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The High Yielding Varieties Programme
envisages the intensive cultivation of 32.5 million
acres, using fertilizer-responsive varieties of
hybrids of rice, vhoat, hybrid maize, Jowar and
balra in 12.5, 8, 4, 4 and 4 million acres
respectively. The r-mdogodous of nitrogen for
these crops are 100, 100, ao,lmd 40 1b. N per acre
or 112, 112, 90, 90 and 45 Kg. N per hectare. A supply
of 1.29 million tonnes of N, in addition to suitable
quantities of P and K, has been earmarked for the
programme with an expectation of 25.5 million tonnes
of additional food-grains.

An analysis of the results on the response to
nitrogen of dwarf wheat and hybrids of maize, jowar
and bajra obtained in co-ordinated trials carried out
during 1966 and 1966 with the participation of the
Indian Agricultural Research Institute and State
Research Institutions conducted by Drs. P.N. Saxena,
AeSe Siroﬁi, BesRs Murty and V.S. Shah of I.A.R.I.
reveals the following trends:

A. Hheat

(1) Data - The response to nitrogen for the
Indian varieties of wheat were available from ferti-
lizer experiments carried out at the I.A.R.I. from
1946-47 onwards. Data for the Mexican varieties,
Sonora 63, Sonora 64 and Lerma Rojo, along with the
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Punjab variety C.306, were available from co-ordinated
experiments during 1964-65 and 1965-66, carried out

at 41 centres in the country with doses of nitrogen
ranging from O to 200 1b. N/acre.

(2) The response function for N.P. varieties
of wheat, based on experiments at the I.A.R.I., wvas
found to be quite similar to that obtained by the
IsAReIey for the indigenous varieties of wheat based
on trials in farmer's fields,

(3) In the co-ordinated trials during 1964-65,
N.P.876 vas found to be slightly superior to N.P.887
but showed lower response than the Mexlican varieties.

- (4) The profit maximizing (optimal) levels of
nitrogen showed wide varietion from State to State
and variety to variety. ;

(5) The dwarf varieties Sonora 63, Sonora 64,
Lerma Hojo and the Indian variety C.306 showed the
highest response in Zone 1 (Punjab, U.P., Delhi and
Rajasthan) followed by Zone 3 (Bihar and West Bengal).
For all varieties, the average responses in other zones
were much lower,

(6) In Zone 1 and for the average over all zones,
the highest ylelds are given by Lerma Rojo, followed by
Sonora 64, Sonora 63 and C.306.

(7) At current prices and using the average
response function over all Zones, the optimal dose of
nitrogen for the three dwarf varieties was found to 1lie
between 120-125 Kg. N per hectare. The corresponding
values for C.306 and for the indigenous varieties in
cultivators' fields were 91 and 51 Eg. N per hectare
respectively.

(8) In the Agronomy trials during 1966-66, the
dvarf varietics Sonora 64 and Lerma Rojo showed signifi-
cantly higher response with 6 instead of 4 irrigations



at two centres., C.306 suffered due to lodging at one
of these centres., The interaction of irrigation with
nitrogen levels was, howvever, not significant.

(9) Among all the varieties studied, Sonora 64
gave the highest response to N in terms of additional
production over no nitrogen application.

(10) The National vheat demonstrations in various
States of India gave ample testimony to the high yield
potential of the dwarf wheats. An yield of /sa a/ha vas
obtained at Delhi with 8,227 in a l-hectare plot during
rabi 1965-66. .

(11) An allotment of 0,36 million tonnes of N,

at the rate of 112 Kg N/ha over an area of 3.2 million
hectares has been made in the programme for the dwarf
wheats, This will account for an additional production
due to nitrogen of 4.7 million tonnes of wheat grain.
A more efficient utilization of the same supply of
nitrogen can, however, be made by reallocating it between
the Mexican and Indian varieties of wheat, over the
entire irrigated area of 6,4 million hectares, at the
rate of about 80 and 32 Kg. N per hectare for the
dwvarf and tall vheats respectively., This will account
for an additional production due to nitrogen of 5.6
million tonnes and will also ensure varietal diversity,
essential for avolding the outbreak of disease epidemiecs.

_ (12) The above suggestion is based on the response
to nitrogen in Indian varieties observed in trials
conducted in cultivators' fields. It is not materially
altered even on using the response function for the
Indian variety C.306, as the output maximising doses
now become 75 and 37 Kg. N per hectare.
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(13) The estimate of additional production
due to nitrogen based on the present data, comes to
about 1,2 tonnes per hectare when an optimal
allocation of the limited N supply is made between
the dvarf and Indisn varieties. The figure of a tonne
per acre additional production, over existing varieties
and fertilizer levels expected in the programme appears
to be difficult of attainment, except under excellent
management conditions,

(14) The additional met returns due to nitrogen
application are the highest with Sonora 64, These are
about twlee as large as those obtainable with Indian
varieties at their respective economic optimum levels.

(15) Due to the import of 18,000 tonnes of seeds
from Mexlco during 1966 seeds of the dwarf varieties
vill not be a limiting factor in extending their
cultivation to the entire irrigated wheat area from
| next year. The quantity of nitrogenous fertilizers 1116-
cated to wheat in the programme will, under this
situation, be extremely inadequate to exploit their
full genetic potential.

B. Malze

(1) The response to nitrogen in experiments
under the All-India Co-ordinated Maize Improvement
Scheme, conducted at various locations in the ecountry
during 1961 to 1963, making up a total of 17 trials
wvas studied. The levels of nitrogen tried were 0, 45,
90, 135, 180 Kg. N. per hectare and the hybrids
included in the trials were U.S. 13, Ganga 101 and
Deccan Hybrid Makka.

(2) The maisze crop in general and hybrid maize
in particular gave a very high response to nitrogen
fbrtil&sntinq, especially in Zone 1 (Foot-hills of
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Himalayas) and Zone IV (Peninsulsr India), At 46 Kg.
N/ha, the response in the hybrids varied from 15 to
37 Kg of grain per Kg of nitrogen. Responses in the
hybrids were higher than those in the locals at all
levels of fertilizer application,

(3) The economic optimum 1.751:, in different
gones, ranged from about 160 to 260 kg N/ha for the
hybrids and froo about 126 to 170 Kg N/ha for the
local varieties., The corresponding doses, based on the
average over all zones, were about 200 Kg N/ha for the
hybrid and 140 Kg N/ha for the local vareities.

(4) The net profits due to nitrogen, applied
at the optimal rates, ranged from Rs.600 tollO0 per
hectare in the hybrid and Rs.300 to 800 in the local
varieties., The hybrids thus responded profitably to
a level of nitrogen about 50f higher than the local
varieties, bringing a net return from investment in
fertilizer which is about 50 to 100 per cent higher.

(8) At their respective optimum levels of nitrogen
application, the hybrids gave about 50% higher yleld
than the local varieties in all zones. This result is
 also supported by the nation wide hybrid-maize demonstra-
tions during rabi 1963-64 and kharif 1964-65.

(6) Application of 90 Kg N/ha to hybrid maize,
as envisaged under the official plan, appears to be too
conservative, as it would cut down the profits to
nearly 70% of the value obtainable under optimal conditions,

(7) Using the average response function and
under optimal nitrogen application, the expected yields
for the loeal and hybrid varieties are about 36 and 51
quintals per hectare leading to an additional production
of about 16 g/ha of maize grain,



(8) A limited supply of chemical fertilizers
could be considered as the most important factor
limiting the yield potential of the maize hybrids,
the profits of the farmers and the rate of growth in
maize production in the country.

(1) The response to nitrogen of hybrid Jjowar
CSH-1, in trials conducted at 8 locations during kharif
1965-66, have been analysed. The levels of nitrogen
applied ranged from 0 to 200 Kg N/ha.

(2) The yield and response to fertilizer in the
hybrid as compared to the local varieties is variable
depending on the region of adaptation of the hybrid
which is eariier by 10 to 100 days than the locals.

(3) In the six centres of adaptation, the
responses of the hybrid were much higher than the local.
On an average, the linear response in the hybrid was
about 2.5 times larger than the local. The highest
yield of about 50 quintals per hectare, using 200 Kg N/
ha, was obtained with the hybrid at Siruguppa (Mysore).

(4) In the two centres of poor adaptation, poor
stands of the hybrid and longer duration of maturity
of the locals appear to be responsible for the failure
of the hybrids. It has not been possible to successfully
compare these hybrids with the locals in the long
duration tracts of Maharashtra and Madhya Pradesh.

(5) The response in Kg. grain per kg N applied
at the rate of 200 Kg N/ha, was 7,8 Kg in the hybrid vas
compared to 5.0 in the locals in the areas of adaptation.
The responses vere much lower in the two centres of poor
adaptation.
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(6) With three plant population levels at Dharwar
centre, the responses to nitrogen in the hybrid were
higher than the local in all cases, The highest rate of
response as well as the best yield were obtained with
a plant population level of 136,000 plants/ha or 6"
between plants.

(7) On an average, the response to the hybrid in
the interval 850-100 Kg N/ha was higher than that of local
in the interval 0-50 Kg N/ha.

(8) The economic optimum nitrogen dose for the
hybrid, in the adapted region, was found to be 135 Kg.N/
ha. It corresponds to an additional grain production due
to nitrogen of about 16.2 q/ha. The dose of 90 Kg N/ha
envisaged in the programme appears to be quite conservative
as it would reduce the production (and profits) of the
individual farmers by about 20%.

D. Pearl Millet (Bajra)

(1) The response to nitrogen for the hybrid
bajra H.B.l, in trials conducted at 7 locations during
mu; 1965-66, was examined., The levels of nitrogen
ranged from O to 160 Kg N per hectare.

(2) The responses to nitrogen in the hybrid were
higher than the loeal except at two locations, On an
average, the linear response in the hybrid was about
1.7 times larger than the loecal,

(3) The highest yield of about 60 gq/ha with the
hybrid was obtained at Fatehabad (U.P.).

(4) The increase in grain output per Kg of
nitrogen, applied at the rate of 160 Kg N/ha, was 8.4
Kge in the hybrid as compared to 4.3 in the locals,

(6) On an average, the response of the hybrid
in the intervals 40-80 Kg N/ha wvas higher than that of the
local in the interval 0-40 Kg N/ha.
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(6) The economic optimum nitrogen dose for the
hybrid was found to be about 160 Kg N/ha. This corresponds
to an additional grain production due to nitrogen of
about 13.3 gq/ha. The dose of 45 Kg/ha envisaged in the
offiecial programme for this erop appears to be very
lov and would reduce the response (and profits) due to
nitrogen by about 60 per cent,

CONCLUSIONS

The foregoing survey suggests that to realise
the full yield potential of the hybrids of maize, Jjowar
and bajra as well as of dwarf wheats, fertilizer doses
much higher than what is possible with the available
quantities are nceded. So long as the total availability
of fertilizer remains limited, it is important that different
doses are recommended for different areas, ba::d on the
yield possibilities. For example, Punjlb,”:?&‘parts w
U.P. and Rajasthan are climatically more favourable for
higher vheat yleld than Bihar or Maharashtra. A more
scientifically based allocation pattern is hence necessary
to maximize output from the existing fertilizer resource.
Also, it is essential that in crops like wheal, suitable
allocations are made for the dvarf and tall varieties,
so as to get the best out of both and to maintain a degree
of varietal diversity necessary for avoiding the large
scale outbreak of any particular disease. rmuy; the
great role that management factors such as time of applica-
tion of water and plant density play in determining the
fertilizer response function needs to be understood and
exploited. Even small differences in management practices
make a large difference in yield in the case of high-
yielding varieties. The effect of irrigation time ::t'i’itu
(the fertilizer dose and all other management factors being
the same) is shown in Table 1. It is very important that



serious attention is paid to the dissemination of
knowledge concerning the qualitative aspects of input
use so that, on the cne hand, the farmer can get the
max{mum return from his investment on inputs and on the
other, the country can reap the maximum harvest possible
with the existing resources of fertilizer and water.



Critical stage of irri&stion for dwarf wheat Sonora 64
Time of irrigation

Treatment 0 - 60 days 60 - 90 days 90 - 120 days Total No. Grain
of irri- yield
gations  Q/ha.

Pre to late Jointing to Soft to hard
tillering stage flowering Stage dough stage
1 2 3 4 5 6
1 1% 1 1 1 1 1 6 51.4
2, 1 1 x 1 1 x 4 51.3
3. 1 1 x x 1 1 4 52,3
;. x 1 x 1 1 1 4 44,0
e s 1 1 1 x 1 45,2
6. x 1 x 1 s
1 x 3 42,3
=666 e .'26'"' + 2.%7

* First irrigation falls at the time of crown root initiation stage.
1 Indicates irrigation given. ;

x Indicates irrigation not givean,
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The High:Yielding Varieties Progranme envisages the

\intensive cultiﬁé@ion of 32.5 nillion acres, using fertilizer -

responsive varictics or hybrids of rice, wheat, hybrid naize,
Jowar and bajra in 12.5, 8, 4, 4 and 4 nillion acres respectively.
The recomnended doses of nitrogen for these crops are 100, 100, 80
and 40 1b. N per acre or 112, 112, 90, 90 and 45 kg. N per hectare.
A supply of 1,29 nillion tonnes of N, in addition to suitable
quantities of P and I, has bcen earnarked for the progranmiie with
an expectation of 25.5 million tonnes of additional food-grains.
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(1) Data - The response to nifrogen for the Indian varicties
of vheat were available from fertilizer experinents carried out at
the I.A.R.I. fron 1946-47 onwards., Data for the llexican varieties,
Soncra 63, Sonora 64 and Lerna 0jo, along with the Punjab variety
C.306, were available fron co-ordinated experinents during 1964-65
and 1965-66, carried out at 41 centres in the country with doses of
nitrogen ranging fron O to 200 1b. N/acre.

(2) The response function for N.P. varieties of wheat, based
on experiments &t the I.:,R.I., was found tc be quite sinilar to that
obtained by the I.A.l.I., for the indigenous varieties of wheat based
on trials in farner's fields. .

(3) In the co-ordinated trials during 1964-65, N.P.876 was
found to be slightly superior to N.P.887 but showed lower respanse?{
than the llexican varieties.

(4) The profit nmaxinizing (optimal) levels of nitrogen

showed wide variation fron State to State and variety to variety.
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(5) The dwarf varieties Sonora 63, Sonora 64, Lerna .lojc and
the Infdian variety C.306 showved the highest response in Zone 1
(Punjab, U.P., Delhi and Rejsthan) followed by Zone 3 (Bihar and

'aJL Utz fiot/
est Bengnl). For any—wariety, the average responses in other
zones werc ruch lowver, 2

(6) In Zone 1 and for the average over all Zones, the
nighest yields are given by Lerna 10j9j folleowed by Sonora 64,
Sonora 63 and C,.306.

(7) it current prices and using the average response function
over all Zones, the optinal dosec of nitrogen for the threec dwarf
varieties was found to lie between 120-125 kg. N per hectare. The
correspcnding values for C.306 and for the indigenocus varieties in
cultivators' fields verc 91 and 51 kg. I per hcctare respectively.

(8) In the Agronony triels during 1965-66, the dvarf varie-
tics Sonora 64 and Lerna wjo shoved significantly higher response
with 6 instead of 4 irrigations at tﬁo centres. C. 306 suffered cduc
to lodging at one of these centres. The interaction of irrigation
with nitrogen levels vas, however, not significant.

(9) Arnong all the varieties studied, Sonora 64 gawve the
highest response to N in terns.of additional production 6vef;no
nitrogen application,

(10) The National wheat dermonstrations in varicus States of

T

the Uniom gave anple testinony te the high yvicld potential cf the

% B
dvarf vheats. The highest-yield of 68 G/ha was obtainced at Delhi
vith $-227 in a 1 hectare plotduncss rak: 1965361

(11) An allotnent of 0,36 nillion tonnes of N, at the ratc
of 112 k¢ 1i/ha over an area of 3.2 nillion hcctares has been nace
in the prograrne for the dwarf wheats.. This will account for an
additional production due to nitrogen of 4,7 rillion tonnes of wheat
grain. A rore efficient utilizationkoflggzz supply of nitrogen c2n,

nowever, be nade by reallccating it between the Ilexican and Indian

varieties of vheat, over the entire irrigated area of 644 niliion

Contdeses 3.



hectares, at the raote of about 80 and 32 kg. N per heetare for the
drarf and toll vheats resnectively. This will account for an addi-
tional production.ﬁuo te nitroren of 5.6 nillion tonnes amd will also
ensure varietal diversity, essential for avoiding the outbrealk of

disease epidenics.

$51g 04 8 Teon
(12) The above a&ézZL%ian is based on the responsef to
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nitrogen in Indian varietics »£ cultivators' fieldg tiedss

It is not naterially altecred even on using the response function for
the Indian variety C.306, as the output noxinising doses now bccone
75 and 37 kg. N per hectarc.

(13) The estinate of additiconal production due to nitrogen
based on the prescant data, concs to 2bout 1,2 tonnes per hectare
when an optinal alloeation of the linited I supply is nade between
the dvarf and Indian varieties. The fipure of a2 tonme per acre
additional producticn, cver existing varieties and fertilizer levels,
expected in the pnrograrne appears to be difficult of attainnent,
except under excellent nanagerient conditions.

(14) The additional net returns duc to nitrogen applicaticn
are the highest with Sonora 64. Thesc arc about twice &s large as
those obtainable with Indian varicties &t their rospccfive econcric
optirun levels.,

; : dMAAﬁj l76£

(15) Due to the inport of 18,000 tonnes of secds fron liexi Z%L
sceds of the dvarf varietics will not be a liniting facter in extenw
ding their cultivation tc the entire irrigntod vheat aren fron next
year, The quantity of nitrogenous fertilizers allocated to whedt in
the programne will, under this situntion, be extrenely inadequate to

exploit their full jenctic potential.
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at various loctntions in the country during 1961 tc 1963, naking up a
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tctal of 17 trials, have—been—surrariseds The levels of nitrogen
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tried were 0, 45, 90, 135, 180 kgs N per hectare and the hybrids
included@ in the trials were U.S.13, Ganga 101 &nd Deccan Lybrid
Makka,

(2) The paize crep in general and hybrid naize inparticuler
gave;fery high rOSponge to nitrogen fertilizati;r, gspecia{;y,{n‘

2 roirvSudoaL v
Zone 1 (Foot-hills of Iinalayas) and Zone IV (Southern zope). At
45 kg. N/ha, the résponse in the hybride varied fron 15 to 37 kg of
grain per kg of nitrogen. 1lesponses in the hybrids werc higher than
these in the locnls at all levels of fertilizer application.,

(3) The ccononic optiéun levels, in different zones, ranged
from about 150 to 250 kg N/ha for the hybrids and from about 125 to
170 kg N/ha for the lccal variecties. The corrcsponding doses, based
on the average over all zones, were about 200 kg N/ha for the hybrid
and 140 kg N/ha for the local varicties.

(4) The net profits due t& nitrogen, applied at the optimel
rates, ranged fron Bs.600 to 1100 per hectarc in the hybrid and Bs.30°
to 800 in the local varieties. The hybrids thus responded profitably
to 2 level of nitrogen about 50% higher than the local varieties,
bringing a net return fron investnent in fertilizer vhich is about
50 to 100 per cent higher.

(5) At their rcspective optirun levels of nitrogen application,
the hybrids gave about 50% higher yield than the liccal varieties in
all zones, This result is also supnorted by the naticnwvide hybricd-

maize denonstrations during Yoabi 1963-64 and kharif 1964-65.,

(6) Application of 99 kg N/ha to hybrid maize, as cnvisaged
under the official plan, appears to be too conservative, as it would
cut down the profits toc necarly 70% of the value obtainable under
optinal conditions,

(7) Using the average response function and under optimal
nitrogen applicatioh, the expected yiclds for the local and hybrid
varieties arc about 35 and 51 quintals per hectarc leading to an

additional production of about 16 g/ha of naize grain.
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{8) & linited supply of chenical fertilizers could be
'considered as’ tﬂe nost 1nnortant fnctor 11nit1ng the yield ﬁotont1a1
;of the maize hybrids, thc prnfits of tho farners and the feie of .

" growth in naize nrnductiﬂn in the country.

e n“?ﬂh(_'J;(Aﬂ”t)

(1) The responsec to nitrogen-gz} hybrid Jowar CSE~1y in

trials eonducted at 8 locations during kharif 1965-66, havc been
analyseds. The levcls of ﬁitrogenvapplied ranged fren 0 to 200 kg
M/ha..

(2) The yicld and response to fertilizer in the hybrid as
conpared to the local varieties is variable depending on the region
of adaptation of the hybrid which is earlier by 10 to 100 days than
the locals..

(3) In the six centres of adaptation, the responses of the
hybrid were nuch hlgher thﬂn the 10091. On an avorﬂge)cvcr—xheee~

~eentTTs, . the 11near response in the hvbrld was lbnut 2,5 tines larger
than the local. The highest ylvld of about 50 quintals per hcctarc,
using 200 kg N/ha, was obtained with‘the hybrld at Siruguppa (1iysore) .

(4) In the two centres of poor adaptation, pOQr stends of the
hybrid and longer duration of maturity of the 1necals appear tc be
responsible for the failure ~f the.hybrids; it has net bcen pass ible
to suégessfully comparc these hybrids with the lec2ls in the leng
duraiion tracts of lMaharashtra and lMadhya Fradesh.:

(5) The responsc in kgi grain per kg N, applied at the rote
of 200 kg N/he, vas 7.8 kg in the hybric.as compared tc 5,9 in the
locnls in the areas of adaptation., The responses were nuch lower in
the two centres of ponr adantation, . |

(6) "ith three plant population levels at Dharvar eentre, the
responses to nitrogen in the h&brid were higher than the loeal in 2ll
cases, . The highest rate of response 28 well as the best yiell were
cbtained with a plant populaticon level of 136,000 plents/ha or 6"
between plants;.
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(7) On an average, the response to the nybrid in the
interval 50-100 kg N/ha was higher than that of local in the
interval 0-50 kg N/ha.

(8) The ccononic optinun nitrogen dose for the hybrid, in
the adapted region, was found to be 135 kg N/nha. It correspends to
an additionnl grain production due to nitrogen of about 15.2 q/ha.
The dose of 90 kg H/hé envisaged in the progranne appears to be
quite conservative as it would reduce the production (anc profits)

of the individunl farmers by akout 20%~

D. »E/. 2L MILLET ( P\Sab/\a)

(1) The rosponse% to nitrogen for the hybrid bajra H.B.1,
in trials conducted at 7 locatinns during kharif 1965-66, he;;;;;nur
oxnpnined. The levels of nitrogen ranged fron O to 160 kg N per
hcctarcs,

(2) The responscs to nitrogen in the hybrid were higher than
the 1ocal excent at tvo loeations. On an average, the linear respcnse
in thelybrid was about 1.7 tincs larger than the local,

(3) The highest yield of about 60 q/ha vith the hybrid vas
obtained at Fatennbad (U.P.)

(4) The incrcase in grain output per &g cf nitrogen, applied
at the rate of 160 kg 1i/ha, was 8.4 kg in the hybrid as conparcd to
4.3 in the locals.

(5) On an average, the response of the hybrid in the
intervals 47-82 kg N/ha was higher than that of the local in the
interval 0-40 kg 1i/ha. :

(6) The econonic optirun nitrogen dosec for the hybrid was
found to be about 160 kg /ha. This corresnonds to an acdditional
grain production duc t° pitrogen of abcut 13.3 q/ha. The dose of
45 kg N/ha envisaged in thgl?;g;;ﬂnne for this crop apnears to be
very low and wvould reduce the rcsponsce (and prnfits) duc to nitrogen

by abcut 60 per cent,
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CCHCLUSIONS

The foregoing survey suggests that to realise the full
yield potential »f the hybrids nf maize, jcwar and bajra as well
as of dwarf wheats, fertilizer doscs nuch higher than what is
possible with the available quantitics arc needed., So long 2s
the total availability of fertilizer renains linited, it is
important that differcnt doscs 2re recormended for different
areas, based on the yicld nossibilities., For exanple, “unjab and

o Roroshon
parts of U.?jL?re clinmaticnlly nore faveurable for higher wheat
yield than Bihar or Ilaharashtra, . nore scientifically based
allocation pattern is hence nécessnry to naxinize output from the
existing fertilizer rescurce. 4lgo, it is essential that in crops
like Whent,.suitable alloentions arc nade for the dvarf and tall
variceties, s% as tn gct the best out of both and to maintain a
degree of varietal diversity nccessary for avoiding the large scale
outbreak of any particular discase. Finally the great role that
nanagenent factors such as time of apnlication of water and plant
density play in deternining tﬁe fertilizer responsc function nceds

to be understcod and exploited. Evem én¢_£x1£ df:ijb~@W~CLJZ o
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