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Potential of application tecﬁniques for increasing -

fertiliser use efficiency and issues involved in their
adoption have been discussed. Examples concern
the efficient use of N, P, K, S, Zn, Fe and Mn, nutri-
ents which are of major practical importance. Im-
proved application techniques can bring about yield
advantages of 200-1200 Kg grainjha and are often
enough able to cover the total or a large proportion
of the money spent on fertilisers.

A number of improved techniques have yet to find
large-scale application. This is a matter of concern.
Two possible reasons are that (i) in our system, a
mechanism|link is missing which should identify

promising techniques and take initatives to see that’

these are passed on as usable packages to the farm
level and (ii) many times our interest in fertiliser
efficiency is philosophical rather than one of affir-
mative action with the result that initial interest
losses momentum after their agronomic potential has
been shown.

Non-adoption of proven techniques not only robs
the farmers of the fruits of using fertiliser efficiently,
it also reduce the efficiency of investments in ferti-
liser research and development. The economic and
‘social cost of improved technologies not finding
adoption (in terms of lost production and income)
" js substantial particularly for.a country such as
India which is on the doorstep of the 10 million tonne
nutrient consumption mark. Some suggestions have
been made to take technique evaluation beyond
agronomic testing and to accelerate the adoption
of proven techniques. : ' o
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, FFICIENT use of fertiliseys is a subject of
Eunconditional importance in practical agriculture.
It channelises the resources invested in mining,
manufacture and movement of fertilisers to the most
productive use. It also ensures that the non-renewable
resources used for producing fertilisers, once taken out
of the earth are used wisely (efficiently), so as to last
longer. Efficient fertiliser use is of equal importance to
a farmer, a nation and to humankind as it enables each
unit of fertiliser to produce a good crop and higher

income.

At moderate levels of application, fertiliser. used effi-
ciently enables the farmer to harvest a more than mode-
rate yield. At full application rates, efficient use gives
highest possible net profits and helps to protect the
environment. At all levels of application, it lowers the
per unit cost of producing the crop. ’

Efficient fertiliser use does not happen automatically -
in a manner that the sun rises every morning. Practi-
cal steps and decisions have to be.taken by millions of
farmers in order to use fertiliser efficiently.

Towards Efficient Fertiliser Use (EFU)

Fertiliser is said to have been used efficiently if it has
produced a higher yield response and a greater propot-
tion of it is recovered in the crop, as compared to a less
efficient system. In markets where farmers sell the pro-
duce only by weight, EFU must reflect in higher yield
per unit nutrient applied. It is obvious that for nutri-
ents which leave a residual effect, EFU has to be mea-
sured by combining the direct response with 'the residual
response, which is possible by studying the fertiliser effi-
ciency on cropping system basis. :

Efficieent fertiliser use is achieved when “The most
suitable forms of each nutrient are applied in balanced
ratios through improved application techniques to a crop
variety which can use them to give a higher yield of
good quality produce”. Major components of EFU sys-
tem are depicted in Figure 1 (62). It is clear that any
factor, decision or operation on the farm which affects
nutrient availability and yields, will affect fertiliser effi-
ciency. Highest net returns. from fertiliser application
are the end products from efficient fertiliser application.

Out of the major ‘components stated above, this papet
deals with the improved application techniques for
increasing fertiliser uge efficiency. It must be stated
that these techniques are not to be seen merely as mecha-
nical operations but as a part of the efficient farm
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Figure 1—Major components of integrated systems for efficient fertiliser use. (62).

management in which the decision-making skill of the
farmers and the quality of advisory service available
to them are also included.

" Improved Application Techniques for Increasing
FUE

The versatile nature of fertilisers is truly “fascinating.
This is reflected in ‘the numerous ways fertilisers can
be applied, such as:

by bare hands, machines drawn by animals and
tractors, by aeroplanes

as powders, prills, granules, or marbles
as solids, suspensions or clear liquids

to the soil, the roots, the leaves, irrigation waters,
or to seeds :

ahead of planting, at planting, or in standing
crops.

~ research workers (Table 1).

Improved application techniques have a tremendous
bearing on FUE. Such techniques are different for
different nutrients, different fertilisers containing the
same -nutrient, different crops and soil management
systems. A large number of techniques have been deve-
loped many of which have found varying degrees of
practical application. These techniques differ also in
the degree of mechanisation associated with them, skills
required to use them and- their cost factors. While
agronomic studies on the potential of various techniques
are available, their economic and operational aspects
are quite often neglected. To the extent possible, the
effort in this paper will be to discuss integrated agro-
economic potentials of improved techniques and some
steps needed to take them Trom the labs to the lands.

Improved - application teléhniques for nitrogen

The subject has received considerable attention of
Techiiques for increasing
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N-use efficiency receive high priority because (i) N is
used in largest amounts among all fertiliser nutrients—
53 per cent share of NPK worldwide, 69 per cent in
Asia, 67 per cent in India, (ii) N is often the first and
many times the only nutrient used by farmers, (iii) N is
quite mobile in the soil and can be lost through one
‘or more routes, and (iv) rice is the single most im-
portant crop in Asia and low N-use efficiencies are a
matter of universal concern. In India, farmers spent
Rs 30 billion on N (Rs 167|ha) durmg 1985-86. As
prilled urea accounts for 85 per cent'of the N applied,
techniques which can increase the efficiency of urea-N
(amide and its successors) are of main interest.

Split application of N

This refers to the application; of total dose of N in
‘two or more¢ instalments (splits) during the crop season.
The operation can be done with bare hands and is
perhaps the most widely used techmque for increasing
N-use efﬁcwncy

Split application of 100 kg Nlha has the potential of
increasing grain yield by 300-1200 kglha as a result of
more officient use over the same amount all applied at
one time (42, 61, 65). The merits of split application
are that it is easy to carry out, needs no machine, pro-
vides flexibility to the farmer in planning N applications
‘according to weather conditions or water availability,

. does not leave large amountsof N exposed to various
channels of .loss and-can even be carried out by mem-
.bers of the farm family. It is attractive where labour

Table 1——Research strategias for increasing - fertiliser
use efficiency—example India
. Relative emphasis
Strategy ‘
N { P | K l S ‘ Zn
Soil testing. xoxxxx X
Suitable fertiliser form XX XX x X
Drilling/placement X XX
_Split application XX x X
. Estimation of residual effect XX
__Root dip in nutrient solution
Tolerant varieties . kx ‘
Use of organic materials and ’ . )
microbial solubilisers x
Nitrification inhibitors X '
Slow-relzase/coated materials X
Tategrated water-fertiliser )
) management XX X
Source (47).
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Table 2—Advantage of split application of N
in rainfed crops

Extra yicld due to

Crop split application

of N
Finger millet 270 kg/ha
Maize 340 ,,
Sorghum 370
Pearl Millet 530 ,,
Mean 378 kg/ha
Costof 40kgN 205 Rs
Value of extra 378 kg grain 490 Rs’

Spratt, E.D. and Chowdhury, S.L., Field Crop’i
Research 1, 103-126 (1978).

Data source:

is available at acceptable wages and where field condi-
tions permit efficient use of the topdressed N (no stag-
nant water). We however have no idea of the degree
of uniformity of application where N is manually applied.

The advantages of split application of N are often
sufficient to pay for the money spent on N. Some data
on rainfed crops illustrates this (Table 2) - The actual
number of splits are determined by the total N to be
applied, soil texture crop duration and water manage-
ment practices. - Whether to apply N in 1, 2 or 3 splits
in irrigated wheat on a sandy soil was dependent on
the total N - involved ~(Figure 2). Similarly, results
with sorghum show that while a single application of
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and the number of splzts in a coarse-textured soil under
irrigated wheat (Data Source: Sandhu, H. S. and Gill,
.G. S., India J. Agric. Sci. 41 (10), 815-823 (1971).
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Table 3—Summary of split application schedules for
100-120 Kg N|ha in seasonal crops in India

Crop Situation

Suggested application

Heavy black soil  All basal
Light soil 509% at planting, 50% with
first irrigation.

339, at sowing, 33% after 1

Wheat (Irr,)

Long duration

crop month, 33% afier 2 months

Wheat

{Unirr.) Rainfed All basal, deep placed”

Maize 339, at planting, 33% 30 DAP,
339, 40 DAP

Sorghum 50% at planting, 50% at knee
high stage

Potato 50% before planting, 50%

. before stolon formation.
#40-60 kg N/ha
Source: (55).

60 kg N|ha was satisfactory for a 110-day variety, split
application .was the efficient practice for a 125-day
variety (38). Some overall guidelines for split appli-
cation of N are summarised in Table 3 with more
detailed guidelines for flooded rice in Table 4.

Table 4—Some guidelines for efficient management of
N in flooded rice

Situation Startegy

Can topdress every 3 weeks uoto P.I.
stage drain field before topdressing and
reflood 2 days later

W ater supply assure}l

Soil very poor in N - Relatively more N at planting

Soil moderate in N Less N as basal, more as topdressings
Permeable soils More number of splits

Prefer more N as basal and early top-
dressings

Varieties of short
duration

Varieties of long More number of topdressings

duration
Colder growing Less N as basal, more as top-
season ~dressing

Over-age seedlings More N at planting

More number of smaller splits. If BLB
is visible, N should be given after
consulting a pathologist

Danger of bacterial
leaf blight

Adasted from Guidelines formulated by ten Have., AICRIP
piblication No. 38 (1271). These strategies are with prilled
urea and ware daveloped b:fore materials such as USG or
meem-coated urea were available.

. lysis -and conversion to ammonia.

Tdchnique for placement of N (USG) in
flooded rice soils

No other system has thrown more challenges for
developing N-application techniques than flooded rice.
In recent years, there has been considerable interest in
designing products . and practices which will enable a
farmer to deposit N ‘at a safe place in the rootzone,
away from the nitrifying bacteria. Because if the amide
and ammonium N are converted to nitrate, it is not only
vulnerable to leaching, little can be done to prevent its
denitrification and the quantities not taken up by the
plant are vulnerable to be lost.

One such development of potential -practical import-
ance is the production of urea i the form of 1-g
granules, commonly called urea supergranules. These
can be mechanically deposited in the chemically-reduced
zone, a few cm’below the soil surface. A large number
of field results with USG are available, both from re-
search stations and from on-farm trials (13,24,29,32,
33,39,40,43,62). Results’ of 162 trials on farmers
fields in the 6 states of eastern India show that in 40
per cent trials, USG and S-coated urea were statistically
superior (more efficient) over prilled urea, in 55 per
cent trials, all sources were on par and in 5 per cent
cases, prilled urea was superior (29). At economically

optimum rates of N application, average agronomic

efficiency (kg paddy|kg N) was 16 for prilled urea, and
21-22 for the USG and S-coated urea.

Performance of USG is generally superior on fine-
textured soils than on coarse textured soils with a high
rate of water percolation, though the real challenges of
increasing N-efficiency also lie iny medium-light soils.
In a highly percolating soil (91 per cent sand, percola-
tionl rate 109 mm|day), N from USG was lost mainly
as unhydrolysed urea during the first three days after
application. Once leaching was checked, USG became
more efficient (21). It appears that the large granular
form, which-is an advantage in physical placement
becomes a disadvantage in situations where water moves
through the soil rapidly and the lower surface area of
the USG acts as a constraint in promoting quick hydro-
In studies on two
contrasting soils, USG was 72 per cent as efficient as
prilled urea (3 splits) in the soil with fast percolation
but 94 per cent as efficient in a soil with slow percola-

~ tion (33).

Although a part of the variability in the performance
of USG can be due to inadequate site-characterisation,
results of INSFFER trials show that some variability

€ e -y




still persisted after site characteristics were taken into
account (13). Other workers have suggested that the
_real potential for USG may be under poor water mana-
gement and not where good water ocontrol is possible
(73). While N from USG can be leached out in highly
percolating soils, in an 15-N study, it has been shown
that the total loss of N from prilled urea and deep
placed USG was similar (27-29 per cent), the difference
being that with prilled urea, volatilisation and leaching
contributed equally while with USG 80 per cent of the
N loss was from leaching and 20 per cent through
volatilisation (56).

It could be that USG coated with S, coaltar or other
coverings would be better in very permeable soils while
naked USG would be suitable in' medium-heavy textured
soils from N-efficiency point of view. It is reasonable
to consider N to have been efficiently utilised if it can
produce about 20 or more kg grainlkg N at the optimum
level.

Although field performance of USG is not uniformly
consistent (it rarely is for any fertiliser tested under
diverse conditions. and management levels), USG placed
in the soil have the potential of increasing rice yields
on an average by 500-600 kglha except in very coarse
textured soils. This yield advantage is worth Rs
750-900/ha and cannot be overlooked. This advantage
is brought about as a result of the more efficient use
of N apphed ‘

. Adoption of point placement of N. through USG is
linked to its economics and the availability of suitable
applicators. About a dozen applicators are at various
stages of testing in India ang abroad but their commer-
cialisation is keenly awaited. Some applicators for deep
placement of prilled urea have also been developed
which can certainly provide the needed ﬁexxblhty in
N-management -

The USG technique *brings along five cost components
over prilled urea which are:
about 10 per cent additional cost per unit N
over prilled urea

about 10-15 mandaysha required for point
placement

cost and maintenance of the applicator

about 25 per cent more bags may be needed
assuming that a bag holding 50 kg prills can
hold 40 kg USG

— loss of matenal due to broken USG durmg
transport and ha.ndlmg (15).

—

KG PADDY NEEDED TO NEUTRALISE USG COST
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Figure 3—Quantity of paddy requiréd to' neutralise extra
costs associated with the USG point placement technique

" at different fertiliser and labour - costs over split applica-

“price situations.

tion (assumptions: 10 mandays|ha; Rice at Rs. 1.50|kg).

* All these cost components are usually not built into
economic analyses. At this stage, extra costs associated
with USG at variable rates of extra nutrient cost and
labour needed have been depicted in Figure 3 in terms
of extra rice needed to neutralise the extra cost involved
in using USG. Such a graph can cater to a range of
‘It shows for example that if USG cbst
10 per cent more than prilled urea and labour wages
are Rs 10|day, then a yield increase of 100 Kg rice would
be needed to neutralise the cost of adopting USGs. If
the potential of USG to produce an extra 600 Kg rice|ha
is accepted (Rs 900]ha), it would be an economically
attractive proposition under a majority of. conditions.

It is thus surprising that the USG has not been com-
mercialised so far in India (41 m hg under rice, 5.8 m t
N consumption, 40 per cent of all N going to rice). If
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the constraint is lack of suitable applicators (in large
numbers), efforts to develop and produce these may be
stepped up. If the wait is for USG to prform splen-
didly under all situations|areas, that - time will never
come nor is it necessary in a country with diverse agro-
climatic conditions.
. under rice, even if 10 per cent rice area is identified as
suitable for using USG efficiently, the gain in terms of
extra rice produced can be 2.5 million tonnes each year
worth Rs 3.75 billion. At a ‘moderate dose of 50 Kg
NJha, the following picture will emerge:

50 Kg Nlha to 10 per cent rice area—205,000 t N
445,000 t USG

Production capacity needed

(80 per cent capacity " utilisation+

10 per cent production in pipeline) =600,000 .t USG
Thus to cover every 1 per cent rice area with a as-

sumed dose of 50 Kg Njha, a production capacity of

- about' 60,000 t USG would be needed. The adoption

of this technique will also generate additional opportu-

nities for the applicator industry and- several million

mandays ‘of employment for farm labour.-

Urea treated with neemcake

This is another improved N-application techniq#e with
a potential for increasing N-use efficiency. Though re-
sults are-again variable, a yield advantage of 400-500
Kg ricelha can be associated with neem-treated-urea
'(42,43,62). Part of the vanablhty in performance is
bécause the treatment of urea with neem is not standard-
ised-and varies from mixing, to blending to coating.
Where coalter is used s a sticker in coating, part of the
efficiency advantage can be due to the tar bam r (25,
57).

! In six years of trials at New Delhi, neem coated urea
(NCU) increased paddy yield by 430 kg/ha (Rs 650 ha)

over prilled urea and gave an apparent N-recovery of 44-

per cent as compared-to 33 per cent with prills (42, 43).
This yield advantage is sufficient to pay for 125 Kg fertili-
ser N at current prices. In a large number of trials con-
'duoﬁed by AICRIP, NCU was only ‘marginally superior
to prxlled “urea applied in splits (40). In. a coarse-
~ textured soil, NCU was 1.75 times as efficient as USG
but still 75 per cent as efficient as prilled urea given in
3 splits (33). In trials on farmers’ fields in Andhra
- Pradesh, basal application of NCU was 32. per cent
more efficient than prilled urea 3 splits) ‘under control-
led 1rrlgat10n but 60 per cent more eﬂic;lent under’ un-
controlled irrigation, that is poor water management

- (49).

In a country with 41 million ha -

N

L

The loss in rice yield due to -poor water man- -
agement could be stated as:

27 per cent with split application of prilled urea
17 per cent with basal application of neem-treated
urea

A seminar on FUE concluded that the NCU appears
to be a promising material but its spread is heldup
mainly because of inadequate availability of nedemcake
(7). Availability here refers to the organised availabi-
lity or the problems of collection because otherwise the
neem tree is a household name and grows widely-wildly
in India and many other countries.’

Potential availability of neemcake in India is estimat-
ed at 0.33 million tonnes if all the 0.41 million tonnes
of seed shed annually are collected and crushed (14).
It is still debated whether urea.should be treated with
neem in large factories and the product (36-37 per cent)
transported back to the villages or whether farmers
should be given bags of neemcake which they can treat
urea with before application.

For blending, about 200 Kg neemcake would be need-
ed to treat one tonne of urea. For coating with a stic- -
ker, smaller quantities will be needed. Some estimates

- show that extra cost 'per unit N for neem coated|blended

urea may range between 8 per cent and 33 per cent
(Table 5). Lower estimates are based on material pro-
duced for research and higher estimate - is for a corp—

" Table 5—Some estimates of addztlonal costs associated

with modzﬁcatzons of urea for.higher agronomic :

;eﬂlczency
7 . % increase - -
Modified urea over prilled Remarks
- urea ]

Urea mixed with neem .
~ cake i 8 Mixing (w/o tar etc.)
" . Urea eoated with neem : .
... cake 11 Actual lab-scale cost

Commercial product
(37% N, MAIC)
Thomas, J., Ph. D.
Theses, IARI, (1981)

Urea blended with neem 33
cake

Urea treated with N-serve 50

Urea coated with S 30-50 * Thomas, J. and McCune,
D.L., Firm Chemicals
; (1982) .
Urea Supergranules (1 g) 20-25 Includes extra labour
. for placement o
“Urea coated with gypsum 10-15 '36% N, 5% Ca, 4% S*
Urea coated with rock-P  10-15 36% N, 5% P,O,*

*Sabapathy, T.R., Madras Fertilisers Ltd., Personal Commum-
cation (1986).
Forrcost factors of coal acids, see text, earlicr aralysis (62).
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mercial product. A 33 per cent extra cost implies that
the material must give 33 per cent extra yield respgnse
in order to break even. Costs will certainly be fower if
. the precess is carried out near the site of collection|con-
sumption, but frankly rigorous economic analyses are
not available. At 33 per cent extra cost, assuming an
application rate of 100 Kglha, additional response of
130 Kg rice will be required to break-even, beyond
which the technique would start becoming profitable.

Curing urea with soil

This is a non-glamorous technique within the reach of
any farmer of average holding. Urea is incubated with
4-6 times its weight of slightly moist soil 1-2 days
before application. The idea is to enable the urea to
hydrolyse and get converted to ammonia under “control-
led conditions” so that it is not subject to leaching under
poor water control or sudden heavy rains. The tech-
nique is simple, practical and cost-effective. The only
cost would be the extra labour required to spread a 5-7
fimes bigger bulk.

Results from Orissa show that 100 Kg N treated with
soil (1:6, 72 hrs) produced a yield advantage of 440
Kg rice|ha in the wet season and 610 Kglha in the dry
scason (28). These gains are impressive by any stand-
ards and should not be allowed to go waste. Curing of
urea with soil was thus 25-27 per cent more efficient
than untreated urea. The mean yield gain was 525 Kg|
ha which was worth- Rs 788. 1In comparison, the cost
of extra labour required at Rs 10|day could be taken as
Rs 30-40. This would appear to be a promising tech-
‘nique where conditions are conducive to leaching, heavy
showers can be expected, and where the heap itself can
be protected from rain.

- Foliar application of N

This technique does have the potential of increasing
N-use efficiency but due to inconsistent results seems to
have received a setback in the list of priorities. The
overall position is summed up thus in case of N, in
contrast to common belief, the weight of experimental
“evidence with irrigated as well as unirrigated sorghum
and millet show that foliar application does not prove in

-any way superior to soil application method (16). A

foliar spray of N is seen as a possible means of combat-
ing certain exigencies of correcting N stress at a critical
~ stage of crop growth. In salt-affected soils, it does re-
present an efficient technique for supplementing soil—
- applied N. It appears that part of the setback to this
. technique in India has been due to lack of studies in

. canopy characteristics, leaf coverha, spray holding capa-

- city. of different types[densmes of crop canopies, stand-
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Figure 4—-—De’pendence of N application to dryland wheat :
on the moisture stored in the soil profile (Data source:
Meelu, O. P., et al., Fert. News, 21 (9), 3439 (1976).

ardisation of spray techmiques with the result that what.
was intemded as a foliar spray ended up in part as-a
liquid topdressiag to the soil.

Integrated nitrogen-water managemeny

Tailoring N application to. available moisture leads to
a higher N-use efficiency. An example with rainfed
wheat is provided in Figure 4. Depending upon the
stored soil moisture, the crop could use any amount of N
efficiently in the 40-120 Kg N|ha range. For the tech-
nigue to be used in practice, farmers need advice on the
moisture storage capacity of their field, amount of stored
soil water at planting and what does a given amount of
rain mean in terms of water available to the érop.

‘Othey irilprovéd técimiqii’es for N

A number of other techniques have been developed
for increasing N-use use efficiency. . These include nitrifica-
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" tion inhibitors, urease inhibitors, urea-coated with mate-

rials such as S, lac, rubber, gypsum, phosphate rock,
slow-release N-carriers, coal-based fertilisers etc. Many
of these have been recently reviewed (43, 26, 50). A
number of materials such as N-Serve, Dicyandiamide
(DIDIN), conventional S-coated ureas do not hold
much promise for the farmers of tropical and sub-tropi-
cal areas either because of high cost, inconsistent per-
formance, handling problems or more promising local
alternatives (1). Nitrification inhibitor N-Serve is esti-

. mated to increase unit N cost by 50 per cent and S-coat-

ed urea by 30-50 per cent. Cost estimate for DIDIN is
not available, but 7 Kg material is needed to treat 100
Kg urea. Some cost factors have been given in Table 5.

Gypsum-coated urea and rock-phosphate coated urea
have shown promise though the site-site variability per-
sists (50). These are estimated to cost, 10-15 per -cent
more than untreated urea but also contain some P, S and
Ca.

Coal-derived fertilisers and their potential has been
reported from the Central Fuel Research Institute (26).
The .two coal acids are AMP (ammonium polycarboxy-
late, total N 14 per cent, available N 9 per cent) ‘and
CAMP (Composite ammonium polycarboxylate, total N

16 per cent, available N 14 per cent). Also seems to

be holding promise is nitrohumic acid (NHA), an inter-
mediate of coal acid production, for blending with con-
ventional N fertilisers. Field results from CFRI show
that the efficiency of N for paddy was imiproved by 23-
29 per cent by using urea with 20 per cent coal
acids over urea aloné and 75 Kg Nfha produc-
ed an extra 2.7 tlha potatos when it was treated
with 20 per cent coal acids. -Optimum blending propor-
tion for high efficiency is given as 15-20 per cent. by
weight of urea and 10 per cent for ammonium sulphate.
Production cost estimates (1982 figures) based on bench-

scale data were Rs 2000t for CAMP and Rs 15004t for.

NHA. Benefit cost ratios of 1:12 to 1:25 have been

_reported. At such lucrative B:C ratios it is not clear
why these materials have not been adopted or what are

the constraints involved for taking them from the labs to
the land. I S

_Improved application techniques for phosphorus

The search for improved application . te{:hniques for =

increasing P-use efficiency has. received as.much atten-
tion as for N, though for different reasons (51, 64).

Phosphorus is rarely lost from the soil except through. -
‘erosion. Its being relatively immobile from the site of *

“gpplication and the fact -that singlé erop recoveries of

‘added P are genetally within 20 per cent, have fed-to con- -

~~

siderable research to position in the rootzone and to re-
tard its conversion to less active forms in the soil.

Phosphorus accounts for 26 per cent of the fertiliser
nutrients used worldwide and 23 per cent in the Asian
region. Per unit basis, it is the costliest among the ma-
jor nutrients which coupled with its low ‘recovery|stow
recovery by crops makes it imperative to apply it effici-
ently.

Drilling or deep placement of-P

This can be called as the single most important P ap-
plication technique for higher efficiency. Ifs imporiance
in P management is the same as that of split application
in N management (64). It is a proven techniquc'both
for irrigated and rainfed systems, with the exception of
flooded rice culture and use of fertilisers having low
water-soluble P.

The potential of drilling|deep placement|furrow place-
ment of water-soluble P in increasing P-use efficiency is
substantial as illustrated by data summarised in Table 6. ‘
These data show that drilling P brought about additio-
nal yield advantage of 215-1160 Kg grainjha (mean
562). This resulted in an enhanced efficiency of - 5-16
Kg extra grain|[Kg P:O; applied over the same dose -

Table 6—The agro-economic advantage of drilling[
- placement of fertiliser P over \surface broadcast
' in field studies

V38

Advantage of drilling
- over P broadcast
2| i}
= ws
Crop & area 3?0 S|ea —~ ° 5
2% |38 | g£ | Bzs | Bas
(=K ob - -
2815884 | 588 | S¥e
Wheat ; : : ;
.. New Delhi_ 3 50 320 780 1,248
Punjeb 2 60 384 300 480
~'Gujarat 1 60 384 420 672
Maize ’ 7 N
Pupjab 1 100 640 = 1,160 1,508
Sorghum o : : o
NewDethi - 1 60 384 44 447
TamilNadu =~ 1 9% 576 666 866
) _Finger millet . . 2; - B o )
. Karnataka 1 50 320 435 " 566
" TamitNadu - ¥ 24 NS 280

Source: Seversl published sources listed in (64). o
P40, » Rs 6.40/kg, wheat-«= Rs Y.€0/kg, other grains

Prices:
e e Rs 1.30fksg, "¢ -
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of P broadcast plus unrestricted irrigation (72).

~ on par (36).

P-use efficiency and gives higher yield.

/rs

given as broadcast. .The value of the yield increase as
a result of proper P application, is sufficient to pay for
all or most of the P applied. Drilling is of particular

" advantage with (i) wide-row crops in . particular, (ii)

fertiliser having high water-soluble P, (iii) low rates of
application, (iv) restricted moisture. It requires that
fertilisers be in granular free-flowing form except when
the material is manually dropped in open furrows.

A 2-year field study with wheat on a sandy loam soil
showed that P when placed 10 cm deep was 1.4 times
more efficient than P broadcast. The efficiency of deep
placed P plus restricted irrigation was 'on par with that
Deep
placement thus has an added advantage when moisture
is testricted, a reason why this practice is universally
recommended in dryland agriculture also.

Reports from Andhra Pradesh indicate that placement
of P in general increased grain production efficiency by
12 per cent in wheat, 16 per cent in castor and 25 per
cent in sorghum (44). In Karnataka, P application
7.5-15 cm deep for cereals|tubers and 15-22.5 cm deep
for sugarcane was considered an efficient practice (69).
For tea.in south India, the efficient technique is to apply
P 15-25 cm deep at enhanced rates in alternate years
(48). In tobacco, spot placement of P led to lower
yields which was attributed to faster leaf maturity result-
ing in lower yields (9). In cassava on acid-laterite
soils, P application at surface or 7-15 cm deep were
For jute, P appllcatlon 5-10 ‘cm deep
and 5 cm to the side of the seed is the techmque advo-

. ‘cated for higher efficiency (27).

In on-fafm trials with dryland sorghum: broadcast
-application of 80 Kg N+40 Kg P,O;|ha gave an average Z
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Table 7T—Comparative efficiency of P application
‘ methods for drylands -

Grain yield relative

Methods of P

Application Soybean
. Finger Chickpea
millet
A* ' Be
Broadcast . 100 100 100 100
Drilled 132 137 123 169
Mixed with seed 129 118 123 135

For soybean, A
Data sources:

Finger millet:

= 40 kg P2Os/ha, B = 80 kg P.:O4/ha

Hegde and Reddy, Indian Fmg., -
33(10), 9-11 (1984).

Singh and Venkateswarlu, Fert.
News, 30(4), 43-55 (1985).

Singh and Singh, PAPER in
llglslgHOS-FAl Seminar January

] ” TOTAL o
° . //-/(1 00)

(100)

Chickpea:

Soybean:

N YIELD INCREASE, t/ha

yield of 2570 Kglha. When, the fertiliser was deep & - o ' T .

placed, yield was 3700 Kg|ha or 44 per cent more (70).
Increase in fertiliser efficiency due to placement was
anl thra") Kg grain for each Kg NP applied, Some
other results with ‘dryland crops are given in Table 7.
The recent initiatives of the fertiliser industry in deve-
loping and popularising fertiliser application machines
is in the 'right direction. Models of - bultock-drawn,
early-serviceable drills costing less than Rs. 400 are

available, \

Advancmg the tsme of P applzcatzon

’ " For fertilisérs such as powdered tock phosphafe their
apphcatxon some weeks ahead of plarting improve§ the
Hlustrative’ data
for the wheat-maize; system are given in thlme 5.

-
(72) (62
— L nesoun o
2.5 - o
2.0 42

0 - A T ot RS RS
o - 15 : 30
GAP: SETWEEN ROCK-P APPLiCATiON

reys AND WHEAT, SOWING (BAYS). .

-

Figdre 5—-—Eﬁect of time “of ‘application of rock pho.whafe
ot “€rop” ytelds in‘a wheat—mazze ‘cropping system(30).
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Advanced application allows the rock to react with the
soil and release some of its P by the time the crop is
established. This -essentially is a no-additional cost
technique but requires the right decision at the farm
level, and timely availability of fertiliser. The same
amount of rock-P applied just before planting wheat
produced a total yield increase (wheat + following
maize) of /2870 Kg grain/ha but 3400 or 18 per cent
more when applied 30 days before planting wheat (30).
The monetary gain from the decision to apply P early
in this case was Rs 800/ha. The desirability of allowing
ajreaction period to rock P has also been reported in
rice (4). ‘ ' o

Dipping rice seetfling roots in P slurry

Results are avaiiable to show that dipping rice seed-
Ting roots in a slurry of P fertiliser before transplanting
increases P-use efficiency. Many of the results have
been recently summarised (64). Data with rice show
that a root dip capable of depositing 20 Kg P,Os|ha on
the roots can increase rice yields and P-use efficiendy
eompared to higher rates given to the soil (10, 19).
Results on the adaptability of this technique under
farmers’ conditions are not available. Extra costs are
around 2 mandays | of labour(ha. The possjbility of
encouraging rural youths or cooperatives in providing a
root dipping service during the rice planting season can
be explored. o

Soaking potato seed tubers in nutrient solutions

Some on-station results are available with this tech-
nique. In a 4-year investigation, seed tubers soaked in
a 1.5 per cent SSP solution for 6 hrs_ increased tuber
yield comparable to that obained by soil application of
50 Kg P,Os/ha (53). The beneficial effect of soaking
“was more in P-deficient soils. Fertilisers such as MAP,
DAP and possibly others can also be used. As with
most other techniques, causes for variability and sur-
prises have not been fully researched. For instance, in

one report, soaking of tubers in plain water gave a yield

increase of 300 Kg and 1300 Kg tubers|ha in two suc-
cessive years (52). '

Decision on the degree of soil-fertiliser contact

Efficient application techniques generally favour that
the -soil-fertiliser contact should be-restricted for ferti-
lisers having water-solublé¢ ‘P and maximised for ferti-
" lisers suchas - rock phosphate, slags, etc. “in order t0

hasten their solubilisation. In two field experiments,
-fertilisers baving morg. than 30 per cent water-soluble
P were more efficient when drilled and rock-P was. more

J S
g
I
~
[N
o
-
w
T
>
o
O
<
Q

l 5 { H l 1 . A | ] .

o~ 20 40 T 60 80 100

* SOIL AREA RECIEVING FERTILISER

Figure 6—Degree of soil: fertiliser contact and the per-
formance of P-sources of different solubilities for upland
rice (Data source: Mahapatra, I. C. and Patnaik, S. in
Vertisols and Rice soils of the Tropics. 12th Int. Cong.
- Soil Science, 212-228 (1982).

efficient when broadcast (133). In- upland rice, best
yields were associated with a soil: fertiliser contact of
50 per cent with SSP but 70-90 per cent coptact for
rock-P or basic slag (Figure 6). ‘ o

Treatment of - fertiliser P with organiclinorganic
materials .

Some interesting research shows how the efficiency of

- rock P can be increased in neutral-alkaline soils if the

rock is pre-incubated with frésh cattle dung (26, 68).
Large-scale testing and evaluation of ~this technique

_under farmers’ conditions is awaited (68). Some other

techniques which could have a potential are the deve-
lopment of P-enriched composts (31, 35), integrated
use of FYM and P and application of rock P combined
with pyrites in high pH soils (34, 67).°

Fertiliser SSP coated with biogas slurry, dung or
mixed with silicate increased the P utilisation éfficiency
by 10-70 per cent (10). Quite appropriately, these
workers stated that “results indicate the possibility of
increasing utilisation of P from applied fertiliser by
relatively simple and cheapet agro-techniques. - Though
many.of the findings to increase the efficiency of P have
been striking, the relative merits. with respect to.their
adgptability and economic feasiblity remain to be estab-

-
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Table 8—Eﬁe&t of inoculation with mycorrhjza on the

yield and P-uptake under field condition in Karnataka

STERN SR e
% increase due to

L. Uninoculated
Crop % vAM
= | Yield kg/ | P uptake .
& | plot mglbl?i‘nt ch},d P uptake
Finger . -
millet = No 1.09 38.0 27 46
v Yes 1.74 72.9 8 28
Chillies ~ No 1.23 33.0 43 115
Yes 1.30 38.0 66 167

_ workers

Data sources: Finger millet. Govindarao er al., . Zentbl.
Mikrobiol, 138, 415-419 (1983).

Chillies: Bagyaraj and Sreeramulu, Plant & Soil 69, 375-381
(1982). -

Use of mycorrhizal fungi

Mycorthizal fungi also known as VAM (Vascicular-
Arbuscular Mycorrhiza) colonise plant roots and through
this symbiotic association help the plént to gather P in
larger quantity or more efficiehtly. Research on VAM
in India is at a modest scale, particularly under field

" conditions but appears to be gaining attention (8, 10,

23). Lack of crop response to P aﬁplicatibn “under
certain situations, is attributed, in part to the possible
role of VAM in enabling the crop to make a more
efficient use of available soil P (17,-37). The VAM
can also increase the efficiency of insoluble P fertilisers
(10, 23). Effect of VAM on growth, yield and P
uptake have been reported for a number of crops. Some
results under field conditions are given in Table 8. The
present and future need is for greater research under
field conditions, under non-sterile conditions and towards

identifying efficient VAM strains for important soil-crop

systeéins.
Use of P solubilising organisms

Current interest in this sector is towards increasing
the availability of native soil P as also of fertilisers such
as rock-P. Recent reviews bring out the divergence of
views about the practical importance of using P-solubi-
lising micro-organisms for increasing P efficiency. While
the technique is held to be quite useful (8); its impact
on crop yields has not been consistent (59) and other
' have concluded that the findings are of little
relevance to practical agriculture and the information
available so far is inadequate (3). Nevertheless, this
is a route which should not be abandoned but studied
in all its aspects. All available means of increasing P
efficiency should be explored and to the extent possible,
techniques should be matched with the environments
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where they are likely to be effective so_that too much
hit and trial research can be avoided. Sizable yield
increases of rice, wheat, lentil, chickpea, maize and

_potato have been reported due to inoculation with P-

solubilising micro-organisms (8, 54). Well-coordinated
research endeavours between microbiologists and agro-

_nomists|soil scientists could prove to. be worthwhile.

Improved application techniques for potassium

Potassium accounts for 20 per cent of the NPK used
worldwide but 8-9 per cent in Asia. Generally potas-
sium is applied to seasonal crops as a part of the basal

" dose and to pererinial crops according to a more spread-

out schedule. For higher efficiency in coarse-textured
scils and in high rainfall areas, application of K in 2 or
more splits is being increasingly advocated for cereals
as in Kergla and Uttar Pradesh. Integrated NK top-
dressings are thus an emerging practice and some atten:
tion may be paid to the development of NK materials
(1:1, 2:1). There is an interesting report in which
3 sprays of 2.5 per cent KCl gave a significant increase
in sugarcane yield during a drought year compared to
a non-drought situation (58). Obviously research on
K-use efficiency is much less than for N or P, as is its

‘consumption, though not its requirement by crops.

Improved application techniques for sulphur

Sulphur deficiencies are assumigag increasing import-
ance and their correction is a must for obtaining satis-
factory fertiliser efficiency (18, 63). Sulphur deficien~
cies have been reported from 71 countries including
India (18, 63, 66). Work on improyed S-application
techniques in many tropical areas is inadequate as most
of the attention is devoted to NPK. Some guidelines

_based on research in India are provided in Table 9. It

brings out that application techniques must _essentially
match the fertiliser properties with the soil characteris-
tics and take into account crop.needs of S and crop
duration. . '

Table Q—Some practices for-efficient use of fertiliser
sulphur

Material Efficient technique

Basal as well aé tob-
dressing

Readily soluble materials

(AS, APS, SOP) .
Less soluble sp!'p'h?it; Asbu’rcAeWs_{ (ﬁypéuﬁ"l) Priof to planting

4.6 weeks ahead of
planting

Materials which require oxidation -
(elemental S, pytifes)

Source: (63%.
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Table 10—Practices for efficient use of micronutrients

Element

Situation Efficient application technique
Zinc Seasonal crops Soil application, broadcaét/mix .
Zinc Long-duration foliar application

crops

Zinc Rice seedlings Root dipping also possible
Zinc Small doses Band placement before planting
Iron Most cases Foliar spray
Manganese Most cases Foliar spray
Source: (12, 20, 46, 60),

Improved application techniques for micronutrients »

The deficiencies of Zn are already widespread. Those
of iron, manganese and others occur on a lesser scale
but can be as important as Zn for the farmers of the
area where they are practically important. Much of the
research with Zn is in favour of a basal soil application
for seasonmal crops (20). Improved application tech-
niques vary with the crop and the element (Table 10).
Soaking seeds in zinc sulphate solution or coating seed
with Zn powder were not found effective but dipping
rice roots in 2-4 per cent ZnO suspension was quite
effective in correcting Zn deficiency (20). Other reports
indicate that root dipping was not very effective but
nursery enrichment (Sg Zn|sq m) was superior to most
methods of Zn application (5). These workers showed
that Zn applicatiofiehould not be delayed as its appli-
cation even two weeks after rice planting was less effi-
cient than application at plantmg

Results also indicate that at lower levels of applica-

tion, band placement of Zn was a superior practice over
surface broadcast + mixing (46). Differences between
the two methods of applicafion narrowed down as -the
- amount of Zn increased (Figure 7).

For Mn, foliar spray is superior over soil application

(60)." Four sprays of 0.5 per cent Mn Sulphate pro-

duced 5.2 tlha of wheat while even 20 Kg MnSO,

applied to soil could not yield beyond 2.5 t/ha grain.
The other interesting finding in this study was that the
spray schedule must start within a month after sowmg
Keeping the total amount of Mn the same, more sprays
-at lower concentration were superior over less sprays
of a higher concentration (60).

Improved Application Techniques—
Beyond Agronomic Evaluation

For the improved techniques of FUE to find large-
scale practlcal application, their agronomic potential

‘must be translated into economic advantage to the end-

user. This is pot always done. In addition, where a
certain degree of mechanisation accompanies an im-
proved practice, all aspects of machine application and
the backup services needed have to be looked into.

In the case of N, the economic aspects of USG, neem-
treated urea and other techniques have already been

discussed in the preceding sections. Available cost’

estimates associated with various improved fertiliser
application techniques are not always available. The
author has tried to compile|compute these to stimulate
exchange of ideas on agro-economic lines. Cost factors
associated with N-use efficiency have been. given in
Table 5 earlier. [Economic analyses of improved tech-
niques are a must if their practical application is of
serious interest.

The other aspect deserving attention is with respect
to fertiliser application machines and their performance.
Some estimates of cost factors associated with various
fertiliser application techniques are provided in Table 11.
These indicate quite clearly that the benefit of using
improved practices is many times the cost involved.

Although followup studies are few, indications are
that fertiliser application machines are not- used with
the same skill, accuracy and precision at the farm level
as at the research stations. This definitely reduces the
potential gains from an improved technique, but to what
extent, we do not know. It can not be taken for granted
that ‘mechanical application of fertiliser 1s uniform and
free of faults.

3800 -
=T //////////

WHEAT YIELD, KG/HA

3000 2 1 |
12.5 25 50 e
ZINC SULPHATE, KG/HA-

Figure 7'—Pérformance'of\ two methods of Zn application
at variable dose for wheat (46).
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Table 11—Cost factors associated with improved fertiliser application techniques ‘
- :°: C I gé_ g "\’Eé o
Nutriens Efficient application -] -2-5 ‘8 a: 828 Remarks
8 technique @ EE 5 g gn: : -
Z Q23502 ®x L& )
Common 1. Drilling by bullock- drawn fertiliser 45 30 1 ha/day, bullock rental Rs 40 and dyill
N, P, K, drill costs
2. Drilling by bullock-drawn seed-cum- 25 16 3-tyne, 1 ha/day cost divided among
fertiliser drill seed and fertiliser . \ :
3. Dirilling by tractor-drawn seed-cum- 65 : 43 4 ha/day. Tractor rental Rs 120/ba plus
fertiliser drill drill. Costs divided among seed and
fertiliser
4. Drilling fertiliser behind plough with 50 33 2 days/ha, bullock rental plus labour,
seeding ‘ cost divided among seed and fertiliser
N 5 podrcssihg 8 5 ~ 0.8 mandays/ha/topdressing
6. Curing urea with soil (1:4) 40 27 4 mandays/hajapplication. mainly for
spreading the urea-so0il mixture
7. Foliar spray 20 13 Per spray, 1 thanday]ha plus sprayer
8., Point placement (USG) 110 73 10 mandays/ha + applicator
P 9. Drilling/placement 25-65 16-43 See items 1-4 in this table
10. Dipping rice roots in P-slurry 22 15 2 mandays to treat seedlings/ha bucket
etc.
11. P blending with cowdung or 30 20 " 2 mandays plus Rs 10 for 150 kg manure
biogas slurry needed to treat 50 kg PyOy/ha
12. Advanced application (rock-P) -0 0 Only decision to apply early needed
13. P-solubilising microorganisms 15 10 Non-commercial cost
K 14, Split application 8 5 0.8 mandays/ha/split
S 15, Advanced application -0 0 Only decision to apply early needed
Zn 16. Where sprayed > 20 ) 13 1 manday/ha/spray “plus sprayer cost
. " Jower  if combined. with pesticides
_ ; application .
Fe, Mn, ¥1. Spray application - 20 13 . . ,
Notes: 1. Cost estimates are very approximate and :llustrmve to stress the lmportance of economic analyses of fertnhser efficier cy

2. Labour costs are taken at Rs lO/person/day but will obviously vary from place to place and season to season.

3. The cost estimates have been arrived at as a result of discussions with a pumber of colleagues in research and industry,
particularly Dr. Rajendra Prased, Dr. M.B. Kamath and Dr. A.C. Gaur of IARI, Dr. V. Kumar (IFFCO), Dr. D.S.

Yadav (FAIl), Dr. S.B. Kute (GSFC) among others.

In the state of Punjab, where farm mechanisation has
made relatively more progress, fertiliser drills currently

being manufactured were not provided with proper

metering plates and calibration charts. In 90 per cent
cases, they dropped either too much or too little ferti-
liser (71). This report stated that “Well defined pro-
jects and well directed efforts on. the research front for
the design, development, testing, evaluation, manufacture
and adoption of fertiliser application equipment is un-
fortunately missing in our country” (71).

Such problems are not confined to developing coun-
tries alone. The report by Bull and Crowe (2) shows
that 18 per cent operators in UK did not refer to
machine instruction book and 51 out of 177 had re-

ceived no formal training in the use of fertiliser apph—
cation machmery indicating ample scope for training in
correct and uniform fertiliser application. They suggest
that for uniformity of application, a C.V. of 20 per cent
or less should be acceptable, an ideal would be 10 per
cent or below and future goal should be to operate at
a C.V. of 5 per cent. In their assessinent, an ideal
fertiliser application machme should have the following
quahtles
verstalite -to' apply different fertilisers
easy to calibrate
not affected by RPM of the tractor
not affected by forward speed
strong, simple design '

\
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s

— easy to clean and dismantle

— ability to have a range of widths

— ability to handle different quantities with® same
accuracy '

— easy to fill

— rate change should niot affect spreading pattern.

Proper physical properties of the fertilisers are also
important though these are generally not given the due
attention. Non-uniform application will result in a non-
uniform crop stand|growth which is hardly a favourable
condition for high efficiency. Popp (41) drawing atten-
tion to the effect of fertiliser quality states that to achieve
optimum nutrient distribution and efficiency, fertilisers
should have:

— all nutrients in each granule in prescribed ratio

— a uniform particle-size spectrum

— particles of uniform specific gravity and surface
properties.

The abdve disciission is intended to focus on the need
for an all- roulid evaluation of
techniques, the major components of which are agro-
nomic, economlc, mechanical, technological.

Improved Appllcatlon Techniques—
Some Selected Systems

It is considered necessary to synthesise available

information on improved application techniques into -

some sort of blueprints, for efficient fertiliser manage-
ment. These should essentially be developed for well-
characterised - environments. = Generalised strategies for
four systems selected to serve as examples have been
-outlined in Tabile 12 for lowland rainfed rice, Table 13
for wheat, Table 14 for potato and Table 15 for sor-
ghum. As: the nutrient efficiency aspects have  been
dealt with above these are not dlscussed in detail here

Table 12—Guidelines for efficient tertiliser -application
in lowland rainfed rice

Imprové'd ipplicéti&h tecﬁh?q\ie

Nutriént

N Split application ander aiterhate wet-dty reﬁm‘ie
deep placement under stagnant water conditions

P Priority application to dry season crop P applu- :

B cation to legume pre¢edmg rice

K Split appllcanon in codrsé textired soil .

Zn blpping rice seedlings in Znb suspension

Note: For flooded 1% see Table 4 and éechoti on-ured’ siiper-

granules
Source: (6 other sources).

AN

Table 13—Practices which lead to efficient fertiliser

use in wheat——s0rine cases .

Aspect

Comparison Advantage

N application

P application

Weed coni:ol
Mulching

S deficiency

Zn deficiency

Split over all basal 409 extra yield
Placement over
broadcast 18% extra yield

Weeded over weedy 529, extra yield

‘Mulching over no
mulch

NPKS appﬁcatiop _
over NPK application

259, extra yield

309, extra yicld

3-10% extra yield )
depending upon the
rate of application

Zn banded over
broadcast '

Source: (45,

46).

Table 14—Improved techniques for efficient fertiliser

use in potato

Nutrient

Efficient practice

improved application -

Nitrogen

CAN &hnd. AS more efficient agronomically.
Efficiency of ure:-N can be incresed by applying
it 5-10 days prior to planting, by split applica-

~ tion, mixing with neem cake.

Pﬁosphorus
(also K)

Zinc

High water-soluble source more, efficient Furrow
placement at planting efficient (NPK) Annual
applications better than bisnnual applications
(PK) at double .the annual dose soaking seed
tubers in 1.5% SSP solution an efficient way.

Soak seed tiibers in 005% Zinc Sulphate

. solutionor dip seed tubers i in 29, ZnO suspen-

5|on

Source:

.

Table 15—Some improved application techniques for
eﬂzaent femimer use in sorghum

. Season

| Nulkicat

Strateiy f'or eﬁcnent femhser use

Kharif -
Kharif

Rabi

Rabi

N Apply N in splits atartiog with basal
) complete N application by
primordia stage

P Water-soluble . source more efficient
drill £_below, soil surface alongwnh
other bnal nutrnems

ﬁ Generally drill all N as Basii iloixg-

w:gh P in areas expecung lmle rains
but brovn&e for a tbpdressmg lf
: sensonal fains can be éxpccted

P —a in Khidrif

flower -

Source: (Several Indian data complied in (65)}.

G
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While designing blueprmts for increasing fertiliser effi-
ciency, it may be useful to conduct some surveys of the
fertiliser application techniques already used by farmers

- in different areas.

Missing Links and Fyture Needs

When the information on improved application tech-
niques is examined, one finds that a number of tech-
niques have not found wide application. All the reasons
for such a state are not known but it is quite clear that
if the adoption of an unproved’ technique can increase
crop production and fertiliser use efficiency, its neglect
can do the opposite. The social cost in terms of lost
prodiiction and profits will ‘in any case be substantial.

The beneficial effect of "neemcake was reported 15
years ago, of dipping rice roots in P-slurry over 10 years
ago and of USG about 5-8 years ago. One must address to
the question as to why have they not found large-scale ap-
plication even in areas where they have been found to be
effective. The author believes that in our research-exten-
sion-adoption chain, there is a vital link missing. Thls is
the link which should 1dent1fy and pickup promising tech-
niques, reject the ones which fail but select and, promote
the ones which make the grade. In the absence of such
a mechanism, some of the promising practices get neg-
lected or abandoned thus lowering not only possible fer-
tiliser efficiency but also the efficiency of investments made
in research. The need for such a mechapism has also
been hinted at by Goswami and Kamath (10) and by
McCune and Stangel (32) who state that “Mechanisms
must be found to transfer technological innovations from
researchers to the farmers”.

‘India, standing on the d00rstep of a 10 million tonne
nutrient consumption mark is irt a unique position to de-
velop and promote ;mproved practices which will incregse
fertxkse; use, eﬁzczency Some sugg%tlons in thlS rega*d
are given below: . p

1) A systematic survey should be initiated on the
fertl,hser apphcatlon techmques employed by far-
mers in different areas. The efficiency gap can
then be estimated. This can easxly "be made a part
of the IFPC.

A network may be setup to regularly monitor fer-
tiliser application techniques on selected sites.
Such a metwork should record and monitor
changes in fertiliser application techmques and
provide feedback to research and promotion. Soil
. testmg laboragton&e can be assoclated in thiy exer-
cxse and shouId be fully aware of all avallable

techmqumf o

»

(3)

(4)

()

(6)
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A mechanism should be created which would
identify|pickup promising technologies and get
these thoroughly and extensiveiy evaluated. The
successful ones should be vigorously promoted and .
their ready-to-use package developed. Such a
mechanism is seen as a fechnology bridge.

Considering the ‘overwhelming evidence in favour
of integrated moisture-fertiliser management for
raising FUE, suitable water . metering devices
should be developed for the use of farmers, parti-
cularly those having controlled sources such as
tubewells. The adverse effects of over-irrigation
should be highlighted. -

Some techniques can be ‘successfully adopted if
small-scale custom-service enterprises are setup.
These are treatment of urea with neem, point
placement of USG, dlppmg rice roots in P slurries,
spray operations etc. Models of such cnterpnses
should be developed and these should be offered
as economically viable packages which should be
eligible for financiallloan assistance. Let the nex!
five years be devoted to the development of an
infrastructure for seeing an organised network of
village|block|taluka|cooperative level custom-ser-
vice units. '

Improved fertiliser application techniques should
be integrated into local festivals so that they be-

- come a part of rural life and find spontaneous ac-

(D

(8)

ceptance over time.

Maintenance and minor repairs of fertiliser appli-
cators should be part of all vocational training
given to rural youth in the 12-18 age groups.
Simultaneously, facilities for renting, maintenance
and repair of machines should be encouraged
among existing trades in rural area.

There is an urgent need to develop field level lite-
rature on fertiliser application techniques which

should be simple, well-illustrated and explam a

practice in steps. Exzstmg literature many a time

" is too abstract, poorly illustrated and not simple

®

enough. For éxample, a leaflet entitled Maximis-
ing the Efficiency of Applmed Fertiliser says that
urea should be cured with soil to reduce N toss.
Tt says nothing about what urea curing is and how
it can be done.

All field-level trammg on improved application

“techniques should be conducted in the form of

method demonstratlons and not by lectures or
pictures. :
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(10) Last but not the least is the need. for a greater, -
well-planneéd interaction between research workers,
subject matter speciaiists operaing at the district
level, farm  advisors of the fertiliser industry,
equipment manufacturers and the end user farmers.
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