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ABSTRACT	 	 

 

	 The	 resistance	 to	 change	 in	 the	 use	 of	 agricultural	 inputs	 and	 practices	 

curtails	 the	 development	 of	 the	 agricultural	 sector	 despite	 the	 fact	 that	 

technology	 adoption	 fundamentally	 contributes	 to	 agricultural	 growth.	 

Although	 there	 is	 support	 for	 the	 idea	 that	 technology	 transfer	 is	 conditioned	 

by	 cultural	 differences,	 since	 the	 decision	 to	 adopt	 occurs	 at	 the	 micro-level,	 it	 

is	 doubtful	 that	 variances	 in	 societal	 norms	 are	 responsible	 for	 the	 fluctuating	 

levels	 of	 innovation	 adoption.	 Building	 on	 this	 assumption,	 I	 investigate	 

whether	 basic	 factors	 consistently	 impact	 the	 decision	 to	 adopt	 new	 technology	 

regardless	 of	 context.	 

	 To	 explore	 this	 hypothesis,	 I	 conduct	 a	 historical	 analysis	 of	 the	 British	 

agricultural	 revolution	 to	 establish	 the	 elements	 that	 contributed	 to	 its	 success.	 

From	 this	 examination,	 four	 factors	 are	 identified	 as	 having	 fundamentally	 

supported	 the	 agrarian	 revolution	 in	 England:	 farm	 size,	 security	 of	 tenure,	 

the	 availability	 of	 labour,	 and	 the	 demonstration	 of	 new	 techniques.	 These	 

factors	 are	 then	 evaluated	 in	 two	 Indian	 states,	 Punjab	 and	 West	 Bengal,	 

during	 the	 green	 revolution	 period.	 Historical	 evidence	 supports	 the	 view	 that	 

all	 four	 factors	 are	 positively	 correlated	 with	 the	 decision	 to	 adopt	 innovations,	 

and	 the	 successful	 development	 of	 the	 agricultural	 sector	 in	 Punjab,	 while	 

West	 Bengal’s	 agriculture	 suffered	 the	 negative	 consequences	 of	 missing	 these	 

components.	 
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CHAPTER	 1	 
Introduction	 

“Technology	 is	 both	 power	 and	 prospect,	 and	 nations	 that	 shy	 

away	 from	 widespread	 technology	 adoption	 often	 first	 curtail	 their	 

national	 competitiveness	 and	 then	 their	 standard	 of	 living.”	 	 

	 	 	 	 	 	 Steers	 et	 al	 (2008,	 p.	 255)	 

	 

The	 development	 of	 the	 agricultural	 sector	 remains,	 up	 to	 the	 present	 

time,	 a	 stepping-stone	 to	 further	 economy-wide	 development	 for	 most	 

economies.	 The	 role	 of	 agricultural	 growth	 is	 especially	 heightened	 in	 low-

income	 countries,	 where	 it	 employs	 a	 large	 proportion	 of	 the	 population;	 it	 is	 

not	 only	 a	 key	 mechanism	 to	 reduce	 poverty,	 but	 by	 acting	 as	 a	 source	 of	 

cheap	 labour	 and	 food	 supplies,	 it	 also	 has	 the	 potential	 to	 generate	 economic	 

growth	 (Dethier	 &	 Effenberger,	 2012).	 In	 addition,	 with	 an	 ever-increasing	 

population,	 sufficient	 agricultural	 production	 is	 always	 a	 concern	 and	 

developing	 countries	 often	 possess	 under-utilised	 land	 resources	 due	 to	 

agricultural	 backwardness.	 

	 In	 fact,	 notwithstanding	 the	 substantial	 amount	 of	 land	 and	 labour	 

resources	 dedicated	 to	 farming,	 their	 utilisation	 is	 inefficient	 and	 thus	 the	 

productivity	 of	 the	 sector	 is	 remarkably	 low	 (Johnston	 &	 Mellor,	 1961).	 As	 a	 

result,	 the	 demand	 for	 food	 in	 less-developed	 nations	 frequently	 exceeds	 the	 

quantity	 available	 locally,	 while	 the	 possibility	 of	 increasing	 production	 by	 

extending	 the	 area	 under	 cultivation	 is	 consistently	 on	 the	 decline.	 In	 light	 of	 



 2 

this	 reality,	 national	 and	 international	 efforts	 to	 promote	 agricultural	 

development	 have	 been	 undertaken.	 	 	 

	 Agricultural	 innovations,	 encompassing	 advances	 in	 seed	 varieties	 and	 

cattle	 breeds,	 the	 use	 of	 new	 tools	 and	 techniques,	 or	 the	 reorganisation	 of	 

resources,	 play	 an	 important	 role	 in	 the	 development	 of	 the	 agricultural	 sector	 

by	 raising	 productivity	 and	 allowing	 the	 commercialisation	 of	 agricultural	 

production	 (Jack,	 2009).	 Such	 changes	 were	 the	 foundation	 of	 the	 

agricultural	 revolution	 in	 England,	 and	 years	 later,	 at	 the	 centre	 of	 the	 green	 

revolution	 in	 Asia.	 At	 present,	 the	 recognition	 of	 the	 need	 for	 an	 agricultural	 

revolution	 in	 Africa	 calls	 for	 the	 implementation	 of	 similar	 measures	 in	 the	 

African	 continent	 (Dethier	 &	 Effenberger,	 2012).	 

However,	 improvements	 in	 agricultural	 technologies	 and	 production	 

methods	 are	 not	 necessarily	 adopted	 without	 resistance.	 Thus,	 when	 

formulating	 a	 strategy	 for	 the	 development	 of	 the	 agrarian	 sector	 of	 less-

developed	 economies,	 the	 potential	 barriers	 to	 the	 adoption	 of	 the	 new	 

technologies	 need	 to	 be	 taken	 into	 account	 (Yapa	 &	 Mayfield,	 1978).	 There	 

is	 support	 in	 the	 literature	 for	 the	 view	 that	 culture	 plays	 a	 role	 in	 the	 

adoption	 of	 innovations	 (Bhagat	 et	 al.,	 2009).	 Yet,	 the	 fact	 that	 ultimately	 

the	 decision	 to	 adopt	 is	 made	 at	 the	 individual	 farmer’s	 level	 (Hazell,	 1983)	 

suggests	 that	 “it	 is	 not	 likely	 that	 differences	 in	 technological	 adoption	 (…)	 

are	 primarily	 the	 result	 of	 differences	 in	 the	 fundamental	 nature	 of	 human	 

behaviour	 across	 countries”	 (Foster	 &	 Rosenzweig,	 2010,	 p.	 422).	 

My	 contribution	 lies	 in	 the	 fact	 that	 although	 the	 literature	 on	 the	 

adoption	 process	 is	 quite	 vast,	 few	 studies	 have	 attempted	 to	 isolate	 the	 

potential	 patterns	 in	 the	 development	 of	 the	 agricultural	 sector.	 This	 study	 is	 
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intended	 to	 highlight	 the	 issues	 agricultural	 programs	 and	 policies	 should	 

address,	 in	 light	 of	 the	 uncontroversial	 necessity	 of	 a	 new	 approach	 in	 

generating	 a	 green	 revolution	 in	 developing	 regions	 including	 the	 African	 

continent,	 due	 to	 the	 heterogeneity	 their	 agrarian	 sectors	 (Dethier	 &	 

Effenberger,	 2012).	 Indeed,	 the	 objective	 of	 this	 research	 is	 to	 determine	 

whether	 fundamental	 forces,	 that	 is,	 forces	 that	 make	 an	 agricultural	 

revolution	 successful	 regardless	 of	 context,	 can	 be	 identified.	 

A	 historical	 analysis	 of	 the	 transformation	 of	 the	 British	 agriculture	 in	 

the	 eighteenth	 and	 nineteenth	 century	 provides	 the	 basis	 of	 the	 study.	 A	 

review	 of	 the	 agricultural	 revolution	 that	 was	 dubbed	 the	 most	 successful	 

indeed	 allows	 the	 identification	 of	 the	 factors	 that	 supported	 its	 positive	 

results:	 large	 farms,	 security	 of	 tenure,	 abundance	 of	 labour	 and	 the	 

demonstration	 of	 new	 techniques	 by	 progressive	 farmers.	 The	 lessons	 from	 this	 

background	 analysis	 are	 then	 used	 to	 examine	 the	 Green	 Revolution	 in	 two	 

Indian	 states,	 Punjab	 and	 West	 Bengal,	 to	 determine	 whether	 common	 

outcomes	 can	 be	 found	 in	 the	 two	 contexts.	 The	 findings	 of	 the	 analysis	 of	 the	 

impact	 of	 the	 factors	 identified	 in	 the	 British	 context	 on	 the	 pattern	 of	 

adoption	 of	 new	 technologies	 in	 Punjab	 and	 West	 Bengal	 suggest	 that,	 

independently	 of	 context,	 consistent	 and	 positive	 relationships	 between	 the	 four	 

factors	 and	 the	 adoption	 of	 innovations	 can	 be	 found.	 	 
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CHAPTER	 2	 
Literature	 Review	 

	 

2.1  THE	 ROLE	 OF	 AGRICULTURE	 IN	 DEVELOPMENT	 

It	 is	 a	 well-established	 and	 widely	 accepted	 view	 that	 the	 agricultural	 

sector	 plays	 a	 crucial	 role	 in	 the	 development	 process	 of	 a	 country.	 However,	 

various	 authors	 have	 expressed	 differing	 opinions	 on	 the	 nature	 of	 the	 

contribution	 of	 the	 agricultural	 sector	 to	 economic	 development.	 

	 

2.1.1 AGRICULTURE	 AND	 ECONOMIC	 GROWTH	 

In	 his	 classic	 model,	 Lewis	 (1954)	 attributes	 the	 significance	 of	 the	 

agricultural	 sector	 to	 its	 surplus	 of	 labour.	 The	 model,	 which	 assumes	 the	 

existence	 of	 a“subsistence”	 and	 a“capitalist”	 sector,	 relies	 on	 the	 premise	 

that,	 with	 productivity	 being	 lower	 in	 the	 former	 sector,	 it	 will	 act	 as	 a	 

reservoir	 of	 labour	 from	 which	 workers	 can	 be	 drawn	 into	 the	 capitalist	 sector,	 

as	 the	 latter	 expands	 and	 generates	 economic	 growth.	 

Building	 on	 this	 model,	 Ranis	 and	 Fei	 (1961)	 develop	 a	 theory	 of	 

economic	 development	 with	 the	 progress	 of	 the	 agricultural	 sector	 at	 its	 core.	 

Johnston	 and	 Mellor	 (1961)	 recognise	 the	 involvement	 of	 the	 agricultural	 

sector	 in	 the	 development	 process,	 not	 only	 as	 a	 source	 of	 cheap	 labour	 and	 

food	 supplies,	 but	 also	 through	 its	 interaction	 with	 the	 industrial	 sector.	 

Agricultural	 development	 and	 trade	 of	 agricultural	 produce	 increase	 incomes,	 
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which	 further	 translates	 into	 increased	 investment	 in	 the	 secondary	 sector	 and,	 

ultimately,	 to	 economic	 growth.	 

	 

2.1.2 AGRICULTURE	 AND	 POVERTY	 

In	 addition	 to	 generating	 economic	 growth,	 Dethier	 and	 Effenberger	 

(2012)	 state	 that,	 as	 a	 result	 of	 the	 interconnectedness	 of	 the	 primary	 sector	 

with	 other	 sectors	 in	 the	 economy,	 agricultural	 growth	 is	 also	 a	 key	 

mechanism	 to	 reduce	 poverty	 in	 developing	 countries.	 They	 assert	 that	 poverty	 

reduction	 occurs	 in	 two	 ways.	 Firstly,	 poverty	 is	 lessened	 as	 a	 direct	 result	 of	 

agricultural	 growth	 by	 increasing	 employment	 and	 profit	 opportunities	 in	 

farming.	 Moreover,	 agricultural	 growth	 indirectly	 impacts	 poverty	 by	 creating	 

jobs	 outside	 of	 the	 agricultural	 sector	 as	 a	 consequence	 of	 an	 increase	 in	 

income,	 and	 subsequent	 demand	 for	 non-agricultural	 products.	 	 

This	 view	 is	 further	 supported	 by	 Christiansen	 et	 al.	 (2011),	 who	 

recognize	 that,	 with	 the	 greater	 part	 of	 low-income	 earners	 in	 developing	 

countries	 being	 employed	 in	 the	 agricultural	 sector,	 growth	 within	 that	 sector	 

has	 a	 larger	 impact	 on	 poverty	 than	 growth	 generated	 in	 any	 other	 sector.	 In	 

addition	 to	 the	 direct	 contribution	 of	 agricultural	 progress	 on	 economic	 growth	 

and	 poverty	 reduction,	 the	 authors	 also	 identify	 three	 main	 avenues	 through	 

which	 the	 development	 of	 the	 agricultural	 sector	 indirectly	 impact	 on	 poverty	 

and	 the	 rest	 of	 the	 economy.	 These	 include	 forward	 and	 backward	 production	 

linkages,	 consumption	 linkages	 and	 wage	 effects.	 	 

However,	 opposing	 arguments	 to	 using	 pro-agriculture	 strategies	 to	 

generate	 growth	 can	 also	 be	 found	 in	 the	 literature.	 Various	 authors	 argue	 

that	 the	 rewards	 of	 agricultural	 growth	 accrue	 mainly	 to	 large	 landowners,	 
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leaving	 the	 majority	 of	 small	 farmers	 in	 poverty	 (Reardon	 and	 Berdegue,	 

2002;	 Maxwell,	 2004;	 Collier	 and	 Dercon,	 2009	 cited	 in	 Christiansen	 et	 al	 

2011).	 But,	 although	 small	 farmers	 may	 not	 benefit	 directly	 from	 increased	 

productivity	 in	 the	 agricultural	 sector,	 the	 indirect	 effects	 generated	 by	 

agricultural	 growth,	 like	 job	 creation,	 can	 still	 improve	 their	 financial	 

situation,	 as	 acknowledged	 by	 Anriquez	 and	 Lopez	 (2007).	 They	 indeed	 find	 

that	 “ (m)ost	 of	 the	 effect	 of	 aggregate	 agricultural	 expansion	 on	 small	 

farmers	 takes	 place	 via	 the	 labor	 market” 	 (Anriquez	 and	 Lopez	 2007,	 

p.199).	 

	 

2.1.3 EMPIRICAL	 EVIDENCE	 

Regardless	 of	 the	 different	 avenues,	 the	 empirical	 evidence	 corroborates	 

the	 fact	 that	 agriculture	 contributes	 to	 both	 raising	 earnings	 per	 capita	 and	 

reducing	 poverty	 in	 developing	 nations.	 Loayza	 and	 Raddatz	 (2010)	 establish	 

that	 growth	 in	 labour-intensive	 sectors	 has	 the	 greatest	 impact	 on	 poverty,	 

with	 agriculture-led	 growth	 ranking	 first,	 followed	 by	 other	 primary	 sectors	 

like	 construction	 and	 mining.	 Timmer	 (1995)	 substantiates	 this	 view,	 stating	 

that	 a	 change	 in	 income	 generated	 in	 the	 rural	 economy	 –	 usually	 through	 the	 

agricultural	 sector	 –	 has	 more	 impact	 on	 poverty	 alleviation	 than	 increases	 in	 

income	 through	 other	 sectors.	 

The	 results	 put	 forward	 by	 Thirtle,	 Lin	 and	 Piesse	 (2003)	 provide	 

further	 confirmation	 that	 poverty	 in	 developing	 countries	 is	 most	 effectively	 

reduced	 through	 agricultural	 growth,	 with	 a	 one	 per	 cent	 increase	 in	 

agricultural	 productivity	 in	 Africa	 expected	 to	 lower	 the	 number	 of	 people	 

living	 below	 the	 poverty	 line	 by	 more	 than	 two	 million.	 However,	 more	 
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interesting	 is	 the	 admission	 that	 despite	 research	 and	 development	 in	 

agriculture	 being	 a	 profitable	 investment	 and	 a	 means	 to	 economic	 growth,	 and	 

the	 relative	 availability	 of	 productivity	 augmenting	 technology,	 the	 adoption	 of	 

innovations	 in	 developing	 countries	 is	 curtailed	 by	 various	 factors.	 

	 

	 

2.2  AGRARIAN	 REVOLUTIONS	 AND	 INNOVATION	 ADOPTION	 	 

Agricultural	 revolutions,	 synonymous	 with	 the	 modernisation	 of	 farming	 

methods	 to	 increase	 yield	 productivity,	 are	 the	 fundamental	 pillars	 supporting	 

agricultural	 growth.	 Indeed,	 the	 substitution	 away	 from	 traditional	 practices	 in	 

favour	 of	 superior	 and	 proven	 scientific	 techniques	 has	 the	 potential	 to	 

positively	 affect	 the	 standards	 of	 living	 of	 developing	 countries	 (Shaw,	 1987).	 

Agricultural	 innovations	 are	 often	 thought	 to	 encompass	 only	 changes	 in	 

farming	 methods,	 such	 as	 mechanization	 or	 the	 adoption	 of	 new	 seed	 varieties.	 

However,	 Jones	 (1987)	 correctly	 highlights	 that	 novel	 land	 management	 

practices	 also	 qualify	 as	 innovations.	 	 

England	 represents	 the	 canonical	 model	 of	 a	 successful	 transformation	 of	 

the	 agricultural	 sector;	 it	 was	 not	 only	 the	 first	 of	 its	 kind,	 but	 it	 also	 

occurred	 without	 government	 intervention	 (Deane,	 1979).	 Changes	 in	 

agronomy,	 also	 accompanied	 by	 improvements	 in	 tools	 and	 transport,	 led	 to	 

agricultural	 growth,	 which	 in	 turn	 supported	 the	 expansion	 of	 the	 industrial	 

sector	 and	 economy-wide	 development	 (Chambers	 &	 Mingay,	 1966).	 

However,	 the	 more	 recent	 Green	 Revolution	 in	 India	 only	 had	 mitigated	 effects	 

on	 productivity	 and	 growth,	 with	 some	 states,	 like	 Punjab,	 reaping	 the	 
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rewards	 of	 success	 while	 other	 less	 fortunate	 still	 struggle	 with	 low	 adoption	 

rates.	 	 

Although	 the	 literature	 on	 the	 adoption	 process	 is	 quite	 vast,	 few	 

studies	 have	 attempted	 to	 isolate	 the	 potential	 patterns	 in	 the	 development	 of	 

the	 agricultural	 sector	 during	 periods	 of	 rapid	 and	 extensive	 technological	 and	 

organizational	 change.	 In	 contrast,	 studies	 on	 the	 adoption	 process	 can	 

generally	 be	 divided	 into	 micro-level	 research,	 which	 comprises	 the	 

investigation	 of	 the	 factors	 affecting	 the	 decision	 to	 adopt	 an	 innovation	 at	 the	 

household	 level;	 and	 macro	 level	 studies,	 where	 the	 pattern	 of	 adoption	 at	 a	 

population	 level	 is	 examined.	 In	 this	 section,	 I	 will	 review	 the	 factors	 that	 

affect	 technology	 adoption	 at	 the	 individual	 and	 societal	 levels	 successively.	 

	 

2.2.1 MICRO-FACTORS	 AFFECTING	 TECHNOLOGY	 ADOPTION	 

Studies	 on	 the	 adoption	 of	 innovations	 at	 the	 micro-level	 focus	 on	 the	 

decision-making	 process	 at	 the	 individual	 –	 or	 household	 level.	 The	 personal	 

characteristics	 of	 farmers	 are	 cited	 as	 a	 factor	 influencing	 adoption.	 However,	 

the	 empirical	 evidence	 in	 the	 literature	 is	 inconclusive,	 and	 sometimes	 

conflicting.	 In	 fact,	 although	 Foster	 and	 Rosenzweig	 (1996)	 find	 a	 positive	 

correlation	 between	 education	 and	 adoption,	 Yapa	 and	 Mayfield	 (1978)	 report	 

contradicting	 results.	 The	 same	 opposition	 can	 be	 found	 in	 the	 literature	 on	 

risk	 aversion:	 while	 Hiebert	 (1974)	 reaches	 the	 conclusion	 that	 risk	 aversion	 

decreases	 the	 use	 of	 fertiliser	 and	 new	 seed	 varieties,	 Tsur	 et	 al.	 (1990)	 

present	 evidence	 otherwise.	 

After	 noticing	 such	 discrepancies	 in	 their	 survey,	 Feder	 et	 al.	 (1985)	 

suggested	 that	 the	 source	 of	 the	 conflict	 is	 to	 be	 found	 in	 the	 differing	 
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environments	 in	 which	 the	 studies	 were	 carried	 out.	 This	 is	 in	 line	 with	 

Schultz’s	 theory	 of	 entrepreneurship	 (1979,	 cited	 in	 Klein	 &	 Cook,	 2006),	 

which	 says	 that	 farmers’	 decision	 to	 adopt	 an	 innovation,	 or	 not,	 is	 the	 

result	 of	 rational	 decision-making,	 given	 the	 various	 constraints	 they	 face.	 

Thus,	 as	 Shaw	 (1987)	 points	 out,	 the	 rationale	 for	 low	 adoption	 rates	 of	 

innovations	 in	 agriculture	 need	 not	 necessarily	 be	 rooted	 in	 that	 particular	 

field.	 

At	 the	 micro-level,	 however,	 most	 of	 the	 restrictions	 faced	 by	 farmers	 

can	 be	 found	 in	 the	 agricultural	 sector.	 The	 principal	 constraints	 are,	 in	 fact,	 

either	 technological,	 that	 is,	 linked	 to	 the	 characteristics	 of	 the	 new	 

technologies,	 or	 economic.	 The	 main	 distinction	 made	 between	 different	 

agricultural	 innovations	 is	 whether	 they	 are	 divisible,	 that	 is,	 scale	 neutral,	 or	 

“lumpy”,	 which	 is	 usually	 characterized	 by	 fixed	 costs	 (Bell,	 1972;	 Feder,	 

1982).	 The	 degree	 of	 divisibility	 of	 an	 innovation	 impinges	 the	 decision	 to	 

adopt,	 as	 the	 prospective	 returns	 will	 be	 dependent	 on	 the	 scale	 of	 the	 

adoption,	 which	 is	 restricted	 by	 land	 availability.	 

The	 adoption	 of	 innovations	 that	 require	 large	 investment	 costs	 will	 thus	 

be	 constrained	 by	 farm	 size.	 Feder	 (1982)	 provides	 evidence	 that	 smaller	 

farms	 have	 a	 lower	 propensity	 to	 adopt,	 as	 well	 as	 a	 slower	 pace	 of	 adoption,	 

when	 considering	 indivisible	 technologies.	 In	 addition,	 Feder	 and	 O’Mara	 

(1981)	 suggest	 that	 there	 is	 also	 a	 critical	 farm	 size	 below	 which	 even	 

divisible	 innovations	 will	 not	 be	 adopted,	 when	 those	 are	 accompanied	 by	 fixed	 

adoption	 costs.	 Adoption	 expenses	 not	 only	 encompass	 the	 price	 of	 the	 

innovation	 itself,	 but	 also	 the	 implicit	 and	 explicit	 costs	 of	 acquiring	 

information	 pertinent	 to	 the	 use	 of	 the	 technology.	 Perrin	 and	 Winkelmann	 
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(1976,	 p.	 888)	 thus	 point	 out	 that	 although	 returns	 per	 hectare	 may	 be	 the	 

same	 regardless	 of	 farm	 size,	 	 	 “the	 effort	 might	 be	 quite	 worthwhile	 for	 a	 

10-hectare	 farmer	 but	 not	 for	 a	 1-hectare	 farmer.”	 

Feder	 and	 O’Mara	 (1981)	 and	 Perrin	 and	 Winkelmann	 (1976)	 

further	 recognize	 the	 influence	 of	 uncertainty	 on	 the	 relationship	 between	 land	 

size	 and	 the	 adoption	 decision.	 Bell	 (1972)	 indicates	 that	 smaller,	 and	 

generally	 poorer,	 farmers	 are	 more	 risk	 averse	 than	 their	 larger	 counterparts,	 

because	 they	 cannot	 afford	 failure;	 the	 ability	 to	 experiment	 and	 reduce	 

uncertainty	 would	 thus	 increase	 the	 possibility	 of	 adoption	 (Rogers	 2003,	 cited	 

in	 Jack	 2009,	 p.	 38).	 In	 spite	 of	 that,	 experimentation	 is	 restricted	 due	 to	 

farm	 size,	 and	 consequently,	 the	 adoption	 rate	 of	 smaller	 farms	 will	 tend	 to	 be	 

slower	 at	 the	 beginning	 of	 the	 diffusion	 process,	 until	 returns	 are	 secure	 

enough	 for	 the	 investment	 in	 new	 technologies	 to	 be	 worthwhile	 (Perrin	 &	 

Winkelmann,	 1976;	 Feder	 &	 O’Mara,	 1981).	 

Property	 rights	 also	 act	 as	 an	 economic	 determinant	 of	 adoption	 since	 

legal	 claims	 to	 the	 land	 often	 means	 access	 to	 credit,	 as	 the	 holder	 of	 the	 land	 

can	 use	 it	 as	 collateral	 for	 loans,	 or	 sell,	 or	 rent,	 it	 to	 raise	 funds.	 Moreover,	 

property	 rights	 define	 the	 entitlement	 to	 agricultural	 returns	 and	 consequently	 

affect	 the	 incentives	 to	 invest	 in	 innovations.	 Parthasarathy	 and	 Prasad	 

(1974)	 indeed	 provide	 evidence	 that	 owners	 are	 more	 inclined	 to	 adopt	 new	 

technologies	 than	 tenants.	 However,	 each	 type	 of	 tenancy	 agreements	 can	 have	 

different	 impacts	 on	 the	 adoption	 of	 innovations,	 although	 little	 consensus	 has	 

been	 reached	 in	 the	 literature.	 

Newbery	 (1975)	 and	 Braverman	 and	 Stiglitz	 (1986)	 argue	 that	 

shared	 contracts	 are	 inefficient	 and	 hinder	 the	 adoption	 of	 innovations.	 At	 the	 
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centre	 of	 the	 argument	 is	 the	 uncertainty	 that	 accompanies	 innovations	 and	 

increases	 the	 moral	 hazard	 problem	 in	 the	 tenant-landlord	 relationship.	 

Consequently,	 given	 “a	 sufficiently	 large	 negative	 effort	 response	 on	 the	 part	 

of	 tenants,	 landlords	 will	 be	 worse-off	 at	 the	 old	 contract,	 and	 thus	 resist	 

innovation.”	 (Braverman	 and	 Stiglitz	 1986,	 p.	 320).	 The	 authors	 thus	 

conclude	 that	 the	 innovation	 will	 only	 be	 profitable	 for	 farmers	 with	 fixed	 rent	 

contracts.	 

An	 opposing	 view	 can	 be	 found	 in	 a	 survey	 by	 Khasnabis	 and	 

Chakravarthy	 (1982),	 which	 recognises	 the	 importance	 of	 the	 landlords’	 

participation	 in	 costs	 –	 a	 common	 feature	 of	 share-cropping	 arrangements	 –	 in	 

the	 adoption	 of	 innovations.	 They	 indeed	 acknowledge	 that	 situations	 in	 which	 

landlords	 collect	 fixed	 rents	 are	 not	 favourable	 for	 the	 adoption	 of	 new	 

technologies,	 as	 landlords	 find	 it	 preferable	 to	 limit	 their	 investment	 under	 

such	 conditions.	 Since	 tenants	 often	 lack	 the	 resources	 to	 make	 the	 investment	 

on	 their	 own,	 the	 non-participation	 of	 landlords	 acts	 as	 a	 barrier	 to	 innovation	 

adoption.	 

The	 work	 of	 Bhaduri	 (1973)	 suggests	 a	 different	 avenue	 through	 which	 

the	 decision	 of	 landlords	 to	 support	 innovations	 is	 affected.	 He	 suggests	 that	 

the	 dual	 role	 of	 proprietor	 and	 moneylender,	 which	 landlords	 often	 assume	 in	 

developing	 countries,	 can	 generate	 situations	 where	 the	 landowner	 resists	 the	 

adoption	 of	 innovation.	 The	 rationale	 is	 that	 the	 introduction	 of	 new	 

technologies	 which	 raise	 productivity,	 reduces	 the	 demand	 for	 credit	 from	 

tenants.	 The	 landlord’s	 income	 from	 usury	 as	 well	 as	 his	 political	 power	 thus	 

decreases,	 making	 the	 costs	 greater	 than	 the	 potential	 benefits	 of	 an	 increase	 

in	 output.	 Despite	 its	 appeal,	 this	 theory	 has	 been	 widely	 criticised.	 
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In	 addition	 to	 tenancy	 agreements,	 security	 of	 tenure	 also	 affects	 the	 

adoption	 decision,	 although	 the	 effect	 is	 debated.	 Banerjee	 et	 al.	 (2002)	 

report	 that	 security	 of	 tenure	 can	 have	 two	 contrasting	 effects	 on	 investment.	 

One	 view	 is	 that	 little	 protection	 against	 eviction	 can	 induce	 tenants	 to	 provide	 

higher	 effort	 levels,	 which	 makes	 investment	 on	 behalf	 on	 the	 landlord	 

profitable.	 This	 perspective	 is	 supported	 by	 Johnson	 (1950),	 who	 argues	 that	 

short-term	 leases	 allow	 owners	 to	 coerce	 a	 given	 level	 of	 effort	 from	 tenants,	 

thus	 encouraging	 the	 adoption	 of	 innovations.	 On	 the	 other	 hand,	 Do	 and	 Iyer	 

(2003)	 report	 evidence	 that	 security	 of	 tenure	 positively	 affects	 the	 tenants’	 

incentives	 to	 make	 long-term	 investments	 in	 agriculture.	 

However,	 Basu	 (1989)	 points	 out	 that	 both	 arguments	 provide	 

rationales	 for	 the	 other	 party	 to	 invest	 and	 therefore,	 neither	 explains	 

agricultural	 stagnation.	 He	 then	 proceeds	 to	 develop	 a	 model	 of	 adverse	 

selection,	 which	 accounts	 simultaneously	 for	 the	 non-adoption	 of	 innovation	 by	 

both	 the	 tenant	 and	 the	 landlord.	 Building	 on	 his	 work,	 Naqvi	 (1990)	 

extends	 the	 model	 to	 accommodate	 for	 landlords	 with	 only	 one	 tenant,	 by	 

introducing	 risk	 aversion	 in	 the	 decision-making	 process	 of	 both	 parties.	 

	 

The	 broad	 spectrum	 of	 evidence	 in	 the	 literature	 on	 adoption	 at	 the	 

micro-level	 allows	 for	 two	 observations.	 First,	 the	 factors	 that	 affect	 farmers’	 

decision-making	 process	 often	 reflect	 the	 underlying	 social	 and	 institutional	 

structure	 of	 the	 economy	 that	 determines	 individuals ’ 	 ability	 to	 adopt	 

innovations	 –	 like	 access	 to	 credit,	 inputs	 and	 information,	 among	 others.	 

Second,	 due	 to	 this	 interaction,	 the	 effects	 of	 the	 micro-level	 factors	 on	 

adoption	 will	 vary	 in	 accordance	 with	 the	 socio-cultural	 environments	 in	 which	 
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they	 are	 evaluated.	 I	 thus	 turn	 to	 an	 analysis	 of	 the	 national	 forces	 that	 affect	 

technology	 adoption	 in	 agriculture.	 

	 

2.2.2 MACRO-FACTORS	 AFFECTING	 TECHNOLOGY	 ADOPTION	 

Macro-level	 analyses	 of	 the	 adoption	 process	 investigate	 the	 national	 

characteristics	 that	 shape	 the	 pattern	 of	 adoption.	 Perez	 (1983)	 suggests	 that	 

the	 spread	 of	 technology	 is	 dependent	 on	 the	 interaction	 between	 the	 

technological	 and	 economic	 characteristics	 of	 the	 innovation,	 which	 affect	 

farmers	 at	 the	 individual	 level,	 and	 the	 socio-institutional	 constraints	 present	 

in	 the	 economy.	 Thus,	 even	 if	 farmers’	 non-adoption	 may	 appear	 unreasonable	 

based	 solely	 on	 the	 expected	 returns,	 it	 may	 be	 a	 rational	 choice	 considering	 

their	 environment	 (Brooks,	 2010	 cited	 in	 Dethier	 &	 Effenberger,	 2012).	 

Access	 to	 information	 is	 the	 basis	 of	 innovation	 adoption	 and,	 

consequently,	 extension	 policies	 have	 been	 at	 the	 centre	 of	 the	 agricultural	 

development	 agenda.	 Indeed,	 it	 is	 not	 so	 much	 the	 lack	 of	 technology	 but	 

rather	 the	 lack	 of	 knowledge	 about	 existing	 technologies,	 which	 restricts	 the	 

modernisation	 of	 farming	 methods	 in	 developing	 countries.	 In	 a	 review	 of	 the	 

effects	 of	 agricultural	 extension	 on	 the	 economy,	 Birkhaeuser	 et	 al.	 (1991)	 

highlight	 the	 positive	 impact	 that	 extension	 programs	 have	 on	 the	 rate	 of	 

adoption	 and	 diffusion	 of	 the	 new	 technology	 and	 the	 level	 of	 output	 produced.	 

Nonetheless,	 as	 Hazell	 (1983)	 points	 out,	 acquiring	 knowledge	 about	 new	 

technologies	 is	 neither	 easy	 nor	 cheap,	 which	 is	 why	 extension	 services	 play	 an	 

important	 role	 in	 the	 development	 of	 the	 agricultural	 sector.	 

Still,	 information	 diffusion	 is	 often	 biased;	 in	 their	 review	 of	 the	 

diffusion	 process	 of	 new	 technologies,	 Roling	 et	 al.	 (1976)	 find	 that	 
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government	 extension	 agencies	 often	 focus	 on	 large	 farmers,	 who	 are	 believed	 

to	 be	 more	 responsive,	 rather	 than	 small	 landholders.	 The	 rationale	 behind	 

this	 ‘innovative	 farmer	 strategy’	 is	 that	 new	 technologies	 will	 eventually	 be	 

transmitted	 to	 less	 progressive	 farmers,	 through	 observation	 and	 social	 

learning.	 However,	 the	 recurrent	 consequence	 of	 this	 approach	 is	 a	 social	 

barrier	 to	 technology	 adoption	 in	 small	 farms,	 which	 hinders	 the	 development	 

of	 the	 agricultural	 sector,	 as	 well	 as	 widens	 the	 economic	 and	 technological	 gap	 

between	 large	 and	 small	 farms.	 

In	 addition	 to	 having	 better	 access	 to	 information,	 large	 farms	 also	 

generally	 obtain	 credit	 and	 other	 agricultural	 inputs	 more	 easily,	 due	 partly	 to	 

inadequate	 government	 policies,	 as	 well	 as	 the	 socio-institutional	 structure	 in	 

place	 (Perrin	 &	 Winkelmann,	 1976;	 Shaw,	 1987).	 The	 lack	 of	 institutions	 

and	 missing	 markets	 for	 credit	 and	 information,	 among	 others,	 are	 indeed	 the	 

main	 macro-level	 obstacles	 to	 technology	 adoption	 in	 small	 firms,	 with	 Dethier	 

and	 Effenberger	 (2012,	 p.	 177)	 asserting	 that	 “ getting	 fundamental	 

institutions	 right	 is	 a	 prerequisite	 for	 growth	 and	 a	 priority	 on	 the	 agricultural	 

development	 agenda.”	 

This	 is	 in	 accordance	 with	 the	 view	 put	 forward	 by	 Jack	 (2009),	 

which	 states	 that	 market	 failures	 are	 the	 cause	 of	 under-adoption	 of	 

innovations	 in	 agriculture.	 In	 fact,	 the	 author	 argues	 that	 market	 

inefficiencies	 and	 informational	 asymmetries	 are	 what	 restrict	 farmers	 from	 

taking	 advantage	 of	 profitable	 technologies.	 He	 identifies	 seven	 avenues	 

through	 which	 market	 failures	 affect	 technology	 adoption	 in	 agriculture.	 The	 

first	 is	 the	 lack	 of	 consideration	 of	 externalities	 in	 the	 decision	 making	 process.	 

Then,	 there	 are	 the	 inadequacies	 of	 the	 product,	 land	 and	 labour	 markets,	 as	 
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well	 as	 the	 lack	 of	 credit	 and	 risk	 markets.	 Lastly,	 there	 is	 the	 lack	 of	 

awareness	 about	 new	 methods	 of	 production	 and	 the	 shortage	 of	 information	 

on	 how	 to	 use	 them	 effectively.	 	 	 

	 Another	 macro-level	 factor	 that	 hinders	 the	 adoption	 of	 innovations	 is	 

the	 absence	 of	 complementary	 infrastructure.	 In	 fact,	 the	 success	 of	 High	 Yield	 

Variety	 seeds,	 which	 are	 at	 the	 centre	 of	 the	 Green	 Revolution	 movement,	 

depends	 not	 only	 on	 the	 proper	 use	 of	 fertiliser	 and	 pesticide,	 but	 also	 on	 

adequate	 access	 to	 irrigation	 (Chakravarti,	 1973).	 In	 a	 comparison	 of	 the	 

change	 and	 growth	 of	 the	 agrarian	 sector	 of	 Bengal	 and	 Punjab,	 Ghose	 

(1979)	 indeed	 attributes	 the	 successful	 adoption	 of	 the	 new	 technology	 in	 the	 

latter	 state	 to	 the	 expansion	 of	 the	 irrigation	 system	 through	 public	 

investment.	 	 

	 The	 availability	 of	 labour	 also	 affects	 the	 decision	 to	 adopt	 an	 

innovation	 as	 the	 use	 of	 High	 Yielding	 Variety	 seeds,	 for	 example,	 augment	 

the	 labour	 requirements	 at	 various	 stages	 of	 the	 farming	 season	 (Hazell	 

1983).	 This	 seasonal	 increase	 in	 labour	 demand	 affects	 the	 adoption	 decision	 

for	 those	 farmers	 who	 have	 limited	 access	 to	 labour	 markets,	 or	 who	 cannot	 

afford	 hiring	 outside	 labour	 (Spenser	 and	 Byerlee,	 1976).	 Small	 farmers	 are	 

often	 disproportionately	 impacted	 by	 this	 labour	 bottleneck	 as,	 due	 to	 a	 lack	 of	 

credit,	 they	 may	 be	 constrained	 to	 hire	 out	 their	 labour	 to	 satisfy	 their	 

consumption	 requirements,	 which	 in	 turn	 restricts	 their	 ability	 to	 adopt	 new	 

technologies	 (Moser	 and	 Barrett,	 2002).	 	 
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CHAPTER	 3	 
The	 Agricultural	 Revolution	 In	 England	  	 

	 

The	 literature	 generally	 agrees	 that	 the	 British	 agricultural	 revolution	 

was	 characterised	 by	 the	 adoption	 of	 innovative	 farming	 methods,	 as	 well	 as	 

an	 increase	 in	 output	 and	 productivity	 (Overton	 1996).	 On	 the	 other	 hand,	 

there	 is	 no	 consensus	 among	 historians	 as	 to	 when	 the	 agricultural	 revolution	 

occurred	 in	 England.	 The	 mainstream	 view	 situates	 the	 revolution	 between	 the	 

eighteenth	 and	 nineteenth	 century,	 although	 conflicting	 evidence	 suggests	 that	 

the	 agricultural	 revolution	 may	 have	 occurred	 at	 least	 a	 century	 earlier	 

(Havinden,	 1961;	 Jones,	 1965;	 Allen,	 1999).	 However,	 the	 traditional	 

claim	 remains,	 to	 this	 day,	 the	 most	 potent	 and	 consequently,	 I	 take	 on	 this	 

view	 in	 my	 analysis	 of	 the	 barriers	 to	 the	 adoption	 of	 technologies	 in	 England.	 	 

	 

	 

3.1  HISTORICAL	 OVERVIEW	 	 

The	 main	 factor	 believed	 to	 have	 supported	 the	 development	 of	 the	 

agrarian	 sector	 in	 England	 in	 the	 eighteenth	 century	 is	 the	 shift	 in	 land	 

rights,	 exemplified	 through	 the	 process	 of	 enclosure.	 Enclosures,	 that	 is,	 the	 

appropriation	 of	 common	 and	 wasteland	 as	 private	 property,	 are	 a	 central	 

argument	 in	 the	 increase	 in	 agricultural	 productivity	 that	 was	 experienced	 

during	 the	 mid-eighteenth	 and	 the	 nineteenth	 century.	 In	 fact,	 enclosures	 

shaped	 the	 agricultural	 scene	 and	 land	 distribution	 in	 a	 way	 that	 made	 

innovation	 and	 development	 possible	 (Chambers	 &	 Mingay,	 1966).	 
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The	 popularisation	 of	 new	 crops	 and	 fodder	 plants,	 like	 turnips	 and	 

clover,	 also	 supported	 the	 agricultural	 revolution	 in	 England.	 The	 legumes	 

contributed	 to	 increasing	 the	 fertility	 of	 the	 land,	 both	 directly	 and	 indirectly	 

–	 by	 sustaining	 more	 animals,	 which	 produced	 extra	 manure.	 Complementary	 

to	 the	 inclusion	 of	 leguminous	 crops	 in	 farming	 was	 the	 adoption	 of	 new	 

husbandry	 practices	 that	 combined	 cattle	 rearing	 with	 crop-cultivation.	 The	 

Norfolk	 system	 of	 crop	 rotation,	 promoted	 by	 Lord	 Townshed	 and	 Jethro	 Tull,	 

reduced	 the	 need	 for	 fallows	 as	 well	 as	 enabled	 the	 rearing	 of	 a	 larger	 amount	 

of	 livestock	 for	 which	 winter	 fodder	 could	 be	 provided	 (Timmer,	 1969).	 

The	 innovations	 that	 transformed	 crop	 and	 animal	 husbandry	 can	 be	 

categorised	 into	 two	 classes:	 the	 new	 cultivation	 techniques	 and	 the	 

mechanisation	 of	 agrarian	 processes.	 Although	 the	 two	 categories	 of	 

innovations	 in	 agriculture	 contributed	 to	 the	 revolution,	 it	 was	 the	 

reorganisation	 of	 existing	 resources	 rather	 than	 the	 inventions	 or	 

mechanisation	 of	 agricultural	 tools	 that	 played	 a	 bigger	 part	 in	 the	 

transformation	 of	 the	 agrarian	 sector.	 Indeed,	 Chambers	 and	 Mingay	 (1966)	 

point	 out	 that	 the	 essential	 breakthroughs	 in	 agriculture	 were	 in	 agronomy	 

and	 that	 improvements	 in	 tools,	 transport	 and	 the	 mechanisation	 of	 production	 

methods	 were	 only	 “supplementary	 and	 secondary	 to	 the	 changes	 in	 the	 

fields”(Chambers	 &	 Mingay	 1966,	 p.	 73).	 	 

The	 first	 reason	 that	 can	 be	 put	 forward	 to	 support	 this	 view	 is	 the	 

differences	 in	 climate	 and	 topography	 between	 regions;	 those	 variations	 could	 

suggest	 that	 a	 piece	 of	 equipment	 that	 was	 suitable	 for	 a	 particular	 type	 of	 soil	 

could	 potentially	 be	 ineffective	 in	 others,	 thus	 restricting	 the	 adoption	 of	 the	 

new	 tools	 (Deane	 1979,	 p.	 41).	 Secondly,	 the	 fact	 that	 machines	 “were	 
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costly	 and	 difficult	 to	 obtain”(Chambers	 &	 Mingay	 1966,	 p.	 70)	 and	 that	 

workers	 were	 not	 trained	 to	 properly	 use	 them	 without	 causing	 damage	 to	 the	 

equipment,	 could	 be	 another	 rationale	 to	 explain	 why	 technical	 advances	 

contributed	 less	 to	 the	 development	 of	 agriculture	 than	 new	 farming	 practices.	 

However,	 it	 was	 not	 enough	 for	 new	 methods	 of	 production	 to	 be	 

introduced;	 the	 spreading	 and	 sharing	 of	 knowledge	 also	 played	 an	 important	 

role	 in	 the	 agricultural	 revolution.	 In	 fact,	 it	 was	 essential	 to	 prove	 that	 new	 

methods	 were	 successful	 in	 order	 to	 get	 conservative	 farmers	 to	 adopt	 the	 more	 

efficient	 means	 of	 cultivation.	 Demonstrations	 of	 new	 techniques	 and	 practices,	 

such	 as	 through	 the	 agricultural	 shows	 held	 by	 Coke	 of	 Norfolk,	 are	 

recognised,	 albeit	 to	 varying	 degrees,	 as	 playing	 an	 important	 role	 in	 the	 

dissemination	 of	 novel	 farming	 techniques	 (Timmer	 1969).	 	 

Agricultural	 backwardness	 was	 often	 blamed	 on	 farmers ’ 	 lack	 of	 

entrepreneurship	 mentality,	 and	 Deane	 (1979)	 argues	 that	 another	 

fundamental	 pillar	 on	 which	 the	 agricultural	 revolution	 depended	 was	 a	 shift	 

in	 farmers’entrepreneurial	 mindsets.	 According	 to	 her,	 this	 change	 in	 stance	 

appears	 to	 have	 been	 spurred	 by	 a	 shift	 from	 a	 perception	 of	 agriculture	 as	 a	 

means	 of	 subsistence	 to	 a	 capitalist	 view	 of	 the	 land.	 Marx’s	 theory	 (1973,	 

cited	 in	 Bryer,	 2006)	 supports	 this	 notion,	 stating	 that	 the	 agricultural	 

revolution	 in	 England	 was	 carried	 by	 an	 embracement	 of	 capitalism,	 where	 

land	 was	 recognised	 as	 a	 source	 of	 wealth,	 and	 a	 decline	 in	 the	 feudal	 mode	 of	 

production.	 

The	 favourable	 economic	 and	 environmental	 conditions	 faced	 by	 farmers	 

further	 reinforced	 the	 shift	 towards	 commercialisation	 of	 agricultural	 

production.	 Indeed,	 the	 increase	 in	 population	 between	 the	 late	 years	 of	 the	 
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eighteenth	 century	 and	 the	 mid	 nineteenth	 century	 translated	 into	 an	 increase	 

in	 demand	 for	 food.	 In	 addition,	 due	 to	 restrictions	 on	 imports,	 the	 price	 of	 

grains	 and	 other	 foods	 soared.	 These	 two	 factors,	 combined	 with	 the	 freedom	 

of	 cultivation	 that	 was	 brought	 about	 by	 the	 enclosures,	 encouraged	 farmers	 to	 

increase	 their	 yields	 and	 to	 exploit	 market	 opportunities	 (Turner	 et	 al.,	 

2001).	 

Once	 the	 real	 potential	 of	 cultivated	 estates	 was	 brought	 out,	 not	 only	 were	 

farmers	 willing	 to	 invest	 in	 their	 land,	 there	 was	 also	 pride	 in	 being	 able	 to	 

make	 a	 fortune	 from	 the	 land	 and	 become,	 as	 Mantoux	 (1983,	 p.160)	 

states,	 a	 gentleman	 farmer.	 In	 a	 society	 were	 money	 was	 becoming	 more	 and	 

more	 important	 and	 where	 agriculture	 was	 being	 commercialised,	 a	 shift	 in	 

entrepreneurial	 attitude	 “meant	 a	 change	 from	 the	 feudal	 seigneur	 (…)	 to	 an	 

overlord	 who	 was	 closer	 to	 an	 acute	 man	 of	 business	 exploiting	 the	 material	 

resources	 of	 the	 estate	 with	 an	 eye	 to	 profit	 and	 efficiency.”(Tawney	 1912,	 

cited	 in	 Moore,	 1967,	 p.	 10).	 

	 

	 

3.2  FACTORS	 AFFECTING	 THE	 ADOPTION	 OF	 INNOVATIONS	 

The	 reorganisation	 of	 land	 resources,	 the	 introduction	 of	 new	 crops	 and	 

techniques,	 and	 the	 shift	 to	 a	 capitalist	 mindset	 thus	 lie	 at	 the	 centre	 of	 the	 

argument	 for	 the	 success	 of	 the	 British	 agricultural	 revolution.	 I	 now	 turn	 to	 

explore	 the	 factors	 that	 made	 the	 enclosure	 process	 a	 successful	 contribution	 to	 

the	 development	 of	 the	 agricultural	 sector,	 and	 the	 adoption	 of	 new	 methods	 of	 

production	 possible.	 
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3.2.1 FARM	 SIZE	 

Enclosures	 had	 two	 main	 effects	 on	 the	 agricultural	 sector:	 the	 

redistribution	 of	 land	 rights	 –	 whose	 impacts	 I	 investigate	 in	 the	 next	 section	 

–	 and	 the	 consolidation	 of	 dispersed	 and	 independent	 plots	 into	 larger	 and	 

more	 efficient	 estates.	 Burnette	 (1999)	 indeed	 reports	 that	 in	 1970,	 almost	 

forty	 per	 cent	 of	 the	 farming	 estates	 in	 England	 were	 over	 a	 hundred	 acres.	 

The	 size	 of	 farms	 had	 an	 important	 effect	 on	 the	 adoption	 of	 new	 practices	 by	 

allowing	 a	 shift	 from	 producing	 for	 subsistence	 to	 commercial	 farming.	 Through	 

the	 extension	 of	 the	 acreages	 under	 cultivation,	 an	 outcome	 of	 the	 enclosure	 

process,	 the	 size	 of	 individual	 consolidated	 farms	 was	 increased,	 providing	 

farmers	 with	 the	 ability	 to	 produce	 for	 the	 market,	 and	 thus	 making	 output-

augmenting	 innovations	 attractive	 and	 profitable.	 

During	 the	 agricultural	 revolution	 in	 England,	 farm	 size	 was	 also	 

negatively	 correlated	 with	 conservatism,	 in	 regard	 to	 agricultural	 practices.	 

Small	 farmers,	 who	 produced	 mainly	 for	 subsistence,	 were	 believed	 to	 be	 

traditionalists	 who	 were	 unwilling	 to	 let	 go	 of	 their	 established	 husbandry	 

practices	 in	 favour	 of	 new	 and	 more	 effective	 methods	 of	 production.	 The	 lack	 

of	 capital	 usually	 associated	 with	 small	 farms	 could	 be	 argued	 to	 be	 the	 reason	 

behind	 this	 reluctance	 to	 adopt	 new	 lumpy	 technologies,	 but	 the	 argument	 

would	 fail	 to	 explain	 the	 non-adoption	 of	 scale	 neutral	 innovations.	 However,	 

reports	 on	 the	 adoption	 of	 turnips	 and	 clover	 show	 that	 smaller	 farmers,	 by	 

their	 own	 admission,	 were	 less	 inclined	 to	 use	 the	 new	 crops	 (Prothero,	 1888,	 

p.	 46).	 

	 A	 rationale	 for	 this	 behaviour	 lies	 in	 the	 fact	 that	 small	 farmers	 are	 

more	 risk	 averse,	 and	 thus	 willing	 to	 sacrifice	 higher	 yields	 in	 favour	 of	 
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security.	 Due	 to	 their	 limited	 acreage,	 combined	 with	 the	 need	 to	 meet	 their	 

consumption	 requirements,	 smaller	 farmers	 may	 not	 have	 had	 the	 possibility	 to	 

experiment	 with	 new	 crops,	 owing	 to	 the	 fear	 of	 failure,	 or	 increase	 the	 

amount	 of	 livestock	 they	 held	 (Outhwaite,	 1986).	 In	 addition,	 since	 the	 

adoption	 of	 new	 crops	 and	 husbandry	 practices	 increased	 the	 labour	 

requirements	 at	 various	 times	 of	 the	 agricultural	 cycle	 (Overton,	 1996),	 the	 

size	 of	 the	 land,	 which	 often	 reflected	 the	 access	 to	 monetary	 resources,	 was	 

further	 correlated	 with	 the	 ability	 to	 adopt	 new	 practices.	 

In	 addition	 to	 restructuring	 the	 distribution	 of	 land,	 enclosures	 also	 

redistributed	 the	 property	 rights	 to	 the	 land,	 arguably	 from	 poorer	 peasant	 to	 

wealthy	 landowners.	 Although	 this	 provides	 further	 explanation	 why	 land	 size,	 

which	 acted	 as	 a	 proxy	 for	 wealth,	 played	 a	 role	 in	 the	 adoption	 of	 

innovations,	 the	 reorganisation	 of	 land	 rights	 influenced	 the	 development	 of	 

the	 agricultural	 sector	 in	 various	 other	 ways,	 which	 I	 explore	 below.	 	 

	 	 

3.2.2 PROPERTY	 RIGHTS	 TO	 THE	 LAND	 

By	 redefining	 property	 rights	 to	 the	 land,	 the	 enclosure	 process	 allowed	 

a	 break	 from	 the	 open-field	 system,	 where	 lands	 were	 “divided	 into	 a	 large	 

number	 of	 lots,	 all	 interspersed	 among	 one	 another”(Mantoux	 1983,	 p.	 

143),	 and	 farming	 was	 a	 communal	 matter.	 The	 open	 field	 system	 was	 for	 a	 

long	 time	 depicted	 as	 a	 vastly	 inefficient	 organisation	 of	 resources.	 Not	 only	 

were	 there	 costs	 associated	 with	 the	 dispersion	 of	 land	 holdings	 –	 communal	 

decisions	 about	 grazing	 and	 cultivation,	 the	 utilisation	 of	 the	 fields	 was	 also	 

often	 suboptimal	 due	 to	 either	 inefficient	 fallows	 or,	 oppositely,	 overuse	 of	 the	 

land	 (McCloskey,	 1972;	 Turner,	 1986).	 	 	 
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The	 enclosure	 process	 put	 an	 end	 to	 the	 problems	 of	 communal	 

agriculture	 by	 allowing	 the	 consolidation	 of	 dispersed	 plots	 into	 autonomous	 

estates.	 In	 fact,	 enclosures	 not	 only	 expanded	 the	 area	 of	 farmland,	 thus	 

enabling	 farmers	 to	 make	 better	 use	 of	 unexploited	 land,	 they	 also	 allowed	 a	 

better	 balance	 between	 the	 use	 of	 land	 for	 cultivation	 and	 grazing	 purposes	 

(Chambers	 &	 Mingay	 1966,	 pp.	 79-80).	 Indeed,	 the	 main	 drawback	 of	 the	 

open	 fields	 seems	 to	 have	 been	 the	 restrictions	 on	 the	 division	 between	 arable	 

land	 and	 land	 used	 for	 rearing	 livestock,	 rather	 than	 the	 choice	 of	 crops	 to	 be	 

cultivated,	 as	 attested	 by	 the	 accounts	 of	 cultivation	 of	 clover	 crops	 in	 some	 

open	 fields	 (Turner,	 1986).	 	 

Additionally,	 the	 privatisation	 of	 communal	 acreage	 made	 possible,	 as	 

well	 as	 encouraged,	 the	 adoption	 of	 the‘best-practice’for	 the	 land,	 and	 

consequently	 increased	 output	 (Turner,	 1982).	 Due	 to	 collective	 decision	 

making	 under	 the	 open	 field	 system,	 along	 with	 the	 interspersion	 of	 land	 plots,	 

the	 choice	 of	 crop	 and	 manner	 of	 cultivation	 was	 limited,	 despite	 not	 

necessarily	 being	 suitable	 to	 the	 whole	 field.	 Through	 the	 redistribution	 of	 

property	 rights,	 farmers	 could	 then	 adopt	 the	 crops	 and	 techniques	 most	 suited	 

to	 their	 type	 of	 land.	 	 	 

	 Furthermore,	 the	 enclosures	 also	 encouraged	 entrepreneurialism	 since	 

the	 spill	 over	 effects	 that	 prevailed	 under	 the	 open	 field	 system	 could	 now	 be	 

reduced.	 In	 fact,	 due	 to	 the	 intermixing	 of	 land	 plots	 the	 efforts,	 or	 lack	 

thereof,	 of	 neighbouring	 farmers	 often	 impacted	 the	 output	 of	 farmers	 in	 the	 

vicinity.	 Consequently,	 attempts	 to	 innovate	 were	 not	 only	 constrained	 by	 the	 

common	 rule	 but	 also	 by	 the	 inability	 to	 internalise	 potential	 benefits,	 or	 

prevent	 external	 shocks	 to	 production	 (McCloskey,	 1972).	 By	 creating	 
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independent	 estates,	 enclosures	 therefore	 allowed	 the	 experimentation	 with,	 

and	 adoption	 of	 new	 crops	 and	 new	 techniques,	 by	 allowing	 cultivators	 to	 be	 

the	 residual	 claimants	 of	 the	 output	 produced.	 	 

Lastly,	 the	 enclosures	 redefined	 the	 conditions	 of	 tenure,	 often	 in	 favour	 

of	 the	 landlords;	 enclosures	 often	 created	 the	 opportunity	 to	 revisit	 the	 terms	 

and	 duration	 of	 leases.	 Although	 some	 authors	 argue	 that	 this	 power	 shift	 

from	 tenants	 to	 landlords	 reduced	 security	 of	 tenure,	 Offer	 (1991)	 cites	 

evidence	 from	 various	 sources	 that	 suggests	 that,	 despite	 the	 potentially	 

negative	 effect	 of	 enclosures	 on	 security	 of	 tenure,	 the	 rate	 of	 eviction	 

remained	 low.	 The	 effect	 of	 the	 decline	 of	 feudalism	 may	 provide	 an	 

explanation	 for	 such	 observations.	 	 

Indeed,	 because	 tenants	 were	 no	 longer	 bound	 to	 the	 land	 through	 

serfdom,	 the	 landlords	 had	 an	 incentive	 to	 act	 fairly	 since“no	 skilful	 farmer,	 

who	 has	 a	 capital	 to	 lose,	 will	 take	 up	 his	 residence	 on	 an	 estate	 of	 known	 

bad	 character”(Loudon,	 1831,	 cited	 in	 Offer,	 1991,	 p.	 11).	 On	 the	 other	 

hand,	 due	 to	 the	 competition	 among	 prospective	 tenants,	 once	 the	 lease	 was	 

granted,	 the	 lessee	 had	 an	 incentive	 to	 demonstrate	 commitment	 and	 

profitability	 by	 adopting	 techniques	 that	 would	 increase	 productivity	 and	 

output.	 Occasionally,	 tenants	 were	 even	 compelled	 by	 their	 landlords	 to	 

embrace	 the	 contemporary	 techniques	 of	 cultivation	 through	 contracts,	 or	 were	 

encouraged	 to	 do	 so	 through	 public	 services,	 and	 to	 a	 lesser	 extent,	 farmer’s	 

cooperatives	 (Dovring,	 1965,	 p.	 672).	 	 

Prior	 to	 the	 mid-nineteenth	 century,	 when	 the	 mechanisation	 of	 

agricultural	 sector	 became	 extensive,	 the	 adoption	 of	 new	 husbandry	 practices	 

and	 crops	 constituted	 the	 main	 types	 of	 innovations	 available.	 	 However,	 these	 
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land-augmenting	 practices	 required	 an	 increase	 in	 the	 labour	 input	 and	 thus,	 

during	 the	 agricultural	 revolution,	 labour	 supply	 constituted	 a	 potential	 barrier	 

to	 innovation.	 

	 

3.2.3 LABOUR	 SUPPLY	 

The	 enclosure	 process	 had	 a	 dual	 effect	 on	 labour:	 firstly,	 as	 farm	 size	 

expanded,	 family	 labour	 was	 no	 longer	 sufficient.	 Secondly,	 the	 privatisation	 

of	 open	 fields	 and	 wasteland	 caused	 small	 peasants	 to	 lose	 their	 land	 and	 

become	 wage	 labourers.	 The	 increased	 reliance	 on	 “ free ” 	 wage	 labour	 

encouraged	 the	 capitalist	 mode	 of	 production,	 as	 it	 implied	 a	 decrease	 in	 the	 

control	 over	 labour	 and	 feudal	 means	 of	 surplus	 extraction	 from	 self-sufficient	 

peasants.	 In	 contrast,	 the	 capitalist	 farmer	 seeks	 to	 extract	 “surplus	 value	 

from	 the	 sale	 of	 commodities	 or	 services ” 	 (Bryer,	 2006,	 p.	 370),	 

consequently	 supporting	 the	 adoption	 of	 novel	 and	 productivity-increasing	 

techniques	 of	 production.	 

The	 creation	 of	 a	 pool	 of	 landless	 labourers	 also	 meant	 an	 increase	 in	 

the	 labour	 supply	 to	 the	 larger	 estates,	 as	 former	 peasants	 no	 longer	 had	 to	 

split	 their	 labour	 between	 the	 cultivation	 of	 their	 own	 land	 and	 their	 hired	 

position.	 This	 influx	 of	 workers,	 annually	 complemented	 by	 the	 supply	 of	 Irish	 

workers,	 who	 were	 reportedly	 cheaper	 than	 the	 English	 labour	 (Jones,	 1964),	 

allowed	 the	 new	 husbandry	 practices	 to	 be	 adopted.	 In	 addition,	 the	 

augmentation	 of	 the	 supply	 of	 labour	 initially	 kept	 wages	 low.	 This	 further	 

reinforced	 the	 initiative	 to	 adopt	 new	 agricultural	 techniques	 that	 were	 labour	 

intensive,	 as	 well	 as	 delayed	 the	 labour-saving	 mechanisation	 of	 the	 means	 of	 

production	 (Collins,	 1969).	 	 
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However,	 in	 the	 later	 years	 of	 the	 nineteenth	 century,	 the	 increase	 in	 

agricultural	 productivity,	 together	 with	 the	 development	 of	 the	 industrial	 

sector,	 eventually	 raised	 wages	 while	 at	 the	 same	 time	 creating	 a	 shortage	 in	 

the	 supply	 of	 labour.	 As	 a	 result,	 farmers	 started	 mechanising	 their	 mode	 of	 

production	 in	 an	 attempt	 to	 decrease	 labour	 costs	 as	 well	 as	 the	 possibility	 of	 

being	 victim	 of	 labour	 scarcity	 (Jones,	 1964).	 Farm	 size	 once	 more	 affected	 

the	 profitability	 of	 such	 an	 enterprise,	 not	 only	 due	 to	 its	 correlation	 with	 the	 

ability	 to	 raise	 the	 required	 capital,	 but	 also	 by	 allowing	 economies	 of	 scale.	 

The	 inflow	 of	 foreign	 labour,	 combined	 with	 the	 fact	 that	 many	 English	 

labourers	 were	 landless,	 may	 have	 also	 played	 a	 role	 in	 the	 adoption	 of	 new	 

technologies.	 In	 fact,	 spillover	 effects	 could	 be	 a	 deterrent	 for	 the	 adoption	 of	 

new	 technologies,	 especially	 if	 these	 innovations	 were	 labour	 intensive.	 In	 the	 

case	 that	 a	 farmer	 was	 successful	 in	 his	 experimentation	 with	 new	 techniques,	 

other	 cultivators	 could	 copy	 the	 practices,	 without	 taking	 on	 the	 full	 costs	 of	 

uncertainty	 associated	 with	 the	 innovations.	 If	 the	 labour	 force	 were	 landed	 

and	 local,	 this	 opportunity	 for	 imitation	 would	 increase	 the	 risk	 of	 losing	 

labour,	 as	 workers	 would	 want	 to	 replicate	 the	 successful	 methods	 of	 

production	 on	 their	 own	 land.	 To	 an	 extent,	 the	 particular	 composition	 of	 the	 

labour	 force	 during	 the	 agricultural	 revolution	 in	 England	 reduced	 the	 

probability	 of	 such	 an	 occurrence.	 

In	 spite	 of	 the	 potential	 drawbacks	 arising	 from	 the	 possibility	 of	 

imitation,	 the	 spreading	 and	 sharing	 of	 knowledge	 played	 an	 important	 role	 in	 

the	 adoption	 of	 innovative	 techniques	 of	 production.	 In	 the	 following	 section,	 I	 

analyse	 the	 impacts	 of	 this	 dissemination	 of	 knowledge	 on	 the	 adoption	 on	 new	 

technologies.	 



 26 

3.2.4 DEMONSTRATION	 OF	 NEW	 TECHNIQUES	 

The	 British	 agricultural	 revolution	 was	 characterised	 by	 various	 

pioneers,	 who	 were	 recognised	 for	 their	 contribution	 to	 the	 spread	 of	 new	 

practices.	 Although	 the	 traditional	 and	 modern	 views	 disagree	 on	 the	 

originality	 of	 the	 methods	 of	 production	 of	 Townshed,	 Coke	 and	 the	 like,	 the	 

two	 views	 concur	 that	 these	 men	 were	 key	 factors	 in	 the	 popularisation	 of	 new	 

techniques	 and	 crops.	 Indeed,	 Coke,	 for	 example,	 was	 recognised	 for	 the	 

progress,	 albeit	 slow,	 that	 resulted	 from	 exposing	 “Goths	 and	 Vandals”	 to	 

novel	 and	 successful	 farming	 methods.	 He	 was	 also	 famous	 for	 hosting	 

agricultural	 shows,	 which	 attracted	 neighbouring	 farmers	 at	 first,	 and	 

subsequently	 modern	 cultivators	 from	 all	 over	 Europe	 (Timmer,	 1969).	 

	 The	 adoption	 of	 new	 techniques	 by	 large	 proprietors	 was	 a	 necessary	 

step	 in	 the	 diffusion	 of	 innovations	 for	 various	 reasons.	 Firstly,	 the	 adoption	 of	 

innovations	 entailed	 numerous	 costs,	 which	 poorer	 tenants	 and	 smaller	 

landholders	 could	 not	 necessarily	 afford	 to	 bear.	 Over	 and	 above	 the	 direct	 

costs	 of	 acquiring	 new	 crops,	 and	 later	 equipment,	 the	 uncertainty	 of	 returns	 

halted	 the	 adoption	 of	 innovations.	 In	 fact,	 when	 recommended	 to	 plant	 

clover,	 “(f)armers	 (…)	 would	 certainly	 reply,	 Gentlemen	 might	 sow	 it	 if	 they	 

pleased,	 but	 they	 [farmers]	 must	 take	 care	 to	 pay	 their	 rent.”	 (Tull,	 n.d.,	 

cited	 in	 Prothero,	 1888,	 p.	 46)	 

	 In	 addition	 to	 the	 trickle	 of	 innovation	 adoption	 from	 the	 top	 of	 social	 

hierarchy	 to	 bottom,	 the	 demonstration	 of	 successful	 techniques	 also	 influenced	 

the	 methods	 of	 production	 of	 farmers	 belonging	 to	 the	 same	 social	 group.	 To	 

some	 degree,	 the	 process	 of	 adopting	 new	 practices	 was	 indeed	 driven	 by	 the	 

desire	 for	 prestige	 and	 an	 eagerness	 to	 maintain	 power,	 status,	 and	 fortune,	 
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especially	 at	 a	 time	 when	 a	 class	 of	 newly	 moneyed	 men	 was	 on	 the	 rise	 

(Overton,	 1985).	 	 Despite	 the	 fact	 that	 some	 farmers	 tried	 to	 maintain	 their	 

wealth	 and	 rank	 by	 engaging	 in	 contemptible	 ventures,	 others	 realised	 the	 

potential	 of	 their	 landed	 properties.	 This	 realisation	 not	 only	 reinforced	 the	 

enclosure	 process,	 it	 also	 encouraged	 experimentation	 with	 the	 soil,	 the	 

introduction	 of	 new	 fertilisers,	 and	 the	 implementation	 of	 novel	 crop	 rotations	 

and	 techniques	 (Mantoux,	 1983,	 pp.	 158-159).	 

	 	 

From	 my	 historical	 examination	 of	 the	 agricultural	 revolution	 in	 

England,	 four	 factors	 stood	 outs	 as	 crucially	 affecting	 the	 decision	 to	 adopt	 

agrarian	 innovations,	 and	 consequently,	 the	 development	 of	 the	 agricultural	 

sector.	 First,	 farm	 size	 was	 established	 as	 being	 directly	 correlated	 with	 the	 

adoption	 of	 new	 technology	 and	 practices.	 Secure	 and	 well-defined	 property	 

rights	 were	 also	 shown	 to	 positively	 affect	 the	 level	 of	 investment	 in	 the	 land.	 

The	 characteristics	 of	 the	 labour	 force,	 as	 well	 as	 the	 available	 supply	 of	 

workers	 represent	 a	 third	 factor	 that	 affects	 farmer’s	 choice	 to	 implement	 novel	 

techniques	 and	 crops	 or	 not.	 Lastly,	 the	 demonstration	 of	 new	 techniques	 was	 

also	 found	 to	 impact	 the	 diffusion	 of	 innovations.	 

From	 the	 above	 exposé,	 in	 addition	 to	 highlighting	 the	 factors	 that	 

supported	 the	 revolution	 of	 the	 agricultural	 sector	 in	 England,	 two	 further	 

conclusions	 can	 be	 drawn.	 Firstly,	 although	 each	 of	 the	 aspects	 of	 the	 agrarian	 

revolution	 that	 was	 considered	 was	 important	 on	 its	 own,	 it	 was	 their	 

interaction	 that	 genuinely	 supported	 the	 changes	 in	 agriculture.	 Indeed,	 their	 

interdependence	 created	 a	 virtuous	 circle,	 through	 which	 the	 progress	 of	 each	 

facet	 of	 the	 revolution	 reinforced	 the	 development	 of	 the	 others.	 This	 led	 to	 
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the	 improvement	 of	 the	 agricultural	 sector	 through	 a	 shift	 from	 pre-industrial	 

to	 commercial	 forms	 of	 farming.	 	 

The	 second	 point	 that	 can	 be	 made	 about	 the	 agricultural	 revolution	 in	 

England	 is	 that,	 in	 addition	 to	 interacting	 with	 each	 other,	 the	 causal	 factors	 

of	 the	 transformation	 in	 agriculture	 also	 interacted	 with	 changes	 in	 other	 

sectors,	 as	 well	 as	 societal	 characteristics,	 like	 population	 growth.	 The	 

successful	 adoption	 of	 new	 farming	 technologies	 is	 not	 only	 dependent	 on	 the	 

characteristics	 of	 individual	 farmers,	 but	 also	 on	 their	 local	 socio-institutional	 

environment.	 
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CHAPTER	 4	 
The	 Model	 

	 

	 In	 view	 of	 my	 historical	 analysis	 of	 the	 agricultural	 revolution	 in	 

England	 during	 the	 eighteenth	 and	 nineteenth	 century,	 four	 factors	 stood	 out	 

as	 major	 contributors	 to	 the	 adoption	 of	 innovations.	 These	 are	 farm	 size,	 land	 

rights,	 the	 supply	 and	 composition	 of	 labour	 and	 the	 demonstration	 of	 new	 

techniques.	 In	 this	 chapter,	 I	 provide	 a	 theoretical	 model	 that	 encompasses	 

these	 characteristics	 and	 frames	 the	 decision	 making	 process,	 at	 the	 individual	 

farmer’s	 level,	 to	 adopt	 an	 innovation.	 The	 model	 I	 propose	 below	 is	 quite	 

simple	 and	 does	 not	 claim	 to	 establish	 any	 new	 theoretical	 conclusions.	 In	 

contrast,	 it	 aims	 to	 show	 that,	 notwithstanding	 its	 simplicity,	 the	 model	 

captures	 the	 economic	 incentives	 that	 caused	 the	 potential	 barriers	 to	 

innovations	 in	 agriculture,	 identified	 in	 the	 British	 context.	 

	 

	 

4.1  DESCRIPTION	 OF	 THE	 MODEL	 

	 The	 modelled	 economy	 comprises	 two	 farming	 families,	 or	 agents,	 a	 

‘rich’	 family	 𝑅	 and	 a	 ‘poor’	 family	 𝑃,	 who	 live	 for	 two	 periods.	 There	 is	 a	 total	 

amount	 𝑇	 of	 land	 available,	 and	 the	 land	 distribution	 is	 such	 that	 the	 rich	 

family	 possesses	 a	 larger	 acreage	 than	 the	 poorer	 family.	 Formally,	 the	 land	 

division	 is	 

𝑇! = 𝑎𝑇	 

                        𝑇! = (1− 𝑎)𝑇	 
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where	 𝑎 < 1/2,	 so	 that	 the	 amount	 of	 land	 owned	 by	 the	 poor	 family,	 denoted	 

𝑇!,	 	 is	 less	 than	 half	 the	 total	 amount	 of	 land	 available.	 	 

Each	 family	 is	 also	 endowed	 with	 some	 family	 labour,	 𝑁,	 which	 they	 

can	 choose	 to	 hire	 on	 their	 own	 land,	 or	 to	 hire	 out	 to	 the	 other	 family	 at	 the	 

going	 wage.	 The	 amount	 of	 family	 labour	 is	 distributed	 as	 follows:	 

𝑁! = 𝑏𝐿	 

                      𝑁! = (1− 𝑏)𝐿	 

where	 𝐿	 represents	 the	 total	 amount	 of	 labour	 available	 in	 the	 economy	 and	 

𝑏 > 1/2,	 that	 is,	 the	 poor	 family	 has	 a	 larger	 number	 of	 workers	 that	 the	 rich	 

family.	 Since	 the	 poor	 family	 has	 a	 higher	 man	 per	 land	 ratio,	 it	 will	 be	 

hiring	 out	 its	 labour	 to	 the	 rich	 family.	 The	 total	 level	 of	 employment	 by	 each	 

family,	 inclusive	 of	 family	 labour,	 will	 be	 denoted	 𝐸! 	 and	 𝐸! ,	 for	 the	 poor	 

and	 rich	 families	 respectively.	 I	 assume	 that	 there	 is	 no	 unemployment	 in	 the	 

economy,	 which	 is	 not	 unrealistic,	 as	 each	 agent	 has	 the	 option	 to	 hire	 its	 own	 

family	 labour.	 In	 addition,	 for	 simplicity,	 I	 also	 assume	 that	 there	 are	 no	 

other	 employment	 opportunities.	 

	 Both	 families	 face	 the	 same	 Cobb-Douglas	 production	 function,	 where	 

output	 is	 dependent	 on	 the	 amount	 of	 labour	 and	 land	 employed:	 

𝑓! 𝐿! ,𝑇! = (𝐸!)!(𝑇!)!!!	 

with	 𝑖 ∈ {𝑃,𝑅}.	 The	 agents	 also	 share	 the	 same	 utility	 function,	 which	 takes	 

the	 form	 

𝑈! = 𝑦! − 𝑐𝑁!           if  𝑦! ≥ 𝑐𝑁!   
−∞                            if  𝑦! < 𝑐𝑁! 	 

with	 𝑖 ∈ {𝑃,𝑅},	 𝑦!	 denoting	 total	 income	 from	 output	 and	 employment,	 and	 𝑐	 

representing	 the	 minimum	 consumption	 required	 for	 a	 person	 to	 survive.	 
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Therefore,	 each	 family	 derives	 a	 utility	 from	 the	 wages	 and	 the	 production	 of	 

output,	 in	 excess	 of	 their	 subsistence	 requirements.	 In	 the	 case	 that	 total	 

revenue	 falls	 below	 this	 subsistence	 threshold,	 I	 assume	 that	 the	 family	 dies	 

and	 thus	 incurs	 infinite	 negative	 utility.	 

There	 is	 a	 land	 augmenting	 innovation	 available	 to	 the	 agents,	 that	 is,	 

if	 the	 innovation	 is	 adopted	 on	 one	 unit	 of	 land,	 it	 plays	 the	 role	 of	 (1+ 𝜃)	 

units	 of	 land.	 It	 is	 not	 unreasonable	 to	 consider	 a	 land	 augmenting	 technology,	 

rather	 than	 labour	 saving,	 since	 such	 innovations	 were	 not	 only	 the	 main	 

sources	 of	 increases	 in	 productivity	 during	 the	 agricultural	 revolution	 in	 

England,	 but	 also	 constitute	 a	 cornerstone	 of	 current	 agricultural	 development	 

agendas.	 For	 convenience,	 I	 additionally	 assume	 that	 the	 innovation	 must	 be	 

adopted	 on	 all	 of	 the	 agent’s	 land,	 or	 none.	 

Although	 there	 are	 no	 direct	 costs	 associated	 with	 the	 adoption	 of	 the	 

innovation,	 there	 is	 an	 indirect	 cost	 in	 the	 form	 of	 uncertainty.	 Prior	 to	 

adoption,	 the	 outcome	 of	 the	 innovation	 is	 unpredictable;	 with	 probability	 𝑝,	 

the	 new	 technology	 will	 be	 successful	 and	 increase	 the	 productivity	 of	 the	 land	 

by	 𝜃,	 and	 with	 probability	 (1− 𝑝),	 it	 will	 fail	 and	 reduce	 the	 productivity	 of	 

the	 land	 by	 –𝜃.	 Mathematically,	 

𝜃 = 𝜃                            with  probability  𝑝              
−  𝜃                            with  probability  (1− 𝑝)	 

If	 at	 least	 one	 of	 the	 agents	 chooses	 to	 adopt	 the	 innovation,	 then	 all	 

uncertainty	 is	 removed	 for	 all	 agents	 for	 future	 periods.	 Thus,	 if	 an	 agent	 

adopts	 the	 innovation	 and	 is	 successful,	 then	 the	 innovation	 is	 guaranteed	 to	 

succeed	 in	 future	 periods,	 as	 well	 as	 for	 the	 other	 agent.	 
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The	 timing	 of	 the	 model	 is	 as	 followed.	 In	 the	 first	 period,	 agents	 𝑃	 and	 𝑅	 

decide	 individually	 whether	 to	 adopt	 the	 innovation	 or	 not.	 They	 then	 choose	 

the	 level	 of	 employment	 that	 will	 maximise	 their	 output	 and	 pay	 the	 market	 

wage.	 At	 the	 end	 of	 the	 period,	 the	 outcome	 of	 the	 innovation	 is	 observed.	 If	 

at	 least	 one	 agent	 tries	 and	 is	 successful,	 then	 in	 the	 following	 period	 both	 

agents	 will	 adopt	 the	 innovation,	 and	 the	 wage	 will	 go	 up	 in	 response	 to	 the	 

increase	 in	 productivity.	 In	 the	 case	 of	 failure,	 or	 non-adoption,	 both	 agents	 

forego	 the	 innovation	 in	 the	 second	 period.	 

	 In	 the	 event	 that	 none	 of	 the	 agents	 decide	 to	 adopt	 the	 innovation,	 

each	 of	 them	 will	 face	 the	 following	 maximisation	 problem	 

max
!!

  (𝐸!)!(𝑇!)!!! + 𝑤(𝐸! − 𝑁!)	 

subject	 to	 
𝐿 ≡ 𝐸! + 𝐸! = 𝑁! + 𝑁!	 

That	 is,	 each	 family	 will	 choose	 the	 amount	 of	 workers	 to	 hire	 so	 as	 to	 

maximise	 its	 output	 and	 income	 from	 outside	 employment,	 subject	 to	 the	 total	 

supply	 of	 labour	 available	 in	 the	 economy.	 Solving	 this	 maximisation	 problem	 

for	 both	 agents,	 I	 find	 the	 optimal	 wage	 and	 level	 of	 employment	 for	 each	 

family,	 in	 the	 absence	 of	 the	 new	 technology:	 

  𝑤!" = 𝛼
𝑇
𝐿

!!!

	 

𝐿!"! = 𝑎𝐿                                  	 

𝐿!"! = 1− 𝑎 𝐿          	 

Thus,	 each	 agent	 will	 hire	 an	 amount	 of	 labour	 proportional	 to	 the	 amount	 of	 

land	 he	 holds.	 The	 wage	 will	 be	 determined	 by	 the	 land	 to	 labour	 ratio,	 

weighted	 by	 the	 relative	 importance	 of	 labour	 in	 the	 production	 function.	 
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	 In	 the	 instance	 that	 an	 agent	 decides	 to	 take	 on	 the	 innovation,	 the	 

family	 would	 ideally	 adjust	 its	 employment	 level,	 to	 reflect	 the	 internalisation	 

of	 the	 uncertainty	 regarding	 the	 outcome	 of	 the	 new	 technology,	 and	 thus,	 

wages	 would	 fluctuate	 accordingly.	 Yet,	 in	 reality,	 farmers	 may	 choose	 to	 keep	 

the	 number	 of	 workers	 hired	 constant	 in	 the	 period	 of	 adoption	 when	 faced	 

with	 unpredictability.	 Subsequently,	 if	 the	 innovation	 is	 successful,	 then	 in	 

the	 second	 period	 both	 agents	 adopt	 it.	 Since	 the	 innovation	 is	 land	 

augmenting,	 the	 productivity	 of	 labour	 will	 increase	 and	 be	 translated	 into	 an	 

increase	 in	 wages.	 	 However,	 the	 distribution	 of	 labour	 will,	 once	 again,	 

remain	 unchanged.	 

	 

	 

4.2  CONDITIONS	 FOR	 ADOPTION	 

Although	 the	 non-adoption	 of	 the	 technology	 allows	 the	 agents	 to	 

guarantee	 their	 returns,	 if	 the	 probability	 of	 success	 is	 sufficiently	 large,	 it	 can	 

be	 socially,	 and	 even	 individually,	 beneficial	 for	 at	 least	 one	 of	 the	 agents	 to	 

try.	 By	 computing	 the	 expected	 lifetime	 welfare	 for	 the	 economy	 as	 a	 whole,	 I	 

am	 able	 to	 find	 the	 socially	 optimal	 conditions	 for	 trial,	 that	 is,	 specify	 the	 

probabilistic	 thresholds	 that	 determine	 whether	 it	 is	 socially	 optimal	 for	 the	 

rich	 or	 the	 poor	 farmer	 to	 be	 the	 first	 mover.	 	 

From	 a	 social	 point	 of	 view,	 it	 makes	 intuitive	 sense	 to	 suggest	 that,	 if	 

the	 likelihood	 of	 success	 is	 high,	 then	 it	 is	 socially	 optimal	 to	 have	 the	 larger	 

farm	 test	 the	 new	 technology	 first.	 On	 the	 other	 hand,	 if	 the	 probability	 of	 

success	 is	 low,	 it	 is	 better	 for	 the	 small	 farmer	 to	 try	 the	 innovation,	 in	 an	 

attempt	 to	 minimise	 potential	 losses.	 Thus,	 it	 is	 only	 socially	 desirable	 for	 the	 
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small	 farmer	 to	 try,	 if	 the	 expected	 welfare	 from	 his	 trial	 exceeds	 the	 

anticipated	 social	 returns	 from	 trying	 the	 innovation	 on	 the	 large	 farm:	 

                                                    𝐸𝑊!
! − 𝐸𝑊!

! > 0	 

𝑌! − 𝑌! 𝑝 1+ 𝜃 !!! + 1− 𝑝 1− 𝜃 !!! − 1 > 0                                                                                                      	 

where	 𝑌! 	 and	 𝑌! represent	 the	 output	 for	 the	 small	 and	 large	 farmers	 

respectively,	 without	 the	 innovation.	 Since	 Y!	 is	 always	 less	 than	 Y!,	 due	 to	 

land	 size,	 for	 the	 difference	 between	 the	 welfare	 generated	 through	 the	 trial	 by	 

the	 small	 farmer	 and	 the	 trial	 by	 the	 large	 farmer	 to	 be	 positive	 (EW! −

EW! > 0),	 

𝑝 1+ 𝜃 !!! + 1− 𝑝 1− 𝜃 !!! − 1 < 0                                                                                                                                            	 

                                                                        ∴                   𝑝 <
1− 1− 𝜃 !!!

[ 1+ 𝜃 !!! − 1− 𝜃 !!!]	 

	 

However,	 if	 the	 probability	 of	 success	 is	 low	 enough,	 then	 it	 is	 socially	 

beneficial	 not	 to	 try	 the	 innovation	 at	 all.	 A	 possible	 solution	 lies	 in	 

government	 extension	 services	 as	 they	 can	 reduce	 the	 costs	 associated	 with	 

uncertainty	 of	 adopting	 the	 innovation,	 thus	 increasing	 adoption	 rates.	 The	 

lower	 bound	 for	 the	 trial	 to	 be	 perceived	 as	 advantageous	 for	 society	 will	 be	 

determined	 by	 the	 expected	 returns	 from	 trying	 the	 innovation	 on	 the	 small	 

land.	 If	 the	 poor	 farmer	 tries	 first,	 in	 the	 second	 period	 the	 rich	 agent	 can	 

adopt	 the	 innovation	 if	 it	 was	 successful,	 or	 continue	 with	 the	 old	 method	 of	 

production,	 in	 the	 event	 of	 failure,	 thus	 minimising	 the	 social	 loss	 of	 welfare.	 	 

In	 the	 event	 that	 the	 anticipated	 yields	 for	 both	 farmers	 over	 the	 two	 periods	 

are	 less	 than	 the	 returns	 from	 the	 land	 without	 the	 innovation,	 there	 is	 no	 
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benefit	 from	 trying	 the	 new	 technology.	 	 This	 condition	 is	 expressed	 

mathematically	 below:	 

	 

𝑝 <
𝑌! 1− 1− 𝜃 !!!

[ 1+ 𝜃 !!! 2𝑌! + 𝑌! − 𝑌! 1− 𝜃 !!! + 1 − 𝑌!]	 

	 

In	 spite	 of	 the	 fact	 that	 it	 may	 be	 socially	 optimal	 to	 try	 the	 innovation,	 

it	 may	 not	 be	 in	 the	 interest	 of	 the	 individual	 farmer	 to	 do	 so,	 and	 thus,	 they	 

may	 resist	 adoption.	 In	 my	 previous	 analysis,	 farm	 size	 was	 shown	 to	 impact	 

the	 possibility,	 and	 willingness	 to	 adopt	 an	 innovation.	 In	 this	 model,	 land	 size	 

influences	 the	 decision	 to	 try	 the	 innovation	 through	 the	 most	 austere	 channel:	 

by	 affecting	 the	 transition	 from	 subsistence	 to	 commercial	 production.	 At	 the	 

small	 farmer’s	 level,	 because	 production	 is	 often	 mainly	 for	 subsistence,	 even	 

if	 the	 probability	 of	 failure	 is	 low	 enough	 for	 trial	 to	 by	 the	 small	 farmer	 to	 be	 

desirable,	 he	 may	 refuse	 to	 try	 in	 fear	 of	 not	 being	 able	 to	 meet	 his	 

consumption	 requirements.	 In	 this	 particular	 model,	 this	 condition	 is	 

represented	 as:	 

𝑌!(1− 𝜃)!!! + 𝑤!" 𝐸! − 𝑁! < 𝑐𝑁!	 

where	 𝑤!"	 represents	 the	 wage	 paid	 if	 the	 innovation	 is	 not	 adopted.	 That	 is,	 

if	 the	 expected	 private	 gains,	 in	 case	 of	 failure,	 from	 trying	 the	 innovation	 are	 

less	 than	 the	 minimum	 necessary	 for	 subsistence,	 then	 the	 small	 farmer	 will	 

not	 try	 the	 innovation.	 	 

The	 condition	 for	 adoption	 for	 the	 large	 farmer	 can	 be	 similarly	 

represented.	 Since	 the	 large	 farmer	 has	 more	 land	 than	 family	 members,	 

meeting	 subsistence	 requirements	 is	 not	 a	 problem.	 Thus,	 large	 farmers	 will	 
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only	 be	 concerned	 with	 the	 expected	 gains	 of	 trying	 the	 innovation;	 if	 they	 are	 

greater	 than	 the	 returns	 without	 the	 innovation,	 then	 the	 large	 farmer	 will	 

try	 the	 new	 technology.	 That	 is,	 if	 the	 probability	 of	 success	 satisfies	 the	 

following	 condition,	 the	 large	 farmer	 will	 undergo	 the	 trial.	 

𝑝 >
𝑌![1− 1− 𝜃 !!!]

2𝑌! 1+ 𝜃 !!! − 𝐸! − 𝑁! 𝑤! − 𝑤!" − 𝑌![ 1− 𝜃 !!! + 1]	 

where	 𝑤! 	 represents	 the	 wage	 paid	 in	 the	 event	 that	 the	 innovation	 is	 

successful	 and	 is	 adopted	 by	 both	 agents.	 	 

In	 the	 case	 of	 farmers	 undertaking	 the	 initial	 trial,	 usually	 the	 larger	 

cultivators,	 the	 costs	 of	 adopting	 the	 innovation,	 not	 only	 in	 terms	 of	 the	 

direct	 costs	 associated	 with	 the	 new	 technique,	 but	 also	 the	 higher	 wage	 that	 

will	 result	 from	 an	 increase	 in	 productivity	 in	 case	 of	 success,	 can	 deter	 them	 

from	 adoption.	 Thus,	 if	 farmers	 who	 try	 the	 innovation	 first	 cannot	 secure	 

their	 first	 mover	 advantage,	 and	 face	 profit	 erosion	 due	 to	 higher	 wages,	 they	 

may	 be	 reluctant	 to	 adopt	 the	 new	 technology,	 especially	 if	 it	 requires	 large	 

investment	 costs.	 	 

In	 this	 model,	 because	 labour	 is	 limited,	 it	 may	 act	 as	 a	 barrier	 to	 the	 

adoption	 of	 the	 new	 technology	 as	 increases	 in	 wages	 from	 higher	 labour	 

productivity	 will	 not	 be	 mitigated	 by	 increases	 in	 labour	 supply.	 In	 fact,	 

although	 society	 is	 only	 concerned	 with	 the	 increase	 in	 yields,	 as	 wages	 are	 

just	 a	 redistribution	 of	 resources,	 individual	 farmers	 calculate	 their	 net	 gains	 

as	 the	 difference	 between	 the	 increase	 in	 output	 and	 the	 increase	 in	 salaries.	 

If	 the	 balance	 is	 negative,	 then	 farmers	 will	 not	 be	 willing	 to	 try	 the	 

innovation,	 although	 it	 may	 be	 socially	 desirable	 if	 the	 change	 in	 total	 output	 

is	 positive.	 
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Access	 to	 labour	 will	 also	 affect	 the	 decision	 to	 adopt,	 as	 predicted	 by	 

the	 analysis	 of	 the	 British	 agricultural	 revolution.	 If	 labour	 is	 neither	 scarce	 

nor	 landed,	 a	 farmer	 can	 be	 confident	 that	 he	 will	 not	 be	 losing	 his	 labour	 

with	 the	 introduction	 of	 an	 innovation.	 However,	 if	 workers	 are	 also	 

cultivators,	 as	 illustrated	 in	 the	 model,	 the	 success	 of	 an	 innovation	 will	 

initiate	 a	 re-distribution	 of	 labour	 from	 the	 innovator	 to	 the	 imitator	 in	 the	 

second	 period.	 This	 can	 in	 turn	 discourage	 trial	 as	 the	 first	 mover	 would	 face	 

the	 prospects	 of	 lower	 profits	 in	 the	 second	 period	 as	 he	 would	 not	 be	 able	 to	 

make	 the	 most	 of	 the	 innovation	 due	 to	 a	 lack	 of	 available	 labour,	 in	 addition	 

to	 having	 to	 pay	 higher	 wages.	 
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CHAPTER	 5	 
The	 Green	 Revolution	 In	 India	 

	 

In	 the	 previous	 chapters,	 I	 established	 the	 factors	 that	 affected	 

technology	 adoption	 during	 the	 agricultural	 revolution	 in	 England	 and	 

formalised	 those	 results	 through	 a	 simple	 model.	 Although	 there	 is	 support	 for	 

the	 idea	 that	 technology	 transfer	 is	 hindered	 by	 cultural	 differences,	 since	 the	 

decision	 to	 adopt	 occurs	 at	 the	 micro-level,	 it	 is	 likely	 that	 farmers	 face	 the	 

same	 individual	 constraints.	 Building	 on	 this	 assumption,	 I	 now	 turn	 to	 

examine	 the	 green	 revolution	 in	 India	 in	 order	 to	 determine	 whether	 evidence	 

supporting	 my	 propositions	 regarding	 the	 barriers	 to	 technology	 adoption	 in	 

agriculture	 can	 be	 found.	 India	 was	 chosen	 for	 this	 analysis	 because	 the	 green	 

revolution	 had	 different	 impacts	 on	 different	 regions.	 The	 differences	 between	 

Punjab,	 a	 successful	 state,	 and	 West	 Bengal,	 where	 the	 revolution	 was	 not	 as	 

successful,	 will	 be	 investigated.	 

	 

	 

5.1  HISTORY	 OF	 THE	 GREEN	 REVOLUTION	 IN	 INDIA	 

The	 green	 revolution	 in	 India	 generally	 refers	 to	 the	 increase	 in	 cereal	 

productivity	 that	 occurred	 during	 the	 1960s	 and	 1970s	 (Parayil,	 1992).	 	 

Prior	 to	 the	 green	 revolution,	 Indian	 agriculture	 was	 characterised	 by	 

subsistence	 farming	 and	 insufficient	 production	 to	 meet	 the	 needs	 of	 a	 growing	 

population	 (Chakravarti,	 1973).	 Limited	 land	 resources	 restricted	 the	 

potential	 of	 increasing	 output	 through	 the	 expansion	 of	 acreages	 under	 
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cultivation.	 Thus,	 it	 became	 obvious	 that	 the	 main	 avenue	 to	 reach	 self-

sufficiency	 was	 to	 increase	 the	 productivity	 of	 the	 land	 through	 the	 means	 of	 

new	 technology	 and	 reforms	 in	 land	 management	 (Dasgupta,	 1977).	 	 

The	 Indian	 green	 revolution	 was	 characterized	 by	 the	 introduction	 of	 a	 

combination	 of	 new	 agricultural	 inputs	 and	 improved	 farming	 practices.	 High	 

yielding	 varieties	 of	 cereal	 crops,	 the	 cornerstone	 of	 the	 green	 revolution,	 were	 

introduced	 in	 the	 Indian	 agriculture	 around	 1965	 (Bowonder,	 1979).	 	 

Although	 high	 yield	 varieties	 had	 the	 potential	 to	 significantly	 increase	 output,	 

the	 success	 of	 the	 adoption	 of	 high	 yield	 seeds	 depended	 on	 the	 simultaneous	 

use	 of	 fertilisers	 and	 pesticides	 and	 sufficient	 irrigation	 (Chakravarti,	 1973).	 

“New	 seeds	 without	 water	 and	 fertiliser	 would	 be	 unable	 to	 realise	 its	 full	 

potential,	 without	 insecticides	 and	 weedicides	 its	 output	 would	 be	 highly	 

variable”	 (Dasgupta,	 1977,	 p.	 243).	 

The	 necessity	 for	 capital	 investment	 generated	 both	 positive	 and	 

negative	 effects.	 The	 positive	 impact	 was	 that	 it	 forced	 farmers	 to	 shift	 from	 

subsistence	 to	 commercial	 farming,	 with	 the	 aim	 of	 generating	 a	 surplus	 to	 

repay	 loans	 taken	 to	 fund	 their	 agricultural	 investments,	 therefore	 increasing	 

output	 and	 leading	 to	 the	 development	 of	 the	 agricultural	 sector	 and	 

potentially	 other	 sectors	 of	 the	 economy.	 On	 the	 other	 hand,	 since	 access	 to	 

capital	 to	 secure	 the	 aforementioned	 requirements	 played	 an	 important	 role	 in	 

the	 adoption	 of	 the	 new	 technology,	 this	 created	 a	 bias	 against	 farmers	 who	 

had	 little	 access	 to	 credit,	 often	 consistent	 will	 small	 landholdings,	 and	 

deepened	 the	 gap	 between	 rich	 and	 poor	 (Chakravarti,	 1973).	 

The	 agricultural	 revolution	 also	 re-shaped	 the	 land-holding	 patterns	 in	 

India.	 Indeed,	 since	 the	 green	 revolution	 was	 somewhat	 capital	 intensive,	 
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farmers	 who	 did	 not	 have	 the	 economic	 means	 to	 adopt	 the	 new	 technology,	 

usually	 smaller	 cultivators,	 were	 forced	 to	 part	 with	 their	 land	 and	 become	 

agricultural	 labourers	 (Bowonder,	 1979).	 As	 a	 result,	 small	 and	 marginal	 

holdings	 of	 less	 than	 five	 acres	 disappeared,	 giving	 way	 to	 an	 increase	 in	 

medium	 and	 large	 properties	 (Sharma,	 1994).	 In	 addition,	 the	 increasing	 

returns	 of	 agriculture	 due	 to	 the	 introduction	 of	 new	 technology	 led	 to	 the	 

eviction	 of	 tenants	 as	 landowners	 took	 control	 of	 the	 cultivation	 of	 their	 estates	 

(Pearse,	 1977)	 

The	 prejudice	 against	 small	 farmers	 can	 be	 argued	 to	 be	 endogenous	 to	 

the	 new	 technology	 –	 high	 costs	 of	 acquisition,	 indivisibility,	 increased	 labour	 

requirements	 and	 the	 requirement	 of	 supplementary	 inputs	 like	 irrigation.	 

Thus,	 small	 farmers	 were	 restricted	 from	 adopting	 high	 yield	 varieties	 through	 

the	 effect	 of	 diseconomies	 of	 scale	 and	 lower	 profits,	 despite	 occasional	 access	 to	 

credit.	 Moreover,	 small	 farmers	 may	 have	 been	 discouraged	 from	 adopting	 the	 

new	 seeds	 due	 to	 the	 relative	 increase	 in	 uncertainty	 of	 returns	 that	 would	 

arise	 from	 monoculture,	 another	 requirement	 to	 make	 the	 most	 of	 the	 new	 

technology	 (Nicholson,	 1984).	 However,	 some	 argue	 that	 the	 technology	 in	 

itself	 was	 scale	 neutral	 and	 that	 it	 is	 the	 differences	 in	 the	 access	 to	 the	 

required	 resources	 that	 negatively	 affected	 smaller	 cultivators	 (Jacoby,	 1972).	 

In	 fact,	 Grabowski	 (1979,	 cited	 in	 Hayami,	 1981)	 argues	 that	 large	 

landholders	 often	 possessed	 the	 political	 ties,	 as	 well	 as	 the	 economic	 resources,	 

to	 monopolise	 the	 use	 of	 high	 yield	 variety	 seeds	 and	 new	 agricultural	 

practices.	 On	 the	 other	 hand,	 small	 farmers	 faced	 issues	 of	 inadequate	 credit	 

institutions,	 which	 made	 it	 difficult	 for	 them	 to	 acquire	 the	 funds	 necessary	 

for	 the	 adoption	 of	 innovations,	 partly	 due	 to	 a	 lack	 of	 collateral.	 In	 addition,	 
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small	 farmers	 also	 experienced	 a	 shortfall	 in	 the	 access	 to	 information	 about	 

the	 innovative	 technology	 owing	 to	 the	 nature	 of	 the	 prevailing	 extension	 

policies.	 

Indeed,	 the	 government’s	 initial	 diffusion	 strategy	 of	 the	 novel	 high	 

yield	 variety	 seeds	 was	 a	 selective	 approach,	 whereby	 resources	 were	 allocated	 

to	 districts	 possessing	 suitable	 infrastructures,	 and,	 within	 these	 areas,	 

agricultural	 inputs	 were	 provided	 to	 the	 larger	 farmers	 believed	 to	 be	 most	 

progressive.	 The	 use	 of	 this	 approach	 was	 justified	 by	 the	 constrained	 amount	 

of	 resources	 available	 and	 the	 argument	 that	 capital	 should	 be	 concentrated	 in	 

the	 hands	 of	 agents	 that	 would	 maximise	 the	 returns	 derived	 from	 the	 

adoption	 of	 the	 new	 technology.	 The	 rationale	 was	 that,	 due	 to	 spill	 over	 

effects,	 the	 benefits	 from	 technology	 adoption	 by	 higher	 classes	 would	 

eventually	 trickle	 down	 to	 the	 general	 population	 (Dasgupta,	 1977).	 

However,	 such	 a	 strategy	 was	 faced	 with	 high	 social	 opposition,	 

abandoned	 within	 a	 year	 of	 its	 implementation	 and	 replaced	 by	 the	 National	 

Extension	 Service	 and	 Community	 Development	 Program,	 which	 aimed	 for	 

rapid	 all-India	 coverage	 and	 economic	 development	 rather	 than	 economic	 

gains.	 This	 change	 in	 focus	 resulted	 in	 an	 emphasis	 on	 labour-intensive	 

cultivation,	 the	 creation	 of	 credit	 institutions,	 and	 land	 reforms	 designed	 to	 

increase	 security	 of	 tenure,	 lower	 rents,	 transfer	 ownership	 rights	 to	 tenants	 

and	 redistribute	 the	 land.	 The	 results	 of	 this	 new	 strategy	 were	 very	 

favourable,	 with	 national	 wheat	 output	 reaching	 an	 unparalleled	 precedent	 of	 

about	 twenty	 million	 tons	 in	 1969-70	 (Frankel,	 1971,	 p.	 7).	 

I	 now	 turn	 to	 investigate	 the	 differences	 in	 environment	 between	 Punjab	 

and	 West	 Bengal,	 as	 well	 as	 their	 interaction	 with	 the	 implemented	 reforms.	 I	 
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will	 examine	 whether	 the	 four	 factors	 identified	 as	 affecting	 the	 British	 

agricultural	 revolution	 also	 impacted	 the	 varying	 levels	 of	 success	 of	 those	 two	 

states.	 

	 

	 

5.2  SUCCESS	 AND	 FAILURE	 OF	 THE	 GREEN	 REVOLUTION	 

The	 state	 of	 Punjab	 epitomises	 the	 potential	 gains	 from	 the	 adoption	 of	 

new	 technology	 in	 agriculture,	 and	 was	 in	 the	 vanguard	 of	 the	 green	 

revolution	 in	 India.	 Indeed,	 since	 the	 introduction	 of	 high	 yield	 variety	 seeds,	 

yields	 per	 acre	 in	 Ludhiana,	 the	 most	 successful	 district	 in	 Punjab,	 increased	 

by	 over	 a	 hundred	 and	 twenty	 per	 cent.	 On	 the	 other	 hand,	 West	 Bengal	 

initially	 experienced	 very	 little	 gains	 from	 the	 green	 revolution	 period,	 only	 

contributing	 an	 unimpressive	 four	 per	 cent	 of	 the	 increase	 in	 foodgrains	 

production	 between	 1970	 and	 1980	 (Bhalla	 and	 Tyagi,	 1989,	 cited	 in	 

Harriss	 1993,	 p.	 1243).	 The	 ill-suited	 topography	 and	 weather	 conditions	 of	 

the	 state	 also	 affected	 the	 efficiency	 of	 the	 new	 high	 yield	 varieties	 in	 the	 

early	 stages	 of	 dissemination	 of	 the	 new	 technology.	 However,	 even	 after	 

modifying	 the	 crops	 to	 fit	 the	 region’s	 environmental	 characteristics,	 output	 

remained	 low	 (Frankel,	 1971).	 

In	 this	 section,	 I	 explore	 the	 size	 and	 patterns	 of	 landholdings,	 the	 

access	 to,	 and	 composition	 of	 the	 labour	 supply	 as	 well	 as	 the	 availability	 of	 

extension	 services	 prevalent	 in	 the	 two	 states.	 
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5.2.1 SIZE	 OF	 LANDHOLDINGS	 

“The	 average	 holding	 size	 is	 larger	 in	 Punjab	 than	 in	 the	 rest	 of	 the	 

country”	 (Dasgupta,	 1977,	 p.	 253).	 From	 the	 positive	 correlation	 between	 

farm	 size	 and	 innovation	 adoption	 established	 from	 the	 analysis	 of	 the	 

agricultural	 revolution	 in	 England,	 I	 would	 therefore	 have	 expected	 the	 

adoption	 of	 new	 technology	 to	 be	 greater	 in	 Punjab	 than	 anywhere	 else.	 

Indeed,	 farm	 size	 played	 an	 important	 role	 in	 the	 successful	 development	 of	 

the	 agricultural	 sector	 in	 India,	 at	 the	 very	 least	 in	 the	 introductory	 phase	 of	 

high	 yield	 variety	 seeds.	 	 

Access	 to	 water	 represented	 a	 major	 requirement	 in	 the	 adoption	 of	 high	 

yield	 varieties	 and	 farm	 size	 constrained	 the	 adoption	 of	 irrigation	 systems.	 

Researchers	 at	 the	 Punjab	 Agricultural	 University	 concurred	 that	 the	 optimal	 

farm	 size	 for	 the	 realisation	 of	 the	 full	 potential	 of	 the	 novel	 agricultural	 

inputs,	 given	 the	 required	 investment	 in	 irrigation,	 was	 of	 no	 less	 than	 fifteen	 

acres	 (Frankel,	 1971).	 With	 over	 twenty	 per	 cent	 of	 the	 population	 of	 Punjab	 

occupying	 farms	 of	 fifteen	 acres	 or	 more	 in	 1961-62,	 compared	 to	 less	 than	 

two	 per	 cent	 in	 West	 Bengal,	 as	 shown	 in	 Table	 1,	 it	 is	 clear	 why	 the	 

adoption	 of	 the	 new	 technology	 was	 much	 greater	 in	 the	 state	 of	 Punjab	 

(Sharma,	 1994).	 

By	 1969,	 changes	 in	 the	 credit	 markets	 allowed	 smaller	 landholders	 to	 

be	 eligible	 for	 irrigation	 loans	 but	 farm	 size	 remained	 an	 obstacle	 even	 then.	 

In	 fact,	 the	 small	 amount	 of	 acreages	 under	 cultivation	 still	 plagued	 peasants	 

with	 the	 prospects	 of	 low	 profits	 and	 denied	 them	 the	 possibility	 of	 economies	 

of	 scale.	 In	 addition,	 because	 of	 the	 high	 costs	 of	 acquisition,	 small	 landholders	 	 



 44 

	 	 

La
rg
e	 

H
ou
se
ho
ld
s	 

(>
15
.0
0	 

ac
re
s)
	 

14
.1
5	 

21
.6
9	 

2.
23
	 

1.
38
	 

M
ed
iu
m
	 

H
ou
se
ho
ld
s	 

(5
.0
0-

14
.9
9	 
ac
re
s)
	 

24
.3
6	 

18
.4
6	 

15
.1
2	 

15
.4
3	 

Sm
al
l	 

H
ou
se
ho
ld
s	 

(2
.5
0-
4.
90
	 

ac
re
s)
	 

10
.1
2	 

6.
61
	 

17
.3
5	 

19
.6
2	 

M
ar
gi
na
l	 

H
ou
se
ho
ld
s	 

(1
.0
0-
2.
49
	 

ac
re
s)
	 

6.
16
	 

5.
70
	 

16
.6
5	 

16
.9
5	 

Su
b-
M
ar
gi
na
l	 

H
ou
se
ho
ld
s	 

(0
.0
1-
0.
99
	 

ac
re
)	 

16
.2
4	 

7.
99
	 

47
.7
6	 

12
.7
4	 

H
ou
se
ho
ld
s	 

Op
er
at
in
g	 

N
o	 
La
nd
	 

28
.9
7	 

39
.5
5	 

0.
89
	 

33
.8
8	 

Y
ea
r	 

19
52

-
19
53

	 
19
61

-
19
62

	 
19
52

-
19
53

	 
19
61

-
19
62

	 

	 

Pu
nj
ab
	 a
nd
	 

H
ar
ya
na
	 

W
es
t	 
Be
ng
al
	 

Ta
bl

e 
1:

 P
er

ce
nt

ag
e 

of
 h

ou
se

ho
ld

s o
pe

ra
tin

g 
di

ff
er

en
t s

iz
e 

of
 la

nd
ho

ld
in

gs
 in

 P
un

ja
b 

an
d 

W
es

t B
en

ga
l I

nd
ia

 

 So
ur

ce
: S

ha
rm

a 
19

94
, T

ab
le

 7
, p

. A
19

 



 45 

were	 less	 likely	 to	 use	 optimal	 amount	 of	 fertilisers,	 further	 reducing	 the	 

likelihood	 of	 fully	 realising	 the	 potential	 of	 the	 new	 inputs.	 As	 a	 consequence,	 

the	 profitability	 of	 the	 high	 yield	 varieties	 was	 reduced	 on	 small	 farms,	 

lowering	 the	 probability	 of	 adoption	 (Frankel,	 1971).	 	 

The	 organisation	 of	 landed	 resources	 is	 yet	 another	 difference	 between	 

the	 two	 states	 that	 contributed	 to	 the	 success	 of	 one	 and	 the	 failure	 of	 the	 

other.	 Indeed,	 while	 Punjab’s	 land	 was	 consolidated	 into	 efficient	 and	 

independent	 units	 (Frankel,	 1971),	 West	 Bengal	 was	 afflicted	 by	 land	 

fragmentation.	 Webster	 (1990,	 p.	 186)	 reports	 that	 “(a)	 household	 owning	 

six	 acres	 of	 land	 (…)	 would	 on	 average	 possess	 15	 separate	 plots	 scattered	 

around	 the	 village ” .	 As	 under	 the	 open	 field	 system	 in	 England,	 the	 

interspersion	 of	 plots	 created	 an	 inefficient	 environment	 for	 the	 adoption	 of	 

innovation,	 especially	 since	 large	 capital	 investments	 were	 required.	 

In	 addition	 to	 higher	 output,	 the	 potential	 for	 multiple	 cropping	 was	 

another	 benefit	 of	 the	 high	 yield	 variety	 seeds.	 However,	 to	 take	 advantage	 of	 

this	 option	 would	 have	 required	 an	 increase	 in	 labour	 inputs	 or	 mechanisation,	 

which	 were	 often	 alternatives	 that	 were	 out	 of	 reach	 for	 small	 farmers.	 

Dasgupta	 (1977)	 noted	 that,	 as	 for	 the	 high	 proportion	 of	 irrigated	 areas,	 the	 

widespread	 of	 mechanisation	 in	 Punjab	 was	 partly	 due	 to	 the	 larger	 size	 of	 the	 

farms,	 and	 partly	 due	 to	 the	 patterns	 of	 property	 rights	 that	 prevailed	 in	 the	 

state.	 I	 explore	 this	 in	 the	 following	 section.	 

	 

5.2.2 LAND	 REFORMS	 AND	 PROPERTY	 RIGTHS	 

As	 in	 the	 case	 of	 the	 British	 agricultural	 revolution	 and	 the	 process	 of	 

enclosures,	 the	 distribution	 of	 property	 rights	 to	 the	 land	 was	 altered	 in	 the	 
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states	 of	 Punjab	 prior	 to,	 and	 in	 parallel	 with,	 the	 introduction	 of	 new	 

agricultural	 technologies.	 Land	 reforms	 in	 the	 early	 sixteenth	 century	 

converted	 tenants	 into	 landowners,	 reinforcing	 the	 dominance	 of	 owner-

cultivators	 over	 tenancy	 agreements.	 This	 in	 turn	 strengthened	 the	 security	 of	 

tenure	 in	 the	 state	 of	 Punjab,	 providing	 support	 to	 the	 adoption	 of	 innovations	 

by	 guaranteeing	 the	 private	 appropriation	 of	 the	 returns	 on	 agricultural	 

investments	 (Dasgupta,	 1977).	 

The	 expanse	 of	 land	 cultivated	 by	 owner-occupiers	 in	 Punjab	 increased	 

from	 around	 fifty	 one	 per	 cent	 in	 1947	 to	 almost	 eighty	 one	 per	 cent	 after	 

1969	 due	 to	 the	 eviction	 of	 tenants	 (Dasgupta,	 1977).	 In	 fact,	 with	 the	 

introduction	 of	 high	 yield	 varieties,	 the	 productivity	 of	 the	 land,	 and	 thus	 its	 

value,	 increased	 causing	 a	 rise	 in	 rent	 premiums.	 This,	 in	 turn,	 made	 the	 

adoption	 of	 innovations	 by	 tenants	 uneconomic	 and	 caused	 the	 repossession	 of	 

farms	 by	 landowners	 (Frankel,	 1971).	 As	 a	 result,	 Punjab	 became	 a	 state	 

where	 proprietors	 predominantly	 conducted	 the	 farming,	 and,	 assured	 of	 the	 

protection	 of	 their	 land	 rights,	 were	 willing	 to	 adopt	 innovations.	 

The	 scene	 was	 very	 different	 in	 West	 Bengal	 where	 a	 substantial	 

amount	 of	 the	 land	 belonged	 to	 an	 elite	 that	 not	 only	 used	 dishonourable	 

practices	 to	 retain	 their	 properties,	 but	 also	 opposed,	 passively	 or	 actively,	 the	 

introduction	 of	 new	 technologies.	 In	 fact,	 the	 dominant	 class	 in	 West	 Bengal	 

were	 rentiers	 who,	 despite	 having	 no	 interest	 in	 farming,	 refused	 to	 part	 with	 

their	 land	 even	 when	 land-ownership	 ceiling	 provisions	 were	 introduced	 by	 

law.	 The	 land	 they	 kept	 above	 the	 limit	 was	 rented	 to	 tenants	 who	 had	 no	 

formal	 rights	 and	 thus	 no	 inclination	 to	 invest	 in	 the	 land	 (Bandyopadhyay,	 

2003).	 



 47 

The	 implementation	 of	 Operation	 Barga	 in	 the	 late	 years	 of	 1970,	 a	 

reform	 program	 intended	 to	 redistribute	 land	 ownership	 and	 provide	 security	 of	 

tenure	 to	 leaseholders,	 favourably	 impacted	 output	 and	 land	 productivity.	 

Operation	 Barga	 indeed	 created	 an	 environment	 favourable	 for	 long-term	 

investment	 in	 the	 land	 although	 the	 persistence	 of	 small	 and	 fragmented	 

holdings	 limited	 the	 potential	 for	 development	 of	 the	 agricultural	 sector.	 

However,	 after	 the	 execution	 of	 the	 program,	 a	 portion	 of	 the	 rentiers	 became	 

agricultural	 innovators	 who	 experimented	 with	 new	 techniques	 

(Bandyopadhyay,	 2003).	 

	 

5.2.3 LABOUR	 AND	 MECHANISATION	 

With	 the	 adoption	 of	 high	 yield	 varieties,	 cultivators	 in	 Punjab	 

increased	 their	 demand	 for	 labour	 for	 two	 reasons.	 First,	 the	 new	 agricultural	 

practices	 complementary	 to	 the	 adoption	 of	 the	 new	 seeds	 created	 additional	 

processes	 that	 required	 the	 hiring	 of	 extra	 workers.	 Second,	 the	 use	 of	 high	 

yield	 seeds	 allowed	 a	 more	 intense	 cultivation	 of	 the	 land,	 which	 also	 

contributed	 to	 the	 increase	 in	 demand	 for	 agricultural	 workers	 

(Laxminarayan,	 1982).	 Farmers	 were	 thus	 required	 to	 complement	 their	 

family	 labour	 with	 hired	 workers.	 Sharma	 (1994)	 indeed	 reports	 that	 half	 of	 

the	 additional	 labour	 input	 was	 generated	 through	 the	 market.	 

However,	 this	 rise	 in	 demand	 for	 labour	 was	 not	 matched	 by	 a	 

proportionate	 increase	 in	 the	 supply	 of	 local	 labour.	 An	 explanation	 for	 this	 

occurrence	 can	 be	 found	 in	 the	 simultaneous	 development	 of	 industry	 in	 

Punjab,	 which	 competed	 with	 the	 agricultural	 sector	 for	 labour.	 The	 state	 

handled	 its	 labour	 scarcity	 in	 agriculture	 partly	 through	 mechanisation,	 and	 



 48 

partly	 through	 the	 use	 of	 migrant	 labour,	 mainly	 from	 Uttar	 Pradesh	 severak	 

hundreds	 of	 miles	 away	 (Laxminarayan,	 1982).	 The	 increased	 reliance	 on	 

migrant	 labour	 in	 Punjab	 reproduced	 the	 effect	 of	 employing	 landless	 labourers	 

during	 the	 agricultural	 revolution	 in	 England;	 cultivators	 were	 willing	 to	 try	 

innovations	 since	 they	 did	 not	 fear	 losing	 their	 labour	 force.	 In	 fact,	 imitation	 

was	 made	 difficult,	 as	 most	 migrants	 owned	 no	 land	 in	 Punjab	 and	 came	 from	 

different	 states	 where	 conditions	 were	 significantly	 different.	 

The	 scarcity	 of	 agricultural	 workers	 in	 Punjab	 also	 encouraged	 the	 use	 

of	 mechanised	 equipment,	 as	 the	 shortage	 of	 labour	 gave	 workers	 bargaining	 

power,	 which	 resulted	 in	 higher	 wages	 (Harriss,	 1972).	 Therefore,	 in	 the	 

same	 way	 that	 favourable	 environmental	 characteristics	 and	 the	 allocation	 of	 

property	 rights	 affected	 the	 adoption	 of	 high	 yield	 variety	 seeds,	 the	 sparseness	 

of	 labour	 further	 reinforced	 the	 development	 of	 the	 agricultural	 sectors	 by	 

requiring	 the	 utilisation	 of	 mechanised	 equipment.	 This,	 in	 turn,	 potentially	 

created	 a	 virtuous	 circle	 whereby	 the	 introduction	 of	 machinery	 supported	 the	 

willingness	 of	 farmers	 to	 increase	 yields	 in	 order	 to	 recoup	 their	 costs,	 

consequently	 allowing	 the	 state	 to	 witness	 the	 successful	 development	 of	 its	 

agricultural	 sector.	 

On	 the	 other	 hand,	 the	 relatively	 low	 amount	 of	 development	 in	 West	 

Bengal,	 combined	 with	 high	 rates	 of	 illiteracy	 and	 the	 persistence	 of	 the	 caste	 

system,	 meant	 that	 a	 surplus	 of	 labour	 would	 have	 been	 available	 to	 cater	 for	 

the	 increase	 in	 worker	 requirement	 that	 accompanied	 the	 adoption	 of	 high	 

yield	 varieties.	 Thus,	 mechanisation	 would	 not	 have	 been	 a	 profitable	 option	 

in	 West	 Bengal.	 In	 addition,	 the	 relationship	 that	 prevailed	 between	 

landowners	 and	 labourers	 may	 have	 also	 deterred	 from	 the	 adoption	 of	 new	 
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technologies.	 In	 fact,	 labourers	 in	 West	 Bengal	 were	 bound,	 although	 

informally,	 to	 the	 land	 and	 often	 underpaid	 (Frankel,	 1971).	 Therefore,	 

landowners	 may	 have	 been	 discouraged	 to	 adopt	 the	 new	 seed	 varieties	 as	 

increased	 land	 productivity	 would	 result	 in	 a	 higher	 demand	 for	 workers	 and	 

generate	 higher	 wages.	 	 

	 

5.2.4 INFORMATION	 DIFFUSION	 

Punjab	 was	 also	 favoured	 with	 respect	 to	 knowledge	 dissemination	 

regarding	 the	 new	 technology	 and	 “(g)iven	 the	 powerful	 demonstration	 effect	 

of	 the	 new	 technology,	 it	 is	 not	 surprising	 that	 the	 spread	 of	 dwarf	 wheats	 was	 

rapid”	 (Frankel	 1971,	 p.	 24).	 Harriss	 (1972)	 argues	 that	 the	 success	 of	 

the	 green	 revolution	 in	 the	 Ludhiana	 district	 of	 Punjab	 should	 be	 mainly	 

attributed	 to	 the	 superiority	 of	 the	 extension	 programs	 prevailing	 in	 the	 area.	 

Not	 only	 did	 local	 farmers	 interact	 more	 with	 agricultural	 extension	 officers,	 

the	 latter	 also	 ran	 demonstrations	 and	 training	 workshops	 for	 the	 benefit	 of	 

the	 district’s	 cultivators.	 

In	 addition,	 the	 work	 of	 the	 Punjab	 Agricultural	 University	 in	 the	 

distribution	 of	 information	 is	 also	 recognised	 as	 having	 contributed	 to	 the	 

state’s	 successful	 agricultural	 revolution.	 In	 fact,	 it	 collaborated	 with	 the	 

Pantnagar	 Agricultural	 University	 and	 the	 Indian	 Agricultural	 Research	 

Institute	 to	 create	 local	 varieties	 of	 high	 yield	 seeds,	 ran	 coaching	 programs	 

covering	 every	 facet	 of	 farming	 as	 well	 as	 organised	 annual	 fairs	 to	 

demonstrate	 new	 techniques.	 By	 eliminating	 the	 uncertainty	 accompanying	 the	 

adoption	 of	 innovations,	 and	 demonstrating	 the	 potential	 of	 the	 new	 inputs	 
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and	 techniques,	 the	 extension	 workers	 were	 able	 to	 increase	 the	 rates	 of	 

adoption	 (Harriss,	 1972).	 

In	 contrast,	 the	 dissemination	 of	 information	 in	 West	 Bengal	 occurred	 

mostly	 through	 the	 demonstration	 of	 richer	 landholders,	 in	 the	 event	 they	 

adopted	 the	 new	 technology	 (Beck,	 1995).	 As	 a	 result,	 information	 

dissemination	 was	 less	 reliable	 and,	 like	 the	 access	 to	 credit	 and	 agricultural	 

inputs,	 restricted	 to	 an	 elite.	 This	 provides	 a	 further	 argument	 as	 to	 why	 the	 

green	 revolution	 was	 not	 so	 successful	 in	 West	 Bengal.	 

	 

	 

5.3  PUNJAB	 AND	 WEST	 BENGAL:	 A	 COMPARISON	 

The	 historical	 analysis	 of	 the	 transformation	 of	 Punjab	 and	 West	 Bengal	 

during	 the	 green	 revolution	 displayed	 evidence	 of	 support	 for	 the	 hypothesis	 

that	 common	 factors	 affect	 the	 decision	 to	 adopt	 new	 technology	 in	 agriculture,	 

regardless	 of	 context.	 The	 results	 of	 the	 cross-country	 investigation	 suggest	 

that	 there	 are	 consistent	 and	 positive	 relationships	 between	 the	 four	 factors	 

identified	 in	 the	 British	 scene	 and	 the	 adoption	 of	 innovations	 in	 the	 two	 

Indian	 states	 examined.	 	 

	 The	 size	 of	 landholdings,	 positively	 correlated	 to	 the	 success	 of	 the	 

agricultural	 revolution	 in	 England,	 is	 also	 found	 as	 having	 affected	 the	 

successful	 development	 of	 the	 agricultural	 sector	 in	 Punjab,	 while	 West	 

Bengal’s	 agriculture	 suffered	 the	 negative	 consequences	 of	 the	 prevalence	 of	 

small	 farms.	 Although	 an	 argument	 could	 be	 made	 that	 the	 measures	 of	 farm	 

size	 differed	 in	 the	 two	 countries,	 and	 across	 regions	 in	 India,	 I	 would	 like	 to	 
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point	 out	 that	 throughout	 the	 analysis	 a	 farm	 was	 considered	 large	 mainly	 in	 

terms	 of	 the	 required	 acreages	 for	 the	 successful	 adoption	 of	 the	 innovation.	 

There	 also	 seems	 to	 exist	 a	 direct	 relationship	 between	 security	 of	 tenure	 

and	 investment	 in	 the	 land,	 independent	 of	 the	 context.	 Farmers	 in	 Punjab	 

and	 in	 England,	 who	 enjoyed	 assured	 protection	 of	 the	 property	 rights,	 were	 

found	 to	 be	 more	 incline	 to	 adopt	 innovations	 that	 would	 increase	 their	 land	 

productivity,	 as	 they	 were	 guaranteed	 the	 private	 acquisition	 of	 any	 surplus	 

generated.	 In	 contrast,	 the	 caste	 structure	 and	 lack	 of	 institutions	 in	 West	 

Bengal	 favoured	 an	 environment	 where	 tenants	 had	 no,	 or	 little,	 rights,	 

making	 the	 acquisition	 of	 new	 technology	 uneconomical.	 

A	 similar	 relationship	 can	 be	 established	 between	 the	 availability	 and	 

composition	 of	 the	 labour	 force,	 and	 the	 decision	 to	 adopt.	 When	 considering	 

adoption	 of	 new	 technology	 farmers	 were	 concerned	 with	 labour	 scarcity,	 as	 

both	 in	 England	 and	 India	 the	 innovations	 increased	 the	 demand	 for	 labour,	 

as	 is	 often	 the	 case	 in	 agriculture.	 The	 social	 class	 of	 the	 labour	 force	 impacted	 

the	 adoption	 decision	 as	 the	 level	 of	 control	 over	 the	 labour	 supply	 affects	 the	 

ability	 to	 extract	 surplus	 from	 tenants.	 The	 fall	 of	 feudalism	 in	 England,	 and	 

the	 dominance	 of	 owner-occupiers	 in	 Punjab,	 meant	 that	 labour	 was	 

contracted	 through	 the	 market	 and	 free,	 which	 encouraged	 the	 generation	 of	 

surplus	 through	 the	 adoption	 of	 innovations,	 rather	 than	 through	 the	 

exploitation	 of	 the	 labour	 force.	 

On	 the	 other	 hand,	 in	 West	 Bengal,	 the	 caste	 system	 impacted	 the	 

relationship	 between	 landlords	 and	 labourers,	 and	 thus	 the	 decision	 to	 adopt,	 

as	 the	 latter,	 having	 no	 outside	 option,	 were	 easily	 exploitable.	 Implementing	 

the	 high	 yield	 variety	 seeds	 would	 have	 resulted	 in	 an	 erosion	 of	 this	 
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dominance,	 as	 the	 increase	 in	 labour	 demand	 would	 increase	 the	 bargaining	 

power	 of	 the	 workers.	 The	 large	 pool	 of	 workers	 in	 West	 Bengal	 further	 

delayed	 the	 adoption	 of	 labour-saving	 technologies	 in	 contrast	 to	 Punjab	 and	 

England	 in	 the	 late	 nineteenth	 century,	 where	 the	 scarcity	 of	 labour	 reinforced	 

the	 mechanisation	 of	 agricultural	 processes.	 

The	 combined	 effect	 of	 the	 positive	 externalities	 associated	 with	 the	 

diffusion	 of	 innovations	 and	 the	 composition	 of	 the	 labour	 force	 also	 affected	 

the	 farmers’	 decision	 to	 adopt	 new	 technologies.	 In	 fact,	 if	 a	 farmer	 cannot	 be	 

certain	 of	 his	 workers	 will	 not	 leave	 –	 to	 try	 the	 innovation	 learned	 on	 their	 

own	 land	 –	 he	 will	 be	 reluctant	 to	 trial	 the	 new	 technology.	 The	 fact	 that	 the	 

labour	 force	 in	 Punjab	 was	 highly	 composed	 of	 migrants,	 and	 in	 England	 of	 

landless	 labourers,	 who	 had	 no	 land	 in	 the	 area	 where	 they	 were	 employed	 

and	 no	 guarantee	 that	 the	 innovation	 would	 work	 in	 the	 state	 they	 came	 

from,	 contributed	 to	 the	 adoption	 of	 innovations	 in	 those	 regions.	 

Lastly,	 the	 dissemination	 of	 information	 about	 the	 innovation	 is	 a	 factor	 

that	 seemed	 to	 be	 independent	 of	 changes	 in	 environment.	 The	 work	 of	 

progressive	 farmers	 in	 England	 and	 of	 government	 extension	 services	 in	 

Punjab,	 undoubtedly	 played	 an	 important	 role	 in	 the	 development	 of	 the	 

agricultural	 sector	 through	 the	 adoption	 of	 new	 technology.	 This	 evidence	 is	 

further	 supported	 by	 the	 experience	 of	 West	 Bengal,	 where	 most	 of	 the	 

knowledge	 diffusion	 was	 left	 to	 the	 large	 farmers,	 who	 had	 the	 means	 and	 

incentives	 to	 restrict	 the	 spread	 of	 knowledge	 and	 of	 the	 new	 technology.	 

	 

Therefore,	 the	 findings	 of	 the	 comparative	 analysis	 between	 the	 factors	 

identified	 as	 affecting	 the	 agrarian	 revolution	 in	 England,	 and	 their	 impact	 on	 
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the	 pattern	 of	 adoption	 of	 new	 technologies	 in	 Punjab	 and	 West	 Bengal,	 

provide	 support	 for	 the	 hypothesis	 formulated	 at	 the	 beginning	 of	 this	 chapter.	 

Indeed,	 there	 seem	 to	 exist,	 independently	 of	 context,	 consistent	 and	 positive	 

relationships	 between	 these	 four	 factors	 –	 land	 size,	 security	 of	 land	 rights,	 the	 

availability	 and	 composition	 of	 the	 labour	 force,	 and	 the	 demonstration	 of	 new	 

techniques	 –	 and	 the	 adoption	 of	 innovations	 in	 agriculture.	 
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CHAPTER	 6	 
Conclusion	 

	 

The	 main	 result	 of	 this	 analysis	 is	 that	 common	 factors	 can	 be	 identified	 

that	 affect	 the	 decision	 to	 adopt	 new	 technologies	 in	 agriculture,	 independent	 

of	 context.	 Four	 key	 factors	 were	 established	 as	 having	 a	 defining	 effect	 on	 the	 

adoption	 of	 innovations	 during	 the	 agricultural	 revolution	 in	 England;	 farm	 

size,	 property	 rights	 to	 the	 land,	 the	 composition	 of,	 and	 access	 to	 labour	 and	 

extension	 services.	 A	 subsequent	 examination	 of	 two	 Indian	 states,	 Punjab	 and	 

West	 Bengal,	 demonstrated	 that	 the	 features	 that	 made	 the	 British	 agrarian	 

revolution	 a	 success,	 also	 contributed,	 and	 in	 the	 same	 way,	 to	 the	 outcomes	 

observed	 during	 the	 green	 revolution	 in	 India.	 Nevertheless,	 a	 few	 limitations	 

to	 the	 analysis	 are	 recognised.	 

Firstly,	 the	 disparities	 in	 the	 level	 of	 adoption	 of	 high	 yield	 varieties	 in	 

India	 may	 stem	 from	 the	 variation	 in	 the	 natural	 conditions	 between	 the	 two	 

districts.	 Punjab	 not	 only	 possessed	 fertile	 land	 and	 access	 to	 a	 large	 water	 

supply,	 it	 was	 also	 endowed	 with	 a	 favourable	 land-man	 ratio	 (Frankel,	 

1971).	 On	 the	 other	 hand,	 the	 ill-suited	 topography	 and	 weather	 conditions	 

of	 West	 Bengal	 affected	 the	 efficiency	 of	 the	 new	 high	 yield	 varieties	 in	 the	 

early	 stages	 of	 dissemination.	 However,	 even	 after	 modifying	 the	 crops	 to	 fit	 

the	 regions	 environmental	 characteristics,	 output	 remained	 quite	 low	 (Frankel,	 

1971)	 suggesting	 that	 factors	 other	 than	 compatibility	 with	 the	 environment	 

determined	 the	 adoption	 of	 the	 new	 technology.	 
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Secondly,	 the	 cross-nation	 and	 time	 comparison	 can	 be	 criticised	 on	 the	 

basis	 that	 country	 and	 epoch	 specific	 variables	 that	 contributed	 to	 the	 

development	 of	 the	 agricultural	 sector,	 were	 left	 out	 of	 the	 analysis.	 Bhagat	 et	 

al.	 (2009)	 indeed	 argue	 that	 cultural	 differences	 influence	 technology	 

adoption	 across	 countries.	 However,	 it	 is	 recognised	 in	 the	 literature	 that,	 not	 

only	 is	 it	 very	 complex	 to	 estimate	 differences	 in	 attitudes	 that	 originate	 from	 

variances	 in	 personal	 attributes,	 individual	 characteristics	 reflecting	 cultural	 

norms	 also	 account	 for	 a	 restricted	 amount	 of	 variation	 in	 adoption	 of	 new	 

technology	 (Shaw,	 1987).	 In	 addition,	 the	 factors	 identified	 as	 affecting	 the	 

adoption	 of	 innovations	 in	 agriculture	 capture,	 to	 some	 extent,	 the	 macro	 

environment	 faced	 by	 farmers.	 	 

	 In	 fact,	 farm	 size	 often	 represents	 a	 farmer’s	 access	 to	 funds,	 especially	 

in	 developing	 countries	 that	 lack	 credit	 markets	 (Feder	 et	 al.,	 1985).	 Also,	 

property	 rights	 to	 the	 land	 reflect	 the	 quality	 of	 institutions	 prevalent	 in	 the	 

country,	 or	 region,	 as	 well	 as	 the	 social	 structure	 in	 place.	 The	 access	 to	 

labour	 supply,	 and	 the	 type	 of	 labour	 available,	 as	 well	 as	 the	 channels	 

through	 which	 information	 about	 new	 technology	 is	 disseminated,	 communicate	 

information	 about	 the	 established	 socio-institutional	 system	 too,	 and	 

additionally	 reflects	 the	 financial	 health	 of	 the	 economy	 (Jack,	 2009).	 

Moreover,	 they	 are	 features	 that	 are	 easily	 measured	 and	 act	 as	 proxies	 for	 

unobservable	 characteristics	 that	 also	 affect	 the	 decision	 to	 adopt	 a	 new	 

technology.	 

	 A	 natural	 extension	 of	 this	 study	 would	 be	 to	 expand	 the	 analysis	 to	 

more	 countries,	 so	 as	 to	 verify	 the	 robustness	 of	 the	 theory.	 It	 would	 be	 

particularly	 interesting	 to	 investigate	 countries	 which	 present	 contradicting	 
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results	 to	 the	 ones	 established	 here.	 The	 positive	 correlation	 between	 farm	 size	 

and	 technology	 adoption	 is	 especially	 a	 debated	 issue.	 Furthermore,	 although	 

there	 is	 a	 general	 consensus	 that	 ownership	 is	 associated	 with	 more	 investment	 

in	 the	 land	 than	 tenancy,	 there	 is	 still	 a	 dispute	 as	 to	 which	 types	 of	 tenancy	 

agreements	 favours	 the	 adoption	 of	 innovations	 the	 most	 (Dethier	 &	 

Effenberger,	 2012).	 

Lastly,	 I	 would	 be	 useful	 to	 undertake	 an	 empirical	 assessment	 of	 the	 

hypotheses	 established	 through	 the	 historical	 analysis	 of	 the	 agricultural	 

revolution	 in	 England	 and	 India.	 In	 fact,	 regardless	 of	 the	 increased	 attention	 

paid	 to	 the	 diffusion	 process	 of	 new	 technologies	 in	 agriculture,	 cross-country	 

investigations	 are	 still	 uncommon	 in	 the	 field	 of	 agrarian	 development.	 In	 

addition,	 despite	 the	 ongoing	 debate	 regarding“whether	 a	 singular	 pattern	 

holds	 true	 in	 every	 adoption	 situation”	 (Feder	 &	 Umali,	 1993,	 p.	 234),	 few	 

attempts	 have	 been	 made	 to	 identify	 fundamental	 factors	 affecting	 agricultural	 

development.	 	 

Empirical	 evidence	 supporting	 the	 theory	 of	 factors	 consistently	 affecting	 

agricultural	 development	 would	 revolutionise	 action	 programs	 that	 aim	 to	 help	 

emerging	 nations	 to	 generate	 and	 sustain	 agricultural	 growth.	 The	 contribution	 

of	 this	 thesis	 therefore	 lies	 in	 the	 recognition	 of	 this	 fact	 and	 its	 attempt	 to	 

establish	 whether	 historical	 evidence	 provides	 support	 for	 the	 existence	 of	 

common	 barriers	 to	 innovation	 adoption	 across	 time	 and	 countries.	 The	 

conclusion	 of	 this	 analysis	 therefore	 provides	 a	 basis	 for	 further	 empirical	 

studies	 of	 the	 development	 of	 the	 agricultural	 sector.	 

	 

	 	 



 57 

References	 

	 	 

Allen,	 R.	 C.	 (1999),	 'Tracking	 the	 agricultural	 revolutio	 in	 England',	 

Economic	 History	 Review,	 vol.	 52,	 no.	 2,	 pp.	 209-235.	 

	 

Anriquez,	 G.	 and	 Lopez,	 R.	 (2007),	 'Agricultural	 growth	 and	 poverty	 

in	 an	 archetypical	 middle	 income	 country:	 Chile	 1987-2003',	 Agricultural	 

Economics,	 vol.	 36,	 no.	 2,	 pp.	 191-202.	 

	 

Bandyopadhyay,	 D.	 (2003),	 'Land	 reforms	 and	 agriculture:	 the	 West	 

Bengal	 experience',	 Economic	 and	 Political	 Weekly,	 vol.	 38,	 no.	 9,	 pp.	 879-

884.	 

	 

Banerjee,	 A.	 V.,	 Gertler,	 P.	 J.	 and	 Ghatak,	 M.	 (2002),	 

'Empowerment	 and	 efficiency:	 tenancy	 reform	 in	 West	 Bengal',	 Journal	 of	 

Political	 Economy,	 vol.	 110,	 no.	 2,	 pp.	 239-280.	 

	 

Basu,	 K.	 (1989),	 'Technological	 stagnation,	 tenurial	 laws,	 and	 adverse	 

selection',	 The	 American	 Economic	 Review,	 vol.	 79,	 no.	 1,	 pp.	 251-255.	 

	 

Beck,	 T.	 (1995),	 'The	 green	 revolution	 and	 poverty	 in	 India:	 a	 case	 

study	 of	 West	 Bengal',	 Applied	 Geography,	 vol.	 15,	 no.	 2,	 pp.	 161-181.	 

	 



 58 

Bell,	 C.	 (1972),	 'The	 acquisition	 of	 agricultural	 technology:	 its	 

determinants	 and	 effects',	 Journal	 of	 Development	 Studies,	 vol.	 9,	 no.	 1,	 pp.	 

123-159.	 

	 

Bhaduri,	 A.	 (1973),	 'A	 study	 in	 agricultural	 backwardness	 under	 

semi-feudalism',	 The	 Economic	 Journal,	 vol.	 83,	 no.	 329,	 pp.	 120-137.	 

	 

Bhagat,	 R.	 S.,	 McDevitt,	 A.	 S.	 and	 McDevitt,	 I.	 (2009),	 'Cultural	 

variations	 in	 the	 creation,	 diffusion	 and	 transfer	 of	 organizational	 knowledge',	 

in	 Bhagat,	 R.	 S.	 and	 Steers,	 R.	 M.	 	 (Eds),	 Cambridge	 Handbook	 of	 Culture,	 

Organizations,	 and	 Work,	 Cambridge	 University	 Press	 ,	 Cambridge,	 pp.	 174-

196	 

	 

Birkhaeuser,	 D.,	 Evenson,	 E.	 and	 Feder,	 G.	 (1991),	 'The	 economic	 

impact	 of	 agricultural	 extension:	 a	 review',	 Economic	 Development	 and	 

Cultural	 Change,	 vol.	 39,	 no.	 3,	 pp.	 607-650.	 

	 

Bowonder,	 B.	 (1979),	 'Impact	 analysis	 of	 the	 green	 revolution	 in	 

India',	 Technological	 Forecasting	 and	 Social	 Change	 ,	 vol.	 15,	 no.	 4,	 pp.	 

297-313.	 

	 

Braverman,	 A.	 and	 Stiglitz,	 J.	 E.	 (1986),	 'Landlords,	 tenants	 and	 

technological	 innovations',	 Journal	 of	 Development	 Economics,	 vol.	 23,	 no.	 2,	 

pp.	 313-332.	 



 59 

	 

Bryer,	 R.	 A.	 (2006),	 'The	 genesis	 of	 the	 capitalist	 farmer:	 towards	 a	 

Marxist	 accounting	 history	 of	 the	 origins	 of	 the	 English	 agricultural	 

revolution',	 Critical	 Perspectives	 on	 Accounting,	 vol.	 17,	 no.	 4,	 pp.	 367-

397.	 

	 

Burnette,	 J.	 (1999),	 ‘ Labourers	 at	 the	 Oakes:	 changes	 in	 the	 

demand	 for	 female	 day-laborers	 at	 a	 farm	 near	 Sheffield	 during	 the	 

agricultural	 revolution’,	 Journal	 of	 Economic	 History,	 vol.	 59,	 no.	 1,	 pp.	 

41-67.	 

	 

Chakravarti,	 A.	 K.	 (1973),	 'Green	 Revolution	 in	 India',	 Annals	 of	 

the	 Association	 of	 American	 Geographers,	 vol.	 63,	 no.	 3,	 pp.	 319-330.	 

	 

Chambers,	 J.	 D.	 and	 Mingay,	 G.	 E.	 (1966),	 The	 Agricultural	 

Revolutio,	 Great	 Britain:	 B.	 T.	 Batsford	 Ltd.	 

	 

Christiaensen,	 L.	 D.,	 Demery,	 L.	 and	 Kuhl,	 J.	 (2011),	 'The	 

(evolving)	 role	 of	 agriculture	 in	 poverty	 reduction	 -	 an	 empirical	 perspective',	 

Journal	 of	 Development	 Economics,	 vol.	 96,	 no.	 2,	 pp.	 239-254.	 

	 

Collins,	 E.	 J.	 T.	 (1969),	 'Harvest	 technology	 and	 labour	 supply	 in	 

Britain,	 1970-1870',	 Economic	 History	 Review,	 vol.	 22,	 no.	 3,	 pp.	 453-

473.	 

	 



 60 

Dasgupta,	 B.	 (1977),	 'India's	 green	 revolution',	 Economic	 and	 

Political	 Weekly	 ,	 vol.	 12,	 no.	 6/8,	 pp.	 241-260.	 

	 

Deane,	 P.	 (1979),	 The	 first	 industrial	 revolution	 (2nd	 ed),	 Cambridge	 

University	 Press,	 Great	 Britain.	 

	 

Dethier,	 J.-J.	 and	 Effenberger,	 A.	 (2012),	 'Agriculture	 and	 

development:	 a	 brief	 review	 of	 the	 literature',	 Economic	 Systems,	 vol.	 36,	 no.	 

2,	 pp.	 175-205.	 

	 

Do,	 Q.-T.	 and	 Iyer,	 L.	 (2003),	 'Land	 rights	 and	 economic	 

development:	 evidence	 from	 Vietnam',	 World	 Bank	 Policy	 Research	 Working	 

Paper	 No.	 3120.	 

	 

Dovring,	 F.	 (1965),	 'The	 transformation	 of	 European	 agriculture',	 in	 

The	 Cambridge	 Economic	 History	 of	 Europe	 (Vol.	 6),	 H.	 J.	 Habakkuk	 and	 

Postan,	 M.	 (eds),	 	 Cambridge	 University	 Press	 ,	 Great	 Britain.	 

	 

Feder,	 G.	 (1982),	 'Adoption	 of	 interrelated	 agricultural	 innovations:	 

complementarity	 and	 the	 impacts	 of	 risk,	 scale,	 and	 credit',	 American	 Journal	 

of	 Agricultural	 Economics,	 vol.	 64,	 no.	 1,	 pp.	 94-101.	 

	 

Feder,	 G.,	 Just,	 R.	 E.	 and	 Zilberman,	 D.	 (1985),	 'Adoption	 of	 

agricultural	 innovations	 in	 developing	 countries:	 a	 survey',	 Economic	 

Development	 and	 Cultural	 Change,	 vol.	 33,	 no.	 2,	 pp.	 255-298.	 



 61 

 

Feder,	 G.	 and	 O'Mara,	 G.	 (1981),	 'Farm	 size	 and	 the	 diffusion	 of	 

Green	 Revolution	 technology',	 Economic	 Development	 and	 Cultural	 Change,	 

vol.	 30,	 no.	 1,	 pp.	 59-76.	 

	 

Feder,	 G.	 and	 Umali,	 D.	 L.	 (1993),	 'The	 adoption	 of	 agricultural	 

innovations:	 a	 review',	 Technological	 Forecasting	 and	 Social	 Change,	 vol.	 43,	 

no.	 3-4,	 pp.	 215-239.	 

	 

Foster,	 A.	 D.	 and	 Rosenzweig,	 M.	 R.	 (2010),	 'Microeconomics	 of	 

technology	 adoption',	 Annual	 Review	 of	 Economics,	 vol.	 2,	 pp.	 395-424.	 

	 

Frankel,	 F.	 R.	 (1971),	 'India's	 green	 revolution:	 economic	 gains	 and	 

political	 costs',	 Princeton	 University	 Press,	 New	 Jersey.	 

	 

Ghose,	 A.	 K.	 (1979),	 'Institutional	 structure,	 technological	 change	 

and	 growth	 in	 poor	 agrarian	 economies:	 an	 analysis	 with	 reference	 to	 Bengal	 

and	 Punjab',	 World	 Development,	 vol.	 7,	 no.	 4-5,	 pp.	 385-396.	 

	 

Harriss,	 B.	 (1972),	 'Innovation	 adoption	 in	 Indian	 agriculture	 -	 the	 

high	 yielding	 varieties	 programme',	 Modern	 Asian	 Studies,	 vol.	 6,	 no.	 1,	 pp.	 

71-98.	 

	 



 62 

Harriss,	 J.	 (1993),	 'What	 is	 happening	 in	 West	 Bengal?	 Agrarian	 

reform,	 growth	 and	 distribution',	 Economic	 and	 Political	 Weekly,	 vol.	 28,	 no.	 

24,	 pp.	 1237-1247.	 

	 

Havinden,	 M.	 A.	 (1961),	 'Agricultural	 progress	 in	 open-field	 

Oxfordshire',	 The	 Agricultural	 History	 Review,	 vol.	 9,	 no.	 2,	 73-83.	 

	 

Hayami,	 Y.	 (1981),	 'Induced	 innovation,	 green	 revolution,	 and	 income	 

distribution:	 comment',	 Economic	 Development	 and	 Cultural	 Change,	 vol.	 30,	 

no.	 1,	 pp.	 169-176.	 

	 

Hazell,	 P.	 B.	 (1983),	 'Barriers	 to	 adoption	 of	 new	 technologies	 at	 the	 

farm	 level',	 in	 Elterich,	 J.	 G.,	 Weil,	 P.	 and	 Brautigam,	 H.,	 Technological	 

Change	 and	 Rural	 Development	 in	 Developing	 Countries:	 Selected	 Papers	 from	 

the	 University	 of	 Delaware	 Title	 XII	 Conference,	 May	 3-4,	 1982,	 University	 

of	 Delaware,	 pp.	 495-514.	 

	 

Hiebert,	 L.	 D.	 (1976).	 'Risk,	 learning,	 and	 the	 adoption	 of	 fertilizer	 

responsive	 seed	 varieties',	 American	 Journal	 of	 Agricultural	 Economics,	 vol.	 

56,	 no.	 4,	 pp.	 764-768.	 

	 

Jack,	 B.	 K.	 (2009),	 Market	 inefficiencies	 and	 the	 adoption	 of	 

agricultural	 technologies	 in	 developing	 countries,	 CID	 Research	 Fellow	 and	 

Graduate	 Student	 Working	 Paper	 No.	 50,	 Center	 for	 International	 



 63 

Development	 at	 Harvard	 University,	 and	 Agricultural	 Technology	 Adoption	 

Initiative,	 US:	 J-PAL	 (MIT)	 and	 CEGA	 (UC	 Berkeley)	 .	 

	 

Jacoby,	 E.	 H.	 (1972),	 'Effects	 of	 the	 'green	 revolution'	 in	 south	 and	 

south-east	 Asia',	 Modern	 Asian	 Studies,	 vol.	 6,	 no.	 1,	 pp.	 63-69.	 

	 

Johnson,	 D.	 G.	 (1950).	 Resource	 allocation	 under	 share	 contracts.	 

Journal	 of	 Political	 Economy,	 vol.	 58,	 no.	 2,	 pp.	 111-123.	 

	 

Johnston,	 B.	 F.	 and	 Mellor,	 J.	 W.	 (1961),	 'The	 role	 of	 agriculture	 in	 

economic	 development',	 The	 American	 Economic	 Review,	 vol.	 51,	 no.	 4,	 pp.	 

566-593.	 

	 

Jones,	 E.	 L.	 (1964),	 'The	 agricultural	 labour	 market	 in	 England,	 

1793-1972',	 Economic	 History	 Review,	 vol.	 17,	 no.	 2,	 pp.	 322-338.	 

	 

Jones,	 E.	 L.	 (1965),	 'Agriculture	 and	 economic	 growth	 in	 England,	 

1660-1750:	 agricultural	 change',	 The	 Journal	 of	 Economic	 History,	 vol.	 25,	 

no.	 1,	 pp.	 1-18.	 

	 

Jones,	 G.	 E.	 (1963),	 'The	 diffusion	 of	 agricultural	 innovations',	 

Journal	 of	 Agricultural	 Economics,	 vol.	 15,	 no.	 3,	 pp.	 387-409.	 

	 



 64 

Khasnabis,	 R.	 and	 Chakravarty,	 J.	 (1982),	 'Tenancy,	 credit	 and	 

agrarian	 backwardness:	 results	 of	 a	 field	 survey',	 Economic	 and	 Political	 

Weekly,	 vol.	 17,	 no.	 13,	 pp.	 A21-A32.	 

	 

Klein,	 P.	 G.	 and	 Cook,	 M.	 L.	 (2006),	 'T.W.	 Schultz	 and	 the	 human-

capital	 approach	 to	 entrepreneurship',	 Review	 of	 Agricultural	 Economics,	 vol.	 

28,	 no.	 3,	 pp.	 344-350.	 

	 

Laxminarayan,	 H.	 (1982),	 'The	 impact	 of	 agricultural	 development	 on	 

employment:	 a	 case	 study	 of	 Punjab',	 The	 Developing	 Economies,	 vol.	 20,	 no.	 

1,	 pp.	 40-51.	 

	 

Lewis,	 A.	 W.	 (1954),	 'Economic	 Development	 with	 Unlimited	 Supplies	 

of	 Labour',	 The	 Manchester	 School,	 vol.	 22,	 no.	 2,	 pp.	 139-191.	 

	 

Loayza,	 N.	 V.	 and	 Raddatz,	 C.	 (2010),	 'The	 composition	 of	 growth	 

matters	 for	 poverty	 alleviation',	 Journal	 of	 Development	 Economics,	 vol.	 93,	 

no.	 1,	 pp.	 137-151.	 

	 

Mantoux,	 P.	 (1983),	 The	 industrial	 revolution	 in	 the	 eighteenth	 

century,	 2nd	 ed.,	 University	 of	 Chicago	 Press,	 USA.	 

	 

McCloskey,	 D.	 N.	 (1972),	 'The	 enclosure	 of	 the	 open	 fields:	 preface	 to	 

a	 study	 of	 its	 impact	 on	 the	 efficiency	 of	 English	 agriculture	 in	 the	 eighteenth	 

century',	 Journal	 of	 Economic	 History,	 vol.	 32,	 no.	 1,	 pp.	 15-35.	 



 65 

	 

Moore,	 B.	 (1967),	 Social	 origins	 of	 dictatorship	 and	 democracy:	 lord	 

and	 peasant	 in	 the	 making	 of	 the	 modern	 world,	 Allan	 Lane	 The	 Penguin	 

Press,	 London.	 

	 

Moser,	 C.	 M.	 and	 Barrett,	 C.	 B.	 (2002),	 'Labor,	 liquidity,	 learning,	 

conformity	 and	 smallholder	 technology	 adoption:	 the	 case	 of	 SRI	 in	 

Madagascar',	 Agricultural	 Economics,	 vol.	 35,	 no.	 3,	 pp.	 373-388.	 

	 

Naqvi,	 N.	 (1990),	 'Technological	 stagnation,	 tenurial	 laws,	 and	 

adverse	 selection:	 comment',	 The	 American	 Economic	 Review,	 vol.	 80,	 no.	 4,	 

pp.	 935-940.	 

	 

Newbery,	 D.	 M.	 G.	 (1975),	 'Tenurial	 obstacles	 to	 innovation',	 

Journal	 of	 Development	 Studies,	 vol.	 11,	 no.	 4,	 pp.	 263-277.	 

	 

Nicholson,	 N.	 K.	 (1984),	 'Landholding,	 agricultural	 modernization,	 

and	 local	 institutions	 in	 India',	 Economic	 Development	 and	 Cultural	 Change,	 

vol.	 32,	 no.	 3,	 pp.	 569-592.	 

	 

Offer,	 A.	 (1991),	 'Farm	 tenure	 and	 land	 values	 in	 England,	 c.	 1750-

1950',	 Economic	 History	 Review,	 vol.	 44,	 no.	 1,	 pp.	 1-20.	 

	 



 66 

Outhwaite,	 R.	 B.	 (1986),	 'Progress	 and	 backwardnessin	 English	 

agriculture:	 1500-1650',	 Economic	 History	 Review,	 vol.	 39,	 no.	 1,	 pp.	 1-

18.	 

	 	 	 

Overton,	 M.	 (1985),	 'The	 diffusion	 of	 agricultural	 innovations	 in	 early	 

modern	 England:	 turnips	 and	 Ccover	 in	 Norfolk	 and	 Suffolk,	 1580-1740',	 

Transactions	 of	 the	 Institute	 of	 British	 Geographers,	 vol.	 10,	 no.	 2,	 pp.	 205-

221.	 

	 

Overton,	 M.	 (1996),	 'Re-establisinh	 the	 English	 agricultural	 

revolution',	 Agricultural	 History	 Review,	 vol.	 44,	 no.	 1,	 pp.	 1-20.	 

	 

Parayil,	 G.	 (1992),	 'The	 green	 revolution	 in	 India:	 a	 case	 study	 of	 

technological	 change',	 Technology	 and	 Culture,	 vol.	 33,	 no.	 4,	 pp.	 737-756.	 

	 

Parthasarathy,	 G.	 and	 Prasad,	 D.	 S.	 (1974),	 'Responses	 to,	 and	 

impact	 of,	 H.Y.V.	 rice	 according	 to	 land	 size	 and	 tenure	 in	 a	 delta	 village,	 

Andhra	 Pradesh,	 India',	 The	 Developing	 Economies,	 vol.	 12,	 no.	 2,	 pp.	 182-

198.	 

	 

Pearse,	 A.	 (1977),	 'Technology	 and	 peasant	 production:	 reflections	 on	 

a	 global	 study',	 Development	 and	 Change,	 vol.	 8,	 no.	 2,	 pp.	 125-159.	 

	 



 67 

Perez,	 C.	 (1983),	 ‘ Structural	 change	 and	 assimilation	 of	 new	 

technologies	 in	 the	 economic	 and	 social	 systems’,	 Futures,	 vol.	 15,	 no.	 5,	 

pp.	 357-375.	 

	 

Perrin,	 R.	 and	 Winkelmann,	 D.	 (1976),	 'Impediments	 to	 technical	 

progress	 on	 small	 versus	 large	 farms',	 American	 Journal	 of	 Agricultural	 

Economics,	 vol.	 58,	 no.	 5,	 pp.	 888-894.	 

	 

Prothero,	 R.	 E.	 (1888),	 The	 pioneers	 and	 progress	 of	 English	 farming,	 

Spottiswoode	 and	 Co.,	 London.	 

	 

Ranis,	 G.	 and	 Fei,	 J.	 C.	 H.	 (1961),	 'A	 theory	 of	 economic	 

development',	 The	 American	 Economic	 Review,	 vol.	 51,	 no.	 4,	 pp.	 533-565.	 

	 

Sharma,	 H.	 R.	 (1994),	 'Distribution	 of	 land	 holdings	 in	 rural	 India,	 

1953-54	 to	 1981-82:	 implications	 for	 land	 reforms',	 Economic	 and	 Political	 

Weekly,	 vol.	 29,	 no.	 13,	 pp.	 A12-A25.	 

	 

Shaw,	 A.	 B.	 (1987),	 'Approaches	 to	 agricultural	 technology	 adoption	 

and	 consequences	 of	 adoption	 in	 the	 third	 world:	 a	 critical	 review',	 Geoforum,	 

vol.	 18,	 no.	 1,	 pp.	 1-19.	 

	 

Spencer,	 D.	 S.	 C.	 and	 Byerlee,	 D.	 	 (1976),	 'Technical	 change,	 labor	 

use,	 and	 small	 farmer	 development:	 evidence	 from	 Sierra	 Leone',	 American	 

Journal	 of	 Agricultural	 Economics,	 vol.	 58,	 no.	 5,	 pp.	 874-880.	 



 68 

	 

Steers,	 R.	 M.,	 Meyer,	 A.	 D	 and	 Sanchez-Runde,	 C.	 J.	 (2008),	 

'National	 culture	 and	 the	 adoption	 of	 new	 technologies',	 Journal	 of	 World	 

Business,	 vol.	 43,	 no.	 3,	 pp.	 255-260.	 

	 

Thirtle,	 C.,	 Lin,	 L.	 and	 Piesse,	 J.	 (2003),	 'The	 impact	 of	 research-

led	 agricultural	 productivity	 growth	 on	 poverty	 reduction	 in	 Africa,	 Asia	 and	 

Latin	 America'	 World	 Development,	 vol.	 31,	 no.	 12,	 pp.	 1959-1975.	 

	 

Timmer,	 C.	 P.	 (1969),	 'The	 turnip,	 the	 new	 husbandry,	 and	 the	 

English	 agricultural	 revolution',	 Quaterly	 Journal	 of	 Economics,	 vol.	 83,	 no.	 

3,	 pp.	 375-395.	 

	 

Timmer,	 C.	 P.	 (1995),	 'Getting	 agriculture	 moving:	 do	 markets	 

provide	 the	 right	 signals?',	 Food	 Policy,	 vol.	 20,	 no.	 5,	 pp.	 455-472.	 

	 

Tsur,	 Y.,	 Sternberg,	 M.	 and	 Hochman,	 E.	 (1990),	 'Dynamic	 

modelling	 of	 innovatin	 process	 adoption	 with	 risk	 aversion	 and	 learning',	 

Oxford	 Economic	 Papers,	 vol.	 42,	 no.	 2,	 pp.	 336-355.	 

	 

Turner,	 M.	 (1982),	 'Agricultural	 productivity	 in	 England	 in	 the	 

eighteenth	 century:	 evidence	 from	 crop	 yields',	 The	 Economic	 History	 Review,	 

vol.	 35,	 no.	 4,	 pp.	 489-510.	 

	 



 69 

Turner,	 M.	 (1986),	 'English	 open	 fields	 and	 enclosures:	 retardation	 or	 

productivity	 improvements',	 Journal	 of	 Economic	 History,	 vol.	 46,	 no.	 3,	 pp.	 

669-692.	 

	 

Turner,	 M.	 E.,	 	 Beckett,	 J.	 V.	 and	 Afton,	 B.	 (2001),	 'Chapter	 7:	 

Farm	 production	 and	 the	 agricultural	 revolution',	 in	 Farm	 Production	 in	 

England,	 1700-1914,	 Oxford	 University	 Press,	 Oxford.	 

	 

Webster,	 N.	 (1990),	 'Agrarian	 relations	 in	 Burdwan	 district,	 West	 

Bengal:	 from	 the	 economics	 of	 green	 revolution	 to	 the	 politics	 of	 Panchayati	 

Raj',	 Journal	 of	 Contemporary	 Asia,	 vol.	 20,	 no.	 2,	 pp.	 177-211.	 

	 

Yapa,	 L.	 S.	 and	 Mayfield,	 R.	 C.	 (1978),	 'Non-adoption	 of	 

innovations:	 evidence	 from	 discriminant	 analysis',	 Economic	 Geography,	 vol.	 

54,	 no.	 2,	 pp.	 145-156	 

	 

	 


