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INTRODUCTION

Tapioca, an important source of carbohydrate, 1s
the most popular subsidiary food crop of the middle and
low ancome group of the people of the densely populated
State of Kerala. As a subsidiary food crop of tremendous
calorific value and also as a source of starch in textile
industry, cassava assumes a significant role. The yleld
of the crop in Kerala is very low as compared to other
tapioca producing regions in the world. To meet the
food requirements of our fast growing population it is
highly essential to increase the per hectare productivity
of the crop since there is not much scope for the expen-
sion of area under cultivation. There is considerable
scope for raising the productivity by the adoption of
better agrotechniques, The officient use of chemical
fertilizers espetially that of nitrogenous fertilizers plays
a vital role, in augmenting the yield of tapioca.

Under tropical conditlons, the efficiency of
applied fertilizer nitrogen is very low and the food crops
cul.ivated even under ideal farming situation seldom
recover more than 50 per cent of the applled nitrogen.
(Martin and Skyring, 1962). An 1 per cent increase in the
recovery of applied nitrogen fertilizer would result in



a saving of 1,50,000 tonnes of urea, which in terms of
additional crop would be equivalent to one million tonnes

of food grains {Swaminathan, 1980).

Under Kerala conditions the main reason for low
efficiency of applied nitrogen is the high rainfall,
resulting in intense leaching and heavy run off. This
limits the availability of this nutrient during the cri-
tical periods of crop growth., The other forms of losses
include volatilization, denitrification through various
physical, biochemical and microbiological processes etc.

In our State, urea is the most widely used source
of nitrogen which is highly water soluble. So there is
considerable loss of applied nitrogen by way of leaching.
The present recommendation of split application of nitrogen
also becomes inefficient at times due to improper soil
moisture conditions, So among the various agronomic techni-
ques followed for conserving this nutrient, nitrogen, the
use of slow release fertilizers and biological inhibitors,
which inhabit the activity of nitrogen in the soil solution,
were found to be effective. The use of these materials
will be highly useful for a long duration crop like
tapioca where availability of nitrogen ¢an be assured
during the critical growth stages of the entire growth
period of the crop. This will reduce the cost of applica-



tion of fertilizers also by resorting to a single basal
application of nitrogen fertilizers with the inhibitors.
The use of synthetic chemicals as nitrification retarders
is not economical. So the use of cheap and effective
indigenous sources of nitrogen inhibitors will be the

best alternative,

Many of the non=edible oilcakes are reported to
possess nitrification inhibitory properties. This
alternate use of the oilcakes, a byproduct of the oil
cru;ing industry, may in the long run will promote a better
growth of this small scale industry in the State.

in the light of the above, the present study
embodying the following objectives was taken up:-

a) To study the effect of slow release nitrogenous
fertilizers on the growth and yield of tapioca.

b) To compare the efficiency of various slowerelease

sources.

c) To work out the economics of using slow release
fertilizers,
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2, REVIEW OF LITIRATUARE

An experiment was conducted with the object of
studying the effect of slow~release nitrogenous fertilie
zers on the growth and yield of tapioca. Attempts are
going on all over the world to reduce the loss of nitro-
gen and thereby to improve the efficiency of nitrogenous
fertilizers, But most of the works donme in this line
have been in lowland condition and hence literature
regarding the loss mechanism and methods for improving
the nitrogen use efficiency in upland condition are
meagre. Some of the relevant literature pertaining to

the present study are reviewed and presented below «

2,1 Nutrient removal by tapioca

Tapioca removes large amounts of nutrients from the
soll, especlially nitrogen. S5tudies conducted at Central
Tuber Crops Besearch Institute, Trivandrum revealed that
a taploca crop wath 30 tonnes of tuber yleld removes from
a hectare of soll, 180«200 kg nitrogen, 15-22 kg phosphorus
and 140-160 kg potash. A crop removal to the tune of
164 kg nitrogen was report:d for a 30 tonnes tuber yield
of tapioca by Asher et al(1980). A cassava crop removes on
an average 2,3 kg nitrogen per tonne of roots produced
{Howler, 1980).



2.2 Recovery of applied nitrogen

The recovery of applied fertillizers especially
that of nitrogenous fertilizers is quite low, Average
recovery of 10«50 per cent was reported in rice by many
workers (Lakhdive and Prasad, 1971; Prasad and De Datta,
1979; Mahapatra gt al. 1980). In uplands of the tropics
the losses are severe because of heavy rainfall, (Prasad,
1966; Prasad and Rajale, 1972)., Fox et al (1979) obtained
upto 68=69 per cent recovery of applied nitrogen in
cassava, Howler (1976) reported low fertilizer efficiency
in cassava due to leaching in sandy soils. In aerobic
soil, the mineralisation of organic nitrogen is faster
than in anaerobic satuation and mineralised nitrogen is
subject to various types of loss mechanisms and thus
recovery is less {Alexander, 1977). Plant recovery of
applied nitrogen is dependent on factors such as natural
conditions of the soil as well as climatic and cultural
practices ( De Datta, 1977).

2.3 Losses of nitrogen from applied nitrogen
2,3.1 Leaching and run off losses

The main form of nitrogen loss in upland soils is
the leaching. No3 nitrogen is an anion and hence 1t 1is less

adsorbed on the soil colloids and so is leached away heavily.



Volk and Sweet (1955) reported that one foot layer
of soil when leached with 5" of water in 24 hrs., the
leachate removed 33 per ¢ent of nitrate nitrogen and
15 per cent urea nitrogen. Owens (1960) found that the
order of leachability of three forms of nitrogen 1is
NOg > Urea > Ni ¥

Mohanty and Kibe (1968) reported that by coating
the fertilizer with some material, leaching losses can be

reduced to 5 per cent from 50 per cent.

Tiomons and Holt (1977) studied the loss of
nutrients in run-off water and found that only 0.8 kg
nitrogen per hectare is lost in grass lands where as in
the case of other crops the loss 1s several times more.
On draining the surface water, on the same day of fertili-
zer application, upte 70 per cent of the applied nitrogen
1s lost in runoff water (Padmaja and Koshy, 1978),

2,3.2 Denitrification

Heavy rainfall or heavy irrigation may cause the
development of micro anaerobic products in uplands and
thereby causing denitrification losses (Broadent et a},1952;
Allison et al, 1960). Turner and Patric (1968) reported that
in uplands there is easy gasseous exchange betwsen soil and
atmosphere air and when waterlogging occurs, oxygen dis-

appears and nitrates enters the thermodynamic sequence of



reduction of inorganic compounds causing the loss of

nitrogen.

Lue Pilot and Patric (1972) noted a close relation

between soil aeration and nitrate~reduction.

Oxygen diffusion is the most important factor regula-
ting nitrificationedenitrification processes in soil
(Focht, 1979).

2.3.3 Ammonia voltilization

By volatilization, a good amount of nitrogen is lost
from the applied nitrogenous fertilizers(Bouldin and Alimango,
1976; Wetsellar, 1977; Vivek and Craswell, 1979; Jain et al
1981).

Gasser (1964) and Jain st al (1981) reported volatili-
zation losses from uplands also. Under aerobic conditions
in acid soils, 6 to 12 per cent of applied nitrogen is lost
within a period of 3 weeks of incubation whereas under
anaerobic conditions, the loss was two to four times greater

(Blasco and Cornfield, 1966).

Contrary to that Das and Khan (1267) found that soils
kept submerged under about 5 mm watsr lost only 3.4 to 11.4
per cent of the applied nitrogen while at 40 to 60 per cent
moisture saturation, the loss was 21.6 to 33.1 per cent.
Jain gt al (1981) observed that nitrification retarders
increased NHz volatilization losses.



2,4 1Improving the efficiency of nitrodenous fertilizers

The use of slow release nitrogen fertilizers is a
very effective method for improving the nitrogen use

efficiency.

Coating of the fertilizers with materials like oil
cakes, plastic and other inert materials can lmpose a slow
release nature on the fertilizer (Prasad et al, 1971;
Prasad and Rajale, 1972; Frasad, 1974, 1979, 1981; Prasad
and Reddy, 1977).

Thailand Department of Agriculture (1966) found that
better cassava yilelds can be obtained by the use of slow
release nitrogenous fertilizers in sandy loam and sandy

clay loam soils.

NOP- AMORNBORDEE Vetal (1967) reported better cassava

yields with the use of slow release fertilizers,

Among the slou=release fertilizers, sulphur coated
urea 1s the most widely tested one., Prasad and Rao, 19783
Crasswell and Vlek, 1982; Sander and Moline, 1980 reported
that in upland condition also sulphur coated urea was found

to be superior,

Sathianathan (1982) obtained better cassava yields

with the use of slowwrelease sources of matrogen.



But in one experiment, it was found that only in
sandy soil low in organic matter content, with sufficient
phosphorus and potassium supply, slowwrelease fertilizers

gave good yields (Anonymous, 1966).

2.4.,1 Use of oilcakes as nitrificatlion inhibitors

Non-edible oilcakes particularly neem and mahua have
been used as a manure since long. Their manurial value and
nitrifiable properties were described by Ply mann and Bal
{1919), Yashwant et al (1933) and Khan (1952).

Basins ot al (1971) made a brealthrough in this
field by finding out that the nitrification inhibitory

property of neem is due to the presence of an acrid alkaloid,

Patil (1972) suggested that neem oil contained two
factions namely bitter and odourescent compounds which
possessed the inhibaitory property. He also reporied that
when the concentrationof neem oil was increased from 1.5
to 12 per cent ( by weight of fertilizer) there was a corres-
ponding decrease in nitrification rate.

Hundred kg. of nitrogen in the form of urea when
coated with neem cake produced crop yields equivalent to
that of 200 kg. of nitrogen in the form of ursa alone
{Anjiniyasharma, 1972). AICRIP studies also revealed the
superior productive efficiency of neem cake treated urea

(Anon, 1972).
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Arunachalam and Morachan (1974) found that the
favourable influence of the treatment of urea with neemcake
extract in increasing the crude protein content of rice
grain, Abraham et al (1976) reported that the application of
40 kg neemcakes coated urea was equivalent to 80 kg naked

urea,

Shankar et al (1976) observed that in both transplanted
and direct sown crops of rice, the uptake of nitrogen and
phosphorus was increased in treatments, where urea was

blended with neemcake.,

Muthuswamy et al (1977) found the inhibitory properties
of various materials including the extracts of nceneedible
oil cakes in garden~land soil, at two levels of nitrogen
application to ragi., The results showed that the efficacy
of inhibitors was in the following order, viz, Coaltar
extract > Sulphathiazol > Mahua cake extract > neemcake

extract > ncemoil > whole neemcake.

Qommen et al (1977) reported the superiority of
neemcake olended urea over untreated ursa. Increased crop
yields through the use or neemcake was 11so cblained in
sugarcane (Ketkar, 1978) ragi (Subbiah, 1979¢) and cotton
(Shavraj and Iruthayraj, 1980).
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Selestive inhibition of nitrozomonas by neem was

observed by Mishra gt al (1975).

Neemcake blended urea increased the graln and straw
yield and also the uptake of nitrogen, phosphorus and
potassium (Subbiah et al, 1979a and b).

Blending of urea with neemcake resulted in increased
NH,=N in the soil (Subbiah and Kothandaraman, 1980)
(Sarkunah and Biddappah, 1980).

Swaminathan (1979) suggested tiot nitrification
inhibitory properties in various non=cuible cal cakes could
be explored and advantageously utilised, Krlishnaiah and
Shinde (1979b) blended six non-edible cakes, namely, neem,
mahua, undi, sal, karinja and kusum cake with urea at
different rates of mixing and obtalined higher rice yields,

Maximum ylelds was reported for neemcake.

Hilgur and Shinde (1981) compared the application of
urea alone with urea blends using other extracts of different
oll cakes and whole cakes and found that neem cake, Karinjacake
and Kunkum cake increased dry matter yield and nitrogen uptake

while mahua cake reduced the yield.

Sathlanathan (1982) reported increased plant height,
number of leaves and tuber yield in taploca when urea was
mixed with ollcakes like neemcake and mehua cake in comparison

to the application of urea alone,
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But Mohanty et al (1974) found that neemcoated urea
was inferior to urea lone. Thirunavakkarasan (1977) also
did not obtain benefits from the coating of urea with neem.
Devi et al (1980) did not find significant increase in rice
yields through the use of oilcakes like neem, maroti, punna
as nitrification inhibitors.

2,4,2 Use of Urea Super Granules (U.S.G.)

The efficlency of applied urea can be increased by
using the large sized urea super granules (U.S.G.)(Anon.1977).
Prasad (1979) reported that the use of Urea super granule
gave higher fertilizer nitrogen efficiency than ordinary
urea in the case of rice, maize, sugarcane and other crops.
Horn (1979) suggested that urea super granule ( 1 gm size)
exposes lesser surface area than prilled urea therefore it
may have slow release properties. Apparao (1983) observed a
significant increase in paddy ylelds with urea super granule
application compared to urea applied in splits or in a single
dose basally, Rambaby et al (1983) reported that under
flooded conditions, placement of nitrogen as U.S.G. in
rootzone was most effective in increasing drymatier produ=-
ction, paddy yields total Neuptake and apparent recovery of
applied nitrogen.
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2.5 Effect of nitrogen on growth characters

High nitrogen rates increased the welght of stem and
leaves, total dry weight of plant, top to root ratio and
plant height of tapioca (Krochamal and Samuels, 1970, Cheow=
Samut, 1974).

Mandal et al (1970) found significant increase in plant
height and number of leaves in cassava with increased nitrogen.
Increased leaf growth was reported in tapioca due to higher
levels of nitrogen (CIAT, 1975).

Increased plant height, leaf area, leaf size were
observed by Ngongi, (1976) in tapioca with incremental dose of
nitrogen: Ratnanakul (1976} reported that nitrogen above 50 kg/

ha increased the fresh weight of stems.

Increased plant height and weight due to higher levels
of nitrogen was observed by Pillai and George (1978).
Ramanujan and Indira (1980) observed that incremental doses

of nitrogen increase the leaf number and height of plants,

Ashokan (1980) reported that nitrogen significantly
increases the canopy weight per plant and leaf area index.
But Muthukrishnan (1980) could not find significant differences
in foliage weight due to different rates of nitrogen.

Several workers reported enhancement of leaf area and leaf
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number due toc higher doses of nitrogen in colocasia.
(Premraj et a}, 1980; Mohandas and Sethumadhavan, 1980)

Increased leaf growth with increased nitrogen was observed
by Holmes and Wilson (1976).

Ramanujan (1982) reported increased dry matter produ=
ction, petiole length and leaf area index with higher rates
of nitrogen upto 150 kg/ha.

Nair (1982) noted, significant influence of the
dafferent levels of nitrogen on plant height, number of
nodes, nmmber of fungtional leaves and also on the leaf
area index,

Sathianathan (1982) observed increased plant height
and number of leaves with increased levels of nitrogen.

2,6 Effect of nitrogen on vield components

Vijayan and Alyer (1969) reported that the mean number
of tubsxrs per plant was increased by increasing the rate of
applied nitrogen from O = 75 kg/ha.

Morita (1969) reported that tuber development and
thickening were more satisfactory in sweet potato plants
supplaed with nitrogen.

#andal and Mohankumar (1972a) observed that the number
of tubers increase with higher doses of nitrogen upto a limit,
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Increase in the levels of nitrogen increased the
number of tubers and the average size of tubers (Mandal

and Mohankumar, 1972b).

Alexander (1973) observed no effect of nitrogen in
increasing the girth of tuber in sweet potato.

But Natarajan (1975) did not get any increase in tuber
number, length or girth due to incremental doses of nitrogen,

ofori (1976) got positive response in tuber number
upto 67 kg nitrogen per hectare.

Mohankumar and Mandal (1977) reported that a signi=-
ficant increase in the number of tubers per plant can be

obtained by increasing the dose of nitrogen.

Acasta and Pinto (1978) observed that eventhough the
root girth increase with increase in nitrogen levels, the

numbexr 0of roots per plant do not very much,

Asokan et al (1980) found that the length, girth and
nunbers did not vary significantly due to different levels
of nitrogen.

Studles at Vellayani revealed that higher levels of
nitrogen favourably influenced the number of tubers, tuber
welght, length of tuber, and top yield of tapioca but the
effect on the girth of the tuber and on the utilisation index
were not significant (Nair, 1982),
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Sathianathan (1982) reported that there is no signi-
ficant difference in number of tubers per plant with
different levels of nitrogen,

2.7 Effect of nitrogen o eld

Significant yleld increases upto 100 kg N/ha were
observed by Mandal and Singh (1970). Increase in tapioca
yleld with increase in nitrogen levels upto 200 kg N/ha
was reported by Howler (1976).

Kumar gt al (1976) reported significant yield increases
by the applicatlion of nitrogen.

A local cultivar gave the maximum yield at 60 kg N/ha
whereas the highest vield of an improved cultivar could be
obtained only by the application of nitrogen at 120 kg/ha
(Obigbesan and Fayemi, 1976).

Saraswat and Chettiar (1976) reported the highest yleld
of 33.4 tonnes/ha with a nitrogen application at 130 kg/ha.

Ngongd (1976) found significant increase in yleld with
moderate rates of nitrogen application (50 to 100 kg/ha.
But higher rates decreased yields by producing excessive top
growth at the expense of root growth,

Mohankusar and Maini (1977) got significant yleld
increase by the application of 100 kg nitrogen/ha at
Gentral Tuber Crops Research Institute.
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Gomes et al (1979) observed significant yield increase
by nitrogen applicatlon in Brazil.

Muthuswamy and Chiranjivi Rao (1979) found yield
depressions in tapioca to the extent of 11-14 per cent
at 150 kg N/ha as compared to 50 kg N/ha,

Asokan et a] (1980) noticed increased yields due to
higher dose of nitrogen in the red sandy loam solls of
North Malabar.

Significant increase in tuber yleld was noticed upio
1%0 kg N/ha by Ramanujam, T. (1982).

Nitrogen exerted significant efiect on tuber yield
at Vellayani (Nair, 1982).

Sathianathan (1982) reported higher tuber ylelds with
higher levels of nitrogen.

2.8, Effect of nitroden on quality
2.8.1 Dxy matter content

Pillai (1967) reported that nitrogen increases the
per cent of dry matter content of taploca tuber.

Vijayan and Alyar (1969) found that the varying levels
of nitrogen did not produce any difference in the dry matter
content of tapioca tuber.
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2,9 Effect of nitrogen on nutrient uptake

Mohankumar and Nair (1969) reported increase in the
percentage of nitrogen and also of potassium in plant parts
with increases in the rates of nitrogen application.

Rajendran gt a1 (1976) noticed increased potassium
uptake by higher doses of nitrogen. Increased nitrogen content
of plant was recorded by Pushpadas et al (1976) with higher
lavels of nitrogan nutrition,

A decrease¢ in phosphorus and potassium contents of
leaf blade and stem of tapioca was observed by Okeke ot a)
(1979b) due to nitrogen nutrition. But petiole potassium showed
a linear vesponse to applied nitrogen.

Nair (1932) reported the significant effact of nitrogen
in respect of the uptake of this nutrient, in taploca under
Vellayani conditions,

2,10 Effect of n en on soi risnt status

Nair (1982) observed that the available nitrogen content
of soil increased with an increase in the dose of nitrogen
applied.

The effects of necm coated urea and rubber coated urea,
on the available nitrogen content of soil were on par in an
experiment on cassava under Vellayan: conditions(Sachianathan,
1982).
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2,8,3 Crude protein content

Pillal (1967) reported that crude protein content of
tuber was significantly increased with the application of
higher doses of nitrogen. Vijayan and Iyer (1969) found
nitrogen had signiflcant effect on increasing the crude
protein percentage of tuber.

Hair (1982) reported that the crude protein content
increased significantly with incremental doses of nitrogen
at Kayamkulam and Vellayani.

2.8.4 HCN content

Indira gt al (1972) noticed that application of nitrogen
increased the HCN content of tapioca tubers.

Higher rates of nitrogen increased the HCN content of
tubers (Obigbesan, 1973 Mohankumar and Maini, 1976 and
Muthukrishnan, 1980).

Eventhough an increase in HCN 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 fertilization,

Nair (1982) observed increased HCN content in tapioca
tubers with higher levels of nitrogen application.
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Babu Mathew {1987) could not find any significant
difference in the total nitrogen percentage of soil, in
rice, treated with urea super aranules, neemcoated urea
and prilled urea. Thelr effects on the total nitrogen

percentage of soil were on par.



MATERIALS AND METHODS



22

3. MATERIALS AND METHODS

An experiment was conducted to study the effect of
the various slow release sources of nitrogen on cassava at
the Instructional farm attached to the College of Agriculture,
Vellayand during 1985~ 86, The sources used were urea,
neem cake coated urea, urea super granules and the rubbex
cake coated urea. The details of the materials used and
methods adopted in the experiment aye given in this chapter.

3.1. Experlmental site

The experiment was conducted at the Instructional
farm attached to the College of Agriculture, Vellayani.
Vellayani is situated at 8.5° north latitude and 76.9° east
longlitude and at an altitude of 29 metres above meazn sea

level.

3.2 Soil

The soil of the oxperimental site was red loam with
the following physioc~chomical propertles.

A, Mechanjcal compositlon
Goarse sand (%) « 13,70
Fine sand (¥) « 33,40
siit (%) 28,00
Glay (%) = 24,90
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B, Chemical composition

m bt 5'3
Total Nitrogen « 0,04%5%

Available Py0g(kg/ha)= 42
Available Kzo(kg/ha) = 50,25

3.3. Cropping history of the fleld

The experimental area was lying fallow for seven months

prior to the present field experiment,
3.4 Season

The experiment was started during the month of November
1985 just after the receipt of the late North-east monsoon
showers zand the crop was harvested during September 1986.

The crop was raised as a completely rainfed one,
3.5 Weather conditions

The total annual rainfall of Vellayani was 2053 mm.
The mean annual maximum and minimum temperature are 30.4°C
and 24.3% respectively. The weather conditions prevailed
during the cropping period is shown in Figure 1 and the

relevant data are given an Appendixel.

3.6 Planting material

The varlety Sree Visakha (H=-1687) was used for the
trial. The planting material requived for the study was
obtained from Central Tuber Crops Research Institute,Sreekaryam,

Trivandrun,
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Sree Visakha 1s a semie~branching, medium tall
variety having ten months' duration. It's flesh colour is
yellow and it contains 26 per cent starch, It shows high
degree of tolerance to cassava mosaic and is less susceptible
to pests like termites, scale insects etc,

3.7 Land preparation

The land was dug twice using spade before the commence-
ment of the rains, Clod crushing and 1levelling operations
were done. The plots were marked with pegs and bunds formed.
Mounds were made after the application of basal dose of ferti=

1izexs.

3.8 Design and layout
The experiment was lald out as a 4 x 5 rectangular

lattice design ( Incomplete block design) with 3 replications
(Figoz)-

Number of plods per replication -9
Number of plots per block -4
Total number of treatments - 20

per replication.

3.8.1 Ireatments

Factorial combinations of 4 sources and 5 levels of
nitrogen constituted the treatments.
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REPLICATION 2

S ng SN, 53Nz | Sanz
B
S n Sans Sz Sanz
62
s Ny San Szns | Sana
8s
S ng San:| Szn Sans
Ba
gy |Sha | S Szva | Sun
T TREATMENTS
SOURCES OF NITROGEN
S UREA
Sz NEEM COATED UREA
S3 UREA SUPER GRANULES

S4  RUBBER CAKE COATED UREA

LEVEIS OF NITROGEN

N 50kg N/ha
Na 7b5kg N/ha
Ns |00 kg N/ha
Na 125 kg N/ha
Ns 150 kg N/ha
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{1) Sources of nitrogen

Prilled urea

s

1
8, = Urea neem cake blend in the ratio 5:1
Sg « Urea super granules

S4 « UUrea rubber cake blend in the ratio 5:1

{(2) Levels of nitrogen

ny - 50 kg N/ha

n, = 75 kg N/ha
ng - 100 kg N/ha
n, = 125 kg N/ha
ng = 150 kg N/ha

3.8.2 Treatment combinations

e
6.
11.
7.

3,83

Sqnq 2. 840y 3. S4ng 4, Sqy 5, S4Ng
S,y 7. Sony 8. Sqohg 9. Soh, 10.52n5
840y 12. Sghy 13. Sahy 14, Sghy 15.s3n5

8404 18. S4ny 18. S4Na 19. S40y 20.s4n5

Time of application of fertilizers

Source s, applied as 1/3 basal + 1/3 sixty days after
planting + 1/3 ninety days after planting.

source S, applled as full basal.
source Sy applied as full basal

source s, applied as full basal
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3.B.4 Plot size and spacing

Plot size - 5.4 x4,5m (oross)
4,5 x 3.6 m ( net)
spacing - 90 x 90 cn

3.9_Planting

Planting was done on 15th November 1985. The cuttings
of length 20 cm were pla';‘\l:ed vertically at the rate of 1 sett/
mound at the centre of the mound, at a depth not exceeding

6 cm.

3.10 Ferti}izer application
3.10.1 Nitrogen

Nitrogen was applied as the different forms mentioned
earlier and the calculated amounts of nitrogen were given as
per treatment schedule, Urea and the oil cakes were mixed in

the ratio of 5: 1 just before application.

3.10.2 Phosnhorus

Phosphorus was given as super-phosphate containing 16
per cent POy uniformly to all plots at the rate of 100 kg
P205/ha as basal dressing.

3.10.3 Potassium

Potassium was given as muriate of potash which contains
60 per cent K0 and the calculated amounts were given in 3
splits, first split as basal, second dose two months after
planting and the final dose 3 months after planting.
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3,11 After cultivation

Germination of setts was satisfactory end the ungersina-
ted setts ware removed and replanted with fresh setts ten
days after planting, After retaining two healthy sprouts,
all other sprouts were removed after 30 dJdays. Weeding
and earthing up were done as per the package of practices
rascoansndations of K,A.U. 1., 2 months aftar planting and
3 months after planting{\r ORI

3,12 Harvest

The crop was harvested 10 months after plenting, le,
on 15th Septexbex 1986, The plants sclected for biomeiric
obsexvations were uprooted on the previous day of genaral
harvesti and necessary obsexrvations were recorded.

3413 Biomatric obsarvations

3.13.1. Eps-hagvest observations

Four plants ware selected from each plot at random
and were tagged. The following obsexvations were made on
these plants, at intervals of 30 days frod planiing te
harvest and the mean values wore worked out,

3.13.1.1 Elant heioht
Helight of the tallest of the two stems of each plant

was mesasuraed from the base of sprouts to the tip of the
unopensd bud,
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3¢13.1.2 Number of nodgs per plant
The number of fully opened leaves as well as the

leaf scars were counted from the base to the tip of the
stem on both the shoots.

3.13.1.3 Number of functional leaves per plant

The number of fully opened leaves or functional leaves

was counted from the base to the tip of the stem on both the
ShOOtS.ERO\MGHUJom and Ind ra Wl‘l*a‘]

3.13.1.4 Leaf Area Index

The leaf area was czlculated using the linear
measurenent method suggested by Ramanujan and Indira (1978).
The L.A.I. was worked out by the following formula as
suggested by Watson (1947).

Leaf area per plant (cmz)
Land area occupied by the plant (cmz)

L.AJI, =

3.13.2 Post harvest obsexrvations

The sample plants selected for blometric observations
were harvested on the previous day of general harvest., The
following observations were made on these plants, mean values

were caleulated and recorded,

3,13.2,1 Number of tubers_ per plant
The tubers from the observational plants were separa-

ted and counted,
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3.13.2.2 Tuber weight/glant

The mean tuber weight/plant was worked out by dividing
the fresh tuber weight of sample plants by the number of
tubers,

3.13.2,3 Length of tuber

The length of medium sized tubers from the sample

plants were measured,

3.13.2.4 Girth of tuber

Girth measurements were recorded from those tubers
which were used for length measurements. Girth values were
recorded at three places of the tuber, one at the centre
and the other two at half way between the centre and the
two ends of the tubers. Average of these three measurements

was taken as the girth of the tuber.

3.13.,2.5 Iuber yleld
After carefully pullaing out the plants from the net
plot, the tubers were separated, cleaned and the fresh weight

of tubers recorded.
3.13.2.6 Top yield

The total weight of stems and leaves of the plants from

the net plot was recorded soon after harvest.
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3.13.2.7 Utilisation index

Ratio of the root weight to top welght (stem and
leaves) which is an important yield determined of tapioca

was calculated for each treatment.

3.14 Guallty attributes
3.,14.1, Starch content

Starch content of the flesh tuber was estimated by
using potassium ferricyanide method. The values are expressed

as percentage on fresh welght basis.

3.14.2, Starch yield

Starch yield in kg/ha was calculated by multiplying
the percentage of starch with the tuber yield in kg/ha.

3.14.3. Hydrocvanic acld content

Hydrocyanic acad content of tuber samples was estimated
colorimetracally by sodzumpicrate method (Indira and Sinha,
1969) .

3.14.4, Crude protein content

The nitrogen content of tuber was determined by the
modified microXjeldahlmethod (Jackson, 1967) and the crude
protein estlimated by multiplying thenitrogen values by the
factor 6,25 (A,0.A.C. 1969),
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3.14.5 Dry matter production

One day before the final harvest, one plant from
each plot was carefully pulled out, the rootls were
separated and washed and the tops separated into leaves
and stem. Each part was weighed fresh and subesamples
were taken and dried in the oven at 80°C to constant
welght and dry weights of the various plant parts were
determined and recorded.

3.15 Chemical analysis

3.15.1 Chemlical analysis
3.15.1 Plant analysis
a. Nitrogen
Total nitrogen of the plant samples were determined
by the modified microkjeldahl method (Jackson, 1967).

b. Potassium
Potassium was determined flame~Photometrically using
Elico flame photomster.

3.15.2 Uptake studies
a. Uptake of Nitrogen

Different plant parts such as leaves, stems and roots
were analysed separately for nitrogen and the total uptake
was calculated based on the nitrxogen content of the parts

and their respective dry weights.
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b. Uptake of potassiun

The potassium content in tho different plant parts
such as leaves, stem and roots were estimated separately
and the total uptake was computed based on the potassium
content of the parts and their corresponding dry weights.

3.16 Soi} ana}ysis

The 20il in the field was analysed for the various
physico=chemical properties before the commencement of the
experiment, Plote-wise analysis of soil samples for availa-

ble nitrogen and potassium was done soon after the harvest.

3.16.1 Analytical methods
The methods followed for the analysis of soil (Physical
and chemical properties) are given below.

3,16.1.1 Mechanical analysis

The international pipette method ( Piper, 1950)
was used for the mechanical analysis of initial soll sample.
3,16.1.2 Soid pH

The pH was determined with Elico pH metre (Jackson, 1967
3.16.1.3 Organiec_carbon

Walkley and Black's wet exidation method as descri-

bed by Jackson {1967) was used for the estimation of organic
carbon,
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3746.4 4 Total nitrogen

Modified microkjeldahl method (Jackson, 1967) was
used for the estimation of total nitrogen content of soil,

3,16.1.5 Available phosphorus

Avallable phosphorus was found by Bray's I method
{Jackson, 1967).

8,16.1.6 Available potassium

Available potassium was extracted by neutral normal
ammonium accetate solution and determined by a flame photo~
metexr (Jackson, 1967).

3.17. Statistical analysis

The experimental data were analysed statistically
by applying the technique of analysis of variance for 4 x 5
rectangular lattice (Cochran and Cox). The standard error
of means and the critical difference have been provided
for all statistical analysis whereever Fetest was signifi-
cand. in general, the results and discussion are based at
probability 1level of 0.05.



RESULTS
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4, RESULTS

4,1 Growth characters
4.1.1 P].an‘t h.ight

The data on plant height at various stages of growth
are presented in Table 1,

30 D.A.P.

Plant height at 30 days after planting was not influen-
ced by the application of different sources of nitrogen,

As regards the levels of nitrogen the effect on
plant height 30 days after planting was significant.
Highest plant height was obsexrved with the application of
nitrogen @ of 150 kg/ha which was on par with 125 kg N/ha
and 100 kg N/ha.

The interaction sffect of the sources of nitrogen and
levels of nitrogen was not significant.

60 DAP.

Plant height at 60 days after planting was influenced
by the different sources of nitrogen tried. Neem coated urea
recorded the highest plant height which was on par with
urea super granule and Tubber cake coated urea was found to
be inferior to all the other sources.



Table 1. Effect of treatments on the height of plants at various growth stages(cm)

Treate 30 60 g0 120 150 180 210 249 270 At hare

ments days days days days days days days days days vest
84 21.42 28,69 38.12 49,68 66.32 91,53 111,05 120,70 135,20 148.21
Sy 22,47 34,76 44,93 60,68 78.88 95,78 114,35 133.20 144,61 156.04
83 23.31 34,05 43.86 58,43 78.35 99.98 116,10 138.33 147.46 158.26
5, 20.49 33.39 43.41 59.16 72,63 92,25 109,60 120,24 131.92 141.02
SE 1.04 1.29 1.47 1.71 3.09 2,51 2.80 4.1 3.72 4.33
cn NS 2.66 3.04 3.52 6,35 5.17 5,76 8.46 7.65 8.90
ny 20,36 30.04 39.95 51.00 67.87 84.44 103,86 120.80 130,23 141.8%
ny 20,76 32,02 41,13 54,438 72,31 89.85 108.21 122,58 134,27 147.17
ity 22,33 32.89 41.90 56,15 74.88 94,92 111.94 128,55 140,50 150,52
ny 22,34 33.56 44,02 58.35 75.11 100.C0 118,96 130.42 144,34 154.85
ng 23.81 35.12 46,73 60,65 80,06 105,20 123.81 138.52 149,64 159.99
SE 1.15 1.45 1.65 1.91 3.45 2,82 3.13 4,59 4,16 4.84
() 2,38 2.99 3,40 3.94 7.10 5.79 6,44 9.43 8.56 9.95

qGe
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With respect to the levels of nitrogen, there was
significant effeat. Application of nitrogen @ 150 kg/ha
produced, tallest plamts compared to those troated with
75 kg N/ha and 50 kg K/ha.

The interaction effect was not significant.

Q20 DLAP,
Plant height at 90 D,A.P., was significantly influenced

by the sources of nitrogen. Neem coated urea recorded the
maximum height uhich was on par with that of urea super
granule and rubber cake coated urea, Prilled urea recorded
the lowest plant hoight.

Levels of nitrogen had significont effect, on plant
height. Nitrogen applied @ 150 kg/ha produced the tallest
plants but its effect was on par with that of ths applicatien
of 125 kg N/ba.

The inveraction e{feet was not significant in this
saspect,

120 D.AR.

It was evident from the resulis that there was signi-
ficant influence of the sources of niirogen on plant height
at 120 days after planting., Neen coated urea recorded the
maximum helght hut its effect was on par with that of urea
super granule. Pxilled urea was found to bs the inferier

source at thils stage,
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Levels of nitrogen also expressed significant
effect on plant height at this stage. Nitrogen applied
@ 150 kg/ha resulted in meximum plant height but its
effect was on par with the level of 125 kg/ha, Nitrogen
applied at the rate of 50 kg/ha resulted in the lowest
plant height.

The intexaction effect was not significant.

150 D.A.P.

The data revealed significant influence of the
sources and levels of nitrogen on plant height at 150 days
after planting.

The sources, neem coated urea snd urea super granule
psoduced tallest plants which were significantly superior

to urea and rubber cake coated urea.

The nitrogen level of 150 kg/ha produced tallest
plants which was significantly, superior to all the other
levels. The levels of 75, 100 and 125 though on par were
significantly superior to 50 kg/ha.

The interaction effact was not significant,

190 D, AP,
The different sources of nitrogen tried exerted signie-

ficant influence on plant height at 180 days after planting.
Urea super granules produced tallest plants which was on
par with neem coated urea. Other sources were significantly
inferior.
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The levels of nitrogen exerted significant influence on
plant height., The nitrogen levels of 1425 and 130 kg/ha produ=
ced the tallest plants which were on pax. The levels of 50,
75 and 100 kyfha of nitrogen were significantly irferior in
this respoct.

Ihe intexaction effect was not significant.
210 DoAs P,

The influence af the scurces of nitrogen was significant
at this atzge. Urez super granule produced the tallest plants
which was siganificani superior to all others. The nseom coated
urea was significantly superior o urea and subber cake coated
urea.

The «ffecy of ths levels of nitrogen was also sigmificant,
A significant increass in plant heijht was obsexrved at the
highest dose of nitrogen je. 130 kgo/ha. The plant height at
125 kg/ha though inferior to the highest dose of nitrogen was
significeniiy superior to all others.

Tae inteczetion effect was net significeant.
280 DuAgRe

The data provided in the table vavealed significant
influence of both the sources and levels of nitrogen an plant
height at 240 days after planting,

Urea super granules produced the tallest plants at this
stage which was significantly supezior to all others,.
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Application of the highest level of nitrogen resulted
in the production of the tallest plants. The level of 100
and 125 kg/ha were on par and the others were significantly
inferior.

The interaction effect was not significant.

270 D,A.P.

The sources of nitrogen revealed significant influence
on plant height. Lrea super granule and neem coated urea
which were on par were found to be superior to urea and rubber

cake coated urea.

wWith respect to the levels of nitrogen, nitrogen appli-
cation @ 150 kg/ha was significantly superior to all others.
The effect of nitrogen € 125 kg/ha though inferior to ng was
on par with ng and significantly superior %o ny and Do The
interaction effecht was not significant at this stage.

At harvest

The effect of the sources of nitrogen was significant.
Urea super granules recorded the maximum height but was on par
with that of neem coated urea., Urea and rubber cake coated

urea recorded the lowest plant heights,

Trhe levels of nitrogen also exerted significant influence
on plant height. Application of nitrogen @ 4150 kg/ha recorded
maxinmum height which was significantly superior 1o all other
levels. This was followed by N4 N3, Ny and ny. The effect

of interaction was not significant.
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4.1.2 Number of nodss
The data on the number of nodes at various growth

stages are prescnted in Table 2,

30 D,A.P,.

There was no significant difference in the number of
nodes produced due to the effect of the sources of nitregen
oxr due to the levels of nitrogen. The interaction effect was
also not significant.

60 D.A.P.
+t this stage, the data presented in Table 2, revealed

that the node number was altered significantly by the sources
of nltrogen and levels of niirogen, Though the highest number
of nodes was noticed in neem coated urea it was on par with

urea super granule and rubber cake coated urea,

The node numbex was the highest in treatment ng which
was followed by ng, n, and n,.

90 D, AP,
The influence of the sources of nitrogen was significant,
at this stage. Urea super granules was superior in this

respect as compared to other sources.

With respect to the levels of nitrogen the number of
nodes was significantly higher at ng level as compared to all
the othexr levels of nitrogen. The effect of Nys Ny and n,

were on par,



Table 2., Lfiect of ireatments on the number of nodes/plant at various growth stages

Treate 30 60 90 120 180 180 210 240 270 At hasvest

ments days days days days days days days days days
s, 22,53 42,57 535.43 94,95 105.15 138,70 160,17 164.53 187.98 199.85
s, 21.80 46,90 DB&.23 112,30 115,80 138,52 156,07 162,96 194,22 214.17
s3 21.13 45.63 58.87 106,07 110,62 154,33 180,91 191,56 203,23 224,66
sS4 20,53 44,38 50,99 107,65 110,50 140,39 161.90 152,91 171.42 191.95
SE 1.07 1.42 1.80 3.7 2,56 3,17 7.14 7.14 5.85 7,17
(w3 NS 2,93 3.09 7.63 5,27 5.85 6,52 14.69 12.02 14,75
n, 19.11 41,35 93,08 98,02 102,27 131.42 154.09 155.82 181.27 194.46
ny 21,17 43.85 55,36 100,77 107.15 141.29 163,93 165,13 980,13 194.83
ng 22.19 46,75 57,23 108,75 111,65 142,88 162.00 471.08 187,33 205,63
n, 22.31 44,40 57,63 104,94 112,44 145,92 168,38 162,00 196,99 296,50
ng, 22,73 48,00 61.11 114.34  119.08 153.43 175,38 185.87 199.84 226.89
SE 1.18  1.59 1468 4,15 2,86 3,29 3,55 8,43 6,54 8,02
D NS 3,28 3.46 8,53 5.89 6,77 7.29 17.33 13.45 26,49

(8%
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320 b.A.P,

Number of nodes was found to be significantly influenced
by the different sources of nitrogen. Neem cake coated urea
produced the highest number of nodes. The effect of the
different levels of nitrogen was significant in this attri-
bute. The level 150 kg N/ha produced the maximum number of
nodes and n, level the minimum.

180 D.A,P.

The number of nodes at this stage vas significantly
influenced both by the sources of nitrogen ard levels of
nitrogen.

The offect of neem coated urea was significant and
resulted in the production of the highest number of nodes,
Number of nodes was significantly higher at fig level compared
to all the other levels.

180 D.A.D,
The effect of sources of nitrogen was significant on
the number of nodes. Urea super granule was found to be the

best source in producing the highest number of nodes.

The levels of nitrogen also exerted significant influence
on the number of nodes. Response to fg level was significantly
higher compared to other levels. Treatments n,, ny and n,
were on par at this stage.
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210 D.A,P

Sources of nitrogen exhiblted significant effect on
the node number at this stage of growth, Urea super granule
was found to be the superior source as compared to all other
sources in respect of node number. With respect to the
incremental doses of nitrogen, the effect on the number of
nodes was superior., Treatment ng produced the highest number
of nodes which was followed by n,, n, and ng. The interaction
was significant.

240 D,A,P.

There was signizicant effect of the sources of nitrogen
on the number of nodes at this stage. Urez super granule

was found to be the best source.

The effect of nitrogen levels was also significant in
this respect, Treatment ng produced the highest number of
nodes at thas stage. This was followcd by Ny My and Nye

270 D,A,P.

Both the sources of nitrogen and levels of nitrogen
exerted significant influence on the number of nodes at this
stage. Urea super granule was found to be the best source
at this stage also. This was closely followed by neem coated

urea.
Treatment ng produced ‘the haghest node number through

on par wath Dge
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At harvest

The data clearly indicated that there was significant
effect of the sources of nitrogen on the number of nedes,
Though urea super gzan&} produced the highest number, it

was found to be on par with neem coated urea,

The levels of nitrogen also exerted significant
influence on the node number, The ng level of nitrogen
produced the highest number of nodes but was on par with
n40
4.1.3 Number of fun¢tional leaves

The data on the number of functional leaves at various
growth stages are presented in Table 3.

30 D,A,P.
The different sources of nitrogen ware not influential
in producing significant variations in the number of leaves.

But the effect of the levels of nitrogen was signifia
cant., The highest leaf number was observed in treatment ng
which was on par with ny but significantysuperior to other
treatments,

The interaction effect was significant,

60 D.A,P.
It is evident from the results that the effect of sources

of nitrogen and nitrogen levels were significant. Neem cake



Table 3.

Effect of treatmenis on the numbers of functional leaves at
varlous growth stages

mets R, Q. R 10 M0 20 260 270 AL harvest
51 19.23 28,50 23.67 32,62 39,60 60,33 71.28 57.20 52,47 40,49
52 18,76 32,33 25,28 34,20 37.08 50,57 71.17 56,96 $1.53 47.34
sa 17.53 30,59 24,78 34,28 62,98 759,77 62,13 62,13 58.14 50,13
54 17.05 31,39 24,22 34,82 36,03 51,60 62.65 56,66 48,07 39.31
SE 0,98 1.18 0,95 1.30 1.595 1.79 1.76 4,12 4,03 2,04
cD NS 2.42 NS NS NS 3.68 3.62 NS 8.29 4,19
n‘l 16.02 28,08 22,60 31.07 34,88 52,19 62,98 32.84 A44.73 39.27
n2 17 .54 29,862 23.08 32.88 37,04 55,98 66,77 54,00 43,75 41.83
n3 18,10 31.86 24,306 34,50 38,10 87.63 70,29 59.34 51.00 43,63
n4 1.3 30.54 25,15 34,52 37.34 62,52 74,79 61.38 535.88 45,87
n5 15,75 33,26 27.25 37.438 471 o0 4,79 76.22 €3,53 1.0 50,96
SE 1.09 1.31 1.07 1.45 1,73 1,59 2,77 4,16 351 2,28
Ch 2.24 2,70 2.19 2,99 3.95 4.11 4,46 0.48 7.28 4,69

GPb



46

coated urea was superior to all other sources in this
respect, which was closely followed by rubber cake blended
urea.

The different rates of nitrogen increased the number
of leaves. Application of nitrogen at the highest level of
150 kg/ha produced significantly higher number of leaves,
Treatments Ng and n, were on par with each other. But the
interaction effect was not significant.

90 D,A,P,

vWith respect to the sources of nitrogen, the effect
was not significant, but there was conslderable influence
of the levels of nitrogen application on the number of
functional leaves at this stage.

The highest number of leaves was observed in the treat.
ment receiving the highest level of nitrogen ie. 150 kg N/ha.

But the treatment ng and n, were on par.

120 D.A.P,

As regards the source of nitrogen, the effect was not
significant. The data showed considerable influence of the
rates of nitrogen application on the number of leaves at
this stage, Number of leaves was highest at ng level whereas
ng and n, were on par.

The interaction effect was not significant at this

stage also.
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150 D.A,P.

The data revealed that the number of leaves was not
influenced significantly by the various sources of nitrogen
applied.

The levels of nitrogen had significant effect on the
number of leaves, The highest level of nitrogen produced the
highest number of leaves at this stage also, The treatments

foe Ny and n, were on par at this stage.

80 D.A.P,

The leaf number at 150 days after planting was signi-
ficantly influenced both by the sources of nitrogen and
levels of nitrogen applied.

Urea super granules produced the highest number of
leaves which was significantly superior to all other treat=
ments. Treatments urea and neem coated urea were next in
order.

with respect to the levels of nitrogen, the leaf number
was the highest in the highest level of nitrogen application
(130 kg N/ha). Treatment ng followed ng in this respect where

as n, and Ry were on par.

210 D,A.P,
The different source of nitrogen revealed significant

influence on the number of leaves. Urea super granules was



48

superior to all the other sources, Prilled urea and neem
coated urea which were on par were superior to rubber cake

coated urea.

As regards the levels of nitrogen, though the treat-
ment ng produced the highest leaf number it was on par with
nye The treatment n, was significantly superior to Ny, Ny
and ny in this attribute.

240 D, AP,

The effect of the sources of nitrogen was not signiw
ficant at this stage. The data showed that the levels of
nitrogen excrtad significant influence on thls growth charae
cter at this stage. The number of leaves at ng was the

highest., Treatment ny and ny were on par at this stage.

270 D,AP.
The data revealed that the effect of the sources of
nitrogen was significant at this stage. Urea super granules

shouwed aefinite superilority over all other treatments,

In the case of the levels of nitrogen, the effact of
the incremental doses of nitrogen was conspicuous in ‘this
respect, The highest number of leaves was obsexved at the
highaest rate of nitrogen application (n5)¥
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At harvest

The data showed that the leaf number was significantly
influenced by the sources of nitrogen as well as by the
levels at this stage. Urea supergranule was significantly
superior to all cther treatments., This was followed by

naem coated urea and rubber cake coated urea,

As regards the levels of nitrogen, the highest
nitrogen level produced the highest leaf numbexr which
was siynlficantly superior to all other treatments,

Treatments n, , Ny and n, werc on par at this stage.

4.1.4, Leaf Area Index

The data on L.A.I. at various growth stages are presen-
ted in Table 4,

S0 D,A.P,

VWi.th respect to the different sources of nitrogen
therc was significant influence on L.A.I. Neem cake coated
urea was found to be the best source of nitrougen followed
by urea supsr granule which was on par with ruboer cake

coated urea,

As regards, the levels of nitrogen, LAI was found to
ancrease significantly with increase in the dose of applied
nitrogen. Though the highest dose of nitrogen recorded
highest LAI value, it was on par with n, which in turn was
on par with ngy and Rye



Table 4.

Effect of treatments on the Leaf Area Indox at various growth stages

Troeat- 30 60 20 120 150 180 210 240 270 At harves?
ments days days days days days days days days days
L2 0.21 0.47 0.25 0.41 0,55 1.04 1.41 1.21 0.98 0,71
85 0.28 0.58 0.29 0,50 0,66 1.05 1.41 1,22 0.96 0.83
Sg 0.24 0.51 0.26 0.57 0,71 1.11 1.50 1.32 1.08 0.68
5, 0.23 0.53 0.27 0,43 0.60 0.91 1.25 1.21 0.90 0.69
SE 0,01 0.03 0,01 0.04 0,02 0,03 0,04 0,05 0,04 0.04
<o 0.03 0,07 NS 0,09 0,04 0.06 0.07 0.10 0.08 0.07
ny 0.21 0.44 0.24 0.40 0.60 0.91 1.11 1.12 0.84 0,69
n, 0.23 0,52 0.25 0.41 0.63 0.99 1.17 1.1 0.91 0,73
ng 0,24 0.53 0,26 0.46 0.68 1,01 1.49 1.26 0.97 0.76
ng 0.2% 0,53 0.28 0.53 0,65 1.10 1.58 1.31 1.04 0.80
Nz 0,27 0. 60 0,32 0.61 0,75 1.13 1.62 1.39 1.15 0,89
SE 0.01 0,04 0,01 0,05 0.02 0.04 0.04 0.06 0,05 0.04
(#)) 0,03 0.08 0.03 0,10 0,05 0.07 0.03 0.12 0.09 0,08

0S
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60 D.A,P.

The effect of the sources of nitrogen was not signie
ficant. The levels of nitrogen showed significant difference
in LAY values at this stage., The LAI value at ng was signi-
ficantly superior to all other levels.

90 D.A,P.

The data revealed that the effecct of levels of nitro-
gen alone was significant at this stage of observation. The
treatment ng recorded the highest LAI value which was signi-
ficantly superiox to all other levels.

120 D.A.P.

The dzcta revealed that the effect of the different
sources of nitxrogen on LAI was sagnificant. Urea super
granule was found toc be the best source compared to Prilled
urea and rubber cake coated urea, but its 2ffect was on par

with that of neem cake coated urea.

The effect of levals of nitrogen was significant in
this respect. The LAI observed at ng level was the highest.
This was on par with Nge

150 D.ALP.
Here the data showed that the different sources had
significant effect on the leaf area index. All the sources
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were significantly different in thelr effects. Urea super

granule recorded the maxamum value of LAI,

The results showed that levels of nltrogen exerted
significant influence on LAI at the stags. The highest
value of LAI noted at ng levels was significantly superior
to all other levels.

180 D.A.P.
The data revealed significant influence of both the

sources nitrogen and levels of nitrogen on the LAL values
at 180 days after planting, Though urea super granules
recorded the highest value of LAI, it was on por with neem
coated urea, LAIL walue was the highest at ng level but
was on par with fge Treatments ny and n, were on par in

this respect.

210 D.A.P,
The effect of the sources of nitrogen was significant.
Urea super granule was found to be significantly superlor

to all others at this stage.

As regards the levels of nitrogen ng and ny were signi-
ficantly superior to all other levels.

240 DA P,

The effect of the sources of nitrogen was not signi-
ficant., The levels of nitrogen had significant ceffect on
LAI at thils stage. The highest value was observed at ng level
which was on par with n, and Ny levels,
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270 D.A.P,

Significant effect of the seurces of nitrogen on
LAI was observed at this stage. Urea super granule was

found tc be the best source,

LAI was significantly high at the highest dose of

nitrogen. The values at ny and ng levels wore on par.

At haﬂes&

The resulis clearly showed that there was signifi-
cant effect of the sources of nitrogen on LAI., 1LAI values
were significantly higher in the case of urea super granule

and neencake coated urea,

With respect to the levels of nitrogen, different
levels had significant e¢ffect on LAI. Rg, level recorded
the highest value of LAI which was significantly superior tn
all others.

4,2 Yield components and yleld
4,2.1 Tubers / plant

The data shown in table 5 and illustrated in Fig.3
showed that both the sources and levels of nitrogen had
significant effect on number of tubers/plant. The source-
level interaction was also significant.



Table 5. Effect of treatments on the number of tubers
par plant

Lovels of nitrogen

Sources Iean
n1 na n3 n 4 ﬂ5

89 4,50 5.17 .38 4.08 6.33 5.08

S, 5.58 6,33 $.33 5.25 6.75 5.85

84 8,66 5.16 6.25 6.08 6.17 8.86

S4 3.67 4,08 5.17 6.17 5.58 4.93
Mean 4,85 3.19 5,52 5.39 6.20

F CD(5%) S.E

Between sources Sig, 0.55 0.27

Botueen levels Sig. 0.62 0.30

Interaction Sig. 1.23 0.59

04
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The highest tuber number was observed in urea super
granule which was on par with neem coated urea. Tuber
nunber in rubber cake coated urea was the lowest but was

on par with urea.

¥Wiith respect to the levels of nitrogen, the number
of tubers per plant was found to increase with incremental
dose of applied nitrogen, Tuber number was the highest
with the treatment receiving 150 kg N/ha. Treatment n,,

ng and n4 were on par. The lowest number was recorded in N4

4+2.2 Tuber weight/plagt

Data presented in Table 6 and illustrated in Fig.4
revealed that the effects due to the different sources of
nitrogen and also due to the different levels of nitrogen
was significant, The maximum value for tuber weight per
plant was shown by urea super granule which was significantly
superior to all others, This was followed by neem coated ures,
urea and rubber cake coated urea.

As regards the levels of nitrogen, maximum tuber
weight was recorded by the ny level, The effects due to n,
and Dy sevoks @Ee on par. Similarly treatments n, and n,

were on pa*,
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Table 6. Effect of treatments on the tuber weight
oer plant (kg)

Levels of nitrogen

Souxces Mean
R 2 3 P4 fs
2 1.79 1.89 1.84 1.94 2,67 2.03
8, 2.05 2,09 2.21 2,36 2.34 2,21
) 2,03 2,06 2,69 2,68 2.79 2.45
S4 1.86 1.66 1.92 1.81% 2,27 1.91
Mean 1.93 1.66 2,17 2.19 2.52
F CD (%) S.L.
Between sonrces S5ig 0.19 0.09

Between levels Sig. 0.21 0.10
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4. 2.3 h of tubsy
Data presented in Table 7 showed that the different

sources and levels of nitrogen influenced the length of

tubar significantly. 1he interactlion was also significant.

Urea super granules recordad the highest tuber length
which was on par with neem coated urea. The scurces prilled

urea and rubber cake coated urea were on par.

Incremental doses of nitrogen significantly influenced
the tuber length. Maximum tuber length was recorded at ng
level which was signifiicantly superior to all other levels.

Treatments nyy Ny and N, were on pav.

Neither the source nor the levels of nitrogen influenced
the girth of tuber (Table 8).

Maximum tuber girth was by urea super granules though
not statistically superior to other sources., The ny level
produced the highest girth though not superior to others.

4,2.5 Tuber yleld

Data presented in Table 9 and illustrated in Fig. 5
clearly revealed that both the sources of urea and levels of
nitrogen exerted significant influencs on tuber yield,
but the source~ level Iinteraction was not significant.
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Table 7. Effect of <.catments on the length of tuber (cm)

Levels of nitrogen

Sources Mean
ny ny Ry n,y Ng

8 23,42 24,83 27,33 27.00 23,67 23,2%

Sy 22,42 28,33 27,50 28,00 31,00 27.45

8, 26,50 25,17 30,79 26,17 33.50 28,39

s4 22,17 23,17 22,25 21.00 25,50 22,82

Mean 23.63 25,38 26.89 25,54 28.40

F CD(5%) S.E.
Between sources Sig. 1.47 0,72
Between levels Sig. 1.65 0.80

Interaction Sig 3.29 1.60




Table 8, Effect of treatmonts on the girth of tuber (cm)

Levels of nitrogen

Sources Mean
ny ny ng N4 Ny

8, 15,40 16,40 16.18 13.83 16,70 16,10
8g 16,17 17.23  17.77 16,33 17,03 16.91
Ss 16,00 15,68 18.53 16,79 15.77 15.95

Mean 18,79 16.26 16.38 16.82 16.67

r CD( %) SE
Beiween sources N.S - 0.29

Beltwean levels N.S - 0,33




Table 9, Effect of treatments on the tuber yleld(t/ha)

Levels of nitrogen

Sources Mean
iy n2 "3 s s
8, 16,23 19,10 18.61 21,90 22,44 19,95
85 19.18  18.81 24,21 24.39 26,35 22,59
8g 23,54 23,38 25,51 27.35 28,47 25,65
Sq 16,65 16,81 16,80 20,41 18,13 17.76
Mean 18.89 19.532 21.29 23,51 23.8%
F C(5¥)  S.E
Between sources Sig. 2,96 1.44
Between levels Sig. 3.31 T.6%

60
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Urea super granules recorded the maximum yield of
25,6 t/ha and was significantly superior to all the other
sources. Rubber cake coated urea produced the lowest yield

but was on par with prilled urea.

The data showed that an increase in the dose of
nitrogen significantly increased the tuber yleld. Maximum
tuber yleld was shown by the highest level of nitrogen ie.
150 kg/ha, but it's effect was on par with that of ng and
ng levels. n, level gave the lowest yleld and its effect

was on par with that of n, and n, levels.

4,2.6 Top yleld
The data in Table 10 revealed that top yleld increased

signiricantly with the difference in the sources of nitrogen.
Top yield was the highest in urea super granule which was
significantly superior to all others, The effects due to

the other sources were on par,

Incremental doses of nitrogen increased the top yield
significantly, Maximum top yield was observed at Ny level
though it's effect was on par with that of ng and ng levels,

4,2,7 Utilisation Index (U.I.)
Utilasation index was significantly affected by the

different sources of nitrogen (Table 11). The effects due

to neem coated urea, urea super granule and urea were on



Table 10, Effect of ireatments on the top yield (t/ha)
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Lovels of nitrogen

Sources

Mean
51 ﬂ2 ns ﬂ4 n5
¥ 7.69 7.74 8.8% 8431 10,25 8,57
‘2 7090 6034 9.42 9.59 9.99 9.25
85 10,53 10,04 11,07 11.88 11.97 11.10
84 T.41 8.21 9.5% 9.51 9.29 8,70
Mean 8.38 8.83 9.72 9.82 10,38
F CD(S3%) S.E
Belween sources Sig. 0.82 0,39
Between leovels Sig. 0.92 0.45




Table 11. Efzect of treatmentson utilisation index

Levels of nitxogen

Sources Mean
ny ns Ry ny g
S4 2,43 2440 2.39 2,61 2.80 2,53
Sy 2.23 2.3 2,50 2,73 2,84 2,52
8, 2.19 2.43 2.49 2,65 2,74 2.50
3¢ 1.99 2.19 2,29 2.14 2,29 2.16
Mean 1.60 2,33 2,39 2.53 2,66
F CD(S%) S.E
Between souxces Sig. C.27 0.13

Between levels Sig. C.29 C.14

63
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par and the rubbexr cake coated urea was inferior to all
the others.

Utilisation index was found to increase with an
increase in applied nitrogen., It was higher at ng level
compared to Nye 0y and nge

4.3 Quality attributes
4,3.1 Starch content

Neither the sources nor the levels and source=level
interaction did influence the starch content of tuber
(Table 12).

Among the sources, neem coated urea recorded the
highest starch content though not significantly superior to

other sourcss.

Hith respect to the levels of nitrogen, n, level showed
the maximum starch content and n, level recorded the lowest
value.

4.3.2 Starch yield

There was significant influence of the different sources
of nitrogen on starch yleld (Table 13). Urea super granule
was found to be the best source followed by neem coated urea,
The effects of prilled urea and rubber cake coated urea were

on par,



Table 12, Effect of treatments on the starch content of

65

tubers (%)
Levels of nitrogen
Spurces Mean
n1 n2 na n4 n5

5 26,70 26,07 26,95 26,74 25,89 26,47
8, 26.30 26,32 26,86 27.48 27.7% 26.88
85 26,53 25,19 26.69 25,93 26,36 26,14
34 26,19 26439 26,23 26,54 26.37 26.34
Mean 26,43 25,99 26,61 26,72 26,59

F (%) S.C
Detwesn souxces N.S - C.41

Between levels N.S - 0.52




Table 13, Effect of the treatments on starch ylold (t/ha)
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Levels of nitrogen

Sources Mean
ﬂ1 ﬂz na n4 n5
% 4,32 4,96 5,02 5.87 5.79 B5.19
8, 5,04 5,04 9.43 6.44 7.09 %.98
33 6,27 6.07 6.78 7. 09 7.49 6.73
L 4.43 4,44 4.38 5.43 4,73 4,66
Mean 4.99 5.09 5.65 6.21 6027
F CD(5%) S.E
Between sources Sig. 0.74 0.36

Between levels Sig. 0.83 0.40
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The levels of nitrogen also had significant influence
on starch yleld (Table 13). Starch yleld was significantly
high at N, level compared to the lowest 3 levels but on
par with ny level.

The source-level interaction was not significant.

4,3.,3 Hydrocyapicaecid content

Data presented in Table 14 showed that the effect of
the different sources of nitrogen on HCN content was not

significant.

But the different levels of nitrogen tried,exerted
significant influence on HCN content of tuber. The ng level
showed the maximum HCN content and the ny level, the mini-

mun, Zhe effects of D, and n, were on par and also of Ny

and Ny
4,3.4 Crude protein content

The results presented in Table 15 showed that neither
the source nor the levels did influence the crude protein
content,

Neem coated urea recoxded the maximum crude protein
content though not signaficantly superior to other sources,
The maximum crude protein content was recorded at ns level

of nitrogen.



Table 14, LCffect of treatments on the Hydrocyanic acid
content of tubers ( poms/gm )

Levals of nitrogen

68

Sources Mean
™ P2 fa R4 Rs
Sq 41.66 44,75 46,66 50.33 53,66 47.40
Sp 40,16 46,00 91,92 51,92 54.33 48.79
B3 43,66 44,33 48,33 52.33 53,50 48.43
Sy 41,33 46,53 49,00 49,66 54,66 48.23
Mean 41,70 45040 48.90 51 .06 $4.03
F CD(5p%) S.B
Betwaen sources NeS - 1.09
Batween levels Sig. 3.39 1.65
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Table 19, Effect of treatments on the crude protein
content of tubers (%)

Levels of nitrogen

Sources Mean
nq np Ny ng Mg
5, 4.92 1:.44 2,04 1.69 2,23 1.92
S5 2.02 2,02 1.72 2.58 2.13 2.09
S3 1.80 1.27 2.19 1.64 1.98 1.77
Sq 1.10 1.66 1.11 1.66 2.48 1.60
Mean 1.71 1.59 1.76 1.96 2.21
F co(s¥) S.E
Between sources N.S - 0.03

Betwoen levels N.S - 0,04
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4,3,%9 Total dry matter

The diiferent levels and sources of nitrogen influen-
ced the total dry matter content significantly but the
source~level interaction was not significant (Table 16).

Among the sources, urea super granule was found to
be the best in producing more dry matter followed by neem
coatsd urea, The effects of prilled urea and rubber cake

coated urea were inferior and was on par with each other.

With respe¢t to the levels of nitrogen, there was
significant progressive increase in total dry matter pro-
duction with incremental doses of nitrogen.

4.4, Nutrient Uptake
4.4.1 Nitrogen yptake

Data showed that the diffexent sources of nitrogen
and levels of nitrogen tried, had significant influence on
the nitrogen uptake by plants (Table 17).

Urea super granules was found to be superior to all
other sources followed by neem coated urea. Prilled urea
recorded the lowest uptake but was on par with rubber cake
coataed urea,

The effect of levels of nitrogen was significant in
this respect. Among the levels tried ny was significantly
superior to ngy and ny but on par with ny level,
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Table 16, Effect of treatments on the total dry matter
production (t/ha)

Levels of pitrogen

Sources Mean
B4 N ng Ng )

54 8.27 9.98 10,22 11,57 12.57 10.52

g 9,59 10,23 12,82 13.32 14,69 12,13

&g 11.15 11,93 14.51  15.37 16.88 13,97

5, 8419 9.34 10.85 11.44 12.15 10.40
Mean 2.29 10,37 12,10  142.92 14,08
F (%) S.E
Betwaen spurces Sig. 0.49 0.24

Between levels Sig. 0.56 0.27
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4,4,2 Potassium uptake

The data presented in Table 18 showed that the
different sources and levels of nitrogen exerted signi-
ficant influence on the potassium uptake by plants,

However, source-level interaction was not significant.

Among the sources, urea super granule recorded the
highest potassium uptake followed by neem coated urea,
The treatments urea saper granules «nd neem coated urea

were on par.

Incremental doses of nitrogen resulted in an increase
an the potagsium uptake by plants, But the three higher

levels of nitrogen were on par in this respact,

4,5 Soil analysils after the experament

4,5.1 Total nitrogen

The data presented ain Table 19 revealed that the
effects of the different sources of nitrogen and the levels
of nitrogen were not significant on the total nitrogen
content of the soil after the experiment.

Though urea super granule recorded the highest total
nitrogen after the experiment, there was no significant

difference between the sources.



Table 18. Effect of treatments on the
potassium (kg/ha)

—

total uptake of

74

Levels of nitrogen

Mean
Sources
m m Ny m Ry
84 28.87 35,79 36,34 41,32 44,32 31.50
8, 36,02 36.14 46.61 48.43 52,58 43.90
S5 37.53 47,25 53.70 58,7 48.61 49.10
84 37.72 31.79 39,90 43.41 44,18 39,40
Mean 35,04 37,74 44.14 47,97 A4A7.45
- @G A% S W o - W &y B4 F.-".Cg(gié;----g'g-----
Between gsources Sig. 5.91 2.87
Betwesn levels Sig. 6.61 3.21




75

Table 19. Lffect of treatments on the total nitrogen
contant of soil after the trial (¥)

Levsls of nitrogen

Sources Mean
ny ny ny ny ng,
B4 0.076 0.076 0,089 0,086 0,083 0,082
5y 0.086 0,076 0,079 0,083 0.093 0,083
84 0.076 0.086 0.083 0,053 0.086 0.08%
$4 0,080 0,083 0.076 0,073 0.089 0.080

Mean 0.079 0,080 0,082 0,084 0.087

F CD(57%) S.E

S e SN W A0 ) @ & W T W W B B M @ ¢ W W 0 B G P O s D I em @ - &
Between sourGes N.S - -

Between levels N.S - -
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Treatment ng though recorded the highest value of
total nitrogen in scil there was no significant difference
between the different levels,

4,5.2 Available potassium

The data revealed that the different sources and
levels of nitrogen had no significant effect on the
available potassium content of soil (Table 20).

Though not significant prilled urea .zas inferior
to all tho other slow release sources. Treatment S,

reglstered the highest value,
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Table 20. Effect of the treatments on the available
potasgium content of the soll after the
trial (kg/ha)

Levels of nitrogen
Sources Mean

n, ﬂz 113 n 4 05

8, 70.00 76,66 65,00 78.33 68,33 T71.66
s, 56,66 75.00 83,33 63.33 65,00 69,66
8g 71.66 61.66 68,33 66.66 70,00 67.66
S, 65.00 73.33 78,33 56,67 75.00 69,66

Mean 65,83 71.64 73,74 67.49 69.58

BE M AV S WE GB P TH AN G NS S5 EP G A AN WE P W MN A e S RS WA MR A W W = o

F Cco(5%) S.LC

N W W M0 SN WY WD R W SN TP A GD R EH WD W G0 BR S5 B AR YO WP S A e A O b
Botueen sources N.S - 6.12

Betwecn levels N.S - 6.38




DISCUSSION



78

S. DISCUSSION

The present investigation elucidates, the effect of
sone sources of slow release nitrogen at varying levels of
nitrogen on the growth and yield performance of tapioca.
The results of the investigation are discussed below.

5.1, Growth characters
5.1.1 Plant h.ight

Eventhough the vegetative parts are not included as
the economic portion of the produce in taploca, it definitely
contributes to tuber production by acting as a photosynthetic
factory for the manufacture of starch. Height forms an essen-
tial component in the production of leaves which act as the
source. The importance of nitrogen in influencing the plant
height is to be viewsd in this context. At almost all the
stages of crop growth, the height of plants was favourably
and significantly influenced by the sloxvrelease sources of v
nitrogen as compared %o the prilled urea (Table 1.). The
efiect of the different levels of nitrogen was also signifi-
cant through out the crop growth stages (Table 1). The slom-
release sources would have prevented the leaching and run-off
losses by inhibiting nitrification process and also by releas-
ing the absorbable form very slowly and thereby making the
nitrate nitrogen available for a longer periods



79

Seshadri (1976) in cotton and Commen gt al (1977)
in rice and Sathianathan (1982) in tapioca, also obtained
increased plant height with the use of slow release sources
of natrogen, Much of the applled nitrogen in the plots where
prilled urea was the source would have been lost in the
percolating water and thoreby restricting the plant height,

as is observed the present study.

Among the different sources, urea super granule was
found to be superlor in most of the growth stages in augmenting
plant height, followed by neem coated urea. Urea supergranule
and neem coated urea would have conserved nitrogen to the
maximum extent and thus favourably influenced the plant growth
to record the maximum plant heights, During the early stages,
neem coated urea performed better than urea supergranules, but
after the 5th month urea supergranule showed the superiority,
indicatang that it is a better source of slow release nitrogen
than neem coated urea. This may probably be due to the fact
that urea supergranule exposes lesser surfaces a.red for roaction
with soil as compared to other sources. This would have
resulted in a longer period of avallability of nitrogen.
Studies of Horm (1979) lend support to this finding. As
regarding neem coated urea, neemcake is known to contain an
alkaloid nimbidin which would have suppdressed the population
of nitrifying bacteria and thereby prolonged the period of
availability of nitrogen. Similar results was obtalned by
Sathianathan (1982) in tapioca.
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Rubber cake coated urea did not maintain signi-
ficant superiority over untreated urea during the later
stages., During the early stages, the superiority of rubber
cake coated urea over untreated urea may probably be due
to the fact that the entire dose of rubber cake coated
urea was applied as basal dressing where as in the case
of prilled urea only one third of the total dose was
applied at this stage. Similar result was reported by
Sathianathan (1982) in tapioca.

As regards the levels of nitrogen, it may be parti-
cularly seen that the height was enhanced by nitrogen
application upto the highest level, The influence of
nitrogen on vegetative growth of plants is a well esta-
blished phenomina which needs no detailed discussion.
Similar 4increases in plant height due to higher levels
of nitrogen application have been reported in tapioca
by several workers like Natarajan (1975); Mandal et al
(1978) and Nair (1982).

5.1.2 Number of nodes

The different sources and levels of nitrogen signi-
ficantly and positively influenced the number of nodes
(Table 2).

During the early stages there was not much diffe-

rence in the performance of urea super granule, neen
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coated urea and rubber cake coated urea in respect of
the numbor of nodes, But during the later stages,
urea super granule was superior to all other souxces.,
Here the nitrogen availability might have been prolonged
throughout the growth of the plant especially in the
later stages of growth which may be due to the lesser
area of contkact of urea super granule with the soil.
Neem coated urea was second in the order of the slow
release sources of urea., The beneficial effect neem
coated urea may due to the presence of nimbidin which
might have resulted in a prolonged availability of
nitrogen.

Maximum number of nodes were produced at the
haghest level of nitrogen application. Number of nodes
actually roflects the number of leaves produced and
this is a cardinal index for measurement of vegetative
growth of tapioca. Krochmal and Samuels (1967) in tank
culture study have very well demonstr.ted the influence
of nitrogen on the vegetative growth of taploca, where in
a marked increase in the vegetative growth of tapioca by
higher levels of nitrogen application was observed.
Similar results were reported by Nair (1982),
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5,1.3 Number of functional leaves

The sources of nitrogen showed significant influence
during some of the growth stages while the levels exerted
influence at almost all the stages (Table 3). During the
early stages, the influence of slow release sources was
not significant in this aspect.

Urea super granule was found to be superior to other
sources during the later stages. This might be due to the
favourable effect of urea super granule rendering a pro-
longed availability of nitrogen even at the later stages
of growth. Similar results were obtained by Rambabu gt al}
(1983) in paddy,

Some nitrification inhibitory compounds like nimbidin
present in neem cake might have inhibited the nitrification
process and thereby made a continued availabllity of nitro=-
gen throughout the growth period of the plant. This is
reflected in the production of a higher number of leaves
in the treatment. Sathianathan (1982) also obtained similar
results in tapioca.

There was not much difference in the performance of
rubber cake coated urea and prilled urea, showing that

eventhough rubber cake coated urea is a slow release



83

source of nitrogen it is in no way better than prilled
urea in producing more number of leaves. Sathianathan
{1982) reported similar results.

There was significant positive influence of the
levels of nitrogen on the number of leaves, Mandal (1975),
Ngongi (1976} and Nair (1982) also have reported similar
positive influence of nmatrogen on leaf number of tapioca.

3.1.4 Leaf area Index (L.A.X.)

Both the sources and levels of nltrogen showed
significant influence on L.,A.I., during most of the growth
stages. (Table 4). The importance of nitrogen as a factoer
in influencing L.A.I. has been reported in many crops.
According to Russel (1973), as nitrogen supply increases,
the extra protein produced allows the plant leaves to
grow larger and hence to have larger surface area avallable

for photosynthesis.

Urea super granule was found to be superior to all
the other sources, neem coated urea stands second,
Performance of rubber cake coated urea was in no way
bstter than that of prilled urea. Increase in L.A,I,
was also due to an increase in leaf number due to the
influence of various sources. Urea super granule produced

more number of leaves and so it recorded the highest L.A.I.



So is the case of neem coated urea also which produced
more number of leaves than rubber cake coated urea and

prilled urea and hence recorded highest L.A,I.

As regards the levels of nitrogen, there was an
increase in L.A.I. with the application of incremental
doses of nitrogen. For many c¢rops, the amount of leaf
area available for photosynthesis 1s roughly proportional
to the amount of nitrogen applied. Increase in L.A.I.
was also due to an increase in leaf number at higher
levels of nitrogen. Increases in leaf area due to incre-
mental doses of nitrogen were reported by Ngongi (1976)
and Nair (1982) in tapioca.

5.2, Yield components and yield
5.,2.1 Number of tubers

The effect of both the sources of nitrogen and
levels of nitrogen on the number of tubers per plant was
significant (Table 5). Urea super granule showed the
highest number which was a par with neem coated urea.
The beneficial effects of these slow relecase sources of
nitrogen might have provided a steady supply of nitrogen
to pléks, which in turn favourably, influenced this -
important ylelds components. Sathianathan (1982) also
observed more number of tubers per plant in tapioca with

the use of neem coated urea, Rubber cake coated urea did
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not show any superiority over prilled urea in its influence

on production of tubers,

As regards the levels of nitrogen, there was signifi-
cant effect with the incremental doses of nitrogen.

Here, maxlmum number of tubers was obtained by the
application of 150 kg N/ha. Crops such as tubers which are
grown for carbohydrates show a higher rate of photosynthesis
consequent on increased leaf area obtained by nitrogen
application. (Russel, 1973), This might have led to the
production of larger number of tubers in plots supplied
with higher doses of nitrogen. Several investigators like
Vijayan and Alyer (1969) Mandal and Mohankumar (1972a) and
Nair (1982) have observed increases in tuber number of
taploca due to nitraogen nutritlon,

5.,2.2 Tuber weight per plant

The mean tuber weight 1s another important yield
determinant of taploca. The influence of both the sources
of nitrogen and levels of nitrogen on mean tuber weight
was significant as is shown in Table 6 and Fig.4., Urea
super granule recorded the maximum tuber weight followed
by neem coated urea. The increased photo synthetic activity
due to the production of more number of leaves in these
treatments as discussed earlier, by the prolonged availabi-
1lity of nitrogen might have resulted in the production of
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more assimilates which in turn have been deposited in the

tubers, thereby resulting in higher mean tuber weight.

The effect of the incremental levels of nitrogen
was also significant. Similar results were obtained by
Mandal and Mohankumar (1972b) and also by Nair (1982).

5.2.3 Length of tubers

It was observed from Table 7 that the effects of the
sources of nitrogen and levels of nitrogen on the length
of tubers were significant. Among the sources, urea super
granule recorded the highest tuber length though itts
effect was on par with that of neem coated urea. The bene-
ficial effect of slow release sources of nitrogen was

revealed in this attribute also.

The higher levels of nitrogen produced more tuber
length. The better growth performance of plants observed
at higher levels of nitrogen application had led to the
production of longer tubers. Similar results were reported
by Nair (1982) in tapioca.

5.2.4 Glrth of tubers

The effect of both the sources of nitrogen and levels
of nitrogen on the girth of tubers were not significant
(Table 8). The lack of response may probably be due to the
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gact that this may be a genetic character. Nair (1982)
also reported similar results in tapioca.

54245 Tuber Yield

Data presented in Table 9 and illustrated in Fig.5
clearly showed the significant influence of the different
slow release sources of nitrogen and levels of nitrogen on
tuber yield of tapioca in the present study.

Axong the sources tried, urea super granule produced
the highest tuber yield followed by neem cake coated urea,
The yields obtained in the other two treatments such as
prilled urea and rubber cake coated urea were definitely

inferior,

In a long duration crop like tapioca, the fertilizer
application is nceded to be adjusted to ensure fair and
steady supply of nutrients according to the crop require-
ments. NH4 + nitrogen relecased on urea hydrolysis undergoes
faster nitrification and the nitrates thus formed do not
remain in the soil for any length of time under the heavy
rainfall conditions of Kerala, The plants under prilled
urea application might have suffered nitrogen deficiency
at later critical stages of growth. This was very well
revealed by the poor growth performance of plants in plant
height, functional leaves, L.,A,Z. etc. Consequently the
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yield attributes such as mean tuber number, tubsr welght
were also unfavourably affected., This might be the reason
for the low yield of plants which received prilled urea.
Urea super granules and neem cake coated urea by providing
a slow and steady nitrification favoured the supply of
nitrogen for a longer perioﬂ'which resulted in a greater ~
uptake of nitrogen by the plants resulting the higher tuber
yield. The data on growth performance such as plant height,
functional leaves and L.A,I. which were already discussed
clearly revealed the superiozrity of the slow release
sources like urea super granule and neem coated urea,
Similar results of increased tubar yields, with the use of
slow=release sources of nitrogen in cassava were reported
by the Thailand Department of Agriculture(1965; 1966), NOP-
AMORNBORDEE.V. gt al (1967), 0ffori,C.S. (1976) and
Sathianathan (1982).

Increased and prolonged availability of nitrogen
increased plant height, number of leaves and leaf area
Index which would have resulted in a higher rate of photo=
synthesis and consequently a higher tuber yield. Prasad
(1979) also reported that the use of urea super granule
gave higher fertillzer nitrogen efficiency than ordinary
urea and produced higher yields in rice, malze, sugarcane

and other crops. Similarly Apparao (1983) observed a signi-
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ficant increase in paddy yields with urea super granule

application compared to urea application.

Increased yield through the use of neem cake coated
urca was reported by Sathianathan (1982) in tapioca.

As regards the lncremental doses of nitrogen, tuber
yield increased significantly by nitrogen application.
The highest tuber yield was observed by an application of
150 kg N/ha (n,) but its offect,on par with that of 125 kg
N/ha and 100 kg N/ha levels,

Nitrogen is a component of chlorophyll and plays a
vital role in the photosynthesis of plants. The yield of
cassava depends more upon the extent of assimilation and
assimilate accurulation in the roots. Assimilation in turn
depends on the extent of the assimilating surface. The
influence of nitrogen in increasing the assimilating surface
(leaf axrea) of plant is well known. The up-take of nitrogen
was more or less in proportion to the tuber production. Many
workers have reported yield incroases in ‘éapioca by nitrogen
application (Mandal and Singh, 19703 Mohankumar and Maint,
1977 and Nair (1982)%
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Eventhough the source=level interaction was not
significant, the highest tuber yield was recorded by the
application of urea super granule applied @ 150 kg/ha,

clearly indicating it's superioritiy over the other sources.

5.2.6 Top yield

In the present study, the various slow=release
sources of nitrogen and levels of nitrogen significantly
influenced the top yield (Table 10).

Arong the sources, urea super granule was found to
be superior to all the other sources. Being a slow release
source of urea, the prolonaged supply of nitrogen from urea
super granule seemed to enhance the overall growth of
plants, Plant height and number of functional leaves which
are the contrabuting factors for top yield were increased
by the continued supply of nitrogen from this slow release

Souxrce.

As regards the levels of nitrogen, progressive
ancreases in top yield with incremental doses of nitrogen
was observed in the present study and the maximum yield
was recorded by the application of 150 kg N/ha. An
analysis of the data on plant height and functional leaves

of the plant clearly revealed the favourable influence of
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higher doses of nitrogen on the vegetative growth characters
which contribute to the top growth in tapioca. Similar
results have been reported from C.I.A.T. (1975) and also

by Nair (1982).

H5e2,7 Utilisation index

The data fcom Table 11 clearly revealed the signi-
facant anfluence of the sources of nitrogen and levels of

nitrogen on this yleld attribute.

All the slow release sources were found to record
a lower utilisation index compared to pralled urea. The
top growth might have responded strongly to the prolonged

availabality of nitrogen from the slow release sources,

This tended to decrease the ratio. This might be the
reason for the lower utilisation index values, for the
slow release sources. Similar result was reported by
Sathianathan (1982) in tapioca.

As regards the levels of nitrogen, incremental
doses produced higher utilisation index., Higher levels of
nitrogen would have stimulated the lecaf growth resulting
in effacient photosynthesls and higher tuber yields. So
the utallisation index values also have been increased.

Nair (1982) also reported similar trend in tapioca.



5.3. Quality attributes

5,3.1 Starch content and starch yield

Starch content of tubers was not significantly
influenced either by the sources of nitrogen or the
levels of nitrogen (Table 12).

But the results showed that there was significant
influence of both the sources of urea and the levels of
nitrogen on the starch yield (Table 13).

Among the sources, the highest starch yield was
recorded by urea super granulss followed by neem coated
urea and the least by rubber cake coated urea. Though
there was no significant difference in the starch content
of tubers, the highest tuber yields recorded by urea super
granules and neem coated urea might have lead to the
production of high starch yields.

The levels of nitrogen also have influenced the
starch yield significantly. The increase in starch yleld
might be due to the increased tuber ylelds obtained by the
incrsmental doses of nitrogen as discussed earlier. Nair
(1982) also reported increased starch yields with incre-
mental doses of nitrogen in tapioca.
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5.3.2 HCN content

The results showed that the influence of the
sources of nitrogen on H.C.N. content was nonslgnificant,
but the levels of nitrogen had significant effect on the
HCN content of tubers (Table 14),

Among the sources, prilled urea recorded the lowest
HCN content. The relatively low availability of nltrogen
during the later stages of growth in this treatment might

be the reason for the low HCN content.

Increasing the levels of nitrogen significantly
enhanced the HCN content. A high level of nitrogen ferti-
lization results in a high level of cyanogenlc glucosides
in the tuber (Sinha, 1969), which upon hydrolysis releases
the poisonous hydrocyanic acid. Several workers have reported
similar increases in the HCN content of tuber by nitrogen
fertilization (Indira et al 1972; Mohankumar and Maini 1976,
Nair, 1982).

5.3.3 Crude protein

The effect of both the sources of nitrogen and the
levels of nitrogen on the crude protein content of tuber
was not significant (Table 15).
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Among the sources, urea super granules followed
by neem coated urea recorded the higher crude protein
contents though not statistically superior to the other
sources. The prolonged supply of nitrogen in the plots
treated with thess slow release sources would have
enhanced the synthesis of aminoacids and polymerisation
of it into proteins. Arunachalam and liorachan (1974)
obtained higher protein content an rice with neem coated
urea, Sathianathan (1982) also obtained higher crude
protein content with the use of neem coated urea in

tapioca.

Protein content increased with the incremental
doses of nitrogen. Increase in crude protein content of
tubers by the application of nitrogen was reported by
Hukkeri (1968) in potato, Mohandas and Sethumadhavan (1980)
in colocasia and Nair (1982) in tapioca.

5.34 Total dry mattex

Data in Table 16 clearly revealed that the total
dry matter content was significantly influenced by the

sources of nitrogen and the levels of nitrogen.

Among the sources urea super granule raecorded the

highest dry matter production followed by neem coated urea,
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Rubber cake coated urea and prilled urea were inferior

in this respect, The better nitrogen usc efficiency of
the plants treated with urea super granule and neem coated
urea have resulted in enhanced growth of plants. This
might have led to a higher assimilate production resulting
an higher tuber yield. Hence the slow release sources
waere responsible in increasing the total dry matter
production., Rambabu (1983) reported an increase in dry

matter content of rice by the use of urea super granules.

As regards the levels of nitrogen, the effect of
the incremental doses on the dry matter content was highly
significant, Higher levels of nitrogen enhanced the growth
performance and nitrogen uptake and thereby the total
biological yleld was increased, 7This might be the reason
for higher dry matter production. Pillai and George (1978c)
and Nair (1982) also obtained similar results.

5.4 Nutrient uptake
5.,4,1 Uptake of nitrogen

The different sources of nitrogen and levels of
nitrogen have significantly influenced the nitrogen uptake
(Table 17).

Among the sources urea super granule recorded the

maximum nitrogen uptake followed by neem coated urea,
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Prilled urea showed the lowest nitrogen uptake but it's
effect was on par witn rubber cake coated urea. Urea
super granule due to it's slow release nature showed
better efficiency in the utilisation of applied nitrogen.
The runoff and leaching losses may be reduced to the
minimum and the nitrogen availability maght have been
prolonged. This resulted in a higher uptake of nitrogen
in this treatment, As regards the neem coated urea the
alkaloid nambidin present in neemcake might have reduced
the rate of nitrification so as to make continued availa-
bility of nilrogen even during the later stages, resulting
in higher nitrogen uptake, Similar results were obtained
by Chakravarthi (1979) in rice and Sathianathan (1982)

in tapioca.

In the case of prilled urea, loss of nitrate nitrogen
by runoff and leaching might have occured.So the nitrogen
uptake was also minimum., But the effect of prilled urea
was on par with that of rubber cake coated urea, Sathia-
nathan (41982) also obtained similar results,

Plant uptake of nitrogen increased with higher levels
of nitrogen application. The increased uptake of nitrogen
by hagher rates of application of the nutrient 1s a well
established phenominon. Pushpadas gt al (1976) and Nair
(1982) recorded sinilar observations in tapioca.
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5.4.2 Uptake of Potassium

The data (Table 18) revealed that as in the case
of nitrogen, the total potassium uptake was also signi-
ficantly influenced by the dlfferent sources and lavels

of nitrogen.

Among the sources urea supergranule, recorded the
maxinum potassium uptake followed by neem coated urea.
Increased and prolonged nitrogen supply to the plant have
enhanced the shoot and root growth as discussed earlier,
which demanded a higher requarement of other nutrients
also especially potassium. Thus higher values of potassium
uptake was observed., Sathianathan (1982) also observed
higher potassium uptake with slow release sources like

neem cake coated urea than prilled urea,

As regards the levels of nitrogen, Kumar et al (1971)
and Nalr (1982) have reported increase in potassium uptake
by higher doses of nitrogen in tapioca.

5.5 Seil _analysis after ithe experiment
5.5.1 Total nitrogen

The total nitrogen content of soil did not show
significant variations with the different sources and the
levels of nitrogen (Table 19).



98

The total nitrogen content in the soll after the
experiment was more or less the same in the plots applied
with prilled urea, urea super granule, rubber cake coated
urea and neemcake coated urea, Similar results were
reported by Babu Mathew (1987) in paddy with the use of

slow=release sources of nitrogen.

5.5.2 Available potassium

The effect of both the sources and levels of nitrogen
on the available potassium status of soil was also not
significant. Study revealed that the sources and levels
of nitrogen could not alter the available potassium status
of soil. Similar rssults were reported by Nair (1982) in
tapioca.

5.6 n s of us the slowsrelease sources of nit

From the results given in Table 21 it is clear that
the slow release sources of nitrogen like nesmcake coated
urea and urea super granules gave higher net returns, than
the prilled urea, But the rubber cake coated urea recorded
the lowest net returns.

Eventhough the maximum yield was recorded by the
urea super granules the profit obtained was lesser than
that obtained from neem coated urea, The high cost of the
material ie; k,17/ kg of N, and the more of manual labour
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requared for its application are the reason for the
high cost of cultivation in the use of urea super granules
which in turn resulted in a lesser net profit than the

use of neemcake coated urea.

From the data it is evident that maximum profit/ha
was obtained with the use of neemcoated urea., The higher
yields obtained and the lesser labour consumption due to
it*'s application entirely as basal resulted in a lesser
cast of cultivation and hence the maximum net returns.
Neem coated urea application @ 150 kg N/ha gave the highest
profit ( ie. %,4913/ha) followed by the level 100 kg N/ha
(Net return ~ K.4940/ha).

From the study it is evident that neemcoated urea
is more economical than all the other sources of nitrogen
tried,
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Table 21. Lconomics of application of the slowerelazase
sources of nitrogen

Cost of Value of
No. Treatments cultivee ’&%g) tuber Profit
tion, {%./ha) (B./ha)
(. /ha)
1. Uzea @ 50 kg N/ha 8300 16.23 8115 - 185
2, *® 7% kg ¥/ha 8921 19.61 9805 1284
3., " 4100 kg N/ha 8671 18.61 9305 634
4, ® 125 kg N/ha 8801 21.90 10950 2149
S. ® 150 kg N/ha 8952 22,44 11220 2208
6. Neem coated
urea @ 50 kg N/ha 7540 19.18 9590 2050
7o * 75 kg N/ha 7801 18.81 9405 1504
8, *® 100 kg N/ha  796% 24.21 12105 4140
9. " 12% kg N/ha 8101 24.39 12195 4094
10, *® 180 ka N/ha 8262 26,35 13175 4913
11. Urea super
granules @ 50 kg N/ha 8946 23.54 11770 2824
12, ® 75 kg N/ha 9621 23.38 11690 2069
13, *® 100 kg N/ha 10296 25,51 12755 2459
14, v 125 kg N/ha 10971 27.33 13665 2694
15, *® 150 kg N/ha 11646 28.47 14235 2589
16, Rubber cake
coated urea @ 50 kg 7530 46,65 8325 795
a3
17, " ® 75 kg N/ha 7791 16.8%1 8405 614
18. *® 100 kg N/ha 7955 16.80 8400 445
9. * 125 kg N/ha 8050 20.41 10205 2115
20, * 150 kg N/ha 8282 18.13 9065 813
Cost of fertilizers
PO @ B5,6.80/kg Neemcoated urea ug lsé 6.0%!:80 "/’(k“’ I3
Urca super granule @ B, . g “
KO © B,1.66/kg Rubber cake coated urea © k.5.85/kg of ~

Urea @ Bs,3.65/kgof v

Cost of labour Value of tapioca tuber = £,%0,00/quintal.
Hen o BS.ZB.OO/an
Women = B3,25,00/Woman
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6. SUMIPARV AND CONCLUSIONS

An invescigation uas undertaken at the College of
Agriculture, Vellayani during the year 1985=-86 to study
the gffect of slow release sources of nitrogen on tapioca.
The different sournces of nitrogen used uere urea, urea super=
granules, neemcake coated urea and rubbercake coated urea
at levels of 50 kg, 75 kg, 100 kg, 125 kg and 150 kg N/ha,
The experimeni was conducted in a 4 » 5 rectangular lattice
design with 3 replications. The results of the investigation

are sumnmarised below,

1. The application of urea supergranule resulted
in the maximum plant heaighe. Maxamum height was recorded
at the nitrogen level of 150 kg /ha,

2, The maximum number of functional leavos were
observed when the source tried was urea sunergranule,
Application of nitrogen at 150 kg/ha resulted in the produ=
ction of the highest number of functional leaves.

3. As regards the number of nodes the effect of urea
supergranule and neem coated urea were on par, The bigest
level of nitrogen ie, 150 kg/ha produced the highest number

of nodes,

THRISSUR

660 854
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4, Leaf arca index was the hajhest in the treatment
receiving urea supergranule., similarly leaf area index
was founc to increase with incremental doses of nitrogen

especially at the higher levels,

8. Tho highest tuber nuaber was observed in the urea
supergranule treated plots. Tuber number was the haghest

in treatment receiving 150 kg N/ha,

6. Use of urea supergranules resulted in maximum
tuber weight. The application of 150 kg N/ha resulted in
the maxlmum tubexr weight.

7+ Length of tubers was appreciably influenced by
treatments. The effect of urea supergranules and neemcake
coatet urea were on par, The tuber length was the maximum

at the highest level of nitrogen aie. 150 kg/ha.

8, The maximum tuber yield was recorded by urea
suoergranule application. Among the levels of nitrogen

tricd, 150 kg N/ha resulted in the maximum tuber yield.

9. Urea supergranule resulted in the highest tuber
yiald, Top yleld was the maximum with nitrogen application
at the level of 150 kg/ha.
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10, Ulalisataon Index :as the +xinum for priiled
urea. The application of 150 kg N/ha gave the aighest
uvtilisation index,

11. Though the starch content was influenced neither
by the sources nor by the levels of nitrogen, starch yleld
wus sagniricantly influenced by the treatments. Among the
sources urea supergranulc gave the maximum starch yield and
among the levels tried 150 kg i/ha registered the highest
vield.

12, Hydrocyanic acid content was not influenced by
the sources of nitrogen but it showed an increasing trend
with incremental doses of nitrogen tried and was the maximum

at the level of 150 kg W/ha.

13. Incremental doses of nitrogen increased the crude
protein content of tubers and 150 kg/ha resulted in the

maximum value.

14, Urea supergranule was found to be the best in
producing more of drymatter followed by neemcake coated urea.
Anong the levels of nitrogen there was significant progressive
ancrease in the total drymatter production with incremental

doses of nitrogen.
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15. HNitrogen uotake »as tne maximum in the treatment
using ure« supergranule followsed by necmcake coated uresa,
Among the levals ttied, the high.st value was obscrved at
1.0 kg N/ha,

16, Urea sup:rgranule ano neeuncake coated urea were
on par in respect of Lolassium uptake by plants, The

higher levels of nitrojen showed higher uptale of potassium.

17. As regards the total nitrogen content of the
soil after the exper.ment, theie was no significant
aifference between the sources and also the lcvels of

nitrogen trlied.

18. The drfferent sources and levels of nitrogen had

no effect on the available potassium content of soil.

19, The study reveals that the use of neemcake
coated urea was more economlcal than the application of

urea and all other slow release sources of nitrogen.

some of the future lines of investigation which the

present study has opened up are =

1. Detailed studies on similar lines can be taken up
1t Lho voiious agroclimatic zones of the State
using different varieties and different sources
of nitrogen.

2, Samilar studies can be carried out in other long
duration tuber crops af the State,
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3. Search for indigenous materisls havang nitzafication
innibitory praoeriy is to be cont.nued, so that the
treatment of nitrogenous fertilizers with them can be

tried,
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APPENDIX = I

Weather data during the crop period

e _Temere OO g
Maximum Minimum (mm) days

November (1985) 29,60 23,30 242,8 80,25 10
December (1985) 31.10 22,40 102.8 74,31 6
January (1986) 32,20 21,40 21,6 75,46

February * 32,00 20,80 86,0 76.00

Mareh " 31.50 20,70 8.6 69,95

April u 33,90 23,80 125.5 73,00 10
May " 33,70 23,10 132,1 73.15 6
June " 31.10 23,10 224,3 76,65 15
July " 30.80 22,90 94,4 T79.00 13
August " 30.30 22,40 449,3 74,55 13
September * 30,30 23,40 102.4 74,00 10




ABSTRACT

An investigation was undertaken at thre College of
Agriculture, Vsellayani during the yesr 198386 to study the
affect of slowerelease nitxogen sources on cassava, The
variety used for the trisl was 5ree Visakha, The irsatments
consisted of four sources naxely urea, nesxgaike coated urea,
ures supsr granule end rubber Cake coated urea each st £five
lavels of nitrogen { 20, 75, 100, 125 end 150 kg /he). The
experiment was laid out in a 4 x 5 rectangular lattice desicn
with tares replications.

Application of slow release sources of tnitrogen like
urea supsr granule and neem cake coated urea enhanced the grawth
characters of tupioca such as plant height, nusber of functional
leaves, nusbsr of nodms and the leaf area index. Higher levels
of nitrogen gave Letter results in the growth characters.

The highest number of tubers, maxinua tuber weight and
the highest tubsr yield were recorded by the urea super granule
application, followed by nesa ¢ake coated urea. Ameng tha
levels of nitrogen tried, the level 130 kg / ha gave the highest
yield.

Starch content, crude protein content and the hydrocyanic
acid contents were not afiected by the slomerslecse source of
nitrogen while higher levels of nitregen application increased
ths hydrocyanic acid centent and the crude protein content,



Urea super granule recorded the highest nitrogen uptake
and potassium uptake followed by neem cake coated urea, There
was no significant difference in the total nitrogen content of

the 501l with the use of slorwrelcase sources of nitrogen,

The treaument combination of neem coated urea tried at ~
150 kg N/ha resulted in the maximum net return. Though urea
super granule gave the maximum yield its cost of cultivation
was higher than that of the other Sources. So it is more

economical to use neem cake coated urea than urea super granule.

50 in gencral, the slow-relezse sources of nitrogen like
urea super granula and nesm cake coated urea resulted in a

better performance than prilled urea.



