0.203 0.155 163 279 51 55 28
16 1.40 0.083 2.33 1.03 0.180 0.160 167 270 46 . 56 27
17 1.44 0.073 2.27 1.03 0.166 0.167 162 285 54 53 26
18 1.42 0.086 2.20 1.06 0.156 0.160 1 BO 284 57 57 27



APPEND IX  VII

E ffec t  of sulphur stress on foliar nutrient composition o f c love seedlings

Months a f t e r  N P K Ca Mg S Fe Mn . Cu Zn B
trea tm en t________ %_______ %______ %_______%______ %________% ppm ppm ppm ppm ppm

0 1.29 0.098 0.67

A  - L ow er  leaves 

1.06 0.273 0.106 149 207 60 39 31
2 1.36 0.086 0.80 1.23 0.280 0.120 149 216 55 35 28
4 1.47 0.125 1.03 1.36 0.280 0.107 142 210 56 35 27
6 1.42 0.123 1.22 1.42 0.290 0.11'3 135 219 56 39 30
8 1.37 0.121 1.31 1.35 0.270 0.117 141 256 59 43 28

10 1.46 0.121 1.46 1.30 0.240 0.103 153 269 63 45 31
11 1.39 0.118 1.46 1.33 0.270 0.093 176 284 61 49 25
12 1.37 0.113 1.50 ' 1.36 0.273 0.093 164 281 65 49 29
13 1.46 0.104 1.46 1.39 0.266 0.090 178 269 66 -54 29
14 1.55 0.106 1.54 1.39 0.283 0.086 178 276 66 59 31
15 1.48 0.114 1.48 1.48 0.253 0.086 175' 272 65 61 30
16 1.46 0.115 1.48 1.45 0.263 0.080 178 271 61 62 27
17 1.42 0.106 1.51 1.36 0.276 0.086 180 271 64 61 26
18 1.44 =0.103 1.47 1.36 0.266 0.080 188 282 60 61 26

0 1.53 0.084 1.03

B - Upper leaves 

0.92 0.268 0.145 140 191 33 40 28
2 , 1.44 0.093 1.50 0.96 0.270 0.140 128 193 37 33 25
4 1.50 0.106 1.46 0.96 0.260 0.133 123 210 36 37 25
6 1.50 0.103 1.68 0.89 0.272 0.127 125 223 40 44 26
8 1.54 0.090 1.71 0.85 0.240 0.130 123 236 46 46 24

10 1.51 0.085 1.67 0.83 0.244 0.103 149 250 50 51 2811 1.43 0.086 1.70 0.90 0.280- 0.093 165 268 51 51 22
12 1.39 0.086 1.70 0.91 0.280 0.076 160 253 54 51 26
13 1.47 0.066 1.66 0.91 0.290 0.076 170 251 53 55 •28
14 1.47 0.085 1.74 0.87 0.290 0.086 169 264 55 52 28
15 1.47 0.085 1.74 0.93 0.285 0.076 166 254 55 55 26
16 1.47 0.080 1.71 0.92 0.260 0.075 163 257 50 53 2217 1.43 0.083 1.74 0.93 0.270 0.060 169 256 52 52 2318 1.43 0.086 1.74 0.88 0.280 0.056 172 264 52 58 23



APPENDIX  VIII

E f fe c t  o f iron stress foliar nutrient composition o f  c love seedlings

Months a f t e r  
t rea tm en t

N
%

P
%

K
%

Ca
%

Mg
%

S
%

Fe
ppm

Mn
ppm

Cu
ppm

Zn
ppm

B
ppm

A  - L o w er  leaves  .

0 1.29 0.098 0.67 1.06 0.273 0.106 149 207 60 39 31
2 , 1.29 0.099 0.89 1.15 0.272 0.110 138 218 52 40 31
4 1.40 0.097 1.00 1.36 0.295 0.123 125 227 52 40 28
6 1.26 0.115 1.05 1.41 0.305 0.129 120 258 56 43 32
8 1.30 0.126 1.37 1.31 0.289 0.136 118 266 65 45 31

10 1.46 0.118 1.48 1.30 0.242 0.138 109 280 63 48 31
11 1.43 0.105 1.46 1.36 0.255 0.147 106 287 65 47 28
12 1.40 0.118 1.50 1.39 0.264 0.144 103 277 66 48 30
13 1.45 0.105 1.49 1.40 0.259 0.138 105 286' 65 52 32
1 tt 1.39 0.112 1.54 1.40 0.269 0.123 100 284 69 55 29
15 1.48 0.121 1.51 1.47 0.258 0.136 100 284 69 58 31
16 1.46 0.125 1.53 1.44 0.255 0.137 94 298 68 56 28
17 1.49 0.117 1.50 1.44 0.268 0.143 92 328 72 56 28
18 1.50 0.121 1.52 1.30 0.273 0.137 90 352 72 57 27

B - Upper leaves

0 1.53 0.084 1.03 0.92 0.268 0.145 140 191 33 40 28
2 1.50 0.083 1.12 0.97 0.237 0.130 133 199 35 43 28
it 1.52 0.098 1.60 1.04 0.251 0.145 109 214 38 45 25
6 1.51 - 0.085 1.48 0.93 0.250 0.149 100 236 37 49 28
8 1.54 0.093 1.73 0.92 0.235 0.155 81 232 36 49 27

10 1.55 0.083 1.74 0.84 0.243 0.160 65 263 43 50 28
11 1.49 0.080 1.68 0.91 0.288 0.157 52 268 41 51 24
12 1.54 0.088 1.68 0.91 0.279 0.150 46 262 54 50 28
13 1.50 0.085 1.68 0.92 0.288 0.153 '38 267 40 52 28
14 1.52 0.088 1.74 0.89 0.278 0.153 37 286 44 60 27
15 1.52 0.084 1.78 0.91 0.271 0.156 30 290 53 62 29
16 1.49 0.090 1.77 0.90 0.259 0.156 22 293 49 59 26
17 1.49 0.086 1.71 0.91 0.261 0.157 24 292 54 60 25
18 1.51 0.099 1.76 0.87 0.265 0.153 24 294 50 59 24



APPEND IX  IX

E ffec t  o f manganese stress on foliar nutrient composition o f c love seedlings

Months a f t e r  N 
trea tm en t  %

K
%

Ca Mg Fe Mn Cu Zn B

0 1.29 0.098 0.67

A  - L o w er  leaves 

1.06 0.273 0.106 149 207 60

r r ■ ■ ■

39 31
2 1.30 0.096 0.89 1.27 0.270 0.110 142 202 47 33 30
4 1.40 0.118 1.24 1.41 0.300 0.110 142 190 52 33 29
6 1.35 0.125 1.42 1.38 0.310 0.126 139 198 59 45 31
8 1.30 0.120 1.44 1.30 0.290 0.138 144 196 65 47 30

10 1.47 0.122 1.48 1.33 0.260 0.123 164 168 65 53 33
11 1.44 0.123 1.52 1.32 0.310 0.127 182 162 61 57 26
12 1.40 0.122 1.54 1.32 0.290 0.126 196 164 68 62 28
13 1.47 0.117 1.54 1.29. 0.290 0.136 203 165 67 59 31
14 1.47 0.116 1.52 1.32 0.302 0.137 198 149 69 62 30
15 1.47 0.127 1.56 1.37 0.305 0.136 197 151 64 60 27
16 1.49 0.128 1.60 1.32 0.325 0.133 198 150 62 63 27
17 1.48 0.126 1.61 1.33 0.323 0.134 204 150 67 65 31
18 1.49 0.126 1.68 1.36 0.307 0.131 201 150 55 62 27

0 1.53 0.084 1.03

B - Upper leaves 

0.92 0.270 0.145 140 193 33 '40 28
2 1.48 0.086 1.21 1.22 0.250 0.148 123 195 36 38 274 1.50 0.084 1.59 1.03 0.250 0.143 126 191 39 44 266 1.49 0.096 1.68 0.97 0.260 0.153 123 189 38 51 288 1.50 0.090 1.68 0.93 0.220 '0.153 122 140 44 50 2610 1.51 0.090 1.66 0.86 0.270 0.147 138 112 50 49 2811 1.48 0.083 1.70 0.95 0.320 0.153 150 98 45 53 2312 1.51 0.083 1.76 0.91 0.320 0.142 169 81 51 55 2713 1.50 0.087 1.80 0.92 0.320 0.157 184 70 51 58 2914 1.50 0.087 1.80 0.92 0.290 0.157 194 59 56 60 2815 1.50 0.080 1.84 0.91 0.280 0.149 200 55 52 56 2516 1.49 0.087 1.87 0.88 0.290 0.157 200 48 53 67 2517 1.49 0.093 1.92 0.82 0.300 0.155 200 48 53 62 3018 1.51 0.097 1.99 0.81 0.290 0.157 200 43

V

50 64 25



APPENDIX  X

E ffec t  of copper stress on foliar nutrient concentration o f c love  seedlings

Months a f t e r  N P K Ca Mg S Fe Mn Cu Zn B
trea tm en t %_______ %  %  %  % ________ % ppm ppm ppm ppm ppm

0 1.29 0.098 0.67

A  - L ow er  leaves 

1.06 0.273 0.106 149 207 60 39 31
2 1.32 0.097 0.83 1.39 0.275 0.127 136 226 59 39 29
4 1.44 0.103 1.20 1.47 0.380 0.129 143 228 58 39 28
6 1.26 0.128 1.30 1.45 0.320 0.128 134 252 64 49 36
8 1.32 0.128 1.46 1.37 0.260 0.120 138 280 61 48 32

10 1.46 0.118 1.55 1.28 0.233 0.130 164 281 60 50 31
11 1.45 0.115 1.46 1.34 0.267 0.139 181 285 59 56 27
12 1.30 0.118 1.57 1.37 0.240 0.127 177 277 61 59 31
13 1.42 0.119 1.53 1.38 0.253 0.124 179 . 279 60 62 28
14 1.46 0.119 1.50 1.42 0.256 0.135 183 285 58 63 30
15 1.54 0.119 1.46 1.46 0.265 0.133 183 270 56 62 29
16 1.55 0.123 1.47 1.45 0.267 0.130 195 268 43 54 27
17 1.58 0.127 1.53 1.38 0.267 0.132 184 287 40 54 25
18 1.57 0.129 1.57/ 1.38 0.283 0.131 19% 282 42 54 26

0 1.53 0.084 1.03

B - Upper leaves 

0.92 0.270 0.145 140 193 33 40 28
2 1.48 0.095 1.67 1.13 0.234 0.140 116 216 35 37 28
4 1.54 0.110 1.53 1.10 0.270 0.140 120 215 35 39 25
6 1.50 0.078 1.79 0.97 0.243 0.146 120 234 32 50 32
8 1.52 0.077 1.72 0.89 0.247 0.154 128 254 33 53 29

10 1.51 0.090 1.73 0.89 0.270 0.161 144 250 34 50 27
11 1.51 0.094 1.76 0.94 0.293 0.160 163 256 24 54 24
12 1.55 0.087 1.68 0.94 0.267 0.147 168 259 18 57 29
13 1.46 0.087 1.76 0.96 0.283 0.147 167 255 17 60 27
14 1.56 0.095 1.66 0.98 0.267- 0.146 165 263 , 14 63 27
15 1.55 0.098 1.70 0.89 0.29/ 0.157 164 248 14 54 27
16 1.56 0.102 1.71 0.94 0.256 0.146 170 245 14 59 24
17 1.58 0.107 1.67 0.95 0.267 0.149 167 240 12 60 24
18 1.58 0.107 1.65 0.91 0.273 0.163 173 238 11 60 22



APPEND IX  XI

E ffec t  o f zinc stress on foliar nutrient composition o f c love  seedlings

Months a f t e r  N P K Ca Mg S Fe Mn Cu Zn B
trea tm ent________% % % % %________ % ppm ppm ppm ppm ppm

0 1.29 0.098 0.67

A  - L o w er  leaves 

1.06 0.273' 0.106 149 207 60 39 31
2 1.33 5 0.098 0.79 1.37 0.277 0.110 146 222 54 39 30
4 1.37 0.120 1.00 1.48 0.286 0.126 144 224 54 40 28
6 1.37 0.128 1.23 1.41 0.291 0.124 137 249 59 38 30
8 1.31 0.128 1.33 1.32 0.285 0.124 146 263 64 39 28

10 1.37 0.116 1.47 1.27 0.267 0.122 161 264 60 36 30
11 1.38 0.106 1.45 1.34 0.278 0.140 172 285 57 31 26
12 1.33 0.119 1.45 1.43 0.276 0.129 165 282 59 29 29
13 1.37 0.124 1.49 1.34 0.287 0.128 184 280 55 27 30
14 1.45 0.127 1.57 1.32 0.290 0.128 165 285 59 24 31
15 1.49 0.128 1.56 1.36 0.286 0.134 171 282 57 26 29
16 1.41 0.136 1.54 1.42 0.278 0.128 174 284 54 27 28
17 1.42 0.130 1.49 1.36 0.279 0.128 168 285 55 22 30
18 1.39 0.134 1.57 1.35 0.283 0.190 184 283 '57 24 27

0 1.53 0.084 1.02

B - Upper leaves 

0.92 0.270 0.145 140 193 33 40 28
2 1.48 0.090 1.25 1.03 0.232 0.128 141 211 35 36 28
4 1.55 0.098 1.53 1.10 0.238 0.143 129 211 38 36 25
6 1.48 0.084 1.61 1.13 0.267 0.147 128 231 39 30 27
8 1.57 0.095 1.62 0.94 0.224 0.151 132 245 37 ‘ 22 26

10 1.53 0.093 1.70 0.85 0.253 0.159 145 243 48 17 27
11 1.46 0.092 1.68 0.89 0.286 0.152 169 260 45 15 25
12 1.55 0.090 1.66 0.89 0.290 0.156 146 265 46 13 28
13 1.56 0.050 1.76 0.90 0.302 0.158 173 261 48 11 28
14 1.51 0.110 1.75 0.91 0.296 0.143 176 269 48 11 27
15 1.51 0.113 1.79 0.87 0.300 0.146 162 254 49 10 26
16 1.46 0.114 1.75 0.87 0.271 0.156 164 244 50 8 24
17 1.48 0.117 1.68 0.89 0.265 0.134 156 257 47 8 24
18 1.49 0.115 1.67 0.90 0.258 0.134 174 239 48 8 26



APPEND IX  XII

E ffec t  o f boron stress on foliar nutrient composition o f c love seedlings

Months a f t e r  N P K Ca Mg S Fe  Mn Cu Zn B
trea tm en t________ %_______ %  %  %  %'_______ % ppm ppm ppm ppm ppm

0 1.29 0.098 0.67

A  - L o w er  leaves 

1.06 0.273 0.107 149 207 60 39 31
2 1.37 0.097 0.78 1.31 0.287 0.110 149 236 54 39 29
4 1.46 0.104 0.97 1.46 0.312 0.124 147 232 52 38 30
6 1.41 0.118 1.12 1.41 0.303 0.132 140 255 62 39 31
8 1.38 0.117 1.40 1.38 0.292 0.130 144 273 59 49 30

10 1.40 0.110 1.47 1.41 0.269 0.122 157 : 281 60 52 29
11 1.40 0.101 1.43 1.42 0.289 0.137 163 279 59 48 28
12 1.46 0.110 1.61 1.45 0.283 0.129 171 275 61 44 25
13 1.43 0.108 1.59 1.38 0.275 0.121 172 283 58 47 23
14 1.49 0.112 1.61 1.46 0.285 0.126 184 282 62 57 24
15 1.49 0.122 1.55 1.48 0.290 0.140 177 267 65 52 21
16 1.50 0.119 1.50 1.41 0.290 0.138 168 268 56 53 24
17 • 1.48 0.106 1.48 1.31 0.283 0.136 166 280 65 56 20
18 1.45 0.116 1.45 1.32 0.288 0.125 172 283 63 56 20

0 1.53 0.084 1.02

B - Upper leaves 

0.92 0.270 0.145 140 193 33 39 28
2 1.46 0.090 1.18 1.08 0.236 0.140 129 213 39 37 28
4 1.53 0.093 1.41 1.05 0.255 0.146 127 209 40 38 29
6 1.50 c0.085 1.74 1.00 0.267 0.153 .117 234 43 43 28
8 1.51 0.088 1.79 1.00 0.225 0.158 121 243 39 47 26

10 1.53 0.095 1.71 0.82 0.249 0.160 149 261 46 46 18
11 1.52 0.085 1.73 0.95 0.309 0.167 158 261 42 52 13
12 1.51 0.087 1.79 0.93 0.296 0.155 155 256 47 38 14
13 1.50 0.076 1.66 0.93 0.288 0.165 163 257 46 46 11
14 1.53 0.083 1.68 0.92 0.293 0.147 169 263 48 49 10
15 1.50 0.080 1.62 0.90 0.288 0.157 159 247 47 46 -10
16 1.5 2 0.098 1.60 0.92 0.270 0.159 148 254 42 49 9
17 1.49 0.087 1.56 0.94 0.289 0.152 146 264 56 51 9
18 1.46. 0.097 1.60 0.92 0.281 0.166 157 267 50 54 9



APPEND IX  XIII

Correlation coe ffic ien ts  and regression equation fo r  various parameters

o f  P absorption in healthy and defic ient plants

Variables Condition o f  „  . . 2 '
y vs. x , the plant Regress ion  equation R .

L e a f  P vs. Healthy y = 0.089 + 0.092 x 0.760
Stem P y = 0.077 + 0.210 x - 0.188 x 0.827
(%)

D e f ic ien t y = 0.072 + 0.043 x 0.528
y = 0.075 + 0.003 x + 0.160 x 0.522

Log  lea f  P vs. Healthy y = 2.335 + 0.215 x 0.677
Log stem P y = -0.169 + 1.343 x + 0.475 x 0.001

D e f ic ien t y = 2.705 + 0.060 x 0.252
y = 0.078 - 0.411 x + 3.417 x 2 0.001

Stem P vs. Healthy y = -158.720 + 318.410 x 0.467
Nodal rank y -  61.258 - 515.639 x + 1886 x 2 0.252

(ppm)
D e f ic ien t y -  176.153 + 116.153 x - 0.695

y = 13.679 - 70.100 x + 632.845 x 0.524

Log  stem P vs- Healthy y = 2.812 + 0.060 x 0.761
Nodal rank y = 3.112 - 0.062 x + 0.009 x 0.965

D e f ic ien t y = 2.602 + 0.050 x 0.870
y = 2.742 - 0.008 x + 0.004 x • 0.944

L e a f  P vs. Healthy y = 1124.230 + 5.989 x 0.001
Nodal rank y = 12.922 - 169.335 x + 1562.517 x 2 0.001

(ppm)
D e f ic ien t y = 875.525 - 10.839 x 0.035

y = 5.1 OS - 80.390 x + 1046.06 x 0.001

Log  le a f  P vs. Healthy y = 2.979 + 0.009 x . 0.246
Nodal rank y = 3.098 - 0.038 x + 0.003 x 0.614

D e f ic ien t y = 2.940 - 0.005 x 0.191
y = 3.024 - 0.040 x + 0.003 x 0.694



APPEND IX  XIV

o f  P absorption in healthy and d e f ic ien t  plants

Correlation coe ff ic ien ts  and regression equation for various parameters
32

Variables 
y vs. x ,

Condition 
the plant

o f
Regression equation R 2

32
L e a f  P vs. Healthy y = 116.489 + 0.184 x ? 0.088

32 y -  0.00008 + 0.362 x + 58.858 x 0.023
stem P j j

(cpm g "  ) D e f ic ien t y = 21.187 + 0.260 x 0.641
y = 0.00002 + 0 .126 'x + 108.142 x 0.416

Log lea f  ^2P vs. Healthy y = -0.165 + 0.826 x 0.019

Log stem ^2P y = 0.157 + 0.004 x + 0.888 x 0.001

D e f ic ien t y = -1.818 + 1.355 x 0.265

y = -0.456 + 4.124 x - 5.927 x 0.004

Stem ^2P vs. Healthy y = -22.809 + 94.974 x 0.293
Nodal ranj< y = 13.064 - 92.941 + 483.658 x 0.094

(cpm g )
D e f ic ien t y -  829.529. + 402.953 x - 0.840

y -  28.764 + 11.326 x + 130.732 x 2 0.446

32
Log  stem P vs. Healthy y = 2.317 + 0.065 x 0.546
Nodal rank y = 2.245 + 0.070 x -0.0004 x 0.581

D e f ic ien t y = 2.236 + 0.123 x 0.859
y = 2.198 + 0.138 x - 0.0011 x 0.860

T t  3 2 nL e a f  P vs. Healthy y = -3.568 + 37.884 x 0.786
Nodal rank y = -1.966 + 64.508 x - 67.458 x 0.073

(cpm g ) D e f ic ien t y = -83.872 + 91.621 x 0.367
y = 9.771 - 40.473 x + 231.376 x 0.192

Log  le a f  ^2P vs. . Healthy y = 1.594 + 0.106 x c0.687
Nodal rank y = 1.102 + 0.306 x - 0.015 x 0.887

D e f ic ien t y = 1.897 + 0.095 x 0.564
y = 1.914 + 0.088 x + 0.0005 x 0.564



APPEND IX  XV

Correlation coe ff ic ien ts  and regression equation for  various parameters

o f S absorption in healthy and defic ient plants

Variables 
y vs. x

Condition 
the plant

o f
Regress ion  equation R

L e a f  S vs. Stem S 
( oa

Log  le a f  S vs. 
Log  stem  S

Stem S vs. 
Nodal rank 

(ppm)

Log  stem S vs. 
Nodal rank

L e a f  S vs. 
Nodal rank 

(ppm)

Log lea f S vs.
Nodal rank

Healthy y = 0.034 + 0.866 x ? 0.943
y = 0.011 + 1.166 x - 0.959 x 0.946

D e f ic ien t  y = 0.091 + 0.352 x _ 0.836
y = 0.168 - 1.148 x + 6.960 x 0.942

Healthy y = 0.669 + 0.802 x 0.863
. y -  0.203 - 0.492 x + 2.728 x 0.001

D e f ic ien t  y = 2.275 + 0.276 x 0.670
y = 1.244 - 7.727 x + 13.578 x 0.001

Healthy y = 1659.33 - 28.97 x 0.013
y = 30.909 - 368.969 x + 2339.33 x 0.001

D e f ic ien t  y = 1354.0 -  44.181 x 0.112
y = 17.348 - 235.015 x + 1735.666 x 0.001

Healthy y = 3.215 - 0.008 x 0.110
y = 3.404 - 0.103 x + 0.009 x 0.902

D e f ic ien t  y = 3.132 - 0.017 x 0.305
y = 3.286 - 0.094 x + 0.007 x 0.624

Healthy y .= 1919.354 - 66.612 x 0.478
y = 14.879 - 226.923 x + 2236.135 x 2 0.001

D e f ic ien t  y = 1413.054 - 19.541 x 0.242
y = 7.169 - 98.782 x + 1566.500 x 0.001

Healthy y = 3.28 - 0.018 x 0.700
y = 3.364 - 0.58 x + 0.004 x 0.937

D e f ic ien t  y = 3.149 - 0.006 x 0.476
y = 3.200 - 0.032 x + 0.002 x 0.846



APPEND IX  XVI

Correlation coe ff ic ien ts  and regression equation for various parameters
35

o f S absorption in healthy and defic ient plants

Variables 
y vs. x

Condition 
the plant

° f  D • •Regress ion equation R 2

t * 35c L e a f  S vs. Healthy y = 40.455 - 0.654 x 0.006

Stem 35S y = 0.025 + 0.993 x + 16.914 x 0.029

(cpm m g-1 ) D e f ic ien t y = -50.858 + 0.731 x 0.573
y = 0.005 - 0.998 x + 58.284 x 0.927

Log  lea f  33S vs. Healthy y = 10.341 - 1.440 x . 0.185
Log stem 33S y = 1.425 - 14.129 x + 38.554 x 0.001

D ef ic ien t y = -5.880 + 2.031 x 0.756
y = 0.805 - 6.157 x + 14.912 x 2 0.001

Stem 33S vs. Healthy y -  27.051 + 1.320 x 0.015
Nodal rank . y = -1.185 + 14.360 x + 0.972 x 0.005
(cpm m g '  ) D e f ic ien t y = 275.716 - 23.250 x 0.833

y = 1.309 - 37.942 x + 306.832 x 2 0.048
35

Log  stem S vs. Healthy y =, 4.389 + 0.022 x 0.162
Nodal rank y = 4.009 + 0.212 x - 0.017 x 0.808

D e f ic ien t y = 5.530 - 0.075 x 0.931
y = 5.500 - 0.061 x - 0.001 x 0.934

L e a f  33S vs. Healthy y = 30.269 -  3.611 x 0.171
Nodal rank y = 1.128 - 15.767 + 54.290 x E
(cpm m g '  ) D e f ic ien t y = 150.28 - 17.814 x 0.559

y = 3.580 - 56.773 x + 225.146 x 2 0.829

Log le a f  35S vs. Healthy y -  4.393 - 0.102 x 0.636
Nodal rank y = 4.901 - 0.360 x + 0.024 x 0.890

D e f ic ien t y = 5.425 - 0.183 x 0.960
y .=  5.487 - 0.218 x + 0.003 x 0.962



APPENDIX  XVII

Correlation coe ffic ien ts  and regression equation for various parameters

o f Ca in sufficient and defic ient plants

Variables 
y vs. x

Condition o f  
the plant

Regression  equation R

L e a f  Ca vs. 
Stem Ca

Log  lea f  Ca vs. 
Log  stem Ca

Stem Ca vs. 
Nodal rank 

(ppm)

Log  stem Ca vs. 
Nodal rank

L e a f  Ca vs. 
Nodal rank 
(ppm)

Log lea f Ca vs.
Nodal rank

Healthy

D e f ic ien t

Healthy

D e f ic ien t

Healthy

D e f ic ien t

Healthy

D e f ic ien t

Healthy

D e f ic ien t

Healthy

D e f ic ien t

y = -0.379 + 1.490 x ? 0.302
y = -0.626 + 2.031 x -0.291 x 0.306

y = -0.203 + 1.914 x ? 0.795
y = 0.968 - 4.624 x + 8.044 x 0.881

y = -2.881 + 1.731 x _ 0.130
y = 0.599 - 2.998 x + 6.452 x 0.001

y = -1.117 + 1.346 x ? 0.640
y = 3.717 - 25.189 x + 46.137 x 0.001

y =7863 .333  + 201.758 x ? 0.065
y .= 58.523 + 845.50 x + 6575 x 0.001

y = 2003.33 + 442.121 x ? 0.786
y = -41.022 +893.371 x + 1100.835 x 0.007

y = 3.895 + 0.010 0.052
y = 3.828 + 0.043 x -  0.003 x 0.412

y = 3.354 + 0.049 x -  0.840
y = 3.218 + 0.117 x -  0.006 x 0.926

y = 3652.666 + 1078.242 x 0.976
y = 29.090 + 1398.242 x + 3012.666 x 0.010

y = 1013.333 + 989.939 x 0.929
y = 34.583 + 609.522 x + 1774.166 x 0.038

y = 3.655 + 0.054 x ? 0.924
y = 3.541 + 0.112 x -  0.005 x 0.977

y = 3.325 + 0.078 x 0.919
y = 3.191 + 0.145 x - 0.006 x 0.945



APPEND IX  XVIII

Correlation coe ffic ien ts  and regression equation for various parameters
4 5

of Ca in healthy and deficient plants

Variables 
y vs. x

Condition o f  
the plant

Regression  equation R

a vs.

Stem ^ C a  

(cpm g ' 1)

Log  lea f  ^ C a  vs 

Log  stem ^ C a

Stem ^ C a  vs. 
Nodal rank

(cpm mg b

45
Log  stem Ca vs. 
Nodal rank

t * 4 5 -  L e a f  Ca vs.
Nodal rcjnk
(cpm g- )

Log lea f ^ C a  vs.
Nodal rank

Healthy

D e f ic ien t

Healthy

D e f ic ien t

Healthy

D e f ic ien t

Healthy

D e f ic ien t.

Healthy

D e f ic ien t

Healthy

D e f ic ien t

y = -592.525 + 0.115 x 0.595
y = 0.001 -.0.080 x + 230.303 x E

y = -0.975 + 0.024 x _ 0.781
y = 0.0198 + 4.96 x + 1547 x 0.722

y = 0.392 + 0.526 x 0.204
y = 0.854 - 5.585 x + 10.761 x 0.004

y = -0.070 + 0.696 x 0.243
y = 1.540 - 15.572 x + 42.555 x 2 0.001

y = 16.582 + 5.544 x 0.515
y = 1.275 - 8.486 x + 11.478 x E

y = -175.017 + 98.866 x 0.855
y = 10.558 - 17.281 x + 57.278 x 0.405

y = 2.068 + 0.273 x 0.933
y = 2.283 + 0.166 x + 0.0098 x 0.941

y = 4.540 + 0.153 x . 0.969
y = 4.349 + 0.245 x - 0.008 x 0.989

y = -1680.533 - 488.896 x 0.105
y = 193.647 - 1641.228 x + 2579.716 x E'

y = -4.242 + 2.189 x 
y = -0.5350 - 3.696 x + 7.529 x

y = 1.400 + 0.171 x 
y = 2.412 - 0.340 x + 0.046 x

y = 2.993 + 0.124 x 
y = 3.597 - 0.178 x + 0.027 x

0.501
0.820

0.610
0.877

0.651
0.855
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AB STR AC T

Experiments w e re  conducted a t the C o l le g e  o f  H ort icu ltu re  on 

nutritional aspects o f  c lo ve ,  to study the nutrient d e f ic ien cy  symptoms 

as w e l l  as the distribution pattern  o f  nutrients in s ta rved  c lo v e  plants. 

The d e f ic ien cy  symptoms w e r e  induced in c lo ve  seedlings in sand culture. 

The distribution patterns o f  P, S (anions) and Ca (cation ) w e r e  studied 

in the nu tr ient-starved  seedlings em ploy ing  radio isotopes. Besides, the 

annual nutrient rem ova l and the seasonal f luctuations in the fo l ia r  nutrient 

concentration  w e r e  studied in bearing c lo v e  trees .

O lder leaves  w e r e  the f irs t  to  exh ib it  'hunger signs' due to  the 

stress induced by N , P , K and Mg starvation  w hereas the symptoms, 

w e re  m an ifes ted  on the younger g row th  due to  d e f ic ien cy  o f  Ca, S, 

Fe, Mn, Cu, Zn and B. G eneral ye l low in g  o f  the o lder leaves  and early  

d e fo l ia t ion  w e re  the symptoms expressed by N -s ta rved  plants. Phosphorus 

stress resulted in small brownish spots to  appear on o lder leaves  o f  

c lo ve  seedlings which la te r  coa lesced  to  fo rm  n ecro t ic  patches. T ip 

and marginal necrosis that gradually progressed inward marked the 

K -d e f ic ien cy  symptoms. Reduced shoot grow th  and tip  die back associa ted 

w ith  necro t ic  patches on upper leaves  w e r e  the character is t ics  o f  Ca 

de f ic iency . Though the ch lo ro t ic  symptoms w e re  visualised on the older 

leaves o f  Mg starved  plant, it  soon spread to  younger leaves  which fa i led  

to deve lop  full s ize  and colour and becam e n ecro t ic  la te r .  N ew ly  fo rm ed  

fo l ia g e  o f  S -starved plants w e r e  ch lo ro t ic  and reduced in s ize  w ith  a 

tendency to drop prem ature ly . In terve ina l chlorosis w ith  the la te r  grow th  

paler and papery w h ite  w e r e  the character is t ics  o f  F e  d e f ic ien cy .  The 

new grow th  putforth by Mn, Cu and Zn starved  plants had abnormal 

leaves, ch arac ter is t ic  to  each e lem en t . Z inc d e f ic ien cy  was unique w ith  

the s ickle shaped leaves  and rose t te  appearance. Boron d e f ic ien cy  was



There  was reduction in the grow th  a ttr ibu tes  due to  induced nutrient 

stress. The adverse  e f f e c t s  w e re  m ore marked in the case o f  N and 

S starvat ion , wherein  the plant height, le a f  area  and to ta l  biomass 

produced w e re  reduced to  the ex ten t  o f  20 to  53 per cen t. Calc ium  

was found to in lfuence root g row th  the most. Am ong the minor e lem ents , 

Zn and B stress had more pronounced reduction in grow th  (17 to 25%). 

The nutrient stress reduced the fo l ia r  leve ls  o f  that particu lar e lem ent 

in the plant and was occasionally  in te r fe red  w ith  the other e lem ents . 

N -P ,  P-Zn, K -M g , Fe-M n in teract ions w e r e  observed.

The patterns o f  distribution and translocation  o f  P, S and Ca w ere

found to vary in c lo ve  plants. Stem was a b e t te r  accum ulator o f  P whereas

S le v e l  was m ore in leaves . L ow er  plant parts reg is te red  high P and

Ca leve ls  whereas reverse  was true fo r  S in plants su ff ic ien t ly  supplied

w ith  the nutrient. L ow er  shoot portion accum ulated most o f  th e .  radio

label in P and Ca-starved  p la i ts .  Major part o f  the rad io label was

recove red  from  upper parts o f  the S-starved plants. Phosphorus from

low er plant parts w e r e  rem obilised  under the stress condition whereas,

S was found not translocated . The leve ls  o f  the e lem en t  in the stem

and le a f  w e r e  found co rre la ted , ind icating the supply o f  P  and S to

the le a f  from  the corresponding stem  portion. In the case o f  Ca, such

a re la tion  was observed only in the starved  plants. Stem was found to

be a b e t te r  sink fo r  the absorbed 45C a- labe l both in the case o f  d e f ic ien t  

and su ff ic ien t  plants.

In an adult 'c lo v e  t re e  which had just s ta rted  bearing, l e a f  was 

found to be the major accum ulator o f  N , S, Fe  and Mn on drym atter  

basis. F low er  buds served  as the best sink fo r  K and Mg. Both the stem

characterised by britt le  leaves, occasionally with tip and marginal necrosis.

New growth was small and aborted in case of B starved plants. Molybdenum

stress did not produce any symptoms during the period o f 24 months.
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