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Water Management Strategies for Year-Round Vegetable Production 
in Cagayan de Oro City 

 
Robert J. Holmer1 

 
1 INTRODUCTION 
1.1 The Hydrologic Cycle 
In the hydrologic cycle, water cycles between the ocean and land, turning saline ocean water 
into fresh water available for humans, animals and plants. Water evaporates from the ocean 
surface and falls on the land as precipitation. The water then finds its way back to the ocean 
by a number of routes. 

 
Figure 1: Hydrologic cycle 

 
Terminology: 

• Water: The liquid form of the compound H2O that exists between ice (temperatures below 
0 oC) and vapor (temperatures above 100 oC). Water is an excellent solvent because of 
its chemical properties. Nutrients required for plant growth are dissolved in the soil water, 
which is then taken up by the plant root system. Water is also used for plant cooling. 

• Precipitation: For agricultural water purposes, the verb form of the term precipitation is 
the natural deposition on the earth's surface of water in the forms of rain, sleet, hail, 
snow, or mist (fog). In humid areas where freezing temperatures do not generally occur, 
precipitation is used synonymously with rainfall. The noun form of the term precipitation is 
generally associated with the depth or volume of water that fell over a unit area. 

• Effective Rainfall: The portion of a rainfall that infiltrates into the soil and is stored for 
plant use in the crop root zone. During a rainfall event, part of the rain will run off the 
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surface of the soil, get trapped in the foliage, or percolate through the bottom of the root 
zone. This water is not available for plant growth and, therefore, is not considered to be 
effective rainfall. Effective rainfall is generally expressed as a depth of water over a unit 
area. 

• Evapotranspiration - The depletion of water from the soil as a result of crop transpiration 
and evaporation from the soil surface upon which the crop is grown is called 
evapotranspiration.  

• Gravitational Water - Water that moves into, through, or out of a soil under the influence 
of gravity forces. Gravitational water drains rapidly from the soil and is not considered to 
be available for plant use. 

 

1.2 Rainfall patterns in Cagayan de Oro 
• Dry season: November – April 
• Rainy Season: May to October 
• Average annual rainfall amount: 1600 mm (or liters per m2) 

 
Figure 2:  Average monthly rainfall amounts (mm) of Cagayan de Oro (mean values for 

the periods 1981 to 1990 compared with those of 1991 to 2000) 
 
Challenges: 
Excess water for crops during rainy season è management strategy: drainage 
Lack of water for crops during rainy season è management strategy: irrigation 

• Irrigation: Application of water by artificial means. Purposes for irrigating may include, but 
are not limited to, supplying evapotranspiration needs, leaching of salts, and environment 
control. 

• Drainage: Removal of (excess) water by artificial means 
 

2 WATER MANAGEMENT STRATEGIES 
2.1 Irrigation 
Traditionally, vegetables grown in the tropics are irrigated by furrow, sprinkler irrigation or 
depend on rainfall only. Several studies (HOLMER, 1998; LIN et al., 1983, PHENE,1989) 
showed that drip irrigation could improve the water management of tropical vegetable 
production systems with corresponding increases in productivity, quality and water use 
efficiency.  
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2.1.1 Drip irrigation 
Drip or micro-irrigation is the term used to describe a method of irrigation, which is 
characterized by the following features: 

• water is applied at a low rate  
• water is applied over a long period of time  
• water is applied at frequent intervals  
• water is applied directly into the plant's root zone  
• water is applied via a low-pressure delivery system  
 
A drip irrigation system delivers water to the crop using a network of mainlines, sub-mains 
and lateral lines with emission points spaced along their lengths. Each emitter or orifice 
applies small, precisely controlled, uniform application of water, nutrients and other required 
growth substances directly to the root zone of the plant. 
 

  

Figure 3:  Basic drip irrigation field layout   Figure 4:  Bucket drip irrigation layout   
 
Water and nutrients enter the soil from the emitters, moving into the root zone of the plant 
through the combined forces of gravity and capillary action. In this way, the plant's 
withdrawals of moisture and nutrients are replenished continuously, ensuring that the plant 
never undergoes moisture or nutrient stress. It is this continuous availability of water and 
nutrients, which allows the stress-free plant to achieve optimum growth and high yield. 
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Figure 5: Drip irrigation emitter device (T-Tape TSX 500) 
 

 
 

Fig. 6: Wetted Area Appearing on Soil 
Surface 

Fig. 7: Cross Section of Soil  

 
Disc filters consist of a stack of axially compressed grooved washers that provide a filtering 
surface area for the water to pass as it flows through the filter (figure 8).  
 

 
 
Fig. 8: Model of a disk filter (after PITTS et al., 1988) 
Disc filters provide more surface area compared to screen filters of the same size (BOSWELL, 
1990). The need for screen cleaning is indicated by a pressure reduction as described for 
media filters. 
 



 5 

 

2.1.2 Irrigation scheduling 
Proper water management (= when to irrigate and how much to irrigate) is one of the most 
crucial points for successful vegetable production since the commercial varieties are 
generally very sensitive to any kind of water stress, either to drought (COHEN, 1982; RICK, 
1973) or to water logging (BRADFORD & DILLEY, 1978; JACKSON et al., 1978; MEEK et al., 
1983). The water amount stored in the plant root zone determines whether a crop will have 
adequate water and aeration for maximum non-water limiting yields, or whether too much or 
too little water will cause crop damage.  
For practical application of irrigation scheduling, the soil feel and appearance method 
(PCARR, 1982; LEY et al., 1994) can be considered as adequate to be performed in farmers' 
fields. 
The procedure involves the use of a soil auger to obtain soil samples at various depths of the 
rooting zone to assess the soil water status. The samples taken are compared to a chart 
(table 1) with characteristics of a fine textured soil (clay and clay loam) in terms of feel and 
appearance at different water contents. The method requires some practice and judgment.  
Table 1: Soil feel and appearance chart for estimating available soil water in fine 
textured soils (PCARR, 1982, Ley et al., 1994, modified) 

Available water Fine textured soil (clay and clay loam) Water 
management 

100 % 
(field capacity) 

appears very dark, leaves slight moisture on hand 
when squeezed, will ribbon 1 out about 4 cm 

discontinue 
irrigation 

70 - 80 % quite dark, ribbons and slicks easily, makes firm ball 2 no irrigation 

60 to 65 % fairly dark; forms firm ball; ribbons out (0.5 to 1 cm) no irrigation 

50 % balls easily; small clods flatten out rather than 
crumble; ribbons slightly 

start irrigation 

35 to 40 % slightly dark, forms weak balls; clods crumble continue irrigation 

< 20 %  
(wilting point) 

hard, baked, cracked, light color continue irrigation 

2.1.3 Fertigation 
Fertigation is the process of applying certain fertilizers through the drip irrigation system. 
BURT & RUEHR (1991) are listing - among others - the following advantages of fertigation 
compared to conventional fertilizer application methods: 

• usually lees labor is needed for fertilizer application  
• nutrients can be supplied more regulated according to the actual plant need  
• nutrients can be distributed more evenly throughout the entire root zone  
• soil compaction as well as crop damage (root pruning, breakage of leaves or branches) 

are avoided  
 
Water-soluble fertilizers are poured into a container and thoroughly dissolved with water. 
Before the fertilizer solution is injected into the drip laterals, water is given for five minutes to 
fill up the system (first flushing). This is done to enable a uniform fertilizer distribution and to 
avoid fertilizer burning of young roots through further dilution of the fertilizer solution in the 
upper soil surface. With a special injection hose, the solution is sucked into the irrigation 
system for about 20 minutes, passing the pump and the filtration units before entering the 
drip laterals. The process of fertilizer injection is illustrated in figure 9. 
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Fig. 7: Method of fertilizer injection into the drip irrigation system (after Pitts et al., 
1988) 
 
After the fertilizer application the system is flushed again for five minutes with plain water in 
order to avoid corrosion of the pump and emitter clogging by fertilizer residues. Since water 
and nutrient uptake are dependent on the transpiration rate, the fertilizers are applied usually 
between 8:00 am and 10:00 am to meet the maximum transpiration rate of plants between 
12:00 nn and 2:00 pm. 

2.2 Drainage 
Satisfactory vegetable production is not possibly on poorly drained soils because most 
vegetable varieties are very sensitive to waterlogged conditions. In many home gardens, 
improving subsurface drainage with tile lines is not practical. Adding organic matter to clay 
and clay-loam soils will also improve drainage and aeration (RIOFRIO & WITTMEYER, 1992). 
Another option for dealing with poor drainage, is to grow the vegetables in raised beds or on 
planting ridges.  

2.2.1 Raised Beds 
What are "raised beds"? The "raised" part means that the soil level in the bed is at least 50 
cm higher than the surrounding soil, and "bed" implies a size small enough to work without 
actually stepping onto the bed. A bed should be no wider than 1.40 m feet, but length can be 
whatever suits the site or gardener's needs. The bed does not have to be enclosed or 
framed. 
Raised beds contribute to a significant the improvement of soil conditions, particularly in the 
plant root zone. Soil compaction may reduce crop yields up to 50 percent. Water, air and 
roots all have difficulty moving through soil compressed by tractors, tillers or human feet.  
Thus, even after excess rainfalls the water can percolate through the root zone and 
waterlogged conditions around the roots will be avoided. 
The gardener shares some benefits from raised beds as well. The first, and most important, 
is the increased ease of timely planting and harvesting. Most people avoid working traditional 
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gardens in rainy weather to avoid compaction and muddy feet. Because raised beds are 
designed for walking around, not in, there is no reason for mud to delay operation.  
Construction Tips 
There are only a few guidelines to remember in raised bed construction: Keep the beds 
narrow and match their length to the site and the watering system. Even if the soil is heavy 
clay, at least one-third of the volume of the bed's root zone should consist of existing soil. 
There are a lot of good minerals in clay and by loosening it up with one-third compost or peat 
and one-third coarse sand, it will make a good growing medium.  
Many of the same principles used in raised beds are being adopted on a larger scale in field 
crops. Ridge tillage, solid seeding and controlled traffic are all new techniques designed to 
deal with drainage, weed or compaction problems and to increase productivity (Lane, 1992).  
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