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Available irrigation flow. To be able to simulate the optimum cropping 
pattern for BARIS, there is a need to estimate the available flow from the 
river. There are about three years of available data for river flow which 
is not enough for a hydrologic frequency analysis. However, there are 20 
years of rainfall data. For the 3-year available data, regression analysis 
was done relating river discharge with 15,30,45 and 60-day cumulative 
rainfall. The highest regression coefficient (85%) was obtained using 45
day cumulative rainfall. Using the regression equation, the 20-year rainfall 
data were converted to discharge data and were analyzed using hydrologic 
frequency analysis. The hydrologic frequency distribution used was the log
normal distribution. The result is shown in Figure 6. 

Peak discharge occurs in late June to late July, corresponding to 
the peak rainfall. At 84% dependability, the minimum river discharge was 
3,200 lps with 5,000 lps or more from early June to early December. This 
84% dependable flow was used in the simulation. Drainage reuse was 
considered an unreliable irrigation source, thus, it was excluded. 

Water duty, rainfall and irrigation efficiency. Evapotranspi rat ion was 
estimated at 4 and 6 mm/day during the wet and dry seasons, respectively. 
Percolation rate was estimated at 6 mm/day for a total water duty for normal 
crop growth at 10 to 12 mm/day depending on the season. For land soaking, 
the residual moisture was estimated to be 22.5% by volume at the start of the 
wet season. This value was adjusted weekly depending on the probable 
rainfall occurrence. The land soaking requirement was considered the 
moisture needed to raise the soi 1 moisture from the initial value to 
saturation. A 50-mm standing .water, necessary for land preparation, was 
assumed to be provided during the first week of operation. The total land 
soaking requirement for the first week of operation was the sum of the soil 
moisture requirement, standing water requirement, percolation and 
evaporation. 

Computation of Land Soaking Requirement. 
Percolation rate (P) = 6.0 mm/day 
Residual Soil Moisture (M) = 22.5% by volume 
Soil Moisture at Saturation (Ms) = 48.0% by volume 
Evapotranspiration (Eo) = 4.0 mm/day (wet season) 

= 6.0 mm/day (dry season) 
Soil depth to be saturated (Os) = 150.0 mm (plow depth) 
Standing water for soaking (SW) = 50.0 mm 
Saturation Requirement (SR) = [(Ms-M)(Ds)]/100 

= [(48-22.5)(150)]/100 
= 86 mm 

Land Soaking Requirement (LSR) = SR + SW + 7(Eo)+7(P) 
(1 week period) = 206 mm/wk 

Based on infi ltration tests, the infiltrated amount plus 
evapotranspiration after a 6-hr period was 144 mm for a soil in BARIS with 
residual soil moisture of about 23%. At the end of the 6-hr period, the 
infiltration rate was already constant at about the percolation rate of 6 
mm/day. The one week prorated infiltration and evapotranspiration rate was 
204 mm, which is almost equal to the land soaking requirement. The 
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Figure 6. Dependable rainfall and river flow! Banga River 
Irrigation System! South Cotabato. 
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infiltration rate tests were done in an area planted to corn during the 
previous dry season. Infi 1tration rate test was also done in an almost 
saturated so; 1 which was previously planted to rice. The cumulative 
infi ltration after a 6-hour period was about 50 mm only. The difference 
between the rice and corn areas was attributed to the difference in residual 
moisture. One corn f;e1d which was almost saturated where the infiltration 
test was done, had the same cumulative infiltration rate as the rice field 
(about 50 mm in 6 hrs). 

Normal Crop Growth Irrigation Requirement (NIR). 
NIR (Rice) = 7(Eo) + 7(P) 
Rice Wet Season = 70 mm/day 

Dry Season = 84 mrn/day 
Corn Dry Season = Cc(Eo) 

Cc is the crop coefficient which varies from 0.5 to 1.2. Cc is 0.5 at start 
of crop growth and increases to 1.2 at the 5th week of crop growth and start 
decreasing at 12th week of crop growth to 0.5 at harvest. Estimated soil 
moisture at field capacity was 36X by volume and permanent wilting point was 
12X soil moisture by volume. The irrigation requirement of corn was estimated 
using soil moisture balance. At start of planting the soil moisture was 
assumed at field capacity. Irrigation should be applied if available soil 
moisture is less than 35t or about 20X soil moisture by volume. 

From the 3-year system operation evaluation, the system's efficiency 
was estimated at 60t during the wet season and 70X during the dry season. The 
following yield assumptions were made: 

Assumption 1: Optimum farmers yteld: 

Rice (Wet Season) = 5.0 t/ha 

Rice (Dry Season) = 6.0 t/ha 

Corn (Dry Season) = . 7.0 t/ha 


The present mean rice yield for the system is about 5.0 t/ha for the wet 
season and 4.0 t/ha for the dry season. The present low yield is due to 
limited water supply during the dry season. The simulation model assumed 
lower irrigation efficiencies than what is currently experienced. The 
assumed yield for corn was 7.0 t/ha. The maximum yield of hybrid corn 
harvested by a farmer vying for the Best Corn Farmer of the Year award in 
Mindanao was more than 10.0 t/ha. The targets for government agricultural 
programs on crop yields are as follows: 

Assumption 2: Masagana 100 and Malssgana 99 target yields: 
Rice (Wet Season) = 5.0 t/ha 
Rice (Dry Season) = 5.0 t/ha 
Corn (Dry Season) = 5.0 t/ha 

These yield estimates were also used. Production cost less family labor was 
estimated at P7,000 and P7,500 per hectare for rice during the wet and dry 
seasons, respectively, and P6,000 per hectare for corn during the dry season. 

Present rate of diversion. At present the diverted flow into the 
system is about 30% of the total river flow during the wet season and sox 
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during the dry season. The weekly available flow was determined using the 
84% dependable flow. From the available flow data, the optimum cropping 
pattern was determined. The first simulation optimized the area to be 
planted to rice in both seasons. The second simulation optimized the area 
to be planted to corn during the dry season. It was assumed that corn can 
be planted only in December to avoid waterlogging. The third simulation was 
the same as the second except that it assumed an earlier date of planting~ 
i.e., land was prepared a month after harvest of the wet season rice crop, 
This is about a month earlier than the December planting. 

Optimum cropping patterns are shown in Figure 7. The optimum area, 
if areas planted to rice is maximized, is less than what ;s being currently 
cropped. This shows that farmers and NIA have exhaustively used the water 
supply resulting in the low yields during the wet season because of water 
stress. To optimize the use of available water, an area should be planted 
to just one crop in a year. This area should be planted in September. This 
is currently being practiced by the system through staggered cropping. 

Results of the simulation are shown in Tables 8 and 9. Shifting to 
irrigated corn during the dry season would increase the irrigable area, 
collectible irrigation service fee, total grain yield, total 
grossproduction value and total family income. The irrigable area produced 
by the simulation is less than the current area planted at BARIS. However, 
other areas which are being irrigated by drainage reuse were not considered 
in the simulation because of the unreliable source of water. 

Simulation 3, which assumes early planting of corn is difficult to 
implement. It requires that 2,104 ha be planted to corn during the dry 
season but only 1,888 ha is planted to rice during the wet season. This 
means that certain areas will be planted to irrigated corn only. Simulation 
2 which assumes an optimum corn planted area but to be planted in December 
is more realistic. Only fields planted to rice during the wet season will 
be scheduled for irrigated corn during the dry season. 

Assuming that diverted flow can be increased to 60% during the wet 
season and 70% during the dry season, the optimum cropping patterns is shown 
in Figure 8. Optimum rice planted area results in 2,608 ha wet season 
cropped area and 1,760 dry season cropped area. Another 243 ha can be 
planted in September to utilize the excess water not used by areas under 
terminal drainage from the wet season planted area for a total of 2,003 ha 
dry season area. About 2,811 ha will be served for one season only and 1,760 
ha will be served for two seasons. 

For optimum corn planted area with corn planting in December, the 
rice area will be 3,360 ha and 2,500 ha of corn. The entire BARIS service 
area will be able to plant one crop of irrigated lowland rice in a year. 
Assuming that corn can be planted earlier, the entire service area of 3,360 
ha could be served for dry season corn but some areas wi 11 not be served 
during the wet season. 

The result of the simulation is shown Tables 10 and 11. Shifting 
to irrigated corn during the dry season would result in being able to 
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Figure 8. 	 Optimum cropping pattern, available irrigation 
flow and irrigation diversion requirements, 
assuming that 50% and 70% of the dependable 
flow during the wet and dry season respectively 
can be diverted, Banga River Irrigation System. 
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irrigate the entire designed service area of BARIS (3,360 hal for at least 
one season in a year. If corn is planted in December, the entire designed 
service area could be served for a wet season rice crop. If corn is planted 
earlier, the entire designed service area could be served for dry season 
corn. 

Table 8.Areas planted to rice and corn and irrigation service fee 
collectible (ISF) based on simulation using 30% of river flow during 
the wet season and 50% of river flow 
dependable flow, assuming 60 and 70% sys

during the dry season 
tem efficiency during 

as 
the 

wet and dry season respectively, BARIS. 

Season Irrigable Area Total 
Rice Corn Area ISF1/ 
(ha) (ha) (ha) ('000 pesos) 

Wet 
Dry 
Total 

Optimizing Rice Planted Area 
1,378 0 1,378 
1,362 400 1,762 
2,740 400 3,140 

Cropping Intensity, % 93.41/ 

482 
841 

1,323 

Wet 
Dry 
Total 

Optimizing Corn Planted Area (December planting only) 
1 ,462 0 1 ,462 

630 1,800 2,430 
2,092 1,800 3,892 

Cropping Intensity. % 115.82/ 

512 
898 

1,410 

Wet 
Dry 
Total 

Optimizing Corn Planted Area (early planting possible) 
1,462 0 1,462 

426 2,104 2,530 
1,888 2,104 3,992 

Cropping Intensity, % 118.82/ 

512 
898 

1,398 

1/ Irrigation service fee for rice is 100 kg rice/ha during the wet season 
and 150 kg rice/ha during dry season, for corn is 90 kg rice/ha during dry 
season or 60% of the value for rice. Peso conversion is at P3.50/kg rice. 

21 Designed irr;gable area of BARIS is 3,360 ha. 

Corn irrigation. Si nce corn has a different water requi rement 
compared with rice, simulation of irrigation water delivery to corn areas 
using soil moisture balance was done. At 70% system efficiency, BARIS would 
only operate for 3 to 4 days per week to irrigate 2,500 ha of corn at 10 
hour-day operation. It was assumed that farmers would use furrow irrigation 
which requires their presence while water was being delivered. This method 
also limits the daily operating hours. Thus, if assumed system efficiency 
could not be attained, the system has leeway to be able to irrigate these 
areas. The system must therefore increase its number of hours of operation 
per day or the number of days it operates weekly to accommodate areas planted 
to corn. 
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Unless the price of tomato is increased, it is a less lucrative crop 
compared with garlic, although high yield could also be attained. 

Yield from tropical wheat is even lower than the computed cut-off 
yield at the highest observed price. This then poses as a constraint in 
introducing wheat in LVRIS, unless both prices and yield are increased. 

DISCUSSION OF RESULTS 

The simulation of UTRIS tested the effects of several crop 
combinations during the dry season, and compared these with the rice-only 
option. It was accepted that soil-type constraints would render around 200 
ha (5% of the system) unsuitable for crops other than rice. By optimizing 
the ba1 ance (du ri ng the dry season on 1 y) between ri ce and anothe r ,less 
water-demanding crop, it was found that all alternatives tested would give 
significant improvements, in all or nearly all of the performance indicators 
used, in comparison with the rice-only option (Tables 23 and 24). 

To address price fluctuations, Tables 23 and 25 show parallel 
results which are derived under pessimistic price assumptions. With prices 
near or below the minimum of recent times, all six alternative crops would 
be better than rice in terms of crop intensity, gross production value, 
irrigation fees generated, and productivity of water applied. Three of the 
six would (at these low prices) generate less net farm income, but the other 
three, corn, onion and peanuts, pass this test by ample margins. 

Simulations of LVRIS tell a very similar story, which is summarized 
(Table 25). An optimal cropping pattern with a reduced rice area could bring 
about significant gains in the performance indicators. 

The simulations of UTRIS and LVRIS using the break-even or cut-off 
prices showed that the alternative crops are more profitable (Table 26). 
For each of the six alternative crops, the ratio of its price to the price 
of rice is higher than the cut-off prices or the prices at which net returns 
from non-rice crops are equal to net returns from rice. Past prices may show 
how other non-rice crops have exceeded these break-even levels. 

As noted earlier, the prices of most of alternative crops are more 
volati le than rice, and most farmers (because of lack of credit and/or 
storage facilities) are usually obliged to sell their outputs when prices are 
lowest. Thus, in assuming these break-even prices, they should not be 
compared with annual average prices, but with annual minima. 

Table 27 shows the ratio of annual minimum and annual average in 
recent years. This has been used to estimate (see Table 26, last column) 
the break-even ratios between annual average prices of diversified crops to 
the annual average prices of rice. Throughout the past 12 years, the various 
alternative crops generally had prices significantly above the break-even 
levels (Table 28). Corn and onion prices stayed consistently well above the 
break-even level; garlic and mungbean dipped below in only two of the twelve 
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years. In these systems, the most likely alternative crop (considered in 
these favorable projections) ;s corn, which (see Table 29) does not 
experience the price fluctuations of some of the other crops, such as onion, 
garlic and mungbean. Indeed, corn price is even more stable than that of 
rice. 

Table 23. 	 Key results from simulations of alternative cropping patterns 
for UTRIS. 

Crops 
Optimal 
Propor

Gross 
Crop Value 

Intensity Product 
Net 
Returns 

Irrigation Gross Water 
Service Water Product-

Fees Utilized ivity 
tions (%) ( million pesos ) (mil cm) (P/cm) 

Assuming current median crop prices 

Rice 	 100 23.0 15.65 8.74 0.330 21.93 0.71 

Rice/Mungbean 11:89 57.4 22.45 8.56 0.882 7.62 2.94 
Rice/Corn 18:82 42.4 29.77 18.00 0.681 15.83 1.88 
Rice/Soybean 19:81 49.9 27.75 9.12 0.806 18.65 1.49 
Rice/Peanut 13:87 44.2 37.66 20.93 0.688 17 .14 2.20 
Rice/Onion 16:84 48.7 120.91 70.21 0.772 17.66 6.85 
Rice/Garlic 16:84 48.7 133.24 90.92 0.772 17.66 7.54 

Assuming low crop prices 

Rice 	 100 23.0 13.77 6.86 0.330 21. 93 0.63 

Rice/Mungbean 11; 89 57.4 17.48 3.64 0.882 7.62 2.29 
Rice/Corn 18:82 42.4 27.79 16.02 0.681 15.83 1.76 
Rice/Soybean 19:81 49.9 22.24 3.60 0.806 18.65 1.19 
Rice/Peanut 13:87 44.2 25.94 9.21 0.688 17.14 1. 51 
Rice/Onion 16:84 48.7 74.69 23.98 0.772 17.66 4.23 
Rice/Garlic 16:84 48.7 43.01 0.69 0.772 17.66 2.44 
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Table 24. 	 Key results from simulations of alternative cropping patterns 
for UTRIS, ratio of performance parameters in diversified and 
undiversified options. 

Gross Irrigation 
Dry Season Crop Value Net Service Water* 

Crops Intensity Product Returns Fees Productivity 

Assuming current median crop prices 

Rice only 1.00 1.00 1.00 1.00 1.00 

Rice-Mungbean 
Rice-Corn 

2.50 
1.84 

1.43 
1. 90 

0.98 
2.06 

2.67 
2.06 

4.14 
2.65 

Rice-Soybean 2.17 1.77 1.04 2.44 2.09 
Rice-Peanut 1. 92 2.41 2.39 2.08 3.08 
Rice-Onion 2.12 7.73 8.03 2.34 9.59 
Rice-Garlic 2.12 8.51 10.40 2.34 10.57 

Assuming low crop prices 

Rice only 1.00 1.00 1.00 1.00 1.00 

Rice-Mungbean 2.50 1.27 0.53 2.67 3.63 
Rice-Corn 1.84 2.02 2.34 2.06 2.80 
Rice-Soybean 2.17 1.62 0.52 2.44 1.90 
Rice-Peanut 1. 92 1.88 1.34 2.08 2.41 
Rice-Onion 2.12 5.42 3.50 2.34 6.74 
Rice-Garlic 2.12 3.12 0.10 2.34 3.88 

Table 25. Key results from simulations of alternative cropping patterns 
for lVRIS. 

Assumed Gross Water 
Dry Season Propor- Price Crop Value Net Product-
Crops tions level Intensity Product Returns ivity 

(%) (M pesos) (M pesos) (P/cu.m. ) 

Rice-Garlic 50:50 current 70.6 89.81 67.05 2.53 

Rice-Garlic 50:50 low 70.6 37.27 14.51 1.05 

Rice-Garlic 32:68 current 77 .6 123.20 93.51 3.47 

Rice-Garlic 32:68 low 77.6 44.20 14.51 1.24 
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Table 26. Break-even prices of alternative non-rice crops. 

Required ratio of 
Ratio of break annual average price 

Crop Break-even even price to to rice price to 
price rice price ensure minimum is not 

(P/kg) below break-eyen 
Mungbean 9.21 2.63 2.92 
Corn 2.27 0.65 0.63 
Soybean 8.85 2.53 
Peanut 9.29 2.74 
Onion 2.26 0.65 1.28 
Garlic (UTRIS) 14.32 4.09 11.67 
Garlic (LVRIS) 12.01 3.43 9.79 

Table 27. Monthly average farmgate prices of rice and selected non-rice 
crops, 1988-89. 

Average Farmgate Price (P/kg) 
Rjce Corn Mungbean Onion Garlic 

1988 
Jan 3.06 3.67 11.46 4.31 45.00 
Feb 3.29 3.53 10.70 3.79 19.67 
Mar 3.45 3.83 11.26 5.26 19.40 
Apr 3.40 4.25 11.53 7.33 46.69 
May 3.53 4.28 11.70 12.59 54.67 
Jun 3.58 4.13 11.57 13.88 92.25 
Jul 3.61 3.94 11.51 n.a. 115.50 
Aug 3.74 3.92 14.13 n.a. 110.00 
Sep 3.60 3.77 11.67 n.a. 75.00 
Oct 3.30 3.72 13.47 13.83 n.a. 
Nov 3.31 3.08 13.73 14.56 n.a. 
Dec 3.45 3.97 15.30 10.44 n.a. 

1989 
Jan 3.54 3.84 19.04 11.77 85.50 
Feb 3.63 3.90 16.49 7.89 39.50 
Mar 3.83 4.12 15.63 5.82 69.34 
Apr 4.03 4.38 13.24 6.48 60.22 
May 4.05 4.42 14.36 6.12 69.90 
Jun 4.14 4.39 16.83 6.15 69.59 
Jul n.a. n.a. 16.69 9.26 61.19 
Aug n.a. n.a. 17.80 8.86 68.49 

Coefficient of 
Variation (%) 8.1 6.6 18.1 40.5 41.5 

Minimum/Mean 0.853 0.881 0.769 0.434 0.299 

n.a. - data not available 
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