
2nd World Irrigation Forum (WIF2) 
6-8November 2016, Chiang Mai, Thailand 

W.1.1.13 

 

 
1 

 

ECONOMIC VIABILITY OF DEFICIT IRRIGATION TO  
MEDICINAL PLANT IN WEST SÃO PAULO STATE, BRAZIL 

Catariny Cabral Aleman1, Flávio Bastos Campos2 and  
Patricia Angélica Alves Marques 

ABSTRACT 

 
This study’s goal was to determine Class A pan evaporation (ECA) influence on 
irrigation levels on productivity and to evaluate the economic viability of irrigation use 
in basil, oregano and calendula. The experiments were conducted in the field, in 
Presidente Prudente-SP, Brazil, being in 2006 (oregano), 2007 (basil) and 2009 
(calendula). For basil the tested water depths were: T1 - without irrigation 0%, T2 - 
50%, T3 - 75%, T4 - 100% and T5 - 150% ECA. For oregano, were tested: T1 - 
without irrigation - 0%, T2 - 25%, T3 - 50%, T4 - 75% and T5 - 100% ECA. And to the 
calendula, the tested irrigation depths were: T1 - without irrigation 0%, T2 - 50%, T3 - 
75%, T4 - 100% ECA and the effect of organic fertilizer in two treatments: the control 
(without organic fertilizer usage) and the organicaly fertilized treatment. The Monte 
Carlo simulation was used to study the economic factors. The results led to conclude 
that: for the oregano crop, the irrigation levels influenced the crop’s development both 
productivity and net income. Proper economic management was the implementation 
of 100% ECA water depth using electric motor during the Green Tariffor the Blue 
Tariff. For the basil crop an increase in net income was noticed while increasing the 
irrigation levels. Irrigation was considered feasible for the water depths of 75% and 
100% ECA. For calendula crop the proper economic management is the use of 
irrigation water depth of 100% ECA without adding organic fertilizers, using an electric 
motor during Green Tariff. 

Keywords: Water saving; Economic viability; Irrigation management. 
 

1. INTRODUCTION 
 
The research, technological development and irrigation technology transfer must 
have as objective the increase in water use efficiency in agriculture. The irrigation 
management is a way of providing water use efficiency (Martins et al. 2012). The 
management can be defined as the judicious use of available resources to achieve a 
certain goal. In other words, the water applied must be effectively used for the 
production, with minimum loss. 
 
One of the irrigation management forms for reducingwater use is the inclusion of 
irrigation deficit. The water deficit can be an unfavorable factor forcrops growth and 
production, since it has a direct influence on most plants development (Carvalho et al. 
2005). However, the controlled water deficit can be used without affecting the quantity 
and quality of the final production, being used successfully deficit irrigation in 
increasing water productivity for various crops without causing severe yield losses 
(Limaet al. 2012; Martins et al. 2012). 
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Irrigation is justified, as insufficient rainfall spoils agriculture. However, economic 
viability is an important factor for its adoption among farmers (Marques & Frizzone 
2005). Fernandes (2012) states that economic viability is to define the investment 
alternatives and to predict consequences, reduced in monetary terms, with a time 
reference and considering the value of money over time. The high investment of 
irrigated agriculture in the works and equipment acquisition, and energy costs and 
labor for system operation, represent significant additional costs, which must be paid 
by the productivity increase for supplying water to plants (Oweis & Hashum 2009). 
 
Currently there is a growing demand for natural products that can be obtained from 
the native flora (extraction) or by cultivated agricultural fields, following the 
agronomical technical production system (Torres – Carreras & Lopez – Gonzalez, 
2010). In this context, medicinal plants are becoming an alternative income to small 
farmers, and the increased usage of medicinalherbs, both for treatment and for curing 
diseases has created greater demand for the scientific community conducting 
research targeting the better development and productivity of medicinal, aromatic 
and/or condiment plants (Marchese& Figueira 2005; Santos et al. 2004). 
 
Several medicinal, aromatic and condiment plantsare produced with the use of 
supplementary irrigation , such as oregano, chamomile, sage and mint (Hadidet al. 
2004). Munnu & Singh (2002) evaluated the effect of nitrogen and irrigation schemes 
on basil yield and quality. They observed that the irrigation system equivalent to 75% 
evaporation Class A pan (ECA) raised sprouting of and oil production, compared to 
the fraction 25% ECA. Biesiada& Kus (2010) also evaluated the effect of nitrogen 
fertilization and irrigation productivity and nutritional status of basil; they observed an 
increase in essential oil yield with irrigation. 
 
This study’s goal was to determine the influence of Class A pan evaporation (ECA) 
based irrigation levels on productivity and to evaluate the economic viability of 
irrigation use in basil, oregano and calendula by the variation of economic factors: 
selling price, fixed cost, labor, maintenance, water, and also water pumping costs. 
 

2. METHODS 
 
For theviability study of the irrigation use in medicinal, aromatic and/or condiment 
plants was determined the productivity of the plant part of economic interest per 
hectare, based on the standard plants per hectare number eq. (1) considering 
planting in beds, as recommended by Brasil (2006) for each water depth. With the 
daily values of necessary irrigation water obtained from the experiments, the need for 
monthly irrigation was determined and from this the required monthly water depth eq. 
(2) and also the monthly gross deptheq. (3). 
 

Y Weight NP        (1) 






n

1i

(NIdi)LLm       (2) 

Ea

LLm
LBm         (3) 

 
Where: Y - crop yield (kg ha-1 yr-1); NP - number of plants per hectare (ha-1); weight - 
economical interest vegetable part mass (kg plant-1); LLm - monthly irrigation water 
depth (mm month-1); NIdi - daily irrigation need obtained by water balance (mm); i - 
number of days inthe month; LBm - monthly gross irrigation depth (mm month-1) and 
Ea - water application efficiency (decimal). 
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With the maximum, modal and minimum variable values Monte Carlo method was 
chosen fordata simulatingin the triangular distribution, by generating random values (r 
between 0 and 1) following the methodology described in Marques & Frizzone (2005). 
 
The total annual irrigation cost was divided into fixed costs and variable costs eq. (4) 
To obtain the annual fixed irrigation costs eq. (5) used the Capital Recovery Factor, 
which involves booking a sufficient amount of money each year to enable the 
replacement of the good in n years, plus interest charges on capital invested. And 5 
classes for the variable annual interest rate and life of the equipment resulting in 25 
values of annual fixed cost. In the annual variable irrigation costs calculation eq. (6), 
the annual pumping costs used for maintenance, labor and water also being 
composed by 5 classes each factor resulting in 125 variable cost values (Frizzone et 
al. 2001; Marques & Coelho 2003 ). 
 

CTa CFa CVa        (4) 

11)(i

1)(ii
PSFRCPSCFa

n

n




     (5) 

Cab CamoCawCamCVa      (6) 

 
Where: CTa - total annual irrigation cost (R$ ha-1 yr-1); CFa - annual fixed irrigation 
cost (R$ ha-1 yr-1); CVa - annual variable irrigation cost (R$ ha-1 yr-1); PS - purchase 
and installation price of the irrigation equipment (R$ ha-1); CRF - capital recovery 
factor (decimal); i - interest rate per annum (decimal); n - equipment life (years); Cam 
- annual maintenance costs (R$ ha-1 yr-1); Caw - Annual water cost (R$ ha-1 yr-1); 
Camo - annual labor cost (R$ ha-1 yr-1) and Cab - annual pumping cost (R$ ha-1 yr-1). 
 
Irrigated agriculture requires other investments which represent significant additional 
costs, which must be paid by the increased productivity provided by the water supply 
to plants. Thus, the annual net benefit was calculated by Eq. (7) and the B/C ratio by 
eq. (8). The product selling price paid for the producer was simulated by the Monte 
Carlo method and classified into 10 classes. With these values the annual net profit 
was calculated for 3,125 amounts to total annual irrigation cost resulting in 31,250 
annual irrigation net benefit values following the procedure in Marques (2005). 
 

Ys)CpPp(YsCTa)YiCpPp(YiBL   

B/C = 
CP)Yi(CTa

BL


 

 
Where: BL - annual irrigation net benefit (R$ ha-1 yr-1); Yi - irrigation productivity (kg 
ha-1 yr-1); Pp - product selling price paid to the producer (R$ kg-1); Cp - independent 
irrigation production cost (R$ kg-1 yr-1); CTa - total annual irrigation cost (R$ ha-1 yr-1) 
and Ys - productivity with no irrigation (kg ha-1 yr-1). 
 
2.1  Experiment of Origanum vulgare 
 
The Origanum vulgare experiment was conducted in a completely randomized 
design, with five irrigation levels treatments based on the class A pan evaporation 
(ECA): T1 – with no water replacement - 0%, T2 - 25%, T3 - 50%, T4 - 75% and T5 - 
100% ECA, with five repetitions. For the economic viabilitystudy the oregano Y (fresh 
leavesproductivity) calculation was considered the standard with cultivation on a 
50,000 plants per hectare stand considering the spacing used for cultivation in beds. 
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In irrigation feasibility analysisit is used a dryland production cost of R$ 2,600.00 per 
hectare (Brasil 2006) equivalent to a unit production cost of R$ 0.83 kg-1 produced, 
calculated in accordance with Bach& Lopes (2007). The purchase price of drip 
irrigation system was estimated R$ 8,000.00 ha-1, with 2 cv ha-1power, 2.5 m3 h-1flow 
and 90% application efficiency. In the calculating process the pumping cost using 
electric motor were considered the prevailing electricity rates in 2009 (green, blue and 
conventional tariffs) of Presidente Prudente, São Paulo State, Caiuá dealership 
(ANEEL 2009). Diesel enginewere considered for pumping the diesel sale price of R$ 
2.40 L-1 and a specific consumption of 170 g cv-1 h-1 (Marques & Coelho 2003). The 
monthly salary was set at R$ 550.00 months-1, plus legal fees. 
 
2.2  Experiment ofOcimum basilicum 
 
The Ocimum basilicum experiment was conducted in a completely randomized 
design, with five irrigation levels treatments based on the class A pan evaporation 
(ECA): T1 - without irrigation (0), T2 - 50%, T3 - 75% T4 - 100% -150% and T5 ECA, 
with five repetitions. To calculate the Basil Y (dry matterweight productivity) were 
considered as standard 40,000 plants per hectare and beds cultivation. For the 
economic analysisit was used a R$ 1,600.00 per hectare dryland production cost 
equivalent to a R$ 0.60 kg-1unit production cost, calculated according to Bach &Lopes 
(2007) the drip irrigation systempurchase price being considered was R$ 8,000.00 ha-

1, with 2 cv ha-1power, 2.5 m3 h-1flow and 90% application efficiency. In calculating 
process the pumping electric motor cost considered the current electricity rates in 
2014 (green, blue and conventionaltariffs) of Presidente Prudente, São PauloState, 
Caiuá dealership (ANEEL 2014). To calculate the pumping diesel engine were 
considered the diesel sale price of $ 2.40 L-1 and a specific 170 g cv-1 h-1consumption 
(Marques & Coelho 2003). The monthly salary was set at R$ 724.00 months-1, plus 
legal fees. 
 
2.3  Experiment of Calendula officinalis 
 
The experiment withCalendula officinalis was installed in a randomized complete 
block design with 4 x 2 treatments factorial arrangement and four replications, four 
irrigation based class A pan (ECA)water evaporation treatments being: with no 
irrigation (0) , 50%, 75% and 100% ECA and the organic fertilizer effect in two 
treatments: the control without the organic fertilizer use and using the organic 
fertilization with cattle manure. To calculate calendula Y (dry matter weight 
productivity) it was considered as standard cultivation 250,000 plants per hectare, 
considering planting in beds. For the economic analysis it was used a R$ 0.60 kg-

1production cost (Brasil 2006). The purchase drip irrigation system price was 
considered of R$ 8,000.00 ha-1, with 2 cv ha-1power; 2.5 m3 h-1flow rate and 90% 
application efficiency. In calculating processthe pumping electric motor cost 
consideredthe current electricity rates in 2014 (green, blue and conventional tariffs) of 
Presidente Prudente, State of Sao Paulo, Caiuá dealership (ANEEL 2014). To 
calculate the pumping diesel engine were considered thediesel sale price of R$ 2.40 
L-1 and a specific 170 g cv-1 h-1consumption (Marques & Coelho 2003). The monthly 
salary was set at R$ 724.00 months-1, plus legal fees. 
 

3. RESULTS AND DISCUSSION 
 
3.1  Irrigation management and economic viability of Origanum vulgare 
 
The water replacement depths equivalent to 100% ECA showed the best results for 
productivity (Table 1), with a maximum of 8089.7 kg ha-1. In general, the irrigation 
depths influenced the oregano cropdevelopment. The same decrease production 
trend with lower levels of water replacement were found in Smith et al. (2002) for 
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Melaleuca alternifolia, Carvalho et al. (2003) to mugwort and Silber et al. (2006) for 
Leucadendron, an ornamental plant.  
 
According to Silber et al. (2006), a soil with low water content might have a high 
resistance to the water flow to the roots, due to its low hydraulic conductivity; as the 
soil dries, the contact between the root and it decreases, making the plants water 
replacement more difficult. They explain that in not so severe deficit situations, as in 
the 50% ECA and 75% ECAtreatments, the root system explores the soil in places 
that still have water that can be absorbed. 
 

Table 1. Effect of irrigation depths in Origanum vulgareproductivity (Y) 
 

Treatment % ECA Y kg ha-1 

0 3.127,20 c 

25 4.985,10 b 

50 5.263,80 b 

75 5.699,30 b 

100 8089,70 a 

Means followed by lowercase letters indicate significant differences between treatments 
(p <0.05) by Scott-Knott test, respectively for each analyzedtrait. 

 
Regarding oregano irrigation use economic viability study (Table 2), it was observed 
that for all tested pumping arrangements, with all the irrigation water was obtained a 
100% probability of the net benefit to be greater than zero, in other words,the annual 
net incomesgreater than thewithout irrigation oregano net income. These results 
indicate that irrigation is feasible for oregano, because according to Frizzone & 
Silveira (2000), a project must present B/C greater than unity to be viable, and the 
higher this ratio is, the more attractive is the project. The more attractive irrigation 
depthwas 100% using electric motor with green or blue rate with a 4.97 B/C ratio. The 
best productivity results and net income for the oregano were also obtained by Hadid 
et al. (2004) in Syria with corresponding to 100% ECA water depth.  
 
3.2  Irrigation management and economic viability of Ocimum basilicum 
 
These results showed the interference of irrigation in basil productivity; three 
treatments with 75% and 100% ECA were able to maintain the leaves and 
inflorescences productivity up to the third harvest. For total basil cycle (Table 3) the 
dry matter yield (Y) weight had the highest value for the 100% ECA depth (1185 mm 
equivalent to 5.64 mm d -1) with addition of 58.60% compared to the treatment without 
irrigation (0 % ECA) . 
 
The use of the 50 % ECA irrigation depth presented impracticability for all pumping 
arrangements with probability of 0% of the net benefit is greater than zero and B/C 
ratios are negative (Table 4). 
 
Thus, the most attractive water depth was a 100% using electric motor with blue tariff 
with a 3.63 B/C ratio. For the risk values, measured by the coefficient of variation 
(CV) only the 50% ECA depth yielded percentages below 15%. 
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These results indicate that irrigation is feasible for the basil just with water deths 
exceeding 75% ECA because, according to Frizzone& Silveira (2000 ), a project must 
present B/C greater than unity to be viable and, as higher this ratio is, the more 
attractive is the project. 
 

Table 2.  Total annual irrigation cost (CTa at R$ ha-1 yr-1), the benefit cost (B/C), 

variation coefficient (CV) obtained for the different irrigation levels, 

considering the four pumping types, for studying the irrigation economic 

feasibility for oregano 

 

 

Water depths (%ECA) 

25% 50% 75% 100% 

Diesel Motor 

CTa 2.427,65 2.654,44 2.881,92 3.116,71 

B/C 3,10 3,19 3,39 4,53 

CV 11,77 11,98 12,45 13,50 

 Electric Motor – Green and Blue Tariffs 

CTa 2.311,25 2.358,18 2.409,44 2.467,38 

B/C 3,19 3,42 3,74 4,97 

CV 11,97 12,16 13,78 13,60 

 Electric Motor - Conventional Tariff 

CTa 2.439,43 2.495,35 2.555,66 2.622,68 

B/C 3,09 3,31 3,62 4,86 

CV 11,15 11,31 12,34 13,20 

 
Table 3. Irrigation depths effect in the productivity (Y) of Ocimum basilicum 

 

Treatment % ECA Y (kg ha-1) 

0 2.678,90 b 

50 2.440,96 b 

75 3.264,33 b 

100 4.248,67 a 

150 3.091,30 b 

Means followed by lowercase letters indicate significant differences between treatments 
(p <0.05) by Scott-Knott test, respectively for each analyzed trait. 

 

 
3.3 Irrigation management and economic viability of Calendula officinalis 
 
For the capitula yield there was a reversal of the inverse result related to the water 
depth (Table 5), ifusing or not organic fertilizer. For the situation without fertilization 
the maximum capitula yield was obtained with 75% and 100% ECA treatments and 
the situation with organic fertilization the maximum yields were obtained with 0%, 
50% and 75% ECA treatments. 
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The organic fertilizer promotes improved soil structure by increasing water retention 
and reducing nutrients loss, such as N, K and P. Thus, the organic fertilizer use 
avoided possible losses by leaching and/or leaching occurred during the test due to a 
high rainfall (240.6 mm) occurred during the harvest period. Conde et al. (2012) and 
Oliveira et al. (2011) commented that organic waste can be seen as a complement to 
fertilizers, they also cite the advantage of fertilizing using cattle manure, nutrients 
recycling promoting better crop production. 
 
This increase in the soil water retention capacity has also led to the probable excess 
water in the treatment of 100% ECA with organic fertilizer damaging flowering and 
consequently the capitula productivity. 
 
Table 4.  Total annual irrigation cost (CTa at R$ ha-1 yr-1); the benefit cost (B/C) and 

the coefficient of variation (CV) obtained for the different irrigation levels, 
considering the four pumping types to study the basil irrigation economic 
feasibility 

 

 

Water depths (%ECA) 

50% 75% 100% 

Diesel motor 

CTa 3.472,93 3.900,98 6.966,92 

B/C -0,45 1,12 1,62 

CV 12,33 41,48 34,05 

 Electric motor - Green Tariff 

CTa 2.603,21 2.809,90 3.286,54 

B/C -0,79 1,52 3,04 

CV 15,66 35,10 28,84 

 Electric motor - Blue Tariff 

CTa 2.647,80 2.700,90 2.839,50 

B/C -0,78 1,68 3,63 

CV 15,54 33,99 28,35 

 Electric motor - Conventional Tariff 

CI 3.109,26 3.318,02 3.906,52 

B/C -0,66 1,30 2,95 

CV 14,41 36,95 28,84 

 
Table 5. Effect of irrigation depths in productivity (Y) of Calendula officinalis 

 

Irrigation depths 

% ECA 

Fertilizing 

Without organic fertilizers With organic fertilizers 

0 170 Bb 589 Aa 

50 46 Bb 804 Aa 

75 611 Aa 410 Aa 

100 941 Aa 239 Bb 

CV 12,60% 

Means followed by lowercase letters indicate significant differences in the column 
and capital letters indicate significant differences in the line between treatments (p 
<0.05) by Scott-Knott test, respectively for each analyzedtrait. 
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Table 6.  Total annual irrigation cost (CTa at R$ ha-1 yr-1); the benefit cost (B/C) and 

coefficient of variation (CV) of different irrigation, for four types of pumping, 

to study the economic feasibility of irrigating calendula without fertilization 

 

 

Water depths (%ECA) 

50% 75% 100% 

Diesel engine 

CTa 2.516,90 2.863,27 3.057,21 

B/C -3,62 9,01 13,00 

CV(%) 10,43 14,52 14,42 

 Electric motor - Green Tariff 

CTa 1.713,79 1.875,80 1.839,62 

B/C -3,57 12,83 18,57 

CV(%) 11,37 14,36 14,58 

 Electric motor - Blue Tariff 

CTa 1.790,66 1.990,10 2.027,01 

B/C -3,23 14,31 17,70 

CV(%) 11,31 14,31 14,05 

 Electric motor - Conventional Tariff 

CTa 2.067,46 2.212,96 2.233,41 

B/C -2,96 10,81 16,07 

CV(%) 11,26 14,68 14,39 

 

Table 7.  Expected average values (E (X)) of the total annual cost of irrigation (CTa 

at R$ ha-1 yr-1); the benefit cost (B/C) and coefficient of variation (CV) 

obtained for the different irrigation depths, for four types of pumping, to 

study the economic feasibility of irrigating calendula with organic fertilizer 

 

 

Water Depths (%ECA) 

50% 75% 100% 

Diesel motor 

CTa 2.498,25 2.870,14 3.059,57 

B/C 3,83 -4,30 -7,77 

CV(%) 16,25 11,77 12,87 

 Electric motor - Green Tariff 

CTa 1.717,04 1.871,80 1.834,22 

B/C 6,33 -6,50 -12,98 

CV(%) 15,21 12,46 13,03 

 Electric motor - Blue Tariff 

CTa 1781,53 1.988,90 2.017,38 

B/C 5,77 -6,24 -12,03 

CV(%) 15,56 12,36 12,91 

 Electric motor - Conventional Tariff 

CI 2.049,48 2.208,02 2.230,96 

B/C 5,28 -5,34 -10,46 

CV(%) 16,10 12,00 12,87 
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In the economic viability study for treatments without fertilization (Table 6 and 7) it 
was noticed that the use of 50% ECA irrigation depth presented infeasibility for all 
pumping arrangements with 0% probabilityto the net benefit be greater than zero and 
to B/C ratio be negative. For the other tested irrigation depths(75 to 100% ECA), 
without the use of organic fertilizer were observed for all forms of pumping 
probabilitiesof 100% of the net benefit to be greater than zero, that is, annual net 
incomeshigher than calendula net incomes without irrigation and therefore the 
relationships B/C were greater than 1, indicating viability. 
 
A project must present B/C greater than 1 in order to be viable, and the higher this 
ratio is, the more attractive is the project. Thus, the most attractive water depth was 
100% ECA (289.6 mm), using electric motor with green tariff. For the risk values 
measured by the coefficient of variation (CV), similar to what happened with oregano, 
all irrigation regimes provided percentages near and below 15%. 

 
4. CONCLUSIONS 
 
In the studied region: 
 

(a) proper economic management of oregano drip irrigation is the use of 
irrigation water depth of 100% ECA with electric motor using green or blue 
rate. 

(b) proper economic management of basil drip irrigation is the application of 
100% ECA water depth with electric motor using blue rate. 

(c) proper economic management of calendula irrigation drip is the use of 
irrigation depth of 100% ECA without organic fertilizer addition, using electric 
motor with green tariff . 
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