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ABSTRACT: The single crop coefficient (Kc) is a very important and required information on the 

crop irrigation decision-making. This coefficient is obtained by the sum soil evaporation coefficient 

(Ke, from soil evaporation) and basal crop coefficient (Kcb, from leaf transpiration) (Kc=Ke+Kcb) 

and it is used to create strategies to maximize water use efficiency for irrigated crops. The objective 

of this study was to determine soil evaporation coefficient and basal crop coefficient of jatropha 

nut under two irrigation management systems during the second-year cultivation. The study was 

performed at Piracicaba, SP, Brazil, from July 2012 to April 2013, totalizing five assessments 

during the experimental period. Previously, it was determined the single crop coefficient by the 

ratio between actual crop evapotranspiration (using lysimeter-based method) and reference 

evapotranspiration (Kc=ETc/ETo). The soil evaporation coefficient was determined by the ration 

between soil evaporation (using the microlysimeter method) and reference evapotranspiration 

(Ke=E/ETo), and the basal crop coefficient was determined by the difference between Kc and Ke 

(Kcb=KcïKe). Ke values were higher than Kcb in all assessments, varying from 0.26 to 0.58 and 0.06 

to 0.35, respectively. These results are explained by the combined effect of low plant size (plant 

canopy below 2 m wide and height) and low canopy soil coverage, increasing soil evaporation rate. 

In addition, since jatropha plants were at the beginning of development (second year), transpiration 

rates were expected to be lower than evaporation rates. 
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RESUMO: O coeficiente de cultivo simples (Kc) é uma informação muito importante e necessária 

para auxiliar a tomada de decisão na agricultura irrigada. Este índice é obtido pela soma do 

coeficiente de evaporação (Ke, proveniente da evaporação do solo) e o coeficiente de cultivo basal 

(Kcb, proveniente da transpiração foliar) (Kc=Ke+Kcb), sendo muito utilizado principalmente para 

criar estratégias de irrigação visando a eficiência do uso da água. O objetivo desse trabalho foi 

determinar o coeficiente de cultivo basal e de evaporação do pinhão-manso sob dois manejos de 

irrigação durante o segundo ano de cultivo. O estudo foi realizado em Piracicaba, SP, Brasil, 

durante julho de 2012 a abril de 2013, totalizando cinco avaliações durante o período experimental. 

Previamente foi determinado o coeficiente de cultivo simples utilizando a razão entre a 

evapotranspiração (determinada em lisímetros de pesagem) e a evapotranspiração de referência 

(Kc=ETc/ETo). O coeficiente de evaporação, por sua vez, foi determinado pela razão entre 

evaporação do solo (determinada por microlisímetros de pesagem) e a evapotranspiração de 

referência (Ke=E/ETo), sendo o coeficiente de cultivo basal foi determinado pela diferença entre Kc 

e Ke (Kcb=KcïKe). Valores de Ke foram maiores do que os de Kcb em todas as avaliações, os quais 

variaram de 0,26 a 0,58 e 0,06 a 0,35, respectivamente. Tais valores podem ser explicados pela 

idade das plantas, visto que as mesmas estavam no início do desenvolvimento vegetativo (segundo 

ano de cultivo), contribuindo para o menor sombreamento da superfície do solo e, 

consequentemente, para o aumento das taxas de evaporação. Além disso menor consumo de água 

pela planta devido ao seu menor porte, contribuiu para a redução nas taxas de transpiração foliar. 

PALAVRAS-CHAVE: Coeficiente de evaporação, coeficiente de cultivo basal, requerimento 

hídrico. 

 

INTRODUCTION 

 

Irrigation is required to guarantee the adequate crop development and it is directly 

associated to the success of an agricultural business. An efficient and reliable method to manage 

irrigation is by using the crop evapotranspiration (ETc) and crop coefficient (Kc). According to 

Al len et al. (1998), ETc is defined as the sum of soil evaporation (E) and leaf transpiration (T). Kc, 

therefore, is calculated by the ratio between ETc and reference evapotranspiration (ETo) (Kc= 

ETc/ETo) (Allen, 1986; Smith, 1991; Allen et al., 1998). ETc and Kc are experimentally determined 
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by standard methods, such as weighing lysimeter (Payero & Irmak, 2008; Allen et al. 2011; 

Mariano et al. 2015). Using the Kc values, is possible to obtain ETc values for any region, i.e., ETc 

is estimated by multiplying Kc and ETo (ETc=Kc*ETo).  

In addition to Kc, it is also defined dual crop coefficient (Kc dual) as the sum of soil 

evaporation coefficient (Ke) and basal coefficient (Kcb) (Kc=Ke+Kcb). This concept was introduced 

by Allen et al. (1998), in which the authors describe that Ke is the ratio between soil evaporation 

(E) and ETo and Kcb is the ration between leaf transpiration (T) and ETo. The authors also mention 

that Kc dual is very important to determine the exactly crop water consumption and to better 

understand the plant and atmosphere evapotranspirative demand relationship. In this way, water 

can be provided to the plants in short time basis, such as diurnal and overnight periods and, 

consequently, increasing the water usage efficiency by the plants. E and T can be determined, 

respectively, by the microlysimeter (Boast & Robertson, 1982; Walker, 1983; Evett et al., 1995; 

Flumignan et al., 2012) and the sap flow methods (Smith & Allen, 1996; González-Altozano et al., 

2008). 

Several studies with Kc dual for different crops can be found in the literature, showing that 

researches are interested to improve the knowledge about the crop water consumption focusing in 

irrigation and plant water use efficiency (Hunsaker, 1999; Flumignan et al., 2011; Majnooni-Heris 

et al., 2012; Odhiambo & Irmak, 2012; Shahrokhnia & Sepaskhah, 2013; Irmak et al., 2015). For 

perennial crops and those with high spacing seedling, Kcb is highly recommended because it 

provides the amount of only plant transpiration. For different irrigation systems, such as the center 

pivot and drip irrigation, Kc dual is important to identify the exactly amount of water from soil 

evaporation and plant transpiration in both systems, which can be further used for an adequate 

decision on irrigation management.  

The objective of this study was, therefore, to determine the soil evaporation coefficient and 

basal crop coefficient from jatropha nut during formation phase under center pivot and drip 

irrigation systems.  

 

MATERIAL E METHODS 
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This study was performed at the experimental area of ESALQ/USP (22° 41’ 58” S; 47° 38’ 

42” W; 511 m of altitude). The climate is classified as Cwa according to the Köppen-Geiger 

classification (Kottek et al. 2006), with rainy and hot summer, and dry winter. The annual average 

accumulated precipitation is 1328.1 mm and annual mean temperature of 21.6 °C (CEPAGRI, 

2016). 

The jatropha nut was cultivated in greenhouse condition from September to December 

2011, and the plants were transplanted to the experimental area in late-December 2011 when plants 

were with 120 days after planting. A spacing of 4 x 3 m between rows and plants, respectively, was 

used, resulting in 12 m² available area for each plant. After the initial plant development, the 

determination of ETc and Kc from jatropha started at early-March 2012, when plan were with 180 

days after planting. The Ke and Kcb evaluation was performed between July 2012 and April 2013.  

The experiment was divided in two treatments, one under center pivot irrigation system and 

another under grip irrigation system, with available area of 1 and 0.5 ha, respectively. For both 

treatments, two circular lysimeters with 12 m² surface area and 1.3 m depth was installed. Both 

lysimeter were previously calibrated and tested by Flumignan (2011). The lysimeters were used to 

determine ETc of jatropha, presenting results for every 10 min. ETc was determined by accounting 

the inputs and output of water into the lysimeter system. Kc, therefore, was determined by the ratio 

between ETc and ETo, estimated by Penman-Montheith methot using meteorological data from an 

automatic weather station located near to the experiment (Kc=ETc/ETo).  

Soil evaporation was determined by the microlysimeter method. Plant transpiration was, 

then, calculated by the difference between ETc and E (T=ETc – E). Ke and Kcb were calculated by 

the ratio between E/ETo e T/ETo, respectively. It was used the microlysimeter proposed by 

Flumignan et al. (2012) that was adjusted from those presented by Boast & Robertson (1982). They 

were circular with 100 mm diameter and 150 mm depth and made of PVC material. To protect the 

direct contact between the microlysimeter and the surround soil, it was installed a cylinder with the 

same material of the microlysimeter with 150 mm diameter and 150 mm depth. The bottom of the 

microlysimeter was covered by a cap with 100 mm diameter. The soil evaporation was determined 

by the Equation 1: 

 

IP
r

M
E ++
D
=

2p
 (1) 

Em que, 
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E – soil evaporation, mm day-1; 

æM – difference of mass between days using a digital weight with 0.01 g precision, g or mm; 

r – radius of the microlysimeter, m2; 

P – precipitation, mm day-1; 

I – irrigation, mm day-1.  

The determination of soil evaporation was performed during the following periods: from 

07/09/2012 to 07/14/12 (Serie 1); from 09/27/2012 to 10/01/2012 (Serie 2); from 11/28/2012 to 

12/01/2012 (Serie 3); from 01/22/2013 to 01/23/2013 (Serie 4) and; from 04/06/2013 to 04/10/2013 

(Serie 5). In each Serie, the microlysimeters were installed in the soil using the modified Uhland 

sampler. The sequence of the microlysimeter installation can be observed in Figure 1.  

 

RESULTS AND DISCUSSION 

 

Due to some unexpected issues that occurred during Series 1, 2, and 4, some E and T values 

were not considered for the Ke and Kcb analysis. These issues were caused by the strong weed 

infestation in the lysimeter soil surface and the high amount of precipitation during the E and T 

evaluation period, in which influenced the quality of data observed, so we decided to exclude those 

data that we agreed it was not adequate. 

In Serie 1, Ke presented similar values within the treatments in all days analyzed (Figure 

2A and B), which was explained by the alike soil water availability in both treatments. During this 

Serie, water was not being replaced by irrigation because of the low performance of the irrigation 

system, affecting the soil water status to the plants. The only water input was provided from 

precipitation and, consequently, Ke was similar within treatments, with values varying from 0.45 

to 0.71 and from 0.27 and 0.66 for the center pivot irrigated treatment and drip irrigated treatment, 

respectively. 

In Serie 2 (Figura 2C and D), Ke values were almost 100% of Kc for center pivot irrigated 

treatment. During this Serie, soil water content was close to the permanent wilting point, suggesting 

that the plants interrupted the leaf transpiration (Kcb almost zero). In this period the center pivot 

irrigation system was replaced and it extended for almost 3 months, so it was not possible to provide 

water from irrigation to the plant. According to Allen et al. (1998), Kc and Kc dual is only valuable 
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when plants are not under any stress conditions (water, nutrient, disease etc.). Consequently, the 

Kc and Kc dual values during Serie 2 for the center pivot irrigated treatment cannot be used as 

parameter to manage irrigation for jatropha nut. Comparing the values presented by the drip 

irrigated treatment, in which water have been replaced adequately by irrigation, it was observed 

higher values of Kc and Kcb, showing the high amount of water consumed by the plants when they 

are under adequate soil water availability. From the first to the last day of evaluation in the Serie 

2, Ke for drip irrigated treatment decreased continuously, varying from 0.33 to 0.20. Kcb for this 

treatment varied from 0.05 to 0.33. 

The Ke values decreased from first to last day of evaluation during Serie 3, presenting Ke 

for both treatments from 0.19 to 0.4 and Kcb from 0.18 to 0.32 (Figure 2E and F). The values 

observed for Ke, except for the first day of evaluation, were lower than Kcb for the center pivot 

irrigated treatment. It was the opposite for those results observed for the drip irrigated treatment, 

in which Ke was higher than Kcb for this period (Figure 2F).  

Ke and Kcb for the center pivot irrigated and the drip irrigated treatments during Serie 4 was 

very similar each other, with values of 0.5 and 0.3 of Ke and Kcb, respectively, for both treatments 

(Figure 2G and H). Due to a precipitation (20 mm) that occurred during the second day for the 

Serie 4, it was observed saturation into the microlysimeters. Since the bottom of the microlysimeter 

is sealed by a cap, the saturated water cannot percolate by gravity and, consequently, it was not 

representing a natural condition that would occur in the surrounding soil. For those days after the 

precipitation event, the data from Serie 4 was discarded from the results. In the Serie 5, the Ke 

values for center pivot irrigated treatment was higher that drip irrigated treatment (Figure 2I and 

J), except for the second day of evaluation for the treatment with drip irrigation (Figure 2J).  

The values of Ke and Kcb had similar dynamic during the five evaluations, however, it was 

verified that Ke values were higher than Kcb in most of observations. These values were partially 

explained by the combined effect of: (1) the plants were at the beginning of development (low 

foliage density); (2) the low soil coverage by the plant canopy and; (3) the high plant spacing. 

Accordingly, the most percentage of Kc values was from soil evaporation, i.e., Ke. In the other hand, 

it was also observed higher values of Kcb in comparison with Ke during the period with high 

evapotranspirative demand and when plants were during vegetative phase (in January 2013). These 

results show that the water consumption dynamic by the plant is related to the irrigation water 

management and jatropha nut development phase during the growing season. Studies with Kc dual 
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with perennial plant reaffirms that the Ke and Kcb dynamic varies and is dependent to the growing 

phase and to the amount of water that is provided to the plants (Flumignan et al., 2011; Shahrokhnia 

& Sepaskhah, 2013; Irmak et al., 2015).  

Kcb represented, in average, 40 and 38% of the Kc values during the period analyzed for the 

center pivot irrigated and drip irrigated treatments, respectively. It shows that, if Kc is used as the 

only information to manage irrigation, more than 50% of irrigated water would not be used by the 

plants. Despite the Kcb and Ke is difficult to determine, this information is essential in order to better 

understand to water usage for the plant and manage irrigation efficiently, mainly for those regions 

where fresh water is limiting.   

 

CONCLUSIONS 

 

The Ke and Kcb for jatropha nut presented similar dynamic during the formation phase, 

which was explained by the plant development over the growing season and the available water to 

the plants. Kcb represented 40 and 38% of Kc values, showing the importance of using dual crop 

coefficient to improve water usage efficiency by the plant and reduce the amount of irrigated water, 

which is a very important aspect for those regions with low availability of natural water resource.  
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Figure 1. External cylinder, microlysimeter and cap (A), microlysimeter inside the modified Uhland sampler (B), microlysimeter 

removed from the soil (C) and installed together with the external cylinder and cap (D).  
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Figure 2. Soil evaporation coefficient (Ke), basal crop coefficient (Kcb) and crop coefficient (Kc) of jatropha nut for the center pivot 

irrigated (CP) and drip irrigated treatments (DR) for Serie 1 (A and B), 2 (C and D), 3 (E and F), 4 (G and H), and 5 (I and J).  
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