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1. INTRODUCTION  45 
 46 
The Philippine Cordilleras is home to one of the widest and oldest rice terraces throughout 47 
the Asian region.  Some of these rice terraces clusters were declared by the United Nation 48 
Educational, Scientific and Cultural Organization (UNESCO) as world heritage sites by virtue 49 
of their cultural, economic and environmental values to humanity. Modern society today is 50 
reaping the benefits of what generations of people in the Cordilleras have built.   51 
 52 

The study was made to assess the impact of modern farming technologies on the productivity and 
food security in the rice terraces. The study covered four rice terraces clusters located in four 
provinces in the Cordillera region in the northern central part of the Philippines. The sites covered are: 
Haliap, Asipulo, Ifugao, Bagumbayan, Tabuk City in the province of Kalinga, Tanglagan, Calanasan, 
Apayao and Natonin, Mt. Province. The study is a part of a bigger project conducted for 24 months 
from January 2011 to December 2013. The study made use of the case study method using 10 key 
informants supported by interviews, workshops and Focus Group Discussion.  The results showed 
that one of the study site still adhere to the traditional system of farming while three had already 
shifted to modern farming technologies. The three modern farming technologies adopted by farmers 
are: use modern rice cultivars as a substitute to the traditional varieties, use of fertilizers and 
pesticides and the use of hand tractors. Modern rice cultivars improved rice production by 70% from 
the current yield of traditional rice varieties. However, the contemporary increases in the level of 
production is still not enough to cater to income and food security. Modern rice varieties created a fit 
between cash and subsistence wherein added produce improved food security and the surplus is sold 
to the local market for cash.  The inevitable use of commercial inorganic fertilizers altered the quality 
of soil in the rice paddies grown with modern rice varieties. It is obviously sick with declining pH 
range. Soil and water in the rice paddies are free from pesticide residues. 
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The rice terraces is an important part of the local and national economy of the Philippines. It 53 
ensures the food security of almost 80% of the local population who are dependent on it for 54 
survival [1].  It also contains agro-biodiversity and associated resources that underpin the 55 
goods and services it provides to the local community and to society as a whole [2].  Rice 56 
terraces also protect watershed and pump prime the growth of the tourism industry.  57 
 58 
Historically, the rice terraces flourished as an organic production system.  The integration of 59 
the region to the economy of the lowland areas in the 1970s brought in so much intercultural 60 
and economic exchanges that arbitrarily changed the lifestyles and economy of the people. 61 
New farming practices and technologies escalated in the rice terraces parallel with traditional 62 
agricultural practices.  For almost 50 years, 70% of the farming households may have tried 63 
either one or two of these new farming practices or technologies.  In some parts of the 64 
region, farmers have already shifted to modern farming practices but in some areas 65 
traditional farming practices still continue to prevail.  In some other parts of the region, 66 
farmers are blending both traditional and modern farming practices. Farmers argued that the 67 
productivity of traditional rice varieties had been declining over the years and that they have 68 
no other recourse but to find ways to increase yield by shifting to high yielding rice varieties. 69 
The series of changes that have occurred in the rice terraces captured the attention of policy 70 
makers, putting the rice terraces in the forefront of public policy debate over the last few 71 
years. Is the adoption of modern farming technologies/practices a boon to productivity and 72 
food security in the rice terraces? This is the basic question that this current study sought to 73 
provide an answer. 74 
 75 
 76 
2. MATERIAL AND METHODS  77 
 78 
This study was part of a bigger project that was conducted for 24 months from January 79 
2011- December 2013 covering four rice terraces clusters located in four provinces in the 80 
Cordillera region in the northern part of the Philippines.  The four rice terraces clusters are 81 
found in Asipulo, Ifugao, Tanglagan Apayao, Bagumbayan, Kalinga and Natonin, Mt. 82 
Province, respectively.  The collection of data followed a three step inquiry process. The first 83 
step consists of a workshop with 10 key informants to get information pertaining to farm 84 
characteristics. The second step inquiry was the collection of data on modern farming 85 
technologies adopted by farmers and its impact on farm productivity and food security.  The 86 
second step interview was aided by a semi-structured questionnaire administered on a face 87 
to face basis.  88 
 89 
The third step consisted of the collection of soil and water samples in each study site for 90 
routine and pesticide residue analysis. The study adopted the qualitative research approach 91 
using the case study method.  After the tabulation of the questionnaire, the researcher 92 
returned to each study site for the validation of data through a Focus Group Discussion 93 
(FGD) with at least 15-20 farmers and barangay leaders.  Toward the end of the study, a 94 
farmers’ forum was organized attended by farmers and other stakeholders from the local and 95 
national government agencies, non-government organizations and academia to disseminate 96 
the output of the research project. 97 
 98 
The Vulnerability Assessment Tool for Various Agro-ecosystems (VAST-AGRO tool [3] was 99 
used to determine the sensitivity of income of farmers to climate factors. The VAST-AGRO 100 
tool is an excel based assessment tool developed by the agricultural systems cluster of the 101 
College of Agriculture of the University of the Philippines in Los Banos, Laguna, Philippines. 102 
 103 
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3. RESULTS AND DISCUSSION 104 
 105 
3.1 Profiles of the rice terraces 106 
 107 
The rice terraces assume different elevations along the mountain slopes from the top to the 108 
bottom of mountains. Using their relative position along the mountain slopes, the rice 109 
terraces can be classified in three agroecological zones such low, medium and high 110 
elevation terraces.  Low elevation terraces are those found in Tanglagan, Apayao and 111 
Bagumbayan, Kalinga with a top elevation 300-500 masl. Medium elevation are those found 112 
at the middle and lower slopes in Natonin and Asipulo that are within 600-1000 masl while 113 
high elevation terraces are also found in these two areas with elevation exceeding 1000 114 
masl. Elevation influence to a large extent the adoption of modern farming technologies 115 
where lower elevation terraces were the first to shift to modern farming systems. The 116 
adoption of modern farming systems escalated over the last 40 years where three of the 117 
selected study sites shifted to modern farming system while one still adhere to the traditional 118 
ways of farming handed down from one generation to another. The physical profiles of the 119 
four study site is shown in Table 1. 120 
 121 
Table 1.  Physical Profiles of the four study sites 122 
 123 
Study Sites   Top Elevation (MASL) Status of the Rice Terraces 124 
 125 
Asipulo, Ifugao    1200    Shifted to high yielding rice 126 
varieties        1990  127 
      128 
Tanglagan, Apayao   300    Shifted to high yielding rice 129 
varieties        1980 130 
         131 
Bagumbayan, Kalinga   500    Shifted to high yielding rice 132 
varieties        1980 133 
          134 
Natonin, Mt. Province              1500     Traditional Rice varieties 135 
________________________________________________________________________ 136 
 137 
3.2 Modern farming technologies in the rice terraces 138 
 139 
The rice terraces prior to the 1980’s persisted organically with traditional rice varieties. The 140 
transition to modern rice cultivars came only in the early 1980’s although there were earlier 141 
attempts to do so without much success.  The transition came as a response to the declining 142 
productivity of traditional rice varieties and intense food insecurity situation in the rice 143 
terraces. According to farmers, declining productivity can be attributed to declining soil 144 
fertility and the low tillering capacity of traditional rice cultivars. Farmers mentioned that 145 
traditional rice varieties can only produce an average of five tillers which is low compared to 146 
modern rice cultivars.  The modern farming technologies adopted by farmers are: use of high 147 
yielding rice varieties, use of fertilizers and pesticides and use of hand tractors replacing 148 
human and animal labor 149 
 150 

 151 
3.2.1 Use of modern rice cultivars 152 
 153 
The study site in Bagumbayan and Tanglagan were the first to shift to modern rice varieties 154 
followed by Asipulo in Ifugao province.  The study site in Natonin, Mt. Province is still very 155 
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much traditional adhering to the cultivation of traditional rice varieties.  The adoption of 156 
modern rice varieties increased rice production by 80% ensuring enough food supply to the 157 
families of rice terraces farmers. However, there are certain trade-off between the cultivation 158 
of modern rice cultivars and traditional rice varieties. Modern varieties are perpetuating the 159 
continuing loss of the traditional rice varieties that have endured for many years.  As shown 160 
in Table 2, some farmers would revert back occasionally to the cultivation of traditional rice 161 
varieties especially the glutinous ones for making rice wines. Rice wines are conventions for 162 
drinking during the performance of ritual sacrifices and maintaining the cultural heritage of 163 
the local people. 164 
 165 
Table 2.  Rice varieties cultivated by farmers 166 
________________________________________________________________________ 167 
Varieties                    Asipulo,      Natonin,      Bagumbayan,   Tanglagan, 168 
Cultivated                   Ifugao   Mt. Province      Kalinga            Apayao      Total 169 
_________________________________________________________________________ 170 
 Traditional   0        10    0      0        10  171 
 172 
 Modern   10          0  10   10        30  173 
 174 
 Others *   3          0    0       3                 6 175 
_________________________________________________________________________ 176 
 Total  13        10  10    13         46 177 
________________________________________________________________________ 178 
*those that revert back to the traditional rice varieties occasionally   179 
 180 
 181 
3.2.2 Use of pesticides, herbicides and commercial fertilizers  182 

 183 
The use of synthetic inputs was alien to the rice terraces prior to the 1980’s. The last 40 184 
years were the most crucial period in the history of rice cultivation in the terraces.  It was 185 
during this period that farmers saw the emergence of new pest and diseases forcing them to 186 
try commercial pesticides. One of the most notable pest that affected the rice terraces in the 187 
1990s are the giant earthworms creating large burrows by their movements  spilling water 188 
and causing terraces dikes and walls to crumble. The crumbling of dikes and walls had much 189 
to do with the physical degradation of the rice terraces for many years (Gomez and Pacardo 190 
2009). Declining soil fertility also led farmers to try commercial inorganic fertilizers which are 191 
readily available in the market. The adoption of modern rice cultivars arbitrarily changed the 192 
old organic system into inorganic systems with the associated use of pesticides, herbicides 193 
and commercial fertilizers.  Farmers are continually under extreme pressure to change their 194 
farming system. 195 
 196 
The use of modern rice varieties is both a bane and a boon to rice cultivation in the terraces. 197 
Farmers use fertilizers and pesticides to remedy nutritional deficiencies in soil and protect 198 
crops from pest and diseases.  However, inorganic fertilizers had cause changes in soil 199 
properties leading to declining pH while pesticides may have affected the population of 200 
aquatic biodiversity.  201 
 202 

 203 

 204 

 205 

 206 
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Table 3.   Use of pesticides and commercial fertilizers 207 
_________________________________________________________________________ 208 
Use of commercial  Asipulo,         Natonin,   Bagumbayan,      Tanglagan, 209 
Fertilizers and               Ifugao      Mt. Province       Kalinga         Apayao       Total 210 
Pesticides 211 
_________________________________________________________________________ 212 
Yes    10  3           9             9     31 213 
 214 
No                                    0   7                  1             1      9 215 
________________________________________________________________________ 216 
       Total  10            10                    10           10     40 217 
_________________________________________________________________________ 218 
 219 
 220 
3.2.3 Use of hand tractors 221 
 222 
The rice terraces use to be a tedious manual job. Mud puddling is done by hand and feet 223 
with the aid of a shovel. The rice terraces use to be inundated with water making the soil soft 224 
and pliable easy for hand working. However, frequent droughts made the soil hard and 225 
difficult to cultivate thus farmers had to learn to use either the carabao or hand tractor.  The 226 
use of hand tractor replaced manual labor reducing by 75% the number of man-hours spent 227 
in the cultivation of the rice terraces. The distribution of key informants on the adoption of 228 
hand tractor is shown in Table 4. 229 
 230 
 231 
Table 4.  Use of hand tractor 232 
_________________________________________________________________________ 233 
 Use of hand  Asipulo,  Natonin, Bagumbayan,   Tanglagan,     Total 234 
  Tractor Ifugao          Mt. Province           Kalinga          Apayao  235 
_________________________________________________________________________ 236 
 Yes  10   0         10   10         30 237 
 238 
   No   0  10           0    0       10  239 
_________________________________________________________________________ 240 
 Total 10  10          10   10       40 241 

____________________________________________________________________ 242 
 243 
4. Modern farming technologies, productivity and food security 244 
 245 
Modern farming technologies brought so much relief to the rice terraces farmers.  The 246 
adoption of high yielding rice varieties more than doubled rice production from the current 247 
yield of traditional rice varieties.  Modern rice varieties created a perfect fit between cash and 248 
subsistence [4].  Rice is produced firstly to satisfy the food requirement of farming families 249 
and the excess is sold to the local market for cash. The added increases in rice production 250 
created a more secure food situation where farmers need not depend on lowland rice 251 
anymore. The food security situation is reflected on the answer of key informants on whether 252 
the food supply situation in the rice terraces is adequate or not as indicated in Fig 1 and 2. 253 
 254 
 255 
 256 
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12.50%

88.50%

Yes No

Fig. 1 Key informants responses on the
food supply situation in the rice terraces
whether adequate or inadequate (based
on traditional rice varieties)

257 

60%

40%

Yes no

Fig. 2 Key informants responses on the
food supply situation in the rice terraces
whether adequate or inadequate (based on
high yielding rice varieties)

 258 
 259 
Farmers use pesticides to protect crops from pest and diseases and fertilizers to remedy 260 
nutrient deficiencies.  These are direct intervention measures which are instrumental in 261 
harnessing the yield of crops. However, it is apparent that the continued use of commercial 262 
fertilizers influenced the pH level of paddy soils in the three study sites that have already 263 
shifted to modern farming.  Paddy soils in Bagumbayan and Tanglagan exhibit strong acidity 264 
while soils in Asipulo exhibit alkalinity. The more traditional site in Natonin exhibit a more 265 
neutral soil with higher phosphorous and organic carbon and organic matter content.  There 266 
is no doubt that the differences in soil pH are the effects of commercial fertilizers.  The soil 267 
quality status of paddy soils in the four study sites is shown in Table 5(a). 268 
 269 
 270 
 271 
 272 
 273 
 274 
 275 
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Table 5(a). Soil quality status of paddy soils in the four study sites 276 
_________________________________________________________________________ 277 
   Total     P (ppm)   K          OC          OM    CEC 278 
 Study Site pH N (%)                       (me/100g.soil)     (%)           (%)       (NH4OAC) 279 
_________________________________________________________________________ 280 
Bagumbayan,  281 
   Kalinga 5.0 0.09   ND (Bray 2)       0.03         1.19           2.05     13.3 282 
Tanglagan, 283 
   Apayao 5.0 0.03  0.17 (Bray 2)     0.1      2.54           4.37       29.4 284 
Natonin, Mt.    285 
   Province 5.5 0.09 158.1 (Bray 2)       0.1      3.84           6.60    46.8 286 
Haliap, Asipulo 287 
    Ifugao 7.5 0.05       32.7 (Olsen)         0.4      2.84          4.13    63.5 288 
_________________________________________________________________________ 289 
 290 
Grab water samples were also taken for pesticide residue analysis. The results showed that 291 
soil and water quality in the three study sites that have shifted to modern farming systems is 292 
still clean and not affected by pesticide residues. The result of pesticide residue analysis is 293 
shown in Table 5(b). 294 
 295 
Table 5(b). Pesticide residue content of soil in the four study sites 296 

Study Sites Nature of Pesticide Pesticide Residue 
(mg/kg or ppm)* 

Bagumbayan Organochlorine, Pyrethroids, 
Organophosphates and 
carbamates. 

<LOQ 
Tanglagan <LOQ 
Haliap <LOQ 
Natonin <LOQ 
*Residue detected below the limit of quantification (LOQ). The LOQ for organophosphates, Organochlorines and 297 
pyrethroids is .005 mg./kg. Results obtained by gas-liquid chromatography. 298 
 299 
Table 6.  Pesticide residue content of water in the four study sites.  300 

Study Sites Nature of Pesticide Pesticide Residue 
(mg/kg or ppm) 

Bagumbayan  
Organochlorine, Pyrethroids, 
Organophosphates and 
carbamates. 

*ND 
Tanglagan ND 
Haliap ND 
Natonin ND 
* Residue detected below the Limit of Determination (LOD). The LOD for organophosphate is 0 .02 mg./kg  and 301 
0.005 mg/kg for organochlorine and pyrethroids. Results obtained by gas-liquid chromatography. 302 
 303 
 304 
The use of hand tractors brought many benefits to farmers.  It reduced labor bottlenecks and 305 
freed plenty of man-hours spent in tending the rice terraces which the farmers can spend in 306 
doing other tasks. Hand tractors also found application in eliminating giant earthworms and 307 
golden apple snail with its rotating cylinders during field preparation.  After plowing, farmers 308 
drain water from the paddies for a few days to allow giant earthworms to move inside the dry 309 
paddy beds.  Water is re-applied quickly and harrowing is done with the rotating disk of the 310 
hand tractor.  Giant earthworms and golden apple snail are crushed and killed in the 311 
process.  312 
 313 
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Higher productivity in the rice terraces result to better food security. However, food security 314 
is not only the function of productivity but also directly link to the availability of additional 315 
sources of income. Families with additional sources of income are more food secure than 316 
those who depend purely on the rice terraces. The data in Table 6 indicates that income 317 
derived from non-climate sensitive sources (such as those in the employment and buy and 318 
sell business) is much higher than income derived from climate sensitive sources. This 319 
would mean that the few household members who are engaged in non-climate sensitive 320 
occupation earned much more income than the majority who are engaged in rice terracing 321 
and other climate sensitive occupation. Better food security can be achieved when farmers 322 
are engaged in agriculture and other non-agricultural sources of income. Harvest from the 323 
rice terraces satisfy the food requirement of families while earnings from non-agricultural 324 
sources meets the other financial need of families. The distribution of households according 325 
to income sources is shown in Table 7. 326 
 327 
Table 7. Distribution of households according to income sources 328 
_______________________________________________________________________ 329 
     Asipulo, Natonin,      Bagumbayan,    Tanglagan, 330 
Sources of Income    Ifugao Mt. Prov. Kalinga          Apayao     Total 331 
_________________________________________________________________________ 332 
Agriculture         75  21  41           80 217 333 
Agriculture + non-climate 334 
sensitive sources        17  29  58           10 114 335 

• % income from 336 
 sensitive sources  40  87  30           70 155 337 

• % income from 338 
non-sensitive 339 
 sources        60  13  70          30 245 340 

Non-climate sensitive 341 
sources           8  50  1.0          10 69 342 
_________________________________________________________________________ 343 

Total      100  100  100        100 400 344 
_________________________________________________________________________ 345 
 346 
 347 
5. CONCLUSION AND RECOMMENDATION 348 

Modern farming technologies are some of the major drivers of change in the rice terraces. 349 
The adoption of modern rice varieties substantially increased the level of production in the 350 
rice terraces. It has improved the food security situation enabling farmers to create surplus 351 
for the market. However, surplus produce is still considered meager compared to lowland 352 
standards. Contemporary increases in yield is not enough to provide better income and food 353 
security to farming families. At the core of this issue is the very limited space for the 354 
expansion of agriculture and the lack of capital for agricultural intensification. The rice 355 
terraces offer vast opportunities for income generation. For the rice terraces clusters 356 
adhering to traditional rice varieties, there is a need to open up a niche market for heirloom 357 
rice to be integrated in the local, national and export market. This will provide an economic 358 
incentive to farmers for them to continue with their sustainable traditional farming systems. 359 
On the other hand, fish and duck production are two ventures that farmers can do to gain 360 
more income. Since ducks feed on golden apple snail, it has an added advantage in 361 
controlling the pest.   362 
 363 
The data shows that farmers with more diverse sources of income are better food secure. In 364 
this regard upfront investment are necessary to improve agricultural production and create 365 
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opportunities for income generation.  Investments may include loans, grants and payment of 366 
environmental services. Farmers who are capable of capturing the financial value of goods 367 
and services derived from the rice terraces are in a better position to do long-tern 368 
conservation of the rice terraces. 369 
 370 
The use of commercial inorganic fertilizer altered the quality of paddy soils in the rice 371 
terraces. Paddy soils under high yielding rice varieties are obviously sick with declining pH 372 
range compared to the more traditional site in Natonin, Mt. Province that has a more neutral 373 
soil. In this regard, it may be necessary for farmers to moderate the use of commercial 374 
fertilizers to control the decline in soil pH.  It may also be necessary for farmers to apply lime 375 
to neutralize soil acidity prior to cropping. 376 
 377 
 378 
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