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INTRODUCTION

Cassava, locally known as tapioca Is an important 
carbohydrate rich tropical root crop* The tubers are 
used for various purposes as food for human being, raw 
material for industries and as feed for livestock and 
poultry* The productivity of cassava in terms of 
biological and calorific yields is significantly higher 
than that of many cereal crops* It is the staple food 
of more than 300 million people of the world*

Cassava is cultivated in 90 countries of the 
world, 80 per cent of the area being located in ten 
countries. Among these countries, India stands as the 
nineth country in area and sixth in production.

Fresh tapioca tuber contains 32.4 per cent 
carbohydrate, 1.0 per cent protein, 0.2 per cent fat,
1.0 per cent fibre and 0.9 per cent ash (Leung et al., 1972).

Cassava is generally grown as a subsistence crop 
and is able to produce higher yield in soils which are 
considered poor* The inability of several countries to 
expand cereal production fast enough to meet the increasing 
demand often forces them to spend scarce foreign exchange 
to import cereals* Cassava can help to fill up this gap 
by increasing total food supplies because production is
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possible on land that is not veil suited to cereals and 
other food crops*

Tapioca is rapidly emerging as a crop of
considerable Importance in India as an important source
of carbohydrate* It is the most popular subsidiary food
crop of the middle and low income groups of the people
in the densely populated state of Kerala* Tapioca is
grown over an area of 2*43 lakh hectares in the state
which accounts for 30 per cent of the total area of the
crop in India* But the per hectare yield of the crop in
India is very lew (10*77 t/ha) as compared to the yield
obtained (100 t/ha) in countries like Australia 

73(Allen, 1939).
A very large nuodoer of cassava cultivars are in 

existence in the major tapioca growing regions of the 
world* Some of these local varieties are well adapted 
and largely cultivated in several regions* But most of 
these varieties are long duration ones, which give an 
economic yield only after a maturity period of ten months* 
However, It has been reported from different tapioca 
growing regions that there are varieties which can give 
an economic yield at the sixth month*
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Tapioca is an exhausting crop, in spite of its 
adaptation to low fertility* substantial Increase in 
tuber yield was obtained through adequate fertilisation. 
When cassava is grown# there is a significant drain on 
the soil nutrient reserves which# if not replenished 
through balanced fertilization and other agronomic 
practices# will result in severe reduction in growth and 
yield of succeeding crops. It is# therefore* essential 
that the cassava crop is fertilized adequately and 
systematically.

Different estimates on the average removal of 
major nutrients by cassava have been reported by several 
research workers. The variations in the estimates 
reported from different sources may be due to the 
differences in the geographical or ecological situations

*:i
or other variable factors like original fertility status 
of the soil# the varietal difference* the management 
practices etc.

Apart from the availability of adequate quantities 
of nutrients in the soil it is also important to have a 
proper balance between the nutrient constituents present 
both in the soil and in the plant. It is known that all
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the essential and other beneficial elements are Involved 
In mutual Interactions. The ultimate nutrition of cassava 
depends both on the levels o£ the individual nutrients in 
the soil and on their relative proportions in the plant 
tissues.

Detailed fertilizer trials to study the effect of 
N P K on cassava wore conducted all over the world and 
significant responses were obtained in these trials. In 
Kerala also fertiliser trials were started in cultivator's 
field during 1953-1957, by Potascheme in collaboration 
with Messers Parry and Company. The results showed that 
application of N P K fertilizer increased the yields by 
32 to 92 per cent as compared to the cultivator's usual 
practice of manuring.

All these experiments relate to the long duration 
tapioca varieties. Practically no fertilizer trial has 
been initiated to the early maturing tapioca varieties. 
Though in different places, different varieties of early 
maturing tapioca types are grown, a standard fertilizer 
recommendation is not available. In the different 
workshops and seminars also this problem has been raised 
by different extension officials with a demand to identify

4



a suitable variety having a duration of 5-6 months and to 
suggest a fertiliser recommendation to the same. Under 
these circumstances this study has been taken up with the 
following objectives.
1. To study the performance of short duration tapioca

varieties and to select the most suitable one for 
the uplands of Kuttanad.

2. To study the effect of different combinations and
levels of ** P K on growth, yield and quality of 
short duration tapioca varieties.

3. To study the interaction effect of nutrition and
varieties.

4. To work out the economics of different levels and
ratios of II P K on short duration tapioca varieties 
and to find out the most profitable dose.

5 /
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An Investigation was conducted to Identify a 
suitable variety of tapioca maturing in about five to six 
souths and to find out the effect of different fertilizer 
doses to such varieties in the uplands of Kuttanad. Good 
amount of fertilizer studies on tapioca have been conducted 
in Kerala and elsewhere. But these relate to the long 
duration varieties only and studies on short duration 
varieties of tapioca are lacking. Hence results available 
on the effects of macro nutrients on the productivity and 
quality of tapioca with normal growth duration have been 
reviewed and presented below.

2.1.Nutrient removal bv tapioca
Tapioca removes large amounts of nutrients from 

the soil especially nitrogen and potassium in each harvest. 
Preliminary studies conducted at Central Tuber Crops 
Research Institute. Trivandrum revealed that a tapioca crop 
with thirty tonnes of tuber yield removed 180-200 kg 
nitrogen. 15-22 kg phosphorus and 140-160 kg potash from a 
hectare (Anon. 1983).

An analysis of the results obtained in fertilizer 
trials conducted in Tailand during l954-*67. 1967-* 72 and



1975—*77 revealed that In three consecutive cassava 
croppings, the quantities removed were 103, 69 and 89 kg/ha 
o£ H P K respectively in unfertilized plots* When the 
plots were fertilised with higher rates o£ fertilizers the 
nutrient removal increased to 235, 60 and 250 kg/ha of 
N, p and K (Sittibusaya and Kurmaroblta, 1978)*

A crop removal to the tune of 166 kg nitrogen and 
200 kg potash per hectare was reported for a 30 tonne 
tuber yield by Aaher et al. (1930).

Pood and Agriculture Organisation of the United 
Nations conducted approximately 2,50,000 fertiliser trials 
and demonstrations on tapioca crops in 40 countries. From 
this they assessed that for maximum yield, cassava 
required a nutrient ratio of 11152,1* t P20g i K^O 
respectively in Heat Africa and Asia, 1:1.5:1 in Latin 
America and 2s111 in Far Sast (Richards, 1979)*

Howeler (I960) reported that tapioca absorbed 
potassium and nitrogen in large quantities. On an average, 
the crop removed about 2.3 kg nitrogen, 0.5 kg phosphorus 
and 4.1 kg potassium per tonne of roots.

.2.Nitrogen
This major element la found essential for the
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proper growth and yield of tapioca* But higher rates of 
application result in excessive top growth at the expense 
of root growth*

2.2.1.Effect of nitrogen on growth characters
Kandal et al. (1975) reported significant Increases 

In plant height with added nitrogen* They observed 
significant influence of nitrogen on leaf production and 
its retention In tapioca plant.

At 30, 60 and 90 days after planting there were no 
significant differences in plant heights between levels of 
nitrogen (Hatarajan, 1975). But in later stages of growth, 
the highest level of nitrogen (150 kg/ha) was significant 
In Increasing the plant height* Significant difference in 
leaf number due to graded levels of nitrogen was observed 
only In the early growth stages.

Increased leaf growth due to higher levels of 
nitrogen application was also reported by CIAT (1975).

Increases in plant height, leaf area, leaf area 
duration and leaf alre by incretoental doses of nitrogen 
were observed by Kgcngi (1976).

Filial and George (1978 a) noticed Increases in 
plant height and weight due to higher levels of nitrogen



in variety o£ tapioca* But ftfcithukrlshnan (1980) could 
not find any significant difference in foliage weight due 
to different rates of nitrogen application.

Asokan et al. <1980) found that nitrogen 
significantly increased the canopy weight and leaf area 
index.

Gueiroz et al. (1980) also found significant 
increase In canopy yield by the presence of adequate 
amount of nitrogen.

Hick# and Fukal <1981) noticed no significant 
increase in leaf area index due to different levels of 
nitrogen. LAI often ranged between 3.0 and 3.5.

Holmes and Wilaon <1982) reported that high 
nitrogen supply stimulated leaf growth. The nitrate 
reductace activity (L’RA) was shown to be correlated with 
leaf growth rate and final leaf sine.

A significant increase in plant top yield by 
nitrogen application was reported by Kang and Okeke (1984).

From the review made above# It was seen that on 
an average nitrogen application favourably encouraged the 
vegetative growth characters in tapioca.

:: 9
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2„2.2.Effect of nltgoaenL.pn yield components
Vijayan and Alyer (1969) found that mean number 

of tubers per plant was increased by Increasing tbs rate 
of applied nitrogen from O to 75 kg/ha. But further 
increases of nitrogen decreased the tuber number in both 
varieties of tapioca* M-4 and H-2.05.

S ig n ific a n t  in crease in  th e tuber number o f th e  

hybrid H—165 was observed by Mandal and f^ohankuccar (1972 a) 

by r a is in g  th e  le v e l  o f applied n itro gen  from 40 kg to  

60 kg/ha beyond which there was not much d iffe r e n c e .

In another study to find out the effect of varying 
levels of nitrogen on promising cassava hybrids, Kandal 
and Mohankumar <1972 b) found that the tuber number and 
average size of tubers were increased with increase in the 
levels of nitrogen in ell the varieties tried. On the 
other hand* hatarajan <1975) did not get any increase in 
tuber number, length* or girth due to higher levels of 
nitrogen.

O fori (1976) go t p o s it iv e  response In tuber number 

on ly upto 67 kg N/hs.

Kohankumar and Mandal (1977) got a significant 
increase in the number of tubers per plant with increasing

10
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Acosta and Pinto <1978) did not get any direct 
relationship between nitrogen and the nurber of roots 
per plant* However, the diameter was found Increased 
in roots with application o£ 120 kg N/ha*

Asokan et al* (1980) noticed that length, girth 
and number of tubers did not vary significantly due to 
different levels of nitrogen (60, 120 and 180 kg/ha).

2*2*3 *^f_egt_Q£_nit r<KLsn_on_vieM
Significant yield increases due to nitrogen 

application upto 100 kg/ha were reported by many workers 
(ftandal and Singh, 1970 and Mandal et al*. 1971).

Kumar et al. (1971) found that among different 
levels of N tried via*, 0, 50, loo, 150 and 200 kg/ha, 
loo kg H/ha was found to b© the optimum beyond which the 
yield either tended to decrease or it was not significantly 
different* They also noticed significant yield increases 
by the application of nitrogen alone or in combination 
with phosphorus and potash*

Gomes e£ al* (1973) reported from Brazil that 
nitrogen fertilization had no appreciable effect on yield 
of tapioca* But in Colombia, Howeler (1976) observed

11
levels of nitrogen.
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yield Increases due to N upto 200 kg/ha*
A local cult Ivor gave the maximum yield at 

60 kg U/ha whereas the highest yield of another improved 
cultivar could he obtained only by the application of 
nitrogen at 120 kg/ha (Gblgbesan and Fayeml# 1976). They 
also observed that higher rates of nitrogen tended to 
reduce the yield.

Mohankumar and Main! (1977) asoured significant 
yield increases by the application of 100 kg N/ha at Central 
Tuber Crops Research Institute# Trivandrum.

Yield reduction at higher rates of nitrogen 
application was reported by CIAT (1978).

Gomes et al> (1979) got significant response to 
nitrogen application only in one place in a series of ■ 
experiments carried out at eight places in Brasil. Yield 
depressions in tapioca to the extent of 11-14 per cent at 
150 kg N/ha as compared to 50 kg H/ha were observed by 
Huthuswamy and Chlranjlvl Rao (1979).

Results of field trials conducted In the red 
sandy loam soils of North Malabar showed significant 
Increases in yield due to higher rates of nitrogen 
application upto 180 kg/ha (Asoken et al.# I960).

12
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Ramanathan et al. (1980) shoved that application 
of nitrogen at higher levels did not significantly 
Influence the fresh tuber yield* although there was a 
numerical Increase in yield at 120 kg H/ha In field 
experiments conducted at Coimbatore and Bhavanlsagar 
centres.

Research carried out In Brazil showed that although 
uptake of N by cassava was high* It did not always result 
In yield increases* In some coses productivity had been 
reduced (Gomes and Howelor* 1980).

Kang and Wilson (1980) reported that the nitrogen 
requirement of cassava was comparatively low.

In a fertilizer trial in four sites at Brazil 
there was response in the yield at 90 kg N/ha in one 
centre and there was no response in other centres 
(Moraes et al.* 1981).

Kang and Okeke (1934) established that N 
application increased plant top yield and foliar N 
percentage with no significant effect on root yield.

2.2.4.Effect of nitrogen on quality
2.2.4.1.Qrv matter content

Varying levels of nitrogen did not produce any

13
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difference in the dry matter content of tapioca tuber 
(ViJayan and Alyer, 1969).

Obigbesan and Agboola (1973) recorded reductions 
in the dry matter yield of tapioca tuber with increasing 
doses of nitrogen.

Nitrogen nutrition was not effective in making 
differences in the dry matter content of tuber (Mohahkumar 
and Maini, 1977).

Pillai and George (1978 c) observed significant 
reduction in the edible portion of tuber by nitrogen 
fertilisation.

Rate of dry matter production was found to be a 
linear function of LAX upto 80 days after planting and 
thereafter associated with NAR upto final harvest 
(Parras et al«. 1978).

Total dry matter yield increased with N application 
and the maximum was reached at approximately 40*80 kg N/ha 
(Keating and Evenson, 1931).

2.2.4.2.starch contend
Many workers have reported the beneficial effect 

of nitrogen nutrition in increasing the starch content of

14



tapioca tuber (Randal al.» 1971; Natarajan* 1975 and 
Plllal and George# 1973 c).

Obigbesan and Agboola (1973) observed increases 
in starch content with higher doses of nitrogen in one 
variety of tapioca# while it decreased in another variety.

Starch content of tubers was not affected by the 
level of nitrogen (Moliankumar and Maini* 1978 and 
Huthuswsmy and Chiranjivi Rao* 1979).

2.2.4.3.Cruda protein content
Crude protein content of tubers of M-4 variety 

of tapioca was found to increase from 1.93 per cent with 
50 kg ft/ha to 2.13 per cent with 100 kg W/ha (Plllal and 
George# 1973 c).

Nair (1932) also found that crude protein content 
increased significantly with incremental doses of nitrogen 
at Kayaakulam and Vellayani.

2.2.4.4.HCN content

Indira et al. (1972) reported that application of 
nitrogen and phosphorus increased the HCH content of 
tapioca tubers.

Several workers showed that high rates of nitrogen 
application increased the HCH content of tubers

15



(oblgbeeen, 1973; MohanJounar and Maini, 1976 and 
Mufchukriehnan t 1980).

Muthutvan̂ f and Rao (1981) found that HCN content 
significantly increased with N application.

Hair (1982) also got an increased HCN content of 
tubers with higher levels of nitrogen application at 
Vellayani and Kaya&kul&a in two seasons of the trials 
conducted.

Eventbough an increase in KCN content was noticed 
in a local cultivar with higher level of nitrogen,
Obigbesan and Fayemi (1976) could find a decrease of HCN 
in an improved cultivar by nitrogen fertilisation.

2.2.4.5.Cooking quality

Cooking quality of tubers assessed by a taste1 
' panel was found to be reduced significantly by higher level 
of nitrogen (Prema et al». 1975).

Hair (1976) observed a high percentage (?5&) of 
non bitter tubers at 50 kg N/ha as compared to 63 per cent 
in the case of 75 kg N/ha and 69 per cent in the case of 
100 kg K/ha. Nitrogen application at 75 kg/ha produced a 
higher percentage of soft textured tubers as against a

16
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lower percentage observed in nitrogen application at the 
rate of 50 and 100 kg/ha.

A definite Influence of the levels of nitrogen on 
the cooking quality of tubers could not be observed by 
Mohankuaar and Ha ini (1977)*

Sheela (1931) also reported reduction in cooking 
quality of tuber due to higher levels of nitrogen 
application*

Hair (1932) observed a reduction in cooking quality 
of tubers by higher levels of nitrogen*

2.2.5.Effect of^nltrpqen on nutrient uptake
ftohabkumar and Hair (1969) noticed Increases In the 

percentage of nitrogen and potassium In plant parts with 
increases in the rate of nitrogen application.

On the basis of field experiments conducted in the 
acid laterite soils# Rajendran e£ al. (1976) observed an 
increased potassium uptake by higher doses of nitrogen.

Pushpadas «t al* (1976) recorded increases in 
nitrogen content of plant with higher levels of nitrogen 
nutrition.

' A decrease in phosphorus and potassium contents
of leaf blade and stem of tapioca was observed by



Okeke e£. (1979) due to nitrogen nutrition* But petiole
potassium shoved a linear response to applied nitrogen*

Nair (1982) observed a significant Influence of 
nitrogen nutrition on the uptake of potassium during the 
different growth stages of the crop.

2*3.Potassium
Tapioca requires adequate supply of potassium for 

the synthesis and translocation of starch. Bereeponk (1977) 
reported that the primary factor limiting cassava production 
was potassium availability. Potash deficiency would not 
only reduce tuber yields but also unfavourably affect the 
quality traits such as starch content of tubers.

2*3*1.Effect of potassium on growth characters

Ngongl et al* (1976) reported increases in plant 
height, leaf area and leaf size with incremental doses of 
potash from 0-240 kg/ha. But maximum values of plant fresh 
weight and total dry matter were observed at low levels of 
potash application.

Several investigators could not get significant 
response to levels of potassium on such growth characters 
as plant height, number of leaves and topyield (stem and

18



leaves) of tapioca (PuthptdM and Aiyar# 1976 and 
Ramaswaay and Muthukrishnan, 1930).

Asokan and Sreedharan (1980) observed Increases 
In plant height and top yield at higher levels of potash 
application.

Ramanujan* (1932) observed increases in plant 
height# nod number# leaf size and leaf area index by 
potassium fertilisers as compared to control in cassava 
variety H-23G4. But application of potassium beyond 
50 kg K^O/ha showed no appreciable change in leaf area 
index# crop growth rate and dry matter production.

Hair (1982) also shoved significant differences 
in plant height during growth stages at two locations to 
different rates of potassium. But the effect of potassium 
was not significant in number of leaves and leaf area index.

Kang and Okeke (1984) observed that K application 
significantly increased plant top yield and foliar K 
content.

2.3.2 .Effect of _ potassium on yield components
Mandal and Mohankumar (1972 a) noticed no 

differences in the number of tubers by the application of 
low levels of potash ranging from 40-80 kg/ha. But tuber

19



number was significantly high at 120 kg K^O/ha.
Application of potash beyond 100 kg/ha had no 

significant Influence on tuber size (Kohankuraar and 
Hrishi, 1973).

The highest rate of flesh to rind was obtained 
by an application of 150 kg/ha of K (Hatarajan, 1975).

Ofori (1976) observed that the tuber number and 
tuber weight were Increased by EC application.

Higher rates of potassium did not Influence tuber 
number but significant difference in tuber size was 
observed. Harvest index was not affected by the sources 
or rates of potassium tried (Rgongi «t al., 1976).

Pushpadaa end Aiyer (1976) also observed that K 
application increased the edible portion of the tuber.

Eventhough, Godfrey and Garber (1978) could get 
significant increases In the weight of storage roots of 
cassava by potassium fertilization, no significant 
influence wan noticed in the number of storage roots.

Filial and George (1978 b) showed that application 
of K increased the weight of edible portion.

Ths beneficial effect of potassium in increasing
the utilization index of tapioca was reported by 
Obigbesan (1977).



Asoken and Sreedharan (1980) found that utilisation 
index showed a decrease beyond the application of 75 kg

The number of roots and root weight were not 
significantly affected by the different levels of i^O 
applied (Hagalhaes et al., 1900)*

Hair (1932) reported an Increase in the tuber 
number at Kayamkulam and Vellayanl at different rates of 
applied potassium. Incremental doses of potassium 
increased tuber weight significantly upto the highest 
level. The length and girth of tuber were not influenced 
by the levels of potassium. Utilization index increased 
significantly due to potassium nutrition.

Mohankuraar et al. (1984) found that plots 
receiving potash alone were seen to produce smaller tubers.

2.3.3.Effect of potassium on yield

The reasons for poor yield of cassava were 
attributed to the low consumption of fertilizers per unit 
area by this crop and the disproportionately less use of K 
(Konwar, 1974). It was also seen that K was the main 
element responsible for limiting the yield of this crop, 
which was reported to be a heavy feeder of K (Ancn. 1975).
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Pushpadas and Aiyer (1976) secured maximum tuber 

yields for a hybrid variety o£ tapioca H-105 with 250 kg 
KjO/ha.

Yield depressions In cassava were reported at 
high rates of potash application by CIAT (1974).

Rajendran et al. (1976) reported that 100 kg 
KgO/ha was the optimum dose and higher rates resulted in 
luxury consumption*

Experiment at Veilayani showed that there was no 
significant difference in yield between K levels of 50 kg 
and 100 kg/ha whereas 150 kg level gave a maximum yield of 
36.36 t/ha (Hatarajan, 1975).

In a trial to study the potassium tolerance of 
cassava cultlvars by application of 0-220 kg K^O/ha, it 
was observed that lack of potassium reduced yields to 
70 per cent of maximum (CIAT, 1977).

Sitiboot al. (1973) studied the growth response 
of cassava to different rates of potassium in two soil 
types of low available SC (13 and 20 ppm). The treatments 
consisted of 0, 50, 100, 200 and 400 kg KgO/ha while the 
yield increase at 200 kg K^Q/ha over the control was 64 per 
cent in one soil type, it was only 21 per cent in the other 
soil.



Gomes at (1979) got significant response to 
K application in two out of eight experiments conducted 
in Brazil*

Asokan and Sreedharan (1980) noticed maximum 
tuber yield at 112*5 kg of l^G/ha*

Hair et al* (1980) tried different levels and 
sources of potassium on yield. Among the different levels 
tried 100 kg K^O/ha was found to be the optimum for tuber 
yield.

Asokan «£, al. (1980) reported a significant 
reduction in the tuber yield when the application of 
potash was increased to 180 kg/ha and they got a maximum 
yield for a hybrid variety H-1Q5 at 120 kg/ha.

Higher levels of potassium could not produce 
significant yield increases in tapioca (Ramaswaay and 
ttuthukrishnan* 1980).

Patterson et al. (1931) from Australia reported 
that they did not get any response to the application of K.

Ramanujum (1982) noticed yield response to 
potassium nutrition in tapioca only upto SO kg J^O/ha. 
Potassium application resulted^ in a yield increase of 
10-16 per cent over control.
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I'iair and Kumar (1982 a) reported that 100 kg 

K^o/ha la the optimum for tuber yield of cassava. Cultivar 
14-97 gave a yield of 30.74 t/ba with 100 kg K^O/ha as 
Caspar ad to 25.54 t/ha In no K treatment-

Gomes and Ezeta (1932) found that on soils with a 
& content of 77 ppm, there was no response to the levels 
of application of X while in another soil with 43 ppm K 
the application of 80 kg K^o/ha increased production from 
10.9 to 21.5 t/ha.

Kang and Okeke (1934) also reported a significant 
increase in root yield by K application.

2.3.4.Effect of potassium on Quality
2.3.4.1.Drv matter content

obigbesast (1973) observed increase in tuber dry 
matter content with higher rates of potassium application.

Obigbesan and Agboola (1973) also reported similar
results.

Pushpadas and Aiyer (1976) noticed the highest 
percentage of dry matter with potassium nutrition of 125 kg 
i^O/ha.

Pillai and George (1978 c) also reported an Increase 
In dry matter content, with K application.



Asokan and Sreedharan (1980) obtained maximum 
values of dry matter with 75 kg/ha of potash application.

Keating and Evenson (1981) observed that application 
of K increased total dry natter yield upto rates of 400—400 
kg l^O/ba for one variety and 360-440 kg K^G/ha for another 
variety*

Hair (1982) also got a significant effect at all 
growth stages in the root# loaf and stem dry matter 
production by the application of potash.

2.3.4.2.Starch content

The effect of potassium nutrition in enhancing the 
starch content of tubers was observed by several workers 
(Obigbesan and Agboola# 1973; Hatarajan, 1975; Mutftuswamy 
and Chlranjivi Rao, 1979 and Huthukrishnan# 1980).

Pushpadas and Aiyer (1976) secured highest starch 
yield per hectare with 250 kg K^O/ha.

Plllal and George (1978 c) also reported increase 
in starch content by application of potassium*

Linear increases in starch yield with higher rates 
of potassium application upto 200 kg K̂ Q/fcx reported by
CIAT (1979).
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Gooes sSi al* (1930) also reported a favourable 
increase In starch content by K application.

Hair e& £ U  (1980) noticed that increasing levels 
of K application resulted in an increase in starch 
content.

Relationships of soil K and leaf K with cassava 
yield and starch content were established in a trial 
conducted on an oxisol at the Malaysian Agricultural 
Research and Development Institute, Malasia. Results 
showed that leaf K was a better indicator of starch yield 
than water soluble soil K„ The optimum leaf K for maximum 
starch yield was 2.11 percentage (Chan and Lee, 1982).

hair and Kumar (1982 b) noticed only a slight
increase in starch content by potassium fertilizers.«■ «

2.3 . 4.3.Crude__proteln content
bevels of potassium exerted no influence on the 

crude protein content of tubers (Mandal and Singh, 1970). 
But Hatarajan (1975) noticed significant reduction in 
crude protein content of tubers by the application of 
higher levels of potassium.

similar results were obtained by Pushpadas and 
Aiyer (1976) and Pillai and George (1978 c).
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Asokan and Sreedharan (1980) reported a decrease 
in crude protein content with K application.

A decrease in crude protein was also reported by 
Hair (1982) due to potash application.

2.3.4.4.HCH content
Potassium alone or in combination with nitrogen 

reduced the HCH content of tapioca tubers (Indira et al*. 
1972)*

Appreciable reduction in HCH content of cassava 
tubers by higher levels of potassium nutrition was reported 
by Oblgbesan (1973) and Natarajan (1975).

Muthuswasy and Rao (1931) also reported a reduction 
in HCH content by potash application.

Ramanujam (1982) reported reduction in the HCH 
content of tubers and leaves of tapioca variety H-2304 
by potassium nutrition. The lower dose of K^O (SO kg/ha) 
was not effective in reducing the HCH concentration. But 
by the application of potash beyond loo kg K^O/ha, the HCH 
content was reduced by 40 to 76 per cent as compared to 
the control*

Hair and Kumar (1902 b) studying the effect of 
different sources and levels of potassium on the yield



and quality of tubers# found that higher levels of 
potassium application resulted in a decrease In the HCB 
content.

Hair (1962) also reported a significant decrease 
in HCB content by different rates of potassium.

2.3.4.6.Cooking quality
Kurian et al. (1973) reported that by the 

application of wocd&sh alone or a mixture of cowdung and 
woodash, the quality of tubers was improved by reducing 
bitterness*

Appreciable improvement in cooking quality as 
measured by the bitterness of tutor# at a higher rate of 
potassium nutrition (150 kg K^O/ha) was observed by 
Asohan and Sreedharan (1930)*

Hair (1982) reported a better cooking quality of 
tubers at Vellayanl and Xayamkulam with potassium 
application*

2.3.4*7.Effect of potassium on nutrient uptake

Kohankumar and Hair (1969) noticed an increase in 
potassium uptake by plant parts and a decrease in nitrogen 
content by potassium fertilization.
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Spear $£ al. (1973) showed that high concentration 
of potassium la solution reduced the uptake of calcium and 
magnesium by cassava*

Nair and Kumar (1962 b) found an increase in 
potassium content of plant parts by higher rates of 
potassium nutrition.

Chan end Lee (1932) obtained significant 
correlations between applied K and water soluble soil R 
and between applied K. and leaf K.

From the review made, it could be seen that 
potassium plays an important role in the growth# yield and 
quality of tapioca*

In the experiments conducted at Central Tuber Crops 
Research Institute# Trivandrum# in acid iaterlte soils of 
low available P content (10-15 kg/ha)# cassava responded to 
P application upto 100 kg p20g/ha beyond which the yield 
increase was not significant (Anon. 1933).

Gomes et _ar}. (1979) showed that yield of cassava 
increased significantly with P fertilisation.

An experiment was conducted in Brasil to determine 
the effects of the sources and levels of P fertilization on

29



30

cassava. The incremental rates of the nutrient increased 
P and Hg contents in the limb. It also affected Harvest 
Index significantly (Sousa# 1979)*

Correa «£, j£. (1979) found that when 90 kg p2°5  

was applied per hectare# highest yields were obtained even 
in the absence of N and SC.

The physiologically inferior root system of 
cassava required a ouch higher external P concentration 
than other plant species to achieve 95 per cent of the 
maximum yield (Jlntakanon «& al»> 1979) •

From the review of literature# Comes (1979) 
highlighted that although P was required in lower amounts# 
it was still limiting to the production and suggested that 
80*120 kg ?2°5 would to applied per ha.

Cadavid (1980) obtained a positive response upto 
100 kg P^Og/ha and less response at 400 kg/ha in an 
experiment in which four levels of P tried (0# 50# 100 and 
400 kg PgOg/ha).

Arisaendi (i960) found that P was the most 
limiting nutrient element for root production in cassava 
followed by N and K»



Gomes and Howeler (1980) also reported the 
favourable effect of P in increasing the root yield.

An experiment was conducted on a yellow podzolic 
soil in Australia to evaluate the response of cassava to 
the band application of different levels of P* The 
response of P fertilizer treatments was generally small* 
But root yields at 100 kg PjOj-Zha were significantly 
greater than 0 and SO kg P^O^/ha treatments (Hicks and 
Fukal, 1981).

Koraes et al* (1981) reported an yield increase 
upto the application of 80 kg

Studies were carried out in Brazil to determine 
economic rates of P to cassava crops* The 4 levels of P 
tried (Q, 40, 80 and 120 kg/ha) did not show statistical 
difference among themselves in canopy yield* Regarding 
root yield the application of 120 kg P20g/ha gave the 
highest yield* There was no difference among treatments 
regarding starch content (Hsgalhaes, 1931).

Cadavld and Howeler (1932) reported a significant 
increase in yield with 200 kg P2Og/ha without E and K.

Hair and Prabhakar (1934) reported highest yields 
with 25 kg p uptake was also highest at this
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dose# but the difference between the various levels were 
not significant.

From the above review It could be seen that 
tapioca required appreciable quantity of phosphorus for 
its higher yield# the magnitude of which varied according 
to situations.

2.5.Combined effect of nitrogen, phosphorus and potassium

Cassava requires higher levels of nitrogen and 
potassium and small amount of phosphorus to produce 
maximum yields« But the crop is sensitive to over 
fertilization# which causes excessive top growth and 
little root growth. The indiscriminate use of large 
amount of inorganic fertilisers also leads to serious 
nutritional imbalances. The yield and quality of tubers 
depend both on the level of individual nutrients and oh 
their relative quantities.

studies at C.T.C.E•!., revealed that cassava with 
a yield of 30 t/ha removed 160 kg H# 22 kg P2°S 130 kg 
K^O/ha (Mohankumar e£ al.# 1964).

Slttibusaya and Kurmarohita' (1976) reported that 
in South East Thailand# after 15 years of continuous 
unfertilized situation# the yields dropped from an initial
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level of 30 t/ha to only 17 t/ha* When the soils were 
fertilized with 375 kg H, 164 kg ̂ 2^5 312 kg K^O/ha,
yields increased from 22 to 41 t/ha*

Okeke et al* (1982) studied the effect of fertilizer 
and plant age on distribution of nutrients in Wigerian 
cassava* They identified the third month from planting as 
the most sensitive stage for diagnostic sampling when N and 
P status were best reflected in leaf blades and K in 
petioles. The largest root tuber yields after 12 months 
were associated with leaf blade analysis of 5.0 per cent N, 
0.4 per cent P and 2.0 per cant K at 3 months after planting*

Acosta and Pinto (1978) obtained highest yields of 
21 t/ha with the application of 120-90-60 kg N, &2°5 31x3 
KgO/ha.

Sereeponk (1977) studied the effect of different 
fertilizer formulae on yield and he got the formulae 
6-12-12 and 6-6-12 for the higher yields of 2939 kg and 
2753 kg/rai.

Goomarohit (1975) reported that analysis of 
leaves and stems of 5 and 10 months old plants showed good 
conflation with yield* They found that nutrient uptake was 
correlated with yield parabolically.
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Kakviroj ai. (1971) concluded that 50-100 kg 
8/ha In combination with 100 kg P^s and 50 kg it̂ O/ha was 
the most suitable for high root production.

Cote jo junior and Tala tala (1978) obtained optimum 
yield at 90*60*60 NPK level/ha*

Cock (1979) studied the crop growth rate in 
tapioca* They found that root growth rate increased upto 
LAX 3-3.5# then declined.

Gomes et al* (1979) opined that a better response
of 9 was noticed in the presence of 8 and K.

Obigbesan and Fritz (1930) reported a plant 
nutrient uptake of the whole cassava plant with dry matter 
yield of 10.5 t of tops and 12.4 t of roots/ha amounts to 
145# 98 and 569 kg of N# ?2°5 end KgO/ha respectively*

Ramaswaay and Kuthukrishnan (1980) did not get 
any significant difference due to different fertilizer 
treatments on three varieties of tapioca at the Tamil Nadu 
Agricultural University*

Field trials were carried out in soils of low 
fertility to investigate the behaviour of four cassava 
varieties treated with different levels of fertilization. 
The fertilization rates were 0-0-0# 20-40-30 and 40-80-60 kg
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of N# KjO/ha* Regarding root yields the results
showed significant difference among varieties* A positive 
linear effect of fertilization was also noticed 
(Lorenzi e& al*. 1980).

Lorenzi e£ al* (1981) got greatest dry matter 
accumulation between 120-180 days after sprouting with an 
average of 105 kg/ha/day.

Hair (1982) reported that 125 kg N and 125 kg 
K2<Vha gave the maximum tuber yield at Vellayani, 
Trivandrum* At Kayarckulam whore the soil was sandy loam 
the combination of 125 kg N and 200 kg I^O/ha applied in 
three splits resulted in highest tuber yield.

Cad avid and Howeler (1982) obtained optimum yield 
with a combination of 100-200-150 kg H, p2°5 and K^o/ha in 
Latin America*

Sushama al. (1982) reported a significant 
positive correlation between leaf area and root yield.

Economic analysis indicated that cassava grown in 
a soil treated with N, P2°5' Kj0 at 60-45-120 gave 
significantly higher net returns (Ramos and Mojica, 1982)*

Howeler (1983) suggested the critical levels for 
H, In leaves as 4.7 per cent 0.3 per cent and
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1*0 per cent at 3-4 months of age*
Results on yield trials of five experiments In 

Columbia showed that treatments consisting of 60-90-60 kg 
N, and ^ 0  gave better yield (Cepedav and Acostar# 1983).

It was veil established that potassium was effective 
only in the presence of nitrogen*

A study of N x K interaction# with levels of o# 100 
and 200 kg/ha nitrogen am) 0# 150 and 300 kg/ha of potash 
(CXAT# 1975) showed that cassava responded to nitrogen only 
in the presence of potassium and this response was positive 
only upto 100 kg/ha nitrogen where as the application of 
200 kg/ha of nitrogen resulted in a negative response*
From an investigation with four cassava varieties including 
H-2304 to ascertain the response to different combinations 
of nitrogen and potassium# Hair (1976) got significant .yield 
increase with the application of nitrogen at 100 kg/ha and 
potash at 150 kg/ha* Highest tuber number was noted in the 
treatment with nitrogen and potash at 75 kg and 225 kg/ha 
respectively* HCN and starch contents of tuber were 
unaffected by HK combinations*

CIAT (1977) recorded a decreasing trend in the 
values of harvest index of tapioca by nitrogen and potassium 
applications •
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Xn a multiiocatlon trial# Ramanathan et al• (1980) 
reported significant tuber yield Increases due to different 
levels of nitrogen and potassium at Bhavanisagar only* The 
hipest tuber yield was obtained by a combined application 
of nitrogen and potash at 80 kg and 120 kg/ha respectively, 
starch content was maximum in this HK combination. At 
Coimbatore# the tuber yield was not influenced by fertiliser 
levels*

Indira (1932) reported decreases in HCN content of 
cassava tubers by the application of nitrogen and 
potassium* But differences in crude protein content was not 
significant due to treatments*

The above review indicated that there would be a 
proper nutritional balance among nitrogen# phosphoric acid 
and potash for the efficient utilization of the different 
nutrients by the tapioca plant* Determination of the 
optimum rate of fertilization end the proper balance of 
nutrients are of great importance. For short duration 
tapioca varieties the nutritional studies are lacking.
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M ATERIALS AND 
M ETHODS



3. MATERIALS AMD METHODS gg

The present investigation was undertaken to select 
« suitable early maturing variety of tapioca for the 
uplands of Kuttanad and to work out a fertiliser dose 
suitable for the variety* The details of the materials 
used and methods adopted in the experiment are given in 
this chapter*

3.1.Materials 

3.1*1.Experimental site
The experiment was carried out in the Regional 

Agricultural Research Station, Kuraarakom, Kottayam* The 
crop was raised on the bunds which represent the upland 
conditions of Kuttanad. The station is located at 9* 30* N 
latitude and at an altitude of 0*6 metres below

The soil type of the experimental area is reclaimed 
alluvial* The results of analysis of the soil before 
starting the experiment are given below.

3.1.2.Soil



A. Mechanical composition
Coarse sand - 8*5 par cent
Find sand - 34*9 ##
Silt - 20.6 ##
Clay - 30.6 ##
Organic matter - 5*4 ##

B. Chemical composition
pH - 4.7
Total nitrogen - 0.163 per cant
Available P20& - 0.0031 ##
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Available K^O - 0.0711 **

3.1.3.Season
The experiment was conducted during the period 

from 20-10-1984 to 23-4-1985. The season represents the 
main season of the region for the crop and the second ” 
main planting season in the State.

3.1.4.weather conditions
The meteorological parameters such as maximum 

and minimum temperature# rainfall and relative humidity 
during the entire crop period were recorded from the 
meteorological observatory of the R.a .R.s ., Kumar akom.



The average weekly values as well as the average values 
for the past five years were worked out and presented In 
Appendix I and In Figure 1 and 2.

The weekly average for maximum temperature during 
the cropping period ranged between 34.57*C and 30.71*C and 
the minimum between 25.64*0 and 20.93*0* The weekly 
average maximum temperature was highest during 19-3-1965 
to 25-3—1985 (Standard week 12) and the weekly average for 
the minimum temperature was lowest during the period from 
17-12-1984 to 23-12-1984 (Standard week 51). There was no 
appreciable variation between the values recorded for the 
cropping period and the average values of the corresponding 
period for the past five years.

During the cropping period there was 530.40 mm 
rainfall distributed over 26 days and the pattern of 
rainfall was more or less similar to that of the past five 
years. However, quantity of rainfall received during the 
cropping season was slightly higher than the average for 
the corresponding period (450.25 mm).

The relative humidity during the cropping period 
ranged between 82.0 per cent and 61.0 per cent without 
much variation from the mean for the past five years.
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Id general, the cropping season was favourable 
for the satisfactory growth of the crop.

3*1*5.Cropping history
The experimental area was lying fallow for the 

previous one year and before that the area was under fodder 
grasses uniformly.

3.1.6.Planting materials
Three cultivars of tapioca were used for the 

experiment namely Thottakolll. Kaduthuruthy local and Sree 
Sahya. Thottakolll which has been reported to be e short 
duration variety is extensively cultivated in Chalakudy 
area of Trichur District and harvested usually within six 
months after planting* It is a non-branching variety with 
moderate yields. Kaduthuruthv local is popularly 
cultivated in Kaduthuruthy, Ruravllangad, Arpookara areas 
of Kottayam District. It is a tall growing non-branching 
variety harvested usually within six months after planting. 
The third variety used was Sree Sahya (H-2304) released by 
C.T.C.R.I. during 1977.

The planting materials of the two local varieties 
were collected from the respective farmer's field and Sree 
Sahya from C.T.C.R.I., Trivandrum*



423.1.7.Fertilizers and manure*
Urea analysing 46.00 per cent N, superphosphate

analysing 16 per cent ?2°s# muriate of potash analysing 
60.00 per cent 1^0 and farm yard manure analysing 0.46 per 
cent H, o*30 per cent P2°5 end 0.27 per cent K£0 were used 
for the trial.

3. 2. Methods
3.2.1.Pealan and layout

The experiment was laid out In factorial 
Randomised Block Design with three replications. The lay 
out plan of the experiment la given in Figure 2.
Treatments

The trial was conducted with three varieties and
five fertiliser combinations
Varieties 8 3

Thottakolli 
Kaduthuruthv local 
Sree Sahya
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REPLICATION -II
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REPLICATION - IJI
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PESJON -  FACTORAL R.BD. 

TREATMENTS

VARIETIES

Vi -  THOTTAKOLLI

V2 -  KAPUTHURUTHY LOCAL

V? -  5REE SAHYA

FERTILIZER COMBINATION

L i
N pzo5 KjO30 30 30

L2 30 30 45
i-3 30 50 50
M 50 50 75

J-5 50 50 100

F ig . 7



Fertilizer conblnatlons »_5
li P 0- 2 5 *2°

H  30
30 30 kg/ha

L2 30 30 45 * 9

1.3 so 50 50 9 *

L. SO SO 75 * 9

S  so 50 100 9 9

Tteatautt combination*

(1) (6) (11) V3I*1
(2) VaL2 <7> V2I,2 (12) V3L2
(3) <8> V2t,3 (13) V3L3
(4) V xL4 ( 9 ) V2t.4 (14) V3L4
<5> V1I,5 <10) v2ls (15) V3L5

Nuscber of replications s 3
Total number of plots : 45
Spacing s 75 x 75 ceb
dumber of boarder rows t one row all around the

plot*



6 m x 3*75 m 
3.75 m x 2.25 m
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Plot size

The experimental area was dug twice, stubbles were 
removed, clods were broken and the field was laid out Into 
blocks and plots* Mounds were raised at a distance of 75 css 
In both ways.

Manuring
h uniform basal dose of 12.50 t/ha of farm yard 

manure was applied and well Incorporated Into the soil 
uniformly before taking mounds.
Fertilizer application

The different nutrients as per the treatments were 
applied In the form of urea, superphosphate and muriate of

Plot size (gross) s
Plot size (net) s
Total number of plants/ «
plot (gross) v
Number of plants used for |
destructive sampling '
Total number of plants/ [
plot (not) 1

3.2.2.Details of cultivation 

Land preparation



potash respectively • Fertilizer application was done as 
par package of practices recommendations P full basal, W 
and K in three equal split doses.
Planting

Planting of tapioca was done on 20-10-1934. 
Tapioca setts of 20 cm length were planted on the top of 
the mounds.
After cultivation

Germination of setts was good. Excess sprouts 
were removed after retaining two healthy and vigorous 
shoots per sett.

The first earthing up and first top dressing of 
fertilisers were given on 20-12—1964. Second top dressing 
of fertilizer was given on 20-1-1985.
General condition of the cron

The general condition of the crop was satisfactory 
throughout the period of growth.
Harvest

Tapioca was harvested on 23-4-1985, six months 
after planting.
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3.2.3-Observations recordad
Sampling technique for biometric studies

Four plants were selected at random from each plot 
for taking the detailed biometric observations at different 
stages. Averages of the observations were subjected to 
statistical analysis.
Observations on growth characters

Height oftheplant
Cumulative height of the shoot of each plant was 

measured from the base of the sprouts to the top of the 
unopened bud at bimonthly intervals starting from the 
second month after planting to harvest.
Humber of leaves per plant

•r ji

The total number of leaves were recorded by 
counting the number of fully opened leaves as well as the 
leaf scars from the base to the tip of the shoot. The 
observation was recorded at bimonthly intervals from 60 
days after planting to harvest.
Leaf area Index

The leaf area was calculated using linear 
measurement method suggested by Ramanujara and Indira (1978)-
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The leaf area Index was worked out by the following formula 
suggested by Hataon (1947)*

2Leaf area per plant (cm )LAI -       y
Land area occupied by the plant (cm )

Observations on yield and yield attributes
Post harvest observations

The sample plants selected for biometric 
observations were harvested on the previous day of general 
harvest* The following observations were made on these 
plants and the mean values calculated.
Tot al^number of roots per plant

The total number of roots including productive and 
unproductive ones was recorded at the time of harvest.■-
Sfeuaber of tubers per plant

The total number of fully developed tubers from the 
observation plants was recorded and average per plant worked 
out.
Percentage of productive roots

The percentage of productive roots In each plant 
was worked out using the number of tubers per plant and the 
total number of roots per plant.



Length of tubers
The average length of tuber was worked out by 

measuring the length of tubers taken at randan from the 
observation plants and expressed in cm.
Girth of tubers

Girth measurements were recorded from the same 
tubers that were used for length measurements. Girth 
values were recorded at three places, one at the centre 
and the other two at half way between the centre and both 
ends of the tubers* The average was taken as the tuber 
girth and expressed In cm.
Rind to f lesh ratio

A random sample of fresh tubers was taken from 
each plot* The tubers were peeled and the rind weight and 
flesh weight were found cut separately. From this, the 
rind to flesh ratio was worked out*

Tuber yield
Tuber yield per plot was recorded at the time of 

harvest after removing the soil adhering to the tubers.
This value was expressed in tonnes of tubers per hectare*
Too yield

After removing the tubers, the total weight of the
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stem and leave* was recorded per net plot and converted 
into tonnes per hectare*
utilisation Index

According to Obigbesan (1973) this is an important 
yield determinant factor and is the ratio of the tuber 
weight to the top weight (stem and leaves). This was 
found out from the observations recorded in tuber weight 
and top weight of tho observational plants.
observations on duality attributes
Drv matter content of tuber flesh

Uniform quantity of fresh tuber flesh was taken 
from each plot and chopped into small pieces and dried to 
constant weight in an air oven. The weight of dry matter 
expressed as percentage of the fresh weight gave the dry

4

matter content of tuber flesh (Awo.A.c*. 1969^.
Starch content of tubers

Starch content of the flesh was estimated by using 
potassium ferrlcyanlde method (Ward and Pigaan# 1970). The 
values were expressed as percentage of the fresh weight.
Crude protein content of tubers

The total nitrogen of oven dried samples from each 
plot was estimated using Modified micro-kjeldahl method
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(Jackson# 1967)* To get the crude protein content of the 
tuber# the nitrogen values were multiplied by the factor 
6,25 (A.O.A.C.# 1969).
Hydrocyanic acid content of tubers

The HCN content of fresh tubers was estimated, by 
the colorimetric method of.Indira and sinha.(1969) and 
expressed in yog per g of fresh tuber-
Cooking quality

Cooking quality of the tuber was assessed by 
Judging the bitterness and plumplness. The sensory method 
of analysis by a taste pannel was used in differentiating 
cooking quality (Jelllnck# 1964).

. Since the sensitivity in taste determination test 
is. likely to.be affected by increasing the number of 
samples# only three treatments (three varieties) were 
tested for cooking quality (Prema et al.# 1975).

Fresh tubers of the above treatments were combined 
over replications. A random sample of about three kg of 
fresh tubers was taken from each of the treatments. These 
samples were used for the cooking quality test. The 
samples were derinded cut into pieces of about five cm



long# washed and cooked in three earthern pots giving 
uniform time.

Members of the taste panne! were served with the 
samples. Taste was assessed on a discrete scale. The 
best taste was described ae sweet and a score of two was 
used. The other scores in the decreasing order of taste 
were watery sweet (1 )# starchy <0># bitter (-1 ) and 
watery bitter (-2).

3.2,4.Plant analysis
; 8an$>l@s collected for chemical studies were dried 

at 80*C + 5# ground in a willey mill and used for chemical 
analysis. Nitrogen# phosphorus and potassium contents of 
tuber# stem and leaves were separately analysed.

The total nitrogen content of the sample was 
determined by the modified micro-kjeldahl method 
(Jackson# 1967).
Phosphorus content

Phosphorus content was determined by Vanado- 
molybdo-phoaphoric yellow colour method (Jackson# 1967).
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Potassium content was determined by £ Xamephotometry 
using *ESIj‘ Flamephotometer*

3.2-5.Uptake studies
The total uptake of nitrogen, phosphorus and 

potassium at sixty days Interval were calculated based on 
the content of these nutrients In the tuber, stem and 
leaves and multiplying their corresponding dry weights•

3*2.6.Soil analysis
Mechanical composition of the soil before starting 

the experiment was determined, by the International pipette 
method*'

The total nitrogen, available phosphorus and 
available potassium content of a composite soil sample 
collected clockwise prior to the experiment and 
staples aoiiecfced fins© i&dlvl&usi plsrtis sfifcsr tbs eatperlcvttnt. 
were analysed*

Total nitrogen was determined by Modified micro- 
kjeldahl method, available phosphorus by Bray’s method and 
available potassium by Ammonium acetate method (Jackson, 1967}*

Potasalum content
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Organic natter was calculated by finding out the 
organic carbon by Walklay and Black*s vet oxidation sat hod 
as described by Jackson (1957)*

3.2.7.Economic* of cultivation
v

Cost benefit ratio was worked out by calculating 
actual coat of cultivation and the price of produce 
harvested.

3.2.0.Statistical analysis

The experimental data were analysed statistically 
by applying the technique of analysis of variance for 
factorial fi.B.D. and significance was tested by F test 
(Cochran and Cow# 1965). The standard error of means n d  
least significant difference (Critical difference) have 
been provided for testing the inference wherever *F' test 
was significant.

The statistical analysis of the data was carried 
out in tho Versa IKS Ksltron Computer at the College of 
Agriculture. Vellayani.
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An experiment -to study the response of three 
varieties of short duration tapioca to five levels of 
fertilizer combinations was conducted et the Regional 
Agricultural Research Station, Kumarsticosi during 1984-85- 
Observations on various biometric characters, yield and 
quality were recorded. The data on various observations 
wer® statistically analysed and the results are presented 
In this chapter. The corresponding analysis of variance 
tables arc given in the appendices IS to vnx.

4.1.Growth characters
4.1.1.Height of the plant

Tho height of the plant was recorded at sixty days 
interval upto 180 days after planting. The mean values are 
presented in Tables 1 (a) to 1 (c) and the analysis of. 
variance in Appendix IX.
Sixty days after planting

There was significant difference in plant height 
due to the varieties. The variety (Sree Sahya) was 
superior to tKaduthuruthv local) which in turn was
superior to (Thottakolli).
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Table 1 (a)

Height of plant In cm (60 days after planting)

* 1 hz **3 L4 H Mean

V 46.50 52*00 52.66 53*66 65.50 54.07

V2 65*50 67.50 72.25 81.47 84.46 74.23
v 3 112.25 121.50 125*03 127,63 129.50 123.23

Mean 74.75 60.33 83.33 87.63 93.15

C.D. at 0*05 level for comparing varieties « 1.589
C.D. /et 0*05 level for comparing fertilizer levels “ 2.051
'C *D . at 0*05 level far comparing interaction « 3.552

Table 1 (b)
Height of plant in cm (120 days after planting)
. H *2 *3 L4 *5 Mean

vi 78*33 86.63 93.25 96*23 102.41 91.38
V2 104*78 103.50 120.41 121.91 125.43 116*21
V3 145*11 145*48 149*93 153.66 170.70 153.58
H tm 109*41 114.53 121*20 123.95 132.35

C.D. at 0*05 level far comparing varieties * 1*109
C.D. at 0.05 level for comparing fertilizer levels * 1.432
C.D. at 0.05 level for comparing Interaction « 2.479
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Table 1(c)
Height of plant In cm <130 <teys after planting - harvest)

H h2 **3 L4 L5 Mean

V1 173.41 186.33 191.05 203.50 204.08 191.67
V2 183.25 187.03 204.00 206.41 208.83 197.91

v3 201.38 204.60 208.16 211.50 216.61 208.45

Mean 166.01 192.67 201.07 207.13 209.84

C.D. at G.C5 level for comparing varieties * 1.726
C.D. at 0.05 level for comparing fertilizer levels « 2.231
C.D. at 0.05 level for comparing interaction * 3.364



Regarding different fertility levels also, there 
were significant differences in plant height. The highest 
plant height was recorded by which was significantly 
superior to all other levels. The lowest plant height was 
recorded by the lowest level (L̂ ) of fertiliser application.

l
The interaction effect was also found to be 

significant. The treatment combination recorded the 
maximum plant height while recorded the lowest. For 
the variety Vj, the levels ĥ , l»2 and I*3 were on par and 
for the variety v^, 1*̂ and £*2 were on par. For the variety 
V^, and L*s were on par.
One hundred and twenty days after planting

There was significant difference In plant height 
due to varieties. The variety (Sree Sahya) was superior 
to V2 (Kaduthuruthv local) which in turn was superior to 
Vt (Thottakolli).

The different fertility levels also resulted to 
significant difference in plant height. The level &5 

produced maximum plant height while produced the lowest.
The interaction effect was also found significant. 

The treatment combination produced maximum plant height 
while the lowest. For the variety Vj, all the levels

57
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differed significantly* For the variety and Z*3,
l*3 and were on par* For the variety also all the
levels differed significantly#
One hundrodend eighty days after planting

At this stags also there waa significant 
difference in plant height due to the varieties# The 
variety (Sree Sahya) produced the raaximuta plant height 
and VA produced the lowest.

The five fertility levels also recorded significant 
differences in plant height# The level Lg produced aaxlmm 
plant height and the lowest#

The interaction effects were also significant*
V̂ Xig produced the aaximu® plant height and produced 
the lowest# For the variety Vi# all the levels 
significantly differed each other# For the variety V2,
I>3« I#4 and were on par. For V*3# and L̂ , and 
were also on par#

4.1 .2*Number of leaves per plant

The data on the nuaber of leaves per plant recorded 
at sixty days interval were subjected to statistical 
analysis* The mean values are presented in Tables 2 (a) to 
2 (c) and the analysis of variance in Appendix II.



Thera was significant difference in leaf nuotoer due 
to varieties• Variety Vg (Sree Sahya) produced the highest 
leaf number and V2 produced the lowest*

The different fertilizer levels also produced 
significant difference in leaf number. But the levels L̂  
and 1*2* ^3 end L^ and and Lg were on par. There was a 
reduction in leaf number at the Lg level though it was not 
statistically different from which recorded the maximum.

Tho Interactions were also significant. vgL^
produced maximum number of leaves and produced the 
minimum. For the variety V^. all the levels did not differ 
significantly while tor V  * 1  and were on par. So also 
was the case for Lg# L^ and Lg. For Vg* L^ and Lg* and 
Lg were also on par.
One hundred and twenty davs after planting

There was significant difference in leaf number due 
to varieties. The variety V2 (Kaduthuruthv local) produced 
the highest leaf number followed by and Vg.

The fertilizer levels also produced significant 
difference in leaf number. The level L^ produced the 
lowest leaf number and Lg the highest.

59
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Table 2 (a)
Number of leaves (sixty days after planting)

i*i r*2 L3 l4 l5 Mean

V1 50.00 50.00 53.50 56.66 55.16 53.11

vs 52 #00 54*33 61.66 61.91 . 58.75 57.73

v3 53.00 56*91 57.75 63.41 63.50. 56.91

Mean 51*75 53.75 57.63 60.66 59.13

C.D. at 0.05 level for comparing varieties * 2.578
C.D# at 0*05 level for comparing fertiliser levels* 3.328
C«D# at 0.05 level for comparing Interaction * 5*764

Table 2 (b)
Humber of leaves (120 days after planting)

'H L2 L3 L4 *5 Mean1

V1 92.53 104.33 103.50 111.33 119.41 107.23
V2 103*16 110.16 114.33 123.66 123.50 115.96
v3 92*00 93*25 102.16 106.00 112.03 102*15
Mean 96.00 104.25 103.33 113*66 120.00

C.D# at 0.05 level for comparing varieties - 1.215
c .d . at 0.05 level for comparing fertiliser levels* 1.569
C.D# at 0.05 level for comparing interaction * 2*717
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Jiusaber of leaves (ISO days after planting - harvest)
Table 2 (c)

L1 H L3 *4 H Mean

V1 164.66 170.33 179.00 163.33 186.66 176.80
v a 171.33 175.91 180.66 163.33 186.33 179.61
v3 151.33 166.33 170.33 176.33 179.66 163.90

Mean 162.44 171.02 176.66 181.00 184.38

C.D. at 0.05 level for coocparing varieties • 1.S56
C.D. at 0.05 level for comparing fertiliser levels » 2.003
C.D. at 0.05 level ibr comparing interaction * 3.478
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The interaction effects were also significant*
V2I*5 £,rô uc*<3 highest number of leaves and V̂ I*̂  
produced the lowest number.
One hundred and eighty days after planting

Varieties produced significant effect on the leaf 
number* Variety V^ (Kaduthuruthv local) produced highest 
leaf number and (Thottakolli? produced the lowest*

The different fertiliser levels also recorded 
significant effect on tbs leaf production* produced the 
lowest level end Lg the highest*

The interaction effects were also significant* 
produced the lowest leaf number while produced

the highest. For all the varieties and l»s were on par.
4*1*3.Leaf Area Index

The leaf area index was calculated at sixty days 
interval* The mean values are presented in Tables 3 (a) to 
3 (c>* The analysis of variance is given in Appendix XX*
Sixty davs after planting

There was significant effect on leaf area index due
to varieties* v^ produced highest leaf area index followed
by v3 and v^.
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The different, fertilizer levels also produced 
significant effect on leaf area index• There was a 
reduction in leaf area Index at Lg level for and V^«

The interaction effects were also significant, 
produced the lowest leaf area index and produced 

the highest.
One hundred and twenty days after planting

Thera was significant effect on leaf area index due 
to varieties. Variety V2 <Kaduthuruthv local) produced the 
highest leaf area followed by and V^.

The different fertilizer levels also resulted In 
significant differences in leaf area index* The treatments 
Ljl and l»2 were on par. Again, and Lg were also on
par.

The Interaction affects were not significant*
One hundred and eighty days after planting

At this stage also, the effects due to varieties and 
levels of fertilizers ware similar to that of the previous 
stage* However, the interaction effects were significant 
at this stage* A slight reduction in leaf area Index was 
observed for the varieties and at level*



64Table 3 (a)

Leaf Area Index (60 day* after planting)
'

L1 L2 h3 *4 **5 Mean

V1 1.166 1.176 1.370 1*580 1*470 1.352

v a 1.280 1.296 1.480 1*690 1.530 1.455

v3 1*213 1.253 1.490 1*523 1.590 1.414
Mean 1*220 1.242 1.446 1.597 1.530

C.D. at 0*03 level for comparing varieties * 0.0071
C.D. at 0*05 level for comparing fertilizer levels* 0.0092
C.D. at 0*05 level for comparing interaction * 0.0160

- Table 3 (b>
Leaf Area Index (120 days after planting)

L1 l 2 4 V Mesa.

vi 1.736 1.800 2*023 2*033 2.026 1*944
v 2 1*943 1.953 2*030 2*130 2.126 2.056
v 3 1*666 1.686 2*003 2*066 2.090 1.906
Mean 1*805 1.813 2.035 2.110 2.031

c *D* at 0*05 level for comparing varieties » 0.0618
C.D. at 0*05 level for coeparlng fertilizer levels* 0.0798
s.s. for Interaction effects * 0.0477
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Table 3 (c)
Leaf Area Index (ISO day* after planting)

h L2 L3 *♦ LS Mean

V1 1*896 1*923 2*083 2*186 2.173 2.052
V3 2*113 2*120 2.226 2.246 2.236 2*188
V3 1.733 1.790 2*090 2.156 2*183 2*000

Mean 1.931 1.944 2.133 2.196 2.197

C.D, at 0*05 level for comparing varieties * 0.0385
C.D* at 0.05 level for comparing fertilizer levels * 0.0497
C.D. at 0.05 level for comparing interaction « 0*0660



4*2.Yield attributes gg

4.2.1.Total number of roots
Total number of roots produced was counted at 

harvest* The mean values are presented In Table 4 and the 
analysis of variance in Appendix III.

The varieties differed significantly In the total 
number of roots* Sree Sahya produced the highest number 
of roots per plant*

The different fertiliser levels also imparted 
significant effect on the total number of roots* The 
level Zi£ produced the lowest number and fcg the highest 
number*

The interaction effects were also significant* 
vl**l P*°duced the lowest number and V^Lg the highest* For 
the variety V2# and L^ and also Lg and were on par* 
For the variety V2, Ir3# and Lg were on par* For 
and l*2 t ^  and and and and Lg were on par*

4*2*2*Total number of productive roots

The total number of productive roots were counted 
end analysed* The mean values are presented in Table 5 
and the analysis of variance in Appendix III*
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Total number of roots per plant
Table 4

H L2 **3 *4 L5 Mean

V1 12.00 13.33 17.00 17.66 19.00 15.80

v2 13.00 14.66 13.33 19.00 19.33 16.86
v3 15.66 16.33 17.66 19.00 20.00 17.73

Mean 13.55 14.77 17.66 18.55 19.44

C.d. at 0.05 level for comparing varieties m 0.6445
C.d . at 0*05 level for comparing fertilizer levels * 0.3320
C.D. at 0.05 level for comparing interaction ■ 1.4412



Total number of productive roots per plant

8 8
Table 5

h l»2 H *4 H Kean

V1 8*00 6*33 9.33 9*66 11.00 8.46

va 6.00 6.66 9.66 10.33 11.00 8.73
V3 5.33 6*00 6.00 8.00 9.33 6.93

ftean 5.77 6*33 3*33 9.33 10.44

C.D. at 0.05 level for comparing varieties ® 0.5715
C.D. at 0*05 level for comparing fertiliser levels * 0.7378
C.D. at 0*05 level for comparing interaction * 1*273



There was significant difference due to varieties* 
Varieties and were on par* Vg was significantly 
inferior to the other two varieties*

The effects due to different fertiliser levels 
were also significant* The level produced the lowest 
number of productive roots while the highest*

The interaction effects were also significant* 
v3^1 tb* low®3* number of productive roots and
VjLg and produced the highest* For the variety

and l» 2 and 1*3 and l*| were on par* For the variety 
1*2 and Lg and and l»g were on par and for
and 1*2 were on par*

4*2.3.Percentage of productive roots

The mean values are given in Table 6* The 
varieties differed significantly. gave the highest , 
percentage while V3 gave the lowest value. and were 
on par and were significantly superior to for this 
character.

The effects due to different fertilizer levels 
were also differed significantly. l»3 gave the highest 
value which was significantly superior to 1*2# and L^. 
The interaction effects were not significant*
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Table 6

Percentage of productive roots

*1 h2 L3 L 4 ^5 Mean

V1 50.68 47.60 55.02 54.79 56.08 53.23
V3 46.73 45.55 52.80 54.48 56.83 51.28
V3 34.02 36.76 33.98 41.99 46.58 38.66

Kean 43.31 43.30 47.27 50.42 53.33

C.D. at 0.05 level for comparing varieties. * 4*173
C.D* at 0*05 level for comparing fertilizer levels *> 5.394
s.E. for Interaction » 3.223
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The mean values on length of tuber are presented 
In Table 7 and the analysis of variance In Appendix III.

The varieties differed significantly in the length 
of tubers. The length of the tutor was high In 
(Sreo Sahya) and low In (Kaduthuruthv local).

The fertiliser levels also resulted In significant 
differences In length of tuber. L^ recorded the maximum 
length. But ^  ^3* and and were on par.

The Interaction effects were also significant.
For all the varieties maximum length was observed In 
level*

4. 2.S.Girth of tutor

The mean values are given In Table 8 and the 
analysis of variance in Appendix XIX.

There was significant difference In the girth of 
tubers due to varieties. Variety V2 produced tubers of 
maximum girth and the lowest.

Girth of tuber differed significantly due to 
fertiliser levels. The L5 treatment recorded the maximum 
girth while L^ the minimum and It was significantly inferior 
to all other levels. The levels and Lg, and Lg and L̂  
were on par.

i- 71
4.2.4.Length o£ tuber
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Table 7 
Length of tuber (cm)

L1 L2 L4 *5 Mean

vi 30.22 24.39 23.33 30.10 28.87 27.38
V2 25.24 23.40 22.48 21.73 24.40 23.45

V3 36.63 33.85 35.50 34.83 34.73 35.11

Mean 30.70 27.21 27.10 23.88 29.33

C.D. at 0.05 level for comparing varieties « 1.259
C.D. at 0.05 level for comparing fertilizer levels - 1.625
C.D. at 0.05 level for comparing interaction « 2.815



Table 8 

Girth of tuber (cm)

hl L2 L4 Mean

V1 11.44 12.56 12.72 12.97 13.58 12.65
V2 11.48 13.41 14.03 14.56 15.41 13.77
V3 9.97 10.27 10.27 11.02 11*32 10.57

Kean 10.96 12.06 12.34 12.86 13.43

C.D. at 0.05 level for comparing varieties » 0.4447
C.D. at 0*05 level for comparing fertilizer levels * 0.5741
C.D. at 0.05 level for comparing interaction ■ 0.9944



The effects due to interactions wore also 
significant* The treatment combination recorded 
the maximum girth while the minimum. For Lg,
Lg and L^ were on par. For Vg, Lg and L^ and for Vg,
Lg, Lg and L| were on par.

4.2.6.Utilization Index ,
The mean values of utilization index are presented 

In Table 9 and the analysis of variance in Appendix XZI.

The different varieties differed significantly.
(•»The variety V-j (Sjcee Sahya) exlbited highest utilization a a

index followed by Vg and V^.

Significant effects were also observed due to the 
different fertilizer levels. The highest utilization 
index was notice! with lowest level le. L^. There was a 
decrease in utilization Index to the Increase in the 
fertilizer levels.

The interaction effects were not significant.
4.2.7.Rind to flesh Ratio

The analysis of variance Is presented In the Appendix 
XXX and the mean values are given in Table 10.
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Table 9 
Utilisation index

- L1 4 L3 *4 *5 Mean

V1 1.983 1.838 1.726 1.590 1.586 1.744

V2 2.123 1.830 1.796 1.750 1.700 1.840
V3 2.193 2.160 1.736 1.890 1.876 1.971

Mean 2.100 1.942 1.7S3 1.743 1.721

C.D, at 0.05 level for comparing varieties * 0*0871
C.D* at 0.05 level for comparing fertilizer, levels * 0.1125
s .e . for comparing interaction * 0.0872
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Table 10 
Hind to f le*h ratio

hX *2 ** **4 L5 Mean

V1 0.2233 0.2267 0.2376 0.2200 0*2267 0.2266

V2 0.2433 0.2200 0.2100 0.2200 0.2467 0.2280
V3 0.2700 0.2733 0.2700 0*2733 0.2976 0*2766

Mean 0.2456 0.2400 0.2389 0.2378 0.2567

C.D . at 0.05 level for comparing varieties » 0*0132
s.s. for fertilizer level# » 0*0050
s . for interactions -> 0*0102
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Thera was significant difference due to varieties. 
V3 recorded tbs highest ratio which was significantly 
different from the other two varieties.

The different fertilizer levels did not sake any 
significant influence on this character*

The interaction effects were also not significant* 

4.2*8»Top yield
Table 11 shows the raaan values of the top yield and 

the Appendix XV furnishes the corresponding analysis of 
variance*

There was significant effect due to varieties • 
Variety VA (Thottakolli) produced highest top yield and 

(Sree Sahya) the lowest. *
The different fertilizer doses also imparted 

significant effect* The lowest top yield was observed 
in the level and highest in the Z*s level*

The interaction effects were also significant* The 
combination produced the lowest top yield and 
produced the highest top yield.

4*3.Tuber yield
The moan values on tuber yield are presented in 

Table 12 and the analysis of variance in Appendix IV.



78

Table 11 
Top yield (kg/plot)

*L *2 L3 *4 L5 Mean

V1 8.460 9.393 14.4S3 15.830 18.166 13.260

V2 7.576 10.003 14.673 15.206 15.863 12.664
V3 6.263 7.086 9.973 11.093 11.943 9.272

Mean 7.433 6.827 13.033 14.043 15.324

C.D. at 0.05 level for comparing varieties ** 0.1987
c.D. at 0.05 level for comparing fertiliser levels - 0.2566
C.D. at 0.05 level for comparing Interaction * 0.4445
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Tuber yield in kg/plot 
(The figure* in brackets show the tuber yield in tonnes/ha)

Table 12

*1 L2 L3 L4 L5 Mean

V1 16.320
(19.93)

17.294(20.50) 25.068(29.71) 25.279
(29.96)

28.863
(34.21)

22.666
(26.86)

V2 16.103(19.09) 13.354(21.75)
26.442(31.34) 26.661(31.60) 26.925(31.91)

22.897
(27.13)

V3 13.770
(16.32)

15.340
(18.16)

17.434(20.66)
21.007
(24.90) 22.624(26.81)

18.035(21.37)

Mean 15.564(13.45) 16.996(20.14) 22.981(27.24) 24.316(23.82) 26.139(30.93) ■

C.D. at 0.05 level for comparing varieties * 0.8614
(1.02)

C.D. at 0*05 level for comparing fertilizer levels - 1.112
(1.32)

C.D. at 0.05 level for comparing interaction © 1.926
(2.23)
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There was significant difference in yield due to 
the varieties. was significantly inferior to the 
other two varieties. But varieties V^ and were on 
par. Vg (Kaduthuruthv local) recorded the highest tuber 
yield.

The effects due to H P K combinations also differed 
significantly* The lowest tuber yield was observed in 
the LA level and highest in the Lg level.

The interaction effects were also significant. 
v3**l Produced the lowest tuber yield while produced 
the highest tuber yield. For the variety V^ (Thottakolli) 
Xi£ and Iig# and Lg and were on par. For the variety 
Vg, Lg, L^ and Lg were on par and for Vg, L^ and Lg were 
on par.

4.4.Quality attributes

4.4.1.Starch content of tubers at harvest

The mean values are presented in Table 13 and the 
analysis of variance in Appendix XV.

The varieties differed significantly in the starch 
content of tubers. The highest starch content was in Vg 
(Sree Sahya) which was on par with Vg (Kaduthuruthv local) 
and the lowest was in Vj (Thottakolli).
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Table 13
starch content of tuber at harvest (?a)

h 1»2 H h4 ^5 Mean

V1 21.73 21.83 23.34 25.06 25.57 23.50

*2 22*37 23.51 25.75 26.31 26.29 24.85

V3 22 .9S 24.42 25.75 25.52 27.31 25.39

Msan 22.36 23.25 24.95 25.96 26.39

C.B. at 0*05 level for comparing varieties * 0*9213
C.D. at 0.05 level for comparing fertilizer levels * 1.189
s.E.for interaction effects » 0.7113



The fertilizer levels also had significant effect 
on the starch content of tuber. The highest starch 
content was observed in the Lg level and lowest in L̂  
level. But Lg end Lg, and and L^ were on per.

The interaction effects were not significant* 

4.A.2.HCH content of tubers at harvest ( /ig/g)
The mean values ere presented in Table 14 and the 

analysis of variance in Appendix IV.
There was significant difference in the HC2J content 

due to varieties. The lowest HQJ content was in 
(TbottaKo3.il) and highest in Vg (Kaduthuruthv local).

The effects due to fertiliser levels were also 
significant. The lowest HCN content was in the Lg level 
and the highest in Lg 1®*®!*

+•

The effects due to interaction were also significant* 
VgLg combination recorded the lowest HCIJ content while 
VgLg highest.

4.4.3.Crude Protein content of tubers

The mean values are presented in Table IS and the 
analysis of variance in Appendix IV.

The varieties differed significantly in the crude 
protein content of tubers* The highest crude protein
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content was in V2 which was significantly superior to the 
other two varieties which were on par.

The effects due to fertiliser levels were also 
significant* The highest content of crude protein was in 
l*5 level and the lowest in level* However, and l»2 
were on par*

The interaction effects were also significant* The 
V2&£ combination had the lowest value and the 
highest* For Vi# and Z*2 were on par* For and
l«2# and Zt£ and l*& were on par and for also 1*̂ and 
were on par*

4 jjuaJU&
The mean scores obtained in the organoleptic test 

are given in Table 16.
Since the sensitivity in taste determination test 

is likely to be affected by increasing the number of 
samples, only three treatments (Three varieties) were 
tested for cooking quality*

It could be seen from the Table that the variety 
(Thottakolli) recorded the highest score followed by V2 
(Kaduthuruthv local).



HGf content of tuber (/xg/g) at harvest
Table 14

'
** L2 **3 *4 *5 Mean

vi 39.07 40.73 42.46 38.39 36.37 39.91
V2 41*14 42.25 42.60 42.27 39.71 41.59
V3 42.20 43.14 40.73 39*27 36.74 40.55

Mean 41.06 42.05 41.93 40.14 36.27

c.D* at 0.05 level far comparing varieties , c 0.9667
C.D. at 0.05 level for comparing fertilizer levels « 1.248
C.D. at 0.05 level for comparing interaction * 2.162
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Table 15
Crude protein content o£ tutors at harvest (%)

H
L " 2 \ .

L4 H Mean

V1 1.75 1.72 1.97 2.10 2.21 1.95
V2

!

1.64 1 .6S 2.20 2*27 2.27 2.01
V3 1.77 1.77 1.97 2.04 2*16 1.94

Mean 1.72 1.72 2.05 2,13 2.21

C.D. at 0*05 level for compering varieties « 0.0263
C.d * at 0*05 level for comparing fertiliser levels » 0*0339
C.D. at 0*05 level for comparing interaction * 0.0583

Table 16
Mean scores obtained in the organoleptic test of tapioca 

tutors (mean of five testa)
Varieties Kean score

Vx 2 .0

V2 1.0
V3 1.4



4. S.Dry Hatter Production 

4 *5 *1 .Leaf
Dry matter production of leaf was calculated at 

sixty days interval and the cog an values are presented) 
in Tables 17 (a) to 17 (c). The analysis of variance is 
presented in Appendix V.
Sixty, dayaafter planting

The mean values are presented in Table 17 (a).
The varieties differed significantly in the leaf dry 

matter production. The variety Vg (%ee Sahya) produced 
the highest leaf dry matter.

The fertiliser levels tried also resulted in 
significant differences in the leaf dry matter production. 
The highest leaf dry matter production was with Lg, but 
it was on par with L^. The lowest level of fertilizers 
resulted the lowest dry matter production at this stage.

The interactions were not significant.
i

One hundred and twenty davs after planting
The mean values are presented in Table 17 (b) and 

analysis of variance in Appendix V.
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At this stage also the varieties differed 
significantly* The variety (Kaduthuruthv local) 
produced the highest leaf dry aatfcer.

The different fertiliser levels also produced 
significant effect* But the level and were on par 
and all other levels differed significantly*

The Interactions were not significant*
One hundred and eighty davs after planting

The mean values are presented in Table 17 (c) and the 
analysis of variance in Appendix V.

There was significant effect due to varieties*
Variety V2 (Kaduthuruthv local) produced highest leaf dry 
matter at the harvest stage while and were on par 
and inferior to V2*

The different fertilizer levels also produced 
significant effect* Th© highest leaf dry matter production 
was observed with l«g level and lowest by the level*

The interaction effects were also significant. 
produced the lowest leaf dry matter while V^Lg produced 
the highest.

87



X

Leaf dry matter production <60 days) (g/plant)
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Table 17 (a)

L1 ^2 L4 *5 Mean

vl 35.916 38.083 44.166 44.533 46.000 41.750

V2 35*033 38.666 44.916 47.416 48.916 43.150

V3 39.566 40.500 45.833 47.333 49.333 44.513
Mean 37.105 39.083 44.972 46.444 48.083

C.D. at 0.05 level for comparing varieties - 1.373
C.D. at 0.05 level for comparing fertiliser levels » 1.773
$.£• for interaction * 1.061

Table 17 <b)
Leaf dry matter production (120 days) (g/plant)

H H 4 L4 *5 Mean

vi 63.733 70.666 74.300 76.566 78.666 73.786
va 71.100 71.966 78.166 80.850 32.117 76.840
V3 71.616 72.766 76.150 76.893 78.633 75.212
Mean 70.483 71.800 76.205 73.103 79.805

C.D. at 0*06 level for comparing varieties » 1*049
C.D. at 0.05 level for comparing fertilizer levels * 1.354
s.S* for Interaction » 0.8099
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6ea£ dry matter production {ISO days — Harvest) (g/plaot)
Table 17 (c)

H La **3 h 4 Mean

yJ 84*203 85.716 88.246 92.376 101.913 90.491
y2 85.036 86.956 92.140 94.096 105.283 92.702
V3 84.213 86.713 89.890 92.446 100.936 90*839

Mean 84.484 86.462 90.092 92.973 102.711

C.D. «t. 0.05 level £or comparing varieties » 0.3966
C.D. at 0*05 level for comparing fertiliser levels * 0.5120
C.D. at 0.05 level for comparing interaction « 0.0068



Dry matter production of stem at 60 days interval 
was calculated and presented in Tables 18 (a) to 18 (c) 
and the analysis of variance in Appendix V.
Sixty days after slanting

T*

The mean values are presented in Table 13 (a) and 
the analysis of variance in Append Ik V.

There was significant affect due to varieties. The 
variety recorded the max learn dry matter production 
which was significantly superior to V^. However, the 
varieties and V3# and were on par.

Different fertiliser levels also inparted significant 
effect on stem dry matter production, produced the 
lowest and the highest dry matter. But £>2 and l»3, 
and and £>̂ and were on par*

Interactions were not significant.
one hundred and twenty davs after Planting

Table 13 (b) presents the mean values of stem dry
thmatter production at the 120 day after planting and the 

analysis of variance in Appendix V.

90
4.5.2.Stem



Table 18 (a)
Cry matter production (stem) 60 days after planting(g/plant)

^  ”  I*3 hA b5 Mean

91

Vj 24,6X6 27.503 28.510 31.516 30*983 28.642
V2 24*750 29.667 33,900 36.600 41.000 33.183
V3 25.500 28.250 31.533 33.200 36.100 30.916
Haan 24.955 26.500 31.314 33.772 36.027

C.D. at 0.05 level for co»*parlng varieties * 3.213
C.o. at 0.05 level for a>Glaring fertilizer levels * 4.148
s.E. for interaction ■» 2.481

Table 18 (b)
Dry matter production (stem) 120 days aftar planting

(g/plmt)
h *2 L3 L4 L5 Mean

V1 95.400 56.036 100.466 101.416 104.466 99.567
V2 96.233 100.316 102.250 103.583 104.350 101.346
V3 95.950 97*750 102.233 103.850 106.050 101.166
Mean 95.861 98.051 101.650 102.950 104.955

C.D. at 0.05 level for comparing fertilizer levels * 2.230
S .E. for comparing varieties * 0.5967
S.E. for comparing interaction « 1.334
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Table 18 (c)
Dry matter production <atea) 180 days after planting * 

harvest (g/plant)

H L2 L3 h4 *5 Mean

V1
V2
V3

121.340 125.010 132.357 137.000 139.123 130.566 
123.297 126.246 139.287 141*993 148.680 135.900 
121.703 124.786 131.336 137.543 146*520 132.378

Mean 122.113 125.348 134.326 138.645 144*775

C.D* at 0.05 level for comparing varieties * 0*4511
C.D* at 0.05 level for comparing fertiliser levels - 0.5823
C.D. at 0.05 level for comparing interaction » 1.009



There was no significant effect due to varieties at 
this stage. However, V2 recorded the maximum followed by 
Vg and the minimum was recorded by V^.

There was significant effect due to the different 
fertilizer levels tried. The highest stem dry matter 
production was obtained at the L*. level. But and 
L3 and s,4. and L4 «KJ t.5 were on par.

Tho interaction effects were not significant.
One hundred and eighty days after planting

The mean values are presented in Table 18 (c) and 
analysis of variance in appendix V.

The varieties differed significantly in the stem dry 
matter production. Variety V2 (Kaduthuruthv local) 
produced the highest stem dry matter and (Thottakolli) 
the lowest.

The fertiliser levels tried also had significant 
effect on this character. The highest stem dry matter 
production was recorded at level.

The interactions were also significant. The 
combination of produced the lowest stem dry natter 
whereas produced the highest.

4.S.3.Root
Dry matter production of root was calculated at sixty

S3
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days interval and subjected to statistical analysis and the 
mean values are presented in Tab las 19 (a) to 19 (c) and 
analysis of variance in Appendix V*
Slxtydaya after planting

The mean values are presented in Table 19 (a) and the 
analysis of variance in Appendix V.

There vas no significant effect due to varieties.

The different fertilizer levels tried resulted in 
significant effects on the root dry matter production.
The level produced the highest root dry matter. But 
there was no significant difference between and 
Z«£ and and and X*g.

The interaction effects were not significant.
one hundred and twenty days after planting

The Table 19 (b) presents the mean values and the 
Appendix V the analysis of variance.

There vas significant difference in the root dry 
matter production due to varieties. The variety 
recorded the maximum and was superior to others. The 
varieties and were on par.

The fertilizer levels also had significant effect.
The l»£ level resulted in the highest root dry matter 
production.



Dry matter production (root) (at 60 daye after planting)
(g/plant)
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Table 19 (a)

L1 h2 ^3 **4 ^5 Mean

V1 9.393 10.973 13.623 14.170 14.790 12.590
v2 10.243 11.083 13.750 14.326 15.853 13.049
v3 9.553 13.290 12.436 12.753 13.590 11.934
Mean 9.730 11.7822 12.9533 13.4133 14.744

C.I>. at 0*05 level for comparing fertilizer level « 1.407
\

s.E. for comparing varieties « 0.3760
s.E. for comparing interaction « 0.8411

Table 19 (b)
Dry matter production (root) at 120 days after planting

(g/plant)
b j Z»2 1*̂  Mean

Vx 17a.136 184.876 193.450 206.203 209.250 194.383
V2 186.116 191.256 199.913 206.806 216.193 200.013
V3 185.16Q 189.563 196.603 202.570 205.386 195.856
wt^n m w u iw  w m —iaiB ww ----------p]—r~rt—r i—~^mainr t nmmm tri  ̂rr r n ^

Mean 183.137 188.565 196.655 203.120 210.276

C.D. at 0.05 level for comparing varieties « 3.275
C.D. at 0.05 level for comparing fertilizer levels <* 4.228
S.E. for comparing interaction * 2.528



Table 19 (c)
Dry matter production (root) at 180 days after planting

harvest (g/plant)
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1*̂ I*3 Moan

VA 354*460 359*566 457*416 461*916 475*046 421*681
V2 352*926 360*130 466.913 486.636 492.670 431.865
V3 249.203 256.410 323.046 431.466 446.513 341.728

Mean - 318.363 325.385 415.792 460.006 472.076

C.D. at 0.05 level for comparing varieties “ 2.910
C.D. at 0.05 level for comparing fertilizer levels * 3.757
C.D. at 0.05 level for comparing interaction * 6.508
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The interaction affects were not significant. 
one hundred and eighty days after planting

The mean values are presented in Table 19 (c) and 
analysis of variance in Appendix V.

The varieties differed significantly in the root 
dry matter production. The variety V2 produced the 
highest root dry matter and Vg the lowest.

The different fertilizer levels also produced 
significant effect. The level Lg produced highest root 
dry matter and l»j_ the lowest.

The interactions were also significant. The 
combination produced the lowest root dry matter while 
V^Lg the highest.

4.6.Dry matter production (tuber) at harvest
jt

Tim me an values on dry matter production of tuber 
are given in Table 20 and the analysis of variance in 
Appendix VI.

The varieties differed significantly in the tuber dry 
matter production. The lowest tuber dry matter production 
was in V3 (Sree Satiya) which was significantly inferior to 
the other varieties. The highest dry matter production was 
in V2 (Kaduthuruthv local) which was significantly superior 
to VX.



The effects due to the five fertilizer levels tried 
v;ere also significant. Tbs highest dry matter production 
was in the level and the lowest in level.

The interaction effects were also significant. The 
combination recorded the lowest tuber dry matter
production while the highest.

4 .9 .Drv m atter production (too) a t  h a rv est

The mean values are presented In Table 21 and the 
analysis of variance In Appendix VI.

The three varieties were significantly different in 
the top dry matter production, the lowest being in and 
the highest in V^.

The fertilizer levels tried also had significant 
effect. The lowest value was recorded in L>̂ level and the 
highest In level.

The Interaction effects were significant. The highest 
top dry matter production was in combination and the 
lowest In V̂ tî  combination.
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Table 20
Dry matter production (tuber) kg/ha at harvest

Li i*a l3 L4 L5 Mean

Vg 6301.00 6392.00 3132.00 8211.33 0444.66 7496.20
V2 6273.66 6402.66 8300.33 6650.66 8756.66 7677.20
V3 4475.33 4557.66 5742.66 7670.00 7973.00 6083.73

Mean 5683.33 5784.11 7391.66 ©177.33 8392.11

99

C.D. at 0.05 level for comparing varieties n 55.016
C.D. at 0.05 level for comparing fertilizer levels * 71.027
C.D. at 0.05 level for comparing interaction ■ 123.023



100

Table 21
Dry matter production (top) kg/ha at harvest

fci H L3 L4 ** Mean

V1 3653.66 3745.66 3921.33 4075*66 4284.33 3936.13
V2 3703.00 3790.00 4113.00 4197.66 4515.66 4063.86
V3 3660.66 3757.00 3932.33 4088.33 4398.00 3967.26

Mean 3672.44 3764.22 3988.68 4120.55 4399.33

C.D. at 0.05 level for comparing varieties * 10.300
C.D. at 0.05 level for comparing fertilizer levels « 13.298
C.D. at 0.05 level for comparing interaction * 23.032



4 .7 . P lan t A n a ly sis

4 .7 .1  .N itrogen  con ten t a t  h arvest

(a) Deaf
The mean values are presented in Table 22 (a) and 

analysis of variance in Appendix VXX.
The varieties differed significantly in the nitrogen 

content of leaf. Highest nitrogen content in leaf was 
observed in variety Vg (Thottakolli) and the lowest in Vg 
(Kaduthuruthv local).

The fertiliser levels also resulted in significant 
differences in the nitrogen content. The highest content 
was in Lg and the lowest in Lg level*

Eventhough the interaction effects were significant, 
for the variety Vg, Lg and Lg, and Lg and L>4 were on par 
and for Vg, Lg and X*4 were on par*
(b) stem

Table 22 (b) presents the mean values and Appendix 
VII the analysis of variance.

There was significant difference in the nitrogen 
content of stem duo to varieties. The variety Vg recorded
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the highest values which were significantly superior to 
VA ana V2 ana the latter two were on par*

The effects due to different fertiliser levels were 
also significantly different* The lowest N content was 
observed in i*̂ level and the highest in Lg level*

The interaction effects were also significant* for 
the variety v2 and V^# and L^# Lg and ware on par.
The combination Vgl*g recorded the highest R content in the 
stem.

(c) Tuber
The mean values are presented In Table 22 <c) and the 

analysis of variance in Appendix VII.

Varieties differed significantly in the nitrogen 
content of tuber* Varieties and Vg were on par while 
Vg recorded tha highest nitrogen content in tuber*

The five fertiliser levels also got significant effects 
on Idle nitrogen content of tuber* While and Lg were on 
par# the highest nitrogen content was observed in kg.

The interactions were also significant* For the 
all the varieties bj and were on par*

fa'l
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Table 22 (a)

Nitrogen content 1%) of leaf at harvest
&1 L2 H L4 Mean

V1 3.506 3*506 3.863 3.860 3.036 3*714
V2 3*420 3.453 3.623 3*623 3*673 3.5S8
V3 3*613 3*633 3*696 3.736 3.753 3.606
m m  3.513 3. S31 3.727 3*740 3*754

C*D. at 0*05 level for comparing varieties a 0.00848
c.D. at 0*05 level for comparing fertiliser levels ** 0*0109
C.D. at 0*05 level for comparing Interaction « 0*0189

Table 22 (b)
Nitrogen content of stem at harvest (%)

H **2 *3 *4 In
, s Mean

vi 0*506 0-520 0.526 0.556 0*563 0.534
W2 Q.516 0*513 0*533 0.553 0*556 0.534
V3 0*563 0.570 0*583 0.580 0*593 0.578
Sean 0*528 0.534 0.547 0.563 0*571

C.D. at 0*05 level for comparing varieties = 0.00434
C.D. at 0*05 level for comparing fertiliser levels « 0.00560
C«D» at 0*05 level for comparing interaction « 0.00970
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Uitroyan content of tuber at harvest <%}
Table 22 (c)

V h2 H *4 H Mean

V1 0.280 0.276 0.316 0.336 0.353 0.312

V2 0.283 0.270 0.353 0.363 0.363 0.322
V3 0.283 0.2S3 0.316 0.326 0.346 0.311

Haan 0.275 0.276 0.320 0*342 0.354

C.D. at 0*05 level for aunparing varieties » 0.00414
C.D. at 0*05 level for comparing fertilizer levels “ 0.0054
C.d . at 0.05 level for comparing Interaction « 0.00928



4.7.2 .Phosphorus content at harvest: A U U
(a) Leaf

The mean values are presented in Table 23 (a) and 
the analysis o£ variance in Appendix VII.

There -was significant difference in the phosphorus 
content o£ leaf due to varieties. Variety (dree dahya) 
recorded the highest phosphorus content and 
(Thofctaka111) the lowest.

The five fertiliser levels tried also had 
significant effects in the phosphorus content of leaf.
The li£ level recorded the maximum values, but ’was on par 
with .

The interaction effects were also significant. The 
lowest phosphorus content vras in the VT o. combination and 
the highest in ^3^  combination. For the variety V^, L.̂, 

and L~ were on per. For V̂ , and wore on par.
For the variety V^, the different levels did not result in 
any significant difference.
(b) Stem

The mean values are presented in Table 23 (b) and the 
analysis of variance in Appendix VI2.
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Table 23 (a)

Phosphorus content. of leaves at harvest (%)

h. h2 H >4 Ir-5 Mean

wx 0.396 0.416 0.453 0.453 0.460 0.436
V2 0.446 0.460 0.446 0.470 0.433 0.461

V3 0.486 0.480 0.490 0.496 0.493 0.489
Mean 0.443 0.452 0.463 0.473 0.478

C-O. at 0,05 level for comparing varieties = 0.0D71
C.D. at 0.05 level for comparing fertiliser levels « 0*0092
C.D. at 0.05 level for, comparing interaction » 0.0159

Table 23 Cb)
Phasphorus content of stem at harvest (%)

*1 L2 L3 LS Mean

vi 0.210 0.213 0.223 0.223 0.240 0.222
V2 0.230 0.240 0*246 0.253 0.266 0.247
V3 0.240 0.233 0.253 0.260 0.266 0.250
^aan 0.226 0.228 0.241 0.245 0.257

C.D. at 0.05 level for comparing varieties « 0.0046
C.D. at 0.0S level for comparing fertiliser levels = 0.0059
s.E. for comparing interaction = 0.00352
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Table

Phosphorus content ofi

23 (c) 
tuber at harvea
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L1 4 L3 L4 hs l-teart

11 
*

! 
> 0.Q90 0.083 0.103 0.106 o.cso 0.094

V Q. 116 0.123 0.123 0.120 0.130 0.122

V3 0.113 0.110 0.130 0.120 0.133 0.121

tfean Q.106 0.105 0.118 0.115 0.117

c.D. at 0.05 level for comparing varieties = 0.0059
C.D. at 0.05 level for comparing fertiliser levels <= 0.0075
C.D. at 0.05 level for comparing interaction = 0.0130
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The three varieties differed significantly 1° the 
phosphorus content of the stem* The lowest content was 
o&served in which was significantly inferior to the 
other varieties* The highest values were given by V^.

The different fertiliser levels also imparted 
significant difference in the phosphorus content event hough 

and £*2 * and and l*4 wore on par.
The interaction effects were not significant*

(c) Tuber

The mean values are presented in Table 23 (c) and tho 
analysis of variance in &ppcndix VX2.

There was significant difference in the phosphorus 
content of tubers due to varieties. Tho variety V2 
recorded the highest value* However* varieties V2  and 
were on par.

The different fertiliser levels also had significant 
effect on this character* Maxima P content was in 
However* and were on par* 3amc was tho case with L̂ * 
I»4 and hs-

Th© interaction effects were also significant* Tho 
lowest phosphorus content was observed in the while
the highest in combination. For the variety v^,
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and 1*2 and were on par- For the variety ^*2' ^3

and were on par* For the variety and and
and were also on par*

4-7.3* Potassiuna content at harvest 
(a) Leag.

The mean values are presented In Table 24 (a) and the 
analysis of variance in Appendix VII.

The varieties did not differ significantly in the 
potassium content.

But t!ie fertiliser levels tried resulted in significant 
effects- The higher two levels recorded higher K content
in the leaves which were on par* The levels L  ̂ and L0 were
also on par. The highest potassium content was observed in 
the Lg level.

The interactions were also significant. The combina­
tion Vtkg recorded the highest K content while the
lowest -

(h) Stem

The mean values are presented in Tabic 24 (b ) and the 
analysis of variance in Appendix VII.

109



The vari.Qfci.es differed significantly in the potassium 
content o£ the 3tern. The highest was la and the lowest
in Vft *

The five fertiliser levels triod also gave significant 
effects on K. content of stem. The highest K content was 
recorded in the level and lowest in level.

The interaction effects were also significant. The 
combination recorded the lowest K content while
recorded the highest.

(c) Tuber
The mean values are presented in Table 24 (c) and the 

analysis of variance in Appendix VII.

The three varieties differed significantly in the 
potassium content of tuber, the lowest in &nd highest 
in *

The five fertiliser levels also resulted in
significant effects. Tho lowest content of K was in and
the highest in 1»5 level.

The interaction effects were also significant. The 
combination recorded tho lowest and V-̂ bj. the highest.
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Potassium con ter. t of loaf at harvest (r-)

111
Table 24 (a)

h ^2 h3
Zj l _4 5 r^ean

V1 0.800 0.633 0.900 1.233 1.333 1.020

v 2 0.860 0.303 0.936 1.233 1.300 1.058

1 <
 

I to i

0.930 0.933 1.033 1.166 1.200 1.052
J4ean 0.803 0.690 0.976 1.211 1.277

C *D. at 0.05 level f o r  co m p a rin g f e r t i l i s e r  levels = 0.0596
C.D . at 0.05 level for comparing interaction = 0.1032

for■ varieties <= 0.0356

Table 24 (b)
Potassium content of stern at harvest C$)

X»1 L. 2 3̂ 4̂ ^5

V1 0.513 0.516 0.596 0.596 0.616 0.568
V2 0.450 0.466 0.510 0.523 0.540 0.490
V3 0.516 0.516 0.543 0.556 0.560 O.530
Ksan 0.433 0.500 0.550 0.550 0.572

C.D. at 0.05 level for comparing varieties *= Q.QOSD
C.D. at 0.05 level for comparing fertilizer levels *= 0.0039
C.D. at 0.05 level for comparing interaction = 0.0153



1 1 2

Potassium content of tuber at harvest {%)

Table 24 (a)

a

L2 L3 I * . *5 £teao

V1 0.083 0.683 Q.713 0.743 0.753 0;715

V2 0.593 0.596 0.663 0.703 0.730 0.657

V3 0.580 0.596 0*640 0.733 0.750 0.660
^ *» 1T» *-,» ■!>*■!>■

i’-jean o.oia 0.625 0.672 0.728 0.744
>»>■■! W *»l* IjPI 1

C.D. at 0.05 level for comparing varieties =» 0.0104
C.D* at 0.05 level for comparing fertiliser levels a 0.0135
C.D. at 0.05 level for comparing interaction * 0.0233



4.6.Uotake studies 

4>6.1 .nitrogen uotdca

The nitrogen uptakes at sixty days intervals were 
studied artd the data were statistically analysed. The 
mean values are given in Tables 25 (a) to 25 (c) and 
analysis o£ variance in Appendix VIII.

uptake at sixty days after planting

The mean values are presented in Table 25 Ca) and 
the analysis of variance in Appendix VI12.

The varieties differed significantly. Variety 
recorded tho highest nitrogen uptake at this stags which 
was significantly superior to other varieties. recorded 
the lowest uptake value at this stage.

The different levels of M P K combination tried also
had significant effects on tho uptake of nitrogen. The
highest K uptake was by level and the lowest by T^.

The interaction effects were not significant.

Uptake at one hundred and twenty days after planting

The mean values are presented in Table 25 (a) and 
analysis of variance in Appendix VIII.

There was significant effect due to the varieties.
The varieties and were on par and significantly 
superior to v^.

113
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Table 25 (a)
Uptake o£ Ni.tr0.3en - 60 days after planting (kg/ha)

Ln L„ L. -6c- s-/5an"2 “3 “4 "’5

vi
V2
V3
Kean

25.65 27.36 32.07 32.46 34.24 30.35
25.66 27.89 33.03 35.58 37.13 31.86
28.56 29.78 33.92 35.31 37.53 33.02

26.62 28.34 33.00
i* 1 ■ ■ m • *»*>
34.45 36.30 “

C.D* at 0*05 level for comparing varieties - 0.9489
C.D. at 0*05 level for comparing fertiliser levels = 1.225
s.D. for interaction « 0.7326

Table £5 (h)
Uptake of Nitrogen - 120 days after planting (kg/ha)

L 1 h L3
L . 4

-n iiM iin n  1 1*
He a n

VI 61.06 63.02 67.07 72.07 75.63 67.77

V2 62.34 63.99 72.67 75.84 77.62 70.42

V3 64.81 66.74 71.49 73.28 76.15 70.49

Mean 62 .74 64.58 70.41
n W W r n i f  w

73.73
1 ri —  —  n»

76.47

C.D. at 0.05 level for comparing varieties = 1.128
C.D. at 0.05 level for comparing fertiliser levels « 1.456
C.D. at 0.0S levol for comparing interaction = 2.522
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Table 25 (e)
Uptafte of OAtrogen - 280 days after planting (at harvest)

(kg/ha)

“hf. Tj-j ti. la™ i-iSSii1 2  3 4 5

VA 82*15 82.67 90.73 205.08 113.27 96.28
V2 79*60 82.18 101.87 105.00 115.29 96.99
V 78.81 81.55 90.87 100.63 110.42 92.45
3

Kean 79.85 82.13 97.16 103.91 112.99

CJD. at 0.05 level for comparing varieties « 0.4727
C.D. at 0*05 level for comparing fertiliser levels =j 0.6203
C.D. at 0.05 level for comparing interaction = 1.057
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The different fertiliser levels also had significant 
effects on tlie uptake of nitrogen. The highest uptake was 
recorded in the L- level end lowest in level.

The interaction effects were also significant, 
recorded the lowest value and V,,L-. tha highest. For the 
variety and V^* and ware on par and for and
I>2# and and 1^ were on par.

Uptake at: one hundred and eighty days a£t~r planting

The mean values are presented in Toole 25 (c) and 
the analysis of variance in Appendix VIII.

There was sigxiifleant difference due to the varieties. 
V2 recorded the highest uptake closely followed by V^.

The different levels of fertilisers tried also had 
significant effects. The highest uptake wan recorded by 
U~ level and the lowest by

The interaction effects vrere also significant. '̂ 2̂ 5 
recorded the highest value and the lowest.

4.6.2.Uptake of Phos;jtioru3

The uptake of phosphorus was studied at sixty days 
interval and the data were statistically analysed. The 
mean values are presented in Tables 26 (a) to 26 (c) and 
the analysis of variance in Appendix VIII.



The mean values are presented in Table 26 (a) ana 
the analysis of variance in Appendix v m .

There was significant difference due to the varieties. 
Variety (dree dahya) recorded tho highest uptake at this
stage and the lowest.

The fertilizer levels also differed significantly.
The highest uptake was observed with the level and the 
lowest with

The interaction effects were not significant.

Uptake at one hundred and twenty days after planting

The mean value3 are presented in Table 26(b) and tho 
analysis of variance in Appendix VII2.

Tho varieties differed significantly. At this stage 
also the highest uptake was noticed in (dree Sahya)
closely followed by V,, (Kaciuthuruthy local) and the lowest
value3 ware recorded by (Thottakolli).

Among tho different level3 of fertilisers tried.* 5
recorded maximum uptake which was significantly different 
from other levels.

117
Uptake at sixty days after planting
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Table 25 4a)

Uptake of phosphorus - 60 days after planting (kg/ha)

H h 2 1 3
im  fiiwNn mm mi

^ 4
«WHT>»W H* .!■» te

i #5 K e a n

V 1 3 . 7 6 4 . 2 2 5 . 1 2 5 . 3 3 5 . 5 8 4 . 8 0

V 2 4 . 2 0 4 .  GO 5 . 5 6 5 . 9 9 6 . 5 7 5 . 4 2

V 3 4 . 7 9 5 . 0 0 5 . 9 4 6 - 3 4 6 . 7 8 5 . 7 ?

4 . 2 5 4 . 6 7 5 . 5 4
naptimm

5 . 8 3 6  .  3 1
.  «  -

C.D* at Q.QS level for comparing varieties » Q.IQ7S
c .d . at 0.05 level for comparing fertiliser levels = 0.2421
6.£. for interaction ~ 0.1448

Table 26 <fe)
Uptake of phosphorus - 120 days after planting (kg/ha)

L1 L2 1*3 L4 Lc5 Kean

V1 11.58 11.83 14.13 14.71 15.39 13.53

V2 13.51 14-30 IS.34 15.92 17.03 A 5 * 24

V3 14.35 14.27 16.00 16.83 17.35 15*76
ffean 13.14 13.49 15.16 15.32 16.59

C.D. at 0.05 level for comparing varieties « 0.2762
C.D. at 0.05 level for co&parlng fertiliser levels « 0.3567
C.d . at 0.05 level for canparing interaction = 0.6178
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Uptake or piioootorus - 180 days after planting {harvest)
<kg/ha)

Table 26 (c)

n m i i n r r w r n m o n v u a i n  »■. >M«M ■ II-"-Ilf II H *««£. A  «■«* M .

L 1 L2 L3 h,4 t>
Fean

 ̂
i 1 1 1 » 1 1

16.12 16.40 20.76 21.62 21.86 19.35

V2 19.09 19*53 23.65 24.62 27.47 22.87

V3 17.48 17.56 21.19 23.71 26.41 21.27

I-Sean 17.56 17.03 21.06 23.32 25.24

C.D. at 0.05 level for comparing varieties = 0.5021
c .d . at 0.05 level for comparing fertilizer levels = 0.6482
C.D. at 0.05 level for comparing interaction =3 1.123



Tii© Interaction effects were also significant. For 
the variety V^, and l»2 , and and were on par. For
the variety V-,, and h were on par arid for the variety
V^, I»jl and H<2 were on par.

uptake at one hundred and eighty days after planting

Tiis nsean values are presentee In Table 26 tc) and the 
analysis of variance in Appendix VIII.

The three varieties differed significantly. Variety 
(Kaduthuruthy local) reearded the highest uptake of 

phosphorus and the lowest-

The different fertiliser levels tried also had 
significant effects eventhough the levels and were on
par.

The interaction effects were also significant. Tbs 
lowest uptake was observed in and th© highest in v2L£,
For the variety and h.̂ t and and L- were on par.
For V2# and aî d and were on par while for V^ ,

and L2 were on par.

4.6.3.Uptake of Potassium

The uptake of potassium was studied at sixty days 
interval and the data were statistically analysed.

1 2 0
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The fiseao values are presented in Tables 21 (a) to 27 (c)
and the analysis of variance in Appendix VIII*

UDfcake at sixty dsva after plantingu n a m iil  P MT1 |||JK-

There was significant difference In the uptake of K 
due to varieties* recorded the highest uptake followed
by V3 and it was significantly superior to V^.

The different fertiliser levels tried also resulted 
in significant differences in the uptake of K. The highest 
uptake was observed with kg level and the lowest with LA
level.

The interaction effects were not significant.
Uptake at ona hundred and twenty days after planting

The svean values are presented in Table 27 Sb) and 
the analysis of variance in Appendix VIII.

There was no significant difference among the 
varieties in the uptake of potassium at this stage.

The effects due to the fertiliser levels were 
significant. The highest uptake was observed with L~ 
level and lowest with level.

The interaction effects were also significant. VV--̂  
recorded tho lowest uptake while recorded the highest



1 2 2
Table 27 (a)

Uptake of potassium - 60 days after planting (kg/ha)

hl L2 L-,3 La. Lp 4 5 ttcan

V1 14.32 •inr*i 19.43 21.52 23-27 18.90
Vo 14.65 16.61 21.01 24.32 26.71 20.70
V3 16 .36 17.35 20.87 22.44 25.91 20.56
S-Sean 15.11 16.70 20.44 22.76 25.29

C.D. at 0.05 level for comparing varieties = 0.7402
C.D. at 0.05 level for comparing fertiliser levels » 0.9557
3.8. for interaction = 0.5715

Table 27 <b)
Uptake of potassium — 120 days after planting (kg/ba)

L2 b3 LI  ~ ~

it
"5 Kean

V1 41.01 42.43 47.90 55.02 53.71 49.01

V2 39-10 41.47 48.38 54.57 53.84 40.47

V3 40.85 42.95 47.62 53.69 56.23 48.27

tie an 40.32 42.28 47.96 54.43 57-92

C.D. at 0.05 level for comparing fertiliser levels => 0.9199
C.D. at 0.05 level for comparing interaction = 1.593
£.£. for varieties = 0.2461
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Uptake o£ potassium - 160 cays after planting (harvest J
v

(kg/ha)

Table 27 (c)

**1 h2 L4 Mean

V1 66.09 6 7.33 36.15 95. GO 103.02 03.70

V2 60.15 62 .62 63.93 94.60 102.54 60.78

V3 50.77 52.94 67.43 69.02 95.89 71.21

T-tean 59.00 61.13 79.17 93.17 100.48

C.D. at 0.05 level for comparing varieties *= 1.526
C.D, at G.05 level for comparing fertiliser levels = 1.971
C.D, at 0.05 level for comparing interaction = 3.413
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The mean values were presented in Toole 27 (c) and 
the analysis o£ variance In Appendix VIII.

There was significant difference in thj uptake of 
potassium at harvest due to varieties. Variety 
(Thottakollij recorded highest uptake and (dree Sahya) 
the lowest.

The effects due to fertilizer levels differed 
signlfleantly, the lowest baling in and the highest in

Uptake at one hundred and eighty clays after planting

The interaction effects ware also significant, '̂3^  
giving tho lowest and V-jLj. the highest. In oil the three 
varieties and levels were on par.

4*7.Economics of cultivation 

.7.1.Coot Benefit ratio

Cost benefit ratio was worked out for the three 
varieties and for the different combinations. The data 
are presented in Table 28 (a) and 20 (b).

The highest ratio was observed V7ith Kaduthuruthv local 
(1.37) closely followed by Thottakolli (1.35) and the lowest 
with Sree Oahya (1.03).
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Regarding the varlety-fertiliser combIna t iunc, the 
highest ratio o£ 1.60 v;as recorded by Thottakalil at 
50s 50s 100 Jccj Ms^2^5: ̂ d/ha level followed by Kadu t liuruthy. 
local (I.S3) at 50s5Os 100. v:hen the latter variety was 
grown at 50:50:75 nutrient level fcioc ratio was 1.57 and 
at 50s50s50 it was 1.56. 2t can bo thus concluded that 
That taka H i  can be economically grown in the uplands of 
ftuttanati at 50s50:100 kg MsP^O^: rt̂ G/ha and Kaouthuruthy 
local at 50:50:50 kg
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Table 23 (a)

Hconomics of fertiliser application. Cost benefit ratio 
for variety - fertiliser combinations.

Si
NO* N P K . ments Cost of cultiv­ation iVha

Yield
t/ha

Value
oftuber
F̂ i/ha

Profit
(to) Costbenefit

ratio

1 (30:30:30) 9714 19.93 9965 251 1.02
2 V 2 (30:30:45) 9748 20.50 10250 502 1.05
3 V 3 (50:50:50) 9985 29.71 14855 4070 1.43
4 V . (50:50:75) 10040 29.96 14980 4940 1.49
5 V s (50:50:100) 10095 34.21 17105 7010 1.69
6 V i (30:30:30) 9714 19.09 9545 - 169 0.98
7 V 2 (30:30:45) 9748 21.75 10875 1127 1 . 1 2

8 V s (50:50:50) 9985 31.34 15670 5685 1.56
9 V « (50:50:75) 10040 31.60 15800 5760 1.57

1 0 V s (50:ED:100) 10095 31.91 15955 5860 1.58
1 1 V i (30:30:30) 9714 16.32 8160 -1554 0.84
12 V z (30:30:45) 9748 18.18 9090 - 658 0.93
13 V 3 (50:50:50) 9985 20.66 10330 345 2.03
14 V < (50:50:75) 10040 24.90 12450 2410 1.24
15 V s (50:50:100) 10095 26.81 13405 3310 1.33

Cost of nitrogen - to. 5.25/kg
Cost of Phosphorus - to. 6.07/kg
Cost of Potash - to. 2.21/kg
Value of raw tuber - to. 500/t
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Table 28 (b)

Economics of fertiliser application. Cost benefit ratio
for the varieties.

Coat of 
cultiva­
tion

Mean
yield
t/ha

mirjm m m Up # hi ■ «i
Value of
tubersto./na

Profit
(&}

Cost
beac'f,
tatio

V1 9916.40 26.86 13430 3513.60 1.35

V2 9916.40 27.13 13565 3648.60 1.37
V3 9916.40 21.37 10685 768.60 1.08
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5. DISCUSSION
128

The results of the investigation on the N P K 
combinations on short (Juration tapioca varieties grown in 
the uplands of Kuttanad ar*- discussed below.

5*1.Growth characters

The results showed that plant height was significantly 
different among the three varieties of tapioca grown at all 
the three stages of observation. $ree Oahya produced the 
tallest plants follovred by Kaduthuruthy local and the 
shortest height was observed in Thottakolli. TSiis 
conspicous difference In plant height would ba attributed 
to their varietal character* It was noted that tho uptake 
of ti was maximum in Sree Sahya at tho early stages 
(Table 25 a & b) and the increased quantity of N taken 
during those periods might have been utilised for the 
rapid growth resulting in increased plant height at 
these stages.

Significant differences in plant height were 
observed due to different fertility levels also and the
tallest plant height was noticed under the highest level 
of fertiliser combination namely 50:S3:100. The influence
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g£ major nutrients especially nitrogen in increasing the

and Filial and George (1978 a?.

«2 .itobor oS leaves per plant

it was found that there was significant difference 
In the number of leaves produced by the different

maximum number of leaves where a© at the later stages

tapioca as tuberisation and tuber development occur during 
this period. The lower number of leaves observed curing 
the later stages in Sree Sahya would have been responsible 
for the low tuber yield in this variety as is evident 
from the yield data (Table 12).

hs in the esse of plant height leaf production was 
also increased uue to higher fertility level* The 
influence of major nutrients In increasing tbs vegetative 
part© Including leaves has been reported by several

plant height is well known. Similar increases in plant 
height due to higher levels of nutrients hove been 
reported in tapioca by several workers like 
Vandal at ai. (19755, Watarajan (IS75), Kgongl (i976)

varietle



workers like %ongi (1976), Pushpsdas and AXyer (1976), 
Hamaswamy and thukrishnan (1980) and Holmes and 
Wilson (1982)-

5-1.3.heafi Area Index (LAI)

There was significant; difference in the baaf area 
index due to different varieties of tapioca at all the 
stages of growth, beaf area index, being the total leaf 
area by land area, would be influenced by the difference 
in the number of leaves present in the plant* It has to 
be noted that number of leaves was maximum in Kaduthuruthy 
local at the second and third observations which in turn 
might have contributed for an increased leaf area inde<
In this variety.

The levels of nutrition also showed significant 
difference in the leaf area index- There was an 
increasing trend up to £-u level (50250;75) in all the 
stages and the effects of L, and lî (SOiSOslOQ) were on 
par. The importance of nutrition as a factor in 
influencing leaf area index has been reported in many 
crops toy different workers. Kussei (1973) reported that 
as the nitrogen supply increased the extra protein produced 
stimulated the plant leaves to grow larger and henca to

130
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have a larger surface area available for photosynthesis»
In this case ft, p and K would have caused such an increase 
in the leaf area index# The results obtained in the 
present investigation are in conformation. with the 
findings of ftgongi (1976), Pillai and George (1976 b) and 
hsokan at al. (1980).

S«2.Yield attributes

2,Z.Total number of roots

Among the three varieties Sree Sahya produced 
maximum number of roots per plant which was significantly 
superior to other varieties• The lowest number was 
recorded by the variety Thottakoili. If is probable that 
different varieties behave differently in the production 
of roots.

Increased fertility levels progressively increased 
the total number of roots per plant. Increasing the 
amounts of the different nutrient elements upto certain 
level© might have influenced the plant to produce more 
number of roots per plant in them.

2.2.Humber of productive roots

Significant differences were observed among the 
different varieties on the production of productive roots



132

In the plant- Thattakolll and Kaduthuruthy local wore on 
par In this character while Sreo Sahya registered a 
significantly louer value. It is thus seen that the 
different varieties behaved differently.

Increasing the fertility levels progressively 
increased the number o£ productive roots in the plant.
The lowest level produced the lowest number of productive 
roots and the highest level of nutrition produced the 
highest nutiber- In tapioca productive roots (tuber) is 
considered as an Important yield component. Gropa such 
as tubers which are grown for carbohydrates show a higher 
rate of photosynthesis consequent on increased leaf area 
obtained by higher levels of nutrition (Kussel, 1973K 
Such increases in leaf area have been observed in the 
present investigation also (Tables 3 a to 3 c). This 
might have lead to the production of largo number of 
productive roots In plants supplied with Increasing levels 
of nutrition. Several investigators ilka Puohpstfus and 
Aiyer (1969), Natarajan (1975) and ffohankumar and 
Mondal (1977) observed, such results earlier-



« 3. Per centaacs of productive rcot3

Prom the results it was seen that the varieties 
differed significantly in this character. The percentage 
of productive roots was highest in Thgttakolll while 
Sreo Sanya gave the lowest value. Though the total root 
production was maximum in Sree dahya it was unable to 
convert a largo number of unproductive roots to productive 
roots where as in the other cases higher percentage of 
total roots were converted to productive roots.

Different nutritional levels also caused significant 
differences in the percentage of productive roots. Whan 
sufficient amounts of nutrient elements are available in 
the soil, a good number of roots would Joe converted into 
storage roots.

1*4. Length of tuber

The length of tuber was high in 3ree Sahya and low in 
Kadufchurufchy local. The length of tuber is more influenced 
by variety rather than the environiftental situations.

The fertiliser levels also influenced tlie length of 
tuber significantly. It is interesting to note that the 
lowest level of nutrition had produced the maximum length 
of tuber* This might be due to the fact that under



134

nutrient stress situations, there would be a tendency for 
the pliant, roots to go deeper and wider in search of 
sufficient quantities of nutrients resulting in an increase 
in the length of tuber at the lowest nutrient level.

.5.Girth of tuber

Significant differences were observed in the girth of 
tubers among the three varieties. Kaduthurufchy local . 
recorded the highest girth of tuber. This difference in 
girth can be attributed to be a varietal character.

The influence of different levels of nutrition was 
also significant* Thera was progressive increase in girth 
of tubers due to incremental levels of nutrition. As seen 
earlier, the incremental levels of nutrition have increased 
the growth characters in all the varieties resulting in an 
increased photos ynbhetic capability in plants. Under such 
a situation it is probable that more of photos ynthatas 
might have been produced in the plant which might have 
hsea accumulated in tubers being the main storage organs 
in tapioca. This might be the possible reason for 
increased girth of tuber clue to increasing levels of 
nutrition. Similar increase in diameter of tuber was
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earlier reported by Msndal and Mahsnkumor (1972 .to) and 
Acosta and Pinto (1978) duo to increased levels of 
nutrients«

S.2,6.Utilisation Index

Highest utilisation index was observed in the 
variety Sree Sahya followed by Kaduthuruthy local. It is 
to be noted that number of leaves In Sroo Sanya at the 
later stages was low as compared to other varieties.
Perhaps this .Tight have contributed to o higher utilisation 
index to this variety.

The different fertility levels also caused significant 
differences in the utilisation index in tapioca varieties. 
The value was fnax&vum at the lowest level of nutrition.
The nutrients given at the lowest levels might have been 
core efficiently utilised for tubor formation rather than 
for growth of other vegetative parts resulting in an 
Increased utilisation Inbox at the lowest level of 
nutrients. Decrease in utilisation index at higher levels 
of nutrient application has been earlier reported by 
CIAT (1977), Ramanathan ofc al. (1SS0), Gomes and Houolcr 
(1930), Nair (1S823 and Kang and Glceke (19043. At higher
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nutrition levels lea utilisation Index was obtained mainly 
ciua to high top yields noticed at these levels.

5.2.7.Rind to. £ Ieoh katlo

raaon-aj the tapioca varieties Sreo Sahya recorded 
the highest rind to fle3h ratio. ThiCicness of rind in 
tuber is a varietal character and this variety possesses
thick rind of tuber resulting in higher weight and finally
a high rind tc flesh ratio.

Different levels of nutrients did riot show any 
significant effect cn rind to flesh ratio confirming 
that this would be a varietal character.

5.2.Q.Top yield

The data given in Table 11 showed that top yield yjqs 
highest in Thottakolli and it w as the lowest in Srce
sahya. It has been seen that the total number of leaves
was comparatively poor in 5ree Sahya when compared to 
other two varieties. This might have resulted in lowest 
top growth in this variety. The varietal difference in 
the top growth of tapioca is well known.

Progressive increases in the top yield with 
incremental doses of nutrients were observed in this 
trial and the maximum was attained in the Lr



level (50*50a100). The role of the three major nutrients 
tried In  this eacperiiiisnt In Increasing the vegetative 
growth of the plant Is well known. Increases in top 
yield due to higher doses of nutrients especially nitrogen 
nave been reported by CIAT (1975), Kang and Wilson (1980) 
and Hair (1982). The highest levels of K, P and K tried 
in the combinations were 50, 50 and 100 kg/ha respectively 
and upfeo these maximum levels the growth rate was linear. 
A3 the supply of nitrogen Increases and when the other 
nutrients are not acting as limiting factors, more 
nitrogen reaches the tops and involves in the carbohydrate 
and protein synthesis leading to increased growth 
resulting in an enhanced top growth (Russel, 1973).

• ̂ .Tuber Yield

The effect cue to varieties in tuber yield was 
significant. The variety Kaduthuruthy local recorded the 
highest tuber yield which was significantly superior to 
Sreo Sahya. dree Sahya, released by cfCRI, has been 
recognised as a higher ylelder. But in the present 
Investigation, it could not produce the highest yield 
probably because the crop was harvested at the sixth 
month after planting. Gree Gahya takes about ten months
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to manifest its full production potential. The idea In 
this study is to assess the yielding ability of the 
varieties at a shorter period, ie. to identify a variety 
which can yield at appreciably higher rates v?ithin the 
shorter period. Varietal differences in the yielding 
capacity of tapioca are well known and needs no aphasia.

Tuber yield increased significantly by the 
incremental levels of nutrition. Trie highest yield was 
recorded by the level and the lowest in L1 level, 
ft i fro gen and potassium play a vital role in photosynthesis 
and carbohydrate accumulation in plants. The yield of 
tapioca depends more upon the extent of assimilation and 
assimilate accumulation in tl'je roots. Assimilation in 
turn, depends on the extent of assimilating surface. The 
influence of the above nutrients in increasing the 
assimilating surface (loaf area) of plant is well knov;n. 
Increase in loaf area due to higher levels of nutrients 
has been observed in the present experiment also 
(Tables 3 a to 3 c).

The important yield components in tapioca vis., 
productive roots (number of tubers per plant) and girth of 
tubers were favourably influenced by higher levels of
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nutrients. &11 these factors either Individually or 
collectively might iiave contributed substantially to tte 
higher tuber yield observed at the higher levels of 
nutrient application. Increases in tuber yield due to 
higher levels of nutrients have already been retorted 
by several workers like ibendal et _al. (1971), Mohankumar 
and flaini (1977), Cadavid and Ho wo lor (1332) and 
I-Sshankuoar at al» 1934). Thus, the results obtained in 
the present study are in agreement with the findings of 
the above 'workers.

4.Quality attributes

1.starch content of tubers at harvest

The results shov; that starch content of tuber varied 
due to varieties. Sree Estiva has the highest starch 
content in tuber when compared to otter two varieties. 
Variation in starch content of tuber can bo considerad 
mainly as a varietal character.

Increasing the fertiliser doses progressively 
increased the starch content also. The higher starch 
content observed at higher nutritional levels may probably 
be duo to the enhanced rate of yhotosynthetic activity of
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leaves which in turn might, have resulted in increased 
starch content of tubor. Increase in starch content of 
tuber by increased nutrition lias been earlier reported 
by several workers like Manual et al. (1971), obigbeasn 
and Agboola <19733, Pillai and George (1978 c) anti 
i3air (1982)*

4 * 2. content of tubers at harvest

Prom the results it is seen that the varieties 
differed significantly in their HCtJ content. BCM content 
of tuber is important as it decides to a large extent tbs 
value of tubers for human consumption. Though this is 
faostly a varietal character, agronomic treatments also 
play a decided role in changing the HCK content of tuber. 
The HCtJ content was significantly reduced when the level 
of K vias Increased. This is in conformity with tho finding 
of Indira ot al* (1972}, Kuthuswainy (1981), Hair (1982), 
hair and Kumar (1982) and Ramanujam. (1982) who found that 
potassium alone or in combination with nitrogen reduced 
the HCK of tapioca tubers.

4.3.Crude protein content of tubers

Tte resales (Table 15) show that the crude protein 
content of tuber was significantly different in different
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varieties. The variety SCaduthuruthy local recorded the 
highest crude protein. Varietal difference in crude 
protein content of tuber in tapioca has been well 
established and banco needs no discussion.

The different nutrient levels also influenced the 
protein content of tubor significantly, hs the go so of 
nutrient3 increased there was a progressive increase in 
crude protein content also* This was very conspiccus 
when the dose was changed from 30:30:30 to 50:50:100 kg 
h P K/ha. The favourable effects of nutrients on 
protein synthesis are well known* Tapioca is considered 
as a poor source of protein in human diet* An improve;r.cnt 
of this quality to soma extent is possible by agronomic 
manipulations like increased application of nitrogen. 
Increases in the crude protein content of tubor by 
incremental doses of nutrients have been reported in 
different tuber crops by Hukkeri (1963)/ Filial and 
George (1978 c)# i^ohand&s and Sethumadhavan (19B0) and 
Nair (1982). The results obtained in the present 
investigation are in conformity with the above works.

From the test conducted it has been seen (Table 16)

5*4*4*Cooking quality
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that the variety Thstfcokolll has shown, the highest cooking 
quality followed by Raciuthuruthy local. Cooking quality 
is mainly a varietal character.

S.u.i .Dry matter production of different plant parts

Leaf dry matter production '..'as significantly
different among the varieties. The variety dree Saiiya

thhad the highest leaf dry matter on the 60 day when
compared to other two varieties • It was seen that the

thtotal number of leaves at the 60 day after planting was 
maximum In this variety.(Table 2 a}. Thi3 is probably 
the reason for high leaf dry matter production in Sree 
dahya. H o o ve r, during the later stages more loaf dry 
matter production was recorded by Kaduthuruthy local 
probably because of the higher number of leaves present 
in the plant during these stages (Tables 2 b and c).

The different fertilizer doses resulted in significant 
difference in leaf dry matter production. Increasing the 
levels c-f fertilisers has substantially increased the rate 
of growth of the plant resulting in increased number of 
leaves (Tobies 2 a, b and c). This increased number of 
leaves at higher levels of nutrition might have contributed 
tcs increased leaf dry matter production at these stages.



In the case of stem dry matter production also 
there was significant difference among the varieties.
The variety Kaoutburnthy local recorded the highest 
values during all the stages. DXfferences in the 
architecture of the different varieties can be attributed 
to this differences in steal dry matter production.

The effect of different levels of nutrition was 
also significant. There t;aa progressive increase in 
stem dry matter production with increasing levels of 
nutrition. The pattern of increase* was .more or less the 
same at all the stages. The favourable influences of the 
nutrient elements h, P and K In increasing the photo- 
synthetic activities and thereby increasing the vegetative 
growth of the plant parts are well known. The accelerated 
growth of stern at higher nutrient doses resultcu in 
increased stem dry matter at all growth stages.

Regarding the dry matter production in roots the 
same pattern as seen in stem has been followed among the 
varieties as well as in the differential doses of 
fertilizers.

.2.Total dry matter production of tubor at harvest

Varietal differences were significant in the total
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dry matter production of tuber* The highest dry matter 
production was observed in Kaduthuruthy local and the 
lowest in Sree Sabya. It is to be noted that the tuber 
yla id was highest An this variety anti as such the total 
dry matter production was also higher in this variety.

The of Sects due to fertiliser levels v/ero also 
significant. The highest fertility level 150:50:100) 
recorded the highest dry matter production whereas the 
dose of 30:30*30, the lowest* Here also the dry matter 
production was cireefcly related to the tuber yiolu wivcre 
it was highest in and lowest In l>r

5*5.3.Total dry matter nrcouction of top at harvest

The effects due to varieties were significant on 
the dry matter production of top at harvest* The 

variety Kaduthuruthy local recorded the highest top dry 
matter, dtern height continued to be higher in this 
variety* Further, leaf and stem dry matter f-r eductions 
wore also comparatively more in this variety. The 
cumulative affects of all these components might have 
resulted in an increased top dry matter production in 
Kaduthuruthy local.
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Fertiliser levels also contributed significantly to 
top dry matter production, the maximum level of H P 1C 
(50#50s100) giving the highest top dry matter. As seen 
earlier, higher fertiliser doses in general encouraged 
the vegetative growth and the increased vegetative growth 
in turn resulted in a higher top dry matter production.

5.6.Plant analysis
.6.1.Nutrient content in Plant parts at harvest

Nitrogen content in leaves was highest in Thotfcakolli 
while in stem and tuber it \*as highest in Sree Sahya. The 
differences in the nitrogen content observed could be 
attributed to varietal character. The nitrogen contents 
wore progressively increased in the plant parts with 
increased fertiliser application.

Phosphorus contents of leaves and stem were 
significantly high in the variety Sree Sahya while that 
of tuber, it was in Kaoathuruthy local. It was also observed 
that the phosphorus contents of plant parts were influenced 
by the increased nutrients supply especially phosphatic 
fertilisers.

The data presented on Tabic 24s revealed that the 
potassium content of the leaves was not signifleantly
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influenced by varieties, inhere as in the stem arid tuber, 
there were significant differences. In the case of stem 
and tuber the potassium content was maximum in Thatfcakolll.

Different fertiliser ucses also influenced the 
potassium content of leaves, stem and tuber. The increase 
wo3 conspicuous when potassium application was more, as is 
evident from the Tables (24 a to c). Probably higher the 
nutrient element applied to the soil more would be the 
uptake ano contents in the plant parts.

5.7.Kutrlent uotako 

.7.1. trouen uptake

Differences were significant in the uptake of nitrogen 
by different varieties and also at different stages of 
growth. In the early stage lo. 60 oaya after planting, 
maximum uptake was recorded by Sree ^ahya while at the 
later two stages, by Kaduthuruthy local. In the case of

4. Jj%Sree Sanya the plant height was maximum at the 60*' day 
Indicating that this stage -would have demanded for increased 
uptake of nutrient from the soil. But this variety could 
not maintain the same growth trend throughout its growth 
stages. In fact at the time of harvest, the total uptake 
of nitrogen by this variety was the lowest (Table 25 c)



with a corresponding low tuber yield. In the case of 
Kadufchurutrty local, tho total uptake of N at the later two 
stage was high with a corresponding higher total dry 
matter production and tuber yield.

The different doses of nutrients also significantly 
influenced the uptake of nitrogen by the plant at all the 
stages. The highest uptake was observed with I>5 level 
(5 0 s £ 0 :1 0 0 )  where as L>̂  level ( 3 0 : 3 G s 3 0 )  recorded the 
lowest and this pattern of uptake continued at all the 
stages of the growth. Increased uptake of EJ duo to 
increased dcse3 of fertiliser application has been reported 
by several workers like Mohankumar and Nair (1369) and 
Pushpaeas _et jd.. (1376).

5.7.2.Phosphorus uptake

from the data on the uptake of phosphorus (Tables 
26 a to 26 c) it could be seen that phosphorus uptake v;as 
maximum in the case o£ Sroe s ally a during the earlier two 
stages closely followed by K&dufchuruthy local, 'rfowover, at 
the harvest stage uptake was more in tho case of Kaduthurufchy 
local followed by Sroe Gahya. It was seen earlier that the 
growth rate of the plant was more in dree Sahya at tho
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early stages resulting In higher uptake of the different 
nutrients* This condition was changed when the growth was 
advanced and at the harvest stage Kaduthuruthy local 
recorded the highest value* The tuber yield was also high 
in the case of Kaduthuruthy local* This increased yield 
of tuber will be accorded for the increased uptake of 
nutrients.

5*7.3.Potassium uptake
tiiOn the 60 day after planting the uptsk e of 

potassium by the plants was significantly influenced by 
the varieties* The variety Kaduthuruthy local recorded 
the highest uptake. However* on the 120 day no 
significant difference could be observed in the uptake of 
potassium by the different varieties. On the other hand* 
at harvest* the variety Thottakolll recorded the maximum 
uptake of potassium* It was seen that potassium contents 
(Table 24 b and 24 c) of stem and tuber were the highest 
in Thofctakolli at harvest when compared to the other two 
varieties and probably this high content might have 
resulted in the increased potassium uptake by this variety 
inspite of the comparatively lower dry matter production.



As in the case of other two nutrients, the uptake 
of potassium was also increased at the higher rates of 
nutrition. The higher doses of nutrient elements 
increased the total dry matter production which In turn 
accounted for the increased uptake of potasslam. Higher 
uptake of potassium due to higher doses of nutrient 
elements has been reported by earlier workers like Chan 
and Lee (1982) and Hair and Kumar (1982).
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An investigation i-/as carried out to select a 
suitable early maturing variety of tapioca and to find 
out a fertiliser dose suitable for the variety in the 
uplands of tiutt an ad. The experiment v;as conducted at 
the Regional Agricultural Research Station, Kumarakom, 
Kottayaia during October li)i34 te April 1905 In factorial 
randomised block design. The varieties tried were 
Thottaholil, icaduthuruthy local and £ree Sahya. The 
fertiliser doses tried were 30:30:30; 30:30:50; 50:50:50; 
50:50:75 and 50:50:100 kg 13/ '^O /ha. The results
of the investigation arc summarised below.

i. There was significant difference in plant height sue
to varieties. The variety dree bahya produced the maximum 
plant height. Among the different fertilizer levels tried 
L~ level (50:50:100) recorded tho maximum plant Insight.

2• Variety Kaduthuruthv local v;as significantly superior
in the production of total leaf number. The fertiliser
level br produced the liighost leaf number in all the three 

«*»

varieties.



3* Highest leaf area index was recorded in the 
Kaciut h u m  thy local. Regarding the fertiliser levels, a 
slight reduction in leaf area index was observed for the 
varieties Thqttakoill and Kaduthuruthy local at level 
during the harvest stage.

4. The varieties differed significantly ia the 
production of total number of roots. Sree Sahya 
produced the highest total number c£ roota per plant.
The highest number of roots was recorded in the l»s level 
and the lowest in the (30s30:30) level.

5. Varieties Thottakolll and Kaduthuruthv local were 
on par in the production of total number of productive 
roots. a higher number of productive roots was observed 
in tiie fertility level In  all the varieties.

6. The highest percentage of productive roots was 
noticed in the Thottakolli variety and the lowest in 
Srae Sahya. Among the different fertilizer levels tried* 
L,~ level recorded the highest percentage.

7. The length of tuber was maximum in Sree Sahya 
variety and low in Kaciuthuruthv local. The lowest level

recorded the maximum length while all the other levels 
were on par.
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8. The varieties differed significantly in the girth 
of tubers. The variety Kaduthuruthv local has given the 
highest girth. The treatment produced tubers having 
higher length and all the other levels were on par.

0. The variety &ree dahya exhibited highest utilisation 
index followed by Kaduthuruthv local and Tho11ako 11 i. 6̂
level (30:30s305 recorded the highest utilization index.

10. Rind to flesh ratio was significantly different 
among the varieties. The variety dree ilahya gave the 
highest value. The different fertilizer levels did not 
make any significant influence on this character.

11. Maximum tuber yield was obtained from the variety 
Kaduthuruthy local (27.13 t/ha) which was on par with 
Thottakolll (26.86 t/ha). Tho level of 13 P K produced 
the lowest yield and the highest yield in all the 
varieties•

12. Top yield was maximum in Thottakolll and minimum in 
.Tree Sahya. Tho different fertilizer doses also exerted 
significant influence on the top yield. level gave tlie 
highest values and Lm the lowest.
13. The variety Kaduthuruthv local produced the highest 
leaf, stem and root dry matter. The different fertilizer
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levels tried also significantly influenced the leaf, stem 
and root dry matter production. The S0;5DslGG kg/ha 

level gave the maximum production.

14. Nitrogen uptake was faaxioium in tlx; Kaduthuruthv local 
at the time of harvest closely followed by Thotfcakoiil.
The highest ‘uptake was recorded in the level. The 
above variety also recorded the highest phosphorus uptake 
while Thottakalll showed the highest potassium uptake.

15. The tiighest nitrogen content in leaf was noticed in 
Thottakolli while Srce Sahya recorded the highest nitrogen 
content in stem and tuber. Regarding the phosphorus 
content Sree Sahya recorded the highest in leaf and stem 
while in root Kadufchrutuhy local recorded the highest 
value. But in the co3o of potassium content in loaf the 
varieties did not differ significantly • in stem and root, 
highest values o£ potassium were recorded by Thottakolli.

16. Tuber and top dry matter production per hectare was 
maximum in the variety Kaduthuruthy local. The different 
fertiliser levels tried were also significant in tuber 
and top dry matter production.



17. The varieties Sree Sahya and Kaduthuruthv local 
were on par in starch content. The highest starch content 
was observed in the SOs 50s 100 kg/ha fertiliser level and 
all the other levels were on par.
18. Among the varieties. Thottakolli had the least KCN 
content in tuber.
19. Regarding the crude protein content. Kauuthuruthy 
local was significantly superior to others. The highest 
content of crude protein was in Lg level.

From the investigation, it was found that Kaduthuruthv 
local and Thottakolli were the suitable short duration 
varieties which could be successfully cultivated in the 
uplands of Ruttanad. Regarding the manurial dose the 
50:5Q:i00 kg K1 ̂2 ^ 5 s 9/he was tho most economical for 
Thottakolli and 50:50:50 kg hiP^O^jK^O/ha for the 
Kaduthuruthy local.
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V x h 

Srror

APPSHD1X II
iwm&ry of Analysis o£ variance table

Source D .F.

14
2
4

Q

20

Height of the plantsi> Pi HII i ■ Hlli I HI lip i w  ■■ ■*!—if — WIM
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Total number of leaves
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Summary of analysis of variance table

Source d .f .

Repli­
cation
Treat­ments
V
it

V X L 
Error

      — „ • . «  -

Total Total Percent- Length of Girth of Utilize-
number number age of tuber tuber tlonof of pro- produc- indexroots ducfclv© tive

roots roots

Rind to
fleshratio
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Total 44
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Appendix IV
Summary o£ analysis of variance table

Replication 2 0.0916 0.736 6.44 38.45 0.000061
Treatments 14 41.76 76.03 10.05 11.35 0.1560
V 2 69.44 112.85 14.17 10.75 0.0217
tf 4 105.42 195.20 26.20 21.77 0.4352
V X L 8 3.00 7.29 0.539 6.29 0.0249
Crror 28 0*0707 1.33 1.52 1.68 0.00124

Total 44



APPENDIX V

SuauTiary o£ analysis o£ variance table

Source D.F.
60

mmmuMtmmmimmt

Repli­
cation
Treat­
ments

2

14

91.65

64.33

V 2 26.64
It 4 206.07
V w h 8 2.39
Error 28 3.37

Total 44

ffean ,r.3urn. o f _ squares

■ Cgrq/'pXetnt >
Leaf      stem
’”l20 "*1B0 GO ““Iso 180
D.A.P. D.A.P. D.A.P. D.A.P. D.A.P. 60 " l 2o“ ISOD.A.P. D.A.P. D.A.P,

91.65 49.44 1.78 99.29 57.09 10.75 0.439 17.63 36.5

14 64.33 48.66 135.90 66.07 38.66 248.79 12.12 357.07 20020.54

77.34 14.39 96.9735.00 21.20

3.94 2.67 11.00
1.97 0.2312 10,46

4.71 127.69 36552.25
170.58 122.63 791,20 32.09 1136.01 47662.38

2.74 15.54 3.99 24.55 2066.69
5.34 0.3639 2.12 19.10 15.14



APPENDIX VI
Summary of analysis of variance table

Source D.F.

Replication 2
Treatments 14
V 2
L 4
V X L 6
Error 28

Dry matter production Top (kg/ha) at harvest
Mean sum of squares

3904
229412.6
66528
756912
6384
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Dry matter production tuber (kg/ha) at harvest

16640 
6276882 
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Total 44
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Summary of analysis of variance table
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nitrogen content at Phosphorus content atharvest harvest
leaf stem root leaf stem root

Potassium content at 
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leaf stem root
Repli­
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Error 26 0*00029 0.000034 0.000030 0.00009 0.000037 0.000060 0.00330 0.000084 0.00019
Total 44
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ABSTRACT

An investigation was undertaken at the Regional 
Agricultural ^search Station, KunarakGai Curing 19G4-85 
to identify a suitable variety of tapioca maturing in 
about six months and to find out the effect of different 
fertilizer doses on such varieties in the uplands of 
Kuttanau. The experiment was laid out in Factorial 
Randomised Block Design with three replications. The 
treatments consisted of three varieties namely Tfoottafeo3.il 
Kauuthuruthy. local and Dree Sanya and five fertilicor 
levels viz* 30:30:30, 30:30.45, 50:50:50, 50:50:75 and 
50:50:100 feg/ha of U P K.

The varieties and fertiliser levels tried showed 
significant differences in the growth characters of 
tapioca. In all the three varieties the fertiliser level 
50:50:100 recorded maximum plant height, leaf number and 
loaf area index. The yield and yield attributes were also 
influenced by the varieties and fertiliser levels. Maximum 
tuber yiold was obtained from the variety Kaduthuruthy local 
(27*13 t/ha}. Tho variety Thottafeolli produced 26.66 t/ha. 
In all the three varieties, highest tuber yield wa3 
observed in the 50:50:ICO feg/ha li P K level.



Thotfcakolli had the lowest HCH content among the 
varieties. The highest starch content was observed in 
50:50:100 kg/ha fertiliser level. The crude protein 
content was more in Kaduthuruthy local when compared to 
the other varieties. The variety Kaduthuruthv local 
produced the highest leaf, stem and root dry matter.
Uptake of Nitrogen and phosphorus was maximum in 
Kaduthuruthy local while the highest potassium uptake 
was in Thottakolii.

The highest cost benefit ratio of 1.69 was recorded 
by Thattakolll at 50:50:100 kg S5, ^2°S' t^o/ha followed 
by Kadufchurutiiy local.

From the investigation, it is found that Kaduthuruthv 
local and Thottakolii are the short duration varieties 
suitable for the up lands of Kuttanau* Regarding the 
manorial dose, the 50: 50:100 kg M tP20^sli20/ka Is  the most 
economical for Tliottakolli and 50:50:50 for Kaduthuruthy 
local.


