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ISXECUTIVE SIMMABY 

INTRODUCTION 

The Bank-supported IRRI-II'PRI study on "Food Demand and Supply for 
Developing Member Countries" concluded that Philippines has comparative 
advantage in the production of both irrigated rice and non-rice crops. 
A second phase of this study is; underway to further define appropriate 
strategies for agricultural development for the Philippines, with special 
reference to the formulation 0.F plans to achieve optimum productivity in rice 
and corn, with emphasis on irrigated crop diversification. 

A critical issue in that ritudy is the need to examine the technical and 
socio-economic constraints to profitable production of irrigated upland 
(diversified) crops. This beczime the basis for a Technical Assistance 
(TA 654 PHI) by the Bank to the Government of the Philippines in association 
with the International Irrigation Management Institute (IIMI) entitled "Study 
on Irrigation Management for Crop Diversification." 

The Terms of Reference for this study are to.: 1) examine the constraints 
to irrigated crop diversification, with special attention to the irrigation 
management constraints; 2) examine ways in which the management of irrigation 
systems, particularly operation and maintenance (OW), can overcome these 
constraints thereby promoting crop diversification; 3 )  make preliminary 
agronomic and economic comparitions of the different management alternatives 
with various crops; 4) assess O&M institution building requirements resulting 
from the preliminary results of the study; and 5) determine required follow- 
up actions recognizing that the 2-year program is limited in making 
definitive conclusions. 

With these objectives, tht! IIMI staff together with local consultants 
(research staff of three universities) undertook the various component 
studies to fulfill the terms of reference. The approach used was to assess 
the constraints to irrigated crop diversification: irrigation, agronomic, 
eco'nomic, and institutional constraints. For each of the constraint 
camponents, corresponding studies were undertaken to provide information and 
data to make possible the alletriation of these constraints. 

Collaboration with the IRIX-IFPRI Study on Food Supply and Demand 
(Phase II), was in qlace, particularly in studying the economic constraints. 
Data gathered from these studies were shared with the IRRI-IFPRI team. 

This Final Report presentci the study results and assessments made 
regarding the constraints to irrigated crop diversification. The assessments 
are used to justify the follow-up actions or proposed second phase of the 
s tudy. 

i 
i 
I 

I '  
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I Literature Review 

There are existing irrigrition systems in the Philippines that have been 
irrigating diversified crops particularly in the dry season. Main system and 
farm level irrigation practict!s have evolved through ad hoc procedures 
undertaken in coping with limited water supply in the dry season. 
Corresponding agronomic practjces in growing non-rice crops have been 
developed to the extent that production of these diversified crops have 
become very profitable for farmers. 

The sources of moisture for these diversified crops are derived from 
rainfall, diverted river flows, for irrigation, and groundwater. Information 
on crop-water use and production technology for diversified crops are 
available. However, there is a paucity or absence of information and 
guidelines on effective irrigstion management to irrigate diversified crops 
for large systems in the dry season. There is a clear need to carefully study 
the constraints and condition€ for promoting irrigated crop diversification. 

IIMI's concern deals witk irrigation management that will alleviate 
primarily the irrigation and associated factors that inhibit or constrain the 
promotion of irrigated diversified cropping in the service areas of systems 
with suitable soils during the dry season. The search for practical ways to 
improve the management of the main and distribution systems is the primary 
objective in undertaking this study. 

Study Sites and Component Studies 

The primary study sites were in Allah Valley (South Cotabato), Isabela, 
and Cavite. The secondary sites were in Nueva Ecija, Pangasinan, 
and Ilocos Norte. The classification of sites were based on the intensity of 
data collection undertaken. 

Allah Valley Site. Three irrigation systems were studied at this site: 
a) Lateral A-extra, which incorporated the Pilot Testing and Demonstration 
Farm No. 2 (PTDF # 2) of the Allah River Irrigation Project (ARIP), b) Banga 
Ricer Irrigation System (BARIS), and c) Mani River Communal Irrigation 
System (MCIS). On-farm, agronomic, and institutional studies were all 
conducted in the three locations. System level and economic studies were 
undertaken only at the BARIS and MCIS. 

Isabela Site. The Magat River Integrated Irrigation Systems (MARIIS) 
was one of the selected study sites. Field studies were conducted 
particularly at the service areas at: a) SIBESTER IA area served by lateral 
A-3 of Division 11 and b) CPPL IA area served by lateral A-2-A12 of Division 
IV. Lateral level system study was conducted at these two locations. Other 
studies undertaken were on-farm irrigation methods, agronomic testing of 
alternative non-rice crops, economics of irrigated and rainfed non-rice crop 
production, and 06M practices of irrigators associations at these locations. 
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Cavi te  S i te .  The Second Laguna Bay I r r i g a t i o n  P ro jec t  (SLBIP) was 
another  s i te  se l ec t ed .  A s tudy on farm l e v e l  i r r i g a t i o n  methods f o r  white  
beans was conducted, p a r t i c u l d r l y  a t  t h e  Bankud River Irrigation System. A 
crop-water use s tudy was also conducted i n  r e l a t i o n  t o  t h e  consumptive use, 
drought, and water- logging to l e rances  of t h e  white-bean crop. However, t h i s  
s tudy was done a t  t h e  UPLB ex3eriment s t a t i o n  a t  Los Banos, Laguna. 

Secondary S i t e s .  These :sites were s e l e c t e d  t o  provide prel iminary 
information on e x i s t i n g  i r r i g . l t i o n  systems ope ra t ing  to accommodate 
d i v e r s i f i e d  crops i n  t h e  dry :season, appropr i a t e  t o  t h e  l i t e r a t u r e  review on 
i r r i g a t e d  c rop  d i v e r s i f i c a t i o n .  These sites were at :  a) Upper Talavera River  
I r r i g a t i o n  System (Upper TRIS) i n  Nueva Eci ja ,  b) San Fabian River I r r i g a t i o n  
System (SFRIS) i n  Pangasinan, c) Agno River I r r i g a t i o n  System (Agno RIS) a l s o  
i n  Pangasinan, and d)  Laoag-Vlntar River I r r i g a t i o n  System (LVRIS) i n  I locos  
Norte. 
a l s o  conducted on these  sites. 

Case s t u d i e s  of succerwful i r r i g a t e d  non- rice c rop  product ion were 

A l l  of t hese  s t u d i e s  w e n ?  made t o  correspond t o  t h e  examination and 
'assessment of t h e  i r r i g a t i o n ,  agronomic, economic, and i n s t i t u t i o n a l  
c o n s t r a i n t s  t o  i r r i g a t e d  c rop  d i v e r s i f i c a t i o n .  

STUDY RESULTS AND ASSESSMENTS 

I r r i g a t i o n  Cons t r a in t s  

On-farm l e v e l  s tud ie s .  !me amount of water f o r  i r r i g a t i n g  d i v e r s i f i e d  
crops  is a c t u a l l y  less than ri.ce. However, ' the volume and appropr i a t e  t iming 
of d e l i v e r y  is c r i t i c a l .  The irtudy a t  ARIP, PTDF#2 showed t h a t  t h e  i r r i g a t i o n  
of corn  w i l l  be necessary 
moisture requirements  f o r  croli growth. The a v a i l a b i l i t y  of dry season 
r a i n f a l l  discourages farmers I:o i r r i g a t e  upland crops. The amount of r a i n f a l l  
i n  the  dry season of 1985-86 was r e l a t i v e l y  high compared t o  previous years .  
However, in a t y p i c a l  year, i i ~ i g a t i o n  w i l l  be necessary  t o  o b t a i n  optimum 
production of d i v e r s i f i e d  c r o p .  

when r a i n f a l l  is not  s u f f i c i e n t  t o  provide t h e .  

A t  t h e  PTDF #2, i r r i g a t i o n  of corn w i l l  r e q u i r e  a l a r g e r  lateral  c a n a l  
capac i ty  t o  provide l a r g e  volinne flows a t  i n t e r m i t t e n t  periods. The 
computations showed t h a t  a m i n i m u m  c r i t e r i o n  of 2.25  Ips  per  ha w i l l  be 
appropriate .  Moreover, f o r  sandy s o i l s ,  appropr i a t e  d e n s i t y  and l i n i n g  of 
main farm d i t c h e s  wi th  ga ted  (:urnOuts are recommended t o  reduce e ros ion  and 
conveyance losses .  

In  r e l a t i v e l y  coarser  te:c,tured soils, hor i zon ta l  seepage of water  
a f f e c t s  t h e  i r r i g a t i o n  and drikinage of d i v e r s i f i e d  crops. P a r t i c u l a r l y  i n  
non- rice c rop  f i e l d s  ad jacent  t o  r i c e  paddies, seepage provides i n d i r e c t  
i r r i g a t i o n .  This  seepage e f f e c t  is inf luenced by t h e  presence of a 
"sandstone- like" l a y e r  i n  t h e  Al lah  Valley s i t e .  Thus, farmers are r e l u c t a n t  
t o  i r r i g a t e  t h e i r  corn f i e l d s  i n  a b e t t i n g  water- logging and t o  some ex ten t  
avoiding payment of i r r i g a t i o n  fees .  A s  shown a t  BARIS and MCIS, i r r i g a t i o n  
through seepage is s u f f i c i e n t  t o  provide the  moisture needs of t h e  corn crop. 
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However, a more in-depth study will be necessary to fully comprehend the 
extent of seepage as an irrigation alternative and its implications on the 
operational procedures of irrigation systems. 

A comparative study on irrigation methods was conducted. Results showed 
that furrow irrigation method for  corn was more effective in terms of shorter 
duration and lesser water use in comparison to the basin method. The furrow 
method reduced the time of irrigation to one-third that of the basin method 
(1 day/ha for furrow compared ta 3 days/ha for basin). However, there was 
additional labor cost incurred for guiding the water to the furrows. 
refining the furrow method for corn, results showed that triple-row was 
better than double row furrow irrigation in terms of less labor use. Both 
methods showed the same water use and yield. In irrigating white-beans, the 
furrow irrigation method was found to be better than the basin method, 
although more labor use was incurred in the furrow method. The double-row had 
less water use than the single-row furrow method. These irrigation methods 
will only become effective when appropriate farm level facilities are in 
place to provide irrigation and drainage and particularly if reliable water 
supply i s  provided at the right time and amount. 

Further 

System level studies. The existing practice of continuous irrigation at 
the system level discourages farmers to plant diversified crops. If water is 
delivered in sufficient quantities to grow rice, it becomes difficult to grow 
upland crops. Particularly at the BARIS and MCIS sites, lateral seepage 
affects corn fields adjacent to rice paddies. In Isabela, where water is 
delivered at two to three times the designed rate, the situation encourages 
farmers to grow rice rather than other crops. It is difficult to promote 
diversified cropping under these conditions and it is essential that systems 
are managed carefully to deliver only appropriate volumes of water to meet 
crop needs. 

Irrigation management techniques have yet to be developed that will 
allow more precise deliveries of water. Results in all sites showed that 
irrigation is continuous in the main system of the irrigation network, 
enabling farmers to manage water for rice. Lack of measuring devices and 
inadequate control facilities make it extremely difficult to deliver large 
volumes of water at intermittent periods, which is optimal for diversified 
crops. Monitoring of water demands as part of irrigation management has yet 
to be established in providing appropriate water supply to crops as observed 
in existing systems irrigating diversified crops. 

Agronomic Constraints 

Testing of alternative irrigated non-rice crops. In all of the sites, 
most non-rice crops are grown under rainfed conditions. To promote 
irrigated crop diversification, several non-rice crops were tested for 
adaptability in an irrigated environment. Irrigated non-rice crop production 
technology in the primary sites was not as widespread as expected. Problems 
associated with appropriate timing of non-rice crop cultivation were 
encountered in this study. Latt! planting of crops resulted in low yields. 
This was due to the vulnerability of crops to the build up of pests and 



5 

diseases and also to the sensltivity to high temperatures (in the case of 
pod formation in the white-been crop). However, optimum production and 
profitability can be attained if appropriate crop care practices are adopted. 
At the Allah Valley and Isabela site, irrigated hybrid corn and peanut crop 
production showed potential f3r adoption. At the Cavite site, irrigated 
white-bean production results indicated successful adoption only when 
appropriate crop care technol3gy and extension support are provided. 

Crop-water use of selected diversified crops. Corn and white-bean 
crops were studied for their crop-water use Characteristics. Moisture- 
sensitive stages of crop growth were identified. For corn, optimum water use 
was shown to be effective for grain yield when irrigated at the tasseling and 
grain formation stages for shellow water table areas. For the white-bean 
crop, sensitivity to water logging was shown to occur at the early to 
vegetative stages while drought affected the reproductive stage. 

There is widespread unfamiliarity with non-rice crop production under 
irrigated conditions. 
conditions or through seepage from adjacent rice fields. In drier areas, 
there is some acceptance of irrigated crop diversification, but in areas with 
significant dry season rainfall, the benefits of irrigated non-rice 
production still have to be demonstrated. 
cultivation is important because the factors of temperature, incidence of 
pests and diseases, and risk Df waterlogging through heavy rainfall are 
critical. The results from Cevite show that agronomic constraints can be 
mitigated with appropriate extension efforts. 

At the Allah Valley, corn is grown under rainfed 

Timing of non-rice crop 

Economic and Institutional Constraints 

The profitability of irrigated rice and non-rice crops were 
comparatively assessed. At the BARIS site, the returns to irrigated rice 
production was higher than that to irrigated corn. This can be attributed to 
the higher yield and market price of rice compared to corn. Moreover, input 
cash costs relative to yield were observed to be higher for corn than rice. 
This is due to lower production levels of corn. Comparing irrigated and 
rainfed hybrid corn, irrigated corn production was higher than that of 
rainfed corn. The difference was not pronounced due to the rainfall that 
occurred in the dry season which masked the effects of irrigation on corn. 

The market availability and price of non-rice crops were not stable 
enough to encourage irrigated non-rice crop production. At the Isabela site, 
farmers were very resRonsive to the market price of non-rice crops. The 
unstable market price of corn discouraged farmers from shifting away from 
rice in the dry season. Indirect incentives like reduced irrigation fees and 
non-payment of land rent for tenants can be considered as ways of promoting 
irrigated crop diversification. 

The main economic constraints found were unfavorable market prices and 
high input costs for non-rice crops. Where market prices are assured and 
stable, crop diversification can be attained. In Isabela, the unstable price 
of corn exacerbated farmers' reluctance to adopt non-rice crops. Similarly, 
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i n  t h e  Allah Valley site, t h e  comparatively low p r i c e  of non- rice crops was 
perceived by farmers as t h e  leading  problem i n  c rop  d i v e r s i f i c a t i o n .  

The i n s t i t u t i o n a l  comporient s t u d i e s  conducted showed t h a t  t h e  
ope ra t ions  of t h e  communal system were no b e t t e r  than  t h e  N U  systems. The 
d i s r ega rd  of farmers f o r  i r r i g a t i o n  schedules  r e s u l t e d  i n  inequ i t ab le  
d i s t r i b u t i o n  favor ing  t h e  upritream farmers i n  both BARIS and MCIS. There was 
an observed discrepancy on what w a s  perceived and p rac t i ced  by t h e  farmers 
with r e spec t  t o  t h e i r  r e s p o n n i b i l i t i e s  t o  t h e  i r r i g a t o r s  a s s o c i a t i o n  (U). 

Percept ions  on r e s p o n s i b i l i t i e s  ranged from payment of fees ,  meeting 
at tendance,  and adhering t o  rtgreed upon p o l i c i e s  and dec is ions .  I n  p r a c t i c e ,  
a major i ty  regarded maintenartce o r  group work as the  most important 
r e s p o n s i b i l i t y .  However, t h e  ove r r id ing  cons ide ra t ion  i n  making t h e  I A  v i a b l e  
is t h e  farmer members' perceived bene f i t  i n  j o in ing  t h e  IA; t h e  primary 
b e n e f i t  sought i s  s u f f i c i e n c y  of i r r i g a t i o n  water. Communication between 
farmers and system ope ra to r s  have t o  be improved i f  unce r t a in ty  over water 
d e l i v e r y  schedules  is t o  be reduced. Adherence t o  t h e  i r r i g a t i o n  schedule has 
t o  be p rac t i ced  in s t ead  of j u s t  being agreed upon. 

Ways t o  improve on t h e  communication between t h e  farmers and t h e  system 
ope ra to r s  f o r  t h e  implementation and adherence t o  water  d e l i v e r y  schedules  
have t o  be i n v e s t i g a t e d  t o  f u l l y  u t i l i z e  t h e  c a p a b i l i t i e s  of t h e  IAs. Stud ies  
t o  improve on t h e  j o i n t  manag:ement of I A s  and N I A  need t o  be conducted t o  
a t t a i n  b e t t e r  communication and reduce farmers'  concern on t h e  u n c e r t a i n t y  of 
water d e l i v e r y  schedules. 

SLMMBRY AND RECOMMENDATIONS 

I r r i g a t i o n w a t e r  Management 

The s tudy showed t h a t  t o  e f f e c t i v e l y  i r r i g a t e  d i v e r s i f i e d  crops  l a r g e r  
cana l  c a p a c i t i e s  have t o  be considered p a r t i c u l a r l y  i n  sandy s o i l s  a reas .  
However, e x i s t i n g  r i c e  g r a v i t y  systems can accommodate these  l a r g e  volume and 
i n t e r m i t t e n t  demands by extertding t h e  water d e l i v e r y  per iods  provided 
appropr i a t e  c o n t r o l  and monitoring of  water d e l i v e r i e s  are undertaken. The 
absence of e s t a b l i s h e d  guidel.ines i n  ope ra t ing  systems makes i t  d i f f i c u l t  t o  
i r r i g a t e  d i v e r s i f i e d  crops i r i  t h e  d r y  season. S tud ie s  t o  a r r i v e  a t  e f f e c t i v e  
procedures i n  i r r i g a t i n g  non-rice crops have t o  be conducted. 

On-farm i r r i g a t i o n  f a c i l i t i e s  r e q u i r e  modif ica t ions  t o  provide t h e  proper  
moisture cond i t ions  f o r  d i v e r s i f i e d  crops. Continuous flows of i r r i g a t i o n  
water r e s u l t  i n  water- logging; more so when t h e  e f f e c t s  of seepage are taken  
i n t o  cons idera t ion .  The e f f e c t s  of seepage on i r r i g a t i o n  and dra inage  of 
c rops  have t o  be inves t iga t ed  fu r the r .  To overcome t h e s e  c o n s t r a i n t s ,  i t  is 
recommended t h a t  i r r i g a t i o n  d e l i v e r i e s  be rescheduled t o  provide l a r g e  and 
i n t e r m i t t e n t  volumes t o  speed up i r r i g a t i o n  from 3 days to 1 day per  ha. To 
a t t a i n  t h i s ,  i t  w i l l  r e q u i r e  a d d i t i o n a l  i n v e s t i g a t i o n s  in determining opt imal  
d i t c h  d e n s i t y  of farm i r r i g a t i o n  and drainage d i t c h e s  and development of less 
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d be s )wn how to adopt furrow 
irrigation rather than basin flooding to speed up the time of irrigation, 
provide more uniform water, and apply less water on their farms. 

Agronomic Practices for Irrigated Diversified Crops 

Unfamiliarity with irrig.ited non-rice crop production technology is 
widespread particularly in the primary sites. Timing of cultivation for 
diversified crops is particuLirly important when there are factors such as 
temperature, incidence of pests and diseases and risk of water-logging 
through heavy rainfall. In arIEa8 where there is dry season rainfall, a 
greater effort has to be made to demonstrate the benefits of irrigation on 
diversified crops, especially in the timing of irrigation in relation to the 
growth stages of the plant, and the need to determine when irrigation is 
needed to avoid moisture strew. This must be supported by irrigation 
management more responsive to crop water requirements. It is recommended that 
more emphasis be placed on studies to alleviate the agronomic constraints so 
that production can be raised to levels which are attractive to justify 
additional input costs such flrrtilizer, seeds, pesticides, crop care, and 
irrigation. 

Economic and Institutional Aspects of Irrigating Diversified Crops 

The unstable prices and high input costs of non-rice crops were 
identified as the factors inhlbiting farmers to adopt irrtgated diversified 
cropping. Profitability of non-rice crop production is the foremost 
consideration of farmers in i:rigated agriculture. Where market prices are 
assured with comparable stability to rice prices, there is clear evidence 
that crop diversification can be achieved. In order to mitigate the 
constraints to marketing problems for non-rice crops, it Is recommended that 
investigations on the market 'itructure and post-harvest facilities be 
undertaken. Other indirect incentives such as reduction or removal of 
irrigation fees should be fur:her studied. 

Better communication between the farmers and the systems operators have to 
be established. This will reduce the concern on uncertainty of water delivery 
schedules particularly for irrigating diversified crops requiring large and 
intermittent volumes of water Studies on the joint management of systems 
between U s  and NIA have to btz undertaken to fully utilize the capabilities 
of organizations in providing effective irrigation service to the farmers. 
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PROPOSED PEASE I1 STUDY ON IRllIGATION MAUAGJNENT FOR CROP DIVERSIFICATION 

Rationale 

The results of the initid study showed that there are important 
technical and socio-economic .aspects t o  irrigation management for diversified 
cropping which are not understood, and which exert a profound effect on the 
profitability of cultivation .md the return on investment in irrigation. 
Several constraints to succesiful diversified cropping in irrigated areas 
were identified, together with suggested ways to mitigate those contraints. 

These results must be coisidered preliminary, however, due to the 
limited study period ( 2 2  montis and only one dry season) during which the 
study was conducted. This period was understood at the outset as sufficient 
only to open up the issues for further study with sharper focus, and to 
establish administrative and ~ubstantive relationships at several field sites 
which could lead to conclusivfs results over a longer period. To capitalize 
on the investment in the Phas? I Study, a more detailed study is needed. 

The Study Advisory Committee (SAC), comprising representatives of three 
Philippine Government agenciei (National Irrigation Admintstration [NIA], 
Ministry of Agriculture and Food [MAF], and the Philippine Council for 
Agriculture and Resources ResEarch and Development [PACRRD]), the Bank and 
IIMI, strongly endorsed the elrtension or second phase of the study at its 13 
August 1986 meeting. To ensuce that the study contribute to the larger goals 
of agricultural productivity Ln irrigated areas of the Philippines, the 
Committee recommended that prlority be given to the extension of studies on 
a) managing the main and distribution network of irrigation systems, 
b) on- farm irrigation methods and facilities, c) agronomic practices, 
and d) economic and institutimal aspects of irrigated crop diversification. 

Objective 

The primary objective of the Proposal is to determine those irrigation 
practices most likely to enhance the cultivation of selected non-rice crops 
in limited parts of irrigation systems during the dry season, and to field- 
test the most promising of those practices in selected commands. 

Associated objectives are to: 

1) Develop a criteria or methodology for identifying those parts of 
irrigation commands with comparative advantage for selected 
diversified crops; 

2 )  Compare the profitability of selected diversified crops under 
irrigated and rainfed conditions, and to compare their irrigated 
performance with that of irrigated rice; 

1 - r 



9 

3) Determine t h e  primary f a c t o r s  and t h e i r  i n t e r a c t i o n  which cond i t ion  
how farmers prepare land f o r  i r r i g a t e d  r i c e  i n  t h e  w e t  season and f o r  
one o r  more d i v e r s i f i e d  crops i n  t h e  dry season; 

4 )  Develop on-farm i r r i g n t i o n  methods f o r  at l e a s t  one upland crop; 

5) Design and f i e l d- t e s t  ope ra t ing  procedures f o r  publicly-managed 
p o r t i o n s  of i r r i g a t i o n  systems; and 

6) Recommend those  p o l i c l e s  l i k e l y  t o  support  more p r o f i t a b l e  farming 
p r a c t i c e s  and more p r o f i t a b l e  investment i n  i r r i g a t i o n  development as 
r e l a t e d  t o  d i v e r s i f i e d  crops and a r r i v e  a t  gu ide l lnes  on i r r i g a t i o n  
management p r a c t i c e s  €or  d i v e r s i f i e d  cropping. 

"4 

Proposed S i t e s  

The s t u d i e s  w i l l  be conducted a t  seven i r r i g a t i o n  s y s t e m s  onMindanao 

Some Phasz I work was c a r r i e d  o u t  i n  t h e  Luzon systems 
and Luzon Is lands .  A l l  t h r e e  systems s e l e c t e d  i n  Mindanao were included i n  
t h e  Phase I Study. 
too, but  the  Phase I1 proposal  envisages an extens ion  of the work t o  inc lude  
both Mindanao and Luzon w i t h  roughly equal  weight. 

On Mindanao Is land:  

a) A l l a h  River I r r i g a t i m  Pro jec t  (ARIP), 
b) Banga River I r r i g a t i o n  system (BARIS), and 
c )  Mani River Communal I r r i g a t i o n  System (MCIS); 

On Luzon Is land:  

a) Bonga Pump 62 (Bonga River  I r r i g a t i o n  System Pump No. 2 )  o r  a 

b) Laoag-Vintar River I r r i g a t i o n  System (LVRIS), 
c )  Upper Talavera River I r r i g a t i o n  System (Upper TRIS), and 
d )  Tarlac-San Miguel-O'Donnel River I r r i g a t i o n  s y s t e m  (TASMORIS). 

similar pump system, 

These systems provide a range of climatic and s o i l  condi t ions  
r e p r e s e n t a t i v e  of t h e  two most important i r r i g a t e d  r eg ions  of t h e  
Phi l ippines .  
a v a i l a b i l i t y  of NIA f i e l d  and counterpar t  s t a f f  who w i l l  assist i n  ca r ry ing  
o u t  t h e  s tud ie s .  

Their  s e l e c t i o n  w a s  based on many f a c t o r s  inc luding  t h e  

Implementing Arrangements and Reports  

The execut ing  Agency for t h i s  Technical Ass is tance  Phase I1 Study w i l l  
be t h e  I n t e r n a t i o n a l  I r r i g a t l o n  Management I n s t i t u t e  (IIMI). IIMI w i l l  c a r r y  
out  t h e  s t u d i e s  i n  c l o s e  c o l l a b o r a t i o n  w i t h  t h e  Nat ional  I r r i g a t i o n  
Administrat ion (NIA) which if. t h e  lead  government agency, toge ther  with t h e  
Ph i l ipp ine  Council  f o r  Agr i cu l tu re  and Resources Research and Development 
(PCARRD) and t h e  MInis t ry  of Agr icul ture  and Food (MAF). 
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N U  w i l l  be the  l ead  agency f o r  the  bwo i r r i g a t i o n  p r o j e c t s  and o t h e r  
i r r i g a t i o n  systems i n  which the  s tudy s i t e s  w i l l  be located.  NIA w i l l  a l s o  
be t h e  execut ing  agency f o r  a g r i c u l t u r a l  development i n  ARIP, w h i l e  f o r  t h e  
o t h e r s  t h e  N I A  i r r i g a t i o n  systems o f f i c e s  w i l l  be t h e  coopera t ing  agencies .  
MAF w i l l  a l s o  be a cooperat ing agency i n  r e spec t  of t r ia ls  with vegetables .  
S tudies  involv ing  crop  production in a l l  of t h e  s e l e c t e d  s tudy si tes w i l l  be 
c a r r i e d  o u t  i n  c l o s e  coordina t ion  with t h e  lead  r e sea rch  agencies  of t h e  
PCARRD consortium. 
Kabacan f o r  ARIP, BARIS and MCIS; t h e  Univers i ty  of the Ph i l ipp ines  i n  Los 
Banos; t h e  d i f f e r e n t  s t a t e  c o l l e g e s  and u n i v e r s i t i e s  under t h e  Cen t ra l  Luzon 
AgKiCUltUKal Research Center i n  Munoz f o r  t h e  Upper TRIS and TAWORIS; and 
t h e  Mariano Marcos S t a t e  Univers i ty  i n  Batac f o r  t h e  Laoag-Vintar RIS. It is 
intended t h a t  t h e  component s t u d i e s  be conducted i n  a s s o c i a t i o n  with IIMI. 
The r e sea rch  s t u d i e s  in t h e  Phase I1 Study will be included i n  t h e  annual  
review and evalua t ion  being conducted by PCARRD as p a r t  of i ts  regu la r  
coordina t ion  of a g r i c u l t u r a l  r e sea rch  pro jec ts .  

These agencies  a r e  t h e  Univers i ty  of Southern Mindanao i n  

The IIMI Coordinator f o r  the  Phase I Study o r  h i s  replacement w i l l  
d i r e c t  and coordina te  t h e  Phase I1 Study Implementation. The IIMI l o c a l  
(Ph i l ipp ine )  s t a f f  w i l l  cont inue t o  Carry o u t  on- si te  s t u d i e s  and da ta  
c o l l e c t i o n  f o r  each of t h e  s e l e c t e d  s tudy sites. These inc lude  on Research 
Associa te  and four  Research Ass i s t an t s .  Consultants  and r e sea rch  a s s i s t a n t s  
w i l l  be h i r e d  as needed t o  supplement t h i s  manpower. IIMI w i l l  provide a 
consul t ing  Agr i cu l tu ra l  Economist a t  t h e  I n t e r n a t i o n a l  l e v e l  t o  coordina te  
and provide guidance t o  t h e  economic s tud ie s .  
cooperat ing agencies  o r  u n i v e r s i t i e s  belonging t o  the  PCARRD network of 
research  c o n s o r t i a  w i l l  be engaged as l o c a l  consul tan ts .  To f a c i l i t a t e  
implementation, N I A  w i l l  cont inue t o  provide s i t e  o f f i c e  accommodation and 
a s s i s t a n c e  i n  da ta  c o l l e c t i o n  through i ts  f i e l d  personnel.  

Some re sea rch  s t a f f  from t h e  

The Phase I1 Proposal is planned f o r  a 29-month period commencing 
January 1987. However, i n  order  t o  cover t h r e e  d r y  seasons wi th in  t h i s  
period, d a t a  c o l l e c t i o n  w i l l  begin i n  November 1986 which is t h e  beginning of 
the  d ry  season i n  most of t h e  s tudy s i t e s .  

A f i r s t  o r  i n i t i a l  progress  review r e p o r t  w i l l  be presented by IlMI 
af ter  8 months, a second progress  review repor t  a f t e r  14 months, an in ter im 
r e p o r t  a f t e r  18 months, a workshop r epor t  a f t e r  22 months, a d r a f t  f i n a l  
r e p o r t  a f t e r  28 months, and a f i n a l  r e p o r t  on completion of  t h e  29-month 
period. 

Cost E s t i m a t e  

The c o s t  of t h e  proposed Phase I1 Study t e c h n i c a l  a s s i s t a n c e  is 
es t imated  at $415,000 of which $350,000 w i l l  be f inanced by t h e  Bank and 
$50,000 by IIMI and $15,000 tiy N U .  There w i l l  be no incremental  coun te rpa r t  
funding r equ i red  from the Government; however, as noted above, N I A  s t a f f  
a l r eady  employed a t  t h e  p ro jec t  s i tes and i n  r e l a t e d  research  a c t i v i t i e s  w i l l  
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assist and cooperate in the study and N U  will provide site office 
accommodation. These activities will not involve additional expenditure by 
the government. The contribution of N I A  will be the notional costs of 
collaboration with respect to the existing facilities and staff expected to 
assist in the bplementation of this Proposal. 

Since there will be a two-month (November and December 1986) advance on 
start-up time in 1986 for this first dry season activities, IIMI will provide 
interim support during this period contingent upon the Phase I1 Proposal 
being funded beginning January 1987. 



IRRIGATION MANAGEXENT FOR CROP DIVERSIFICATION1 

. 

I. BACKGROUND 

1-01 In recent years, developing countries growing irrigated rice crops 
have attained relatively consistent levels of self-sufficiency. 
of diversified crops on lands currently allocated to irrigated rice in the 
dry season emerges not only as an important alternative for optimizing land 
and water use for increased agricultural production but also as a challenging 
area in irrigation management as how best to manage water under different 
conditions related to climate, soil and existing irrigations systems. 

1-02 Several studies conducted in the Philippines have established the 
fact that diversified crops use significantly less water than rice Bt the 
farm level. The total water supply for rice under continuous flooding 
(at 10 cm) and relatively heavy soils, amounts to 800-1,000 unn ,(De Datta, 
198l), while the range for diversified crops are from 300 ram for bush beans 
to 600 mn for corn (Table 1.1). The works of Tabago (1977), Tabanao (1977), 
Gumtang (1984) and del Rosario et.al., (1985) among others, indicate the 
availability of information and data on water use of diversified crops in the 
Philippines. 

1-03 
there is a recognized potential for increasing agricultural production 
through optimal use of limited water. 
that while there is promise in this area, not all the factors that contribute 
to the success of growing diversified crops have been fully understood. 
Early programs such as the Angst-Magat Integrated Agricultural Development 
Project (AMIADP) conducted in 1973, faltered on marketing problems especially 
for the soybean and sorghum cr3ps. and that program was discontinued in 1975. 
Farmers preferred to grow irrigated rice instead. 

Climate 

1-04 In the Philippines, irrigated crops depend on two sources of 
moisture; rainfall and diverted river flows. 
Philippines can be categorized into four ( 4 )  rainfall types namely 
(Fig. I. 1): 

The growing 

Because diversified crops require less water than irrigated rice, 

Past experiences however, have shown 

The rainfall pattern in the 

Type I. Two pronounced seasons. Dry from November to April and wet 
during the rest of the yesr. This type covers the regions of Ilocos, 
Central Luzon, Northwest Mindoro, Northwest Palawan, Antique, Aklan, and 
Negros Oriental. 

Type 11. 
November to January. This covers the Western part of Southern Tagalog, 
Bicol region, most of Leyte, Eastern Samar and Eastern Mindanao. 

No dry season with very pronounced maximum rainfall from 

1 Final Report f o r  T.A. 654 PHI submitted to the Asian Development 
Bank (ADB) by the International Irrigation Management Institute 
(IIMI) December 1986. 
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Type 111. Season not pronounced with relatively dry from November to 
April and wet during the rest of the year. This covers Nueva Viscaya, 
Isabela and Cagayan, Masbate, Capiz, Negros Occidental, Southern Cebu, 
and some provinces in Central Mindanao and Southern Zamboanga. 

Type IV. 
This covers Eastern Mindanao, Western Bicol, Northern Cebu, Western 
Samar, Bohol and Southwest Mindanao (Hernandez, 1971). 

Rninfall more or less evenly distributed throughout the year. 

In the wet season, irrigation generally supplements rainfall while in the dry 
season it is the main source of water. 
rooting characteristics (e.g. corn, sorghum, cotton) sub-surface water 
sources play an important role especially in the dry season. Drainage 
considerations for these crops are also influenced by groundwater sources. 

For diversified crops with deep 

Project Objectives 

1-05 A technical assistance (T.A. 654 FliI) was granted by the Asian 
Developnent Bank (ADB) t o  the Gwernment of the Republic of the Philippines. 
This technical assistance entitled "Study on Irrigation Management for Crop 
Diversification" was implementei by the International Irrigation Management 
Institute (IIMI). The general objective was to identify technical and socio- 
economic constraints to irrigat,?d crop diversification with special attention 
to: 1) irrigation management coistraints to crop diversification, 
2 )  agronomic and economic comparisons of different irrigation management 
alternatives, 3)  assessment of Lnstitutional aspects relating to crop 
diversification, and 4 )  general implications from the above findings. 

Study Sites 

1-06 The study sites are located in three major regions of Philippines: 
the Isabela site in the northeajit, the Allah Valley in the south, and the 
Cavite site in the central region (Fig 1.2). In addition to the three sites 
selected, four other sites were added to gain insight and provide information 
on factors that contribute to successful crop diversification. They are: the 
Upper Talavera River Irrigation System (Upper TRIS) in Nueva Ecija; Agno 
River Irrigation System (Agno R"S) and San Fabian River Irrigation System 
(SFRIS), both in Pangasinan, and the Laoag-Vintar River Irrigation System 
(LVRIS) at Ilocos Norte. 

Component Studies 

1-07 Several component studles were undertaken to provide a multi- 
disciplinary package; these included monitoring of irrigation system 
management and on-farm water management practices of fafmern, agronomic crop 
management practices and plant-laoil-water relationships, economic comparisons 
of irrigated and rainfed non-rice crop production, and institutional aspects 
such as observing IAs and farme,: behavior in irrigation management. 
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1-08 
Phase I1 focused on t h e  economic cons t r a in t s .  
IFPRI  study. 
of rice and non- rice crops in the  s e l e c t e d  s tudy s i t e s ,  t h e  economics of 
overhead s p r i n k l e r  w a s  no t  attempted. 

1-09 Survey of I r r i g a t i o n  Ilanagement P rac t i ces .  The ope ra t ion  and 
maintenance p r a c t i c e s  of four  V I A  systems were surveyed and f a c i l i t i e s  f o r  
i r r i g a t i n g  d ry  seas01 d i v e r s i f l e d  crops were p r e l i m i n a r i l y  evaluated. These 
were t h e  Upper Talavera River  I r r i g a t i o n  System (Upper TRIS) in Nueva E c i j a ;  
Agno River I r r i g a t j o n  System (Agno RIS) and San Fabian River I r r i g a t i o n  
System (SFRIS), both in Pangastnan, and the  Laoag-Vintar River  I r r i g a t i o n  
System (LVRIS) a t  I l ocos  Norte, 

1-10 
ha) w a s  scheduled f o r  i r r i g a t e 4  d i v e r s i f i e d  crops, some farmers p e r s i s t  i n  
growing r ice in t h e  upstream and low ly ing  areas .  In  most years ,  on ly  50-60% 
(approximately 200-300 ha) of f:he programmed a r e a  a c t u a l l y  grows d i v e r s i f i e d  
crops. 

Col labora t ion  with t h e  IRRI-IFPRI Study on Food Supply and Demand 
Data was shared wi th  t h e  IRRI- 

Due p a r t l y  t o  l ack  of equipment and t h e  heterogeneous p l a n t i n g  

A t  t h e  Upper TRIS, a1:hough t h e  e n t i r e  d ry  season s e r v i c e  area (500 

1-11 Continuous i r r i g a t i o n  is genera l ly  p rac t i ced  in t h i s  system. But 
dur ing  times of water shor tage  t h e  non- rice crops r ece ive  p r i o r i t y  on a 
r o t a t i o n a l  schedule. 
no gu ide l ines  i n  opera t ing  t h e  system f o r  d i v e r s i f i e d  crops, fanners  have 
evolved t h e i r  own on-farm irr i .v:at ion p rac t i ces .  The i r r i g a t i o n  method used 

maintained w i t h  paddy dikes. 
p l o t s  o r  raised beds. For the  mulched p lo t s ,  d i t c h e s  a r e  cons t ruc ted  on t h e  
i n s i d e  edges of t h e  paddy bouncaries.  Flooding and d ra in ing  is accomplished 
with these  a s  perimeter  di tches.  
d i t c h e s  a r e  made i n  between beds t o  se rve  as i r r i g a t i o n  and dra inage  d i t ches .  
The assistant water management technic ian  (NMT) from NIA is respons ib le  f o r  
providing i r r i g a t i o n  water up t o  t h e  turnouts  and en fo rces  r o t a t i o n a l  
schedules  in times of water s c a r c i t y .  

1-12 A t  t h e  Agno RIS, only  20X of t h e  service a r e a  is programmed f o r  
d i v e r s i f i e d  crops  such as mungtean, cot ton,  tomato, and tobacco. The 
production of i r r i g a t e d  c o t t o n  and tomato a r e  cont rac ted  wi th  t h e  Ph i l ipp ine  
Cotton Corporation and Tomato Pas t e  Factory. For these  two crops, i r r i g a t i o n  
water is assured  due t o  guaranteed payment of i r r i g a t i o n  f e e s  through these  
agencies.  Moreover, they a r e  p lanted  in t h e  upstream por t ions  of t h e  system. 
I n  c o n t r a s t ,  tobacco and corn a r e  planted spa r ing ly  i n  r e l a t i v e l y  e l eva ted  
po r t ions  ad jacent  t o  rice areas, while  the mungbean f i e l d s  (approx. 200 ha)  
are loca ted  a t  t h e  t a i l  end por t ion  of t h e  system. 

1-13 Continuous i r r i g a t i o n  i s  p rac t i ced  but  when water is shor t ,  i t  i s  
r o t a t e d  by s e c t i o n s  of the  main and l a t e r a l  canals .  
c o n t r o l  g a t e s  in t h e  canals,  fanners  tend t o  provide t h e i r  own m a t e r i a l s  f o r  
checking ( r a i s i n g  the  water e l e v a t i o n  in t h e  canals ) .  . 

Because t h e r e  a r e  few c o n t r o l  s t r u c t u r e s  and v i r t u a l l y  

can be descr ibed  a s  "Basin-Flubh-Flooding." Rice paddy conf igu ra t ions  are 
Onion and g a r l i c  are grown i n  either mulched 

For the  r a i sed  beds ( 1-1.5 m wide), 

Because t h e r e  a r e  no 



15 

1-14 
a d d i t i o n a l  water  being d ive r t ed  as r e l eased  from t h e  h y d r o e l e c t r i c  dams a t  
Ambuklao and Binga i n t o  t h e  Agno r ive r .  Since t h e r e  i s  no f ixed  o r  r e l i a b l e  
schedule f o r  water r e l eases ,  farmers have tended t o  evolve ad hoc procedures 
f o r  i r r i g a t i o n  t o  t h e i r  mungbean crops. 

1-15 A t  t h e  farm l e v e l ,  basin- flush- flooding (temporary ponding u n t i l  a l l  
por t ions  of t h e  paddy a r e  s a t u r a t e d )  i s  prac t iced .  
r e t a ined  from t h e  previous r i c e  c rop  t o  impound t h e  water which is l a t e r  
drained i n t o  the  next  paddy. 
used by farmers t o  manage l l m i t e d  water suppl ies .  

1-16 
t h e  a c t u a l  t o t a l  a r ea  t o  be i r r i g a t e d .  The N I A  s t a f f  makes t h e  annual wet 
and dry season i r r i g a t i o n  schedules  and inform t h e  farmers dur ing  f e e  
c o l l e c t i o n .  For heavy r i c e  soils, i r r i g a t i o n  water duty is computed a t  1.5 
l p s /ha  by t h e  NIA s t a f f  and f o r  coa r se r  tex tured  soils t h e  water  duty  is 2.5 
lps/ha.  
planted t o  tobacco and t h e  r e s t  t o  r ice .  
f o r  tobacco is  because of coa r se r  tex tured  s o i l  i n  t h e  s e r v i c e  a rea  which 
would r e q u i r e  a l a r g e r  water duty  i f  planted t o  r i c e .  

1-17 Continuous i r r i g a t i o n  is p rac t i ced  in t h e  w e t  season. However, in 
t h e  dry season, a r o t a t i o n a l  schedule is implemented due t o  l imi t ed  water 
supply. The system is divided i n t o  s e c t l o n s  based on hydrologic boundaries 
and water a v a i l a b i l i t y .  Rota t ion  i s  done by l a t e r a l s  o r  s e c t i o n s  of t h e  main 
canal .  The s t a f f  gages i n s t a l l e d  a t  the  main c a n a l  and la tera l  headgates a r e  
r a r e l y  ca l ib ra t ed ,  so est imated water flow i s  based on t h e  experience of the  
NIA f i e l d  s t a f f  and a weekly r o t a t i o n  t o  each s e c t i o n  p ropor t iona l  t o  t h e  
a rea  and c rop  grown i s  implemented. 

1-18 A s  i n  the  o t h e r  a reas ,  c o n t r o l  g a t e s  i n  t h e  main and l a t e r a l  c a n a l s  
a r e  absent .  Checking i s  done on an ad hoc b a s i s  by farmers using f lashboards  
o r  tree trunks.  

1-19 On-farm l e v e l  i r r i g a t i o n  of tobacco is done using t h e  basin-flush- 
f looding  method (descr ibed  in 1-15). In f l a t t e r  a r e a s  and in l a r g e r  paddies, 
a d d i t i o n a l  farm d i t c h e s  a r e  ccns t ruc ted  f o r  d e l i v e r i n g  water t o  each paddy. 
Simultaneous openings i n  the  Faddy d ikes  are made t o  has ten  i r r i g a t i o n  
d e l i v e r y  and prevent water logging. 
d r a t n  excess  water t o  o the r  paddies. 

1-20 The Laoag-Vintar RIS i s  d iv ided  i n t o  two por t ions .  The upstream 
por t ion  se rv ing  the  Vintar  arcma has continuous wet and dry season i r r i g a t e d  
rice. The downstream por t ion  serv ing  t h e  Laoag-Bacarra-Sarrat (LABASA) area, 
has  wet season i r r i g a t e d  r i c e  and dry season i r r i g a t e d  d i v e r s i f i e d  crops. 
With  l i m i t e d  dry season water supply, a t o t a l  a r e a  of only 1,800 ha is 
i r r i g a t e d .  About 700 ha i s  planted t o  d i v e r s i f i e d  crops and the  r e s t  t o  
r i ce .  

The t a i l  end of t h e  system (mungbean a r e a )  i s  t o t a l l y  dependent on 

The paddy d ikes  a r e  

Thus, a form of  paddy t o  paddy i r r i g a t i o n  i s  

A t  t h e  San Fabian RIS,  t h e  yea r ly  dry season water supply determines 

Of a t o t a l  a r e a  of 1,383 ha i n  d ry  season a rea ,  about  884 ha i s  
The main reason f o r  t h e  l a r g e r  a r e a  

Addi t ional  d i t c h e s  a r e  a l s o  made t o  

i .  
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1-21 The Vintar  IA i s  not  func t iona l  s i n c e  the  farmers can easi ly g e t  
t h e i r  water due t o  t h e i r  favorecl upstream locat ion .  In c o n t r a s t ,  t he  LABASA 
I A  i s  more a c t i v e  s i n c e  t h e  farmers need t o  cooperate t o  e f f e c t i v e l y  use the  
s c a r c e  water supply t o  t h e i r  ar3a. 

1-22 The LABASA IA a rea  is  divided i n t o  two zones. Each zone is  managed 
by one water master who is respons ib le  f o r  water d i s t r i b u t i o n .  Each zone is 
sub-divided i n t o  d i s t r i c t s ,  and the  IA o f f i c e r s  and members come from these  
zones and d i s t r i c t s .  I r r i g a t i o n  planning and scheduling is done j o i n t l y  by 
the  LABASA IA and NIA staff  two weeks before the  s t a r t  of the  season. In t h e  
dry season, a r e a s  f o r  i r r i g a t e d  r i c e  and d i v e r s i f i e d  crops are based on the  
land c l a s s i f i c a t i o n .  I n  t h e  IABASA area ,  about 90% of the  land is planted  t o  
d i v e r s i f i e d  crops  ( g a r l i c ,  mungbean, and o the r  vegetable  crops).  

1-23 The water master implements the  schedule based on r o t a t i o n  by 
d i s t r i c t .  The o f f i c e r s  of the  LABASA IA help t h e  water master i n  
implementing the  schedule. 
tex tured  soils and every o the r  week f o r  c l ay  s o i l s .  Where t h e r e  is a c u t e  
water shortage,  p r i o r i t i e s  a r e  decided by the  d l s t r i c t  o f f i c e r s  and LABASA 
Board of Direc tors  i n  cooperat ion with the  NIA f i e l d  s t a f f  and schedules are 
ad jus t ed  according t o  crop  needs .  

1-24 A s  i n  the  San Fabian RIS,  t he  s t a f f  gages a t  major cana l  po in t s  a r e  
r a r e l y  c a l i b r a t e d  and farmers have genera l ly  evolved t h e i r  own methods of 
i r r i g a t i o n  p r a c t i c e s  on an ad hoc bas is .  

1-25 The f i e l d  o r  on-fann l e v e l  i r r i g a t i o n  p r a c t i c e s  f o r  d i v e r s i f i e d  
crops a r e  c a r r i e d  out  by impourding water within t h e  paddy p lo t s .  An a c t u a l  
survey of t h e  main farm d i t ches  i n  the  LABASA IA s e r v i c e  area gave a mean of 
108 m/ha of farm d i t c h  density. The r e l a t i v e l y  undulat ing topography i n  the  
s e r v i c e  area (mean s lope  1%) allows the  paddy t o  paddy flow of water dur ing  
i r r i g a t i o n  even f o r  d i v e r s i f i e d  crops. B a s i n  f looding i s  prac t iced ,  as i n  
the  o t h e r  areas.  The small farm s i z e  ( 0.5 ha) enables, i n  some cases,  a 
300% cropping in t ens i ty .  

1-26 Farmers' Decision Making Processes: A s tudy of cases of success fu l  
i r r i g a t e d  crop  d i v e r s i f i c a t i o n  was conducted, t o  provide i n s i g h t s  i n t o  
farmers' dec i s ion  making process t o  grow i r r i g a t e d  non- rice crops i n  t he  dry 
season. The phys ica l  f a c t o r s  l , i .  e., i r r i g a t i o n ,  s o i l ,  and c rop  production 
technology) were taken i n t o  account together  with the  f i n a n c i a l  p r o f i t a b i l i t y  
and the  a s soc ia t ed  crop  inpu t  and output  r e q u i s i t e s  ( c r e d i t  and marketing). 
This  s tudy w a s  conducted i n  t h c  four  (4) i r r i g a t i o n  systems. Highl ights  of  
the  r e s u l t s  f o r  4 crops (tobacco, cot ton,  onion and g a r l i c )  are presented i n  
t h i s  repor t .  

1-27 A t o t a l  of 40 farmers f o r  each crop were interviewed regarding  t h e i r  
expecta t ions  and a c t u a l  farming performance. 
regarding s u f f i c i e n c y  of i r r i g a t i o n  water f o r  r i c e  ind ica ted  t h a t  farmers 
have a f a i r l y  accura te  assessment of water a v a i l a b i l i t y  du r ing  the  d ry  
season. A t  t he  SFRIS, where w a t e r  supply is l imi t ed  i n  the  d r y  season, only  
a t h i r d  (33%) of the  sample farmers surveyed ind ica ted  t h e  su f f i c i ency  of 

Weekly i r r i g a t i o n  water is suppl ied  f o r  c o a r s e r  

Responses on the  percept ions  

I 
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water for rice (Table 1.2) .  Out of this portion that perceived sufficiency 
only 39% actually planted rice. 
responded that given sufficient water, they will plant rice. 
that farmers prefer to plant rice than tobacco if water is sufficient. 

1-28 
sufficiency of water for rice 
The sampled farmers in this s:?stem were located i n  the upstream portion. 
Among those farmer who did no!: expect water sufficiency for rice, all 10 
respondents (100%) said they would not plant rice even if water was made 
available to grow rice (Table 1.2). 
not as clear cut regarding growing rice if sufficient water were available. 
However. more than half (58%) preferred to plant non-rice crops. 

1-29 A comparative assessment was made regardtng input cash costs, 
family labor, and profitabi1i:y between diversified crops and rice. For 
tobacco, the input cash costs was not very much higher than rice (Table 1.3). 
However, the family labor was five times as much as that for rice. The 
profitability was three times as much compared to rice. Tobacco is grown as 
a cash crop with an assured market (Table 1.4). More than half of the sampled 
farmers were also provided wieh credit by the buyer. This in effect provides 
an added incentive to plant tobacco. The reason farmers gave in preferring 
tobacco among other crops was the profitability and familiarity with the 
production of tobacco. 

1-30 For the cotton crop, a well-structured production, credit and 
marketing program leading to .I profitable outcome is the main reason for its 
adoption by farmers in the Agno RIS. 
labor input, profitability is still attractive, considering the cash inputs 
and marketing assurance incen:ives provided (credit and marketing of produce 
is assured by the Philippine Cotton Corporation). However, the main drawback 
of producing cotton is the absence of immediate cash retiirns (Tables 1.3 and 
I. 4 ) .  

1-31 Onion production at Jpper TRIS, has the highest input cash 
requirements, family labor, and also  profitability among the crops presented 
(Table 1.3). With no assured market nor source of credit, onion production 
is more risky compared to tobacco, cotton or rice but the profits are high 
(Table 1.4). This crop is mor: vulnerable to market conditions prevailing 
after harvest, indicating the fragmented market structure that beset this 
crop. 

1-32 Garlic production in LVRIS has the highest seed cost and family labor 
requirements (Table 1.3). Like Onion production, it is also a high risk crop 
because there is no assured market nor source of credit. It is also 
vulnerable to market conditions prevailing after harvest (Table 1.4). 

1-33 
cropping can be enumerated based on the cases reviewed i n  these systems 
namely: a) limited water supply; b) limited income opportunities from other 
sources of livelihood; c )  observed profitability from neighboring farmers who 
diversified; d) family's rice consumption requirement fulfilled for the year 

However, more than half (59%) of the farmers 
This indicates 

At the Agno RIS, for those sampled farmers who indicated a perceived 
more than half (53%) planted rice (Table 1.2). 

At the Upper TRIS, the responses were 

Despite moderate input costs and family 

Conditions suitable for successful adoption of irrigated diversified 
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from the wet season cropping; e) the production of the crop is perceived as 
technically feasible to grow (suitable soil and topography, familiarity with 
the crop technology, and water availability); f) availability of seeds; 
g) the crop is perceived as economically viable (presence of market, sources 
of credit if needed and labor); h) the farmer is convinced that the crop will 
significantly provide higher returns than rice; and i) the market price of 
produce is relatively stable or assured as in the case of "contract farming" 
with appropriate companies. 

1-34 
irrigation systems can be effectively managed for optimazation of diversified 
cropping. Information on crop water use are established and crop production 
technology is in place. However, if existing irrigation systems are to be 
effectively utilized for increasing productivity in the dry season, attention 
should be geared towards the management of these systems. 

1-35 Plusquellec andwickham (1985) sum up the problem of diversified dry 
season crops as requiring less water than rice, but greater control over the 
Water. Dry season water is insufficient to irrigate most of the project 
areas, but control and management in both the system and on-farm levels are 
even more limiting at present. 
the dry season, farmers evaluate primarily the prospects o f  profitability and 
adequate water control, periods and intervals of availability, reliability of 
supply, stream size, and protection from over-irrigation, €or example, and 
only secondarily the amount of water. 

One factor that needs attention is the paucity of information on how 

In considering possible non-rice crops for 

1-36 Profitability of upland farming is also jeopardized, at least in the 
short run, by the absence of guidelines on how large system should be 
operated to supply water for dlversified crops. Water management 
recommendations are usually based on potential water requirements and on-farm 
distribution methods which are largely irrelevant in systems which are 
operated without positive gate control at the outlets and without predictable 
intervals of irrigation followEd by no irrigation. 

1-37 Land improvements necessary for converting first-class rice land to 
productive upland crops are a) creation of a series of beds 4 to 5 meters 
wide separated by ditches to riise the elevation of the land, b) land 
consolidation which increases the surface drainage, irrigation and road 
networks, and c) flood embankments in some cases to keep out excess water and 
to protect the surface networks. 



11. STUDY SITES AND CORRESPONDING STUDIES 

Al lah  Valley S i t e  

2-01 
I r r i g a t i o n  P ro jec t  (ARIP), P i l J t  Tes t ing  and Demonstration Farm No. 2, 
L a t e r a l  A-extra; 2 )  Banga River  I r r i g a t i o n  System (BARIS); and 3) Mani River 
Communal I r r i g a t i o n  System (MC CS). 

2-02 ARIP, PTDF82, L a t e r a l  A-extra. Component s t u d i e s  were conducted i n  
service a r e a  of ARIP, a t  Lateral A-extra with a command a r e a  of 277 ha, t h e  
s i t e  f o r  t h e  PTDF 82 (Fig. 11. 1). 
because of porous (sandy) s o i l  with po r t ions  of  undula t ing  t e r r a i n ,  t h e  
a v a i l a b i l i t y  of i r r i g a t i o n  w a t l ? r  from the  DAM I of ARIP a t  t h e  onse t  of the  
s tudy i n  October 1985 was a major f a c t o r  f o r  i t s  s e l e c t i o n  as a p i l o t  s i t e .  

2-03 The s t u d i e s  included: a )  a water management scheme f o r  L a t e r a l  
A-extra ( inc lud ing  improvementn on farm l e v e l  i r r i g a t i o n  f a c i l i t i e s )  f o r  
i r r i g a t i n g  non- rice crop dur ing  t h e  dry season; b) eva lua t ion  of furrow and 
furrowed-basin i r r i g a t i o n  methods; c) t e s t i n g  of a l t e r n a t i v e  i r r i g a t e d  
non- rice c rops  (mungbean, peanut, and improved open- poll inated co rn ) ;  and 
d )  an agro-socio-economic p r o f i l e  of  t h e  farmers. 

2-04 
t o  demonstrate t h e  needs f o r  i r r i g a t i o n  on hybrid corn dur ing  t h e  d r y  season 
w a s  a l s o  undertaken. 

2-05 Banga River  I r r i g a t i o n  System (BARIS). In  order  t o  s tudy i r r i g a t i o n  
system management f o r  crop d i v e r s i f i c a t i o n  on a n  e x i s t i n g  system, t h e  BARIS 
w a s  s e l e c t e d  (ad jacent  t o  A R I P  Fig. 11.1). The BARIS i s  a run- of- the- river 
type i r r i g a t i o n  system w i t h  a command a r e a  of 1,930 ha. The dominant problem 
i n  t h i s  system i s  the  high amount of s i l t  contained i n  the  r i v e r  flow. 0 & M 
procedures are being undertaken t o  a l l e v i a t e  t h i s  problem. One outs tanding  
f e a t u r e  of t h i s  system is t h e  p a r t i c i p a t i o n  of t h e  IA i n  t h e  water 
a l l o c a t i o n ,  scheduling, and implementation dec i s ions  i n  ope ra t ing  t h e  
system. For more d e t a i l s  on t h i s  see Annex 1. 

2-06 I n  a d d i t i o n  t o  t h e  i r r i g a t i o n  system management s tudy whereby 
monitoring of 0 & M procedures were undertaken, o t h e r  component s t u d i e s  were 
a l s o  conducted i n  t h i s  system. These s t u d i e s  were: a )  economic s tudy on t h e  
p r o f i t a b i l i t y  of d i f f e r e n t  cropping pa t t e rn ;  b) t e s t i n g  of a l t e r n a t i v e  
i r r i g a t e d  non- rice c rops  (mun(:bean, peanut, and improved white  
open- pollinated co rn ) ;  c )  eva lua t ion  of furrow and furrowed-basin i r r i g a t i o n  
methods; and d)  agro-socio-economic p r o f i l e  s tudy of BARIS farmers. 

2-07 Mani River Communal I r r i g a t i o n  System (MCIS). A c:omparative s tudy 
on i r r i g a t i o n  system management between a NIA managed system and a farmer 
managed communal system (MCIS iierving 700 ha) was conducted. This  s y s t e m  
de r ives  i ts  water source from i i  concre te  d ive r s ion  dam a c r o s s  Mani River 
loca ted  i n  Esperanza, Koronadal., South Cotabato. N U  provided f i n a n c i a l  and 
t echn ica l  a s s i s t a n c e  i n  improving t h e  phys ica l  f a c i l i t i e s  of t h i s  system. 
Each farmer is a member of t h e  I A  i n  t h e  area.  The ope ra t iona l  d e t a i l s  of 
t h e  system can be found i n  Annex 2. 

There a r e  t h r e e  i r r i g a t i o n  sys tems  a t  t h i s  s i t e :  1) Allah  River  

Although not  considered an i d e a l  s i t e  

A s imula t ion  of i r r i g r i t i n g  corn based on a 18-year r a i n f a l l  record 
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2-08 rrigation system management at this system 
other studies were also conduct.ed. These studies were: a) horizontal and 
spatial distribution of soil mciisture or seepage effects for irrigation; 
b) testing of alternative irrigated non-rice crops (mungbean, peanut, and 
improved open-pollinated corn); c) evaluation of furrow and furrowed-basin 
irrigation methods; and d) agro-socio-profile of farmers. 

Besides the study OA 

Isabela Site ' 

2-09 The Magat River Integrated Irrigation Systems (MARIIS), formerly the 
Magat River Multipurpose Project (MRMP) has a storage reservoir dam with a 
command area of 97,000 ha in the wet season (Fig. 11.2). In the 1985 dry 
season, the actual area irrigated was 74,445 ha. 
its service area is classified a s  having soils with dual and diversified land 
classes. The land classification was based on the textural type, water- 
holding, and productivity characteristics. For the first class rice soils, 
the textural type is clay with an estimated seepage and percolation rate of 3 
to 5 m/day. For the dual land class, the textural types ranges from clay 
loam to sandy loam with a seepage and percolation rate of about 5 mm/day. 
For the diversified land class, the textural types range from sandy loam to 
sand with a seepage and percolation rate of more than 10 mm/day. About 70% 
of the dual and diversified land classes at MARIIS command area (11,000 ha) 
are found at the service area Eivision I1 i n  the towns of San Mateo and 
Cabatuan. The other locations are found in Division IV service area. These 
soils are commonly referred to as belonging to the Lateral A series service 
area of MARIIS. 

2-10 Field studies were conducted at: 1) Sibester IA area served by 
Lateral A-3 of Division 11; and 2) CPPL IA area served by Lateral A-2-A12 of 
Division IV. 

2-11 
laterals. Other component studies were also conducted at these two field 
sites. These were: 1) evaluation of two irrigation methods for corn (double 
KOW vs triple TOW furrows); 2) crop testing of alternative irrigated 
non-rice crop (peanut); 3) economic aspects of irrigated/non-irrigated crop 
diversification; and 4 )  a study on the operation and management of the 
irrigation associations at these field sites. 

Approximately 11,000 ha of 

A study on the system level management was conducted in the above 

Cavite Site 

2-12 The Second Laguna de Bay Irrigation Project (SLBIP), expected to be 
completed in 1988, will irrigate about 13,160 ha in the wet season and 9,600 
ha in the dry season. Approximately 2,500 ha is programed for vegetable 
production as part of an increase in irrigated area made possible by pumping 
water from Laguna de Bay in the dry season. 
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2-13 The proximity of Cavite to Manila (approximately 40 km south) favors 
the marketing of vegetables. 
soil type can be used for vegetable production through raised beds and 
ridges. The rainfall pattern is characterized by distinct wet and dry 
seasons. The wet season Start8 in May and ends in October. The dry season 
usually starts in November and ends in April. 
climatic conditions, vegetable production is a logical choice for irrigated 
crop diversification. 

2-14 The N U  and MAF conducted a program to promote white bean production 
as part of a development effort to utilize the planned 2,500 ha for vegetable 
production at SLBIP. This program led IIMI to conduct studies relevant to 
the production of white beans. 

2-15 The conducted studies evaluated the single-row and double-row furrow 
irrigation methods and the drought and flooding (water-logging) tolerances of 
the white bean crop. 

Moreover, the relatively heavy OK finer (clay) 

With these geographic soil and 

Secondary Sites 

2-16 In addition to the three sites selected for this study, four sites 
were added to gain more insight and provide information on irrigated crop 
diversification. However, the intensity of data collection at these sites 
was less than that of the main sites. These sites were at the San Fabian 
River Irrigation System (SFRIS), Agno River Irrigation System (Agno RIS), 
both in Pangasinan, Upper Talavera River Irrigation System (TRIS) (Nueva 
Ecija) and the Laoag-Vintar River Irrigation System (LVRIS) (Ilocos Norte). 

2-17 These irrigation systems operate under favorable conditions for 
irrigated crop diversification because no rain is expected from October to 
April in the dry season. 
river flows consequently decreases in the dry season. About half ( 5 0  to 60%) 
of the service area is programmed for rice irrigation, with the remaining 
area programed for non-rice crops (tobacco, garlic, onion, mungbean. and 
cotton). 
clay loam to sandy loam. 
the dry season and have developed considerable familiarity with irrigated 
non-rice crop production technclogy. 

2-18 This study focused on the economics of irrigated non-rice crop 
production (input and output) and farmer decision making aspects of irrigated 
crop diversification. O&M procedure at these sites was also surveyed. Of 
particular interest are the conditions that have made irrigated crop 
diversification successful. Limited irrigation water supply, no rainfall, 
soil suitability, 
and favorable market conditions among others all combine to provide a 
suitable environment for irrigated diversified cropping. 

With this rainfall pattern, irrigation water from 

The soils are suitable for upland crop cultivation, ranging from' 
Farmers have long practiced crop diversification in 

familiarity with irrigated non-rice production technology 



111. CONSTRAINTS TO CROP DIVERSIFICATION 

I r r i g a t i o n  Cons t r a in t s  

3-01 On-Farm s tudy results. A t  PTDF#2, water supp l i e s  were der ived  from 
t h e  flows of Lateral  A-extra hesdgate and a v a i l a b l e  r a i n f a l l .  
and dry seasons depending on t h e  r e l a t i v e  amounts of r a i n f a l l  occurr ing  i n  
p a r t i c u l a r  per iods  wi th in  t h e  year. Thus t h e  wet season is from May t o  
November and t h e  dry season f r o a  December t o  A p r i l  (Fig. 111.1). The 1985-86 
r a i n f a l l  p a t t e r n  w a s  r e l a t i v e l y  wet compared t o  the  mean of 18-year r a i n f a l l  
d a t a  i n  t h i s  site. This r a i n f a l l  record  was obtained from a s t a t i o n  
approximately 20 km. from t h e  sLte. Cumulative 20 percent ,  50 percent ,  and 
80 percent  p r o b a b i l i t i e s  were computed using t h e  incomplete gamma func t ion  
(Fig. 111.1). 

3-02 
(500 I p s )  is l a r g e r  than t h e  designed d ischarge  (391 Ips) .  Crop 
environmental demands were compited based on t h e  evaporat ion and seepage and 
pe rco la t ion  (S & P) measurement3. Evaporation a t  t h i s  s i t e  ranges from 3-6 
mmlday while  t h e  S L P is about  10 mlday.  

3-03 The est imated S & P va lue  is r e l a t i v e l y  low f o r  sandy s o i l s ,  due t o  
t h e  presence of a semi-permeabl,? l a y e r  of "sandstone" l i k e  m a t e r i a l  i n  t h i s  
site. The depth of 
t h i s  l a y e r  from t h e  su r face  ranges from 0.5 m near  t h e  highway and 1.5 m near  
t h e  river. The mean depth i n  t i e  f i e l d s  measured is about  0.8 m. It was 
a l s o  observed t h a t  t h i s  l a y e r  fol lows t h e  land su r face  topography. The main 
e f f e c t  of t h i s  l a y e r  i s  t o  s i g n t f i c a n t l y  r e t a r d  t h e  downward flow o r  
pe rco la t ion  of water r e s u l t i n g  Ln t h e  r e l a t i v e l y  low S L P measurements and 
impounding of water i n  the  low port ions of the  L a t e r a l  A-extra s e r v i c e  area.  

3-04 With t h e  phys ica l  paramtater determined, coupled wi th  t h e  farmers 
expressed preference (through s x v e y ) ,  a rice-corn-legume cropping p a t t e r n  
was proposed. 
of NU-ARIP. However, only t h e  water de l ive ry  schedule f o r  the  r i c e  and corn  
crops  is presented i n  t h e  complltted s tudy r e p o r t  (Annex 111). 

3-05 Through a s imula t ion  mo'jel, a l t e r n a t i v e  i r r i g a t l o n  schedules  f o r  
i r r i g a t e d  r i c e  ( w e t  season) and corn ( d r y  season) based on t h e  20 percent ,  50 
percent,  and 80 percent  p r o b a b i l i t y  l e v e l s  of weekly r a i n f a l l ,  two p lan t ing  
schedules  were proposed: an e a r l y  p l an t ing  r equ i r ing  two per iods  of 
i r r i g a t i o n  and a l a t e  p l an t ing  requi r ing  t h r e e  periods of i r r i g a t i o n .  

3-06 
p r o b a b i l i t y  l e v e l  of weekly r a i n f a l l  was assumed with the  corresponding 
volumes of water d e l i v e r i e s  computed based on continuous i r r i g a t i o n  f o r  r i c e  
and i r r i g a t i o n  i n t e r v a l  f o r  50% s o i l  water dep le t ion  threshold  f o r  t h e  corn  
crop. A 40% o v e r a l l  water-use e f f i c i e n c y  was assumed due t o  t h e  unl ined and 
e r o d i b l e  e x i s t i n g  farm di tches .  It is a n t i c i p a t e d  t h a t  e f f l c i e n c y  can 
increase t o  60% i f  the  main f a r n  d i t c h e s  were l ined.  I r r i g a t i o n  water 

There are wet 

F i e l d  measurements showed t h a t  t h e  a c t u a l  Lateral-A-extra d ischarge  

This l a y e r  has  th i ckness  ranging from 5 cm t o  20 cm. 

T h i s  was discussc?d a t  meetings wi th  farmers and t h e  ACD s t a f f  

For t h e  proposed water management scheme F'TDF82, t h e  50 percent  
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d e l i v e r i e s  f o r  both e f f i c i e n c i w  a r e  presented i n  t h e  r e p o r t  (Annex 111). 
This  s tudy  shows t h e  inappropr j a t e  terminal  o r  farm l e v e l  i r r i g a t i o n  
f a c i l i t i e s  e x i s t i n g  a t  ARIP. 

3-07 
crops, i n  this  case corn, showed t h a t  t h e  minimum c r i t e r i a  of 2.25 I p s  per  ha 
t o  be appropr ia te ,  providing l a r g e  volume flows a t  i n t e r m i t t e n t  per iods  
necessary i n  i r r i g a t i n g  t h e  corn  crops. Moreover, f o r  sandy so i l s ,  l i n e d  
main farm d i t c h e s  a r e  recommended i n  order  t o  accommodate l a r g e  volume flows 
a t  t h e  turnout ,  preventing erosion,  and conveyance losses.  

3-08 
f a c i l i t i e s  a t  L a t e r a l  A-extra. 
observed. The P a r s h a l l  flume a t  the headgate of L a t e r a l  A-extra w a s  found 
defec t ive .  Thus, a c a l i b r a t e d  s t a f f  gage w a s  i n s t a l l e d  t o  measure water 
flows e n t e r i n g  t h e  l a t e r a l .  A decrease i n  t h e  turnout  s e r v i c e  a r e a  ranging 
from 16 t o  37 ha w a s  recommended. This then increased  t h e  t o t a l  number of 
turnouts  from 8 t o  11. Subsequently, an i nc rease  i n  t h e  d e n s i t y  of main and 
in te rna l  farm d i t c h e s  was recommended from 515 mlha t o  712 m/ha.  
t h e  la tera l  canal was found t o  be i n  need of  ex tens ion  f o r  another  800 m. 

3-09 The l o c a t i o n  and l i n i n g  of t h e  main farm d i t c h e s  are recommended t o  
be cons t ruc ted  with t h e  e x p l i c i t  p a r t i c i p a t i o n  of t h e  farmers. A l t e r n a t i v e  
materials, (clay,  concre te  h o l h w  blocks) f o r  lining w i l l  be evaluated f o r  
cos t s ,  conveyance e f f i c i ency ,  and s t a b i l i t y ,  a s  p a r t  of t h e  proposed second 
phase o r  ex tens ion  a c t i v i t i e s  at PTDF #2. The func t iona l  involvement of the  
farmers i s  expected t o  l ead  t o  the e f f e c t i v e  u t i l i z a t i o n  of i r r i g a t i o n  water 
and farm l e v e l  f a c i l i t i e s .  

The computed design capac i ty  f o r  la tera l  c a n a l s  s e rv ing  d i v e r s i f i e d  

Another component s tudy conducted was t h e  redesign of t h e  farm l e v e l  
Design and cons t ruc t ion  d e f i c i e n c i e s  were 

Moreover, 

3-10 Hor izonta l  and s p a t i a l  subsurface movement of s o i l  water ( i r r i g a t i o n  
through seepage). A t  t h e  Mani l l iver  Communal I r r i g a t i o n  System (MCIS) site,  
a s tudy on t h e  subsurface lateriil movement of s o i l  water  o r  seepage water 
movement was conducted. 
e x t e n t  of how corn f i e l d s  p lanted  ad jacen t  t o  r i c e  paddies are a c t u a l l y  
i r r i g a t e d  through seepage. The r e s u l t s  show t h a t  corn f i e l d s  ad jacent  t o  
rice paddies  a r e  i r r i g a t e d  through seepage. A s i g n i f i c a n t  i nc rease  i n  s o i l  
moisture up t o  a d i s t ance  of 10 m w a s  observed (Table 111.1 and Fig. 111.2). 
This  can be a t t r i b u t e d  t o  t h e  r i ! la t ively coa r se r  t e x t u r e  of t h e  soil ( i n  t h i s  
case tupi ,  f i n e  sandy loam) and t h e  presence of t h e  "sandstone" l a y e r  ( s e e  
s e c t i o n  para 3-03 and Fig. 111.3). 

3-11 Related t o  t h i s  study, i i  survey of 21 corn f i e l d s  at: BARIS was 
conducted. In t h i s  survey, r egu la r  s o i l  moisture sampling w a s  undertaken. 
The purpose of this survey w a s  t o  determine t h e  seepage e f f e c t s  on corn 
ad jacen t  t o  r i c e  paddies a t  thiir system. However, t h e r e  were only 10 samples 
t h a t  were f i n a l l y  assessed  f o r  comparison. P a r t i c u l a r l y  f o r  hybrid corn, 
i r r i g a t e d  samples were compared with t h e  r a in fed  samples. Notwithstanding 
t h e  l i m i t e d  samples, differences1 i n  y i e ld ,  and s o i l  moisture content  were 
obtained (Table 111.2). This i r id ica tes  the  need f o r  i r r i g a t i o n  i n  t h e  dry 
season i n  o rde r  t o  o b t a i n  optimum y i e l d  i n  t h i s  case  a t  BARIS. Resu l t s  of  
t h i s  prel iminary s tudy on t h e  e f f e c t s  of i r r i g a t i o n  through seepage needs 
f u r t h e r  i n v e s t i g a t i o n  t o  f u l l y  understand i ts  impl i ca t ions  i n  terms of 

This  s1:udy w a s  undertaken t o  determine t h e  phys ica l  
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approaches f o r  i r r i g a t i o n  and admin i s t r a t ive  f e a s i b i l i t y  (e.g. farmers'  and 
N U ' S  e x p l i c i t  r ecogn i t ion  of wepage e f f e c t s  as provided by t h e  i r r i g a t i o n  
system). 

3-12 
corn can be s imultaneously i r r i g a t e d .  
t o  be conducted t o  f u l l y  assess t h e  ex ten t  of t h i s  seepage soil water 
behavior. Moreover, t h e r e  are o the r  imp l i ca t ions  of t h i s  i r r i g a t i o n  
a l t e r n a t i v e  f o r  corn  (e.g. w i l l l ngness  of farmers t o  pay i r r i g a t i o n  f e e s )  
which need f u r t h e r  s tudy and d i m u s s f o n  with both farmers and N U .  

This  s tudy implies  a n  a l t e r n a t i v e  i r r i g a t i o n  method whereby rice and 
However, a more d e f i n i t i v e  s tudy has 

3-13 Evaluat ion of farm lev(- The eva lua t ion  of farm 
l e v e l  i r r i g a t i o n  methods was conducted s p e c i f i c a l l y  t o  determine methods of - 
improving c u r r e n t  farmer p r a c t i c e s  t o  e f f e c t i v e l y  i r r i g a t e  d i v e r s i f i e d  crops. 
For each of t h e  s tudy sites sevrrral methods were t r i e d  o u t  In comparison t o  
e x i s t i n g  farmer p r a c t i c e s  i n  terms of a c t u a l  water use, water-use e f f i c i ency ,  
and a d d i t i o n a l  l abor  used f o r  iinprovement. 

3-14 Ex i s t ing  corn i r r i g a t l o n  p r a c t i c e s  a t  the  Allah Valley S i t e  
i nd ica t ed  t h a t  basin- flushing- flooding was t h e  norm. I n  p a r t i c u l a r ,  farmers 
a t  t h e  BARIS i r r i g a t e  corn with t h r e e  days of continuous i r r i g a t i o n  t o  cover 
1 ha. The reasons f o r  t h i s  t i m :  consuming p r a c t i c e  a re :  a) low volume 
i r r i g a t i o n  water flow d e l i v e r i e s  t o  prevent  f a r m  d i t c h  e ros top  and b) 
r e l a t i v e l y  f l a t  o r  minimal f i e 1 3  slope.  This  was observed during t h e  1984 
dry season when farmers requested i r r i g a t i o n  water f o r  t h e i r  corn crops. 

3-15 Using 1/4  ha t e s t  plot5,  furrow and furrowed-basin i r r i g a t i o n  
methods were t r i e d  o u t  a t  ARIP, PTDF#2, BARIS, and MCIS. Head o r  main farm 
d i t c h e s  were cons t ruc ted  t o  a l low an appropr i a t e  volume of water i n t o  these  
test p lo t s .  Resu l t s  show t h a t  the  furrow i r r i g a t i o n  method has t h e  least 
d u r a t i o n  f o r  i r r i g a t i o n  (Table 111.3) compared t o  t h e  bas in  method. A 
d i f f e r e n c e  ranging from 0.8-2.1 hrs .  w a s  observed a t  t h e  t h r e e  s tudy sites. 
The furrow method took from 2.4 t o  4 .4  hours t o  i r r i g a t e  114 ha w h i l e  t h e  
bas in  method from 3.2-6.2 hrs .  

3-16 
(sandy c l a y  loam) t o  i r r i g a t e  I. ha, t h e  furrow method r e q u i r e s  a maximum of 
17 h r s  compared wi th  24 h r s  f o r  t h e  bas in  method. 
f o r  t h i s  method i n d i c a t e  t h a t  f o r  sandy s o i l s ,  a maximum of 10 I p s  and f o r  
sand c l a y  loam of 15 Ips  are a'.lowable d ischarge  f o r  t h e  furrow o r  t h e  usua l  
stream size .  The correspondinn furrow s lopes  ranged from 0.8 t o  1%. 
Addi t ional  l abor  use f o r  t h e  fiirrow method w a s  computed t o  be 144  Ph i l ipp ine  
pesos per  ha. 
r e g u l a r  bas in  o r  r a in fed  corn  f i e l d  preparat ion.  

3-17 The r e s u l t s  i n d i c a t e  :he s h o r t e r  d u r a t i o n  and e f f e c t i v e  i r r i g a t i o n  
of corn compared t o  t h e  e x i s t i n g  p r a c t i c e  but  w i t h  a d d i t i o n a l  l abor  cos ts .  

Pu t t ing  t h i s  information on a per h e c t a r e  basis f o r  s i m i l a r  s o i l s  

L imi t a t ions  and r e q u i s i t e s  

Land prepara t ion  c o s t s  f o r  t h e  furrow method were t h e  same f o r  
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3-18 
and S i b e s t e r  ?A mean, f o r  i r r i g a t i o n  corn is t h e  furrow method. 
on t h e  e x i s t i n g  p rac t i ce ,  double-row and t r i p l e  row furrows were tes ted .  An 
a r e a  of 0.97 ha and 0.4 ha were used f o r  t h i s  study. The d i f f e r e n c e  i n  s i z e  
of test f i e l d s  w a s  due t o  the  :Limitation i n  g e t t i n g  farmer cooperation. 
Nevertheless ,  t h e  s i z e  d i f f e r e n c e  d i d  not  s i g n i f i c a n t l y  a f f e c t  t h e  r e s u l t s  of 
t h e  study. 

3-19 The r e s u l t s  of  t h e  s tudy show t h a t  t h e r e  were no s i g n i f i c a n t  
d i f f e r e n c e s  i n  terms of y ie ld ,  t o t a l  water use, and l abor  use (Table 111.4). 
However, t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  noted i n  t h e  CI?PL LR s i t e  f o r  t h e  
l abor  us- 
(3.47 MD) compared t o  t r i p l e  row furrows ( 2  MD). 
were t o  some extent  due t o  the  d i f f e r e n c e s  i n  s o i l  c h a r a c t e r t s t i c s .  These 
r e s u l t s  i n d i c a t e  advantages both i n  l abor  requirements and i n  e f f e c t i v e  
i r r i g a t i o n  with no l i m i t a t i o n s  i n  y i e l d  and w a t e r  use. 

3-20 The e x i s t i n g  p r a c t i c e  a t  t h e  Cavite  S i t e  (SLBIP) p a r t i c u l a r l y  a t  t h e  
Bankud I r r i g a t i o n  System, is t h e  bas in  f looding  method. This  e x i s t i n g  
p r a c t i c e  f o r  i r r i g a t i n g  white  heans was r e c e n t l y  developed s i n c e  t h e  
in t roduc t ion  of white  bean production i n  the  d ry  season of 1984. 
a l t e r n a t i v e  i r r i g a t i o n  p r a c t i c e s  were t e s t e d  t o  improve on t h e  e x i s t i n g  
prac t ice .  

3-21 
d i f f e r e n c e s i n  water use and y i e l d  among t h e . t h r e e  methods, t h e r e  w a s  a 
marked d i f f e r e n c e  i n  labor  use between furrow i r r i g a t i o n  and bas in  f looding  
( 4  t o  4.5 MD compared t o  0.5 MI)).  This was due t o  a d d i t i o n a l  l abor  i n  
d i r e c t i n g  and c o n t r o l l i n g  watei! flows i n t o  t h e  furrows whic:h are not  
necessary i n  t h e  bas in  method. Furthermore, c e r t a i n  s p e c i f i c  i r r i g a t i o n  
p r a c t i c e s  i n d i c a t e  a d d i t i o n a l  :Labor inpu t s  f o r  t h e  furrow method. I n  t h e  
case  of i n i t i a l  i r r i g a t i o n  before p lant ing ,  i r r i g a t i o n  by bas in  f looding  i s  
appl ied  p r i o r  t o  seeding i n  order  t o  suppress  weed growth. 
method, however, f i r s t  i r r i g a t i o n  is appl ied  a f t e r  plant ing,  which r e q u i r e s  
weeding af te rwards .  

3-22 Another d i f f e r e n c e  between t h e  two methods is t h e  more f requent  
i r r i g a t i o n  a p p l i c a t i o n  f o r  t h e  furrow method. But t h i s  can be advantageous 
because dur ing  t h e  las t  i r r i g a c i o n  or a t  grain or bean formation, t h e  bas in  
method cannot be used since molit pods a r e  a l r e a d y  touchfng t h e  s o i l  sur face ,  
and i r r i g a t i o n  a t  t h i s  s t a g e  may resu l t  i n  r o t t i n g  of t h e  bean pods. This  
p a r t i c u l a r  d i f f e r e n c e  between inethods becomes c r i t i c a l  i n  times of s e r i o u s  
s o i l  moisture deplet ion.  

3-23 Another advantage of the  furrow is avoidance of  water logging f o r  
which t h e  bas in  method i s  susc(5ptible.  The white bean crop is very  s e n s i t i v e  
t o  water  logging. Details of t h i s  s e n s i t i v i t y  w i l l  be d iscussed  i n  t h e  next  
s e c t i o n  on white bean crop-wat,zr use. 

The e x i s t i n g  p r a c t i c e  a t  Isabela,  p a r t i c u l a r l y  a t  the  CPPL I A  
To improve 

More man-days (MD) were used i n  i r r i g a t i n g  double row furrows 
Dif ferences  between s i t e s  

Bowev&r, 

The r e s u l t s  showed (Table 1 I I . S )  t h a t  while  t h e r e  were on ly  minor 

For t h e  furrow 
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3-24 
dra inage  d i t c h e s  wi th in  t h e  f i e l d  p l o t s  have t o  be cons t ruc ted  f o r  e f f e c t i v e  
i r r i g a t i o n  and drainage of excess water. 

3-25 A s tudy on t h e  e x i s t i n g  O&M procedures 
a t  t h e  system l e v e l  w a s  conducted a t  a) Banga River  I r r i g a t i o n  System 
(BARIS); b) Mani River Communal I r r i g a t i o n  System (MCIS); and c )  Magat River  
In t eg ra t ed  I r r i g a t i o n  Systems (MARIIS), p a r t i c u l a r l y  a t  Lateral A. The s tudy  
monitored a c t u a l  i r r i g a t i o n  dr ! l iver ies  and farming act ivi t ies ,  implementation 
of schedules  and maintenance procedures f o r  t h e  wet and d r y  seasons of 1985- 
86. 

3-26 Banga River  I r r i g a t i o n  System (BARIS). The sys tem is b a s i c a l l y  
opera ted  t o  i r r i g a t e  rice. I n  t h e  w e t  season of 1985 only 1,630 ha were 
programmed f o r  p l an t ing  of lowland r l c e  dur ing  t h e  seasonal  planning meeting, 
because of  t h e  low water supply caused by t h e  s i l t a t i o n  problem a t  t h e  dam 
site. One s e c t o r  was not  scheduled f o r  i r r i g a t i o n  ( s e c t o r  I V ) .  Due t o  
i n s i s t e n t  demand of t h e  farmers i n  s e c t o r  IV, they were later  included 
s t a r t i n g  i n  t h e  month of August, making t h e  t o t a l  programmed area 1,930 ha. 
The f low measurements were i n s t a l l e d  by l a t e  August, a l r e a d y  i n  t h e  middle of 
t h e  w e t  season which had s t a r t e d  May 1, 1985. Sec tor  1 had a l r e a d y  completed 
w e t  season a c t i v i t i e s  dur ing  that t i m e .  

3-21 The water supply s l t u a t i o n  f o r  t h e  system and t h e  t h r e e  d i v i s i o n s  
are shown i n  Tables 111.6 t o  111.9. The mean i r r i g a t i o n  water supply i n  t h e  
system was 44 m/wk and t h e  mean supp l i e s  f o r  Divisions A, B, and C were 90, 
24, and 40 m/wk r e s p e c t i v e l y  (Table 111.6). This i n d i c a t e s  i n e q u i t y  i n  
water d i s t r i b u t i o n  with d i v i s i o n  A g e t t i n g  twice t h a t  of Divis ion  C and 
almost fou r  times t h a t  of Divis ion  B. Div is ion  A i s  t h e  upstream por t ion  
hence t h e  oppor tuni ty  exis ts  t o  d i v e r t  unscheduled water as i t  moves through 
the area. The laterals a r e  c losed  when they are not scheduled s i n c e  they 
are steel  ga ted  but  t h e  turnouts  served d i r e c t l y  by t h e  main c a n a l  have no 
c o n t r o l  f a c i l i t i e s  t o  prevent  d ivers ion .  Divis ion  B i s  served by Lateral D 
and i t  has one supply point  thus; t h e i r  water supply is more c o n t r o l l a b l e  
than t h e  o t h e r  d iv i s ions .  The o t h e r  d i v i s i o n s  inc lude  many tu rnou t s  supp l i ed  
by t h e  main c a n a l  hence d i r e c t  access  t o  water is a l s o  possible .  Division C 
i s  t h e  t a i l  end and r e t u r n  flows t o  t h e  main cana l  are a v a i l e d  of by t h i s  
d iv i s ion ,  hence they have higher  i r r i g a t i o n  water supply than Divis ion  B i n  
t h e  w e t  season. 

S imi lar  t o  furrow I r r i g a t i o n  of corn, head d i t c h e s  and end o r  

System l e v e l  s tudy rctsults.  

3-28 I n  t h e  d ry  season, Sec t ion  I V  l a t e r a l  E and a r e a s  served  by t h e  main 
c a n a l  po r t ions  from t h e  headgstes  of l a t e r a l  E and F were not  scheduled t o  
rece ived  i r r i g a t i o n  water f o r  rice. This schedule w a s  agreed upon dur ing  t h e  
pre- season meeting between the  IA and t h e  N I A  s t a f f .  
t h e  y e a r l y  r o t a t i o n a l  schedule agreed upon by t h e  farmers. The N U  s t a f f  
suggested t h a t  t hese  f anne r s  p l an t  corn ins tead .  However, even with t h i s  
agreed schedule, some farmers s t i l l  p e r s i s t e d  i n  p l an t ing  rice i n  t h i s  
sec t ion .  The area planted  t o  corn  were as follows: Divis ion  A (mostly a t  
laterals C & E )  40 ha., Div is ion  B ( l a te ra l  D, sub- la t e ra l s  D-l,D-2) 100 
ha., and Divis ion  C (mostly downstreams of l a t e r a l  F )  40 ha. 

This  w a s  the r e s u l t  of 
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3-29 
and for the Divisions A, B and C the values were 120, 77 and 63 mm/wk (Table 
111.8) respectively. This shows inequity in water distribution with 
Division A receiving much more! water and Division B and Division C receiving 
less. It was observed that return flows are minimal in the dry season 
resulting in lower water supply in Division C. Though there were many weeks 
where the relative water supply was less than one, crop water stress did not 
occur due to the weekly water distribution rotation. 

3-30 Area data gathered by NIA personnel is by division and cannot be 
delineated by sector. 
difficult to delineate by sector. However, water flows were measured up to 
the sector level. Using the water duty of 1.5 lpslha (13 w/day), these 
flows were converted into ares values and compared with the programmed area 
by sector. The programmed area per sector was the basis of the rotation 
schedule. 
distribution (Table 111.10) 

3-31 
planning for the BARIS system. System personnel are primarily concerned with 
irrigating 1500 ha of lowland rice in the wet season and about 1200 ha in the 
dry season. Irrigated corn ia not included in the program. Farmers 
unscheduled for rice irrigaticn are encouraged to plant corn, and are allowed 
to avail of irrigation, when there is enough water after irrigating rice. 
Farmer sign promisory notes tc pay their irrigation fees. 

3-32 Corn is not programmed for irrigation due to uncertainty over the 
system's ability to supply irriBation for corn when there is insufficient 
rainfall; thus there is a protable loss of revenue for NIA in not charging 
irrigation fees for unprogranmed deliveries. The total available flow is 
programmed for irrigating lowland rice. Water availability for irrigating 
corn during drought is less since river diversion water may not be adequate 
for the rice programed areas. 

3-33 Another problem is the tendency of farmer groups who are not 
scheduled t o  plant rice to extend water delivery to their area. 
mainly by enterprising farmers who try to plant two crops of irrigated rice 
in one season. This request I s  usually granted in the seasonal planning 
meetings to compensate for their not being scheduled in the next season. 
This creates late planting for corn, resulting in some farmers just letting 
their field lie idle till the next season when they are sure of being 
scheduled for lowland rice planting (refer to seasonal planning meetings in 
Annex 1) .  

3-34 Morever, it was observed that in areas scheduled for lowland rice 
irrigation farmers tend to plant rice only in low areas of their field and 
plant corn i n  the high areas. Since such areas are adjacent to each other, 
the corn areas are irrigated by seepage from the adjacent rice fields. 
Though these corn areas are arparently irrigated, the farmers cannot be 
billed for irrigation service because they are not directly served. 
extent of irrigation by seepage of corn areas adjacent to irrigated lowlaad 
rice will be further studied i n  an extension of this study. 

The dry season mean jrrigation supply to the system was 74 mm/wk 

The laige area served by the main canal makes it 

This presents an alternative method of analyzing equity in water 

There is active farmcr involvement in the seasonal irrigation 

This is done 

The 
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3-35 
the rice areas and irrigated by seepage, there is a miscomprehension by 
farmers that corn areas do not normally need irrigation except in severe 
drought, as i n  the dry seasons of 1982 to 1984 when some farmers requested 
irrigation for corn areas. 

Since a large area of the corn planted i n  the system are adjacent to I 

3-36 
to measure inflows into the canal systems. Their main objective is to see 
that water flows to schedule0 sectors at a rate satisfactory to the farmers 
as determined by the feedback from IAs meetings. 
monitored as farmers will complain immediately but oversupply is not reported 
unless farmers' fields are flooded. However, data gathered by the IIMI staff 
shows a real shortage of watcmr during the dry season at the main diversion 
point and some inequitable dlstribution based on flow measurements within the 
irrigation network. These can be attributed to the frequent unauthorized 
diversion by farmers and also by the low and fluctuating water availability 
from the river as discussed previously. 

3-37 
averages or total values which do not coincide with the weekly rotation of 
water. Water flow diversions to 
any sector are determined on weekly estimates of requirements though not 
recorded. 

3-38 Most of the corn crop planted i n  late November relied on rainfall 
(see Fig. 111.1). corn planted later was irrigated through seepage when 
planted adjacent to rice plots. In spite of the irrigable area planted to 
corn and the obvious benefit derived from irrigation, it is unlikely that the 
farmers will pay for irrigatlon unless a serious drought occurs. 

3.39 Mani Communal Irrigdtion System. Out of the 732 ha service area of 
MCIS, only 354 ha was programmed for irrigation i n  the wet season of 1985. 
This was decided in the Irri3ators' Association general assembly held before 
the start of the season. Seztion A has 132 ha programmed area while Lateral 
B had 108 ha (Fig 111.5). The same areas were programmed for the dry season 
beginning October 1985. 
dry season crop early, 
irrigation beginning January 1986 (Pig 111.6). 
receive irrigation water. 
for irrigation fee payment. 
practiced. 

3.40 
season, 
69 and Lateral B had 66 mm/ak (Table 111.11). 
irrigation supply for the whole system was 63 mm/wk, in which case, section A 
had 51 and lateral B had 82 w/wk (Table 111.12). This shows maldistribution 
of water with Lateral B getting more than Section A. Most areas served by 
section A got their water siipply after the headgate of lateral B (Fig 111.5). 
Lateral B is upstream of Section A. 
by Lateral B. 

With the rotation scheme, there seems to be little effort by the N U  

Under supply is easily 

Data reported to the NIA central office am condensed on monthly 

Areas planted are aluo assessed monthly. 

When portions of the programmed area harvested their 
the tail end of LateralB was programmed for 

Corn was not programmed to 
Corn was irrigated through seepage but not billed 
Direct irrigation of corn in this system was not 

The observed flows were reduced to weekly water depths. For the wet 
the mean irrigation supply for the system was 67 mm/wk Sector A had 

In the dry season, the mean 

The farm of the IA president is served 
The ditchtencler responsible for distributing water t o  the 
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s e c t o r s  i s  t h e  son of t h e  I A  pres ident .  The poor d i s t r i b u t i o n  w a s  not  
s e r i o u s  enough t o  cause moislrure d e f i c i t s  in t h e  rice c rops  planted. 
Nonetheless, t hese  r e s u l t s  showed t h a t  communal systems are not  b e t t e r  
managed than N U  i r r i g a t i o n  systems. 

3-41 
t h e  dry season. This is due IIO t h e  seepage e f f e c t s  on corn  p lanted  ad jacen t  
t o  i r r i g a t e d  lowland rice. Hence, d i r e c t  i r r i g a t i o n  f o r  corn is not  
p rac t i ced  by farmers. Even dur ing  drought periods, only  t h e  corn  f i e l d s  
p lanted  away from t h e  lowland rice f i e l d s  e x h i b i t  moisture stress. These corn  
f i e l d s  are f a r  from the  wate?: sources, a t  h igher  e l e v a t i o n s  and l ack  on-farm 
water d e l i v e r y  f a c i l i t i e s .  
areas a l r e a d y  planted t o  lowland r ice .  

3-42 
accepted p r a c t i c e  a t  MCIS. This can be a t t r i b u t e d  t o  t h e  a v a i l a b i l i t y  of 
r a i n f a l l  dur ing  t h e  d ry  season and low income der ived  from non- rice c rops  
r e l a t i v e  t o  rice. A s  f a r  as i r r i g a t i o n  technology f o r  corn  is  concerned, i t  
has  t o  be demonstrated t o  be p r o f i t a b l e  and any a d d i t i o n a l  farm level  
f a c i l i t i e s  t o  i r r i g a t e  corn  w i l l  have t o  r e s u l t  i n  s i g n i f i c a n t  b e n e f i t s  
before  acceptance by f a rmers ,  

Magat River 1ntegrai:ed I r r i g a t i o n  System. Oversupply of water  was 3-43 
observed i n  t h e  L a t e r a l  A headgate of t h e  Magat River I r r i g a t i o n  System f o r  
t h e  period of t h e  study. The a c t u a l  i r r i g a t i o n  (IR) suppl ied  Is more than 
t h e  i r r i g a t i o n  d ive r s ion  requirement (IDR) with means of 175 and 217 mm/wk 
r e s p e c t i v e l y  from October 19135 t o  A p r i l  1986 (Table 111.13 & Fig. 111.7). 
The i r r i g a t i o n  d ive r s ion  requirement was computed by mul t ip ly ing  t h e  a c t u a l  

. i r r i g a t e d  area with t h e  wate: duty  p e r  ha. The mean va lues  used were 59, 27, 
29, and 30 m / d a y  f o r  land soaking, land prepara t ion ,  vege ta t ive  s t a g e  and 
reproduct ive  s t a g e  respec t ive ly .  This is high, as it  is more than  twice t h e  
va lues  being used in o t h e r  s:{stems (13 m/day) .  

3-44 
average 1.5 u n i t s  f o r  e n t i r e  period. This  showed t h e  abundance of water f 6 r  
t h e  e n t i r e  system. The a v a i l a b i l i t y  of water f o r  growtng lowland r i c e  i s  a 
d e t e r r e n t  t o  c rop  d i v e r s i f i c a t i o n  i n  t h e  a rea .  Since t h e  water  duty f o r  rice 
is high, i t  is d e s i r a b l e  f o r  e f f i c i e n t  water use t o  in t roduce  crop  
d i v e r s i f i c a t i o n .  However, w a t e r  i s  more than  s u f f i c i e n t  hence, i t  appeared 
t o  be not  accep tab le  t o  t h e  Earners. Unless  p r o f i t a b i l i t y  is assured,  
farmers w i l l  p r e f e r  growing r i c e  than d i v e r s i f i e d  crops: 
a r e a  is high, according t o  farmers, averaging more than  5 tons/ha. 

3-45 During the  1985 w e t  season (Fig. 111.8), t h e  farmers began p l a n t i n g  
dur ing  week 18. 17 weeks 
later, a t  a time when t h e  ear l ies t  p l an t ings  had a l r e a d y  been harvested.  
Continuous rice cropping w i t h  t h r e e  c rops  per  year i s  p rac t i ced  i n  p a r t s  of 
t h e  system near  t h e  water source with abundant i r r i g a t i o n  suppl ies .  
creates problems i n  water d i s t r i b u t i o n ,  and consequently i n h i b i t s  c rop  
d i v e r s i f i c a t i o n ,  p a r t i c u l a r l y  when farmers t r y  t o  raise two c rops  of r i c e  and 

The farmers appear I:O be s a t i s f i e d  with i r r i g a t i n g  less rice a r e a  i n  

t r r i g a t i n g  these  a r e a s  w i l l  depr ive  water from 

I r r i g a t i o n  of non-rice crops during t h e  d r y  season is  not  a widely 

-_ -- 

Though t h e  water du ty  was a l r eady  high, the  re la t ive  water  supply 

Rice y i e l d s  i n  t h e  

The maximum a rea  p lanted  occurred du r ing  week 35, 

This  
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a t h i r d  crop of  i r r i g a t e d  d i v e r s i f i e d  crop i n  comparison t o  growing one c rop  
of  rice and one c rop  of i r r i g a t e d  d i v e r s i f i e d  crop. Late  p l an t ing  encourages 
b u i l d  up of  p e s t s  and d i s e a s e s  which i n  t u r n  discourage farmers from adopt ing  
c rop  d i v e r s i f t c a t i o n .  

3-46 
r a i n f a l l  f o r  1985-86 cropping season w a s  made (Fig. 111.9). This  i n d i c a t e s  
t h a t  1985-86 w a s  a r e l a t i v e l )  w e t  year  as t h e  a c t u a l  r a i n f a l l  w a s  higher  than 
t h e  mean f o r  previous years. The farmers t h a t  p lan ted  corn du r ing  t h e  1985- 
86 d ry  season depended mostl)  on r a i n f a l l .  Timely p l a n t i n g  of t hese  c rops  i n  
most yea r s  w i l l  not  r e q u i r e  i r r i g a t i o n  due t o  s u f f i c i e n t  r a i n f a l l .  

3-47 Moreover, continuous i r r i g a t i o n  a s  c u r r e n t l y  p rac t i ced  f u r t h e r  
i n h i b i t s  t h e  p l an t ing  of d i v c r s i f i e d  crops. 
has s u f f i c i e n t  water t o  irrip,ate rice on d u a l  and d i v e r s i f i e d  land classes 
which demands two o r  t h r e e  tfmes more than t h e  designed i r r i g a t i o n  water 
supply. However, i n  two o r  t h r e e  yea r s  time, when f u l l  land development is 
completed and t o  i r r i g a t e  97,000 ha, problems w i l l  arise due t o  t h e  f a c t  t h a t  
farmers i n  t h e  system w i l l  heve become used t o  r ece iv ing  l a r g e  amounts of 
water on s o i l s  not  s u i t e d  f o r  rice c u l t i v a t i o n .  

A comparison of t h e  nine-year mean r a i n f a l l  wi th  t h a t  of the  a c t u a l  

The MARIIS r e s e r v o i r  p re sen t ly  

Agronomic Cons t r a in t s  

3-48 
assessments  of agronomic c o n s t r a i n t s  f o r  i r r i g a t e d  c rop  d i v e r s i f i c a t i o n  w a s  

Tes t ing  of a l t e r n a t i v e s  i r r i g a t e d  _ _ _  .- non- rice crops. A pre l iminary  

undertaken. 
a t  t h e  s tudy  s i t e s  t o  determjne i t s  a c t u a l  f i e l d  production, p o t e n t i a l  and 
a d a p t a b i l i t y  i n  an i r r i g a t e d  environment. 

3-49 A t  t h e  Al lah  Valley S i t e ,  t h r e e  c rops  were t e s t ed :  a) e a r l y  
maturing improved open-pollirmted ye l l low corn, b) mungbean, and c) peanut. 
These crops  were planted a t  I'TDF#Z, la tera l  A-extra, BARIS and MCIS. Each 
crop  was p lanted  on a p l o t  with an area of 1 /4  ha t o  s imula te  a c t u a l  farmers'  
f i e l d  condi t ions .  Data on y i e l d  and p r o f i t a b i l i t y  i n d i c a t e  mixed r e s u l t s  
(Table 111.14). A t  the  PTDF#2 
s i t e ,  problems on s o i l  (low organic  con ten t )  and pes t  and d i s e a s e s  were 
encountered. 
d i s e a s e  i n f e s t a t i o n .  Th i s  a l s o  shows t h a t  r e l a t i v e l y  unresponsive 
c h a r a c t e r i s t i c  of t h e  open- pollinated corn t o  i r r i g a t i o n .  The p o t e n t i a l  f o r  
i r r i g a t e d  corn  w a s  a t t a i n e d  wi th  hybrid corn. However, f o r  t h e  peanut crop, 
t h e  h ighes t  y i e l d  was obtained at  PTDFIZ. So t1  i n f e r t i l i t y  d l d  not  a f f e c t  
t h e  peanut c rop  much s i n c e  litgumes produce t h e i r  own source  of  n i t rogen.  The 
proper t iming of p l an t ing  made the  d i f f e r e n c e  i n  y i e l d  f o r  t h i s  crop. Peanut 
w a s  p lan ted  l a t e r  i n  t h e  o t h e r  two sites. 

3-50 For t h e  mungbean, no y t e l d  was obtained a t  PTDF82. This  w a s  caused 
by water logging which induced t h e  i n f e s t a t i o n  of nematodes and l i t t l e  leaf 
v i rus .  This shows t h e  s e n s i t i v i t y  of mungbean t o  water logging. Excess 
i r r i g a t i o n  w a s  i nadve r t en t ly  app l i ed  by t h e  farmer cooperator .  
peanut and mungbean crop, pmblems i n  marketing were encountered. 

Tes t ing  of a l t e r n a t i v e  i r r i g a t e d  non- rice c rops  w a s  conducted 

The corn y i e l d s  obtained were not  impressive. 

Late p l an t ing  of corn  a t  a l l  si tes brought about  t h e  p e s t  and 

For both t h e  

r 
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3-51 
extreme production problem at  PTDF82 f o r  corn and mungbean). 
a t t r i b u t e d  t o  t h e  l a t e  p l an t ing  of a l l  c rops  at  t h i s  s i te.  
g e t t i n g  farmer cooperat ion were encountered a t  BARIS r e s u l t i n g  i n  t h e  delayed 
p lan t ing  of t h e  t e s t  crops. 
ob ta in ing  optimum yie lds .  

3-52 A t  t h e  I sabe la  site, comparative t e s t i n g  between I r r i g a t e d  and 
r a i n f e d  peanut production wari conducted. 
i r r i g a t e d  t reatment  were used: a) r a i s e d  bed and b) furrow methods. The 
si tes were a t  San Mateo and I.una. 

3-53 
January 1986, with S o i l  t e x t u r e  ranging from c lay  loam t o  loamy sand. 
was one r a in fed  f i e l d  p l o t  p lan ted  i n  November 1985 w i t h  sandy loam s o i l  
t e x t u r e  and only one i r r i g a t e d  f i e l d  p l o t  a t  Luna with s i l t y  c l a y  loam soil 
planted  in January 1986. 
in l a t e  1985, one p l o t  with riandy loam s o i l  in e a r l y  December and another  
p l o t  wi th  c l a y  loam s o i l  in mid December 1985. Based on t h e  mean bean and 
pod y i e l d s  and number of podri per  p l an t  sampled (Table III.15), t h e  mean 
y i e l d s  f o r  t h e  i r r i g a t e d  p l o t s  were h igher  than the r a in fed  f i e l d  p lo t s .  
Across si tes t h e  i r r i g a t e d  f j . e ld  p l o t s  had c o n s i s t e n t l y  h igher  y i e l d s  than 
t h e  r a in fed  f i e l d  p lo ts .  These d i f f e r e n c e s  in , i e l d  can be a t t r i b u t e d  t o  
s o i l  moisture a v a i l a b i l i t y  artd timing of plant ing.  
r a i n f e d  f i e l d  p l o t s  were planted e a r l i e r  than the  i r r i g a t e d  f i e l d  p lo t s .  
Resu l t s  i n d i c a t e  t h a t  i r r i g a t e d  peanut '  should be p lanted  later  (January)  and 
p re fe rab ly  in sandy loam and c l a y  loam s o i l s  t o  o b t a i n  optimum yie ld .  
i r r i g a t e d  peanuts a t  San Mate0 s i t e  showed higher  y i e l d s  than t h e  i r r i g a t e d  
f i e l d  p l o t s  a t  Luna s i t e .  F ina l ly ,  t h i s  s tudy showed t h a t  t h e r e  is a 
p o t e n t i a l  f o r  growing peanutri i n  i r r i g a t e d  condi t ions  (Table 111.15). 

Across a l l  sites, t h e  least y i e l d i n g  s i t e  was a t  BARIS (except t h e  
This  can be 

Problems in 

Thts shows t h e  s i g n i f i c a n c e  of proper t iming i n  

Two methods of p l a n t i n g  f o r  t h e  

A t  San Mateo t h e r e  were t h r e e  irrigated f i e l d  p l o t s  p lan ted  in 
There 

There were however, two r a i n f e d  f i e l d  p l o t s  p lan ted  

For a l l  sites, t h e  

The 

3-54 A t  t h e  Cavi te  s i te,  i r r i g a t e d  white-bean product ion w a s  introduced. 
The NIA-MAF program provided incen t ives  t o  encourage t h e  production of whIte 
bean. White  bean as a crop was s e l e c t e d  for production due t o  t h e  assured  
market provided by a pork and beans company and t h e  corresponding 
p r o f i t a b i l i t y  f o r  farmers in t h e  pro jec ted  c o s t  and r e t u r n  information (Table 
111.16). Incen t ives  i n  termci of c r e d i t  on seeds, labor ,  f e r t i l i z e r  and 
pes t i c ides ,  assured  market, and land  p repa ra t ion  a s s i s t a n c e  were provided. 
However, not  a l l  farmers who joined t h e  program were success fu l  in terms of 
p r o f i t a b i l i t y .  On ly  21 ha were planted out of a t o t a l  of 100 ha  as the  
product ion goa l  area. 

3-55 The re luc tance  of farmers t o  j o i n  in t h e  white-bean program can be 
a t t r i b u t e d  t o  un fami l i a r i ty  with t h e  production technology desp€ te  the  
t r a i n i n g  provided. This w a s  exacerbated by t h e  u n a v a i l a b i l i t y  of c r e d i t  f o r  
farmers t o  join t h e  program. Only a l i m i t e d  po r t ion  of t h e  inpu t  c o s t s  were 
f i n a l l y  provided. 

3-56 Despite  t h e  a l l  out  e f f o r t  t o  promote white  bean production, a few 
farmers s u f f e r e d  a n e t  loss. Farmers who d i d  not  s t r i c t l y  followed t h e  
scheduled p l an t ing  period, f e r t i l i z e r  and p e s t i c i d e  dosage obtained low 
yie lds .  The white  bean crop i s  s e n s i t i v e  t o  high temperature e s p e c i a l l y  
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dur ing  t h e  pod formation s tage.  
e a r l y  November t o  mid December, so a s  t o  co inc ide  t h e  pod formation i n  t h e  
co ld  periods i n  January and I'ebruary. 
c r i t i ca l  t o  promote growth arid enhance nodule formation. 
r o t  are t h e  two most common pes t  and d i s e a s e s  tivat i n f e s t  t h e  white  bean. 
Proper  c o n t r o l  of these  w i l l  a i d  i n  t h e  optimum production of t h e  white  bean 
crop. 

3-57 Nonetheless, t h e  success fu l  farmers were from t h e  a r e a  i n  which t h e  
white  bean production has been p i l o t  t e s t e d  t h e  year  before. The s u c c e s s f u l  
outcome of t h e  p i l o t  experleiice con t r ibu ted  t o  the  farmers'  adoption of whi te  
bean product ion f o r  t h e  secoitd year  i n  a row because of t h e  continued support  
and i n c e n t i v e s  provided. The f a m i l i a r i t y  of the  farmer wi th  t h e  proven 
technology showed the  v iabi : l i ty  of i r r i g a t e d  crop d i v e r s i f i c a t i o n  when 
e x t e r n a l  cond i t ions  a r e  favorable.  

3-58 Crop-water use of d i v e r s i f i e d  crops. S p e c i f i c  component s t u d i e s  
were also conducted t o  determine crop  water use. The two crops  s tudied  were 
corn  a t  t h e  I sabe la  s i te  and white bean a t  t h e  Cavite  site. 

3-59 A t  t h e  I sabe la  s i te  a s tudy on t h e  root d k t r i b u t i o n  of  two 
variet ies  of corn, with th ree  i r r i g a t i o n  t rea tments  and under t h r e e  d i f f e r e n t  
t e x t u r a l  soil types ( f i n e ,  mtrdium, coarse)  was Indertaken. The ver t ica l  r o o t  
pene t r a t ion  f o r  both va rLe t i e s  was observed t o  be more than 1 m a t  t h e  San 
Mateo and Carulay sites where t h e  soil types were coarse  and medium 
respec t ive ly .  I n  t h e  Luna s . l t e  ( f i n e  t e x t u r a l  soil) roo t  p r o l i f e r a t i o n  w a s  
hindered by presence of a ha.rd pan. 
t h e  deepest  water t a b l e  a t  C:xrulay s i t e  (> 12 m), followed by Luna s i t e  
(2 2 m) and t h e  sha l lowest  a't San Mateo sTte (> 1.25 m). 
parameters inf luenced root  and water u s e  uptak; of t h e  corn v a r i e t i e s  
planted.  

3-60 The optimum water use i n  terms of i r r i g a t i o n  t rea tments  show t h a t  
both i r r i g a t i o n  a t  t a s s e l i n g ,  s i l k i n g  and g r a i n  f i l l i n g  s t a g e s  (11; Table 
111.17) and a t  50% moisture soil dep le t ion  (13; Table KI .17 )  were e f f e c t i v e  
in terms of g r a i n  yield.  Hodever, f o r  shal low water t a b l e  a reas ,  i r r i g a t i o n  
a t  t a s s e l i n g  and g r a i n  f i l l i n g  s t a g e s  is recommended €or  optimum water  use. 
The s tudy also showed t h a t  t h e  hybrid yellow corn (V2) v a r i e t y  o u t  performed 
t h e  open- pollinated white  corn  (Vl) va r i e ty .  Furthermore, t h e  c rop  
c o e f f i c i e n t s  show t h a t  t h e  maximum consumptive use of corn occurs  a t  t h e  
f lowering t o  g r a i n  formation s t a g e  (Table 111.18). 
c r i t i ca l  s t a g e  where the  corn crop  w i l l  be most vulnerable  t o  moisture 
stress. 

3-6 1 A t  t h e  Cavite  site, a s tudy on c rop  water use  and to l e rance  t o  
drought and water logging of t h e  white  bean crop was conducted. 
e s t ima t ion  was f a c i l i t a t e d  with t h e  use of lys imeter  tanks and pots.  

3-62 The r e s u l t s  showed t h a t  t h e  mean water use of t h e  white  bean crop  
was 151 mm with a mean d ry  seed y i e l d  of  303 .g/sq.m. (Table 111.19). 
s i g n i f i c a n t  d i f f e r e n c e s  were observed due t o  unexpected l a t e  r a i n f a l l  a t  t h e  
UPLB experiment s t a t i o n .  However, higher  y i e l d s  were obta ined  f o r  i r r i g a t i o n  

The recommended p lan t ing  period is from 

F e r t i l i z e r  amounts and timing a r e  a l s o  
Bean f l y  and roo t  

Depth of water t a b l e  as also noted wt th  

These phys ica l  

This  r e s u l t  i n d i c a t e s  t h e  

Accurate 

No 

. 

. 
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applied at the reproductive stages. 
for moisture stress occuring at 31-60 DAS corresponding to the reproductive 
stage (Table 111.20). 

3-63, 
conducted in large pots. 
oensitive to water logging particularly when it occurs at 30 DAS (Table 
111.21). 
drainage occurs at four o r  more days of floodCng especially when it occurs at 
30 DAS. Observation showed that the white bean seeds were unusable and 
showed plants to exhibit mortality due to absence o f  aeratlon (available 
oxygen) for the roots. 

3-64 This study also shows that the white-bean plant is sensitive at the 
vegetative stage (0-30 DAS). Although there were reductions in yield, water- 
logging at the later stage of plant growth (45 DAS) indicated higher yield 
than the plants flooded at earlier stages. Thus, this study showed that 
drought affects the reproductive stage while water logging affects the 
vegetative stage of the white bean crop. 

This is explained by the critical stage 

The water logging o r  flooding tolerance portion of the study was 
The results indicate that the white bean plant is 

Yield starts to dimtnish at two days of flooding. Maximum 

Economic constraints 

3-65 
non-rice and rainfed non-rice crop production was conducted. A component 
study was undertaken at the Allah Valley and Isabeln sltes. 

3-66 At the Allah Valley site, particularly at the BARIS and MCIS study 
sites, profitability and labor use of dlfferent cropping patterns was 
assessed. Three cropping patterns were observed at BARIS: a) irrigated rice- 
rice b) irr€gated rice-rice/corn and c) irrigated rice-corn. The results of 
the study showed that irrigated rice-rice had the highest profitability 
followed by the irrigated rice-rice/corn pattern (Table 111.22). 
analyzing the rerults obtained, a breakdown of the corn production data into 
irrigated and rainfed hybrid and open-pollinated corn was made. 
irrigated rice to irrigated hybrid corn, 
obtained (Table 111.23). 

3-67 Except for fertilleer, seeds and returns to family labor, all other 
Ctems were found to be higher for the irrigated rice. 
t o  the higher fertilizer requirement of corn, higher costs of hybrid seeds, 
and lower family labor expended. The non-signtflcant difference in returns 
to family resources can be attributed to the significantly higher production 
costs of irrigated rice. The study also  showed that the higher costs o f  
seeds and fertilizer for hybrid corn inhibtts more farmer from growing corn. 
Thts € s  consistent with the farmers' responses on production problems 
encountered (high input cash costs) as indicated in the survey at BARIS. 

3-68 
differences obtained but they were not statistically significant (Table 
111.24). Particularly in the yield component, the non-significant difference 
observed can be attributed to the occurrence of rainfall in the dry season 

A preliminary assessment of the ecoofaic aspects of irrigated rice, 

Further 

Comparing 
there were significant differences 

This can be attributed 

Comparing the irrigated and rainfed hybrid yellow corn, there were 
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which masked t h e  e f f e c t s  of i r r i g a t i o n  on t h e  y i e l d  of hybrid corn (Fig. 
111.3). The d r y  season of 1985-46 a t  Al lah  Valley was re la t . ive ly  w e t  compared 
t o  o the r  yea r s  which d i d  not  c l e a r l y  show t h e  e f f e c t s  of i r r i g a t i o n  on hybrid 
corn. 

3-69 
t o  gross  income o r  y i e l d  compared t o  i r r i g a t e d  r i c e  production (Table 
111.25). Despi te  lower t o t a l  Labor c o s t s  of i r r i g a t e d  upland crop  
production, t h e  s tudy a l s o  showed higher  p r o f i t a b i l i t y  of i . r r iga t ed  r i c e  
production, which i n  t u r n  explained farmer prefecence f o r  i r r i g a t e d  r i c e  over 
corn i n  t h e  d ry  season. 

3-70 
l ev ied  on corn. The NIA s t a f f  do not  charge i r r i g a t i o n  f e e  unless  an 
e x p l i c i t  reques t  f o r  water  t o  i r r i g a t e  corn is provided. The  seepage from 
adjacent  rice f i e l d s  and r a i n f a l l  were s u f f i c i e n t  t o  provide the  necessary 
moisture t o  s u s t a i n  corn production a t  BARIS. 

3-71 
i r r i g a t e d  rice compared t o  r a in fed  hybrid corn. Likewise, t h e  l abor  use f o r  
corn  was lower than  f o r  rice, z!s were t o t a l  product3 on c o s t s  (Table 111.26). 
Except f o r  t h e  f i e l d s  t e s t e d  fclr i r r i g a t e d  non-rice crops, a l l  of t h e  o t h e r  
non- rice f i e l d s  were considerec! as rainfed.  The .bundant  r a i n f a l l  i n  t h i s  
s i t e  during t h e  d r y  season masked whatever i r r i g a t i o n  e f f e c t s ,  seepage, had 
on t h e  non- rice f i e l d s  (Fig. 111.4). 

3-72 A t  -t h e  I sabe la  s i te,  p a r t i c u l a r l y  a t  the  SIBESTER IA, however, 
r e s u l t s  showed t h a t  i r r i g a t e d  corn production w a s  more p r o f i t a b l e  than r ice 
(Table 111.27). This  was due tcs t h e  optimum y i e l d s  obtained (approximately 5 
tons/ha s h e l l e d  corn)  and high market pr ice.  However, only a few farmers i n  
t h i s  a rea  planted corn, and p r a c t i c a l l y  none a t  t h e  CPPL IA area. This  can 
be a t t r i b u t e d  t o  t h e  low market p r i c e  t h a t  prevai led  a t  t h e  end of t h e  w e t  
season of 1985 or a t  t h e  start of t h e  d ry  season 1985-86 compared t o  r i c e  
(Table 111.28). This low market p r i c e  a t  t h e  s t a r t  of t h e  dry season 
discouraged farmers t o  p l an t  ccrn. 

3-73 Moreover, production c o s t s  f o r  i r r i g a t e d  corn were lower compared t o  
r i c e  i n  terms of labor ,  land r en t ,  and o t h e r  costs .  No i r r i g a t i o n  f e e  f o r  
t h e  corn crop  was charged by N I A  as long as the  previous f e e  f o r  t h e  r i c e  
c rop  was paid. Another unusual aspec t  of corn production i n  th i s  a rea  is the  
non-payment of land r en t .  The reason given by farmers is t h a t  landowners do 
not  u sua l ly  charge land r e n t a l  f o r ' c o r n  due t o  i t s  i n s i g n i f i c a n t  income as 
long as t h e  rice production income i s  shared. 

3-74 The responsiveness of farmers t o  market pr ice ,  p a r t i c u l a r l y  i n  t h e  
production of non- rice crops i n d i c a t e  the  fragmented market s t r u c t u r e  
e x i s t i n g  a t  t h i s  p a r t i c u l a r  s i t e .  Subt le  forms of i n c e n t i v e s  such a s  t h e  
l a c k  of charges i n  i r r i g a t i o n  fees and land r e n t a l  he lp  t o  promote i r r i g a t e d  
crop d i v e r s i f i c a t i o n .  For t h i s  site, t h e  main f a c t o r s  a f f e c t i n g  crop 
d i v e r s i f i c a t i o n  a r e  t h e  ptimun productton and a t t r a c t i v e  market pr ice .  

Another, f a c t o r  is the  higher  c o s t s  of corn c rop  product ion r e l a t i v e  

A s  d iscussed  i n  t h e  opera t ions  of BARIS, i r r i g a t i o n  f e e  Is not 

A t  t h e  MCIS s i t e ,  a sj.milar t rend  showed a h igher  p r o f i t a b i l i t y  of 

0 

r 
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Institutional Constraints 

3-75 A preliminary assessment of the institutional constraints in the 
study sites was conducted. Problems associated with the formation and 
operation of IAs were assessed through component studies. Attempts were also 
made to look into the institutional arrangements required t o  promote 
irrigated crop diversification. Observations made in the system level studies 
provided additional information into the existing operational arragements 
these IAs have with the NIA field staff. 

3-76 
and BARIS were surveyed in terms of their perceptions on their problems and 
operational activities (Table 111.29). The farmer-managed or communal 
irrigation system at MCIS was also included in this survey. 
comparative assessment can be obtained between the NIA and communal systems. 
There were generally good working relationships between the IA members and IA 
officers, NU, and other agency staff (Table 111.30). The perceived problems 
affecting the IAs were attributed to: 1) members lack of interest in 
meetings, and 2 )  insufficient supply and unequal distribution of water (Table 
111.31). The survey showed that farmers perception of responsibilities 
differ from what they actually render to the IA (Taoles 111.32 and 111.33). 
Responses in the perceived responsibilities did r'jt match the responses in 
the activities rendered to the IA in terms of orzration and maintenance 
activities. 

3-11 
apparent in the results of the system level management studies 
MCIS. Agreed upon schedules of irrigation water deliveries, in the case of 
BARIS between the NIA and the IA, were seldom adhered to, particularly by the 
upstream farmers. This was also observed in the MCIS. Blatant disregard of 
schedules resulted in the inequitable distribution of water, whereby the 
upstream farmers received more than their share of irrigatlon water, in these 
two systems. Seasonal decisions were ignored , making it harder to implement 
regular rotations and adhere to proposed cropping schedules. Deliberate 
suspension of irrigation schedules in response to rainfall and maintenance 
(e.g., dam desilting, repair of main canal washouts, etc., ), need to be 
better communicated to farmers to reduce the uncertainty over timing of 
irrigation deliveries. Better communication and implementation of policies 
appear to be the major constraints that are limiting the effective operation 
of the IAs in these two systems. These results also indicate that the 
communal system (MCIS) is not better off than the NIA system (BARIS) in terms 
of actual operational effectivity. 

3-78 
indicative responses showed that sufficient water supply and increased income 
were the dominant reasons forwarded by the farmers (Table 111.34). This 
implies that the viability of the IA is dependent on the irrigation needs of 
the farmers. With regards to crop diversification, the responses of the 

* 

At the Allah Valley site, the IAs formally organized by NIA at ARIP 

Thus, a 

This discrepancy in what is perceived and practiced was also 
at BARIS and 

As far as the perceived benefits from the IA is concerned, 

farmers indicate ambivalence on their willingness to shift from rice to non- I 
rice crops (Table 111.35). However, the popular choice of non-rice crops I 
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appear to be corn and mungbean. Particularly at BARIS and MCIS, the testing 
of alternative non-rice crops might have convinced farmers the profitability 
of mungbean production at these two sites. 

3-1 9 At the Isabela site, two IAs were studied: SIBESTER IA and CPPL IA. 
Comparing the two IAs, the SISESTER IA was more active than the CPpL IA in 
terms of participation in meetings and group work in maintaining or cleaning 
of canals. The study also showed that the CPPL IA is beset with problems 
caused mainly by ineffective Leadership. Other causes of problems were 
dependence on N U ’ S  continued support and guidance, and structural defects in 
the irrigation facilities. As shown in the system level study results, 
farmers ignore schedules of wliter delivery. Better communication between the 
farmers and NIA in terms of O U l  will reduce the uncertainty on irrigation 
needs, despite the abundance of water supplied into these two IA sites. 

3-80 Crop diversification at this site was unanimously perceived in both 
IAs as feasible if the market price of corn and other non-rice crops will be 
attractive and stable enough t o  warrant a shift from rice. The abundance of 
irrigation water for rice exacierbates the economic constraint as reflected in 
the unfavorable market price of corn. 

3-81 
diversified cropping, the conditions for successful adoption appear to be 
hiernrchichal in nature. The llhysical and biological conditions (limited 
water supply, suitable soils, familiarity with non-rice crop technology) must 
be met together with the input and output requisites (credit, family labor, 
market availability) for production. The profitability factor then becomes 
the dominant consideration fox farmers to adopt or practice irrigated crop 
diversification. 

With regard to farmer decision making behavior regarding irrigated 

* 
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IV. ASSESSMENT AND TMPLICATICINS 

Irrigation Factors 

4-01 
dry season rainfall patterns, availability of irrigation water for rice, 
limitations in Irrigation management, and inappropriate on-farm irrigation 
and drainage facilities. 

4-02 At Allah Valley and to some extent at the Isabela site there is 
frequently sufficient rain to permit upland crop production without 
irrigation water. Providing irrigation under such conditions encourages rice 
cultivation because of the danger of water logging when rainfall occurs after 
irrigation. 
climatic factors such as little or no dry season rainfall (e.g., at 
Pangasinan, Nueva Ecija and Ilocos Norte) is an important reason for the 
success. Crop diversification under irrigation is much less successful when 
dry season rainfall is plentiful. 

4-03 
Allah Valley site, there are years in which rainfall is insufficient to 
sustain optimum dry season corn crop production. 
corn are necessary to determine optimum production and profitability levels. 

4-04 At the Allah Valley and Isnbela sites, crop diversification is to a 
large extent discouraged by the continuous supply of irrigation water. 
Irrigation is seen as synonymous with rice production. 
in sufficient quantities to g m w  rice, farmers do not grow irrigated upland 
crops. This is particularly true at the Allah Valley site, where lateral 
see),ige affects plots of corn .adjacent to rice fields. In Isabela, water is 
currently delivered at two to three times the designed rates, encouraging 
farmers to grow rice rather th,m other crops. It is difficult to achieve 
crop diversification under such conditions. 

4-05 Irrigation management techniques have not yet been developed in any 
of the sites that allow precis,! delivery of water. Results from all sites 
show that irrigation is contin)rous in the main system. Inadequate control 
and lack of measuring devices make it extremely difficult to deliver large 
volumes of water at intermittent periods, the optimal system for diversified 
crops. 

4-06 Design capacities of lateral canals should be increased in order to 
accommodate large and intermittent volumes of flow. However, the results of 
the study at PTDF1I2 and the surveys of existing canal capacities show that 
these flows can be accommodated provided appropriate control and scheduling 
are undertaken. Based on the computations made at PTDF#2, where sandy soils 
are prevalent, a design criter Lon of 2.25 lps/ha will have to be considered. 
The experience in Taiwan demonntrates clearly that strict control over water 
is the foremost factor in developing farmer confidence in their water 
supplies for crop diversificatton (see Interim Report, Taiwan Study Tour 
Report). It is suggested that improvements are made in scheduling water 

Four irrigation constraints to crop diversification are identified: 

In areas where crop diversification has been successful, 

. 
However, based on the rainfall simulation study undertaken at the 

Further trials of irrigated 

If water is delivered 

I -r 
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d e l i v e r i e s  f o r  d i v e r s i f i e d  crops, and a t t e n t i o n  be paid t o  t h e  need f o r  
increased  c o n t r o l  s t r u c t u r e s  iind measuring devices t o  a l low g r e a t e r  con t ro l  
over  water de l ive r i e s .  

4-07 
proper water condi t ions  f o r  d i v e r s i f i e d  crops. Contlnuoua flows of  
i r r i g a t i o n  water r e s u l t  i n  water logging on heavier  soils and r equ i re  long 
periods of management on fieltls. To overcome these  c o n s t r a i n t s  i t  is 
recommended t h a t  i r r i g a t i o n  d e l i v e r i e s  be rescheduled t o  provide l a r g e  
volumes t o  be de l ive red  f o r  s h o r t e r  periods t o  speed up i r r i g a t i o n  from t h r e e  
days t o  one day per hectare.  
much a s  two times (3.0 l p s / h a > ,  i n  order  t o  achieve l a r g e  volume flows as 
ind ica t ed  i n  the r e s u l t s  of t h e  s tudy a t  PTDFN2. To a t t a i n  this,  i t  w i l l  
r equ i r e  a d d i t i o n a l  i n v e s t i g a t i o n s  in d e t e m i n i n g  opt imal  d i t c h  dens i ty  of 
farm i r r i g a t i o n  and drainage c i t c h e s  and development of l e s s  e rod ib le  farm 
channels. 
bas in  f looding  t o  speed up the time of i r r i g a t i o n  and provide more uniform 
water a p p l i c a t i o n s  on t h e i r  fa rms.  

On-farm i r r i g a t i o n  f a c i l i t i e s  r e q u i r e  modif ica t ions  t o  provide the  

Turnout c a p a c i t i e s  should be increased  by as 

It is recommended t h a t  farmers adopt furrow i r r i g a t i o n  r a t h e r  t han  

Agronomic Fac to r s  + 

4-08 
under i r r i g a t e d  condit ions.  
a r e  grown under r a in fed  condi t ions ,  o r  through t h e  u t i l i z a t i o n  of seepage 
water from ad jacen t  rice f i e l d s .  Where dry season r a i n f a l l  is adequate i n  
most seasons, t he re  is c l e a r l y  unwil l ingness t o  r i s k  waterlogging of non- rice 
crops using i r r i g a t i o n  water. The r e s u l t  is t h a t  y i e l d s  do not  reach t h e i r  
f u l l  p o t e n t i a l  and production is much lower than r i c e .  I n  t h e  d r i e r  areas, 
t h e r e  is a wider acceptance of crop d i v e r s i f i c a t i o n ,  and improved agronomic 
p r a c t i c e s  a r e  evident .  It is recommended t h a t  i n  a r e a s  where r a i n f a l l  is 
more widespread i n  t h e  dry season, a g r e a t e r  e f f o r t  be made t o  demonstrate 
the  b e n e f i t s  of i r r i g a t i o n  of d i v e r s i f i e d  crops, p a r t i c u l a r l y  i n  t h e  timing 
of i r r i g a t i o n s  i n  re lat ion t o  the  growth s t ages  of t h e  p lant ,  and the  need t o  
determine when i r r i g a t i o n  is requi red  t o  avoid moisture s t r e s s .  This must be 
eupported by i r r i g a t i o n  management more reeponrive t o  crop water 
requirement a. 

4-09 
when t h e r e  are f a c t o r s  such a8 temperature, incidence of p e s t s  and d iseases ,  
and r i r k  of waterlogging throupyh heavy r a i n f a l l .  Cropping p a t t e r n s  w i l l  have 
t o  be evaluated i n  l i g h t  of these  environmental f a c t o r e  t h a t  impact 
d i v e r s i f i e d  crops more than rice. This i n  turn  r e q u i r e s  g r e a t e r  a t t e n t i o n  t o  
cropping schedules  and a c l e a r  i d e n t i f i c a t i o n  of seasons i n  which non- rice 
crops should be promoted. 

There I s  widespread u n f a m i l i a r i t y  with the  non- rice crop product ion 
In Allah Valley and I sabe l8  most non- rice c rops  

Timing o f  cul t iva t ion  of non-rice crops is p a r t i c u l a r l y  important 

r 
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4-10 
crop diversification can be (overcome with proper extension efforts, and 
assistance in procuring appropriate crop care technology. 
is recommended that more emphasis be placed'on overcoming the agronomic 
constraints so that production levels can be raised to levels attractive 

The results from Cavite demonstrate that agronomic constraints to 

In other sites it 

enough to justify the extra .lnput costs in fertilizer, pesticides, crop care, 
and irrigation. 

Economic Factors 

4-11 
unfavorable prices for most crops in comparison to rice, and the higher coats 
of crop care for diversified cropping. Even if the irrigation conetraints to 
diversification are alleviatcsd, there is no guarantee that the economic 
conditions will favor widesp1,ead adoption of diversified cropping. 

4-12 Where market prices are assured and have comparable stability to 
rice prices, there is clear evidence that crop diversification can be 
achieved. The results at the Cavite site show that most farmers who have 
g r o w  white beans in one 8ea8on will continue to grow them the following 
year. At the Isabela site, the dominant reason cited by fanners that 
constrains them from diversifying in the dry season is the unstable farm gate 
price of corn. 
been unfavorable, diversification has been retarded. It is recommended that 
an investigation on the market structure and post-harvest facilities be 
conducted in order that incentives for stable pricing of non-rice crops can 
be provided. 
for non-rice crops should be further studied. 

4-13 In all sites, the cash input costs (before harvest) for non-rice 
crops are higher than for rice production, although the labor requirements 
are less. At present this is due to low production levels, and removal of 
the agronomic constraints would raise the profitability of diversified 
cropping. Support for input zosts, as in the Cavite case can be made in 
removing some of the risks foe  farmers and encouraging them to shift away 
from rice-production in the dry season. However, this has been specifically 
undertaken to generate guaranteed supplies for  the bean processing industry. 
Similar total package support, including input and output considerations, are 
recommended in other areas in conjunction with improved irrigation and 
agronomic measures. 

Institutional Factors 

4-14 
1As and NIA. 
implemented to reduce the unci!rtainty over timing of water deliveries. This 
assessment applies to both N U  systems and communal system as shown by the 
results of the study. In all of the sites, where continuous irrigation was 
practiced for rice, ways to irlprove implementation of water delivery 
schedules are needed, more so if diversified cropping is to be adopted in 
these systems. 

The main economic constraints identified in this study are the 

Similarly, in other sites where marketing arrangements have 

Other indirect incentives such as reduction of irrigation fees 

There is a clear need to improve the communication between the 
Irrigation schedules need to be better communicated and 
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4-15 
cropping irrigation will requlre better communication between farmers and 
syatem operators to overcome ithe uncertainty over water delivery Schedules. 
Ways to improve the communica:ion and implementation of water delivery 
schedules have to be investigated t o  fully utilize the capabilities of the 
Us. 
on the benefits derived by the farmer members and the foremost benefit 
identified is the sufficiency of irrigation water supply for his crop. 
Studies to improve the joint [management of IAs and NIA will lead to better 
communication and reduce farmms' uncertainty over water delivery schedules. 

The intermittent and large volume of flows attendant to diversified 

The preliminary study indicated that the viability of the U s  depends 



V. IRRIGATION FOR CROP DIVERSIFICATION (SECOND WASE) 

Background 

5-01 Ambivalence towards the prospects for efficient and profitable 
production of irrigated crops other than rice in the Philippines remains. 
Technical (in respect of both agricultural and irrigation technologies), 
economic, and institutional factors affecting the performance of irrigated 
non-rice crops are not yet adequately understood to permit definitive 
aesessment of future cropping trends. 
studies to examine the more important of these issues in depth. 

5-02 
for crop diversification show that among the identified constraints, the 
irrigation and economic factorB are the items that need further 
investigation. Irrigation manaigement practices that will lead to profitable 
cultivation of non-rice crops Ln the dry season necessitates further 
assessment to arrive at definitive results and guidelines. These guidelines 
will have to evolve out of the examination of existing and testing of 
promising irrigation practices as an alternative in improving the. 
effectiveness of irrigation sylitems particularly in the dry season. 

The Phase I Study utilised field 

The results and implizations of the study on irrigation management 

Betionale for a Phase I1 Study 

5-03 
technical and socio-economic aiipects to irrigation management for diversified 
cropping which are not understood, and which exert a profound effect on the 
profitability of cultivation artd the return on investment in irrigation. 
Several constraints to successful diversified cropping in irrigated areas 
were identified, together with suggested ways to mitigate those constraints. 

5-04 These results must be considered preliminary, however, due to the 
limited study period (22  months and only one dry season) during which the 
study was conducted. 
only to open up the issues for further study with sharper focus, and to 
establish administrative and substantive relationships at several field sites 
which could lead to conclusive results over a longer period. To capitalize 
on the investment in the phase-one project, a more detailed study is needed. 

5-05 The Study Advisory Contoittee (SAC), comprising representatives of 
three Philippine Government agencies (National Irrigation Administration 
[NIA], Ministry of Agriculture [MAF], and the Philippine Council of 
Agriculture and Resources Research and Development [PCARRD]), the Bank and 
IIMI, strongly endorsed the extension or second phase of the study at its 13 
August 1986 meeting. 
of agricultural productivity in irrtgated areas of the Philippines, the 
Committee recommended that priarity be given to the extension of studies on 
1) managing the main and distribution network of irrigation systems, 2 )  on- 
farm irrigation methods and facilities, 3) agronomic practices, and 4 )  
economic and institutional aspects of irrigated crop diversification. 

The results of the in:.tial study showed that there are important 

This period was understood at the outset as sufficient 

To ensure that the study contribute to the larger goals 
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Concepts and Objectives for the Phase I1 Study 

5-06 The Phase I1 study I S  proposed as an extension of IIMI's initial 
work on irrigation management for crop diversification in the Philippines (TA 
654 PHI). 

5-07 
major shift in cropping pattern from irrigated rice to other crops. 
shifts, when they occur, are responses to a range of factors such as relative 
prices, national policies, and technological innovations, and not to field 
studies of limited scope. 

5-08 It is clear, however, that many Philippine farmers are producing 
non-rice crops in the coamrand of irrigation systems and with highly variable 
results. Reasons for successful or unsuccessful cultivation are not well 
understood either by irrigation or agriculture officers, nor sometimes by the 
farmers themselves. Practica:. guidelines for farmers, extension agents and 
irrigation staff to grow non-vice crops more successfully through irrigation 
simply do not exist. 
generate some of the more important of these guidelines. 

5-09 
designed, built, and operated for lowland rice in the wet season. The great 
majority of the irrigated area is supplied from run-of-the-river barrages on 
streams and rivers. These sycitems provide quite stable sources of water 
during the wet season, but escientially none of them has enough water to 
irrigate rice throughout the lull command in the dry season. 
limited water available in the' dry season is used to irrigate rice on a small 
part of the command of each sjstem. 

5-10 
gradual increase in the value of irrigation in the dry season. 
reason for this shift is the adoption of modern rice varieties whose yield 
potential is much higher in the dry season than in the wet. 
viability of farming and of investments in irrigation systems i6 increasingly 
dependent upon dry-season cultivation. 

5-1 1 Competition for the limited supply of dry-season water has increased 
greatly as a result. It takes almost twice as much water per ha to grow rice 
than upland crops in the farm level. 
they can to appropriate more w t e r  to their fields, particularly if rice IR 
grow in the dry season. 
disorder, inefficiency, and iaequity. 

5-12 
Irrigation commands comprise areas ranging from coarse river-levy soils to 
heavy clay backswamps, often within a few hundred meters. 
are usually located near the source of water where dry-season fanning is 
concentrated. 
well suited for that crop. 

Concepts. It is not the purpose of the proposed study to promote a 
Such 

It is the broad purpose of this proposed study to 

Virtually all public irrigation systems in the Philippines were 

Typically, the 

During the past 20 years, technological change has resulted in a 
The main 

The economic 

Headend farmers take whatever measures 

This system of irrigation is characterized by 

Other sources of inequity stem from variable soil conditions. 

The coarser soils 

The result is that farmers attempt to grow rice on the areas 
These areas require much larger rates of water 
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supply than the system is designed to carry because of the high seepage 
losses from such light soils. 
systems supply over 60% of their total water to only 15% of their commands 
for this reason. 

5-13 
soils in the dry season. 
increase in the area irrigated because those crops use less water for crop 
growth and lose less water through seepage than does rice. 
however, has been generally disappointing. Conflicts between rice and non- 
rice farmers have resulted due to the different irrigation demands of the 
crops. 
Farmers experience difficulty converting their lands from a puddled soil 
condition to upland for the dry season, and back again for the wet season. 
In short, although irrigation of diversified crops requires less water than 
that for rice, it requires substantially greater management control over the 
water. 

It has been estimated that some irrigation 

Farmers have begun trying to grow crops other than rice on such 
Where successful, they have made possible a large 

Experience, 

Markets do not exist to absorb the product of most new crops. 

5-14 From the above, overall irrigation system efficiency and 
productivity will increase through a judicious combination of rice and upland 
crops during the dry season. rhe study is designed to establish appropriate 
irrigation policies and practices to support the combined production of both 
types of crops. 

5-15 Objectives. The primary objective of this Phase I1 is to determine 
those irrigation practices moBt likely to enhance the cultivation of selected 
non-rice crops in limited parts of irrigation systems during the dry season, 
and to field-test the most pr'mising of those practices in selected commands. 

5-16 Associated objective; are to: 

a) Develop a criteria o r  methodology for identifying those parts of 
irrigated commands wlth comparative advantage for selected 
diversified crops; 

b) Compare the profitabllity of selected diversified crops under 
irrigated and rainfed conditions, and to compare their irrigated 
performance with that of irrigated rice; 

c) Determine the primary factors and their interaction which condition 
how farmers prepare Land for irrigated rice in the wet season and 
for one or more diversified crops in the dry season, 

d) Develop on-farm irrilsation methods for at least one upland crop; 

e) Design and field-tea: operating procedures for publicly-managed 
portions of irrigation systems; and 

f) Recommend those policies likely to support more profitable farming 
practices and more profitable investment in irrigation development 
as related to diverslfied crops and arrive at guidelines for 
irrigation mansgemeni: practices. 
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5-17 It is important to clarify what the study does not propose to do. 
It is not proposed to undertake varietal or agronomic trials of crops, nor to 
compare different diversified crops with the objective of finding optimum 
crops. It is not proposed to undertake macro-economic analyses of market 
prospects for any crops. 
irrigation structures at either the system or on-farm levels. 
objective of Phase I1 to develop and field-test practices which will make 
diversified cropping with irrigation more profitable, but it is Government's 
prerogative if it wishes, not IIMI's objective, to press rice-growing farmers 
to adopt them. 

The study is not designed to carry out research on 
It is the 

Selection of Field Sites 

5-18 
Mindanao and Luzon Islands. 
included in the Phase I Study. 
Luzon systems too, but the Phase I1 proposal envisages an extension of the 
work to include both Mindanao and Luzon with roughly equal weight. 

The studies will be conducted at seven irrigation systems on 
All three systems selected in Mindanao were 

Some Phase I work was carried out in the 

5-19 On Mindanao Island the following systems have been selected: 

1) Allah River Irrigation Project (ARIP). 

2) Banga River Irrigation System (BARIS). 

3) Mani River Communal Irrigation System (MCIS). 

On Luzon Island: 

1) Bonga Pump # 2 (Bonga River Pump Irrigation System Number 2, 
BP#2) or an appropriate pump system in Bulacan or other 
provinces. 

2) Laoag-Vintar River Irrigation System (LVRIS). 

3) Upper Talavers River Irrigation System (Upper TRIS), and 

4 )  Tarlac-San Miguel-O'Donnel River Irrigation System (TAWORIS). 

5-20 The sites on the Mindanao Island were included in the Phase I study 
and already have data and information that will be of significant value in 
carrying out the objectives set for Phase 11. As a continuation of the Phase 
I study, this Phase I1 will greatly benefit from the information already 
gathered from these sites in arriving at definitive results in assessing the 
profitability of irrigated diversified cropping both in new and existing 
irrigation systems where no previous irrigated diversified cropping is widely 
practiced in the dry season. Furthermore, the sites selected approximate 
conditions (climate, soils, topography, and watershed characteristics) 
representative of irrigation systems located in the island of Mindanao. 
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5-21 The si tes on Luzon Iiiland were s e l e c t e d  in accordance with the  
d e s i r a b i l i t y  of having i r r i g a t i o n  systems where d i v e r s i f i e d  cropping is 
a l ready  being prac t iced  i n  thg! dry season. The f irst  t h r e e  sites above 
f u l f i l l e d  t h e  criteria of having d r y  season d i v e r s i f i e d  cropping whereby 
i r r i g a t i o n  management pract ict is  can be documented and assessed  f o r  
improvement and dissefaination. Moreover, t h e  LVRIS i n  I l o c o s  Norte and Upper 
TRIS i n  Nueva Ecija,  were alscl included i n  the  Phase I s tudy as si tes where 
successfu l  i r r i g a t e d  d i v e r s i f i e d  cropping were p r e l i m i n a r i l y  surveyed. These 
two sites are run-of- the- river systems t h a t  are t y p i c a l  of most systems i n  
the  Phi l ippines  i n  which dry  Eeason water supply is l i m i t e d  and soils are 
s u i t a b l e  f o r  d i v e r s i f i e d  croprling. 

5-22 
an i r r i g a t i o n  system with a d i f f e r e n t  source of water supply, where t h e  
incen t ive  t o  optimize water use through d i v e r s i f i e d  cropping is paramount in 
reducing the  c o s t  of i r r i g a t i o n  water. F ina l ly ,  the  TASMORIS in Tarlac w a s  
included t o  a s s e s s  the  a d a p t a b i l i t y  of i r r i g a t e d  d i v e r s i f i e d  cropping i n  t h e  
dry season i n  conjunct ion w i t h  N U ' S  Dry Season I r r i g a t i o n  Management Program 
located  in t h i s  system. This is a run-of- the- river system where water is 
l imi t ed  in t h e  dry season end so i l s  a r e  s u i t a b l e  f o r  d i v e r s i f i e d  cropping. 

5-23 
r e p r e s e n t a t i v e  of t h e  t h r e e  most important i r r i g a t e d  regions  of t he  
Phi l ippines .  
a v a i l a b i l i t y  of N U  f i e l d  and counterpar t  s t a f f  who w i l l  assist in ca r ry ing  
ou t  t h e  s tudies .  

The BP#2 in I locos  Ncr te  was se l ec ted  as another  s i te  t o  r ep resen t  

These systems provide a range of climatic and s o i l  condi t ions  

Their s e l e c t i o n  was based on many f a c t o r s  inc luding the  

Terms of Reference 

5-24 
which c l o s e l y  fol low the  s t a t e d  o b j e c t i v e s  above. 

The Study w i l l  be c a r r i e d  out  according t o  these  terms of reference ,  
The Study w i l l :  

1) Determine f o r  one sy8:em i n  Mindanao and one i n  Luzon those l imi t ed  
areas f o r  which se1ecl:ed d i v e r s i f i e d  crops are p a r t i c u l a r l y  well 
su i ted ,  taking i n t o  account t h e  na ture  of t h e  s o i l s ,  topography, 
d i s t r i b u t i o n  system, r a i n f a l l ,  and o the r  r e l evan t  f ac to r s .  From 
t h i e  information a more genera l ized  methodology f o r  i d e n t i f y i n g  such 
areas w i l l  be developiid and f i e l d  t e s t e d  on one o r  more a d d i t i o n a l  
systems. 

2) Determine f o r  each of the  seven sample systems the  dry-season y i e l d  
l eve l s ,  c o s t s  of production, gross  re turns ,  and n e t  re turns ,  tak ing  
i n t o  account a c t u a l  and imputed labor  cos ts ,  f o r  

a) one or more irriga(:ed d i v e r s i f i e d  crops, 

b) the  same crop growl under nearby ra in fed  condit ions,  and 
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c) irrigated rice. Lifferential effects, if any, on the performance 
of wet-season rice will be imputed. 
consideration of the cost and availability of credit, and prices 
received will take into consideration marketability of the crop(s). 
From this information a comparison will be made to place the 
economics of irrigated diversified cropping within the context of 
alternatives available to the farmer. 
results will be further analyzed according to different assumptions 
or data on the management of irrigation supplies. 

Costs will take due 

For two of the systems, the 

3 )  Determine for one LuzDn system the primary factors and their 
interaction which condition how farmers prepare their land for a 
diversified crop folhwing wet-season rice, and how they manage 
their land to prepare for wet season rice again, giving special 
attention to labor anli power requirements for tillage, timeliness, 
moisture regimes, prorision far field channels, and other relevant 
factors. ; 

4) [A]. Determine and field-test appropriate cost-effective irrigation 
methods at both the fLeld level and system level in one system in 
Mindanao and one in Liizon, to find practical values for recommended 
(i) intervals between, (ii) duration, and (iii) stream size of 
irrigations. 
(i) extent and managerlent of seepage from adjacent ricefields as 8 
source of water for djversified crops, (ii) basin flooding vs. 
different forms of furrow irrigation, (iii) density and placement of 
on-farm channels and structures, and (iv) means to communicate and 
relate between the on-farm and main-system practices. 
level sites will be selected within the systems representatives of 
head, middle, and tail locations. The systems-level studies will 
give special attention to cost-effective and manageable means of 
providing irrigation cn an intermittent basis, keeping in mind the 
need to irrigate both rice and diversified crops from the same 
system. These studies will include the determination of critical 
points within the system for monitoring and control of flows, 
irrigation intervals and schedule, canal capacities, manpower 
capabilities for operating the system and improvements in the 
physical facilities to allow the implementation of irrigation 
management practices for both rice and non-rice crops in the dry 
season. 

4) [B] Document and analyze current methods in use during the dry 
season for irrigating diversified crops in the five other sample 
systems, and analyze them for more general applicability. 

The fie:,d-level studies will give special attention to 

The farm 

5) Recommend appropriate irrigaeion management practices from t k  
above, and propose a ciet of guidelines in the form of "Philippine 
Recommends for Irrigation Management for Diversified Cropping." 
This series of guidelines w i l l  be more concrete in their 
recommendations for actual field practices, and will be the 
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subject of the workshop and various training activities carried out 
in the study. This set of guidelines will also have significance for 
projects in the country other than those taken up in the study and 
will have some value outside the Philippines.2 

Implementation Arrangements 

5-25 
will be the International Irrlgation Management Institute (IIMI). IIMI will 
carry out the studies in closi! collaboration with the National Irrigation 
Administration (NU) which is the lead government agency, together with the 
Philippine Council for Agricul.ture and Resources Research and Development 
(PCARRD) and the Ministry of Agriculture and Food (MAF). 

5-26 
other irrigation systems in wtich the study sites will be located. NIA will 
also be the executing agency for agricultural development in ARIP, while for 
the others the NIA irrigation systems offices will be the cooperating 
agencies. 
appropriate non-rice crops. Studies involving crop production in all of the 
selected study sites will be carried out in close coordination with the lead 
research agencies of the PCARRD consortium. 
University of Southern Mindanao in Kabacan for ARIP, BARIS, and MCIS; the 
University of the Philippines in Los Banos; the different state colleges and 
universities under the Central Luzon Agricultural Research Center in Munoz 
for the Upper TRIS and TASMORIS; and the Mariano Marcos State University in 
Batac for the Laoag-Vintar RIS and Bonga Pump #2. It is intended that the 
component studies be conducted in association with IIMI. The research 
studies in the Phase I1 Study will be included in the annual review and 
evaluation being conducted by I’CARRD as part of its regular coordination of 
agricultural research projects. 

The executing Agency for this Technical Assistance Phase I1 Study 

N U  will be the lead agency for the two irrigation projects and 

MAF will also be a cooperating agency in respect of trials with 

These agencies are the 

2 IIMI recognizes the importance of appropriate institutional 
relationships to support the it,rigation management practices which will be 
field tested in this study. I P I  cannot address institutional issues 
adequately within the budgetarq limitations imposed by the project. The 
source of support have been identified which will enable IIMI to apply staff 
resources, both within the Philippines and from headquarters to do an 
effective comprehensive study of institutional relationships within the 
appropriate framework of this study. The institutional study will document 
the structure and decision making processes of both the NIA and the 
Irrigators Association (IA) as they relate to dry season water distribution; 
document patterns of cooperation among farmers within the LA and the NU. 
Other issues to be documented will include: (a) the structure and payment of 
irrigation service fee charges, (b) adherence to cropping schedules, (c) 
staff training, and (d) such other information as is deemed relevant by the 
IIMI Project Coordinator. 
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5-27 The IIMI Coordinator f o r  the  Phase I Study o r  h i s  replacement w i l l  
d i r e c t  and coordina te  t h e  P h a ~ e  I1 Study Implementation. 
(Ph i l ipp ine )  s t a f f  w i l l  cont inue t o  c a r r y  out  on-s i te  s t u d i e s  and da ta  
c o l l e c t i o n  f o r  each of t h e  s e l e c t e d  s tudy  sites. These inc lude  one Research 
Associate  and four  Research Aiisistants.  Consultants  and r e sea rch  a s s i s t a n t s  
w i l l  be h i r e d  as needed t o  supplement t h i s  manpower. IIMI w i l l  provide a 
consul t ing  Agr i cu l tu ra l  Econormist a t  t h e  i n t e r n a t i o n a l  l e v e l  t o  coordina te  
and provide guidance t o  t h e  e8:onomic s tudies .  
cooperat ing agencies  o r  univel’s i t ies  belonging t o  the  PCARRLl network of 
research  consor t i a  w i l l  be eniiaged as l o c a l  consul tan ts .  To f a c i l i t a t e  
implementation, NIA w i l l  cont:.nue t o  provide s i t e  o f f i c e  accommodation and 
a s s i s t a n c e  in da ta  c o l l e c t i o n  through i t s  f i e l d  personnel.  

5-28 
January 1987. However, i n  order  t o  cover th ree  d ry  seasons wi th in  t h i s  
period, d a t a  c o l l e c t i o n  w i l l  begin i n  November 1986, which is the beginning 
of t h e  d r y  season i n  most of !.he s tudy s i t e s .  . 

The IIMI l o c a l  

Research s t a f f  from t h e  

The Phase I1 Proposa;. is planned f o r  a 29-month period commencing 

A c t i v i t i e s  

5-29 
formal opening of the  Phase I1 study, because t h e  dry- season c rop  begins 
during t h a t  month a t  many of t h e  s tudy  sites. 

5-30 
T e r n s  of r e fe rence  are proposed on t h e  fol lowing page, s u b j e c t  t o  poss ib l e  
modification. 

Some Phase I1 A c t i v i t i e s  w i l l  begin in November 1986, before t h e  

Assignment of manpower t o  t h e  f i v e  Study A c t i v i t i e s  descr ibed  in t h e  
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PHASE I1 PROPOSED ACTIVITIES 

-. S i t e s  Methodology Manpower (man-months) 

IIMI IIMI IIMI Local  
P r O j  Local HQ Cons. ---- Coord S t a f f  S t a f f  S t a f f  

1. Development 1. ARIP  - Conceptual work; 4 36 1.5 2 
of methodology 2. TASMORIS - F i e l d  measures; 
t o  i d e n t i f y  areas. or BPIS - Photogrammetry. 

2. Economics of A l l  S i t a e  - Interviawe;  2 15 2.0 8 
d i v e r e i f i e d  and - Record-keeping; 
rice crope. - Limited crop-cuts. 

3. Land management Upper TRIS - Monitoring; 4 20 0.5 6 
prac t icee .  or BPIS - F i e l d  meaaures. 

4. I r r i g a t i o n  sY8- A l l  a i teu - Flow measurement; 9 144 2 . 5  6 
tem prac t i ces .  - F i e l d  monitoring; - H i s t o r i c a l  records ;  - F i e l d  test ( e e l e c t ) .  

5. I n e t i t u t i o n n l  A l l  eite.1 - Interviews 5 17 1 .5  6 - - - -  arrangements 6 
recommendations. 

Totalri 24 232 8.0 28 
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5-33 Local consultants associated with the Study will be as follows: 

1. Univ. of Southern Nindanao (USM), for all Activities at ARIP, 
BARIS, and MCIS; 

2. Central Lueon Statir Univ. (CLSU), for all Activities at Upper 

3. Univ. of Phils. at Los Banoa (UPLB) for all Activities 

TRIS; 

where the availablo expertise will be appropriate; 

4. Mariano Marcod Staxe Univ. (MMSU) for all Activities at LVRIS 
and BP12; and 

5. Pampanga Agricultural College (PAC) for all Activities at 
TASMORIS. 

5-34 PCARRD staff will collaborate with the Study at Sites and in 
Activities for which P C A W  hail special interest, particularly i n  the 
publication of the Philippine lilecommends for Irrigation Management for Crop 
Diveraification. 
facilitate this collaboration. 

PCARRD and IWI have signed a Memorandum of Agreement to 

Repgtts 

5-35 
after 8 months, a second progrrss review report after 14 months, an interim 
report after 18 months, a workphop report after 22 months, a draft final 
report after 28 months, and a final report on completion of the 29-month 
period, 

5-36 
completed aativities for the ffrst dry season and proposed studies and plans 
for the n e W  12qonth period, 

5-37 The second progress review report will consists primarily of the 
ssmpp'L@OeQ crativities and oasite evaluation report (February 1988) of the 
FBV$CW i l a e i o n  from the Bank end other members of the SAC. 

5-38 The interim report will include the acoompliahments and adjustments 
(if any) of  the Btudy after two dry seasans (June 1988). 
provide the materials for the workshop echeduled for September 1988. 
of the set of guidelines in outline form will also be included at this stage 
o f  reporting. 

5-39 The workshop report sdll consolidate the results of the two dry 
seasons and assessment.of data and information from studiei conducted by 
other agencies relevant to irxigatad crop diversification in the Philippines. 
The report ir intended to be uaed in formulating recommendations and policy- 
oriented euggertions. 

A first or initial pr9graes review report will be presented by I M I  

The first or initial progress review report will consist of the 

It will also 
A draft 

It will. also provide an opportunity for adjustments, 
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if necessary, before carrying cNut the field-test activities during the last 
dry season. A more detailed set of guidelines will accompany the report at 
this stage. 

5-40 
the Study and document the results of the field tests. 
the set of guidelines will also be submitted at this stage. 

The draft final report: will consolidate all the accomplishments of 
A completed draft of 

Cost Estimate 

5-41 The cost of the propoiied Phase I1 Study tschnicnl aarirtance is 
estimated at $415,000 of which $350,000 will be financed by the Bank and 
$50,000 by IIMI and $15,000 no,cional coats by NU. 
counterpart funding required from the Government; however, ae noted above, 
N U  ataff already employed at the project sites and i n  relnted rsrearch 
activities will aasiet and cooperate in the etudy and NU will provide site 
office accommodations. These rctivitiea will not involve additional or 
incremental expenditures by the government. 

5-42 
on start-up time in 1986 for the first dry eeason nctivlties, IIMI will 
provide interim support during this period contingent upon the Phase I1 
Proposal being funded beginning January 1987. 

These will be no 

Since there will be a two-month (November and December 1986) advance 



5 2  

Corn 600 90-'L20 Tasse l ing  
t o  g r a i n  
formation 

Bean 300-500 60-'30 Flowering 
and pod 
development 

Cotton 700-1300 150-180 Flowering 
period 

---- Garlic. 360-400 90-120 

Onion 350-550 90- 100 Period of 
roo t  bulb 
formation 

Peanut 580 140-160 Peak of 
flowering 
and early 
f r u i t i n g  

S e n s i t i v e  t o  very  
shal low water t a b l e  

Vegetat ive period is 
s e n s i t i v e  t o  water 
logs ing  

Over supply of water 
r e t a r d s  f r u i t i n g  and 
branching and de lays  
maturity.  It should 
not  be allowed under 
water- logged 
condi t ions  a t  any 
s t a g e  of t h e  growth 
f o r  more than 4 days. 

This  r e q u i r e s  
moderately wet s o i l  

I 

i 

-r 



Suff ic ient  water for r i c e  

1)  Yes 13 (33%) 30 (75%) 16 (40%) 15 (23%) 

Actually planted rice 
Yes 5 (39%) 16 (53%) 8 (50%) 10 (67%) 

NO 8 (61%) 14 (47%) 8 (50%) 5 (33%) 

2) NO 27 (67%) 10 (25%) 24 (60%) 51 (77%) 

Expected to plant rice 
i f  s u f f i c i e n t  water is  
available 

Yes 16 (59%) 0 (0%) 10 (42%) 18 (36%) 

NO 11 (41%) 10 (100%) 14 (58%) 32 (64%) 



CASH COSTS 
Hired Labor 
Seeds 
F e r t i l i z e r  
Chemicals 

21342 0.60 0.78 2. 56 1.39 
435 0.00 0.00 9. 84 29.17 
1:243 1. 82 1. 51 . 00 1.25 
,190 5.60 8. 57 3.72 1.78 

Tota l  Cash c o s t s  7 207 1.22 1. 39 3.22 1.94 
( inc luding  o t h e r  
cash c o s t )  

NON-CASH COSTS 1811 4.80 2. 58 7.08 11.78 
(Family & 
E x c h w e  
Labor & 
Mgt- 1 

RETURNS 11035 1.86 1. 89 3. 70 2.19 

N e t  r e t u r n  above 3528 3.48 2. 59 4.77 2.69 
cash c o s t  

N e t  farm income 1617 (-) 2.59 3.75 (-) 

===P=E_P=====DD_=-E=_==33-CI--=-===PD--Z---==------~*-===-=-----====== 

Tob = Tobacco C = Cotton R = Rice 
0 = Onion G - Garlic 

(-) negat ive  n e t  farm income 
Rice = mean va lues  in Phi l ipp ine  pesos per  hec ta re  f o r  a l l  sites 

I 

r 



1. Spec ia l  arrangement w/ buy2r 
Yes 
NO 

2. Buyer providing seeds 
Yes 
NO 

3. Buyer lending  money 
Yes 
NO 

4. Buyer providing f e r t i l i z e r  
Yes 
NO 

5. Buyer providing chemicals 
Yes 
NO 

6. P r i c e  agreed upon 
before  p l an t ing  

Y e s  
NO 

7. Point  of sale 
On farm 

With in  b a r r i o  
Outside ba r r io ,  

Outside municipal i ty ,  
w i in  munic ipa l i ty  

wlin province 

8. Produce t ranspor ted  
Yes 
NO 

9. Ave. d i s t a n c e  
from p o i n t  of sale 

10. Mode of payment 
Cash on d e l i v e r y  
Credi t  
In s t a l lmen t  

36 (90%)  40 (100%)  13 (33%)  2 ( 3 % )  
4 (10%) 0 27 (67%)  58 (97%)  

1 ( 3 % )  40 (100%) 6 ( 1 5 % )  0 
39 (97%)  0 34 (85%) 60 (100%) 

23 ( 5 8 % )  40 100%) 2 ( 5 % )  0 
17 (42%)  0 38 (95%) 60 (100%) 

25 (63%)  , 40 (100%) 2 ( 5 % )  0 
15 (37%)  0 38 (95%)  60 (100%) 

24 (60%) 40 (100%) 1 ( 3 % )  0 
16 (40%)  0 39 ( 9 7 % ) .  60 (100%) 

5 (13%)  40 (100%)  10 ( 25%)  1 ( 2 % )  
35 (87%)  0 30 (75%)  59 (98%)  

3 (8%) 1 9  (48%)  2 ( 3 % )  
34 (84%) 36 (90%)  17 (42%)  13 (22%) 

3 ( 8 % )  4 (10%) 4 ( 1 0 % )  5 ( 8%j  

0 0 0 0 

8 (20%)  14 ( 3 5 % )  1 2  (30%)  5 ( 8 % )  
32 (80%) 26 (65%)  28 (70%)  15 (25%)  

0.33 !a 0.22 !a 0.20 km 0.88 km 

31 (78%)  28 (70%)  20 ( 3 3 % )  
9 (23%)  40 (100%) 8 (20%)  

4 (10%) 

r 
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Table 111.1 Mean s o i l  moisture content  a f t e r  i r r i g a t i o n  of r ice paddy f i e l d  
f o r  ad jacent  corn f i e l d s  at  d i f f e r e n t  d i s t ances ,  MCIS, d ry  
season, 1986.11 - 

P L - - - - - - - - - 3 = - - 0 1 1 3 = - - = - - I - - - = = = ~ - - = * ~ = ~ - = = = = . - - - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ - ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ = ~ ~  

Date/ time L e f t  Corn Fie ld21 - Rice F ie ld  Right Corn F i e l d  
LC3 LC2 LC 1 RC 1 RC 2 RC 3 

May 5 0800 20.2a 20.5a 19.7a 20.2a 19.7a 21.5a 20.6a 

May 5 1400 20.7ab 22.7ab 23.5b 27b 25.3b 24.2b 22ab 

May 9 0800 22.6b 24.3b 26.9bc 28.5b3l - 28.5bc 25.8b 22.8b 

May 9 1400 22.9b 25.7b 2 7 . 5 ~  28.5b 27c 2 6 . 6 ~  23.2b 

May 10 0800 23.5b 25.9b 2 8 . 1 ~  28.5b 2 7 . 3 ~  2 6 . 9 ~  23.3b 

___-----------_PI-_=__p_D_____1___3_____----------==-.--~------------------- 

11 S o i l  moisture w a s  sampled a t  60 c m  depth. - 
Column means followed by the same l e t t e r  a r e  not s i g n i f i c a n t l y  d i f f e r e n t  
a t  5% leve l .  

2 1  LC3, LC2 and LC1 a r e  10% 5nt and l m  away from t h e  edge of t h e  r i c e  paddy 
respec t ive ly ,  s i m i l a r l y  for t h e  r i g h t  corn f i e l d .  See F igure  111.2 f o r  
d e t a i l s  on t h e  layout  of the corn and rice f i e l d s .  

- 

31 Constant moisture due t o  the s tanding  or ponded water in t h e  paddy - 
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Table 111.2 Mean soil moisture content ,  f e r t i l i z e r  app l i ed  and y i e l d  of 
i r r i g a t e d  ( through seepage) and r a i n f e d  hybrid corn  a t  
BARIS, dry season 1985-86. 

=__=3=====1=====55_==Ip=-55DI=-=3---pI-=============-==-=-=~------=--~-- 

MC% * F e r t i l i z e r  (kg/ha) Yield** 
Var ie ty  N P K ( tons /ha  

I r r i g a t e d  Samples 
SMC 
SMC 
Pioneer  
Pioneer 
Pioneer 
Pioneer 
C a r g i l l  

Mean 

Rainfed Samples 
SMC 
SMC 
SMC 

Mean 

Dif ference  

23 
25 
23 
22 
19 
31 
19 

23 

13 
14 
15 

14 

9*** 

316 0 0 
147 35 35 
64 18 18 
60 14 14 
36 4 4 
76 30 7.8 
a1 26 0 

111 18 11 

114 30 0 
154 80 0 
141  33 33 

136 48 11 

25 30*** 0 

4. 7 
5.1 
4 .  95 
3. 95 
4. 6 
3. 7 
4. 9 

4. 55 

3. 15 
1.45 
2 

2.2 

2.35*** * 
=P=P--3__P__PDP=P*=3p-2-p3-I---==--31--=-=~==3======-P--=-=--=-------- 

* 
** Yield w a s  sampled by crop  c u t  10m x 10m 
*** S i g n i f i c a n t  a t  5% l e v e l  us ing  Lord's Range test f o r  l i m i t e d  samples 

Mean soil moisture sampled a t  40-60 c m  depth 



PTDF#2- 
ARIP Bas in  Sandy 10 I p s  380 3.2 h r s  0.8 h r s .  

Furrow 242 2.4 

BARIS Bas in  sandy 15 I p s  520 6.2 h r s  1.8 h r s .  
c l a y  loam 

Furrow 384 4.4 

I 
i r 



S i b e s t e r  IA (San Mateo) 1.25 
Double -row 4.79 43 3.47 

Triple- row 4. 6 1  39 2. 0 

CPPL I A  (Luna) 2 

Double-row 4. 84 13  1 2.15 

Triple-row 4.46 120 1.23 

1/ I r r i g a t i o n  was only appl ied  once a t  San Mateo s i t e  and t h r e e  times a t  
Luna site. 

- 

1. Basin f looding  161.8 152.3 94.1% 0.99 0.5 0 

2. S ing le  furrow 132.6 109.0 82.2% 0.89 4.5 -25% 

3 Double furrow 94.3 77.1 81.8Z 1.18 4 -25% 

1 - - 1 l l I I 1 l I l . i D D I l = - - p I p D I 3 1 - - I I I I I - - p I p ~ ~ ~ ~ ~ a ~ ~ = ~ ~ ~ = ~ ~ ~ = = ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = = ~ . ~ * ~  

- 1/ 
- 2/ 

- 3/ 

For bas in  flooding, r a i n f a l l  (7 mm) was s t o r e d  while  none f o r  t h e  o t h e r  
two methods 
Ef f i c i ency  * (Stored/Supplied)x 100% ;does not  account l o s s e s  due t o  deep 

Estimated l abor  use in i r r i g a t i n g  the  white bean crop  i n  man-days/ha 
pe rco la t ion  
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35 Aug 27-Sep 2, 19811 80 46 60 
36 3-9 140 46 24 
37 10-16 69 20 22 
38 17-23 34 59 37 
39 24-30 38 46 110 
40 O c t  1-7 34 49 118 
41 8-14 63 52 104 
42 15-21 87 47 178 
43 22-28 38 35 160 
44 29-Nov 4 16 103 1735 

29 
47 
16 
15 
16 
40 
31 
17 
8 

41 

52 
50 
35 
67 
38 
16 
38 
24 
27 
76 



\ 
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35 
36 
37 
38 
39 
40 
41  
42 
43 
44 

Aug 27-Sep 2, 1985 79 1. 55 1. 56 1.18 1.85 
3-9 140 2.32 1. 95 2.11 2.73 

10-16 69 1.1 1.11 0. 98 1.32 
17-23 34 1.09 0. 85 0.57 1. 16 
24-30 38 0. 98 1. 76 0. 63 0. 85 

O c t  1-7 34 1 1.82 0. 86 0.54 
8-14 63 1. 56 2.42 1.22 1.19 

15-21 87 2.07 4.46 1. 56 1.49 
22-28 38 1.19 3. 79 0. 75 0.91 
29-Nov 4 . 15 1. 54 23.5 0.77 1.15 
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Table 111.8 I r r i g a t i o n  water suppl ied  and r a i n f a l l  by d iv i s ion ,  a t  BARIS 
d r y  season 19811-86. 

- P I I = = I - = J P I P D = _ = = = - 3 - 3 1 - l n - 3 - p - 3 p = - i p - 3 ~ ~ = = ~ ~ ~ ~ ~ ~ ~ ~ ~ = ~ ~ ~ E ~ ~ . ~ ~ = ~ = ~ ~ ~ ~ = ~  

Wk. No. Date I r r i g a t i o n  Divers ion  (mm/wk) 
Rain- ____________________________________ 
f a l l  Tota l  Div is ion  Div is ion  Div i s ion  

(m/wk)  System A B C 
31.l=i._==-=D_===a===-==---=,,-=---=--~=--==a.--=*-------------a----=3----- 

45 NOV 5-11, 1985 0 104 262 83 29 
46 12-18 11 74 187 59 22 
47 19-25 30 54 159 32 1 4  
48 26-Dec 2 3 65 143 39 42 
49 Dec 3-9 28 76 139 100 72 
50 10-16 121 60 89 80 73 
51 17-23 11 65 45 73 84 
52 24-31 10 95 78 70 133 
1 J a n  1-7, 1986 2 81 65 113 63 
2 8-14 1 2  92 126 91 74 
3 15-21 31 101 148 136 85  
4 22-28 36 57 59 64 52 
5 29-Feb 4 23 44 82 25 38 
6 Feb 5-11 5 63 75 90 60 
7 12-18 11 72 150 107 101 
8 * 19-25 3 85 250 217 ' 152 
9 26-Mar 4 2 139 7 84 475 213 

10  Mar 5-11 9 95 415 
11 12-18 - 162 294 
1 2  19-25 - 534 1070 

To ta l  349 1103 1807 1159 941 
=_=======a==========_=_==D_sp__ppD_J_I_p---==-==---=====------==-==-=~== 
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45 
46 
47 
48 
49 
50 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  

Nov 5-11, 1985 
12-18 
19-25 
26-Dec 2 

10-16 
17-23 
24-31 

Jan 1-7, 1986 
8-14 

15-21 
22-28 
29-Feb 4 

Feb 5-11 
12-18 
19-25 
26-Mar 4 

Mar 5-11 
12-18 
19-25 

Dec 3-9 

0 
11 
30 

3 
28 

121 
11 
10 
2 

12 
31 
36 
23 

5 
11 

3 
2 
9 - 
- 

1.14 
0.93 
0. 92 
0.74 
1. 14 
1. 99 
0.83 
1.14 
0. 9 

1.13 
1.44 
1.02 
0.73 
0. 75 
0.90 
0. 96 
1.57 
1.22 
1. 76 
5.14 

2.87 
2.17 
2.07 

1.6 
1.83 

2.3 
0. 61 
0. 96 
0. 73 
1. 51 
1.96 
1.04 
1. 15 
0.87 
1.80 
2.81 
8. 68 

0.91 
0.17 
0.68 
0.46 
1.39 
2.21 
0. 92 
0.87 
1.26 
1.12 
1.83 
1.09 
0. 52 
1.07 
1.39 
2.49 
5.33 

0. 32 
0.36 
0.49 

0.5 
1.1 

2.13 
1.05 
1.57 
0. 71 
0. 94 
1.27 
0. 97 
0. 67 
0.73 
1.29 
1.75 
2.39 
5.03 
3. 26 

11.68 



35 Aug 27-Sep2 
36 3-9 
37 10-16 

'38 17-23 
39 24-30 
40 O c t  1-7 
41 8-14 
42 15-21 
43 22-28 
44 29-Nov 4 
45 Nov 5-11 
46 12-18 
47 19-25 
48 26-Dec 2 
49 Dec 3-9 
50 10-16 
51 17-23 
52 24-31 
1 Jan 1-7 
2 8-14 
3 15-21 
4 22-28 
5 29-Feb 4 
6 Feb 5-11 
7 12-18 
8 19-25 
9 26-Mar 4 

10 Mar 5-11 
11 12-18 
12 19-25 

3000 
3000 
1377 
1602 
1377 
1217 
2300 
3000 

612 
1041 
1257 
1025 

984 
818 

1329 
3000 

900 
1290 
1001 
1286 
1865 
1152 

715 
809 
987 

1069 
1360 

737 
708 
974 

500 
500 

0 
282 
485 
282 
500 
500 
232 
348 
500 
424 
374 
307 
286 
500 
146 
131 
194 
386 
354 
284 
212 

79 
109 
162 
3 83 

0 
1 5  
0 

550 
550 
363 
121 
138 
314 
449 
550 

49 
151 
346 
279 
201 
168 

50 
550 
344 
327 
480 
434 
400 
170 
400 
281 
410 
405 
254 
288 
381 
381 

318 
5 00 
377  
242 
200 
376 
235 
500 

55 
75 
71 
60 
65 

5 
0 

550 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

600 
600 
550 
510 
179 
205 
428 
600 

0 
241 

89 
212  
336 
258 

0 
5 50 
103 
125 

0 
35 
0 
0 

108 
144 
250 
202 
182 
127 
168 
122 

0 
600 
600 

68 
92 

156 
37 

600 
26 

135 
41 
30 
2 1  
40 

299 
550 
262 
391 
155 
210 
300 

98 
115 
108 
161 
205 
136 
129 

90 
212 

500 
500 
305 
368 
225 

8 
426 
500 
183 
177 

19  
21 
0 

41 
224 
500 
222 
365 
172 
22 1 
350 
334 
141 
160 
237 
217 
261 
205 
17 3 
259 
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50 10-16 
51 . 11-23 
52 24-31 

6 85 53 125 
36 43 17 73 
5 96 79 117 

1* Jan 1-7, 1986 3 65 48 84 
2 8-14 21 73 21 136 
3 15-21 29 21 9 35 
4 22-28 148 0 0 0 
5 29-Feb 4 7 0 0 0 

6 Peb 5-11 
7 12-18 
8 19-25 

15 80 56 67 
11 97 28 88 
11 65 8 118 

* Programed areas was reduced to  150, 36, and 114 ha, for 
the Total System, Section A and Lateral B respectively 
onward from week 1 t o  week 8. 
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40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51  
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15  

Oct 1-6 1985 
7-13 

14-20 
21-27 

NOV 4-10 
11-17 
18-24 

28-Nov 3 

25-Dec 1 
Dec 2-8 

9-15 
16-22 
23-29 
30-Jan 5 

Jan  6-12 
13-19 
20-26 
27-Feb 2 

10-16 
17-23 

Feb 3-9 

24-Mar 2 
Mar 3-9 

10-16 
17-23 
24-30 
31-Apr 6 

Apr 7-13 

256 213 2 1  0. 91 
244 213 13 0. 93 
206 124 146 1.31 
220 75 145 1 
257 214 63 1. 08 
209 234 30 1. 26 
207 244 20 1.28 
201 251 34 1. 42 
198 249 41 1.46 
188 250 44 1. 56 
185 257 5 1.42 
176 260 9 1.53 
174 261 7 1. 54 
172 255 1 1. 49 
179 248 8 1.43 
173 252 7 1. 5 
178 249 12 1.47 
178 236 52 1. 62 
186 234 3 1.27 
187 248 2 1. 34 
187 243 0 1.3 
187 231 9 1. 28 
173 2 23 3 1. 31 
114 201 24 1. 97 
102 177 0 1.74 

79 167 12 2.27 
60 163 0 2. 72 
52 116 23 2.67 

~ ~~ 

IDR - I r r i g a t i o n  Diversion Requirement 
I R  Actual  I r r i g a t i o n  Delivered 
RP - R a i n f a l l  
RJS = R e l a t i v e w a t e r  Supply = ( I R  + RF) / I D R  



Corn 

PTDFI2 

BAR18 

MCTB 

Prclnut 
d 

PTBPlZ 

BAR18  

MCIB 

Mun~brcln 

PTDF#Z 

BAR18 

MCI8 

(rhrllrd) 

588 2 

2240 

2660 

(rhrl lrd)  

1988 

1120 

1400 

(rhrllrd) 

o i l  
1320 

1742 

1586 2924 -1338 

6048 3596 2452 

7182 9728 3454 

14200 5708 8492 

8000 493s SO67 

10000 11183 5817 

0 1249 -1249 

6600 4979 1621 

8710 5330 3380 

~ 1 ~ ~ 9 9 m m m ~ 1 ~ m 9 1 9 9 1 m m ~ 9 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 9 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 9 ~ . ~ ~ m . ~ 9 ~ ~ 9 9 ~ ~ ~ ~ ~  

a Grosr income in Peso8 
- b Production cost6 do not include land rent - c Low yield due t o  pest m d  dieease infestation and low so i l  CM 
- d Zero yield due t o  water-logging inducing nematode and viral leaf 

infestation 

- 

* I 

r 
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Table 111.16 Input and Output cost of production for White Beans. 
Thirteen sanple farms, Cavite, Dry Season 1985-86. 

-=II.---.II-=t--PP3=---II=P--=--==--==-=--=-~~~-=~~~===~~-~~=~-~=~~~====~=~ 

Sample Production Production Production Costs (P) Net Returns 
Area (ha) (kg) Value (P) Fert. P e s t .  Other * Total (P)  

- - - 1 = ~ . 1 - P - - - 3 - 3 0 = ~ 3 p I - p p I I - - - - - - - ~ ~ = = ~ = - - = ~ - ~ - ~ ~ - = = = ~ ~ = - ~ ~ ~ - - ~ ~ - - ~ = ~ ~ ~ = ~  

0.4 686 8924 832 3 50 1889 3071 5853 

0. 5 506 6578 957 654 1834 3445 3111 

0.4 404 5252 7 00 741 1333 2774 2478 

0.3 296 3835 592 525 1618 2735 1100 

0.2 181 2353 440 368 880 1688 665 

0.2 157 2041 275 350 88 7 1512 529 

0.2 127 1651 47 5 - 677 1151 500 

0.4 228 2957 400 570 1553 2523 434 

0.3 73 949 375 315 1013 1703 -754 

c 

0.2 106 1372 950 525 832 2306 -935 

0.5 225 2925 540 1060 2304 3904 -979 

0.3 25 325 - 165 1448 1613 -1288 

0.5 148 1924 1183 490 1688 3341 -1417 
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Table 111.17 Total water use arld mean yields for two varieties of corn and 
three irrigation lreatments at Sen Mateo, Carulay and Luna 
sites, Isabela, dry season, 1985-86. 

I n l - a - . l l . . - - - - - - - - . = - - = = - ~ - - . l - n n l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

Site Total Water Use (mm)l] Mean Yield (ton/ha) 21 
--------------------___________.________------------------------------------- 

Ilainfall Variety 1 Variety 2 Irrigation 

I I1 I11 I I1 I11 I I1 I11 

San Mateo 24 25 18 187 5.27 5.67 5.54 6.24 5.92 5.60 

Carulay 158 142 253 171 5-27 4.02 5.17 5.65 4.73 5.98 

Luna 182 145 178 240 4.47 2.89 4.21 6.09 5.04 5.59 
_=_PP=_PP-_~P=~PPDD=_=======----~,--~=====-=--P=-=--=-=----------a~--~=rn~~~~~~~ 

Mean 5.00 4.19 4.97 6.00 5.23 5.72 

11 Irrigation treatments were: 
~ ~ P P a I I P I . l P l l l l l i ~ ~ ~ = = 5 ~ ~ - = a ~ = ~ ~ , , = ~ ~ ~ - = 5 - - - - - - - = a = = ~ = ~ ~ ~ ~ - r n - = - - = ~ - a ~ ~ = = ~ ~ ~ ~ ~ ~ ~  

I - irrigation applied at' a)tasseling, b)silking and c) grain 

II - irrigation applied at a)tasseling and c) grain filling stages. 
111- irrigation applied only at 50X soil moisture depletion. 

filling stages. 

21 Varieties used were: 
Variety 1 - 
Variety 2 - pioneer 6181 Var 2 - Yellow hybrid. 

IPB Var 2 - open pollinated white flint. 

Table 111.18 Crop coefficients for consumptive use of corn computed from 
soil moisture data at Catulay site. Echague, Isabela, Dry 
Season, 1986. 
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11-20 

21-30 

0.81 

.O. 92 
> 0.86 vegetative 
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Table 111.21 Mean weight of dry seeds of white beans flooded a t  d i f f e r en t  
growth stages and a t  varying durations, UPLB Experiment 
Station, dry season 1985-86. 

IP=II..III-ll....Ill-----.¶,¶----=--=-,--------=------------I----=----=--=-- 

Flooding Dry seed weight i n  grams per pot 
I Duration (days) 

15 DAS* 30 DAS 45 DAS I *  ........................................................................... 
' .  
I 0 75 a 75 a 75 a 

1 I 2  71  ab 53 c 78 a 

1 67 ab 57 c 71 a b  

2 51 c 55 c 57 c 

4 39 d 3 f  55 c 

6 37 d 2 f  55 c 

10 2 1  e 3 f  60 c 

- 1 1 1 1 - 1 1 1 - - 1 1 - 1 1 1 - 3 3 P I I I - D I - D 1 1 1 1 1 3 p I - - I - - 1 = - - -  

* U S  - days a f t e r  seeding 

Means with the same l e t t e r ( 6 )  a r e  not s ign i f ican t ly  d i f fe ren t  a t  1 % level. 

I I 
I 

r 



._. -- 
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Table 111.22 Comparison of  rice y i e l d s  and cos t s  of product ion of  

irrigated rice-rice, i r r i g a t e d  r ice- corn  and 
i r r i g a t e d  r i ce - r i ce / co rn  cropping p a t t e r n s  a t  
BARIS, d r y  season  1985-86. 

77 15 10 NO. of samples 

1.40 1. 28 0.02 Ave. farm area (ha.) 

4,199 2,774 3,472 1. Yield (kg/ha) 

2.60 2.21 2. 26 2. P r i c e  (P) 

6,036 7,902 3. Output Value (P/ha) 11,205 

4. Cur ren t  Inputs  
F e r t i l i z e r  889 909 532 
P e s t i c i d e s  369 21 31 
Seeds 543 460 531 

Other Cash Outlay 29 14 70 
Equipment Rental  1,096 480 449 

Tota l  Inputs  3,151 1,883 2,265 

5. Hired Labor Cost 1,450 792 856 

6. Land Renta l  Payments 1,316 406 553 

7. I r r i g a t i o n  Fee 544 0 0 

8. T o t a l  Family Labo:: 1,643 1,063 1,365 

Returns to  family r e sou rces  
(P/ha) before  l abo r  4,745 2,955 4,229 

Returns t o  family 
r e sou rces  (P/ha) 3,102 1,891 2,864 

RR 
R-RC - rice f o r  w e t  m d  rice and corn  f o r  dry  season 
R-C 

- rice f o r  bo th  wet and d r y  seasons 

- rice f o r  wet imd corn  for  d r y  season  



No. of Samples 

Ave. farm area (ha.) 

1. Yield (Kg/ha) 

2. Price (P) 

3. Output value (P/ha) 

4. Current Inputs (P/ha) 

Fertilizer 
Pesticides 
Seeds 
Equipment Rental 
Other Cash Outlay 

Total Farm Inputs 

5. Hired Labor Cost 

6. Land Rental Payments 

7. Irrigation Fee 

8. Total Family Labor 

Total Production Cost 

Return to family resources 
(P/ha) before labor 

Return to family 
resources (P/ha) 

77 

1.41 

4,199 

2. 52 

10,585 

a43 
359 
516 

1,045 
27 

3,002 

1,396 

1,208 

540 

1,561 

7, 709. 

4,437 

2, 875 

15 

1.13 

3,673 

2.26 

8, 234 

1,369 
35 
773 
631 
10 

2, a20 

964 

463 

0 

1.090 

5,339 

3,985 

2, a94 

525 ns 

0. 26 

2,351 ** 

(525) ** 
323 ** 
(257) ** 
413 ** 
17 na 

181 ns 

432 ** 
470 ns 

540 ** 
470 ns 

2,370 ** 

452 ns 

(18) ns 
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Table 111.24 Mean y ie ld ,  i npu t  coats  of production and r e t u r n s  t o  family 
resources  f o r  i r r i g a t e d  hybrid, open- pollinated and r a i n f e d  
hybrid corn a t  BARIS, dry  aeason 1985-86. 

- - I = a ~ - - - I ~ I = a P P I ~ - - - = = - = - = - - a - - - ~ - ~ I - ~ - - ~ a = ~ a = ~ - a = = ~ - a ~ ~ ~ ~ ~ I ~ ~ n - a ~ ~ ~ ~ =  

Hybrid Corn Open Pol ina ted  
I r r i g a t e d  Rainfed I r r i g a t e d  ........................................................................ 

No. of samples 15 13 lo  
Average farm a r e a  (ha.) 1.13 1. 38 1.05 

1. Yield (kg/ha) 3673 2926 2122 

2. P r i c e  (P)  2.36 2. 32 2. i a  
3. Output value (P/ha) 8234 6765 4605 

4. Current  input  (P/ha) 

F e r t i l i z e r  
P e s t i c i d e s  
Seeds 
Equipment Renta l  
Other .  Cash Outlay 

1369 1412 493 
35 30 8 
773 766 61 
631 599 220 
10 15 75 

Tota l  farm inpu t s  2820 2824 859 

5. Hired l abor  c o s t  964 973 596 

6. Land r e n t a l  payments 463 853 466 

7. I r r i g a t i o n  f e e  0 0 0 

8. T o t a l  family l abor  1090 932 1324 

T o t a l  Product ion Cost 5339 . 5584 3246 

Returns t o  family resources  
(P/ha) before  l abor  3985 2113 2683 



I .  
No. of samples 77 15 13 

Average farm area (ha.) 1.41 I. 13 1.38 

1. Yield (Kg/ha) 4,199 3,673 2,926 

2. Ave. p r i c e  (P/kg) 2. 52 2.26 2. 32 

3. Output value (Pjha) 10,585 8,234 6,765 

4. T o t a l  Input  (P/ha) 3,002 2,820 2,824 

------------ ----___---__ -___________ 
.% Total  Input  Cost 
Output Value 28% 34% 42% 

5. Hired l abor  (P/ha) 1,396 964 973 

6. Family l abor  (P/ha) 1,561 1,090 932 _____-______ ------------ ------------ 
T o t a l  labor  
Costs  (P/ha) 2, 958 2,055 1,906 
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No. of Samples 

Ave. farm area (Ha.) 

1. Yield (Kg/ha) 

2. Price (P) 

3. Output Value (P/ha) 

4. Current Inputs 

Fertilizer 
Pesticides 
Herbicides 
Seeds 
Equipment Rental 
Other Cash Outlay 

Total Farm Inputs 

5. Hired Labor Cost 

6. Land Rental Payments 

7. Irrigation Fee 

8. Total Family Labor 

Total Production Cost 

Returns to family resour(:es 
(P/ha) before family labor 

Returns to family 
resources (P/ha) 

48 8 

1. 42 1. 50 

4,222 3,233 

2.69 2. 64 

11,379 8,601 

490 850 
223 126 
181 0 
412 342 
971 679 
78 0 

2,358 1, 998 

376 16 

580 181 

3 38 0 

1,939 1, 707 

5,593 3,903 

7, 724 6,405 

5,785 4,698 

2.777 * 

(359) ** 
97 ns 
181 ** 
70 n s  
291 * 
78 ns 

359 ns 

360 ns 

399 ns 

338 ** 
232 ns 

1,690 ** 

1,319 ns 

(1,087) ns 

** = Significant at 1%, * - Significant at 5%, 
ns = Not significant 



80 

Average area (ha)  0. 69 0. 6 

Average Yield (kg/ha)  5015 10826 ( u n s h e l l e d )  

T o t a l  R e c e i p t s  (P/ha) 12689 12018 

Produc t ion  Cash Inpu t s  (Paid befol-e h a r v e s t )  
F e r t i l i z e r  1175 
Seeds 445 
I n s e c t s / h e r b f c i d e s '  473 
Hi red  l a b o r  2307 
To ta l  Cash I n p u t s  4400 

Nuuu-Cash I n p u t s  (Paid a f t e r  
Land r e n t  
I r r i g a t i o n  f e e  
H/T s h a r e  
Cred i  t o r '  s share 
Othe r s  
Family l abo r  
Exchange l a b o r  

h a r v e a t )  
1246 

572 
963 

1474 
655 

1072 
386 

1338 
740 
715 
974 

3767 

T o t a l  Produc t ion  Inpu t s  10769 4862 

Returns  t o  Family Resources (P/ha)  1920 7150 
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1980-81 
Dr Y 1 . l i 4  1. 41 0.13 

Wet 2. li7 1. 52 1.05 

1981-82 
Dry 2. 69 1. 6 1.09 

Wet 2. 76  1. 78 0. 98 

1982-83 
Dry 2. 92 2.  36 0. 56 

Wet 2.79 2. 39 0.40 

1983-84 
Dry 3. 07 2.67 0 .40 

Wet 3.13 2 .41 0. 72 

1984-85 
Dr Y 3. 3 2  1.72 1. 60 

Wet 3. 50 1. 50 2.00 

1985-86 
Dry 2. 5:) 2.10 0.43 



Total 
2. Between IA officers and N I A  

personnels 
a. poor 
b. good 
C. excellent 
d. did not answer 

Total 

MAF/other agency workers 
3. Between IA officers and 

a. poor 
b. good 
C .  excellent 
d. did not answer 

51 100 46 100 

2 4  0 0  
49 96 42 91 
0 0  4 9  
0 0  0 0  
51 100 46 100 

2 4  1 2  
48 94 39 85 
0 0  6 13 
1 2  0 0  

54 100 

0 0  
54 100 
0 0  
0 0  
54 100 

0 0  
54 100 
0 0  
0 0  

Total 51 100 46 100 54 100 
4. Between IA officers and 

barangay officials 
a. poor 2 4  0 0  0 0  
b. good 49 96 37 80 54 100 
C. excellent 0 0  9 20 0 0  
d. did not answer 0 0  0 0  0 0  

Total 51 100 46 100 54 100 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Table 111.31 Problems presiently a f f e c t i n g  t h e  I r r i g a t o r s '  Associa t ion  

PROBLENS ARIP BARIS MCIS 
N %  N x N x 

1. Members l a c k  of i n t e r e s t  in IA 13 22 1 2  
ac t iv i t i e s  (mee t ing  I;, o the r  
a c t i v i t i e s )  

unequal d i s t r i b u t i o n  of water, 
l a c k  of i r r i g a t i o n   structures 
( turnouts ,  ga tes ,  e t c )  

2. Inadequate water supply, 14  24 12 

3. poor i r r i k a t i o n  f e e  c o l l e c t i o n  1 2  0 
4. poor management (non 1 2  0 

implementation of po l i c i e s ,  
no meeting conducted, weak 
l eade r sh ip  

l a c k  of dra inage  f a c i l i t i e s ,  
inadequate funding sources 

farm roads and poor 
dra inage  

5. o t h e r s  (marketing probl'sm 2 3  2 

6. i n s u f f i c i e n t  and destroyed 15 25 0 

7. d i d  not  answer 13  22 2 1  

To ta l  59 100 47 

26 

25 

0 
0 

4 

0 

45 

100 

9 

34 

1 
4 

1 

0 

6 

55 

16 

62 

2 
7 

2 

0 

11 

100 
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1. Attending meetings 36 42 5 8 18 
2. Communal works (cleaning,  5 6 9 14 9 

r e p a i r  and maintenance. 
of cana l s )  

con t r ibu t ions ,  and 
g iv ing  f i n a n c i a l  a s s i s t a n c e  
t o  t h e ' a s s o c i a t i o n  

plans of t h e  I A  a c t i v f t i e s  
(coopera t ing  in a l l  D i  

3. Paying i r r i g a t i o n  fees ,  35 40 16  25 36 

4. Obeying p o l i c i e s ,  programs and 11 13 3 1  49 13 

a c t i v i t i e s )  
5. Helping i n  planning, 0 0 2 3 1 

dec i s ion  making and 
so lv ing  problems of t i h e  
a s s o c i a t i o n  

23 
12 

47 

17 

1 

Phys ica lwork  AMP BARIS M C I S  
N %  N % N x 

1. Communal works (cleaning,  50 98 36 64 53 98 
r e p a i r  and maintenance of 
canals) 

(obeying po l i c i e s ,  
programs and p lans  of t h e  
a s s o c i a t i o n )  

2. Cooperating i n  a l l  IA a c t i v i t i e s  0 0 9 16 0 0  

3. Helping in bui ld ing  FIA cen te r  0 0 10 18 0 0  
4. Did not  answer 1 2 1 2  1 2  

To ta l  5 1  100 56 100 54 100 

Respondents gave more than  one answer 
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I. Increased income and production 3 1  
2. Improved s tandard  of l i v i n g  6 
3. S u f f i c i e n t  water 40 
4. Peraonal i  t y  development ,  0 

human r e l a t i o n  (goad 
r e l a t i o n s h i p  among members, 
un i ty )  

5. Faci l i ta teh farm opera t ion  0 
6. Addi t ional  knowledge and 1 

7. Others  ( r eques t  is e a s i e r ,  0 

8. Did not  answer 2 

T o t a l  88 

technology 

inpu t s l f inanc ing  a i d )  

35 24 
7 1 

55 24 
0 16 

0 5 
1 16 

0 1 

2 0 

100 87 

28 30 35 
1 19 22 

28 34 40 
19 1 1  

6 0 0  
18 0 0  

1 0 0  

0 2 2  

LOO 86 100 
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1. Are you w i l l i n g  t o  p l an t  o the r  
c rops  a s i d e  from r i c e  dur ing  t h e  
d ry  season? 

a. Yes 
b. No 

43 84 
8 16 

Total. 51 100 

2. If  yes, which crop would you p r e f e r ?  

1. corn 42 64 
2. mongo 13 20 
3. peanut 3 4  
4. co t ton  0 0  
5. o the r s  (eggplant ,  0 0  

waternelon, sweet potato, 
cassava).  

6. no t  a p p l i c a b l e  

Total 

3. If no, what a r e  your reasons? 

1. Had been used 1.0 palay 

2. Farm is a lowlarnd a rea  
and is our s t a p l e  food 

and not s u i t a b l e  for 
upland crops 

3. poor drainage 
4. l imi t ed  supply of water 

5. not  app l i cab le  
dur ing  t h e  d ry  season 

Total  

8 12 

66 100 

0 0  

7 14 

1 2  
0 0  

43 84 

5 1  100 

23 50 
23 50 

46 100 

18 33 
13 24 
0 0  
0 0  
1 2  

23 4 1  

55 100 

4 8  

16 30 

8 15 
1 2  

24 45  

53 100 

46 85 
8 15 

54 100 

44 45 
30 30 
4 4  
7 7  
6' 6 

8 8  

99 100 

0 0  

2 4  

6 11 
0 0  

46 85 

54 100 
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CLIMATIC ZONES OF THE PHILIPPINES 

o SO X)O mokm - 
13/1Oyra- FREWENCY Of CYCLONE 

FOR YEARS 

FEE,  MAR(l /SOy 

Nov. to APR , w e t  during the rest o f  the ye 

pmnounerd maximum miinfall from Nw . t 
it rld TYPE - No dry seaaon wi th  a vtry 

8 r d  N P E  -Seownr not ver!v pronounoed;rtlatively 

4 thNPE - Rainfall more or 1.11 evenly diatributed 

dry from Nov. to Jan. 

throughout me yeor. 

Figure 1.1 Cl imat ic  zones of the P h i l i p p i n e s  

- 



88 
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Figure 1 . 2  Map of the Philippines showing sites of the study. 



Figure 11.1 Irrigation canal networks of the Allah River Irrigation 
System (ARIP) Dam 1 and Banga River Irrigation System 
(BARIS), South Cotabato. 
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Figure 11.2 Map of the Hagat River Irrigation System showing the 
study laterals. 
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o----O 80 O/O probable rainfall 

Figure 111.1 Weekly r a i n f a l l  (actual  1985-86 r a i n f a l l  and probabil i t ies  
a t  20% 50% and 80% based on 18-year r a i n f a l l  record) at 
Allah Valley, South Cotabato. 
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General behavior of water level in pieromem at MCIS , 

Figure 111.3 Schematic representation of the piezometer set-up for 
the seepage study, showing the influence of the 
"sandstone" like layer at MCIS, South Cotabato. 
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Dry season irrigated orel 

--- Service area boundary 
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Figure 111.5 Map of the Mani River Communal Irrigation System (MCIS). 
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Figure 111.7 Irrigation requirement (IDR), irrigation water supplied (IR) 
and rainfal l  (RF) at  MARIS, lateral A, Isabela, dry season 
1905-06. 
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Figure 111.8 Percent areas land soaked (AULS), land prepared (AULP), 
land irr igated for crop growth (AUNI) and land drained 
(AUTD) a t  MARIS, l a t e r a l  A, dry season 1985-86. 
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Figure 111.9 Weekly rainfal l  (actual 1985-86 and 5-year mean rainfal l )  
a t  Echagw, Isabela. 
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ANNEX I. 

1-1 The BARIS is a run-of-the river type i r r i g a t i o n  system. 
dominant problem is t h e  high amount of s i l t  contained i n  the  r i v e r  flow. To 
minimize the  s i l t  intake,  t he  spi l lway g a t e s  are opened d a i l y  f o r  two hours 
t o  clear t h e  ent rance  t o  the  main channel. 
bas in  i n t o  which the  water 113 d ive r t ed  before en te r ing  the  main canal. 
Despite these  measures, t h e  main canal  s t i l l  c a r r i e s  a high concent ra t ion  of 
s i l t  and t h i s  n e c e s s i t a t e s  d e s i l t i n g  the  main canal  and laterals during 
A p r i l .  

1-2 
and is divided i n t o  t h r e e  Water Master Divisions. 
a reas .  
hydrologica l ly  sepa ra te  sec tors .  
corresponding WMT Divisions (A, B, and C). The s e c t o r s  with t h e i r  d i f f e r e n t  
areas and o t h e r  desc r ip t ions  are presented i n  t h e  fol lowing table .  

Sec tor  I r r i g a b l e  WMT No. of Laterals  
Group Area Division I A  Covered ?wered  

BANGA RIVER IRRIGATION SYSTBl (BARIS) 

The 

This system a l s o  has a s i l t i n g  

The whole system is headed by an Ass i s t an t  I r r i g a t i o n  Superintendent 
The system has nine U. 

For water d i s t r i b u t i o n  purposes the  system is divided i n t o  s i x  
These s e c t o r s  are grouped i n t o  

1-3 The repor ted  i r r i g a b l e  area has been reduced to only  1,930 ha from 
2,300 ha because of l imi t ed  a v a i l a b l e  water supply. The n ine  I A s  covering 
the  area were federa ted  i n t o  one i n  September 1985 and became a chapter  of 
t h e  South Cotabato and General Santos Federat ion of Farmers I r r i g a t o r s  
Associat ion Incorporated (SOCOGESAFFIA). 

1-4 Before the  s t a r t  of each season, the  board members of the  
federa t ion ,  o f f i c e r s  of the  d i f f e r e n t  U s ,  barangay (vi l lage- based p o l i t i c a l  
u n i t )  o f f i c i a l s ,  and government extension workers meet with the  BARIS 
personnel t o  decide on the  i r r i g a t i o n  plan f o r  the  season. 
a r e a s  are t o  be i r r i g a t e d ,  t h e  start  and cut-off of i r r i g a t i o n  de l ive r i e s ,  
and o t h e r  management procedures. 
provide s o l u t i o n s  dur ing  t h e  meeting. 

They decide which 

They also d i scuss  problems and t r y  t o  
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1-5 
personnel present to discuss problems and plan short-term strategies. 
I A  has also a monthly meeting to serve as a forum for gathering feedback from 
farmers. 
laterals serving their area. 
by the farmers including the main canal are maintatned by canal tenders paid 
by N I A  as regular personnel. 

1-6 
Each sector is provided with water for a specified number of days on a weekly 
schedule. 
seasonal farmers meeting. 
management without consultatlon with farmers. 
enforce the rotation schedule. 
any sector, unauthorized checks are removed and confiscated by N I A  personnel 
during their daily rounds in the system and areas not scheduled for the 
season have their gates closed temporarily, sometimes with use of concrete to 
block the gates. . 
1-7 In areas where the farmers' associations are functional and have 
contracts for the maintenance of the lateral, t4? farmers' responsibility in 
water distribution starts at the lateral headgate. In areas where the 
association is not functional, the farmers' responsibility starts at the 
turnout. Thus, responsibilities of the N I A  personnel are to enforce the 
rotation schedule as  decided during the seasonal meetings and to implement 
alterations as decided during monthly meetings (see Interim Report for 
details on the minutes of the meetings). 

1-8 Corn is irrigated at  most twice every season when the rainfall 
amount is deemed insufficient. 
basin irrigation. 
request of the farmers. 
method of irrigation it takes three days to irrigate a ha of corn. 
due to the moderate flow of water into the main farm ditch and the nearly 
flat topography of the corn fields. The sandy texture of the soil cannot 
accommodate large volume of flows in the main farm ditches. 
farmers in the dry season of 1984 requested for flushing irrigation from the 
N I A  staff. These farmers were billed 60 percent equivalent irrigation fee 
based on rice (i.e. cash equivalent of 60 percent of 132 kg rough rice for 
the dry season). 

1-9 
adjacent to their rice plots. Due to lateral seepage, these corn plots do 
not require irrigation. The I V I A  staff in turn do not bill these farmers for 
corn as long as they pay their rice irrigation fee. However, strictly 
considering the water use, these corn fields are actually irrigated. For 
farmers not scheduled to recelve water for rice irrigation, the rainfall 
would be deemed sufficient and only in cases of extreme drought will they 
request the N U  staff for "flushing" their corn fields as previously 
mentioned. 

There is a monthly meeting of the federation board members with N I A  
Each 

Some of the IAs have a contract with N I A  for maintenance of the 
Other laterals not contracted for maintenance 

Irrigation water supply is rotated among the sectors of the system. 

This system of rotation is decided and fixed during the pre- 
Tlhus, the schedule cannot be altered by the N U  

N I A ' s  role i s  to implement and 
To prevent unscheduled water deliveries to 

The method of irrigation is by "flushing" or 
The NIA staff would only irrigate the corn fields upon the 

Experience in this system indicate that with this 
This is 

Only a few 

The prevailing practice of farmers is to plant their corn crop 
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The IIMI study on irrigation management focused on the documentation 1-10 
of the operation and maintenance aspects of this system in relation to the 
identification of constraints to irrigated crop diversification. 

1-11 
lateral D1 (see irrigation map of BARIS). 
calibrated at the headgate of the main canal, points along the main canal, 
and lateral headgates. RaLnfall and evaporation data are presented in the 
results of the study at thls site. 

A rainfall and evaporation station was established located at 
Staff gages were installed and 
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ANNEX 11- MAN1 C W U N A L  1RRI.GATION SYSTM (MCIS) 

2-1 The MCIS is a commurial i r r i g a t i o n  system with a d ive r s ion  d a m  
loca ted  i n  Esperanza. Koronatlal, South Cotabato. This  system serves  two 
v i l l a g e s ,  Mabini and Bar r io  5 a l s o  of Koronadal. Its t o t a l  s e r v i c e  a r e a  is  
700 ha but on ly  200-400 ha ai'e served each season depending on water 
a v a i l a b i l i t y .  It is managed by a communal i r r i g a t o r s  a s s o c i a t i o n  through i ts 
President ,  M r .  Santiago Billrmes, and n ine  Board of Direc tors .  The system is 
divided i n t o  f i v e  s e c t o r s  each having a s e c t o r  l eade r  and o t h e r  o f f i c i a l s  
respons ib le  f o r  d i s t r i b u t i n g  water wi th in  t h e i r  sec tor .  There is a h i r e d  
cana l  tender  t o  oversee the  d i s t r i b u t i o n  of water t o  the  d i f f e r e n t  sec to r s ,  
and a h i r e d  g a t e  keeper f o r  the  main d ive r s ion  poin t  respons ib le  f o r  c l o s i n g  
and opening the  g a t e s  of the  dam. 

2-2 The a s s o c i a t i o n  meets before  the  start  of t h e  season t o  decide on 
t h e  s e c t o r s  t o  be i r r i g a t e d ,  and the  schedule of d e l i v e r i e s  and cut-off d a t e s  
f o r  each sec tor .  There a r e  monthly meetings a t  t he  s e c t o r  level t o  d i s c u s s  
problems. These problems art! then  presented a t  the  meetings of  the  Board of 
Di rec to r s  u s u a l l y  c a l l e d  by t.he Pres ident  t o  plan short- term s t r a t e g i e s .  
Each s e c t o r  i s  given a schedule t o  p lan t  t o  cope with t h e  l imi t ed  water 
supply and the  large amount requi red  f o r  land nrapara t ion  (e.g. s taggered 
p lan t ing  d a t e s  by sec to r ) .  

2-3 The cana l  tender  pa lxo l s  t h e  cana l  d a i l y  t o  see t h a t  water is 
d ive r t ed  t o  the  scheduled s e c t o r s -  In t i m e s  of water shortage,  r o t a t i o n  i s  
prac t iced  and each s e c t o r  is given a f ixed  number of days per  week. 
cana l  tender  a d j u s t s  the  checks and clears the  i n t a k e  s t r u c t u r e s  of d e b r i s  t o  
ensure t h a t  water flows t o  the  scheduled sec to r s .  With in  each s e c t o r  t h e  
farmers s h a r e  the  water through the  supervis ion  of the  s e c t o r  leader.  

2-4 
a s s o c i a t i o n  through the  President.  
farmers. 
whenever needed. The main canal  is maintained a l s o  through group work and 
p a r t i c i p a t i n g  farmers are paid i n  terms of discounted i r r i g a t i o n  fees,  a t  t h e  
rate of P50/man-day. 

2-5 IIMI's involvement i n  t h i s  system was based on t h e  premise t h a t  
farmers i r r i g a t e  non- rice crops. 
f e w  farmers i r r i g a t e  t h e i r  non-rice crop  (mainly corn)  and do so only  i n  
times of drought. There are a l s o  cases  of i r r i g a t i o n  through seepage from 
rice paddy f i e l d s .  L a t e r a l  iieepage is prevalent  i n  t h e  type  of s o i l  (sandy 
loam) i n  t h i s  s e r v i c e  area and farmers d e l i b e r a t e l y  take  advantage of th i s .  

2-6 This system a l s o  o f f e r s  opportunity f o r  s tudying t h e  management of 
i r r i g a t i o n  e n t i r e l y  by farmers. 
management, t he  system was iilstrumented f o r  water flows on t he  main cana l  

The 

Corn i s  only  1rrigal.ed when farmers formally r eques t  water from t h e  
Farm d i t c h e s  are maintained by the  

L a t e r a l s  wi th in  each s e c t o r  are maintained through group work 

However, the  r e s u l t s  show t h a t  only a 

A s  pa r t  of IIMI's study on i r r i g a t i o n  
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and l a tera l s .  
area. 

A r a i n f a l l  anti evaporation stat ion was also installed i n  the 

vperera
Next >>

vperera
Next >>

vperera
Next >>

vperera
Next >>
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I. Proposed Irrigationwater Management Scheme for a Rice-Based 
Cropping Pattern at NU-ARIP PTDF No. 2, Lateral A extra1 

Introduction 

3-1 Proper planning is essential to the efficient operation of an 
irrigation system. The main. purpose of this preliminary study is to 
develop a water management scheme for the Pilot Testing and Demonstration 
Farm No.2 (PTDF #2) for irrigated lowland rice in the wet season and 
irrigated corn in the dry se'ason. This planting schedule is a prerequisite 
for the improvement of operstions even on a newly constructed irrigation 
system (e.g. PTDF No. 2), without necessitating major and costly revisions of 
already installed conveyance facilities and measuring structures. 

Objectives 

3-2 The three objectives of the study are: 

1) To determine the irrigation water requirement of PTDF No. 2 
particularly at Lateral A-Extra 

2) To simulate a rice-based cropping pattern using the available 
rainfall record in the area and compute the crop irrigation needs 

3)  To recommend a wopping calendar as a basis of developing a 
method for water scheduling of irrigated non-rice crops 

Determination of Irrigation Water Management Requirements 

3-3 Technical description of lateral A-Extra. A detailed topographic 
map of the area served by Lateral A-extra was obtained (see blueprint 
original layout of PTDF 82). 
description of the area and irrigation facilities: 

a) Length of lateral - 4.80 km 
b) Design capacity - 0.391 cms 

Other data included were the technical 

1 This component study was done in collaboration with the research 
staff of USM headed by Engr. R. Sarmiento, Asst. Prof. 
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c )  Number of double-gated turn- outs - 8.0 
d)  To ta l  i r r i g a b l e  a rea  - 348.2 ha 
e) Breakdown of s e r v i c e  a rea  (ha)  

i. RA-1 = 43 V. RA-5 = 100 
ii. RA-2 = 35.2 v i .  SPL-1 = 27 
iii.RA-3 = 32 v i i .  SPL-2 = 13 
iv. RA-4 = 47 v i i i .  SPL-3 = 21 

f )  Inventory of d ischarge  measuring devices  
i. One (1) concrete Pa r sha l l  Flume = 122 c m  t h r o a t  width 

ii. Double-gated turn-outs = 8.0 u n i t s  
(Non-Functional) 

g)  S o i l  type = Banga-sandy-clay loam 
h)  Average water t ab le  depth = 128 cm 
i) Average slope = 0.2% 

3-4 Analysis  of hydromtteorological data.  

a )  R a i n f a l l  

An e ighteen  (18) prar record of d a i l y  r a i n f a l l  and evaporat ion were 
obtained from the  nearby s t . i t i o n  of Norala, South Cotnbato. To ta l  r a i n f a l l  
was analyzed using t h e  Incoiaplete Gamma d i s t r i b u t i o n  funct ion.  
r a i n f a l l  w i t h  20 percent, 51) percent and 80 percent  cumulative p r o b a b i l i t i e s  
are shown i n  Fig. 111.1 of :he main r epor t .  

The va lues  of 

b) Pan Evaporation and P o t e n t i a l  EvapOtranEpiKation 

Data on the  average monthly t o t a l  pan evaporat ion (Ep) d a t a  were obtained 
wherein t h e  p o t e n t i a l  evapo1:ranspiration was assumed t o  equal  t o  t h i s  value. 
A 60% d i s t r i b u t i o n  e f f i c i e n c y  from l a t e r a l  headgate t o  f i e l d  i s  assumed. 
Since the  l a t e r a l  is l ined ,  n e g l i g i b l e  water l o s s  i s  expected i n  bu t  since 
t h e  area is sandy i t  is expected t h a t  l o s s e s  i n  farm d i t c h e s  w i l l  be high. 
The recommended rev i s ion  i n  farm d i t c h  dens i ty  and number of turnouts  t o  
reduce lengthy main farm d i t c h e s  is expected t o  lower t h i s  loss but  s t i l l  we 
assumed a 60% e f f i c i e n c y  because of the  very porous s o i l  t e x t u r e  i n  the  
area.  If farm d i t c h e s  a r e  cons t ruc ted  with haul-borrow m a t e r i a l s  of 
appropr i a t e  t e x t u r e  t h i s  ascrumed e f f i c i e n c y  could be higher. 
design f low of Lateral A-Extra i s  391 I p s ,  t he re  is enough freeboard t o  
accommodate a higher  flow. 

Though the  
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Land Soaking Requirement (Lowland r i c e )  

I 3-5 
ment: 

The fol lowing da ta  were used f o r  computing t h e  land soaking requi re-  

Seepage and Percola t ion  Rate (S&P) = 10 m / d a y  
Residual  soil moisture ( M )  = 10% 
Soil Moisture a t  s a t u r a t i o n  (Ms) - 30% 
Evapotranspirat ion (Eo) = 4 mm/day 
Apparent S p e c i f i c  g r a v i t y  ( A s )  = 1.50 
S o i l  depth t o  be sa tu ra t ed  (Ds) = 300 mm 
Sa tu ra t ion  Requirement (SR) =[ (Ms - M)*(AS)*(Ds)] 1100 

= [ (30-10) (1.5) (300)]/100 
= 90 nrm 

Land Soaking Requirement (LSR) = SR + 7 (Eo) + 7 (S&P) 
( 1  week period)  

=90 + 7 ( 4 )  + 7 (10) 

-90 + 28 + 70 

=188 m d w k  

Normal I r r i g a t i o n  Requirement (NIR) = 7 (Eo)  + 7 (S&P) 

= 98 m/wk 

3-6 It can be seen frou a c t u a l  da t a  t h a t  pan evaporat ion does not  vary 
much from a range value of 3-6 m/day.  
evaporat ion da ta  were used a s  values  f o r  evapot ranspi ra t ion  (ET). 

The f ive- year  mean weekly pan 

Resul t s  

3-7 Probable R a i n f a l l  Analysis.  There w a s  5-year d a t a  f o r  pan 
evaporat ion a v a i l a b l e  f o r  tl-e a r e a  while t h e r e  was 18 year a v a i l a b l e  r a i n f a l l  
d a t a  which w a s  used i n  t h e  simulation. For o t h e r  yea r s  without pan 
evapora t ion  da ta  t h e  5-year mean w a s  used. 
d i s t r i b u t i o n  was analyzed using t h e  incomplete gamma func t ion  and t h e  20 
percent ,  50 percent  and 80 Isercent probable r a i n f a l l  was computed. 

The weekly r a i n f a l l  p r o b a b i l i t y  

3-8 R a i n f a l l  is m i n i m a l  i n  t h e  period February t o  May as shown by t h e  
graph of t h e  probable r a i n f a l l  (Fig. 111.1). It can a l s o  be seen from t h i s  

A p r i l  because t h e  mean evapclration f o r  t h i s  period is 40 m/wk. This shows 
t h a t  i r r i g a t i o n  is  needed fcir a dry season d i v e r s i f i e d  crop. 

f i g u r e  t h a t  r a i n f a l l  i s  not  s u f f i c i e n t  t o  supply evapora t ion  from January t o  I 

I 
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Cropping Simulation 

3-9 Assumptions: 

Simulation 1: 

Wet Season. 

1) Start of season is first week of May. 
2) Land Soaking is staggered to 4Weeks because of limitation 

on canal capacity. 
3) Three weeks lantl preparation duration to coincide with 21 

days of seed1in;g growth for transplanted rice. 
4) 120 day variety rice is used. 
5) 60% overall efflciency is assumed. 

Dry Season. 

1) Start of season i s  4 weeks after harvest of rice. 
2) 105 day maturitj corn. 
3) Irrigation is to be done when the available soil moisture 

4 )  40% overall efflciency. 
for the upper 60 cm soil depth is below 50%. 

Simulation 2: 

All assumptions foc simulation 1 hold except that the dry season 
starts immediately after harvest of the rice crop. 

3-10 The flow chart for the simulation is presented in Fig. A.1. 

3-11 Results of the sirnillation shows that the seasonal water requirement 
for the rice crop would be 1,700 to 2,300 ma. 
seasonal irrigation diversion requirement ranges from 900 to 1800 mm with an 
average of 1360 m. 
the 2 lps/ha design of the ARIP System (Tables 1-3). 

3-12 For the corn crop, seasonal irrigation diversion requirement 
simulated for 18 years rangEd from 70 mm to 250 mm for simulation 1 while 
ranging from 50 to 200 mn f,r simulation 2. 
because of earlier planting hence higher rainfall probability during crop 
growth. 

3-13 Table 4 shows the result of the simulation using the weekly probable 
rainfall values at 20 percent, 50 percent and 80 percent. 
percent probable rainfall, the first simulation results in six irrigations 
for the dry season corn crop, done every two weeks (Fig. A.2). However an 
earlier planting for the second simulation results in four irrigations done 
once every three weeks because of rainfall availability (Fig. A.3). 

After considering rainfall the 

On an ,average year the daily requirement will not exceed 

It is less for simulation 2 

For the 20 

The 
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weekly i r r i g a t i o n  needs of t h e  f i r s t  crop of rice w i l l  be more than the  
design value f o r  ARIP  averaging 2.5  lps/ha. 

3-14 
needs f o r  the  w e t  season r i c e  crop w i l l  be 1.9 lps/ha. 
crop w i l l  need t h r e e  i r r i g a t i o n s  f o r  l a t e  p lant ing  (s imula t ion  1-Fig. A.4) 
and two i r r i g a t i o n s  f o r  l a t e  p lant ing  (s imula t ion  2-Fig. A.5). 

3-15 For 80 percent  weekly probable r a i n f a l l  t h e  average i r r i g a t i o n  
needs of t h e  wet season rice crop w i l l  be 1.1 lps/ha. The d ry  season corn 
crop w i l l  need two i r r i g a t i o n s  f o r  l a t e  p lant ing  (Fig. A.6) and one 
i r r i g a t i o n  f o r  e a r l y  p lant ing  (Fig. A. 7). 

3-16 
weeks i f  t h e r e  is no r a i n f a l l  f o r  the  dry  season corn crop i n  order  t o  
maintain t h e  soil moisture a b w e  s t r e s s  levels .  
season d i v e r s i f i e d  crops grown i n  the  a r e a s  served by ARIP need i r r i g a t i o n  
f o r  optimum production. 

For t h e  50 percent weekly probable r a i n f a l l  t he  average i r r i g a t i o n  
The dry  season corn 

The simulat ions show t h a t  i r r i g a t i o n  w i l l  be needed once every two 

They f u r t h e r  show t h a t  dry  

Recommended Cropping Calendar 

3-17 The proposed croppinlg schedule f o r  WL L season r i c e  is shown i n  
Table 4. It is proposed t h a t  i r r i g a t i o n  de l ive ry  f o r  t h i s  crop should be i n  
the  week May 7-13 o r  the  f i rs :  o r  second week of May as i t  is indica ted  i n  
the  p robab i l i ty  a n a l y s i s  of r a i n f a l l  on the  onset  of the  r a iny  season. It is  
assumed t h a t  the re  w i l l  be a ) t i m e  l ag  from land soaking t o  t r ansp lan t ing  of 
about four weeks f o r  seed-bed r a i s i n g  f o r  t ransplanted  r i ce .  

3-18 
It is assumed t h a t  seepage and percola t ion  is 10 mm/day from the data  
gathered a t  PTDF 82, land s a t m a t i o n  requirement is 90 mm assuming a 
sa tu ra ted  depth of 30 cm, s o i l  moisture s a t u r a t i o n  of 30% and 10% res idua l  
s o i l  moisture. 

3-19 
two paddy sites at  PTDF #2. !;ample s o i l  borings i n  area revealed a l aye r  
which is impenetrable by s o i l  auger. It is l i k e l y  t h a t  t h i s  l aye r  e x i s t s  
throughout t h e  e n t i r e  se rv ice  a rea  a t  a depth ranging from 0 .5  m t o  1.5 m. 
This  l a y e r  maybe semi-pemeabl.e, thus  reducing the  value of seepage and 
percolat ion.  It seems t o  f o l 3 . 0 ~  the n a t u r a l  s lope of the  land wherein i t  ie 
s t eeper  a t  some a reas  and f l a t t e t  a t  o t h e r  areas .  It is shallowest  i n  the  
areas near t h e  highway and det!pest near  the  A l l a h  River. It has a low 
permeabil i ty as evidenced by water ponded near  the  highway where some 
r i ce lands  were developed. 

The i r r i g a t i o n  water requirement computation is shown in Table 5. 

The assumed 10 mn/da:r seepage and percola t ion  rate was est imated f o r  

3-20 Another s ign i f i cance  of t h i s  l aye r  i s  t h a t  during the  dry  season, I 

t he  corn crop w i l l  be s o l e l y  dependent on surface  water supply e i t h e r  through 
r a i n f a l l  o r  i r r i g a t i o n .  This w i l l  be due t o  the  deeper water t a b l e  below 

t h i s  impenetrable layer. i 
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3-21 
on-farm irrigation facilities for the lateral was considered. 
delivery starts at the end of the lateral (1.e. the tail enders receive 
irrigation first and prepare their land first). 
satisfy the required area to be prepared each week. 
dry season are presented in Tsbles 6 to 13. 

3-22 
whole lateral, the four groups of turnouts are considered separately. Since 
the lateral is lined, conveyance loss is assumed to be negligible. The farm 
ditches are unlined so the distribution and conveyance efficiency within the 
turnout area is assumed to be 75%. 
assumed to be 60%, the overall efficiency is 40% (0.75x0.6~100%). If the 
main farm ditches are lined, the conveyance and distribution can be 
considered negligible; thus the over-all efficiency can be assumed to be 60%. 

3-23 Through soil moisturr water balance the time to irrigate each group 
and the time to irrigate each turnout group was obtained assuming irrigation 
at 50% available soil moisturr. Assuming 40% efficiency, the irrigation 
needs for each turnout group %re presented in Tables 8, 10, 12, 6 14. Since 
the main farm ditches are unltned, their capacfty was limited to 75 Ips. 
Irrigation time was limited t) 10 hrs/day becsuse supervision in field 
irrigation is needed. There are times where the irrigation needs of the 
turnout group cannot be attaiQed because of the flow limitation as in Tables 
9, 11 6 13. Thus, irrigation has to be delivered in more than one week. 
There are periods when more tian one turnout group require water in the same 
week. The capacity of the lateral (390 Ips) limits the flow available at 
each group hence the time to Lrrigate is further extended to adapt to this 
limitation. The final irrigation delivery considering these limitations are 
presented in Tables 7, 8, 11 h 13. 

3-24 Because the main farm ditches are lined, their capacity can be 
adjusted to that of the turnouts (150 Ips). The efficiency can also be 
assumed to be 60%. Considerilig all limitations, the irrigation schedules are 
presented in Tables 14 to 17. 

3-25 The summary for both irrigation schedules is presented in Table 18. 
For 40% efffciency and 75 Ips discharge limitation for each main farm ditch, 
Lateral A extra would operate for 45 days for the whole dry season. with an 
average flow of 248 Ips (10 hrs operation per day). The maximum is 383 Ips 
and the minimum is 208 Ips. If the main farm ditches are lined to increase 
efficiency and capacity, then Lateral A extra will only operate for 18 days 
for the whole dry season with average flow of 341 Ips (10 hrs per day 
operation). The maximum is 331 Ips and the minimum is 343 Ips. 

3-26 This analysis correl.%tes with the simulation results, using the 50% 
available rainfall. The corn crop for the dry season, when planting is done 
from early November to middle of December, will only need two to three 
irrigations. 

In the above proposed cropping schedules the proposed re-design of 
Irrigation 

The turnouts are grouped to 
The groupings for the 

To conceptualize the actual Irrigation delivery schedule for the 

If the field application efficiency ie 
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3-27 It is likely that this proposed water management scheme cannot be 
implemented immediately due t o  the land development required in order that 
irrigated lowland rice culti%stion can be adopted in the wet season. 
Likewise, land development fcmr irrigated corn cultivation for the dry season 
has to be undertaken due to the undulating terrain in most parts of the 
service area. 

Deeign Considerations for On-farm Facilities 

3-28 
diversified crops because, even if the total seasonal volume needed is less 
than that required for rice, such volume should be delivered in a shorter 
length of time resulting in a higher discharge rate. If irrigation is to be 
applied at 50% available so i l  moisture, the actual irrigation required could 
be computed as: 

The design of on-farm facilities should consider the demand of 

0.5 ( F C  - RIP) 
x S.G. x RSD IR (mm) = -------__----- 

100 
where: FC = field capacity, % 

IWP = permanent wilting point, % 
RSD = root zone depth, mm 
S .  G. = Specific gravity of the soil 
IR = required irrigation water to replenish soil moisture to 
field capacity 

Using the data for PTDF No. 2 and a root zone depth of 60 cm, IR will be 
67.5 mm. 
required depth will be 112.5 w. If the turnout is irrigated for five days 
the daily demand will be 22.5 mm. If 10 hours of operation is assumed, the 
design capacities of on-farm facilities will be 6.25 lps/ha. 
operation per week at 10 hrslday is assumed, the design capacity would be 
less at 4.5 lps/ha. 

3-29 On the main system facilities (main canals, laterals, etc.), the 
design capacity will be less. Even if there is no rainfall, diversified 
crops like corn will only need irrigation once every two weeks as shown by 
simulation. 
irrigated. The main system capacity will be only 1/2 of the turnout design 
capacity. For 7-day operation per week, the lateral design capacity of 
Lateral A-extra will be 623 Ips (4.5 x 139 has). This is 60% more than the 
designed capacity of 390 Ips. The above design capacity will be needed if 
there is a severe drought, which will be the basis of design to avoid crop 
failure. 

3-30 ARIP is designed for 2 lps/ha capacity. This is still less than the 
required design capacity if the whole area were planted to diversified crops 
in the dry season. As cited above, the main system design capacity will be 
2.25 lps/ha, 1/2 of the turnout design capacity of 4.5 lpslha. For total 
system crop diversification the design capacity should be increased by 12.5%. 
However, ARIP is not designed for total crop diversification, but only parts 

If field application efficiency of 60% is assumed, the actual 

If 7-day 

Hence, every week only 1/2 of the service area will be actually 

- 

. 
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of it with other areas planted to lowland rice in the dry season. 
only the laterals to be programmed for total crop diversification in the dry 
season should be evaluated and redesigned if they have the capacity to meet 
the water demand of diversified crops. Moreover, since diversified crops do 
not need continuous irrigation. it is possible to program the irrigation 
deliveries to cope with the design limitations as shown (Table 18) €or the 
40% efficiency assumption by increasing the period of operation. 

3-31 
the recommended cropping pattern for Lateral A-Extra. Analyzing the 
resulting irrigation needs for the lateral and considering the actual 
capacity, the needs of the wet season rice crop can be accommodated. 
Calibrations done on the lateral headgate shows that it can deliver up to 

Hence, 

This capacity may not  actually be needed in most years as shown in 

500 Ips. 

3-32 For the corn crop, the capacity of 390 Ips is not exceeded as the 
maximum discharge required is only 383 Ips (Table 18). For rice, the 
irrigation demand is continuous at a smaller volume rate per ha, while for 
dry season corn the demand is intermittent with a larger volume rate. This 
is not readily seen in the accompanying tables. The highest irrigation 
demand occurs in week 37 for wet season rice at 497 Ips (Table 5 ) .  The 
irrigated area for that week is 277 ha (Table 4). The rate is 1.8 lps/ha. 
For corn the highest lateral demand rate is 383 Ips occurring in week 5 
(Table 18). The irrigated area is 153 ha (Table 6 & 8). The resulting 
irrigation rate is 2.5 lps/ha, but in terms of the whole lateral service area 
of 277 ha, it is only 1 . 4  lpslha. 

3-33 The resulting highest turnout rate occurs in week 4 for the turnouts 
5. 6 ,  and 7 at 343 Ips irrigating 74  ha (Table 8 & 15). The equivalent rate 
per turnout will be 4 . 6  lps/ha. 
needed irrigation water for the diversified crop in the least possible time 
to avoid crop stress, the on-farm facilities should be designed at a higher 
capacity. 
to account for conveyance losses. 

3-34 It is recommended thnt measuring structures at turnouts be installed 
to prevent excessive flow that may erode ditches and cause water logging. 
This will ensure that only the right amount of water is diverted per turnout. 
There is also a need to infona the farmers on the proper irrigation methods 
and on the use of the facilitles to ensure effective operation. 

This shows that to be able to deliver the 

The main farm ditches should be lined to lower the needed capacity 
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11. Proposed design of Farm Level Irrigation Facilities for Lateral 
A-Extra, at  PTDFX22 

Introduction 

3-35 Lateral A-Extra, of ARIP which is the site of the PTDF #2 was 
basically designed for diverriified cropping especially during the dry 
season. This lateral was selected as the site for PTDF #2 to develop 
experience useful in operating ARIP. The whole ARIP was designed for large 

' areas devoted to diversified cropping. The main purpose of this study is to 
analyze the on-farm facilitie,s design of the lateral, considering the above 
criteria of irrigating diverEified crops and provide suggestions for the 
redesign of the on-farm facilities for efficient management of the lateral. 
These objectives were implicjt in the terms of reference in the T.A. H I  654, 
whereby assistance to NIA in developing strategies for irrigating diversified 
crops w i l l  be provided by IITI. 

Me thodolo gy 

3-36 Original design of I.atera1 A-Extra, including map layouts and 
location of turnouts were obtained from the design section of ARIP. Actual 
field verifications of the area were done to observe physical conditions of 
the irrigation structures. Observations were also made during trial 
operations of the lateral in the wet season of 1985. 
area was also obtained. All these data and observations were used in the 
analysis and development of recommendations for re-design of the on-farm 
facilities (Fig. I. 1). 

A contour map of the 

Results and Recommendations 

3-37 There are eight turnouts constructed to serve the whole area. All 
these turnouts were designed a s  double gated (constant head orifice) with . designed capacities of about 75 Ips at 20 cm head. These turnouts are shown 
in the attached layout map (Fig. 1.2) of the proposed turnout and farm ditch 
locations, and summarized in Table 20. 

3-38 One major consideration in the re-design was to locate the 
supplementary farm ditches (SFD) and main farm ditches (MFD) on property line 
boundaries for more accessibllity of water per farmer and to facilitate 
easier construction of interral farm ditches which are necessary for 
irrigating diversified crops. 

2 This report is the second part of the study on the 
proposed water management scheme at PTDF 82 and was jointly 
undertaken by the IIMl and USM staff. 
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3-39 The f i r s t  turnout  01' t h e  l a t e r a l  is a t  RA SPL 1. It can be noted 
from the  map t h a t  i t  can not s e rve  t h e  area above the tu rnou t  and below t h e  
creek. From f i e l d  observat ions,  farmers i n  t h i s  area t r i e d  t o  i r r i g a t e  t h e  
a r e a  above and hence excessive checking w a s  done a t  STA 1 + 480 t o  fo rce  
water flow upstream. The recommendation is t o  r e l o c a t e  t h e  turnout  about  220 
meters upstream. The resu l t i r tg  farm d i t c h  layout  is i nd ica t ed  i n  t h e  map and 
d i t c h  l eng ths  a r e  shown in T6ble 20. There is a need f o r  a checking s t r u c t u r e  
f o r  t h e  r e loca ted  turnout.  

The s p e c i f i c a t i o n s  w i l l  be: 

Highest e l e v a t i o n  t o  be supplied -183.5 meters 
Assumed Water depth a t  farm d i t c h  - 0.2 meter 
Needed Hydraulic head - 0.1 meter 
Designed Water su r face  e l eva t ion  
a t  lateral (STA 1+260) -183.6 meters 
Head t o  be produced by check - 0 . 2  meters  
(A w e i r  check may serve the  Furpose.) 

3-40 The second turnout  is a t  RA 1. It can be noted from t h e  map t h a t  
t h e  f i r s t  SFD of t h i s  turnout is flowing u p h i l l  hence t h e  recommended 
modif ica t ions  a r e  shown in t h e  modified layout  map and summarized i n  
Table 20.  The t h i r d  turnout  is a t  RA 2 and from t h e  o r i g i n a l  layout  map, i t  
appears  t h a t  t h e  proposed layout  of farm d i t c h e s  may not  be enough f o r  
d i v e r s i f i e d  crop i r r i g a t i o n  s p e c i a l l y  a t  the  upstream por t ion  hence the 
proposed mod i f  i c a  t ion. 

3-41 
lower t o  a higher  contour, so  i t  is necessary t o  r e l o c a t e  t h e  MFD a t  a h igher  
e leva t ion .  To cover t h e  whole a rea  would then r e q u i r e  a long farm d i t c h  
about 1 .2  km long; hence i t  is proposed t o  have two turnout  f o r  t h i s  area. 
The new turnout  w i l l  be loca ted  a t  STA 3 + 605 or turnout  number 6 in 
Table 20. The f i f t h  turnout  which is loca ted  a t  STA 2 + 805 l e f t  is se rv ing  
RA 4 was considered a s  good hence i t  is recommended t o  r e t a i n  t h e  o r i g i n a l  
design. 

3-42 The turnout  a t  STA 3 + 605 has  also a very long MFD hence is a l s o  
recomended t h a t  t h e r e  should be two turnouts .  The a d d i t i o n a l  turnout  should 
be loca ted  a t  STA 4 + 425. The turnout  a t  STA 3 + 920 is a t  e l eva t ion  
168.5 and t h e  MFD as shown in Fig .  2 is t o  pass a contour  l ine of 171.5 
which is t h r e e  meters higher.  The recommendation is t o  r e l o c a t e  t h e  
turnout  a t  STA 4 + 245. A t  the  end check t h e  area t o  be served is s t i l l  
100 h e c t a r e s  which is considered too l a r g e  e s p e c i a l l y  f o r  i r r i g a t i o n  of 
d i v e r s i f i e d  crops. It was a l s o  noted i n  t h e  t r i a l  i r r i g a t i o n  run t h a t  
farmers can not  maintain a main farm d i t c h  because of t h e  h ighly  e ros ive  

The f o u r t h  turnout  f o r  RA 3 shows t h e  main farm d i t c h  t o  go from a 

. 

I 
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flow. It is t h e r e f o r e  recommended t o  extend t h e  l a t e ra l  f o r  another  800 
meters wi th  cement l i n i n g  and d iv ide  t h e  a r e a  of RA 5 i n t o  three.  The f i rs t  
two blocks w i l l  be served by t h e  turnout  a t  STA 4 + 245. The next  t h r e e  
blocks w i l l  be i r r i g a t e d  by a new turnout  a t  STA 4 + 980. The remaining 
por t ion  w i l l  be served by t h e  end check turnout.  

3-43 It is suggested t h a t  no tu rnout  w i l l  s e rve  less than 15 ha but  not  
more than 50 ha. The recommended supplementary farm d i t c h e s  a r e  not  enough 
f o r  d i v e r s i f i e d  crop  i r r i g a t i o n  and t h e r e  is a need f o r  i n t e r n a l  farm 
di tches .  
f low could be used but such is not  adaptable f o r  upland crop  i r r i g a t i o n .  
Hence t h e r e  is a need f o r  i n t e r n a l  farm di tches.  

3-44 There may also be a need f o r  some landlevel ing  e s p e c i a l l y  a t  t h e  
upper h a l f  of the  s e r v i c e  area of the  l a t e r a l  which has a very undulat ing 
t e r r a i n  in order  t o  f a c i l i t a t e  e a s i e r  water d i s t r i b u t i o n .  

3-45 Before t h e  f i n a l  cons t ruc t ion  of t h e  recommended farm d i t c h e s  t h e r e  
is a l s o  a need t o  look out  f o r  d r a i n a b i l i t y  of the  a r e a s  as upland crops  a r e  
very s e n s i t i v e  t o  water logging. It is a l s o  recommended t h a t  t h e  proposed 
new tu rnou t s  be cons t ruc ted  a,, s i n g l e  gated ones f o r  economy. 

3-46 
map of 0 . 5  meter i n t e r v a l  and not  on a 0.2 meter i n t e r v a l  which is d e s i r a b l e  
f o r  such. Farmers should p a r t i c i p a t e  in l oca t ing  and cons t ruc t ing  farm 
di tches .  Involving farmers w . t l l  ensure e f f e c t i v e  use of t hese  d i t ches .  It is 
suggested t h a t  t h e  s izes  and cons t ruc t ion  materials f o r  t h e  main f a r m  d i t c h e s  
fo l low des ign  s p e c i f i c a t i o n s  developed by N U .  

It maybe adequate f o r  lowland rice i r r i g a t i o n  a s  paddy t o  paddy 

The proposed revisioi is  i n  farm d i t c h  l ayou t s  were based on a contour  



Rice 20 43 1181 
Corn 47 16 301 

Rice 19 42 1654 
Corn 47 16 563 

Rice 19 42 1311 
Corn 47 16 695 

Rice 19 42 1500 
Corn 47 16 707 

Rice 19 42 1185 
Corn 47 16 175 

Rice 19 42 1611 
Corn 47 16 473 

Rice 19 42 1554 
Corn 47 16 560 

Rice 19 42 1668 
Corn 47 16 632 

Rice 19 42 1165 
Corn 47 16 409 

615 ;!393 
673 562 

625 :!406 
668 559 

625 2499 
673 562 

597 2499 
673 562 

597 2499 
673 562 

597 2499 
673 562 

597 2499 
673 562 

589 2491 
613 562 

597 2499 
673 562 

1968-69 
1364 20 43 1181 
171 44 13 277 

1969-70 
972 19 42 1654 
102 44 13 722 

1970-71 
1405 19 42 1311 
73 44 13 524 

1971-72 
1163 19 42 1500 
91 44 13 784 

1972-73 
1352 19 42 1185 
227 44 13 174 

1973-74 . 
967 19 42 1611 
81 44 13 565 

1914-75 
1010 19 42 1554 
145 44 13 579 

1975-76 
1119 19 42 1668 
87 44 13 699 

1976-77 
1360 19 42 1165 
93 44 13 405 

615 2393 1364 
554 485 163 

625 2406 972 
622 513 69 

625 2499 1405 
627 517 72 

597 2499 1163 
627 517 54 

597 2499 1352 
627 517 180 

597 2499 967 
627 517 52 

597 2499 1010 
627 517 77 

589 2491 1119 
721 530 30 

597 2499 1360 
627 517 71 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SS - S t a r t  of t h e  Season (Week of the  Year) 
ES - End of t h e  Season (Week of the  Year) 
TR - Total Rainfall f o r  t h e  Crop Season, mm 
TEV- T o t a l  Pan Evaporation f3r t h e  Crop Season, mm 
WR- Tota l  Cropwater  Requirement f o r  t h e  Crop Season, mm 
IDR- T o t a l  I r r i g a t i o n  Diversion Requirement f o r  t h e  Crop Season, mm 
Second Simulation assumption i s  Land Prepara t ion  f o r  t h e  Corn Crop 

F i r s t  Simulation assumption Ls Land Prepara t ion  f o r  t h e  Corn Crop 
start j u s t  a f t e r  harves t  of t h e  rice crop 

start  4 weeks a f t e r  th,: harves t  of the  r i c e  crop. 



Rice 1 9  42 1541 
Corn 47 16 283 

Rice 1 9  42 1682 
Corn 47 16 395 

Rice 19 42 977 
Corn 47 16 444 

Rice 1 9  42 1004 
Corn 47 16 512  

Rice 1 9  42 1010 
Corn 47 16 515 

Rice 1 9  42 741 
Corn 47 16 190 

Rice 19 42 1586 
Corn 47 16 448 

Rice 1 9  42 733 
Corn 47 16 372 

Rice 19 42 833 
Corn 47 16 549 

597 
673 

597 
673 

597 
673 

618 
846 

822 
751 

631 
742 

649 
510 

570 
575 

488 
598 

,2499 
562 

:1499 
562 

2499 
562 

:!520 
700 

:!724 
623 

:1533 
639 

2:551 
427 

2472 
469 

2 390 
486 

1977-78 
1107 19 42 1541 
200 44 13 360 

1978-79 
1191 19 42 1682 

155 44 13 395 

1979-80 
1605 19 42 977 

78 44 13 778 

1980-81 
1627 19 42 1004 
225 44 13 564 

1981-82 
1805 19 42 1010 

114 44 13 655 

1982-83 
1842 19 42 741 
231 44 13 263 

1983-84 
1289 19 42 1586 

106 44 13  507 

1984-85 
1760 19 42 733 

153 44 1 3  352 

1985-86 
1589 1 9  42 833 

78 44 13 646 

597 2499 1107 
627 517 165 

597 2499 1191 
673 485 132 

597 2499 1605 
627 517 46 

618 2520 1627 
772 635 153 

822 2724 1805 
726 598 103 

631 2533 1842 
183 640 535 

649 2551 
502 410 

570 2472 
570 465 

289 
70 

760 
130 

488 2390 1589 
557 457 43 

=j_=_============_ES===51=_I=q__======S====~==================S=====-=====~==== 

SS - S t a r t  of t h e  Season (Week of the  Year) 
ES - End of Season (Week of the  Year) 
TR - T o t a l  Ra in fa l l  f o r  the  Crop Season, mm 
TEV-  Tota l  Pan Evaporation fo r  the  Crop Season, mm 
WR- T o t a l  Cropwate r  Requirement f o r  t h e  Crop Season, mm 
IDR- Tota l  I r r i g a t i o n  Diversion Requirement f o r  t h e  Crop Season, mm 
Second Simulation assumption is Land Prepara t ion  f o r  t h e  Corn Crop 

F i r s t  Simulation assumption is Land Prepara t ion  f o r  t h e  Corn Crop 
s t a r t  j u s t  a f t e r  harves t  of the  r i c e  crop 

s t a r t  4 weeks a f t e r  t t e  harves t  of t h e  r i c e  crop 



Table 3. Summary of c r o p  s imula t ion  f o r  an i r r i g a t e d  rice- corn cropping 
pa t t e rn ,  South Cotabato, 1969 t o  1986. 

20% Probable Ra in fa l l  
Rice 20 43 550 717 :!619 2069 20 43 550 
Corn 47 16 100 633 534 228 44 13 150 

50% Probable R a i n f a l l  
R i c e  19 42 1051 717 :!619 1568 19 42 1051 
Corn 47 16 319 633 534 107 44 13 398 

80% Probable R a i n f a l l  
Rice 19 42 1766 717 2.619 856 19 42 1766 
Corn 47 16 571 633 534 82 44 13 697 

717 2619 2069 
595 493 165 

717 2619 1568 
595 493 93 

717 2619 856 
595 493 44 

=_P_I--P=P*DD-===_=D==P====~===5-===I========~=====--=====~===S=-=s=== 

SS - S t a r t  of t h e  Season (Wc,ek of the Year) 
ES - End of Season (Week of t h e  Year) 
TR - Tota l  Ra in fa l l  f o r  t h e  Crop Season. mm 
TEV- Tota l  Pan Evaporation f o r  t h e  Crop Season, mm 
WR- Tota l  Cropwate r  Requirement f o r  t h e  Crop Season, on0 
IDR- T o t a l  I r r i g a t i o n  Diversion Requirement f o r  t h e  Crop Season, mm 
Second Simulation assumption is Land Prepara t ion  f o r  t h e  Corn Crop 

s tar t  j u s t  a f t e r  ha rves t  of t h e  r i c e  crop 
F i r s t  Simulation assumption is Land Prepara t ion  f o r  t h e  Corn Crop 

start 4 weeks af ter  t h e  ha rves t  of t h e  r i c e  crop. 



Table 4. Proposed Progress  of Farming A c t i v i t i e s  for 
t h e  L a t e r a l  A-Extra ARIP Dam # 1, Sura l lah ,  
South Cotabato, Wet Season, Rice Crop. 

=-===JI=Z=C=E===========OP=D=============-================- 

Wk. No. Date ADLS ADLP A U N I  AUTD 
(has.)  (has . )  (has . )  (has .)  ' 

1 9  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

May 7-13 
14-20 
21-27 
28-Jun 3 

Jun  4-10 
11-17 
18-24 
25-Jul 1 

2-8 
9-15 

16-22 
23-29 
30-Aug 5 

6-12 
13-19 
20-26 
27-Sep 2 

3-9 
10-16 
17-23 
24-30 

8-14 
15-21 
22-28 
29-Nov 4 

Qct 1-7 

100 
85 100 
70 185 
22 255 

177 100 
92 185 
22 255 

277 
277 
277 
277 
277 
277 
277 
277 
277 
277 
277 
277 
277 
277 
177 100 

92 185 
22 255 

277 
277 

7- 



. 19 May 7-13 
20 14-20 
21 21-27 
22 28-Jun 3 
23 Jun 4-10 
24 11-17 
25 18-24 
26 25-Jul 1 
27 2-8 
28 9-15 
29 16-22 
30 23-29 
31 30-Aug 5,  
32 6-12 
33 13-19 
34 20-26 
35 27-Sep 2 
36 3-9 
37 10-16 
38 17-23 
39 24-30 
40 O c t  1-7 
41 8-14 
42 15-21 
43  22-28 
44 29-Nov 4 

311 
426 
517 
482 
449 
449 
449 
449 
449 
449 
449 
449 
449 
449 
449 
449 
44 9 
449 
449 
449 
449 
287 
149 

36 
0 
0 

253 35 
276 49 
323 46 
211 59 
220 50 
206 53 
174 60 
215 51 
256 42 
261 41 
261 41  
215 51 
211 52 
261 41 
270  39 
224 49 
229 48 
261 4 1  
298 33 
243 45 
266 40 
181 36 

96 35 
21 40 

0 42 
0 32 

422 
460 
538 
352 
367 
343 
290 
358 
427 
435 
435 
358 
352 
435 
450 
37 3 
382 
435 
497 
405 
443 
302 
160 

35 
0 
0 



Table 6. Proposed Progress  of F a r m i n g , k t i v l t i e s  f o r  t h e  
turnouts  8, 9, 10 6 11, Lateral A-Extra, ARIP Dam# 1, 
Sural lah,  South Cotabato, Dry Season Corn Crop. 

42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Oct 15-21 79 
22-28 79 
29-Nov 4 79 

5-11 
12-18 
19-25 
26-Dec 2 

10-16 
17-23 
24-31 

8-14 
15-21 
22-28 
29-Feb4 

Feb 5-11 
11-18 
19-25 
26-Mar4 

Mar 5-1 1 
12-18 
19-25 

Dee 3-9 

Jan  1-7 

79 
79 
79 
79 
79 
79 

79 
79 
79 
79 

79 
79 
79 
79 

AULP - Area Under Land Prepara t ion  
PA - Planted  Area 
VS - A r e a  Under Vegetihtive Stage 
RS 
MS - A r e a  Under M a t u r ~ t y  Stage 

- Area Under Reproductive Stage 



Table 7. I r r i g a t i o n  Schedule Computation based on S o i l  Moisture Balance, I 
! L a t e r a l  A-Extra, Sura l lah ,  South Cotabato, Turnouts 8, 9, 10. 

& 11, Dry  Season Corn Crop 

42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

O c t  15-21 15 
22-28 15 
29-Nov 4 15 

5-11 15 
12-18 15 
19-25 15 
26-Dec 2 14 

Dec 3-9 15 
10-16 15 
17-23 12 

35 
40 
42 
32 
26 
22 
34 
25 
21 
19 

27 
29 
33 
25 
24 
26 
28 
22 
33 
24 

24-31 

8-14 
15-21 

29-Feb 4 

Jan  1-7 

22-28 

Feb 5-11 
11-18 
19-25 
2 6 -Ma 1-4 

Mar 5-11 
12-18 
19-25 

11 18 29 
15 27 25 
15 11 28 
13 11 27 
11 24 23 

7400 88 7.0 

11 9 
11 10 

19 
17 
6 
9 
7 

11 

25 71100 282 7.0 
24 
32 
27 
29 
33 
40 
40 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MC - S o i l  Moisture Content a t  beginning of week, X by weight. 
Rp - R a i n f a l l  
ET - Evapot ranspi ra t ion  
I R  - I r r i g a t i o n  Requirement assuming 40% combined f i e l d ,  conveyance 

and d i s t r i b u t i o n  e f f i c i ency .  



T a b l e  8. Proposed P r o g r e s s  of Farming A c t i v i t i e s  for the  
t h e  Lateral A-Extra ARIP Dam # 1, S u r a l l a h ,  
Sou th  Cotabato ,  Turnou t s  5, 6 & 7, Dry Season 
Corn Crop. 

42 Oct 15-21 
4 3  22-28 74 
44 29-Nov 4 74 
45  5-11 74 
46 12-18 74 
47 NOV 19-25 74 
48 26-Dec 2 74 
49 Dec 3-9 74 
50 10-16 74 
51 17-23 74 
52 24-31 74 
1 J a n  1-7 74 
2 8-14 74 
3 15-21 74 
4 22-28 74 
5 29-Feb 4 1 4  
6 Feb 5-11 74 
7 11-18 74 
8 19-25 
9 26-Mar 4 

10 Mar 5-11 
11 12-18 
1 2  19-25 

o1============3=======I==========D__5___=====-==-=====----=-=-== 

AULP - Area Under Land P r e p a r a t i o n  
PA - P l a n t e d  Area 
VS - Area Under V e g e t a t i v e  S t a g e  
RS - Area Under Reprcsductive S t a g e  
MS - Area Under M a t u i i t y  S t a g e  



Table 9. I r r i g a t i o n  Schedule Computation based on S o i l  Moisture Balance, 
L a t e r a l  A-Extra, Sural lah,  South Cotabato, Turnouts 5, 6 6 7, 
Dry Season Corn Crop. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wk. No. Date M C  RF ET I R  I R  Time 

(X )  (mm/wk) (mm/wk) (cu. m.) ( I p s )  (days) 

42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Oct 15-21 
22-28 
29-Nov 4 

5-11 
12-18 

Nov19-25 
26-Dec2 

Dec 3-9 
10-16 
17-23 
24-31 

8-14 
15-21 
22-28 
29-Feb4 

Feb 5-11 
11-18 
19-25 
26-Mar4 

Mar 5-11 
12-18 
19-25 

J a n  1-7 

15 
15 
15 
15 
15 
14 
15 
15 
11 
10 

7 
1 5  
12 
10 
15 
13 
11 

35 
40 
42 
32 
26 
22 
34 
25 
2 1  
19 
18 
27 
11 
11 
24 

9 
10 
19 
17 
6 
9 
7 

11 

27 
29 
33 
25 
24 
26 
28 
22  
33 
24 
29 
25 
28 
27 
23 
25 
24 
32 
27 
29 
33 
40 
40 

30000 119 7.0 
25500 101 7.0 

30000 208 4.0 
25500 101 7.0 

MC 
RF - R a i n f a l l  
ET - Evapotmnspi ra t~ .on  
I R  - I r r i g a t i o n  Requirement assuming 40% combined f i e l d ,  conveyance 

- S o i l  Moisture Content a t  beginning of week, X by weight. 

and d i s t r i b u t i o n  e f f i c i e n c y .  



Table 10. Proposed Progress  of Farming A c t i v i t i e s  for  t h e  Lateral  
A-Extra ARIP Dam # 1, Sura l lah ,  South Cotabato, 
Turnouts 3 6 4, Dry Season Corn Crop. 

42 Oct 15-21 
43 22-28 
44 29-Nov 4 70 
45 5-11 70 
46 12-18 70 
47 Nov 19-25 70 
48 26-Dec2 70 
49 Dec 3-9 70 
50 10-16 70 
51 17-23 70 
52 24-31 70 
1 J a n  1-7 70 
2 8-14 70 
3 15-21 70 
4 22-28 70 
5 2 9-Fe b4 70 
6 Feb 5-11 70 
7 11-18 70 
8 19-25 
9 26-Mar4 

10 Mar 5-11 
11 . 12-18 
12 19-25 

=_==P_=__P3=s=====__?=11==:*=========~-=====~======--==-===-======== 

AULP - Area Under Land Prepara t ion  
PA - Planted  Area 
VS - Area Under Vegetat ive Stage 
RS - Area Under Reproductive Stage 
MS - Area Under Mntui!ity Stage 



Table 11. Irrigation Schedule Computation based on Soil Moisture Balance, 
Lateral A-Extra, Surallah, South Cotabato, Turnouts 3 & 4, 
Dry Season Corn Crop. 

42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Oct 15-21 
22-28 
29-NoV 4 
5-11 
12-18 

NOV 19-25 
26-Dec 2 

Dec 3-9 
10-16 
17-23 
24-31 

8-14 
15-21 
22-28 
29-Feb 4 

Feb 5-11 
11-18 
19-25 
26-Mar 4 

Mar 5-11 
12-18 
19-25 

Jan 1-7 

35 27 
40 29 

15 42 33 
15 32 25 
15 26 24 
15 22 26 
14 34 28 
15 25 22 
15 21 33 
12 19 24 
15 18 29 
13 27 25 
13 11 28 
11 11 27 
15 24 23 
15 9 25 
13 10 24 
11 19 32 

17 27 
6 29 
9 33 
7 40 
11 40 

31500 125 7.0 

I 33000 131 7.0 
30000 139 6.0 

===========_=_==_-PD=__01=_=E3__=__13=_3=====I===~---=-==--==-==-*--==-= 

MC 
RF - Rainfall 
ET - Evapotranspiration 
IR - Irrigation Requirement assuming 40% combined field, conveyance 

- Soil Moisture Content at beginning of week, % by weight. 

and distribution efficiency 



Table 12. Propoaed Progrosa of Farning Activitier for t h e  L a t e r e l  
A-Extra ARIP D m  # 1, S u r a l h h ,  South Cotabato, 
Turnouts 1 6, 2, Dry Searon Corn Crop. 

42 Oct 15-21 
43 22-28 
44 29-Nov 4 
45 5-11 
46 12-18 li4 
47 Nov 19-25 
48 26-Dec 2 
49 Dec 3-9 
50 10-16 
51 17-23 
52 24-31 
1 Jan  1-7 
2 8-14 
3 15-21 
4 22-28 
5 29-Feb 4 
6 Feb 5-11 
7 11-18 
8 19-25 
9 26-Mar 4 

10 Mar 5-11 
11 12-18 
12 19-25 

54 
54 
54 
54 
54 
54 
54 

54 
54 
54 
54 

54 
54 

AULP - Area Under Land Prepara t ion  
PA - Planted Area 
VS - A r e a  Under Vegetative Stage 
US 
MS - A r e a  Under Mnturity Stage 

- Area Under Reprodiictive Stage 



. 

Table 13. I r r i g a t i o n  Schel3ule Computation based on S o i l  Moisture Balance, 
Lateral A-Extra., Sural lah,  South Cotabato, Turnouts 2 6 1, 
Dry Season Corn Crop. 

42 O c t  15-21 

44 29-NOV 4 
45 5-11 1 5  
46 12-18 1 5  
47 Nov 19-25 15 
48 26-Dec 2 1,1 
49 Dec 3-9 1 5  
50 10-16 1 5  
51 17-23 1 1  
52 24-31 1 5  
1 Jan  1-7 1 3  
2 8-14 1 3  
3 15-21 11 
4 22-28 1 5  
5 29-Feb 4 1 5  
6 Feb 5-11 1 3  
7 11-18 11 
a 19-25 LO 
9 26-Mar 4 

43 22-28 

10 Mar 5-11 
11 12-18 
12 19-25 

35 
40 
42 
32 
26 
22 
34 
25 
21 
19 
18 
27 
11 
11 
24 
9 

10 
19 
17 

6 
9 
7 

11 

27 
29 
33 
25 
24 
26 
28 
22 
33 
24 24300 96 7.0 
29 
25 
28 2 ~ 6 0 0  113 7 .0  
27 20000 93 6.0 
23 
25 
24 
32 
27 
29 
33 
60 
40 

~ . I I I = I P ¶ L P - ~ ~ . 3 0 ~ * ~ ~ ~ = a a - - . ' i L 1 1 I 1 ¶ 3 a 3 - ~ I 0 - ~ = ~ = a - a a ~ a = a = ~ ~ a ~ ~ ~ - - ~ ~ - - - = ~ a - ~  

MC 
BF - R a i n f a l l  
ET - Evapotranspirat ion 
IR - I r r i g a t i o n  Requireiment assuming 40% combined f i e l d ,  conveyance 

- S o i l  Moisture Content a t  beginning of week, % by weight. 



Table 14. Irrigation Schedule Computation based on Soil Moisture Balance, 
Lateral A-Extra, Surallah, South Cotahto, Turnouts 8, 9, 10. 
& 11, Dry Season Corn Crop 

42 Oct 15-21 15 
43 22-28 15 
44 29-Nov 4 15 
45 5-11 15 
46 12-18 15 
47 19-25 15 
48 26-Dec 2 14 
49 Dec 3-9 15 
50 10-16 15 
51 17-23 12 
52 24-31 11 
1 Jan 1-7 15 
2 8-14 15 
3 15-21 13 
4 22-28 11 
5 29-Feb 4 11 
6 Feb 5-11 11 
7 11-18 
a 19-25 
9 26-Mar 4 
10 Mar 5-11 
11 12-18 
12 19-25 

35 
40 
42 
32 
26 
22 
34 
25 
21 
19 
18 
27 
11 
11 
24 
9 
10 
19 
17 
6 
9 
7 
11 

27 
29 
33 
25 
24 
26 
28 
22 
33 
24 
29 31600 176 5.0 
25 
28 
27 
23 
25 31600 293 3.0 
24 
32 
27 
29 
33 
40 
40 

-11-13-13=-===13=-=-===-=-.-===--==---=====-========-==--==--==--=------ 

MC 
RF - Rainfall 
ET - Evapotranspiration 
IR - Irrigation Requirement assuming 60% combined field, conveyance 

- Soil Moisture Content at beginning of week, % by weight. 

and distribution efficiency. 



Table 15. I r r i g a r i o n  Schedule Computation based on S o i l  Moisture Balance, 
Lateral A-Extra, Sural lah,  South Cotabato, Turnouts 5, 6 6 7, 
Dry Season Corn Crop. 

42 O c t  15-21 
43 22-28 
44 29-NOV 4 
45 5-1 1 
46 12-18 
47 NOV 19-25 
48 26-Dec2 
49 Dec 3-9 
50 10-16 
51 17-23 
52 24-31 
1 Jan  1-7 
2 8-14 
3 15-21 
4 22-28 
5 29-Fe b4 
6 Feb 5-11 
7 11-18 
8 19-25 
9 26-Mar4 

10 Mar 5-11 
11 12-18 
1 2  19-25 

15 
15 
15 
15 
15 
14 
15  
15 
11 
10 

7 
15 
12 
10 
15 
13 
11 

35 27 
40 29 
42 33 
32 25 
26 24 
22 26 
34 28 
25 22 
21 33 
19 24 
18 29 37000 206 5.0 
27 25 
11 28 
11 27 
24 23 37000 343 3.0 

9 25 
10 24 
19 32 
17  27 

6 29 
9 33 
7 40 

11 40 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MC 
Rp - R a i n f a l l  
ET - Evapotranspi ra t ion  
I R  - I r r i g a t i o n  Requiremmt assuming 60% combined f i e l d ,  conveyance 

- S o i l  Moisture Content a t  beginning of week, X; by weight. 

and d i s t r i b u t i o n  ef f ic iency.  



Table 16. Irrigation Schedule Computation based on Soil Moisture 
Balance, Lateral A-Extra, Surallah, South Cotabato, Turnouts 
3 6 4, Dry Season Corn Crop. 

42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Oct 15-21 
22-28 
29-NOV 4 15 
5-11 15 
12-18 15 

NOV 19-25 15 
26-Dec 2 14 

Dec 3-9 15 
10-16 15 
17-23 12 
24-31 15 

Jan 1-7 13 
8-14 13 
15-21 11 
22-28 15 
29-Feb 4 15 

Feb 5-11 13 
11-18 11 
19-25 
26-Mar 4 

Mar 5-11 
12-18 
19-2 5 

35 
40 
42 
32 
26 
22 
34 
25 
21 
19 
18 
27 
11 
11 
24 
9 
10 
19 
17 
6 
9 
7 
11 

27 
29 
33 
25 
24 
26 
28 
22 
33 
24 21000 194 3.0 
29 

28 
27 28000 194 4.0 
23 
25 
24 
32 
27 
29 
33 
40 
40 

MC 
RF - Rainfall 
ET - Evapotranspiration 
IR - Irrigation Requirement assuming 60% combined field, conveyance 

- Soil Moisture Content at beginning of week, % by weight. 

and distribution efficiency. 



Table 17. Irrigation Schedule Computation based on Soil Moisture Balance, 
Lateral A-Extrn, Surallah, South Cotabato, Turnouts 2 & 1, 
Dry Season Corn Crop. 

42 Oct 15-21 
43 22-28 
44 29-Nov 4 
45 5-11 
46 12-18 
47 Nov 19-25 
48 26-Dec 2 
49 Dec 3-9 
50 10-16 
51 17-23 
52 24-31 
1 Jan 1-7 
2 8-14 
3 15-21 
4 22-28 
5 29-Feb 4 
6 Feb 5-11 
7 11-18 
8 19-25 
9 26-Mar 4 
10 Mar 5-11 
11 12-18 
12 19-25 

35 27 
40 29 
42 33 

15 32 25 
15 26 24 
15 22 26 
14 34 28 
15 25 22 
15 21 33 
12 19 24 
15 18 29 
13 27 25 
13 11 28 
11 11 27 
15 24 23 
15 9 25 
13 10 24 
11 19 32 
10 17 27 

6 29 
9 33 
7 40 
11 40 

16200 150 3.0 

~ 

i 21600 150 4.0 

~ 



. 
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Table 18 I r r i g a t i o n  Schtsdule Computation based on Soil Moisture Balance, 
I 

L a t e r a l  A-Extra, Sura l lah ,  South Cotabato, Dry Season Corn 
Crop. 

42 Oct 15-21 
43 22-28 
44 29-Nov 4 
45 5-11 
46 12-18 
47 NOV 19-25 
48 26-Dec 2 
49 Dec 3-9 
50 10-16 
51 17-23 
52 24-31 
1 Jan  1-7 
2 8-14 
3 15-21 
4 22-28 
5 29-Feb 4 
6 Feb 5-11 
7 11-18 
8 19-25 
9 26-Mar 4 

10 Mar 5-11 
11 12-18 
12 19-25 

35 27 
,40 29 
'12 33 
32 25 
26 24 
22 26 
34 28 
25 22 
2 1  33 
19 24 
18 29 
27 25 
11 28 
11 27 
24 23 
9 25 

LO 24 
19 32 
17 27 
6 29 
9 33 
7 40 

11 40 

340 7 344 3 
289 7 381 5 

244 7 
231 6 344 4 
208 4 343 3 
383 7 293 3 

RF - R a i n f a l l  
I R  - I r r i g a t i o n  Requirement assuming 40 % Efficiency.  
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Table 19. Farm d i t c h  d e n s i t y  f o r  t h e  o r i g i n a l  des ign  of t e rmina l  f a c i l i t i e s .  

RASP1 1 
( l e f t )  

R A 1  
( r i g h t )  

RA2 
( l e f t )  

RA3 
( r i g h t )  

RA4 
( l e f t )  

RASP1 2 

RASP1 3 
( r i g h t )  

RA5 
end check 

( l e f t )  

1+408 

1+977 

1+977 

3+000 

2+800 

3+605 

3+920 

4+600 

27 

43 

35 

32 

47 

13 

21 

100 

300 

560 

420 

660 

620 

600 

680 

800 

560 11 21 

900 13 21 

1060 12 30 

1420 2 1  44 

1520 13  32 

1440 46 111 

1400 32 67 

3280 8 33 

32 

34 

42 

65 

45 

157 

99 

41 

MFD - Main Farm Ditch 

SFD - Supplementary or  I n t e r n a l  Farm Ditch 



. 
1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

1+260 
( l e f t )  

1+977 
( r i g h t )  

1+977 
( l e f t )  

2+aoo 
( l e f t )  

3+000 
( r i g h t )  

( r i g h t  ) 
3+605 

3+605 
( l e f t )  

4+245 
(r i g h t )  

4+245 
( l e f t )  

4+9ao 
( r i g h t )  

5+420 
end check 

22 

37 

32 

32 

22 

21  

32 

i a  

26 

16 

1 9  

iao 

820 

600 

620 

620 

660 

590 

620 

400 

430 

380 

1200 

1420 

1240 

1520 

470 

500 

1440 

1090 

960 

a50 

950 

a 

22 

19 

19 

28 

31 

18 

34 

15 

27 

20 

55 

38 

39 

48 

21 

24 

45 

61 

37 

53 

50 

63 

60 

58 

67 

49 

55 

63 

95 

52 

80 

70 



. Start of Wet Season i n  f i r s t  
week of May; duration of land preparation i s  

weeks; c rop  duration i s  120 days 
I 

Input Weekly 
Rai.nfa11 Data 

End of Season? 

No . 
I 

for  Simulation Two 
Foiir weeks later  for Simulation One 

Which Simulation? 

j i  k 

Figure A.l Simulation flow chart for irr igated rice - irr igated corn 
cropping piittern. 
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105-Day Corn Variety 
I 

of Land Preparation is  two weeks 

.I, 
(Determine Potential Evapotranspiration 1 

t 4 
G e t  Weekly Rainfall] 

I Determine Irrigation 

I 
I -  & 

Diversion Requirement 

End of Season? 
No Yes 

Figure A. 1 (continued) 





WATER DEPTH (mfm week) 
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Figure A . 3  Probable weeLly rainfall (20% PR), potential evapotranspiration 
(PET), irrigation requirement (IWR), and cropping pattern (CP) 
for irrigated corn planted early i n  the year. 
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Figure A- 6 Probable weekly rainfal l  (80% PR), potential evapotranspiration 
(PET), irrl@tion r e q u i r n n t  (HJR), and cropping pattern (cp) 
for irrigated corn planted late In the year. 

Y 
u 

., " 






