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The High Yielding Varieties Programme

envisages the intensive cultivation of 32.65 million
acres, using fertilizer-responsive varieties of
hybrids of rice, wheat, hybrtd maize, jJowar and

baira in 12.5, 8, 4, 4 and 4 million acres

respectively. The
recommended

doses of nitrogen for
these crops are 100, 100,

80,)and
40 lb. 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 eo-ordinated trials carried out

during 19665 and 1966 with the participation of the

Indian Agricultural Research Institute and State
Research Institutions conducted by Drs. P.N. Saxena,
AcSe Sirohi, BR. Murty and V.S. Shah of I.A.R.I.
reveals the following trends:

A. Wheat

(1) Date The response to nitrogen for the

Indian varieties of wheat were available from ferti-
liser experiments carried out at the I.AeR.I. from

1946-47 onwards. Data for the Mexican varieties,
Somora 63, Sonora 64 and Lerma Rojo, along with the



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 0 to 200 lb. N/acre.

(2) The response function for N.P. varieties
of wheat, based on experiments at the I.A.ReIe, was

found to be quite similar to that obtained by the

TeAeReIe, for the indigenous varieties of wheat based

on trials in farmer's fields.
(3) In the co-ordinated trials during 1964-66,

N.P 876 was found to be slightly superior to N.P.887

but showed lower response than the ‘exican varieties.
- (4) The profit maximising (optimal) levels of

nitrogen showed wide variation from State to State
and variety to variety.

(5) The dwarf varieties Sonora 63, Sonora 64,
Lerma ojo 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 lover.
(6) In Zone 1 and for the average over all zones,

the highest yields 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 varietics was found to lie
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 Kg. N per hectare

respectively.
(8) In the Agronomy trials during 1965-66, the

dwarf varieties Sonora 64 and Lerma Rojo showed signifi-
eantly 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, however, 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 wheat demonstrationsin various

States of India gave ample testimony to the high yield
potential of the dwarf wheats. An yield of jes q/ha was

obtained at Delhi with 3.227 in a l-hectare plot during

rab, 1965-66. .

(11) An allotuent of 0.36 million tonnes of RB,

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

dwarf and tall wheats respectively. This will account

for an additional production due to nitrogen of 5.6
million tonnes and will also ensure varietal diversity,
essential for avoiding the outbreak of disease epidemics.

(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
allocatton of the limited N supply 1s made between

the dwarf and Indian 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 net returns due to nitrogen

application are the highest with Sonora 64. These are

about twiee as large as those obtainable with Indian

varieties at their respective economic optimin levels.
(15) Due to the import of 18,000 tonnes of seeds

from Mexico during 1966 seeds of the dwarf varieties
will not be a limiting factor in extending their
cultivation to the entire irrigated wheat area from

next year. The quantity of nitrogenous fertilisers allo-
cated to wheat in the programme will, under this

situation, be extremely inadequate to exploit their
full genetic potential.

B. Maize
(1) The response to nitrogen in experiments

under the All-India Co-ordinated Maize Improvement

Scheme, conducted at various locations in the country

during 1961 to 1963, making up a total of 17 trials
was studied. The levels of nitrogen tried were 0, 45,
90, 135, 180 Kg. N. per hectare and the hybrids
ineluded in the trials were U.S. 13, Ganga 101 and

Deccan Hybrid Makka,

(2) The maize crop in general and hybrid maize

in particular gave a very high response to nitrogen

fertilization, especially in Zone 1 (Foot-hills of



Himalayas) and Zone IV (Peninsular India). At 45 Kg.

R/ha, the response in the hybrids varied from 15 to

37 Kg of grain per Kg ofnitrogen. Responses in the

hybrids were higher than those in the locals at all
levels of fertilizer application.

(3) The economic optimum levels, in different

sones, ranged from about 150 to 260 kg N/ha for the

hybrids and from about 1265 to 170 Kg N/ha for the

local varieties, The corresponding doses, based on the

average over all sones, 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 toll00 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 50% higher than the local

warieties, bringing a net return from investment in
fertiliser which is about 50 to 100 per cent higher.

(5) At their respective optimum levels of nitrogen

application, the hybrids gave about 50% higher yield
than the local varicties in all sones. This result is

|

also supported by the nation wide hybrid-maize demonstra-

tions during rabid 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 dow 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 local and hybrid varieties are about 36 and 5]

quintals per hectare leading to an additional production
of about 16 q/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 growthin
waise production in the country.

C.

(1) The response to nitrogen of hybrid jJovwar

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 fertiliser in the

hybrid as compared 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 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 3/

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 possibleto successfully

compare these hybrids with the locals in the long

duration tracts of Maharashtra and Madhya Pradesh.

(8) The response in Kg. grain per kg N applied
at the rate of 200 Kg N/ha, was 7.8 Kg in the hybrid was

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 nitrozen in the hybrid were

higher than the local in all cases. The highest rate of
response as well a3 the best yield were obtained with
a plant population level of 136,000 plents/ha or 6"

between plants.
(7) On an average, the response to the hybrid in

the interval 50-100 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 15.2 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%.

De Pearl Millet (Bajra)
(1) The response to nitrogen for the hybrid

baira H.B.1, in trials conducted at 7 locations during

kharif 1965-66, was examined. The levels of nitrogen
* ranged from 0 to 160 Kg N per hectare.

(2) The responses to nitrogen in the hybrid were

higher than the local except at two locations. On an

average, the linear response in the hybrid was about

1.7 times larger than the local.
(3) The highest yield of about 60 q/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

Kg. in the hybrid as compared to 4.3 in the locals,
(5) On an average, the response of the hybrid

fin the intervals 40-80 Kg N/ha was higher than that of the

local in the interval 0-40 Kg N/ha.



(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 nitrogenof
about 13.3 q/ha. The dose of 45 Kg/ha envisaged in the
official programme for this crop appears to be very
low and would reduce the response (and profits) due to
nitrogen by about 60 per cent.

SONCLUS IONS

The foregoing survey suggests that to realise
the full yield potential of the hybrids of maize, jovar
and bajraas well as of dwarf wheats, fertilizer doses

much higher than what is possible with the available
quantities are n-eded. So long as the total availability
of fertiliser remains limited, it 1s important that different
doses are recommended for different areas, based on the

4. wins
yield possibilities. For example, Punjab, ‘ana parts of
U.P. and Rajasthan are climatically more favourable for
higher wheat yield than Bihar or Maharashtra. A more

scientifically based allocation pattern is hence necessary
to maximize output from the existing fertilizer resource.

Also, it 13 essential that in crops like wheat, suitable
allocations are made for the dwarf 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. Finally, 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

oa, Yield
(the fertilizer dose and all other management factors being
the same) is shown in Table 1. It 1s very important that



serious attention is paid to the dissemination of

knowledze concerning the qualitative aspects of input
use so that, on the cne hand, the farmer can get the

maximum return from his investment on inputs and on the

other, the country can reap the maximun harvest possible
with the existing resources of fertiliser and water.
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Tne High Yielding Varietics Programme envisages the("
\intenaive cultivation of 32.5 nillion acres, using fertilizer -

C erndur(eA

\s" / responsive varictics or hybrids of rice, wheat, hybrid maize,

gowitr and bajra in 12.5, 8, 4, 4 and 4 nillion acres resvectively.
-The reconmnended doses of nitrogen for these crops are 100, 100, 80

and 40 lb. N per acre or 112, 112, 90, 90 and 45 ke. N per *ectare.

A supply of 1.29 million tonnes cf N, in addition to suitable

quantities of P and K, has been earnarked for the prograrme with

sur

an expectation of 25.5 nillion tonnes of additional food-greins.
erhyor ryrn

n. the results on the responseg to Wiitrogen of cyert wheat

and hybrids of maize, jovar and be [ra boeed—en—the—wesultsaetUAL
ordinated trials carried out'with the pazticipation

of tne Indian~
Oba fe Reearc A, “Tt.wife [beads

Agricultural esearch Institute —reviered—in-in_the-earlter” —weDrs ye Satna , Gabe, TB by ana Wes GAA SY
“fais tana le reine SE The anpat toh results

is given _belov:. lie. CQ
A. vamp cla Ct Ube

(1) Data - The response to nitrogen for the Indian varicties

of wheat were available from fertilizer experinents carried out at

the I.A.R.I. fron 1946-47 onvards., Data for the Mexican varicties,
Sonora 63, Sonora 64 anéd Lerna Rojo, along with the Punjab variety
C.306, were available fron co-ordinated exveriments during 1964-65

and 1965-66, carried out at 41 centres in the country with doses of

nitrogen ranging fron 0 to 290 lb. W/acre.

(2) The response function for N.P. varieties of vheat, based

on experiments at the I.a.2.1., was found to be quite sinilar to that

obtained by the I.A.2%.I., for the indigenous varieties of wheat basec

on trials in farner's ficlds.
|

(3) In the co-ordinated trials during 1964-65, N.?.876 was

found to be slightly superior to N.P.887 but showed lover response.f
than the liexican varicties.

(4) The profit naxinizing (optimal) levels of nitrogen
showed wide variation fron State to State and variety to variety.

Conte cede
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(5) The dvacf varicties Sonora 63, Sonora 64, Lerne wie and

the Incian vericty ©.306 srovee tho highest resnonse in Zone 1

(Punjab, Uerey
Deans

and Rajstnan) followed by Zone 3 (Bihar ane
tL pra

st Bengnl). For amy variety
the averrge resnonses in

Zones ‘rere much lover.

(6) In Zone i and for the average over O11 Zenes, the

highest yields are given by Lorna folloved by Sonera 64,

Sonora 63 and C.306.

(7) «#t current prices and using the averaee respense function

over all Zones, the optinal dose of nitrogen for the three cearf

varicties found to lie betreen 120-125 ke. I! per reetare. The

correspending values for ©.396 anc for the indigenous v2ricties in

cultivatcrs' fields vere 91 anc 51 kg. I! per heetare respectively.

(8) In the Agronony trials during 1965-66, the dvarf véerie-

ties Sonora 64 and Lerma tojo snoved significantly higher restonse

with 6 instead of 4 ircic¢aticons at tro centres. C. 306 suffered cue

te lodging at one of these centres. The interaction of irzigeticn
vith nitrogen levels vas, hovever, not significrnt.

(9) Anong 211 the varicties studicd, Sonora 64 gave tre

highest response tc N in terns cf adcitioneal preduction ovef no

nitrogen application.
(10) The Uational wheat demonstrations in varicus Ststcs of

Ta doe
tre

Union gave anple testinony te the high yicld potential cf tae

avart cheats. Tee piendsh-yiele of 68 g/ha was obtained at Delni

vith $-227 in a 1 hectare plotdunw4 rodin 1Fés= bE

(11) An allotnent of 90.36 tonnes of HU, at tae rate

of 112 Ike il/he over an area of 3,2 million hoctares has been mace

in tie progrerne for the dvarf vhonts. This will account fer an

additional production due to nitrogen of 4.7 rillion tonnes of wheat

erain. & pore efficient utilizetion atlaone supply of nitrogen can,

nerrever, be nace by reallceating it between the icexican and Indian

varieties of vheat, over tie entire irriratcd area ef 6,4 niliion

Contdases Se
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hectares, at tee rete of About 80 anc 32 ke. N per heetare for the

evarf and tell ~aests resseectively. This account for %n addci-

tienal production te nitreren of 5.6 million tonnes and will also

ensure verietel diversity, essential for avoiding the outkrech of

disefse epidenics. >

SUA ACS Loewy
(12) Tho above Wéetien is bascd on the resnonseg to

v{= 5 oN,ea
BA Bras Conde fed is

nitrogen in Indian varictics cultivators! ficidsfroh “dota.
It is net materially altered even on using the res»nonse functicn fer

the Indian varicty C.306, “as the output mexinising doses nov heecone

75 and 37 ke. I] per hectare

(13) The estimate of additicnal vroducticon due to nitrogen

based on the present data, concs ts about 1.2 tonnes per hectare

vhen an cotimal allcestion of the linitcd U supply is rade betreen

the dverf and Indian varieties. The fi¢ure of © tonne per acre

additional produecticn, cver existing varieties and fertilizer levols,

expected in the vrograrrme appeers to be difficult of attcinnent,

except under excellent nenarerent conditicns.

(14) The additional net returns duc to nitrogen applicrticn
arc the highest vith Sonora 64, Theso arc gbout trice es large as

those obtainable vith Indian vAaricties et their rosncetive eeoncric

optirmun levels. dared lot
(15) Me to the import of 18,050 tonnes %f seads from liexiengN

sceeas cf the G@varf verictics vill not be a liriting facter in extcn-

ding their cultivation tc the entire irrigated wheat ares ron next

yenr. The quantity of nitrerenous fertilizers *lloented te whent in

the progrernite vill, under this situntion, be oxtrenely inadequate tc

exploit their full ;enetic potential.

B. MAIZE

LX A TWdua

(17, Yeopense
to nitropon fxee experinents undor the /So-

}

erdinnted Irprovenent Scherc, eoncuctcc far—-ence—te--three—yoars—

at varicus loesticns in the country curing 1964 tc 1963, neking up ©

Lamas & Keetetal of 17 trials, Beve-been-sum™ariseds The levels of nitrogen

Contieep ete.
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tricd vere 9, 45, 90, 135, 180 kgs N per hectare and the hybrids

included in the were U.S.i13, Ganga 101 end Deccan “ytrid
Makka,

(2) The maize crop in generel and hybrid maize inparticuler
gave jvery high response to nitrogen fertilization, especially in

br
:

Po pecreSeand vv Abd
Zone 1 (Foot-hillsof Ninalayns) and Zone IV (Southern zone), At

45 kg. N/ha, the response in the hybrid varicd fron 15 to 37 xg cf

grain per kg of nitrogen. ‘tesponses in the hybrids were higher tran

these in the lecfls at all levels of fertilizer Application.
(3) The econonic optirun levels, in different zones, rengec

from about 150 to 250 kg N/ha for the hybrids and from about 125 to

170 kg N/ha for the lecal varicties. ‘The corresponding doses, brsed

on the avertge over all zones, were about 20% kg H/ha for the hybrid
and 140 ke N/ha for the local varicties.

(4) The net profits due to nitrogen, applied at the ontinel

rates, rangec fror ks.609 to 1190 per hectare in the hybric and fs.39°

ts 800 in the lecal varieties. The hybrids thus responced profitcboly
to a level of nitrogen abcut 50% highcr than the locel verictics,
bringing 4 net return fron investnent in fertilizer which is about

50 to 100 per cent higher.
(5) At their respective ovtinun levels of nitrogen cpzlicetion,

the hybrids gave about 50% higher yicld than the icenl varictics in

All zones. This result is 4lso supnorted by the naticnvidce hybric-
maize denonstrations Curing ¥ebi 1963-64 and kharif 1964-65.

(6) Application of 99 ke N/ha to hybrid maizo, as onvisaged
under the official plan, appears to be too conservative, ag it vould

cut Gown the profits tc nearly 70% of the value obtainable under

optinal conditions,

(7) Using the average respense function and uncer optinel
nitrogen application, the expeetod yiclds for the local and hybric
varieties are about 35 and 51 quintals ner hectare leading to an

additional production of about 16 g/ha of maize grain.

Contd. ceed



(8) 4 Lint tea supply cf chonical fertilizers could be

‘considered ees the. nost inportant factor: riniting the yicla potontial

‘ot. themaize hybrids; tho profits of the:-fdrners and the Fete
cf -

"

growth in ‘maize.orodietion in the countfys
“og, sorewt Town)

|

(1) The response to nitrogen £&r hybrid Jownr CSE=ty in

trials eonducted at 8 locations during kharif 1965-66, have been

analysed. The levels of nitroren applicd ranged fron % to 200 keg

t/ha.
(2) The yield and resvense to fertilizer in the hybrid as

conpared to the lecal 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 wero nuch higher thanthe local. On an
Bvornge over

—*nese~

ceentTeg,. the linear response in the hybrid wes ‘about 2.5 tines larger

then the local. The highest yiold nf about 50 quintals per hoetare,:

using 200 keg N/ha, yas obtained with’ the hybrid at Siruguppe (liysore).

(4) In the tro centres of poor adaptation, pocr stones of the

hybrid and lenger duration of neturity of the lneals appear tc be

responsible for the failure the hybrids. It has net beon poss ible

te successfully comparc these hybrids the lee?ls in the lene

duration tracts of Maharashtra and Hiandhya Fradesh,-

(5) The response in kgs grain per ke Ny anplied at tac rote

ef 209 kg N/ha, was 7.8 ke in the: hybric .as corparee tc 5,9 in the

leeals in the areas of adaptation. The responses were nuch lewcr in

the tro centres of poor adantation,

(6) “ith three plant ponul*ticn levels “t Dharwir centre, the

responses to nitrogen in the hybrid were highor than the loenl in all

The highest rate of response "8s well as the best yicld@ were

cbtained with a plant populticn level cf -136,000 plents/ha or 6"

between plants,
Contes s4¢s6e-



(7) On an avorage, the te the hybrid in the

interval 50-109 ke N/ha ves higher than that of locel in the

interval 0-50 kg N/ha.

(8; The ceononic optirmn nitrogen dose for the hybrid, in

the adapted rogion, was feund to be 135 ike H/na. It correspends te

an ad@itionnl grein production duc to nitrogen of abcut 15.2 g/he.

The dose of 90 kg W/he envisaged in the progrsrnne appears to be

quite ecnservaitive as it vould reduce the production (anc profits)

of the individual farners by about 20%

D. OM.U MILLST ( Ihara )
(1) The response to nitrogen f>r the hybrid bajra =.B.1,

in trials conductec at 7 leeatirns during EKharif 1965-66, nese besr

extnined. The levels cf nitrogen ranged fron 0 to 160 ke NM per

heetarc,

(2) The responses te nitrogen in the hybrid vere higher thar

the loeal except at tvo lceaticns., On an averago, the linear response

in thebtytrid vas about 1.7 timos larger than the lcesl.

(3) The highest yield of about 60 s/ha vith the hybrid vas

obtained at Fateunbad (U.P.

(4) The increase in grain svtput por ug cf nitrogen, applicd

at the rate of 160 ke ll/ha, was 8.4 kg in the hybrid as comparcad to

4.3 in the lcenls.

(5) On an average, the response of the hybrid in the

intervals 49-89 kg N/he ens higher thar tint of the in the

interv’el 0-40 ke N/ha.

(6) The ecenonie optimum nitrogen doso for the hybric was

found to be about i60 ke /ha. This corresnonds to an accitionnrl

erain procuction duc to nitroroncf akeut 13.3 q/ha. The dose of

45 ke N/ha envissred in
inelfnroe

are for this croo annears te be

\

very lov and would reduce the response (and profits) duc to nitregen

by abcut 60 per cent,

Contec. se ole
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CONCLUSIONS

The foregoing survey suggests toat to renlise the full

yicld potential »f the hybrics of mize, jovar and bujre ss vell

as of dwarf wheats, fortilizer doses much hirhor than what is

pessible with tne availablic quantities arc neede*t, Se icng as

the total availability of fertilizer rencins linited, it is

inportant that different deses *re recommended for dificrent

areas, based on the yicid nossibilitics. For example, sunjab and
Awd Ra qesfha-

narts of
U.Py are cline ticrlly nore favourable for higher wheat

yield than Bihor or ceharashtrs. i nore scientifically based

allocation pattern is hence nocessary to maximize output fron the

existing fertilizer rescurce. Also, it is essential that in crops

like rheat, suitable elloentions are made for the dverf and tall

varictics, Bn as to got the best out of beth and to maintain a

degree of vairictal diversity necessary for nvoicing the large seale

outbreak of any particular disesse. Finally the great role that

manogenent factors such as time of application of water and plant

donsity play in determining the fortilizer response functicn needs
ts t
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