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INTRODUCTION



1. I N T R O D U C T I O N

Po tass ium  is one  o f  the major  nu t r i en ts  required  for the g rowth  

p rocesses  o f  all p lants .  Its con te n t  in p lant s  var ies  b e tw e e n  1-4 per  cent  

Even  though  it is not  a s t ructura l  c om ponen t ,  po tas s ium  is very essent ia l  

for the plan t  g rowth  because  o f  its role in r egu la t ing  m any  vital  funct ions  

l ike ca rbon  ass im i la t ion ,  e nzym e  ac t ivat ion ,  o s m o t i c  regu la t ion ,  

t rans loca l ion  o f  pro tein and sugars ,  d i sease  re s i s tance  etc.  Po tass ium  is 

a lso im p o r ta n t  for im p ro v in g  the qua l i ty  o f  fruits by m a in ta in in g  des ir ab le  

sugar/ ac id  rat io,  r ipen ing  o f  fruits and  many other  phys io log ica l  

p rocesses .

In tuber  c rops  the main  func t ion  o f  K is s tarch syn thes i s  l ead ing  to 

the p r o m o t io n  o f  tuber  g rowth  th rough  the acce le ra ted  t rans loca t ion  of  

pho lo sy n th a te s  f rom leaves to tubers .  C o m p a re d  to any other  e le m en t .  K 

plays the key role in the root  yield o f  tuber  e rops  by increas ing  

p h o to syn the t i c  eff ic iency.  A high level  o f  K increases  l ea f  area du ra t ion  

and s u p p re s s e s  exces s ive  l ea f  g rowth  resu l t ing  in h ighe r  root  yield (Hahn.  

1977).

Co leus  (So le  nos  l em on  ro tu n d i jo l  m s . Syn. C ole us  purvi f loru.s)  

o th e rw i s e  k n o w n  as C h in e se  po ta to  is supposed  to be a nat ive o f  Central  

East  Af r ica;  but it has adapted  well in Sou th  East Asia  inc lud in g  India and 

Sri Lanka .  It is g rown  in m os t  o f  the hom es te ad  ga rdens  o f  Kera la  and 

Tamil  Nadu.  The  plan t  is a smal l ,  he rbaceous ,  bushy  annual  wi th  succu len t  

s tem s  and  a rom a t ic  leaves,  which  at ta ins  a he ight  o f  abou t  20 -40  cm and 

be longs  to the family Labiatae.  The  du ra t ion  o f  the crop is abou t  5 

months .  The plant  bears  a c lus te r  o f  dark,  b row n ish ,  h e te ro m o rp h o u s  

tubers ,  which  is used as a vege table .  It has  a prost rat e  or a s c e n d in g  s tem,  

the leaves are thick succu len t  with a rom a ti c  smell.



In India ,  co leus  tuber s  are  used ju s t  l ike po ta to  in curry 

p r ep a ra t i o n s  and are popu la r  for its a rom a ti c  f lavour .  It can be baked  like 

po ta to  or made  into chips .  C o le us  tubers  are rich in c a rbohyd ra te s  (18-21 

per cen t)  but  low in pro tein  con ten t  (1-1.5 per  cen t)  on f re sh  weight  basis.  

The  tubers  are a lso rich in m ine ra l s  like Ca and Fe and con ta in  cer ta in  

v i tam ins  inc lud in g  th iamine ,  r ibo f lav in ,  n iac in  and ascorb ic  acid.

Co leus ,  be ing  a tuber  crop,  its K nutr i t i on  is very im por tan t .  A m o n g  

the tuber  crops ,  co leus has a c om pa ra t ive ly  high requ i rem en t  o f  K than 

o ther  e lem en ts .  C o n s id e r in g  the qua l i ty  o f  tubers ,  co leus  r equ i res  a special  

a t t ent ion  in that  it has  som e  m ed ic ina l  proper t ie s  bes ides  its cu l inary  

va lue.

Po ta ss ium  be ing  an im por tan t  nut r ient  for tuber  c rops ,  a good share  

o f  the cu l t iv a t io n  expenses  accoun ts  for the cost  o f  this  nu t r i en t  a lone.  As 

an im por ted  fer t il izer,  our  coun try  has to e x p e n d  a m ajo r  share  o f  its 

incom e  for K fer t il izers.  It will  be highly  e c o n o m ica l  i f  any o ther  

i nd igenous  mater ia l  can be used  at least as a par t i a l  subs t i tu te  for this 

cost ly  fer t i l izer.

In several  e x p e r im e n t s  conduc ted  in the Kera la  Agr icu l tu ra l  

Un ivers i ty ,  it has been proved  that  Na can be used as a par t ia l  subs t i tu te  

for K ( M a t h e w  el a l ., 1984; P re m a  et al, .  1987; George ,  1995; Joggy,  

1995; I . ekshmi,  2000 ;  Sunu,  2001 ;  Su d h a rm a id ev i  el a /,, 2003) .  Benefic ial  

in f luence  o f  subs t i tu t ion  o f  K by N a  on g rowth  o f  p lan t  has a lso been 

reported  by N a i r  et al, (1980)  in cassava  and Elsie el al. (2000)  in rubber .  

U nder  l imited K supp ly .  Na can pe rfo rm some o f  the no rmal  funct ions  o f  

K such as m a in te n a n c e  o f  ionic ba lance ,  which is necessary  for 

phys io log ica l  p rocesses  (Tisda le  el al... 1992) . The  benefic ia l  effec t  o f  Na 

has  been ex p la in ed  as a spa r ing  ac t ion of' K th rough  red i s t r ibu t ion  o f  K 

from places  o f  a bunda nce  to those  o f  def ic iency .  Several  research  works  

revea led  the facts that  Na* can s t imula te  K" t ransport  by a m odera te



am o u n t  and it is m os t  ev id en t  at low  levels  o f  K (Box and S e h a c h tm an .  

2000;  Hayes el a!.. 2001) .

Growth  s t im u la t ion  by Na is caused  main ly  by its effect  on cell 

expa ns ion  and on the w a te r  ba lance  o f  the plant . Due to higher  supp ly  of  

sod ium  to the plants ,  the leaves be c om e  m ore  succu len t ,  th icken  and  s tore  

more  water  per  unit lea f  tire a. Also Na im proves  the wa te r  ba lance  of  

pl an ts  w hen  the water  supply  is l imited .  Th is  occurs  th rough  s tomata!  

regula t ion.  In this  exp e r im e n t ,  the plan t  used (co leus)  is a he rbaceous  

succu len t  plant .  Since  Na has a role in w a te r  e c o n o m y  o f  the plant ,  it will 

favourab ly  in f luence  the g rowth  o f  co leus  plant .  Being a tuber  crop the 

r eq u i r em e n t  o f  K for tuber  g rowth  is very high.  Hence  this  s tudy was 

unde r taken  with the fo l lowing  ob jec t ives :

1. To find out  the syne rg is t i c  effect  o f  N a  and K on the g row th  and  yield 

o f  co leus ,  a tuber  crop.

2. If there  is such a synerg is t i c  in te rac t ion,  then  to find out  the o p t im u m  

level s  o f  these two nu tr ien ts  to get the m a x i m u m  yield.

3. To find out  the e c o n o m ic a l ly  most  sui ted nut r ient  c o m b in a t io n  giving  

o p t im u m  yield.
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2 . R E V I E W  OF L I T E R A T U R E

Potass ium is a very impor tan t  nutrient  for the normal  growth  and 

de ve lopm en t  o f  all plants .  Gene ra l ly  tuber  crops have a high requ i rem ent  of  

K. A m o n g  the impor tan t  tubers,  coleus  (Sole  nos lemon r o tu n d i j o h u s  Syn. 

Coleus  p a rv i f lo rus  L.) has the highest  requ i rem ent  o f  K. A ccord ing  to 

several  s tudies ,  tuber  de ve lopm en t  main ly  depends  on the avai labi l i ty  o f  K 

(Mayer  and A nderson ,  1970;  A shoka n  and Sreedharan ,  1977). S imi la r  to K. 

Na, which  is also a univalen t  cat ion has shown some beneficia l  effect  on the 

growth  o f  several  plant  species  (Browne l l ,  1965). The subst i tut ion  o f  K by 

Na was found to have a favourable  inf luence  on plan t  g rowth  o f  sweet  

po tato  (George ,  1995)  and cassava  (Sudharm aidev i  and Padm aja .  1996a). 

Hence  the synergis t ic  effect  o f  Na along with K was invest igated by 

conduc t ing  field exper imen ts  with coleus.  Li terature re la t ing to the effect  o f  

K. and Na on var ious plant g rowth  and yield parameters  o f  d iffe ren t  crops  is 

rev iewed  in this chapter .

2.1 G R O W  1 11 C H A R A C T E R I S T I C S

2.1.1 Plant  G rowth

2. J. /. /  Effec t  o f  P o tass ium

In cassava,  Pillai  (1967)  observed  s ignif icant  increase in height  with 

K and Ca appl icat ion.  Po tass ium appl icat ion in potato was found to increase 

the height o f  the plant  (Rajanna  el al., 1987). S imila r  resul ts  were obtained  

by Ashokan et al. (1988) and J imenez (1990) in cassava, But Pushpadas and 

Aiyer  (1 976) observed that height o f  cassava plant decreased with K application. 

Similar results were observed by Gupta (1992) in potato, Ray et al. (1993)  in 

banana  and Singh et al. (1993)  in potato.

In an experiment ,  Janardan Singh et al. (2000)  found that  better  K 

nutr i t ion resul ted in increased plant  height  and growth  in rice and wheat



W a k e d  et al. (2002)  repor ted a s imila r  resul t in maize.  But contrary  to this, 

in potato Sobhani  et al. (2002)  not iced that K had m in im um  effect  on plant 

height,  Behura (2001)  reported that  there  was no s igni f ican t  effect  on plant  

height due to the appl icat ion o f  K in m ango  ginger.

2.L I . 2 Effect  o f  Sodium

Besford (1978)  not iced that there  was no reduct ion in growth  rate in 

tomato  plant  when sod ium was presen t  up to 2.4 per cent  o f  dry weight  

While  s tudy ing  the effect  o f  NaCl in cassava,  a concen t ra t io n  o f  0 -400  ppm 

NaCl resul ted in reduced plant  growth  and tuber  ini t iat ion occurred  al 2000 

ppm and above  levels o f  NaCl (Indira,  1978).

In Acac ia  ni lot ica  p lants,  Nabi l  and Coudre t  (1995)  observed  that

uplo 100 m M NaCl concen tra t ion ,  plants were healthy and actively

growing.  However ,  the growth  decreased  as the sal ini ty increased.  In a 

study o f  subs t i tu t ion  o f  K by N a  in sweet  potato,  it was found that 

m ax im u m  length o f  vines  was p roduced  when.  50 per cent o f  K was 

subst i tuted  by Na (George,  1995). In another  experiment .  Sudharn iaidcvi  

and Padmaja  ( I 9 % a )  found that the growth in cassava was  m ax im u m  when 

50 per cent K as muriate  o f  po tash was replaced with Na o f  c o m m o n  sail.

Khan et al. (1997)  deve loped  a negat ive corre lat ion  between  the 

NaCl concentrat ion and relative value o f  plant  height  in rice. Karikaian et at.  

(1999)  observed that in pigeon  pea.  the NaCl s tress inhibi ted the root and

shoot  length o f  plants.  I .ckshmi (2000)  observed that, in banana c \ .

Nendran .  plant  height  was m ax im u m  at f lowering and harvest  s tages  when 

50 per cent  o f  K was subst i tuted with Na. Blit beyond that subs t i tut ion,  

plant  height  decreased.

Sunn (2001)  found that when 50 per  cent  K was subs t i tuted  by Na. 

the growth  and height  o f  the plant  s ignif icant ly increased in banana c \ .



Robusta .  Toz lu  et al. (2004)  observed that a l inear  re la t ionsh ip exists 

be tween  s tem e longa t ion  and salt concen t ra t ion  in P o n c in t s  tri fol latu.

2.1.2 Nti in her o f  Leaves and Branches

2 .1 .2 . }  Ef fec t  o f  Po ta s s ium

■Ashokan et al. (1988)  reported that  N and K : 0  app l icat ion increased 

the n um ber  o f  leaves per plant  in cassava.  But Pushpadas  and Aiyer  (1973)  

found no s ignif ican t  effect  be tween  num ber  o f  leaves and K app l icat ion in 

cassava. Similar  results were reported by Rajanna et al. (1987) and Singh et a!. 

(1993)  in potato and Ray et al. (1993)  in banana.

fhe  num ber  o f  b ranches  in swee t  potato was found to increase with 

K. appl icat ion  with a m a x im u m  at 100 kg K iO  ha"1 ( O o m m e n ,  1989). 

Sudhadevi  (1990)  in an experiment  with 50. 75 and 100 kg KAO h a ' 1 found 

that the num ber  o f  branches was not influenced by different  levels o f  K in 

sweet potato.  Simi lar  resul t was reported by Nair  (1994)  in sweet  p o t a t o .

Increased levels o f  K resul ted in an increas ing  t rend on the total 

num ber  o f  leaves and the n um ber  o f  funct ional  leaves in banana  ev. 

N end ran (George ,  1994) and cv. Robus ta  (Pari da et a I ., 1994) respect ively.  

Janardan  Singh et al. (2000)  repor ted that  there  was an increase in the 

num ber  o f  shoots  due to increased appl icat ion  o f  K in whea t  and rice.

2.1.2.2 Effect  o f  S o d iu m

In coconut palm the number o f  leaves increased when 50 per cent K was 

substituted with Na (Prema et al.. 1987). A decrease in number o f  leaves with an 

increase in NaCl concentration was reported by several research workers lYaseen 

et al. (1989) in barley. Yang el al. (1990) in sorghum, Ibrahim et al. ( 1991 ) and 

Manual et al. (1993) in potato, Valia et al. (1993) in passion fruit. Nabil and 

Condre t  (1995)  m Acac ia  n i lo t ic a , Sharm a  (1997)  in chick pea and Sharma  

et al. (1997)  in sugarcane) .  George  (1995)  observed  that  50 per cent



subst i tut ion  o f  K by Na produced m ore  num ber  o f  leaves in swee t  potato In 

a study o f  NaCl nutr i t ion in coconut ,  it was found that NaCl Av I kg t r e e ' 1 

y e a r ' 1 a long  with the r ec o m m e n d e d  dose o f  NPK signi f icant ly  increased the 

num ber  o f  funct ional  leaves ( Devasenapa thy  el al.,  1996).

Rnwat  and Bancrjee <1998) observed  that salinity t reatment  in 

Eucalyp tus  c a m andu le ns i s  and Du/berg ia  s is soo  resul ted in s ignif icant  

varia t ion in leaf  number ,  which general ly  increased al lower  salt levels hut 

decreased  at higher  salt levels.

In banana  cv. N end ran, Lekshmi {2000)  obse rved  that  there was 

m ax im um  num ber  o f  leaves when 50 per cent K was subst i tuted with Na of  

co m m o n  salt. Sunu (2001)  obse rved  that there  was no s igni f icant  increti.se in 

the num ber  o f  leaves due to N a  t rea tment  in banana cv. Robusta .  Babu and 

T h i rum urugan  (2001)  repor ted a reduct ion  in num ber  o f  leaves in sesame 

due to increased NaCl concen tra t ion.

2.1.3 Leaf  Area Index

2.1.5.1 Effec t  o f  Po tass ium

Kulia  el al. (1992) observed  in mustard  (Brass ica j unceu  L.) that 

application o f  N and K increased the leaf area significantly. Chakrabarlhy et al. 

(1993)  repor ted that I.AI and Leaf  Area Durat ion gradual ly  increased in 

sweet potato cullivars up to 90 days with enhanced K levels. But Singh et al. 

(1993)  found that increase in the levels o f  K had no s ignif icant  effect  on 

leaf  area per  plant  in potato.  Simi lar  observa t ion was made  by While  ( 1993) 

in rye plant.  Janardan  Singh el al.  (2000)  reported an increase in the leaf 

area due to increased K supply in whea t  and rice.

2.1.5.2 Ef fec t  o f  S o d iu m

Maliwai  and Paliwal  (1979)  found that increased salinity resul ted in 

decreased length and width o f  leaves o f  carrot and radish.  Simi la r  resul ts



were ob ta ined  by Kayani  and R a hm a n  (1988)  in maize and Yaseen el al.

(1989)  in barley.

In S o r g h u m  hi color  and S o r g h u m  halepcn.se  as NaCl concen t  rat ion 

increased,  the lea f  area was found to be decreased  (Yang  el al. ,  1990). 

Similar  resul ts  have been reported by Pezeshki  and Pan (1990)  in rice. 

Ibrahim el al. ( t 99 1) in co leus and Val ia  el al. (1 993)  in passion fruit.

Nabi l  and Coudre t  (1995)  observed  that  at sal ini ty above  100 m VI 

NaCl,  the growth  o f  A cac ia  ni la t ica  subspec ies  decreased .  But  in cassava 

50 per  cent subs t i tut ion  o f  K by Na recorded  m ax im um  LAI at all s tages o f  

growth o f  the plant  (Sudharm aid ev i  and Padmaja .  1997). A reduct ion  in the 

leaf  area o f  ch ickpea  was repor ted by Sharm a  (1997)  at high levels  o f  

salinity.  Simi la r  resul ts  were reported by Sharma et al. (1997)  in sugarcane .  

Pardossi  el al. (1998)  in A pium  graveo lens  and Karikalan et al. (1999)  in 

pegeon pea.

Lekshmi  (2000)  reported that m ax im um  LAI was ob tained when 50 

per cent  K. was subs t i tuted  by Na in banana  cv, N end ran. A s imilar  result 

was reported by Sunu (2001)  in banana  cv. Robusta .  Nandini  and Suhhendu  

(2002)  reported that appl icat ion o f  NaCl resul ted in decreased  total leal area 

in m ungu  bean. A sh ra fuz z a m a n  el al. (2002)  found that  the I cat  area of 

maize reduced when  salinity increased.

2.1.4 Relat ive W ater  Content  in Leaves

2.1.4, !  Ef fec t  o f  Po ta s s ium

Potass ium is essent ia l  for regulat ing the water  econom y  inside the 

plant  cell. Reduct ion o f  t ranspirat iona l  water  loss th rough  s tomatal  

regulat ion and improved water  use eff iciency o f  plants  with appl icat ion of  

K was reported by Blanchet  et al. (1 969).

Skogley (1976)  has shown that  barley plants  well  suppl ied with 

potass ium closed their s tomata  in 5 minutes  and reduced  t ranspi ta t iona l  loss 

o f  water.  Po tass ium  enriched covvpea seedl ings showed high relative water



content  (Sastry,  1982). A ppl ica t ion  o f  K has been found to reduce 

t ranspiral iona l  losses  in the crop receiv ing a res t r ic ted water  supple 

(Nelson.  1982).

Prasad et al. (2000) not iced that increasing doses  o f  K s ignif icant ly  

enhanced  the water  use eff ic iency at all mois ture  levels in m ungu  bean. 

This  may be due to the favourable  effect o f  K on osm o- regu la t ion  o f  crop 

under  stress.

2.1.4.2 Ef fec t  o f  S od iu m

L eaf  wa te r  conten t  and sal inity  showed a nega t ive corre la t ion  in 

1'radescant ia  a lb i f lora  (Nejad.  1988). in f inger  mil le t  (Onkwara ,  1990) and 

in rice {Flowers  et al... 1991). A s h r a f  (1989)  repor ted that as salinity 

increases  water  conten t  also increases.  Decreased t ranspirat ion due to the 

increased s tomata)  c losure is the reason for increasing the water  content in 

plant  t issue due to salinity (Ziska  and Hutmache r .  1989).

Increase in l ea f  water  potent ia l ,  wi th  low levels  o f  sal inity  in barley 

seedl ings  was repor ted by D h indwal  et al. (1992) . Le a f  water  potential  

decreased  l inear ly  with increasing  salt  concen t ra t ion  in Mc!i lou i \  i n d i m  

repor ted by Ashrah (1993) . Al-Harbi  and Bar rage (1993)  reported that  al 

high sal inity  levels,  plant  water  uptake and relative water  content  were 

s igni f icant ly  reduced  in c u c u m b e r  ( C ucum is  sat ivus).

In Lycopers icon  p im p i n e l l i f o l i u m , lea f  succu lence  as well as leaf  

water  content  o f  salinizcd plants  increased s ignif icant ly  (G u e rn e r .  1990). 

Similar ly ,  in A pium  gruveo lens .  Pardossi  et al. (1998)  repor ted an increase 

in lea f  water  potent ia l  when the plants  were t reated with 50 m M NaCI.

S udharmaidev i  and Padmaja  (1997)  repor ted that when 50 per  cent K 

was subs t i tuted  by Na. there  was a high s tatus o f  re la tive water  content 

th roughou t  the growth period o f  cassava.  A s imilar  resul t was ob tained by 

Sunn (2001)  in banana  cv. Robusla.



2.1,5 C h lor op h y l l  Content
t

2.1.5.1 Ef fec t  o f  P o ta s s iu m

Increased  K supply was found to increase the chlorophyl l  

concen t ra t ion  in the leaf  o f  spr ing wheat  (Forster ,  1976). But  in spring 

barley, increased K supply decreased the ch lorophyl l  concen tra t ion  

(V ot ruda  and Kasc.  1979).

In a lfalfa,  a l inear  increase in ch lorophyl l  concen t ra t ion  with 

increased app l icat ion o f  K w-as repor ted by Coll ins  and Duke  (1981).  Patil 

et a!. (1987)  also reported a posi t ive r ela t ionship  with ch lorophyl l  conten t  

o f  the leaves o f  tobacco.  In an experiment ,  Janardan Singh et a!. (2000)  

revealed that  increased K supply increased the chlorophyl l  content  o f  l ea f  in 

whea t  and ricc.

2.1.5.2 Effect  o f  S od iu m

The s t im ula t ive  effect  o f  sal inity  on ch lorophyl l  p roduct ion  was 

reported by several  workers  in different  plants.  In many p lan ts  lota! 

ch lorophyl l  content  was found to increase as a resul t o f  increased salini ty 

(Parasher  and Varma.  1987; A bdu l l ah  and Ahm ad ,  1990; Dhindwal  et a!.,

1992). But nega t ive response  has a lso been repor ted by many scient is ts  

(Pandey  and Saxena ,  1987; Ashraf ,  1989; Lcgaz et al.,  1993).

A m ara n th u s  tr icolor  L. deve loped  a high chlorophyl l  conten t  in the 

leaves when t reated with N a  (Ohta  et al.,  1987). A s tudy by A ndo  and 

Oguchi  (1990)  revealed that  chlorophyl l  conten t  increased be cause  o f  the 

invo lvem en t  o f  N a  in the ch lorophyl l  synthesis.

An experiment  conducted by Sudharmaidev i  and Padmaja  (1997)  

revealed that ch lorophyl l  con tent  increased with increasing levels o f  Na 

subs l i tut ion  in cassava showing  the role o f  Na in the chlorophyl l  

b iosynthesis  in the plants.  But  in c luster  beans.  Garg  et al. (1997)  reported 

a negat ive rela t ionship  be tween  chlorophyl l  content  and salinity.



In Eucalyp tus  c a m ak h t le n s i s  and Dalberg iu  s i s s o o , Raw a! and 

Bane r jee  (1998)  not iced that  al lower levels  o f  sal ini ty there  was an 

increase in ch lorophyl l  concen t ra t ion  but h igher  sal inity  reduced  its content .  

In an exper imen t ,  Pushpam and Rangaswam y (2000)  found tluit total 

chlorophyl l ,  chlorophyl l  a, chlorophyl l  b and chlorophyl l  a /ch lo rophyl l  h 

ratio increased with increasing NaCl concen tra t ion  up tp I per cent. Balm 

and T h i rum urugan  (2001)  in s e sam um  and Sul tana et al. (2002)  in rice 

reported a reduc t ion in chlorophy l l  conten t  due to increased  salinity.

Goyal  et al. (2002)  reported that  the total ch lorophyl l  content  

increased with increasing salinity in Indian mustard at all growth stages. Similar 

result was reported by Kamal  et al. (2003) in soybean ( G lycim max  1.,).

2.2 YIELD A N D  YIELD A T T R I B U T E S

2.2.1 Effect  o f  Potassium

Potass ium plays a key role in improving yield and  yield att r ibutes .  

Ashokan  and  Sreedharan  (1977)  reported a progressive increase  in the tuber  

yield o f  cassava  up to 112.5 kg level KAO beyond which there was a 

s ignif icant  reduct ion,

Aiyer  and Prabhakum ari  (1983)  found that tuber  yield increased with 

increased app l icat ion o f  K iO  up to 100 kg ha"1 in cassava,  Ashokan  et a!. 

(1984)  reported a quadrat ic  response  with respect  to tuber yield in sweet  

potato due to K appl icat ion.  Rajanna  et al. (1987)  not iced a s ignif icant  yield 

di ffe rence  at different levels o f  K. in potato.

Uebel  (1992)  reported marked yield increase in po ta toes  at all sites 

in response  to K fer t il izat ion.  Chakrabar thy  et al. (1993)  not iced that there 

was a s ign if icant  increase in the yield o f  sweet  potato with addi t ion  o f  K up 

to 60 kg ha"1, but higher  doses  fai led to increase the tuber  yield.

George (1994)  reported a s ignif ican t  high yield o f  banana  cv. 

Nendran when t reated with K at 225 g plant"1. Shecla  (1995)  not iced 

increased length and weight  o f  fingers with increasing levels o f  K in tissue



cul tured banana  cv. Nendran .  Sindhu  (1997)  obtained the highes t  bunch 

weight  and num ber  o f  f ingers  per  bunch  at 450  g koO  p l a n t ' 1 com pared  to 

other  lower doses.  Jan aid an Singh et al. (2000)  repor ted that yield o f  wheat 

was s ign if icant ly  higher  with better K. nutri tion.

Sobhani  et al. (2002)  repor ted that K appl icat ion increased the crop 

yield and biological  yield in potato.  K has  a m in im um  effect  on tuber  plant' ' '  

but it increased the average tuber weight.  Simi lar  resul t was reported by 

Sai ful lah  et al. (2002)  in wheat .

2.2.2 Effec t  of  S od ium

Hamid  and Tal ibudeen (1976)  found that  yield o f  bar ley and sugar 

beet were increased but that  o f  broad bean was adverse ly  affec ted  by (he 

app l icat ion  of  Na.  Maliwal  and Pal iwal  (1979)  observed  that  the lap root 

yield o f  carrot  and radish regula r ly  decreased  with increase in salt 

concentrat ion. Nair  er al. (1980)  recorded higher tuber yield at 200 kg NuCl h a '1 

out o f  the 3 levels wT., 200,  400 and 600 kg NaCl ha"1 in cassava.

M athew  et al. (1984)  repor ted that in coconut ,  subs t i tu t ion  o f  KAJ by 

N a 20  to the extent  o f  50-75 per  cent  could main tain yield as at 100 per cent 

K. P rema  e( al. (1987) repor ted that  when K was subst i tuted  with Na to the 

extent  o f  0 -100  per  cent ,  the t rea tments  did not in f luence the copra  weight  

n u f 1 s ignif icant ly .

Q uada r  (1988)  repor ted that grain yield was adverse ly  affec ted  with 

increas ing levels o f  sodici tv s tress in rice, Alam et al. (1989)  observed  that 

fruit yield o f  tomato  was s ignif icant ly  reduced  with increase in salinity 

levels.  Abdul lah  and Ahm ad  (1990)  reported that sal ini ty reduced the 

weight  o f  tuber  per plant  in potato.  Tuber  yield in potato was found to be 

inversely related to soil salinity (Mangal  et al... 1993).

Higher  salinity was found to reduce  the yield o f  crops s ignif icant ly  

as reported by l lock ing  (1993)  in sorghum. Gnrg et af. (1997)  in Indian



musta rd ,  Pa lan iappan  and Yer r i swam y (1996)  in potato,  Ecsch et al. (1990)  

in whea t .  Sharma et al. (1997)  in sugarcane  and Maliwal  (1997)  in wheal .

George  (1995)  observed that all the yield con tr ibu t ing  charac ter s  like 

num ber  o f  tubers  plant"1, length and girth o f  tubers  were the highest  at 50 

per cent subs t i tut ion  o f  K by Na in sweet  potato.  In cassava .  Sudharmaidev  i 

and Padmaja  (1996a)  repor ted m ax im um  yield when 50 per  cent  o f  the k  

was subs t i tuted  by Na as c o m m o n  salt. But,  100 per cent  subs t i tut ion by Na 

reduced  the yield.

Increase in bunch yield o f  banana  cv. N endran  at 50 per cent 

subs t i tut ion o f  K by Na as c o m m o n  salt was reported by Lekshmi  (2000) .  

Daniel t s et al. (2001) reported a reduced yield o f  sorghum (Sorghum bicolor)  at 

higher  levels o f  salinity.  Sunu  (2001)  reported increase in yield o f  banana 

cv, Robus ta  at 50 per cent subst i tut ion  o f  K by Na.  Ghosh  et al. (2001.1 

repor ted that  salt s tress decreased  the total and marke table  tuber  yield due 

to the decrease  in the tuber  num ber  per  plant  and average  tuber  weight .

Akram  et al. (2002)  found that  as the NaCl salinity increased the 

number  o f  spikelets per spike,  number  o f  grains per spikelel  and yield plant 

decreased  in wheat . Raya et al. (2002)  reported that s t r awberry  plants  

grown at h igher  levels o f  NaCl had less fruit yield than those grown in 

norma! nutrient  solut ion.  Callu (2003)  repor ted that  increased sal inity  above 

the th reshold lor cot ton and wheat  resul ted in a l inear  decrease in the crop 

yield.

2.3 DRY M A T T E R  P R O D U C T I O N

2.3.1 Effect  of  P o ta s s iu m

Ashokan  and Sreedharan  (1977)  found that  dry matte r  product ion  m 

cassava (variety  H 97) was m a x im u m  at 112,5 kg levels  o f  KAO ha"!. in 

banana cv. Wil l iams .  Turne r  and Rarkus  (1980)  found that K def ic iency 

resul ted in a reduct ion o f  79 per  cent in the total dry matter  product ion  of



fruits. Increased levels o f  K were found to increase the total dry matter  

conten t  in banana  cv. Pa layam kodan  (Sheela ,  1982).

Shee la  et al. (1999)  repor ted that increased app l icat ion o f  K. 

increased the dry matter  product ion  in banana cv, Pa layam kodan .  Sharma 

and l izekiel (1993)  not iced that app l icat ion o f  K increased the dry matte r  

content in potato.  Al higher  levels o f  K dry matter  conten t  decreased,  But in 

wheat  higher  levels o f  K increased the dry matter  conten t  (Singh et at..

1993).

'I'otal dry matte r  product ion was found to be m ax im u m  in the 

t rea tm ent  with 600 KwO p l a n t ' 1 in banana cv. Nendran  (George ,  1994). 

Janardan Singh  el al. (2000)  found that increased K supply  increased the 

total dry matte r  product ion in wheat  and rice.

2.3.2 Effect  of  Sod ium

A ccord ing  to Brownel l  (1965)  dry matter  product ion in A triplex  

vesicar ia  increased four  t imes when fer ti l ized with Na.  in sugar  beet when 

Na was appl ied  along with other  nutr ients ,  plant  growth  was increased ihi -  

Sheikh et al.. 1967). Ware ho Iowa (1971)  observed  that  Na appl icat ion 

increased the dry matte r  yield o f  roots  and the effect  was the greatest  when 

K was  modera te ly  defic ient  and also when 50 per  cent  K tO  and 50 per cent 

Na->0 were suppl ied.

An inverse re la t ionship be tween  NaCl concen t ra t ion  and dry matter  

p roduct ion  was not iced by C ha va n  and Karadge  (1980)  in peanut .  Khanna  

and Balaguru  (1981b)  found that dry weight  o f  shoot ,  col l ar  and root of  

wheat  increased s ignif icant ly  with the appl icat ion o f  Na up to 5 m M 1 A 

negat ive response for dry matte r  yield o f  shoot  and sp ikes  in wheat  with 

increasing sal ini ty was reported by Hi- Sherbeiny et al. (1986) .

In an experiment  to s tudy the react ion o f  two pea ( I ’isrou xaiivu.nn 

varieties to N a  substi tut ion for K, Fakultei  and Saci (1988) observed that the 

dry matter  product ion was the highest when 20 per cent K was subst ituted with



Na. Olita et al. (1987) recorded the highest fresh weight in Amaranthus  tricolor 

when supp l i ed  with equal parts o f  NaCl and KCI.

Figdore et al. (1989)  reported that plant  dry weight  was not reduced 

in tomato  plants  under  low K stress when rep laced with Na. But at toxic  

levels o f  Na.  reduct ion in plant  dry weight  was observed,

Abdu l l ah  and Ahmad (1990)  reported that salinity reduced  the shoot 

growth  in potato.  Ahm ed  et al. (1993)  observed  a progress ive  reduc t ion in 

the dry m at te r  p roduct ion  with increas ing NaCl concen t ra t ion  in B r a c h ia n u  

mulica.  Simi la r  resul ts  were obta ined  by Alfocea  et al. (1996)  in tomato.  

Maliwai  (1997)  in wheat ,  Remadevi  and Gopa lak r i shnan  (1997)  in covvpea. 

C houdhury  et al. (1998)  in sugarcane and Karikalan et al. (1999)  in pegeon 

pea.

Sndharn ia idev i  and Padm aja  (1996a)  ob tained m ax im u m  growth  of  

plants  in cassava  when 50 per cent  K was subst i tuted by Na. But higher 

levels o f  Na reduced  growth .  Similar  resul t  was reported by George  (1995)  

in swee t  potato.  Lekshmi  (2000)  in banana  cv. Nendran  and Sunu (2001)  in 

banana  cv. Robusta ,

Kaya et al. (2002)  found that s t rawberry plants  grown at higher  

levels o f  NaCl p roduced less dry matte r  than those grown in normal  nutrient  

solution.  Husain et al. (2003)  reported that the effect  o f  sal ini ty on biomass 

was less on low Na than on the high Na soil in case o f  du ram wheal .

Boyd and Rogers  (2004)  observed that chicory {Cichor ium intvhus  

cv. Puna)  produced s ignif icant ly  more dry matter  over  a range o f  salinity 

levels com pared  to other  dairy forage species ,

2.4 Q U A L IT Y  A T T R I B U T E S

2.4.1 Inf luence  of  Potassium

Pushpadas and Aiyer (1975) reported that application o f  K increased the 

starch content o f  tuber in cassava. Nair et al. (1980) found a slight increase in



starch content in cassava with increasing levels o f  K application. In 1984 Nair and 

Mohan Kumar reported that N P K  levels had no significant effect on starch content 

of  sweet potato. In potato Raj anna et al. (1987) reported an increase in starch 

content due to K application. Increasing levels o f  K, Ca and VIg were found to 

increase the starch content in cassava tubers (Mohankumar  et al^ 1990).

In 1990, Samra and Quadar reported that K increased the total sugar 

content in tomato. Sugito and Guritno (1991) reported that combined application 

o f  N and P increased the starch content up to 27 per cent in cassava. Potassium 

application produced tubers with high content o f  starch and crude protein in 

potato (Lalilha, 1997). Singh and Verma (2001) reported that increasing levels of  

K20  up to 120 kg ha'Snarkcdly increase the carbohydrate content in the bulbs of  

onion plant. The pungency also increased with increasing K20  up to 160 kg ha"1,

2.4.2 Effect  o f  Sod ium

Nair  et al. (1980)  reported that starch content  in the tuber  o f  cassava 

was not  affected by diffe rent  levels  o f  NaCl.  Khanna  and Ba laguru (1981a)  

found that  Na app l icat ion  increased the TSS in sugar  beet.  In 1989, Adam 

and Ho recorded  increased suga r  con tent  o f  fruit  j u ice  o f  tomato  with 

increased levels o f  salinity.

S udharmaidev i  and Padm aja  (1996b)  observed  an increase in the 

total sugars  and reducing sugars  with increase in subs t i tut ion  of' K by Na as 

c o m m o n  salt in cassava.  Pa lan iappan  and Yer r i swami (1996)  observed  that 

i r r igation with saline water  o f  EC 5 d S m ' 1 adverse ly affec ted  the quali ty of  

banana.  At  modera te  salinity,  the glucose and sucrose concen tra t ion  

increased by 1,5 -  3 t imes in tomato  hybrid (Al focea  et al., 1996). in 

sugarcane  sal inity  adversely affec ted  the qual i ty  o f  sugarcane  by decreas ing  

the sucrose content  (Sharm a  et al., 1997).

Lekshmi  (2000)  reported that  the s h e l f  life o f  banana  cv. Nendran  

was m ax im u m  at 75 per  cent  subst i tut ion  o f  K by Na.  Sunu  (2001)  reported 

that  there  was no s ignif icant  effect on the she lf  life o f  banana cv. Robusta



due to app l icat ion  o f  Na.  Sul tana et al. (2002)  repor ted a reduc t ion  in sugar 

and protein con ten t  in the deve lop ing  grains  o f  rice due to increased 

salinity.

2.5 N U T R I E N T  C O N T E N T  A N D  U P T A K E

2.5.1 Ef fec t  o f  P o t a s s i u m

Pushpadas  et al. (1975)  found that K appl icat ion decreased  N conten t  

o f  t issue in cassava petiole.  Parida et al. (1994)  reported a

sign if icant  increase in K content  when the dose o f  K was increased  beyond 

360 g p l a n t ' 1 in R obus ta  banana.  Pushpadas  et al. (1976)  reported  that  K 

conten t  o f  the pe t iole  t issue increased  in cassava  with the appl icat ion o f  K 

but N. P and Mg conten t  decreased.

'Turner and Barbus (1983)  repor ted an increase in the plant  uptake of  

P and decrease in that  o f  N with increased K supply in banana  variety

Wil l iams .  In potato uptake o f  K was found to increase with increased rates

o f  K applicat ion (Shukla  and Singh, 1976; Raj anna et al., 1987). Sliccla et al. 

(1990)  repor ted that levels o f  K had no effect on the uptake o f  N: uptake  of  

P and K increased with increased levels o f  K in banana.  M ohanku ina r  et al.

(1990)  reported that K appl icat ion wou ld  decrease the absorp t ion  o f  Ca and 

Mg in cassava.

In banana,  increased K fer t i l ization s ignif icant ly  increased the

uptake o f  N and K (Hedge  and Srinivas , 1991). A reduc t ion in Ca and Mg

contents  o f  rye grass plants  with K appl icat ion was reported by Razmjoo 

and Kaneko (1993),

Padmaja  and Raju (1999)  reported that  K concen t ra t ion  and uptake 

increased with increasing  K appl icat ion in sweet  potato.  Janardan Singh  and 

Singh (2000)  reported that  there  was s igni f icant  d ifference in the uptake of  

N and K due to the increased appl icat ion o f  K in rice and wheat .  Singh  and 

Verm a (2001)  found that  uptake  o f  N and K increased with increasing



levels o f  K up to 120 kg ha ’1 in onion.  But  the up take  o f  M g decreased  at 

the highest  level  o f  160 kg h a ’1 K^O.

Wakeel  et al. (2002) reported that there  was a synergist ic  

re la t ionship  be tween  K app l icat ion and N uptake  in maize.  Ranjha  et al. 

(2002)  repor ted that increased K appl icat ion increased the K concen t ra t ion  

in whea t  plant . K appl icat ion s ignif icant ly  affected the uptake o f  N and P in 

s traw as well  as grain o f  whea t  (Sa iful lah  et a l ., 2002) .

2.5.2 Effect  of  Sod ium

Huffakar  and Wallace (1959)  showed that  low K level s t im ula ted  Na 

absorpt ion and a high K level decreased  its absorp t ion in maize,  soybean .  

Citrus  ja m b h ir i  and Per sea amer icana .  Increased appl icat ion o f  Na 

decreased  the K uptake in coc onut  (Barrant ,  1975).

In peanut ,  with increase in NaCI concen tra t ion ,  Na accum ula ted  in 

all plant  parts  whereas  K content  decreased  in lea f  and s tem and increased 

in root (Chavan  and ICaradge, 1980). K hanna  and Ba laguru  (198 la)  reported 

that  Na concen t ra t ion  in all plant  parts  increased with the appl icat ion  o f  Na 

but decreased  with an increase in K app l icat ion in sugar  beet.

Increased Na content  with increased Na appl icat ion  was repor ted by 

Khanna  and Balaguru (1981b)  in wheat ,  Hawker  and Smith (1982)  in 

cassava.  Maliwal  (1997) in whea t  and Choudhur i  et al. (1998)  in sugarcane.  

M athew  et a I. (1984)  repor ted that  N a  and K contents  o f  leaves were 

inf luenced by Na subst i tut ion in coconut .  P rema et al. (1987)  repor ted that 

subs t i tut ion o f  K by Na showed no s ign if icant  di ffe rence  in their effect oil 

total N. P and Cl conten t  o f  leaves where as K and Na content s  were 

s ignif icant ly  inf luenced  by the t rea tments  in coconut.

Ohta  et al. (1987)  not iced that  in A m a ra n th u s  tr i color  Na content 

was increased by N a  appl icat ion but the K uptake was not affected.  

Abdul  I all and All mad (1990)  reported that K content increased at 0.5 per 

cent sal ini ty and decreased  at 1 per cent level in potato.  Dhindwal  et al.



(1992)  reported that low levels o f  sal ini ty  s t im ula ted uptake  o f  lea f  Ca. Mg 

and Na in bar ley seedl ings.  Sudha rm a idev i  and Padmaja  (1999)  observed in 

cassava  that all the t reatments ,  which  received Na favoured  absorp t ion  of  

Na dur ing  early  stages.  In tuber  filling stage,  absorp t ion  o f  K was more in 

t rea tments  where  K and Na were app l i ed at 50 per  cent  levels.

In banana  cv. Nendran,  m ax im um  uptake o f  N, -P. K and Na were 

not iced when  50 per cent  o f  K was  subst i tuted  with Na  as co m m o n  sail 

(Lekshmi.  2000).  Sunu  (2001)  reported that there was s ignif icant  increase 

in the uptake o f  N. P. K and N a  when 50 per cent K. was subst i tuted  by \ n .  

Kaya et ttl. (2002)  reported that Na  concen t ra t ion  in plant  t issue increased 

with increased NaCl  t rea tm ent  where  as concen t ra t ion  o f  N and Ca were 

much  lower in high NaCl than in uns tressed plants,

Ghosh  et at. (2001)  reported that  Na con tent  in s tems and tubers  

marked ly  increased with increase in salt  levels wh ile  K content  o f  leaves 

decreased.  But in s teins  and tubers,  it increased w'ilh salt s tress.  The Ca 

con tent  o f  leaves and s tems decreased  but in tubers  it increased with salt 

stress. Parti et at. (2002)  not iced  that  in Brassica j u n c e a .  when salinity 

increased the N, P and K content  o f  seed and s il iqua wall sample  decreased.  

The drop o f  P content  was smal le r  than that seen with the other  two 

elements .  But  Na  conten t  o f  the above  sample  increased with increased 

salinity.  S h a r e e f  et at. (2002)  not iced that  increasing sal inity  levels caused 

a c o r re spond ing  increase in upper  and low'cr l ea f  content  o f  Na.  Ca and Mg 

and s im ul taneous  reduc t ion in K conten t  in these leaves. Also, there was a 

reduct ion in K; Na ratio with increased salinity.

Aktar  et at. (2003) found that  as salinity increased the content  o f  k ,  

Ca, N and decreased  that o f  P in sugarcane.  Gulzar  et at. (2003)  reported 

that shoot  C a 2"1", M g 3"1 and K + l concen t ra t ion  remained  cons tan t  in salinity 

t reatments ,  wh ile  Na" increased and reached greater  than 4 mol irf ’ g ' 1 dry 

weight  in Aieuropus  lagopo ides .  Akinci  et td. (2004)  reported when sail



concen t ra t ion  increased,  leaf  N a '  con tent  increased hut Kf content  and 

K ' / N a ’ rat io decreased  in eggplant.

2.6 SOIL P R O P E R T I E S

Different  levels o f  subs t i tut ion  o f  M O P by c o m m o n  salt did not have 

any in f luence on soil pH and EC (P rent a et a I., 1987). The appl icat ion  o f  Na 

had no adve rse  effect  on pH,  EC and C E C o f  the soil (Prema  et a /., 1992).

In sweet  potato,  George (1995)  repor ted that  there  was  no s ign if icant  

d ifference in soil propert ies  like EC and CEC. The soil pH showed  a slight  

increase.  There  was an increase in soil pH at higher  levels  o f  subst i tut ion  of  

K by Na in banana  cv. Nendran  (Lekshm i,  2000),  But EC and CEC did not 

vary s igni f icant ly  in the experiment .  Sunu (2001)  repor ted  that no 

s ign if icant  increase in pH and EC af ter  harvest  due  to Na t reatment  in an 

expe r im en t  with banana,  Sifola  and Post ig l ione  (2002)  repor ted an 

increased EC o f  topsoi l  profi le with increased sal ini ty in tobacco.

2.7 SOU. A V A I L A B L E  N U T R I E N T S

In 1953 .Iordan and Lewis  reported that  Na salts added to soil 

increased the ava i lable  phosphate  content.  While  s tudying the effect o f  Na 

and K. P rema  et al. (1987)  not iced that  there was no d i ff e rence  in total \ ,  

ava i lable  P, Na  and Cl due to the in f luence o f  N a  and K trea tm ent  in soil. 

Bhargava  et al. (1992)  found  that  increased appl icat ion o f  K resul ted 

increased am oun ts  o f  both readi ly and  poten t ia l ly  avai lable  forms o f  K m 

soil.

George  (1995)  reported that  there  was no s igni f icance  in the 

avai lab le  s tatus o f  K and N a  between  the t rea tments  under  no subst i tut ion  

and full subs t i tut ion  o f  K by Na in swee t  potato.  Lekshmi  (2000)  reported, 

that ava i lable  N and K were recorded m ax im um  in no subs t i tut ion  treat mem 

and o f  Na  in the t rea tment  with full subst i tut ion  o f  K by Na in. banana  cv. 

Nendran.  But soil ava i lable  P s tatus was m ax im um  at 50 per cent 

subst i tut ion o f  K by Na o f  c o m m o n  salt. Prasad et al. (2000)  reported that



avai lab le  K in soil after  harvest  o f  c rop increased with increas ing levels  o f  

K app l icat ion  in m u ngu  bean.

Sunu  (2001.) not iced that  at harvest  the ava i lable  P, K and N a  were 

s igni f icant ly  high in the t rea tments  where h igher  doses  o f  K was subs t i tu ted  

by Na where  as ava i lable  N  did not show any d i ffe rence  due  to Na 

t reatment  in banana  cv. Robusta .



MATERIALS AND METHODS



3. M A T E R I A L S  A N D  M E T H O D S

A field expe r im en t  to eva lua te  the "Synergis t ic  effect  o f  N a  and K on 

yield and nutr ient  uptake in coleus (Coleus  purv i f lo rus  L.J" was carried out 

f rom Se p tem be r  2003 to January 2004 at the Instruct ional  farm. Col lege  of  

Agr icu l ture ,  Vel layani .  The detai ls  o f  the expe r im en t  site,  season and 

wea ther  cond i t ions,  mater ia ls  used and methods  adopted arc presented in 

this  chapter.

3.1 E X P E R I M E N T A L  SITE

3.1.1 Locat ion

The Instruct ional  farm, Vel layani  is located at 8° 30' E lat itude and at 

29 m above MSL.

3.1.2. Soil

The soil o f  the experimenta l  site be longs to the family o f  Loamy 

Skeletal  Kaol ini t ic  lsohyper the rmic  Rhodic Haplustul t .

'The physical and chemical  character is t ic  o f  the soil where the 

expe r im en t  was conduc ted  are given in Table  1.

3.2 S EA SO N

The expe r im en t  was conducted  dur ing  the period 'September  2003 to 

January 2004.

3.3 W EA THER C O N D IT IO N S

flie mean  rainfall  o f  the location dur ing  the c ropp ing  season was

693.0 mm. The mean m ax im u m  and m in im um  tempera tu re  o f  the location 

during the c ropping  season were 32,2° C and 20.7° C respectively.  Monthly 

d i s t r ibu t ion o f  rainfal l and tempera tu re ,  which prevai led during the 

c ropping  period is depicted in Fig 1.



Table 1 Physical  and Chemica l  propert ies  o f  soil o f  the expe r im en t

1.Mechan ica l  compos i t ion

Sand (per  cent) 79.8

Silt (per  cent) 11.6

Clay (per  cent) 8,1

2. Tex ture Sandy Loam

3. pH 5.6

4 .EC tdS m ' 1) 0.012

5. Organ ie  C a rbon  (per  cent) 0.64

6. Avai lab le  N (kg h a ’1) 301

7. Avai lab le  P (kg h a ' 1) 89.6

8. Ava i lab le  K (kg ha"1) 235.2

9. Avai lab le  N a  (kg ha’1) 73.9

10, Exchangeab le  Ca (c mol  kg ’1) 1.4

11. Exchangeab le  Mg (c mol  k g ' 1) 0.4



3.4 M A T E R I A L S

3.4.1 P lant in g  Mater ia l  and Variety

The plant ing  mater ial  o f  the co leus varie ty  Sreedha ra  was  obtained  

from the Instruct ional  Farm,  Vel layani .  S reedhara  is a high yielding  variety  

o f  co leus  released  from CTCRI ,  Sreekariyam.

3.4.2 M anur e s  and Ferti l izers

Cattle  m anure  was appl ied  @ 10 t ha"1. N i t rogen  and phosphorus  

were appl ied as per the Package  o f  Pract ices ,  Kerala  Agricul tural  

Universi ty .  Po tass ium and c o m m o n  salt were appl ied as per  the t reatments .

3.5 M E T H O D S

3.5.1 Design and Layout  o f  E xp er im ent

Des ign  - R andom ised  Block  Des ign

Var ietv - Sreedhara

Rep l icat ion - 3

Trea tm en t s  - 9

Plot size - 3 , 3 x 2 . 1 m 2

Spac ing  - 30 cm x 30 cm

3.5.2 T rea tm ents

N P K recommendations for coleus according to POP is 60 : 60 : 1 00 kg ha"1 

Tj  - No K. No Na (control)

14 - 50 per cent  K as MOP.

14 - 100 per cent K as M OP

T 4 - 50 per cent  K as M O P plus 50 per cent  Na as c o m m o n  salt.

14 - 50 per cent  K as M O P plus 75 per cent Na as c o m m o n  salt.

T (l - 50 per  cent  K as M O P plus  100 per  cent  Na as c o m m o n  salt
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T- - 100 per cent K as M O P  plus  50 per  cent  Na as c o m m o n  salt.

T « - 1 0 0  per cent K as M O P  plus  75 per  cent  Na as c o m m o n  salt.

'U  - 100 per cent K as MOP plus 100 per eenl Na as c om m on  Nall

Sodium content  in c om m on  salt is 39.30 per cent.

The lay out  plan o f  the experiment  is given in Fig 2,

3.6 B I O M E T R I C  O B S E R V A T IO N S

The fo l lowing  obse rva t io ns  o f  the plan t  under  different  t reatments  

were  recorded  at two months  after  plant ing.  Obse rva t ions  were taken from 

plants,  selected from each plots.

3.6.2 Plant  Spread

Plant spread was m easu red  by taking the d iam e te r  o f  spread o f  the 

selected plants  in each plot.

3.6.2 N u m b e r  o f  B ranches  per Plant

The total  num ber  o f  branches produced by the selected plant  in each 

plot was counted,

3.6.3 N u m b e r  o f  Fun ct ional  Leaves

The total number  o f  functional leaves in the selected plant was counted

3.7 P H Y S I O L O G I C A L  C H A R A C T E R S

The following parameters  were recorded at two months after planting.

3.7.1 L e a f  Area Index

Leaf  Area Index was ca lcu lated  as descr ibed by W atson ,  1952.

Leal'  area p lant ’1
L.A.l  = ---------------------------

Land area p lant ’1

3.7.2 C h lor op h y l l  Content

Chlorophyl l  e s t imat ion was done in samples  f rom first mature  leaves 

o f  selected plant  from each plot by co lor imetr i c  method  as suggested by 

Arnon  (1949).
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3,7.3 Relat ive  W a ter  C on tent  in Leaves

Leaf  samples  f rom selected plants  were taken and relative water 

conten t  in leaves was de te rmined  by the method p roposed  by Weather ly  

(1950)  which  was m odif ied  by Slatyer and Barrs  (1965) .

Fresh weight  -  Oven dry weight
R L W C   ----------   — ------  — ---------— ------- x 100.

Turgid  weight  -  Oven dry weight

3.8 YIELD C O M P O N E N T S

The fo l lowing  parameters  were recorded  at harvest.

3.8.1 N u m b e r  of  T ubers  per Plant

N u m b e r  o f  tubers  o f  selected plants  in each plot  was  counted.

3.8.2 W eight  o f  Tubers  per  Plant

Weight  o f  tubers  o f  selected plant  in each plot  was taken,

3.8.3 T u b e r  I n d e x

Tuber  Index was calcula ted as the num ber  o f  tubers  required to get 

lkg  tuber  weight.  Tuber  Index for each plot  was  calculated.

3.9 Q U A L I T Y  A T T R I B U T E S

3.9.1 K eep ing  Quality

The durat ion  o f  t ime from harvest  to the deve lopm en t  o f  visual 

symptom s  o f  rot t ing and damage  o f  the tubers  was recorded to de te rmine  

the s torage life or the keeping quali ty o f  the tubers  at room temperature .

3.9.2 C o o k in g  Quality

The cook ing  quali ty  o f  tuber  was assessed by a taste panel and 

scores  were given as per  the p rocedure  descr ibed by Prema et a/. {1 975 j.

3.9.3 Starch  Content

Starch conten t  o f  the tuber from each plot was es t imated  as per the 

p rocedure descr ibed  by Chopra  and Kan war  (1976).



3.10 PL A N T  A N A L Y S I S

After  harvest  the leaf, s tem, tuber  and roots  were separately analysed 

for the content s  o f  N. P, K, Na, Ca and Mg.

Ni trogen was es t imated by mod if ied  Kjeldah!  method after  diges t ion 

with concen t ra ted  sulphuric  acid (Jackson,  1973). De te rm ina t ion  o f  P, K. 

Na,  Ca and M g  were done  af ter  d iges t ion  with n i t r ic -perchlor ic  acid mixture  

in the rat io 9:4 (Jackson ,  1973). P was es t imated  by the vanadom olybd ic  

ye l low co lour  method  in a s pec t ropho tom ete r  (Systron ics  Mode l  169) 

(Jackson.  1973), N a  and K were es t imated  using the f lame pho tom e te r  

(Elico M ode l  CL 22 D). Ca and Mg were es t imated  by ve rscna te  method 

(Jackson.  1973).

3.11 U P T A K E  OF N U T R I E N T S

Uptake  o f  N, P, K. Na,  Ca and Mg were ca lcu lated  from their 

contents  in the plant  parts mult ip l ied  by the respec t ive dry weight.

3.12 T O T A L  D R Y  M A T T E R

Weigh t  o f  the plants af ter  drying in hot air oven 70*’ C for 4S h was 

found out.

3.13 SO IL A N A L Y S I S

Soil sam ples  f rom each plot were analysed for pH,  EC,  Organic  

carbon ,  ava i lable  N, P, K, Na,  Ca and Mg. The p rocedures  fol lowed are 

given  in Table  2.

3.14 E C O N O M IC  A N A L Y S IS

The econom ics  o f  cul t ivat ion was worked  out cons ide r ing  the cost  o f  

cu l t iva t ion  and income derived  from the plant . It was ca lcu la ted  as per the 

no rm s  and rates f ixed by the Instruct ional  Farm,  College  o f  Agricu l ture ,  

Vel layani .

Gross  income
Benefi t  .Cost rat io = ------------------------------

Cos t  o f  cul t ivat ion



Table 2 Analyt ical  m ethods  fo l lowed in Soil Ana lysis

Param ete r

Studied
M ethod  o f  es t imat ion Instrument  used Refe rence

PH Direct  reading pH meter J a c k s o n (1973)

EC Direct  reading EC meter Jackson  ( 1973 )

Organic  Carbon Walk ley-  Black rapid 

t i t ra t ion

Titrat ion Jackson  (1973)

Ava i lab le  N Alkal ine

pe rm angana te

method

Titrat ion Subbiah  and 

Asi ja  (1956)

Ava i lab le  P M olybdenum -b lue  

colour  method (Bray 

ex tr act ion  method)

Klet l-

Sum m erson

Color im ete r

Jackson  ( 1 9 7 3 )

Availab le  K Direct  reading  (NN 

a m m on ium  acetate 

extract ion)

Flame

photomete r

Jackson  (1973)

Avai lab le  Na Direct  reading  (NN 

a m m o n iu m  acetate  

extract ion)

Flame

pho tom e te r

Jackson  (1 973)

Exchangeab le  Ca Versena te -T i t r a t ion

method

Ti trat ion Jackson  (1973)

Exchangeab le  Mg Versena te -T i t r a t ion

m ethod

Ti trat ion J a c k s o n (1973)



3.15 S T A T I S T I C A L  A N A L Y S IS

Statis t ical  m ethods  o f  analysis  such as analysis  o f  var iance  and 

corre lat ion  s tudies  were carried out  to find out  the r ela t ionship  be tween  

var iab les  and to d raw  defini te  conclusions.



RESULTS



4. R E S U L T S

An expe r im en t  ent i t led “ Synergistic effect o f  Na and K. on yield and 

nutrient uptake in coleus (Coleus parviflorus  L.)” was carr ied out in the 

Col lege  o f  Agr icu l ture ,  Vel layani ,  during 2003 - 2 0 0 4  with Sreedhara 

variety o f  coleus.  Beneficial  effect o i 'N a  on growth  and yield o f  plants  have 

been repor ted by several  sc ient is ts  (Jain et aL, 1988; Quadar ,  1992). In 

var ious  exper imen ts  conducted in the College  o f  Agr icu l ture ,  Vel layani  on 

subs t iun ion  o f  K o f  muriate  o f  potash  by Na o f  c o m m o n  salt,  it was found 

that  when,  fifty per cent  o f  K. was rep laced by Na,  the uptake o f  all major  

and secondary  nut r ients  except  Mg was increased.  The subst i tuted  plants 

showed  higher  vigour  o f  g rowth  and  gave h igher  yields  when com pared  

with non-subs t i tu ted  plants.  This  increase in vigour  is a t t r ibuted to the 

synergis t ic  effect o f  Na and K on the mineral  absorp t ion  o f  plant .  Hence  the 

aim of the experiment  was to study the effect  o f  subs t i tut ion  o f  K by Na and 

their interac t ion on the growth  and nutr ient  uptake  o f  coleus.  The  importan t  

resul ts  ob tained are presented below:

4.1 G R O W T H  C H A R A C T E R I S T I C S

4.1.1 P l a n t  S p r e a d

The  m ean  values  o f  plan t  spread for the different  t rea tm ents  at two 

mon ths  after  p lan t ing are p resented  in Table  3. There  was  s ignif icant  

di ffe rence  in the plant  spread due  to t rea tments .

Highest  plant  spread was  observed  in the t rea tm ent  T 4 (50 per  cent  K 

as MOP plus 50 per  cent Na as c o m m o n  salt) and the lowes t  in 4j  (control) .  

Plant  spread at 50 per cent  K and 50 per  cent N a  was s ign if icant ly  higher 

than 100 per  cent  K (T 3 ) but 0 1 1  par  with t rea tments  T b and [ 7 , The 

t rea tments  T], T 2  and T 3 did not differ  s ignif icant ly  in this  pa ram ete r  and 

were on par with t rea tments  Ts and T 9.



Table 3, Growth characteristics as affected by application o f  K. and Na in different

proportions

T reatments
Plant spread 

(cm)

Number  o f  

branches

Number  o f  

leaves

Ti (No K. N o N a ) 81.6 25 339

T 2  (50 % K  alone) 8 6 . 6 32 431

T 3 (100 % K  alone) 87.6 33 518

T 4 (50 % K + 50 % Na) 114.3 38 760

Tj (50 % K + 75 % Na) 90.0 32 773

T 6 { 5 0 % K  + 100 %  Na) 109.3 40 793

T 7 (1 oo % K + 5 0 % N a ) 104.3 41 844

T jj (100 % K + 75 % Na) 86.3 34 757

Ty (100 % K + 100 % Na) 83.3 29 878

CD (0.05 level) 17.29 NS 246.91



4.1.2 N u m b e r  o f  B ranches

N u m b e r  o f  b ranches  per  plan t  was recorded  two m on ths  after 

plant ing.  The  mean values  are given in Table  3.

Highest  num ber  o f  b ranches  was  recorded for the t rea tm ents  T 7 (100 

per cent K plus  50 per cent  Na)  and T 6  (50 per  cent  K plus 100 per  cent Na). 

fol lowed by T 4 (50 per  cent  K plus  50 per  cent Na).

The  m in im u m  num ber  o f  b ranches  was recorded for the t reatment  I i 

(cont ro l)  fo l lowed by Ty (100 per  cent  K. plus  100 per cent  Na). The 

t rea tm ents  T 4  T 6 and Tg recorded  higher  num ber  o f  b ranches  com pared  to 

T 3 ( 1 0 0  per  cent  K alone) .

4.1.3 N u m b e r  o f  Fun ct ional  Leaves

The mean values  for the num ber  o f  funct ional  leaves per plant  arc 

p resented  in Table  3.

The highes t  num ber  o f  funct ional  leaves per  plant  was recorded  in 

t reatment  Ty and the lowest value in the t rea tm ent  T |  (control) .  Ty was 

found to be s ignif icant ly  higher  than T[ , T? and T 3. The t rea tments  T ?. T ft 

and Tt  a lso recorded  s ignif icant ly  higher  values  than T | ,  T 2 and T 3. All the 

t reatments ,  which were given Na recorded higher  n u m b e r  o f  funct ional  

leaves.

4.1.4 L e a f  A re n  I n d e x

The m ean  values  o f  L e a f  Area  Index are given in Tab le  4. The  values 

showed s ign if icant  di fference be tween  t reatments .  The highest  value o f  LAI 

was recorded for the t reatment  Tg (100 per  cent  K plus  75 per  cent  Na) 

fol lowed by T 7 (100 per  cent  K plus  50 per cent  Na) . The N a  t reated plots 

showed  s ign if icant ly  higher  values  o f  L ea f  Area Index com pared  to the 

other  plots.  The  lowest  value was recorded  for the t rea tm ent  T |  (control) .  

The  t rea tments  Tj ,  T 2 and T 3 were on par. The highest  value o f  LAI 

recorded  is 5.63 for Tg (100 per cent  K plus 75 per cent Na)  and the lowest  

value recorded is 2.79 for Tj (control) .



ible 4. Physiological Characters as affected by application o f  K and Na

different proportions

Treatments LAI
Chlorophyll 

content (mg g‘!)

RLWC

(%)

Ti (No K. N o N a ) 2.79 0.36 81.0

T:  (50 %  K. alone) 3.13 0.36 82.0

Tj  ( 1 0 0  %  K alone) 3.20 0.34 8 1 0

T4  (50 % K + 50 % Na) 5.49 0.44 83.6

IT (50 % K + 75 % Na) 5.45 0.49 94.0

T(, (50 % K + 100 % Na) 5.25 0.44 8 8 . 0

T 7 (100 % K + 50 % Na) 5.54 0.44 87.3

'1'k ( 1 0 0 %  1C + 75 % Na) 5.63 0.33 86.7

T 9 ( 1 0 0 % K  + 100 % N a ) 5.34 0.32 86.3

CD (0.05 level) 0.62 NS 3.08



4.1.5 C h lorophy l l  Content

The mean va lues  o f  ch lorophyl l  content  o f  different  t rea tments  are 

p resented  in ' f able  4. There was no s ignif ican t  d i ff e rence  be tw een  the 

t rea tments  in the lea f  chlorophy l l  content .  The highest  value was recorded  

for the t rea tm ent  T s (50 per  cent  K plus  75 per  cent Na).  The  t rea tments  T 4 

(50 per  cent  K. plus  50 per  cent  Na) ,  T 6  (50 per cent  K plus 100 per cent Na) 

and T 7 (100 per  cent K. plus  50 per cent  Na)  recorded the same value of  

chlorophyl l  content.  The  lowest  value was recorded for Ty (100 per  cent  K. 

plus  100 per  cent  Na).

4.1 .6  R e l a t i v e  L e a f  W a t e r  C o n t e n t

The relat ive water  conten t  o f  leaves at two mon th s  after pl ant ing  is 

presented  in Table  4. There  was s ignif ican t  d i ffe rence  be tw een  t reatments  

in re la tive lea f  water  conten t  values.  It was found that in Na t reated plants,  

there wras an increase in the relative w'aler content  com pared  to the K alone 

t reated plants.  The highest  value o f  R L W C  w'as regi s te red  by t rea tment  14 

(50 per cent  K plus  75 per cent  Na)  fo l lowed by T<j (50 per  cent  K plus  100 

per cent  Na). ' Ihc  lowest  value o f  R L W C  was recorded lor  the t reatment  "I) 

(control)  and T.i (100 per cent  K alone).  The highest  value was 94 per cent 

and the lowest  value was 81 per  cent.  The RLW C value o f  1, was 

s ignif icant ly  differen t  f rom the va lues  o f  other t rea tments .  I f ,  14 and If 

recorded  lower  values  and found to be on par.

4.2 YIELD A N D  YIELD A T T R I B U T E S

Yield and yield at t r ibutes  were recorded at harvest  and the mean 

values  are recorded in Table  5. There was no s ignif ican t  d i ff e rence  in the 

yield or yield at t r ibutes  due to appl icat ion o f  t reatments .

4.2.1 N u m b e r  of  T ubers

N um be r  o f  tubers  was counted from the selected plants  in eacli plot 

and the mean va lues  recorded  in Tabic  5. The highest  num ber  o f  tubers  was 

obtained from the t rea tment  Tg (100 per cent  K plus 75 per  cent Na)  

fo l lowed by Tf, (50 per  cent  K plus  100 per cent Na). The lowest  num ber  of



fable 5. Yield components as affected by application o f  K. and Na

different proportions

Treatments

T t {No K, No  Na)

T; (50 % K alone)

T 3 (100 % K alone)

T 4 (50 %  K + 50 %  Na)

Ti (50 % K >  75 % Na)

T^ (50 %  K + 100 % N a )

Number of  

tuber

33.6

47.3

49.6

57.0

58.6

62.3

Weight of  

tuber

g p lan t '1

260.0

243.3

326.6

416.6

406.6

400.0

Tuber

Index

! Yield 

tube i

(t ha'

188.33

175.00

195.00

154.67

145.67

6 . 1

7.30

10,07

11.60

10.7.

120.00 n .o ;

T ? {100 %  K + 50 %  Na)

T jj (100 % K + 75 %Na)

T 9 ( 1 0 0 % K ^  100 % N a )

CD (0.05 level)

50.0

70.6

45.3

NS

343.3

296.6

3432

NS

119.00

126.00

135.00

NS

1 l . H

8.85

8.80

NS



tubers  was  ob ta ined  from T|  (control) .  N a  t reated plants  in genera l  recorded  

h igher  num ber  o f  tubers  compared  to the K treated plots.

4.2.2 Weight o f  T u b e r

Weight  o f  tuber  at the t ime o f  harvest  was recorded  and the mean  

va lues  are presented in Table  5. T 4  (50 per  cent  K plus  50 per  cent  Na)  

recorded  the highes t  value o f  weight  o f  tuber  f rom a s ingle  plant , followed 

by T : (50 per  cent K. plus 75 per  cent Na). The lowest va lue  was recorded 

for  the t rea tm ent  T 2 (50 pe r  cent  K. a lone)  fol lowed by T[ (control) .  The 

highest  value recorded was 416.6 g p lan t " 1 and the lowes t  value recorded 

was  243.3 g p l a n t ' 1.

4 .2 .3  T u b e r  I n d e x

The  tuber  index  was  calculated  from the n um ber  o f  tubers  and 

weight  o f  tubers  and  the mean values  were recorded.  The data  are presented 

in Table  6 , Tj  (100 per  cent  K alone)  was  found to have  the  highes t  tuber 

index fol lowed by Ti (control) .  There was no s ignif icant  di ffe rence  be tween  

the t r ea tm en ts  as far as Tuber  Index is concerned.

4.2.4 Yie ld o f  T u b e r

T uber  yield did not  vary s ignif icant ly  due  to t rea tments .  The  highest  

value was recorded  for the t rea tm ent  T 4 (50 pe r  cent  K plus  50 per  cent  Na) 

fo l lowed  by T 7 (100 per  cent  K plus  50 per  cent  Na).  The lowest  value 

recorded  for  T |  (control) .  T« (100 per  cent  K plus  75 per  cent  Na)  and Ty 

(100 per  cent  K plus  100 per  cent  Na)  recorded  lower  va lues  com pa red  to 

Ti  (100 per cent  K alone) .

4.3 Q U A L IT Y  A T T R I B U T E S

4.3.1 Starch  Content

Starch  con tent  was  es t ima ted  at the t ime o f  hardes t  us ing  fresh 

tubers.  The  mean values  were recorded  and presented in the Table  6 a. There 

was s ignif ican t  va r ia t ion be tw een  t rea tm ents  in the con ten t  o f  starch.



Table 6a. Quality attributes affected by application o f  K and Na

different proportions

T reatnients
Starch content

(%)

Storage period in 

■ days

Ti (No K, No Na) 19.95 44

IN (50 %  K alone) 20.99 52

T 3 ( I 0 0 %  K alone) 20.87 75

Id (50 % K ■+ 50 % Na) 23.13 83

'Id (50 % K + 75 % Na) 18.33 85

T fi (50 % K + 100 %  Na) 18.37 8 6

'Id (100 % K ■+ 50 % Na) 17.93 8 8

T m (100 %  K -1- 7 5 % Na) 23.30 89

Tg ( 1 0 0  %  K + 1 0 0  %  Na) 16.93 92

CD (0.05 level)
, , -

3.83 10.46

Table 6 b. Scores obtained on organoleptic tests

Treatments

Score obtained based on overall 

acceptability

T, T

1.5 3.4

T„ Id

3.5

t„ fr.

2.5 3.5 I 3.6



Tk (100 per  cent  K. plus  7 5 , per  cent  Na)  recorded  the h ighes t  starch 

conten t  o f  23.3 per cent  fol lowed by T 4 (50 per  cent  K plus  50 per  cent Na) 

as 23.13 per  cent.  The lowes t  value was  recorded for Ty (100 per cent K 

plus  100 per  cent  Na)  with a value o f  16.9 per  cent.  T# was found to be on 

par  with J 2 (50 per cent  K alone) ,  T 3 (100 per  cent  K alone)  and Ti 

(control),

4.3.2 K eep ing  Quality

W ide varia t ion could not  be ob tained in keep ing  qual i ty  as a resul t o f  

app l icat ion o f  t rea tments .  The tubers  f rom treatment  with no K or  no Na 

(Tj)  had the shortest  she lf  life. They  s tar ted sprou t ing  45 days af ter  harvest .  

T rea tm en t  T 2 (50 per cent  K alone)  showed  s light  sprou t ing  with s torage, 

where as the others  could be s tored for three m on ths  w i thou t  sprout ing.  

T rea tmen t  Ty (100 per  cent  K  plus  100 per  cent  Na)  showed  the highest  

s h e l f  life (Table  6 a).

4.3.3 C ook ing  Quality

Organolep t ic  tes ts were conduc ted  and it was found that  T 3 (100 per 

cent K alone)  and Tj  (50 per  cent  K plus  75 per  cent)  were good in taste, 

appearance  and texture.  T«, Tf„ T 4 and T 2 were com para t ive ly  better  than 

the r em a in ing  t rea tments .  When  overal l  acceptabi l i ty  was  taken in to 

cons ide ra t ion ,  T 3 (100 per cent  K alone) ,  T 4  (50 per  cent  K plus  50 per cent 

Na)  and T 5 (50 per  cent  K plus  75 per  cent  Na)  were com parab le  (Table  6 b).

4.4 DRY M A T T E R  P R O D U C T I O N

Dry matte r  p roduc t ion  values  are presented in Table  7. The  values 

showed  s ignif ican t  di fference be tween  t reatments .  The t rea tm ent  T 4 (50 per 

cent  K plus  50 per cent  Na)  recorded  s ignif icant ly  h igher  dry mat ter  

product ion  compared  to all other  t reatments .  Tj (control)  recorded the 

lowest  value and was on par  with t rea tments  T 2, T 2>, T# and Ty. At low and 

high levels  o f  K along  with high levels o f  Na showed  a decrease in the dry 

matte r  product ion  when compared  with others.



Table 7. Dry matter production as a fleeted by application o f  K and Na in

different proportions (kg ha_i)

Treatments

Tuber  dry 

matter 

production

r
Aerial d r y .

matter

production

Total dry matt 

production

T [ (No K, No Na) 1 0 0 0 . 0 1927.6 2927.6

T? (50 %  K alone) 1133.3 2042.1

2070.9

3175.4

r ~ ..............■■■■ —
3137.4T;; (100 %  K. alone) 1066.6

T 4 (50 %  K + 50 %  Na) 1533.3 2482.0 4015.3

T,  (50 %  K + 75 %  Na) 1400.0 2158.6 3558.6

T 6 (50 % K ~  100 % Na) 

T 7 ( 1 0 0 %  K -- 50 % Na)

1413.3

1306.6

2004.2
.

2 2 1 0 . 1

3417.5

1— .............- -
3516.7

T a ( 1 0 0 %  K -f- 75 % Na) 1213.3 1788.2 2991.5

Ty (100 % K -  100 % Na) 1360.0 2027.0 3387.0

CD (0.05 level) 188.6 1 1 1.5 423.8



Table S. Nitrogen content in the plant parts as affected by Application o f  K and

Na in different proportions (%)

Treatments Leaf Stent Tuber Root

Ti (No K, No Na) 1 . 2 2 0.45 0.54 0.71

T 2 (50 % K alone) 1.14 0.46 0.56 0,75

T 3 (100 % K  alone) 1.36 0.56 0.99 0.94

T 4  (50 %  K + 50 %  Na) 1.29 0.73 0.94 1 . 0

T 5 (50 % K + 75 % Na) 138 0.65 0.69 1.09

T 6  (50 %  K + 100 %  Na) 1.41 0 . 6 8 0.64 0.98

T 7 (100 % K + 50 % Na) 1.57 0.92 1.42 1.08

Tg (100 % 1C + 75 %  Na) 1.29 0.77 0.94 0.99

Ty (100 % K + 100 % N a ) 1.13 0.93 0.74 0.33

CD (0.05 level) NS 0.290 0.387 ; NS



fo l lowed by T;, (100  per  cent  K alone) ,  which  did not differ  s ign if icant ly  

f rom the values  obtained  for T 4 and TV The t rea tment  receiv ing K alone ( T : 

and  '10) recorded  lowest  values  and were s ign if icant ly  in fer ior  to the Na 

t reated plants.

4 .6 P H O S P H O R U S  C O N T E N T  IN PLA N T PA R TS

P hosphorus  content  o f  the plant  parts are presented  in Table  0 .

4.6.1 P h o s p h o r u s  in L e a r

The  con tent  o f  P in the leaves did not  show  any s ignif icant  

d i ffe rence  be tw een  t rea tments .  T 2 (50 per  cent K alone)  recorded the 

highest  value o f  lea f  P content.  The lowest'  value was recorded  for the 

t rea tm ent  Ty (100 per  cent K. plus  100 per  cent  Na).  The t rea tments  

rece iv ing K alone (T 2 and T 3 ) recorded  higher  values  than the t rea tments  

r ece iv ing Na a long  with K.

4.6.2 P h o s p h o r u s  in S tem

Phosphorus  content  in s tem did not show any s ignif ican t  varia tion 

due  to t rea tments .  The  highest  value o f  s tem P was recorded  for I N (100 per­

cent  K plus  50 per  cent  Na)  and Ts (100 per  cent  K plus  75 per  cent  Na). 

fhe  lowest  values  o f  s tem P were recorded for Ti (con trol)  and IN (50 per 

cent  K alone).

4.6.3 P ho s p h o ru s  in T u b e r

T u b e r  P content  did not show  signif ican t  varia t ion due to t reatments  

The  highest  value o f  tuber  P was recorded  for the t reatment  T (, (50 per cent 

K plus  100 per  cent  Na)  fol lowed by ' [ ' 7  (100 per  cent  K plus  50 per  cent 

Na) and Ty (100 per  cent  K pluslOO per  cent  Na). The  lowes t  value was 

recorded for  T| (control) ,

4.6.4 P h o s p h o r u s  in Root

The  P content  o f  root  var ied s ignif icant ly  due to t rea tments .  1 he 

highest  value o f  root P was recorded for Tj  (100 per  cent  K atone)  fo l lowed



['able 9. Phosphorus content in the plant parts as affected by application o f  K. and

Na in different proportions (%)

Treatments Leaf Stem Tn Iper Root

T|  (No K, No Na) 0.29 0.13 0.24 0.15

T 2  (50 % K  alone) 0.37 0,17 0.31 0.17

T 3 ( 1 0 0  % K alone) 0.32 0 . 2 0 0.31 0.32

T 4 (50 % K + 50 % Na)
............

0.24
---

0.18 0.25 0.23

T 5 (50 % K + 75 % Na) 0,25 0 . 2 2 0.26 0.14

Tf, (50 % K + 100 % Na) 0.26 0.19 0.36 0.18

T 7 ( 1 0 0 %  K + 50 % Na) 0.29 0.23 0,33 0.31

Ts ( 1 0 0 % K -  75 % Na) 0.27 0.23 0.30 0.30

T 9 ( 1 0 0 % K +  100 % Na) 0 . 2 2 0.19 0.32 0.31

CD (0.05 level) NS NS NS 9.294



by Ti  (100 per  cen t  K plus  50 per  cent  Na)  and Ty (100 per  cent  K plus 100 

per cent  Na) . The  lowest value o f  root  P was recorded  for T ? (50 per  cent K 

plus  75 per  cent  Na)  fol lowed by T[ (control),

4.7 P O T A S S IU M  CON TENT IN P L A N T  PA R TS

The mean values o f  K content  in plant parts are presented in Table  10.

4.7.1 Potassium in Leaf

The K conten t  o f  leaves showed s ignif ican t  d i ff e rence  be tween  

t rea tments .  The  highest  value o f  K content  in leaves was  recorded  for If

(100 per  cent  K plus 75 per  cent  Na)  fo l lowed by Ty (100 per  cent K plus

100 per  cent  Na) .  The lowest  value o f  l ea f  K. conten t  was recorded  for the 

t rea tm ent  If (control)  and Ti  (50 per cent  K alone).  But I f ,  IN and If were 

found to be on par. The  t rea tments  rece iving Na along  with i< showed  

higher  lea f  K  values.

4.7.2 Potass ium  in Stem

Stem K. content  did not  show any s ignif ican t  var ia t ion due to

t reatments .  Ty (100 per  cent  K plus 100 per  cent  Na)  recorded  the highest

value o f  s tem K conten t  fol lowed by T fl (50 per  cent  1C plus  100 per  cent  

Na)  and 'If (50 per  cent  K plus  50 per  cent  Na) .  The lowes t  value was 

recorded  for Ti (control).

4.7.3 Potass ium  in T u b e r

Potass ium in tuber  showed  s ign if icant  d ifference due  to t reatments.  

T rea tm en t s  with higher  levels o f  e i ther  K or Na regis tered  high values  of  

tuber  K content .  The highest  value o f  tuber  K was recorded  for 'If, (50 per­

cent  K plus 100 per cent  Na)  fo l lowed by Ty (100 per cent K. plus 50 per 

cent Na)  and (100 per  cent K alone).  The  lowest  value was recorded for 

'If (control) .

4.7.4 Potassium in Root

The  con tent  o f  root K did not  show any s ignif icant  di ffe rence  due to 

t rea tments .  The  mean values  arc presented in Tab le  10. The highest  value of



Table 10. Potassium content in the plant parts as affected by application o f  K and

Na in different proportions (%)

Treatments Leaf Stem Tuber Root

T, (No K, No Na) 1.09 2 . 0 0 1.38 1.15

T 2  (50 % K  alone) 1.09 2.75 1.45 1.48

Ts (100 %  K alone) 1.52 4.51 2.03 3.38

T4  (50 %  K + 50 %  Na) 1.79 4.64 1.72 2.29

T s (50 % K + 75 % Na) 1.85 4.11 1.93 2.45

T 6  (50 % K + 100 %  Na) 1.51 4.95 2.43 2.15

T 7 (100 % K + 50 %  Na) 1.69 3.01 2.04 3.79

Ts (100 %  K + 75 %  Na) 2.15 4.17 1.84 2.63

T y ( 1 0 0 % K +  1 0 0 % N a ) 1 . 8 8 5.09 1 . 8 8 1.90

CD (0.05 level) 0.64 NS 0.49 NS



root N a  was recorded for T 7 {100 per  cent  K plus  50 per  cent  Na) ,  which 

was on pa r  with ' If  (100 per  cent  K alone).  The  lowes t  va lue  was recorded  

for the t rea tm ent  Ti (control)  and T 2  (50 per  cent K alone) .

4.8 S O D IU M  C O N T E N T  IN P L A N T  PARTS

The mean values  o f  Na content in plant parts are presented in Tabic  1 1.

4.8.1 Sod ium  in Leaf

The lea f  Na conten t  did not  show any s ignif ican t  d i ff e rence  be tween  

the t rea tments .  Ty (100 per cent  K plus 100 per cent  Na)  recorded the 

highest  value o f  l ea f  N a  content .  It was found to be on par  with I f  (100 per 

cent K alone) .  The  lowes t  value was  recorded  for T? (50 per  cent K. alone) . 

The lea f  Na con ten t  in Tf (100 per  cen t  K alone) was higher  than all other  

t rea tments  except  Ty (100 per  cent  K plus  100 per cent Na).

4.8.2 Sod ium  in Stem

The content  o f  Na in s tem did not vary s ign if icant ly  due to 

t reatments .  The highes t  value o f  s tem Na was recorded for Ty (100 per cent 

K. plus 1 00 per  cent  Na)  fo l lowed by T 4 (50 per cent  K plus  50 per  cent Na), 

The lowest  value o f  s tem Na was recorded for I f  (50 per  cent K alone) .

4.8.3 Sod ium  in T u b e r

Sodium  in the tuber  did not show any s igni f icant  d i ffe rence  due to 

t rea tments .  The  highest value o f  tuber Na content  was recorded lor If (50 

per  cent  K plus  75 per cent  Na) . The lowest  value o f  Na con tent  o f  tuber  

was recorded  in the t rea tment  Of (50 per cent  K alone).  All the t reatments ,  

which received N a  along  K conta ined  higher  concen t ra t ion  o f  K in tuber.

4.8.4 Sod ium  in Root

The Na conten t  o f  root did not show any s ignif icant  varia t ion due to 

t rea tments .  Highest  value o f  root N a  was recorded  for the t rea tm ent  I f  (50 

per  cen t  K plus 75 per  cent Na)  and T& (50 per  cent  K plus 100 per cent  Na). 

The lowest  value o f  root  Na content  was recorded for T|  (control) .



Tabic 11. Sodium content in the plant parts as affected by application o f  K and N 

in different proportions (%)

Treatments Leaf Stem Tuber Root

Ti (No K, N o N a ) 0 . 2 1 0,56 0.23 0,35

T 2 (50 % K. alone) 0.19 0.35 0.19 0.44

Tj (100 % K  alone) 0.53 0.45 0.33 0.56

T 4  (50 % K t  50 % Na) 0.32 0.59 0.36 0.37

T s (50 % K + 75 % Na) 0.41 0.40 0.41 0.77

Tf, (50 % K + 100 % N a ) 0 . 2 0 0,37 0.32 0.75

T 7 (100 % K + 50 % Na) 0.40 0.44 0.4 0.61

T k (100 % K + 75 % Na) 0.25 0.49 0.36 0.40

Tg (100 % K + 100 % Na) 0.85 0.61 0.35 0.56

! CD (0.05 level)
1i

NS NS NS NS



4.9 C A L C I U M  C O N T E N T  IN P L A N T  PA R TS

Calc ium  con tent  in plan t  parts  is p resent ed  in Tab le  12.

4.9.1 C alc iu m  in Leaf

The Ca content  in leaves showed s ign if icant  di ffe rence  be tween  the 

t reatments .  T,| (50 per cent K plus 50 per cent  Na)  recorded  the highest

value o f  lea f  Ca conten t  o f  3.48 per  cent  fol lowed by T 7 (50 per  cent K plus

75 per cent  Na)  with value 3.25 pe r  cent.  The  lowest  value o f  leaf  Ca was 

recorded  for 'If (control) .  T^, Ti  and T 7 showed  s ign if icant  di ffe rence  from 

T [ and If.

4.9.2 C a lc iu m  in Stem

C alc ium  con tent  in s tem did not  show sign if icant  var ia t ion due to

trea tments .  I f  (50 per  cent  K plus  50 per  cent  Na)  recorded  the highest

value o f  s tem Ca conten t  fo l lowed by 'If (50 per  cent  K  plus  75 per  cent 

Na) . The  lowes t  va lue  o f  s tem Ca con tent  was recorded  for 'IT (50 per  cent  

K alone) .  All the t rea tments  receiv ing N a  recorded higher  values  o f  s tem Ca 

than the t rea tments  receiv ing K alone.

4.9.3 C a lc iu m  in T u b e r

Calc ium  conten t  o f  tuber  was found to be s ign if icant ly  different  

be tw een  t rea tments .  The mean values  are presented in Tab le  12. The  highest  

value o f  tuber  Ca was recorded  for the t rea tm ent  T 7 (100 per cent K. plus 50 

per  cent  Na)  followed by T 6 (50 per  cent  K plus  100 per  cent  Na) . The 

lowest  value was recorded  for the t rea tm ent  T 2 (50 pe r  cent  K alone)  and  Ti 

(control) .  All the N a  t reated plants  were found to have s ign if icant ly  higher 

conten t  o f  Ca than the K. alone t reated plots.

4.9.4 C alc iu m  in Root

Root  Ca con tent  w'as found to be s ignif icant ly  varying due  to 

t rea tments .  The  mean values  are presented in Tab le  12. The highest  value of  

root Ca was recorded by I f  (50 per cent  K plus 100 per cent  Na)  and this

A 1



Table 12. Calcium content o f  plant parts as affected by application o f  K and Na in

different proportions (%)

Treatments Leaf Stem Tuber Root

Ti (No K, No Na) 2.38 1.91 0.16 1.24

Ti  (50 %  K alone) 2.52 1.49 0 . 2 1 1 , 2 2

T 3 ( 1 0 0  % K alone) 2 . 8 6 1.55 0 . 2 1 1.44

T 4  (50 % K + 50 %  Na) 3.48 2.51 0.37 2.37

T s (50 % K + 75 % Na) 3.25 2.24 0.32 1 . 6 8

T(, (50 % K. -  100 % Na) 3.09 1.76 0.44 5.37

T 7 (10 0  % K + 50 % Na) 3.20 2.08 0.45 1.65

T g ( 1 0 0 % K + 75 %  Na) 2.51 2.08 0.41 1 . 1 2

Ty ( 1 00 % K + 1 00 % Na) 2.83 2.15 0.40 1.49

CD (0.05 level) 
..................................................

0.665 NS 0.I7I 0.983



was  s ign if icant ly  superio r  to other  t rea tments .  The lowest  value o f  root Ca 

was recorded  for ' I f (100 per  cent  K plus  75 per  cent  Na)  fol lowed by If 

(50 per cent  K alone) .  T^ and T? were found to be on par.

4 .10  M A G N E S I U M  C O N T E N T  OF P L A N T  PA R TS

The Mg conten t  o f  plant  parts  is presented in ' f able  1 3.

4.10.1 M agnes ium  C on tent  in L e a f

The leaf  Mg content  showed  s ignif icant  d i ff e rence  be tween  the 

t reatments .  Sod ium  treated plants  showed  h igher  values  o f  Mg conten t  than 

the un treated plants.  The  highes t  value o f  Mg content  was  recorded for T- 

(100 per  cent  K plus  50 per  cent  Na)  fo l lowed by Tg (100 per  cent K plus 75 

per  cent  Na)  and Ty (100 per  cent  K plus  100 per  cent  Na) . T 7 and "If 

showed s igni f icant  varia t ion when com pared  to 'If (control)  and Ti (50 per  

cent K alone).  The lowest value o f  lea f  Mg conten t  was recorded  by Tj 

(control).

4.10.2 M a g n e s iu m  C on tent  in Stem

The s tem Mg conten t  showed  s ignif icant  d i ffe rence  due  to 

t reatments .  The  N a  t reated plants  recorded  a higher  value o f  Mg compared  

to the K. a lone  t reated plants.  The  highest  value o f  s tem Mg content  was 

recorded  for Ty (100 per cent  K plus  100 per  cent  Na) ,  which  was 

s igni f ican t ly  higher  compared  to all other  t rea tments .  The  next  higher 

values  were recorded  for 'If (50 per  cent  K. plus 50 per cent Na)  and I f  (100 

per cent  K. plus  75 per  cent Na) ,  which were found to be on par. i f  was also 

found to be s ignif icant ly  higher  than 'If (control) ,  T 2  (50 per  cent K alone)  

and 'If (100 per  cent  K alone).  The  lowest value o f  s tem Mg was recorded  

for the t rea tment  If  (50 per cent  K alone).

4.10.3 M agn e s iu m  C on tent  in T u b e r

M agnes ium  content  o f  tuber was found to be s ignif icant ly  different  

be tween  t rea tments .  The highest  value o f  Mg content  o f  tuber  was recorded 

by T 7 (100 per  cent  K plus  50 per  cent Na)  followed by If (50 per cent K



I l £ 3

Table 1 3. Magnesium content in the plant parts as affected by application o f  k

and Na different proportions (%)

Treatments Leaf Stem Tuber Root

Ti (No K ; No Na) 0.16 0.27 0 . 1 1  0 . 2 1  

1

T] (50 % K alone) 0 . 2 1 0.16 0.16 0.27

Tj ( 1 0 0  % K alone) 0.27 0.27 0.16 0.16

I 4  (50 % K + 50 % Na) 0.32 1 . 0 1 0.37 0.43

Tj (50 % K + 75 % Na) 0.43 0.51 0.32 0.69

Tfi (50 % K + 100 % Na) 0.43 0.61 0.51 0,64

T 7 (100 %  K + 50 % Na) 0.69 0.85 0.53 0.64

Ts (100 % k  * 75 % Na) 0.61 0.91 0.45 0.75

T\) (100 % K -r- 1 00%  Na) 0.45 1.60 0.43 0.59

CD (0.05 level) 0.206 0.150 0.132 0.189



plus  100 pe r  cen t  Na)  and T 8  (100 per  cent  K plus  75 per  cent Na). The 

lowest  va lue  o f  tuber  Mg con ten t  was  recorded by T |  (control) .  All the Na 

t reated pl an ts  showed  a s igni f icant ly  high conten t  o f  tuber  M g  compared  to 

the pl an ts  t reated with K alone.

4.10.4 M a g n e s iu m  C o n te n t  in Root

M a g n e s iu m  con tent  o f  root  varied s ignif icant ly due  to t reatments.  

The  m ean  va lues  are p resented  in Table  13. The highest  value o f  root  Mg 

con te n t  was  recorded  for the t r ea tm en t  Tg (100 per  cent  K plus 75 per  cent  

Na)  fo l lowed  by T$ (50 pe r  cen t  K plus  75 per  cent Na) .  The  lowest  value of  

root  M g  was  recorded  for  Tj  (100  per  cent K alone)  followed by T[ 

(control)  and T 2  (50 pe r  cent  K alone) .  All  the t rea tments ,  which included 

N a  were found  to have  high co n te n t  o f  root  Mg com pared  to K t reated plots.

4.11 N U T R I E N T  U P T A K E  BY A E R I A L  P L A N T  PA R TS

The up take  by l ea f  and s tem were  summ ed up to get the' total uptake 

by aeria l  parts.  There  was  s ign i f ican t  varia t ion in the uptake  o f  N, K, Ca 

and M g  by aeria l  plan t  par ts  due to t rea tments .  The  m ean  values are 

p resen ted  in Table  14.

4.11.1 N i trogen

The up take  o f  N by aeria l  plant  parts showed s igni f icant  varia tion 

due to t rea tm ents .  The  highes t  va lue  o f  N  uptake by aeria l  plant  parts  was 

recorded  by the t r ea tm en t  T j  (100 pe r  cent  K plus  50 per  cent Na) followed 

by T 4  (50 per  cent  K plus  50 per  cent  Na)  and Tj  (50 per  cent K plus 75 per 

cent  Na) ,  but  they were found  to be on  par. The lowes t  value was recorded 

for the t r ea tm en t  T|  (cont rol )  fo l lowed  by T 2 (50 per  cent  K alone).

4.11.2 P h osp h oru s

P hosphorus  up take  by aeria l  plant  parts did not show signif icant  

d i ff e rence  be tw een  t rea tments .  T 7 (100 per  cent K plus 50 per cent  Na) 

recorded  highes t  va lue  o f  P uptake.  The  lowest  value was recorded by the 

t rea tm ent  T|  (control) .



'Fable 14, Uptake o f  nutrients by aerial plant parts as affected by application o f  K

and Na in different proportions (kg ha’1)

Treatments N P K Na Ca VI g

Ti (No K., No Na) 15.31 3.76 30.71 7.49 41.14 4.18

T 2  (50 % K  alone) 15.91 5.38 40.57 5.55 40.27 3.80

T 3 (100 % K  alone) 20.27 5.42 59.77 10.29 46.11 ! 6.14

T 4 (50 % K + 50 %  Na) 23.62 5.21 86.99 11.92 72.19 18.46

Tj  (50 % K + 75 % Na) 21.35 5.09 64.82 8.89
1

58.81 | 1 0 . 2 2

T b ( 5 0 %  K +  100 % Na) 19.62 4.42 73.11 6 . 0 1 46.06 : 10.76

T 7 (100 % 1C + 50 % Na) 27.05 5.62 51.40 9.5 56.79 17.31

Ts (100 % K + 75 % Na) 18.34 4.45 55.71 6.79 41.06 15.72

T 9 ( 1 0 0 % K +  100 % Na) 19.64 3.96 75.44 14.37 45.99 22.57

CD (0.05 level) 6.87 NS 28.35 NS 14.84  ̂ -i *i



4.11.3 P o t a s s i u m

Uptake o f  K by aerial  plant  parts  was found to be s ignif icant ly  

different  due to t reatments .  Sod ium  treated plants showed  h i g h e r  v a l u e s  of  

K uptake  than  the K treated plants .  The  highest  value o f  K uptake was 

recorded  by T 4 (50 per cent K plus 50 per cent Na)  fol lowed by Ty (100 per 

cent  K plus 100 per  cent Na) . But  they were found to be’ on par. The  lowest  

value was for T[ (control)  and  it was s ignif icant ly  lower to all t rea tments  

except  T 2, T 7 and T*.

4.11.4 S o d i u m

Sodium  up take  by aerial plan t  parts  did not  show any s ignif icant  

d i ff e rence  be tw een  t reatments .  Ty (100 per  cent  K. plus  100 per  cent  Na) 

recorded  the highest  value o f  N a  uptake  fo l lowed  by T 4  (50 per  cen t  K plus  

50 per  cent  Na).  The  lowest  value o f  N a  uptake was  recorded  by 'IN (50 per 

cent K alone) ,

4 .11.5 C a l c i u m

Uptake  o f  Ca by aerial plant  parts was found to be s ignif icant ly  

varying due  to t rea tments .  The highest  value was recorded  by T 4 (50 per  

cent K plus 50 per  cent  Na)  fol lowed by T 5 (50 per cent  K plus  75 per cent  

Na)  and T 7 (100 per  cent  K plus  50 per  cen t  Na) .  T 2 (50 per  cent  K alone)  

recorded  the lowest  value o f  Ca uptake. T 4 and T j  were having  s ignif icant ly  

higher  values  than others,  but they were found to be on par.

4.11 .6  M agnes ium

M agnes ium  uptake by aerial plant  parts showed s igni f icant  varia tion 

due to t reatments .  Sod ium  treated plots  showed s ignif icant ly  higher  values 

o f  Mg uptake  than the K alone t reated plots.  Ty (100 per cent K plus 100 per 

cent Na)  recorded  the highes t  value o f  Mg uptake  by aerial  plant  parts 

fol lowed by T 4  (50 per cent  K plus  50 per  cent Na) . The  lowest  value was 

recorded by T 2 (50 per  cent  K alone)  fol lowed by T|  (control) .



4,12 N U T R I E N T  U P T A K E  BY T U B E R

Uptake  o f  nutr ients  except  N a  by tuber  was found to vary 

s ign if icant ly  due to t reatments .  The mean values  are presented in Table  15

4.12.1 N i t r o g e n

The  N up take  by tuber  was  s ign if icant ly  different  due  to t rea tments .  

To (50 per  cent  K plus  1 0 0  per  cent Na)  regis tered the highest  value o f  

uptake o f  ni t rogen by tuber  fol lowed by T 4  (50 per  cent K plus  50 per  cent  

Na). The  lowest  value o f  ni t rogen uptake by tuber  was recorded  by 1 \  

(control)  fo l lowed by T 3 (100 per  cent K alone) .

4.12.2 Phosph oru s

The up take  o f  P was in f luenced s ignif icant ly  by t reatments .  The  Na 

t reated plots  recorded higher  values  o f  P uptake by tuber  than the untreated 

plots.  The highest  value o f  uptake o f  P by tuber  was recorded  by T 6 (50 per 

cent K plus 100 per  cent  Na)  fo l lowed by T 9  (100 per  cent K plus 100 per  

cent Na)  and  T? (100 per  cent  K plus  50 per  cen t  Na) .  But  they were found 

to be on par. T|  (control)  recorded the lowest value o f  up take  o f  P by tuber.

4 .12.3 P o t a s s i u m

Potass ium uptake by the tuber  was found to vary s ign if icant ly  due  to 

t reatments .  Sod ium  treated plots  showed higher  values  o f  uptake o f  K. 

com pared  to the K treated plots.  T<-, {50 per  cent  K plus 100 per  cent Na) 

recorded  the highest  value o f  K up take  by tuber ,  fo l lowed by 14 (50 per 

cent K plus 75 per cent  Na)  and T 7 (100 per  cent K plus  50 per cent  Na). 

The lowest  value was recorded by T |  (control)  fol lowed by Tb (50 per cent  

K alone)  and T 3 (100 per cent  K alone) .

4.1 2.4 Sod ium

The  uptake  o f  N a  by tuber  did not show any s ign if icant  diffe rence  

due to t reatments .  Highest  value o f  uptake o f  Na by tuber was recorded bv 

the t reatment  14 (50 per cent K plus 75 per cent Na) followed by 1' 4 (50 per cent



Table 15. Uptake o f  nutrients by tuber as affected by application o f  K and Na in

different proportions (kg h a '1)

Treatments N P K Na Ca Mg

T] (No K, No Na) 7.25 2.35 13.95 2.35 1 . 6 1.17

T 2  (50 % K. alone) 8,39 3,5 16.36 2,08 2.45 1.81

T 3 ( 1 0 0  % K  alone) 7.77 3.25 21.44 3.55 2.24 1.71

T a (50 % K + 50 % Na) 14.36 3.75 25.93 5.47 5.76 5.76

'
I s  (50 % K + 75 %  Na) 13.71 3.72 26.67 5.95 4.48 4.59

T 6 ( 5 0 %  K + 100 % N a ) 15.26 5.04 33.97 4.23 6.18 7.09

T 7 (100 % K + 50 % Na) 12.75 4.25 26.56 5.43 6.72 7.02

Ts (100 % K -  75 % Na) 14.11 3.68 22.31 4.41 4.94 5.48

T 9 ( 1 0 0 % K  + 1 00%  Na) 13.52 4.34 25.62 4.65 5.41 5.78

CD (0,05 level) 3,74 1 . 1 2 6.99 NS 2.37 1.89



K plus  50 pe r  cent  Na) .  The  lowest value was  recorded by T 2  (50 per  cent  K 

a lone)  fo l lowed by Ti (control)  and T 3  ( 1 0 0  per  cent K alone)

4.12 .5  Calc iu m

Uptake  of' Ca by tuber  was  found to be s ign if icant ly  dilTerenl 

be tween  t rea tments .  T rea tments  with N a  showed  higher  values  o f  Ca uptake 

by tuber  than the K treated plots.  T 7 (100 per  cen t  K plus 50 per  cent Na) 

recorded the highest  value o f  ca lc ium uptake  by tuber  and it was  followed 

by T<, (50 per cent K plus 100 per  cent Na)  and T 4 (50 per  cent K plus 50 

per  cent  Na).  But  they were on par. The  lowest value was  recorded by I) 

(control)  fo l lowed by T 3 ( 1 0 0  per  cen t  K alone) .

4.12.6 M agnes ium

M agnes ium  uptake was found to be s ignif icant ly  different  between 

t reatments .  T& (50 per cent  K plus 100 per cent  Na)  recorded  the highest 

value o f  Mg uptake by tuber fol lowed by T 7 (100 per  cent K plus 50 per 

cent  Na) . The  lowest value o f  Mg uptake by tuber  was recorded  by T| 

(control)  fo l lowed by T 3 (100 per  cent  K. alone).  The Na appl ied  plants  were 

having s ignif icant ly  high values  compared  to the K treated plants.

4.13 SOIL A N A L Y S IS

4.13.1 pH

Soil pH after  the harvest  was recorded and presented in Table  16. 

The va lues  did not show any s ignif ican t  di ffe rence  be tween  t reatments .

4.13.2 Electr ica l  Conductiv i ty

Electrical Conduct iv i ty  (EC) values  recorded al ter  harvest  are 

presented in Table 16. The values varied significantly due to t reatments. T : ( 1 0 0  

per cent K plus 50 per cent Na)  recorded the highest value o f  EC where as T.i 

(50 per cent K plus 50 per cent Na)  recorded the lowest value o f  EC.

4.13.3 O rgan ic  Carbon

Organic  carbon  values  are presented in Table  17. The values  did not 

show any s ign if icant  di ffe rence  due  to t reatments .  The t reatment  (50 per



Table 16. pH and EC as affected by application o f  K and Na in different

proportions

Treatments pH EC (d S n f l)

T, (No K, No Na) 5.4 0.007

..................... . ' ....... .
T 2  (50 % K  alone) 5.4 0.007

T 3 ( 1 0 0 % K  alone) 5.3 0.009

T 4  (50 %  K + 50 % Na) 5.6 0.007

T s (50 % K + 75 % Na) 5.5 0.007

T & (50 % K + 1 00 % Na) 5.3 0.008

T 7 (100 % K + 50 % Na) 5.7 0.015

Tg (100 % K + 75 % Na) 5.4 0 . 0 1 1

T 9 ( 1 0 0 %  K + 100 % N a ) 5.5 0.009

CD (0.05 level) NS 0.003



Table 17. Organic carbon (%} as affected by application o f  K. and Na in diflercnl

proportions

Treatments Organic carbon content

T, (No K, No Na)
....................

0.55

T 2  ( 5 0 %  It  alone) 0.59

IN ( 1 0 0  %  K alone) 0.71

T 4 (50 % K + 50 % Na) 0.73

T s (50 % K + 75 %  Na) 0.67

T,, (50 % f t -h 1 0 0  % N a ) 0.72

T;  (100 % K + 50 % Na) 0.64

Ts ( 1 0 0 % K  + 7 5 % N a ) 0.84

L'y ( 1 0 0  %  K + 1 0 0  % N a ) 0.75

CD (0.05 level)
...........

NS



cent K plus  75 per  cent  Na)  recorded  the highest  value o f  o rgan ic  carbon 

content  as 0 .84 per  cent  and  the lowest  value o f  organic  ca rbon  was 

recorded for the t rea tment  T[ (con trol)  as 0.55 per  cent.  T] (contro l)  and IS 

(50 per  cent  K. a lone)  showed  the lowest  value o f  organic  carbon content.

4.13.4 A va i lab le  Ni trogen

The va lues  o f  ava i lable  N at harves t  are presented in Table  18. Even 

though the am o u n t  o f  N  appl i ed  were the same,  the t rea tments  showed  

s ignif ican t  di ffe rence  in the ava i lable  N  s tatus  o f  soil.  The  highest  value 

was recorded  for the t rea tment  T 6  (50 per  cent  K plus  100 per cent  Na) 

fo l lowed by T 7 (100 per  cent  K. plus  50 per  cent Na)  where  as the lowest  

va lue  o f  ava i lable  N  was recorded  for the t rea tm ent  Tg (100 per  cen t  K plus  

75 per  cent  Na).

4.13.5 A va i lab le  P hosphorus

Soil ava i lab le  P values  are p resented  in Table  18. The  values  showed  

s ignif icant  d i ff e rence  be tween  t rea tments .  The  highest  value o f  ava i lab le  P 

was recorded  in the t rea tm ent  T 3 (100 per  cent  K alone) fo l lowed by IT (50 

per cent K plus  75 pe r  cent Na).  The  lowes t  value was recorded  for the 

t rea tm ent  T 7 (100 per  cent K plus  50 pe r  cent Na) .

4.13.6 A va i lab le  Potassium

Soil ava i lable  K va lues  are presented in Table  18. The  values 

differed s ignif icant ly  be tween  t rea tments  at  harvest ,  The  highest  value was 

recorded  for the t rea tm ent  Tg (100 pe r  cen t  K. plus  100 per  cent  Na) 

fo l lowed by Tx (100 per  cent  K phis  75 per  cent Na) .  The  lowes t  value was 

recorded for the t rea tm ent  T[ (control) .  Other  Na t reated plots  recorded 

higher  va lues  o f  ava i lable  K com pared  to the t rea tment  T 3 ( 1 0 0  per  cent  K 

alone) .

4.13.7 A va i lab le  Sod ium

The va lues  o f  ava i lable  Na are presented in T a b l e - 18. The values  did 

not show any s ign if icant  var ia t ion due to t reatments .  The highest  value was



Table 18. Soil milricnl content as affected by application o f  K and Na in different

proportions

Treatments

Available

Nitrogen

(kg Ira'1)

Available 

Phosphorus 

(kg ha '1)

Available 

Potassium 

(kg h a '1)

Available 

Sodium 

(kg ha’1)

. exchangeable 

Calcium

(c mol kg '1)

Exchangeable 

Magnesium 

(c mol kg )

T, 261.0 95.6 126,8 226.5 1.9 0.65

T: 328.3 101.1 186.6 255.8 1.9
........ . ... .

0.4 1

Tj 259.8 152.8 174.8 223.1 2.1 0 70

Tj 266.0 124.2 180.4 231.4 1.8 0.62

T, 319,3 145.1 148.7 219.5 1.8 1.10

T(, 369.0 103.4 180.5 224.4 1.7 0.87

T- 351.6 53.7 208.6 229.9 1.6 1.10

T s 241.3 129.4 211.3 238.8 2.8 0.31

|_

T... 323.2 107.9 238.4 205.7 2.2 0.61

CD

(0.05 level)

84.49 33.47 48.12 NS 0.27 ! 0.51



recorded for the t rea tment  T 2  (50 per  cent  K. a lone)  and the lowest  value 

was  for the t rea tm ent  T g (100 per  cent  K plus  100 per  cent  Na).

4.13.8 E xc h an geab le  Calc ium

The e xchangeab le  Ca con tent  in the soil after  harvest  is p resen ted  in 

Tab le  18. The values  showed  s igni f icant  d i ffe rence  be tw een  the t reatments .  

The  highest  value was recorded  for the t rea tm ent  Ts (100 per  cent K plus  75 

per  cen t  Na)  fo l lowed  by Tg (100 per  cent  K plus  100 per  cent  Na). The  

lowest  value recorded  for T 7 (100 per  cent K plus 50 per  cent  Na).  T | .  T;  

and Tj  were found to be on par.

4.13.9 E xc h an geab le  M agne s ium

The  va lues  o f  e xchangeab le  M g  are show n  in Table  18. The  va lues  

varied s ign if icant ly  due to t rea tments .  T 5 (50 per  cent  K plus  75 per cent  

Na)  and T 7 (100 per  cent K plus  50 per  cent Na)  recorded  the highest  value 

o f  exchangeab le  Mg. The  lowest  value was recorded  for Ti (control) ,  T (1 and 

T 7 were found to be s ign if icant ly  different  f rom T |  and T 2. T j , T 2 and T 3 

were  found to be on par.

4 .14 E C O N O M I C  A N A L Y S IS

Benefi t  : cost  rat io was not  found to vary s ign if icant ly  due  to 

t reatments .  The  mean values  are presented in Table  19.

The  highest  B:C ratio was  recorded  by the t rea tment  T 4 (50 per  cent  

K plus  50 per  cent Na)  fol lowed by T 7 (100 per  cent K plus  50 per  cen t  Na), 

The lowes t  re turn was ob tained  from T|  (control)  with B: C rat io 0.85 

fo l lowed  by T 2 (50 per  cent  K. a lone)  as 1,02.

4.15 C O R R E L A T IO N  STU DIES

The correlat ion o f  var ious pa rameters  to yield was s tudied.  Dry 

matte r  product ion  and uptake o f  Ca showed  s ign if icant  pos i t ive  correlat ion 

to yield wi th  values  0 ,6007** and 0 .5949**.  How ever  the up take  of  all the 

nut r ients  under  s tudy were posi t ively correlated with yield. The



Table 19. B : C ratio as affected by application o f  K and Na in different

proportions

Treatments B: C ratio

T, (No K, No Na) 0.S5

T ; (50 %  K alone) 1 . 0 2

T 3 (100 % K  alone) 1.40

T 4  (50 % K + 50 % Na) 1.65

Tj (50 % K + 75 % Na) 1.49

T 6  (50 %  K + 1 0 0  %  Na) 1.51

T 7(100 %  K + 50 %  Na) 1.54

T s ( 1 0 0 %  K + 75 %  Na) 1.23

Tg ( 1 00 % K + 100 % Na) 1 . 2 2

CD (0.05 level) NS



phys io logica l  cha rac te rs  like chlorophyl l  conten t  s how ed  posi t ive 

corre la t ion  with yield.

Dry m at te r  product ion showed s ignif ican t  posi t ive cor re lat ion  with 

uptake  o f  N, Ca  and Mg,  chlorophyl l  con tent  and LAI. Uptake  of  P, K. and 

Na showed  pos i t ive  correlat ion with dry matte r  product ion  ( ' fable  20).



Tabic 20. Correlation o f  different parameters to yield

Yield of  

tuber
DMP

N

uptake

K

uptake

Na

uptake
P uptake

Ca

uptake

Mg

uptake

Chlorophyll

content

Number 

o f  leaves
LAI

Yield o f  tuber 1.0000

DMP 0.6007 1.0000 -

N uptake 0.3223 0.6352 1.0000

K uptake 0.0907 0,3168 0.3498 1,0000

Na uptake 0.3741 0.2123 0.1941 0.2722 1.0000

P uptake 0.1529 0.3361 0.5532 0.0334 0.0539 1.0000

Ca uptake 0.5949 0.7768 0.5506 0.2019 0.3623 0,4006 1.0000

M g uptake 0.2910 0.4047 0.4709 0,4971 0.4571 0.0154 0.4467 1.0000

Chlorophyll content 0.2377 0.4963 0.3388 0.0171 0.0405 0.3368 0.5650 0.0934 1.0000

Number of leaves 0.3198 0.2756 0,3717 0.5093 0.2734 -0.0391 0.2254 0,6856 0.0700 1.0000

LAI 0.3476 0.4688 0,4630 0.4964 0.2247 0.0559 0.3798 0.7666 0.1975 0.8955 1.0000



DISCUSSION



5. D I S C U S S I O N

An inves t iga t ion  ent i t led “ Synergistic effect o f  Na and K on yield and 

nutrient uptake in coleus (Coleus parvijlorus  L.)” was  carr ied out  in the 

Col lege  o f  Agr icul tu re ,  Vel layani  dur ing  2003 -2004  to e luc idate  the effect 

o f  K;Na inte rac t ions  on the g rowth  and yield o f  co leus plant . Srecdhara  

var ie ty  was  taken up as the tes t crop.  The resul ts  obtained from the above 

ex p e r im e n t  are di scussed  in this chapter.

5.1 G R O W T H  C H A R A C T E R I S T I C S

The g rowth  characte r is t ic s  l ike plant  spread,  num ber  o f  functional  

l eaves  and num ber  o f  branches  showed  s ign if icant  varia t ion due to 

t reatments .

The  plant  spread was the h ighes t  in the t rea tm ent  where K and Na 

were given in 50:50 proport ions .  N u m b e r  of  branches and num ber  of  

funct iona l  leaves produced  when the plants  were given a com bina t ion  o f  

100:50 e i the r  N a  or  K were s im ila r  and on par. This  m eans  that  as far as 

growth  charac te r is t ic s  are concerned ,  it is better  to apply the two univalent  

ions in a m ore  economic  ratio o f  50:50. P rema  el at. (1992)  recorded 

m a x i m u m  num ber  o f  leaves when  K and Na were suppl ied at 50:50 

combina t ions .  The  lower values  on branches and num ber  o f  functional 

leaves in the t rea tments ,  whe re  K alone was given show that K could not 

p roduce  a specif ic  effect  on plan t  spread or num ber  o f  leaves and branches. 

Behura  (2001)  also repor ted that  K. had no effect on plant  height and 

num ber  o f  leaves in m ango  ginger .  It was  not iced that t rea tm ents  wi thout  K 

and Na recorded  a lower  num ber  o f  funct ional  leaves.  Th is  revealed that Na 

at even its h igher  or lower concen t ra t ion  along  with high or low dose o f  K 

inf luenced the product ion o f  funct ional  leaves.



Plate 2. Effects of treatments T3 and T4 on plant growth

__
__

_



Plate 3. Effect of treatments Ts, T6 and T7 on plant growth



The va lues  o f  LAI also s how ed  s ign if icant  d iffe rence  due to 

t reatments .  Here also the Na  wi th  K treated plots  s how ed  s ign if ican t ly  

h igher  values  com pa red  to plots  t reated wi th  only K (F ig .3). The  LAI is a 

very impor tan t  g rowth  factor  especial ly  for tuber  crops,  which in f luences  

the overa l l  g rowth and product ion  o f  tubers.  In cassava,  W il l i am s  and 

Glvuznli (1969)  bad reported that a high LAI p rede te rm in es  a high tuber  

yield s ince the deve lopm en t  o f  l ea f  canopy p recedes  tuber  growth.  LAI is a 

factor  con tr ibu t ing  to photosynthe t ic  eff ic iency  by p rovid ing  m ore  area for 

in te rcept ion  o f  solar  energy.  Devasenapa thy  et al. (1996)  repor ted a s imi lar  

behav io ur  o f  the plant  when NaCi nutr i t ion along  with r e c o m m e n d e d  dose 

o f  N P K  was given for coconut .  Sudharmaidev i  and Padmaja  (1997)  reported 

that the LAI o f  cassava  was s ignif icant ly  higher  when Na and K were given 

at 50:50 proport ions  in compar ison  to appl icat ion  o f  K alone

The  chlorophyl l  concen t ra t ion  in the leaves o f  a plant  is a direct  

indicat ion o f  its photosynthe t ic  eff iciency.  Hence this pa ramete r  a ssumes  

much impor tance ,  when the growth at t r ibutes  are taken into cons iderat ion.  

In the present  study,  it was not iced that the ch lorophyl l  content  increased  in 

t rea tm ents  with 50 per  cent  K along  with varying levels o f  Na (F ig,4). 

T rea tments ,  which received K alone recorded  lower values  o f  chlorophyl l  

content.  This  shows  that  Na also has a decid ing role in the chlorophyl l  

b iosynthesis  and the effect  o f  N a  was more p ronounced  when K was at its 

lower concen tra t ion.  Accord ing  to Ando  and Oguchi  (1990) ,  Na is found to 

increase the ch lorophyl l  conten t  o f  Ca plants.  S udha rm a idev i  and Padm aja  

(1997)  a lso reported higher  am oun ts  o f  total chlorophyl l  con ten t  when  Na 

and K were given in 50:50 com bina t ion  or lower doses .  100 per  cent  K. 

a long with 100 per  cent  Na  resul ted in a lower am oun t  o f  total  ch lorophyl l  

content .  Th is  may be due to the high doses  o f  Na  along  with full dose o f  L 

exert ing an adverse  effect  on chlorophyl l  synthesis.



Treatments

t  ^n°o^W N (i N a \  T6 ( 50  % K + 100 % Na)
t 2 n n n  o / V  T   ̂ T7 (100 % K + 50 % Na)T3 (100  % K alone)  ' v, ,  __ 0/ „  , _ c 0/ XT'
T ,  ( 5 0  % K + 50 % Na)  I *  / .  n° ?  '* 5 - ” , ° ^ \
TS (50  % K + 75 % Na)  T ’ (100  % K + 100 % N a >

Fig 3. Leaf area index as influenced by treatments



Treatments

t  /^°<vCVN0. Na). T6 (50 % K + 100 % Na)
T2 i n n t V  \ \ T7 (100 % K + 50 % Na)T3 (100 % K alone) ' '  „  0/ „  , 0/ x. \
T, (50 % K + 50 % Na) I* “   ̂ . 7
Ts (50 % K + 75 % Na) T, (100 % K + 100 % Na)

Fig 4. Chlorophyll content as influenced by treatments



C oleus  be ing  a semi succu lent  plant ,  s tores  m ore  w a te r  in aerial 

parts.  It requires  a r easonab ly  good,  even ly  di s t r ibu ted  rainfal l  and cannot  

w i th s tand  d rought  condi t ions .  T rea tmen ts  showed  s ign if icant  d i ff e rence  in 

te rm s  o f  R L W C  (F ig.5). N a  wi th  K  treated plants  s how e d  an increase in the 

R L W C  com pared  to the K a lone  t rea ted plants .  A s h r a f  (1989)  repor ted that 

as sal inity  increases  the w a te r  conten t  o f  plan t  a lso ' increases.  Here the 

m ed iu m  and  high levels  o f  N a  along  with low  levels  o f  K s h ow e d  high 

R L W C .  This  s h ow e d  that  the effect  o f  N a  in contro l l ing  the m a in tenance  o f  

l ea f  w a te r  potent ia l  is effect ive  only at low  levels  o f  K. Sudha rm a idev i  and 

P a d m aja  (1997)  reported an increase  in re la tive l ea f  water  con ten t  in 

cassava  due  to the subs t i tut ion  o f  K by N a  at 50 per  cent  level . Sunu  (2001)  

a lso repor ted  s imilar  resul ts  in b a n a n a  cv. Robus ta .  A high  relat ive  leaf  

water  con ten t  is due to the resul t  o f  r educ t ion in lea f  t ransp ira t ion  rate. N a + 

and  C f  ions accumula te  mainly  in the vacuole  ra ther  than  the cy toplasm 

(G reenw ay  and  M unns ,  1980) , with their accum ula t io n  the re fore  being 

conduc t ive  to osmot ic  a d jus tm en t  and turgor  main tenance .  Therefore  it can 

be thought  that  these  plants  wi th  a high R L W C  m ay  be m ore  eff icient  than 

others  in wi th st and ing  drought.

5.2 YIELD A N D  YIELD A T T R I B U T E S

Yield and yield at t r ibutes  did not  show  any s ign if icant  di ffe rence  due 

to the t rea tments .  But in general  N a  with K treated plants  showed  better  

pe r fo rm ance  in terms o f  yield and yield at t r ibutes than the K alone t reated 

p lant s  (F ig .6). The  highest  yield was  recorded  w hen  Na and  K were given  in 

50:50 combina t ion .  This  can be at t r ibuted to the synergis t ic  interact ion o f  

N a  and K leading  to s t imula t ion  in the growth pa ram ete rs ,  w h ic h  were 

evident  f rom a h igher  value for n u m b er  o f  funct ional  leaves, Leal'  Area 

Index and chlorophy l l  content .  The  rate o f  nut r ient  up take  was also higher ,  

which ul t imately  lead to a higher  tuber  yield. In the plants  t reated with K 

alone,  such a synerg is t ic  effect  could not  occur ,  which  resul ted in lower 

g rowth  rate and tuber  yield.  The  top g rowth  is p red ispos in g  to tuber  yield.



Treatments

T , (N o  K, N o  N a )
T 2 (50  %  K  a lo n e )  
T 3 (1 0 0  % K  a lone )
T 4 (5 0  %  K + 50 %  N a)  
T 5 (50  %  K + 75 %  N a )

T 6 ( 5 0 %  K + 100 %  N a)  
T 7 (1 0 0  % K  + 50 %  N a)  
T„ (100  %  K  +  75 %  N a)  
T 9 ( 1 0 0 %  K + 100 %  N a)

Fig. 5. Relative leaf water content as influenced by treatments



t 
ha

'

T ,  (N o  K, N o  N a )
T 2 (50 %  K a lo n e )  
T 3 (100  % K  a lone )
T 4 (5 0  %  K + 50 %  N a)  
T s (50 %  K  + 75 %  N a)

T 6 ( 5 0 %  K + 100 %  N a)  
T 7 (100  % K +  50 % N a)  
T 8 (100  %  K + 75 %  N a)  
T 9 ( 1 0 0 %  K + 100 %  N a)

Fig 6. Yield of tuber as influenced by treatments
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T4 T5 T6  

Treatments

■  Tuber dry matter prodcution ■  Aerial dry matter production

t 1 *1 \  T 6 (5 0  %  K  + 100 %  N a )
t 2 i n n t  /  r   ̂ T 7 (1 0 0  %  K +  50 %  N a )
T 3 A n o /  v  + w o )  xj \ T g (1 0 0  %  K  + 75 %  N a )T 4 (5 0  /o K  + 50 /o N a )  0, „  , . 0 , xj \
T ,  (50  %  K +  75 %  N a )  T ,  (1 0 0  /4 K  +  100 / .  N a )

Fig 7. Tuber and aerial dry matter production as influenced by treatments



the ul t imate  yield depending  on the inherent  harvest  index (HI) o f  the plant.  

A  high yielder  there fore  wou ld  have a high pho tosyn the t i c  capaci ty  and 

pa r t i t i on ing  pr ior i ty  in favour  o f  the  s torage tubers  (O keke  at a l 1979), 

Th erefo re  it would  appear  that the key to high yield is the eff ic iency  of  

pa r t i t i on ing  o f  pho tosyn tha te s  to the s ink site. Hence  from the resul ts  

ob tained  in this  s tudy, it is reasonable  to th ink that  plant s  r ece iv ing Na plus 

K in 50 :50 c om bina t ions  have a high pa r t i t ion ing  eff ic iency.  The  lower 

yield o f  plants  suppl ied  with obtained in 100 per  cent  K is exp la ined  by the 

poor  pa r t i t i on ing  eff ic iency o f  such plants.  Many research w orkers  have 

made s im i la r  reports  in diffe rent  c rops  (Sudha rm a idev i  and  P a d m aja  (1999)  

in cassava ,  Lekshmi  (2000)  in banana  cv. N endran  and  Sunu  (2001)  in 

banana  cv. Robusta) .

5.3 D R Y  M A T T E R  P R O D U C T I O N

Dry matter  p roduct ion  showed  s igni f icant  d i ff e rence  between  

t rea tments .  The  50:50 com bina t ion  o f  K and Na resu l ted in the highest  

value o f  dry matter  product ion (F ig.7). T rea tmen ts  with 100 per  cent  Na 

along  with d ifferent  levels o f  K resul ted in a lower levels o f  dry mat ter  

product ion .  Th is  shows that a high level o f  Na  can cause  reduct ion in 

growth  and hence  dry matte r  product ion.  But the low and m ed ium  levels o f  

Na along  with different  levels  o f  K regis tered  the h igher  rate o f  product ion  

o f  dry matter .  A long  with Na, K even at low levels  cou ld  give  better  growth  

and  p roduced  more  num ber  o f  leaves and b ranches  indica t ing the 

synergis t ic  effect o f  Na and K on plan t  funct ions,  which  gave the better  

pe r fo rm ance  in terms o f  growth  characte r is t ic s  and thus in dry mat ter  

product ion.

Being a tuber  crop,  the tuber  yield also con tr ibu tes  a port ion  o f  the 

dry matter .  The  Na t reated plants  p roduced  comparat ively  bet ter  yield than 

the unt rea ted plots.  This  revea led that  for the tuber  growth  and  deve lopm en t  

Na could play a key role a long  with K. But the high concen t ra t ion  o f  Na 

a lways resul ted in an adverse effect.  How ever  it can be conc luded  that Na



has some beneficial  role in the up take  and growth ,  and he rc e  the dry mat ter  

product ion  w hen  it is appl ied  along  with K even  in the low concen tra t ion .  

Sunu (2001)  repor ted a higher  dry m at te r  product ion  in banana  cv. Robusta  

when  50 per  cent  o f  K was rep laced  with Na  o f  c o m m o n  salt.

5.4. Q U A L IT Y  P A R A M E T E R S

The  characte r is t ic  f lavour  o f  coleus  tuber is due to the presence  o f  

essent ia l  oi l,  mainly  c om pose d  o f  phenol ics .  Tubers  are rich in 

carbohydra tes ,  minera l s  and essent ia l  aminoacids .  A m o n g  the quali ty 

pa ramete rs ,  s tarch con tent  o f  the tuber ,  which  is the m os t  impor tan t  

cons t i tuen t  as far as c ook ing  qual i ty  is concerned ,  showed  s ignif icant  

var ia t ion due  to t rea tments ,  100 per  cent K and  50 per  cent K along  with 

m ed ium  and low levels o f  Na gave high s tarch content.  But  the high doses  

o f  Na and K resul ted in the least content  o f  s tarch revea l ing  the adverse 

effect  o f  high concen t ra t ions  on s tarch synthesis .  The  50 :50 com bina t ion  

yielded tubers  with a high s tarch content.  Sudharmaidev i  and Padmaja  

(1996b)  a lso repor ted a s t im ula t ion in product ion  o f  s tarch in cassava  

tubers,  when  50 per cent  o f  K was rep laced with Na o f  c o m m o n  salt.

C o o k in g  qual i ty  o f  the tuber  showed  different  t rends,  but  those with 

h igh levels  o f  K gave bet t er  resul ts  in terms o f  tas te and appearance .  The  

full doses  o f  Na and K resul ted in the least acceptabi l i ty  com pared  to the 

other  N a  t rea ted ones. The overall  acceptabi l i ty  o f  tubers  from the t rea tment  

receiv ing  K and N a  in equal p roport ion  was comparab le  to those receiving 

K alone. This shows  that  the same  qua l i ty  can be ob ta ined  at a lesser cost  if 

the 50 :50 com bina t ion  is adopted,  Sunu  (2001)  recorded  that  m ax im u m  

fruit qua l i ty  in banana  cv. Robus ta  resul ted when 100 per  cent  K alone was 

g i ve n .

Keeping  qual i ty  o f  the tubers  did not show  wide var ia t ion  due  to 

t rea tments .  But  tubers  from the plot rece iving K and N a  in 100:100 

proport ion  exh ib i ted  the longest  s torage life. This  show's that  in addi t ion  to 

K, Na is a lso having a role in ex tend ing  the keep ing  quali ty  o f  coleus



tubers .  The  in f luence o f  N a  on the ke ep ing  qual i ty  o f  cassava  tubers  has 

been repor ted by Sudha rm a idev i  and  Padm aja  (1996b) .  The  reason 

at t r ibuted for long  she lf  life o f  cassava  tubers  w as  the high levels o f  

pheno ls  and HCN in the rind o f  such tubers.

5.5 N U T R I E N T  C O N T E N T  A N D  U P T A K E

It is k n o w n  that  plant  g rowth  is the resul t  o f  inter- rela ted u t i l iza t ion 

o f  differen t  e lem en ts  concerned  in nutri t ion.  Accord ing ly  the concep t  of  

cat ion ba lance  presents  a s i tua t ion where  the addi t ion  o f  an e lement  may 

cause posi t ive or  negat ive growth  effects  depend ing  on the relative 

concen t ra t io n  o f  other  e lements .  H ence  in the presen t  inves t iga t ion ,  the 

c oncen t ra t ion  o f  each nut r ient  e lement  was separately de te rm ined  in 

di ffe ren t  parts such as leaf, s tem, root and tuber  o f  the plant

Nit rogen  content  in the different  plant  parts  showed  varia tion 

be tween  t rea tments;  the highest  conten t  be ing  recorded  in leaves in all the 

t reatments .  All  the plants ,  which  received N a  in add i t ion  to K, recorded  

higher  va lues  o f  N con tent  than those  receiv ing K alone.  This  shows  that  Na 

has a key role in N absorpt ion in coleus.  The highest  values  o f  N absorp t ion 

were regis tered by plants  f rom trea tm ent  T 7 (100 per  cent K plus 50 per  

cent Na).  Here,  47 per  cent  was retained  in absorb ing  roo ts  and s tem, the 

rest be ing t rans located to leaves and tubers.  But  in the t rea tm ent  T \  which 

recorded  the highes t  tuber  yield,  only 42 per  cent was  retained in roots  and 

s tem,  the rest be ing  ut il ized in leaves and tubers.

1'he coleus  tubers  are k now n  to contain modera te ly  high a m oun ts  of  

proteins.  All the tubers  f rom plots  receiv ing N a  along  with K regis tered 

higher  per  cent  o f  N conten t  in compar ison  to those receiv ing K alone. This 

shows that  the tubers  f rom the c om bine d  t rea tm ents  are  nutr i t iona l ly  more 

rich. The  high conten t  o f N  in the leaves o f  the t rea tments  T 4, T?, TV, and T 7 

coinc ides  well  with the high con ten t  ch lorophyl l  not iced in these  plants.  All 

these facts prove that  a synergis t ic  effect o f  K and Na was exerted in coleus 

in im prov ing  N use eff iciency o f  plants.



The t r ea tm en ts  had little inf luence  on the P con ten t  o f  plants .  The 

com b in a t io n  t rea tm ents  receiv ing  varying levels  o f  N a  along with 100 per  

cent K recorded  high va lues  o f  total P in compar ison  to t rea tments  with 

varying levels  o f  Na with 50 per  cent  K. In the t rea tments  where K alone 

was appl ied,  the P conten t  was higher  than this. But  the low-er yields  

recorded  in the t rea tments ,  w h ich  were given full K with or wi thout  Na. 

com pared  to the t rea tments  suppl ied  with vary ing  levels  o f  N a  with 50 per  

cent K. ind ica te  that  the P abso rbed  was  not fully ut il ized.  At the same time 

N a  and K at 50:50 p roport ion  w'as the most  eff ic ient  com bina t ion  in 

ut i l iz ing P indicat ing a synergis t ic  effect  at this  combina t ion  in terms o f  P 

use eff iciency.

Po tass ium, ,  which  is know n  as the qual i ty  nutr ient  is having a special  

impor tance  in tuber  crops because  o f  its specif ic  funct ions  in starch 

synthesis ,  t rans loca t ion  o f  sugars  to the tuber  etc. It is very interest ing to 

note that in all the t rea tments  receiv ing Na,  the K. uptake was high. When 

the di ffe ren t  parts  were separa tely analyzed,  the lea f  con tent  o f  K was 

cons ide rab ly  higher  in Na plus  K t rea tments ,  when  com pared  to K alone 

t rea tments .  Even then the plant s  rece iv ing 100 per  cent  K recorded lower 

va lues  o f  l ea f  K. than Na plus  K t reated plants  (F ig .8 to l  1). Th is  indicates  

that  Na  has a very impor tan t  role in K absorpt ion.  Elsie ci a). (2000).

s tudying  the subs t i tut ion  o f  K by Na in rubber,  repor ted that K uptake 

increased  in subst i tuted t rea tments .  Ev idence  for increase in K uptake in 

p resence  o f  Na had also given by Box and Schach tm an  (2000)  in wheat .

These reports  and  the present  f indings  point  to the exi s tence  o f  such 

m echan ism s ,  which become ac t ive in presence o f  Na  for abso rp t io n  o f  K 

(Fig. 12). In the tuber a lso,  the con ten ts  in these t rea tm ents  were higher .  

Thi s  might  have directly  con tr ibu ted  to the good qual i ty and ex tended  

s torage life o f  tubers.  The s tem also con ta ined  h igher  amounts  K in these 

t reatments .  Th is  migh t  have he lped in a higher  rate o f  t ransloca t ion o f  

sugars  to the tubers,  for fur ther convers ion  to s tarch and protein.
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Fig 8. Potassium content of leaf as influenced by 
treatments

T1 T2 T3 T4 T5 T6 T7 T8 T9 
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Fig 9. Potassium content of stem as influenced by 
treatments

T, (No K, No Na)
T2 (50 % K  alone)
T3 (100 % K  alone)
T4 (50 %  K +  50 %  Na) 
T 5 (50 %  K + 75 %  Na)

T6 (50 % K + 100 % Na) 
T7(100% K+ 50%Na) 
T8 (100 %K + 75 %Na) 
T9(100% K + 100 %Na)



Treatments
Fig 10. Potassium conent of tuber as influeced by 

treatments

T4 T5 T6 

Treatments

Fig 11. Potassium content of root as influenced by 
treatments

T, (No K, No Na)
T2 (50 % K  alone)
T3 (100 % K  alone)
T4 (50 %  K + 50 %  Na) 
Ts (50 %  K  +  75 %  Na)

T 6 ( 5 0 %  K + 100 %  N a )  
T 7 (100  % K +  50 %  N a)  
T 8 (100  %  K + 75 %  N a) 
T 9 ( 1 0 0 %  K + 100 %  N a)



These  f indings suggest  that  the K use eff ic iency increased several  

folds  by adop t ing  c om bined  appl icat ion o f  K and Na at 50:50  proport ions.  

In contras t  to the uptake pattern o f  K, l ea f  content  o f  Na was the highest  in 

full K t reated plots.

As far as the secondary nut r ients  are concerned ,  there  was s ign if icant  

d i ff e rence  in the Ca con tent  o f  plants .  In all the Na t reated plan ts ,  there was 

a cons ide rab le  increase  in the Ca content.  The low Ca  con ten t  in the K 

alone t reated plots  may be due to the an tagonis t ic  cf leet  o f  K on the 

abso rp t io n  o f  Ca at the abso rp t ion  s ites  as repor ted by Singh and Verma 

(2001)  in onion.  The  increase in Ca  con ten t  in the Na  t reated plants  is a 

des irable  trait s ince it improves  the qual i ty  o f  tubers  in coleus.  The  M g 

conten t  a lso fo l lowed the sam e  t rend as that o f  Ca (Fig. 13). A s im ila r  resul t 

was repor ted  earl ier  by S h a ree f  et al. (2002)  in wheat .

5.6 C H A N G E  IN P H Y S IC A L  A N D  C H E M I C A L  P R O P E R T I E S  OF SOU. 

DU E TO  S O D IU M  A N D  P O T A S S IU M  T R E A T M E N T S

The  analyses  o f  the soil sample  after  harvest  showed  di ffe ren t  t rends 

due to t rea tments .  There was no in f luence on the pH as a resul t o f  

appl icat ion  o f  t reatments .  The  EC values  recorded  were very low so as to 

cause any effect  on crop growth.  This  shows  that  use o f  Na al these levels  is 

safe and beneficial  for growth o f  plants.  Organic  ca rbon  s ta tus  o f  the soil 

did not show  much  di fference due  to t rea tments .

i'he soil avai lable  N was h igher  in the co m b in a t io n  t rea tments  

com pared  to the K alone t reatments .  The higher  con ten t  o f  N in plant  parts 

o f  com bina t ion  t rea tments  support  this f inding.  But the ava i lab le  P content  

was the highest in the K alone t reated plots because o f  the less crop removal.  

The high conten t  o f  P, which  was  recorded  in the plan t  par ts  o f  K. t reated 

plants  give ample  p r o o f  for the increased avai labi l i ty  in that  t reatment .

The soil ava i lable  K was also higher  in the combina t ion  t rea tments ,  

fo l lowing  the same pat tern o f  up take  o f  K by plants.  The values  on



Treatments
T ,  (N o  K, N o  N a )
T 2 (50  %  K a lone)  
T 3 (1 0 0  % K  a lone )
T 4 (5 0  %  K + 50 %  N a )  
T 5 (50 %  K  + 75 %  N a )

T 6 ( 5 0 %  K + 100 %  N a )  
T 7 (100  % K  + 50 %  N a )  
T 8 (100  %  K  + 75 %  N a )  
T 9 ( 1 0 0 %  K  + 100 % N a)

Fig 12. Uptake of N, P and K as influenced by treatments
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Tj (N o  K , N o  N a )
T 2 (50  %  K a lo n e )  
T 3 (100  % K  a lo n e )
T 4 (5 0  %  K  + 50 %  N a )  
T 5 (50 %  K  + 75 %  N a)

T 6 (50  %  K + 100 %  N a )  
T 7 (100  % K  + 50 %  N a )  
T 8 (100  %  K  + 75 %  N a )  
T 9 (100  %  K  + 100 %  N a )

Fig 13. Uptake of Na, Ca and Mg as influenced by treatments



ava i lable  Na did not show  any s ign if icant  di ffe rence  due to t rea tments .  But 

contrary to the up take  pattern,  the ava i labi l i ty  of  C a  in soil w as  h igher  in all 

the plots,  which  received 100 per  cent  K. Th is  jus t i f i e s  the v iew  that  an 

an tagon ism  exis t s  be tw een  K and Ca at the absorp t ion  sites.  Th is  a lso 

point s  to the fact that  for increased Ca uptake and the re fore  increased  Ca 

eff ic iency,  it is better to apply Na along  with K.

The pat t ern  o f  Mg ava i labi l i ty  was s l ight ly  different  f rom that  o f  Ca. 

The  ava i labi l i ty  and uptake  were more  in t rea tments ,  which  received 

va ry ing  levels  o f  N a  wi th  50 per  cent  o f  K.. Sudha rm a idev i  and  Padm aja  

(1999)  also repor ted that  M g  availabi l i ty  increased,  when Na was also 

included  as t rea tment .

5.7 C O R R E L A T I O N  S T U D IES

Tuber  yield was  found to be posi t ively and s igni f icant ly  correla ted  

wi th  the total  dry mat te r  p roduc t ion .  Th is  is expec ted  because  canopy 

growth is a de te rm in in g  factor  in tuber  product ion.  Here in this  s tudy,  the 

tuber  g rowth  fol lowed the pat t ern  o f  canopy growth  and therefore  the 

t rea tments ,  which produced  m ore  quant i ty  o f  dry matter  a lso produced  more 

tubers.

The  dry matter  p roduct ion  in turn,  was posi t ively and s ign if icant ly  

corre la ted to the LAI, chlorophyl l  and uptake  o f  N, Ca and  Mg. All these 

factors  are directly  inf luencing  the growth  o f  plants.  The tuber  yield had 

pos i t ive  and s igni f icant  cor re lat ion  with Ca uptake. Co leus  tubers  have a 

high con ten t  o f  Ca in the tuber  compos i t ion .  The  s t rong  corre la t ion  is 

evident  f rom the uptake pattern o f  Ca by plant  parts.

Tuber  yield also had  a pos i t ive  corre lat ion  with all the major  

nutr ients .  It had a s t ronger  cor re lat ion  with N a  uptake  than with K uptake.  

This  leads to the conc lus ion  that  Na had more  in f luence in the final tuber  

yield than K in coleus.



5.8 F C O N O M I C  A N A L Y S IS

When  the B:C ratio was ana lyzed ,  it was c lea r  that  the t reatment  Tj  

(50 per cent  K plus  50 per  cent Na)  had the highest  return per rupee 

invested.  It was evident  f rom Table  19 that  all the t rea tm ents  which 

rece ived different  levels o f  Na with 50 per  cent  K. were more  econom ic  than 

the t rea tment ,  which received K alone.  Hence  it can be r e c o m m e n d e d  to the 

farmers  because,  for a lesser  inves tment  he can get a better  income.



SUMMARY



6. SUMMARY

An inves t iga t ion  en t i t led “ Synergistic effect o f  Na and K on yield and 

nutrient uptake in coleus {Coleus parvif lorus  L.)” was carr ied out in Co l lege of  

Agr icul tu re ,  Vel layani  f rom Se p tem be r  2003 to Januar-y 2004 to study the 

synergis t ic  effect o f  Na along  with K on the growth  and yield o f  coleus 

crop.  C o m m o n  salt and Muria te  o f  Potash  were taken respect ively as the 

sou rces  o f  N a  and K. The  experimenta l  crop was coleus ,  varie ty  Sreedhara.  

re leased from CTCRI ,  Sreekar iyam. The  t rea tments  included are 50 and 100 

per  cent  o f  the r ecom m ended  doses  o f  K. a lone and in com bina t ion  with 50. 

75 and 100 per  cent  o f  Na  o f  c o m m o n  salt  to equa l ize  the same  am oun t  o f  

r ec o m m e n d e d  doses o f  K. The expe r im en t  was  conduc ted  in Random ized  

Block Design.

The impor tant  resul ts  o f  the study are sum m ar ized  below:

1. The  different  growth  charac ter s  like plant  spread,  num ber  o f  leaves 

and lea f  area index (LAI)  show ed  s ign if icant  di ffe rence  due to 

t reatments .  The values  o f  the above pa rameters  were s ignif icant ly  

higher  in t rea tments  receiv ing N a  at different  levels  a long  with 50 

per  cent  K, showing  that  c om bined  appl icat ion o f  K and Na exerts  a 

beneficial  influence on the growth  o f  coleus  plants.

2. The ch lorophyl l  con tent  even though  did not show signif icant  

d ifference between  t rea tments .  However ,  increased  Na appl icat ion  

a long  wi th  50 per  cent  K showed  an increase in ch lorophyl l  content ,  

ind ica t ing the role o f  Na in chlorophyl l  biosynthesis .

3. The  R L W C ,  which is a very impor tan t  factor  as far as co leus plants 

are concerned ,  showed  s ignif ican t  var ia t ion due  to t rea tments .  Sodium 

with K treated plants showed  an increase in R L W C  compared  to the K 

alone t reated plants.  This  shows  that  Na has an impor tant  role in



8. Starch content  o f  tubers  showed  s igni f ican t  va r ia t ion due to

t rea tments .  The  highes t  s tarch content  was  in the t reatment  IT (100

per cent  K plus  75 per  cent  Na) .  The  t reatment  T 9 (100 per cent K 

plus  100 per cent  Na)  was found to contain the lowest  s tarch content .  

Thi s  shows  that  tubers  with a h igher  qual i ty  can be p roduced  at a 

lesser  cost  by adop t ing  c om bined  app l i cat ion  o f  K and Na.

9 Ni t rogen,  P and Na conten t  o f  tuber  did not  show  sign if icant  

di ff e rence  due to t rea tments .  But  K, Ca and Mg conten t  o f  tubers 

showed  s ignif ican t  di ffe rence  due to t reatments .  Though the content  

o f  N and P did not show any s ign if icant  di ffe rence  due to t reatments ,  

uptake  o f  nutr ients  by tuber  was  found to increase in the Na  and K 

treated plants  com pared  to K alone t reated plants.  Fifty per cent  K 

a lo ng  with different  levels o f  N a  was found to have higher  uptake  of  

nu tr i ents  than the others .  Th is  shows  that Na  has a s t imula t ive  effect 

on uptake  o f  nutrients.

19. Uptake o f  nutrients like N, K. Ca and Mg by aerial plant  pans

s how ed  s ignif icant  d iffe rence  due  to t reatments .  'The Na plus K.

t rea ted plants  showed h igher  values  o f  uptake o f  nutr ients .  Uptake of  

Na and P by aerial  plant  parts did not  show any var ia t ion due to 

t reatments .  The  100:100 combina t ions  o f  Na and K showed  higher  

uptake  o f  Na by aerial plant  parts.  But  it was found to be on par  with 

the t rea tm ent  w'ith 100 pe r  cent  K alone.

1 1. Soil pH after  harvest  did not  show any s ign if icant  d i ffe rence  due to 

t rea tments .  Na t reated plots  showed  only s light  increase in pH bm 

they were  on par  with Na  unt reated plots.

12. Electr ical conduct iv i ty  values  after  harvest  showed  s ignif icant  

di ffe rence  due  to t reatments .  The 50:50 com bina t ions  o f  Na and K. 

show'cd the lowest  EC value.  This  showed that use of  Na at these 

levels is safe and beneficial  for growth o f  plants.



13. In the case o f  ava i lab le  nut r ient  s tatus o f  soil ,  N,  P, K, Ca and Mg 

con te n t  o f  soil after  harvest  showed  s ign if icant  var ia t ion due to 

t rea tments .  Even  though  the N  and P appl ied  in all plots  were same,  

the ava i lab le  s tatus o f  these nutr ients  af ter  harvest  varied 

s ignif icant ly .  The  avai lable  Na after  harvest  did not  show  any 

s ignif icant  varia t ion due  to t rea tments .  The higher  uptake  values  of  

nut r ients  support  the higher  avai labi l i ty  in soil.

14. Dry matter  p roduct ion,  uptake o f  N, P, K,  Na,  Ca and Mg, 

chlorophyl l  content  and LAI showed  posi t ive corre lat ion with yield 

o f  tuber.  The dry matte r  product ion  and uptake  o f  Ca showed 

s ignif ican t  posi t ive corre la t ion  with yield o f  tuber .

15. LAI showed  s igni f icant  posi t ive corre lat ion  wi th  dry mat ter  

p roduct ion ,  up take  o f  N ,  K and  Mg. The dry matte r  p roduct ion  in 

turn, was posi t ively and s ignif icant ly  corre la ted  to the L.AL 

ch lorophyl l  and uptake  o f  N, Ca and Mg. All these  factors are 

di rect ly  in f luenc ing the g rowth  o f  plants.

16. M a x im u m  B: C rat io was recorded  for the t r ea tm en t  with 50:50 

com bina t ions  o f  N a  and K, m ak ing  it clear  that  this  com bina t ion  is 

the m os t  econom ic  one.

From the f indings in the presen t  s tudy, it can be conc lu ded  that a 

c om b ina t ion  o f  50 per cent K and 50 per  cent  Na is op t im um  for get t ing the 

m a x i m u m  yield,  with im proved  qual i ty  and nutr i t ional ly  rich tubers.  The 

high B:C rat io m akes  it an economica l ly  feasible  pract ice  which  can be 

rec o m m e n d e d  to farmer

Future lines o f  W or k

Based  on the resul ts  ob tained in this  exper imen t ,  the fol lowing 

aspec ts  need to be s tudied in a detai led manner .



The synergis t ic  in f luence o f  N a  on  the uptake and  funct ion ing  o f  K 

in plants.

The m ec ha n ism  o f  act ion o f  N a  in im prov ing  the qual i ty  and she l f  

life o f  tubers.

Physical ,  chemica l  and  biological  propert ies  o f  soil due to the 

con t inuous  appl icat ion o f  Na.
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A B S T R A C T

A field experiment  was  carried out  in Col lege  o f  Agr icul ture ,  

Vel layan i  dur ing  Sep tem ber  2003 to January  2004 to s tudy the “ Synergistic 

effect o f  Na and K on yield and nutrient uptake in coleus (Coleus parvi florus  L.)” . 

The t rea tments  included  were 50 and  100 per  cent o f  the r ec o m m e n d e d  dose 

o f  K alone and in combina t ion  with 50, 75 and 100 per  cent o f  Na of  

c o m m o n  salt  to equa l ize  the same am oun t  o f  r e c o m m e n d e d  dose o f  K. The  

expe r im en t  was  conduc ted  in Random ized  Block  Design.

The plant  growth  characte r is t ic s  like plan t  spread,  num ber  of  

funct ional  leaves and LAI showed s ign if icant  var ia t ion  due to t reatments .  

The highest  values  for these pa rameters  were regis tered  by K and Na at 

50:50 proport ion^,  showing  the synergis t ic  interact ion o f  the two e lements  

at this combina t ion .  Le a f  water  conten t  varied s ign if icant ly  due to 

t reatments .  The  50 per  cent K plus  75 per  cent N a  t reated plants  showed  

highest  value o f  RLWC. Even though the ch lorophyl l  conten t  did not show' 

s igni f icant  difference between  t rea tments ,  it increased with Na appl icat ion  

along w ith 50 per  cent  K, revea l ing  a role o f  Na in ch lorophyl l  biosynthes is

Tube r  yield did not  show  any s ignif ican t  di ffe rence  due to 

t reatments .  Even  then the 50:50 combina t ions  o f  Na  and K treatment  gave 

the highest  tuber  yield foliow'ed by 100 per  cent K plus  50 per  cent Na 

t reated plants .  The  yield at t r ibutes  l ike num ber  o f  tubers ,  weight  of' tubers 

and tuber  index  did not  vary s ignif icant ly .

A m o n g  the quali ty  a t t r ibutes ,  s tarch content  var ied s ign if icant ly  due 

to t rea tments .  The t reatment  with 100 per  cent K plus  75 per  cent N a  gave 

the highest  value o f  s tarch fol lowed by the 50:50  com bina t ions  o f  Na and 

K. The cooking quality o f  t reatments T3 (100 per  cent K alone), T4 (50 per cent 

K plus 50 per  cent  Na)  and Tj  (50 per  cent  K plus  75 per  cent Na)  were



similar.  The  s h e l f  life o f  100 per  cent  K plus  100 per cent  N a  t reated tubers 

were found  to be the  highest .

There  was  an increase in the content  o f  N, K, Ca and Mg in the 

plants  when  Na was also supp l ied as t rea tment .  Consequen t ly  the uptake of  

nutrients  increased  with the app l icat ion o f  di fferent  levels  o f  Na along  with 

50 per  cent  K. Th is  shows that N a  has  a s t im ula t ive  effect on up take  o f  

nutr ients .  Applica t ion  o f  N a  did not  affect  any soil p roper t ie s  l ike pH,  EC 

and organic  carbon.  The  ava i lable  nut r ients  like N,  P, Ca and M g increased 

in Na t reated plots

Yie ld o f  tuber  w as  pos i t ively and s ignif icant ly  cor re la ted  wi th  the 

dry matter  product ion  and uptake  o f  Ca. Yield was  pos i t ive ly  correlated 

with the uptake o f  all nut r ients  under  study.

From the above points ,  it can be conc lu ded  that  a c om b ina t ion  o f  50 

per  cent  K and 50 per  cent  N a  is o p t im um  for get t ing  the m a x i m u m  yield. 

From the present  s tudy it also became evident  that  the eff ic iency  o f  nutrient  

uptake increased at this  combina t ion .  By adop t ing  this  pract ice ,  it was seen 

that  the quali ty  o f  co leus tubers  improved  and they becam e nutr i t ional ly  

more rich. This  pract ice  was found to be econom ica l ly  m ore  feasible.  

Cons ide r ing  all these aspects ,  this fer ti l izer  pract ice  can be rec o m m e n d e d  to 

the farmers  for gett ing a higher  profi t.  F rom this  invest igat ion  we can 

clearly  es tabl ish  a synergis t ic  interac t ion o f  the two m o n o v a le n t  nutrient  

ions,  K and  N a  on the growth  and yield o f  coleus.


