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Abstract

Crop water consumption (ETc) varies from region to region depending on crop type,
growth stages, soil, and climate conditions. In order to obtain full yield and avoid unnec-
essary water usage, the water demand of the cultivated plants should be accurately cal-
culated, and irrigation water should be applied in accordance with plant needs. In this, the
study was carried out in field No.C3 of Central farm at Agricultural Engineering College
and Research Institute, Kumulur, Trichy district to determine the growth stage-specific
crop coefficient (Kc) and pan coefficient (Kp) for the greenhouse grown marigold (Tagetes
erecta (L.). Since, a large area was occupied by a ClassA pan, the reduced-size evapora-
tive pans (20 and 60 cm compared with Class A pan) was used and pan coefficient was
determined as 0.93 and 0.96 respectively. A pan coefficient (Kp) was used to convert pan
evaporation (Epan) to grass reference evapotranspiration (ETo). Based on the tensiome-
ter readings, the depleted moisture content was taken to reckon the crop coefficient for
different growth stage. The results revealed that crop coefficient (Kc) for marigold was
observed as 0.37 during the initial stage (Kci,), 0.8 during mid-stage (Kcmig) and 0.47
(Kcsin) during the final stage. These results would be helpful for crop water requirement
and irrigation scheduling for similar condition.
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INTRODUCTION

Irrigation management directly affects crop growth
and can contribute to increases in vegetable pro-
duction in the sense of qualitatively and quantita-
tively (Dukes et al.. 2010). Deficit irrigation gener-
ally results in lower crop yields and quality, while
surplus irrigation can lead to increased vulnerabil-
ity of crops to disease (Pardossi et al., 2009). Irri-
gation management, therefore, also needs to be
effective to help the environmental impact and
encourage the sustainable use of resources
(Montesano et al., 2015). In recent greenhouse
industry has enormously popularized in many
parts of the world. Many of these are low-cost,
plastic film-covered structures with no active cli-
mate control systems and drip irrigated, soil-
grown crops (Perez-Parra et al., 2004). The mi-
croclimate prevailing inside the greenhouse, such

as solar radiation and wind speed is various from
the climate outside the greenhouse. Therefore,
the suitability of water requirement estimated and
measurement methods obtained under open field
conditions to the greenhouse environments will
need in-depth further research work. Although
many technical advances have been implemented
in volumetric moisture sensors over the past dec-
ade, a range of accurate and cheap sensors are
becoming available on the market, mainly based
on Frequency Domain Reflectometry (FDR). Since
the water-filled tensiometer is still the most com-
mon sensor for matric potential measurement and
has seen little change compared to early existing
models, exemption from the use of improved pres-
sure ftransducer and data logging systems
(Whalley et al., 2013).

Tensiometers are often recommended to other
types of moisture sensors because of their rea-
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sonable cost, ease of use, high precision and di-
rect measurement of matrix potential, and also
because they are not affected by temperature and
soil osmotic potential; (Thalheimer, 2003; Sarkar
et al., 2008; Montesano et al., 2010) however, the
probability of acquiring electronic data via differen-
tial pressure transducers makes the tensiometer
ideal for automatic use. But even though, tensiom-
eters must be carefully controlled to prevent air
bubbles from developing in the shaft; they must
be shielded from frost and require daily mainte-
nance, for example, to refill the water in the tube.
Today, Marigold (Tageteserecta (L.)) seems to
have attained the cultural status of one of the
most commercially profitable flowers across the
world. From the point of view of commercial mar-
keting and revenue generation, Marigold has the
edge over the loose flowers in vogue, the rank
order being followed by chrysanthemum, jasmine,
tuberose, crossandra and barleria (Bhattacharjee,
2003). Besides, all the above it is being grown
commercially as an important source of carote-
noid pigments. For the poultry industry, marigold
carotenoids are the key source of pigment as a
feed additive for intensifying the yellow colour of
egg yolks, broiler skin (Scott et al, 1968). The
main demand for marigold today comes from the
recent trend towards the use of natural dyes
throughout the world. Presently, in our country,
the commercial extraction of marigold carotenoids
is done in Kerala, Telengana, Tamil Nadu and
Karnataka. It is being regularly exported to Mexi-
co, Peru, USA, Japan, Spain, Romania, Nether-
lands, Turkey, Poland, Italy, Australia, Canada,
Africa etc. With the above considerations, the
objective of the present study was aimed to
determine the growth stage-specific crop coeffi-
cient (Kc) and pan coefficient (Kp) for the
greenhouse grown marigold (Tagetes erecta)
crop.

MATERIALS AND METHODS

The field experiment was conducted in field No.C3
of Central farm at Agricultural Engineering College
and Research Institute, Kumulur, Trichy district.
The experiment was carried out in a naturally
ventilated greenhouse with the length 12m, width
6m and height 4.5m. Marigold (Tagetes erecta
(L.)) seedlings were transplanted in 30 x 60 cm
spacing.

Physical characteristics of the growing media like
soil texture, bulk density, particle density, porosity,
water holding capacity, field capacity, wilting point
and soil moisture content were analyzed by the
standard procedures (Keen and Rackzowski,
1921). Determination of field capacity and the wilt-
ing point was done by pressure plate apparatus
(Cassel and Nielsen, 1986). Soil moisture content
was determined by the gravimetric method
(Michale, 2012).

Determination of the soil moisture characteris-
tics curve by using Tensiometer: To determine
moisture characteristics curve tensiometers were
placed at root zone depths to measure the soil
moisture tension. Irrigation was applied till tension
reaches ‘0’ atmosphere in vacuum gauge. After
irrigation, soil samples were collected on a daily
basis and the soil moisture content of the media
was measured by using the gravimetric method.
The tension was recorded for respective soil mois-
ture content. This process was continued until it
reached the permanent wilting point (Michale, A.
M (2012). The calibration curve was drawn with
observed tensiometer reading on X-axis and soil
moisture content on Y-axis. Based on this calibra-
tion curve irrigation was done when the tensiome-
ter indicated that the metric suction had reached
known prescribed values for the respective crops.

Pan evaporation: Pan diameter of 20 cm, 60 cm
and 121 cm (Class A pan) were installed above
the ground surface in the experiment plot. The
increase or decrease in pan water level was rec-
orded at 8.30 a.m and 4 p.m.

Soil moisture content-based irrigation sched-
uling: Irrigation scheduling was the estimation of
at what time, what quantity and how often water to
be applied to a crop. The aim was to optimize the
efficiency of irrigation by adding the exact amount
of water required to replenish the desired level of
soil moisture.

(F.C-W.P)xAsxD
100

d=

Where,

d = depth of water needed, cm

F.C = Field capacity of the effective root zone, per
cent dry basis

W.P = Wilting point of the effective root zone, per
cent dry basis

As = Apparent specific gravity of the soil in the
effective root zone

D = Effective root zone depth, cm

ASMD = Available Soil Moisture Depletion, (50%
moisture depletion is suggested as

the time to start irrigation to avoid crop stress -
Sandra Ibarra, 1997)

Aw = area of wetting, cm?

Water requirement in Volume basis =Aw X d
Tension measurements were useful in deciding
when to irrigate. The apparatus was loaded with
distilled water and taped repeatedly till the tensi-
ometer eliminated the air bubbles. Tensiometer
was installed to root zone depth where moisture is
to be determined. First watering was done up to
the saturation level and transplanting were done.
The tension was recorded by tensiometer on a
daily basis and respective soil moisture content
was noted from Figure 1. When the soil moisture
content reached a calculated amount of 50%
ASMD the depleted amount of moisture was re-
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filled as irrigation.

Depth of water depleted (d),cm= 100

Where,

d = depth of water depleted

MC; = Initial moisture content after irrigation

MC 50% asom = Moisture content at 50% of allowa-
ble soil moisture depletion

D = Depth of effective root zone, m

Pan evaporation coefficient: The term pan coef-
ficient (Kp) is a major component of irrigated crop
in water management and was used to transform
pan evaporation (Epan) into grass-reference
evapotranspiration (ETo), (Flvioand Folegatti,
2003; Doorenbos and Pruitt 1977). Because of the
large area occupied by a class-A pan, alternative
methods have been sought to estimate ETo inside
greenhouses. Among them, the reduced-size pan
deserved special attention (Carolina, 2003). Stud-
ies conducted in recent years have revealed that
reduced-size evaporative pans can be utilized for
irrigation scheduling in the greenhouse conditions.
In this study for practical applicability, the reduced
pan was used (20 cm, 60 cm compared with class
A pan) to measure evaporation. The Class A pan
and reduced pan (20 cm and 60 cm) were in-
stalled inside the greenhouse. Evaporation was
recorded from class-A pan and reduced pan (20
cm and 60 cm). The pan coefficient value was
determined with comparison of CAPi to RPigoem
andCAPi to RPiymto make use of reduced pan
inside the greenhouse.

Determination of Kc value: The use of Kc pro-
duced in other regions as compared to those
where it is calibrated does not meet the exact re-
quirement for crop water and will result in either
higher production costs due to an over-irrigation
or reduced income due to irrigation deficit. Based
on tensiometer value, when the 50% ASMD
reaches the calculated amount of water was ap-
plied as irrigation. The depleted amount of irrigat-
ed water was recorded on daily basis by tensiom-
eter reading and respective available moisture
content was noted from the calibration curve. The

Table 1. Results of physical and chemical properties
of the growing media in the research field.

depleted moisture content was taken as ETc or
crop water required. The ratio of crop evapotran-
spiration (ETc) by reference crop evapotranspira-
tion (ETo) is known as crop coefficient

ET,
= - — - - — — — — — — — — — — = 3
BT, (3)

Therefore, Kc values has been derived for the
marigold crop with the above formula and depicted
in Fig. 3.

RESULTS AND DISCUSSION

The results of the research study undertaken to
find the crop coefficient (Kc) and pan coefficient
(Kp) for marigold (Tagetes erecta) under Green-
house cultivation indicated that the textural analy-
sis of existing soil as per the triangular diagram
showed sandy loam soil (sand 72.8%, silt 16.1%,
clay 10.2%). In order to improve water use efficien-
cy, a better understanding of physical and hydrau-
lic properties is needed (William, 1993). The analy-
sis results are tabulated in Table 1. In this experi-
ment, results showed that the physical and chemi-
cal properties of the growing media were in the
normal ranges and proved to be the best media for
cultivation of the marigold.

Determination of the soil moisture characteris-
tics curve by using Tensiometer: Wet and dry
weight of the media were analysed based on the
gravimetric method and soil moisture content de-
pleted. Characterstics curve between available soil
moisture content Vs tension drawn for the growing
media and 50% of ASMC was marked and is
shown in Fig. 3. When the tension reached the
50% ASMC, the irrigations were done.

Pan evaporation: The pan coefficient (Kp) is the
calibration coefficient used for predicting free water
surface evaporation or reference crop evapotran-
spiration by pan evaporation. Because of the large
area occupied by a class-A pan, alternative meth-
ods have been sought to estimate ETo that is re-

K¢

Table 2. Measurement of total pan evaporation (Ep),
mm from CAP;, and Reduce pan (RPigcm and RPpocm)
evaporimeter.

Different size Pan Pan Evaporation,
P t Unit Growing mm
arameters NS hedia CAP- Class A Pan Inside .,
Bulk Density gcm® 1.42 Greenhouse :
Particle Density gem® 26 RPigo cm - Reduced Pan (60
. 329.0
Porosity % 53 cm @) Inside greenhouse
MWHC % 33 RPi20 ¢m _.Reduced Pan (20 340.0
Vol. of water in air dried 18 cm @) Inside greenhouse )
sEaCmpIe dsm™ 0.31 Table 3. Estimation of Pan Coefficient (Kp) in green-
pH m 7'45 house with a comparison of different size pan.
Field capacity @ 1/3 bar % 23.6 Different size : ] . .
Wilting point @ 15 bar % 10 Pan CAP; X RPigocm  CAPi X RPizo cm
Available water (FC-WP) % 13.6 Pan coeffi-
Permeability ms’” 5x10° cient, Kp 0.96 0.93
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Fig. 1. Soil moisture characteristics curve for soil.
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Fig. 2. Soil moisture dynamics for Marigold crop.
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Fig. 3. Crop coefficient for Marigold crop.

duced pan. The Kp value was assumed to be 1.0,
as recommended by Martinez-Raya and Castilla
(1989) and Castilla et al. (1990) for greenhouse con-
ditions. For outside greenhouse 0.8 was assumed,
which is recommended by Doorenbos and Pruitt
(1977). Evaporation was measured from the in-
stalled Class A pan (CAP;), Reduced pan 60 cm
diameter (RPgocm) at 8.00 a.m and 4.00 p.m. Table2
shows the total evaporation, mm during the experi-
ment in a different pan and Table3 shows the pan
coefficient which is determined based on the com-
parison of different size pan installed inside. Evapo-
ration variation depends on the pan diameter, but
there was not observed much difference in the
greenhouse. During the cropping period, per day
maximum and minimum pan evaporation (mm)
were observed from Class A pan, RPgmand
RP5cmwere 5.1 and 0.7, 5.2 and 0.7 and 5.3 and
0.8 respectively. The reduced pan RP;gocmand
RP; 20cm Were measured as 3.8 % and 6.9 % high-
er evaporation than the Class A pan inside the
greenhouse. (Amiri et al., 2011) Reduced pan has a
low cost and is simple to use and occupies a small
greenhouse area. Hence it is recommended to substi-
tute RP inside the greenhouse instead of Class A pan.

Soil moisture dynamics: The evapotranspiration
(ETc) of the marigold crop was determined as
daily moisture content depleted, which is noted
from the tensiometer inserted in the growing me-
dia for the full growing season. ETc value on daily
basis varied from 0.04 to 0.46 mm day".
Determination of crop coefficient (Kc) based on
ETc and ETo for marigold: Crop coefficient value
was estimated throughout the complete crop cy-
cle. The average values of each stage were deter-
mined and are tabulated in Table 3. The crop co-
efficient for greenhouse soil was 0.37 during the
initial stage (Kci,), 0.8 during mid-stage (Kcpiq) to
0.47 (Kcqn). During the initial stage (15 days) the
plant, crop coefficient was found to be lower be-
cause of lesser ground cover and lower water re-
quirement, but during the final stage (40 days), it
was found more than initial stage. In mid-stage
(45 days) it was found to be maximum. Similar
results were found by Singh et al. (2016) conduct-
ed study in Field Water Management Laboratory
of Agricultural and Food Engineering Department,
Indian Institute of Technology, Kharagpur, India
who reported that the crop coefficient for green-
house condition was 0.48 to 0.6 during the initial
stage, 0.6 to 0.86 during development stage, 0.87
to 0.96 during the middle stage and 0.96 to 0.76
during the late season of rose. Ertek et al. (2004)
stated that ETc/Epan ratios varied for Squash
from 0.2 to 1.16 during the growth season. These
ratios increased from early to mid-season and
later decreased from midseason to late-harvest.
Mila et al. (2016) study was conducted to predict
Kc value of sunflower using P-M method, FAO
temperature method, FAO-Radiation method and
Hargreaves method. Results revealed that Kc val-
ues for initial, mid and final stages were 0.46, 1.55
and 0.36, 0.35, 1.21 and 0.31, 0.34, 1.03 and
0.27, 0.36, 1.18 and 0.3 respectively. The calcu-
lated values for the sunflower crop coefficients
varied considerably at all levels from those recom-
mended by the FAO. The differences were due to
localisation and atmospheric effects on crop
growth and yield. However, the approximate loca-
tion-specific values of crop coefficients were used
in irrigation preparation and crop water demand
estimation and irrigation scheduling. As reference
with many research results similar trends were
observed in this study. In the crop grown period,
crop coefficient was lowered in initial stage com-
pared with the final stage and the highest value
was observed in the mid-stage. Therefore, the
estimated growth stage-specific crop coefficient
value would be found helpful for optimum irrigation
scheduling.

Conclusion

Experiments carried out on marigold (Tagetes
erecta) crop in greenhouse showed that value of
evapotranspiration in the different sized pan with
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minimal difference. ETc increased with the growth
of the crop and reached its maximum at the stage
when the plants’ growth was most active. Estimat-
ed growth specific crop coefficient values were
preferred to use for irrigation scheduling. Consid-
ering the variation in evapotranspiration from the
panes, the Class A pan can be replaced with the
reduced pan inside to estimate ETo. Reduced pan
was affordable and simple to use and occupied a
tiny area in the greenhouse, so it is suggested to
replace the 20 cm pan inside the greenhouse in-
stead of the Class A pan.
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