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Abstract

Precise estimation of reference evapotranspiration (ETo) and crop evapotranspiration (ETc) on a daily basis is
important to apply water through drip system for crops grown in the greenhouse. Crop coefficients and crop water
requirement were determined for the Dutch roses cultivated in the greenhouse and open field for the sub-humid
climatic conditions of Kharagpur, India. Reference evapotranspiration (ETo) was estimated using the method suggested
by FAO-56. The crop ET was determined using soil water balance approach. The soil moisture data was collected
using TDR moisture meter at three depths. The maximum daily values of Crop ET were 4.99 and 5.28 mm day' for
greenhouse and open field conditions respectively. Maximum values of crop coefficient were found during conjunction
period of mid-season and late season stage of the crop growth period. During different growth stages of rose, crop
coefficient values were found in the range from 0.48 to 0.96 and 0.59 to 1.01 for greenhouse and open field conditions.
The Dutch rose planted in 200 p diffused poly film cladded greenhouse and given 100% water requirement through
drip irrigation resulted in maximum number of flowers/m? (212.3) annually. Total annual water requirement of rose plant

was 999.51 mm and 1210.94 mm for greenhouse and open field condition respectively.

Keywords: Dutch rose; Crop coefficient; Crop evapotranspiration;
Greenhouse

Introduction

Rose is a leading cut flower grown commercially all over the world.
It ranks first in global cut flower trade. This flower has a worldwide
consumption of more than 40 billion [1]. The various purposes for rose
cultivation includes garden flowers, aesthetic value, decoration and
preparation of various products such as rose oil, rose water, gulkhand
rose attar, garland etc. The heavy demand of rose cut flowers in the
European markets is mainly from November to March due to the
shortage of local production because of severe winter. Fortunately,
this is the most congenial condition for successful production of
most of the cut flowers, including roses in India. It is pointed out
that buyer at international market prefers a very high quality rose cut
flowers. As it is difficult to obtain good quality cut flowers under open
conditions throughout the year, the crops should be cultivated under
the greenhouse to get good quality produce.

Greenhouse cultivation or protected cultivation is a kind of
farming systems used to maintain a controlled or partially controlled
environment suitable for maximum crop production. This includes
creating an environment suitable for working efficiency as well as
for better crop growth. The presence of a cover, characteristics of
greenhouses, causes a change in the climatic conditions compares
to those in open field. The property of cladding materials alters the
magnitude and quality of solar radiation incidence in the greenhouse,
thereby affecting the micro climate of greenhouse. UV stabilized
diffused film does not allow the shadow formation of top canopy on the
lower leaves. Diffused radiation penetrates deeper into plants canopy
in comparison to direct radiation; thus, it is desirable to use diffused
film. At high irradiation, diffused film greenhouse cover leads to better
light distribution, lower plant temperature, decreased transpiration
and increased photosynthesis and growth [2].

Drip irrigation has been proved as an effective water-saving
irrigation method and it is important component of greenhouse
cultivation system. Drip irrigation research studies carried out at
Precision Farming Development Centre, IIT Kharagpur, India on
several vegetable and fruit crops showed increase in yield, saving in
water, higher water use efficiency and net increase in profit [3,4].

Crop evapotranspiration (ET) is required for determination of
crop water requirements, irrigation scheduling and water productivity.
The water balance method is a simple and easy to use as compared to
several methods reported in the literature. ET is estimated using water
balance method considering change in total soil water content between
sampling dates plus rainfall minus any known drainage or surface
runoff occurred during the period [5]. Time Domain Reflectometry
(TDR) probes and capacitance-based sensors are popular devices
for measuring inside soil water content directly. Advantages of these
electronic sensors are in-situ measurements with continuous
recording [6].

Crop coefficient is a significant parameter for estimation of crop
evapotranspiration, because it accounts biological characteristics
of crops, crop condition, soil texture, soil tillage conditions, crop
growing environment etc. [7]. The crop coeflicient Kc, is ratio of crop
ET to reference ET, is needed to estimate crop evapotranspiration
for irrigation planning at a regional scale. The crop coefficient
value represents crop specific water use and is required for accurate
estimation of irrigation requirement of single or more than one crop
grown under different climatic conditions [8].

Several studies on estimation of water requirement and crop
coefficient have been conducted for open field crops like Cotton
(Abdelhadi et al. [9] Fisher [10]), Maize (Akinmutimi, [11] Chuanyan
and Zhongren [12]), Onion and Spinach (Piccinni et al. [13]) Okra
(Odofin et al. [14] Tiwari et al. [3]), Capsicum (Miranda et al. [15]),
Cabbage Tiwari et al. [4] Paddy (Kuo et al. [16]), Wheat and Sorghum
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Tyagietal. [17] Teff (Araya et al. [18]), Sapota (Tiwari et al. [4]), Jujube
(Hu et al. [19]), Pomegranate (Parvizi et al. [20]) and greenhouse crops
like Tomato (Maldonado et al. [21] Gomez et al. [22], Wahb-Allah et al.
[23] Harmanto et al. [24]), Eggplant Senyigit et al. [25] Melon, Green
beans, Watermelon and Pepper (Orgaz et al. [26]), Gladiolus (Bastug
etal. [27]), Cucumber (Zhang et al. [28] and Blanco and Folegatti [29])
However, limited studies are found on cultivation of rose crop under
greenhouse conditions (Ehret et al. [30] Katsoulas et al. [31]) and no
literature is reported for the estimation of water requirement and crop
coefficient of Dutch roses under greenhouse conditions. Therefore, the
present study have been undertaken to determine the crop coefficient
and water requirement of Dutch rose under greenhouse and open field
conditions.

Materials and Methods

Description of the experimental area

Experiment was conducted at the Field Water Management
Laboratory of Agricultural and Food Engineering Department, Indian
Institute of Technology, Kharagpur, India. The experimental site
is located on flat land at 22°18.5' N latitude, 87°19' E longitude and
48 m altitude above mean sea level. The local climate is sub-humid
subtropical with an average annual rainfall of 1390 mm, of which about
80% is received during June to October. The mean monthly minimum
temperature is 12°C in January, whereas the mean monthly maximum
temperature is 41.5°C in May. The mean monthly relative humidity
varies from 35% in February to 96% in July-August. The site was deep
and well drained sandy loam soil. The average values of sand, silt and
clay was 63%, 28% and 9% respectively in the soil depth of 1 m.

Experimental greenhouses

Two experimental sawtooth shape greenhouses (N-S oriented)
one cladded with 200 p diffused (PAR transmissivity as 90% and 42%
diffusivity) film and another with 200 p clear UV stabilized film installed
at the Field Water Management Laboratory of Agricultural and Food
Engineering Department, Indian Institute of Technology Kharagpur,
India. The total ground area of each greenhouse was 84 m* with central
height of 4.5 m and gutter height of 4 m (Figure 1). Greenhouses had
provision to vary ventilation area maximum upto 60% (60% of the floor

Figure 1: Isometric view of the experimental greenhouse.

area) to allow hot air to escape during peak summer. Ventilation was
provided at ridge and both sides of the greenhouses. These ventilated
openings were covered with an insect-proof net of 60 mesh size to
prevent the entry of insects. These greenhouses were also equipped
with fogging system (16 L h™ discharge capacity) and shade net (75%
shading intensity) beneath the greenhouse roof. Two exhaust fans
with a capacity of 1100 m*/min with 2.2 kW power were installed to
replace hot air with ambient air in the greenhouse. Natural ventilation
was maintained in both greenhouses, however fans were operated only
when the air temperature in the greenhouse was high during peak
summer.

The diffused film used for cladding of one of the greenhouses has
inbuilt property to scatter the radiation and does not form shadow on
the top of the canopy of lower leaves.

Monitoring of greenhouse microclimate: Automatic weather
station of M/S Campbell Scientific, Canada comprising a data-
logger (model CR1000) and sensors were installed in the greenhouse
to monitor soil temperatures (models 107 BL and CS616 L), air
temperatures and relative humidity (model HMP 45 C), global radiation
and Photosynthetically Active Radiation (SPLITE and PARLITE of
Kipp and Zonen). Outside air and soil temperatures, relative humidity
and solar radiation were measured manually at 8:30 AM, 12:30 PM and
4:00 PM in a day.

Reference evapotranspiration, ET

Reference evapotranspiration (ET_,) was estimated using the
method suggested by FAO-56 [2]. The equation used to estimate ET
is described below [5]:

0.408A(R, —G)+yﬂuz(eS -e,)
ET = T+273 1)

A+y(1+0.34u,)

Where,

ET, - Reference evapotranspiration [mm day™], R - Net radiation
at the crop surface [MJ m? day], G - Soil heat flux density [M] m? day™],
T - Mean daily air temperature at 2 m height [°C], u, - Wind speed at
2 m height [m s], e - Saturation vapour pressure [kPa], e, - Actual
vapour pressure [kPa], e -e_ - Saturation vapour pressure deficit [kPa],
A - Slope vapour pressure curve [kPa °C'], y - Psychrometric constant
[kPa °C].

In a greenhouse, wind speed approximately equals to zero;
therefore, the Eq. (3) can be simplified written as [28]:
_ 0.408A(R, -G)

B A+y

ET (2)

o

Crop details

Dutch rose plants (Variety First Red) were transplanted at a
spacing of 0.5 m between rows and 0.3 m between plants in a row in
both the greenhouses and also in open field on October, 2009. Rose
nursery plants were planted on raised bed of 1 m wide with two rows
per bed. A trench of 30 cm wide and 50 cm deep was dug in between
two beds for removal of excess moisture from root zone and separation
of one treatment from other. To improve the soil organic matter
and nutrient (NPK) contents, manures and fertilizers were applied 1
month prior to the planting. The soils of beds were incorporated with
15 kg m* of Farm Yard Manure, 5 kg m? of vermi compost, 0.5 kg
m? Neem cake and 0.2 kg m? of single superphosphate. The crop was
drip-irrigated using one lateral per bed of two rows and one emitter of
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2 L h'! capacity, which met the water requirement of 4 plants of both
rows. The drip irrigation system’s emission uniformity was determined
and maintained above 90%. Recommended dose of soluble fertilizers
were applied twice in a week using a venturi injector. After 180 days
of planting, plants were pruned to a height of 0.3 m above the ground.
There after pruning was done once in a year to increase the number of
branches for good flowering.

Measurement of crop evapotranspiration, ET_

The actual crop evapotranspiration was estimated with the soil
water balance method. The soil moisture changes in 0-90 cm soil layer
during the study period were measured and used to estimate actual crop
evapotranspiration with equation (1) [5]. Three circular shape drums
having closed bottom, each having 0.5 m? cross sectional area, 1 m deep
and 5 mm thick wall (Figure 2) were installed in the greenhouse. Three
drums of the same size and specifications were installed outside in open
field. Considering the rose plants spacing and the drum dimensions, one
rose plant was planted in the each drum installed inside and outside the
greenhouse. The packages of practices for the plant inside and outside
the drum were maintained identical. Rose plant planted in the drum
lysimeter installed outside the greenhouse is mulched with plastic film
to prevent the entry of rainwater in the lysimeter during rainy season.
Soil water content was measured daily using TDR moisture meter at
0-30, 30-60 and 60-90 cm depth. The root zone depth of rose plant
was maximum up to 45-50 cm. The soil moisture measured at 60-90
cm was considered as vertical drainage and deducted from amount
of irrigation water applied to estimate crop evapotranspiration.
Appropriate amount of irrigation water was applied manually to the
plant in lysimeters to replenish depleted soil moisture at field capacity.
Soil-water depleted was determined by the TDR moisture meter
readings and replenished by a factor of 1.1 on the same day, to meet
the crop evapotranspiration in the next following day [15]. Amount of
irrigation water varied according to crop water use in different growth
stages. These measurements and irrigation water supply were done for
the full rose crop season. Crop evapotranspiration was calculated using
the change in soil moisture content and measurement of other water

Access tube for [ .= 7T
TDR moisture = {z
{

o ¢Z/ Trrigation (I)

meter

Figure 2: Cross sectional view of drum lysimeter used for determination
of ET, of rose.

balance parameters from following water balance equation
ET.=P+1-R -D = AW (3)
Where,

ET_ Crop evapotranspiration (mm); P: Precipitation (mm); I
Irrigation water depth (mm); R is the surface runoft (mm); D: Amount
of water drained from the root zone (mm); AW: change in soil water
storage (mm). Contribution of water due to rain in the greenhouses
was zero, hence, P = 0. The contribution of lateral flow and surface
runoff during irrigation events was also zero, hence R = 0.

Thus Eq. (1) can be simplified as follows
ET.=1-D + AW 4

The change in the amount of soil-water into the drum (AW) is
computed by the difference between soil moisture observations of two
consecutive days.

Establishment of crop coefficient (K_) of Dutch roses for
greenhouse and open field

The crop coeflicient values for Dutch roses were determined for the
crop grown both in greenhouse and open field conditions. The average
crop coeflicients for Dutch roses are estimated with an assumption that
one annual cycle of crop is started after planting of crop in October
and completed in next September month when pruning is done.
The next annual cycle is started just after pruning and completed in
next September month when pruning is done. Crop coefficient was
computed on a daily basis from transplanting to pruning and pruning
to pruning in next year using following equation:

Ke =—1¢ ®)
ET,
Average crop coefficients were calculated for the initial (Kc,_,. ),
development (Kc, ), mid-season (Kc_,) and late-season (Kc )
growth stages. The lengths of the growth stages were determined based
on the crop phenological phase and the Kc curve. K¢ begins from
transplanting to plant covers 10% of the plant area. The K¢ begins
after Kc_, . (i.e., 10% canopy to 60% of canopy area). The Kc__, begins
after K¢, ends (i.e., canopy attains 60% and ends in the later part of
the season when the crop begins to enter in the end of the season) and
the Kc_ starts when crops has more than 60% canopy and end when

crop attains dormant stage.

Water requirement of rose plant under greenhouse and open
field conditions

To optimize the water requirement of rose plants grown under
two saw tooth shape greenhouses cladded with UV stabilized clear
and diffused film of 200 y thickness, an experiment was conducted for
three years (January 2012 to December 2014) with four irrigation levels
of 100%, 80%, 60% and 40% of estimated crop evapotranspiration
(ETc) application. The experiment was designed to assess the effect
of irrigation levels and greenhouse cladding materials on biometric
growth and yield (No. of flowers) of rose plant. Eight treatments
replicated three times were planned for the greenhouses and one
treatment for open field as a control to compare the results. Statistical
analysis was done for analysis of variance (ANOVA) using the Least
Significant Differences (LSD) test at the 5% probability level (P = 0.05).

Treatment details are stated below:

T1 :100% water requirement supplied through drip system to rose
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plants under greenhouse cladded with clear film

T2: 80% water requirement supplied through drip system to rose
plants under greenhouse cladded with clear film

T3: 60% water requirement supplied through drip system to rose
plants under greenhouse cladded with clear film

T4: 40% water requirement supplied through drip system to rose
plants under greenhouse cladded with clear film

T5: 100% water requirement supplied through drip system to rose
plants under greenhouse cladded with diffused film

T6: 80% water requirement supplied through drip system to rose
plants under greenhouse cladded with diffused film

T7: 60% water requirement supplied through drip system to rose
plants under greenhouse cladded with diffused film

T8: 40% water requirement supplied through drip system to rose
plants under greenhouse cladded with diffused film

T9: 100% water requirement supplied through drip system to rose
plants in open field conditions (Control)

Drip irrigation was installed to irrigate plants inside the greenhouse
and outside (open field). The time of operation of drip system was
computed using daily water requirement of four plants and emitter
discharge for each irrigation. In drip system, irrigation was scheduled
on alternate days and the quantity of total water applied was calculated
on the basis of daily crop water requirement. The lateral lines of 16
mm diameter were laid parallel to plant rows. Online emitters of 2 L
h! capacity were fitted with lateral and each emitter served the water
requirement of four plants. Irrigation duration for delivery of water for
different treatments was controlled with the help of gate valve provided
at the inlet of each laterals. The operating pressure of about 1 kg/cm?
was maintained to obtain design dripper discharge. The layout of the
experiment and the division of beds along with the laterals are shown
in Figure 3.

Bio-metric observations and water productivity: Bio-metric
observations viz. plant height, number of shoots per plant, shoot
length, number of flowers/m?*/year, flower diameter and number of
petals per flower were recorded at 15 days interval to evaluate the effect
of irrigation levels and cladding materials on yield and yield attributes
of Dutch roses inside the greenhouse and in open field (outside).

The annual water productivity (number of flowers/m*mm) for
greenhouse and open field treatments were calculated using the
following equation [5]:

AWP = _Y (6)
AWU

Where,

Y is total flower yield (number of flowers/m?) and AWU is annual
water use (mm)

Results and Discussion

Estimation of ETo for inside the greenhouse and open field

The meteorological observations collected from automatic weather
stations were substituted in FAO Penman-Monteith equation to
calculate daily ETo for fifteen years (January 2000 to December 2014)
for inside the greenhouse and outside (open field), and the results are
shown in Table 1 and Figure 3. It can be seen from Figure 3 that average

Clear film greenhouse Diffused film greenhouse

15m
3m
prEt L pnes g pnen Lo pnen |
U] i L] [T 0.75m
Pumy
Plant ’—Dripline Valve ‘
I R e
T o R B o — e
TI| | T4 T3 | | T2 T5| | T8 7| | T6
e e || e e coRE SN TR
e g 5 dugc | B bl
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2 = : QA2 |2 E
= = = o z =
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Figure 3: Experimental layout of different treatments.

ETo value inside the greenhouse and outside (open field) are relatively
of greater amount from late March to October months as compared
to January to early March and November — December. In April, the
average daily ETo value of month is below 4 mm except a few high
values occurred at the end of this month. With the increase of sunshine
hours and the intensity of radiation, ETo value gradually increases.
Peak value of the ETo (i.e., 5.39 mm) was observed in the month of
May. June months onward average daily ETo values was reduced due to
incidence of rainfall, low solar radiation, and high humidity especially
during monsoon months (June to September). Further due to lowering
of temperature from October months onward till March, daily ETo
values reduced and reached to lowest in the month of January. ETo
values get affected due to cloud cover and rains, hence fluctuating ETo
values were found in the same months.

FAO Penman-Monteith equation contains two parts: one radiation
and other aerodynamic components and they represent the impact
of solar radiation and convection, turbulence and degree of drying
above the evaporating surface respectively [32,33]. Both of these two
components are dynamic processes vary with time with influenced by
location and climatic conditions. Analysis of data shows that the part of
solar radiation component is more than 60% of total evapotranspiration
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Month Inside/ outside Reference evapo- Kc Actual evapo- Area occupied Required discharge Time of operation of
condition transpiration, ETo transpiration*, ETc by four plants through single drip system per day with
(mm day™) (mm day™) (4%0.5%0.3) (m?) emitter (L day™) 2 Lh"" emitters (min)
A B C=AxB D E=CxD
Jan Greenhouse 1.67 0.86 1.43 0.6 0.86 259
Open field 240 0.89 2.14 0.6 1.28 38.5
Feb Greenhouse 2.05 0.87 1.78 0.6 1.07 321
Open field 3.12 0.90 2.81 0.6 1.69 50.6
Mar Greenhouse 2.81 0.89 2.51 0.6 1.50 45.0
Open field 4.18 0.93 3.89 0.6 2.33 70.0
Apr Greenhouse 3.88 0.92 3.57 0.6 2.14 64.3
Open field 4.99 0.96 4.79 0.6 2.87 86.2
May Greenhouse 5.20 0.96 4.99 0.6 3.00 89.9
Open field 5.39 0.98 5.28 0.6 3.1 93.4
Jun Greenhouse 4.41 0.96 4.23 0.6 2.54 76.2
Open field 4.59 1.01 4.63 0.6 2.78 83.4
Jul Greenhouse 3.84 0.89 3.42 0.6 2.05 61.5
Open field 4.05 0.97 3.93 0.6 2.36 70.7
Aug Greenhouse 3.89 0.82 3.19 0.6 1.91 57.4
Open field 4.1 0.84 3.45 0.6 2.07 62.1
Sept Greenhouse 3.74 0.76 2.84 0.6 1.71 51.2
Open field 4.02 0.78 3.14 0.6 1.88 56.4
Oct Greenhouse 3.67 0.48 1.76 0.6 1.06 31.7
Open field 3.96 0.52 2.06 0.6 1.24 371
Nov Greenhouse 2.70 0.60 1.62 0.6 0.97 29.2
Open field 2.96 0.63 1.87 0.6 1.12 33.6
Dec Greenhouse 1.93 0.76 1.47 0.6 0.88 26.4
Open field 2.34 0.81 1.90 0.6 1.14 34.1

* This is 100% of crop evapotranspiration estimated for Dutch rose crop with drum lysimeter in this study (treatments T1 & T5). ETc for treatment T2 & T6 is 80%, T3 & T7

is 60% and treatment T4 & T8 is 40% of this estimated value of ETc.

Table 1: Estimated water requirement and crop coefficient of Dutch rose crop and time of operation of drip system for different months.

during study period, and it is maximum in May. From May month to
August month, the solar radiation decreases from the 23.5 MJ/m?/day
in May to 18.5 MJ/m*/day in August, during which the value of each
month are 23.5, 19.0, 17.4 and 18.5 MJ/m?/day during May, June, July
and August respectively. This is due to decrease in solar intensity and
day length during monsoon months.

Comparison of monthly ET | values of greenhouse and open field
conditions shows that ET  of greenhouse is always lower and this is due
to the reduced evaporative demand inside the greenhouse (Figure 3).
The evaporative demand is lower inside the greenhouse than outside
(open field) due to the decrease in solar radiation (20% on average)
and the wind speed is nearly zero. The evaporative demand inside the
greenhouse is 60 percent of that of outside and the same finding is
reported by Méller and Assouline [34] Fernandez et al. [35]. They used
lime suspension on greenhouse cover surface to cut down the entry of
solar radiation to reduce air temperature that caused ETo reduction.
During May to August there is very less difference between ETo of
inside and outside of greenhouse, is because of high humidity with
minor difference in dry bulb and wet bulb temperature of prevailing
micro climate.

Soil water content at different depth in drum lysimeter

Soil moisture content at three depths (0-30, 30-60 and 60-90 cm) of
drum lysimeters kept inside and outside of greenhouse was measured
daily with the help of TDR moisture meter. Analysis of the soil moisture
data collected from TDR moisture meter shows that moisture content
in the middle layer (30-60 cm) was found maximum (15.4-9.1%) in
comparison to top layer (14.6-18%) and bottom layer (14-16.1%). The
top layer has high evaporation due to greater soil temperature hence

Outside ETc (mm/day)
Outside ETo (mm/day)

Inside ETc (mm/day)
Inside ETo (mm/day)

Evapotranspiration, (mm/day)
w

Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec

Months

Figure 4: Relationship between ETo and ETc in greenhouse and outside
conditions.

lesser soil moisture content than middle layer. The top soil (up to 50
cm) of lysimeters had rich organic matter which might have increased
in water holding capacity of soil, hence moisture content at bottom
layer was found to retain lesser than top and middle layers (Figure 4).
Similar trend of soil moisture content was observed in all the three
layers of soils of lysimeters kept outside the greenhouse (open field).
Within the whole growth period, the change in values of soil water
content at different layers reflects crop evapotranspiration demand. In
the drip irrigation water supply, the evaporation of soil water is lesser
than the surface irrigation and changes of soil water content indirectly
reflect characteristics of the crop water consumption [19].
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Figure 5: Soil moisture variations at different depth of lysimeter.

Crop evapotranspiration (ETc) and crop coefficient (Kc)

The evapotranspiration (ETc) of the rose crop was determined
daily from the drum lysimeters kept inside and outside the greenhouse
for the full crop season is presented in Table 1 and Figure 5. Daily
Rose plant ET values varied from 1.43 to 4.99 mm day"' and 1.86 to
5.28 mm day’ for greenhouse and outside conditions respectively.
Evapotranspiration (ETc) requirement of the plant in drum lysimeters
in greenhouse is lower than the plant of drum lysimeters kept outside
(open field) due to the reduced evaporative demand inside the
greenhouse [34,35]. Maximum ET_ values occurred in the month of
May when the crop is fully matured with greater level of ground cover
[15]. ETc values reduced considerably and reached to 3.5 mm day*
which coincided during the flower harvesting period. Then, during the
second flowering peak, ETc values increased again rapidly, but did not
reach the same level as observed during the first flowering peak.

Daily crop coefficient value was estimated for three years (October
2009 to October 2012) of experimental period and averaged on monthly
basis. The daily average value of crop coefficient for one complete cycle
under greenhouse and open field conditions are presented in Table 1
and Figure 6. The crop coefficient for greenhouse conditions is 0.48 to
0.6 during initial stage (K., ), 0.6 to 0.86 during development stage (K_
pey)> 0-87 to 0.96 during middle stage (K. ,,.,) and 0.96 to 0.76 during
late season (K, ). In the same way the crop coefficient for open field
conditions was estimated and found to vary from 0.50 to 0.63 during
initial stage (K., ), 0.63 to 0.89 during development stage (K., ), 0.90
to 1.01 during middle stage (K, ,,.,) and 0.97 to 0.78 during late season
(K-

During different growth stages of rose, crop coefficient value varied
from 0.48 to 0.96 and 0.59 to 1.01 for the plant under greenhouse and
open field conditions. During the initial stage (30 days) of the plant
crop coefficient is found lower value because of lesser ground cover
and low crop water requirement whereas during the development stage
(90 days) it is more than earlier [29]. During the mid-season (120 days)
stage crop coefficient is found maximum for both greenhouse and open
field conditions.

Crop coeflicient values decreased steadily after the first harvest,
reaching minimum values close to 0.75. After the pruning is done, a new
cycle of vegetative growth and flowering began, that increased Kc values
again. Finally, during the second harvest period Kc values decreased
again. The similar trend of crop coefficient under both the conditions
is found during all three years of experimental period. The behaviour
of the crop coefficient curve throughout the Dutch rose growth period,

with a short period of low Kc values kept between two phases of high
Kc values, matched with the crop phonological behaviour observed
in the lysimeter. Although the Dutch rose produced incessantly after
the first harvest, it presented basically two phases when flowering was
more intense.

The rose plant present more than one harvest cycle, it is important
to adjust the Kc value accordingly, increasing the Kc during periods of
full ground cover and decreasing the Kc when pruning is done. Since
there are no published Kc values specific for Dutch rose for both the
conditions, it was assumed that for irrigation management purposes
one would use Kc values recommended in this study.

Micro climate behavior of greenhouse cladded with UV
stabilized clear and diffused film

During summer season (May to September), the average daily
variation of temperatures was found to vary between 35°C to 44°C and
34°Cto42°Cinthe UV stabilized clear film and diffused film respectively
and during winter season (November to February), average daily air
temperature in the UV stabilized clear and diffused films at 12:30 PM
varied from 25°C to 31°C and 23°C to 29°C respectively against open
field condition (22 to 28°C). The maximum temperature reduction in
winter at 12:30 PM in the diffused film was 3°C as compared to the
clear film.

The study of temperature variation in the clear and diffused
covers indicated that the UV stabilized clear film maintained 3°C
higher temperature than diffused film during winter and 2°C higher
temperature than diffused film during summer months. Temperature
reduction in the UV stabilized diffused film is more prominent than in
the UV stabilized clear film due to the diffusive property. UV stabilized
clear film maintained 10-15% lesser relative humidity than the diffused
film whereas outside relative humidity is even lesser than diffused film.
Weekly variation of solar radiation levels in the greenhouse at 12:30
PM during winter season varied from 32 to 56 Wm™ and 38 to 67 W
m~ in the clear and diffused film respectively against the ambient solar
radiation of 74 t0129 W m?2. Whereas in summer months, it varied
from 34 to 61 W m?2and 41 to 82 W min the clear and diffused covers,
respectively against the ambient solar radiation of 86 to 170 Wm™2. UV
stabilized diffused film passes 20-34% more solar radiation than clear
film. This solar radiation is directly related to the Photo synthetically
Active Radiation (PAR) which is used in the photosynthesis of
crop, hence better crop growth is found under diffused film cladded

12 ~
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Figure 6: Crop coefficient for Dutch roses under greenhouse and open field
conditions.
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greenhouse. It is clear from other studies that Ultraviolet (UV),
Photosynthetic Active Radiation (PAR) and Near-Infrared (NIR) is
the part of solar radiation and which transmit through the greenhouse
covering material. The PAR is essential for photosynthesis which is
favourable to plants growth. Thus, greenhouse cladding films which
diffuse the incoming solar radiation can offer several advantages and
provide better micro climate (Chou and Lee [36], Kondratyev [37],
Lamnatou and Chemisana [38,39], Espi et al. [40]). Soil temperature
in the greenhouses cladded with clear and diffused film at 25 cm
depth during winter season ranged from 19 to 21°C and 18 to 21°C
respectively. During summer season, it varied from 25 to 29°C and 24
to 28°C in clear and diffused film cladded greenhouse. It was observed
that no significant difference in the soil temperature was found in the
greenhouses cladded with clear and diffused film.

Optimum water requirement for Dutch roses under two
greenhouses of different cladding materials

To optimize the water requirement of the Rose crop under two
different types of cladded film greenhouse (clear and diffused UV
stabilized film of 200 p thickness), the treatment wise biometric
observations were recorded and analyzed for different irrigation levels.

The analysis of biometric data revealed that Dutch rose cultivation
with 100% water requirement for the greenhouse cladded with diffused
film (T,) resulted in best performance than control plots in terms of
plant height (68.8 cm), shoot length (46.2 cm), flower diameter (6.97
cm), number of petals per flower (25.1), number of shoots per plant
(29.3) and number of flowers/m?/year (212.3) (Figure 7).

Time of operation of the drip irrigation system with 2 Lh! emitters
for different months of growth period of rose crop planted inside and
outside of greenhouse was also estimated and results are presented in
Table 1. The maximum time of operation of drip system to irrigate
rose plants was 89.9 minutes and 93.4 minutes required in May month
under greenhouse cladded with diffused film and open field conditions
respectively however, minimum time of operation is needed in January
month i.e., 25.9 minutes and 38.5 minutes for inside and open field
conditions respectively.

Effect of different levels of irrigation on biometric response
of Dutch roses

The effect of different levels of irrigation on biometric parameters
such as plant height, number of shoots per plant, shoot length,
number of flowers/m?/year, flower diameter and number of petals
per flower were analyzed statistically and compared with that of open
field experimental treatment (T,). The experimental results of these
biometric observations for all the three years are presented in Figure
7. The analysis of variance results showed that variation among
the replications for all the treatments was found to be statistically
insignificant at 5% level of significance.

The plant height responded significantly with different irrigation
levels of drip irrigation, however, plant height at 100% irrigation level
(T, and T,) was statistically at par with 80% irrigation level (T, and
T,). Similar trend was found for all the 3 years. The plant height was

Treatment T, T, T,
Water applied (mm) 999.5 799.6 599.7
Yield (No. of flowers/m?/year) 197 192 169
Annual water productivity 0.20 0.24 0.28

(No. of flowers/m?/mm)

399.8

found to be highest in the year 2012 as compared to other 2 years data.
Irrigation levels had no significant influence on flower diameter and
number of petals per flower.

Significant increase in the number of shoots per plant was obtained
due to drip irrigation treatment at all the levels of irrigation. Among
various levels of water supply 100% irrigation requirement met through
drip resulted in best over 60% and 40% irrigation levels in terms of
number of shoots per plant and shoot length. However, biometric
response at 100% and 80% of water requirement supply through
drip was statistically at par. The maximum shoot length and number
of flowers/m?/year were recorded for the year 2012 in comparison to
other two years (2011 and 2013). It can be seen that the 100% irrigation
supply has significant influence on number of flowers/m?*/year over two
other irrigation levels that is 60% and 40% and 100% irrigation supply
in open field treatment.

In all the three years the number of shoots per plant and number of
flowers/m?*/year at 100%, 80% and 60% irrigation levels was significantly
greater than that of open field conditions. Based on the average yield
(number of flowers/m?/year) of three years, all the irrigation levels
at 100%, 80% and 60% (i.e., T,, T, and T, respectively) resulted in
55.8%, 52.9% and 29.4% higher yield respectively as compared to open
field treatment (T,). Hence, it showed that even by 60% deficit water
supply through drip irrigation resulted in 29.4% higher flower yield
of Dutch roses as compared to open field cultivation (T,). The flower
yield (presented in Table 2) was found to decrease as the amount of
irrigation water supply was reduced from 100 % to 40 % of irrigation
water requirement.

Effect of cladding materials on biometric response of Dutch
roses

The plant growth and flower yield were greater in the greenhouse
cladded with diffused film as compared to clear film cladded greenhouse.
Among the various treatments under both the greenhouses treatment
T, i.e., 100% irrigation water level in greenhouse cladded with diffused
film responded the highest plant height in all the years considered
in this study. There was significant influence of irrigation levels and

Height (cm) [1 shoot length (cm)
D Flower diameter (cm) --s--No. of shoots/plant
80 - —=— No. of flowers/m2/year <+« No. of petals/flower 225

No. of flower s/m2/year. No. of
petels/flower. No. of shoots/plant

Heights, shoot length, flower Diameter, cm

Treatment

Figure 7: Biometric response of Dutch roses due to different treatments.

4 T5 TG T7 TB T9
999.5 799.6 599.7 399.8 1210.9

148 212 208 176 158 136

0.37 0.21 0.26 0.29 0.40 0.11

Table 2: Amount of water applied and yield response of Dutch roses for different amount of water applications under different treatments.
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cladding material on plant height, number of shoots per plant, shoot
length and number of flowers/m?/year. However, there is no significant
influence of irrigation level and cladding material on flower diameter
and number of petals per flower. Plant height and shoot length were
found to be highest in case of greenhouse cladded with diffused film
as compared to greenhouse cladded with clear film at the same level of
irrigation water supply.

Analysis of biometric observations revealed that flower yield of
Dutch roses (number of flowers/m*/year) was recorded greater in all
the 3 years for the crop grown in the greenhouse cladded with diffused
film at all the levels of irrigation. Maximum number of flowers/m?/
year was found as 212 in treatment T, (i.e., 100% irrigation water level
under greenhouse cladded with diffused film). With the same level of
irrigation water application in both the cladded materials, the flower
yield was always greater for greenhouse cladded with diffused film.
This may be due to fact that the diffused film has inbuilt property to
disperse solar radiation which penetrate into the crop canopy that
increases photosynthesis process of the crop. Diffused film does not
allow the radiations to interact directly to the plant leaves hence protect
plats from scorching. Moreover, the plants in the greenhouse covered
with diffused film were healthy compared to the clear film greenhouse
during summer season. Lamnatou and Chemisana also observed the
same results that diffused light have the ability to penetrate deeper into
a plant canopy in comparison to the direct light [38,39]. The seasonal
variation of solar radiation, affect variations in the crop response. The
temperature in diffused film greenhouse was 2-3°C lower than clear
film cladded greenhouse. Higher temperature prevailing in Kharagpur
sub-humid climatic condition under greenhouse cladded with clear
film resulted in inferior biometric response and reduced flower yield.

Water productivity

The annual water productivity (Number of flowers/m?/mm) values
(AWP) ranged from 0.2 to 0.37 and 0.21 to 0.40 for greenhouse cladded
with clear and diffused film, however it is 0.11 for open field conditions
(Table 2). The AWP values are always greater for the same amount of
water application under diffused film cladded greenhouse. The AWP
value was found to increase as the amount of irrigation water supply
was reduced from 100% to 40% of crop evapotranspiration [40-42].
From the analysis of AWP values, it is clear that for water scarce region
Dutch roses can be grown under diffused film cladded greenhouse
at 40% of crop evapotranspiration with the compromise in 25.5%
reduction in yield [43-44].

Conclusion

The evapotranspiration requirement (ETc) of Dutch roses
established under greenhouse and open field conditions is useful for the
determination of the irrigation water requirement. The crop coefficient
(Kc) values established on a monthly basis for both the conditions
from the beginning to the end of each annual cropping period are
the basic information for estimation of ETc. Four Kc values are the
irreducible minimum for describing and constructing the Kc curve,
namely Kc values at the initial stage (K_, .. ), development stage (K_ ),
mid-season stage (K_ ) and the end of the late season stage (K__ ).
The optimum water requirement of Dutch rose crop estimated under
both the greenhouses can be successfully used by the rose growers and
irrigation planners in other parts of the sub-humid climatic conditions.

¢ Dev:

There is significant influence of cladding materials on the Dutch
rose plant height, number of shoots per plant, shoot length and flower
yield during winter and summer seasons. The number of shoots per
plant in the clear and diffused film is almost same up to 30 days after

transplanting of the crop, and thereafter plant response gradually differs
up to the flowering stage. The plant height is better under the diffused
film greenhouse than that in the clear film greenhouse from vegetative
stage to the flowering stage in winter and summer seasons due to inbuilt
property of diffused film. The values of Crop ET are more for open field
conditions than greenhouse. Total annual water requirement of rose
plant is 999.51 mm and 1210.94 mm for greenhouse and open field
condition.
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