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INTRODUCTION

Fertflisers have played an undisputed dominant
role in the burgeoning of India's food grain product-
ion. Efﬁﬁcient use of plant nutrients results in
higher profits for farmers and also reduces the risk
of environmental pollution which all the sources of
plant nutrients are capable of creating if they are

misused.

Althngh nitrogen and potassium fertilisation
has been profitable in most crops, their efficiency
of utilisétion has been rather low especially in the
Kharif season. This is due to the heavy losses of
fertiliser nitrogen and potassium applied to crops
grown during rainy season when heavy monsoon showers
are experienced. Being highly soluble and mobile
in so0il, leaching losses of nitrogen and potassium
applied in - soil are high. This form of loss assumes
importance especially in coarse textured soils.- Fert-
liser manﬁfacture is very energy intensive and in
order to save on the energy it would be prudent to
evolve energy efficient production methods and reduce

the field nutrient losses.



The efficiency of fertilisation or nutrient
supply in wider perspective depends on matching the
supply rates in the root =zone to the needs of the
plant in its various growth phases as defined and
related to climate. As soil interferes to a large
extent with the availability and the movement of nut-
rient ions by its physico-chemical and fixation pro-
perties, there 1is a need for both accelerating and
retarding the nutrient releaée in the soils for match-
ing it to plart's requirements. Slow rate of availabi-
lity of fer@iliser nutrients is important in plantat-
ion crops also, as. they require year round availabi-
lity of fertiliser nutrients. The high solubility
of nitrogen and potassic fertilisers may lead to luxuy
consﬁmption in early part- of the growing season and
inadequate supply of the elements for subsequent

growth. -

A multitude of ways have been suggested by Qari-
ous workers to reduce the losses of nitrogen and potassium
from agricultural soils. Eventhough measures such
as split application, placement etc. afe -weil reco-
gnised and practised:; use of coated fertilisers and

!
other slow release fertilisers is restricted at present



because of cost factor. Eventhough indigenous materi-
als like negh cake are reported toc improve the effi-
ciency of nitrogenous fertilisers by inhibiting the
‘nitrification rate, difficulties arise in their pra-

ctical application due to local non-availability.

'Studi?s by Asokan et al. (1985) revealed that
there was substantial retention and slow release of
urea and muriate of potash when packed in perforated
polybags, the release rates being dependent on the
aumber of perforations provided. - Theseuwot contact
packets ar; useful in plantation crops 1in order to
provide adequate supply of nutrients throughout the
year, as relgtively large quantities of fertilisers
are applied for a plant at a time. There is also
scope for large-scale factory production of root con=
tact packets without much additional cost. | Hence
the present study was envisaged to assess the dissolﬁﬂ
tion rateg‘of urea and muriate of potash placed in

root contact packets and thelr crop responses.
The objectives of the étudy are:

1. Assessment of dissoclution rates of urea and



muriate of potash applied as root contact

packets of varying sizes and porosities.

Assessment of the advantage of applying
urea and muriate of potash as root contact

packets on crop growth.
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REVIEW OF LITERATURE

Beingfhighly.mobile in so0il the efficiency of the
applied niﬁrogen and potassium fertilisers is very low
especially in the tropical situations where the heavy
monsoon showers'cause leaching losses of these nuErignts.
A multitude of ways have been suggested by several workers
to reduce these losses and to improve the fertiliser
use efficiency. A brief review of the récent and import-

ant contributions made on this line are presented here.
A. Nitrogen fertilisers

A number of nitrogenous fertilisers are being prod-
uced by the industry. These inglude, ammonium phosphates,
calcium ammonium nitrate, ammonium sulphate, ammonium
chloride and ammonia forming fertilisers like- urea.
Urea is the main source of nitrogen in the country contri-
buting to BO per cent o¢f the total hitrogen produced
(Kumar and Misra, 1985). The high nutrient content and
low handling and distribution costs of urea compared
to other 'sEraight nitrogen fertiliser sources, give it

an advantageous position.

Wy



1. Mineralisation of urea

Upon "application to soil, urea is acted on by the
enzyme urease, which hydrolyses it to unstable ammonium
carbamate which is immediately broken down to ammonia

and carbon dioxide.

Urease, which catalyzes the hydrolysis of urea
occurs universally and is abﬁndant in soils. Large numb-
ers of.bacﬁeria, fungi and actinomycetes in soils produce
urease. A small group of bacteria known as urea bacteria
have the exceptional ability to decompose urea. Ugease
activity in soils is known to vary with location, depth,
season and forms of nitrogenous fertilisers used (Bhavana-

ndan and Fernando, 1970).

Sankhayan and Shukla (1978) reported that about
57 to 82 pgr cent of added urea nitrogen was mineralised
within one day of incubation in fine so0ils. More and
Varade (l9é2) observed that 65 per cent of appiied urea
nitrogen was hydrolysed within two or four days at various
moisture potentials. Yadav and Shrivastava (1987) noticed
that applied urea nitrogen was hydrolysed: completely

within one week in a sandy loam soil.



2. Recovery of applied nitrogen

The available information shows that the fertiliser
use efficiency of nitrogen fertiliser is low, often less
than 30 per cent for low land rice and 50-60 per cent

for irrigated upland crops (Chauhan and Misra, 1985).
3. Causes of low recoveries

The .shortfall in recovery of applied nitrogen may
be due to the various mechanisms by which nitrogen is

lost from the. soil.

The amount of rainfall immediately after fertiliser
application has been shown to be an important factor
affecting urea efficiency (Burg et al., 1982; Harper
et al., 1983; Bouwmeester et al., 1985; Black et al.,
1987; Herlihy and O'Keefe, 1987: Hoult and Mc Garity,

1987).

Almeida (1965) reported that substantial gquantities
of nitrogen was lost by way of leaching from ammonium
sulphate. Work by Weise in 1966-70 revealed that annual

leaching losses from sandy soils in Germany averaged



to about 15 kg Nha_l (Weise,1972). Terman and Allen
(1970) obseérved an increase in leaching losses of nitrogen
from applied ammonium nitrate and urea with increasing

fertiliser rate. Pande and Adak (1971) reported that

3
as - high as 70 per cent. Haunold (1986) found that

leaching loss of NO, particularly in rice fields was
leaching loss is on an average 10 per cent of the fertili-

ser applied, but can amount to more than 60 per cent.

Moe §£ al. (1967) observed that losses of nitrogen
can occur when conditions produce high rates of run off.
Padmaja and Koshy {1978) reported that on draining the
surface water on the same day of fertiliser application,
upto 70 per‘cent of the applied nitrogen is lost in run

off water.

Meyer et al. (1961) found that substantial losses
cf nitrogen as ammonia occur from urea and urea containing
fertilisers than from fertilisers coﬁtaining ;it;ate
and ammonium ions. They also found that the losses were
high when the fertilisers were applied to alkaline soils
of limited moisture content. Heavy losses of nitrogen
through ammonia volatilization f?om surface applieé'fefti—

lisers have been reported by several workers (Basééo



and Gangwar, 1976; Aulakh et al., 1984; Pedrazzini
and Tarsitano, 1986; Singhand Bajwa, 1987 and Rao, 1987).
In experiments conducted be zhu et al. (1989) 63 per
cent of the total nitrogen from urea was lost when it
was broadcast and incorporated into soil before transpla-
nting rice, 30 per cent of the total nitrogen lost being
in ammoniacal form. Ammonia volatilization was the domi-
nant mechanism of gaseous nitrogen loss from broadcast

urea when applied to rice (Datta et al., 1991}.

Significant losses of nitrogen by denitrification
in submerged soils have been reported by Akhuﬁdov (1967)
and Mac R?e et al. (1968). The soils and areas worst
affected by this process are those subject to alternate
submergence and drying (Rajale, 1970). Haunold (1986)
observed that denitrification losses are on an average
10-30 per cent of the fertiliser applied, but in several

cases may exceed 40 per cent.

Loss of nitrogen through biological and chemical

immobilisation was studied by Craswell and Vlek (1979).

The above cited references clearly indicate that



ammonia volatilization, nitrate leaching and denitrificat-
ion may be attributed to be the main causes of the low
recovery of applied nitrogen. The extent of 1loss by
each mechanism and their relative significance is highly
dependent on the form of applied nitrogen, soil and cli-

matic conditions.
4. Improving efficiency of urea

Gould et al. (1986) reported that urea efficiency
could be altered by the use ocf slow release systems,
urease inhibitors, chemical additives, by aitering the

physical form or by placement,
a. Incorporation and placement

Tamhane et al. (1966) reported that wunder rainfed
conditions, placement of fertiliser below the seed gave
higher response than broadcasting. Higher vyields were
obtained 1in bariey when 86 per cent of the nitrogen was
placed 10 cm deep in soil and 25 per cent was applied
as foliar spray (Varshney and Singh, ‘1976). Rao and
Das (1982) observed that the post-rainy season wheat

and barley ‘responded significantly to drilling of nitrogen

10



over broadcasting. In a trial conducted by Chavan et
al. (1988}, ‘fertiliser placement 3-4 cm below and 3-4
cm by the side of the seed showed better production of
sorghum in'dry land. Incorporation of top dressed urea
into so0il was found effective in minimising volatilizat-

ion losses of surface applied urea (Tisdale et al., 1990).
b. Modification of physical form

Application of ball type fertilisers made by mixing
ammonium sulphate and clay soil into the reduced layer
of paddy soil increased gra}n number and uptake of nitro-
gen by rice plants (Shiga et al., 1977). Rao et al.
(1984) reported that appiication of urea super granule
(USG) significantly increased herb and essential oil

yields of citronella over prilled urea (PU).

Monreal et- al. (1986) reported that localizing
urea in a nest reduced both its rate of hydrolysis and

subsequent nitrification, thereby increasing the recovery

of added nitrogen.

The apparent nitrogen recovery "and nitrogen use

efficiency were higher for large granulé urea (LGU) than



those for prilled urea (PU) in lowland rice (Sahu and
Mitra; 1989). In rice, grain yield was significantly
greater for urea briquettes (UB) than split application

of PU (Singh et al., 1989).

Root—zone-placement_(5—6 cm deep) of USG significan-
tly increased yield and yield attributes of rice and
nitrogen récovery in upland alluvial soils compared to
PU (Agarwal et al., 1990). 1In field experiments to comp-
are the relative efficiency of prilled urea and modified
urea fertiliSers on rainfed 1lowland rice, urea super
granule was found significantly superior to prilled urea
in respect of graiﬁ' yield and nitrogen use efficiency

(Thakur, 1991).
c. Split application

Split application of-nitrogen fertilisers was found
to be effective for reducing nitrogen losses and requlating
nitrogen supply in vegetable crops {Heilman gﬁ_él., 1966}.
Substantial increase iﬁ grain vield was obtained due
to split application of nitrogen in rainfed hybrid sorghum

(Lingegowda et al., 1971). Alexander et al. (1976) observed

e



an increased uptake of nitrqgen by sweet potato when
the fertiliserl was applied in two splits compared to
full basal dressing. Kuizenga (1977) reported that split
dressings of nitrogen delayed lodging in winter barley
but could not increase yields. Cartee et al. (1986)
indicated that split application of nitrogen fertiliser could

increase profits in dryland wheat.

Split application of urea gave maximum grain yield
compared . to full basal application in rice (Datta et

al., 1990 and Moletti et al., 1990).

Sud et al. (1991) reported that split application
of urea increased the nitrogen recovery by 11 per. cent

in potato compared toits: full basal application.
d. Modificatiohs to reduce rate of release

.The objective in developing slow release fertili-
sers is to release nitrogen at a rate that tends to match
the nutrient requirements at different stages of the

crop plants’,

13



(i) Substances of low water solubility

Atanasiu (1955) reported that slowly available
nitrogen forms (ureaform) could be applied to crops

at very high rates without adverse effects.

Granular oxamide was found to exhibit slow release
properties - when applied to bermuda grass (Allen et al.,

1971).

Maynard and Lorenz (1979) reported that ureaform
and isobutylidenediurea (IBDU) could be effectively used

for turf grass fertilisation.

Application of IBDU was found to be as effective
as 3-4 splits of wurea in cranbe;ries (Shawa, 1979).
Kavanagh et al. (1980) and Sartain (1982) observed that
IBDU was an effective slow release fertiliger capable

of maintaining guality and growth of turf grass.

Kissel and Cabrera {1988) reportedthat volatilizat-
ion losses from IBDU was negligible compared to that

from urea.’

14



(ii) Sparingly scluble minerals

Mag-Amp was reported to be a suitable slow release
fertiliser for the production of container nursery
stock, flower crops, landscape installations and turf
grass (Lunt and Kofranek, 1962; Lunt et al., 1962, 1964) .
Nitrogen ffom these metal ammonium phcsphates was reported
to become available at a rate greater than would be expe-
cted from the solubility of the compounds and it was
proved that nitrifiability. rather than solubility is
the main factor controlling the availability of nitrogen
to plants (Prasad et al., 1971). Maynard and Lorenz
{(1979) reported that Mag-Amp could be used in the produ-
ction of potted plants and container grown woody ornamen-

tal plants-
(iii) Soluble substances that gradually decompose

Experiments conducted in Japan revealed that guanyl
urea was capable of increasing the yield of flooded
rice . (Hamamoto, 1966; International RiceuCommission,
1966). Uptake of nitrogen by rice was slightly greater

with.guanylurea sulphate (GUS) than with PU (IRRI, 1985).

15



(iv) Nitrification inhibitors

Patil, (1972) reported that neem oil could be advant-

ageously used for reducing nitrogen loss and increasing -

the efficiency of nitrcgenous fertilisers.

Abraham et al. (1975) observed that neemcake could
be profitably used to increase the efficiency of uréa
applied tof wetland rice. They found that application
of 40 kg N h.':l_1 as neem c¢ocated urea was equivalent to

80 kg N ha ' as urea. Urea treated with neem cake 20

per cent by weight increased grain yield of paddy (Kulkarni

et al., 1975;: Shanker et al., 1976; Oommen et al.,

1977b; Reddy and Shinde, 1981: Singh et al., 1982}.

Whgn thiourea was pelletted with urea in a ratio
of two parts urea and one part thiourea, the rate of
hydrolysis was halved (Malhi and Nyborg, 1979).

Field experiments with sugarcane indicated that
the treatment of urea with nitrapyrin (N-serve) or neem
cake increased its efficiency resulting in significantly

higher cane yields (Parashar et al.., 1980).

I



The combination of neemncake with urea economised
the. dose of urea by 25 per cent for potato (Sharma et

al., 1980).

The . results of field trials on Varalexmi hybrid
cotton revealed that the efficiency of applied nitrogen
could be improved by the use of neemcake treated urea

and N-serve treated urea (Seshadri, 1985).

Neem coated urea was found superior to PU for flooded
rice, (Patil et al., 1987 and Singh and Mishra, 1987).
The 1abor$tory experiﬁents in lateritic and black soils
" indicated significantly lower -levels of nitrification
at least upto a period of one month with Nimin Coated
Urea treated soils in comparison to those treated with

uncoated urea (Vyas and Mistry, 1991).
(v) Urease inhibitors

Baird and Ngueguim (1991) reported that N—(n—bufyl)
thiophosphoric triamider (NBPT) amended urea performed more
efféctively than urea alone with respect to grain yield,
grain nitrogen uptake and total above ground dry matter

uptake of nitrogen in maize.

/7



Urease inhibitors [hydro quinone (HQ), phenyl phos-
phorodiamidate (PPDA) and N-(n-butyl) thiophosphoric
triamide (NBPT) ] could reduce ammonia volatilization
following the -application of urea under aerobic and

water logged conditions (Zhengping et al., 1991).
Vidyasagar et al. (1992) noticed substantial reduct-
ion of ammonia volatilization with incorporation of urea

dithiocarbamate pellets compared to urea alone.

(vi} Conventional water-soluble products treated to

impede dissolution
a. Continuous impermeable coatings

Patrick et al. (1964) reported that plastic coated

urea was superior in increasing rice yield as compared’

to uncoated materials when applied subsurface before

planting.

In leaching studies, 94 per cent of the uncoated
urea was recovered in one day compared to 49 per cent

recovery of nitrogen from coated urea (13.2 per cent

e



resin) in four weeks of intermittent leaching (Brown

et al., 1966).

Rindt et al. (1968) observed that the dissolution

rate of uréa could be reduced by coating with sulphur.

Rice grain yield and protein content were improved
and'recdvery of applied N by the rice plant was increased
upto 50 per cent or higher with sulphur coated urea (Hong,

1976).

In trials conducted by Maples et al. (1976), sulphur
coated urea (SCU) was found to be capable of iacreasing
nitrogen efficiency for cotton under conditions that

favour denitrification or leaching.

Matocha (1976) noticed that losses of ammoniacal
nitrogen by volatilization from SCU was much less tompared
to conventional ammoniacal fertilisers regardless_ of

the application method.

Lian et al. (1977) reported that rice yields from

sandy loam soils were 4.4 per cent highér with SCU’ than

T



with ammonium sulphate. Studies by Nair and Tomy (1978)
revealed that sulphur coated urea could be effectively
used for increasing nitrogen use efficiency in lowland
rice. Oommen QE gi. (1977a) observed that cfude protein
contentth;paddy grains was 8.35 per cent when shellac

coated urea was applied as against 7.44 per cent when

uncoated urea was applied.

Salonius (1978) reported that plastic coated urea
‘was more efficient in white spruce plantations in Canada
as comparea to prilied urea. ‘He also observed that coated
urea was released slowly and to a smaller volume of spil
and that 1less of it was immob&lised by microbial and

chemical actions.

Expetiments at Pattambi, Kerala, showed that sulphur
coated urea increased nitrogen response and grain vyield

in rice (Anon, 1979).

Abbruscate and BAxley (1972) noticed a reduction

in ammonia loss from urea when it was coated with iron

sulphate.

In field experiments conducted by Pokharna (1981),

20



75 kg N hal—l of gypsum coated urea gave almost the same
yield of bajra as 100 kg N ha T applied in the form of

urea granules.

In a trial to assess the efficiency of different
modified urea fertilisSers viz. SCU, LCU, urea briquettes
and USG, SCU and LCU were found to be most effective

for rice (Bandyopadhyay and Biswas, 1982).

Nitrogen uptake, nitrogen recovery percentage and
grain yield per unit input of nitrogen were increased
in rice by application of gypsum or rock phosphate coated
urea (Moorthy, 1982). Balasubramanian ahd Davood (1986)
observed that SCU when broadcast and incorporated increased
the plant height, number of pan:i._cles'm'_2 and grain yield of

rice compared to PU applied in splits.

Lac coated urea was found to be superior to pfilled

urea for flooded rice (Patil et al., 1987; Singh and

Mishra, 1987).

In a trial to assess the relative efficiency of

slow release nitrogen sources on lowland rice and their

w2 f



residual effect on succeeding wheat, there was no signifi-
cant difference in vyield between the nitrogen sources
for rice, but SCU, LCU and NCU increased the yields of
the succeeding wheat crop as compared to untreated urea

{(Srivasthava and Tripathi, 1989).

In a ryegrass field trial over 24 weeks, urea rubber
matrix gave higher dry matter yields. than prilled urea
through efficient matching of nitrogen supply and crop

demand (Hassan et al.. 1990}.

In studies by Smith and Harrison (1991), three
polymers (polyacrylate, vinyl alcohol, starch-based)
were evaluated for contfolled release propertiés when
expanded in urea. The expansion capacity of each polymer

varied depnding on the type of fertiliser solution.

Sharma and Patel (1991) reported that gypsum coated
urea and rock phosphate coated urea resulted in significa-
ntly higher yield of potato tuber than urea applied alone

or in combination with calcium carbonate.

b. Semipermeable coating

Osmocote was identified as a slow release fertiliser

Ral



for date palm by Doughty et al. (1985). Champs (1988)
observed positive effect with osmocote on conifers.

Williams et al. (1990) reported that osmocote was effective
in limiting nitrogen leaching loss when applied to potted

plants.

c. Impermeable coatings with tiny pores

Dahnke et al. (1963) reported that placement of
fertilisers in perforated polyethylene capsules effectiv-
ely controlled, the rate‘ of release of the fertiliser
constituents for corn in the field but did not signific-

antly increase yield or recovery of the constituents.

Studies by Asokan et al. (1985) under cropped field
and simulated conditions showed substantial retention
and slow release of urea when packed in perforated poly-

ethylene packets.

A variety of strategies thus have potential for
improving the efficiency of urea, the choice of which

should be according to crop, soil-and climate.

23



B. Potassic fertilisers

Losses from potassic fertilisers

In trials conducted by Jung and Dressel (1969)

on oats, potassium leaching was less on loamy than on

sandy soil, irrespective of the time of fertiliser applica-

tion to the former.

Substantial losses of potassium by 1leaching have
been reported by Bouat (1971), Weise (1972) and Oliveira

and Oliveira (1976).

Loss of added potassium by runoff has been reported

by Dunigan et al. (1976).

Split application and placement

Das et al. (1970) reported that split application
of potassic fertiliser as significantly superior . to its
application’ only as a basal dose, the former 'giving a

significant eight per cent higher grain yield over the

latter.
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Deep placement of potassium fertiliSers as opposed
to surface applications significantly increased growth

and yield of apricot trees (Abadia et al., 1971).

Split or 1localised applicaticn of potassium was
found to minimise leaching losses from irrigated grape

vines and fruit trees in sandy soils (Bouat, 1971)}.

Kim and Park (1971) observed that split application
of potassium to rice increased the grain yield, reduced
occurrence df‘udiseage. and increased potassidm uptake.
Similar increase in grain yield of paddy by split applicé—
tion over-single basal dressing was reported by Su- (1976)

and Velayutham and Velayudham (1991).

Oliveira and Oliveira (1976} reported that losses
of potassium from soils could be minimised by split appli-

cation.

Split applicatiqn' of potassium .- was found -to be
effective for maintaining a desired release pattern in
the root zone to meet the crop requirement (Ranganathan,

1981).
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Split application of potassium to rice was reported
to minimise losses due to luxury consumption and leaching

{Braun and Rby, 1983).

In sandy loam soils of Uttar Pradesh, split applica-
tion of potassium increased wheat vyields by 440-49C kg

ha as compared to a single basal application (Singh

and Mahatim, 1987}.
Slow release potassic fertilisers

Potassium frit was succssfully used to supply potas-
sium for prolonged periods to chrysanthemums, poinsettias;,
hydrangeas,; cyclamen and cotton grown in pots (Lunt and

Kwate, 1956).

Lunt and Oertli (1962) observed that potassium
release from osmocote was strongly affected by temper-
ature but not by medium water content, pH or microbial

activity.

In pot experiments with rice, coated NPX fertilisars

were significantly better than uncoated fertiliSers with
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respect to plant height, number of tillers, number of
panicles, dry matter and grain yield (Mohanty and Kibe,

1967) .

Locascio and Fiskell (1970) reported that water
melon vyields were higher with sulphur coated potassium
chloride (KCl) than those with a single uncoated ferfili—
ser application, but not significantly different from

those with split applications of uncoated fertiliser.

Terman and Allen (1970) noticed that sulphur coating

of KCl1 reduced leaching losses.

Sulphur coated KCl was superior to spring applied
uncoated@ KCl, and equal to¢o split applications of uncoated

KCl for alfalfa production (Mays, 1977).

Encapsulated NK fertilisers were found to be useful
in tea in maintaining higher level of potassium for 13
days more than that obtained with physical mixture with
an associated yield increase of 5 to 6 per cent (Rangana-

than, 1978).

The effectiveness of resin and sulphur coated fertilisers in
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tobacco was investigated by Valentine et al. (1978) and
they observed that coated potassium fertilisers were

more effective especially in the years of heavy rainfall.

Maynard and Lorenz (1979) noticed that the potassium

release from potassium frits was affected by particle

size.

In a study of potassium release from selected slow
release fertilisers, osmocote had relatively linear release
rates while the release rate from Mag-Amp was rapid ini-

tially and decreased over time (Holcomb, 1981).

Asokan et al. (1985) reported that packing of
fertiliSer in perforated polythene ‘bags could effectively
reduce the rate of release of muriate of potash wﬁen

applied to rubber.

As in the case of nitrogen, the effectiveness of
the above proposed strategies for increasing the.efficie-
ncy of potassic fertilisers will vary considerably depen-

ding upon situations.
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MATERIALS AND METHODS

The present study was aimed at assessing the dis-
solution rates of urea and muriate of potash applied
as 'root contact packets' of varying sizes and-porosit—

ies and their crop responses.
The study consisted of two parts,

I Assessment of dissolution rates

IT Assessment of advantage of root contact packets
‘Location

The trials were carried out at the College of
Horticulture, Vellanikkara, Thrissur, situatéd at 10°
32'N latitude and 76° 10'E longitude and at an altitude

of 22.25 m above mean sea level.
I Assessment of dissolution rates
Root contact packets of varying sizes and porosit-

ies were prepared by perforating polythene bags of 250

gauge (23 cm x 15 cm size) using pin presses and sealing
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them at different levels using a heat sealer after fill-
ing the fertiliser. For this, pin presses were fabrica-
ted by fixing nails (having diameter 1.08 mm) on wooden
boards at different spacings. The polythene bags were

then pressed against these pin presses in a screw press.
A. Dissolution rate of urea
Experiment No.1l

This experiment was done to assess the rate of
dissolution of urea from packets of different porésit—
ies and quantities. It was carried out in a coconut
plantation about 12 years old with the fertiliser pack-

ets placed in the basins.

Scoil

The soil of the experimental area was deep, well

drained sandy clay loam.

Table 1. Physico-chemical properties of the soil

1. Mechanical composition (Hydrometer method, Bouyoucos,
1962) '

Sand : 52.3 per cent
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22.5 per cent

Silt :
Clay : 25.2 per cent
Texture :

2. Chemical composition

Constituent

Available
phosphorus
(Bray-1
extract)

Available.
potassium
(Neutral
normal
ammonium
acetate
extract)

pH(1:2.5
soil
water)

Content Rating
0.126 Medium
per cent (Class 6)
7.4 ppm Medium
' (Class 4)
159.8 ppm High
(Class 8)
5.3 Acid-
Medium
{Class 3)

Sandy clay loam

Method used for
estimation

Micro Kjeldahal
methed (Jackson;,
1958)

Chlorostannous
reduced molybdo
phosphoric blue
colour method

(Jackson, 1958)

Flame photometry
(Jackson,1958)

pH meter method
(Jackson,1958)

Season and climate

The experiment was conducted during the period from



June

1991 to November 1991.

for the period from June 1991

presented in Appendix 1.

Layout and

Design

Treatments

and 250 q)

ons

10.

11.

12.

13.

cm_z) constituted the treatments.

design (Fig.l)

The

of five packet sizes

following

The meteorological data

to November 1991 are

~t Completely Randomised Design

20 facteorial combinations

(50, 100, 150, 200

and four porosities (1, 2, 3 and 4 perforati-

1/50
1/100
1/150
1/200
1/250
2/50
2/100
2/150
2/200
2/250
3/50
3/100

3/150

(1]

50g
100g
150qg
200g
250g

50g
100g
1509
200g
250g

50g
100g

150g

packet,
packet,
packet ,;
packet,
packet,
packet,
packet,
packet,
packet ,
packet ,
packet,
packet,

packet ,

1

1

1

holes cm

hole cm
hole c¢m
hole cm
hole cm
hole cm 2
holes cm 2
holes cm
holes cm
holes cm
holes cm

holes cm

holes cm
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14. T, : 3/200 : 200g packet, 3 holes em™2
15. T,  : 3/250 : 250g packet, 3 holes em™2
16. T;c ¢ 4/50 : 50g packet, 4 holes cm
17. T, : 4/100 : 100g packet, 4 holes o
18. Tig © 4/150 : 150g packet; 4 holes cm_2
1§. 'I'l9 : 4/200 : 200g packet, 4 holes cm_2
20. T,  : 4/250 : 250g packet, 4 holes cm 2

Number of replications : 5

These packets were placed in coconut basins at
a distance of 1.8 m from the base of the palm, at a

depth of about 15 cm.

Observations

Fertiliser packets were excavated at intervals
of 15 days and the quantities of urea left in the pack-
ets were assessed. Assessment was to be made by both
welghing of residual fertiliser and also through estima-
ting the nitrogen content of fertiliser extract. Since
there was no fertiliser left in practically any of the

packets at any stage of excavation, extraction and esti-

mation could not be done.
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FIG.1 LAYOUT OF THE EXPERIMENT ON ASSESSMENT OF DISSOLUTION

ROAD LEADING TO FARM OFFICE
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Experiment No.2

As it was noticed that there was no fertiliser
left in any of the packets in thé previous experiment,
assuming the reason to be water stagnation in the bas-
ins, this experiment was conducted in a Jdifferent situa-
tion, providing conditions without standing water.
The "site selected was an open area previously occupied
by legumes. The soil of the experimental site was simi-

lar to that in the first experiment.
Season and climate

This experiment was conducted during the period
from September 1991 to December 1991. The meéeorologi—

cal data for the period are given in Appendix 1.

Design : Completely Randomised Design

Treatments : The following 10 factorial combinations
of five packet sizes (50, 100, 150, 200

and 250 g) and two porosities (1 and 2 holes cm —2) cons- .

tituted the treatments.



1. Tl : 1/50
2. T2 : 1/100
3. T, 3 1/150 -
4. T4 : 1/200
5. Tg 1/250
6. Tp 2/50
7. T7 : - 2/100
8. Tg 2/150
9. T9 H 2/200
10. TlO : ‘2/?50

Number of replications

Raised beds of 90 cm x 90 cm x 15 cm were taken

and the fertiliser packets were placed at a depth of

20cm .

Observations

Fertiliser packets were excavated at monthly in-
tervals and the quantities of urea left in the packets
were estimated by weighing the residual fertiliser after

air dryingf From this the pPercentage of residual ferti-

liser was calculated.

(3]

packet,

packet,

- packet,

packet ,
packet,
packet,
packet ,
packet ;
éacketf

packet,

hole
hole
hole
hole
hole
holes
holes
holes
holes

holes

cm

-2
cm

-2
cm

-2
cm

-2
cm

=2
cm
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Experiment No.3

This experiment to study the dissolution rate
of urea was done in the dry sééson under rainfall simul-
ated conditions. As the dissolution rates were faster
than . the expected levels in experiment No.2, to extend
the period of dissolution the porosities were brought
down in this experiment. This experiment was carried
out in the soil and location where the previous experi-

ment was conducted.

Based on 'the rainfall data for the last 30 years
of Vellanikkara station, the mean daily rainfall for
June and July was worked out to be 2 cm and water equiv-

alent to this was given daily for the experimental period.

Season and climate

This experiment was conducted during the period
from January 1992 to March 1992. This period was rain-
free. The meteorological data for the period is given

in Appendix 1.

Design : Completely Randomised Design
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Treatments

and 250 g)
1 nail hole

treatments.

1
2 T,
3. I3 ¢
4. T, °
5. 1,
6. T6
7. T7 H
8. T8 Lt
_9. T9 :
10. TlO :
11. Tll :
12. le :
13. T13
14. Tl4 :
15. T15 :
16. T16 :
17. _ T17
18. T18 :
19. T :

The following 25 factorial combinations

of five packet sizes (50, 100, 150, 200
and five porosities (0.25, 0.5, 0.75: and

cm_2 and 1 needle hole cm_z)constituted the

0.25/50 : 50g packet, 0.25 hole cme
0.25/100 :  100g packet, 0.25 holes cm 2
0.25/150 : 150g packet, 0.25 holescm 2
0.25/200 : 2009 packet, 0.25 holes cm 2
0.25/250  : 2509 packet, 0.25 holes cm 2
0.5/50 . 50g packet, 0.5 holes cm 2
0.5/100 : 100g packet, 0.5 holes cm °
0.5/150 : 150g packet, 0.5 holes cm 2
0.5/200 :  200g packet, 0.5 holes cm 2
0.5/250 . 250g packet, 0.5 holescm ~2
0.75/50 :  50g packet, 0.75 holes cm 2
0.75/100 : 100g packet,; 0.75 holes pmhz
0.75/150 :  150g packet, 0.75 holes cm 2
0.75/200 : 200g packet, 0.75 holes cm 2
0.75/250 :  250q.packet, 0.75 holes cm2
1/50 : 50g packet, 1 hole cm ™2
1/100 : 100g packet, 1 hole cm‘_2
1/150 : 150g packet, 1 hole cm 2
1/200 :  200g packet, 1 hole cm 2
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20. TZO
21. T21
22. T22
23. T23
24. T24
25. T25

Number of

Beds of 90cm x 90cm x 15cm were taken

Ser packets were placed at a depth of 20 cm.

1/250

: 1N/50

2 1N/100

: 1N/150

1N/200

1N/250

replications

Observations

Fertiliser packets were excavated at
days. The quantities of urea left

to be assessed.

2509

50g
100g
150g
200qg

250g

packet,
packet,
packet,
packet,
packet,

packet,

hole cm—2

needle
needle
needle
needle

needle

hole

hole

hole

hole

hole

3%

and the fertili-

intervals of 30

in these packets were

Since there was no fertiliser left in pra-

ctically any of the packets, extraction and estimation were

not done.

Experiment No.4

As there was no fertiliser left in any of the packets
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in experiment no.3, this experiment was conducted in the

same location, reducing the porosities further.

Season and Climate

This experiment was conducted during the period from
March 1992 to June 1992 under rainfall simulated conditions.

The meteorological data are presented in Appendix 1.
. Design : Completely Randomised Design

Treatments : The following' 25 facterial combinations

of five packet sizes (50, 100, 150, 200
and 250g) and five porosities (0.0625, 0.125, 0.25, 0.5 and
1 hole cmhz) constituted the treatments. In thié experiment,
perforations were made on.gthe polythene bags using sewing

needles bf diameter 1.0 mm.

1. T, : 0.0625/50 : 50g packet, 0.0625 holes cm 2
2. T, : 0.0625/100 : 100g packet, 0.0625 holes em™2
3. T, : 0.0625/150 : 150g packet, 0.0625 holes cm 2
4. T, : 0.0625/200 : 200g packet, 0.0625 holes cm 2
5. T : 0.0625/250 ¢ 250g packet, 0.0625 holes cm 2
6. T, : 0.125/50 :  50g packet, 0.125 holes cm 2



7. T, ¢ 0.125/100 : 100g packet, 0.125 holes cm
8. 7T, : 0.125/150 : 150g packet, 0.125 holes em ™2
9. T, : 0.125/200 : 200g packet, 0.125 holes em 2
10. TlO : 0.125/250 : 250g packet, 0.125 holes cm 2
11. T, : 0.25/50 _: 50g packet, 0.25 holes cm 2
12. T, @ 0.25/100 : 100g packet, 0.25 holes cm 2
13. T, : 0.25/150  : 150g packet, 0.25 holes en2
14. T, : 0.25/200 : 2009 packet, 0.25 holes cm 2
15. Tyg * 0.25/250 : 2509 packet, 0.25 holes crn_2
16. Ty, ¢ 0.5/50 : 50g packet, 0.5 holes cm _
17. 1,, : 0.5/100 : 100g packet, 0.5 holes cm 2
18. Tig * 0.5/150 : 150g packet, 0.5 holes cm_2
19. T4 : 0.5/200 : 200g packet, 0.5 holes cm™2
20. sz : 0.5/250 . 250g packet, 0.5 holes cm 2
21. T,y * 1/50 : 50g packet,; 1 hole cm ™2
22. T,, = 1/100 : 100g packet, 1 hole cm 2
23. T23 ; 1/150 I 150g packet, 1 hole cm'_2
24. T,, : 1/200 : 200g packet, 1 hole cm_2
25. T,; : 1/250 : 250g packet, lhole cm”2
Number of replicétions N

Beds of size 90cm x 90cm x 20cm were taken and the pac-

kets were placed at a depth of 30 cm.



Observations

Packets were excavated at intervals of 30 days. Fresh
weight and dry weight of the fertiliSer left in the packets
were taken. ‘ Then it was dissolved in uniform quantity of
water. Nitrogen content of this solution and thus the quant-
ity of nitrogeq left in the packet was determined by Micro
Kjeldahl.digestion and distillation method. From this the

percentage of residual urea in the packets was determined.
B. Dissolution rate of muriate of potash
Experiment No.l

This- experiment was carried out to assess the rate of
dissolution of muriate of potash from polyethylene packets
of different porosities and with different quantities of the
fertiliser. It was conducted in the séme éoil andlloﬁation
in which the first experiment on dissolution rate of urea

was conducted.

Season and climate

This experiment was carried out during the period from

June 1991 to November 1991.



Layout (Fig.l)

Design . ¢ Completely Randomised Design

Treatments : The following 20 factorial combinations

of five packet sizes (50, 100, 150, 200

and 250g) and four porosities (1, 2, 3 and 4 perforations

cm_2) constituted the treatments.

l.1, = 1/50 50g packet,; 1 hole cm_z
2. T, = 1/100 : 100g packet, 1 hole em ™2
3.7, : 1/150 : 150g packet, 1 hole cm 2
4. T, 1/200 : 200g packet, 1 hole cm 2
5. T 1/250 : 2509 packet, 1 hoie cmHz
6. T, =2/ 50 = SOg'packet, 2 holes cm™2
7. T, 2/100 : 100g packet,2 holes cm“g
8. Tg ¢ 2/150 : 150g packet, 2 holes c:m_2
9. Ty : 2/200 : 200g packet, 2 Eoles em 2
10. T, : 2/250 250g packet, 2 holes cm 2
11. 7, @ 3/50 : 509 packet, 3 holes cm 2
12. T, = 3/100 100g packet, 3holes cm 2
13. T13 3/150 : 150g packet, 3 holes cm_2
14. Ty, : 3/200 200g packet, 3 holes cm 2
15. Tyg © 3/250 : 2509 pécket, 3 holes f::m'—2
16. T16 4/50 50g packet, 4 holes cm_2
17. T : 4/100' 100g packet, 4 holes cl'n-—2
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150g  packet, 4 holes em™2

18. T g : 4/150 2
19. T : 4/200 : 200g packet, 4 holes cm
20. T, . 4/250 : 250g packet, 4 holes cm >
Number of replications : 5

These packets were placed in coconut basins at a
distance of 1.8 m from the base of the palm at a depth

of 15 cm.
Observations

Packets were excavated at intervals of 15 days and
the guantities of fertiliser yeft in the packets were
estimated. Assessment was to be made by both wéighing
the residual fertiliser and also through estimating the
potassium content ofthe fertiliser extract. Since there
was no fertiliser left in practiéally any of the packets
at any stage of excavation, extraction and estimation

were not done.

Experiment No.2

This experiment was conducted to assess the dissolution
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rate of muriate of potash providing conditions without

standing water since there was no fertiliser left in any

of the packets in the previous experiment.

Season and climate

This experiment was carried out during the peried

from September 1991 to December 1991 (north-east monsoon

period).

“Design

Treatments :

Completely Randomised Design

The following 10 factorial combinations

of

five packet

200 and 250 g) and two porosities

constituted the treatments.

1. T1 : 1/50
2. T2 : 1/100
3. T3 : 1/150
4. T4 : 1/200
5. Ty 1/250
6. T, ¢ 2/50

50¢g
100g
150g
200g
250Q0g

50g

packet, 1
packet, 1
packet, 1
packet, 1
packet, 1

packet, 2

Sizes (5.0f lOO, 1501

(1 and 2 holes cm_z)

hole cm
hole cm
hole cm
holé cm
h&le cm

holes cm 2
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7. T, = 2/100 : 100g packet, 2 holes cm_2
8. Tg : 2/160 : 150g packet, 2 holes em™2
9. Ty : 2/200 : 200g packet, 2 holes em ™2
10. Tig ° 2/250 : 250g packet, 2 holes cm—2

Number of replications : 3

Beds of size 90cm x 90cm x 15cm were taken and

the fertiliser packets were placed at a depth of 20 cm.

Observatiions

Fertiliser packets were excavated at intervals
of 30 days. Fresh weight and dfy weight of muriate of
potash left in the packets were taken. Then it was dis-
solved in uniform quantity of water. Potassium content
of this solution and thus the guantity of nutrient left

in the packet was determined by flame photometer method.

The percentages of residual fertiliser in the _packets

were then calculated.

ITI Assessment of the advantage of root contact packets

Two separate experiments were conducted to assess

—
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the advantage of placing urea and muriate of potash in
perforated polyethylene bags over application of these
fertilisers in two splits. This was done using six month
0ld cocoa seedlings as indicators. There were controls

of no supply of these nutrients through fertilisers also.

A. Root contact packets of urea

This trial was done to assess the comparative
advantage of root contact packets of urea and urea split
application on cocoa seedlings. This experiment was
carried out in the site where the first experiment on
assessment of dissolution rates of urea and muriate of

potash was done.

Season and climate

This experiment was conducted during the period

from June 1991 to November 1901.

Layout (Fig.2)

Design : Randomised Block Design
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FIG.2 LAYOUT OF THE EXPERIMENT ON ASSESSHENT QF THE ADVANTAGE OF

vt

ROOT CONTACT PACKETS OF UREA ON COCOA SEEDLINGS
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Treatments:

3

Control of no nitrogen supply

T, : 75g urea in two equal splits in June and October

T3 : 75g urea as root contact packet with 1 needle hole cm_z'

. . -2
: 75g urea as root contact packet with 2 needle holes cm

75g urea as root contact packet with 3 needle h'ol&acm_2
2

!

T. : 75g urea as root contact packet with 4 needle holes cm

Number of cocoa seeélings plot_l : 6

[ieY

Nuiiver- of replications

Cocoa seedlings of six months were planted in the
inter-spaces of coconut . Fertiliser packets were placed
on one side of the seedlings at a distance of about 4 cm
from the base of the seedlipgs at a depth of 5 cm. In
the case of split abplication, the fertiliser was applied

around the seedlings within a radius of 4 cm.
a. Biometric observations
(i) Plant height

Height of plants was measured from the base of
the plant to the tip of the stem and plot wise average

was worked out.



L&

(11} Girth

Girth of plants was measured at a height of

15 cm and plotwise average was worked out.
(iii) Number of leaves

Number o©f hardened 1leaves was taken and the

mean was worked out for the six plants in each plot.
(iv) Dry matter production

The plants were cut at the base inl November
and leaves and stems were separated and dried to constant
weight in hot air oven (70-80°C). From the dry weight
of the component parts for the six plants in a plot, the

éry matter production plant ' was worked out.
b. Chemécal studies
‘ogen
The nitrogen content of leaves and stems was

determined by micro Kjeldahl digestion and distillation

method.



(ii) Uptake of nitrogen

The total uptake of nitrogen by the plant
was calculated from the nitrogen content and dry matter
production of component plant parts and expressed as

g plant_l.
B. Root contact packets of muriate of potash

This experiment was done to assess the relative
- advantage of placing muriate of potash inl perforated
polyethylene bags and split application. This was carried
out in the same location and soil where the experiment
on urea was conducted. The season and climatic conditions

were also the same as that in the previous experiment.
Layout (Fig. 3)
Design : Randomised Block Design
Treatments :
Tl : Control of no potassium supply

T2 : 759muriate of potash in two equal splits

in June and October
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FIG.3 TLAYOUT OF THE EXPERIMENT ON ASSESSMENT OF THE ADVANTAGE OF ROOT

CONTACT PACKETS OF MURIATE OF POTASH ON COCOA SEEDLINGS
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(Jackson, 1958).
b. TUptake of potassium

The total uptake of potassium by the plant was
calculated from the potassium content and dry matter

production.
Statistical analysis

The data on dissolution rate- and crop responses
of root contact packets of urea and muriate of potash
were analysed by applying the analysis of variance technji-

igque (Panse and Sukhafme,l967).



T3 : 75 g muriate of potash as
with 1 needle hole cm 2

T4 : 75 g muriate of potash as
with 2 needle holescm 2

T5 : 75 g muriate of potash as

with 3 needle holescm 2

T : 75 g muriate of potash as

with 4 needle holeScmuzl

Number of plants per plothl : 6

Number of replications _ : 4

root

root

root

root

contact

contact

contact

contact

packet

packet

packet

packet

Cocoa seedlings of six months were planted in the

interspaces of coconut and fertiliser packets were placed

as in the case of urea.

Observations

Biometric observations were taken as

of urea.

Chemical studies

a. Content of potassium

in the case

The potassium content of leaves and stems were

mined using flame photometer method after triacid

deter-

digestion
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(Jackson, 1958).
b. Uptake of potassium

The total wuptake of potassium by the plant was
calculated from the potassium content and dry matter

production.
Statistical analysis

The data on dissolution rate- and Crop responses
of root contact packets of urea and muriate of potash
were analysed by applying the analysis of variance techni-

igque (Panse and Sukhatme,l967).






RESULTS AND DISCUSSION

The data obtained from the experiments on dissolut-
ion rates of urea and muriate of potash are presented
first and these are followed by the results of the exper-
iments conducted to assess the advantage of root contact

packets of urea and muriate of potash.
I Assessment of dissolution rates

A. Dissolution rate of urea
Experiment no.l

This experiment was done to assess the rate of dis-
solution of urea from packets of different porosities
and guantities. The porosities and quantities tried
were 1, 2, 3 and 4 nail holes cm™” and 50, 100, 150,
200 and 250 g, respectively. Samples were excavated
at intervals of 15 days. There was no fertili;er left
in practically any of the packets at any stage of excava-

tion. The reason for this was assumed to be water stagna-

tion in the coconut basins in which these packets were placed.



Experiment No.2

This experiment to assess the dissolution rate
of urea packed 1in perférated polyethylene bags was
conducted providing conditions without standing water.
The data on the percentage of residual fertiliser
30 days after application on dry weight basis are
given in Table 2 and the analysis of variance in

Appendix 2.

Significant difference could be noticed between
the two porosities tried with respect to percentage
of residual urea in the packets, there being decrease

with increasing porosity.

Between the different quantities compared, per-
centage residue was found to increase with increasing
qugntities of fertiliser. The highest percentage
of residual fertiliser was observed with 250 g packets
which waé followed by 200 g packets. The percentage
of residual fertiliser in 100 g and 150 g packets
were on par and 50 g packets showed the lowest percen-

tage of residual fertiliser.

The interaction effect of porosity and quantity
was significant with regard to percentage of residual

fertiliser. The data are given in Table 3.
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Table 2. Effects of porosity and quantity of fertiliser
on the dissolution rate of urea from root con-

Ltact packets

Percentage of residue 30 days
Treatment after application on dry weight

basis

Porosities

{holes cm_z)

1 20.3

2 1.9

SEm+ 0.86

cp(0.05) 2.5
Quantities

(g packet_l)

50 2.3
100 10.8
150 9.2
200 15.3
250  18.0

SEmt 1.4

CD(0.05) 4.0

5%



Table 3. Combined effect of porosity and quantity of

fertiliser on the dissolution rate of urea

from root contact packets

Percentage residue

Porosities
holes cm—2

50 100 150 200 250
1 4.7 ig8.0 18.4 28.2 32.3
2 0 3.7 0 2.3 3.7

I

SEmx = 1.9 ¢p(0.05) 5.6



The results of Lhis study thus indicated that the
percentage of reéidual fertiliser increased or in other
words rate of release decreased with decrease in porosity
and increase in packet size. The dissolutign rates
were also very high and there was no fertiliser 1left
in practically any of the packets when excavation was
done on the 60th day after application. It was concluded
.that there Qas necessity for reducing the porosities
still further if there were to be extended availability

for a reasonable period.
Experiment No.3

The objective of this experiment was to standardise

porosities and it was done by reducing the porosities

still further. It was conducted in the dry season under
simulated rainfall conditions and the daily rate of
abplication of water was equivalent to 2 cm. An addit-
ional treatment providing holes made with sewing needle
was also included in this. The porosity for this was

1 hole cm™2.

Here also the dissolution rates were very high and

J%6



there was no fertiliser left in any of the packets even

at the first stage of sampling.

The previous experiment (Expt.No.2) was conducted
in the north-east monsoon season when the total rainfall
during the experimental period of one month was 203.1
cm. This corresponds to a daily rate of 0.68 cm only.
In this experiment rainfall simulation was done at a
rate of 2 cm day_l which corresponds to rainfall intens-
ity of the peak period of June-~July. This high intensity
might have resulted in the complete loss of urea in
the packets eventhough the porosities tried were lesser
in this compared to the previous experiment. It was
then concluded that there was necessity for reducing

the porosities still further if there were to be extended

availability for a reasonable period in the south-west

monsoon season.
Experiment No.4

This experiment was conducted to standardise porosi-
ties by reducing the porosities still further. Like
the previous experiment, this was also carried out in

the dry season under simulated rainfall conditions.

S+



Here also the daily rate of application of water was
equivalent to 2 cm. Perforations on packets were made
with sewihg needles in all the treatments. The depth
of placement was also increased to 30 cm instead of

20 cm as was followed in the previous experiments.

The d&ata on the percentage of residual fertiliser
on dry weight basis and on the basis of chemical analysis
are given in Table 4 and the analysis of variance -in
Appendix 3. There was significant d&ifference between
the porosities with regard to percentage of residual
fertiliser on dry weight basis and on the basis of chemi-
cal-analysis 30 days after application. The percentage
of residual urea decreased with increase in porosity.
Packets with 0.0625 holes cm > recorded the highest value
with respect to the percentage of residual fertiliser
in both the cases. .0n the basis of chemical analysis,
this treatment was significantly superior to other treat-
ments but on dry weight basis this was on par with the
packets with 0.125 holes cm—z. The packet with one hole

cm_2 showed the lcwest percentage of residual fertiliser.



Table 4. Effects of porosity and quantity of fertiliser

on the dissolution rates of urea from root contact

packets

eee____._._Percentage residue ________

Treatment.:  _____________ Days_after application ______
: 30 30

o A~~~ b R N A
Porosities
(heles cmuz)
0.0625 9g8.7 9i.1 90.4 83.8 .89.2 80.8
0.125 95.1 85.4 79.4 72.9 .77.8 67.8
0.25 87.2 70.6 70.7 66.0 50.0  42.1
0.5 73.4  62.7 30.8  27.9 21.9 18.5
1.0 49.2 -44.1 12.3  10.5 0.0 0.0
SEm+ 1.7 1.7 1.9 1.6 2.9 2.6
CD(0.05) 5.0 5.0 5.5 4.8 8.6 7.5
Quantities
(g packet—l)
50 76.8 73.6 58.6 54.4 49.8 41.8
100 81.3 72.5 56.1 50.4 55.1  48.8
150 84.8 70.8 59.8  53.2 44.7 38.1
200 79.8 69.6 "57.7 54.5 43.4  39.7
250 ' 80.9 67.4 51.5 48.5 46.0  40.6
SEm+ 1.7 1.7 1.9 1.6 2.9 2.6
cD(0.05) 5.0 NS 5.5 NS NS NS

D :. Values on dry weight basis

A : Values on the basis of chemical analysis



The data on dry weight basis showed significant
difference between the quantities of fertiliser in the
packets but the effect was not significant when the
gquantity of residual fertiliser was calculated on the
basis of chemical analysis. On dry weight basis,; 150g
packet rgcorded the highest value and was on par with
100 g, 250 g and 200 g packets which in turn were on

par with 50 g packets.

The interaction effect of porosity and quantity
was significant with respect to percentage of residual
fertiliSer on the basis of chemical analysis but no
significant difference could be noticed when calculations
were made on dry weight basis. The data are presented

in Table 5.

At the time . of second observation 60 days after
application, the effect of porosity was found similar
to that 30 days after gpplication, there being é signifi-
cant. decrease in the quantity of residual fertiliger
with increase in porosities. Packets with 0.0625 holes

cm recorded the highest values and those with one

hole cm registered the lowest values with respect

G0



Table 5. Combined effect of perosity and quantity of ferti-
liser on the dissolution rate of urea from root

contact packets

Porosities Quantities, g packet_l
=3
holes cm
50 100 150 200 250
0.0625 94.7 90.4 89.1 92.6 88.5
0.125 91.9 20.4 81.0 82.4 - 81.5
0.25 82.1 65.0 61.7 80.3 64.2
0.5 68.5 65.1 .68.4 43 .1 63.6
1.0 30.9 51.5°  54.0 44.9 39.3

SEmx 3.8 CD(0.05) 11.2



to the percentage of residual fertiliser both on dry

weight basis and on the basis of chemical analysis.

The effect of quantity of fertiliser- in packets
was significant when percentage of res&dual fertiliser
was calculated on dry‘wéight-basis but not when calcula-
ted on the basis of chemical analysis. On dry weight
basis the highest percentage of residual fertiliser
was observed with 150 g which wés on par with all other
quantities except 250 g which recorded significantly

lover wvalue.

The interaction effect of porosity and quantity
was significant when calculations were made both on
dry weight basis and on the basis of chemical analysis.

The data are presented in Tables 6 and 7, respecti%elyr

At thevtime of third observation 90 days after appli-
ication also, a decreasing trend in the gquantity of
residual fertiliser with increase in porosity could
be observed. Here also packets with 0.0625 holes cm_'2 re-~
corded the highest and those with one ﬁole crn-2 recorded

the lowest values with respect to percentage of residual

€l



Table 6. Combined effect of porosity and quantity of ferti-
liser on the dissolution rate of urea from root

contact packets

Percentage residue on dry weight basis

Porositie Quantities, g pr:zckvat_1
holes cm ©° = @ —-———mrmm——— e
50 100 150 200 250
0.0625 82.0 20.0 91.7 93.3 95.0
0.125 81.0 82.5 73.0 85.0 75.6
0.25 78.0 73.0 69.3 72.0 6l.4
0.5 30.0 21.5 45.7 38.0 19.0
1.0 22.0 13.5 19.3 0.0 6.6

SEm+ 4.2 CD(0.05) 12.2



Table 7. Combined effect of porosity and quantity of ferti-
liser on the dissolution rate of urea from root

contact packets

Percentage residue on the basis of chemical

analysis
Porosities Quantities, g packet-1
-2
holes cm ©° === @———vrmmm——————— e
50 100 150 200 250
0.0625 78.9 83.0 81.8 85.2 90.0
0.125 74.0 72 .9 65.0 80.1 72.7
0.25 72.9 65.7 6l.6 71.5 58.3
0.5 27.5 20.5 40.0 35.8 15.6

1.0 18.7 10.0 17.9 0.0 6.0

SEm+ 3.7 Cp(0.05) 10.7



fertiliser both on dry weight basis and on the basis

of chemical analysis.

.The effect of quantity of fertiliser in the packets
was not significant both on dry weight basis and on

the basis of chemical analysis.

The interacticn effect of porosity and quantity
was significant with respect to percentage of residual
fertiliserl on the basis of chemical analysis but the
effect was not significant when calculations were made
based on dry weight. The data are presented in Table

8.

As in experiment No.2, it was noticed that the dis-
solution rate was influentced by the number of perforat-
ions and quantities of fertiliser packed. When perfor-
ations weré closer, the release was faster in both these

experiments.

From the above experiments it 1is c¢concluded that
there is substantial retention and slow ‘release of
urea when packed in perforated polybags. Root contact

packets with 0.5 needle holes cm—2 appear to be better
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Table 8. Combined effect of porosity and quantity of
fertiliser on the dissolution rate of urea

from root contact packets

Percentage residue

—— s ———— e —— ko o ——— T — " —— e — T —— o 8

Porosities

holes cm 2

o o e e T A e e 2 . L2 e e T S e e o — Y — o —— T " —— o o

50 100 150 200 250
0.0625 77.9 82.3 82.3 82.3 79.1
0.125 70.7 75.1 61.6 74.4 57.2
0.25 ' 40.4 64.3 32.7 20.6 52.5
0.5 20.2 22.4 14.0 21.3 14.4

1.0 0.0 0.0 0.0 0.0 0.0

SEm+ 5.7 ' €D(0.05) 16.7



as some quantity of fertiliser is left even after three
months of application. - At the same time they ensure

substantial release of the fertiliser compared to the

packets with fewer perforations. The fertiliser contain-

ed in packets with one needle hole cm_2 was rcompletely
exhausted by the third observation 90 days after applica-
tion. Perforations made with. neéd;es appear to be
better compared to those made with nails as needle holeé
provide extended availability for reasonable periods
as evidenced from the experiments. To suit availability
upto varying periods and for different rainfall patterns,
further standardisations of porosity of bags would

be necessary especially in south-west monsoon periods.
B. Dissolution rate of muriate of’potash

Experiment no.l

This experiment was done to assess the rate of dis-
solution of'muriate of potash from packets of different
porosities and gquantities. The porosities and quantit-
ies tried were 1, 2, 3 and 4 nail holes cm 2 and 50,

100, 150, 200 and 250 g, respectively. Samples were

L+



excavated at intervals of 15 days.‘There was no fertili-
ser left in any of the packets at any stage of excavat-
ion. The reason for this was aséumed to be water stag-
nation in the coconut basins in which these packets

were placed.
Experiment No.Z2

This experiment to assess the dissolution rate of
'muriate- of potash packed in pefforated poiyethylene
Sags was conducted providing conditions without standing
water. It was done in the north-east monsoon season
and the porosities and quantities tried were 1 and 2
nail holes cm * and 50, 100, 150, 200 and 250 g, respect-

ively. Samples were excavated at intervals of 30 days.

The data on percentage of residual fertilisier in
the packets on dry weight basis and on the basis of
chemical analysis are given in Table 9 and the énalysis

of variance in Appendix 4.

Significant difference could ‘be noticed between

the two porosities tried at all the three stages of:

sampling with respect to the _ percentage of residual

&8



Table 9. Effects of porosity and quantity of fertiliser on
the dissolution rate of muriate of potash from
root contact packets .

—— i ————————— oy o et g it Bt B e e e e e e e e ————

e —— ——— ———— ——— P — " ———— — e e ——— — ——

Treatment. ____29___—_~________§9 _____________ 90
D A D A D A

Porosities
{holes cm_z)

1 77.9 74.4 62.7 59.6 58.4 52.1

2 68.6 65.2 52.4 44 .7 35.2 30.7
SEm# 0.7 0.9 2.9 1.1 1.6 1.5
¢p(0.05) 2.1 2.6 8.5 3.1 4.7 4.5
Quantities
(g packetdl)

50 69.7 63.6. 48.7 44.8 37.3 29.9
100 71.3 69.7 62.2 51.5 43.0 . 45.1
150 69.6 69.6 55.5  53.2 46.3  42.2
200 76.2 '73.5 56.2 52.7 46.1  39.7
250 79.5 72.7 65.3 58.8 55.2 50.0

SEm* 1.1 1.4 4.5 1.7 2.5 2.4
CcD(0.05) 3.3 a.2 NS 5.0 7.5 . 7.2
D : Values on dry weight basis A : values on the basis of

chemical analysis



muriate of potash on dry weight basis and on the basis
of chemical analysis, there being decrease with increas-

ing porosity.

The effect of .packet size was significant at all
the stages of sampling with respect to percentage of
residual fertiliser except when the percentage of resi-
dual fertiliser was calculated on dry weight basis at
the second stage of observation 60 days after applicat-

ion.

At the first stage of observation 30 days after
application when calculations were made on dry weight
basis, 250'g packets recorded the highest wvalue which
was on par with 200 g packets with respect, to percentage
cf residual fertiliser. The lowest value was reéistered
by 150 g packets which. was on par with 50 g and 100
é packets. On the basis of chemical analysis 200 g
packets registered te highest value and was on par with
all other quantities except 50 g packets which.recofded

the lowest value.

At the second stage of observation, .the highest

percentage of residual fertiligser was obtained . with



250 g packets when calculated on'phe basis of chemical
analysis. This was followed by 150 g packet which was
on par with 200 g packet and 100 g packet which were

significantly superior to 50 g- packet.

At the third stage of observation, 250 g packet
recorded the highest value and 50 g packet registered
the lowest value both on dry weight basis and on the

basis of chemical analysis.

The interaction- effect of porosity and quantity
was significant only at the first stage of observation
when the percentage of residual mufiate of potash was
calculated on dry weighp basis. .The data are presented

in Table 10.

The results indicated that as in the case of urea,
dissolution rate of muriate of potash was also influenced
by‘the number of perforations cm_2 and the quanpity
of fertiliser. The dissalution rate increased with incr-
ease 1in perforations and decrease in quantities.. The
highest quantity combined with least number of perfora-

tions resulted in the maximum value for the residue.

e



Table 10. Combined effect of porosity and quantity
of fertilizer on the dissolution rate

of muriate of potash from root contact

packets
___________ Percentage residuve
Porosit ies Quantities, g packet
-2, TTTTTTTTTTTTTTTTTTT T T T T T T
(holes cm ™) 50 100 150 200 250
B 71.3 78.7 73.6 80.5 85.6
2 68.0 64.0 65.5 71.8 73.5

SEm+ 1.6 CD(0.05) 4.6



However, the values were much higher as compared to
urea. Substantial quantities of muriate of potash were
Y
left in the packets even after 90 days of application
but urea was completely released by the second stage
of sampling 60 days after application when tried at
the same level of porosity. Since this experiment was
conducted in north-east monsoon season when the rainfall

intensity was rélatively low, the effect of porosities

need to be standardised in south-west monsoon also.
IT Assessment of the advantage of root contact packets
A. Root contact packets of urea

This experiment was carried out to assess the advan-
tage of root contact packets of urea as cdmparea to
split application of this fertiliser; The test crép
was cocoa and seedling growth was used as the test criter-

ion. Rsults on these are given below.

2. Biometric observations
(i} Height of seedlings

The data on height of seedlings at different stages

73



of observation are given in Table 11 and the analysis

of variance in Appendix 5.

There was no significant difference between the
treatments with respect to the height of seedlings at any

of the stages of observations.

On 30th day of planting, the highest height of 36.6
cm was.. recorded in plots receiving 75 g urea applied
in two equal splits and those receiving 75 g urea as
root contact packéts with four holes cﬁ_z. The lowest

value was recorded in the control.

At the second stage of observation 60th day of plant-
ing 75 g urea applied as root contact packets with four
holes cm™2 recorded the highest value while those with

‘two holes cm 2 recorded the lowest value.

On 90th day of planting 75 g urea applied as root
contact packets with four holes cm 2 recorded the highest
value. It was followed by 75 g packets with three holes

-2

cm . Packets of 75 g with one hole cm 2 recorded .the

lowest wvalue.
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Table 11. Effect of application of urea in splits
' and as root contact packets on height

of cocoa seedlings

Height of seedlings, cm

———— e e o e T o . e e . ey A o T o e o . i S o —

Treatment . - ——————
30 60 90 120 150
Control 33.5 40.1 51.7 63.6 78.1
S/75 36.6 42.1 53.0 66.3 84.5
P 1/75 35.0 40.5 51.6 66.0 81.1
P 2/75 33.9  40.0 53.5 67.5 81.8
P 3/75 34.9 41.1 S4.5 68.3  85.6
P 4/75 36.6  43.7 57.8 69.4 88.1
SEm 2.5 1.7 3.2 3.8 5.6
cp(0.05) NS NS NS NS NS

S - Split application P - Porosity, cm"2



On 120th day of planting, 75 g packets with four
hols cmnz'reecorded the highest value. The lowest value

was observed in the control.

At the last stage of observation 150th day of plant-
ing the highest. height was recorded in plots receiving
75 g urea as root contact packets with four holeshz. Here

also the lowest value was registered in the control.

In general,application of 75 g urea in packets with

four holes cm > gave the highest values with regard .

to height of seedlings at the various stages of observa-
tion. Lower values were registered in control plot
and in-:those receiving 75 g urea packed in polyethylene
bags with reduced number of perforations. These differe-
nces were however not statistically significant at any
of the stages of observation. Being a nutrient rated
as low in the soil (Table 1), subétantial‘improvement
in growth beéause of its supplem?ntation was g;pecgga:
The lack of a consistent and significant improvemen£
in. growth is perhaps due to inefficient wutilisation
from the applied fertilise;. Hevy rains might have
resulted in the leaching losses of the nitrogen applied

in splits. ~ Better resporse.could have perhaps been

#C



obtained with increased number of splits. The root
contact packets would have been a suitable alternative
but with the high porosities used which resulted in
gapid dissolution, they might also have failed to ensure

extended availability.
(ii) Girth of seedlings

The data on the girth of seedlings are presented

in Table 12 and the analysis of variance in Appendix 6.

The treatments showed no significant difference
with regard to the girth of seedlings- at "any of the
stages of observation. The reasons for theé lack of
significant response on plant height must be applicable

to this growth parameter also.

(iii}) Number of leaves

The data on number of ieves'ape présented ianéble 13.

and the analysis of variance is given in Appendix 7.

There was no significant difference between the

treatments at‘any stage of observation.
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Table 12. Effect of application of urea in splits

and as

of cocoa

root contact packets on girth

seedlings

———

—— e e t — ——— —— 2 —— e e o My o s e e e —— —

Treatment =  ———-—mem—mmm e e

30 60 90 120 150

Control 2.4 2.9 3.4 3.8 4.6

S/75 2.6 3.0 3.4 3.7 4.4

P 1/75 - 2.7 3.0 3.4 3.6 4.3

P 2/75 2.6 2.9 3.3 3.8 4.5

P 3/75 2.7 2.9 3.4 3.8 4.4

P 4/75 2.6 2.8 3.3 3.7 4.6

SEm# 0.12 0.10 ©0.12 0.13 0.18

CcD(0.05) NS NS NS NS NS

5 - Split application

P - Porosity, en” %

7



Table 13. Effect of application of urea in splits
and as root contact packets on number
of leaves of cocoa seedlings

Number of leaves
reeatment Py efter planting |
30 60 90 120 150

Control 15.3 14.9 22.1 29.6 31.5

S/75 14.3 14.5 21.7 28.6 33.3

P 1/75 15.7 13.9 22.6 ° 27.6. 29.0

P 2/75 15.2 12.7 21.0 © 28.1 32.1

P 3/75 14.5 14.5 23.0 - 31.2 36.9

P 4/75 16.4 13.5 23.3 - 27.7 30.3

SEm#* 0.58 1.15 1.22. 227 2.6]

CD(0.05) NS NS NS NS NS

2

S - Split application

P - Porosity, cm



At the time of first observation 30 days after plant-
ing, the highest value (16.4) was recorded in the set
receiving 75 g urea as root contact packet with four
holes cmnz. The lowest value was registered when 75g
urea was applied in two equal splits. At the next stage
60 days after planting also, the treatment differences
continued to be non-significant with the control of
no nitrogen supply recording the highest mean wvalue.
Ninty days after planting root contact packets with
four holes qm_z recorded the highest value. The lowest
value was observed with root contaqt packets with two
holes cmuz. Urea applied@ in packets with three holes
cm recorded "the maximum number of leaves while that

applied in packets with one hole cm_2 recorded the lowest

value both on 120th and 150th days after planting.

In general, higher number of leaves was obtained
when urea was applied in polyéthylene packets with higher
number of perforations. These differencgs 'Werér héted
in mean valqes only and statistical .analysis of -the
data indicated lack of significance in this character
at any stage. The reasons for such a lack of response
on plant height have already been discussed. The same

reasons musf'apply for this growth parameter also.



(iv) Dry matter production

The data on dry matter production are presented

in Tabie 14 and the analysis of variance in Appendix 8.

No significant difference could be observed between
the treatments with respect to dry _matter production.
Split application of urea gave the highest value and
it was followed by 75 g packets with three holes cm_z.The
lowest value was observed in the control. The reasons
for the lack of response on plant hight are applicable

in this case also.
b. Chemical studies

The data on nutrient content and total nutrient
uptake are given in Table 14 and the analysis of variance

in Appendix 8.

There was no significant difference between the
seedlings with respect to the nitrogen content of the
stem. The data on nitrogen content of leaves showed
significant difference bétween the treatments. Urea
applied as Splité as well as iﬁ root contact packets

recorded maximum values and were significantly superior



Table 14. Effect of application of urea in splits and as
root contact packets on dry matter production,
nitrogen content and total nitrogen uptake of
cocoa seedlings

Drymatter N content N content Total
production of stem of leaves nitrogen

Treatment g plant_l per cent per cent. uptake _1

g plant

Control 39.5 1.7 2.5 0.9

S/75 59.9 2.0 2.9 1.5

P 1/75 49.9 2.0 2.8 1.2

P 2/75 49.6 2.0 2.9 1.3

P 3/75 59.2 1.8 2.9 1.5

P 4/75 55.6 1.8 2.9 1.4

SEm* 5.87 0.12 0.05 0.16

CD(0.05) NS NS 0.15 NS

S - Split application P - Porosity;, cm_2

gz



to the control treatment which recorded the lowest value.

The treatments showed no significant difference
with respect .to total nitrogen uptake. The highest
value (154.7 g plant—l) was recorded when urea was applied

in two splits and the lowest value was in the control.

The highest value for dry matter production was
alsc obtained when urea was applied in splits. Uptake
being éhe product - of drymatter production and nutrient
content, split application resulted in maximum uptake

of nitrogen eventhough the effect was not significant.

The results of the study on dissolution rate of

root contact packets of urea revealed that holes made

with nails and porosities above one hole cm_2 resulted in

rapid dissclution of the fertiliser and thus failed
to ensure extended évailability during the main rainy

season. However, substantial retention. and slow release

of the fertiliser could be achieved with porosities-

below one hole cm_z. But such packets could not be tested
for their advantage to crops in the rainy season. In
the present study to asSess the advantage of the root

contact packets, the packets were all having nail héles
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and higher porosities. With such porosities, the dissolut-
ion rates were probably so very high that these were only
as useful as a single application. Severe losses of the
applied nutrient by way of'leaching might have resulted
iﬁ the lack of response of the seedlings to the nitrogen
applied 1in splits. However, split application as well
as application of urea as root contact packets could regis-
ter some advantage which attained statistical significa-
nce over the control in the case of content of the nutrient

in leaves.
B. Root contact packets of muriate of potash

This experiment was carried out to assess the compara-

tive advantage of root contact packets of muriate of potash

and split applications of this fertiliser on cocoa seedlings.

Results are presented and discussed below.
a. Biometric observations
(i) Height of seedlings

Data on height of plants are presented in Table 15

and analysis of variance in Appendix 9.

Th



Table 15. Effect of application of muriate of potash in spli-

ts and as root contact packets on height of cocoa

seedlings
__________ Height of seedlings, em__
Treatment.. Days after planting
30 60 90 120 150
Control 35.4 38.5 46.7 53.3 63.7
s/75 37.1 40.5 47.3 54.3 69.2
P 1/75 36.9 39.3 47.9 55.9 62.9
P 2/75 36.0 39.9 49 .4 55.4 - 65.1
P 3/75 37.9 4] .1 48 .3 52.2 59.7
P 4/75 ©37.0 39.3 47.5 53.2 57.3
SEm# 1.2 1.0 1.7 2.6 © 2.4
CD(0.05) NS NS NS NS 7.3

S - Split application P - porosity, cm_2



There was no significant difference between the treat-
ments except at the last stade of observation 150 days
after planting. Even at this stage, there was no consist-

ent trend of variation with treatments.

Muriate of potash placed in polyethylene packets
with three ht:ules,cm_2 recorded maximum height and control
registered lowest values both on 30th and 60th days after

planting.

At the third stage of observation 90 days after plant-
ing, root contact packets with two holes cm_2 recorded the
highest value. The lowest height was observed in the

control.

Maximum height of cocoa seedlings was observed with
root contact packets with one hole cm_2 on 120th day of
observation. The lowest value was recorded in plots recei-

ving 75 g muriate of potash as root contact packet’s with

three holes cm 2

On 150th day after planting, there was significant.
difference between the treatments. Appliéatioh of muriate
of potash in splits gave maximum height. The lowest value
was recorded in plots receiving root contact packets

-~

with four holes cmhz.



consistent and significant improvement in growth
of cocoa seedlings could not be obtained with application
of muriate of potash either when applied in splits or
as root contact packets. The high rating of potassium
in so0il fTable 1) might have resulted in this lack of
response. Being a nutrient highly mobile in soil, substan-
tial losses might have occurred by way of leaching when
applied in splits. The root contact packets might aléo
have failed to provide extended availability of the nutrie-
nt due to the rapid dissolution during the peak rainy

Season.

(ii) Girth of seedlings

Data on girth of seedlings are presented in Table

16 and the analysis of variance in Appendix 10.

Root contact packets with one hole cm™? recorded  the
highest values and those with four holes cm_zregistered the
lowest values with respect to girth at all the five stages

of observation (viz. 30, 60, 90, 120 and 150 days after

planting) except after 90 days where control recorded

the lowest wvalue. The differences were not significant

at any stage. That such a lack of crop response from,.
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Table 16. Effect of application of muriate of potash in splits

and as root contact packets on girth of cocoa seed-

lings
_______________ Girth of seedlings, cm. ______
) bPays after planting )
Treatment -
30 60 90 120 150
Control 2.6 2.9 3.1 3.6 4.0
S/75 2.6 3.0 3.3 3.7 4.3
P 1/75 2.8 3.2 3.5 3.8 4.4
P 2/75 2.7 3.1 3.5 3.8 4.3
P 3/75 2.6 2.9 3.4 3.7 4.1
P 4/75 2.5 2.8 3.2 3.5 3.9
SEm+ 0.10 0.13 0.12 0.12 0.15
dD(o.OS) NS NS NS NS NS

S - Split application P - Porosity, cm 2



application of this nutrient 1is attributable primarily
tothe high inherent content of this nutrient has already

been mentioned.
(iii) Number of leaves

Data on number- of leaves are presented in Table 17

and the analysis of variance in Appendix 11.

There was no significant difference between the treat-
ments at any stage of observation. On the 30th day of
planting, root contact packets with four holes cm_zrecorded
the highest value. The lowest value was recorded by pack-

ets with two holes cm_z.

The maximum number of leaves was observed with packets
with one hole cm 2 on 60th day after planting. The lowest
value of 13.1 was recorded by split application‘and applic-

ation as root contact packets Qith four holes cm_2

On 90th day of planting, application of packets with
four holes c:m-2 recorded the highest value. Lowest value

was recorded in the control.

Application of muriate of potash as root contact



Table 17.  Effect of application of muriate of potash in splits
and as root contact packets on number of leaves

of cocoa seedlings

Number of leaves

——— T T U S ———— — e o ————————————— 1t sk ok ol o o e e e e e . e

Treatwent O O
30 60 90 120 150

Control 14.9 ‘ 14.7 19.0 21.7 22.2

5/75 15.3 13.1 19.6 ‘ 24.5 27 .0

P1/75 15.9 15.2 20.2 22.1 24.5

P 2/75 14.8 13.6 20.9 23.4 22.7

P 3/75 15.7 14.4 20.2 21.7 22.7

P 4/75 16.1 13.1 21.4 26.1 22.3

SEm+ 0.87 1.07 1.44 - 2.05 1.24

cD{0.05) NS NS NS NS NS

S - Split application P - Porosity, cm 2



packets with four holes cm_2 recorded the maximum value
while the control plot as well as packets with three holes

c:m-_2 recorded the lowest value on 120th day after planting.

On 150th day after planting, the highest value was
observed with split application and the lowest value was

recorded in the control.

The reasons for such a lack of significant response
on plant height must be applicable to this growth parame-

ter also.

(iv) Dry matter production

The data on dry matter production are given in Table

18 and the analysis of variance in Appendix 12.

No significant difference could be observed between
the the treatments with regard to dry matter production.
Highest mean value was observed with split application.
Root contact packets with three holes cm'—2 registered the
lowest value. Such a lack of response may be attributed

to the high inherent content of potassium in the soil.
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Table 18. Effect of application of muriate of potash in splits

and as root contact packets on dry matter production,
potassium content and total potassium uptake of

cocoa seedlings

Drymatter  Potassium Potassium  Total potas-

production content content sium uptake
Treatment -1 of stem of leaves -1
g plant per_ cent per cent 9 plant
Control 27.0 0.8 0.9 0.3
S/75 35.4 1.2 1.4 0.5
P 1/75 28.2 1.0 1.1 . 0.3
P 2/75 26.5 1.0 1.2 0.3
P 3/75 25.6 1.0 1.1 0.3
P 4/75 26.6 1.0 1.2 . 0.3
SEm#+ 2.15 0.05 0.05 0.03
cn{(0.05) NS 0.15 0.15 0.08
S - Split application 'P - Porosity, cm ™2
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b. Chemical studies

Data on potassium content and total nutrient uptake
are presented in Table 18 and the analysis of variance

in Appendx 12.

Potassium contents of stem and leaves were both maximum
with split application and lowest in controi. Poor root
system in early stages of growth might have failed in
absorbing the potassium released from the fertiliser pack-
ets but ét later stages, with an expanded root system
these plants might have responded to the fertiliser applied

in split.

Significant difference could be noticed between the
treatments with respect to total potassium uptake. Split
application recorded rhe highest value which was significa-
ntly superior to other treatments which were all on par.

The lowest value was in the control.

Uptake being the product .of dry matter production
and nutrient content, higher values of dry matter and nutr-
ient content observed with split application may bé attribu-
ted to be the reason for the highest value for total potas-

ium uptake obtained with split application.



.%

The higH inherent potassium status of the soil might
have resulted in the lack of consistent and significant
response 1in terms of growth to the fertiliser applied.
The increased pétassium content of leaves and uptake obser-
ved with split application can be attributed to the luxury
consumption of the nutrient. The heavy south-west monsoon
"showers might have resulted in the répid dissolution of
muriate of potash in the polyethylene packets thus leading

to an inefficient utilization by the plants.
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SUMMARY

A study was conducted at the College of Horticul-
ture, Vellanikkara, Thrissur to assess the release of
nitrogen and potassium from root contact packets of urea
and muriate of potash and their crop responses during

the period from June 1991 to June 1992.

Separate experiments were conducted to study the
éfficiency of root contact packets of urea and- muriate
of potash. The treatments consisted of factorial combi-
nations of four porosities (1, 2, 3 and 4 nail holes
em™2) and five packet sizes (50, 100, 150, 200 and 250g)
in the case of urea and four porosities (1, 2, 3 and
4 nail holes cm—z) and five packet sizes (50, 100, 150,
200.- and 250 g) in the case of muriate of potash. The
packets were Dburied in the basins of coconut in south-
west monsoon season and observations were taken on the
percentages of residual fertilisers in the packets at

intervals of 15 days.

As there was no fertiliser 1left in practically
any of the packets in the case of both urea and muriate
of potash at any stage of excavation starting from 15

days after placement, the experiments were repeated in



north-east monsocon season providing conditions without

standing water.

The treatments were factorial combinations of two
porosities (1 and 2 nail holes cm_E) and five packet
siz;s (50, 100, 150, 200 and 250 g) for urea and two
porosities (1 and 2 nail holes cm_z) and five packet
sizes (50, 100, 150, 200 and 250 g) for muriate of potash.
Raised beds were prepared and the packets were placed
at a depth of 20 cm. Cbservations were taken on the

percentage of residual fertiliser at monthly intervals.

In the case of urea, significant difference could
be noticed petweep the two porosities tried with respect
to percentage of residual fertiliser in the packets,
there beiné a decrease with increase in porosity. Between
the gquantities tried, the percentage of residue was found
to 1increase with increasing quantities of fertiliger.

" The dissolution rates were high and there was no fertili-
liSer left in practically any of the packets when excava-

ted on the 60th day after application.

Unlike in the case of urea, substantial retention
of the fertiliser could be noticed even . upteo 90 days

after application in the case of muriate of potash.
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Here also, a significant decrease in the percentage of
residual fertiliser could be observed with increase in

porosity and decrease in quantities.

As the dissolution raté, of urea was very high,
another experiment was conducted to standardise the poro-
sities by reducing the porosities still further. It was
conducted in the dry season under simuléted rainfall condi-
tions with tﬁe daily rate of application of water equiva-
lent to 2 cm. Factorial combinations of five porosities
(0.25, 0.5, 0.75 and 1 nail hole em™2 and 1 needle hole cm 2
and five packet sizes (50, 100, 150, 200 and 250 g urea)
constituted the treatments. Beds were prepared and packe-
ts were placed at a depth of 20 cm. Observations were
taken on the percentage of residual urea left in the
packegs at monthiy intervals. in this experiment also,
dissolution rates were high- and there was no residual
fertiliser in any of the packets even at the first stage
of sampling 30 days after application. Hence the experi-

ment was repeated with the porosities reduced further.

In this experiment conducted under simulated rain-

fall conditions, factorial combinations of fiveé Pporosities

9%



(0.0625, 0.125, 0.25, 0.5 and 1 needle hole cm 2) and five
packet sizes (50, 100, 150, 200,'and 259 g urea) consti-
tuted the treatments. Beds were prepared an@ depth of
placemeht was increased to 30 cm. Cbservations were
made on the percentage of residual urea left in the packets
at monthly intervéls. Substantial retention of the ferti-
liser could be ncticed even upto 90 days after applicat-
ion when poposity was upto 0.5 cm_2. Significant. difference
could be noticed between the porosities tried with respect
to the percentage of residual fertiliser. The percentage
reéidue was found to decrease with increase in porosity

at all the three stages of observation.

The advantage of applying urea and muriate of potash
as root contact packets on crop growth was assessed using
cocoa seedlings as inéicators. The combérative advantage
of urea split application and application as root contact
packets was studied using six treatments. These in;luded
75 g urea applied in two equal splits in June and-October
and 75 g urea applied as root contact packets with 1,
2, 3 and 4 nail holes cm ?. There were controls of no
nitrogen supply also. Biometric- observatioris .such aé
height, girth and number of leaves of cocoa seedlings

were taken at monthly intervals and the dry.matter production
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was taken 150 days after planting. Chemical studies
like nitrogen content of stem and leaves and total nitro-
gen uptake were made 150 days after planting by distruct-

ive sampling.

There was no significant difference between the
treatments with respect_ to height, girth and number
of leayes of cocoa seedlings at any stage of obsérvation.
The data on dry matter production showed no significant
difference between the treatments. There was no signifi-
cant difference between the treatments with respect to
the nitrogen content of stem. But split application
as well as application of urea as root contact packets
could register some advantage which attained statistical
significance over the control in the casé of nitrogen
content in leaves. The data on total nitrogen uptake

‘showed no significant difference between the treatments.

The comparative advantage of applying muriate. of
potash as root contact packets and split appligation
was aléo studied using six treatments which included
75 g muriate of potash applied in two equal splits in

June and October and 75g muriate of potash applied. as

97



root contact packets with 1, 2, 3 and 4 holes cm™?. There
were controls of no potassium supply also. Biometric
observations were taken as in the case of urea and chemi-
cal studies such as determination of potassium content
of stem and leaves and total nutrient uptake were done

150 days after planting.

Significant difference could not be observed between
the treatments with regard to height of seedlings ' at
any stage of observation except on 150th day when split

application recorded the highest value.

There was no significant difference between the
treatments with. respect to girth and number of leaves
at ény staée of observation. | The data on dry matter
production showed no significant difference between the

treatments.

Significant difference could be observed bétween
the treatments with respect to potassium content of stem

and leaves. Potassium content of stem and leaves were

of no potassium -supply.
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Significant difference could be noticed between
the treatments with respect to total potassium uptake.
The highest value was obtained with split application

of muriate of potash. The lowest value was in the control.

It is concluded that there can be substantial regqu-
lation and slow release of urea and muriate of potash
when packed in perforated polythene bags. Polythene
bags with 0.5 needle holes cm_2 appear to be better for
urea and those with 2 holes cm_2 for muriate of potash

as they ensure extended periods of retention with reascn-

able dissolution rate even upto 90 days after application.
But confirmation of the advantage'of the technique would
require assessment based on crop responses and adoption
of it at farm level would depend on the extent of savings
in fertilisers and the additional cost involved in packing
the fe;tilisers.~ These aspects could not be assessed
with accuracy in this study and the porosities tried
on cocoa seedlings were too high to ensure reasonable
extension of availability both in urea and ﬁuriate of

potash.
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Appendixt1. Weothar data

(from 11-6-91 to }-6-92)

Standard

(weehly svarage) for the experimental pericd

Total

No, of Temparature n,!zlixz_humld!gx_ Sun
vuok #onth &nd'date ctalnfall rtalny nalwam InTmum Fofendan KItsrndan ahine
Ho., L] days ‘c ‘c hours

II

24 Jun. 11-17 2)9.8 7 30.6 24.2 92 - 4.0
25 Jun. 16=-24 lli.? 7 29.7 3.2 94 na 1.6
26 Jua. 25-Jul.l  216.0 [ 2.4 23.1 93 83 0.6
27 Jul., 1-8 161 .4 7 29.3 22.8 93 38 "2.8
28 Jul. 9-1% 179.4 ? 28.4 23.2 94 9 2.1
29 Jul. 15-22 140.9 7 29.5 22.7 94 7 2.4
30 Jul. 23-29 361.6 7 29.3 22.6 92 79 3.2
n Jul. 30-Aug.5 1€0.@ 7 29.0 23.3 95 84 1.9
32 Aug. s—u', 65.2 6 29.5 23.1 95 79 2.3
M Aug. 13-19 311.9 ? 27.8 22,0 95 84 1.0
14 Aug. 20-16 3.0 6 29.1 22.3 96 79 3.5
a5 Aug.27-Sapk -2 12.8 3 30.4 23.3 94 66 6.5
a6 Sept. 3 -i9 no [} 3.4 23.2 90 59 9.1
37 Sapt .10 =16 6.4 2 31.6 24.6 98 65 6.1
10 Sopt .17 -23 18.3 4. al.s 22.4 &2 59 6.8
19 Sept .24 =30 36.8 s 31.? 24.0 50 70 6.5
40 Bee. 1 =i7 11.4 3 .2 23.5 92 77 4.1
a Oct. @ -%4 97.3 4 0.8 3.2 9 75 a2
42 Ock. 1%5-21 57.6 q 32 23.0 87 66 6.4
43 oct. 22-28 40.0 H 9.8 231 87 72 3.9
44 oet. 29-!';‘?!.-. 4 5.4 ] .8 23.0 96 76 3.0
as Hov. 5-11" 10s.0 6 32,1 12.5 89 62 7.4
46 Nov.12-18 53.4 3 31.4 22.8 94 [ 5.0
47 Hov .19-25% 0.5 1 il.0 24.4 6 Hi 2.7
48 Moy . 26-Dec .2 6.0 [ 31.9 20.9 79 s8 8.6
49 Dac. 3-9 0.0. [ 31.3 21.4 78 45 9.7
50 vec.10-16, 0.0 [} 30.9 23.5 &9 56 6.
51 Dec.17-23 0.0 [ 3.9 23.2 75 9 7.9

52 Dac.24-30 8.0 o 33.2 19.9 51 a5 8.
1 Jen. 17 0.0 2 32.4 21.8 an ag 7.0
2 Jan. B-14 0.0 Q 32.1 20.6" 66 3.5 9.3
3 Jun.15-21 0.0 o 32.4 2.1 72 40 .4
4 Jan.21-28 0.0 o 33.2 19.8 1] 28 9.7
5 Jan.29=Feb.4 0.0 [ 33.1 20.8 80 a4 9.3
[ Feb. 5-11' 0.0 0 34.6 21.1 90 a, 9.1
7 Fet.12-18 0.0 o 34.5 21.6 91 a4 8.9
8 Feb.19-25 0.0 o 34.4 21.6 aa 44 . 9.3
9 Feb.26-Mar.4 0.0 o 367 22,2 a1 36 5.4
10 par. 5-11 0.0 o 6.3 22.3 90 a7 9.3
3. n-c._u-:a' 0.0 o 37 :u'.9 n 23 10.0
12. Mar.19-25 0.0 0 373 21.6 as 38 59.7

1

13, Nar.26-Apr.1 0.0 [ 36.4 23.9 a6 a9 9.1
14, Apr. 2 - B 0.0 ‘o 36.1 24.0 84 44 9.2
1s. Apr.9-15 0.0 ° “36.1 24.0 a2 a5 9.1
16 APr.16=22: 0.0 0 16.6 24.6 80 52 8.1
17, Apr.13-29 48,6 3 36.2 24.) ag 40 B.4
14, AprC. 30-Hay € 0.0 [ 35.9 25.4 uo 52 9.3
19. Hay 7-13 - 28,4 4 3s.0 24.2 87 61 8.8
20. May 14-20'I 8.0 , 3 a9 24.1 as '1: 3.7,
71, May 21-27, 3.0 2 31.6 25.3 86 s9 9.1
22. Hay 28-June 3 11.4 "3 34.0 24.9 86 a9 6.3

Scurcat Metworclaglcal Observatery, Vellanlkkara.
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Appendix 2. Analysis of variance for the effects

of porosity and quantity of fertiliser

on the dissolution rate of urea from

root contact packets

Mean squares

Source dt Percentage of residual urea
30 days after application
Total 29 -
Porosities 1 2528 . 2*%*
Quantities 4 218.0%**
Interaction 4 136,2%*
Error 20 11.0

** Significant

at 1 per cent level



Appendix 3. Analysis of variance for the effects of porosity and guantity of fertiliser

“h ok

on the dissolution rates of urea from root contact packets

Mean sguares

Percentage residue

S .
ource af Days after application
30 ’ 60 : 90
D A D by D A

Total 49 - — - - - -
Porosities 4 4048 .3** 3505.0** 11226.8*%* 9865.4*%% 13942 .2*%* 11210.9*%
Quantities - 4 82 .9%* 58.9 103.1* 69.9 225.1 171.0
Interaction 16 ’ 58.1 129 .1 ** 121.3*%* 108.6*%* 145.2 143.7*
Error 25. 29.3 29.4 35.0 27.1 86.8 65.5

e et o e e ———— — — i —— it .  f ft ——_ — — — = rf ———h — —— y— T=  rt —————t ll  m A — ———— —  — rh —— ——

Values on dry weight basis
Values on the basis of chemical analysis
Significant at 5 per cent level

Significant at 1 per cent level



Appendix 4.

Analysis of variance for effects of porosity and quantity of fertiliser on

the dissolution rate of muriate of potash from root contact packets

Mean sguares

Percentage of residue

Source af Days after application
30 60 90

b A ____ D A D A
Toktal 29
Porosities 1 658.0%*%* 643 ,1%% 806.0 ** 1662.1** 4018.3** 3415.5%*
Quantities 4 117.3%% 90 .2%* 250.7 149.7** 248 .7** 337.7%*
Interaction 4 27.9% 24.9 137.0 43.3 31.6 45.4
Error 20 : | 7.4 12.1 123.8 16.9 38.7 35.5
D ! Values on dry weight basis
A ! Values on the basis of chemical analysis
* : Significant at 5 per cent level

** i significant at 1 per cent level
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Appendix 5. Analysis of wvariance for the effect of application
of wrea 1in splits and as root contact packets on

height of cocoa seedlings

Mean squares

Height of seedlings.cm

Source af Days after planting
30 60 90 120 150
B Uy B
Total 23 - - - ) - -
Replication 3, 74.1 46.5% 67.1 159.0 163.9
Treatment 5 6.7 8.0 20.8 16.5 50.4
Error 15 26.9 12.0 41.9 ‘ 59.2 127.0

—— e ————— et e ——— i —— ——————————— o ———— kA T T o —— —— T Wy} o 4

*Significant at 5 per cent level



Appendix 6. Analysis of variance for the effect of application
of urea in splits and as root contact packets on

girth of cocoa seedlings

Mean squares

Girth of seedlings, cm

Days after planting

Source aft
30 60 90 120 150
Total 23 - - - - -
Replication 3 0.16 0.13 0.09 0.09 0.20
Treatment 5 0.07 0.02 0.01 0.03 0.06
Error 15 0.06 0.04 0.06 0.07 0.13

o e et e e e e e R e e e e e o — —— T v . ——————— k. — — —— — ————

e/



Appendix 7. Analysis of variance for the effect of application
of urea 1in splits and as root contact packets on

number of leaves of cocoa seedlings

Mean squares

Number of leaves

Source dt Days after planting
30 60 90 120 150
Total 23 - - - - -
Replication 3 - 1.8 4.1 4.7 10.0 66.4
Treatment . 5 2.4 2.7 2.9 7.7 30.3
Error 15 1.4 5.3 6.0 20.6 27.2

EEs



Appendix 8. Analysis of variance for the effect of application of urea in splits and
as root contact packets on dry matter production, nitrogen content and

total nitrogen uptake of cocoa seedlings

————————— Tk A o e e o Pt Bt e A Sk o o o o o St o e o ol o e e . e e ey ———— e o o o o o o ot P ) N T R o Y it Sl o e B S et ok el o e e e ey

Mean squares

Dry matter N content N content Total nitrogen

" Source at production of stem of leaves uptake,
g plant_l per cent per cent g plant_l
Total - 23 - - - | —
Replication 3 210.75 0.01 O.Ql 0.1l
Treatment 5 234.59 0.07 0.10*% 0.2
Error 15 137.57 0.06 0.01 0.1

—— i — 1 ——————— T — . e o . B i ot o $i. ks ol e e . o o e o g T ———— T Yt fh o T o o T M o T A it S - —————— o i i o e o e e o W N St Y ==

**Significant at 1 per cent level

by



Appendix 9. Analysis of wvariance for the effect of application
of muriate of potash in splits and as root contct

packets on height of ccocoa seedlings

Mean squares

Height of seedlings, cm

Source 4at Days after planting

30 60 90 120 150
Total 23 - - —- - -
Replication 3 2.8 1.0 23.6 21.4 19.2
Treatment 5 3.0 3.6 3.3 8.2 69 .7%
Error 15 6.0 4.4 11.8 27.6 23.6

*Significant at 5 per cent level

g/



Appendix 10. Analysis of variance for the effect of application
of muriate of potash in splits and as root contact

packets on girth of cocoa seedlings

Mean sguares
Girth of seedlings, cm

rys after planting

Source af
30 60 90 120 150
Total 23 - - - — -
Replication 3 0.03 0.06 0.12 0.16 0.13
Treatment 5 0.03 0.08 0.09 0.06 0.16
Error 15 0.04 0.07 0.06 0.06 0.09

ag/



Appendix 11.

Total

Replication

Treatment

Error

Analysis of variance for the effect of application
of muriate of potash in splits and as root contact

packets on number of leaves of cocoa seedlings

e e Rl T R [ ——

Mean squares

Number of leaves

art Days after planting
30 60 90 120 150
23 - - - - -
3 0.3 1.7 0.7 8.0 4.6
5 1.2 3.1 3.1 12.6 13.9
15 3.6 4.6 8.3 16.8 6.2

e et o o ke o — e e T — 4 et ————— T e o e b e 4 4 ——————
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Appendix 12. Analysis of variance for the effect of application of muriate
of potash on dry matter production, potassium content and total .

potassium uptake of cocoa seedlings

T . Tt e e P T R B B e e e e e e B A e et P G S Ay St ok b A e e ey e Gt — T — R B P N N B A M bt ok ik Bl el o bk bk

Mean squares

Dry matter Potassium Potassium Total potas-
Source af production content of content . sium vptake
. lant_l stem _ of leaves s lant_l
g- P per cent per cent g P
Total 23 - - - -
Replication 3 58.01 0.01 0.01 0.008
Treatment 5 51.85 _ 0.06** 0.08%** 0.022%>
Error 15 18.52 0.01 0.01 0.003

et ——— g ————— ety o o o b e e o e e . B et T —————————— — 1 L —n —— S Sk e b o e e ek e o} e b e e e el 4 e e e o e

**Significant at 1 per cent level
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Plate 1 Pin press vsed for making perforations on

polyethyviene lhags






Plate 2 Root contrct packet"? of

flitr ?. Poof, contact packets ht muriate ot poi.a>:h






Plate 4 Root contact packets ot viea pJaoed m

coconut, basin

P/ate 5 Root contact pacKets oi of potash

placed in coconut bosin
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ABSTRACT

The present study 'release of nitrogen &nd potassium
from root contact packats of urea and muriate cf petesn
and their crop respons<s' was conducced during June 19¢1

to June 1992 at the <ollege of Horticultura, Vellanikkara.

Root contact packets of varying porosities and
guantities were prz=pured and separace experimenis wersg
conducted to study the efficiency of packets of urza

and muriate of potash,

A series of expcecriments were conducted to standar-
dise the pornsities suited to provide extended ta-ention
of the fertiliser pack2d in polythene packets. In studies
conducted in north-east monscon season,substantial rstent-
ion of muriate of potash could be observed with powosi--
ties of one and two nuil holes cm 2 upto 30 days o7 avpli-
cation. The quantity retained was found to de~re2232 signi-
ficantly with increase in porosity. Thasce two porosities
were not suited for urea and there was no urea left in
the packets 60 days after application due to the vapid
dissolution at those porosities. Subsequené e#[eriments

on dissolution rate of urea <onducted in simulated raia-



fall conditions with reduced porosities showed that poros-
ities of 0.5!holés cm_'2 and lower offer extended retention
of the fertiliser even upto 90 days after application.
Here also tﬁe percentagg of residual urea was found to

decrease with increase in porosity.

The advantage of applying_urea and muriate of potash
as root contact packets on crop groﬁth was assessed using
cocoa seedlings a5 indicators. 1In the case of both urea
and muriate. of potash, the treatments showed no signifi-
cant diffe:ence with regard to the growth' parameters
like height, girth, number of ieaves and dry matter prod-
uction. Sp}it appiication of urea as well as application
of urea as root contact packets registered some advantage
which attaihed statistical significance over the control
in the caée of nitrogen content of leaves. The data
on nitrogen content of stem and total nitrogen uptake

showed no significant difference between the. treatmentbs.

In the experiment on assessment of advantage. of
root contect packets of muriate of potash, potassium
content of: stem and leaves were both maximum with split’
apblicatioq and the lowest in control. Split apélication
‘was significantly superior to other treatments with ‘res-

pect to to#al potassium uptake.



It is concluded from the experiments that there
can be substantial regulation and slow release of urea
‘and muriate of potash‘when packed in perforated poly-

thene bags.



