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A B S T R A C T  
Statistical tools such as frequency counts, averages, percentages, standard deviation, coefficient of skewness and variance were 

used to describe and interpret the findings. Based on the findings of the study, the following conclusions were drawn. The ten – day 

dependable rainfall at 80 % probability of exceedance revealed that there would be rainfall on the months of May to October and 

no rainfall for the rest of the year. Rainfall in the study area is very variable. The maximum rains occur during the months of July, 

August and first decade of September. There is a large variation of rainfall depth from no rainfall to heavy rainfall in some of the 

years. The factors involved in the field water balance computations used to analyze rainfall adequacy in the crop production 

include rainfall depth, evapotranspiration, amount of water loss, due to percolation, and outflow. The variability of rainfall 

distribution in the study area indicates the need to properly plan the planting dates of the selected crops. The recommended 

planting date of  rice was on first decade of June, when rainfall depth is expected  to be 60 mm.The second decade of June was the 

seeding  or transplanting to be followed by the yellowing stage on the last decade of June. The comparison of recommended and 

traditional cropping calendar for rice, it is evident that they were two decades or 20 days delayed from the recommended planting 

date. Unavailable labor force, machinery, and finances are some of the limiting factors of the farmers. Based on computation the 

field water balance of corn  should be planted during the second decade of June. Corn seeds should be directly seeded on the soil 

and needs  ample water to emerge and grow. The comparison of recommended and traditional cropping calendar, the corn were 

one decade ahead of recommended cropping calendar for corn. As computed the sugarcane should be planted on the first decade of 

December. The comparison of recommended and traditional cropping calendar for sugarcane. They planted sugarcane on the 

second decade of December while the recommended planting date was first decade of December. There exists one decade or ten 

days difference in planting. In sugarcane farming, weather is not the sole factor to consider. Another vital factor  is harvesting , 

right after harvesting they already start preparing the field for the next cropping .It is also the time when there is abundant supply 

of cane points and dependent  on the schedule of the sugar mill. 
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INTRODUCTION 
 
Water is limiting resource for intensive crop production especially during dry season. Though, the 

Philippine average rainfall (2,500 mm) is more than enough to support the annual water requirement of most 
crops, this rainfall is not uniformly distributed throughout the year in most parts of the country. Because of this, 
seasons of water excess and deficit occur during the year. Excess water hastens flooding and soil erosion. 

As population of the world and food requirement increased, cropping pattern under rainfed condition 
became a worldwide concern. The lack of assured water and controlled water supply is widely recognized as the 
most critical constraint to crop production for both increased productivity and annual stability in production, the 
strategy must be able to make the best possible use of the available rainfall and selected crops while minimizing 
the risk. 

Irrigation and drainage system coupled with agricultural research has been one of the major program thrust 
of the government to solve the problem of food supply situation. Though research, it can develop and improve 
the crops and able to use water resources most efficiently and effectively to attain high productivity. 

The plight of farmers in the rainfed areas seem to have been overlooked or were not given due emphasis. 
Hence, poverty and malnutrition risks, attendant of inability to generate adequate income, are found in the 
rainfed agriculture development is imperative. 

This study was basically concern in determining the optimum growing period of rice, corn, sugarcane, 
peanut being the major crops grown in the province of Tarlac under rainfed condition. The  expected output of 
the study was applicable to all agricultural areas in Tarlac  exclusive of irrigated areas. 

 
2. Methodology: 

The research design in this study was a combination of descriptive normative and historical method using 
documentary and correlational analysis. The research classified under prognosis type of research in which the 
cropping  calendars of the selected crops was based on the rainfall pattern correlated with the crop growth 
characteristics and soils properties of the study area. 

Rainfall adequacy was based on 10 –day rainfall for crops was assessed through field water balance 
computations. The crops was selected because they are typical and representatives  being grown in the study 
area like rice, corn, sugarcane, etc. 

In the course of water balance computations, whenever the crop water requirement were not meet dukke to 
limited rainfall resulting to water stress in the crop, the effect of water stress were analyzed to quantify the 
relative yield decrease.The analysis showed either the crop totally failed or the yield decrease can still sustain 
production. 

For the socio-economic and farming attributes of the farmer-respondents, frequency counts and the 
corresponding percentages were established. The data were presented in textual, graphical, and tabular forms 

Below is the field water balance formula used in this study. 
 

0=−−−−+ SOPETFR  
 
Where:  R – Rainfall 
F – Inflow 
ET – Evapotranspiration 
P – Percolation 
O – Outflow 
S – Change in soil moisture storage 
 
Conceptual Framework  
 
The researcher conceptualized  the determination of Rainfed Agricullture based on TCA – PAGASA  

Agrometeorological Station for 14  years    (Year 2000 – 2014) .  Figure 1 presents the conceptual paradigm of 
the study 

 
 
 
 
 
 
 
Conceptual Paradigm of the Study 
 

TCA   PAGASA -  DOST 
AGROMETEOROLOGICAL DATA 

(RAINFALL, RELATIVE 
HUNIDTY,TEMPERATURE,WIND 

SPEED/DIRECTION,EVAPORATION 

RAINFALL BASED 
CROPPING CALENDAR 
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Rainfall data that were employed in the analysis came from records obtained from Clark 
Agrometeorological Station at Mabalacat, Pampanga. Rainfall data from 1992 to 2006 were used in this study.  
To assure rainfall dependability on the results of the computations, rainfall magnitudes used were based on 
eighty percent probability of exceedance (“Hydrology for Engineers”, Linsley Jr. R.K.,et al.). The Hazen 
logarithmic logarithmic curve used in the calculation of frequency factor or rainfall has the following formula: 

 
XT = X +  SK 
 
Where:    XT – magnitude of 10-day rainfall at a given probability of exceedance 
 
X – mean 10-day rainfall 
S – standard deviation 
K – frequency factor  
Cs – Coefficient of skew 
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The calculation of surface inflow normally does not apply except for areas subject to flooding while sub-

surface inflow is only of local significance in areas where there is upward movement of water form deep sub-
soil caused by seepage form reservoir and canals or may occur locally on or near the toe of sloping lands. Inflow 
is not considered in this study. 

The value of maximum potential evapotranspiration was not assumed to equal the value of reference crop 
evapotranspiration which was computed using pan evapotranspiration method as suggested by Doorenbos and 
Pruitt (1975). The computations were as follows: 

 
ETO  =Epan x Kpan 

Where: ETO – reference crop evapotranspiration 
Epan – pan evaporation data 
Kpan – pan coefficient 
 
To compute for the actual evaporation magnitude for the field balance computations, the following 

equations were utilized: 
ETa  =  ETO  x   Kc 
 
Where:  ETa – actual evapotranspiration 
Kc – crop coefficient 
 
Percolation is the rate of downward movement of soil and water from the rootzone. Typical values of 

percolation rates for different soil types that were used are as follows: 
 

Soil Group Soil Type Percolation Rate (mm/day) 
Heavy Clay, silty clay, sandy clay 1.25 - 1.5 
Medium Clay loam, silty clay loam, silt loam 1.75 
Light Sandy clay loam 2 
Coarse Sandy loam, loamy sand 4 

 
The percolation values used in the field water balance computations was derived by multiplying the 

percolation rate by the number of day’s interval period of crop growth stage. 
The amount of water greater than the maximum level (for wetland rice) and maximum allowable soil 

moisture (for field crops) was drained. For field crops, the maximum allowable soil moisture storage was 
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governed by the rooting depth and the water-holding capacity of the soil at each growth stage of the crop 
considered. 

The change in storage was computed considering rainfall crop consumption and evaporation. The change in 
storage influenced the available soil water storage in the rootzone. 

The response of yield to water supply was quantified through a yield response factor. The factors were 
derived on the assumption that the relationship between relative yield and relative evapotranspiration is linear 
and is valid for water deficit of up to 50%. The empirical formula used in evaluating the parameters concerned 
with interaction between water supply, crop water requirement and actual yield were as follows: 
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Where: Ya – actual yield 
Ym – maximum potential yield 
ETm – maximum potential yield 
ETa – actual evapotranspiration 
Ky - Yield response factor 
 
The values of the different components of the field water balance formula was tabulated in an appropriate 

water balance computation form. To get a realistic initial value for the water storage at the beginning of a 
growing period, the rainfall during the 30 day prior to  land preparation was summed and multiplied by a 
reduction factor of 0.7 for rice and 0.5 for field crops (“Agrometeorology of the Rice Crop”, IRRI 1980) to 
compensate for evaporation, percolation, and other losses. In the subsequent 10-day interval of the growth 
periods, the interval value of storage was determined considering the parameters of the field water balance 
formula. Negative values in the storage would mean that water stress would result in the next 10 days of growth 
if water is not replenished. 
 
Results: 

In rainfed agricultural areas where occurrence of rainfall serves as the only source of water supply for crop 
production, the optimum growing season of the crops is the period when rainfall will be adequate to support 
crop water requirement. 

To determine whether rainfall will be adequate, an accounting of all water gains and losses is in order. This 
can be done through a careful field water balance computations. The computations involve several factors such 
as evapotranspiration, percolation rate, effective rooting depth and development stage of the crops, rainfall 
surface and sub-surface inflow and outflow, and change in the stored soil-water. 

 
The 10-Day Evaporation (mm) Data: 

It can be gleamed from the table that the evaporation data were presented on a ten day basis called decadal. 
The third decade of April recorded the highest mean evaporation of 80.70 mm. The lowest mean evaporation 
was observed during the second decade of August when only 30.91 mm. Reference crop evapotranspiration was 
computed by multiplying the mean evaporation to the pan coefficient. The pan coefficient given the appropriate 
relative humidity and wind speed. The reference crop evapotranspiration (ETO) is affected by temperature, 
evaporation, relative humidity and wind speed.  

 
The 10-Day Rainfall (mm) Data: 

The 10-day rainfall data at the study area for fifteen years and the rainfall magnitudes at 80% probability of 
exceedance (XT) which was used in the field water balance computations. The K factor utilized in the 
computation of dependable rainfall. The ten day rainfall data in the study area was variable with the maximum 
rains falling during the months of July, August and September. The variation was observed in the computation 
of mean and standard deviation. Large rainfall distribution over a period of fifteen years indicates the erratic 
nature of rainfall distribution from no rainfall distribution to heavy rainfall in some of the years. Negative value 
of XT indicates that there is no probable rain to occur on that particular date.  

 The relationship of the 10-day mean rainfall for fifteen years and the computed dependable rainfall at 
eighty percent probability of exceedance, In the same figure, one can more or less deduce that water for crops’ 
use will be available during the last decade of May until last decade of September, when dependable rainfall 
graph is higher than that of the evapotranspiration graph. 

 
Discussion: 
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Relationship of 10-day mean Rainfall, 80% Dependable Rainfall and Evapotranspiration
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Recommended Crop Weather Calendar for Rainfed Areas 
The recommended weather calendar for rice at minimum 

capacity. The stages of crop growth and development of the crops were included in the table as well as 
evapotranspiration, relative humidity, wind speed, temperatures, dependable rainfall.

The recommended planting date of rice was on first decade of June, when rainfall depth is expected to be  
60 mm. The second decade of June was the seeding or transplanting to be followed by the yellowing stage on 
the last decade of June. There would be 48 mm and 47 mm rainw
respectively. Tillering is one of the critical growth stage of rice. During this stage, there was an available 95 mm 
and 102 mm of rain to support the water requirement of rice on tillering. Head development will fall o
decade of July until the first week of August. Rice reproduction stage will continue to its flowering stage on the 
second decade of August, when the maximum temperature was 30.55
after flowering is grain filling which will start on the last decade of August and end on the second decade of 
September. The last ten days of rice growth stage was ripening. Harvesting was scheduled immediately after the 
ripening stage or the last decade of September. 

Comparison of Recommended and Traditional Cropping Calendar
Farmers start planting rice during the last decade of  June or first decade of July and schedule to harvest it 

on the first or second decade of October. It is evident that they were three decades or 30 days de
recommended planting date. Unavailable labor force, machinery, and finances are some of the limiting factors 
of the farmers.  

  

Legend:  Mean  

XT      -  10 day 80% dependable rainfall    

ETO   -  10 day evapotranspiration for 15 years
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Recommended Crop Weather Calendar for Rainfed Areas  
The recommended weather calendar for rice at minimum water holding capacity, corn at 5% water holding 

capacity. The stages of crop growth and development of the crops were included in the table as well as 
evapotranspiration, relative humidity, wind speed, temperatures, dependable rainfall. 

anting date of rice was on first decade of June, when rainfall depth is expected to be  
60 mm. The second decade of June was the seeding or transplanting to be followed by the yellowing stage on 
the last decade of June. There would be 48 mm and 47 mm rainwater for seeding and yellowing stage 
respectively. Tillering is one of the critical growth stage of rice. During this stage, there was an available 95 mm 
and 102 mm of rain to support the water requirement of rice on tillering. Head development will fall o
decade of July until the first week of August. Rice reproduction stage will continue to its flowering stage on the 
second decade of August, when the maximum temperature was 30.55OC and rainfall depth was 86 mm. Right 

ling which will start on the last decade of August and end on the second decade of 
September. The last ten days of rice growth stage was ripening. Harvesting was scheduled immediately after the 
ripening stage or the last decade of September.  

Recommended and Traditional Cropping Calendar 
Farmers start planting rice during the last decade of  June or first decade of July and schedule to harvest it 

on the first or second decade of October. It is evident that they were three decades or 30 days de
recommended planting date. Unavailable labor force, machinery, and finances are some of the limiting factors 

Mean  -  10 day mean rainfall for 15 years        

10 day 80% dependable rainfall     

day evapotranspiration for 15 years 
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water holding capacity, corn at 5% water holding 
capacity. The stages of crop growth and development of the crops were included in the table as well as 

anting date of rice was on first decade of June, when rainfall depth is expected to be  
60 mm. The second decade of June was the seeding or transplanting to be followed by the yellowing stage on 

ater for seeding and yellowing stage 
respectively. Tillering is one of the critical growth stage of rice. During this stage, there was an available 95 mm 
and 102 mm of rain to support the water requirement of rice on tillering. Head development will fall on the last 
decade of July until the first week of August. Rice reproduction stage will continue to its flowering stage on the 

C and rainfall depth was 86 mm. Right 
ling which will start on the last decade of August and end on the second decade of 

September. The last ten days of rice growth stage was ripening. Harvesting was scheduled immediately after the 

Farmers start planting rice during the last decade of  June or first decade of July and schedule to harvest it 
on the first or second decade of October. It is evident that they were three decades or 30 days delayed from the 
recommended planting date. Unavailable labor force, machinery, and finances are some of the limiting factors 
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Conclusio: 
Field water balance was used to analyze the adequacy of rainfall in the production of selected crops. The 

different parameters in the field water balance computation are rainfall, evapotranspiration, water-holding 
capacity of the soil, percolation, effective rooting depth, and development stage of the crop. Potential 
evapotranspiration calibrated as reference crop evapotranspiration were computed by pan evaporation method. 
Actual evapotranspiration for the crop under consideration were computed to equal the reference crop 
evaporation times the crop coefficient at each of the crop growth stage. To be assured of rainfall dependability, 
rainfall magnitudes used in the field water balance computations were based on Hazen logarithmic curve at 80% 
probability of exceedance. Storage and drainage values were arrived at by completing the computation of the 
water balance. 

Rainfall was rated as adequate when the storage of available soil moisture in the root zone does not show 
negative values in the entire growing period of the crop. On the other hand, if there appeared negative values it 
would have an effect on the crop yield if it happened on its critical growth stage. But not in the case of 
sugarcane, that is why it is considered drought tolerant. It also brings benefit to the cane plant for it hastens good 
root penetration for anchorage. 

Statistical analysis in the frequency distribution of 10-day rainfall data shows that rainfall in the study area 
is very variable. The maximum rains occur during the months of July, August and first decade of September. 
Large values of standard deviation in the analysis indicate large variation from no rainfall to heavy rainfall in 
some of the years. 

The optimum growing period of the crop can be determined based on the soil-water-plant relationship. The 
ideal soil-water-plant relationship is the relation which will bring about adequate water to compensate for the 
water consumptive use of the crop.  

The factors involved in the field water balance computations used to analyze rainfall adequacy in crop 
production include rainfall depth, evapotranspiration, amount of water loss due to percolation, drainage 
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magnitude including the water beyond the crop root depth and the change in soil moisture storage which is the 
difference between the rainfall and water consumption used by the crop are sufficient to prepare a cropping 
calendar. 
Recommendations: 

Since this study is primarily concerned on the evaluation of rainfall data correlated with plant and soil 
relationship to determine the optimum growing period of selected crops and did not include the agricultural 
input requirements in production optimization, it is highly recommended that a second study which will include 
the economic aspects be conducted 

The cropping calendar output of this study is also recommended for farmers with irrigation facilities for 
they can conserve a lot of fuel if they can maximize the use of rain. 

Proper planning of the planting date of the selected crops should be done such that the peak water 
requirement of the crop is satisfied, and it should coincide with the abundance of rainwater. 

Planting short maturing, drought-resistant varieties of crops to enable rainfed farmers to enjoy two cropping 
patterns is likewise advised. This can be done through proper scheduling of crop planting dates. 

Extensive extension system to disseminate new package of technology of proven effectiveness and 
efficiency should be made. 
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