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ABSTRACT: Estimation of suitable field workdays were determined in Bauchi LGA based on 

soil moisture content and vagaries weather. A ten year metrological weather information were 

obtained at Federal Ministry of Aviation, Bauchi from 1999-2009. A computer program was 

written in Visual Basic 2008 to compute daily soil moisture content for the period beginning May 

to ending October for each of the ten years and apply tractability conditions to the soil moisture 

balance to estimate good machinery field workdays and days best for tillage. Out of the 184 days 

working season for each of the years assessed for trafficability conditions, the year (2001) had 

the lowest suitable workdays (56 days) with 30.43 percent of the total time. The year (2000) had 

the highest suitable workdays (100 days) with 54.35 percent. The year (2001 & 2008) had the 

lowest number of best tillage workdays (29days) with 15.76 percent of the total time and the year 

1999 had the highest number of tillage workdays (68days) with 36.96 percent. 
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INTRODUCTION 

 

A suitable day for fieldwork is determined by weather- related events (primarily rainfall and 

temperature) that affect the condition of the soil in a field. Adverse soil condition makes it 

difficult or impossible to perform some field operations. Suitable days, being related to random 

weather- related events, are thus also random in nature. Information about the probability 

distribution of suitable days during critical production periods would help farmers determine 

their optimal machinery complement and crop mix. Probability of a working day (PWD) is the 

fraction of workable days to all days in a work season, which often is used in management of 

agricultural mechanization. For example it is used to determine timeliness cost, optimum 

capacity of a machine and the required machine capacity (Saglam and Ibrahim, 2011 ). Accurate 

information on the number of suitable days for field operations is important in design, 

development, and selection of efficient machinery systems for crop production (Khan et al.,  

2011). In order to predict the amount of work that can be accomplished, the time available within 

the optimal period for the required operation must be known. The time available varies 

considerably from year to year as weather conditions vary. Selection of the optimal machinery 
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set for long-term production on the farm depends upon accurate assessment of the days available 

for performing each field operation (Rotz and Harrigan, 2005). The most restrictive factor for 

harvesting operation is the soil moisture. 

 

Soil moisture content and the vagaries of weather are the two major factors which determine the 

amount of time available throughout the year for field operations (Witney, 1988). In a poor 

season, little time may be available for performing one or several field operations under 

acceptable conditions. A favorable weather pattern and a friable soil, provide available or 

possible time within which the field work can be completed without working excessively long 

hours, or working in unsatisfactory conditions. 

 

The weather interacts both with the soil to vary soil workability for tillage operations and with 

the crop to vary yield and moisture content at maturity for harvesting operations, whilst the 

influence of the weather on soil tractability affects all operations to a greater or lesser extent. The 

workability / trafficability of the soil is dependent on the soil moisture content which can be 

evaluated from soil and weather variables (Witney, 1988).Provided that all the relevant operating 

conditions can be specified for the soil and the crop, suitable workdays can be identified. As a 

preliminary stage, commonly accepted operational times are used to provide workday data for 

strategic planning purposes and this is aim of this research study. 

 

METHODOLOGY 

 

Climatological information that are required for the estimation of suitable workdays include 

complete daily records of relative humidity, air temperatures (maximum, minimum) and rainfall 

records. The data used were sourced from Federal Ministry of Aviation, Bauchi metrological 

station for a period of consecutive ten years (10 years) from 1999- 2009.  

The procedure for the estimation of suitable field workdays was made in three main stages as 

follows: 

(i) Obtaining the weather data or Climatological information for the area. Weather data for Bauchi 

area was collected from the weather records office of the Federal Ministry of Aviation, Bauchi.  

(ii) Soil moisture content for the field was selected as a variable to describe soil condition for 

tractability. Computation of daily change in soil moisture for the period of the year beginning in 

May and ending in October was made. 

(iii) Establishment of tractability conditions and application of tractability condition to soil moisture 

budget and the suitability of a workday based on data from reviewed literature and soil sample 

analysis were established. The established criteria was used with or applied to the soil moisture 

budget to differentiate between a “tractable” (workable) and a “non-tractable” (non-workable) 

soil condition. 

  

The Soil Moisture Budget  

The soil moisture budget (SMB) involves using the weather data for only the period regarded as 

the rainfall or growing season for the farm locality (May to October of 1999- 2009). Information 

on potential evapotranspiration, actual evapotranspiration, rainfall, runoff and drainage were 

required for the SMB. The commonest SMB consists of subtracting daily potential 

evapotranspiration from daily rainfall. This amount is then subtracted (or added when rain 
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exceeds potential evapotranspiration) from moisture present in the soil to give the new soil 

moisture storage. A simple soil moisture balance relationship as suggested by (Babeir et al.,  

1986) was adapted for the SMB. The relationship is expressed as Equation 1 below: 

 aRDSM  - pota DRE                                                                                                      (1)                                   

Where,  

DSM  = daily change in soil moisture, mm 

aR  = amount of rainfall for the day, mm 

taE  = daily actual evapotranspiration mm day 
-1

 

oR  = amount of run off for the day, mm 

pD  = deep percolation, mm. 

 Daily Potential Evapotranspiration  

Evapotranspiration has been defined as the combined loss of water from a given area by 

evaporation from the soil surface and by transpiration from plants. When there is sufficient 

moisture in the soil, the amount of evapotranspiration required to satisfy the atmospheric demand 

is known as potential evapotranspiration (Gwarzo, 1990). However, as the soil dries, the 

available moisture decrease, hydraulic tension increase and transport of water to soil interface is 

insufficient to meet the demand and actual evapotranspiration is short of potential 

evapotranspiration.  

The empirical methods normally relate Climatological measurements to 

evapotranspiration. These relationships are usually affected by location, stage of crop 

development and season. Duru, (1984) developed an empirical formula known as the Blarney-

Morin-Nigerian evapotranspiration model which was expressed as in Equation 2 below: 

100

31.1
520)(845.0( hRT

f

tp

r
E



         (2) 

Where, 

tpE = Potential evapotranspiration,  

fr = Ratio of maximum possible radiation to the annual maximum  

T = Mean temperature in 
o
C (

2

minmax TT 
)  

h
R = Relative humidity in percent  

(2) 
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maxT = Maximum daily temperature, 
o
C 

minT = Minimum daily temperature,
o
C 

The Blaney-Morin-Nigerian evapotranspiration formula was used to estimate daily potential 

evapotranspiration. The climatological data considered in the above equation are the mean 

temperature, radiation and relative humidity. Daily values of this Climatological parameter 

beginning May to ending October for each year for a period of 10 years (1999-2009) were 

determined and used in a computer  analysis to estimate daily value of potential 

evapotranspiration. 

 

Daily Actual Evapotranspiration  

Crop coefficient as computed by (Adewumi, 1980 ) for maize crop was used to adjust values of 

potential evapotranspiration. Daily actual evapotranspiration is the product of daily potential 

evapotranspiration and crop coefficient as expressed by (Gwarzo, 1990). 

tpcta EKE                                                         (3)                                                                                               

Where, 

taE  = daily actual evapotranspiration mm day 
-1

 

cK  = Crop coefficient 

tpE  = daily potential evapotranspiration mm day 
-1 

Daily Change and Daily Storage of Soil Moisture
 

Daily change in soil moisture was determined using equation (4) below. On any day there is rain, 

the amount of actual evapotranspiration for the day with the amount of drainage and surface 

runoff as a result of the day’s rainfall is subtracted from the actual amount of rainfall to give the 

daily change in soil moisture. On a non-rainy day the daily change in soil moisture is only the 

day’s actual evapotranspiration, Eta. The daily change in soil moisture was determined as shown 

below; daily soil moisture storage for the period beginning May to ending October for each of 

the ten years was computed. 
 



European Journal of Food Science and Technology 

Vol.1, No.1, pp.9-18, December 2013  

Published by European Centre for Research Training and Development UK (www.eajournals.org) 

13 
 

zmmchangemoisturesoildailyDSM

nidaytoidayfromoutcarriedsummationdaily

mmstoragemoisturesoildailyMS

where

DSM

n

i

n

i

,

1

,

)4(...

1

9















 

Tractability Conditions 
A soil is considered tractable if a machine can move on that soil to performs its intended function 

without damaging the soil, (Hassan and Broughton, 1975). Soil moisture content was selected as 

tractability criteria because field work when soil is too wet when operated on can result in 

serious soil damage and increased operating costs, while field work when soil is dry results in 

poor operations. Therefore, tractability conditions for machine operations during field work were 

established as a function of weather and soil moisture conditions. The amount of soil moisture 

within the top 30cm of the soil layer and the limits of daily rainfall were used as criteria for 

trafficability conditions. 
 

This criterion was used to differentiate between a “tractable” (workable) and a “non-tractable” 

(non-workable) soil condition. For most farm soil conditions or type, a workable day is a field 

with soil moisture content within the 30cm soil profile layer of between 95 percent of field 

capacity and lower plastic limit. Maximum rainfall for a workday should not exceed 7mm on that 

day while the previous day rainfall should not exceed 14mm (Gwarzo, 1990). A non-workable 

day is that which has a soil moisture content in the top 30cm of the soil profile layer exceeding 

95 percent of field capacity or has a soil moisture content  below the lower plastic limit value. 

Maximum rainfall for a non-workday is above 7mm on that day and above 14mm the previous 

day. Best conditions for tillage are also described in Table 1. 

Using parameters defining field conditions for tractability as in Table 1, the amount of 

soil moisture in the top 30cm of the soil profile at field capacity, liquid and plastic limits was 

determined using equation (5). 

10

DFB
A cd

w            (5) 

Where, 

wA = Amount of soil water, mm 



European Journal of Food Science and Technology 

Vol.1, No.1, pp.9-18, December 2013  

Published by European Centre for Research Training and Development UK (www.eajournals.org) 

14 
 

dB = Bulk density  

cF = Moisture content at field capacity  

D = Soil depth, mm 

This soil moisture values with rainfall values satisfying tractability conditions was then 

substituted into the soil moisture budget for the (equation 1 and 4) study period to segregate 

between good and bad field workdays by a computer analysis as reported by (Gwarzo, 1990). 

 Moisture content between lower plastic limit to upper plastic limit to solid state of the 

soil were considered as best suited for tillage, (Link, 1968). As a function of soil moisture and 

rainfall, Table 1 gives the parameters defining field conditions for tractability.  

 

Table 1: Field Conditions for Tractability (light, medium and heavy textured soils) 

 

PARAMETERS CRITERIA  

 

1. Tractable or Good 

Workday 

 

Moisture content in the top 30cm of soil profile not to exceed 

98% of field capacity (heavy textured soils) 

 

Moisture content in the top 30cm of soil profile not exceeds 

95% of field capacity (light to medium textured soils). 

  

Moisture Content in the top 30cm of soil profile to be not less 

than lower plastic limit value of the soil (heavy, medium and 

light textured soils). 

 

Maximum rainfall yesterday (14mm) heavy, medium and light 

textured soils 

 

Maximum rainfall today (7mm heavy, medium and light 

textured soils 

 

2. Non-Tractable or 

non-workday 

Moisture content in the top 30cm of soil profile above 99% 

field capacity (heavy, textured soils) 

 

Moisture content in the top 30cm of soil profile above 95% of 

field capacity (light to medium textured soils). 

 

Maximum rainfall today above (7mm) (heavy, medium and 

light textured soils) 

 

3. Best Condition for 

tillage 

Moisture content in the top 30cm of soil profile between lower 

plastic limit to upper plastic limit (liquid limit) light, medium 

and heavy textured soils) 

 

Maximum rainfall yesterday (14mm). (heavy, medium and light 

textured soils) 

 

Maximum rainfall today (7mm). (heavy, medium and light 

textured soils) 

 

 

Source: (Gwarzo et al.,  1989) 
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The Computer Program 

A computer program was written in Visual Basic 2008 language designed to compute daily soil 

moisture content for the period beginning May and to ending October for each year of the ten 

years of the study period and to further apply tractability conditions to the soil moisture balance 

to estimate good machinery field work days and days best suited for tillage at Badala farms. The 

computer program used climate and soil information for the area to estimate suitable workdays 

for agricultural machinery.  

 

RESULTS AND DISCUSSIONS 

 

Table 2 shows the total number of suitable workdays and best tillage workdays for each of the 

years assessed (1999-2009). Out of the 184 days working season duration for each of the years 

assessed for tractability conditions, the year (2001) had the lowest suitable days with 30.43 

percent of the total time as suitable for field workdays which is close to what (Gwarzo, 1990) 

reported 36.96 percent. The year (2000) had the highest estimated number of suitable work days 

with 54.35 percent of the total time as suitable for field work this is corroborated with (Gwarzo, 

1990), who obtained 58.15 percent. The year (2001 and 2008) had the lowest number of best 

tillage workdays with 15.76 percent of the total time as best suitable for tillage work and 

(Gwarzo, 1990) obtained 17.39 percent. The year (1999) had the highest number of best tillage 

workdays with 36.96 percent of the time as best suitable for tillage which is greater than the 

value obtained 35.14 percent by (Gwarzo, 1990) based on similar work conducted. On the 

average the number of good field workdays of the ten years working seasons was estimated to be 

40 days and the average number of best tillage workdays for the ten years was found to be 22 

days and it is not in conformity with what (Gwarzo, 1990) obtained as 86 and 50 days as an 

average number of good field workdays and best tillage workdays respectively. This could be 

attributed to the location of the study area within the agro-ecological zone of the country. 

Locations vary in terms of rainfall intensity and evapotranspiration rate. The month of June is 

best suited for the tillage operations because, then, the soil friable with optimum soil moisture for 

tillage operations. All other months are suitable for all other field operations as the average 

within the Savannah agro- ecological zone of Nigeria. The number of suitable field workdays on 

a monthly basis for the period May through October for each of the years (1999) is presented in   

Figures 1. Similarly, the tillage workdays on a monthly basis are presented in Figures 2. The 

month of August have the lowest number of average working days. This was largely attributed to 

high soil moisture whereby the soil stays within field capacity range or mostly at saturation not 

allowing machine operations. 
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Table 2: Total Number of Suitable Field Work Days and Best Tillage Work Days and their 

Percentages in Total Time Assessed. 

 

 

No. of 

Days 

Assessed 

No. of Good 

Field 

Workdays 

Percent of 

Total Time 

No. of. 

Tillage 

Workdays 

Tillage Days 

as Percent of 

Total Time 

1999 184   93 

              

50.54    68 

                      

36.96  

2000 184  100 

              

54.35    55 

                      

29.89  

2001 

 

184   56 

              

30.43    29 

                      

15.76  

2002 184   89 

              

48.37    61 

                      

33.15  

2003 184   69 

              

37.50    45 

                      

24.46  

2004 184 

 

  62 

              

33.70    34 

                      

18.48  

2005 184   82 

              

44.57    48 

                      

26.09  

2006 184   82 

              

44.57    44 

                      

23.91  

2007 184   73 

              

39.67    38 

                      

20.65  

2008 184   67 

              

36.41    29 

                      

15.76  

2009 183    79 

              

42.93    42 

                      

22.83  

 

 

Fig 1: 1999 Estimated Number of Suitable Field Workdays for the Period Beginning May 

to Ending October 



European Journal of Food Science and Technology 

Vol.1, No.1, pp.9-18, December 2013  

Published by European Centre for Research Training and Development UK (www.eajournals.org) 

17 
 

 

Fig 2: 1999 Estimated Number of Best Tillage Workdays for the Period Beginning May to 

Ending October 

CONCLUSION 

Based on a ten-year average, 43 suitable machinery field work days and 24 best tillage work 

days out of a total 184 days for a working season on the farm were obtained. The year (2000) 

with the highest number of suitable field workdays had 54.35 percent of the growing season time 

(May-October) as suitable for field work while the year (2001) with the lowest number of 

suitable field workdays had 30.43 percent of the growing season time as suitable for field work. 

The year  (2001 and 2008) with the lowest number of best tillage work days had 15.76 percent of 

the flowing season time as best suitable for tillage work while the year ( 1999) with the highest 

number of best tillage work days had 36.96 percent of the time as best suited for tillage work.  

 

A ten-year average of monthly suitable field work days obtained for Bauchi State has the months 

in descending order of number of suitable work days as July, September, October, followed by 

June, then and lastly August. Total monthly and annual rainfall is not directly related to number 

of good field work days obtained during the period. Number of good field work days was more a 

function of rainfall time distribution with the moisture status of the soil. 
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