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I. IN T R O D U C T IO N

Cassava  (Manihot esculenta Cranlz ), popularly  known as tapioca;  

is one o f  the wor ld ’s most  important  staple food crop.  It ranks sixth 

among the major  contr ibutors  o f  food in the world.  The  others  being 

wheat ,  rice, maize,  potato and bar ley (Ghosh et al. 1988). Approximately  

60 per cent o f  the wor ld ’s cassava  product ion is used as human food 

serving as an important  staple food for more than 500 mill ion people 

(M ohankum ar  et al. 2000) . It is a nat ive o f  Brazil in Latin America and 

was introduced to India (Kerala)  by the Portuguese in the 1 7 lh century. 

Among the different  t ropical  roots  and tuber crops grown in India, 

cassava is o f  s ignif icance since it can produce more calor ies  per unit area 

per uni t t ime.  Its importance in t ropical  agr icul ture  is due to its drought  

to lerance and wide adaptabi l i ty  to adverse soil, nutrient  and management  

condi t ions  including t ime o f  harvest.

The  crop pattern scenario has witnessed change  especial ly  in 

Kerala where plantation c rops  have  started gaining prominence  in 

uplands.  Kerala  being a food defic i t  state, cassava assum es  importance 

as a supp lem enta ry  food item and thus provides  food securi ty and avoids  

drain in our  economy for the import  o f  rice. Besides,  cassava holds 

promise  as an animal  food and as a raw material  for industr ies.  But 

cassava  area under  t radi t ional  upland rainfed s ituat ion is decl ining 

gradua l ly  in Kerala.  On the other  hand,  the area under  low land situation 

is increasing  with the gradual  rep lacement  o f  rice by cassava.  Due to the 

high cost  o f  labour  and lack o f  t imely  avai labi l ity  o f  labour,  the farmer 

shows interest  to introduce cassava as a substi tute for rice together  with 

the crop cafeter ia .  Thus there is a need to deve lop  scientific 

m anagem en t  s tra tegies for cassava cult ivat ion.



‘Vel layani  H rasw a’ is a short durat ion varie ty  o f  cassava released 

by the Kerala Agricul tural  Universi ty  recently.  Branching habit  and 

short durat ion nature  coupled with greater  product ion potent ia l  make this 

variety physiolog ical ly  unique and outs tanding compared  to other  

cassava varieties  ever released. Due to its superior  cooking quali ty  and 

high yield, this variety may replace the other  improved ones. These 

characters  war rant  for separate  package in nutrient  management .  This 

experiment  will enable  to recommend a fer ti l izer  schedule  for sustainable  

land use and  higher  product iv i ty  through the eff icient  management  o f  the 

available  inputs especial ly,  the costly fertil izers.

Keeping these views in mind,  the experiment  viz., Fer ti l izer  

schedul ing for the short  durat ion cassava varie ty “ Vellayani  H rasw a’’ 

was designed to achieve the ob ject ive o f  s tudying the inf luence o f  NPK 

fert il izers on the performance  o f  short  durat ion cassava variety 

“ Vellayani  Hraswa” and to arr ive at a fer ti l izer  r ecommendat ion  for the 

variety.
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2. R E V IE W  OF LITERA TU RE

Cassava  is a heavy feeder  crop and requires a good amount  of  

ni trogen, phosphorus and potash for higher  yield. As cassava is an 

exhaus t ive  crop that is highly eff ic ient  in nutrient absorp t ion from a low 

fertile soil,  apart  from the avai lab i l i ty  o f  adequate  quant i t ies  o f  nutrients 

in the soil, it is also important  to have a proper  balance between the 

nutrient  const i tuents  both in the soil and in plants.  So the balanced 

appl icat ion o f  ni trogen, phosphorus  and potassium is part icularly 

impor tan t  in acid lateri te soils.  “ Vel layani  Hraswa” , the shortest  durat ion 

variety o f  cassava  released recent ly  by Kerala Agricul tural  University  is 

charac ter is t ica l ly  a higher  yielde r  .It may require reasonably high rate of  

the major  nutrients  and the same are to be s tandard ized,

Hence,  the review pertaining to the subject  is presented 

broadly covering the in f luence o f  N, P, and K nutr ients  and their 

interact ions on growth,  yield and  qual i ty  o f  cassava tubers.

2.1 G R O W T H  C H A R A C T E R S

2.1.1 Plant  Height

Higher  level o f  ni t rogen invariably favoured the vegetative 

growth o f  the plant.  S ign if icant  increase in plant  height,  leaf  number 

and lea f  retent ion due to higher  rates o f  ni trogen appl icat ion was 

reported by Mandal  el al. (1971) . According to Nata rajan (1975),  

ni trogen up to 150 kg h a ' 1 enhanced  the plant height in cassava.  Mandal 

et al. (1975)  reported s igni f icant  increases in plant  height  with added 

ni trogen.  Pillai and George  (1978 a) not iced increases  in plant  height  and 

weight  due to h igher  levels o f  ni t rogen in M-4 var ie ty  o f  tapioca,  but 

Muthukri shnan  (1980)  could not find any s ignif icant  di fference in foliage 

weight  due to d ifferent  rates o f  ni t rogen applicat ion. Ramanujam and 

Indira (1978) reported that  the rate o f  leaf  product ion was higher for



higher  level o f  N and would produce about  10-12 funct ional  leaves per 

plant  per  week.  Similar increase in lea f  product ion with incremental  dose 

o f  N was not iced by Prabhakar  et al. (1979):

Nair  (1982)  studied the influence o f  three levels of  nitrogen (50,125 and 

200 kg ha '1) and recorded maximum plant height, number  o f  nodes and 

number o f  functional leaves at 200 kg ha"', but enhancement  in leaf  area was 

attained only up to 125 kg N ha"'.

Increasing rate o f  ni trogen appl icat ion increased the plant  height,  

number  o f  nodes per plant, funct ional  leaves per plant , and leaf  area 

index o f  cassava  when intercropped in coconut  garden (Nayar  1986). 

Pamila  (2003)  reported that  di ffe ren t  levels o f  ni t rogen showed 

s ignif icant  inf luence on plant  height and the m aximum response was 

shown by ni trogen @ 75 kg ha"1 at all s tages o f  growth which  was on par 

with 100 kg ni t rogen applicat ion,  A quadrat ic  nature  o f  response  was 

observed at the highest ni trogen dose  in cassava,  A num ber  o f  workers  

have reported increase in plant  height  with increased doses  o f  potassium. 

Several invest igators  could not get s ign if icant  response to the levels o f  

potassium on such growth characters  as plant  height,  num ber  o f  leaves 

and top yield (stems and leaves) o f  t ap ioca  (Pushpadas and Aiyer,  1976; 

Ramaswamy and Muthukrishnan,  1980).

Pillai (1967)  obtained s igni f icant  increase in height  o f  plant  with 

K and Ca appl icat ion in cassava.  Increase in plant  height  with K 

applicat ion was recorded by Rajanna  et al. (1987)  in potato ,  Asokan et 

al. (1988)  and J imenez (1990)  in cassava.

The effect  o f  integrated nutr ient  m anagem en t  in cassava 

Cv, CO-3 was investigated in a field experiment  conducted in Yethapur ,  

Tamil Nadu,  during 1998 by Rajamoni  et al. (2001)  and found that  plant 

height  was the highest  (2 2 1 . 1cm) with the appl icat ion o f  recommended  

dose o f  fer ti l izers  (50:65:125)  with N and K. appl ied in three split doses 

along with Azospiri l lum and phosphobacter ia .  Naya r  et al. (1998)



r epo r ted  tha t  the height  o f  c a s s a v a  plan t  enhanced  s ignif icant ly with 

h ighe r  level  of  N PK fer ti l izers .

2.1.2 N um ber o f  Leaves

Several  r esea rch  w ork e rs  obse rved  inf luence o f  ni t rogen on 

l ea f  p ro d u c t io n  and its r e tent ion in t ap ioca  plants.  Increased lea f  growth  

due  to h ighe r  levels o f  n i t rogen  a pp l i c a t ion  was  also reported  by CIAT

(1976) .  Increase  in plan t  height ,  l e a f  area and lea f  sizes by increased  

dose  o f  n i t rogen  were obse rved  by Ngong i  (1979) .

Pillai  and G e o rg e  ( 1 9 7 8 a )  no t iced  increases in plant  he ight  

and w e igh t  d ue  to h igher  levels  o f  n i t rogen  in M-4 varie ty o f  t apioca,  but  

M u th u k r i sh n a n  ( 1980)  could no t  f ind any  s ignif icant  d ifference in foliage 

w e igh t  due  to di ffe ren t  ra tes o f  n i t ro g e n  appl icat ion.

Q u e i ro z  (1 980)  also found  s ign i f ican t  increase in canopy  yield by 

the app l i ca t ion  o f  a d e q u a te  a m o u n t  o f  ni trogen. They obse rved  

s igni f icant  in f luence  o f  n i t rogen  on  l e a f  p roduct ion  and  its r e ten t ion  in 

t ap io c a  plants.  Pamila  (2 0 0 3 )  o b s e rv e d  s igni f icant  di ff e rences  be tw een  

the n i t rogen  levels  on this c h a r a c t e r  at  all g rowth  stages.  The  t rea tm ent  

75 kg n i t rogen  p ro d u ce d  h igher  n u m b e r  o f  leaves at all g rowth  stages and 

was s ign if icant ly  super io r  to 50 kg and 100 kg N h a ' 1, which were on 

par.

H o lm es  and  Wilson (1 9 8 2 )  r epo r ted  that  high n i t rogen  supply  

s t im ula ted  l ea f  g rowth  in c a ssava  plants .  Asokan  and Sreedha ran (1980)  

obse rved  an inc rease  in plan t  h e igh t  and top yield at higher  levels  of  

po tass ium. K a n g  and  Okeke  ( 1 9 8 4 )  r epo r ted  a s ignif icant  increase  in 

p lan t  top yield by n i t rogen app l i ca t ion .

2.2 YIELD AND YIELD C O M P O N E N T S

2.2 .1 .  N u m b e r  o f  T u b e r s

M a nda l  and Singh (1 9 7 0 )  o b s e rv e d  yield increase  due to ni t rogen 

app l i ca t ion  and r epor ted  s ign i f ican t  inc re ase  in the num ber  o f  tubers  per  

plant  with increased  level  o f  n i t rogen.  N a ta ra ja n  (1975)  did not get any



increase  in tuber  number,  leng th ,  or girth due to h igher  levels  of  

ni t rogen.  M o h a n k u m a r  and Mandal  (1 9 7 7 )  observed  s ignificant  increases 

in the n u m b e r  o f  tubers  per  p lan t  with increased  level o f  ni t rogen,  

Vijayan and Aiyer  (1 969)  found tha t  mean num ber  o f  tube r  per  plant  was 

increased  by increasing the rate  o f  app l i ed  n i t rogen  from 0 to 75 kg h a ' 1 

however ,  fur ther  increase o f  n i t rogen  de c re a s ed  the tuber  num ber  in both 

varie ties o f  t apioca,  M4 and M - l  05.

Signif icant  increase in t u b e r  n u m b e r  o f  the hybr id H-165 was 

obse rved  by Mandal  and M o h a n k u m a r  (1972)  by rais ing  the level  o f  

appl ied  ni t rogen from 40 kg to 80 kg  h a ' 1 beyond  which,  there  was not  

m uch  difference.  In ano ther  s tudy  to  f ind ou t  the e ff ec t  o f  vary ing  level 

o f  ni t rogen on promis ing  c a ssava  hybr id s ,  M andal  and  M o h a n k u m a r  

(1972)  found  that  the tuber  n u m b e r  and  a ve rage  size o f  tube r  were 

increased  with increase  in the levels  o f  n i t rogen  in all the var ie t ies  tried. 

Pam ila  ( 2003)  repor ted that  the n u m b e r  o f  tu b e r s  s ign if icant ly  increased 

when the N  level  was increased  f rom  50 to 75 kg h a ' 1 but  de c re a s ed  at 

100 kg h a ' 1. Nair  (1982)  r ec o rde d  an  inc re ase  in the t u b e r  n u m b e r  at 

K a y a m k u la m  and Vellayani at  d i f f e re n t  ra tes o f  a pp l i ed po tas s ium  and 

the incrementa l  dose  o f  K inc re ase d  the t u b e r  weight  s ign if icant ly  up to 

the highest  level.

2.2.2. Length And Girth o f  Tubers

Asokan et al. (1980)  no t ic ed  that  the length,  girth  and n u m b e r  o f  

tu ber s  did not  vary s ignif icant ly d u e  to d i f fe ren t  levels  o f  ni t rogen  

(60 ,1 20  and 180 kg h a ' 1) a pp l i c a t ion  in cassava .  P a m i la  ( 2 0 0 3 )  repor ted  

that  cassava  plants t rea ted with 75 kg  N  h a ' 1 p r o d u c e d  b igger  tuber s  than 

those t rea ted with 100 kg N and  it was  on par  with 50 kg N tr ea te d  plants  

while  75 kg N h a ' 1 t rea ted plants  p r o d u c e d  longer  tuber s  in cassava,  Nair 

(1982)  obse rved  that  the level  o f  p o t a s s iu m  did n o t  inf luence  the length 

and girth o f  tube r  though  there  was an increase  in the n u m b e r  o f  tubers  

pe r  plant  for di ff e ren t  doses  o f  a p p l i e d  po tas s ium  both at Vel layani  and 

Kayam kulam.



Appl ica t ion  o f  po tash  b e y o n d  100 kg h a ' 1 had no s ignif icant  

in f luence  on tu b e r  size ( M o h a n k u m a r  and  Hrishi,  1973). Length o f  tuber  

was not  s ign if icant ly  in f luenced  by K app l i ca t ion  in cassava  variety 

H -97 .  But  m ax im u m  girth o f  t u b e r s  was obse rved  at 112.5 kg  level of  K. 

Asokan  et al. ( 1988)  found that  the  length o f  tuber  was improved  by 

c o m b in e d  app l i ca t ion  o f  N and K 20 .

Pam ila  (2003)  found s ign i f ican t  i nc rease  in weight o f  cassava tuber  

and  the highest  was ob ta ined  with 75 kg N h a ’1. Ofri (1976)  observed  

that  the tube r  n u m b e r  and tube r  w e ig h t  were increased by K appl icat ion.

Pillai  and G eorge  (1 978 b) s how e d  that  appl icat ion o f  K increased 

the he ight  o f  ed ib le  portion.  M a g a l h a e s  et al.  (1980)  r epor ted  that  the 

d i ff e ren t  levels  o f  K 20  appl i ed  in c a s s a v a  did not  s ignificantly affect  the 

n u m b e r  o f  roo ts  and weight.  I n c re m e n ta l  dose  o f  K increased the tuber  

w e ig h t  s igni f icant ly  up to the h ighes t  level  (Nair ,  1982)

2 .2 .3 .  T u ber  Yield

Very few  report s  are  ava i l ab le  on the effect  o f  h igher  levels of  

fer t i l ize rs  on m ax im iz ing  c a ssava  t u b e r  yield.  Mandal  and Singh (1970)  

r e p o r t e d  s ignif icant  yield inc re ase  due  to ni t rogen appl icat ion up to 100 

kg pe r  hec ta re .  R a m a n a th a n  e t  al.  ( 1980)  showed  that  app l i ca t ion  o f  

n i t rogen  at h igher  levels  did not  s igni f icant ly  in f luence the fresh tuber  

yield a l though  there  was a n u m e r i c a l  increase  in yield at 120 kg N h a ' 1 in 

a f ield e x p e r im e n t  c o n d u c te d  at C o i m b a t o re  and Bhavan isagar  centers.  

O n  a ve ry  sandy  lo am  soil (89 %  sand,  0 .70  % organ ic  mat ter )  in Santo 

Catar ina,  Brazil ,  two  local  va r i e t i e s  o f  c a ssava  showed near ly  l inear  

r e sponse  up to 150 kg N h a ' 1 and fo r  both the  varieties,  highes t  yields  

w ere  ob ta ined  with a split  a pp l i c a t ion  o f  n i t rogen  with 1/3 each  appl ied  

at 30 ,60  and 90 days a f te r  p lan t ing  ( M o ra e  et al .  1981).

Indira  (1 996 )  r epo r ted  t h a t  the tube r  yield was the h ighes t  when 

h a l f  the  N  was app l i ed basal ly  and  the  other  ha l f  at one month af te r  

plant ing,  Pam ila  (2 0 0 3 )  r epo r ted  that  c a ssava  t ube r  yield s ignificantly



increased with an increase in N level from 50 to 75 kg ha ' 1 but decreased 

with further increase in N.

According lo Si t t ibusaya and Kurmarohi ta  (1978),  cassava was 

highly responsive lo good fertility cond i t ion  and required fairly high 

levels o f  fer t il izer appl icat ion to a ttain its high yield potential.  When the 

plots were fer ti l ized with higher rates o f  fer t il izers,  the nutrient  removal 

increased to 235, 60, and 250 kg ha -1 o f  N, P, and K.

A scan th rough the various f indings revealed that  K had a defini te 

role in boost ing up the yield especial ly  the tubers.  As ear ly  in 1 955, 

Malvot ta  et al. (1955)  reported that  the weight  o f  roots  decreased while 

that o f  shoot  increased in the absence o f  K.

J imenez (1990)  found that  the root  yield tended to increase with 

increasing K rates where the agronomic  and economic  opt imum points 

were fixed at 119 and 97 kg ha ' 1 K respec t ive ly  with yield response at 

97 kg K h a ' !.

M ohankumar  et al. (1975) and  Pushpadas  and Aiyer  ( 1975) 

separately tes ted the eff ic iency  o f  K in enhanc ing  the tuber  yield in 

cassava and reported that  enhanced rates o f  K appl icat ion  augmented  the 

yield o f  cassava tubers.

Asokan and Sreedharan (1977)  recorded  a progress ive increase in 

tuber yield up to 112.5 kg K20  ha"1 and beyond  which there  was a 

s ignif icant  reduct ion.  Yield increase with increased rates o f  K 

appl icat ion was also reported by Na i r  et al. (1980) .  But Rajanna  et a!. 

(1987)  could not get any s ign if icant  yield d ifference with increased 

levels o f  K20  in potato.  Hedge et al.  (1986) and Chakrabar thy  et al. 

(1993) obtained increased yield in swee t  potato for K appl icat ion.  

Asokan et al. (1984) noted a quadrat ic  response  to K in sweet  potato 

tubers.  .

Ruiz et al. (1989)  real ized a yield potent ia l  o f  32.6 t h a ' 1 with N 

@ 300 kg h a ' 1 yr"1. In Hawaii ,  Manr ique  (1990)  found that  there  was 

s ignif icant  increase in top yield and  total dry matter  product ion but



decreased the dry matter  a llocated to roots with increasing dose o f  

applied ni trogen. Potassium not only increased the root yield o f  cassava 

plants,  but also their s tarch content  (Howclcr ,  1998). Maduakor  (1997) 

found that s torage root yield increased with increasing rates o f  K @ 105 

kg h a ' 1 and 124 kg h a '1 for flat and ridge planting respectively.  Goswami 

(2003)  reported that the number o f  tubers and tuber  weight  per plant 

were s ignif icantly  affected by K @ 125 kg h a '1, but increased the tuber  

size and yield per plant.

Asokan et al.  (1988)  observed that the appl icat ion o f  graded 

levels o f  N and K.20  @ 60,120 and 180 kg h a '1 each increased the tuber  

yield o f  local varieties  by 35 per  cent where as that  o f  hybrid by 67 per 

cent.  They found an increase in length o f  tuber due to combined effect  o f  

N and KjO.  Reports  from the CTCR1 (1990)  fur ther emphasized  that 

cont inuous eliminat ion o f  N and K was found to be deleter ious to growth 

and yield,  and reported that a fer t i l izer 'dose o f  100 kg Nitrogen,  25 kg 

P2O; and 50 kg K20  per  hectare was found to be the most  suitable 

fer ti l izer  dose for short  durat ion cassava variety in paddy based cropping 

system, i f the preceding crop rice was raised by adopt ing  all the 

recom mended package  o f  pract ices.  Thampatt i  and Padmaja (1995) 

found that appl icat ion o f  muriate  o f  potash @  75 kg K20  h a '1 with neem 

coated urea @ 50 kg h a ' 1 in two splits producted the highest  tuber yield. 

Improvement  in cassava  tuber quali ty could be ach ieved  by 50% 

subst i tut ion o f  K o f  muriate  o f  potash by N a  o f  common salt (Devi and 

Padmaja,  1996).

In North Vie tnam, farmers  obtained highest  yield and net 

income with the appl icat ion  o f  10 I h a ' 1 o f  pig manure in combinat ion 

with 80 kg N and 80 kg K20  h a ' 1 (Dang et al. 1998). Weite  et al. (1998) 

found that the combined appl icat ion o f  N, P and K was better than any 

other  s ingle  nutrient and the applicat ion o f  N alone or  N and K were 

better  than that o f  P or K alone or in combinat ion.  Applicat ion o f  K in



the presence o f  N and P increased the yield o f  cassava from about  

14 t ha ' 1 to 22 t h a ' 1 (Howele r  and Phien, 2000) .

Hedge et al. (1990) was o f  the view that  fer t il izer t reatment  

had no effect  on num ber  o f  tuber  per  plant,  s tem yield per plant, tuber 

length or tuber  diameter .

Studies conducted at CTCRI revealed s ignif ican t  advantage 

for a fertil izer dose upto 150:100:150 kg NPK ha ' 1 (CTCRI,  1986) 

whereas  an yield o f  36 t h a ' 1 was obtained with N PK@  200:100:200 kg 

ha ' 1 (CTCRI,  1987). Vcnka lacha lam and Yasin (1991)  reported 

s ignif icant ly higher  yields  at a c loser  spacing o f  75 cm x 75 cm at the 

lowest level o f  N PK @ 75:25:75 kg h a ' 1 for all the  var ie t ies  o f  cassava.  

Wilson and Ovid (1994)  s tudied the inf luence o f  fer t il izers  on cassava 

product ion under  rainfed cond i t ion and appl icat ion  o f  400 kg nitrogen 

+ 200 kg P2O 5 + 400 kg K20  per hectare  produced  the highest  yield o f

63.1 t ha '1, where the yield from unfer t i l ized control  was 7.1 t h a ' 1. 

Cadavid et al. (1998)  ob tained  s igni f icant ly  higher  root  yield and top 

biomass with the appl icat ion o f  higher  levels o f  N, P and  K fer ti l izers.

Cordova et al. (1990)  ut i l ized two P sources  for cassava 

cult ivat ion in an ultiso! and recom m ended  the use o f  160 kg P2O 5 ha ' 1 in 

the form o f  rock phosphate  because  o f  high yield and returns,  whereas  

Susan John et al.  (1997)  could not  find any d i ffe rence  between the 

sources  o f  P viz., s ingle  superphospha te  and rock phospha te  in terms of  

yield.

M ohankumar  et al. (1996)  worked  out a fer t il izer schedule  of  

100:25:100 kg N PK h a ' 1 for Sree Prakash,  a short  dura t ion  variety of  

cassava. CTCRI (1998) r ec o m m e n d e d  a fer t il izer dose o f  75:75:75 kg 

NPK h a ' 1 for the varie ty Sree Vijaya.

A l inear yield increase due to the appl icat ion o f  N, P, K was 

obtained in co locasia  by Piliai (1975) .  S igni f icant  responses  to nitrogen 

have been observed more  frequently  in Asia  than in Latin America,  In 

nearly hundred NPK trai ls conduc ted  by FAO on farmers  field in



Thailand,  there was mainly response to ni trogen followed by K and P 

(Hagen and Si lt ibusaya,  1990).

Higher  tuber yield was recorded for the fer ti l izer  level F2 v i z . ,

100:50:100 kg NPK ha"1 which was significantly superior  to l'i level v i z . ,

50:50:50 kg NPK ha"1 but was on par  with F2 viz., 75:50:75 kg NPK ha"1 

(CTCR1, 2000). Gee thakumari  et al. (1997) recom mended  the applicat ion 

o f  NPK @ 50:70:70 kg ha"1 for cassava variety M-4 planted in October-  

November (Kannikappa) .

Boonseng et al. (1998) recorded yield o f  62.5 t ha"1 with NPK

@ 313, 625, 1250 kg ha"1. Susan John et al. (1998)  reported that

cont inuous appl icat ion o f  NPK @ 100:50:100 kg h a ‘l and FYM @ 12.5 t 

ha"1 individual ly as well  as in combina t ion over a period o f  13 years  was 

superior  in mainta in ing  tuber  yield.  Field experiments  conducted  by Imas 

and Bansa! (2002)  reported that  a balanced N x K fer t i l izer  appl icat ion 

increased the tuber yield.  Increasing K rates decreased the yield o f  small 

grade tubers and increased the proport ion o f  large marke tab le  tubers. 

Potassium appl icat ion  also dramatical ly  decreased the incidence o f  late 

bl ight  (Phytophihora infestans).  In 1998, a maximum yield of  40.8 t ha"1 

was obtained in Kufri  (Shimla)  when 180, 100 and 150 kg N, P20 5, K 20  

ha"1 respect ively were applied compared to a tuber  yield o f  only 14.6 t 

ha"1 in the control  plots wi thou t  N PK applicat ion.  It was concluded that 

high yields and enhanced  quali ty  tubers could only be sustained through 

the applicat ion o f  opt imum  rates in a balanced proport ion.

Ngugen (1999)  found that  appl icat ion o f  80 kg N,  50 kg P20 5 and 

100 kg K20  with 5 tolO t ha"1 manure  gave the highest  net returns.

Pushpakumar i  and Geethakumari  (1999) conc luded  that  sweet  

potato crop is to be fer t il ized with 37.5 kg N, 25 kg PjCK and 75 kg 

K20  ha '1 combined  with VAM inoculat ion for get t ing maximum yield.

Sethi et al. (2002)  repor ted that the 500 g sett planted  at 75 x 75 

cm spacing and suppl ied with 125; 50:125 kg ha"1 N PK produced the



highest  yield (35.29 t h a ' 1). Singh and  Lai (2003)  no t iced  that  crop  yield 

increased  with a level o f  N PK @ 1 2 5 : 5 0 :  125 kg h a ' 1.

2 .2 .4  Dry M atter  P r o d u c t io n

Vijayan and Aiyer  (1 969 )  m en t io n e d  that  va ry ing levels  o f  N did 

not  p ro d u ce  any d i ff e rence  in the dry m at te r  yield o f  tubers .  The total 

dry m at te r  yield increased  with N  a pp l i ca t ion  and  m a x i m u m  was reached 

at approx im ate ly  40 to 80 kg N h a ' 1 (Kea t ing  and  Evenson ,  1981).

Pamila  (2003)  o b s e rv e d  tota l  d ry  m at te r  p ro d u c t io n  in cassava 

increased  with N level  up to 75 kg h a ' 1 and de c re a s ed  at high level  (100 

kg h a ' 1). Obigbesan  ( 1 9 7 3 )  r e c o r d e d  increase  in t u b e r  dry m a t te r  yield 

with h igher  rates o f  p o t a s s i u m  app l i ca t ion .  O b ig b e s a n  and Agboola

(1973)  also reported  s imila r  resul ts .  It is gene ra l ly  know n that  K 

fert i l izers  im prove  vege ta t ive  g row th  and the re by  dry matter  

accum ula t ion  in plants.. In c a s s a v a  a lso  s im ila r  resul ts  were ob ta ined  by 

Pushpadas  and Aiyer  (1976) .  A g a in  in 1977,  Asokan  and S reedharan  

found  that  DMP in ca ssa va  (V a r i e ty  H -97 )  was m a x i m u m  at 112.5 kg 

level  o f  K 20  h a ' 1. Pillai  and G e o r g e  ( 1 9 7 8  a) r epo r ted  an increase  in dry 

m a t te r  con ten t  with K  app l i ca t ion .

Asokan and S re e d h a r a n  ( 1 9 8 0 )  ob ta ined  m a x i m u m  quant i ty  o f  

dry m at te r  with 75 kg  h a ' 1 o f  po tas s ium  app l i ca t ion .  In Potato,  

app l i ca t ion  o f  K  up to 80 kg  h a ’1 e n h a n c e d  the dry m a t te r  p roduct ion ,  

whereas higher levels o f  application decreased it (Sharma and Ezekiel, 

1993).

Naya r  et al. ( 1 9 9 8 )  r e p o r t e d  tha t  total  b iomass  p roduc t ion  

showed an increasing  t rend  with h ig h e r  level  o f  N P K  nutr i t i on  @ 

100:50 :100  kg h a '1.

2.3. QUALITY A T T R IB U T E S

2.3 .1 .  S t a r c h  C o n t e n t

The  e ffec t  o f  p o t a s s i u m  nu tr i t i on  in enhanc ing  the 

s tarch con te n t  o f  tube r  was o b s e rv e d  by severa l  r e se a rc he rs  (Obigbesan



and A g b o o i a ,  1973 ;  N a l a ra j a n .  1975;  M u t h u s w a m y  and  Rao .  1979;  

M u th u k r i s h n a n ,  1980) .

P u s h p a d a s  and  A i y e r  (1 9 7 6 )  r e c o r d e d  h i g h e s t  s t a r c h  y ie lds  per  

hec ta re  wi th  2 5 0  kg  K 20  h a ' 1. Pi l la i  a n d  G e o rg e  (1978  b) a l so  r e p o r t e d  an 

increase  in s ta rch  c o n te n t  by the  a p p l i c a t i o n  o f  p o t a s s i u m .

L inear  inc re ase  in s ta rch  yield w a s  r e c o r d e d  w i th  h ig h e r  ra te s  o f  

p o t a s s iu m  a p p l i c a t i o n  up to 200  kg h a ’1 ( C I A T ,  1979) .

N a i r  et al. ( 1 9 8 0 )  no t ic e d  that  i n c r e a s in g  l eve l s  o f  K a p p l i c a t i o n  

resu l ted  in an i n c r e a s e  in s ta rch  c o n te n t ,  N a i r  and  M o h a n k u m a r  (1982)  

no t ic ed  on ly  a s l igh t  i n c r e a s e  in s t a r c h  co n te n t  in c a s s a v a  tuber s  due to 

po tash  a p p l i c a t i o n .

R e l a t i o n s h i p  o f  soil  K and leal '  K w i th  c a s s a v a  y i e ld  and  s tarch  

con ten t  were  e s t a b l i s h e d  in a t ria l  c o n d u c t e d  on  an ox i so l  at  the  M a la y a n  

ag r i cu l tu ra l  r e s e a r c h  and  d e v e l o p m e n t  in M a la y a .  R e s u l t s  s h o w e d  that  

l ea f  K w a s  a be t t e r  i n d i c a to r  o f  s t a r c h  y ie ld  than  w a t e r - s o l u b l e  soil  K, 

The  o p t im u m  l e a f  K for m a x i m u m  s ta r c h  yield was  2.11 p e r  cen t  (Chan  

and Lee,  1982) .

N a i r  and  A i y e r  (1 9 8 6 )  o b s e rv e d  an in c r e a s e  in e d ib l e  po r t ion ,  dry 

m at te r  and s ta rch  c o n t e n t  o f  tu b e r s  w i th  the a p p l i c a t i o n  o f  po t a s s iu m .  

But  A s o k a n  et al.  ( 1 9 8 8 )  r e p o r t e d  that  f e r t i l i z e r  a p p l i c a t i o n  r e d u c e d  dry 

m a t te r  and  s ta rch  p e r c e n ta g e  o f  c a s s a v a  tubers .

P and  Zn w e r e  a lso  found  to be b e n e f i c i a l  in i n c r e a s i n g  the s tarch  

and  dry m a t t e r  p r o d u c t i o n  o f  tu b e r s  ( C T C R I ,  1977)  w h e r e a s  d i f fe ren t  

sou rces  o f  P had no  s ig n i f i c a n t  i n f l u e n c e  011 the  s ta rch  c o n te n t  (Susan  

John  et al.  1 997) .

H o w e le r  ( 2 0 0 2 )  r e p o r t e d  that  h i g h  dose  o f  n i t r o g e n  a p p l i c a t i o n  not  

on ly  r ed u c e d  the h a rv e s t  index  and  roo t  y ie ld  but  a l so  r e d u c e d  the  s tarch  

and inc re ase d  in te r ac t io n  wi th  ea ch  o t h e r  and  e x c e s s i v e  a p p l i c a t i o n  o f  

one nu t r i en t  m ay  in d u c e  a d e f i c i e n c y  o f  a no th er .



Sugi to and Guri tno (I 991)  found  th a t  c om bined  appl icat ion  o f  N 

and K @ 50 to 100 kg N and 1 25 kg K h a ' 1 increased  the s tarch content  

up to 27 pe r  cent.

Tan and Mak (1 9 9 5 )  s ta ted  that  s tarch con tent  was nega t ively 

cor re la t ed  with high doses  o f  ni t rogen .  Na i r  and M o h a n k u m a r  (1984)  

could no t  ge t  any  s ign if icant  inc re ase  in s tarch con te n t  due to NPK 

appl icat ion.

Luj ianwei  et al.  ( 2 0 0 1 )  r e p o r t e d  that  adequate  K input  increased 

the yield and quali ty,  a sse ssed  by m ea s u r in g  the  a ve rage  weight  and 

s ta rch con te n t  o f  tuber s  and also r e p o r t e d  tha t  the s tarch conten t  o f  sweet  

po ta to  tuber s  t ended  to  be h ig h e r  with ade qua te  K 2S O 4 than  with KC1. 

H o w e v e r ,  total s ta rch  co n te n t  was h igher  with KCI due  to higher  f resh 

yield o f  tubers .

2 3 - 2 .  P rote in  C o n ten t  ,

C rude  p ro te in  co n te n t  o f  c a s s a v a  tube r  (M-4 var ie ty )  was found 

to increase  from 1.93 per  cen t  wi th  50  kg N h a ' 1 to 2 .13  per  cent  with 

1 00 kg  N h a ' 1 (Pil lai ,  1 975) .  N a i r  (1 982 )  found  that  c ru d e  protein content 

increased  s ignif icant ly  with in c re m e n ta l  doses  o f  ni t rogen at 

K a y a m k u la m  and Vel layani .

Levels  o f  po tas s ium  exe r ted  no  in f luence  on the  c ru d e  protein 

co n te n t  o f  tubers  (M anda l  and  S ingh ,  1970) . But  N a ta ra jan  (1975)  

no t ic ed  s ign if icant  r educ t ion  in c ru d e  p ro te in  conten t  o f  tuber s  by the 

app l i ca t ion  o f  h igher  levels  o f  K. Simi la r  resul ts  w ere  ob tained  by 

P u s h p a d a s  and  Aiyer  ( 1 9 7 6 )  and Pi llai  and George  (1978  b) who had 

repo r ted  a de c re a s e  in c ru d e  p ro te in  co n te n t  with K appl icat ion .  

A de c re a s e  in c rude  pro tein  c o n te n t  was also r ec o rde d  by  Nair  (1982)  

due  to po tash  appl icat ion .

2 .3 .3 .  C y a n o g en ic  G lu c o s id e s

The increase  in H C N  c o n te n t  in cassava  tuber s  with high 

rates  o f  N  was  repor ted  by m a n y  re s e a rc h e rs  (M u thusw a m y  and Rao,  

1981;  M o h a n k u m a r  and Nair ,  1 983 ;  A soka n  et  al. ,  1988;  O b igbesan  and



Fayemi,  1996). There are a lso repor t s  on the effect o f  FYM alone  or in 

combina t ion  with ni t rogen in increas ing  the HCN conten t  (Pillai et al. 

1985 and Susan John et al.  1998) .  This  m ay  probab ly  be due to the 

increased  p roduc t ion o f  c y a n o g en ic  g lucos ides  with high rates o f  

ni trogen. Ob igbesan  and Fayem i  ( 1 9 9 6 )  could  find a de c re a s e  in HCN in 

im proved  cul tivars by n i t rogen  fer t i l izat ion.  Nair  and M o h a n k u m a r  

(1982)  s tudied the effect o f  d i f f e ren t  sou rces  and  levels  o f  po tas s ium  on 

the yield and qual i ty  o f  tuber s  found  tha t  h igher  levels  o f  po tass ium  

app l i ca t ion  resul ted in a d e c re a s e  in the  H C N  content .  R a m a n u ja m  

(1 9 8 2 )  r epor ted  reduct ion  in the H C N  co n te n t  o f  tubers  and  leaves o f  

t ap io c a  var ie ty  (H-2304)  by p o ta s s iu m  nutr i t ion.  The  low e r  dose  o f  K 20  

(50 kg ha"1) was not  effect ive in r educ ing  the HCN concen t ra t ion .  Bu t  by 

the app l i ca t ion  o f  potash beyond  100 kg K 20  ha"1, the HCN content  was 

reduced  by 40 to 76 per  cen t  as c o m p a r e d  to the control .

Tan  and Mak (1 9 9 5 )  found  a nega t ive  assoc ia t ion  be tw e en  high 

soil N  and Mg with H CN con ten t  o f  c a s s a v a  tuber .  Cadav id  e t  al. (1 998)  

under  a long-t e rm  fer t il izer trial in C o lo m b ia  obse rved  a  r educ t ion  in 

H C N  con te n t  by the c om bined  a pp l i c a t ion  o f  NP K  fer t i l izers ,  Susan 

John et al.  (1998)  r epor ted  tha t  ba lanced  app l i ca t ion  o f  N P K  @ 

100 :50 .100  kg  ha"! a long  with F Y M  @ 12.5 t h a ' 1 did not  increase  the 

HCN con ten t  o f  cassava  tubers .

Accord ing  to M o h a n k u m a r  and Na i r  (1985)  and G e o rg e  et al. 

( 2000) ,  l ime appl icat ion  r e d u c e d  H C N  conten t .

P sou rces  viz.,  s ingle  su p e rp h o s p h a te  and rock p h o s p h a te  also 

had  not  p roduced  any s ignif icant  d i f f e re n c e  in the  H CN co n te n t  (Susan  

John et  al . ,  1997)  o f  tubers .

Indira  et al. (1972)  r e p o r t e d  tha t  appl icat ion  o f  n i t rogen  and 

phospho rus  increased  the HCN c o n te n t  while  po tass ium  a lone  or  in 

com bina t ion  with n i t rogen  r ed u c e d  the  H C N  con ten t  o f  t ap io c a  tubers .



2.3.4. Cooking Quality

Kur ian  et al. (1 976)  found  that  the quali ty o f  cassava  tuber  

was im p ro v e d  by r educ ing  b i t t e rness  by the appl icat ion o f  w ood  ash 

alone  or  a m ix tu re  o f  c o w  dung  and  wood ash. In cassava (Variety H-97) ,  

app l i ca t ion  o f  K at the h ighes t  l eve l  o f  150 kg h a ' 1 had  resul ted in an 

ap p re c ia b l e  inc rease  in c ook ing  q ua l i ty  (Asokan  and Sreedharan ,  1977).

R e m a rk a b le  im p r o v e m e n t  in cook ing  quali ty  as m ea su red  by 

the b i t t erness  o f  tube r  at  a h ighe r  ra t e  o f  po tass ium nut r i t ion (150 kg 

K 20  h a ^ w a s  aga in  o b s e rv e d  by A s oka n  and Sreedharan  (1980) .

In a g re e m e n t  to the above  f indings,  N a i r  et al. ( 1980)  repor ted  

tha t  the t rea tm en ts  w i thou t  po tash  o r  h a l f  the n ormal  quanti ty ,  in general,  

p r oduce d  tubers  with bi t ter  taste .  N a i r  (1982)  repor ted a bet t er  cooking 

qua l i ty  o f  tuber s  at Vel layani  and  Kayam kula m  with po tass ium 

app l i cat ion .  I m p r o v e m e n t  in c a s s a v a  t ube r  qual i ty  could be ach ieved  by 

50  p e r  c en t  s u b s t i tu t ion  o f  K o f  m u r i a te  o f  po tash by Na o f  c o m m o n  salt 

(Devi  and  P a d m a j a ,  1996) .

C ook ing  qua l i ty  o f  tuber s  a s se s sed  by a tas te panel was found to 

be r ed u c e d  s igni f icant ly  by h ighe r  l eve l  o f  n i t rogen  as op ined  by Prema 

et al.  (1975) .

Na i r  (1 9 7 6 )  o b s e rv e d  a h igh  p e rcen tage  (75 %) o f  non-b i t te r  

tuber s  at  50 kg N h a ' ! as c o m p a r e d  to  63 per  cen t  in the case  o f  75 kg  N 

h a ' 1 and  69 p e r  c en t  in the case o f  100  kg N ha"1. Ni trogen  app l i ca t ion  at 

75 kg ha"1 p r o d u c e d  a h ig h e r  p e r c e n ta g e  o f  sof t  t ex tu red  tubers  as against 

a l ow e r  p e rc e n ta g e  for  n i t rogen  at the  r a t e  of  50 and 100 kg h a ’1.

A defin i te  in f luence  o f  the  levels  o f  n i t rogen  on the cook in g  

qua l i ty  o f  tuber s  cou ld  not  be o b s e rv e d  by M o h a n k u m a r  and Maini

(1977) ,  Shee ia  ( 1 9 8 1 )  also r e p o r t e d  reduc t ion  in cook ing  qual i ty  o f  

t u b e r  due  to h ighe r  level s  o f  n i t ro g e n  appl icat ion.



2 .4 .PH YSIOLOGICA L PA R A M E T E R S

2.4.1,  L e a f  A r e a  In d e x

Increase  in plant  height ,  l e a f  area ,  and  l ea f  size by incremental  

doses  o f  n i t rogen were obse rved  by Ngong i  (1979) .  K ang  and  Okeke  

( I 984)  es tab l ished that  N  app l i ca t ion  increased  p lan t  top yield and fol iar  

N pe r  cent  with no s ignif icant  e ff ec t  on root  yield.  Ind ir a  (1996)  

reported  that  the l ea f  a rea  index  and  t u b e r  yield in ca ssa va  were 

inf luenced  by the t ime o f  app l i ca t ion  o f  ni t rogen.

Pam ila  ( 2003)  r epor ted that  LAI increased  with increase  in N level 

f rom 50 to 75 kg and decreased  at 100 k g  N level.

Ngongi  (1979)  r epor ted  inc re ase  in p lan t  l e a f  a rea  and l e a f  size 

with incrementa l  dose o f  po tash f rom  0 to 240  kg ha"1. Nair  ( 1 9 8 2 )  also 

showed s igni f icant  d ifference in p lan t  h e igh t  d u r in g  the growth  s tages  at 

two loca t ions  to di ffe ren t  ra tes o f  p o t a s s ium ,  but  the effec t  o f  po tass ium  

was no t  s igni f icant  on the n u m b e r  o f  leaves ,  and LAI. R am a nu ja m  (1982)  

obse rved  increase  in plant  height ,  n u m b e r  o f  leaves,  l ea f  s ize and LAI by 

K fer t i l i ze r  as  com pared  to the con t ro l  in ca ssa va  va r -H-2304 .  But  

app l i ca t ion  o f  K beyond 50 kg K 20  h a ' 1 s h o w e d  no app rec iab le  change in 

LAI, crop g rowth  rate and dry m a t t e r  p roduc t ion .  But  m ax im u m  values 

o f  plan t  f resh weight  and total  dry m a t t e r  were  o b s e rv e d  at low level s  o f  

potash  appl icat ion .  LAI and LA D g r a d u a l ly  increased  in swee t  po tato  

cul t ivars  up to 90 days with e n h a n c e d  K levels  (Cha k ra ba r thy  et al.

1 993) .  Con t ra ry  to this, Singh et al. ( 1 9 9 3 )  r e p o r t e d  that  increase  in the 

level  o f  K had no s ignif icant  effect  on  l e a f  a r e a  per  plant  in potato.

H o w e le r  (1 985)  opined tha t  c a s s a v a  has an op t im al  l e a f  a rea  index 

(2.5 -  3 .5)  and  that  high rate o f  fe r t i l iz a t ion  m ay  lead to exces s ive  l e a f  

growth  and  an LAI > 4.

N a y a r  et al. (1998)  r epor ted  th a t  l e a f  a rea  index  espec ial ly  a t  third 

month increased  with increasing leve l  o f  N P K @  75 :50 :7 5  kg h a ' 1.



2.4.2. C hlorophyll C ontent

The un ivalent  cat ions e x e r t  a p ronounced  inf luence on the 

chlorophyl l  con te n t  o f  plants,

Devi  and P a d m aja  (1 9 9 7 )  o b s e rv e d  an increase in chlorophyl l  

con ten t  with an increase  in the l eve l  o f  so d iu m  subst i tut ion showing a 

poss ib le  role o f  so d iu m  in ch lo rophyl l  b iosynthes is  in cassava.

2 5 U P T A K E  OF M A J O R  N U T R IE N T S

T here  are di ff e ren t  r epo r t s  f rom various ca ssava-g rowing  

coun t r i e s  o f  the wor ld  on the u p t ak e  o f  nu t r i en t  by cassava,  Greenst ree t  

and L a m b o u r n e  ( 1 9 3 3 )  r e p o r t e d  an up take  o f  114 kg N,  25 kg P2O 5 and 

240  kg K 20  in tops  and roo ts  o f  c a s s a v a  c rop  which yielded 28 t h a ' 1.

I z a w a  and O k a m o to  ( f 959 )  obse rved  that  h igher  concen t ra t ion  

o f  N  ( 1 ,08% )  in t u b e r  a t ha rves t  was  r ec o r d e d  with the t rea tm ent  o f  1 00 

kg K 2O h a ' ‘app l i ed as basal.

M ost  o f  the  c a ssava  va r i e t i e s  that  a re  capab le  o f  p roduc ing  30 

tons o f  f resh tuber s  per  ha r e m o v e d  1 80 to 200  kg N, 15 to 22 kg P and 

1 60  kg K (CTCR1, 1983) . Cor ra les  and  G ue r ra  (1989)  s tudied  the NPK 

up take  and  ut i l iza t ion coeff ic ien t  in a  l eached  brown sialit ic soil and 

found  highes t  up take  o f  150, 61.3 and  195.3 kg NP K  h a ' 1 and the 

ut i l iza t ion coeff ic ien ts  o f  N and P fe r t i l iz e rs  were 18 and 2 pe rcen tage  

respect ive ly.  Gar r iga  et al. ( 1 9 8 9 )  o b s e rv e d  a c rop  removal  o f  64 kg N, 

28 kg P and  125 kg K pe r  he c ta re  for  tube r  yield o f  29 t h a ' 1. Accord in g  

to H o w e le r  (1991) ,  on the basis o f  per  ton  o f  dry m at te r  in ha rvested  

p ro d u c t ,  c a ssa va  a c tu a l ly  r em ove d  ve ry  m uch  less N and P than m os t  

o the r  c rops  but  K in h igher  a m oun ts .  M o h a n k u m a r  et al. ( 1996)  found 

tha t  cassava  abso rbed  6.45  kg N, 1 3 0  kg P and 8.62 kg K in the whole 

p lan t  for  p ro d u c t io n  o f  one ton o f  total d ry  matter.  Pel let  and 

E l sharkaw y  ( 1 9 9 7 )  was o f  the view that  the p roport ion  o f  total  nu tr ien t  

up take  t ran s loca ted  on s to ra g e  r oo t  was the h ighes t  for  K (67%) followed 

by P (45 %) and N (39 %) S uya m to  (1 9 9 8 )  es t imated  the typical  N, P



and K removal by the portion o f  cassava roots as 4,91, 1.08 and 5.83 kg 

ha"1 respectively.  I’he NPK removal  was found to increase with an 

increase in the level o f  manuring  to a dose o f  125:50:125 kg ha"1 

(CTCRI, 2000).



iMaterials and Methods



3. M A T E R IA L S  AND M E T H O D S

A field experiment  to work out a fer ti l izer  schedule  for the short 

durat ion cassava variety,  “ Vel layani  H rasw a” was conducted at the 

Instruct ional  Farm, College o f  Agricul ture,  Vel layani  during 2003.  The 

details  o f  the experimental  site, cropping season and materials and 

methods adopted for the invest igat ion are presented in this  chapter.

3.1 EX PERIM ENT AL SITE

3.1.1 Location

The Instruct ional  Farm,  Vel layani  is located geographica l ly  at 

8°30’N lat itude and 76°54’ E longi tude and at 29 m above  MSL.

3.1.2 Soil

The soil o f  the experimental  site is typical  red loam classified as 

Rhodic  Haplustox.

The physical  and chemica l  charac te r is t ic s  o f  the soil where the 

field experiment  was conducted are given in Table  1.

3.2 SEASON

The field experiment  was laid out  during the main cassava-  

planting season o f  June to D e c e m b e r  2003,  The crop was planted on 25th 

June and harvested on 29th December 2003.

3.2.1 Weather conditions

Vellayani enjoys a tropical humid climate. Data on maximum and 

minimum temperatures, relative humidity, rainfall and evaporation during the 

entire cropping season are collected and presented as weekiy averages in 

Appendix I and Fig. 1.
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Fig. 1 Weather parameters during the cropping period 
(25th June to 31st December, 2003) -  weekly averages
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Table 1. Soil physical and chemical characteristics o f  the experimental field

Characteristics Value Method

Mechanical composition

International pipette method 

(Piper, 1966)

Clay 28.1 %

Silt 20.9 %

Fine sand 18.4%

Coarse sand 32.1 %

Textural class Sandy clay loam

Bulk density 1.27 Mg m '3
Undisturbed core method 

(Black et al. 1965

PH 5.3
pH meter with glass electrode 

(Jackson, 1973)

Electrical conductivity < 0.06 dSm ' 1
Conductivity meter 

(Jackson, 1973)

Cation exchange capacity 4.6 c mol (p+) kg' 1

Ammonium saturation suing 

neutral normal ammonium acetate 

(Jackson, 1973)

Organic Carbon 0.71 %
Wet oxidation method (Walkley 

and Black, 1934)

Available N 237.1 kg ha' 1
Alkaline permanganate method 

(Subbiah and Asija, 1956)

Available P2O5 43.2 kg ha' 1

Bray’s colorimetric method using 

ascorbic acid 

(Bray and Kurtz, 1945)

Available K20 144.6 kg ha' 1

Neutral normal ammonium acetate 

method 

(Hanway and Heidal, 1952



3.3 M A T ER IA LS

3.3.1 Plant ing Mater ia l  and Variety  Used

The planting material o f  the cassava  var. “V ellayan i Hraswa" was  

obtained from the Instructional Farm. C o l le g e  o f  A gricu lture , V ellayan i.  

Vellayani Hraswa is a branching type, e v o lv e d  through clonal se lec tion ,  

due to its superior c o o k in g  quality it is a very popular cu linary  variety. 

It is a short duration variety o f  6 m onths period.

3.3.2.  Manures  and Ferti l izers

The organic manure used w as FYM  conta in ing  0 .4  % N. 0.3 % 

P2O 5, and 0 .3  % K20 .  The fertilizers used were urea (4 6  % N ) , Rajphos  

(20% P2O 5) and muriate o f  potash (60  % K20 ) .

3.3.3. Exper im enta l  des ign and layout

levels each o f  N. P and K and two replications.(Plate 1)

The procedure fo llo w ed  for the a l loca t ion  o f  various  

treatments to different p lo ts  w as in accordance with Y ates  (1 9 7 3 ) .  The  

lay out plan is dep icted  in A ppendix . II.

The study was laid out in a 3 3 Factorial RBD design with three

The deta ils  o f  the lay out are furnished be low .

3.4 M ETH O DS

Plot s ize  

Net plot  

Spacing

D esign

Variety

R eplication

Treatment com b inations

3 *: 3 Factorial exper im ent  

V ellayan i Hraswa

2

27

5.4  x 5.4  M

3.6  x 3 .6  M 

90  x 90  cm.

Factor A. L eve ls  o f  N

n, - 50  Kg ha ' 1 

n2 - 75 Kg ha ’ 1



Plate 1. General view of the experimental field



n3 - 100 Kg h a '1

Factor  B. Levels  o f  P 

pi - 50 Kg h a '1 

pz - 75 Kg ha"1 

P3 - 100 Kg ha"1

Factor  C. Levels  o f  K 

k| - 50 Kg h a '1 

k2 - 75 Kg h a '1 

k3 - 100 Kg h a ' 1

Treatment  combinat ions

No. Treatment  combinat ion No. Treatment  combina t ion
I n i p i k , 15 n2p2k3
2 n ip ik 2 16 n2p3k|
3 m p i k 3 17 n2p3k2
4 n ,p 2k| 18 n 2p3k3
5 n ip2k2 19 n3p,k,
6 n ip2k3 20 n3p ,k 2
7 n (p3k| 21 n3p i k 3
8 n ip3k2 22 n3p2k f
9 n ip3k3 23 n3p2k2
10 n2pik. 24 n 3p2k3
I 1 n2p i k 2 25 n3p3k|
12 n2p ik3 26 n3p3k2
13 n2p2ki 27 n3p3k3
14 n2p2it2

Organ ic  manure  @ 12.5 t h a ' 1 was applied to all the  plots as per  

the Package  o f  Pract ices Recommendat ions  o f  Kerala Agricul tural  

Universi ty  (KAU 2002) .

3.4.1. Cultivation Practices

3.4.1.1. F ie ld  Preparat ion

The experimental  area was dug twice and weeds and s tubbles were 

removed.  The field was laid out into blocks and plots and then mounds  

were taken.



3.4.1.2. F ertil izer  A pplica tion

The different  nutrient  levels o f  N, P and K were applied to the 

plots in the form o f  urea, ra jphos and muriate  o f  potash respect ively in 

appropriate  quant it ies  accord ing to the  t rea tm ent  schedule .  Full dose of  

P, l / 3 rddosc each o f  N and K were appl ied as basal dose.  The 1 / 3 rddose 

each o f  N and K were appl ied at 30 days af ter  plant ing and the balance 

l / 3 rddose al 60 days after  plant ing,

3.4.1.3. Plant ing

Setts o f  about  20 cm length were  planted on the top o f  the mounds 

taken at a spacing o f  90 x 90 cm, inser t ing 4 cm o f  setts below the soil.

3.4.1.4. A f te r  cultivation

Dried and unsprouted setts were  removed and gap fil ling with 

setts o f  longer  size (about  40 cm) was done ten days af ter  planting. 

Excess  sprouts were removed one month after  plant ing  (MAP) after 

retaining two healthy sprouts.  Sha l low digging and weeding  were done 

60 days after  plant ing along with top dressing o f  the fer t il izers  followed 

by light ear thing up. A light raking,  second weeding and earthing up 

were done two months  later,

3.4.1.5. H arves t

The crop was ready for harves t  by six months after  planting. 

Harvest ing was done  by d igging out  the  tubers  and pul ling out the stem. 

The tubers  were separated from the shoot .  The border  rows  and sample 

plants were harvested separa tely f rom each plot. The tubers  and shoot  

portions from the net plot w'ere weighed separately and the weights  were 

recorded.



3.5 BIOM ETRIC OBSER VATIO NS

The fo l lowing biometr ic  obse rva t ions  o f  the plants under  different  

t rea tm en ts  were recorded.  Five p lant s  were selected from each plot and 

obse rva t ions  were t aken  from those plants.

3.5.1 Height of  Plant

Height  o f  each plan t  was m ea su red  f rom  the base o f  sp rou t  to the 

te rmina l  bud at month ly  intervals.

3.5.2 Total number of  leaves

Total  n u m b e r  o f  leaves was r ec o rde d  at monthly intervals  by 

coun t ing  the n u m b e r  o f  fully o p e n e d  leaves as well  as the l ea f  scar s  f rom 

the base to the tip o f  the stems.

3.6 PH Y SIO L O G IC A L  PA R A M E T E R S

The fo l lowing phys iological  p a ra m e te r s  were also n o t ed  at the 

t ime o f  harvest .

3.6.1 Leaf area index

T h e  total l e a f  a rea  o f  each s a m p le  plan t  was calcula ted at ISO111

day after  p lan t ing  by adop t ing  n o n - d e s t ru c t iv e  method  sugges ted  by

R a m a n u ja m  and Indi ra  (1978)  and  LAI was worked  out  us ing  the

fol lowing  fo rm ula  deve loped  by W a ts o n  (1947) .

L e a f  a rea  pe r  plan t  ( c m 2)
LAI = _ ------------------ r—  ----------- -— — ,

Land a rea  o c c u p ie d  by the plant  (cm )

3.6.2 Stomatal  conductance

L e a f  s tomata l  conduc ta nc e  was  m e a s u r e d  by AT p o r o m e te r  o f  

c o m p a n y  AT, C am br idge ,  U, K.

3.6.3 Chlorophyll  content

Chlorophy l l  con ten t  was d e t e r m i n e d  by the co lor imetr ic  method as 

descr ibed  by Arnon  (1949) .



3.7 YIELD AND YIELD C O M P O N E N T S

3.7.1 N um ber o f  tubers per plant

The tubers  from the observa t iona l  plants were separated and 

counted.

3.7.2 L eng th  o f  the  t u b e r s

Length o f  tubers  from the observat ion plants were measured and 

the average worked  out.

3.7.3 Girth o f  tubers

Girth m easu rem en ts  were recorded  from the middle and end 

port ions o f  the tubers  and the average  was calculated.

3.7.4 W eight o f  tuber per plant

Total weight  o f  tubers  from the sample plants were recorded and 

the average value was expressed  as weight  o f  tubers  per plant.

3.7.5 T uber yield per hectare

After  the harvest  o f  the crop,  the tubers  were separated, the soil 

adhering to the tubers  were removed and the fresh weight  o f  tuber from 

the net plot  was recorded and expressed  as t h a ' 1.

3.7 .6  Total dry m atter  production

One plant  from each plot was careful ly  pul led out  and separated 

out into s tem, leaves and roots.  Fresh weight  o f  each part was recorded 

and sub samples  were taken for e s t imat ing  the dry weight .  The sub 

samples were dr ied in an oven at 60 ± 5°C to constant  dry weight.  Thus 

the dry weight  o f  each plant  part was computed  and recorded.

3.8 QU ALITY A T T R IB U T E S

3.8.1 Starch content

Starch content  o f  the flesh was  est imated by using potassium 

ferr icyanide method (A m ino f f  et al. 1970). The values  were expressed 

as percentage on fresh weight  basis.



3.8.2 Protein content

The n i t rogen con te n t  o f  the oven-d r ied  sam ples  o f  tuber  flesh from 

each plot  was e s t ima ted  by mic ro  kjeldahl  m ethod .  The  ni t rogen values  

were mult ipl ied by the fac to r  6 .25  to get the  c ru d e  p ro te in  conten t  o f  

t ube r  ( A O .  A C .  1969).

3.8.3 Hydrocyanic acid (HCN) content

The HCN con te n t  o f  f resh tuber  s a m p le s  was e s t ima ted  by the 

color imetr ic  m ethod  sugges ted  by Indira  and  S inha  (1969) .

3.8.4 Cooking quality

The cooking  qua l i ty  o f  tube r  was assessed by a tas te  panel (P rem a  

et al. 1975)  on a d isc re te  scale  with five points.  The  best  tas te  was 

assessed as swee t  and was a l lo t t ed  a score  o f  four .  T h e  o ther  scores  in 

dec reas in g  order  o f  tas te  were  p o w de ry  swee t  (3),  s ta rchy  (2),  b i t t er  (1) 

and watery bi t ter  (0).

3 9 CHEM IC AL AN ALYSIS

3.9.1 Plant Analysis

Areal  part  and tube r  sam ples  were  s e p a ra te ly  ana ly zed  for  (he 

con te n t  o f  N,  P, and K at the t ime o f  harvest .

Ni trogen was e s t im a ted  by m od i f ied  Kje ldah l  method  a f t e r  

digest ion with H 2S 0 4 ( Jackson ,  1973) , D e te rm in a t io n  o f  o ther  e lements  

was d o n e  a f te r  digest ion with H N O 3: HC IO4: H 2S 0 4 m ix ture  (Piper ,  

1966), P hosphorus  was e s t im a ted  by the vanado  m o lybda te  ye l low 

co lour  m ethod  in a K le t t  S u m m e r s o n  P ho toe lec t r ic  co lo r im e te r  (Jackson, 

1973) . Po tass ium was e s t im a ted  u s ing  the f lam e  pho tom e te r .

3.9.2 Soil Analysis

Com pos i t e  soil sam ples  were  co l l ec ted  f rom  each  plot ,  before  

plant ing and a f te r  the ha rves t  o f  c rop ,  air  d r ied ,  p o w d e r e d  and passed  

th rough a 2 mm sieve  and ana lyz e d  fo r  ava i l ab le  N,  P and  K us ing  the 

m ethods  given in Tab le  I ,



3.10 ECONOMICS OF C U LTIV A TIO N

The economics  o f  cul t ivat ion o f  the crop was worked out and the 

net income and benefi t  -  cost  ratio (BCR) were calculated as follows 

Net income (Rs. h a _i) = Gross  income -  Cost o f  cult ivation.

Gross  income
BCR = ________  .._____

Cost  o f  cul tivation

3.11 STATISTICAL A N A L Y S IS

The experimental  data  were analyzed statistical ly by 

apply ing the techn ique  o f  analysis  o f  variance (ANOVA) for 31 factorial 

experiment s  and the s ignif icance  was tested by F test (Cochran and 

Cox,  1965). Whereve r  F tes t was s ignif icant  in AN OVA, the critical 

difference (CD) is prov ided.  The resul ts  and d i sc uss ion -are based on 5 

per cen t  level o f  s ignif icance.
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4. RESULTS

A field experiment  was conducted at the instruct ional  Farm.  

College o f  Agricul ture,  Vellayani  from 25th June to 25 tf) December  2003 

to workout  a nutrient  schedule  for  the short durat ion cassava var. 

“ Vel layani  Hraswa” . The results o f  the invest igat ions are presented in 

this  chapter.

4.1 G R O W T H  CH A R A CT ERS

4.1.1 H eight o f  Plant

The data  on the main effects o f  N, P, K and their interaction 

effects  on the plant  height  at di ffe ren t  growth s tages are presented in 

Tables  2a, 2b and 2c.

There was no s ignif icant  effect  on the height  o f  plant  throughout  

the crop growth for both main and interaction effects  o f  N, P and K. The 

lowest value (179.17 cm) was recorded  for ni and the highest  value for 

n3 (182.94 cm).  A m ong  the P levels,  p2 recorded the lowest value 

(177.44 cm) and pp the highest  value (182.50 cm).  The lowest  (177.06 

cm) and the highest  values (185.67 cm)  for  plant  height  were observed 

for kj and k3 respectively.  As for the interact ion effects  o f  N x P at 6 

MAP, n2p2 and n3pi respect ively recorded the lowest (171.83 cm) and the 

highest (188.33 cm) values.  O f  the interactions between  N and K, n2k ( 

and n3k3 resul ted the lowest (172.50  cm) and the highest  (191.67 cm) 

values while  with P and K interact ions,  the lowest  (172.50 cm) and the 

highest (187.83 cm) values were respect ively fcjr p2ki and p rk 3 

interactions.  Interact ions, n2p3k| recorded the lowes t  (160.40 cm) and 

n2p3k3 the highest  (202.00 cm) values.

4.1 2 Num ber o f Leaves Per Plant

The main effects  o f  N, P, K and  their in teract ions on the num ber  

o f  leaves per  plant  at  different  growth s tages are presented in Tables  3a, 

3b and 3c. Nitrogen had s ignif icant  inf luence on the num ber  o f  leaves



Table 2 a. Main effects o f  N, P and K on plant height (cm)

Main effects 1 MAP 2 MAP 3 MAP 4 MAP 5 MAP 6 MAP

14.19 29.00 86.78 117.00 142.82 179.17

n2 13.06 31.11 87.61 118.00 141.61 178.39

n 3 14.17 30.72 86.06 117.33 143.83 182.94

F value 1.79 1.55 0.05 0.04 0.31 0.42

CD NS NS NS NS NS NS

Pi 14.44 29.94 85.22 117.06 142.89 182.50

P2 13.92 28.94 84.94 115.17 144.22 177.44

P3 15.06 31.90 40.28 120.11 141.17 180.56

F value 2.27 2.86 0.80 0.90 0.59 0.46

CD NS NS NS NS NS NS

ki 14.50 29.89 1" 87.17 117.17 142.06 177.06

14.39 31.00 83.66 118.94 144.00 177.78

h 14.47 29.44 89.61 119.22 142.22 185.67

F value 0.05 .048 0.80 1.17 0.25 1.61

CD NS NS NS NS NS NS



Table. 2 b. Interaction effects o f  NP, N K  and PK on plant height (cm)

Interaction effects 1 MAP 2 MAP 3 MAP 4 MAP 5 M AP 6 MAP

nipi 14.00 31.17 88.33 117.82 142.50 179.83

n tp2 13.42 26.00 77.67 110.00 145.50 180.17

nipj 13.17 29.83 94.33 123.17 140.50 177.50
n2pi 13.33 29.83 80.33 115.33 141.33 179.33

n2P2 14.33 31.50 88.00 121.17 142.50 171.83

I>2P3 15.50 32.02 94.50 117.50 141.00 184.00
tl3Pl 14.00 28.83 87.00 118.00 144.83 188.33
n3p2 14.00 29.33 89.17 114.33 144.67 180.33
n3p3 14.50 34.00 82.00 119.67 142.00 180.17

F Value 0.35 1.96 1.61 1.00 0.10 0.50
CD NS NS NS NS NS NS
ik, 14.50 28.33 89.67 115.33 146.67 181.50

n]k2 13.67 30.50 77.94 115.50 140.17 172.53
m k 3 14.42 28.17 92.83 120.17 1-41.67 141.17
n 2k[ 15.00 31.50 85.00 112.83 137.50 172.50
n2k2 15.50 31.00 89.00 121.50 145.67 181.50
n2k3 14.67 30.83 88.53 119.67 141.67 181.17
n 3k[ 14.17 29.83 86.83 114.33 147.00 178.17
n3k2 14.00 31.50 84.17 119.83 146.17 179.00
n3k3 14.33 30.83 87.17 117.83 143.33 191.67

F value 0.46 0.27 0.65 0.29 1.24 0.57
CD NS NS NS NS NS NS
Pik] 13.83 29.17 86.17 115.50 141.50 181.00
Pik2 14.33 30.33 83.00 116.67 144.83 178.67
Pik3 15.17 30.33 86.50 119.06 142.33 187.83
P2ki 15.17 29.17 78.33 107.67 145.00 172.50
PA'2 ... 13.33 29.83 80.83 117.00 142.67 175.17
P2k3 13.25 27.83 95.67 120.83 145.00 184.67
P3k| 14.67 31.33 97.00 119.33 139.67 177.67
P3k2 15.50 32.83 87.17 123.17 144.50 179.50
p3k3 15.00 31.67 86.67 117.83 139.33 184.50

F value 2.08 0.09 1.47 0.78 0.41 0.09
CD NS NS NS NS NS NS



Table 2 c. Interaction effects o f  N PK  on plant height (cm)

Treatments 1 MAP 2 MAP 3 MAP 4 MAP 5 MAP

i
i

6 MAP

njpik] 13.50 29.50 93.50 124.00 148.40 172.50
n]p]k2 14.00 33.50 82.50 109.50 139.50 174.50
niPik3 14.50 30.50 89.00 120.00 140.00 192.50
nipzki 14.00 25.00 73.50 93.00 146.50 171.50
nip2k2 12.50 28.00 61.00 116.00 141.50 173.00
nip2k3 13.75 25.00 98.50 121.00 148.50 196.00
n]p3k] 16.00 30.50 “ 1 102.00 129.00 145.50 197.50
n]p3k2 14.50 30.00 90.00 121.00 139.50 171.00
niP3k3 15.00 29.00 ~1 91.00 119.50 136.50 164.00
n2p]k[ 15.00 30.50 81.00 113.50 134.50 187,00
n2pik2 15.50 28.50 79.50 122.00 147.00 174.00
n2pik3 15.00 30.50 80.50 110.50 142.50 177.00
n2p2k: 14.00 31.00 79.00 114.50 144.50 170.50
n2p2k2 14.00 r  32.00 89.00 121.00 143.50 180.50
n2p2k3 15.00 31.50 96.00 r  128.00 139.50 164.50
n2p3k| 15.00 33.00 95.00 110.50 133.50 160.40
n2p3k2 17.00 32.50 98.50 121.50 146.50 190.00
n2p3k3 14.50 30.50 90.00 120.50 143.00 202.00
n3p]k] 13.00 27.50 84.00 109.00 142.00 183.50
n3Pik2 13.50 29.00 87.00 118.50 148.00 187.50
n3Pik3 15.50 30.07 90.00 126.50 144.50 194.00
n3p2ki 16.50 31.50 82.50 115.50 144.00 175.50
n 3p2k2 13.50 r -  29.50 92.50 114.00 143.00 172.00
n3p 2k3 12.00 27.00 92.50 113.50 147.00 193.50
n3p3ki 13.00 30.50 94.00 118.50 140.00 175.50
n3p3k2 15.00 36.00 73.00 127.00 147.50 177.50
n3p3k3 15.50 35.00 79.00 113.50 138.50 187.50

F value 1.13 0.57 0.46 1.38 0.41 2.03
CD NS NS NS N S NS NS J
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Table 3 a. Main effects o f  N, P and K on  num ber o f  leaves per plant

Main effects 1 M AP 2 MAP 3 MAP 4 MAP 5 MAP 6 MAP

ni 8.00 35.33 58.00 120.39 159.67 184.28

n2 12.56 45.78 65.00 1)7.61 161.72 185.94

n3 12.67 43.12 78.83 156.44 178.39 205.50

F value 53.39** 8.01** 56.16** 14.94 11.91 25.76**

CD 1.06 5.58 4.11 16.30 8.65 6.76

Pi 9.89 40.00 63.06 121.67 159.89 190.56

P2 11.78 4056 67.94 136.61 165.61 188.06

P3 11.56 43.78 70.83 136.17 174.28 197.11

F value 8.03** 1.09 7.72** 2.30 5.53** 4.05*

CD 1.06 NS 4.11 NS 8.65 6.76

k, 11.39 40.22 17.11 118.94 159.89 191.11

k3 10.83 43.50 69.89 141.78 171.78 193.56

k3 11.00 40.56 64.83 133.72 168.11 191.06

F value 0.61 0.88 3.20 4.28* 4.19* 0.38

CD NS NS NS 16.30 8.65 NS

* Significant at 5% level ** Significant a t 1% level



Table 3 b. Interaction effects o f  NP, NK and PK on number o f  leaves per plant

Interaction
effects

1 MAP 2 MAP 3 MAP 4 MAP 5 MAP 6 MAP

nipi 8.17 -i Ol 56.33 106.33 151.50 184.33

nip2 8.33 32.90 57.82 101.50 155.33 177.50

n]p.i 7.50 40.17 59.83 133.33 172.17 191.00

tl2pl 10.83 44.67 55.00 104.67 154.50 186.00
n2p2 14.67 43.33 70.67 ' 137.33 165.83 186.17

n2p3 12.17 49.33 69.33 110.83 164.83 185.67
n3pi 10.67 41.50 77.83 134.00 173.67 201.33

n3p2 12.33 46.33 75.33 151.00 175.67 200.50

n3p3 15.00 41.67 83.33 164.33 214.67
F value 6.98** 1.07 4.0* 1.68 0.85 1.33

CD 1.84 NS 7.12 NS NS NS
njk] 8.17 33.17 5 1 6 7 97.83 144.00 181.33
nik2 7.17 36T0 63.33 133.17 167.00 "  185.33
n ik3 8.67 36.33 • 57.00 130.17 168.00 186.17
n2k| 13.00 44.50 72.00 11.067 159.17 188.33
n2k2 12.33 51.17 63.00 132.83 170.17 188.00
n2k3 12.33 4L67 60.00 101.33 155.83 181.00
n3ki 13.00 43.00 75.67 148.33 176.50 203.17
n3k2 "I 13.00 4T83 83.33 159.33 178.17 207.33
n3k3 12.00 4 1 6 7 71.50 16T67 180.50 206.00

F value 1.03 0.80 4.99** 1.10 2.51 0.73
CD NS NS 7.12 NS NS NS .
Piki 8.67 40.17 62.00 98.17 141.67 190.17
Pik2 9.50 37.17 66.17 133.33 170.83 192,33
Pik3 11.50 42.67 61.00 133.50 167.17 188.67
p2ki 13.67 38.00 69.67 140.00 168.50 190.50
p 2k 2 11.17 47.17 68.33 132.33 163.17 188.00
p2k3 10.50 36.50 65.83 137.60 165.17 185.67
p3k t 11.83 42.50 69.67 118.67 169.50 192.67
Psk2 . 11.83 46.17 75.17 159.67 181.33 199.83

p3k3 11.00 42.50 67,67 130.17 172.00 198.83

F value 6.14** 1.61 0.60 2.52 3.53* 0.59
CD 1.84 NS NS NS 14.98 NS

* Significant at 5% level ** Significant at 1% level



Table 3.c. Interaction effects of N P K  on num ber o f  leaves per plant

Interaction
effects

1 MAP 2 M AP 3 MAP 4 MAP 5 MAP 6 MAP

njpiki 5.50 36.00 44.00 72.50 124.50 182.00
niPik2 7.50 32.00 60.50 12.50 164.00 183.01
ntp ik3 11.50 33.50 64.50 126.00 166.00 186.00
n[p2k[ 11.50 32.50 59.00 104.00 145.50 180.50
nip2k2 7.00 34.00 68.00 136.50 163.00 181.00
nip2k3 6.50 29.50 46.50 124.00 157.50 171.00
m p 3k, 7.50 31.00 58.00 117.00 162.00 181.50
nip3k2 7.00 43.50 61.50 142.50 174.00 190.00
nip3k3 8.00 r ~ 4 6 . 0 9 60.00 140.50 180.50 201.50
n2pik] 10.50 47.50 57.50 79.00" 128.00 181 ;50
n2pik2 11.00 38.50 55.00 112.50 175.00 172.50
n2pik3 11.00 48.50 52.50 122.50 160.50 184.00
n2p2ki 16.00 33.36 84.00 167.00 186.00 197.50
n2p2k2 12.00 60.50 62.00 123.50 150.50 178.00
n2p2k3 16.00 36.00 66.00 121.50 161.00 183.00
n2p3k t 12.50 52.56 74.50 86.00 163.90 187.50
n2p3k2 14.00 ' 55.00 72.50 162.50 185.00 193.50
n2p3k3 10.00 40.50 61.50 84.00 146.00 176.00
n3pik[ 10.00 37.00 84.50 143.00 172.50 207.00
n3pik2 10.00 41.50 83.00 167.00 173.50 201.00
n3pik3 12.00 46.50 66.00 132.00 175.00 196.00
n3p2ki 13.50 48.00 66.00 142.00 174,00 193.50
n3p2k2 14.50 47.00 75.00 137.00 176.00 205.00
n3p2k3 9.00 44.00 85.00 167.00 177.00 203.00
n3p3k] 15.50 44.00 76.50 153.00 183.00 209.00
n3p3k2 14.50 40.00 92.00 174.00 185.00 216.00
n3p3k3 15.00 41.00 81,50 166.00 189.50 219.00
F value 3.96** 1.73 5.95** 1.55 2.29 1.54

CD 3.18 NS 12.34 NS NS NS

* Significant at 5% level ** Significant at 1% level



per plant  at all the growth stages.  In the first month after  plant ing 

(I MAP), ni level recorded lowest  value (8.00)  and n3, the highest 

(12.67). In the second MAP, the lowest value was recorded by ni (35.33) 

and highest  value by n2 (45.78) .  The least value (58.00) was recorded by 

ni and the highest value by n3 (78.83)  at 3 MAP, Similar ly ,  in the fourth 

fifth and sixth MAP, m and n3 recorded the lowest  and highest values 

respectively.

Except  during the second and fourth MAP, there  was significant  

influence on the number o f  leaves due to the main effects  o f  phosphorus 

at different growth s tages o f  the plant.  In the first MAP, minimum value 

was obtained for pi level (9.89)  and maximum  value for p2 (11,78).  In 

the 3rd and 5th MAP, the least value was obtained for pi and maximum 

value for p3. At  6 MAP, p2 produced the lowest  (188.06)  number o f  

leaves and p3, the highest  ( 1 9 7 .1 1). Signif icant  effect  was not iced for the 

main effect  o f  K at only 4 and 5 MAP. The interact ion effects  N x P 

showed s ignif icant  influences during the first and third MAP. The ni pj 

level recorded the lowest  value (7.50)  and n3p3> the highest  value (15.00)  

at 1 MAP. The interaction n2p2 was on par with n3p3 while  nip2 and mp,  

were on par with n ]p3. At  3 MAP, the n2pi interact ion recorded the 

lowest  value (55.00)  , which was on par with n j p i (56.33) ,  n tp2 (57.63) 

and n ip3 (59.83)  whereas  the highest  value for  n3p3 (83.33).  Among the 

N x K interactions,  s ignif ican t  var ia tion was obtained at 3 rd MAP only. 

Here, niki recorded min imum  value (53.67) which was on par  with n | k 3 

(57,00)  and n2k3 whereas  the highest  value recorded was for n3k2 (83.33).

Signif icant  effect for the P x K interact ions was not iced for the 1st 

and 5lh MAP. The  pik|  recorded the lowest (8.67)  and p2k L the highest 

values (13.67)  at 1 MAP. The interactions p3k], p3k2, p i k 3, p2k2 and p3k3 

were on par with each other while  pjk2 and p2k3 were on par with the 

lowest  value for p ik | .  At  5 MAP, p |k |  recorded the lowest  value (141.67) 

and p3k3 the highest  value (18! .33) which was on par  with p i k 2 (170.83),  

p2k| (168.50) ,  p i k 3 (167.1),  p3ki (169.5)  and .p3k3 (1 72,00) .



There  was s igni f icant  i n f lue nce  due to in te rac t ions  NPK only at 

the l sl and 3td MAP. At the  1st M A P ,  n i p xki reco rded  the lowest  value 

(5.50 ) ,  which was on p a r  with n i p 2k 2, n ip2k3, n i p 3ki,  n i p 3k2 and n i p 3k3. 

The  highest  value (16 ,00 )  was ob ta in e d  for  n2p2ki and  n 2p2k3, which 

were on par  with n 2p 2k2, n2p3kj ,  n2p3k2, n3p i k 3, n 3p2ki, n3p2k2) n3p3k[, 

n 3p 3k2 and n 3p3k 3. D u r in g  t h e  3 rd M A P ,  n ip ik j  and n :,p 3k2 respect ively 

reco rded  the lowes t  ( 4 4 .0 0 )  and  h ighes t  (92 .00 )  values.  At 6 MAP, 

m p 2k3 and n3p3k3 reg is te red  the  low es t  (171 .00 )  and  highest  (219 .00)  

values  respectively.

4 2 YIELD AND Y IELD  C O M P O N E N T S

The data  on the m ain  e ff ec ts  o f  N, P, K and thei r  in te rac t ions  on 

the yield and yield c o m p o n e n t s  are  fu rn i shed  in Tab les  4a, 4b  and 4c,

4.2 .1  N um ber  o f  Tu bers

The levels o f  p o t a s s iu m  s h o w e d  s igni f icant  in f luence  on  the 

n u m b e r  o f  tubers  p r o d u c e d  while  the main effect  o f  N  and  P did not  

p ro d u ce  s ignif icant  e ff ec t  on this  charac te r .

Among the K levels ,  k t r e c o r d e d  the  lowes t  value ( 7 .17 )  and k3 the 

highes t  (9.04).

Interac t ions ,  N x P ,  N x K ,  P x K  and N PK showed  no s ignif icant  

in f luence on the n u m b e r  o f  tubers .  However ,  as the dose  o f  all the 

nut r i ent s  increased,  the n u m b e r  o f  t u b e r s  also increased.  General ly ,  the 

h ighes t  dose o f  K  with n i t rogen  and phosphorus  p r oduce d  m ore  num ber  

o f  tubers .  The t r ea tm en ts ,  n2piki  and  n2p i k 2 p r o d u c e d  the lowes t  (6 .35)  

and highest  (9 .90)  values  respec t ive ly .

4 .2 .2  Length  o f  T uber

There  was no s ign i f ican t  d i f f e rence  on the length o f  tuber s  due  to 

the main  effect  o f  N, P and K.

In teract ions N x P ,  N x K ,  P x K  and N PK had also no s ignif icant  

in f luence  on the length o f  tubers .  H ow e ver ,  l eas t  value was reco rded  for 

n ip ik i  (33 .80 cm)  and the highes t  va lue  for  n2p i k 2 (4 5 .5 0  cm).



Table 4 a. Main effects o f  N, P and K on the yield and yield com ponents at harvest

Main effect
Number o f  

tubers 
plant"1

Length o f  
tubers 
(cm)

Girth of  
tubers (cm)

Tuber  yield 
(t h a 1)

TDMP 
(t h a 1)

ni 7.88 37.64 22.81 31.21 13.02

n2 .8.46 39.25 23.78 33.43 12.93

n3 8.23 39.48 29.42 30.82 14.30

F value 1.53 1.19 14.45** 4.80* 4.91*

CD NS NS 2.53 1.87 1.00

Pi 8.45 38.65 25.97 33.78 11.89

P2 8.08 38.54 26.47 29.72 13.78

P3 8.08 39.18 25.56 31.95 14.60

F value 0.60 0.14 0.28 16.07** 16.42**

CD NS NS NS 1.87 1.00

k] 7.17 38.29 25.83 25.86 12.69

k2 8.34 39.53 26.25 29.88 12.75

k3 9.04 38.57 25.92 39.71 14.81

F value 16.25** 0.49 0.06 123.25** 12.29**

CD 0.69 NS NS 1.87 1.00

* Significant at 5% level ** Significant at 1% level



Table. 4 b. Interaction effects o f  NP, N K  and PK on yield and yield attributes o f  cassava
at harvest

Interaction effects
Number o f  

tubers 
plant’’

Length o f  
tubers 
(cm)

Girth o f  
tubers 
(cm)

Tuber  yield 
(t h a '1)

TD M P
( t h a - 1)

nipi 7.87 1 36.57 23.92 32.25 10.36
nip2 8.02 39.33 22.33 28.86 14.54

niP3 7.75 “ 1 37.03 22.17 32,51 14.16

n2Pl 8.48 39.22 24.25 33.86 12.17

n2p2 8.20 1 37.68 26.00 31.94 11.65

n2P3 8.68 40.93 26.58 32.54 14.98

n3Pi 8.85 1 40.25 29.25 33.24 13.09
n3P2 8.03 38.60 31.08 26.42 15.16
n3p3 7.78 39.68 27.92 30.80 14.65

F value 0.82 1.02 0.81 0.84 5.39**
CD NS NS NS NS 1.74
njk; 7.12 39.43 24.58 24.66 11.99
n (k2 7.93 36.83 22.00 29.54 13.23
n]k3 8.58 36.67 21.83 39.43 13.84
n2k] 7.12 37.27 25.00 ' 26.77 12.01
n2k2 8.95 42.00 26.25 32.57 12.40
n2k3 9.40 38.56 26.08 40.93 14.39
n3k] 7.28 38.18 27.97 16.16 14.08
n3k2 8.23 39.75 30.52 27.52 12.61
n3k3 9.15 40.50 29.83 38.78 16.21

F value 0.45 11.68 0.99 11.97 1.98
CD N S  1 NS NS NS NS
Piki 6.28 35.52 26.08 25.58 12.19
Pik2 9.22 41.30 26.42 32.07 10.94
Pik3 9.30 39.22 25.42 43.43 12,49
P2k] 7.48 40.73 26.75 24.79 11.94
P2k2 7.62 38.08 26.08 29.70 14,45

9.15 36.79 26.58 34.67 14.95
P3ki 7.35 38.63 24.67 27.22 13.95
p3k2 8.18 39.20 26.25 27.87 17.85
p3k3 8.72 39.72 25.75 40.77 17,00

F value r 2.50 2.29 0.20 5.98** 4,93**
CD NS NS 1 NS 3323 ~ 1.74

* Significant at 5%  level ** Significant at 1% level



Tabic 4 c. Interaction effects o f  NPK on yield and yield components o f  cassava at
harvest

Interaction
effects

No. o f  
tubers 
Plant '1

Length o f  
tubers 
(cm)

Girth of  
Tubers 

(cm)

Tuber  
yield 

(t h a - 1)

TDMP 
(t ha-1)

nipiki 6.50 33.80 24.50 23.11 9.52
nip ik2 7.95 36.90 23.75 26.25 9.27
njp]k3 9.15 39.96 28.60 47.09 12.30
n,p2k] 7.40 45.00 20.50 23.31 12.89
m p 2k2 7.50 38.00 25.25 30.55 16.47
m p 2k3 9.15 35.00 22.25 32.72 14.26
m p 3ki 7.45 39.50 . 25.00 27.54 13.57
nip3k2 8.35 36.60 21.75 31.52 13.96
nip3k3 ■ 7.45 36.40 19.75 38.48 14.67
n2piki 6.35 34.50 26.50 26.83 13.67
n2pik2 9.90 45.50 25.00 37.65 11.68
n2pik3 9.20 37.65 22.75 40.21 11.16
n2p2k] 7.35 34.15 25.75 25.17 9.83
n2p2k2 7.65 36.50 26.25 31.39 11.62
n2p2k3 9.60 37.38 26.00 39.05 13.50
n2p3ki 7.65 38.15 22.75 28.31 12.52
n2p3k2 7.00 44.00 27.50 25.79 13.90
n2p3k3 9.40 40.65 29.50 37.40 18.52
n3Pfk| 7.20 38.25 27.25 26.79 13.39
n3pik2 9.80 41.50 30.50 29.10 11.87
n3pik3 9.25 40.00 22.00 37.40 14.02
n3p2ki 7.70 38.05 30.25 23.88 13.10
n3p2k2 7.70 39.75 31.50 27.15 15.27
n3p2k3 8.70 38.00 31.50 32.23 17.11
n3p3ki 6.95 38.25 26.25 25.81 15.76
n3p3k2 7.20 38.00 29.50 26.32 10.68
n3p3k3 9.20 \ 40.50 26.00 40.28 17,50
F value 0.92 0.87 0.39 5.30** 2.67**

CD NS NS NS 5.60 3,01
** Significant at 1% level



Plate 2. Influence of N lP lK l  on tuber yield

Plate4- Influence of N2P1K3 on tuber yield



4.2 .3 .  Gir th  o f  Tuber

Dif fe rent  levels  o f  ni t rogen showed  s ignif icant  in f luence on the 

girth o f  t ube r  at  the t ime o f  ha rve s t .  Here ,  ni level reco rded  the lowest  

va lue  (22.81 cm)  and n3, the h ighes t  va lue  (29 .42  cm).  The main effects 

o f  P and K did no t  p ro d u ce  any s ign i f ican t  effect  on this character .  The 

in te rac t ions  N x P ,  N x K ,  P x K  and  N PK also had no s ignif icant  

inf luence.

4 .2 .4 .  T u b e r  Yield

T h e r e  was s ignif icant  d i f f e re n c e  on tuber  yield due  to the different 

levels  o f  N, P and  K and  thei r  in te rac t ions.  A m ong  the levels o f  N, n3 

rec o rde d  m in im u m  va lue  (3 0 .8 2  t h a ' 1) and  n 2i the m ax im um  value 

(33 .43  t h a ' 1). W ith  regard  to the P levels ,  the least (29 .72  t ha"1) and the 

h ighes t  (33 .78  t h a ' 1) values  were  ob ta ined  for  p2.and pi respectively.  

A m o n g  K levels ,  ki r ec o rde d  m in i m u m  yield (25 ,86  t h a ' 1), whereas ,  k3 

r ec o r d e d  m ax im u m  yield (39 .71  t h a ' 1)

A m o n g  the in te rac t ions,  P x K  a lone  had s ignif icant  in f luence on 

the tube r  yield.  T h e  tube r  yield was  m in im um  (24 .79  t h a ' 1) for  p2ki, 

which was on p a r  with the levels  p i k i ,  p3ki and p 3k2 It was m ax im u m  

(43 .43  t h a ' 1) for  p i k 3, which was on  par  with p3k3.

In te rac t io n  e ff ec ts  o f  N P K  had  s ignif icant  in f luence on tuber yield. 

The  m in i m u m  yield was  rec o rde d  fo r  (P la te .2) n ^ k i  (23.11 t h a ' 1), 

which was on p a r  with n i p 2ki ,  n 3p 2k], n2p 2ki, n2p3k2, n3p 3ki, n3p 3k2, 

n 1p l k2, n.ipiki , n 2p t k3 n3p2k2, m p 3ki  and n2p3ki. W hereas  the m ax im um  

yield was rec o rde d  for  (Plate .  3)  n (p i k 3 (47 .09  t h a ' 1) fol lowed by n 3p 3k3 

and n2p i k 3 (P la te .  4) ,  the la t ter  two  w e r e  on par  with each other .

4 . 2 . $  Tota l  Dry M a tte r  P r o d u c t io n

The m ain  effects  o f  N, P and K reco rded  s ign if icant  d i ff e rence  on 

total  d ry  m a t t e r  p roduc t ion .  A m o n g  N levels ,  n 3 reco rded  m in imum 

value (1 3 .0 2  t h a ' 1) and  n3 r ec o r d e d  m ax im um  value (14 .30  t h a ' 1). 

A m ong  the d i ff e ren t  levels  o f  P, pi had  m in imum  value ( I I  .89 t h a ' 1) and



p 3, the m ax im um  value (1 4,60  t ha"1). As for  po tass ium,  the t r ea tm en t  k i 

p roduced  m in imum  value (12 ,69  t ha"1) and k3, the m ax im um  dry m at te r  

(14,81 t ha"1).

The in te rac t ions  N x P and  P x K a lone  p ro d u ce d  s ign if icant  

r esponse  on total dry m at te r  yield. Here the lowes t  value was for njpi  

(10 .3 6  t h a ' 1) and the highest  value for  n3p2 (1 5 .1 6  t h a ' 1), which was on 

pa r  with n2p3 (14 .98 t h a ' 1), n3p3 (1 4 .6 5  t h a ' 1) and  n i p 2 (14 .54  t ha ') .  

Be tween  the P x K in te rac t ions ,  p i k 2 rec o rde d  m in i m u m  value (10 .9 4  t 

ha"1) and p 3k2, the m ax im um  va lue  (17 .85  t h a ' 1).

The NPK. in te rac t ions  showed  s ign i f ican t  in f luence  on total  dry 

m a t te r  p roduc t ion .  The  m in im um  va lue  was r ec o rde d  for  n ^ i k i  

(9 .27 t h a ' 1), which was on pa r  with m p i k i ,  n 2p 2ki ,  n 3p3k 2, n2p ik3, n 2p2k2, 

n2p i k 2, n 3p i k 2 and n i p i k 3. The  m a x i m u m  value (18 .5 2  t h a ' 1) was 

ob ta ined  for  n2p3k 3, which was on par  with n 3p3k 3, n3p 2k3, n i p 2k2, n 3p 3ki 

and  n3p2k2.

4,3 PH YSIO L O G ICA L P A R A M E T E R S

The da ta  on the m ain  effects  o f  N, P, K and  thei r  in te rac t ions  on 

the physiological  p a ra m e te r s  are fu rn i shed  in Tab les  5a ,  5b and 5c.

4.3.1 Leaf Area Index (LAI)

There  was no s igni f icant  in f luence  on the l e a f  a rea  index  d u e  to 

the main effects  and the in te rac t ion  e f fec t s  o f  N,  P and  K.  A m o n g  the N 

levels,  0 [ reco rded  m in im um  va lue  (3 .7 9 )  and  n 3, the  m a x i m u m  value 

(4.32).  The  lowes t  (3 .94)  and h ighes t  values  (4 .1 2 )  were  for  pi and p 2 

respec t ive ly.  . A m ong  the K levels ,  k 3 s how e d  the  l ow es t  (3 .85)  and  k2 , 

the highest  (4 .15)  values .  With  rega rd  to  the N  x P in te rac t ions ,  n ip j  

reco rded  m in imum  va lue  (3 .53)  and n 3p2) the m a x i m u m  va lue  (4.51) .  As 

for as N x K in te rac t ions ,  n j k 3 r ec o r d e d  the lowes t  va lue  (3 .44)  and n 3k, 

reco rded  the highest  va lue  (4.49) .  In the P x K in te rac t ions,  p ]k j 

reco rded  m in imum  vlue (3 .66 ) ,  and p 2kj,  the m a x i m u m  va lue  (4.36) .



Table 5 a. Main effects o f  N P K  on physiological parameters o f  cassava at harvest

Main effects LAI
Stomatal conductance 

( s cm"1)

Chlorophyll content 

(ppm)

ni 3.79 0.78 1.69

n2 3.95 0.71 1.62

n3 4.32 0.72 1.59

F value 1.55 0.53 0.33

CD NS NS NS

Pi 3.94 0.64 1.49

P2 4.12 0.77 1.72 ;

P3 4.01 0.79 1.70

F value 0.17 2.55 1.87

CD NS NS NS

ki 4.07 0.75 1.51

k2 4,15 0.76 1.75

k3 3.85 0.70 1.65

F value 0.58 0.48 1.56

CD NS NS NS



Table 5 b. Interaction effects o f  NP, NK, PK on physiological parameters o f  cassava at
harvest

Interaction
Effects

LAI Stomatal conductance 
( s c m ' 1)

Chlorophyl l  content 
(ppm)

nipi 3.53 0.65 1.49
niP2 3.83 0.79 1.93
n]p3 4.02 0.89 1.66
n2pi 4.11 0.68 1.62
n2p2 4.02 0.76 1.57
n2p3 3.72 0.67 1.68
n3Pl 4.18 0.59 1.35
n3P2 4.51 0.75 1.67
n3p3 4,28 0.82 1.73

F value 0.36 0.67 0.87
CD NS NS NS
n,ki 3.70 0.71 1.48
njk2 4.25 0.85 1.76
nik3 3.44 0.76 1.84
n2k[ 4.03 0.80 1.56
n2k2 3.79 0.76 1.87
n2k3 4.03 0.60 1.44
n3ki 4.49 0.73 1.50
n3k2 4.40 0.71 1.61
n3k3 4.08 0.72 1.66

F value 0.58 0.76 0.98
CD N S N S NS
Piki 3.66 0.58 1.22
Pik2 4.32 0.65 1.76

_ Pik3 3.84 0.69 1.49
p2ki 4.36 0.87 1.74
p2k2 4.32 0.97 1.77
p2k3 3.68 0.51 1.66
p3ki 4.19 0.78 1.58
p3k2 3.81 0.71 1.71
P3^3 . 4.03 0.88 1.80

F value 0.79 3.66* 0.91
CD NS 0.20 NS

* Significant at 5% ievel



Table 5 c. Interaction effects o f  N P K  on the physiological parameters o f  cassava at
harvest

Interaction effects LAI
Stomatal 

conductance 
( s c m '1)

Chlorophyll
(ppm)

mp]ki 3.11 0.50 1.06
n i p i k2 4.07 0.68 1.55
n ip ik 3 3.42 0.78 1.86
n]p2ki 4.05 0.83 1.92
n (p2k2 3.96 0.98 1.91
n tp2k3 3.48 0.61 1.95
niP3ki 3.93 0.81 1.46
n tp3k2 4.71 0.96 1.80
H[P3k3 3.43 0.90 1.73
n2piki 4.05 0.70 1.43
n2pik2 4.58 0.62 2.05
n 2p tk3 3.69 0.74 1.38
n2p2ki 4.15 0.97 1.57
n2p2k2 3.76 0.88 1.68
n2p2k3 4 . i5  ”1 0.45 1.46
n2p3ki 3.88 0.74 1.68
n2p3k 2 3.03 0.66 1.88
n2p3k3 4.27 0.62 1.48
n3p|ki 3.82 0.54 1.16
n.3 P i k2 4 3 r 0.66 1.68
n3pik3 4.42 0.57 1.23
n 3p2ki 4.89 ' 0.83 1.73
n3p2k2 5.23 0.96 1.56
n3p2k3 3.42 0.47 1.71
n3p3k[ 4.75 0.81 1.61
n3p3k2 3.68 0.51 1.45
n3p3k3 4.40 1.13 2.17
F value 0.78 0.84 0.66

CD NS NS NS



interactions o f  NPK, min imum value (3.11)  was obtained for n |p ik  1 and 

maximum (5.23)  was for n3p2k2.

4.3.2 Stomatal  Conductance

In general,  the s tomatal conductance  did not vary s ign if icant ly  due 

to the different levels o f  ni trogen,  phosphorus and po tass ium. A m ong  the 

main effects , n h p3 and k2 showed comparat ively higher  s tomatal  

conductance o f  0.78, 0 .79,  and 0.76 s c m ' 1.

Among the interact ions,  s ignif icant  in f luence on s tomatal  

conduc tance  was noted for P x K .  The lowest value (0.51 s c m ' 1) was 

recorded for p2k3, which was on par with piki ,  p j k 2 and  p t k 3. The 

highest value was noted for p2k2 (0.97 s c m '1), which was on par  with 

p3k3, p2k|  and p3k3.

Signif icant varia tion could  not be not iced  on s tomatal 

conductance due to the third order  interact ion NPK.

4.3.3 Chlorophyl l  content

The main effects  o f  N, P and K and their inte rac t ions  did not 

influence the chlorophyl l  content  o f  plant  s ignif icant ly .  There was no 

s ignif icant  effect  on chlorophyl l  content  due to NPK interactions. 

However,  n |p ik i  recorded m in imum  value (1.06 ppm) and n3p3k3i [he 

max imum value (2,17 ppm).

4.4 QUALITY ATTRIBUTES

The data  on the qual i ty  a t t r ibu tes  o f  cassava tubers  due to the 

different levels o f  N, P, K and their  interaction e ff ec ts  are given in 

Tables 6a, 6b and 6c.

4.4.1 Starch Content

There was s ign if icant  varia t ion on the starch conten t  o f  cassava 

tubers  only due to the different  levels  o f  phosphorus.  The min imum  

value (31.84%) was recorded for pi and maximum value (3 5.74%) for p 3. 

With regard to K, an increasing t rend on the starch conten t  was noticed



Table 6 a. M ain  effects o f  N, P and K on the quality attributes o f  cassava tuber at harvest

Main effects Starch
(%)

Protein
(%)

HCN

( P g g ' ' )
Cooking quality 

(Score 0 -  4)

n i 31.88 1.81 9.68 2.83

n2 34.16 2.06 12.37 2.54

n-j 33.65 2.26 15.15 2.44

F value 1.24 2391,6** 4712.8** 0.96

CD NS 0.01 0.12 NS

Pi 31.84 2.06 12,57 2.39

P2 32.11 2.04 11.89 2.67

P 3 35.74 2.03 12.74 2.78

F value 4.11 16.02** 127,60 0.96

CD 3.12 0.01 0.12 NS

ki 32.07 2.07 13.53 1.94

k2 33.30 2.04 16.64 3.00

k3 34.32 2.03 12.03 2.89

F value 1.12 23.77** 631,19** 8.08**

CD NS 0.01 0.12 0.59

** Significant at 1% level



Table 6 b Interaction effects o f  NP, N K  and PK on the quality attributes o f  cassava tubers
at harvest ___

Interaction effects
Starch

(%)
Protein

(%)
HCN

(Mg g '1 )

Cooking 
quality 

(Score 0-4)

nip] 30.04 1.90 10.17 2.33

nip2 31.26 1.70 9.00 3.00
nip3 34.36 1 1.83 9.89 1 3.17
n2p. 33.74 2.06 11.40 2.17

n2P2 32.21 2.13 13.01 2.83

tl2p3 36.35 1.99 12.70 2.67
n3pi 31.75 2.23 16.14 2.67

n3p2 32.68 2.27 13.67 2.17
n3p3 36.52 2.27 15.64 2.50

F value 0.16 12.57** 232.6** 1.04
CD NS 0.02 0.20 NS

nik. 32.06 1.85 9.84 2.17
n,k2 . 32.29 1.77 9.61 3.67
nik3 31.39 1.81 9.61 2.67
n2ki 34.98 2.04 12.44 2.00
n2k2 32". 19 2.06 12.00 2.83
n2k3 35.32 2.08 12.66 2.83
n3k. 29.18 1 2.31 18.32 1.67
n3k2 33.43 2.27 13.30 2.50
n3k3 36.33' 2.17 13.83 3.17

F value 12.11 38.89** 631.19** 1.48
CD NS 0.02 0.20 NS
Piki 29.94 2.05 12.05 1.50

_ Pik2 33.45 2.05 12.32 3.38
Pika 32.13 2.10 13.32 2.33
P2ki 30.94 2.15 14.55 2.33

.. P2k2 31.05 1.98 10.78 2.83
p2k3 34.36 1.98 10.35 2.83
p3ki 35.35 2.00 13.99 2.00
p3k2 35.40 2.09 11.81 2.83
p3k3 36.48 2.01 12.42 3.50

F value 0.51 104.26** 427.30** 1,98
CD NS 0.02 0.20 NS

** Significant at 1% level



Table 6 c. Interaction effects o f  NPK on the quality o f  cassava tubers at harvest

Treatments Starch
(%)

Protein
(%)

HCN 
(Pg g ‘ )

|

Cooking quality 
(Score 0-4)

nipiki 26.34 1.89 9.10 1.50
n i p i k2 32.49 1.94 10.61 4.00
n [ p i k3 31.29 1.86 10.79 1.50
n[p2k| 30.12 1.91 10.91 2.50
n ip2k2 29.05 1.58 8.07 3.50
nip2k3 34.61 _ l 1.62 8.02 3.00
n!P3ki 39.74 1.74 9.51 2.50
n ip3k2 35.32 1.81 10.15 3.50
niP3k3 28.02 1.95 ■ 10.01 3.50
n2pik] 35.35 ' 2.01 _ 10.08 1.50
n2p ik2 33.24 2.04 12.03 3.50
n2pik3 33.60 2.14 12.08 1.50
n2p2k t 32,90 2.18 18.85 3.00 '
n2p2k2 30.23 2.09 18.30 2.50
n3p2k3 34.10 2.13 12.89 3.00
n2p3ki 36.69 ' 1.94 13.40 1 1.50
n2p 3k2 33.10 2.05 11.69 2.50
n2p3k3 39.27 1.98 13.03 4,00
n3pik | 28.13 2.24 16.98 1.50
n3pik2 34.63 r  2.16 14.33 2.50
n3p[k3 32,51 2.30 17.11 4.00
n3p2k] 29.79 1”  2.38 18.90 1.50
n3p2k 2 33.88 2.26 11.97 2.50
n3p2k3 34.36 2.18 10.14 2.50
n 3p3k. 29.63 2.33 ^ 19.08 2.00
n3p3k2 37.79 ' 2.40 13.60 2.50
n3p3k3 42.13 2.09 14.24 1 3.00
F value 1.49 61.68** 66.64** 1.50

CD NS 0.04 1 0.35 NS
** Significant at 1% level



due to the increase in the ievel o f  K. Though the interaction effects  did 

not influence s ignif icantly  on this character ,  the highest level o f  NP, NK 

and PK interactions recorded the highest starch content.  The NPK 

interactions were also insignificant  on starch content.  However  n j p i k r 

registered min imum value (26 .34%) and n3p3k 3, the maximum value 

(42.13%).

4.4.2 Protein Content

Signif icant difference on the protein content  o f  tubers  was 

observed due  to  different  levels o f  N,  P and K and their  interact ions.  

Among the N levels,  ni recorded the  lowest  (1 .81%) and n3 the highest  

value (2.26%).  In the P levels,  p3 obtained lowes t  value (2 .03%) and pi 

the highest  (2 .06%).  The min imum  (2.03%) and m aximum (2.07%) 

values were observed for k3 and ki respectively.

Among the N x P  interact ions,  n t p 2 recorded the least value 

(1.70%) while  n3p2 and n3p3 the highest  (2 .27%).  In the N x K  

interact ions, n jk2 regis tered the lowes t  value (1 .77%) and n3k| the 

highest value (2.31%).  With regard to the P x K interac t ions ,  p2k3 and 

p2k2 resul ted min imum value (1.98%),  which was on par  with p3k| 

(2 .00%)whereas  p2k j , the m ax im um  (2 ,15%) .  In the third order  

interact ions, n i p 2k 2 recorded the lowest  value (1 .58%) and n3p3k2 the 

highest  (2.40%).

4.4.3 Hydrocyanic  Acid Content  (H C N)

The main effect o f  N, P and K and their  inte rac t ions  produced 

s ignificant  inf luence on the Hydrocyan ic  acid content  o f  tubers .  Among 

the N levels, ni recorded the m in imum  value (9.68 pg g"') and n3, the 

maximum (15.15 pg g"1). In P levels,  p2 resul ted the lowes t  value (1 1.89 

pg g ' 1) and p3 the highest  (12.74 gg  g ' 1). With regard to K levels,  the 

lowest (12.03 pg  g - l ) and highest  (16.64 pg g"1) va lues  were obtained 

for k3 and k2 respectively.

In the N x P  interact ions,  n i p 2 recorded min imum value 

(9.00 pg g ' 1) and n3pi the maximum (16.14 pg g ’1). A m ong  the N x K



highest value (18,32 pg g ' 1). As for P x K interact ions, p : k3 registered 

minimum (10.35 pg g~') and p2kj the maximum value (14.55 pg g ’). 

With regard to N x P x K interact ions,  n i p 2k3 recorded the lowest 

(8.02 pg g ' 1), which was on par with nip2k2. Whereas , n3p3ki. the highest 

value (19.08 pg  g ' 1) which was on par with n2p2ki and n3p2k|.

4.4.4 Cooking qual ity

A m o n g  the main effects  and their interactions, the different  levels 

o f  K alone showed s ignif ican t  var ia tion on the cooking quali ty o f  tuber. 

With regard to K, ki recorded minimum value (1.94) and k2 the 

maximum value (3.00),  Cooking  quali ty was highest  (4.00) for njpik?., 

n2p2k3 and n3p tk3.

4.5 N U T R IE N T  C O N T E N T  IN TH E TU BER S

T h e  data  in Tables  7a, 7b and 7c show the main effect o f  N, P, K 

and their interact ion effects on nutr ient  content in the tuber  at the t ime of  

harvest.

4.5.1.  Ni trogen Content

The main  effect  o f  N, P and K and their interact ions have resul ted 

s ignif icant  in f luence on the ni t rogen content o f  tubers.

A m ong  the N levels,  m recorded min imum value (0.21%) and n3, 

the maximum  value (0.35%).  In P levels,  pt resul ted the lowest value 

(0.26%) whereas  p2 and p3 the highes t  value (0.28%).  As far K, k| 

showed min imum  value (0 .26%) and  k2 and k3 the maximum (0.28%).  

Among the N x P  interact ions,  nipi recorded lowest value (0.20%),  which 

was on par with n ip2 and n j p 3 while  n3p2 and n3p3 both regis tered the 

highest  value (0.37%).  Among the N x K  interactions,  the lowest  value 

was obtained for nik i and n ik2 (0.20%),  which was on par with n | k 3, 

whereas  n3k3 and  n3k2 both resul ted in the highest value (0.36%).  As for 

P x K  interact ions,  p ik | ,  p tk 3 and p2k3 produced tubers  with least (0 .26%) 

N conten t  which was on par  with p jk2 and p3ki whereas , p3k3 with



T ab ic  7 a. M ain  e f fe c ts  o f  N, P and  K o n  n u t r ie n t  c o n te n t  in tu b e r  at harves t .

Main effects N (%) P (%) K (%)

ni 0.21 0.16 1.16

n2 0.26 0.18 0.94

n3 0.35 0.18 0.92

F value 3747.64** 143.56** 9.38**

CD 0.01 0.01 0.12

Pi 0.26 0.17 0.98

P2 0.28 0.18 0.94

P3 0.28 0.18 1.04

F value 57.88** 8.91** 0.68

CD 0.01 0.01 NS

k] 0.26 0.18 0.88

k.2 0.28 0.17 i.oo

k3 0.28 0.18 1.13

F value 84.02** 57.27** 8.30**

CD 0.01 0.01 0.12

** Significant at 1% level



T a b le  7 b. I n te r a c t io n  e f fe c ts  o f  N P , N K , PK  011 the  tu b e r  n u t r ie n t  con ten t  at
h a rves t

Interaction effects N {%) P ( % ) K ( % )

UlPt 0.20 0.12 1.11

n lP2 0.21 0.10 1.14

n lP3 0.21 0.17 1.22

I12PI 0.26 0.21 2.88
n2p2 0.26 0.14 0.98
n2p3 0.27 0.18 0.97
n3p] 0.33 ■ 0.19 0.95
n3p 2 0.37 0.19 0.86

n3p3 0.37 0.17 0.95
F value 27.70** 718.53** 0.50

CD 0.01 0.01 NS
n |k i 0.20 0.18 1.06
nik2 0.20 0.14 1.21
nik3 0.21 0.18 1.20
n2ki 0.25 0.19 0.83
n2k2 0.27 0.16 0.92
n2k3 0.27 0.18 1.08
n3k. 0.34 0.17 0.78
n3k2 0.36 0.20 0.87
n3k3 0.36 0.18 1.11

F value 6.82** 232.5** 0.86
CD 0.01 ■ 0.01 NS
Piki 0.26 0.16 0.89
Pik2 0.27 0.16 1.03
Pik3 0.26 0.21 1.02
P2ki 0.26 0.19 0.86
p2k 2 0.28 0.19 0.99
P2k3 0.29 0.15 1.14
p3ki 0.27 0.18 0.91
p3k2 0.28 0.16 0.99
p3k3 0.30 0.18 1.24

F value 16.53** 334.89** 0.93
CD 0.01 0.01 NS

** Significant at 1% level



T ab le  7 c. In te ra c t io n  e f fe c ts  o f  N P K  o n  n u t r ie n t  c o n te n t  in tu b e r  at h a rves t

Treatment N (%) P (%) K (%)

mpiki 0.20 0.14 1.16
mp[k2 0.20 0.12 1.16
n ip ik3 0.21 0.11 1.01
riip2k 1 0.20 0.22 0.89
n[p2k2 0.21 0.18 1.28
niP2k3 0.31 0.19 1.26
«iP3ki 0.20 0.18 1.13
nip3k2 0.20 0.11 1.21
nip3k3 0.22 0.23 1.33
n2pik] 0.25 0.16 0.64
n2p]k2 0.26 0.17 0.98
n2p]k3 0.27 0.13 1.02
n2p2ki 0.25 0.14 0.89 !
n 2pzk2 0.27 0.16 0.86
n2p2k3 0.26 0.12 1.19
n2p3k] 0.25 0.26 0.92
n2p3k2 0.27 0.15 0.92
n2p3k3 0.29 0.11 1.03
n3pik. 0.32 0.19 0.88
n3pik2 0.35 0.18 0.95
n3p[k3 0.31 0.21 1.02
n 3p2ki 0.34 0.21 0.80
n3p2k2 0.37 0.22 0.83
n3p2k3 0.39 0.14 0.96
n3p3k[ 0.35 • 0.10 0.68
n3p3k2 0.36 0.21 0.82
n3p3k3 0.37 0.19 1.33

F value 12,30** 635.61** 1.44
CD 0.01 0.01 NS

** Significant at 1% level



highest  value (0.30%) which was on par with p2k3 (0.29%). In the NPK 

interaction effects,  n ip ik i , n ip ik 2 , n ip2k], nip3ki and n ip 3k2 registered 

minimum value (0.20%),  which was on par with nip ik3, and nip2k2 

whereas n3p2k3 recorded the maximum value (0.39%).

4.5 .2  Phosphorus C ontent

The main effects  o f  N,  P, and K and their interactions produced  

signif icant  effect  on the P content  in tuber. Among the N levels,  nj 

recorded lowest  value (0,16%) and both n2 and n3j the highest  value 

(0 .18%).  In the P levels ,  pi resulted minimum value (0.17%) and both p2 

and p3 the maximum value (0.18%).  As for potassium, k2 registered the 

lowest  value (0.17%) whereas ki and k3 both, the highest  value (0.1 8%).

In the interaction between N and P, nip2 recorded minimum value  

(0 .10%) and n2pi, the maximum (0,21%).  Among the interactions N x K, 

nik2 showed lowest value (0.14%) and n3k2T the highest  (0 .20%) which 

was on par with n2ki (0 .19  %).

In the P x K interactions,  p2k3 resulted minimum value (0.15%),  

which was on par with piki ,  pik2 and p3k2 whereas pik3 recorded the 

maximum value (0.21%).

In the third order interactions,  n3p3ki recorded minimum value  

(0 .10%) which was on par with n]p ik3, n]p3k2 and n2p3k3, whereas  

n2p3kj, the maximum (0.26%).

4.5 .3  Potassium C ontent

The main effects o f  N,  P and K showed significant influence on 

the potassium content  o f  tuber. Am ong  the N  levels ,  n3 showed the 

lowest  value (0.92%) and ni, the highest (1.16%).  In the P levels ,  p2 

resulted minimum value (0.94%) and p3, the maximum (1.04%).  As for 

K, ki recorded minimum value (0.88%) and k3, the maximum (1,13%).

The interactions N x P, N  x K, P x K and NPK showed no 

significant  effect  on tuber potassium content.



4.6 NUTRIENT CONTENT IN THE TOP PORTION

The data in Tables 8a, 8b and 8c indicate the main and interaction 

effects  o f  N, P and K on the nutrient content  in the top portion of  

cassava plants.

4.6.1 N itrogen Content

The main effects  o f  N, P and K had s ignificant influence on the 

nitrogen content  in the top portion. The lowest value (1.16%) was 

recorded by ni and the highest by n3 (1.42%). Among the P levels,  pi 

registered minimum (1.22%) and p3 maximum value (1.31%). In the K 

levels,  kj recorded the low est  value (1.23%) whereas, k3, the highest  

(1.31%).

Significant variation was observed due to the interactions, N x P, 

N x K and P x K on the nitrogen content  in the top portion. Among the 

N x P interactions, nip2 and n ip 3 recorded minimum (1.14%) and n3p3, 

the maximum value (1.54%). In the N  x K interactions, the lowest value 

was resulted for n ik2 ( 1 .1  3%) which was on par with njk], n ik3, n2ki and 

n2k3 whereas,  the highest (1 .58%) for n3k3.

As far P x K interactions, p i k 2 showed the lowest  ( 1 . 1 9 % ) ,  which 

was on par with p2ki, p2k3 p3ki, p ]ki ,  p3k2 and p]k3 whereas,  p3k3, the 

highest value (1.43%),  which was on par with p2k2. There was no 

significant difference on the nitrogen content  in the top portion due to 

the interaction o f  NPK.

4.6.2 Phosphorus C ontent

The main effects o f  N, P, K and their interactions registered 

signif icant  effect  on the P content  in the top portion. Among the N 

levels,  both ni and n3 recorded least value (0.30%) and n2, the maximum  

value (0.31%). Among the P levels,  pi resulted the least value (0.28%)  

and p3> the highest  (0.33%). In the K levels ,  ki and k2 recorded minimum 

value (0.30%) and k3, the maximum  (0.31%).  As for N x P interactions,  

n2p! and n3pi resulted the lowest  (0 .27% ),  which was on par with nip2, 

whereas, mp?, n2p3 and n3p3. the highest  value (0.33%).



T a b le  8 a. M ain  e f fe c ts  o f  N, P and  K. o n  the n u tr ien t  c o n te n t  o f  T op  p o r tion
p la n t  at h a rv e s t

Main effects

N

(%)

P

(%)

K

(%)

ni 1.16 0.30 1.12

n2 1.23 0.31 1.24

n3 1.42 0.30 1.13

F value 36.77*1* 88.28** 3.26

CD 0.06 0.01 NS

Pi 1.22 0.28 1.13

P2 1.27 0.29 1.11

P3 1.31 0.33 1.25

F value 3.71* 3384.10** 5,18*

CD 0.06 0.01 0.10

ki 1.23 0.30 1.08

k2 1.26 0.30 1.06

k3 1.31 0.31 1.35

F value 3.23 85.34** 21 98**

CD NS 0.01 0.10

* Significant at 5% level ** Significant at 1% level



Table 8 b. Interaction effects o f  NP, NK. and PK. on nutrient content in the 'fop  portion
__  o f  plant at harvest____________ _______________________ ___________________

Interaction effects N (%) P (%) K (%) t

nipi 1.18 0.29 1.05
m p 2 1.14 0.28 0.96

n lP3 1.14 0.33 1.15

n2pi 1.15 0.27 1.05

n2p2 1.30 0.32 1.20

n2P3 1.25 0.33 1.45

n3Pi 1.33 0.27 1.08
n3p2 1.38 0.29 1.17
n3p3 1.54 0.33 1.16

F value 4.03* 278.32** 6.21**
CD 0.11 ■ 0.01 0.18
mk] 1.19 0.32 1.06
nsk2 1.13 0.30 0.95
m k 3 1.14 0.28 1.35
n2k, 1.20 0.29 1.06
n2k2 1.29 0.31 1.26
n2k3 1.21 0.31 1.38
n3ki 1.31 0.29 1.11
n3k2 1.36 0.28 0.97
n3k3 1.58 0.30 1.32

F value 6.76* 624.25** 2.83*
CD 0.11 0.01 0.18
Piki 1.26 0.29 1.07
Pik2 1.19 0.27 0.90
Pik3 1.23 0.27 1.41
p2k| 1.21 ■ 0.30 1.09
p2k2 1.33 0.29 1.11
p2k3 1.29 0.30 1.13
p3ki 1.23 0.32 1.07
p3k2 1.26 0.33 1.17
p3k3 1.43 0.35 1.52

F value 3.66* 289.58** 5.86**
CD 0.11 0.01 0.18

* Significant at 5%  level ** Significant at 1% level



T ab le  8 c. I n te ra c t io n  e f fe c ts  o f  N P K  o n  n u t r ie n t  c o n te n t  o f  T op  p o r t io n  oi
p la n t  at h a rv e s t

Interaction effects
N

(%)
P

(%)
K

(%)

mpik] 1.32 0.34 1.28
n i p ] k2 1.12 0.27 0.93
nip[k3 1.12 0.25 1.54
nip2k] 1.15 0.30 0.81
m p 2k2 1.17 0.26 1.03
m p 2k3 1.12 0.28 1,05
nip3k| 1.11 0.32 1.08
nip3k2 1.12 0.35 0.90
nip3k3 1.18 0.33 1.48
n2piki 1.16 0.26 0.95
n2pik2 1.15 0.27 0.93
n2p (k3 1.15 0.39 1.28
n2p2k] 1.16 0.30 0.95
n2p2k2 1.47 0.36 1.27
n2p2k3 1.26 0.30 1.40
n2P3ki 1.27 0.30 1.29
n2p3k2 1.24 0.32 1.60
tt2p3 k3 1.24 0.35 1.47
n3piki 1.30 0.27 0.97
n3Pik2 1.30 0.26 0.86
n3pik3 1.41 0.27 1.40
n3p2ki 1.32 0.30 1.53
n3p2k2 1.35 0.25 1.03
n3p2k3 1.48 0.32 0.93
n3p3k t 1.32 0.31 0.84
n3p3k2 1.43 0.32 1.02
n3p3k3 1.86 0.36 1.62
F value 1.57 345.29** 5.48**

CD NS 0.01 0.30

** Significant at 1% level



The data in Tables  8a, 8b and 8c indicate the main and interact ion 

effects o f  N, P and K on the nutrient  content  in the top portion of  

cassava plants.

4.6.1 Nitrogen Content

The main effects  o f  N, P and K had s ignif ican t  influence on the 

ni trogen content  in the top portion.  The lowest  value (1.16%) was 

recorded by ni and the highest  by n3 (1.42%).  A m ong  the P levels,  pi 

registered min imum  (1 .22%) and p3 maximum  value (1.31%).  In the K 

levels,  k| recorded the lowest value (1.23%) whereas ,  k3, the highest 

(1.31%).

Signif icant  var ia tion was observed due to the interactions,  N x P, 

N x K and P x K o n  the ni t rogen content  in the top portion. Among the 

N x P interact ions,  n i p 2 and n ip3 recorded minimum (1.14%) and n3p3, 

the maximum value (1.54%).  In the N x K  interact ions,  the lowest  value 

was resul ted for n | k 2 (1. 13%) which was on par with n tk i , n ik3, n2k| and 

n2k3 whereas,  the h ighes t  (1 .58%) for n3k3.

As far  P x K interactions,  p j k 2 showed the lowest  (1. 19%), which 

was on par  with p2kj, p2k3 p3ki, p tk | ,  p3k2 and p i k 3 whereas ,  p3k3i the 

highest value (1 .43%),  which was on par  with p2k2. There was no 

s igni f icant  d i ff e rence  on the ni t rogen content in the top portion due to 

the interact ion o f  NPK.

4.6.2 Phosphorus Content

The main effects  o f  N, P, K and their interact ions regis tered 

s ignif icant  effect  on the P conten t  in the top portion. Among the N 

levels, both ni and n3 recorded least value (0.30%) and n 2, the maximum 

value (0.3 1 %).

A m ong  the P levels,  pi resul ted the least value (0 .28%) and p3 the 

highest (0 .33%).  In the K. levels, k| and k2 recorded min imum value 

(0.30%) and k3, the maximum (0.31%).  As for N x P interact ions,  n2pi 

and n3pi resul ted the lowes t  (0 .27%),  which was on par with n i p 2> 

whereas,  n jp3, n2p3 and n3p3 the highest  value (0.33%).



In the N x K interactions, n [k 3 recorded minimum value (0.25%),  

whereas niki,  the maximum value (0.32%) and was on par with n2k2 and 

n2k3. Among P x K interactions, p ik 2 and pik3 showed minimum (0.27%)  

whereas p3k3, the maximum value (0.35%),

With regard to NPK interactions,  the lowest  value (0.25%) was 

recorded for n ]p ik3 and n3p2k2 which were on par with n :p2k2, n2p]ki and 

n3pik2 whereas, the highest ( 0 .36%) for n2p2k2 and n3p3k3 which were on 

par with n ip3k2 and n2p3k3.

4 .6 .3  Potass ium  C on te n t

There was signif icant  difference on the potassium content  in the 

top portion due to the main effects other than N. Among the P levels,  p2 

recorded minimum value (1 .11%) and p3, the maximum  (1.25%).  In the 

levels o f  K, k2 resulted the low est  (1 .06 )  and k3, the highest value 

(1.35%).

Among the N  x P interactions, n ip 2 showed minimum value  

(0 ,96%) which was on par with nip] ,  n2pi and n3pi whereas n2p3, the 

highest value (1,45%).

With regard to the N  x K interactions,  njk2 registered minimum  

(0 .95%) which was on par with n3k2, n2ki, niki and n3ki whereas n2k3i 

the maximum value (1.38%) which was on par with n]k3, n3k3 and n2k2. 

In the P x K interactions,  p]k2 resulted the lowest  value (0,90%), which 

was on par with pikj and p 3ki while  p3k3, the highest value (1.52%),  

which was on par with pik3.

As for the NPK interactions,  the minimum value (0.81%) was 

recorded for n ip 2ki which was on par with n3p3ki, n3p ik 2, n Lp3k2, njp|  k2, 

n2pik2, n?p2k3, n2ptki, n2p2k u n3pik i ,  n3p3k2, n!p2k2, n3p2k2, n ip2k3 and



rtip3ki whereas the maximum (1.62%),  for n3p3k3which was on par with 

n2p.3k2, nipik3, n3p2ki, n]p3k3, n2p3k3, n3pik3 and n2p2k3.

4.7 SOIL AVAILABLE MAJOR NUTRIENTS AT THE TIME OF 

HARVEST

Data on the effects  o f  N,  P, K and their interactions on available  

major nutrients in the soil at the t ime o f  harvest are presented in Tables  

9a, 9b and 9c.

4. 7.1 S o i l  O rgan ic  Carbon

Both the main and interaction effects o f  N,  P and K had 

significant influence on soil  organic carbon content  at the time of  

harvest. Among the N  levels,  n3 recorded minimum value (0.70%) and 

n2, the highest value (0.73%).  A m on g  the P levels ,  pi showed the least  

value (0.63%) and p2 recorded the highest  value (0.71%). With regard to 

K levels,  k2 recorded minimum value (0.65%) and k[, the maximum value 

(0.73%). Among the N  x P interactions,  n3p2 recorded least value  

(0 .45%) and nip2 had the highest value (0.88%), As far N x K 

interactions, the lowest  value (0 .42%) was recorded for n3k3 and highest  

value (0.82%) for n3ki

In the P x K interactions, p ik3 registered minimum (0.59%), which 

was on par with p3k2, p tki and p2k3 whereas,  p2ki had maximum value  

(0.84%).

With regard to NPK interactions, n3p2k3, resulted the least value  

(0 .26%) which was on par with n3p 3k2 and n3pik3 whereas n]p2k L the 

maximum value (0.93%) which was  on par with n3pik2, n3p3ki, nip2k2, 

and n2p2ki.

4. 7.2 So i l  A v a i la b l e  N i t ro g e n

Significant effect  on soil  avai lable  nitrogen could be noticed only 

for P levels.  The main e ffects ,  p3 recorded minimum value  

(222 .3 8  kg ha'1) and p , , the maximum  value (25 2 .4 4  kg ha‘!). There was 

signif icant  inf luence on soil avai lable  nitrogen due to the N x P



Table 9 a. Main effects o f  N, P and K on the available nutrients in the soil at harvest

Main effects
o c

(%)

Available

N

(Kg ha '1)

P

(Kg h a 1)

K

(Kg h a 1)

ni 0.71 239.49 37.96 140.28

n2 0.73 239.31 41.83 125.24

n3 0.70 246.55 47.27 160.89

F value 75.60 2.19 187.10** 22.33**

CD 0.02 NS 0.99 6.22

Pi 0.63 252.44 35.72 144.44

P2 0.71 240.53 47.00 155.53

P3 0.70 222.38 44.34 126.46

F value 26.05** 6.86 297.48** 31.60**

CD 0.02 66.80 0.99 6.22

ki 0.73 240.06 41.32 133.25

k2 0.65 243043 42.12 142.98

k3 0.66 231.82 43.62 150,19

F value 23.31** 1.06 11.59** 3.38*

CD 0.02 NS 0.99 6.22

* Significant at 5% level ** Significant at 1% level



T a b le  9 b. I n te ra c t io n  e f fe c ts  o f  N P , N K  a n d  PK on the a v a i la b le  n u tr ie n ts  in
the  soil at h a rves t ,

Interaction effects
Available

O.C
(%)

N
(Kg ha’1)

P
(Kg h a 1)

K
(Kg ha’1)

nipi 0.52 256.03 30.03 137.16
niP2 0.88 237.22 39.23 153.40

n lp3 0.73 195.24 44.58 130.29
n2pi 0.69 258.14 36.75 126.91
n 2p2 0.79 229.82 52.98 157.03
n 2P3 0.72 229.98 35.77 91.79
n3pi 0.68 243.15 40.36 169.24
n3p2 0.45 254.56 48.77 156,14
n3p3 0.66 241.93 52.68 151.30

F value 107.39** 2.97* 117.80 22.33**
CD 0.04 29.10 “ I 1.72 10.78
mks 0.67 215.15 30.38 144.54
m k 2 0.71 232.15 44.55 143.62
n ik3 0.75 241.18 38.75 132.64
n2ki 0.69 247.31 37.35 120.52
n2k2 0.73 244.45 36.75 133.15
n2k3 0.78 226.18 31.37 122.06
n3ki 0.82 257.72 56.03 134.64
n3k2 0.52 253.68 45.05 152.17
n3kj 0.42 228.24 40.73 195.87

F value 84.71** 2.07 250.22** 31,60**
CD 0.04 NS 1.72 10.78
Pi^i 0.61 245.68 34.91 130.28
Pik2 0.69 252.73 36.61 149.13
Pik3 0.59 258.91 35.62 153.90
P2ki 0.84 245.64 40.34 149.36
p2k2 0.65 253.74 46.13 159.85
P2k3 0.63 222.21 59.54 157.36
p3ki 0.73 228.86 48.71 120.11
p3k2 0.61 223.81 48.63 119.96
p3k3 0.77 214.42 35,68 139.31

F value 48.37** 1.29 243.56** 3.38*
CD 0.04 NS 1.72 10.78

* Significant at 5% level ** Significant at 1% level



Tabic 9 c. Interaction effects o f  N PK  on the available nutrients in the soil at harvest.

Treatment
OC
(%)

Available

N
(Kg h a 1)

P
(Kg ha '1)

K
(Kg ha '1)

njpjki 0.40 120.84 28.96 156.59
niPik2 0.51 248.41 30.88 123.62
nip ik3 0.66 298.84 30.27 131.27
nipiki 0.93 243.15 31.77 158.08
n,p2k2 0.86 261.21 37.01 159.79
nip2k3 0.84 207.29 49.01 142.35
n ip3k. 0.68 181.48 31.01 119.11
n ,p3k2 0.76 186.83 65.77 147.47
nip3k3 0.76 217.40 36.97 124.29
n2piki 0.60 282.25 36.97 98.66
n2pik2 0.70 265.35 37.94 140.85
n2pik3 0.78 226.80 35.34 141.21
n2p2k[ 0.86 235.59 40.86 162.01
n2p2k2 0.74 236.07 43.17 169.33
n2p2k3 0.79 217.79 74.90 139.76
n2p3k] 0.62 224.09 1 34.22 100.88
n2p3k2 0.76 231.90 29.22 89.27
n2p3k3 0.78 233.96 43.87 85.22
n3pik. 0.84 233.96 28.81 135.60
n3pik2 0.88 244.40 41.03 182.91
n3Pik3 0.33 251.08 41,25 189.22
n3p2k| 0.74 258.18 48.39 128.00
n3p 2k2 0.36 263.95 48.21 150.44
n3p2k3 0.26 241.55 84.73 189.98
n 3p 3k. 0.88 231.00 ^ 80.90 140.33
n3p3k2 0.32 252.70 50.91 123.13
n3p3k3 0.77 192.10 1 26.22 208.41
F value 4.71* 2.57* 136.75** 3.38*

CD 0.07 50.40 1 2.98 18.67
* Significant at 5% level ** Significant at 1% level



interactions only. The interactions,  n ip 3 recorded the least value (1 95.24  

kg ha'1) and n2pi, the highest value (258 .14  kg ha'1), which was on par 

with nipi ,  n3pi, n3p2, n3p3, n ip 2, n2p3 and n2p2. The NPK interactions had 

signif icant  influence on soil  avai lable  N. Here, nipiki  registered 

minimum value (120 .8 4  kg ha '1) whereas nip.ikj, the m axim um  (298 .84  

kg ha'1) which was on par with n ^ k i ,  n2pik2, n3p2k], n3p3k2 n3p2k2, 

n ip 2k2, n ip ik2 and n 3p]k3.

4. 7.3 S o i l  A v a i la b le  P h o sp h o ru s

There was s ignificant e ff ect  on soil avai lable phosphorus due to 

the main and interaction effects  o f  N,  P and K. Am ong  N the levels ,  n i 

recorded minimum value (3 7 .9 6  kg ha"1) and n3 the maximum value  

(47 .2 7  kg ha'1). With regard to the P levels,  pi resulted least value  

(3 5 .7 2  kg ha'1) and p2, the h ighest  va lue (47 .0 0  kg ha'1). As far K levels,  

ki registered minimum value (4 1 .3 2  kg ha'1) and k3j the maximum value  

(43 .62  kg ha'1). Among N x P interactions,  nipi  showed the lowest  

(30 .03  kg ha'1) and n2p2 the highest  value (52 .98  kg ha'1) which was on 

par with n3p3. With regard to N  x K interactions, nikj obtained least 

value (30 .38  kg ha'1) which was on par with n2k3 whereas n3kj, the 

highest (56 .03  kg ha'1). In the P x K interactions, p i ^  registered 

minimum value (34.91 kg h a '1) wh ich  was on par with p ik3, p3k3 and pik2 

whereas, p2k3 the highest va lue ( 5 9 .5 4  kg ha'1).

Among  the NPK interactions, n3p3k3 recorded least value (26 .22  

kg ha'1), which was on par with n tpiki  (28 .96  kg ha'1) whereas the 

highest  value (84.73 kg ha '1) was recorded for n3p2k3,

4. 7.4 S o i l  a v a i la b le  p o ta s s iu m

Both the main effects  and their  interactions o f  N,  P and K had 

signif icant  inf luence on soil  avai lable  potassium. Among  the N levels,  

n2 recorded minimum value (1 2 5 .2 4 k g  ha'1) and n3, the maximum value  

(16 0 .8 9  kg ha'1). In the P l eve ls ,  p3 resulted minimum value  

(12 6 .4 6  kg ha*1) and p2, the maxim um  value (155 .5 3  kg ha"1). As for K



levels,  ki registered least value (13 3 ,2 5  kg ha*1) and k3i the highest  value 

(15 0 ,1 9  kg ha'1).

In the N x P interactions, n2p3 showed minimum value 

(9 1 .7 9  kg ha '1) and n3pi the maximum value (169 .24  kg ha'1). Among  

the N x K interactions, n2k, recorded lowest  value (1 20.52 kg ha"1) which 

was on par with n2k3 (122 .06  kg ha '1) whereas n3k3, the highest value  

(195 .87  kg ha'1). With regard to the P x K interactions, p3k2 resulted 

minimum value (119 .96  kg ha'1) which was on par with p3ki and piki  

whereas p2k2, the maximum (15 9 .8 5  kg ha"1) which was on par with p2k3, 

pik3, p2ki and p[k2.

Due to the NPK interactions, n2p3k3 registered the lowest  

(85 .2 2  kg ha'1) which was on par with n2p3 k2, n2piki and n2p3ki whereas  

n3p3k3j the highest value (208.41 kg ha '1).

4 ,7 .5  UPTAKE OF MAJOR NUTRIENTS AT HARVEST

The data in Tables 10a, 10b and 10c show the main effects and 

interaction effects o f  N,  P and K on the uptake o f  major nutrients.

4. 7. S. 1 U p take  o f  N itrogen

The main effects o f  N,  P and K had s ignificant influence on the 

uptake o f  nitrogen at harvest. Am ong  the N  levels,  n2 recorded the least  

value (100 .95  kg ha"1) and n3, the highest (137 .51  kg ha'1) Among  the P 

levels,  pi showed the lowest value (9 6 .0 0  kg ha*1) and p3, the highest  

value (126 .27  kg ha*1). In the K levels ,  k2 resulted least value (1 0 4 , 8 1kg 

ha'1) and k3, the highest value ( 1 2 2 .9 6  kg ha '1).

Among  the interactions, the treatment P x K only inf luenced  

significantly the uptake o f  N. Here,  p ik2 recorded the lowest value  

(85 .19 kg ha '1), which was on par with p ik3, p2ki and p3k2 whereas; the 

highest value was recorded for p3k3 (152 .98  kg ha'1). The NPK  

interaction did not influence signif icantly on the uptake o f  nitrogen.  

■4.7.5,2 U p take  o f  P h osph oru s

There was significant influence on the uptake o f  phosphorus due  

to the main effects o f  N, P and K. Among  the N levels,  lowest  value



T ab le  10 a. M ain  e f f e c ts  o f  N, P and  K o n  the  u p tak e  o f  n u t r ie n ts  by ca ssa v a  at
h a rv e s t

Main effects

N

(Kg ha '1)

P

(Kg ha '1)

K

(Kg h a 1)

ni 101.15 32.13 148.93

n2 100.95 31.67 144.94

n3 137.51 35.43 149.92

F value 16.65** 4.35* 0.24

CD 15.00 2.83 NS

Pi 96.00 27.83 124.80

P2 117.34 33.31 147.22

P3 126.27 38.27 171.58

F value 9.09** 28.79** 17.22**

CD 15.00 2.83 16.40

ki 111.84 32.56 125.60

k2 104.81 30.57 133.51

^3 122.96 36.28 184.48

F value 3.15 8.87** 32.11**

CD NS 2.83 1,40

** Significant at 1% level



T a b le  10 b. I n t e r a c t io n  e f f e c t s  o f  NP,  N K  and  P K  on  the  up take  o f  nu t r i en ts  
by  c a s s a v a  at ha rve s t

Interaction effects
N

(Kg h a 1)
P

(Kg h a 1)
K

(Kg ha"1)

niPi 82.22 23.00 122.89
niP2 111.26 35.38 155,22

n lP3 109.98 ~ 1 38.58 168.68
n2pi 88.57 29.48 117.43
n2p2 92.60 26.81 129.65
n2P3 121.67 38.72 187.14
n3pi 117.20 31.03 134,07
n3p 2 148.16 37.73 156.77
m p 3 147.17 37.52 158.92

F value 1.12 6.95* 2.55
CD NS 4.90 NS '
mki 105.05 32.98 125.20
n tk2 99.95 31.08 . 143.30
m k 3 98.45 32.91 178.29
n2ki 95.39 29.88 114.56
n2k2 99.69 30.21 140.61
n2k3 107.76 34.92 179.15
n3ki 135.09 34.83 137.04
n3k2 114.79 30.42 116.73
n3k3 162.64 41.03 196.00

F value 2.36 2.16 2.18
CD NS NS NS
piki 111.54 30.10 119.32
Pik2 85.19 24.01 104,16
Pik3 91.26 . 29.39 150.91
p2ki 104.52 30.78 120,21
p2k2 122.87 34.66 153.34
p2k3 124.64 34.49 168,10
P3ki 119.47 36.80 137.28
p3k2 106.36 33.04 143.04
p3k3 152.98 44.98 234.43

F value 4.02* 4 91** 5.65** '
CD 25.98 4.90 28.40

* Significant at 5% level ** Significant at 1% level



T ab le  10 c. I n te r a c t io n  e f f e c ts  o f  N P K  o n  n u t r ie n t  u p tak e  by c a ssa v a  at
h a rv es t

Treatment
N

(Kg h a 1)
P

(Kg h a 1)
K

(Kg ha '1)
n ,p |k | 96.50 27.30 119.50
niPik2 71.92 20.06 94.19
m p ik 3 78.24 21.64 154.97
m p 2k] 113.46 35.42 107.32
m p 2k2 120.99 37.27 191.05
nip2k3 99.34 33.47 167.29
n ip3ki 105.18 36.22 148.79
nip3k2 106.96 35.93 144.65
n[p3k3 117.79 43.61 212.60
n2piki 112.05 30.62 113.74
n2p tk2 77.51 25.16 111.21
n2p,k3 76.16 32.65 127.34
n2p2k. 76.60 22.45 90.58
n2p2k2 100.46 29.99 123.17
n2p2k3 100.75 28.00 175.20
n2p3k[ 97.52 36.57 139.35
n2p3k2 121.09 35.48 187.16
n2p3k3 146.40 44.10 234.91
n3piki 126.07 ■32.39 124.71
n3pik2 106.15 26.82 107.07
n3pik3 119.38 33.87 170.42
n3p2k] 123.49 34.49 162.73
n3p2k2 147.17 36.73 145.73
n3p2k3 173.82 41.98 161.80
n3p3k ( 155.73 37.62 123.69
n3p3k2 91.04 27.72 97.32
n 3p 3k3 194.74 47.22 255.47
F value 1.26 0.50 2.72*

CD NS NS 49.19
* Significant at 5% level



(31 .67  kg ha'1) was recorded for n2 and highest (35 .43  kg ha'1) for m. 

In the P levels,  pi resulted least  value (27,83 kg ha'1) and p3j the highest  

(38 .27  kg ha'1). As far K levels,  k2 registered minimum (30 .57  kg ha"1) 

and k3i the maximum uptake (3 6 .2 8  kg ha'1). Among the interaction 

effects,  there was signif icant  response only for N x P  and P x K  

interactions on P uptake. In the N x P  interactions, mpi  recorded 

minimum (23 .00  kg ha"1), which was on par with n2p2 whereas,  highest  

value was recorded for n2p3 (3 8 .7 2  kg ha"1), which was on par with n ip 3, 

n3p2, n3p3 and n tp2.

Among the P x K interactions, pik2 recorded the lowest value  

(24.01 kg ha"1) and p3k3j the highest value (44 .98  kg ha’1). The  

interactions o f  NPK had no signif icant  effect  on P uptake.

4 .7 .5 .3  Uptake  o f  P o ta s s iu m

Among the main effects,  P and K levels had only s ignificant  

influence on K uptake. Due to the P levels,  p L recorded the least (124 .80  

kg ha"1) and p3, the highest value (171 .58  kg ha"1). With regard to K 

levels,  k t resulted the least value (125 .6 0  kg ha"1) and k3, the highest  

vlue (1 84 .48kg  ha"1).

Among the interaction effects,  P x K  and NPK interactions showed  

significant variation on K uptake. Here, pik2 recorded lowest  value  

(10 4 .1 6  kg ha"1) which was on par with p ^ i  and p2k] whereas p3k3 the 

highest (234 .43  kg ha'1). Am ong  the NPK interactions, n2p2ki recorded  

the least value (90 .58  kg ha"1), which was on par with n i p 1k2, n3p3k2) 

n3pik2) n ip2k], n2p tk2, n2p i k i , m p ik i ,  n2p2k2, n3p3ki, n3pjki,  n2p tk3 and 

n2p3ki whereas the highest ( 2 5 5 .7 7  kg ha'1) value was recorded for 

n3p3k3 which was on par with n2p3k3 and n ip3k3.

4.8 ECONOMICS OF CULTIVATION

The data on the additional  cost due to treatments, cost  of  

cultivation, tuber yield,  gross income,  net income and the BCR resulted 

from various treatments are presented in Table 11 The additional cost
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Table 11. Economic analysis

Treatment

Additional 
Cost due 

to
treatment 
(Rs. h a 1)

Cost o f  
cultivation 
(Rs. h a '1)

Tuber  
yield 

(kg h a '1)

Gross 
income 

(Rs. ha '1)

Net 
income 

(Rs. h a 1)
BCR

riipiki 2100 42100 23112 29336 27236 1.64
n,p,k2 2289 42289 26548 79644 37355 1.88
nip,k3 2479 42478 47091 141273 98795 3.32
ntp2k] 2690 42690 23314 69942 27252 1.63
n,p2k2 2879 42879 30554 ’ 91662 48783 2.13
niPjkj 3068 43068 32717 99815 55083 2.27
nip3k! 3279 43279 27544 82632 39353 1.90
nip3k2 3468 43468 31517 94551 51083 2.17
nip3k3 3657 43657 38477 115431 71774 2.64
n2p,k| 2371 42371 26832 80496 38125 1.89
n2p,k2 2560 42560 37650 112950 70390 2.65
n2Pik3 2749 42749 40212 120636 77887 2.82
n2p2ki 2961 42961 25173 75519 32558 1.76
n2p2k2 3150 43150 31388 94164 51014 2.18
n2p2k3 3339 43339 39053 117159 73820 2.70
n2p3k. 3550 43550 28309 84927 41377 1.95
n2p3k2 3739 43739 25799 77397 33658 1.77
n2p3k3 3828 43928 37400 112200 68272 2.55
n3Piki 2641 ' 42641 26792 80376 37735 1.88
n3pik2 2830 42830 29102 ■ 87306 44476 2.04
n3Pik3 3019 43019 37400 112200 69181 2.60
n3p2k] 3231 43231 25880 77640 34409 1.79
n3p2k2 3420 43420 27153 81459 38039 1.88
n3p2k3 3609 43609 32229 96687 53078 2.22
n3p3ki 3820 43820 25813 77439 33619 1.77
n3p3k2 4009 44009 26318 78954 34945 1.79
n3p3k3 4198 44198 40279 120828 76630 2.73

Cost o f  cultivation except  fertilizer =  Rs.40,000/- 
Cost o f  Cassava tubers = Rs. 3/- kg  *
(*Sale Price fixed by the Instructional Farm, Vellayani)



due to treatments ranged from Rs .2 ,100  for the treatment with lowest  

dose o f  nutrients (50:50:50 kg NPK ha'1) to Rs.4,198  for the treatment  

with the highest dose (1 00 :100 :100  kg NPK ha'1). Accordingly,  the cost  

o f  cultivation also varied from R s . 4 2 , 100 to R s .4 4 ,198 for the treatments 

with lowest and highest doses  o f  nutrients respectively.  The tuber yield 

was maximum (47 .09 t ha'!) for the treatment n ip ik3 ( 50 :50:100  kg NPK 

ha'1) resulting a gross income o f  R s .1,41,273 and net income o f  

Rs.9 8 ,7 95  ha'1. The lowest BC ratio (1 .63)  was recorded by n ip2ki 

indicating the least rate o f  return from this treatment. The treatment  

n3pik2, n tp,k2, n ip3k2j n2p2k2, n3p2k3, n ip2k3, n2p3k3 n2p2k3, n ,p 3k3, 

n2pik2, and n3p3k3 gave moderately high benefit cost  ratio ranging from

2.04 to 2.73. Among the various treatments, nip ik3 resulted the highest  

BC ratio o f  3 .32 fol lowed by n2p ik 3 (2 .82)  (Plate .4)  and n3p3k3 (2.73) .  

Since the additional cost  o f  fertil izer (Rs. 2 ,4 7 9 )  was less for the 

treatment nip ik3 (50:50:100  kg NPK ha'1) which produced the highest  

tuber yield (47 .09  t ha"1) compared to the treatment n3p3k3 (100:100:100  

kg N PK ha'1) which resulted the next  highest yield (4 0 .2 8  t ha'1), the BC 

ratio for nip]k3 was the highest and hence it is most economical .



<Discussion



5. D I S C U S S I O N

The r e s u l t s  g e n e ra te d  f rom  the s tu d i e s  on f e r t i l i z e r  s c h e d u l i n g  for  

the short  d u r a t i o n  c a s s a v a  va r i e ty  “ V e l l a y a n i  H r a s w a ” a rc  d i s c u s s e d  in 

this  chap te r .

5.1 G R O W T H  C H A R A C T E R S

Heigh t  and  n u m b e r  o f  l ea ve s  p r o d u c e d  by the  p lan t  were  

cons ide red  as the i n d ic a to r s  o f  the g r o w t h  o f  plant.

The re  w a s  no  s ig n i f i c a n t  d i f f e r e n c e  on  p lan t  h e ig h t  at  al 1 the 

g rowth  s t a g e s  o f  the c ro p  for  the d i f f e r e n t  l eve ls  o f  n i t r o g e n ,  p h o s p h o r u s  

and p o ta s s ium .  (T a b le  2 a).  H o w e v e r ,  there  w a s  an i n c r e a s i n g  t rend  at 

5 tl1 and 6 lh M A P  due  to h ig h e r  dose  o f  n i t rogen  at n 3 level  (100  kg ha"1). 

The  p lan t  h e igh t  was  m a x i m u m  at 6 M A P .  T he  p o s i t i v e  i n f lu e n c e  due  to 

n i t rogen  on the h e igh t  o f  c a s s a v a  p lan t  was  r e p o r t e d  e a r l i e r  by  M a nda l  et 

al. (1971) ;  N a t a r a j a n  (19 7 5 ) ;  Pi l la i  a n d  G e o r g e  (1978  a); M u t h u k r i s h n a n  

(1980);  N a y a r  ( 1 9 8 6 )  and  Pa m i la  (2003 ) .  N a y a r  et a}. ( 1 9 9 8 )  r ep o r ted  

that  the h e igh t  o f  c a s s a v a  p lan t  i n c r e a s e d  s ig n i f i c a n t l y  wi th  h i g h e r  l evel s  

o f  N P K  fer t i l iz e rs .  H ig h e r  dose  o f  N a n d  P w i th  low es t  K leve l  r esu l ted  

m a x i m u m  p lan t  h e ig h t  at  6 M A P.

The  h ig h es t  level  o f  n i t r o g e n  @  100 kg  h a ’1 r e c o r d e d  m a x i m u m  

n u m b e r  o f  l ea ve s  p e r  p lan t  d u r in g  the  f i r s t  and  th i rd  M A P  in d ic a t i n g  the 

effect  o f  this  nu t r i e n t  on  the v e g e ta t i v e  g r o w th  in the in i t ia l  s t age  o f  crop  

g ro w th ,  ( f a b l e . 3 b ) .  It is a p roven  fac t  tha t  an a d e q u a t e  s u p p ly  o f  

n i t rogen  p r o m o t e s  v e g e t a t i v e  g r o w th  e s p e c i a l l y  the  l e a f  p r o d u c t i o n  and  

keeps  the l eaves  func t iona l  for  a long  t im e  ( R u s s e l ,  1973 and  T i s d a l e  et 

a l ., 1995) .  In ge n e ra l ,  t h e re  was  m ore  n u m b e r  o f  l ea ve s  p e r  p lan t  w h e n  

the dose  o f  N w a s  inc reased .  S t im u la t io n  o f  v e g e t a t i v e  g r o w t h  at h ig h e r  

ra tes  o f  ap p l i e d  n i t r o g e n  was  r e p o r t e d  e a r l i e r  in c a s s a v a  by  C I A T  (1976);  

Ngong i  ( 1 9 7 9 ) ;  Q u e i r o z  ( 1 9 8 0 )  and P a m i l a  (2003 ) ,  At  6 M A P ,  the



highest  number o f  leaves per plant was recorded for the treatment with 

NPK @ 100: 100: 100 kg ha"1. The leaf  fall was found to be the 

minimum, retaining most o f  the leaves produced during the early 

vegetative phase till maturity though there is leaf  production resulting 

the highest number o f  retained leaves at 6 MAP. During the peak 

vegetative period, i .e. ,  3rd MAP, N  x K interaction showed significant  

influence on the l ea f  production (Table 3b). An enhanced rate of  leaf  

production was resulted at increased levels o f  K due to increased uptake 

o f  N. The inf luence o f  K in promoting leaf  retention was reported by 

Nair (1983) .  Further, the above observation was supported by Nayar  

(1986)  with his findings that K had significant effect  in producing  

maximum number o f  leaves at the active growth stage. According to 

Edward (1 982) ,  the beneficial  effects o f  K on leaf  retention may be due 

to the fact that K fertilization increased tolerance o f  plants to water 

stress. Generally, higher dose  o f  P influenced the l ea f  production at 

higher levels  almost throughout the growth stage o f  crop. Similarly, the 

influence o f  K was signif icant  during the last stages o f  crop growth  

indicating the posit ive e ffec t  o f  K on the leaf  production (Edward, 1982). 

Physiological ly , the variety “Vellayani  Hraswa” is short statured and is 

rather bushy type with branching characteristics when compared to other 

prominent varieties. The word “Hraswa” means short with respect to 

height and maturity period.

5.2  YIELD AND YIELD COMPONENTS

The number o f  tubers per plant, tuber length and girth are the 

major yield contributing components  for cassava. There was significant  

influence only for potassium on the number o f  tubers produced  

(Table 4a)  The positive role on the tuber production by potassium  

application (100  kg ha"1) was observed by Nair (1982) ,  Nitrogen and 

phosphorus had no significant  inf luence on the number o f  tubers 

produced.



Among the interactions,  n3pi,  n2k3 and p]k3 recorded maximum 

number o f  tubers  (Table  4b). The  t reatment  n2Pi ^2 registered the highest 

number  o f  tubers  followed by n3p i k 2 and n2p2k3 (Table  4c). Signif icant  

increase in tuber  number  o f  the hybrid -165 was observed by Mandal  and 

M ohankumar  (1972)  by rais ing the  level o f  appl ied ni trogen from 40 kg 

to 80 kg h a ’1 beyond which there  was not much difference.  Pamila 

(2003)  reported that  the n um ber  o f  tubers  s ignif icant ly increased when 

the N level was increased from 50 to 75 kg ha '1 but decreased at 100 kg 

N level. The var ie ty  responds wel l  at lower  levels o f  N and P and it 

prefers  a 1: 1,5 NK rat io for bet t er  tuber  production.

The main effects  and interact ion effects  had no significant  

influence on the length o f  tubers  (Table  4a, 4b). But, there was a 

progressive t rend due to ni t rogen and phosphorus levels. The 

interactions,  n2p3; n2k2 and p i k 2 resul ted tuber with maximum length. 

The t rea tm ent  with NPK @ 75:50:75 kg ha"1 produced tubers  with 

maximum length (Table  4 c). Main effect  o f  ni trogen did not influence 

s ignif icant ly  the length o f  tubers  as  observed by Asokan el al. (1980).  

There was s ignif ican t  d i ff e rence  on ly  by different  levels o f  ni trogen on 

girth o f  tubers.  The  highest  dose o f  N (100 kg h a ' 1) resul ted in maximum 

girth o f  the tuber .  Asokan el al.  (1980)  could not  get signif icant 

influence on the length and girth o f  the tubers due to different levels o f  

ni trogen @ 60, 120 and 180 kg h a ' 1. Among the interact ions,  n3p2, n3k 2i 

p2Ki, n3p2k2 and n3p2k3 regis tered maximum  girth o f  tuber ,  which 

indicates that  h igher  dose o f  n i t rogen ,  increased the girth o f  tubers. 

Accord ing  to Pamila  (2003) ,  c a ssava  plants t reated with 100 kg ni trogen 

was on par with 50 kg ni t rogen t reated plants and the plants receiving 

75 kg N ha"1 produced  longer  tuber .  The girth o f  tuber  was signif icantly 

inf luenced only by the different  levels  o f  ni trogen (Table  4a) indicating 

the role o f  ni t rogen on bulking o f  tubers .



T he  tube r  y ie ld  w a s  s ig n i f i c a n t l y  i n f l u e n c e d  by  the  m a i n  e f f e c t s  o f  

n i t r ogen ,  p h o s p h o r u s  and p o t a s s i u m  (T a b le  4a and  Fig.  2).  Here, 

n i t rogen  at m e d iu m  level  ({75 kg h a ' 1) p r o d u c e d  m a x i m u m  tube r  yield 

and this  o b s e r v a t io n  is in c o n f o r m i t y  w i th  the f in d in g s  o f  A s o k a n  et al. 

(1988);  T h a m p a t t i  and  P a d m a j a  ( 1 9 9 5 )  and  P a m i l a  (2003 ) .  P h o s p h o r u s  

at the low es t  level  (50 kg h a ' 1) r e c o r d e d  m a x i m u m  tube r  y ie ld  for 

cassava .

T h e  h ig h es t  dose  o f  K (100 kg h a ' 1) p r o d u c e d  the  h ig h e s t  tuber  

yield (39.71 1 h a ' 1). T h e  a b o v e  o b s e r v a t io n  w a s  s u p p o r t e d  by  M a lv o t t a  et  

al. (1955) ;  A s o k a n  and  S r e e d h a r a n  (19 7 7 ) ;  M o h a n k u m a r  (1975) .  

S i t t ibusa ya  and  K u r m a r o h i t a  (19 7 8 ) ;  N a i r  et  al.  ( 1 9 8 0 ) ;  A s o k a n  et al.  

(1988);  C T C R I  (1 9 9 0 ) .  M a d u a k o r  ( 1 9 9 7 ) ;  H o w e le r  ( 1 9 9 8 ) ;  and  G o s w a m i  

(2003) .  An  e x a m i n a t i o n  o f  tube r  y ie ld  da ta  in d ic a te d  tha t  in te r ac t ions ,  

m p i .  n2kj and  p i k 3 w e r e  the m o s t  e f f i c i e n t  in  p r o d u c i n g  the  h i g h e s t  y ie ld  

(T ab le  4b.) ,  T h e  t r e a tm e n t ,  n i p | k 3 (P la te .  3) w a s  the  m o s t  e f f i c i e n t  one 

in p r o d u c i n g  the h ig h e s t  tube r  y ie ld  (4 7 .0 9  t ha"1) f o l l o w e d  by n 3p 3k3 

(40 .28 t ha"1) and n 2p i k 3 (40.21 t h a ' 1) ( P l a t e . 4).  The  p r e s e n t  f in d in g s  are  

in a g r e e m e n t  wi th  the o b s e r v a t io n s  by  A s o k a n  et al.  ( 1 9 8 8 ) ,  A s o k a n  and 

S re e d h a r a n  (19 7 7 ) ;  M a d u a k o r  (1997) ;  D ang  et al. (19 9 8 ) ;  W ei te  et al. 

( 1998);  C a d a v i d  et al.  (1998) ;  M o h a n k u m a r  e t  al.  (1 9 9 6 ) ;  C T C R I  

(1998)  and  G o s w a m i  ( 2 0 0 3 ) .

W i l s o n  and  O v id  (1 9 9 4 )  r e p o r t e d  that  the c o n j o i n t  use o f  h igher  

levels o f  fe r t i l i ze rs  c o u ld  p r o d u c e  s u b s t a n t i a l l y  h i g h e r  y ie ld ,  e s p e c i a l l y  

in low and  m e d i u m  fer t i l e  so i ls  w here  they  o b s e rv e d  s im i l a r  inc re ase  in 

y ie ld  to the  t u n e  o f  63.1 t h a ’1 in an ac id  inccp t i so l  w i th  400  kg  N. 200 

kg P 2CC and  4 0 0  kg  K 20  h a ’1. In the  p r e s e n t  s tudy ,  the t r e a tm e n t  n i p i k 3 

p r oduce d  the h ig h es t  tube r  y ie ld  (4 7 .0 9  t h a ' 1). The  va r i e ty  Ve l la yan i  

H ra sw a  p re fe r s  a 1; 1: 3 ra t io  o f  N P K  for  m a x i m u m  tuber  y ie ld  u nde r  the 

present  soil  and  c l im a t i c  c o n d i t io n s .
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There  was s igni f icant  i n f lue nce  011 total  dry m a t te r  p roduct ion  due 

to di ff e ren t  levels o f  N, P and K (Tab le  4a and Fig.3).  The N supply 

i ncreased  dry matte r  p roduc t ion .  A d e q u a te  quant i ty  o f  N is essent ia l  for 

e ff ec t ive  pa r t i t ioning o f  a c c u m u l a t e d  dry matter  to the econom ic  sink. 

The  in te rac t io n  effects o f  N, P and  K are synergis t ic  in affect ing the dry 

m a t t e r  yield.  Similarly , the in te rac t ion  effects  o f  N and P cause  N 

induced  P absorp t ion  fav o u r in g  g r o w th  s t imulat ion and e nha nce d  uptake 

o f  bo th  elements .  A m o n g  the  m a in  effects ,  ni t rogen  at the highest  level 

(100  kg ha"1) p r o d u c e d  the  m a x i m u m  dry m at te r  yield.  This  is in 

a g r e e m e n t  with the o b s e rv a t io n  by  Susan  John  (2003) .  A ppl ica t ion  o f N ,  

P and K fer t i l izers  s igni f icant ly  increased  the aerial and total b iomass  as 

obse rved  by Pel le t  and E l s h a r k a w y  (1993) .  N, P and K @ 100 kg  ha"1 

r ec o rde d  m ax im u m  dry m a t t e r  p roduct ion .  This  obse rva t ion  is contrary 

to the r ep o r t  o f  Pa m i la  (2 0 0 3 )  and  V i jayan  and Aiyer  (1 9 6 9 )  but this is in 

c o n fo r m i ty  with the f indings  o f  O b igbe san  (1973) ,  P ushpa da s  and Aiyer 

(1 9 7 6 )  and  Pillai  and G e o rg e  (1978  a) who r epor ted  an increase  in tuber  

dry m a t te r  con ten t  with h ig h e r  ra te s  o f  po tass ium  appl icat ion.

A m o n g  the in te rac t io n  e ff ec ts  o f  N x P, N  x K,  and  P x K  p 3k 2 

p r o d u c e d  the m a x im u m  dry m a t t e r  yield.  The  t r e a tm e n t  c om b ina t ion  o f  

n2p3k3 (75 :1 0 0 :1 0 0  kg ha"1) p r o d u c e d  m ax im um  dry matte r  yield (Table  4 

c). The  obse rva t io ns  by K e a t in g  and  Evenson  (1981)  a lso suppor t  the 

p re s e n t  f indings.

5,3 P H Y S IO L O G IC A L  P A R A M E T E R S

L e a f  a rea  index (LAI) ,  s tom a ta l  conduc ta nc e  and chlorophyl l  

co n te n t  o f  leaves were the phys io log ica l  pa ram ete rs  cons id e red  here.

The  main and in te r ac t ion  e ff ec ts  o f  N, P and K had  no s ignif icant  

i n f lue nce  on LAI. (Tables  5a,  5b and  5c). But , there  was an increasing  

t rend  due  to h igher  dose  o f  n i t rogen  w hereas ,  P and K both @ 75 kg ha"1 

p r o d u c e d  m a x i m u m  LAI. This  is fa i r ly  s u p po r te d  by R a m a nu ja m  (1982)  

Ngong i  ( 1 9 7 9 )  r epo r ted  inc re ase  in plan t  l e a f  a rea  and l ea f  s ize with



inc rem en ta l  d o s e  o f  p o t a s h  from 50 to 240  kg  ha"1. T he  t r e a tm e n t  n3p 2k2 

reg i s te red  m a x i m u m  l ea f  a r e a  index .  R a m a n u j a m  ( 1 9 8 2 )  a l so  repor ted  

s im i la r  f ind ings .  A m o n g  the  i n te r a c t io n s ,  n3p 2, n 3k|  and  p 2k|  r eg i s t e r ed  

m a x i m u m  LAI.  But ,  there  was  no  s ig n i f i c a n t  d i f f e r e n c e .  T he  h igher  

levels  o f  n i t r o g e n  e n h a n c e d  the l ea f  p r o d u c t i o n  and  l e a f  a r e a  tha t  led to 

m a x i m u m  LAI for  c a s s a v a  as o b s e rv e d  by Ind i ra  (1996) .

In ge n e ra l ,  n i t r o g e n ,  p h o s p h o r u s  and p o t a s s i u m  had  no s ig n i f ic a n t  

e ff ec t  on s tom a ta l  c o n d u c t a n c e  ( f a b l e  5a).  H o w e v e r ,  there  was  an 

inc re as in g  t r end  due  to h ig h e r  do s e s  o f  n u t r i e n ts ,  e x c e p t  for  n i t rogen .  

The  n i t ro g e n  at l o w e s t  dose  r e g i s t e r e d  s l i g h t ly  h igh  s to m a ta l  c o n d u c ta n c e  

and p h o s p h o r u s  at the h ig h es t  d o s e  o b t a i n e d  m a x i m u m  s tom ata l  

c o n d u c ta n c e  and  p o t a s s i u m  at 75 kg ha"1 in c r e a s e d  s to m a ta l  c o n d u c ta n c e  

o f  the c a s s a v a  leaves .  The  in te r a c t io n ,  p 2k2 in c r e a s e d  the  l e a f  s tom ata l  

c o n d u c ta n c e  wi th  s ig n i f i c a n t  va r i a t i o n  (T a b le  5b).  P h o s p h o r u s  and 

po tas s ium  play  a m a j o r  role  in i n c r e a s i n g  the s to m a ta l  c o n d u c ta n c e .  

P o ta s s iu m  m a i n t a i n s  the  ce l lu la r  m e m b r a n e  and  the  p r o t o p l a s m  in a 

p roper  d e g r e e  o f  h y d r a t i o n  by s t a b i l i z in g  e m u l s i o n s  o f  h ig h ly  co l lo ida l  

pa r t ic le s .  Th is  h e lp s  in m a i n t a i n i n g  tu r g o r  p re s s u re  and  e l im in a te s  the 

w a te r  i m b a la n c e  in p l an t s  and  r e g u la te s  the o s m o t i c  p r e s s u r e  o f  plan ts ,  

’[’his may be the r e a s o n  fo r  s ig n i f i c a n t  inc re ase  on  s to m a ta l  c o n d u c ta n c e  

in c a s s a v a  l eaves  due  to P and  K bo th  @ 75 kg  ha"1.

The  m a in  and  i n t e r a c t io n  e f f e c t s  o f  N,  P and  K d id  no t  i n f lu e n ce  

the c h lo r o p h y l l  c o n te n t  o f  c a s s a v a  l e a v e s  s ig n i f i c a n t ly .  H o w e v e r ,  there  

was an i n c r e a s in g  t r e nd  in the c h lo r o p h y l l  c o n te n t  due  to h i g h e r  do s e s  o f  

nu t r i en ts .  N i t r o g e n  at low level  @ 50 kg ha " 1 p r o d u c e d  r a th e r  high 

c h lo rophy l l  co n te n t  in leaves .  P o t a s s i u m  @ 75 kg  h a ’1 s l i g h t ly  i nc reased  

the c h lo r o p h y l l  c o n te n t .  The  i n te r a c t io n s  n i p 2, n2k2 and  p 3k3 ob ta ined  

m a x i m u m  c h lo r o p h y l l  con ten t .  A m o n g  the N P K  i n te r a c t io n s ,  n3p 3k3 

reco rded  m a x i m u m  c h lo r o p h y l l  c o n te n t  in the leaves .  This is in 

c o n fo r m i ty  w i th  the f ind ings  o f  C o l l i n s  and  D u k e  ( 1 9 8 1 )  w'ho obse rved  

that  a l ine a r  i n c r e a s e  in c h lo r o p h y l l  c o n c e n t r a t i o n  w i th  in c r e a s e d  the



a p p l i c a t i o n  o f  K in A l fa l fa .  Pat i l  et at .  ( 1 9 8 7 )  r e p o r t e d  tha t  e n h a n c e d  

po tash  s u p p ly  had a p o s i t ive  r e l a t ion  w i th  c h lo r o p h y l l  c o n te n t  in tobacco .  

Devi  and  P a d m a j a  (1 9 9 7 )  r e v e a le d  an  inc re ase  in c h lo r o p h y l l  con ten t  

wi th  increase  in the l eve l s  o f  s o d iu m  s u b s t i tu t io n  s h o w i n g  a pos i t i v e  role 

o f  so d iu m  on  c h lo r o p h y l l  b i o s y n t h e s i s  in c a ssava .  T h i s  is b e c a u s e  o f  

u n iva le n t  c a t i o n  p o t a s s i u m  e x e r t s  a  p r o n o u n c e d  in f l u e n c e  on  the 

ch lo rophy l l  c o n te n t  o f  p lan ts .  N i t r o g e n  e n h a n c e d  the  c o n c e n t r a t i o n  o f  

ch lo ro p h y l l  c o n te n t  in the  leaves .  N i t ro g e n  is an i n teg ra l  part  o f  

c h lo rophy l l  and  is the  p r im a ry  a b s o r b e r  o f  l ight  e n e rg y  n e e d e d  for 

p h o to s y n th e s i s .  M a y  be due  to t h e s e  r ea sons  tha t  the h i g h e r  dose  o f  

n i t rogen  and p o t a s s i u m  p r o d u c e d  h i g h e r  c h lo r o p h y l l  c o n te n t .

5.4 Q U A L I T Y  A T T R I B U T E S  OF C A S S A V A

T h e  qua l i ty  o f  c a s s a v a  tube r  w a s  a s se s s e d  in t e rm s  o f  the s ta rch,  

p ro te in  and  U C N  c o n te n t s  in a d d i t io n  to  the c o o k in g  q u a l i ty  o f  tuber s .

S ta rch  c o n te n t  o f  t u b e r s  w a s  i n f l u e n c e d  s ig n i f i c a n t ly  by 

p h o s p h o ru s .  T h e r e  w a s  an i n c r e a s in g  t rend  on  tu b e r  s t a r c h  c o n te n t  due  

to h igher  dose  o f  p o t a s s i u m  (T ab le  6a).  T h e  e f f e c t  o f  K in e n h a n c i n g  the 

s ta rch  co n te n t  was  o b s e r v e d  by severa l  w o r k e r s  ( O b i g b c s a n  and  A g b o o la ,  

1973;  N a ta ra ja n ,  1975;  M u l h u s w a m y  a n d  Rao ,  1979 and  M u t h u k r i s h n a n ,  

1980)  and  the i r  f in d in g s  are  in c o n fo r m i t y  with the  p re s e n t  o b s e rv a t io n s .  

P u s h p a d a s  and  A i y a r  ( 1 9 7 6 )  r e c o r d e d  the  h ig h es t  s ta rch  y ie ld  w i th  250 

kg K tO ha"1. Pi l la i  and  G e o r g e  (1978  b) r e p o r t ed  i n c r e a s e  in s tarch  

con te n t  by the a p p l i c a t i o n  o f  K. N a i r  and M o h a n k u m a r  (1 9 8 4 )  no t iced  

on ly  a s l igh t  i n c r e a s e  in the s t a r c h  c o n te n t  in c a s s a v a  tu b e r s  for 

po t a s s iu m  a p p l i c a t i o n .  N a i r  and  M o h a n k u m a r  ( 1 9 8 4 )  c o u ld  not  get  any 

s ign i f ic a n t  r e s p o n s e  in s ta rch  c o n te n t  o f  t u b e r s  due  to N P K  a p p l i c a t i o n .  

A m o n g  the m ain  e f f ec t s ,  P and  K at the  h i g h e s t  dose  s h o w e d  m a x i m u m  

sta rch con ten t .  In the  in te r ac t io n s ,  n 3p 3, n.3k 3 and  pjk} p r o d u c e d  tubers  

w ith m a x i m u m  s ta rch  con ten t .  S im i la r ly ,  the h ig h es t  c o n te n t  o f  s ta rch  in 

ca ssava  tu b e r s  was  o b s e r v e d  for the h i g h e s t  dose  o f  N P K .  T h i s  m ay  be 

because  o f  the s ig n i f i c a n t  c o n t r i b u t i o n  o f  p o t a s s i u m  in the  s y n th e s i s  and



t r a n s lo c a t io n  o f  a s s i m i l a t e s  f rom  so u rc e  lo s ink ,  w h i c h  is an  e ne rgy  

req u i r in g  p r o c e s s  (B e r in g e r ,  1978) .  W h i l e  the nu t r i e n t  K e n c o u r a g e s  or  

p r o m o te s  s y n th e s i s  and  t r a n s lo c a t i o n  o f  s ta rch ,  the  ro le  o f  N is r eve r se  

w here in ,  wi th  i n c r e a s e d  l eve l s  o f  N and  lo w  p o t a s s i u m ,  t h e r e  is r e d u c t io n  

in s ta rch c o n te n t  o f  tuber s  due  to a d e c re a s e  in the  a v a i l a b i l i t y  o f  

c a r b o h y d r a te s  (B lac k ,  1973).  T h i s  m ay  be  due to i n c r e a s e  in the ra te  o f  

pro tein  s y n th e s i s  and c o n s e q u e n t  i n c r e a s e  in v e g e ta t i v e  g r o w t h  t r igge red  

by h ighe r  N s u p p ly  w i th  c o r r e s p o n d i n g  d e c r e a s e  in s t a r c h  c o n te n t .  Th is  

was well  d o c u m e n t e d  by the o b s e r v a t io n  o f  T a n  a n d  M a k  ( 1 9 9 5 )  that  

s ta rch co n te n t  is n e g a t i v e l y  c o r r e l a t e d  w i t h  h igh  dose  o f  n i t ro g e n .

The  c ru d e  p r o te in  c o n te n t  o f  c a s s a v a  tu b e r s  w a s  f o u n d  to increase  

due to h ig h e r  l eve ls  o f  n i t ro g e n  @ 100 kg h a ' 1 (T a b le  6a) .  W h e n  the N 

was  inc re ase d  f rom  50 lo 75 kg  h a ' 1, the pe rc e n t  i n c r e a s e  in c ru d e  p ro te in  

con ten t  w a s  13.81 and  fu r the r  inc re ase  o f  N to 100 kg  ha"1, t h e  inc rease  

in p ro te in  co n te n t  w a s  on ly  8.25 p e r  cen t  i .e. ,  the  p r o d u c t i o n  o f  c rude  

pro te in  was  not  c o m m e n s u r a t e  w i th  the i n c r e a s e  in the dose  o f  n i t rogen .  

(F ig .4).  This is s u p p o r t e d  by the o b s e r v a t i o n s  o f  Pi l la i  and  G e o rge  

(1978  b) and  N a i r  ( 1 9 8 2 )  tha t  n i t ro g e n  at 100 kg ha"1, p h o s p h o r u s  and 

p o ta s s iu m  e a ch  at 50 kg  ha"1 p r o d u c e d  tu b e r s  w i th  h i g h e r  p r o te in  con ten t .

H y d r o c y a n ic  acid  c o n te n t  is the i m p o r t a n t  l im i t in g  f ac to r  as far as 

qua l i ty  o f  c a s s a v a  tube r  is c o n c e r n e d .  T h e  two  c y a n o g e n i c  g ly c o s id e s ,  

l inam ar in  and  lo ta u s t r a l i n ,  w h i c h  are p r e s e n t  in all p a r t s  o f  the  c a s s a v a  

plants ,  arc  h y d r o l y z e d  by  an e n d o g e n o u s  p - g l u c o s i d a s e  l in a m a r a se ,  

fo rm ing  c y a n id e  w h i c h  is tox ic  ( N a m b i s a n  and  S u n d a r e s a n ,  1990) .  The  

da ta  in the T a b le  6a and  T ig .5 ind ica te  th a t  H C N  c o n te n t  was  m a x i m u m  

when the p lan t s  w e r e  t r ea te d  wi th  the h ig h e s t  dose  o f  n i t r o g e n  @ 100 kg 

ha"1 w h e re as ,  the least  for  the low es t  dose  (50 kg ha"1). Th is  is wel l 

s u ppo r te d  by the f in d in g s  o f  S usan  John  (2003 ) .  T he  i n c r e a s e  in HCN
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con ten t  in c a s s a v a  tu b e r s  w i th  h ig h  ra te s  o f  n i t r o g e n  w a s  r e p o r t e d  by 

many r e s e a rc h e r s  ( M u t h u s w a m y  and  R a o ,  1981;  A s o k a n  et a t . , 1988 

M o h a n k u m a r  et at.  1996 and  O b i g b e s a n  and  F a y c m i ,  1996) .  T h e r e  are  

a lso repo r t s  on the e f f e c t  o f  FY M  a lo n e  o r  in c o m b i n a t i o n  w i th  N in 

inc reas ing  the H C N  c o n te n t  (P i l l a i  et a t ., 1985;  and  S u s a n  J o h n  et at . .  

1998). T h i s  m ay  p ro b a b l y  be due  to  the  i n c r e a s e d  p r o d u c t i o n  o f  

c y a n o g en ie  g l u c o s i d e s  wi th  h igh  ra le  o f  n i t r ogen .  T h e r e  w a s  a d e c l in e  in 

the HCN c o n te n t  o f  t u b e r  due  to h ig h e r  dose  o f  P o t a s s i u m .  T h i s  ag rees  

wi th  the f ind ings  o f  Ind i ra  et at.  (19 7 2 ) ;  R a m a n u j a m  ( 1 9 8 2 )  N a i r  and 

M o h a n k u m a r  (1 9 8 2 )  and  S u s a n  J o h n  et at.  ( 1998 ) .  A m o n g  the 

in te rac t ions ,  n 3p i ,  n 3k] ,  p 2ki r e s u l te d  in m a x i m u m  H C N  c o n te n t  o f  

c a ssava  tubers .  N P K  (pi 10 0 :1 0 0 :5 0  kg  ha"1 p r o d u c e d  m a x i m u m  1ICN 

con te n t  o f  tube r  w h e r e a s  the leas t  was  for  n i p i k 3. T h i s  ind ic a te s  tha t  the  

H CN co n te n t  w a s  r e d u c e d  to h a l f  w'hen the dose  o f  p o t a s s i u m  was  

increased .  Th is  f in d in g  is in a g r e e m e n t  w i th  the o b s e r v a t i o n s  by Susan  

J ohn  et at. (1 998) .

The  c o o k in g  q ua l i ty  o f  the c a s s a v a  tu b e r s  w a s  in f luenced  

s ign i f ican t ly  due  to d i f f e r e n t  l eve ls  o f  p o t a s s i u m  ( ' f a b l e  6a ). T h e  lowes t  

dose  o f  n i t r o g e n  and  h ig h es t  dose  o f  p h o s p h o r u s  and  m e d i u m  level  o f  

p o t a s s i u m  r e s u l t e d  in tu b e r s  wi th  m a x i m u m  c o o k in g  q ua l i ty  w h ic h  

ind ica te s  the e f f e c t  o f  o p t im u m  dose  o f  n u t r i e n t s  for  b e t t e r  c o o k in g  

qual i ty .  T h e  ta s t e  and  p a la t a b i l i t y  o f  the  c a s s a v a  tuber s  w e r e  found  to be 

m a x i m u m  (3.0)  for  the t r e a tm e n t  w i th  75 kg K ha"1. T h i s  is s u p p o r t e d  by 

the f ind ings  o f  A s o k a n  and  S r e e d h a r a n  (1 980) .

In a g r e e m e n t  to the a b o v e  o b s e r v a t io n s ,  N a i r  ( 1 9 8 2 )  r e p o r t e d  a 

bet t er  c o o k in g  q u a l i ty  o f  tuber s  at  V e l l a y a n i  and  K a y a m k u l a m  wi th  

po tas s ium  a p p l i c a t i o n .  The  i m p r o v e m e n t  in the q u a l i ty  o f  t u b e r s  cou ld  

be a c h ie v e d  by 50 pe r  cen t  s u b s t i tu t io n  o f  K  o f  m u r i a te  o f  p o t a s h  by Na 

o f  c o m m o n  sa l t  ( D e v i  and  P a d m a ja ,  1996) .  C o o k i n g  q ua l i ty  o f  tubers  

assessed  by a tas te  pane l  w a s  found  to  be  r e d u c e d  s i g n i f i c a n t l y  by h igher  

levels  o f  n i t ro g e n  ( P r e m a  et a!., 1975) .  N a i r  (1 9 7 6 )  o b s e r v e d  a high



percentage (75%) o f  non-bitter tubers at 50 kg ha"1 as compared to 63 per 

cent in the case o f  75 kg ha'1 and 69 per cent in the case o f  100 kg 

N ha'1. Among the interaction effects ,  n ip3, n ik2 and p3k3 registered 

maximum cooking  quality for the cassava tubers. This observation is 

supported by the above findings. Among  NPK interactions, the 

treatments, n 1p 1k2 , n2p3k3 and n3p]k3 obtained almost  higher cooking  

quality to the cassava tubers indicating a balanced fert il izer nutrient ratio 

for getting maximum tasty tubers. The treatment n ip ik3, which produced 

the highest tuber yield also possessed near starch range for cooking  

quality.

5.5 NUTRIENT CONTENT IN TUBER

The main effects o f  N, P and K produced signif icant  influence on 

the nitrogen content in tubers (Table 7 a). Among  the interactions, n3p2 

and n3p3, recorded the highest N content  which were on par with n3k2 and 

n3k3. The treatment, n3p2k3 registered the highest nitrogen content (0.39  

%)in the tubers. These observations are in agreement with the findings 

by Izawa and Okamoto (1959);  Knavel (1971)  and Muthuswamy and 

Krishnamoorthy (1976)  in sweet  potato. Purcell et al. (1982)  and 

Mukhopathyay et  al. (1995)  reported that high concentration o f  nitrogen 

(1 .08)  in tuber at harvest was recorded with the treatment o f  100 kg K20  

ha'1 applied as basal in sweet  potato.

N, P and K influenced phosphorus content  in the tuber 

significantly. The interactions n2pi, and p tk3 recorded maximum P 

content  in the cassava tubers whereas,  the n2p3ki obtained the highest P 

concentrations,  which indicate that higher dose  o f  the nutrients,  

increased the P content  o f  tubers. This is well  supported by the findings  

o f  Leonard et al. (1949);  Muthuswamy and Krishnamoorthy (1976)  and 

Mukhopathyay et al.  ( 1 9 9 5 )  in sweet  potato.

Significant difference on the potassium content  in the tubers was  

noticed for the main e ffect  o f  N  and K only. Nitrogen @ 50 kg ha'1



produced tubers with the highest  K content  (1.16%) while there was no 

signif icant  inf luence o f  P on tuber K content. Maximum K content  

(1 .13%) was registered by plants treated with the highest dose o f  K (100  

kg ha"!). However, n ^ k }  and n3 p3k3 registered maximum K content in 

the cassava tubers. From the results it has been observed that the higher 

dose  o f  potassium increased the K content in tubers. This agrees with 

the observations by Duncan et  al. ( 1958) ,  Knavel  (1971)  and 

Mukhopathyay et al.  ( 1 9 9 5 )  in sweet  potato.

5.6 NUTRIENT CONTEN T IN TOP PORTION

The higher levels  o f  N ,  P and K increased the N content o f  top 

portion s ignificantly.  Am ong  the interactions, n3p 3 , n3k3 and p3k3 

increased the nitrogen content  o f  top portion. The NPK interactions have 

no significant influence on top portion N content,  however n3p3k3 

registered maximum N content  for the top portion o f  cassava. This 

agrees with the research f indings by Duncan el al. (1958) ;  Izawa and 

Okamoto (1959 ) ,  Mukhopathyay et al.  (1995)  in sweet  potato.

The P content  o f  top portion was significantly inf luenced by the 

optimum level  o f  nitrogen and with higher dose o f  phosphorus and 

potash. Among the interactions,  p3k3 registered the maximum P content  

in top portion o f  the cassava plant. In the NPK interactions, n2p 2 k2  and 

n3p3k3 recorded maximum P content  in top portion with significant  

difference.  This is supported by the reports o f  Leonard et al.  (1949);  

Muthuswamy and Krishnamoorthy (1976)  and Mukhopathyay et al. 

(1995)  in sweet  potato.

The medium level  o f  nitrogen and the highest  level  o f  P and K 

nutrition increased the K content  in the top portion o f  cassava. Among  

the interactions, p3k3 produced maximum K content  in the top portions  

fo l lowed by n2 p3 The treatment n3p3k3 resulted maximum K content in 

the top portion with significant  difference.  This agrees with the



observations o f  Leonard et al.  (1 949); Duncan et al. (1958) ,  Knavel  

(1971)  and Sharfuddin and Voican (1984)  in sweet  potato.

5 7 AVAILABLE MAJOR NUTRIENTS IN THE SOIL BEFORE AND  

AFTER THE EXPERIMENT

5 . 7 . 1 O rg a n ic  C a rb o n

The data on soil chemical  analysis after the harvest o f  the crops,  

(Table 9a) indicate that the organic carbon content  o f  soil  was positively  

influenced by nitrogen at 75 kg ha '1 which resulted in the highest soil  

organic carbon. Similarly P @ 75 kg ha'1 and K @ 50  kg ha'1 produced  

maximum organic carbon content  in soil after the harvest o f  the crop 

(F ig.6). Among the interactions, nip2, registered maximum organic  

carbon content in the soil ( 0 .8 8  %) and is on par with p2ki (0 .84  %) and 

n3ki (0 .82  %), which are higher than the initial status o f  soil organic  

carbon. But the mean value o f  the organic carbon is somewhat  low  

(0.68%) when compared to the initial status (0 ,71%) o f  the soil organic  

carbon. The variation with respect  to the organic carbon content  in the 

soil may be due to the difference on the rate o f  l ea f  fall on account o f  the 

treatments,

5.7.2  A v a ila b le  N itro g e n

Significant effect  due to the treatments on the avai lable N  status 

in the soil after the experiment (Table 9a.) was observed.  Nitrogen at the 

highest level ,  P at the lowest  level  and K at the medium level  maintained 

maximum avai lable nitrogen in soil  (Fig. 7), Among  the interactions,  

P i k 3 recorded maximum avai lable  nitrogen in soil. The treatment n j p i k 3 

which produced the highest  tuber yield showed high avai lable N in soil  

which was less than the initial status o f  the soil and also the mean value  

o f  the soil avai lable N after the experiment.  Crop removal  o f  nitrogen at 

lower dose o f  nitrogen and phosphorus may be high bringing down the 

nitrogen content  from the initial status. However,  Maskina et al. (1990);



So
il 

av
ai

la
bl

e

ph
os

ph
or

us
 

(kg
 

ha
'1) 

So
il 

or
ga

ni
c 

ca
rb

on
 

(%
)

0.74

n l n2 n3 pi p2 p3 k l k2 k3 

Levels o f  nutrients

Fig. 6 Effect o f  N , P and K  on soil 

organic carbon

nl n2 n3 pi p2 p3 kl k2 k3 

Levels o f  nutrients 

Fig. 8 Effect o f N , P and K  on soil 

available phosphorus



nl n2 n3 pi p2 p3 kl k2 k3 

levels o f  nutrients

Fig. 7 Effect o f  N , P and K  on soil 

available nitrogen

nl n2 n3 pi p2 p3 kl k2 k3 

Levels o f nutrients 

Fig. 9 Effect o f N , P and K  on soil 

available  potassium



U dayasoorian  et al. (1990) and Susan John (2003) cou ld  not get sim ilar 

response.

5.7.3 Available Phosphorus

In the case o f  availab le  P, the nitrogen at 100 kg ha ', phosphorus 

75 kg h a 1 and potash at 100 kg h a '1 produced m axim um  available P in 

the soil with sign ificant in fluence  Am ong the N  x P, N  x K  and P x K  

interactions, n2 P2 , n jk i and p 2 k3 registered m axim um  available  P in the 

soil (F ig  8). The  treatm ent n3 p 2 k? (100:75:100 kg ha ‘ ) produced  

m axim um  available P in the so il, w hich  is higher than the in itia l status o f  

the soil. Th is  indicates the poor response to phosphorus at higher level o f  

nutrient by this variety. Th e  mean value for the P in the experim ental 

plot is low er than the in itia l status. Th is  might be associated with the 

crop  rem oval o f  P due to enhanced dry matter production  at higher levels 

o f  N , P and K . Th is  con form s to the findings o f  Kabeerathum m a et al. 

(1990) and Susan John et al.  (1997) who reported that rock  phosphate 

app lication  increased the availab le  P status in the soil. Substantial build  

up o f  available  P with continuous use o f  phosphate fertilizers in the acid  

soil is due to their high P fix ing  capacity  (Sharma et al.  1980) and low  

recovery o f  added P (Sharm a et al . ,  1987).

5.7.4 Available Potassium

A m ong  the mam effects, n3 , p2 and k3 levels resulted m axim um  

availab le  K  in soil (Fig . 9). T h e  treatment with 100:100:100 kg N P K  h a '1 

registered m axim um  availab le  potassium  in soil after the experim ent, 

w hich is higher than the in itia l status o f  the soil availab le  K  Th is  agrees 

with the findings o f  M oh an ku m ar et al.  (1990) who observed that 

increased levels o f  K  increased the availab ility  o f  K  in the soil.

5 8 U P T A K E  O F  M A J O R  N U T R I E N T S  B Y  C A S S A V A

The  data on the nutrient uptake by plants are shown in Tab les  10 

a, 10b and 10c and F ig  10, 11 &  12 w hich indicate s ign ificant effect due

« 6
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to d i f f e re n t  d o s e s  o f  f e r t i l iz e rs .  T h e  dry m a t t e r  yield and nu t r ien t  

c o n c e n t r a t i o n s  in va r ious  p lan t  p a r t s  are  t aken  into c o n s id e r a t i o n  for 

a r r i v in g  at the nu t r i e n t  u p t ak e  by the p lan ts .  T h e  nu t r i e n t  r e q u i r e m e n t  o f  

t ube r  c ro p s  is fa i r ly  high  b e c au s e  o f  the i r  high y ie ld  and  dry m at te r  

p ro d u c t io n .

5.8.1 N itro g e n

T here  was an increase  in the q u a n t i t y  o f  N a b s o rb e d  as  the dose  o f  

N inc re ase d  (Fig.  10). Th is  a g rees  w i th  the f ind ings  o f  Muthusw 'umy and 

Rao (1 9 8 1 )  who  a lso  repor ted  tha t  t h e  N co n te n t  o f  the p lan t  i nc reased  

wi th  inc re ase  in the  level  o f  a p p l i e d  N. In the  p re s e n t  s tudy ,  the 

t r e a tm e n t  n j p j k j  had re s u l t e d  in the h ig h e s t  u p t a k e  o f  194 .74 kg N h a ' 1 

w h e re  the total dry m a t te r  p r o d u c t i o n  and  tube r  n u t r i e n t  c o n te n t  were 

a lso  the  h ig h es t  i .e. ,  17.50 t h a ' 1 and  0.37  p e r  cen t  r e s p e c t iv e ly .  Due to 

an inc re ase  in the p r o d u c t i o n  o f  dry  m a t te r  and a lso  due  to the h igher  

n u t r i e n t  co n te n t  in the p lan t  pa r t s ,  the  u p t ak e  o f  N wras inc reased .  There  

is a p o s i t ive  t rend  o b s e rv e d  in the u p t ak e  o f  N at d i f f e re n t  l eve l s  o f  IT 

f l ie inc re ase  in N up take  no ted wi th  i n c r e a s e  in P leve ls  can  be asc r ibed  

to the e n h a n c e d  root  g row th  due  to h i g h e r  l eve l s  o f  P e n a b l in g  h igher  

u p t a k e  o f  N and  a lso  g rea te r  dry m a t t e r  yield as g iv en  in T a b le  4a. When 

the K leve ls  are increased  there  is an i n c r e a s e  in N up take .

5.8.2 P h o s p h o ru s

P uptake  due  to conjo in t  use o f  N P K  in the present  study ranged 

from 20.06 to 47 .22 kg h a ' 1 for the va r ious  t rea tments  (Table  10 a, 10 b and 

10 e and Fig. 1 1). The  highest  P up take  was recorded  for the highest  dose 

o f  NPK. Accord ing  to Howele r  (1990) ,  m ax im u m  P accum ula t io n  in the 

total b iomass  var ied between  24 and 37 kg ha"1. He at t r ibu ted  the low P 

requ i rem ent  to the low intrinsic  eff i c iency o f  P absorp t ion  by the root system. 

Though there is an increase in P uptake, which has only limited response 

to addi t ion  o f  P, which can be at t r ibuted to the reduced  P uptake eff iciency.



In ca ssava ,  the pa t te rn  o f  dry  m a t te r  par t i t ion ing  be tw een  top growth  and 

s to rage  roo t  is a key factor  in de te rm in ing  P uptake eff iciency (Pellet  and 

El sharkawy,  1993) . With increas ing level o f  N, P and K, there  is a 

c o r r e s p o n d in g  increase  in P up take .  At higher  levels  o f  N, s ignif icant  

e n h a n c e m e n t  in P up take  was no t iced  which may be due to the

p ro d u c t io n  o f  n ew  t issues  as a resul t  o f  increased protein synthesis  at

h igher  ra te  o f  N  nutri t ion.  P ro te in  biosynthesis  involves  energy  rich

ph o s p h a te  c o m p o u n d s  viz. ADP and ATP. Hence  for  the ope ra t ion  o f  the 

pro te in  synthesis  pa thway,  P is u t i l ized  in g rea te r  amounts  at higher  

doses  o f  ni t rogen.  Again,  K  p r o m o te s  N  up take  and p ro te in  synthesis,  a 

highly ene rgy  d e p e n d an t  p rocess  tha t  requ ires  suff ic ient  am o u n t  o f  P, 

Thus  the  h igher  rates  o f  K  a lso  favoured  P up take  (Pelle t  and

E lsharkawy ,  1993) . A ccord ing  to S i lb e rbush  and Barbe r  (1983) ,  soil P 

c o n c en t ra t io n  is one  o f  the m o s t  im p o r ta n t  factors contro l l ing P up take  

by the roots .  L o w  to m e d iu m  level  o f  P in the soil o f  the exper imen ta l  

site showed  good  response  to app l i ed  P enab l ing  a h igher  uptake.

In cassava ,  as in o the r  c rops ,  the growth  o f  aeria l  b iomass  has 

pr ior i ty  over  s to rage  root  g row th  ( C o c k  et al. ,  1979 and Wardlow,  1990), 

But  with increase  in P level ,  the c o r r e spond ing  increase  in dry  m at te r  

p ro d u c t io n  o f  aeria l  pa r t  was m u c h  g rea te r  c o m p a red  to the roo t  dry 

m a t te r  p roduc t ion  (Table  4a ,  4b and 4 c).

5.8.3 Potassium

The  up take  o f  p o tas s ium  by  the plants  was h igher  for the h igher  

dose  o f  N P K  t rea tm ents  (Tab le s  10a,  10b and 10c and Fig. 12). There  

was s ign if icant  in f luence  on po ta s s iu m  up take  o f  p lan t  only due  to the 

d i ff e ren t  levels  o f  phosphorus  and po tas s ium .  But  an increas ing  t rend  on 

plan t  K up take  due  to h igher  dose  o f  ni t rogen app l i ca t ion  was also 

no t iced  a m o n g  the main  e ffects .  N i t roge n  at 100 kg h a ' ! with P and K @ 

100 kg h a ' 1 increased  the K  u p take  by plants .  Among the in te rac t ions  o f  

N x P, N x K and P x K , n 2p?, n2k3 and  p3k? reg is te red m ax im u m  up take  

o f  K The  t r e a tm e n t  n3p?k2 s how e d  m ax im u m  uptake  o f  K by cassava



plants. Higher levels  o f  K may produce an increase in tuber number and 

its size resulting in higher tuber yield.  (Table 10a). Rajendran et al. 

(1976)  and Nair and Aiyer ( 1 9 8 6 )  reported increased K uptake with an 

increase in the level o f  added nitrogen.  With increasing levels  o f  K 

application there was an increase in the K content  o f  leaf, stem and tuber 

(Nair et al. ,  1980 and Nayar, 1986).  According to Wilson and Ovid 

(1994)  nutrient assimilation, which coincided with storage root bulking,  

increased the storage root yield o f  cassava. Pellet and Elsharkawy 

(1 9 9 7 )  was o f  the view that the proportion o f  total nutrient uptake 

translocated to the storage root was the highest for K (67%). However,  

this nutrient export  and recycl ing  are influenced by the mobil ity and 

partitioning o f  nutrient in the plant.

5 .9  ECONOMIC ANALYSIS

The different economic  parameters viz. additional cost due to 

treatments, cost  o f  cultivation, tuber yield,  gross income,  net income and 

BCR were computed (Table. 11)  for the meaningful  analysis o f  the 

econom ics  o f  various treatments and in turn the cultivation o f  the 

cassava variety “ Vellayani Hraswa”. The parameters indicate that the 

treatment njpikj  (50:50:100 NPK ha'1) as the best in terms o f  highest  

gross return ( Rs. 1 ,41 ,273 / -)  and BCR (3.32) .  This may be due to 

highest tuber yield realized from this treatment (Table 11). Elsamma and 

Balakrishnan (1991)  studied the cost  benefit analysis o f  cassava  

cultivation in the southern zone  o f  Kerala and reported the benefit cost  

ratio as 2 .07.  The high BCR value o f  3 ,32  may be due to the high yield  

potential and low  requirement o f  fertil izers,  a favorable characteristic o f  

the variety “Vellayani Hraswa” . Since  the yield obtained in response to 

the application o f  fertilizer for n 2 Pik} (75:50:1 00 NPK ha'!) in terms o f  

the net return per rupee invested in fertilizer was considerably higher,  

this treatment can also be considered as a better proposition.  The lowest  

BC ratio (1 .63)  was recorded by n ip 2k[ indicating the least rate o f  returns



from this t reatment .  Treatment s  n3p ik2, n ip2k2, n ip3k2i n2p2k2, ri3p2k3 

m p 2kj, n2P3k3, n3p]k3, n2p2k3, niP3k3, n2p ,k 2, and n3p3k3 gave a 

modera te ly  high benefit  cost  rat io ranging from 2.04 to 2.73, All the 

other  t rea tments  gave BCR above 1 but below 2, indicating the economic 

variabi li ty.

Since,  the var ie ty  “ Vellayani  Hraswa' '  is a prolific yiclder,  which 

responds very well to fer ti l izer  appl icat ion,  a comparat ively high BCR 

value was obtained.  Thus a fer t i l izer  schedule  o f  50 :50:100  kg NPK ha"1 

is recommended  for the cassava varie ty  “ Vellayani  Hraswa” for its 

profi table  cu l t ivat ion.  The shortest  durat ion (about  6 months)  coupled 

with high yield (about  40-50 t h a ’1) and with moderate  fer ti l izer 

requirement  (50:50:100 kg NPK ha"1) may enable  the var ie ty  to replace 

other  ex is t ing  cassava  varieties.
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Summary



6. SU M M A R Y

Cassava  is grown in marginal  environments  and has shown good 

response to the appl icat ion of  fert il izers.  It is a major  contr ibutor  of  

food, nutri t ion and income o f  the wor ld ’s poorest  a m ong  the poor. Its 

biological  e ff ic i ency  and multi  use character is t ics  warrant  for scient ific 

crop management  s t ra tegies to meet  with the cha l lenges  o f  the global 

populat ion that  may rise about  8 to 11 bill ion by 2040. The demographic  

changes and increased populat ion growth exert  s t rong and compet ing 

pressure on the shrinking natural  resources . The Kerala  Agricul tural  

Universi ty re leased a short  durat ion varie ty o f  cassava viz., “ Vellayani  

Hraswa” recently.  Branching habit  and short  durat ion coupled with 

greater  product ion potent ial  makes this varie ty  phys iological ly  different  

and ou ts tanding compared  to the other  cassava varieties  ever  released.  

These characters  warrant  for separate  package in nu tr i en t  management .  

Hence the experiment  enti tled “ Ferti l izer  schedul ing  for  the short  

durat ion cassava varie ty  “ Vellayani  Hraswa” was des igned  to recom mend 

a fer t il izer schedule  for sustainable  land use and higher  product ivi ty  

through the eff ic ient  management  o f  the avai lable  inputs  especial ly,  the 

costly fer ti l izers.

The resul ts  o f  the experiment  are summarized  as follows.

► There was no s ignif icant  di fference on the plant  height  at all the 

growth stages o f  the crop for the different levels o f  N, P and K 

appl icat ions.

► The highest  dose o f  ni trogen increased the lea f  product ion in 

cassava at all the growth stages.  Variat ions with increased number  o f  

leaves at all the growth s tages  o f  the crop were not iced due to potassium. 

Similarly,  the in f luence o f  K was s ign if icant  during the last stages of  

crop growth ind ica t ing the posit ive effect  o f  K on the lea f  product ion.



In general,  the l ea f  fall was found to be min imum retaining maximum 

number o f  leaves till harvest ,  a specif ic  character is t ic  o f  the variety.

► Signif icant  in f luence was noticed on the number  o f  tubers 

produced due to potass ium.  Maximum number o f  tuber  per plant was 

obtained for a dose o f  100 kg K a lone  h a '1.

► There was  no s igni f icant  difference on the length o f  tubers due 

to different  levels  o f  N, P and K appl icat ions.  However ,  NPK @ 

75:50:75 kg ha 'p roduced  tubers  with maximum length.

► Different  levels  o f  ni t rogen showed s igni f icant  influence on the 

girth o f  tubers .  N i t rogen  @ 100 kg h a ' ! ■ resul ted maximum girth o f  

tubers.

► The d i f fe ren t  levels  o f  N, P and K sign if icant ly  influenced the 

tuber yield in cassava .  Nit rogen  a lone  @ 75 kg ha"1, phosphorus @ 50 

kg ha 'and potash  @ 100 kg h a ' ' p roduc e d  maximum  tuber  y ield.  NPK @ 

50:50: 100 kg h a ' 1 ( n i p i k 3) produced  the highest  tuber  yield (47.09 t h a ' 1) 

in cassava. The  var ie ty  “ Vellayani  Hraswa” prefers  a 1:1:3 ratio o f  NPK 

for maximum  tuber  yield under  the present  soil and climat ic  condi tions.

► Dry m at te r  product ion o f  cassava was influenced s ignificantly  

by the different doses  o f  N, P and K. The interact ion effects o f N ,  P and 

K were synergis t ic  in a ff ec t ing the dry matter  yield.  The main effects  o f  

N, P and K each @ 100 kg  h a ' ' p ro d u c e d  maximum dry matter,  the third 

order  interact ion n2p3k3 (75 :1 00 :100  kg h a '1) p roduced  the highest  dry 

matter  yield (18.52 t h a ' 1).

► No sign i f ican t  in f luence was  observed on l ea f  area index for the 

different levels o f  N,  P and K and their  interactions.  But, there was an 

increasing t rend due  to the highest  dose o f  ni t rogen (100 kg h a ' 1). The 

t reatment  n 3p2k 2 regis tered m ax im um  LAI.

► There was no s ignif icant  response  on s tomatal  conduc tance  for 

N, P and K app l icat ions .  But, an increasing t rend was observed due to an 

increase in the phosphorus  doses . Phosphorus  and po tassium @ 75 kg



ha'1 (pzk2) increased stomatal  conductance in cassava leaves with 

significant variation.

► Chlorophyll content  o f  leaves was not influenced by the 

application o f  N, P and K However,  the treatment nsp^kj (1 00 .1 00 .100  

kg ha'1) produced maximum chlorophyll content.

► The treatment n 3 p3 k3  (100:100;  100 kg ha'1) produced tubers with 

highest starch content. Nitrogen and potash did not influence  

significantly on the tuber starch content in cassava. However,  an 

increasing trend due to K up to 100 kg ha'1 was noticed.  Phosphorus  

alone @ 100 kg ha"1 produced tuber with maximum starch content.

► Protein content o f  tubers was influenced signif icantly for the 

application o f  nitrogen @ 100 kg ha'1. The main effect  o f  P and K alone  

@ 50 kg ha'Jobtained tubers With highest protein content.  The treatment  

n.iP3 k2  (100:100:  75 kg ha"1) produced tubers with maximum protein 

content,

► Hydrocyanic acid content, the important l imiting factor as far as 

quality o f  cassava tuber is concerned,  increased due to the high dose of 

nitrogen application @ 100 kg ha'1. NPK @ 100:1 00:50  kg ha’1 produced 

tubers with the highest HCN content. The potassium at 100 kg ha '1 

decreased the HCN content. HCN content was lowest  for the treatment

n i p 2k3.

► Cooking quality o f  tubers was influenced signif icantly due to 

different levels  o f  potash. Potash @ 75 kg ha'1 produced tubers with 

maximum cooking quality. The treatment nip ik2, n2p3k3 and n3pik3 

resulted in the highest c ooking  quality for the cassava tubers whereas the 

treatment nipik3 (50:50:100  kg ha"1) which produced the highest tuber 

yield and the tubers were with nearest  starchy (1 .5 )  cooking  quality.

► The different doses  o f  N,  P and K produced s ignif icant  influence 

on the nitrogen content  in the tuber. The treatment n 3 p2k3 (100: 75: 100 

kg ha‘‘produced tubers with maximum nitrogen content.



► P content in tuber was  influenced signif icantly by the 

treatments. N, P and K @ 75:100:50  kg ha'Vecorded the highest P 

content  in tubers,

► Significant difference on the K content in tuber was noticed for the 

main effect o f N  and K only. However, NPK @ 100:100:100 and 50:100:100 

kg ha 'produced tubers with maximum K content.

► Organic carbon in the soi l  after the experiment was influenced 

significantly due to N, P and K levels .  NPK @ 50:75:50  kg ha"’ treated 

plots recorded maximum organic carbon content in soil.

► Available N  present in soil  after the experiment was the highest  

due to the application o f  N, P and K @ 50:50:100 kg ha'L

► Available P status in soil after the experiment was the highest  

for the treatment o f  NPK @100:  75: 100 kg ha*1, which was higher than 

the initial status o f  the soil  avai lable  P.

► Nitrogen,  phosphorus and potash influenced significantly on soil 

available potassium after the experiment,  NPK @ 100:100:100  kg ha*1 

obtained maximum avai lable  K in soil, which was higher than the initial 

status o f  soil avai lable K.

► The uptake o f  N, P and K was influenced by different levels  o f  

NPK @ 100:100:1 00 kg ha*1 resulted in the highest  uptake o f  N, P, and 

K by cassava.

► The application o f  N, P and K @ 5 0 : 5 0 : 100 Kg ha"' produced  

the highest tuber yield and in turn the highest BC ratio o f  3 .32  fo l lowed  

by 75:50:100 kg NPK ha"! which indicates the econom ic  variability. 

Thus a fertilizer schedule o f  50 :5 0 :1 0 0  Kg NPK ha"1 is recommended for 

the cassava variety “Vellayani  Hraswa” for its profitable cultivation.

► It has to be conc luded that the cassava variety 

“Vellayani Hraswa” is most  economica l  due to its short duration (about 6 

months), high yield (45 to 50 t ha '1), good cooking quality (1. 5)  and 

moderate fertilizer requirement (50 :50:100  kg NPK ha"1).



O f  I

F u tu re  line o f research

The following aspec ts  may be considered for fur ther  s tudies on 

this variety.

.  On farm trials for confirmatory results on the outcome of  

research work at major industr ia l  cassava growing  areas under  varied 

agro ecological  situations.

• Integrated nutrient  management  studies

• Biotechnological  aspec ts  on the early bulking o f  tubers  i.e., 

i solation and analysis  o f  the genes responsible  for this  charac te r  and its 

further  util ization.
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A B ST R A C T

Cassava (Manihot  escu lenta  Crantz),  popular ly  known as tapioca,  

is one o f  the wor ld ’s mos t  impor tan t  staple food crops .  It ranks sixth 

among the major contr ibutors  o f  food in the world.  It has  been a major  

contr ibutor  o f  food, nutr i t ion and  income especial ly  for the poor . Its 

biological eff iciency and multi  use character is t ics war rant  for crop 

management  st ra tegies  to exploi t  its product ion potent ia l  to the 

maximum. Due to the high cost  o f  labour and lack o f  t im ely  availabil i ty 

o f  labour, the farmers show interest  to introduce cassava  as a substi tute 

for rice in his crop cafeter ia .  “ Vel layani  H rasw a” is a short  durat ion 

variety o f  cassava released by the Kerala  Agricu l tu ra l  Universi ty  

recently.  Branching habit  and short  durat ion nature  coup led  with greater  

product ion potent ial  make  this varie ty  phys io log ica l ly  unique and 

out s tanding compared to other  cassava  varieties ever  re leased.  These 

characters war rant  for separate  package in nu tr i en t  management .  

Keeping these views in mind,  an experiment  en t i t led  “ Ferti l izer  

schedul ing for short  durat ion cassava  variety “ Vel layan i  H rasw a” was 

conducted with the ob ject ive o f  s tudying the in f luence o f  NPK fer t il izers 

on the performance  o f  short  durat ion cassava var ie ty  “ Vellayani  Hraswa” 

and to arr ive at a fer t i l izer  r ecommendat ion for the same. The 

experiment  was laid out at the Instruct ional  Fa rm,  College of  

Agricul ture,  Vel layani  dur ing  the pe r iod from 25"' June  to 25 th December 

2003 in a 33 Factorial Randomized Block Design (FRBD) with two 

replications and three factors (NPK) each with three levels (50,75 and 100 kg 

h a '1). The crop was raised adop t ing  the agronomic  pract ices  for cassava 

out lined in the Package o f  Pract ices  Recom menda t ion :  Crops  o f  Kerala  

Agricul tural  Universi ty  KAU (2002) .  The resul ts  o f  the experiment  are 

summarized as fol lows.



There was no s ignif icant  di ffe rence  on the plant  height  at all the 

growth  s tages  o f  the plant  due to the t reatments .  However ,  there was  an 

increasing t rend  on the height o f  the plant as the dose o f  ni trogen 

increased.  Higher  dose o f  ni trogen increased the num ber  o f  leaves 

produced in cassava at all the growth stages. At harvest  stage,  the plants 

reta ined maximum num ber  o f  leaves for all the t reatments  which 

indicates tha t  the lea f  fall is minimum, a pecul iar  character is t ic  o f  the 

variety.

Tuber  product ion was inf luenced s ignif icant ly  by all the 

t rea tments .  Appl ica t ion o f  100 kg K h a '1 resul ted m aximum tuber  yield. 

NPK @ 50: 50: 100 kg ha"1 produced  maximum tuber  yield (47.09 t h a ' 1). 

This  var ie ty  favours a 1:1:3 NPK ratio for higher  tuber  product ion.  

Length o f  tubers  was not inf luenced  by different levels o f  N, P and K. 

However ,  N PK @ 75:50:75 kg h a ' 1 produced tubers  with maximum 

length in cassava.

Gir th o f  tubers  was s ign if icant ly  increased due to the applicat ion 

o f  ni t rogen alone @ 100 kg h a ' 1 in cassava. Applica t ion o f  NPK @ 

75 :100 :100 kg ha"1 produced  the highest  quant i ty  o f  dry matter.  No 

s ign if icant  in f luence on LAI due to the applicat ion o f  N, P and K 

fer t i l izers  was observed.  Stomatal conductance in cassava  leaves was 

m ax im um  due the  appl icat ion o f  P and K @ 75 kg ha"1 (p2k2) with 

s ignif ican t  effect .

Chlorophyl l  content  o f  cassava leaves was not influenced 

s igni f ican t ly  due to different  levels o f  N, P, K appl icat ion.  The highest 

dose o f  NPK (n3p3k3) recorded highest  chlorophyl l content .

P hosphorus  has influenced s ignif icant ly  on tuber  s tarch content . 

An increasing t rend  due to incremental  doses  o f  K up to 100 kg h a '1 was 

also observed .  Treatment  n3p3k3 (100:100:100 kg ha"1) recorded the 

highest  s tarch content  in tubers .

Crude protein content  was s ignif icant ly influenced by the 

nutr ients  NPK. Appl ica t ion o f  N @ 100 kg h a ' 1 regis tered the highest



protein content '  N PK @ 100:100:75 kg  h a '1 produced tubers  with 

maximum protein content .

Hydrocyanic  acid content  was  mainly affected by higher  doses o f  

nitrogen.  Nitrogen alone @ 100 kg h a '1 produced m aximum HCN 

content in the tuber .  But  there was s ignif ican t  dec l ine in HCN content  as 

the dose o f  K increased.  When the t reatment  n3p3k t (100:100:50  kg h a '1) 

produced tubers  with the highest  HCN content,  the t reatment  n i p 2k3 

produced tubers with lowest IICN content .

Cooking  qual i ty  o f  tubers was  s ignif icant ly  influenced by potash.  

Maximum cooking  quali ty  could be obtained when K was increased to 

75 kg ha"! . In general,  the uptake o f  N, P and K by plants  was maximum 

for the highest  doses o f  N, P, K.  A fer t il izer dose o f  N, P, K @ 

50:50:100 kg h a ' 1 produced maximum tuber  yield (47.09 t ha"1) with 

moderate  cooking qual i ty  o f  tubers .  The modera te  fer t i l izer  cost resul ted 

high BC ratio o f  3,32 for the t rea tm ent  n j pi k3, the best dose arr ived at 

and to be recommended  for the short  durat ion cassava  varie ty “ Vellayani  

Hraswa” .

It has to be concluded that the cassava varie ty “ Vellayani  Hraswa” 

is most  economical  due to its short  durat ion (about  6 months),  high yield 

(45-50 t h a ' 1) good cook ing  qual i ty  (1.5)  and modera te  fer ti l izer  

requirement  (50:50:100  NPK h a ' 1).



Ap-pencCices



A P P E N D IX  -  I

Weather  parameters  dur ing  the cropping period  
(25'11 June to 3 I Jt D e c e m b e r  2003)  -  weekly averages

'

S t a n d a r d

w e e k s

M a x i m u m

t e m p e r a t u r e

( ° C )

J M i n i m u m  

t e m p e r a t u r e

( ° C )

R H

( 7 . 2 2

a m )

R H

( 2 . 2 2

p m )

R a i n f a l l

( m m )

E v a p o r a t i o n

( m m )

S u n s h i n e

h o u r s

W i n d  

s p e e d  ( k m / l i )

2 6 3 0 . 8 0 2 3 . 8 0 8 9 . 6 0 6 9 . 9 0 3 1  6 0 3 . 6 0 4 0 . 4 0 9 . 1 0

2 7 3 0 . 1 0 2 3 . 2 0 8 7 . 7 0 7 1 . 7 0 2 8 . 7 0 2 . 7 0 3 0 . 0 0 8 . 3 0

2 8 3 0 . 6 0 2 3 . 7 0 8 9 . 9 0 6 4 . 3 0 2 1 , 4 0 3 . 8 0 3 4 . 0 0 1 0 . 6 0

2 9 3 0 . 3 0 2 3 . 7 0 9 0 . 7 0 7 3 . 3 0 4 3 . 2 0 3 , 3 0 4 7 . 4 0 1 0 , 0 0

3 0 3 0 , 8 0 2 4 . 3 0 9 2 . 3 0 7 3 . 6 0 1 4 . 1 0 3 . 0 0 3 6  0 0 9 , 1 0

3 1 3 1 . 0 0 2 4 . 3 0 9 1 . 1 0 7 6 . 0 0 2 3 . 1 0 3 . 8 0 3 9 . 1 0 7 . 7 0

3 2 3 0 . 9 0 2 4 . 5 0 9 0 . 6 0 7 0 . 7 0 1 1 . 0 0 3 , 8 0 4 9 . 4 0 9  7 0

3 3 3 1 . 6 0 2 4 . 4 0 8 5 . 4 0 6 8 . 9 0 1 , 4 0 4 . 4 0 1 0 . 2 0 8 . 9 0

3 4 3 0 . 4 0 2 4 . 5 0 9 1 . 3 0 7 4 . 1 0 4 4 . 5 0 3 . 5 0 3 4 . 4 0 8 . 6 0

3 5 3 0  1 0 2 3 . 4 0 9 1  3 0 7 1 . 1 0 2 3 . 1 0 4 . 0 0 4 9 . 6 0 9 . 4 0

3 6 3 0 . 8 0 2 3 . 7 0 9 0 . 2 0 6 9 . 7 0 4 . 6 0 4 . 2 0 6 8  2 0 1 0 . 6 0

3 7 3 1 . 3 0 2 3 . 6 0 8 7 . 1 0 6 7 . 1 0 3 . 1 0 4 , 7 0 6 6 . 2 0 1 1 . 1 0

3 8 3 1 , 8 0 2 4 . 3 0 8 3 . 6 0 6 6 . 4 0 0 . 0 0 5 . 2 0 6 8 . 1 0 1 0 . 9 0

3 9 3 2 . 2 0 2 4 . 3 0 8 0 , 3 0 6 3 . 3 0 0 . 0 0 5 . 2 0 6 0 . 9 0 1 1 , 1 0

4 0 2 9 . 9 0 2 3 . 8 0 9 3 . 6 0 7 9 . 6 0 2 2 2 . 8 0 2 . 9 0 1 7 . 7 0 5 7 0

4 1 3 0 . 6 0 2 3 . 5 0 9 2 . 1 0 7 2 . 0 0 1 9 . 2 0 3 . 6 0 5 8  6 0 9 . 1 0

4 2 3 0 . 5 0 2 4 . 0 0 9 3 . 2 0 7 3 . 6 0 7 2 . 8 0 3 . 5 0 3 9  9 0 6 . 9 0

4 3 3 0 . 2 0 2 3 , 0 0 9 3 . 9 0 7 5 . 7 0 2 0 1 , 1 0 2 . 1 0 4 5 . 7 0 6 . 3 0

4 4 3 0 . 6 0 2 3 . 0 0 9 1 . 7 0 7 4 . 6 0 2 4 . 0 0 2 . 5 0 3 7 . 8 0 3 . 4 0

4 5 3 0  0 0 2 2 . 9 0 9 3 . 9 0 7 4 . 6 0 1 1 9 . 7 0 2 . 9 0 2 3 . 1 0 4 . 0 0

4 6 3 0 . 9 0 2 3 . 5 0 9 3  7 0 6 9 . 9 0 2 3 . 2 0 2  3 0 3 0  9 0 5 . 1 0

4 7 3 0 . 9 0 2 3 . 4 0 9 3 , 6 0 6 7 , 9 0 1 . 7 0 2 . 6 0 4 2  4 0 5 4 0

4 8 3 0 , 7 0 2 3 . 5 0 9 4 . G O- 6 8 . 7 0 0 . 8 0 2 , 3 0 3 3 . 1 0 5  1 0

4 9 3 1 , 3 0 2 1 . 3 0 9 2 . 6 0 5 9 . 6 0 0 . 0 0 2 . 9 0 5 3 . 5 0 5 . 4 0

5 0 3 1 . 0 0 2 0 . 7 0 9 5 . 1 0 5 7 . 4 0 0 . 0 0 3 . 1 0 5 7 . 6 0 6 . 9 0

5 1 3 1 , 1 0 2 2 . 1 0 9 2  0 0 6 0  6 0 0 . 0 0 3 . 3 0 5 5 . 6 0 6 . 3 0

5 2 3 1 . 4 0 2 2 . 1 0 9 5 . 0 0 6 2 . 3 0 0 . 0 0 3 , 6 0 7 4 . 2 0 9  1 0



Appendix-II

Lay out plan of the experiment
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