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PREFACE 

H istory wi l l  mark December 4, 2002 as a mi lestone date for 

Ph i l i ppine agricu lture. It was on this day that the Bureau of P lant 

I n d ustry of t h e  D e p a rt m e nt of Agr i c u l t u re a p p roved t h e  

com mercia l i zation of M O N  810, more popula rly known a s  Bt corn, 

the very first product of modern biotechnology to be so a l lowed. 

The strugg l e  to rea ch  that  po in t  h a d  been d iffi cu l t  a n d  

protracted. To break new grou nd, to explore untrammeled areas is 

cha l lenging enough. The contentious and h ighly emotional  debate 

that accompanied the jou rney made the struggle a l l  the  more 

arduous. Sectors that lacked sufficient understanding of the science 

of modern biotechnology whi le, rightfu l ly, concerned about the 

wel l -be i ng of h u m a n s, a n i m a l s  and  the  env i ronment, tr ied to 

prevent the commercia l ization of genetica l ly mod ified organisms 

(GMOs) .  The scientific community, t imid and often averse to cross 

over  i nto more m u n d a n e  rea l i t i es, d efe nded  t h e  sc ience  of 

biotechnology in objective and reasoned language. Soon, most of 

the  rest of t h e  sta keho lders i n  agri cu l tu re ra l l i ed  beh ind  the  

sc i ent ists and  jo ined  i n  efforts to  reach t h e  ge n e r a l  p u b l i c .  

Government l istened to both sides and  then decided, cou rageously, 

to side with science and reason. 

The battle has been won. The country has establ ished a set of 

rules and protocols that make possib le the propagation of products 

of modern b iotechnology wh i l e  ensu r ing the hea lth of humans 

and an imals, and the wel l-being of  the environment. 

Today, Bt corn is part of the cou ntry's agricultura l  landscape; 

so are va riants of the GM corn technology. These products a re now 

fixtures of the Ph i l ipp ine corn industry supply cha in. Accred ited 

G M  corn dea le rs a re located across the major corn produc ing 

provi nces, ready to sel l  to ever i ncreasing nu mbers of GM corn 

adaptors. The h igh demand for GM corn seed cont inues to outweigh 

supp ly, making it a sel lers' market. 

And, farm yields have been i ncreased, and production costs 

lowered.  Corn farmers' i ncomes have risen.  
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This book on modern biotechnology and agriculture chronicles 

the struggle to safely commercialize GMOs in the Ph i l ippines, and 

the aftermath of this struggle .  It i s  organized into nine chapters. 

The first chapter deals with the structures and protocols establ ished 

in the Ph i l ipp ines for the i ntroduction, testing and propagation up 

to the commercia l i zation of biotech products. Chapters 2 and 3, 

provide the technical deta i ls  of Bt corn, N K603, Bt 11, and N K603 x 

M O N  8 10 events a n d  how they com p l i ed w i th  the  str i ngent 

biosafety r isk  assessments of the N BCP. 

C h a pter  4 d iscusses  the  need  for pub l i c  i nfo rmat ion  o n  

biotechnology a n d  the struggles by both anti a n d  pro GMO during 

the process of commercia l  approva ls. Chapter 5 describes the corn 

farming systems within the context of Ph i l ippine Agriculture, whi le 

Chapters 6 a nd 7 provide the determina nts for GM corn adoption 

and the empirical evidence on the better performance of GM corn 

over ord ina ry hybrid in terms of yield, net fa rm income, subsistence 

l evel ca rry i ng capacity, g loba l  com petit ive ness and  return on  

i nvestment. 

Chapter 8 deals with the technological cha l lenges to Ph i l ippine 

crop agr icu lture and d i scusses the great potent ia l  offe red by 

biotechnology. Chapter 9, the last chapter of the book, proposes 
po l i cy measures that a re vita l to optim i ze benefits offered by 

biotechnology, especia l ly i n  the corn sector. 

We were at, o r  n e a r, the  center  of the  strugg le  fo r the  

commercia l i zation of  B t  corn. I n  sharing our experiences and our 

thoughts, it is our hope that the readers would find inspiration so 

that, as Phi l ipp ine society finds itself once aga in  at a crossroad, it 

would find the courage and fortitude to be guided by the truth, no 

matter what the truth revea ls .  

THE AUTHORS 



CONTENTS 

CHAPTER! 

2 

2 
2 
5 
9 

9 
10 
13 
16 
17 

CHAPTER 2 

THE R&D TO COMMERCIALIZATION CONTINUUM: 
BIOSAFETY RISK ASSESSMENT OF BT CORN (MON 810) 

A Biosafety System in Place: The National Committee on 
Biosafety in the Philippines 

Introduction 
The National Committee on Biosafety in the Ph i l ipp ines 

The National Biosafety Framework 

From R & D to Commercialization: 
The GM Corn Experience in the Philippines 

Greenhouse Evaluation 

Limited F ield Tests 

M ulti-Location Tests 

Commercial  Production of GM Corn 

Publ ic Consultations on the GMOs 

MARKED "APPROVED:" BT CORN WAS FIRST 

22 Introduction 
23 The MON 810 Odyssey 
23 A Close Look at MON 810 
27 Stage 1: Conta ined Efficacy Testing 
28 Stage 2. Limited Confined Field Testing 
33 Stage 3. Multi location, Two Season Fie ld Testing 
36 Stage 4. Large Scale Propagation, Use as Food or Feed 

CHAPTER 3 AFTER MON 810: THE EXPANDED TOOLBOX 

46 Introduction 
46 NK603 
49 Btll 
51 MON 810 x NK603 

CHAPTER 4 COMMUNICATING BIOTECHNOLOGY: THE BTCORN 
EXPERIENCE IN THE PHILIPPINES 

56 Introduction 
57 The Communication Challenge 
57 The Messages: Issues against, and Arguments for, 

Biotechnology 



MODERN BIOTECHNOLOGY & AGRICULTURE 
A H i st o r y  o f  the C o m m e rc i a l i z a t i o n  of  B i o t e c h  Maize  in th e P h i li p p i n e s  

64 The Messengers 

66 The Channels 

67 Lesson Learned 

CHAPTER 5 CORN FARMING SYSTEMS WITHIN THE CONTEXT 
OF THE PHILIPPINE AGRICULTURAL LANDSCAPE 

70 Corn in Philippine Agriculture 
7 1  Production Trends 
72 The White and Yel low Corn Subsectors 

74 Yel low Corn and Feed Wheat I mports 
76 Regional  Distribution of Production 

78 Corn Agroecologies 
79 Cropping Patterns and Calendar 
82 Soi ls  and Fert i l izers 
83 Corn Varieties and Hybrids 
84 Land Preparation and Culture 
85 Post-Harvest 

86  Pests and Diseases 
86 Profile of Corn Farmers 
89 Cost and Returns 
90 Price and Cost Competitiveness 

93 Prospects 

CHAPTER 6 MAJOR DETERMINANTS OF BIOTECH MAIZE 
COMMERCIAL ADOPTION 

96 Introduction 
96 Objectives of the Study 
97 Review of Related Literature 
97 Adoption and Diffusion of Technology in  Agriculture 
98 Factors that Influence Technology Adoption and 

Diffusion in Agriculture 
104 Stud ies on Technology Adoption and Diffusion in the 

P h i l i pp ines  

106 Research Methodology 
106 Conceptual Framework 
107 Data Coverage 
108 Ana lytical Proced ure 



113 Empirical Findings 
113 Socio-economic Profile of  Corn Respondents 
122 Factors Affecting the Wi l l i ngness to Buy Genetically 

Mod ified Corn 

134 Probabil ity of Buying Genetically Modified Corn 

136 Summary, Conclusion and Recommendations 
136 Summary 

140 Conclusion 
141 Recommendations 

CHAPTER 7 SOCIOECONOMIC IMPACT 0F BIOTECH MAIZE ADOPTION 
IN THE PHILIPPINES 

144 Introduction 
144 Research Methodology 
144 Coverage, Research Hypothesis, and General Approach 
145 Sampl ing Design 
148 Method of Analysis 
151 Empirical Findings 
152 Socio-demographic Characteristics of Farmer-Respondents 
152 Characteristics of Corn Farms 
152 I ncidence of Pests and Diseases 
161  Comparative Yield Levels :  Bt, RR ,  and Stack Corn vs. OH 

Corn 
167 Comparative Cost Performance: Bt, RR, and Stack Corn vs. 

OH Corn 

175 Comparative Profitabil ity Performance: Bt, RR, Stack Corn 
vs. OH Corn 

182 Comparative Subsistence Carrying Capacity: Bt, RR, Stack 

Corn vs. OH Corn 
192 Comparative G lobal Cost Competitiveness: Bt, RR, Stack 

Corn vs. OH Corn 

195 Awareness, Acceptabi l ity and Level of Satisfaction, 
Biotechnology and Non-biotechnology Corn Seed Users 

195 Statistical Mean Difference: Bt, RR, Stack Corn vs. OH Corn 

212  Returns on I nvestment 
213 Summary, Conclusion, and Recommendations 
213  Summary 

220 Conc lusion 
220 Recommendations 



MODERN BIOTECHNOLOGY & AGRICULTURE 

ti 

A H i story of t h e  Co m m er c ia l i za t i o n  of B i o t e c h  Ma i z e  in th e P h i l i p p i n es 

CHAPTER 8 TECHNOLOGICAL CHALLENGES TO PHILIPPINE 
CROP AGRICULTURE 

228 Major Development Challenges to Philippine Crop 
Agriculture 

228 Producing More with Less Land and Less Water 
229 Ensuring the Sustainabi lity of  Agriculture by Arresting 

Soil E rosion 
230 Developing Supply Chains 

2 30 Mainta in ing the Competitiveness of Phi l ippine 

Agricultural Products in the World Market 

231 Key Component Biotechnologies to Help Address the Major 
Development Challenges 

232 Micropropagation 

233 Diagnostic Kits 

233 B iopesticides 

234 Biofert i l izers 

235 Breeding for  Resistance/Tolerance to  Biotic and  Abiotic 

Stresses 
237 Conservation and Management of  Biod iversity 

238 Conclusion 

CHAPTER 9 POLICY IMPERATIVES TO OPTIMIZE THE BENEFITS 
OF BIOTECHNOLOGY 

242 Introduction 
242 Policy Imperatives 
243 Immed iate Implementation of Macro Policy and Sectoral 

Reforms 
243 I nstitutional Strengthening and H uman Resource 

Development 

244 Infrastructure Development Policy 
245 Strategic Al l iances to Fast Track  the Commercia l ization 

and Adoption of G MOs 

245 Continuous Monitoring and Evaluation of the Socio
economic Impacts of GMOs 

REFERENCES 

247 



TABLES AND FIGURES 

CHAPTER/ 1 TITLE 
PAGE I 

1 page 3 ' Figure 1. Organ izational  structure of the National 

Committee on Biosafety of the Phi l ippines 

6 1 Figure 2. Structural and functional  organization of the 
National Committee on B iosafety in the 

Philippines under the B iosafety Framework of 
the Phi l i pp ines 

2 page 31 1 Table 1. 
38 1 Table2. 

24 Figure 1. 

5 page 70 Table 1. 

70 Table2. 

72 Table3. 

72 i Table4. 
73 TableS. 

73 Table6. 

74 Table7. 

75 TableS. 

75 Table9. 

76 Table10. 

77 Table 11. 

Regulatory approvals for MON810 as of 1997 

Documents submitted by Monsanto for their  

appl ication for commercial use of MON 810. 

Time l ine for MON 810 

Agricultural Crops: Va lue of Production, 
Phi l ippines, 2005-2008 (in bil l ion pesos, at 
current prices) 

Agricultural Crops: Area Planted/Harvested"', 

Phil i ppines, 2005-2007 (in '000 has.)  
Corn: Average Annual  Growth Rates (in %) in  

Production, Area Harvested and Y ield per 

Hectare, by Corn Type, Phi l ippines, 1970-2008 

Util ization of Corn, Phi l ippines, 2000-2008 

Rice and Corn Net Food Disposable (N FD) and Per 
Capita N FD, Phi l ippines, 2005-2008 

Average Share of Gross Va lue Added (GVA) in  
Agriculture and G rowth Rate of  Livestock, Pou ltry 

and Aquaculture, Phi l ipp ines, 1988-2008 

Livestock, Pou ltry and Aquaculture: Value of 

Production•/ by Type, Phi l ippines, 2005-2008 (in 

bi l l ion pesos, at current prices) 

Corn Production, Area Harvested and Yield per 
Hectare, Phi l ipp ines, 2005-2008 

Rice Imports, Volume and Va l ue, Phi l i ppines, 

2003-2008 

Yel low Corn and Feed Wheat Imports, 

Phi l i ppi nes, 2000-2008 

Average Annual  Corn Harvested Area and 

Production by Region, 2005-2008, Phi l ippines 



MODERN BIOTECHNOLOGY & AGRICULTURE 
A H i s t o r y  o f  th e C o m m e rc i a l i za t i o n  o f  B i o t e c h  M a i ze i n  th e P h i l i p p i n e s  

CHAPTER/ TITLE 
PAGE 

77 Table 12. Ten lead ing Provinces in Corn Production, 

Phi l i pp ines, 2005-2008 
79 Table 13. Cropping Calendar of Corn Farmers in Selected 

Provinces, Phi l ipp ines, 1990 
80 Table 14. Cropping Patterns in Major Agroecologies, 

Phi l i pp ines  
81 Table 15. General Maize Cropping Calendar (17 months) i n  

the Major Corn Producing Provinces, Phi l ippines 
87 Table 16. Characteristics of Corn Farmers in F ive Selected 

Provinces, Phi l i ppines, 1990 
88 Table 17. Characteristics of Corn Farmers in Eight Selected 

Provinces, Phi l ipp ines, 2001 
89 Table 18. Selected Agricultural Crops: Production Costs and 

Net Returns per Hectare, Phi l ippines, 2007P ( in 

pesos) 
89 Table 19. White Corn: Production Costs and Returns by 

Season, Phi l ippines, 2007P ( in pesos per ha) 
90 Table20. Yel low Corn :  Production Costs and Returns by 

Season, Phi l ippines, 2007P (in pesos per ha) 
91 Table21. White Corn Production and Use by Regions, 

Phi l i pp ines, 1990-2003 
92 Table22. Price Competitiveness of Domestic Corn 

Production with I mports, Phi l ippines, 2001- 2002 
92 Table23. Price Competitiveness•! of Domestic Yel low Corn 

Production with I mported Yel low Corn at the 
Mani la Wholesale Market at Different Tariff 

Rates 
93 Table 24. Supply and Demand of An imal  Products 

71 Figure 1. Corn Production and Yie ld per Hectare, 

Phi l ipp i nes, 1970-2008 

6 page108 Table1. Number of Sample Yel low Corn Respondents by 

Season, by Variety, by Province and by CY, 

Phi l i ppi nes, 2003-2008 
115 Table2. Socio-demographic Characteristics of Yel low 

Corn Farmers by Province, by Season and by CY, 
Phi l i pp ines, 2003-2008 



CHAPTER/ TITLE 
PAGE 

1 1 6  Table3. Farm Characteristics of Yel low Corn Farms by 

Province, by Season and by CY, Phi l ippines, 2003-
2008 

1 1 7  Table4. Extent of Damage of Selected Pests and Diseases 

by Province, by CY, by Season and by Variety, 

Ph i l ipp ines, 2003-2008 

1 23 TableS. Awareness of, and Acceptabi l ity and Level of 

Satisfaction with, GM Corn among GM Seed Users 

by Province, by CY and by Season, Ph i l i ppines, 
2003-2008 

1 24 Table6. Awareness of, and Acceptabi lity and Level of 
Satisfaction with, G M  Corn among Non-GM Seed 

Users by Province, by CY and by Season, 
Ph i l ipp ines, 2003-2008 

1 26 Table 7. Number of Sample Yel low Corn Respondents Used 
in the Regression Models, Ph i l ippines, 2003-

2008 

1 28 TableS. Logit Regression Model of Wi l l ingness to Buy 

Genetica l ly Modified Corn Before 

Commerc ia l ization 

1 32 Table9. Logit Regression Model of Wil l i ngness to Buy 

Genetica l ly Modified Corn After 
Commercial ization 

135 Table10. Probabil ities of Buying Genetica l ly Modified 
Corn at Different Socio-economic and 
Demographic Conditions Before 

Commercia l ization 

1 37 Tablell. Probabi l ities of Buying Genetically Modified 

Corn at Different Socio-economic and 

Demographic Conditions After 

Commercial ization 

1 06 Figure 1. Conceptual Framework of the Study 

7 page 146 Table 1. Number of Sample Yel low Corn Respondents by 

Season, by Variety, by Province and by CY, 

Ph i l ipp ines, 2003-2008 

150 Table 2. Annual  Per Capita Food and Poverty Thresholds 
by Province, Phi l ippines, 2004, 2005 and 2007 



MODERN BIOTECHNOLOGY & AGRICULTURE 
A H i s t o ry of the C o m m e rc i a l i z a t i o n  of B i ot e c h  M a i z e  in the P h i l i p p i n es 

CHAPTER/ 
PAGE 

TITLE 

1 53 ' Table 3. Socio-demographic Characteristics of Yel low 

Corn Farmers by Province, by Season and by CY, 

Phi l i ppines, 2003-2008 
1 54 1 Table4. Farm Characteristics of Yel low Corn Farms by 

Province, by Season and by CY, Phi l ippines, 2003-

2008 
1 56 1 Table 5. Extent of Damage of Selected Pests and Diseases 

by Province, by CY, by Season and by Variety, 

Phi l i ppi nes, 2003-2008 
1 62 Table 6. Comparative Yie ld Levels of Different Corn Seed 

Varieties by Season, by Yield Level and by 

Province and by CY, Phi l i pp ines, 2003-2008 
1 64 1 Table 7. Comparative Performance i n  Terms of Yie ld Levels 

of Different Corn Seed Varieties by Season, by 

Yield Level and by Provi nce and by CY, 

Phi l i pp ines, 2003-2008 
1 69 Table 8. Comparative Farm Production Cost of Different 

Corn Seed Varieties by Season, by Yield Level and 
by Province and by CY, Phi l ippines, 2003-2008 

1 71 1 Table9. Comparative Performance i n  Terms of Farm 

Production Cost of Different Corn Seed Varieties 
by Season, by Yield Level and by Province and by 

CY, Phi l ipp ines, 2003-2008 
1 77 Table 10. Comparative Net Farm I ncome of Different Corn 

Seed Varieties by Season, by Yield Level and by 

Province and by CY, Phi l ippines, 2003-2008 
1 79 ' Table 11. Comparative Performance in Terms of Net Farm 

I ncome of Different Corn Seed Varieties by 

Season, by Yield Level and by Province and by CY, 

Phi l i ppi nes, 2003-2008 
184 Table 12. Comparative Food Subsistence Level Carrying 

Capacity of Different Corn Seed Varieties by 

Season, by Yield Level and by Province and by CY, 

Phi l ippi nes, 2003-2008 
1 86 Table 13. Comparative Performance i n  Terms of Food 

Subsistence Level Carrying Capacity of Different 

Corn Seed Varieties by Season, by Yield Level and 

by Province and by CY, Phi l ippines, 2003-2008 



CHAPTER/ TITLE 
PAGE 

1 88 ' Table 14. Comparative Poverty Subsistence Level Carrying 

Capacity of Different Corn Seed Varieties by 

Season, by Yield Level and by Province and by CY, 

Phi l ippines, 2003-2008 

1 90 ' Table 15. Comparative Performance in Terms of Poverty 

Subsistence Level Carrying Capacity of Different 

Corn Seed Varieties by Season, by Yield Level and 
by Province and by CY, Phi l ippines, 2003-2008 

1 96 Table 16. Comparative G lobal Competitiveness under 

Export Trade Scenario of Different Corn Seed 

Varieties by Season, by Yield Level and by 

Province and by CY, Phi lippines, 2003-2008 
1 98 Table 17. Comparative Performance in Terms of Global 

Competitiveness under Export Trade Scenario of 

Different Corn Seed Varieties by Season, by Yield 
Level and by Province and by CY, Phi l ippines, 

2003-2008 

200 ' Table 18. Comparative G lobal Competitiveness under 

Import Substitution Trade Scenario of Different 

Corn Seed Varieties by Season, by Yie ld Level and 

by Province and by CY, Phi l ippines, 2003-2008 
202 ' Table 19. Comparative Performance in Terms of Global 

Competitiveness under Import Substitution Trade 

Scenario of Different Corn Seed Varieties by 
Season, by Yie ld Level and by Province and by CY, 

Phi l i pp ines, 2003-2008 
204 Table 20. Awareness, Acceptability and Level of 

Satisfaction of GM Corn among G M  Seed Users by 

Province, by CY and by Season, Phi l ipp ines, 2003-
2008 

206 Table 21. Awareness, Acceptabi l ity and Level of 
Satisfaction of GM Corn among Non-GM Seed 

Users by Province, by CY and by Season, 

Phi l ipp ines, 2003-2008 
208 Table 22. Statistical Mean Difference of Selected between 

GM and Non-GM Users by Season, by Province 

and by CY, Phi l ippines, 2003-2008 



MODERN BIOTECHNOLOGY & AGRICULTURE 
A H i st o r y  o f  the C o m m e r c i alization o f  Bi o t e c h  M a i z e  in t h e  P h i li p p i n e s  

CHAPTER/ 1 TITLE 
PAGE 

214 1 Table 23. Return on Investment of Corn Production of Corn 

Production by Season, by Variety, by Yield Level 

and by CY, Phi l ippines, 2003-2008 

21 7 1 Table 24. Corn Seed Prices by Province, CY 2007-2008, 
P h i l i p p i nes 

21 7 , Table 25. Inorganic Ferti l izer Prices by Season, CY 2007-

2008, Ph i l ipp ines 

218 Table 26. Farm Level Costs I ncurred in the Management 

Practice of Control l ing Weeds by Province and by 

Season, CY 2007-2008, Ph i l i ppines 

221 1 Table 27. Summary: Comparative Performance U nder 
Various Socio-economic I nd icators Across Corn 

Seed Varieties by Season, by Yield Level and by CY, 

Ph i l i ppines, 2003-2008 

1 68 Figures 1. Yield Distribution of Yel low Corn by Seed Class 

and by Season, CY 2007-2008 

1 81 Figures 2. Net Farm I ncome Distribution of Yel low Corn by 
Seed Class and by Season, CY 2007-2008 

1 93 Figures 3. Carrying Capacity Distribution of Yel low Corn by 

Seed Class and by Season, CY 2007-2008 


