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I NSTITUTE OF AGRICULTURAL RESEARCH STATI STICS 
( l. C. A. R . ) 

LIBRARY AVENUE, NEW DELHI-12. 

ANNUAL REPORT FOR 1969 

l.. 

INTRODUCTION 

The In stitute of Agricultmal Research Statistics is the premier ins titute for 

research and tra ining in agricultural a nd an imal husbandry stat istics in the country. 

It ceals with research methodology for the improvement of techniques in agricul ­
tural and an irnal ex peri me -, tation and sam pling ill\·estiga tions. I t a lso carries out 

rescarch proj ec ts to demonstrate the feasibility of the techniques and to cleye]op the 

m e thodology for eya ]ua ting the progress and impac t of important cle\'elopment 

programmes. I t pro,·icles advisory sNvice and training in ag ricultural sta tisti cs , 
both to ag ricultural and an imal husba ndry research " ·orkers a nd professional 

sta tisticians . 

The I nstitute of Agricultural Research St a tistics has achieved international 

recognition cl ue to high quality of research wo1 k and tra ining. T his ca n be judged 

from the fact t ha t severa l research workers from this I nstitute haye scr\'ed as 
consultants and ad\'isers in several Asian, African a nd Latin Amer ican countries. 
Several statisticians and tra inees of' th is I nsti tu te are currently occupying high 

positions in the Universities and other research institutio ns or U . S. A. , C a nada 

etc. 

The I nstitute m ade a modest beginnin g in 1930 as a statistical sec ti on o f the 
I ndian Council of Agricul tural R esea rch with one statisticia n and a limited ~tafr 

The principa l func tion of the sta tistician was to assist agricultura l o ffi cers in , ·ariom 

states in planning experimen b and in analysing data and interpre ting th e nsul ts . 

H e " ·as a lso responsible for scrn tiny o f t he technical prog rammes and progress 

repor ts of research schemes of the Council. The ac 1ivities of the sta ti <>t ical sec tion 

entered a new phase towards the end of 194) when , at the instance of th e Govern­
ment of Tn cl ia r esearch was initiated for cleycloping object ive and rel ia bl e methods 

of collec ting yield sta tistics of p rincipal food crops. This led to the dc,·elopmPnt 

of the nop cutting survey tech nique which has since been adopted by almost a ll 

the sta t e~ in the country fo r estimat ing agricultura l produc tion . ] n the course of 

this work the sta tistical sec tion hac! to undertake research in sampling theo ry and 

to tra in a large number of sta ti sticians and field staff running int o thousands. \Vith 
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the increasi, ,g ac tivities the 'S ta tistical vVing ' , as it carne to be cal led, was reorga­

nized into two uni ts deal ing with statistical applica tions to agricultural research and 

an imal h usband ry research . The organ ization was headed hy the Statis ti ca l 

Ad viser to the Counci l. 

In 1945 the Counc il insti tuted regula r post-g raduate t ra in ing courses bo th 

fo r Professio na l Statis ticians wishing to specia lize in agricultu ra l sta tistics a nd for 

agricultural and animal I!Usbandry r esearrh wo1·kers, desirous of acquiring knoll'­

ledge or simple stat istical methods required most often in their work. Although 

t<:aching and research was integrated, a smal l training unit consisting of who le time 
Professors, Assistant Profes~ors and Demonstrators \\·as constituted to be specially 
responsible for organising the va1·ious courses. The I nsti t11te soo n acquired inter­

nationa l recognitiOn as a train ing a nd research institu te in the field of agricu ltura l 

stat ist ics and was responsible for t raining foreign students and orga nizing sem inars 

for the Food and Agricu ltural O rganisa tion of the United ~at ions. 

Valuable contriuutions have been made b y the ' Sta tistical Wing', to the 
problem of improvement of c rop acreage and production statis tics . Sampling 
techniques were developed fo r securing objective and r eliable estima tes ofmarine 

fish catch and of livestock n umb':!rs. By the end of 1952 the c rop cutting surveys 

for the estimation of principal food c rops were extended to prac tically the whole 

coun try. I n J anuary, 1953, accord ing to the decision of the Governmen t of I nd ia 

the wo rk of the large scale sample surveys o n food crops and a few o ther surveys 

was t ransferred from the I. C . A. R. to the Directorate o f N a tional Sample Survey 

in the Min is try o f Finance. 

In 1952 two F . A . 0. experts, D r. Frank Yates, Chief S ta tisticia n , R otham­

stead Experimen ta l Sta tio n and D r. D. J . Finney of Oxford University, were assig n­

ed to the Government of Ind ia to review the research and trai ning ac tivities of 

the 'Sta tistical Wing ' and to advise t hem on its development. On their advice the 

ac tiYities o f the 'Statistical \!Ving ' were expanded in many d irec tio ns . 

The organiza tion moved into its p resent campus in August 1955. Tile 

campus provides facilities of a lib,ary, c lass-rooms a nd an audi to rium besides office 

space for its technical and ministerial staff. A hostel with usual ameniti es and a 

playground are a lso provid ed for the tra inees. In v iew of its ro le as a tra ining ancl 
research organization the 'Statistica l \ Ving', was designated as the ' I nstitute of 
Agricul t u ra l Kesearch Sta tistics', in 1959. The mechanica l data processing unit 
was a lso aclcled to the Institute a t al)out this time. This has been 1·ecently expanded 

with the ad dition of a n I. B. M . 16 20 elec tronic computer and other rela ted eq uip­

m ent. These developments have enabled t he Institute to d isch a rge its fun ctions 

more efficiently. 

•, 

J. 
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I . 1 Organizational structure of the Institute. 

Pending completion of the reorga nization of the I. C .A.R. the Institute was 

not organised in to appropriate divisions and sections. The Institute was headed by 

the S tatistical Adviser till July, 1969 and thereafter hy t he Director. The head of 

the Institute was assisted by two Deputy S tatistical Advise rs*, one Senior Professor, 

13 Senior Sta tisticians * and Professors, 24 Statistic ians• and Assistant Professors, 

27 Statistical I nvestigators, 64· Statistical Assistants and 57 Senior C omputers. In · 

a ddition there were (i) fi eld staff consisting of 3 field officers, 7 I nspec tors a nd 72 

Supervisors and Enumerators for collection of data in pilot studies, and (ii) a 

mechanical data processing unit h eaded by an officer on Specia l Duty , and includ­

ing two Programmers, 1 l'vlechanical Tabulation O ffice r, 2 Electron ic Corr.puter 

Operators, 3 11achine Opera tors, 3 Supervisors and about 50 K ey Puncl1 
Operators, for· m echanica l processing of data. 

The work is being organized broadly in to five divisions with suitable statisti­

cal staff:-

1. S tatistical research in agricultural scien ces. 

2 . Statist ical research in animal sciences. 

3. Sample survey investiga tions. 
4. Basic research and training; and 

5. .1\tlechanical and electronic processing of data. 

The library of the Institu te was managed by an Assistant L ibraria n and a 

lower division c lerk. 

The administrative sections of the InstiLUte were headed by an Administra­

tive Officer. He was assisted by a n Assistant Administra tive Officer and three 

Section Officers, a Junior Accounts Officer and other ministerial staff. 

1 .2 D istinguished visitors and seminars. 

Seminars based on topics of current research conduc ted by officers and 

students of the Institute formed as usual an essentia l part of the 

activities of the I nstitute. ln a ll 25 seminars were delivered in t he year. D r. 

R. R. Bahadur, Professor of Statistics, Chicago Univer sity, U. S. A., Dr. J. :::i. 

Rustagi, Professor of .Ma thematics, O hio State University, U. S .A., Dr. 1\ 1. S. 

K.hamis of F. A . 0., Dr. J. N . K.. K ao, Professor of Statistics, University of TPxas, 

U.S . A., a nd Professor .P.S.R.S. R ao, University of R oches tor, 1\'ew York, U .S.A., 

visited the l nsti.tute and delivered lectUI es on topic::; of current research. 

• The designa tions : Deputy Statistical Adviser, Seniu Stat isticiJn and Statistician were 
thanged to Senior Statistician, Statisticia n and J unior Statistician respectively from 
Septemter, 1969 to ensure uniformi ty in designat ions wit h the scientists working in va ri ous 
inst it utes o f I. C . A. R. 
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Trainees of various courses conducted by the Cent ra l S ta tistical Organisation 

visited the Institute a number of time~ in Ji!Terent batch.es for spec ialised training 

in Ag ri cu ltural Statistics a nd Sampling T ech niques. Besides studen ts from Depart­

ment o f Sta tis tics , Andhra Universi ty, \ Valtair; Government Ag1 iculture College, 

Jammu; & Gujara t Coll tge of Ve terinary Science a nd Anima l I-Iu sbandry visited 

the Inst itute. 

1.3 ReseaYG!t collabaration with other institutrs, universities colleges , fJnd other institutions 

at national level. 

The Institute colla borated \\ i th the Agronomy a nd Soil Science and ,\ gri­

cultura l Chemistr y DiYisions of th e Indian Agricult ural R esearch Institu te in 

stat ist ical a nal ysis, summarisation of data and reporting of r rs ults under the All 

India Coord inated AgricultHral Experime nts Scheme of the I. C. A. R . The 

Institute also collaborated with the Soil Science a nd Agricul tmal Chemistry 

Division of JAR l in planning a nd designing of experiments under the soil test­

c rops-response schem e. 

The Institute carried ottt a pilot survey for estima ting a rea of g razing land 

ancl its util izat ion in collaboratio n wi th the India n G1·assland and Fodder R rsca rch 

I nstitute, Jha nsi. The IGFRI imparted training to the field staff in idC'ntifying 

g rasses and in the analysis of g rass samples for their chemical com position, for \\·hich 

staff \\·as pro\·icled a t Jhansi under t he scheme. T he Statist ician at I GFRI was 

one of the projec t a ssociates. 

~lost o f the sample surveys initia ted by t he I nst itute were carried out 

throug h the administrative con trol of the state government s. 

1.4 Fellowships and studenlships. 

Dur ing the year , I 7 fellowships were awarded to studen ts study ing at the 

I nstitute in various courses and 11 fellowships to post-grad uate studen ts we1e 

continued. Fi\'e foreign students completed thei r train ing. 

1.5 .-ldva need training. 

D r. P. Narain , Assista nt Pro fesso r of Statistics \\·ho spent about two years in 

U . K. , during 1967-69 was awarded the degree of D octor of Philosoph y 

by the Un iversity of E dinb u rgh, U.K. 

Shri J . P . J a in, Sta tistician, spent abou t one a nd half a year in U. S. A. 

dur ing 1968-6G and was a warded a Master o f Science degree by the V niversity of 

Missouri, U. S . A. 



2. 

STATISTICAl, RESEARCH IN AGRICULTURAL SCIENCES 

The programme of stat istical research in agricultura l sciences at the Ins ti tute 

was con tinued during the year under repor t. The main i tems of research included 

in the programme were (i) Planning of experiments, sta tistical analysis and sum­
marisa tion of data collected under the All-India co-ordinated agronomic experi­

ments scheme, (ii) Evaluation of yardsticks of additional production, (iii) Analysis 

o r experi ments and preparation of compendia of National index of field experiments, 

(iv) Economic ana lysis of data or manurial expe1·iments conducted on gram a nd 

arltar, (Y) S tandardisa tion of horticultural experiments, (vi) Pilot study of pre­

harvest Jorecasting of yield of jute crop, and (vii) Assessment of incidence of pests 

and cl isea>es. 

~ .l P Ianning nf experiments, statistical analysis and summariza lion of data collected 

under the A ll-lndia co-ordinated agronomic exjJeriments scheme. 

The All-India co-ordinated agronomic experiments scheme \\·as started 

during the Second Five Year Plan in collaboration with the I. A.R.I. and different 

states in the country a nd continued during th e Third Five Year Pla n. I t consists 

oft wo parts :-

(i) Sim ple fertilizer trials on cultivators' fi elds, a nd 

(ii) M oclcl agronomic experiments at research centres. 

U pto l 966-G 7, the experiments "·ere conducted mostly with th e indigenous 

varieties of cereals and a few cash a nd oil seed crops. However, w ith the advent 
o f high yielding yariet ies, the technical programme of the scheme was reviewed in 

1967-68 a nd m odi fied to take up the study of responses of the newly developed 

varieties of cereals to fertilizers and other improved agricultural practices. The 

data collected during 196 7- 68 were processed a nd summarized and the main 

results \\·ere reported in the annual report for 1963. 

The results obta ined du1 ing 1967-68 were re\·iewed at t he a nnual " ·orkshop 

of the scheme held in O ctober, with :1 view to : - · 

(a) finding out how far the objectives uf the scheme had been achieved, and 

(b) locating gaps and lacuna on w hich new/further information need be 

collected. 

In the technical programme for 1 !)69-70, therefore, an experiment to obtain 
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information on intensi,·e cropping to m aximize production per un it a rea per unit 
time was a lso included . Funher, since n10re than 3/4rh of the cultivated a rea in 

the country is still un-irrigated, a study of responses of crops in cl r r b rming areas 
to applicat ion of fenil izers as well as effect of different agronomic prac tices on their 

yields was a lso included in the programme. The trials in the dry fa rmi ng a reas 
arc proposed to be conducted with e ffect fro m kharif 1970-71 on wards. 

The dcta ils of work under the two pa r ts of the programme a rc 6iven bcJo ,,·:-

2 .I ( i) Simple j e1 tilizer I rials on cu.ltivator s' fields . 

The m <1 in obj eeti,·es of these tria ls 1vere :-

(i) T o determ ine the response of high yield ing a nd indigenous varieties of 

cerea ls to nitrogen a nd phosphor us a lone and in combination a nd to 

potassium over nitrogen a nd phosphorus. 

(ii) To correla te the c rop responses to fer! ilizers with soil test ,·a lues, and 

(iii ) T o p re pare ferti lizer schedules for different agro-climatic regions o f the 

country. 

The trials on high yielding va rieties of cereals were conducted in 30 districts 

while trials with in digenous va rieties of cereals a nd cash a nd oilseed crops ,,·ere 

taken up in 60 districts. D a ta of about 7:?00 tria ls ,,·ere ana l y~ed and result s 

summarised . The importa nt findin gs a rc g iyen below :-

High yielding varieties of differen t cereals like IR-8(rice), S-227 (11·heat), 

CSH -1 (Jowar ), H B- l (Bajra) and some of the maize hybrids out-yielded the local 

varieties even 11·ithout the a pplication of fen il izers. The a ve ragc response of exol ic 
varieties of rice to 60 kg . N per hecta re exceeded that o f the local variet ies by abo11 t 

200 kg. per hectare. The va ri ety I R -S was also found super ior to other rice , ·;uie­

tics in so far as its response 11·as m ore consistent under varying soil a nd climatic 

conditions. I n the case of " ·hea t, the variety S-227(K a lyan SonaJ gave a response 

of a bout 1000 kg . per hectare to 6 ~) kg. N per hectare . An inc rease of about 40 to 

80 per cent in the response \\·as o bserved when the level o f ~itrogen 11·as doubled . 
For h ybrid maize, the response to 60 kg . N per hectare , ·aried fro m 300 to 600 kg . 

p er hectare. The response of t he local varieties o f maize was also of the same order. 
The bajra HB- I gaye a response o f about 510 kg. per hectare to the appl ica tion of 
120 kg . 1\fha in Aligarh district. There m1s no difference in the response of 

the hy bricl and locally improved varieties. 

Applicat ion of phosphorus sh owed a good response on reel a nd yello w soil of 
H a ipur, coastal a lluv ia l soil of Thanja vur and medium black so il o f Coimba tore. 

IR-tl a s wel l as the oth er locally improved variet ies showed a response varying from 
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600 to !JOO kg. pC'r hectare to 30 kg P20 ;; per. hectare . For " ·heat the response to 
:il) kg. PzO.; per h ectare varied bet "·een 300 to 550 kg per hectare. The r esponses 

of OLher crop variet ies to phosphorus \\·ere m oderate. 

Potassium sho\\·ed bette r response " ·ben it was appl icc! in th e presence of 
nitrogen and phosphorus in most of the d istricts. The hig hest response of 

a lJuut 1000 kg. pe r hectare was obtained to 30 kg. K 20 per hectare ,,·ith rice 

yariety T:\ - 1 in Shahabad district. For other cereals, the responses to potash ,,·ere 

moderate. 

2.1 (ii) .Hodel agronomic exper;ments at research centres . 

The main objective o f th ese experiments are :-

(i) T o study t he responses of hig h yielding varieties of cereals to nitrogen, 

phosphorus and potash applied a lone and in com!Jina tion, 

(ii ) To study the effect of improYcd ag ronomic y>ractices on crop yields, 

(iii ) T o study long term effects of fe rtilizers and organic manures, 

(iv) T o study the relative effi ciency o f different sources o f nitrogen and 

phosphorus, a nd 

(v) To determine maximum intensity of cropping possible in differen t agro­
climatic co nditions. 

During the year under r eport data of 366 experiments conclurtcd during 

1968-69 a t 44 centres o n the hig h yielding varieties of cereals \\·ere a nalysed a nd 
summarized a nd the a nnual rcporL was presented at the annual \\·orkshop of the 

scheme held during O ctober, 1969. The m ::t in results are as follows :-

The highes t yield of 3074 kg . per h ectare \\·as obtained " ·hen irrigation \\·as 

applied at 70 per cent of the available soil moisture a t L udhiana . D elay in 
irrigation dec reased the yields. 

R egarding the varietal comparisons, it \\·as observed tha t the hig h yielding 

yaricties,'exot ic varieties of the cereals genera lly performed better than the locall y 

improved va rieties at almost a ll the centres. The respouse to the application o f 

nitrogen was a lmost universal and genera ll y varied from 500 to 2000 kg . per hecta re 

at 60 kg . N pe r hectare, both fur rice and wheat crops. At the higher level of 120 
kg . N per h ectare, the addit ional response ,·aried from 300 to 800 kg . per hectare fot· 

rice and ftom 500 to 1500 kg . per hectarr fo r whrat. For the other th ree crops vi;:;. 

maize. jowar and bajra the respo nse to ni trogen was also good a It houg h lower than 

that of the r ice and wheat crops. 

The response to phosphorus \\·as observed at seven cen tres on rice crop, the 

highest being 2100 kg. per hectare at 60 kg . P20 5 per hectare on the a lluvia l, mixed 
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r eel, and black so ils at Purafarm and Kuthulia fa rm. On " ·heat, phosphont5 

showed good response at almost a ll the centres. 

Beneficial e ffect of potassium application on rice, wheat a nd ma ize was 

observed at a few cen t res, the response being only moderate. On the other crops 

the response to potassium was generally absen t. Applicat ion o f micronutricn ts , 
m anganesl', boron and molylxlenum on rice crop showed a good r esponse of the 

order of 850 to JOOO kg . per hectare at Kathulia farm. 

or the differen t wccdiciclcs tried, T ok E-25 at 1 litre a. i/ha after SO\\·ing in 

the case of direct seeded rice under upla nd condi tions a nd Stam F-3.f at 1-2 a . e .fha 

in th e case o f transplanted low-land rice were found to be cffccti\·c in con troll ing the 
" ·ceds. 

For irrigated wheat, a seed rate of 100 kg. per hectare gave the best yield for 

optimum elate o f so"·ing . 

Sim az ine at 2 kg. per h ectare (50% \VP) applied o ne day a fte r S0\1·ing \1·as 

found to be effective in controlling the weeds. 

In the multiple croppin g experiments, a production of 14.3 tonnes per hec­

tare o f grains was obtained with the rotation maize-wheat-cha na at Pant Nao·a r b 

and rice-rice-rice at Tirupa ti . 

Pooled analysis of experiment no 1 o n w heat a nd nos. 4,5a, and l 0 on rice and 

wheat crops \\·as completed and the summa rised results \l·erc presented at the third 

annual workshop of the scheme. In a dditio n, data of experiment no 5 where also 

summarised a nd report prepared. Compila tion of data of remain ing experiment> 

excepting the long term experiments \1·as taken up. 

The third a nnual workshop of the Ail-Ind ia co-ord inated agronomic experi­

m en ts sch eme was b elcl during 28t h O ctober to l st November, 19G9 at Pan t agar. 

The annual reports summarising the results of experiments concluctccl at research 

cen tres and simple fertilize r tra ils under the high yield ing va riety programm e as 
well as u nder the existing programme were prepared and presented at the \l·orkshop. 
In the light o f the results obtain ed, the technical programme of the ~cheme wa> 

r eview ed and revised. 

2 .2 Evaluation of J1ardstick of additio11al jnodudion . 

Several improvement m easures a rc suggested to step up agricultura l procluc-
' tion. In 01·clcr to assess the addit iona l production accuring from such deYelopmental 

m easures, a knowledge of the average response to the imprO\·ement m easure(s) or 

yardstick is n cccssa ry. 

During th e year 1969- 70, cvalut ion of the yardsticks of add itional product ion 

from the usc of nitrogen, phosphorus a nd potash on \·cgetablc and fruit c rops and 

\ • 
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exoticfd\\'arfthybricl varieties of rice, wheat, m aize,jowar and bajra from the data 
of experim en ts conducted on cultivato rs ' fi elds was undertaken. D ata of a bout 350 

exper im ents conducted at resea rc h stations on vegetable a nd fruit crops were collect­

eel. D a ta of about 3200 expe r iments conducted on Cll ltiva tors' fi elJs on the 

rr~ronse to nitrogen, p hospho1 us and potash on h igh yielding va r ieties were a lso 

collected a nd ana lysed. Summ a rization of results is now in prog ress. Some of the 

m a in results obtained a rc as follows:-

Var iety-wise a nalysis of the data showed that the yardst icks of additional 

production from the usc of n itrogen in tonnes per tonne of N evaluated a t a close 

of 60 kg . ::\1ha were J 1 .2 for TR-8, I 1.5 for T::\- 1, 9 .4 for locally improved va rieties 
a nd 8 .0 for local va1ieties of rice in kharifseason. At a close of 120 kg ~tha, the 

ya rdsticks of additional production were about 1.5 tonncs less. Tile corresponding 
yardst icks in rabi season "'·ere less by about a tonne for I R -8 half a tonne for locally 

improved varieties. T he yardsticks of addi tional prod uction in tonncs per tonne of 

P20., evaluated at 30 kg P20:,(ha ever 6tl kg N jba were 13.::! for I R-8, 8 .0 for TN-I , 

10 .5 fo r local imp roved var ieties and 6.8 for local varieties in kharijscason and 10. ' 
for I R -8, 16 .1 for T N-I a nd 10.8 for l ocal impro::cd varieties. The yardsticks of 

a ddit iona l product ion in tonnes per ton ne of K 20 evalua ted at 30 kg K20/ha over 

120 kg N / ha a nd 60 kg P20 :>fha were 5 .7 for I R -8, 9.9 for TN-I, 6. 1 for local im ­

proved varieties and 6.5 fo r local varieties in klzarifseasons a nd 13.5 for I R-8, 14.3 

for TN-1 and 8 .8 for local improved varie ties in rabi season. 

2.3 National index oJJield experiments. 

W ith a vic,,· to mainta ining a t a cen tral place the results of a ll the agricul­

tural fi e ld experiments can icc! out at research stations a ll o,·er the country, the 

schem e of na t iona l index of field exper iments \\·as sta rted by I. C. A. R . in 1955. 
The ma in objectives of thi s scheme arc (i) to collect the data o f a ll fi eld experiments 

other than purely va rieta l tria ls a nd (ii) to p rin t the compendia of these experiments 

pe riod ically for the benefit of agricultural research workers. 

The data of about 9600 experiments conduc ted during the period 1 9Gl'-o5 

\\·e re collected upto the year 1968-69. During the year 1969-70, the data of 2572 

more experimf'nts conducted dming the period 1960-65 were collected a nd scrutini­

sed. The results of all experiments conducted over a number of years ::nd places 

\\·et e pooled tcgct lwr fo r t he States of Gujara t, M adras, Orissa a nd Kr1 a la. 

I n connection 1\"i th the combination of results of e~perimcnts it was observed 

tha t the existing literature on the g rouping of result s of similar experiments conduct­

ed in tjme or and space d ocs not fully solve a num ber of problems; particularly in 

the case o.f experiments in volvin g several fa ctors. I nvestigations a re being carried 
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out to tackle these problems and some usefu l results have been olJtainccl. 

2.4 Economic analysis nf data of 111anurial exjJeriments conduc ted on gram and arhar. 

A large number of experiments have been conducLCd at various agricultu ra l 

research stations as well as on culLivators' fields to study the effec t of application o f 

P20~ on various pulse crops . T he resu l ts of these experiment s have been reported 

in the two series of the Na tional index of fi eld experiments per ta ining to the periods 

1948-53 and 195-1 -59. T he experiments conducted during the period 1960-65 are 

b eing consolidated in the third series of the compendium. Besides, rcsul ts of the 

t ria ls conducted on cultivators' fields a rc available in various reports of the All 

I nd ia co-ordinated model agronomic p roj ect. 

It "·as felt necessary to study the response of pulses to the application of 

P20 ;; in order to a rri\·c at the optimum P~05 requirement s of these crops in di ffer­

ent states. For this purpose, the results of a bout 400 experimen ts conducted d u ring 

the years 1948-65 on Bengal gram have been extracted from the volumes of the 

National i ndcx of field experiments . The results of some m ore experiments con­

ducted during the period 19S0-65 a rc a lso likely t o be ava ilable for consolidat ion 

and their data a rc being extrac ted . Also the resul ts of about 380 tri a ls conducted 

on culL iva tors' field cl u ring the period !96 l -63 have been extracted from the r eports 

of the co-ordina ted model agronomic project. Consolicla ti0n of the results of these 

ex pet imcnt is in prog ress. 

2.5 Standardisation of horticultural exjJeriments. 

As a part of a long term project of standardisa tion of h orticul tura l cxpcri­

m cm s, ana lysis of uniformity tria l da ta collcctccl from commercia l orchards o f 

o range in Nagpur (1968) was clone. The relation between plot size and the 

variabi lity \1·as studied using a suita b le mathematical model. The data collected 

in two more years arc being analysed on the sam.c lines. 

2.6 Pi lot study on pre-harvest fo recast ing of y ield of jute crop. 

The object of the study is to develop a methodology fo r pre-han·cst forecast­

ing of yield of jute crop on the basis of the biometrical observations such as plant 

density, height a nd g irth of plants taken at yarious stages of g r01n h of crop. 

The field sur vey work \ras carried ou t d uring the period J une-October, 1969 

in about 40U fields selected at random in four blocks CO\'cr ccl u nde r the specia l 

package prog ramme, taking one b lock each in the districts of l'viurshidabacl, Nadia, 

Burdwan and 24- Parganas (N ) of \ Vest Bengal. T he scrut iny of the da ta r eceived 

was in progress at the Institute. 
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2. 7 E stimation ({(inc idence of pests and diseases 

The object of the scheme was to evolve a suita ble m ethodology for estimation 

of incidence of pests and d iseases a nd assessm en t o f consequen t loss in yie ld o f crops. 

F ina l rep ort of the pilot-sam ple survey cond ucted for a pPriod of 4 year s 
from 196:3-64 to 1966-67 on paddy in W est Godavari district of Anclhra Pra desh 
and the consoJiclatecl report of the pilo t sample surveys conducted in three districts 

Cuttack, T hanjavur and \Vest Godavari on paddy crop during the period J 959-60 

to 1966-67 \\·ere prepared. The salien t features in b rief, of the consolidated r eport 
a rc g iven below :-

Am ong the m ajor pests a nd d iseases, Stem borer a nd H c lminthosporium were 

observed in all the three d istricts . Ga llfly, J assids, Rats, Blast a nd Bund a lso 
occurr ed as a m ajor pest and diseases in one d istrict or the other. Incidence of 

m ost of the pests a nd diseases vvas found to be m aximum d uring the ohservation 
recorded about a month before ha rvest. There was considc1 able variation in the 

incidence of a lmost a ll the pests a nd diseases over the year and the districts. 

The overall percentage losses clue to average incidence of a ll the maj or pests 

and diseases for varieties of different dura tion a rc g iven in T a ble I . 

The average avoidable loss overa ll the yea rs during Samba season in T hanja­

vur dist rict was of the order of 411 kg/ha with S.E. of 32 kgfha and the average 

a voidable Joss in W est G odavari district was found to be 76 kgfha a nd 204 kg/ha 

during kharif and rabi seasons respec tive ly with correspond ing standard error of 

27 kg/ha a nd 32 kg :ha. 

Th e expected net return (i. c. value of a ddition a l yield, Jess the cost o f spray­

ing on account of use of recommended p la n t protec tion measures) \\·or ked out to 

H s. 188 per hectare w ith S .E. of R s. 22 per hectare per Samba season in Thanjavur 

d ist rict a nd R s. 89 per hecta re \\·ith S.E . of R s. 23 per hectare per rabi season in 
W est Godavari di st rict. The a \·oidable loss d ur ing kharif season in W est G ocla,·a ri 

distr ict \\·as found to be uneconomical. 

T able 1. l ,vss in yield of paddy due /IJ incidence of jJests and diseases during different 
seasons in each district. 

D strict 

Cu t tack 

Thanjavur 

W. Godavari 

Seaso n an d Dural ion o f Ya net y 

Sarad (long duration Va riety) 
D a lua (short , ) 

(medi um ., , ) 
Kuruva i (sh ort ,, ) 

(med ium , , , ) 
Samba (l ong , J 
Thalad i ( ,, , ) 
Kh ari f ( , , , ) 
R abi ( medi um , , ) 

Percentage loss in y ield wit h S.E. 

13 00 
7. 13 

11.38 
4.39 
3.25 

10.46 
3.96 

10.57 
14.43 

(2 63) 
(6. 32 ) 
(5.72) 

( 1.0 3) 
(0.33) 
(1 65) 
(4. 15) 

(2.06) 
(2.95) 

-----------------------------------------
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STATlSTICAL RESEARCH IN ANIMAL SCIENCES 

The programme of sta tistical research in a nimal sciences carried out at the 
I nstitute during the year under report included critical examination of breeding 

data, sta ndardisa tion of techniques for measurement of sampling, a nd invest iga­

tions for d evelopment of techniques for the study of cost of production of live stock 

a nd poultry products. Studies were carried out on the compa rative performance 

o f indigenous cattle (Bengal type) a nd their graded proge ny with IIa riana bulls. 

The comparative performance of \ a rious grades of sheep obtained by c rossing 
Rampur Bushair ewes with exotic Polwarth rams was studied on the basis of da ta 

from a scheme sponsored by the Council. The studies involving standardisation 

of techniques for measurement and sampling covered those carried out in regard 
to estima tion of sol ids-not-fat (S.N.F .) and temcrature correction charts for density 
for va rying fat pPrcentages. The work under the project for standardising the 
procedure of sampling fo1· assessing wool quality of a single fieece as well as tha t of 

fleeces from a g roup of sheep was continued during the period. The final repor ts 

on investigations can ied out for studying the cost o f produc tion of sheep and wool 
in Himach<ll Pradesh <~nd economics of raising cattl e and bttfTaloes in Hissar distri ct 

were prepared. Ivlethodologica l il1\·estigations fo r deyelopment of techniques for 

estimation o f availability and cost of product ion of milk, impact of mi!k supply 
schemes on r ural economy in milk collection areas and cost of p c; ultry and egg 

produc tion under comm ercia l management conditions were continued . A project 

for d eveloping necessary rrlethodology for building up a. suitable index of cost of 
production of milk wa5 initiated. The stud y concerning the developmcn t of sam p­
Iing techn ique for objectiYe estimation ofarca o f grazing land and its utilisa tion 

continued in Jhansi d istrict of Uttar Pradesh in close collabora tion with, ' I ndian 

Grassland & Fodder Re~earch Institu te,' Jhansi. The wo rk o n the preparation of 
Index of animal experiments was continued . 

Fundamenta l inves tiga tion s for stud ying the components of yariance and 

estimates of genetic correla tio ns be tween Yarious production and a ll ied charac teris­

tics and a lso the possibi l ity of working out appropria te indices for selection arc in 

prog ress with la rge bodies of data on herds of R eel Sindhi, Kankrej, Kangayam, 
Tha rparka r ar.d Gir. S tudies on feed-milk relationship \\'ere undertaken with data 
co llec terl from la rge-scale surveys wi th a view to working out economic optimum 

levels ofnut ricnts. Preliminary studies have been initiated for estimating morta-
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lity and fertility rates a mong cat tle and buffaloes with a view to constructing life 

tables for use in projecting bovine population. 

3.1 Study of comparative merits of selective breeding and grading up of local cattle : 

The Indian Council of Agricultural Research sponsored a co-ordinated 

scheme to be run a t various farms in the country for studying the comparative 

merits of improving indigenous cattle by selective b reeding and grading up with 
bulls of well · clefinecl breeds. At the request of the Counci l and in pursuance of the 

recommendations of the then Animal Breeding Commit tee, the data collected a t 

yarious centres were analysed at I.A.R.S. T he results obtained on Khariar (Orissa), 

Umbalachery (Tamil )Jadu) and Reel Purnea (Bihar) type of cattle were reported 
in the pr evious y(ars . During the year, the data on Benga l type of cattle were 

analysed. 

Graded cows were significa ntly superior to the progeny in selective breeding 

g roup in regard to milk yield, yield per day of lactation and yield per day of calving 

interval but , had on a n ave rage significantly longer firs t calving i nterval and 

higher age at first ca lving. The average first lac tation yield of g raded cows was 

554.6 kg. compared to 374.8 kg. for the progeny in selective breeding g roup. The 
average age a t first calving was about 50 months for g raded covvs compared to 
about 43 months for progeny in selective breeding group. \Vhi!e g raded cows 
yielded about half a k ilogram more of milk per d ay of lactation than the F1 progeny 

in selective breeding group, rhe add itional cost of feeding per day per cow in milk 

was about twenty paise during 190 1-64 and 1965-67 and thirty paise during 

l U6-!-.65. The cost of feeding in selective breeding group being 86 paise during 

l96 L-6J, 8-~ paise during 1965-67 and 8 1 pa ise during I 964-65. The cost of feeding 

a dry cow per day was 12 paise more during l 961 -C4 and 1965-67 and 24 paise 

more during 1964-65 in g rading up group than in selective breeding g roup. As 

a consequence, the feed cost per kg. of milk in grading up group was about 10 
paise less than the cost in selective breeding g roup during 1961-64 and of the same 
order during 1965-67 and about I 0 paise more during 1964-65. However the cost 

of feeding of young stock was more or Jess the sam e in both the groups. On a n 

ayerage, t\\·o services were required for a conception in the case of Bengal type 

bu lls as well as H ariana bulls. 

Graded calves were significantly heavier, weighing on an average about 

2.5 kg. more at birth than Bengal type calves of sim iliar sex. ~fale calves vveighed 

significantly more than female calves by about one kilogram. The average gain 

in weight in female calves at 18 months of age did not difTer among the first gene­

ration calves in the two g roups, whi le the second generation calves in g rading up 
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group were significantly heavier, \\·eighing about 8 kg. more compared to tho~e in 

selective breeding group. Morta lity rate did not differ in the two groups in the 

case of young stock of 6 months of age but, th e morta lity rate among 

graded femal e calves of one to three years of age was significantly higher than tha t 

among female calves in selec tive breeding g roup of the same age group. 

3.2 Statistical study of sheep breeding data : 

For assessing the comparative performance of various grades obtained by 

cross-breeding Rampur Bushair ewes with Polwarth rams, the data from 1962-68 

available in the I.C .A.R . scheme for I mprovement of Sheep and Wool on R egional 

Basis at the Central Sheep and Wool R esearch Station, Pashulok, Uttar Pradesh 

were analysed. The data pertained to annual greasy fleece weight of Rampur 

Bushair sheep and the ir cross-bred progeny and to various wool quality attributes 

of half-bred and three-fourth Polwarth ewes. Data on weight at birth, body 

weight at 16 weeks and at 1 ~ months of age, mortality and fertility were a lso 

studied. The salient r esults obtained a re reported in the following paragraphs : -

The differences between ha lf-bred and three-fourth Polwarth ewes "'·ere 

not significant in regard to greasy fleece weigh t as wel l as various wool quality 
attributes except that three-fourths were superior in regard to fibre diameter. The 

graded Polwarth ewes were superior to Rampur Bushair ewes in regard to greasy 

fleece weight, the average greasy fleece \\·eight being 1.36 kg . for half-breds, 

1.33 kg. for three-fourths and 1.17 kg . in case of Rampur Bushair ewes. The 

fibre diameter decreased from 26.45 microns for half-breds to 21.13 microns for 

three-fomths. 

No significant differences were observed between the t\\"0 grades in regard 
to weight a t birth and at 16 \Yeeks and 12 months of age except that half-bred 

ram la mbs w eighed al.Jout 1.5 kg. more than the three-fourth ra m lambs at 16 

weeks of agP, the average weight of three-fourth ram lambs being l ~ . 25 kg . 

However , cross-bred ram and e\1·e Jambs \rere significantly heavier at birth com­

pared to R ampur Bushair lambs. The half-bred and three-fourth ewe lambs 

weigh ed about 0 .40 kg. more a t birth than Ram pur Bushair e\\·e lambs for \1 hich 

the average birth "·eight was ~.15 kg. The average birth "·eight of half-bred and 

three-fourth ram lambs were 2.74 kg. and 2.56 kg. respectively compared to 2.27 

kg. in case of R ampur Bushair ram lambs. :tvforta lity rates in ,·arious age groups 

d id not differ among hal f-bred and three-fourth progeny. 

3.3 Standardisation of methods for estimation of solids-not-fat ( S .N.F.) in milk : 

I n order lo (i) develop appropriate formul ae re la ting S.:\.F. to density and 

fat , (ii) estima te correction fact01s for fat determined by Gerber m ethod , and 
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(i ii ) prepare temperature correction charts for density , the Council sponsored a 
co-ordinated scheme which ran at four centres. The data collected on the chemi­

cal analysis of a large number of milk samples "·ere studied under the project. 

Statist ical studies pertaining to the first two objec tives w ere completed and results 

reported in earlier years. 
During the per iod, studies pertammg to temperature correction factors 

were completed and a report embodying the results was prepared and presented 

to Sciem ific Pane ls in D ecember, 1969. 

The appropriate relat ionship bet ween temperatu re and density was found 

to be linear. The regression co-efficients were all significant and negative. Statis­

tical tes ts funher sho,,·ed that there was no significant difference between the 

coeffic ients of the equations for the different breeds as a lso between the centres. 

O n the basis of the tests, the equations were pooled, a nd the correc tion factors to be 

a pplied to density reading taken at temperatures other than 20°C to obtain density 

of milk at 20°C were est ima ted . Similar correction factors to obtain density of 

m ilk a t 27°C were also estimated . 

3.4 Standardisation of the procedure of sampling from fleeces for the study of wool quality : 

The object of the invest igation is to standardise the procedure of sampling 

for assess ing wool quality of a single fleece as well as that of fleeces from a g roup 

of sheep so as to p rovide a basis for all scientific studies on fleece quality. As 

already reported th e labora tory work was carried out a t the Sheep Breedino- Farm 
b ' 

K amaraj Sagar, Ootacamund. Similar studies under th e project are in prog ress 

a t the Central Sheep and Wool Research I nsti tu te, Malpura (Rajasthan). 

During the yea r under report, the statistical a nalysis of the data on fibre 

diameter, staple leng th , fibre length and crimps, cm. of 12 ewes each of 2 teeth and 

4 teeth age g roups of Nilg iri , :r\ilg iri X Romney Marsh and village flocks was 

completed. 

In each age g roup, the variation bet ween sheep was sig nifican t as estimated 

from the reg ional as well as composite samples. Further, between region and 

region X sheep in teraction components were also sig nifican t in the case of regional 

samples. Taking number of cuts, number of fibres and wool yield per region as 

weig hting factors it \\·as obser ved that means of each character weighted with wool 
yield did not differ significantly from those obtained by other two weighting 

!ac to rs. The fibre diameter, staple leng th and crimps/em. based on the samples 

obtained by three com posite sam pling m ethods and overall averages obtained from 

regional samples, unweighted and weighted with wool. yield did not differ sig ni­

ficantly. 
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Further studies with the da ta collec ted fr.; m Sheep R esearch St<~ tion, Pashu­

lok (U. P. ) and Sheep Breeding Fa rm, K a m araj sagar, T amil ~ad~ a rc in prog ress. 
The data being received fro m C. S. \V. R; I. , Avikanaga r , R aj asthan a rc being 

studied simul tancou sly . 

3.5 Study of economics of raising cattle and bt!!Jalocs : 

A la rge scale survey to estima te the cost o f ra ising young stock and o f main­
taining adult ca ttle and buffaloes was car ried out in Hissar d istrict o f H aryana 

state d uring 1963-67. The fina l report of the project was prepared and considered 

by the 'Working Group on LiYestock Costing S tudies a s well as by other Scienti fic 

Panels of I. C. A. R. during the period under repor t. The broad findings o f the 

enquir y a rc as fo llows :-

The cost of rearing a ma le cow-calf from bir th ti ll 3 yea rs of age was 

estimated to b e R s 695/- including family labour and R s 520/- excluding fami ly 

labour. Fo r a fem ale cow-calf. the rearing cos t from bir th till 3 yea rs of age \\'as 
R s 425/- including famil y la bour and R s 300/- excluding famil y labour. The cost 
of rearing a fem a le buffalo calf from birth till 3 years of age ,,·as es tim a ted to be 

R s 6 15/- including family la bour a nd R s 460/- w hen family labour was excluded . 
H a rd ly any m a le buffa lo-ca lf was rea red upto 3 years of age. The cost o f rea ring 

a m ale bu ffa lo -calf upto 2 years of age was worked out to b e abou t R s. 290 /­

including family labour and R s 120/- excluding family labour. The a\'erage 

m aintenance cost of a milch cow was R s 1.60 per day and that o f a milch buffa lo 
was Rs 3/- per clay. T he da ily expend iture on a bull ock was about R s 2.00. 

Feed accounted for 70 to 80 per cent of the g ross cos t. The cost per kg or CO\\' 

milk was a bout R e 1.00 as compar ed to 83 pa ise for buffalo m ilk when family 

labour was in cluded and 85 paise a nd 72 pa ise respectively when family labour was 

excluded . The average daily m ilk y ield of a cow in milk ·was 2.7 kg a nd th a t of a 

buffa lo was 5.4 kg . The average butter fat content vvas 4 .4 per rent in CO\\' m ilk 

a nd 6.5 per cent in buffalo milk. A buffa lo in milk was fed abou t 3. 1 kg o f g reens, 

7.3 kg o f dry roug hage a nd 80 0 g ra mmes of concen tra tes (:er clay and a cow in milk 

was gi,·en about 2.2 kg . of g reen s, 7.5 kg of d ry roughage and 400 grammes of 

concentra tes. A dry a nimal a lthough was feel as mu ch d ry roug hage as g iven to 

the anima ls in m ilk, it was g iven less o f g reens a nd very li t tle of co ncent rates. 

The age a t first calving fo r cows \\'as on a n average 45.5 months an d that fo r 

buffaloes 49.7 months. The average lactation leng th of a cow was about 9 months 

and dry pe riod a bout 6 mon ths. I n the case of buffa loes, the lacta tion length 

was one m onth m ore and dry per iod a mon th less than tha t of a cow. The ca lving 

interval was about 440 days both for cows and buffa loes. A number of a ncilla ry 
studies h ave a lso been made utilising the da ta collec ted in the survey. 
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3.6 Study nf cost rif production o.f sheep and wool 

The object of the inves tigat ion is to develop a suitable sampling technique 

fo r study ing the economics of sheep rearing in rei a t ion to wool produc tion under 

mig ratory and statio na ry types of managemt>nt~ in hil ly tracts. On the Lasi~ of a 

complete enumeration of 88 rand omly se lec ted v illagess, 44 each from Mandi a nd 

M a hasu distr;c ts, a random Fample of I 0 villages from M a ndi distric t and 11 

vi llagfs from 1\·1ahasu district was selec ted for collect ing inform a tion regard ing 

stationary flocks. Out of a ll the migratory flocks in the vi II ages covered under 

complete enumer a tio n, seven g roups of migratory Alecks, three from 1\.fandi dis t1·ict 

and four from l\ Jahasu district were selected at rand om for detai led enqui ry . For 

each se lected fl oc-k, detailed information was recorded fo r a period o f two years 

(10 62-65) . D a ta on wool yie ld at each shearing, boay weight of selected sheep 

and supplemen ta l feed given to them were recordEd by direct wt-ighmcnt, whi le 

informa tion on o ther items was obtai ned through carefull enquiry a nd observation 

The final r eport on t he proj ect was considered by the Scien tific Pa nels o f I.C.A .R. 

during the year und er report. The broad findings of the investigation are as 

follo ws :-

The average flock size was about 50 in migratory flocks in Mandi district 
and on ly I 0 in 1\Jahasu district. I n the stationary flocks, the average flock size was 

four or five in each d is trict. The average annual cost of maintenance of a sheep was 

R s 7.80 and R s 5.45 in Mand i d istrict and Rs 20.fi5 and R s 18.50 in l'vi a hasu 
distric t in the case of migratory flocks in the two years respec tively while it was R s 

2 1.55 and Rs 31.50 in l\1 and i d istrict and Rs 16A 0 and Rs 17.10 in M a hasu district 

in the case of stationary flock5 in the two years respectively. Labour formed the 

major component of cos t accounting for 65 to 80 percent of gross cost. The 

average m aintenance cost of sheep was apportioned to obtain the average cost o f 

wool and mutton. The aH·rage cos t per kg of wool in mig ratory fl ock was Rs 3 .91 

and R s 3.43 res pect ive ly in the two years in :vlandi district and R s 12.96 and 
R s 8.64 in M a hasu dis trict. The average cost per kg of mutton vvas R s 1.-1 7 and 

R s 1.29 in two yea rs res pective ly in ~1andi district and R s 4.68 and R s 3.46 in 

l\tiahasu district. The rna in tenance cost per sheep was a lso apportioned in to that for 

mutton a nd wool for sta tionary flock by excluding the family labour. Th e cost 

vari ed from R s 3.0 to R s 4.0 per kg. of wool and from R s 1.10 to R s I .50 per kg of 

mutton in the two yea1·s in l\1andi district. In l\ Iahasu distric t, th e average cos t per 
kg of wool and mutton 11as R s 3.70 and R s 1.50 respectively in two years. 

The ave rage annua l greasy fl eece weight per sheep in mig1 a to r y flock was 99:3 

gms and 048 gms in the t wo years in l\fandi distric t and 7 12 gms and 837 g ms in 

1\1ahasu district. In the case of sta tionary ty pe Rocks, the average yield was 557 gms 
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a nd 6-14 gm s in M andi district and 64'2 g m s and 751 gms in ~tbha~u d istric t in the 

two years respectively. 

In mig ratory flocks, about 7:; pe r cent of the wool prJduccd in l\ [andi dis­

tric t and 3 tl per cent in ~1ahasu distr ict was sold in the first yea r. The proportion 

of wool sold in the seco nd year in both the di st ric ts was It'S> than 18 per cent. In 

the case o f' stat ionary flocks, entire qua ntity of ,,·ool prodttced ,,·as utili sed at 

home. 

3. 7 Study of the impact nf milk sujJply schemes on mral economy in milk collection areas : 

As a result of assured mat ket a nd gu:J.rarueed prices of m i1k offered by 

urba n m ilk su pply schemes. it i> ltkely that changes take place in the production of 
m ilk and economy in t h t:: rural a reas fro m ,,·he re mi lk i> dra\\'n. \\'ith a v1ew 

to d eveloping a suitable samp!it g technique for assessing these c hanges, sun·evs 

ll'ere carrie d out in the rural milk collect ion a reas o f D elh : .\ liik Scheme d ur ing 

I DGG-67 andofthe Dudh SJgar Dairy, M ehsa na, d uring J967-u8. 

The proportions of animals in milk d uring variou~ seasons a nd the average 

quan ti ty of ft·ed consumed from those households in whiclt different categories of 

a nimals \\·ere fed separa tely wne 1\'0rkrcl out for the D.i\-L S. area . In the sup p ly . 

ing area, the propor tions of co11·s in milk 11·e re estim <Hed at +8 per cent dur ina 
•:> 

surnmer and rai ny sPasons and J9 per ce r•t in \\'inter. The corresponding fi gures 

for the rcspeu ive seasons fo r co;1trol area ll'cre 38. '~2 and 3G per cent. In case of 

bunaloes, the fi gures in the t11·o areas were of the same order, viz ., 58, 53 and 69 

per cent in three scamns. The a1·eragP quanuty of feed con ' tt mcd per day b y a 

cow in m ilk was of the order of abou t 20 kg during 11·inter <rnd rainy seasons and 

about i 5 kg in summer. Th e cor respond ing figure> for bufla.loes in milk \\'e re of 

the order o f 31J kg. and 22 kg. The quantity of rough ages cons umed by dry ani ­

m a ls was sligh tl y l c~s as comp::ncd wi th th:1 t for ::~nimals in milk but concentcates 

were fed appr ec iab!y a t lo ll'cr r::~tc . The qua nti ty of concent ra tes fed to tir e 

a nima ls in t he non-supplying areas was comparatively more tha n that in the 
supply ing a reas. 

The est irn ates of the average diiily feed consum ption per m ilch an imal wen~ 

a lw worked out for the supplying a reas of ~fch ~ana di~tric t . On the basis of the 

analys!s of partial data from l\fe hsana area, it is rs ti ma ted tlr<~t the aYerage dai ly 
milk yield per buffa lo in m ilk maintain ed by a commerci a l producer was about 

r> .O kg in winter season and 3.ti kg in summ er season in the a reas supplying milk to 

o rganised dairies. Th e corresponding daily milk y ielcl per buffalo in the non­

s~pply i ng a reas ~ras 4.2 kg in win ter season and 3. ! kg in summer season. Compila­

t iO n a nd tabulation work in respec t of the study on cost of c u ltiva tion of se lec ted 
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feed and fodder crops also remained in progress during the period under r eport. 

3.8 Estlmation o.f al•ailability a11d cost 1j' prod11ction f{[ milk : 

i\. sample survey was taken up in Krishna delta area, Anclhra Pradesh 
during 1967.6() to estintale th e availability of milk and its di sposa l in different 

seaso ns in the area and to estimate the cost of produc tion of milk. The field 11·ork 

of the survey in Krishna D el ta area (•f 1\nclhra Pradesh was completed in Jul y, 

l 91i9. A similar smvey was initi<Jted in Dhulia reg ion of ~Iaharasht1a state during 

D ecember, 196':1. 

A prog ress ,-eport incorporating the results obta ined during the prelim:nary 

enumeration of home hold s and during the fir st year of detailed enquiry in Krishn a 
Delta area was prepared and p1escn tecl to the working g roup on Livestock C cst ing 

Studies a nd other Scientific Panels o f I .C A.R. during :\'cvembcr December, I H69. 

The broad results arc as f..)]]ows :-

Al~out 8 :i per cent o f the stall ov,·ners 111 the arc·a main tained o nly milch 

buOaloes , Iii per cent had both buffaloes and cows and onl y a iJout two per cent had 

only cows. H alf the number of stall owners were commercial pn clucer>, majority 

being cultiva tors. On An average, there were two milch animals per sta ll. !\'Jajo­

rit y of the an imals in th e :1rea \\'ere non-dc<;c ript. 

The average daily milk yield per buffalo in milk was l . 'ikg in rainy season and 

2.0 kg in each of winter and summer S<'asons. A cow in milk gave on a n ayeragc 

1.2 kg, 1. 3 kg and 1.1 kg per clay iu the three season> respectively . The average 

butte r fa t content in buffalo milk was u.3 per cent and in cow mi lk 4.9 per cent. 

Th e ove1 all daily production of milk in the area w<ts about 46 1 ton nes, out of 

which as muc h as 89 per cent was accounted for, by buffalo milk. 

~ . II Stlld)' nf cost of poul11y and egg jnodllclion : 

The main object of the survey is to evolve suitable methodology for the 

estimation of po ultry and egg production. This would invoh·e estimation of~ 

(i) coo t o r production of table and hatching type eg!js, cost of rear ing birds from 
clay old to adult stage and the cost o f m?tintenance o f cock<; and layers with a 

reasonable preci~ i on, and (ii) est imation of various componen ts of cost and their 

variation in m0netary terms as well as physical quantities. Th e fi e ld work of the 

sutvcy sta rted in Dasuya.Tancla areas of H oshiarpur district in Punja b during l 9n7 
was completed in O c tobc,·, 1969. A simila r survey was in itia ted in Delhi and 

surrounding areas. In th e Casuya-Tanda reg ion, the collection of data to build 
an index of cost of poultry and egg p roduction was initia ted during the pe riod 

under report. 
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A rapid analysis of the data collected from the first centre in Punjab state, 
for a period o f four months oft he winter season of 1967-68 and pertaining to a 

random sample of about half the number of selEcted farm s was ca rried out to get an 

idea of the con tribution of various components o f cos t of maintaining an adult bird 

a nd cost o f production of an egg. It was observed tha t feed formed the major 

portion of the cost of m aintaining an adult bird, accounting for about !) j per cen t 

o f the g ross cost excluding unpaid labour. Unpaid labour accounted for about 

5 to 9 per cent of the gross cos t ofmaintaining an a dult bird while paid labour was 
neg ligible. Average cost o f a n egg varied from 12 to 16 p1ise, a lmost all the cost 

accruing from maintenance of laye rs. furth er analysis is in progress. 

3. 10 I ndex of cost of production of milk : 

The obj ect of the study is to inves tigate the possibility o f building up an 

index of cost of production of m ilk in the a reas where deta iled enquiries on cost 

o f produc:ion of mi1k were carried out earl ier; namely, \Vest Bengal, T amil Nadu 
and D.M.S. mi lk collec tio n areas. This wi ll indicate the re lat ive increase or 

decrease in th e cos t of production o f cow mi lk and buffalo milk in the a rea of 

operation and provide basic m a terial helpfu l to the dairy projects in the area in 

form ula ting thei r pt·ice polic ies. The collec tion of data was started in \Vest 13engal 

in December, 1968, in D .lVLS. mi lk c 1!lect ion area> in J anuary, 1!)69 and in Tamil 

~adu in April , 1969. 

A note indicating the index of feed cost in winter and summer seasons, 1969, 

in W est Bengal separately for cows a nd buffaloes a nd for summer season l 9o9 in 

T a mil Nad u was prepared, a nd considered by the \Vorking Group on Livestock 
Costing Studies a nd othet· Scientific Panels of I.C.A.R . during :\'ovember­

D ecember, l9C9 . 

3. 11 Estimation of area rij' graz ing land and its 11tlisation : 

The pilot study aims at evolving a suitable sampling tech nique for obtain ing 

obj ec tive and precise estimates o f the grazing area and its yie ld r ates, the 

botan ical classifications and the chemica l analysis of g rasses available as well as 

the prac tices followed in the uti liza tion of g razing area. The field work of the 

survey con tinued in J hami dist1 ict in U tta r Pradesh during the period u nder 

report. The data collected during the pe1·iod were scrutini>ecl and analysis was in 
progress. 

3. 12 Studies in genetic correlations and selection indices relating to cattle : 

The objectives of the investiga tions are to study the components of gene tic 

varia tion and gene tic correlation between various production a nd a llied charac­

teristics and examine the possibilities of working out approp ria te indices of selec tion , 

• 
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During the year the data fo r the Red Sindhi he rd a t Hosur and Bangalore, 
K ankrej he rd a t Anand, Kangayam herd a t H osur and Gir herd a t Bangalo re 

were utili5ed to estimate the genetic correlation between age a t first calving and 

milk y ield in first lactation a nd a lso between birth weight and milk yield. By 

adopting the intra- sire regression method, the genetic co rrelation between mi lk 

) ielcl in first lacta tion and age a t first calving could not be estimated for Red 

Sindhi and Kangayam herds at H osur and Gir herd at Bangalo re . I n these cases 

the m ethod of half-sib ana lysis was applied. It was further observed that some­

times the estimate obta ined by intra -sire reg ression method cha)1ges cons iderably 

\\'ith a little change in a sing le observation. These aspec ts o f the estima tion pro­

ced ure are being fw·thcr inves tiga ted. 

3.13 Stud) ' of feed-milk relationship in bovines : 
The project cnvi5ages the study o f feed-milk relationship and the es tima tion 

of optimum level of nut1·ients required fo r milk production. 

The data collected from Sirsa a rea in Hissar distric t under tlte survey to 
study the ennomics of ra ising catt le and buffa loes in Hissar were taken up for 

the study. The data pertaining to winter season were stratified acc:)rding to breed, 

lac tation order and st1gc of lac tation . D a ta for H a riana co ws a nd ?vlurrah 

buAa loes ' ' ith lac ta tion order l to 3 a nd stage o f lacta tion not exceeding six 
months were conside red, a nd the feed items consumed by the animals were con­
verted into t heir nut rient equivalents. The corresponding milk yields were a lso 

tabulatect, and three func tions, viz., linear, quad ratic and Cobb-Doug las were 

fitted. The quadratic equation, even thoug h explained maximum varia tio n, did 
not show any ~ignificant improvem ent over the linear. The results, however, are 

based only on one stratum. D ata from other strata are being taken up for similar 

<t nalysis. 

3. 14 Investigations into the suitability of sampling plan f or milk recording m key village 

blocks : 
The object of the investigation is to try out the sampling plan for milk 

record in g developed b y the Insti tute in a few selected key v illage blocks with a 
view to judging its sta tistica l efficiency a nd operat iona l feasibil ity in the field. 

The work, in the firs t instance, was unde1 taken in the key vil lage b lock 

under the administrative control of the National Dairy R esearch Institute, K arnal 

during 1964, and the r eo;u lts were r eported earlier. It was observed that, on the 

whole , th e plan was efficient and operationa lly feas ible. However, it was felt that 

a few m ore centres were to be covered before its fina l recommendatio n for large 

scale usc. 
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As report£d in the annna l r epor t for 1968, work was undertaken in two 

more key village b locks, viz ., Cha tta in U .P. and l\1andapela in Andhra Pradesh in 

1966 and 1967 respectively. During th e period under report, the analy~ is of data 
on milk yield of animals selected in Chatta b lock was taken up and estimatfs of 

average lactation yie ld was o f' the order of 500 kg fo r cows and I 1,00 kg for 

buffaloes. Both the f Stimates were fairly preci ~e in that t heir standard errors were 

of the order of 3.5 per cen t. S t11dics relating to estima tio n of annual milk produc­

tion in the area were also ca rried out. 

3.15 JYatio11al index of animal exjJeriments 
The objec t of the schtme is to collec t and ana lyse da ta pertaining to all 

expe1irnental in vestigat ions on animals carried out at the yarious resea rch cent1es 
in the country with a view to prepa1ing a ccmpendium of the p t oce~sed results 

so as to enable the research wc:\rket s to review the work al ready done in particular 

subjec ts and to pla n fut ure invE~ t igations on proper lines. D ata pertaining to 58U 

experiments carried out during the period 1945-05 a t I.V.R.l. ,,·e1e scrutinised 

and statistscal a nalysis in respect o f J tiO ex pe t iments was comple ted dut ing the 
period. Five model forms a long vvith the abbrevia tions comtr;on to al l rxpe ri rnen ts 

were sen t to members o f t he Direction Committee for comments. Inf01 mat ion en 

90 experiment s on an;mal n utritio n v1·e1e t1 anscriLed for prP~en t irg them in tl:e 

compendium. 

' 
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SAMPLE SURVEY INVESTIGATIONS 

Sample s·1rvey investigations unde1·taken by the Institute have the prima ry 

aim> of developing and demonstrating the use of ~ample survey te-chnique as a 
practica I and reliable m~thod of :>ecuring data in a wide ,-ariety of fields in agri­

culture and animal h usbandry. One~ appropriate sampling designs, field procedu­

res, and method~ of estimation, become available through these investigations, the 

state department s of agriculture and anima l husbandry a re expected to adopt 

them for collecting regularly the much needed data for planning and d evelopment. 

The in\'es tigations which were in progress during the year under report are 
described below :-

4.1 Surl'ff)' of Jertili;::er and other manuring practices : 

The objects of the sun·eys were g iven in the last yea r's annual repor t. 

During this yea1· analysis of the data collected from the surveys can ied out in the 

districts of Ba ngalore (:\fysore) , ::\'i zamabad ( Andhra Pradesh ), Varanasi (U .P. ) , 

Coimbatore and Tiruchira palli (Tamil Xadu) was completed . I n the first four 

<listricts the survey was conducted during I 966-67 and in Tin.Ichirapalli during 
1967-GR. The analysis of the data co llected in the surveys in the cli~tricts of 

::\'iz'lmabacl (U.P.), Krishna (A ndhra P radesh ) and Fcrozcpur (Punjab) was under­

taken. 

The results of the survey in Banga lore dist rict showed that a lthough on ly 
seven percent of the total cropped area w::t s irriga ted as much as 74 percent of the 

area recei,·ed farm yard manure and 12 percent chemical fertilizers. Percentages of 

area bcnented by chemical fe•·tilizers and farm yard manure for paddy were of the 

order of 20 and 92 respectively. The corr esponding figures for sugarcane crop 

were 87 a nd 75 and for ragi 10 and 83. In i'\iza mabad district it was found tha t 

..J-4 percent of the cropped a rea was irrigated and :'iO percent of the area benefited 

by chem ical fertilizers and 7 ~ percen t by farm yard m1nure . For paddy crop the 

area benefited by chemi cal fertili ze rs Wil~ o f the urJer of 9 1 percent a nd that by 

farm yard manure 9;) percent. The correspondin~ figures for Jowar were nine per­

cent and 76 percent and for maize crop 67 percent and 94 per cent. The rates of 

application of nitrogen in terms of am monium m lpha tc were 2i50 kg per hectare for 

paddy, 46 kg per hectare forJowa r and 143 kg per hecta re for maize. In Varanasi 

district 38 percent of the cropped area was irrigatE>cl . It was found that 23 
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percent of the area was benefited by chemical fertilizers and 35 percen t 

by farm yard manure. In this district for the paddy crop 41 percent of 

the area \\'as benefited by chem ical fertilizers and 25 percent by farm yard 

manure. For . the whea t crop the corresponding figures were 23 percent and 

44 percent a nd for b arely 22 percen t and 52 percent respec tive ly. The 

rates of application of nitrogen in te1 ms of ammoni um sulphate for paddy wa~ 98 

kg per hectare , for irrigated ,,·heat 175 )(g per h ectare, for unirrigated wheat 114 

kg per hectare and for barley c rop 79 kg per hectare. In Coimbatore distric t 36 

perce11t o f the cropped a rea was irrigated. The area IJenefited by chemica l fertili zers 
was of the ord er of 32 percent and by farm yard m anure 67 percent. For paddy 

cro p as m uch as 92 per cent of the a rea was benefi t ed by chemical fertilizers and 

58 percent by farm ya rd manure. The cc.rresponding figures for jowar were I 0 

and 66 anc\1or cotton 61 ancl83. The rates ofapplication of nitrogen in terms of 

ammonium sulpha te ra ngecl from 250 kg per hectare to 3 19 kg per hectare for the 

padd y !;1~p, from 129 to 197 for jowar a nd 230 kg per hectare for cotton. 

I n Tiruchirapalli di strict about 46 percent of the cropped area was irrigated 

and :n percent of the area was benefited by chem ical ferti li zers and SO percent by 

fa rm yard m anure. About b3 percent of the area und er padd y \\·as benefited by 

chemical fer tili zers and 90 percen t by fa rm yard manure. The correspond ing 

figures for j owar were eight a nd! 0 and fo r groundnut 26 and 82 . The rates of 

appl ication of nitrogen in term s of ammonium sulphate \\ere 007 kg per hec tare for 

paddy, 2!i3 kg per hec tare for jowar and 71 kg per hectare for g roundnut. 

4. 2 Surveys on fruits and vegetables : 

Dming the ye::~r under report the fidel work of the pilo t survey on vegetables 

in Poona a nd i'\asik districts of .Maharashtra \\'as completed . The data collected in 

the first round of the sun·ey were analysed and report prepared. The data of the 

second round were being analysed . As regards the sample survey on fruit crops the 

report on the sample survey conduc ted on mango a nd litchi collected during the first 
round in Bihar and on apple and o ther temperate fruits in Himachal Pradesh we1 c 

pre pa red and submitted to the Scientific Panels. A consolidated 1 eport on the 

results of the survey on apple and o ther tem perate f1 uits in ?\ainital 1 cgion or 

Uttar Pradesh was also submitted to the Scientifi c Panels. In addition, analys is or 

the data collected during the third round of the survey on vegetables in D elhi 

state was in progress. 

4.3 Su? VCJ' on cashewnut and spices crops : 

During the period under report the da ta co llected under the sun ·ey in 
Andhra Pradesh during the years lOGC-67 and 1967-68 were analysed and report 

., 
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prepared. The result~ of the survey ~howed tbat out of 1:l·l5lakh trees about 89 

pe rcent were of bearing age. The average yield per tr ee \\"as estima ted at !.l .3;J kg . 

"vhile the tota l production of cashewnut was estimated to be of the order of !:1120 
tonnes during the year 1967-68. The corresponding estimate for average yield per 

bearing tree for the year 1 U66-6 7 was 8. 99 kg and that o f prod uc t.ion was of the 
order of ~,33'2 tonnes. The data received from a similar survey in Madras for tbe 
year 196S-69 and that from Maharashtra for the years L \-!6 7 ·68 and 1968-69 \\"ere 

taken up for st atistical analysis during the year. 

Analysis of the data on the sample surveys conducted during the years 

!966-67 and 19ti7·68 on pepper crop was completed. The to t<'l l n umber of 

h ea ring and non-bearing standard s were e.;timated to be 53.66 and 9.26 millions 

with percentage stand ard error of5.7 a nd 7.0 respec tively. The average yield of 

dry pepper was es tima ted a t 0.4-1 2 k~ per standard with a percen tage standard 

error of I 1.5 in the year i 966-67 and 0.468 kg per standard with a percentage 

standard error o f7. 5 in 1967-68 . The total production o f dry pepper was estimated 

at 20,845 tonnes during 1966.67 and ~6, 175 tonnes during 1967-68. JU urruku was 

found to be the most commonly used support for peppPr cul tivation in the state. 
The important va r ieties of pepper \\·ere found to be Rala nkotta, Karimkot ta, 

K a lluva lli, Padappan dnd K othinadan. T he han esting tin:e ta ken to pluck the 

berries with spikes was found to be 25 minutes per standard. 

4 .4 Assess nwt StlTV~ys under the /. A. D. P. 

During the period under report the sur veys were con t inued in 17 districts 

covered under the I ntensive Agricultural District Programme. In al l the districts 

refresher tra ining courses were a rranged for the survey staff by t he sta ti sti ca 1 
( fficers in c harge of the survey work in the rtspec tive districts. 

Analysis of data collected during I !:168-69 under the agronomic a nd agro­
economic survey was in progress. The analysis o f data regardin g c rop cutting 

experimen ts conducted during l\ 68-69 was completed. The r esul ts indica ted 

<'~pp rec i able increase in the y ield rates of the wheat in the districts of Shahabad, 

Ludhia na a nd Al igarh, as compared to the previous yea r. It was o f t he order of 
12 percent iu Shahabad and 4 percent in Ludh1an a and J\ lrgarh. The percentage 
increase in the yield rates o f1na ize during J9ti8-69 as compared to the previous 
year was of the order of 45 in l udhiana and :9 in Al igarh. The yie ld rates of 

paddy a lso showed encouraging results in man y districts. The increase in yield rate 

during I 9G8.69 as ccmpa! eel to the preceding year var,ed from 4 percent in 

Alleppey district to 28 percent in l\Iandya. An appreciable increase of more than 

20 percent in yield ra te of paddy was also reco rded in Sura t·Bulsar a nd Thanjavur 

distric ts during 1£68-60. 
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Special emphasis was laid for collecting data on crop yield and other 

1 dated characters o n hig h yielding varieties of cereal crops grown in th e I :'I.D I> 

d ist ric ts. The results indicated tha t during L968-69, the increase in yield rate of 

high yielding varieties of paddy over the indigenous rang<'d from 60 to 100 percent 

in the districts of Samba lpur, Surat-Bulsar, \!\Tes t Godavari, Alleppey, Cachar and 

Pa lghat. In the districts of R a ipur and Shahabad it was mote than 4-0 per cent 

a nd in t he districts of l'vland ya and Thanjavur the differences were ofmoderate 

order. The difference in the yie ld rates of high ) ieldi ng varie ties of whea t and 

local varieties was of the order of 150 percent in J am mu, 90 percent in L udhiana, 

'iO percent in Shahabad and 30 percent in Aligarh. The diAcrences in yield rates 

of h ybr id maize, jownr and bajra over the local \·a rieties were found to be o f 

modera te order. Rate of consumption of fer t ilizer was substantia lly h igher for 

hio-h yieldino- variet ies in a ll the districts and in a number of them th e farmers 
"' "' have adopted the recommen ded closes for these var ieties. 

4.fi Survrysfor arsessment nf high)•ielding varieties jJrogramme: 

Objec ts a nd designs of the surveys we re reported in the annual report for 

the year 1968. During the period u nder report t he surveys were started in the 

sta tes of H:~ryana, Punjab, 1\faha rash tra, M ysore, Andhra Pra desh , T<~mi l Naclu 

and Assam. The data on yield for the rabi 1968-69 received from the states of 

Haryana and T amil ::\acl u were analysed. 

In Haryana the survey was conducted m the di stricts of R oh tak and 

Gurgaon . T he resu lts indica tr d that the yie ld r a tes of high yield ing varieties o f 

whea t as compared to loca l Yar ie ties \\·ere higher by 09 percen t in Ro hta k and by 

68 percen t in Gu rgaon. 

In Tamil Nadu the survey was conducted during rabi 1968-69 on paddy in 

the four districts of Coimba tore, North Arco t, Sou th A rcot and Chingleput. 

During this season I.R-8 was g rown in a ll d ist r icts. T he results indica ted that the 

y ielrl ra te of I. R-8 was higher than that of local varieties by 93 percent in Coimba­

tore, by 143 percent in North Arcot and 8 1 percen t in South Arcot and Ul percr nt 

in C hing leput. 

The data wer'e a lso a nalysed to obtain the extent of adopt ion of chem ic<~ l 

fertilizers by farm ers and thP.ir rates of applica tio n both for high yielding and loca l 

varieties of c rops 

4.6 Sample surveJ'sfor estimation of agricultural jJroductio11 at the block level: 

As a lready r eported , the Inst itute cond ucted pilot sample surveys for obtain­

ing the estimates of agricu ltural produc tio n a t the block level in J distr icts one from 

{ 
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eac h state during the year under review. The fie ld work was completed in these 
s tates by the end of Septembe1·, 1969. 

During the r eriod u~rler repo r t the d a ta collected during th e year 1967-68 

in 55 dist ri c ts were analysed a nd reports prepared. Tn a d dition the da ta fo1· 
19GS- 6Y kharif season collec ted in the 8 distric ts m entioned above were analysed 
and repor s pre pared. 

The results o f a n a lys is ind icated tha t the extent of corr elation between pre ­

harvest est imates and crop cutting estimatf:'s remained at the same level as in the 

previous years in most of the states. The est imates of yield were accompanied with 

moderate standard errors. 

4. 7 Pilot surveyr for estimation of livestock products and stuc{1• qf live.<tock practices. 

As reported in the last year's report t he Inst itute ini tiated during 1968, two 

pilot sample surveys one for estimation of meat production in H aryana and the 
o ther for es timation o f m ilk p roduct ion and st udy of bovine prac tices in H imacha l 
Pradesh. T h<:! field work of the meat survey in Haryana was completed in February 
I 969 a nd of the milk es timation survey in Himachal Pradesh in Ju ly, 1969. 

As already reported the Institute had proposed conducting two p ilot sample 

surveys for evolving a n integrated techniq ue for est imation of principa l livestock 

products simulta neously and for studying the a ttend.-1 nt nn ima l husbandry p rac tices 

of bovine sheep, poultry, e tc. during the Fourth Five Year Plan. The first survey 

in T\orthe rn region com prising Punjab, H aryana and H imachal Pradesh was 

initiated in M a rch. 1969 and the second survey in Andhra Pradesh would bP 
started during 1970. 

The statist ical analysis of t he data collected f1om a pi lot survey on mea t 

produc tion in T a mil Nadu during !966-fi7 was comple ted a nd a report the reon was 

presented to th e Scientific Panels The study indicated that t he estimate uf total 

meat p roduction in the trac t comprising distric ts of Coimbatore, :'\orth Arcot, 

Sa lem, South Arcot a nd Thiruchirapalli during 1966-67 was of the order of 19.4 

thousand tonnes with a standard error of 4.3 percent. 

The stat istical analysis of the d ata collected in the sample surveys in H aryana 
and Himachal Pradesh were undertaken during t he yea r. 

The second meeting of the Direction Committee constituted for guiding the 

work of pilo t sam pie survey on 1 ivestock products was held on 9 th June, 1969. T he 
C ommittee recommend ed that a workshop m eet ing and a seminar on Livestock 

S ta tistics should be held by the I nstitu te. These would he held in March , l9i0. 

On the basis of the data collected in the sample surveys conducted for est i­
mation of wool product ion in different sta tes of th e coun try it was estimated that 
during 1961) t he a ll Ind ia woo l production, excluding pu lled wool was of the o rder 
o f 28.42 thousand tonnes. 



5. 

STATISTICAL STUDIES JN AGRICU LTU RAL ECONOM ICS. 

I n Agricultura l E conomics, the Institu te has been giv ing techn ical guidance 

111 the statistical aspects of Agricu ltura l Economics Resea rch schemes undertaken hy 

the various research I nstitutes/ Agricultural Universities1State D epartments, etc. 

During ·1 969- 70, the following schemes run by the va r ious Inst itutes were 

completed: -

(i) The scheme on ·Cos t of M arke ting and M arketing Marg in in Wheat 111 

Ag ra', sponsr)red by the B. R . College, Ag ra, mainly a imed at fi nding out the cos t 

of marketing of vvheat a s it m oves from the producer to the consumer and m arg ins 

at various levels in the Bichpuri Block, Agra district. The scheme was co mpleted 
by the end of September, 1968 and its final report is stil! aw·a ited. 

(ii) The object of the scheme o n 'Economics of L ift I rriga tion', using 
elec tr ic power in South Kanara district K arnatak Univ-'rsity , Dharwar, was to 

study econo m ic benefits of lift irrigation, its effects on cropping pattern, land pro­

duc tivity etc., magnitude or cost of the irriga ted crops and their consequence and 

the net and g ross additional income and add it ion a ! employment c reated e tc. The 

conclusions of this study sugges ted tha t e lectric pump sets are cheaper to picotah and 

oil eng ines a~ modes o f lifting 'vi a ter. And the operational cost per ac re falls with 

increase in the size of holdings , and it is re lative ly more on hig her duration crops 

as compa red with short dura tion crops. Its final r eport was also considered by 

the Scientific Panel for Agricultura l Economics, Statistics and :.\,[a rketing a t its 

June, 1960 m ee ting which has suggested some m od ifications to be made before the 

re port is publ ished. The m odified report is still awaited from the author . 

(iii) The scheme on 'Fa ctors Associa ted with Fa rm and F amily fnvf's t­

ment' o f Punjab Agricultura l University, Ludhina a iming at ident ifying the a reas 

in wh ich t he fa rmer is investing his income particularly the increments in his inco me 

is still continuing. I ts report for 1966-67 was considered by th e Scientific Panel 

fo r Ag ricul tural Economic, Statistics and Marktting a t it s meeting held in D ecem­

ber, 1969 wh ich recommended that the Director, G okha le I ns titute of Politics and 

E conomics may go throug h the repo rt for its impro\·emen t and revision. 

( iv) The Scientific Panel also recommended the cons titution of a Sub­

Committee for considering the deta ils and technica l prog rammes of various schemes 

, 



29 

on price-spread studies recommended by the Governing Body o f the Council. 

The Sub -Committee has hePn cons tituted a s recommended. 

Besides this, consequent on the recommendaticns of the Scientific Panel for 

Agricultura l Econom ics, Sta tistics a nd M arketing a nd Sta nd ing CommittP.e on 

Agricultura l Economic , Sta tistica l and l\ifarke ting R esearch, a seminar on 'l\1cthodo­

logy of study ing Agricul tur .:d Prod uct iv ity' w ill bP. a rranged in August, 1970. 



6. 

Tl{AINING ACTIVITIES 

The Jnstitute of Agricultural Research Statistics conducts training 111 

agricultural and an imal husbandry statistics mainly fo r three g rou ps of st udents. 

The first group consists of research workers in agricul tural and animal husbandry 

fields whose primary inte rest is not sta tistics but for whom knowledge of sta t istics 

is essentia l in thPir rPscarch work. Two co urses called the J unior Cet tificate Course 
and the Senior Certificate Course of six months and one year duration respccti\·el~· 

a re conducted for their benefit . The second g roup consists of those depu ted by 

State GovernmentsfRes~arch I nstitutes \\'ho have post-g raduate degree in m a the­
matics or stati stics and possess experience of handli ng sta tistical data in a responsi­
ble capacity . Th e students in this group qualify themsch'es as professional 

stati sticians in the fields of agricu lturc, animal husbandry and a llied sciences. T"·o 

courses called the J:'rofessional Statistician's Certificate Course and the Diploma 

Course, each of one years' duration a re conducted for their benefi t. In the latter 

course the student is required to work on a research project for a whole yea r and 
submit a thesis thereon which should be such as to form the basis of a publishable 

paper. The third group consists of studen ts who wish to qualify for the 1\I. Sc. 

a nd Ph. D degrees in agricultura l stat ist ics awarded by t he Post-Graduate School 

of the Indian Ag ricul tura l R esearch I nstitute. The major course in stat istics for 
this group of students a rc offered at this In stitute while the minor courses in agri­
cultura l disciplines are g iven a t the Jndian Ag ricultura l Research Institute. 

D uring the yea r under rPport, seven students vvere declared sucessfu l m the 

Profe~siona l Statisticians' Certifica te Course a nd 17 in the Seni or Certi fi ca te Coutsc 
on the basis of the examina tion he ld in June, 196D. Three fcreign studen ts, one 

each from Syria , Philippines, and Iraq completed their training in I.A.R. S. T"·o 

of them a lso qua lified for this Senior Certifica te Course. Examination for 14 

stu dents for the Junior Certifi ca te Course of which two wore foreign students \\'as 

h eld in J anua ry, 1970. Two trai nees from South Vietnam completed their training 
in l\1achine Tabulation in J a nua ry, 1970. Eight students were a\\'ardcd l\1.Sc. 

d egree and one \1·as awarded Ph.D. degree in agricu ltural statistics. T he theses or 

six students were approved for the award of diploma in agricul tural and animal 

husbandry statistics. I n the new degree cou rses which were sta rted from October 

1969, 13 students including fo ur departmental candidates were admitted to the 

, 
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\I.Sc. course a nd two students including one deputmental candidate were admitted 

to the l'h.D . course. 

In a ll 25 seminars o f various topics of interest were del ivered during the year 
under report by the officers and students of the Inst itute. In addi tion, a number 
o f spec ia l lectures were g iven by severa l eminent sta tisti cians from foreign countries 

a nd the F .A.O ., who visited India d uring this period. Dr. R. R . Bahadur, 

Professor of Sta tistics, Chicago UnivE rsity, U. S. A., d elive red a course of 

lectures on " La rge deviation theory and Sa tistical Inference" from 14th to 24th 

\larch, 1969. Dr. J.S. Rustogi, Professor of \l a thematics of Ohio State university, 

U .S.A., gave a se ries o f eleven le.ctures o n " Seq uentia l decision theory" in July, 

1969. Besides, Dr. H. S. Khamis of the F .A.O. , Dr. J.~. K.. Rao of the University 

of T exas, U.S.A_, a nd Professor P.S.R .S. R ao of the Unive rsity of Rochester, 

U .S. A., de:ivc red lectures on various topics for the benefit o f staff and students 

of the I nst itu te. 

R e5ular train ees of various courses conductE'd b y the C entra l Statistica l 

Organisation Yisited th e I nstitu te for specia lised training in agricul tural statistics 
and sampling techn iques. S tuden ts from the department of Statistics, Andhra 

Un ive rsity, W a ltair, Government Ag ricultura l College, Jammu, and Gujarat 

College o f Veterinary Science and Animal H usbandry also vis ited the Institute 

du ring this year. The students of th e Junior Cer tifica te, Senior Ce rtifica te, and 

the Profess ional Statistic ia ns' Certificate Courses v isited t he Indian Agricultural 

Reseat·ch Institute, New D elhi, and the National D airy R esearch I nstitute, K amal. 

The students of the Senior Certifica te and the Professiona l Statisticia ns' Certifica te 

Courses a lso v isi ted the Indian V e terinary R esearch I nstitu te, Jza tnagar , during 

the ye::tr under report . 



7. 

D ATA PROCESSING 

T he Institu te is equipped wi th a n E lectronic Computer- an I.B.l\II. 1620 M odel 

II with F loa ting Poin t Arith m etic opera t.ions and I ndex R egisters, 3 D isk D rives, a 

Card R ead/ Punch and a n O n-line Printe r. I n additio n, it has 40 punching 

and ve ri fying m achines a nd 10 pieces of tabula ting equipment like :::>or ters, Colla tors, 

R eprod ucing Punches, T abula tors etc . in the 80 colum n and 40 column ranges. 

D uring the year unde r repor t, the w ork of cod ing, punching and verific·a­
t ion , rela ting to the various r esea rch p roj ec ts of t he I nstitute, underta ken in this 

U nit, expressed in term s o f number of cards punched a nd verified, came to approxi­
ma te ly 3 m il lion ca rd s. About 1600 listings a nd 65) tables were turned out on t he 
tabula ting eq uipm ent. 

Almosb the entire sta tistica l work of the Institute turned out durir g the year, 

was prog ram med on the Electron ic Computer. Throughout the year , Electronic 
Compu ter was r un in two shifts, each of six hours dura tion . Besides, specia l shifts 
were organized to cope with th e rush of work d u ring peak periods. 

Apart from the I nstitute, the facilities of the Co m puter Centre continued to be 
u tilised b y the starr· a nd the studen ts of I. A.R .I., the Cen tral Ag ricu ltura l R esearch 

Institutes Under the I ndia n Council of Ag ricultu ra l R esearch, va rious Agricultura l 

Universi t ies and other bona fi de schola rs a nd r esearch workers of Ag ricul tura l 

Colleges. 

The students of M. Sc. a nd P h . D . courses a t f.A.R .S. a lso con tinued to 

uti lize these facilities fo r the processing of data a nd solution o f the ir research 

problems. T hesis problems of a la rge number of students of I. A. R .I. from the 

va r ious Divis ions were program med and execu ted on t he Elec tronic Computer 

during th~ year. 

The insta lla tion of the Electronic Computer has g iven a powerful fil li p to 

the research act ivities not only of the Institute, but a lso tha t. of the abuve mentioned 

O rganisa tions which have been using the facilities of this Cen tre . T he time lag 

b etween the collection of da ta and the publication of resu lts has been considerably 

reduced. D eeper a nd sophisticated ana lysis is now being carried out. l\ Iany a 

r esearch problems which were not form er ly a ttem pted because of the com puta tiona l 

d ifficu lties involved, a re now being underta ken. I\1ore a nd more studen ts a re using 
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complex designs and are seeking the help of the E lectronic Computer for program­

ming their research problems. 

The d emanc.l for time on the Electronic Computer has , therefore, been pro­

gressively increasing and it is now proposed to increase the working hours of the 
Centre to 18 hours a day as soon as the ext ra staff 1 equired for th is purpose is in 

position. 

Among the outside users, special mention m ay be made or the agricul tu · al 

universities of Ludhiana a nd Pan t Na~ar and Rockefeller F o undation, who made 

intensive use of the system for the thesis work of their M Sc and Ph.D students 

and for analysis of data collected in the various research schemes respectively. 

The Direc torate of Economics and Sta tistics also had their research work pro­

g rammed on this Electronic C omputer. Particular m ention may be made of th e 

linear, qttadrat ic and exponentia l grow th ra tes o f <trea, p roduction and productivity 

of various crops and States which were programmed on 'this Electronic Computer. 

During the year under review, an ex tensive use of the I. n.M's application 

prognnmes like LP system 1620 and 'U niwt sal Function Fitter' popularly known 

as •·STUFF" was m ade. 

During the year under report, the Computer Centre System actively partici­

pated in t he training program mes of the I nstitute. Apart from I n-service training , 

Course A.S. 129 dealing with sta tistical m ethods and computer analysis was given 

to M .'k . (Agricultur ... l Engineer ing), M .Sc. (AgricultUial Str~tistics) and other 

students of the Post-Graduate School of the Indian Agricultural R esearch I nstitute . 

Dr . Carl F. K ossack was assigned to the Institute by the F . A. 0 . as a 'Data 

Processing Expert', during the year. Dr. Kossack i~ the H ead of the D epartment or 

Mathematics Statistics and Computer Science in the Universi ty of Georgia, U.S.A . 

H e had earlier worked in Pardue University and with the International Business 
Machines, U .S.A. 

Dr. Kos~ack has prepared a plan for the reorganisation of the Computer 
Centre so that it may :-

(i) act as a service centre for the entire agricul tura l community of D elhi . 

(ii) undertake research in Computer technology and 

(iii) organise training in programming and Com puter technology. 

H e h as a lso suggested that the Computer Centre should take up new applica­

tions and the E lectronic Computer should not only be used as a fast calculator, but 

a lso as an information processor. 



BASIC RESEARCH 

It is observed that in many agricttltural n·s~arch a nd other institutes onl~· 

very simple d es i.5n> are used for vari ::m s types o f experiments. One of the reasons 

for such action is tha t the analysis of o the r types of ·desig ns is somewhat compli­

cated. This is tru : particularl y for asymmetrical factorial experim ents for which 

m a ny times the less d es iri!.b lc split plot d esigns a re ado pted. For improving the 

situat ion a straight forward and easy to work m etho::l o f analysis of confounded 

asymmetrical factorial d esig ns has been evolved in the I nstitute as a part of the 

research work of one of t he Dipl oma s tudents. 

One o f tlw objectives of fa ctorial experiments is to obta in from the data 

collected t hrough them an optimum combination of the levels of the facto rs 

included in the experiment. This purpose is not se rved by studying the main e ffec ts 

a nd interac tions of the factors. For this, fitt ing of response surface becom es 

necessary. Fo r such purpose there a rc special designs called response surface 

desig ns. One o f the Ph. D. students worked on the problem of findin g su itab le 
criteria lor the c ho ice of suc h desig ns in di fferent situa tions. Severa l new se ries 

of d esigns were also obtai ned . 

vVhen observations arc avai lable from a n ex perim ent conduc ted over several 

p laces and yea rs, the usual m e thod of a na lysis is to study the ovu-all trea tment 

e ffects a nd also the interaction of the trea tments with p lace as we ll as yea rs. A 

Diploma studen t a t tem pted to study this problem t h rough a n a lternat ive method. 
T his method a t tcmrts to work out a stabi li ty coefficient fo r each of the treatmen ts. 

The lower the coeffic ie nt the m ore stab le is the treatment over va rying environ­

men ts. T hose t reatmf'n ts whic h yield highest a nd at the same time show a 
smaller value of the co-efficient a rc considered fit for recommendations. Usually 

ni t rogen was found to l.Je having hig her va lue of the coefficient indicat ing thereby 

t hat n itrogen is Yery much sensit ive to change of environment. 

For col lec tion of data t hroug h sample survey the · technique nf systematic 

sampling is very easy to work but this method has the d rawback that no yalid 
es timate of sampling e rror is obtaina ble. One of the Diploma students modified 

the existing systematic m ethod of sampling by combining systema tic and clu ster 
sampling tech n iques. This method is easy to work and supplies at the same time 

es ti ma te of sampling e rror. 

, 
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9. 

PUBLICATIONS 

Publica tions by the office rs and m E-mbers of stafT and students of the Insti­

tute a re listed in Appendix II. A list of dissertations approved for the award of 

Ph. D. and 1\II. Sc. d E-grees and the Diploma in AgJ·icultura l Statistics of the Insti· 

tute is given in Appendix I. 



1 0. 

SUMMARY O F THE R EP ORT 

I 0. I Statistical research in agricultural sciences. 

J 0.11 .·1/l ! 12dia coordinated agronomic experiments. 

The a nalysis of data of 7,200 experiments col lected from BO districts all 

over the coun try u nder the All -India coordinated agronomic exper iment scheme 

showed that hig h yield ing varieties of different cerea ls like IR-8 (Rice), S-22 7 

(Wheat ), C SH -1 (] owa1 ). HB l ( Pajra) , :=~nd som e of the m aize hig h breeds out­
yielded the loca l variet ies even without the application o f fertil izers. T he aver·age 

r esponse of exotic v::~rie ti es of rice to 60 kg. Nfha was more by 200 kg ha rh;-tn 

tha t observed in case of local varie ti es. T he application of 60 kg. l'\ jha to ICdyan 

Sona gave an average response of 1000 kgfha. An increase of 40 to 80 per cent in 

response was observed when the dose was doubled . R esponse to phosph01 us and to 

potassium in presence of N an d P were also observed in some area s. 

I 0. 12 lvf odel agronomic experiments. 

R esults of 3C6 complex experiments spread over 44 m ode l agronomic centres 

showed tha t the hig h y ielding e..-o tic varieties r-erformed better than the locally 

improved va rieties. The response to ni trogen was a lmost ur.iversal and varied 

from 500-2000 kg/ha on rice a nd wheat at GO k0 . N jha. The additionai response 

to 120 kg N jha va ried from 300 to 800 kg tha on rice and 500. 1500 kg/ha on 

wheat. The response to phosphorus was good a t a nnmber of centres, wh ile that 

to potassium was moderate a nd was observed at a few centres. On wheat, a t 

Lud hiana , h ighes t yield was obtained when irrigat ion was a pplied a t 70 1:er cent 

ava ilable moisture. D elay in irrig:uion decreased the yields. On this crop, a se<·cl 
ra te of 100 kg/ha. gave the best y ield for optimum ela te of sowing , In the multiple 

cropping experiment, a production of 14 .3 tounes per hectare of gra ins was obtain­

ed with th<:! rota tion m aize-wh eat-chana at Pantnagar and rice-rice-rice a t 

Tirupathi. 

10. 13 Yardsticks of additional production. 

The ya rdsticks of additiona l production of rice (un-husked) evaluated from 

the da ta of about 3, ~00 exper iments conducted on cultivators' fie lds were 11 .2 

tonnes pe r tonne of nitrogen for IR-8, 11.5 fo r TN-I , 9.4 for local ly improved 

va rie ties and 8.0 tonnes per tonne o f nitrogen for local varie ties of rice in the 

kharif season when th e: applica tion was at the ra te of 60 kg. N fha. Yardsticks of 
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add itional production evd! uated fo r applicat ion o f phosphat us at 30 kg. P20 5fha 

over 60 kg . Nfha were l .2 , 8.0, 10.5 and 6 8 tonnes per tonne of P20 5 respectively 

for these varieties. Yardsticks o f add it ional production in tonnes per tonne of K
2
0 

evalua ted for 30 kg. K.2G fha over 120 kg. N 'ha a nd 60 kg. P
2
0

5
iha were 5. 7 for 

IR-8, 9 9 for T N- I , and 6.1 for loca lly improved varieties. 

The unit dealing with studies in agricultura l sriences a lso attended to com­

pilat ion of 1\'ationa l index of field experimen ts, economic a nalysis of m anuria l 

experiments conducted on gra m :=~n d arhar, pi lot studies on pre harvest forecasting 
of yie ld of jute crop and cond ucting sampl.: surveys for studying the incidence of 
pests and d is eases of rice crop. 

I 0.2 S tatistical research in animal sciences. 

A study of compa ra tive meri ts o f selective breeding and g rading up of loca l 
Benga l type of ca ttle wtth H aryana bulls, showed that graded cows v.ere signi­

fi<.:ant ly super ior in regard to milk yield per lactation, yield per day o f lactation 

and yield per clay of ca lving interval. T he ave rage first lacta tiOn yield 01 graded 

co,,·s was a bout 180 kg . m ore as com pated to 375 kg. of those in selec tive breeding 

g roup. Ho wever, taking into consideration thei r feed per kg. of milk and age at 

first ca lvirg and ca lving illten ;a] as wE'll, it appeared tha t grad ing up of local 

Beng\] type of cattle with H aryana would not he econom iral. The study of per­

fo rmance of various g rad es obtained by cross breed ing R :1mpur Bushair ewes with 
Polwarth rams showed tha t the l! ra ded Po lwa rtb ewes we re su perior to Rampur 

Bushair e wes in rega rd tu gre >sy fleece weight. The a nnual g reasy fleece weigh t of 

half breds \\'as l. 3fl0 kg . fot· :l/4·1hs it was I.3:l0 kg. while in case of R ampur 

Bushair ewes it was 1.1 77 kg. The fibre d iameter decreased in 3f4ths 

compared to hal f breds. From th is study and o th r r studies can i t>d ou t o n va rious 
cross bred sheep from exotic b reeds i t a ppears that before fina lly r ecommending 

the 3/4ths graded exotic sheep as suita ble fo r local conditions, it would be advis­

able t:> secure w ore in formati( on on the pet forma nee of 3i4ths grades. The cor­
rection fac tors for obtai ning density of m ilk at 2G°C and 27°C were worked 

under ti Je project for standardization of meth ods for estimation of solids-not-fat 
in m ilk. These correct ion fac tors would be of val uable help in arriving at S. f\T. F. 
content of m ilk a t van ous temperatures From a survey to estimate the cost of 

ra ising young stock and ma in taining ad ult cattle and buffaloes canied out in 

H issar d istrict of H ar yana Sta te, it was estimatrd that the cost of re tring a male 

cow calf from birth till three years of age was R s. G95J- and for fema1e cow calf i t 

was R s. 425/- . [n the case of female buffalo calf, the cost of rea ring was about 

R s. 6 15/-. It was observed that the prices reali zed by the farmer~ are compara -
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tively less than the cost on r ear ing these calves. ln ord er to m ake tlt e cattle rearing 
enterprise m o re r emunera tive in ru ra l areas of the breed ing trac t, it would lJc 

essentia l to provide adequate market facil ities as well as to take steps to reduce the 

cost of rearing. 

Besides these, stud ies were a lso undert a ken fo r s ta nda rdiza tion of 1 he p roce­

d u re of sampling from fleeces for the stud y of wool qua li ty fo r eya]ua ting the econo . 

mics of ra ising cattle and buffaloes fo r obtaining cost of production of sheep a nd 

wool, fo r observing the impact of milk supp ly schemes on ru ra l eco nom y in rr.ilk 

collec tion a reas, for obta ining ind ices of cost of prod uct ion o f m ilk, f(Jr C'Stim a tion 

of area of g raz ing la nd a nd its utili zation , for obtaining gent t ic correla tion and 

selec tion indices rela ti ng to ca t t le and fo r inves tigating into the suitability o f sa mpl­

ing pla ns fo r milk recording in key v illage blocks. 

I 0.3 Sam fJiing investigations. 

U nder the sample surve y inves tiga tion conduc ted by the Inst itute / a r eliabiP 

m e thod has been evolved for ob ta ining r easonably accum te estimates of exten t of 

cultivation a nd production of pepper as well as fo r stud ying the prac tices follnw C'cl 

b y farmers in its cultiva tion. A stud y of th e d a ta collected on crop yield s a nd 
other rela ted cha r acteri stics of hig h yielding varie ties of cereal c rops in I.A.D.P. 

d istricts indica ted tha t during 1968-69 the increase in y ield ra te of hig h yie lding 

va rie ties of paddy ove r the indigenous varieties ra nged from 60 to 100 percent in 
the distric ts of Sambalpur, S u ra t, \ 1Ves t Godava ri, Alleppey, Palgha t and Ca cha r . 

Tn the districts of Raipur and Shaha bad it w as m ore tha n 40 per cent, and in the 

districts of l\!Ia ndya and Tha nja vu r, the di ffe rences were moderate. The di ffe rencPs 
in yield rates of high yielding Vilrieties o f wh ea t a nd local va rieties were of th e 

order of !50 per cent in Jammu , 90 per cent in Ludhiana , 70 per rent in Sha ha bad 

and 70 per cent in Aligarh. A sur vey conduc ted to assess the impact o f hig h yield­

ing va rie ties programme in Co imbato re, 1'\orth Arcot, South Arcot and Ching leput 
ciistricts in 1968-69 showed that IR-8 w as gro wn in a ll these distric ts. Th e rcsulrs 
indicated tha t the yield rate of IR-8 was higher than tha t of local va rie ties b y ~ a 

per cent in Coimbatore, 143 per cent in North Arco t, 80 per cent in South Arcot 

and 9 1 per cent in Chingleput. Besides the survey m entioned above, sa mpling 

inyestigations '"'·e re conduc ted by the Institute on fruit s, vege tables and cashew n ut 

crops during the year. Surveys were also ta ken up for studying fertilizer p rac tices 

of fann ers; for obtain in g block-level es timates of agricultu ra l prod uctio n and 

for estima ting livestock produc ts and practices of farmers in rearing livestock. 

10 .4 Training in agricutural sta tistics. 

UnJcr the research a nd training p rog ramme o f tb e Institute, !7 fello\\·ships 
we re awa rded to students in various courses a nd I l fdlow ships given to earlier post-

' 
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g raduate students were continued. Fi ve foreign students completed thei r train ing 

during the year. One dissertation for Ph.D., eight dissertations fo r ~faster's degree 

a uJ four dissertation~ for Diploma were approved for the award of degree or 

diploma as the case may be. Twenty-one tec hnica l papers were published by the 
office rs of the Institute during the year in standard journals both within the 
cou ntry and o utside. 

10.5 Data p r?cessing . 

I a the m echa n ical a nd electronic data processing unit o f the Institute, 
3,000,000 card s \\ere punc hed and verified . About 1600 lis tings and 650 tables 

\\'e re prepared on th e tabulati ng equipm ent. Almos t the entire sta tistical work of 

the Institute was programmed on the IB:\I-1 620 Electrical C omputer insta lled a t 
the Institute. 

10.6 Basic resea rch in design of exjJeriments and samjJ!ing . 

A straig ht forwa1·d m ethod and easy to work method of analysis of con­
founded a svmme trical fac to ri a l experiments has been evolved. 

Certain cri te1·ia for the choice of the response surface d esigns have been 

evolved. Severa l new series of response surface d es igns have also been obtained . 

An a lternative method of a na lysis of groups of experiments b y finding the 

\·a]ue of a stabi lity coe ffi cient for each treatment has been evolved. This m ethod 

gives an idea if a treatmen t can resis t adverse conditions and still con tribute to 
be tter performance. 

An a lternative me thod of sys tematic sample capable of providing estimate 

of error var iance has been evolved. This m et hod is easy to work like the exist. ing 
method of syst ematic sampling . 
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