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ABSTRACT 

Tlie f a c t o r s determining the u s e of f e r t i l i z e r s 

s p e c i a l l y t h e cliemical ones a r e numerous which encompass 

p o l i t i c a l s p a t i a l , economical and s o c i a l s p h e r e s . The 

a u t h o r has a t t empted to ana lyse only two socio-economic 

de t e rminan t s namely s i z e of family and t h e s i z e of 

ho ld ing . We have used c r o s s s e c t i o n a l da ta f o r the 

purpose of ana lys ing t h e i n f l u e n c e of t h e s e two d e t e r m i ­

n a n t s wi th t h e help of s t a t i s t i c a l t e c h n i q u e s . 

We found t h a t t h e r e i s a s t r o n g c o - r e l a t i o n s h i p 
J 0 1 

between the two determinants which further enables us to 
» 

apply the analysis of Variance techniques, P rob i t 

ana lys i s . Regression analysis and Bez Reaction Fxinction. 

We found tha t the s i ze of family i s ra ther a more s t ab l e 

and not so very strong determinant as compared to s i ze of 

holding. Both P rob i t analysis as well as Reaction Function 

r e s u l t s support the preceding statement. However, both the 

determinants have influenced or motivated the farmers to 

use e i t h e r organic or chemical f e r t i l i z e r s . 

This analysis may be taken as an advanced stepping 

s tone to analyse the prevai l ing s i t u a t i o n i n ag r i cu l tu re as 

e x i s t s i n the present day i n nor th-eas te rn s t a t e s and 

spec i a l l y i n Meghalaya. These two fac tors cannot be 



i i 

subjected to act upon as instruments of modernizing 

agriculture vmless other socio-economic factors such as 

productivity of land, labour and capital and definitely 

the productivity of f e r t i l i ze r s are taken into considera­

t ion. However, the author believes that analysis 

embodied in this dissertation would be very useful to 

understand the problems of agriculture as well as rural 

ec onomy. 
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CHAPTER - 1 

INTRODUCTION 



Fertilizer Is one of the major Inputs in 

agriculture. The use of organic fertilizer has long been 

practised by the farmers and it became a part of the 

system because the farmers have learnt the better use of 

organic wastes for growing more food. The use of chemical 

fertilizer is of recent past and it is gaining slowly 

momentum in some parts of the country. The rationality as 

to the use of organic manure is hardly a matter of acadanic 

interest whereas, the adacption of modern farming techniques 

including the use of chsnical fertilizer to grow more food 

becomes the nucleus of the subjects concerning economic 

planners and the scientists alike. 

The transition from rural agricultural craft to 

rural agricultural technology is not an easy task, never­

theless, we have seen that there is a great deal of change 

in agriculture specially in farming techniques. In the case 

of application of organic manure, the farmers are well 

acquainted with the procedures eventhough they may not be 

literate. The overdose of organic manure may not be hazar­

dous, the potential fertility of soil need not necessarily 

be tested and also there is possibly no forbidden specific 

organic manure for any specified criteria of plant growth 

and yield, whereas, unless the farmers get advisory services 



of tile experts or agriculture field workers, the use of 

chemical manures due to the lack of knowledge of potency 

of chemical mannures may prove to be hannful also 

uneconomical. 

In th is essay, we are, of course, interested in 

identifying some of the key detenainants of the use of 

f e r t i l i z e r s . We confine ourselves to two of the numerous 

socio-economic detenninants, namely ' s i ze of holding' and 

the ' s ize of family* and the f e r t i l i z e r includes both the 

chemical and organic. Our objective i s to analyse these 

two determinants barring a l l other socio-economic determi­

nants of use of f e r t i l i z e r , their covariance with respect 

to the type of f e r t i l i z e r , equality of their between group 

mean with respect to the type of f e r t i l i z e r , their functions 

as stimuli for the use of f e r t i l i z e r and by type of 

f e r t i l i z e r and f inal ly a specific ob;Jective analysis consi­

dering one of the determinants say size of holding as 

•"agent* and the other i . e . size of family as 'object-* of 

the i r resulting function as Reaction Function - the 

realizable f e r t i l i z e r matrix. 

In chater 2, we have discussed about the problems 

and prospects of agriculture in general and of Meghalaya in 

specific. Therein, we have mentioned about land tenure 



systeoQ i n Meghalaya, the c h a r a c t e r i s t i c of s o i l s of 

Meghalaya and the popular method of manuring the Land 

as prevai led i n Meghalaya,i We have also discussed about 

the number of economic, soc ia l , deoaographic and other 

determinants which could e i ther promote or hinder the 

popular iza t ion of use of chenical manures. We have 

brought i n to focus the factors p e r t i n e n t to Meghalaya 

t h a t could be considered responsible to motivate the farmers 

to use f e r t i l i z e r s . 

In chapter 3» we deal Mdth the sources and problems 

of data co l l ec t ion , A br ie f desc r ip t ion of the blocks and 

the se lec ted v i l l ages there in , a re given i n th i s chapter . 

We have also mentioned about socio-economic condit ions of 

the v i l l a g e s , spec ia l ly as regards employment, education, 

t r anspor t f a c i l i t i e s and market f a c i l i t i e s . The data for 

the type of analysis mentioned above were co l l ec ted by the 

author herself vAth the ass is tance of an i n t e r p r e t e r 

provided by the Block Development Officers of the respect ive 

Blocks, 

Chapter 4̂  i s devoted to methodology and enp i r i ca l 

ana lys i s , we have considered the t heo re t i c a l framework as 

p rec i se ly as poss ib le and the j u s t i f i c a t i o n of the use of 



s t a t i s t i c a l tools, the logical basis of analysis of the 

estimation. I t may be mentioned that we have used 

a) Correlation technique using bi-variate frequency 

table, b) Analysis of variance technique using two way 

class i f icat ion table taking ' s i ze of holding' and the 

' s i z e of family* as the factors and the ce l l frequencies 

happen to be quantum of f e r t i l i z e r used, c) Probit 

analysis - by considering ' s i ze of holding' as stimuli 

and the response as quantum of fer t i l izer* Again similar 

analysis i s performed by taking the ' s i z e of family' as 

stimuli, d) Regression analysis - by using the probit as 

endogeneous variable and the stimuli as exogeneous varia­

ble, a regression equatioiB were f i t t ed and finally, 

e) the Reaction Function Approach as proposed by Bez, 

where one of the two determinants, i«e , ' s i ze of holding' 

and the ' s i ze of family'is taken as 'agent' and the other 

as ' ob j ec t ' . The theoretical basis of th is analysis i s 

fundamentally mathematical probabil i ty. 

All the anpirical results are given in th is 

chapter together with appropriate and plausible conclusions. 

Some of the tables of data also description of s t a t i s t i c a l 

techniques are given in the appendices. 



Finally, chapter 5 is devoted to conclusions and 

epilogue* The conclusions succeeding the empirical results 

are usually the resultant state of the statistical model 

or theory applied, in practice, these conclusions could 

have been sufficient. Hovfever, in our view in global look 

at the micro level can transpire new vista of analytical 

domain which may be left to the author to try in future 

research. It is sometimes felt that epistemological 
on 

/ boundary of economic corpus is invisible, ^distinct unlike 

that of physical sciences, yet our hximble but sincere effort 

could break a way that could be continued further with some 

lapse of time - a cherished hope of the author. 



CHAPTER - 2 

PRDBLMS AND FRD:SPHCT.S 



2 .1 . Introduction 

Meghalaya i s an agricultural s t a te . About 80 per 

cent of the potential working population are engaged in 

agricultural a c t i v i t i e s . Altliougli tlie land-population 

ra t io i s very large (59 persons per square kilometre 

according to 1981 population figure), unfortunately, only 

15% of the land i s useful for any type of the cult ivat ion 

with the prevailing agricultural technology and another 8% 

of the to ta l land area i s covered by forests . I t could, 

therefore, be said that from agricultural point of view 

the population density i s 7^ persons per squate kilometre. 

The topography of the land provides scope for a 

variety of agricultural crops ranging from cereal, e.g. 

r ice , maize and millets to various frui ts which are grown 

in the s t a t e . The major crops grown by the fanners are 

paddy, potato, maize, cabbage, cauliflower, tumeric, ginger, 

short staple, cotton, black pepper e tc . 

In Meghalaya, there i s a peculiar land tenure 

systan. I t i s different from that of the plains area in 

the north east, where majority are non-tr ibals . The Garos, 

the Khasis, and the Ja in t ias have more or less a similar 

land tenure system. Here, in Meghalaya, the laws relating 
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to the land tenure systen and i t s accompanying ownership 

a re pr imar i ly customary laws. According to the Meghalayan 

land tenure system, land may be c l a s s i f i e d in to th ree 

ca tegor ies signifying pa t t e rn of ownerships - these are 

i ) Community land; 

i i ) P r i v a t e land; 

i i i ) Government land, 

2.2.1» Community Land 

Under t h i s category, land belongs to the community. 

Community land i s known as Ri Raid, where Raid means 

community. According to the Report of Land Reform Commis­

sion for Khasi H i l l s (197^), every member of the community 

has the ' u s e ' r i g h t and 'occupancy' r i g h t over land. No one 

has to pay land revenue i n kind of cash for enjoying his 

r i g h t s . I f anyone has to pay any amount, then i t i s general ly 

for the improvanent which the community would have made on the 

land or for services rendered i n i t s use as occupant for 

c u l t i v a t i o n . No person belonging to the community can be 

debarred from occupying any vacant p l o t of land. Similar ly , 

no one can claim for more land tha& what he can ac tua l ly 

c u l t i v a t e . I f a person vacates or does not make use of the 

land under his ac tual occupation for th ree consecutive years, 

the land rever t s to the community (Mathew, ) . Generally, y 

the re i s no propr ie tory , her i tab le or t ransferab le r i g h t on 
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the Ri. Raid Land, However, a person can acquire t r ans fe ra ­

b le r i gh t on ttie Ri Raid tand, i f tie had made permanent 

improvement on i t . The form of permanent Improvement 

impl ies , e ,g. c u l t i v a t i o n of permanent crops and p l a n t s , 

f i sh pond, permanent building, e t c . 

Community land may be divided in to fores t land and 

non-forest land. There are mainly three kinds of fo res t 

land: a) land reserved for re l ig ious purposes; b> land 

reserved by the communityj c) p r i v a t e land (Nair, 1983). 

2 . 2 , 2 . P r iva t e Land 

P r iva t e land, which i s known as Ri Kynti. i s mostly 

divided in to two ca tegor i e s . That i s , a) ances t ra l and 

b) se l f -acquired . 

The ' durbar-kur* (assanbly of the clan) has control 

over the former, the person who has acquired i t has fu l l 

cont ro l over the l a t t e r . However, the ' se l f -acquired ' land 

would be considered as an ances t ra l property when i t passes 

to the chi ldren of the one who has acquired i t , and then 

presumably i t would be subjected to the j u r i s d i c t i o n of the 

•durbar ' (Mathew, 1981). 

The s t a t e s has no control over the Ri Kynti lands . 

Every individual can enjoy a l l the r i gh t s over t h e i r land. 
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The landed property may be of ancestral or purchased 

type. Ka Khadduh (youngest daughter of the family) gets 

larger share of land than the others. If the family does 

not have any daughter, then the family brings a Ka Khadduh 

from the sister's family, immediately elder to the mother. 

In absence of them, the family prefers 'a cousin' daughter 

of the mother's side (Mathew, 1981). This is how hereditary 

rights are preserved. 

2,3.3. Government Land 

Government land are those lands on which Government 

acquires ownership and gets the authority of control and 

managenent over the land. 

The Land Reforms Commission for Khasi Hills, states 

that the British Government and the Indian Government have 

taken land in the Khasi Hills under various rules issued from 

time to time. Till today, the government have taken land on 

the basis of exchange, lease, purchase and of acquisition. 

According to the related rules the government enjoys all the 

rights over land, 

2.3. Types of Soil 

Soil of the North Eastern Region, specially the hilly 

areas is JULtaposed by many types of rocks. 



10 

This i s among others, due to the variation of ra infa l l of 

th is region. Monsoon s ta r t s generally during the month 

of May and continues t i l l September, and rainfal l varies 

from 1000 to 4450 mm. The soil reaction varies from 

'strongly acidic* to ' ac id ic ' in nature. 

The soi l Scientis ts classif ied land in Meghalaya 

into the follovdLng categories (Rajan and Rao, 1981>. 

Table 1 

Soils c lass i f icat ion 
uni t (Traditional or 
popular nomenclature) 

Equivalent name according 
to the 7th approximation 
c lass i f icat ion 

( 1) Red loamy so i l s : 

(2) Red and yellow so i l s : 

(3) Laler i te soi ls : 

(4) Browi h i l l so i l s : 
• (on sandstone and shales) 

(5) Old al luvial so i l s : 

(6) Terai soi ls : 

(7) Alluvial soi ls (recent): 

i i i ) 

i ) 
i i ) 

i i i ) 

s 
i i i ) 

iv) 

Faleustalfs 
Phodustalfs 
Halplustalfs 

Haplustults 
Ochraquults 
Rhodustults 

Plinthaqults 
Pl inthustul ts 
Plinthudults 
Oxisole 

i ) Palehumults 

i ) Paheustalfs 

i i ) Haplaquents 

i ) Haplaquolls 

i ) Haplaquents 
i i ) Udifluuents 
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2.4. Froblans Associated with tlie Use of Fer t i l i ze r 

We shall briefly present the Indian picture f i r s t . 

Since at the i n i t i a l stage of development, social, psycholo­

gical and economic constraints may not be similar. 

Nevertheless, these constraints p-aty a v i ta l role as against 

the adoption of new techniques or means of production as in 

any other parts of the country, specially h i l l areas. 

Organic f e r t i l i z e r i s important as they are used to 

improve the f e r t i l i t y of the soil as well as to keep the soil 

moist. But i t i s to be noted here that organic f e r t i l i z e r i s 

not enough for the production where i t cannot possibly meet 

the full requirement for replenishing the soils for frequent 

use for cultivation and/or a t higher level of production. 

On the other hand, chemical f e r t i l i z e r plays an 

important role in any scheme for boosting up the agricultural 

output. Chenical f e r t i l i z e r consists of Nitrogen (N), 

Phosphorous (P 0 ) , and Potassium (KG) compound. 

N.S, Shetty explains in a study that the use of 

f e r t i l i ze r s can be measured in three different ways (Shetty, 

1969): 

a) Total weight of different types of f e r t i l i ze r s 

used by the farmers. 
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b) Total weight of plant nutrients contained in 

different jjypes of fertilizers need by the farmers. 

o) Aggregated weight of plant nutrients contained 

in different types of fertilizers used by the farmers, 

where weight being assigned on the basis of soil text data 

of 8 particular region. 

The first measure appears to be improbable, since 

construction of an index of use of fertilizers in terms of 

recommended doses vis-a-vis in terms of plant nutrients, 

needs a controlled agricultural operation. 

In order to have a meaningful analysis of reaction 

of 3 types of nutrients, relating to soil, plant, and manure, 

(^o^independently of one nutrient from other and the synergic 

effect of all, plus.: the extraneous variables as temperature 

and rainfall, requies an elaborate methodology and that is 

to be done in a controlled situation. 

It is found that a very few farmers used fertilizer 

more than half of the recommended doses* There is a seasonal 

variations in the use of fertilizer also (Borah, 1981), This 

may be due to number of reasons. 

In a study by Nagaraj has shown a definite acceleration 

in aggregate fertilizer consumption, since the mid-sixties. 
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According to him, ttie acceleration i s mainly due to 

slackening of demand. Nagaraj found that the consxomption 

of f e r t i l i z e r s has consistently been falling short of the 

required target, since I96I-62. This i s caused by any or 

a l l of three factors, that i s , ( i ) supply constraint, 

( i i ) absence of an efficient distr ibution network and 

(jai) deficiency of demand. Moreover, one of the principal 

reasons for non-fulfillment of agricultural production 

targets i s the wide and increasing gap between the target 

and actual levels of f e r t i l i ze r s use. 

There are certain factors affecting f e r t i l i ze r 

demand too, they are, f e r t i l i z e r price, acreage, farm income, 

capi ta l , in teres t ra tes , education, experience, distance 

from town etc. These exogeneous variables divided into two 

broad categories: a) Economic variable, that i s , size of the 

farm, i r r iga t ion f ac i l i t i e s , farm and non-farm income, 

l iquidi ty , avai labi l i ty of supplies and credit , prof i tab i l i ty 

of change, a t t i tude towards r isks, price s tabi l izat ion etc, 

b) Sociological and demographic variables, _i ' .e . , caste, 

education, age and contact with extension agencies. 

Size of holding i s covered by two variables: 

a) area of owned holding; and b) cult ivation holding (Nagaraj, 

1982. 
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In a study, sponsored by ttie Department of 

Agricul ture of the Government of Assam ca r r i ed out by 

Agro-Economic Research. Centre, found tha t the factors 

influencing the use of f e r t i l i z e r s are : 1) locat ion, 

2) l i t e r a c y , 3) economic condition of the fanner, 4) s i ze 

of holding, 5) types of tenancy, 6) i r r i g a t i o n f a c i l i t i e s , 

7) d i s t r i b u t i o n of f e r t i l i z e r , 8) p r i c e of f e r t i l i z e r , 

9) marketing prospects of ag r i cu l tu ra l products, IO) tech­

n ica l guidance, 11) s torage f a c i l i t y , 12> p rac t i c e of HYV 

c u l t i v a t i o n and 13) p e s t i c i d e s . However, t h i s study i s 

more exploratory and ana ly t i c . The study does not reveal 

which of these factors has a far bearing consequence or 

what drawbacks for the use of f e r t i l i z e r be removed i n 

precedence (Borah, 1981, Shetty, I969, Vipin Ghandram, 

1982). 

I l l i t e r a c y may be considered to be pr imari ly 

responsible for ru ra l poverty, though a programme for 

l i t e r a c y dr iver has a long time lag to produce economic 

r e u l t , never theless , the ignorance and communication gap 

between the farmers and the ag r i cu l t u r a l extension workers 

c o n s t i t u t e a major hindrance in improving p rac t i ce of 

ag r i cu l tu re and for t h a t matter the r a t i ona l use of 

f e r t i l i z e r . 



Since not so recent past, the use of chemical 

f e r t i l i z e r has increased in our country in order to 

boost up agricultural production. Unfortunately, due 

to some reasons the primary step to tfest soi l was not 

always carried out. So without knowing the nutr i t ional 

standard of the soi l , f e r t i l i ze r may not yield the 

assumed posit ive resu l t . Soil testing plays an important 

role of the ^package and practice'*' of agriculture. The 

f e r t i l i z e r recommendation depends on the f e r t i l i t y status 

of the soi l along with other factors l ike slope gradient, 

plant variety, i r r iga t ion fac i l i ty , climate, etc. In 

th is matter, the extension workers as well as the Block 

Development off icials have important role to play through 

thei r acting and co-operation in rendering the soi l 

test ing services available to the farmers. The basic 

objective i s to guide the farmers for better economic use 

of soi l -nutr ient and other inputs. 

Although India i s an agricultural country, the 

conditions governing the agricultural operation in different 

parts of the country vary and these variations are not only 

inter-regional but also intra-regional . The so called green 

revolution can be fe l t in certain packets of the country, 

and i t has not been able to make any headway even in a 
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conceivable significant way in other parts of the 

country. The modem agricultural technology, inclusive 

of the seed-fer t i l izers combinations, has also met with 

varying degree of receptions in different corners of the 

country. Thus, i t i s but natural that a single well 

defined all-comprehensive and all-pervasive 'model* or 

formalization regarding the factor governing the pat tern 

of demand for agricultural i r^u ts , viz» f e r t i l i ze r is hard 

to find which could be applied throughout the length and 

breadth of the country. We have studies on par t icular 

d i s t r i c t s of a s ta te or a region. However, they too 

provide us with important materials for our purpose. 

Another f e r t i l i z e r denand model used by Timmer, 

based on profi t maximising behaviour of the fanner and 

knowledge of relevance of a single price of f e r t i l i z e r in 

the market. I t has considered both the short-term and 

long-term factors affecting the donand for f e r t i l i ze r s by 

the farmers. Following are the variables taken into 

account by Timmer: f e r t i l i t y price, crop price, acreage, 

farm income, capital assets , in te res t ra tes , education, 

experience, distance from town, time etc, (Timmen, 1974). 

In this model, i t i s not only the demand for 

f e r t i l i z e r , but also the supply of agricultural output that 
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i s to be induced for long-term ana lys i s . I f fanners can 

get more output, i t leads to a decl ine i n the p r i ces of 

output . I t , therefore , has a damaging effect on the farm 

income. He observes t ha t , with the l e s s income, farmers 

may not be able to afford to buy more f e r t i l i z e r s r e su l t ing 

i n induced decrease i n demand for f e r t i l i z e r . Therefore, 

to keep up the growth i n income a balance between demand 

and supply has to be maintained. This i s necessary even 

for steady growth of income of faziner. 

This model i s an aggregative model and considers 

both the shor t run and long run s i t u a t i o n s . In the shor t 

run, p r i c e responsiveness of demand for f e r t i l i z e r i s 

higher than tha t i n the long run* The phenomenon i s , 

however, explained by farmers --.adjustment to new p r i c e s . 

The only mechanism in the model wby which equilibrixom can 

be maintained i n the product market, when consumer demand 

changes, i s through f e r t i l i z e r - i nduced changes in supply. 

I f consumption d«nand for f e r t i l i z e r s wi l l not change. The 

mechanism i s tha t foodgrain p r i ce must r i s e to whatever level 

i s necessary to c a l l for th the addi t ional f e t i l i z e r s 

app l ica t ion . A supply shortage tha t decreases f e r t i l i z e r 

demand because of higher pr ices wi l l have as i t s longer run 

e f fec t an increase i n the p r i ce of foodgrains t h a t wi l l c a l l 
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forth additional f e r t i l i z e r applications. 

We can also question the assumption of profi t 

maximisation, perfect knowledge etc. of the farmers. As 

we a i l know that, these are important character is t ics of 

market economy. As pointed out ear l ie r the price 

variable i s taken to cover a l l these features. I t would 

be simply repeti t ion to s ta te the assumptions of the 

market economy do not f i t in to the aggrarian condition 

in most of the underdeveloped and the developing countries. 

I t was pointed out by many researchers that socio-economic 

conditions over-ride a l l the equilibriiim conditions both 

necessary and sufficient, yet, i t must not be construed 

that price i s insensi t ive to demand and supply even in a 

less sophisticated sector l ike Agriculture. In this context, 

the work by Krishna Rharadwaj i s very explici t . She points 

out the peculiar features of the aggraian economy and 

explains why competitive maricet conditions cannot make much 

sense in describing the rural economy. 

These peculiar features include the varied 

(non-uniform) '"extent and type of involvement in the market 

of the different sections of the peasantry*. <*Local pattern 

of power" reflected in the ' r e l a t ive ' 'bargaining strength' 

(reinforced by forces of t radi t ions, customs, social-moral) 
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of d i f fe ren t sect ions of the rura l people, d i f fe ren t 

access to resources the terms on which they can be 

obtained and the f i e ld s of r eas ib le choices open to the 

indiv idual producer i n the various market* (Bharadwaj, 

1980). 

Therefore, we have the ru ra l economy not the 

usual i n t e r - l i nked markets of the competit ive framework, 

but a systen of in ter locked markets which increase the 

exp lo i t a t ive power of the stronger sec t ions . May be her 

f indings are typ ica l of ru ra l ag r i cu l t u r a l economy even 

i n regions of no r th -eas t . 

F e r t i l i z e r i s one of the most important inputs to 

increase the output l e v e l . But most of the rura l farmers 

a re not keen using of f e r t i l i z e r s . Through a Sample 

Survey for 1975-76 and 1976-77, NGAER has shown the 

reasons why farmers are not using f e r t i l i z e r s . 

The most important reasons for not using f e r t i l i z e r 

i s non-ava l l ab i l i ty of i r r i g a t i o n system. I t var ies from 

s t a t e to s t a t e , depending on the a v a i l a b i l i t y of water and 

higher explo i ta t ion . Sometimes, the pa t t e rn of i r r i g a t i o n 

i s not uniform. This reason can be considered as a physical 

c o n s t r a i n t . Secondly, ru ra l small and marginal farmers are 
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not using f e r t i l i z e r due to unawareness of t h e i r use 

and some of ttiem bel ieve i t s use to be more harmful. 

Also there are some s teps where the la rge farmers are 

sometimes ignorant of the use of f e r t i l i z e r s * Thirdly, 

some farmers cannot use i t due to the lack of c a p i t a l . 

Credi t a lso i s not ava i lab le to them and i t i s the most 

important reason p resen t ly . Fourthly, the supply of 

f e r t i l i z e r i s not ava i lab le to the farmer, and they 

cannot use i t a t the r i gh t time. 

Here, we should discuss the importance of 

f e r t i l i z e r in the context of modern technology, s ince , i t 

i s unavoidable i n ag r i cu l tu re . 

Improved qual i ty of seeds i s e s sen t i a l for 

increas ing the ag r i cu l tu ra l output along with f e r t i l i z e r . 

Without the best q u a l i t i e s of seeds; farmer cannot get 

good r e s u l t out of their input . 

During the mid-s ix t i es , the High Yielding 

Var ie t ies (HYV) of wheat were introduced to the fanners. 

Since then, a number of HYV seeds of wheat, paddy and 

other cerea ls have been developed and d i s t r i bu t ed through­

out the coiintry. '• . . . i n 1966-67 only 1.88 mil l ion 

hectare of land has been brought under HYV seed; i n 1978-79, 
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4 1 , 10 mi l l ion hectares of land have been estimated to 

be covered by the HYV seeds programmes, i . e . the use of 

HYV seeds has mul t ip l ied by about twenty times i n a 

shor t span", (Dhingra, 1981). 

Oragnic manure was the t r a d i t i o n a l source of 

p l a n t nu t r i en t i n Ind ia , Dhua, i n a study, named 

'Organic Mineral F e r t i l i z e r s * , says t h a t there are four 

to f ive sources of organic f e r t i l i z e r s , t ha t i s (Dhua, 

1975): 

i ) Orban compost; 

i i ) Rural compost; 

i i i ) Cattledung and gobar gas p l an t ; 

M) Urban sewage and sul lage u t i l i z a t i o n ; 

v) Miscellaneous sources, l i k e - s laughter house, 

p l a n t r e s ides , habi ta t ion wastes, farm wastes, e t c . 

On the other hand, chemical fefct i l izer i s introduced from 

the beginning of the f i r s t five year plan, i n our 

country. But with the appl icat ion of p r imi t ive technology 

and low yielding v a r i e t i e s , the consumption of chemical 

f e r t i l i z e r was very slow. After the evolution of HYV 

seeds, f e r t i l i z e r consumption i s increased from the year 

i960 onwards, a f t e r the in t roduct ion of HYV of wheat, 

paddy and other c e r e a l s . In an a r t i c l e , named '"Technological 
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change i n ag r i cu l tu ra l output", about the consumption of 

f e r t i l i z e r , which we can see i n Table below. 

Table 2 

Progress i n consumption of chemical f e r t i l i z e r s 

Year 
1950-51 1960-61 1966-67 1970-71 1979-80 1980-81 

Quantity 0.13 0.29 1.10 2.2 5.12 6.2 
(Unit 
mtr. ton) 

Source: Economic Survey 1980-81 and F e r t i l i z e r s Association 
of India , F e r t i l i z e r S t a t i s t i c s . 

During the Sixth Plan, importance has been given to 

the need for f e r t i l i z e r s consumption and production, and to 

make f e r t i l i z e r ava i lab le to the farmers a t reasonable p r i ce 

a t the r igh t time. 

Water i s another important input of the package of 

new technology alongwith HYV seed and f e r t i l i z e r . Most of 

the Indian small and marg^Lnal farmers wi l l have to depend on 

monsoon due to the non-ava i l ab i l i ty of i r r i g a t i o n system. But 

r a i n f a l l i s mostly confined to c e r t a i n s t a t e s i n our country 

and the worst of a l l i s tha t there are great va r i a t ion from 
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year to year and not a t r i gh t time of sowing. Therefore, 

t he r e i s an increased need of water through proper 

i r r i g a t i o n systen (Dhawan, 1973). 

In India , there are no proper HYV seeds for the 

higher a l t i t u d e ranges. In these p laces , s t i l l p r imi t ive 

types of cu l t i va t i on i s prac t i sed with t r a d i t i o n a l loca l 

v a r i e t i e s . The e s sen t i a l co-ordinating systen l i k e crop 

management, water management e t c . a re inadequate^ Modern 

implanents for ag r i cu l tu re i s unknown to the farmers. 

I r r i g a t i o n system p rac t i s ed by the Meghalayan farmers i s 

also very p r imi t ive . The most common i r r i g a t i o n systeoo 

throughout the region i s continuous flow i r r i g a t i o n of 

r i c e f i e lds with the help of hollowed bamboo connected to a 

source of water i n the h i l l tops, when such source i s avai­

l a b l e . But i t i s operat ive mostly during monsoon. 

An important aspect of ag r i cu l tu re i n the h i l l 

areas of the North-Eastern Region of India i s tha t the 

majority of the ru ra l population i s engaged in jhum cul t iva­

t ion , which i s known as shi f t ing c u l t i v a t i o n . 

For the jhum cu l t i va t ion , land i s se lec ted during 

Decenber-January by the v i l l age elders or community from 

the fo re s t and jungles depending upon the f e r t i l i t y of the 

so i l (Mathew, 1981) . 
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The main crop growi in ttie h i l l are pota to , cot ton, 

tapioca, c h i l l i e s , paddy, m i l l e t s , beans, sweet po ta toes . 

These are grown as a p a t t e r n of mixed cropping. Hi l l paddy 

i s now being planted as a separate crop. The same jhum 

area i s cropped for the period of two or three years a t a 

time, depending upon i t s f e r t i l i t y . So a f te r the land i s 

abandoned, new s i t e s are se lected for the next cycle of 

jhuming. 

In the h i l l y regions, where oh\im c u l t i v a t i o n i s 

p rac t i s ed , the need of applying manures i s not always 

appreciated, as a matter of p r a c t i c e . Jhxam c u l t i v a t i o n 

depend mainly on the na tura l f e r t i l i t y of the s o i l . 

But in Meghalaya, organic mannures l i k e cowdung, 

pigdung, and bonemeal e t c . have become very popular among 

the farmers from a long time. The problems for use of 

chemical f e r t i l i z e r s are many, the p r i c e of f e r t i l i z e r i s 

not the only c o n s t r a i n t . The cons t ra in t s are mainly the 

lack of perennial I r r i g a t i o n f a c i l i t y , t r aaspor t a t ion 

problem and marketing of ag r i cu l tu ra l products . 

Meghalaya alone cannot be singled out for the 

i n f r a - s t r u c t u r a l lag for adopting more productive agricul-r 

t u r a l techniques. This i s the case with the en t i r e North-
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Eastern Region (Nag, 1983). The small and medium s i ze 

i r r i g a t i o n i s yet to gather momentum, although every year 

an equi table amount of money i s spent on t h i s heading. 

Under surface water the ^ultimate p o t e n t i a l has been 

estimated a t 85,000 hectares of which, only 1900 hectares 

so far has been brought under i r r i g a t i o n upto 1980-81, 

Actual expenditure during 1978-79 was Rs. 63 lakhs and 

approved outlay for 1980-81 was Rs. 85 lakhs with t a r g e t 

of i r r i g a t i o n for another 2300 hectares . By the end of the 

Six th Plan i t was envisaged tha t another l6,500 hectares 

wi l l be brought under i r r i g a t i o n . 

The use of chemical f e r t i l i z e r s mostly confined to 

pota to growing area of the s t a t e . According to government 

s t a t i s t i c s about 90 percent of f e r t i l i z e r consumed i n the 

S t a t e i s used only for growing po ta toes . The following 

t ab l e gives the t rend of f e r t i l i z e r consvimption in the 

S ta te (Di rec tora te of Agricul ture, Meghalaya, 1982). 

Table 3 

Year 

1970-71 
1974-75 
1979-80 

Nitrogenous 

.54 

.90 

1.23 

Phosphatic 

. 68 

.40 

.68 

Potass ic 

.08 

.05 

.09 

Unit i n thousand tons . 
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The an t ic ipa ted t a r g e t for consumption i s 9000 tons 

of chemical f e r t i l i z e r of 5000 nitrogenous, 3000 phosphate 

and 1000 ton potassium in the year 1984-85. 

Similar ly the consumption pes t i c ide s i s also 

neg l ig ib l e , i t s consumption i s also l imi ted to only potato 

crops . The appointe^aat consumption of pe s t i c ide during the 

per iod from 1977-1981 i s on the average of 25 metric tons . 

There i s every l ikel ihood t h a t the future for 

s ign i f i can t achievement i n ag r i cu l tu re technology would 

l ikewise enhance the trend of f e r t i l i z e r consumption. 

Nearly h8% of t o t a l Sixth Plan outlay i . e . Rs. 600 lakhs 

was for minor i r r i g a t i o n , taking in to account of un i t cost 

for i r r i g a t i n g 1 hectare of land and keeping i n view of 

i n f l a t i o n about 25,000 hectares of land are expected to be 

already i r r i g a t e d by 1983. Unfortunately, we could not 

get t h i s data. 



CHAPTER - 3 

DATA BASE 



5.1. Introduction 

This chapter i s devoted to Data source. In the 

absence of disaggregated data, e.g, according to farm size 

or family size, we have decided to col lect primary data. 

The government s t a t i s t i c s , ^concerning use of f e r t i l i z e r 

i s an aggregate and for the whole s t a t e . By aggregate we 

mean that the s t a t i s t i c a l data were given for the entire 

s ta te in mln tons over the period of years. There i s no 

data on f e r t i l i z e r consxamption according to the size of 

family of the farmers or the size of holding, in which we 

are primarily interested. However, there are plenty of 

short fa l ls in collection of primary data. The pre 

knowledge about the intensi ty of use of f e r t i l i ze r per unit 

of crop area in any part icular vil lage or block, i s not 

available in the government published s t a t i s t i c s and not 

even in the Block Development office. I t i s also quite 

impossible on our part to take up a p i lo t survey due to 

among other d i f f icu l t i res , the time and money constraints 

preceeding primary data collection. 

3.2. Choice of Blocks 

In the absence of previous knowledge about the 

extent of use of fertilizer in any block in Meghalaya and 
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i n p a r t i c u l a r i n any v i l l age according to tlie s ize of holding 

or the s ize of family, the present author has approached some 

Block Development Officers as well as some extension of f icers , 

to gain some knowledge about the i n t e n s i t y of f e r t i l i z e r use ' 

i n the block concerned. According to then, the fanners i n 

Bhoi Area Development Block i n Naya Bunglow and i n Mylliem 

Development Block in Upper Shillong use more f e r t i l i z e r both 

organic and chemical. We have, however, no other a l t e r n a t i v e 

r e l i a b l e coxinsels other than the Block Development o f f ice rs 

who have thorough knowledge about his block and adequately 

famil iar about the agroreconomic s i t u a t i o n prevai l ing i n his 

block. 

3 , 3 , Choice of v i l l ages 

After having a formal discussion with the respect ive 

Block Development Officers, we have se lec ted two v i l l ages i n 

each selected block mentioned above. We have adopted a 

loca t ion c r i t e r i o n i n se lec t ion of v i l l ages in each block. 

Since, dis tance i s considered as impediment, and more so due 

to lack of t ranspor t f a c i l i t y which i s p r e - r e q u i s i t e to any 

economic a c t i v i t i e s including a g r i c u l t u r a l . Therefore, we 

se lec ted one v i l l age nearer to Block Development Office and 

the other which i s lying about 15-20 kms. away from the 

Block Development Office. 
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Under t h i s c r i t e r i a n , we have selected Syadheh 

and Umroi from Bhoi Area Development Block and MavAchan and 

Nongpyur from Mylliem Development Block. The socio-economic 

condi t ions of these four v i l l ages are described b r i e f ly i n 

the following sub-sec t ions . These informations are co l lec ted 

by ourselves from the respondents and from the Block Develop­

ment Officer in the course of inves t iga t ion , 

3.3»1. Umroi Vil lage 

This v i l l a g e i s s i tua ted a t a dis tance of aitout 

twenty kilometre from the Block Development Office i n Naya 

Bunglow. A new a i rpo r t has been constructed about th ree 

ki lometre ahead from the v i l l age to f a c i l i t a t e the 

•Vayudoot' planes to operate to and from Calcut ta , Near the 

v i l l a g e mi l i t a ry contonment i s being constructed. 

The v i l l age has a t o t a l population of 1305 persons 

with 238 households, giving an average s ize of Cfamily of 5.6 

persons. The en t i r e population of the v i l l age belong to 

schedule t r i be s (Khasi) . 

The main occupation of the people of the v i l l a g e i s 

Agricul ture . The pr inc ipa l crops grown by the v i l l a g e r s are 

paddy, maize, po ta to , and vegetables. A subs tan t ia l area of 

the v i l l age i s under ginger c u l t i v a t i o n . The v i l l age f a l l s 
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under Bhoic Area Development Block to Mvliiclfi the v i l l a g e 

farmers turn for seeking advice and ass i s tance not only 

for problems re l a t ing to ag r i cu l tu re but a lso for other 

a l l i e d occupations. The v i l l age block headquarters i s 

27 kilometre away from the v i l l a g e . 

The crops growi are mainly wet cu l t i va t i on . The 

c u l t i v a t i o n i s done in the strecth©! low lying areas between 

the h i l l s where i r r i g a t i o n f a c i l i t i e s are availed from the 

stream flowing through the v i l l a g e . Ginger also grown to a 

l a rge extend and the c u l t i v a t o r s are get t ing a good market 

for t h e i r produce. Chemical f e r t i l i z e r used by the fanners 

are mainly urea, super phosphate and ammonium sulphate , which 

the c u l t i v a t o r s procure from the s e l l i n g agent from Shillong 

and r e t a i l e r s from ICAR. The c u l t i v a t o r s of t ha t p a r t i c u l a r 

v i l l a g e , are not so keen for appl ica t ion of chemical 

f e r t i l i z e r s but a few enthus ias t ic c u l t i v a t o r s use chemical 

f e r t i l i z e r s to c e r t a i n extent . This may be noted here tha t 

the v i l l a g e i s too far from the cen t re of a c t i v i t y of t h a t 

area, hence the problem of t r anspor ta t ion impedes the incen­

t i v e to »se f e r t i l i z e r . 

On the other hand use of organic manure i s predomi­

nant and i s used almost by a l l farmers. The organic 

mgnures used mainly are cowdung and pigdung, Cowdung i s 
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procuijed from outside the v i l l age , a t a very liigh r a t e . 

I n the v i l l age there i s only market known as Umroi market 

s i t u a t e d a t a d is tance of two kilometre from the heart of 

the v i l l a g e . There i s a weekly market commences a f t e r 

every eight days. Vegetables and other loca l crops grown 

i n the v i l l age are taken to the market for s a l e . Paddy 

and ginger are often sold i n large stocks in the market. 

The only means of t r anspor ta t ion to the market i s 

p r i v a t e t ranspor t buses which connects the v i l l age with 

Shil long headquarters of Eas'ti Khasi Hi l l s d i s t r i c t s , which 

i s about 29 k.m. away from the v i l l a g e . 

There i s only one middle English School i n the 

v i l l age , which i s upgraded to high school standard recen t ly . 

Besides t h a t , there i s one lower primary school. 

The leve l of l i t e r a c y of respondents i s comprehensibly 

loH about 95% of the respondents are i l l i t e r a t e and the other 

5% are j u s t l i t e r a t e with a level of schooling from lower 

primary to Matr icula t ion standard. 

3 .3 .2 . Syadheh Vil lage 

Syadheh i s another v i l l age under Bhoi Area Development 

Office a t Naya Bunglow. According to the 1981 census the 

v i l l a g e had a t o t a l population of s i z e 318 with 54 households, 
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t h i s given an average s i ze of liouseliold 5 .8 , The v i l l a g e 

i s s i t ua t ed to the ea s t e rn ' s i de of the National highway 

( a s well as B.D.O's office) a t a d is tance of about two and 

a half ki lometre. There i s no motorable road to the 

v i l l a g e from the National Highway. The v i l l a g e r s , therefore , 

have to carry t h e i r goods for sa le to the nat ional highway 

on t h e i r heads. They e i the r have to go to the Naya Bunglow 

market or to the Shillong market to s e l l t h e i r goods. 

The use of organic manures, l i k e cowdung, pigdung, 

and bonemeal are preferred to the use of chemical manures. 

About 29î  of the farmers used chemical f e t i l i z e r s too, for 

c e r t a i n type of crops, such as potato and paddy. The 

chemical f e t i l i z e r s are mainly urea, super phosphate, and 

ammonium sulphate which i s procurable from the Shillong open 

market and from r e t a i l shops organised by MEGOFED. 

The v i l l a g e r s are a l l c h r i s t i a n by reg l ig ion . Almost 

a l l the people of the v i l l age are i l l i t e r a t e , studying upto 

lower primary l e v e l . There i s one lower primary school i n 

the v i l l a g e . The main occupation of the people i s cu l t i va t ion , 

where a l l the family members capable of doing useful work are 

engaged i n the f i e l d . Since there i s no other source of 

a l t e r n a t i v e employment, the s i t u a t i o n i s the same as i n any 

ru ra l pa r t s of the country. 
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3 . 3 . 3 . Nongpvur Vil lage 

Tliis v i l l age i s under ttie Myllien Development 

Block, I t i s located i n the Upper Stiillong and about 5 

k.m. from the Air force headquarters. There i s no 

vehicular means of t r anspor t to the v i l l a g e except on 

foot from the main road. The populat ion of the v i l l a g e i s 

708 with 138 household giving an average household s i ze of 

5.1 persons . The v i l l a g e i s a Khasi v i l l a g e . The v i l l age 

i s covered by the Mylliem Development Block s i tua t ing a t a 

d is tance of about 8 k.m. from the Block headquarters. 

The economic condit ion of the v i l l age r s i s very 

poor. The v i l l age r s are mostly c u l t i v a t o r s and during off 

time they look for manual jobs occasionally ava i lab le i n 

cons t ruc t ion and building s i t e s . The v i l l age i s h i l l y and 

the main cu l t i va t i on i s paddy, po ta to , maize and vegetables . 

Vegetables are brought to Shillong market for s e l l i ng t h e i r 

product by the farmers themselves. Paddy i s grown to 

c e r t a i n extent i n between the slopes area where ra in-fed 

water i s ava i lab le . 

F e r t i l i z e r used for the crops, mainly for po ta to , 

a re ammonium sulphate, and super phosphate. Urea i s used 

for maize and vegetables . F e r t i l i z e r s are avai lable from the 

local dealer and from Shillong market. Organic manure l i ke 
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cowdung, pigdung are a lso used to a l l a rge extent . 

The people of t h i s v i l l age l i k e i n any other 

v i l l ages mentioned herein are deprived of education 

f a c i l i t i e s . About 505̂  of the people are i l l e t e r a t e . 

Others are half l i t e r a t e studying upto matr icula te . There 

i s one lower primary school in the v i l l a g e . For higher 

s tudies the students have to come to Shillong tovm, which 

i s about 8 k.m, from the nearest bus po in t . In t h i s 

respect , a t l e a s t , t h i s v i l l age i s not too remote from 

developed area and has a c c e s s i b i l i t y to main acadanic 

stream of Shillong, one of the best i n the country, 

3 .3 .4 . Mawkhan Vil lage 

This i s another v i l l age under MyllieoQ Development 

Block. The v i l l age i s s i tua ted a t a dis tance of 12 k.m. 

from Shillong and 4 k.m. north-west of the headquarters of 

Mylliem Development Block. The dis tance to the v i l l a g e 

from the neares t motorable road i s about l i k.m. to be 

covered on foot. The v i l l age i s a bigger one and the house­

hold are d i s t r ibu ted i n d i f ferent c l u s t e r s around the 

v i l l a g e headman's house. The populat ion of the se lec ted 

c l u s t e r s i s 179 with a t o t a l household of 35 i n the c l u s t e r 

which gives an average s ize of 5.1 persons, per household. 
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The populat ion of the en t i r e v i l l a g e , ho^vever, i s 695 

wi,th 135 household i n the v i l l a g e . 

The main c u l t i v a t i o n of the v i l l a g e i s potato and 

vegetables . Potato i s grown i n commercial scale which i s 

sold i n the Shillong market through middleman. Vegetables 

l i k e cabbage, couliflower, raddish, e t c . are grown p l e n t i f u l 

for sa le which also find i t s way to the main Shillong 

maiiset. There i s no market i n or around the v i l l a g e . The 

neares t market i s about 5 k.m. away from the v i l l a g e . 

Only organic manure i s used for a l l types of crops. 

A huge amount of organic f e r t i l i z e r s , v i z . cowdiing, pigdung, 

and bonaneal i s used i n c u l t i v a t i o n . Cowdung i s procured 

from outside the v i l l a g e as .well as local dealer from the 

v i l l a g e . I t i s not always the p r i ce of f e r t i l i z e r , but the 

a v a i l a b i l i t y i n time and space and the a t t i t u d e to use are 

some of the causes for not using chemical manure. I n fac t , 

the people of t h i s v i l l a g e have apparently earned from t h e i r 

ag r i cu l tu re produce, su f f i c i en t money income to buy 

f e r t i l i z e r of chemical type. 

The main occupation of the v i l l a g e i s ag r i cu l t u r e . 

Seventy percent of the people are i l l i t e r a t e , studying upto 

lower primary. A few educated youth are employed i n the 
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community Development Block office and oth.er government 

of f ices away from the v i l l age . 

There i s one lower primary school in the v i l l a g e . 

For higher school education students are to go to Upper 

Shil long and to Shil long town da i ly . 

All the above four v i l l ages are Khasi v i l l ages 

with cent percent Khasi speaking populat ion and c h r i s t i a n 

by r e l ig ion , 

3.4. Select ion of Household 

Due to c e r t a i n unavoidable difficultiasj--,,, we have 

to r e s o r t to simple random sampling i n the se lec t ion of 

household. Had there been a systematic record of households, 

t h i s could have been used as Sampling frame. The very 

genesis of t h i s sampling based on the assumption t h a t every 

elanent of the universe has an equally probable chances for 

occurance. We have approached the Block Development Officer 

for a l i s t of household with the names of the householders to 

t e used as the sampling frame. Unfortunately, we were to ld 

t h a t such l i s t i s not ava i lab le . We took 15?̂  of the t o t a l 

households, tha t i s , a l l together 70 household were taken 

i n t o sample. 
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3 .5 . Questionnaire; 

In the time of data co l l ec t ion , a spec ia l ly 

designed quest ionnaire, including 45 questions on f e r t i l i ­

zer, s ize of holding, family s ize and educational 

background i s used. 

3 .6 . Problens faced i n Data Col lec t ion 

In the time of data co l l ec t ion , we have to face 

c e r t a i n d i f f i c u l t i e s in approaching the respondents by 

ouselves due to the language problem. The mother tongue 

of the respondents i s Khasi, i n which the author i s not 

conversant . Also, the most of the respondents are i l l i t e ­

r a t e . Only a few respondents could speak English or Hindi. 

For t h i s purpose, the respect ive Block Development Officers 

had kindly provided us with i n t e r p r e t e r s to c o l l e c t the 

data . Often we have to spend qui te a la rge sum of money 

from our own pocket due to use of hired vehic le . 

Secondly, the farmers do not keep a record of the 

exact amount of f e r t i l i z e r s used in the f i e ld . Whatever, 

they could remember about the amounts of f e r t i l i z e r used for 

t h a t season i n 1983 were recorded by u s . The data was 

co l l ec t ed from June to August in 1983. 



CHAPTER - 4 

METHODOLOGY AND ESVIFIRICAL RESULTS 



k. 1. Int.rnf^T^ctAnn 

In ti l is study, we have considered on the two 

determinants affecting or influencing the use of f e r t i l i z e r , 

both chemical as well as o rgan i c For t h i s purpose, we 

adopted a niamber of s t a t i s t i c a l techniques, which we 

considered to be appropriate or adequate. The choice of 

technique of analysing data i s very often beset with not 

only log ica l but a lso moral problem. I f a logica l s e t of 

so lut ions can be provided with the ava i lab le data then i t 

could give some degree of s a t i s f a c t i o n to the researcher to 

absolve her of moral r e spons ib i l i t y . Unfortunately, i t 

becomes imperative on the pa r t of applied economists to 

present models whose s t a t i s t i c a l soundness i s not always 

beyond reproach. With the l imited data, the author attempts 

some of the known s t a t i s t i c a l techniques, to explain the 

socio-economic phenomenon responsible for use of f e r t i l i z e r . 

As Mukherjee* pointed out to defend Mahalanobis Model tha t 

" i t i s not poss ib le , however, to comprehend a l l the 

complexities of rea l economy in a log ica l system". 

*Ref.: A. Vasudevan, Strategy of Planning i n 
India , Meenakhi Prakasan, Meerut, 1970. 
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4. 2. S t a t i s t i c a l Methods; 

4 . 2 , 1 . Bivar ia te Corre la t ion 

An a t t anp t i s made by using Bivar ia te frequency 

d i s t r i b u t i o n of family s i ze and the s i ze of holding to 

study the extent and magnitucffe of re la t ionsh ip between 

these two important deterroinants. 

A-.2. 2. anp i r ica l Analysis 

We have assumed tha t there i s pos i t i ve influence 

of the family s ize upon the use of f e r t i l i z e r . Since, the 

use of f e r t i l i z e r implied higher y ie ld per acre than when 

f e r t i l i z e r i s not used. Assuming tha t a p a r t i c u l a r family 

does not have su f f i c i en t land and have to provide food for 

the household from the meagre production out of small p lo t 

of land. Here we have taken in to considerat ion consumption 

approach i . e . "the end use of f e r t i l i z e r * ra ther than 

productive approach, for th i s purpose, we want to e s t ab l i sh 

a re la t ionsh ip between the s i e of holding and the s i ze of 

family. 

On the other hand, chopd-cal f e r t i l i z e r i f not the 

organic f e r t i l i z e r when used ag r i cu l tu re becomes c a p i t a l , 

i n t ens ive with varying degrees. A fanner with a small p lo t 
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of land may not find i t economically efficient to 

improve his land by providing i r r iga t ion f ac i l i t i e s 

necessary for yielding good result of f e r t i l i ze r 

application. A big farmer lias more financial capacity 

to introdaae water supply system and liis motive i s not 

simply for own consumption and the lure of profi t gives 

him incentive to use fe r t i l i ze r . 

• ' Before we try to analyse the influence, of these 

two variables e.g. size of family and the size of holding, 

on the application of fe r t i l i ze r , we want to establish 

that they themselves are positively correlated, when 

this i s established, we shall make attempts to analyse 

each individual variables' effect upon the f e r t i l i ze r use. 

As we have pointed out ear l ier that one variable cannot be 

treated in isolat ion of the other. Their degrees of effect 

are inter^related and the resulting reaction may be the 

quantum of f e r t i l i z e r used. 

Consider 

X = Size of holding 

Y = Family size. 
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theriy according to our assumption: 

|CX,Y) ^ 0 

t h a t i s to say, 

GOV (X,Y) ex i s t 

Our c e l l frequencies i n tlie Bivar ia te frequency 

t ab l e , happen to be the number of households vdth respect 

to the s ize of holding and the s ize of family, we took 

both s i ze of holding, tha t i s X, as v/ell as the s ize of 

family Y, in i n t e r v a l s . Bivar ia te frequency t ab le , for 

example, for the ana lys is of chemical f e r t i l i z e r i s a f ive 

by five ( 5 x 5 ) t a b l e . The layout of b iva r i a t e frequency 

i s as follows; 

Table 4 

holding 

I—I 

s 

frequency 
matrix 
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We used the AAjell-knovm Pearson 's formula, for co r r e l a t i on 

coe f f i c i en t . The formula i s us follows; 

r = 
J. / ^ „ X 2 ,_ „v / _ . 2 / „ ^.A 2 Ifx'^ - Clfx)Vjf> Cify'^ - (zfy>V2f 

For chemical f e r t i l i ze r , 

^fxy - I(fx) (4fy)/ l f 
r = 

Jfx^ - (Ifx)^/jf> (ify^ - fefy)^/:zf 

1417 - Cl> (66)/34 

(1243— (1)^/34) (2024 - (56)^/34 

1415.06 
= 0.92 

(35. 25) (43.54) 

Hence, there i s a very high co r r e l a t i on between the 

s i ze of holding and the s ize of family with respect ive to 

the chemical f e r t i l i z e r . 

Similar analysis was car r ied out with respect to 

organic manure. 

That i s , 

r =' If XV ~ 1( f x> (^fv) /^I 

Ifx^ - (2fx)2/2f) (^fy2- (^fy)2/^f. 
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2369 - (39) (279)/70 

/ (2617> - (39)^/70) (4120 - (279)^/70 

2213.56 
•50.94 X 54.84 = 0 . 7 9 

I t , therefore, confirms tha t the two socio-economic 

detenninarits are highly cor re la ted for both the type of 

f e r t i l i z e r s . 

We also ca r r i ed out the same analysis for both 

chemical and organic f e r t i l i z e r s taken together, ' as 

follows, which i s also highly cor re la ted* . 

Jfxy - Zi£x) (fy)/zf 

vVdfx^) - (2fx)2/2f>(Zfy^ - (Ify)^/ f 

3388 - (345 X 56)/7D 

y (7357 - (345)-^ /70; (3163 - t56>'^/7D 

3112 

(75.21) (55.84) 
= r = P.-74 

* Tables for Bivar ia te c o r r e l a t i o n are 
given i n the Appendices 1, 2, 3. 
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4 . 2 . 2 , Test of Significance of Corre la t ion Coefficient 

In our case, we have only 70 pa i r s of observations 

whicli i s su f f i c i en t ly small. Usually a small value of r 

siaggests t ha t the sample i s drawn from a normal d i s t r i b u ­

t i on with population co r re l a t ion coef f i c ien t f = 0, which 

means tha t r i s not s ign i f i can t . This may be in te rp re ted 

as t h a t the b iva r i a t e sample yie lds an r by pure chance 

due to random sampling when the same b iva r i a t e population 

i s not cor re la ted . S ta r t ing from t h i s ground, for given 

f, the d i s t r i b u t i o n of r tends to t - d i s t r i b u t i o n with 

T ? = n - 2 = 7 D - 2 = 68 degrees of freedom, and t takes 

the form (Hoel, 1962, Goopta e t a l , 1962), 

Y'7 n - 2 
t = • with n - 2 degrees of 

I r~ freedom. 
ŷ 1 - r'^ 

Now the nul l hypothesis to the tested Ho; f=0 

agains t the other a l t e r n a t i v e s . We have found r = , 79 for 

organic manure, therefore , n = 70, the t wi l l be 

.797 68 5.514 
t = = = 10.62 

I ^ .613 
/ 1 - .79'^ 
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for'95% level of s ignif icance witli 68 degrees of freedom 

the t ab l e value of t = 1.98. Therefore,, r i s very 

s ign i f i can t . 

For claemical manure, v/e obtained r = .92 with 

n = 34. 

So, 
.92 y 32 . 5.203 

t = •—zzzzzzzzziziz: = = 13.27 
2 .3919 

7 1 - .92'' 
again^, we found r i s s i gn i f i can t . 

For chonical and organic manures, combined, our 

r value i s found to be . 74. 

So, _ 
,1k I SS 6.102 

t = ^ = = 9.07 
7 1 - .74^ .6726 

Thus, for a l l the cases, r i s found to be s ign i f i ­

can t ly d i f ferent from zero ascer t ing the fact tha t there 

i s a strong c o r r e l a t i o n between the s ize of family the 

s i ze of holding-. 

4 . 3 . Analysis of Variance ; Two Factor Analysis 

Having establ ished close co r re l a t ions hip between 

the two determinants for the use of f e r t i l i z e r s , we are 
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now turning to the problem, wliicli of th is two determinants, 

which are here size of family and the size of holding i s 

exerting more influence upon the use of f e r t i l i ze r . 

We have considered that use of f e r t i l i ze r whether 

chemical or organic i s influenced by size of family and 

the size of holding simultaneously barring a l l other 

factors that might also influence the farmers to use f e r t i ­

l i ze r . There i s no doubt that the application of f e r t i l i z e r 

would yield more crops per unit of area under cul t ivat ion. 

The farmers with small size holdings can expect more output 

as a resul t of application of f e r t i l i z e r and possibly 

derive sustenance which i s otherwise impossible. 

There may be other factors, e.g. socio-economic, 

psychological or t radi t ional of which one or a combination 

of them could either be persuasive or dissuasive in 

deciding whether to use f e r t i l i ze r or not. Hence we cannot 

possibly think that there will be no variation in the 

application of f e r t i l i z e r for the groups of families with 

varying size, due to the joint or singular factor or 

factors mentioned herein. 

Similarly, we think that the size of holding has 

i t s own impact upon the tendency to use f e r t i l i ze r s . 
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Specia l ly , cliemical f e r t i l i z e r s being expensive, the 

fanners must have an economic drive for i t s appl ica t ion 

to improve the qual i ty and quantity of his crops. A 

faxroer with a very small s ize holding may not find i t 

a t t r a c t i v e to use chemical f e r t i l i z e r , but the same 

cannot be said i n the case of organic manure which i s 

l o c a l l y avai lable and less expensive than chemical manure.' 

Nevertheless, we do not ru le out t h a t a small farmer i s 

abhorrent to the use of chemical f e r t i l i z e r . Assuming 

t h a t both small and large farmer use manures and assuming 

fur ther t ha t there wil l be var ia t ions within the small, 

medium or large fanners, i.'e,* according to the s ize of 

t h e i r holdings. 

These v a r i a b i l i t i e s whether due to the s ize of 

family or due to the s i ze of holding, assumed to be normal. 

F ina l ly , we would l i k e to examine whether these 

v a r i a b i l i t i e s may be a t t r i b u t e d to the differences between 

the s izes of families or between the s izes of holdings and 

also whether a p a r t i c u l a r s ize of family with a p a r t i c u l a r 

s i ze of holding has s ign i f i can t ly d i f fe ren t quantum of 

f e r t i l i z e r appl ica t ion . 
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One of the fundamental drawbacks of socio-economic 

data i s t l iat they are not free from exogeneous inf luences, 

though, analysis of variance aimed a t i d e n t i f i c a t i o n of key 

determinant, yet t h i s i s not poss ib le , s ince each key 

determinant i s subjected to social and economic process 

which i s t r a n s i t i v e and do not follow a pre-assigned path. 

I t i s the niimerous extraneous forces which cannot be 

cont ro l led , hence made the analysis exploratory and indec i ­

s ive . 

The two-r.way c l a s s i f i c a t i o n t ab le used for t h i s 

type of analysis i s presented below; 

; 1 Size of family • Row t o t a l | 

i Size ; i i 
1 1 ' • t 

I of I F e r t i l i z e r Matrix j } 

; holding I 1 • 

}Column } {Grand } 
1 t o t a l r I t o t a l ! 

4. 5. 1 * Computation Procedure for Analysis of Variance 

The basic p r i n c i p l e used i n the Analysis of 

variance i s tha t the group means have no s izeable or 
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s i g n i f i c a n t va r i a t ion witli respect to the determinant 

concerned.. In our case, we have two determinants, one 

i s s i ze of family, the other i s s ize of holding. We 

can represent the layout of the data as fo-llows: 

Table 1 

1 

1 Size of 
; holding 

i ^ 
1 ^2 

1 ^̂  

1 4̂ 

j Total 
i of , 
} colvunn 

^1 

^11 

^21 

^31 

^41 

^ 1 

Size 

"2 

^12 

^22 

^32 

^42 

\ 2 

of family 

^3 

^13 

•^23 

^33 

X43 

^ 3 

\ 

^14 

^24 

X34 

X44 

^ 4 

Total of i 
row 1 

^ 1 . i 
X2. 1 

^ 3 . j 

X4. j 

According to our previous statment, we would l i k e to 

say whether x. i s equal to x_ and so on. There are the 
I • tit 

group means. I f the s i ze of family which i s varying, t h i s 

determinant in t h i s ins tance has any effect upon the 
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quantum of f e r t i l i z e r used while keeping the a l l other 

fac tors constant; then ^ne supposed to have. 

^ 1 . = ^2. = = ^ 4 . 

Similar ly, we obtained also group means of 

f e r t i l i z e r for the s i ze of holding which are given i n the 

bottom row of the table., Here a l so , we assume tha t i f the 

s i ze of holding has no affect upon the use of f e r t i l i z e r 

then we are suppose to have tha t the group means x i s 

equal to x ^ and so on. In order to analyse the equality of 

the group means for both the fac tors , we have used Analysis 

of Variance Technique (Paradine, 1966). 

Method of Computation: 

The t o t a l Sum of Squares can be expressed as siom of 

three components, one due to s ize of family, one due to s ize 

of holding and the other due to er ror , . e . g . 

id ^ id •• 

=2Kx. - X )2 -H^^Cx. .- -X ) ^ + J l C x . , - x . -X -X )2 

= c J ( x . - X >^ + r . ICx. .-X ) ^ +^2Cx. .-X. -X .-X ) ^ 
± X» . . J J.J • • '- I J X . , J . . 

where c and r refer to coliomn and row of the t ab le and ( .) 

s i g n i f i e s mean value e .g . X: ^ i s the mean of iJth column. 
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Correlation factor = 
16 

where, i,o = 1, 2, 3, and 4. 

2 2 

Column SS = -^ ^ ^ ^ C.F. 
2 ^ 2 

Similarly, ^ 2 ̂  ^ 2 ^ ^ 2 ^ 2 
1. 2» >• '+• 

Row SS = C.F. 

Finally, the Error SS is given by 

5SS = (TSS - SS due to Row) - (SS due to column) 

The next step is to find the Mean Square (MS) or 

in other words, the variance of Row, Column and Error. 

This is done by dividing the sum of squares by the number 

of degrees of freedom. In the present illustration, given 

above, the degrees of freedom is 3, both for Row and 

Column, and the total degrees of freedom is 15. Therefore, 

the degrees of freedom by way of substration for the error 

is 8. Hence the test statistic F is constracted as 

MSS due to Row 
F = M-SS due to Error 
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for t e s t ing the v a r i a b i l i t y of group means due to Row and 

for t e s t i ng the v a r i a b i l i t y of group means due to column 

F i s given by 

MSS due to column 

MSS due to Error 

Then f ina l ly our nul l hypothesis i s to be t e s t ed 

t h a t there i s no difference i n group means against the 

a l t e r n a t i v e by comparing calculated F with t ha t of tabula­

ted value of F, as i t was here. 

4 . 3 . 2 , Empirical Analysis 

Two way c l a s s i f i c a t i o n of Data of manures used, 

for both chemical and organic, c l a s s i f i e d according to the 

s i z e of family and the s ize of holding. 

Table 2 

I Size of 
J holding 

• 0-2 
i 3-5 
I 6-8 
! 9-11 
; 12 & 
} above 

i Total 

: 0-2 

11 
2 
0 
2 

0 

15 

Size 
3-5 

3 
3 
5 
5 

5 

21 

of 
6-8 

0 

7 
8 

7 

7 

29 

family 

9«11 

10 

9 
10 
10 

9 

AS 

12 & 
above 

87 
40 
16 
38 

19 

200 

1 1 

Tota l 1 

111 1 
61 ; 

39 ! 
62 j 
AG ; 

3̂ 13 { 
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Throughiout ttie a n a l y s i s , we a r e ma in ta in ing ttie 

assumpt ion t l i a t t h e r e i s v a r i a t i o n s of mean v d t h i n t h e 

s i z e of f a m i l i e s as wel l as for t h e s i z e of ho ld ings . The 

a p p r o p r i a t e hypothes i s for t e s t i n g t h e means wi th F T t e s t 

would be: 

Ho : Mi = Mj fo r i jt J 

Hi : Mi ^ Mj for i ?4 j . 

Now, t h e r e s u l t a n t ANOVA t a b l e i s g iven below: 

Table 3 

ANOVA TABLE* 

T SS due t o 1̂  SS MS 

Between s i z e of 
holding 

Between s i z e of 
family. 

E r r o r 

663.5 

«+868,4 

|2699* 3 

4 

4 

16 

165.8 

1217.1 

168.7 

165.8 ' QQ5 

168.7 '"^ 

T o t a l SS 1823.1.2 24 ^42.9 

The t a b l e va lue of F a t t h e 95% l e v e l of s i g n i f i ­

cance wi th 4 and 16 degrees of freedom i s 3 . 0 1 , but we found 

t h a t F = 0 .982 . Hence F i s not s i g n i f i c a n t . Thus, t h i s 

means t h a t t h e r e i s no s i g n i f i c a n t v a r i a b i l i t y w i t h i n row, 

i . e . s i z e of family . Therefore , our i n f l u e n c e a t t h i s 

•Mathematical no tes on a n a l y s i s of v a r i a n c e i s 
g iven i n t h e Appendix 'D*. 
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ins tance suggest t ha t the s i ze of family i s not 

necessa r i ly an important determinant. Again, for the 

s i ze of holding, our calculated F happens to be 7.21 

vdth 4 and 16 degrees of freedom, when the tab le value 

i s -3.01, Therefore, we found tha t the re i s no s ign i f i can t 

difference i n the use of f e r t i l i z e r with respect to 

holding. 

4 ,3^3. Conclusion 

The analys is reveals another very i n t e r e s t i ng fac t . 

The mean consxamption of f e r t i l i z e r i s 12*5 quintals for the 

25 c e l l s , whereas, i n some c e l l s there are zeros meaning 

no use of f e r t i l i z e r . The quantiom of f e r t i l i z e r used ranged 

from minimum of 2 quinta ls to maximiam of '87 quintails, t h i s 

i s , of course, due to the aggregation a t both ends of family 

s i ze and the s ize of holding. Taking the estimate of S.E. 

of population mean as . / 342.9 = 18.5, we can compute the 

95% confidence i n t e r v a l as ' l2 .5 + (1.96) (18.5) or 12.5+36.1, 

showing t h a t population mean l i e s between - 23,6 and 48.6 . 

This shows t h a t group means i n t e r - a l i a population mean i s not 

s tab le . ' Evidently data shows the same. 

Further s ignif icance of F, the r a t i o between s ize of 

holding variance to the variance of the res idual implies tha t 
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the group means are not unequal, wtiereas, tlie group means 

between s ize of family are unequal. .This i s ra ther very 

i n t e r e s t i n g , tha t the s i ze of family turns out to ,be more 

dominant factor than the s ize of holding. Though, the 

economic considerat ions prevent us to think l ikewise . We , 

may a l so point out here tha t i n s t a b i l i t y of between group 

means of s i ze of holdings ra ther suggests tha t the p rac t i ce 

of use of f e r t i l i z e r i s mostly influenced by necess i ty 

r a the r than by the motive for economic prospcer i ty . 

4 .4 . P rob i t Analysis 

The technique of p rob i t analys is i s an offshoot of 

maximum l ikel ihood estimation which has f i r s t been applied 

by phys ic i s t s and biometr icians. Recently, i t s appl ica t ion 

i s found also in explaining socio-economic phenomenon 

spec ia l ly i n demography (Stene et a l . , 1969). P rob i t 

ana lys is i s based on t h e l l i g i ^ o f reac t ion occurred when a 

p a r t i c u l a r agent i s applied to an object (P'aradine, 1965), , 

The p r inc ip l e of p rob i t analysis i s i n t u i t i v e l y considered 

to be appropriate to explain away the impact of the two 

determinants of use of f e r t i l i z e r s . However, t h i s p a r t of 

ana lys i s amay be t r ea ted as explanatory ra ther than 

d e c i s i v e . 
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Here, we try to imagine a s i tuat ion that altlioxagli 

f e r t i l i z e r use i t s e l f induce more agricultural output 

provided other necessary requisites are not wanting, 

nevertheless, the farmer would incl ine tt> use more f e r t i ­

l i ze r s i f he has a large family to support. Land i t s e l f 

has a limited amount of potential i ty for agricultural 

output, but this potent ia l i ty could be activated by using 

f e r t i l i z e r . Thus, giving an impulse through f e r t i l i ze r , 

potent ia l i ty of land could be increased, which could be 

considered as a source of motivation for a farmer to use 

f e r t i l i z e r . We have also reason to believe that size of 

family i t s e l f could be a stimulus and quantum of f e r t i l i z e r 

against that stimulus may be called a response. We have 

considered this analysis with size distr ibution of the 

family as well as for the size distr ibution of holdings as 

the respective stimuli, both for chemical and organic manures. 

Before going further, with the theoretical aspects 

of the problan; we would l ike to make a confession that such 

type of analysis was not carried ear l ier and hence may invoke 

cr i t ic ism. 
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Consider Xj_, (i = 1, 2, n) agents applied 

to objects of size nj then our objective is to find tlie 

percentile distribution of x., tbe stimuli, Tkiis can be 

obtained by finding first tlie proportion of agents 

responding to stimuli, as follows (P^aradinp, 1965), 

Stimuli 

v/bere Proportion function is 

P = r^ g(x) dx CD 

In general, i t is expected tbat proportion 

responding increases vd.tb the impulse. 

Tbe next step is known as Pribit Transformation, 

wbich transform tbe normal curve into a straight line. 

The probit corresponding to a proportion P can be 

represented by a distribution function. 

1 C-5 2 
P = - ; = - f e - / 2 dx (2) 

Va II J 
-oil 
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where t = abscinsa and 5 i s purely an arbitrary number 

to ensure that t i s always posit ive. The probit values 

corrsponding to (2) can be obtained from t^e table. The 

probits i s then plotted against st imuli . The nature of 

the curve will be indicative of the effectiveness of 

st imuli . 
Probit 

Probit l ine 

Stimuli 

For our analysis purpose, we have to re-tabulate 

the data to f ac i l i t a t e the necessary calculations for 

probit analysis. For example, we have originally 

c lass i f ied the size of family into five class in tervals . 

But due to some empty cel l and also to ensure positive, 

values we have combined them into four class in tervals . 

Na.turally, this kind of re-arrangement of data might, to 

some extent, lead to loss of information. We arrange the 

data as follows: 
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Table 4 

I Size of family ; 0-5 

1 Quantity of organic ^ 
} manure used ( t o t a l ) 
i No. of household 17 
1 Average of manure 30 
{ used 
1 Proport ion .21 
; P rob i t 4.99 
! (obtained from 
i table) 

6-8 

964 

32 

33.12 

.21 -
4.19 

9-11 

362 

15 

24.13 

. 1 7 
4»05 

12 & I 
above } 

320 { 

6 I 
53.33 1 

.38 ; 
4.69 i 

Now, here we have to explain a few things about 

the data . Total manures i n each c e l l agains t each s i ze of 

family i s obtained by to ta l ing for a l l the households i n 

each s i ze group. The un i t of manure i s i n quLntals. Then 

we have calcula ted the simple ' a r i thmat ic mean of manure 

used by each s ize of family. In the next step we have 

obtained the proport ion for each family by dividing each 

group mean of each s ize of family by the grand ar i thmatic 

mean of the manure for a l l the s izes of family. Then, i n 

the l a s t s tage, we obtained the t ab le values of P rob i t for 

each proport ion. F inal ly , we have p lo ted the p rob i t values 

aga ins t the s i ze of family, i . e . the s t imul i . 
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The above table relates to organic manure alone. 

Similarly, we have done for other manures. 

Table 3 . 

j S i z e of family 

1 Quant i ty of 
J chemical maiiure 
{ us ed 

} No. of household 

} Average , 

J P r o p o r t i o n 

; P r o b i t 

0-5 

.50 

8 

6.25 

. 13 

3*87 

6-̂ 8 

.102 

16 

6.39 

.14 

3.92 

9-11 

. '65 

8 

8 i12 

.18 

4 .08 

12 & ; 
above | 

i. 48 j 

2 j 

24 j 

.53 1 

5.07 i 

As we have mentioned in the beginning of our 

study that the size of holding is also anothier determinant 

of use of fertilizers and in'this instance it is to zbe 

regarded as the stimuli. The procedure -'for getting the 

proportion is similar to that of size of family. However, 

we have kept five class intervals of the size of holding, -

One reason for doing this is that a smaller farm, is less 

sensitive than a larger farm or we can say it is more 

economical to use fertilizer in a big farm than in a small 

farm. 
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Now we p r e s e n t t h e t a b l e s ( b o t h organic and 

c t ian ica l ) below: 

Table 6 

1 S i ze of holding 

1 Quan t i ty of organl 
{ manure used 

{No. of household 

1 Average 

1 P r o p o r t i o n 

• P r o b i t 

0-2 

.0 
1341 

25 

53.64 

.47 

4 .92 

> 5 

603 

22 

27.40 

.24 

. 4.29 

6-8 

35 

5 

7 

.06 

3.45 

9-11 

97 

7 

13.85 

.12 

3.82 

12 & • 
above { 

80 i 

7 ! 

11.42 i 

.10 i 

3.72 { 

And fo r chemical manure -

Table 7 

; S i ze of holding 0-2 

{ Quant i ty of chemical 
1 manure used 
1 No. of household 
} Average 
1 P r o p o r t i o n 
; P r o b i t 
• 

130 
15 

8.66 

.24 

4.29 

> 5 

69 
8 

8.62 
.24 

4.29 

6-8 

11 
2 

5 .5 

. 15 
3.96 

9-11 

11 
5 

5 .6 

.15 
3.96 

12 & ; 
above } 

27 1 
4 I 

6.75 I 

.19 j 
4 .12 ; 

1 
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4 , 4 , 2 . Conclusion; 

Looking a t the Graph 1, we can possibly conclude 

tha t the proport ion of response increases with the 

increase i n the s ize of family. However, we expected 

t h a t the t i n e wil l be having a slope of higher magnitude 

making the l i n e more s teep . This may be due to the reason 

t h a t there i s some mis^;vr^«»e&eniation^f quantity of 

manure used as reported by the fanners . 

Looking a t the Graph 2, we may r e l i ab ly conclude 

t h a t the s ize of family i s . a detenninant of use of 

chemical manures. Althoiigh, we do not have a very steep' 

l i n e but there_is a t e n d e i ^ . for i t . Hence, for appl ica­

t ion of chemical manure i s influenced more and more by the 

increase i n the s i ze of family. 

Whereas, the Graph 3 gives a surpr is ing r e s u l t , 

but t h i s may be in te rp re ted quite eas i ly . This graph 

ind ica t e s t ha t the s i ze of holding i s not t rue ly the 

determinant of the use of organic f e r t i l i z e r and i s not 

influenced by the s i ze of holding. Since, we have not 

considered any other c r i t e r i a a t present , other than the 

s i ze of holding, we can at ' th i s s tage, may infer ' fromv the 

graph, t ha t use of chemical manure probably i s more 

economical than the use of organic manure as the s ize of 
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holding increases , 

Nov/, we sha l l come to the l a s t graph, i . e . graph 4, 

where we have analysed for chemical manure against the s ize 

of holding. At the ins tance the r e s u l t i s s imi lar to tha t 

of organic chanical (graph 3) with a l i t t l e b i t of improve­

ment. Here we can see from the graph tha t P rob i t i s 

decreasing with the s i ze of holding. 

F ina l ly , we may ask one question, why the s ize of 

holding gives s imi lar r e s u l t s , both for organic and chemical 

manure, and the s ize of family also i s giving s imi lar r e su l t , 

both for organic and chemical? F i r s t thing we have to note 

i s t h a t the tendency of inc rease i n P rob i t i s f e l t very much 

when s ize of family also increases , whereas, t h i s i s not so 

with the s ize of holding. Thus, i t means tha t s ize of 

holding i s a l e s s important determinant than the s ize of 

family for the appl ica t ion o.f f e r t i l i z e r . The», how do we 

explain the economic c r i t e r i a for appl ica t ion of f e r t i l i z e r s 

by the la rge farmers? 

From t h i s we can possibly draw only one conclusion 

tha t the necess i ty to gain sustenance from land i s a more 

important c r i t e r i a when the s ize of family increases . May be 
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tiie. extranious causes l i k e f e a s i b i l i t y of marketing, 

excess products due to lack of demand or due to other 

e s sen t i a l services l i k e t ranspor t ion even and/or due to 

ttie lack of marketable organizat ion. 

4 . 5 . Regression Analysis 

The next object ive i s to examine whether there i s 

any de f in i t e re la t ionship between P rob i t and the s ize of 

holding as well as to smoothen the data and for p red ic t a ­

b i l i t y of c r i t e r i a n . Of course, we have already seen in 

the graphical analysis tha t i t i s so. But due to our 

inadequate data or due to s t a t i s t i c a l sampling error may 

be we have not found exact re la t ionsh ip in p rob i t ana lys i s . 

On the other hand, socio-economic var iab les are not 

cont ro l led va r i ab les . Therefore, we expect some divers ion. 

In the sect ion, we are analysing the performance of p rob i t 

analys is with the help of regression. 

4.5.1. Empirical Analysis; 

Consider , 

C = cy+ pY 
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v/here. 

and o(, 

C = Pro b i t values 

Y = Size of family 

= Parameters of the Regression Model. 

By appl ica t ion of the Method of Least Squares xne 

obtain the estimates a and ft of the parameters « andp . 

The data i s taken from the previsous analys is , v/hich 

we present here again: , 

TahleS 

c 

4.19 

4.19 

4.05 

5.09 

Y 

2.5 

7.0 

10.0 

13.5 

Using deviations from the respect ive means, we 

obtain 6 by the appl ica t ion of OLS method 

P = 
I c y 

2/ 
11 .17 

60.67 
= . 18 
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and 5 = C - p 
= 4.63 - .18 (8 . 12) 

= 3.17. 

Hence the empirical equation 

C = 3.17 + 0.18Y* 

Ttiis analysis i s for tlie s i ze of family (Y) witti 

respect to organic manure. Similar ly, ttie respect ive data 

and empirical equations of tbe other determinants for a l l 

types of manures presented below: 

For chemical manure, with respect to s i ze o.f 

family: 

Table 9 

c 

3.87 

3.92 

4.08 

5.07 

Y 

2.5 

7.0 

10.0 

13.0 

Using OLS method 

P 
2y^ 

and ^ = C -'pY 

6.7^ 
60.17 

= 0. I l l 

= 4.23 - .11 (8.12) = 3.34. 
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Hence, t he empi r i ca l equa t ion -

C = 3 . 3 4 + 0 . 1 1 1 Y . 

These a re shown i n graphs 5 and 6. 

S i m i l a r l y , for organic manure, vdth r e s p e c t to s i z e of 

hold ing (X). 

Table 10 

c 

4 .92 

4 .29 

3.45 

3.82 

3.72 

Y 

1.0 

4.0 

7.0 

10.0 

13.0 

By us ing OLS method -

}- lex 9-29 = 0.10 
2x^ 90 

and 5 = C - "^X = 4 .4 - 0.10 ( 7 . 0 ) = 3 .7 . 

Hence, t he empi r ica l equat ion i s 

C = 3 . 7 + 0 . 10X. 

And f i n a l l y , for chemical manure, wi th r e s p e c t to the s i z e 

of holding -
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Table 11 

C I ] 
1 

4.29 ! 1.0 
t 

4.29 ! 4.0 

3.96 i 7.0 

3.96 I 10.0 

4.12 I 13.0 

By using OLS method -

J ^ = - ^ i ^ i = _.022 
I x ^ 90 

and^= C -^X = 4.12 (- .22) (7) = 5.67. 

Therefore, the empirical equation: 

C= 5.67 - .022X. 

These are shovm in graphs 7 and 8. 

4 . 5 . 2 , Conclusion 

These graphs have evidently shown tha t there i s a 

l i n e a r functional re la t ionship between Prob i t and the s ize 

of family for a l l types of manures. Had we have more data ] 

co l l ec ted from a wide range of s ize of holding and the s ize 
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of family and from divers i f ied regions, then probably we 

would have had a b e t t e r p i c tu re of the s i tua t ion ! This 

analys is confirmed to a ce r t a in extent tha t s i ze of 

family and the s ize of holding influence the use of 

f e r t i l i z e r s , whether i t i s organic or chemical! 

4 ,6 . Reaction Function Approach: 

4 . 6 . 1 . In t roduct ion 

Next in the l i n e of our analys is i s the Reaction 

Function approach developed by Bez. In his model, he 

considers as object and an agent, when agent i s applied 

to the object, a reac t ion occurs (Bez, 1980). Consider the 

react ion function 

R = U (0, A) 

where. 
R 

0 

A 

= R e a c t i o n , 

= O b j e c t , 

= Agen t . 

whose frame o f r e f e r e n c e i s g i v e n 

0 

A'^^ 

• 
• 
• 

'3 
• 
• 
• 
A 

n 

T o t a l 

• 1 

1 

0 ^ . . . 0 . . . . 0 1 * n 

R = U CO^,Aj) 

> ^ i ^ ^ 

by 

t o t a l 

1 
t 
1 

A . 

» 
1 
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4. 6,, 2, Theory; 

We can wri te down the react ion functions for 

agent A against the object 0 and t h a t of agent A against 

0^ as follows: 1 

= "l1^Vl> ^ " l a ' S V ^ •••*"ln<Vn) 

and 

R, . = U, . (A.O J 11 i 1 1 1 

Translat ing these ideas to the problem a t hand, we 

can, very well propose tha t the reac t ion i . e . the amount of 

f e r t i l i z e r used i s the r e s u l t of reac t ion of s ize of family 

of the fanner to the s i ze of holding or vice-versa . These 

two determinants of use of f e r t i l i z e r ac ts j o i n t l y upon what 

amount of manure i s to be applied. Thus, 

F = R(N, L) 

where 

F = the reac t ion i . e . the amount 
of f e r t i l i z e r used 

N = Size of the family 

L = Size of holding. 
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Tlie mathematical deductions are very sophis t ica ted, 

we sha l l only use some of the f inal r e s u l t s of the Bez 

model, using our own no ta t ions . The f e r t i l i z e r matrix i s 

conceived to be the react ion of s i ze of holding i . e . L and 

the s i ze of family i . e . N, then the r ea l i zab le matrix i s 

I t may log i ca l l y be held t h a t not any two of F. , 

the c e l l values of f e r t i l i z e r matrix be equal, sinc.e a 

family with the same s ize with dif fer ing s izes of holding 

would have used differ ing amo\int of f e r t i l i z e r s . Thus, 

'11 ^ ^12 ^ • • • ^ ^1n and 

^21 ^ ^22 * ••• ^^Zn ^*=-

He defined a condit ional p robab i l i ty function 
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•where 

F = unrea l izab le universe of F 

r = 0, when there i s no reac t ion 

r = 1, when there i s react ion 

p = associated probabi l i ty for each consecutive 

reac t ion . 

The s\m of the p r o b a b i l i t i e s should add up to one i . e . 

c e r t a i n i t y , which never happens i n empirical case . 

Now considering 2 d i f ferent se t s of r ^' and f̂  ^ 

of responses i . e . f e r t i l i z e r applied i n the r ea l i zab le se t 

of F ., we may write 

and 

P [f^^/F^l>]p {F^^>J 
Xq) 

Fina l ly , Bez defined the ' p l a u s i b l e ' p r o b i l i t y function, 

P {^f^^>/F^^>) 

Zp ^/^^^/F^1>_} 
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The l a s t r e l a t i o n i n terms of p r o b a b i l i t y can 

be i n t e r p r e t e d as r e l a t i v e stiare for any of ttie 

d e t e r m i n a n t s vdtii r e s p e c t to t h e one f ixed va lue of ttie 

o t h e r de te rminan t . This l a s t r e l a t i o n i s used t o 

t r a n s l a t e p r o b a b i l i t y t o p r o p o r t i o n a l i t y . 

IF. . iii 
Z f 

id 

2\ 'JJL 
I f id 

4. 6, 3. jSiipirical Analys i s 

For the purpose of empi r ica l a n a l y s i s , the 

r e f e r e n c e m a t r i x i s w r i t t e n i n terms of loga r i thmic v a l u e s , 

? 
'ii 
'2! 

si 
vi 
^ 5 ! 

To ta l • 

"1 

^A1 

^21 

hy 
^41 

h^ 

'.^ 

"2 

^12 
f 

22 

^32 

^42 

^52 

^ .2 

" 3 

^13 

^23 

^33 

^43 

^53 

^ . 3 

"4 

^14 

% 

*34 

V 
^54 

^ .4 

°5 

h5 
' 2 5 

•^35 

^45 

^55 \ 

'.5 ! 

To ta l 

; * i . 

i ' 2 . 
* 3 . 

^4 . 

% . 

The da ta on f. . a r e g iven below: 
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( l) Marginal P r o b a b i l i t y and C e l l P r o b a b i L i t y 

; S i z e of 
J holding 

! "-I 

1 h 
] h 
\ ' 4 

1 ^5 
! To ta l 

• T 
1 

I " l 
i 5 . 3 

i 3.0 

i 2.0 

i 3.0 

i 2.0 

i 15.3 

S i ze 

^2 

7.4 

. ^ • l 

2.6 

4 .2 

. 2 .7 

21.0 

of 

"3 

10.3 

5 .7 

3 .6 

5 .7 

3.7 

29.0 

family 

"4 

17.0 

9 .4 

6.0 

9 .5 

6.1 

48 .0 

"5 

70.9 

38.9 

24.9 

39 .6 

25.6 

199.9 

I To ta l ; 

110.9 i 

6 1 . 1 ; 

39.1 I 

62.0 j 

40. 1 1 

313.2 i 

(Derived from Table 2 i n Sec t i on 4 . 3 . 2 ) . 

(2) Logari thmic va lues of Table ( l) 

i ^1 

i ' 2 

i ^3 

1 ̂ 4 
1 '5 

^1 

.724 

.477 

.301 

.477 

.301 

irotalj2.280 

^2 

.869 

.612 

.415 

.623 

.431 

3.819 

^3 

1.013 

.756 

.556 

.755 

.568 

3.648 

^4 

1.2301 

.973 

.778 

.977 

.765 

4.729 

^5 

.850 

1*589 

1.396 

1.597 [ 

1.408 1 

7.834 ; 

To ta l j 

5.686 i 

4 .407 ; 

3.446 1 

4.429 i 

3.473 j 
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Then f, ., f̂ . etc, are plotted against f , f„ 

etc . and again f̂ ,̂ f̂^̂  ®*̂ » ^̂ ® plotted against f ^ ,̂ 

f 5 etc. These graphs are shown below. 

4 .6 .4 . Conclusion 

Following .the nature of laws of proportionality, 

we expect s traight l ines with iinit slopes. However, i t 

can be seen from the graphs that the trend iri' a l l the 

cases, whether for the respective size of family or for 

the respective size of holding, i s found to be l inear . 

There i s proportionate relation between the amount.of 

f e r t i l i z e r used and the size of family or the size of 

holding. 

One interesting outcome of th is graphical 

analysis i s that the trend in f e r t i l i z e r consumption i s 

l inear in relation to the determinants and we may voice 

for this l inear i ty with freedom from a l l other extraneous 

variables. Since the model i s designed in such a way that 

there i s no interference from other socio-economic 

variables. Bex model has ear l ier been used also for 

analysing growth iri agricultural production in the seven 

north-eastern s ta tes to i so la te whether the growth i s 

l inear in time or l inear in space i . e . s tates (Dutta, 1983) 



CHiffî TER - 5 

CONCLUSION 



The specif ic object ive of s c i e n t i f i c analysis i s 

'comparing' and ' d i sc r imina t ing ' , t h i s i s recognized and 

persued fervent ly by the RishLs of Naimisaranya, the .'O.-

womb of Brihad Aranyak Upanishad. The power to des4rirainate 

through analys is i s the coiTe of the theory of knowledge. The 

supposedly homogeneous micro elements charac ter ize^ the 

universe about which our knowledge i s constrained f i n i t e , 

thus, within tha t l im i t of our i n t e l l e c t u a l and mater ial 

capaci ty , we have to work out our analysis with the f i n i t e 

se t of mater ia l information. 

The Sankhya Concept of sample within a subset of 

the universe of population i s a p r o b a b i l i s t i c mystery s t i l l 

to be exhaustively explored within the frame of parametric 

reference by the mathematical s t a t i s t i c i a n s . With these 

words, we admit our short comings of ana lys i s , a consequent 

der iva t ive of the micro-nature of our data used for t h i s 

study. 

We took two of the socio-economic determinants of 

use of f e r t i l i z e r s , these are s ize of family and the s ize of 

holding. We have used a number of s t a t i s t i c a l tools ol Lhe— 

empirical r e s u l t s given i n Chapter 4, I t was one of our 

object ive to analyse which one of the two determinants i s 
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more sensitive to the motivation for use of f e r t i l i z e r s . 

Althougli, organic manure i s conventional, yet the perception 

of farming might give equal weight as to i t s end results of 

i t s use. 

We have seen that both the detenninants are highly 

correlated either for chonical or organic manure of for both. 

The significance t e s t of ' r ' the correlation coefficient 

shows that each r i s highly s t a t i s t i c a l l y significant. The 

apparent correlations hip measure given us further evidence 

that the size of holding, the size of family are l inearly 

related and thus, provides evidence of proportionately to 

one another. Although, in Meghalaya each farmer i s supposed 

to be able to acquire from the community as much land as he 

desires to cul t ivate , his constraints then to acquire more 

than sufficient for the purpose of sustenance - capi tal and 

labour or a t leas t one of than. The present analysis gives 

support to the view that a t least the majority of the fanners 

are sat isf ied with what he needs for his livelihood, We may 

also note that an eg-alitarian society with poor edmcation has 

i t s d is t inct values and character is t ics even in the field of 

material welbeing, which any other society other than t r iba ls 

would have transgressed equality concept. 
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In ouiT next ana lys is , i . e . analys is of variance 

our aim i s to iden t i fy which one of the two determinants 

of use of f e r t i l i z e r behave s ens i t i ve ly . The effect of 

the s ize of holding and the s i ze of family upon the use of 

f e r t i l i z e r may be a synergic effect , yet one i s to be 

dis t inguished from the other as s t a t i s t i c a l analysis of 

variance permits . I t i s found tha t 'between' s ize of 

holding variance against the error variance does not yield 

a. s t a t i s t i c a l l y s ign i f i can t F. This leads us to opine tha t 

the group means of f e r t i l i z e r i n the domain of s ize of 

holding are more or l e s s equal to each other, implying some 

kind of s t a b i l i t y . Consequantly, i t may be argued t h a t the 

determinant ' s ize of fami ly ' i s not as l e s s sens i t ive as the 

' s i ze of holdingJwhicJLJ.fi M 8*̂ 17 '̂J ĝ -J f̂•''"•='̂ ^̂ T The economic 

i n t e r p r e t a t i o n j u s t on the basis of analysis of variance 

with l imi ted data, wilii not be t rue ly appropriate , neverthe­

l e s s , we maintained t h a t the farmers with large holding have 

s t rongly been motivated to use f e r t i l i z e r as compared to the 

farmers with small holdings, which i s not found to be quite 

t r u e . 

Logically speaking prob i t analys is i s more an 

appropr ia te tool had there been cont ro l led s i t ua t ion . The 

s t imul i e i the r t ha t s i ze of holding or the s i ze of family 
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exer ts influence or ac ts as motivating factor for the use 

of f e r t i l i z e r . We expected s t ra ig t i t l i n e s vdth pos i t i ve 

slopes^both the s t imuli i f not with respect to both types 

of f e r t i l i z e r s . We obtained s t r a i g h t l i nes in a l l the 

four cases . Here again each st imuli (determinant) behaves 

d i f f e ren t ly . We had s t r a i g h t l ines for the s ize of family 

with pos i t i ve slopes both for organic and chemical 

f e r t i l i z e r whereas, for s t imul i , s ize of holding we have 

s t r a i g h t l ines vdth negative slopes both for organic and 

chemical manures. We have already seen, i n the analysis of 

variance t h a t the s ize of holding i s supposed to be moderate 

s t imuli i n comparison to s ize of family. We may have to 

search for the reason of i r r e g u l a r i t y , i t may be tha t 

fanners with la rge s ize of holding i n the absence of p r o f i t 

motivation may not use the 'adequate ' quantum of manure. As 

i n the analysis of variance, i t i s the s ize of family which 

i s more r e l i a b l e determinant. 

The regression analysis on the basis of p rob i t 

values and st imuli i s not supposed to bring new l i g h t in to 

our thinking. Because, these regression l ines were f i t t e d 

to smooth out the l i ne s given by p rob i t analys is . 
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Tde Bez Reaction Function gives results similar 

to probit analysis for the detemainant - size of family. 

This type of analysis i s supposed to yield straight l ines 

for the respective sizes of family and for the respective 

sizes of holding with slopes nearly equal to one. The 

size of family as determinant i s appeared to be quite 

re l iable but not as sensitive as the size of the holding. 

This analysis taken together with probit analysis and 

inferences tharefrom, persuade us to think between the two 

determinants, i t i s the size of family which i s more 

effective than the size of holding. Although, Bez model 

detects that size of holding i s more effective determinant 

between the two but the probit analysis failed to confirm i t . 

I t i s also to be noted that while applying Bez Reaction 

Function we have taken both the f e r t i l i ze r s together and not 

separately as in the case of probit analysis. 

Finally, we would like to say that the tendency to 

use f e r t i l i ze r i s not motivated by profi t through increase 

in land productivity as a result of application of f e r t i l i z e r 

,but for sustenance through increase in land productivity. I f 

prof i t i s the sole motivation then definitely the farmers 

with large holdings would be inclined to use f e r t i l i ze r on a 

rational basis. Here we have to make a compromise with an 
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alternative hypothesis. The exact potent ia l i ty of • 

f e r t i l i t y content of each type of f e r t i l i z e r paripasu 

the f e r t i l i t y content of the soil i s never theoretically 

\ examined by the farmer. A huge quantity of organic 

manure may be substituted by a very small quantity of 

chemical manure, therefore, combining both the f e r t i l i ze r s 

to analyse to discriminate the two determinants may not be 

always advisable. 

I t i s hoped that the future course of analysis 

will be to discriminate those determinants that could not 

be taken into consideration in this disser ta t ion. Also 

'/any such analysis should be confined to capital intensive 

/chemical manure and i t s productivity could be taken as a 

I determinant vis-a-vis land or labour productivity. 
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APPENDIX - 1 

^Correlat ion C o e f f i c i e n t 
(CHMICAL) 

Family 
s i z e 

0 

3 
6 

9 

12 & 

S i z e Of 
holding 

- 2 
- 5 
- 8 

- 11 

above 

f 

fy 

fy2 

r-

0-2 

1 

4 

9 

0 

1 

15 

15 

1 

3-5 

0 

1 

4 

3 

0 

8 

32 

112 

6-8 

0 

2 

0 

0 

0 

2 

18 

735 

9-11 

0 

0 

1 

3 

1 

5 

0 

500 

12 & 
above 

0 

0 

1 

2 

1 

4 

1 = 

676 = 

1— -^ 

f 

1 

7 

15 

8 

3 

2f=34 

1 

fx 

1 

0 

0 

0 

0 

^fx=1 

5fy=66 

2 f y 2 = 2024 

1 

fx2 

15 

128 

392 

500 

208 

1243p 
= Zfx ' ' 

S i ze of 
holding 

Family 
s i z e 

0 - 2 

3 - 5 
6 - 8 

9 - 1 1 
12 & above 

fxy 

0-2 

1 

16 

63 

0 

13 

93 

3-5 

0 

16 

112 

120 

0 

248 

6-8 

0 

56 

0 

0 

0 

56 

9-11 

0 

0 

70 

300 

130 

500 

12 & 
above 

0 

0 

91 

260 

169 

520 

fxy 

1 

8 8 

336 

680 

312 

1417 =Ifxy 



83 

r = 
2-fxy - 2 ( f x ) (-f^)/if 1415.06 

/^fx^ - (2.fx)^/ f) ilfy^- (2fy)^/ f 

1417 - (1 ) ( 6 6 ) / 3 4 

/ (1243 - CD2/34) )2024 - C 6 6 ) i ^ / 3 ^ 

1417 - 1.94 

C1243 - .0294) t2024 - 128.11) 

/ ( 1242.97X1895.89) 

1415.06 
(35.25) C43.54> 

- 1^15.06 
1534.78 

r = 0,92. 
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• 

S i z e of 
h o l d i n g 

F a m i l y 
s i z e 

0 - 2 

3 - 5 

6 - 8 

9 - 1 1 

12 & above 

f 

fy 

fy^ 

Then we have 

S i z e 

coir 

of 
h o l d i n g 

F a m i l y 
s i z e 

0 - 2 

3 - 5 

6 - 8 

9 - 1 1 

12 & above 

fxy 

APPENDIX 

C o r r e l a t i o n C 

-

} 0 - 2 

2 

6 

14 

1 

2 

25 

30 

3 

- 2 

o e f f i c i e n t 

(ORGANIC) 

3-5 

0 

4 

14 

6 

0 

24 

144 

224 

6-8 

1 

2 

2 

1 

• 0 

6 

84 

1617 

9 -11 

0 

1 

2 

5 

1 

9 

9 

1600 

12 & 
above 

0 

1 

1 

3 

1 

6 

12 

676 

ipared t h e fxy m a t r i x be low: 

r 
t 

i 0 - ; 

2 

24 

98 

10 

31 

165 

1 3-5 

0 

64 

392 

240 

0 

696 

6-8 

7 

56 

98 

70 

0 

231 

2 f 

Zfy 

2fy 

9-11 

0 

40 

140 

500 

155 

835 

f 

3 

14 

33 

16 

4 

=70 

=279 

1 

» 

i fx 

6 

0 

33 

0 

0 

2 fx=39 

^=4120 

12 & 
a b o v e ' 

0 

52 

91 

130 

169 

442 

f x 

25 

384 

294 

900 

1014 

2617 
=2:fx2 

fxy 

9 

236 

819 

950 

355 
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r = 
y x y - l ( fx) ( f y ) / l f 2213.56 

2369 - (39) (279)/70 

7(239!?. 28) (jOU'/.99) 

2213.56 

(2617) - (39>^/70) (4120 - (279)2/7o 50.94 x 54.84 

2369 - 155.44 

/(2617 - 21.72) (4120 - 1112.01) 
r = 0 . 7 9 
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Agg-ENDIX ~ 3 

C o r r e l a t i o n C o e f f i c i e n t 

(ORGANIC & CHEMICAL) 

0 - 2 

3 - 5 

6 - 8 

9 - 1 1 

12 & above 

5 

1 

0 

1 

0 

1 

7 

2 

1 

1 

0 

3 

1 

2 

1 

2 

2 

2 

2 

1 

18 

6 

2 

2 

7 

26 

19 

7 

8 

10 

130 

19 

0 

16 

180 

7 

192 

343 

900 

5915 

f 

fy 

fy2 

7 

35 

26 

12 

12 

304 

7 

0 

343 

9 

9 

800 

35 

0 

1690 

2f=70 2fx= 735 7p 
345 =lfx^ 

= 2 f y = 56 

= 3163 = 2 f x ^ 

f i n a l l y , t h e fxy ma t r i x i s c a l c u l a t e d , 

Amt. of 
f e r t i l i z e r 
used 

S ize of 
holding 

fxy 

0 - 2 

3 - 5 

6 - 8 

9 - 1 1 

12 & above 

5 

4 

0 

10 

0 

4 4 

112 

56 

40 

52 

0 0 

84 

49 

140 

91 

20 

80 

140 

200 

130 

234 

312 

182 

260 

1183 

263 

592 

427 

650 

1456 

fxy 19 264 364 570 2171 3388 = 
Jfxy 
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2 fxy -2(fx) (fy)/zf. 
r = 

^ (2fx2> - (ifx)2/zf) (Ify2-(ify>2/2f) 

3388 - (345 X 56)/70 

A7357 - (345)^/70) U163 - C56><=̂ /70 

3388 - 276 

A 7357 - 1700.35) C3163 - 44.8) 

3112 

/(5656.65) (3118. 

3112 

(75.21) (55.84) 

3112 

.2) 

4199.72 

r = 0.74 
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JgPENDIX ~ k 

MATHEMATICAL NOTE ON COMPUTATION P-ROCEDURE 

FOR 2-WAY CLASSIFICATION 

1. Data: C l a s s i f i e d according t o t h e s i z e of family and the 

s i z e of holding: 

1 

Size of holding! 
(in acres) ] 

P*-^ 2 J 
3-5 

6-8 1 
9-11 i 

12 &' above j 

Total 

0 - 2 

11 

Z 

0 

2 
0 

15 

3 -

3 

3 

5 

5 

5 

21 

Si 
5 

ze of 
6 - "8 

0 

7 
8 

7 

7 

29 

family 
9-11 

-

10 

9 
10 

10 

9 

48 

12 & 
above 

87 

AO 

16 

38 

19 

200 

1 

Total 

111 

61 

:39 
62 

40 

313 

(The u n i t s of manure i s qu in t a l ) 

2. P rocedure of computat ion of sum of squa re s : for t h i s purpose 
we made t h e fol lowing t a b u l a r arrangement: 

X. 
1 . ixf(ix) 

j ! 3 
•4-

2x' 

11(121) 

2(4) 

0(0) 

2(4) 

0(0) 

3(9) 

3(9) 
5(25) 
5(25) 

5(25) 

0(0) 

7(49) 
8(64) 
7(49) 

10( .1 

9(89>, 
loC^ooy 
10(100) 

87(^75-69)^ 
4O(l60p);j 
16(256) 
38(1444) 

7(49) 9(81) 19(361) 

11 

61 

39 
62 
40 

12321 

3721 

1521 

3844 

1600 

7799 

1743 
445 

1622 

520 

I X 
i 

(ixp 

L 
7-r 

15 21 29 48 200 313 

225 441 841 2304 40000 

133 93 211 462 11230 

12129 
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Now we ca lcu la t e 

Between Size of Holding S.S. = 1 M ' l i i 
c re 

2 
Between Size of Family S.S. = "^—^ " -^^— 

and 
T.S.S. = 22Xig2 - CI^x^^)2/rc 

where r = no of rows 

c = n£ of columns. 

The Residual S.S. = T.S.S. - Size of holding S.S. 
- Size of family S.S. 

The t o t a l n^ o- degrees freedom = rc-1 = 24. 
The L.f. for the between s ize of holding and the betv;een 
s i ze of family i s 4 respect ive ly and the L.f. for res idual 
i s 16 (by substract ion) . 
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