Revista Brasileira de Engenharia Agricola e Ambiental, v.7, n.2, p.285-291, 2003
Campina Grande, PB, DEAg/UFCG - http://www.agriambi.com.br

Evapotranspiration and crop !q.-'
coefficient of cucumber in greenhouse \:;)

Flavio F. Blanco' & Marcos V. Folegatti?

T USP/ESALQ, Depto. de Engenharia Rural, CP 9, CEP 13418-900, Piracicaba, SP. Fone: (19) 3429-4217, Ramal: 268.
E-mail: ffblanco@carpa.ciagri.usp.br (Foto)
2 USP/ESALQ, Depto. de Engenharia Rural. Fone: (19) 3429-4380. E-mail: mvfolega@carpa.ciagri.usp.br

Protocolo 3 - 11/3/2003 - Aprovado em 24/7/2003

Abstract: The evapotranspiration (ETc) and crop coefficient (Kc) of cucumber in a greenhouse were
determined during the winter-spring season in Piracicaba, SP, Brazil. Crop was irrigated with water of
three different levels of salinity: S1 = 1.5, S2 = 3.1 and S3 = 5.2 dS m. Electrical conductivity
of S1 was obtained only by addition of fertilizers, as fertigation was used, and the S2 and S3 levels
in addition to fertilizers received magnesium sulphate, calcium chloride and sodium chloride. Cucumber
seedlings, cv. Hokushin, were grafted on squash, transplanted on beds in double rows and directed
vertically with a single stem. Irrigation was performed when soil matric potential reached -30 kPa,
which was determined by the mean matric potential at 0.15 and 0.30 m depths, and the depth of
irrigation was calculated from a reduced-evaporation pan. A randomized block design was adopted
with three replications. The ETc and Kc were found to reduce linearly by the salinity of the irrigation
water with reduction in ETc of 4.6% for unit increase of salinity. Due to the reduced evapotranspiration
in saline treatments, deep percolation was increased by saline water and corresponded to 4, 7 and
17% of the total applied water in S1, S2 and S3, respectively. Measured Kc values for S1 were very
close to the estimated values thus the combined use of tensiometers and evaporation pan was found
to be adequate for irrigation management in greenhouse.
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Evapotranspiracao e coeficiente de cultivo
do pepino em ambiente protegido

Resumo: Determinaram-se a evapotranspiracdao (ETc) e o coeficiente de cultivo (Kc) do pepino
em ambiente protegido durante o periodo de inverno-primavera em Piracicaba, SP, Brasil.
A cultura foi irrigada com agua de trés diferentes niveis de salinidade: ST = 1,5, S2 = 3,1 e
S3 = 5,2 dS m'. A condutividade elétrica de S1 foi obtida apenas pelos fertilizantes, uma vez
que se utilizou a fertirrigacdo, e os niveis S2 e S3 além de fertilizantes receberam sulfato de
magnésio, cloreto de calcio e cloreto de sédio. Mudas de pepino, cv. Hokushin, foram enxertadas
em abdbora, transplantadas em canteiros em filas duplas e conduzidas na vertical em haste
simples. As irrigacGes foram realizadas quando o potencial matrico do solo atingia -30 kPa, o qual
foi determinado pelo potencial méatrico médio a 0,15 e 0,30 m de profundidade e a Iamina de
irrigacao foi calculada com base em um minitanque de evaporacéo. O delineamento experimental
foi em blocos casualizados com trés repeticoes. A ETc e o Kc diminuiram linearmente com a
salinidade da agua de irrigacao, com reducao da ETc de 4,6% para cada unidade de salinidade.
Devido a menor evapotranspiracdo nos tratamentos salinos, a percolacdao profunda aumentou
com a salinidade da agua e correspondeu a 4, 7 and 17% da lamina total de dgua aplicada em
S1, S2 e S3, respectivamente. Os valores medidos de Kc para S1 foram muito préximos dos
valores estimados; portanto, o uso combinado de tensiémetros e tanque de evaporacao foi
adequado para o manejo da irrigacdo em ambiente protegido.

Palavras-chave: balanco hidrico, fluxo de agua, percolacdo profunda, tanque de evaporacéao

INTRODUCTION 1981; Marcelis & Baan Hofman-Eijer, 1993; Medany et al., 1999)
and mineral disorders (Bakker & Sonneveld, 1988). Therefore,
Cucumber demands high temperatures and soil moistupganting is usually made in the spring-summer season when
for satisfactory yield and under unfavourable climaticthe meteorological conditions allow the needs of the plants to
conditions, several problems may occur, such as the reductiba supplied and high yield may be achieved. Cultivation in
of female flowers (Cantliffe, 1981), delay in fruit growth (Liebig, greenhouses allows the crop to develop well during the autumn-
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winter season due to the higher temperature promoted by thad 37%, respectively, in the 0-0.2 m layer, with good internal
cover, thus allowing the cultivation in periods of largerdrainage.
profitability. Cucumber seedlings, cv. Hokushin, grafted on squash,
Knowledge of the water uptake of greenhouse crops, @ucurbitaspp., were transplanted to three beds on June 23,
evapotranspiration (ETc), is one of the most important factors999. Each bed was divided into nine plots and each plot
as irrigation is responsible for the totality of soil available watereceived two rows of plants, spaced at 0.7 m between rows and
in the root zone. Various methods may be used to estimate EJ@ m between plants, giving a planting density of 2.5 plafts m
inside greenhouses, but the method based on pan evaporatip@rip irrigation system was used with a 4 & tripper per
(Epan) is the most common and easy to use, since the ETgiant, located at 0.02 m from the plant. Plants were directed

estimated by: with a single stem along and around a vertical plastic string.
Treatments were composed of three irrigation water salinities:
ETc =Kc Kp Epan (1) s1=15,52=3.1and S3=5.2dS mimmonium sulphate,
calcium nitrate, potassium nitrate, potassium chloride,
where: o phosphoric acid and magnesium sulphate fertilizers were
ETc - crop evapotranspiration, mm applied through the irrigation system in all irrigations. Details
Ke - crop coefficient about the fertigation management are presented elsewhere
Kp - pan coefficient _ (Blanco & Folegatti, 2002). S1 water received only the fertilizers,
Epan-Class A pan evaporation, mm while for S2 and S3, calcium chloride, magnesium sulphate and

sodium chloride were added in order to obtain the desired

The advantage of using Kc for estimating the irrigation|inity. The salts were mixed in order to obtain a nutritive
requirement is that generalized tables of Kc vs. time or crog,| tion for S2 and S3 with (Na+K)/Ca:Mg ratio of 5:3:2.
development stage can be readily determined from field A reduced-evaporation pan located in the middle of the

experiments and these tables are usually transferable ovegaeonpqoyse between two beds and tensiometers installed at
large range of climates (Allen, 1993). While the tables of Kc fob‘15 and 0.30 m depths, placed at 0.10 m from the plant and
a given crop usually consider the same value for a given growi}). : T : :
b (Doeros & P, 15T Chamundeshwan ta 1951 o et gl reduements e s apie
Rocaetal., 1998), it has bee_n shown that Ke varies constan e S1 plots. Irrigation water depth calculation was based on
along the crop season (Loomis & Crandall, 1977; Eliades, 198 an evaporation:

Ells etal., 1989). With annual crops, an increase is observed'in ’
the ETc/Epan ratio from planting to the middle of the growing
period and during the last stages of crop growth there is a
decrease (Doorenbos & Kassam, 1979).

The salinity of the irrigation water affects the amount o
deep percolation for a given amount of applied water because
evapotranspiration is related to salinity; salinity results in
stunted growth of the crop, thus reducing evapotranspiration
(Letey, 1999). Rhoades & Loveday (1990) state that the salinity
effects on evapotranspiration are predominantly related to water
stress, with a decrease in osmotic potential of soil water
reducing the water availability for plants. Probably, both effects

influence ETc and their combined effects result in the reduction
of ETc and, consequently, in the reduction of the plant 1€ Kp value was assumed to be 1.0, as recommended by
development and yield. Martinez-Raya & Castilla (1989) and Castilla et al. (1990) for

The objective of the study reported here was to determirdeenhouse conditions. The Kc value adopted in each irrigation

the evapotranspiration of cucumber irrigated with water ofV@s adjusted from the tensiometer readings at 0.30 m depth.
different salinities in a greenhouse. When 0.30 m tensiometer indicated that soil moisture did not

reach field capacity 24 h after irrigation, the Kc adopted for the
MATERIAL AND METHODS next irrigation was increased, thus increasing the irrigation
depth. On the other hand, if the 0.30 m tensiometer indicated
gR overirrigation on the previous day, K¢ adopted was reduced

ETc =KcKp Erpan C @

];/vhere:

ETC - estimated crop evapotranspiration, mm

Kc - adopted value of Kc

Kp - pan coefficient

Erpan - reduced pan evaporation, mm

C - correction factor to convert the reduced pan evapora-
tion into the Class A pan evaporation (C = 0.88;
Medeiros et al., 1997)

The experiment was conducted in a greenhouse located A
the experimental area of the Department of Rural Engineeriflg Nextirmgation. - _
of the Escola Superior de Agricultura “Luiz de Queiroz” - USP, Controlled irrigations started 19 da)_/s after transplanting
in Piracicaba, SP. Area of the greenhouse was 1{8.8 17.5 (DAT) becau_se no response of t_he tensiometers was observed
m) with 2.8 m height of lateral openings, covered with A_Jefore.Tensm_meters were also installed at 0.5 and 0.7_ md_epth
polyethylene film of 0.15 mm thickness and with lateral curtaind Order to estimate the crop water uptake or ETc. Estimations
which were closed at night and during rainy season in order £ ETC were made by the soil water balance:
avoid the rain water wetting the experimental plots. Soil was of
clay texture with percentages of clay, silt and sand of 50, 13 AW =P+I1+R+q-ETc ©)
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where: assumed that osmotic pressure does not exist or, if such
AW - change in water content, mm gradient exists, its effects on water movement are negligible.
P - precipitation, mm However, in the present study, llﬁepo exists and its effects on
| -irrigation, mm water flow should be taken into account. Based on the Letey
R -runoff, mm (1968) statements, for a soil that does not restrict the solute
g - soilwaterflux, mm movement, the following approach was used:

ETc - crop evapotranspiration, mm
If-25 <@ <O0kPa- 0=0
Under the conditions of the present study, the terms P and
R could be considered zero and, after rearrangement, the general If @ <-25kPa- 0=0.03
equation becomes (Chartzoulakis & Drosos, 1995):
The unsaturated hydraulic conductivity at 0.60 m depth

ETc=1+4§ @ was obtained by Medeiros (1998):
which assumes that the ETc between two successive irrigations K(h) = 6000h™>’ @
is a sum of the water depth added to the soil by | and capillary
raise (+0)) or deep percolation (-q). where K(h) is the hydraulic conductivity, in mr, s a function

of the module of matric potential (h, kPa) of the soil water. The

It was assumed that there were no roots beyound 0.60 Rih) function was preferred instead of (because the
depth because: i) the presence of a compacted layer at 0.8¢hction adjusted better with h than wlhprobably because
0.30 m depth due to successive ploughing along the years afd soil moisture readings were made by tensiometers.
i) irrigation frequency was high and soil moisture in the
shallower layers was close to field capacity. Thus, g was Adjustments of calculated q were needed because only a
calculated for the boundary depth of 0.60 m, that correspongigction of the soil was wetted by the drip irrigation system.
to the effective rooting depth of cucumber (Loomis & Crandallcalculated q values were adjusted according to the procedure
1977; Ells et al., 1989), from the tensiometer readings at 0.%fxscribed by Medeiros (1998).
and 0.70 m depth by the Richard’s equation (Richards, 1928), wjth values of ETc determined by Eq. 4, the Kc values were

adapted by Kemper & Evans (1963) for soils with an osmotiga|culated for each irrigation interval by the rearrangement of
potential gradient: the Eq. 2:

G=-K(0) Oy + 0l 5) oo ETC ©
Erpan0.88
where:
K(8) - hydraulic conductivity in relation @, mm d*
ﬁ(pH - total hydraulic potential gradient of soil water, i m
o - osmotic efficiency factor

Iicpo - osmotic potential gradient, ntm

where ETc and Erpan were the accumulated values between
two successive irrigations.

Experimental design was in randomized blocks with three

replications. The analysis of variance was performed to verify

Thg(pH IS the sum of the ma.t”@p and grawtatlonalcpg) trée effects of the water salinity levels on ETc and q.
potentials. Soil samples for salinity measurements were collecte

on 20, 76 and 116 DAT and the osmotic potential was calculated

from Eq. (6) proposed by Jurinak & Suarez (1990): RESULTS AND DISCUSSION

Temperature data recorded outside the greenhouse and
@ =—40ECe£ (6) estimated Class A pan evaporation (Epan) inside the
U greenhouse are shown in Figure 1. Average temperature and
Epan were 19.3 °C and 1.7 mrh tespectively. Due to the low

where: atmospheric water demand, expressed by the low values of
@, - osmotic potential of the soil solution, kPa Epan, mean irrigation interval was 3.3 days, that is, approximately
ECe - electrical conductivity of the soil saturation extractten irrigations per month, which is below the frequency
dS m! commonly used by greenhouse-cucumber growers of Sdo Paulo
Us - soil water content at saturation, Y g State.
U - actual soil water content, ¢ g In the early growing season, Kc adopted was about 0.8 and

increased to 1.6 in the late season following a sigmoid function
The effect oficpo on water flow is debatable (Kemper & (Figure 2). It can be seen from Figure 2 that Kc was not constant
Evans, 1963; Kemper & Rollins, 1966; Letey, 1968; Nielsen dbr any specific phenological stage and using a fixed value
al., 1972). Richard’s equation has been used to describe wateuld result in an over- or underestimation of the water depth
flow through soils, while using this equation, it must beto be applied, which may reduce significantly the crop yield as
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A. to 17.9, 17.1 and 14.2 mm wekkespectively, due to higher
atmospheric (Epan) and plant demand, once the yield increased
after the lateral stems began producing.
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. 37 Figure 3. Accumulated cucumber evapotranspiration (ETc) for
E different water salinity treatments along the growing season
S 24
u‘% Total ETc was linearly reduced by water salinity, with a

reduction of 8.7 mm or 4.6% for each unit of water salinity

14 increased (Figure 4). This result is close to that observed for
various other crops, like barley and wheat (Heakal et al., 1990),
maize and sunflower (Katerji et al., 1996), sugar beet (Kateriji et

0 T T T T T T .
' ' ' ' ' ' al., 1997) and pepper (Medeiros, 1998).
20 40 60 80 100 120
DAT
Figure 1. Daily observed temperature outside and Class Ap. 290
evaporation (Epan) inside the greenhouse for each day af
transplanting (DAT) during the cucumber-growing season 190 - o
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o 2_5 ' o Figure 4. Relation between cucumber evapotranspiration (ETc)
0.0 r=0.85 and the electrical conductivity of the irrigation water (5C
20 40 Dii 80 100 120 Water flow at 0.60 m depth was always negative, that is,

Figure 2. Values of Kc adopted and the regression curve in ea%ﬂly deep percolation (D) occurred at the bottom of the root
gure 2. . P > eg . . System and capillary rise did not contribute to ETc at any time
irrigation during the cucumber growing season in relation t

. %Iuring the growing season (Figure 5). Deep percolation was
the days after transplanting (DAT) higher in the first five weeks after transplanting for all treatments,

when ETc was low because of shallow root system in the early
cucumber and most vegetable crops are sensitive to water strgggson. After that, pronounced decrease of D was observed,
(Ells etal., 1989). which assumed negligible values for S1 after the eighth week.
ETc was slightly reduced by S2 treatment and to a gre&fery low values of D were observed for S2 between the eighth
extent by S3 in relation to S1 (Figure 3). Water uptake rate wasd fourteenth weeks, with an increase after that due to the
very low in the first 17 DAT and increased rapidly there afteryield reduction and leaf senescence in the late season, which
when plants overcame the transplanting stress and the rgetiuced ETc and, consequently, increased D. For S3 the
and shoot development rate increased. Mean weekly wateariation of D along the growing season was similar to that for
uptake from 17 to 82 DAT was 11.8, 11.5and 10.7 mmwieek S2, although the values of D were always higher for S3 than for
S1, S2 and S3, respectively. Uptake rate increased after 82 D&ie other treatments.
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Week After Transplanting dependent of the plant demand, increasing its value. On the
2 4 6 8 10 12 14 16 other hand, under high temperature and low relative humidity

0 conditions, Kc tends to decrease due to the higher Epan where
there is no restriction of water to evaporate. Fluctuations in Kc
1 values in the midseason were also found for other crops, like
a watermelon (Freitas et al., 1999), grapes (Teixeira et al., 1999),
= melon (Miranda et al., 1999) and corn (Bezerra & Oliveira, 1999).
27
o 2,0 4
& -3+
S
= 1,5 -
-4 4
2 1,0 1
-5 i
Figure 5. Water flow at the 0.60 m soil depth on plots irrigate 5 -
with water of different levels of salinity for each week after
transplanting
0,0 T T T T T T T T T T T 1
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Figure 7. Calculated values of the crop coefficient (Kc) for

Wm Efct te s g vh ;:#é:lél;r;ber forc_iifferent salingf_? ogthe irr]ic?ation wa’:er glong
Hfevebrstis Siwararetatenratd p-growing season ( - days after transplanting)
ggmmgmmﬂm Allen et al. (1998) stated that Kc of 1.15 can be taken for
ardiarhdabyedetaainghecoee cucumber grown on stalks in the midseason for open field
derdesppeaHnanBRetvasiteisdyy cpnditions. However, Kc regched 1._5 tgn days after the begin—
giy, esdmosl byMi @d (197 ning of the productive period of picking cucumber, hybrid
Pioneer, cultivated in open field (Loomis & Crandall, 1977). In
50 - greenhouse, the Kc of the cv. Maram was about 1.2 at the end
of the season (Eliades, 1988); however, Kc was obtained by
40 ° the ratio ETc/Epan, with ETc measured in lysimeter and the
a y = 7.62x evaporation pan installed outside the greenhouse. This Kc
£ 30 ] r2 = 0.91%* value should be at least 1.6 if the pan was installed inside the
g 1 greenhouse, as evaporation reduction of about 30-50% was
z observed inside greenhouses, mainly due to the reduction of
8 204 the solar radiation and heat transfer by advection on
& ° evaporation (Abou-Hadid et al., 1991; Medeiros et al., 1997).
10 - Values of Kc were very close to Kc adopted in irrigations
and the deep percolation for S1 plots were low and occurred
0 T T T T T \ mainly in the initial stages of the crop development, when root

1 2 3 4 5 6 sSystem was restricted to a few centimeters depth. Thus, the
EC,, (dS ni") method used here to estimate Kc, based on pan evaporation

Figure 6. Relation between deep percolation (beyond 0.60 and tensiometer readings, was found to be suitable for most

soil depth) and the electrical conductivity of the irrigationpurposes where the real values of Kc are unknown.

water (EG)

CONCLUSIONS
Kc values calculated by Eq. 8 for each treatment are shown

in Figure 7. Constant and rapid increase of Kc was observed in 1. Cucumber evapotranspiration reduced linearly with
the first 45 DAT, growing from 0.19, 0.22 and 0.06 at 5 DAT tarrigation water salinity, with a reduction of 4.6% for each unit
1.49, 1.44 and 1.41 at 45 DAT for S1, S2 and S3, respectiveiycrease of electrical conductivity (dSYn
Between 55 and 105 DAT, Kc values oscillated and the mean 2. Deep percolation increased with water salinity, as a result
values were 1.49, 1.45 and 1.26, and decreased to 0.73, 0.62 afithe reduction in evapotranspiration and higher soil moisture
0.44 at 115 DAT. Oscillation of Kc in the midseason was due tbefore irrigation.
the oscillation of the meteorological variables with consequent 3. Crop coefficient was decreased by water salinity and
effects on Epan. As ETc is a function of the atmospheric ansscillated along the growing period accordingly to the
plant water demand, when the former is decreased, Kc is movariations in meteorological variables and plant development.
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