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Ventilation Flow Rate and Photosynthesis Prediction based on Water Vapor Balance under
Ventilated Greenhouse

Ahmad TUSI"?, Teruaki SHIMAZU?, Katsumi SUZUKI?, and Masaki OCHIAI?
Y Doctoral Student of Graduate School of Agricultural Sciences, Gifu University, Japan
2 Faculty of Applied Biological Sciences, Gifu University, Japan
3 Faculty of Agriculture Sciences, Shizuoka University, Japan

SUMMARY

The water vapor balance method was tested and evaluated in ventilated greenhouse soilless tomato crops grown under
summer season in Gifu city, Japan. This study was conducted to estimate the ventilation flow rate and the net
photosynthesis in the ventilated tomato greenhouse. The water vapor mainly released by transpiration that followed a
periodic shape variation like a solar radiation and the amount of water vapor released from the greenhouse due to
ventilation that proportional with outside wind velocity. The amount of water vapor was significant during summer.
Using of the simple water vapor balance method that calculated from real-time transpiration measurement can predict

ventilation rate and the net photosynthesis quiet well.

Introduction

Ventilation in a greenhouse systems is very important part
to keep the air temperature condition, water vapor
pressure deficit (VPD) at optimal conditions for plants
when solar radiation is high. Ventilation is not only to
create a good micro-climate condition for the plant but
also photosynthetic and transpiration rate of the plants.
The net photosynthetic rate increases with increasing the
CO2 concentration in the daytime and supply CO2 gains
from the outside greenhouse through ventilation.
However, the high of CO2 supply under ventilated
greenhouse will be not efficient when the air flow to
inside greenhouse was too high. Therefore, it should be
evaluated and controlled that considered the area opening
of ventilation.

In order to measure and estimate the ventilation
characteristics of greenhouse was conducted with the
decay method or tracer gas method (Baptista et al., 1999;
Boulard and Draoui, 1995), heat balance method
(Yasutake et al. 2017; Teitel and Tanny 1999), and
regression method under greenhouse without plant
(Yasutake et al. 2017). This paper was tested and
evaluated of the ventilated greenhouse with the water
vapor balance method for predicting the ventilation flow
rate and the net photosynthesis for the soilless tomato
Crops.

Material and Method

The experiment was conducted in May — September 2018
in a single-span greenhouse of the Gifu University, Japan.
The naturally ventilated greenhouse has 0.9m double
glass vent openings cach side and a roof vent. All the
vent have worked automatically to keep the inside
greenhouse temperature 25 C. the tomato plant,
Momotaro variety, were planted north-south orientation
along the axis of greenhouse. There are three treatments
of opening the side vent opening with roof vent was
always opened, SV12 (both upper and lower side vent
open); SV1 (lower side ventilation open); and SV2 (upper
side vent open).

Water vapor balance was analyzed by the mass balance
method (eq. 1) with assumption there is no condensation
on the inside surface of the glazing; and also there is no
evaporation resulted from the soil because the greenhouse
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has covered by plastic.

Water vapor supply = water vapor losses /1/
E.+ET=E, 12/
E=E, /3/

Considering the two sources of water vapor as one
component (eq. 3), and then expressing the water vapor
content within the greenhouse air as absolute humidity, g
[H20] kg-1 dray air [DA], then resulting mass balance
equation is:

AHout. qv. p =AHin.qv. P+E 14/
qv- P (AHow —AHin) = E.Af 5/
Where q, was ventilation flow rate (m3 m-2 s-1); AHi,
and AH,. were the absolute humidity of the air (g [H20]
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Fig. 2 Time Course of the inside and outside water
vapor difference (the net radiation 700 w.m2)

kg-1 [DA]), inside and outside greenhouse respectively,
and E was measured directly from the plant with a stem
heat balance sensor attached to the stem of tomato plant.
It recorded at 1, 15, and 60 minutes intervals with
CR1000 data logger (sciences Campbel). Transpiration
measurement with a sensor was compared with weighing
lysimeter. This on-line monitoring of the ventilation
flow rates were used to predict the net photosynthetic rate
based on the carbon dioxide balance equation of the
greenhouse from Takakura et al. (2017) model.
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Result and Discussions

Fig. 1 shows that transpiration rate increased linearly with
the net solar radiation. The transpiration rate is not only
affected by the solar radiation but also by air flow around
the crops inside greenhouse. SV12 opening treatments
was more higher compared to SV1 and SV2. It can be
elucidated that the effect of the large opening resulted the
air flow to inside greenhouse. This result agrees with the
others results experiments (Thongbai, Kozai, and
Ohyama 2010; Kitaya et al. 2003)

Application of evaporative cooling technology affected
the water vapor condition in the greenhouse. It can be
seen from the below graph, that shows application of

Transpiration{ mmol.m-2[leaf areal.s-1

Radiation (W.m-2)

Fig.1 Relation between hourly averaged transpiration
based on leaf area and net solar radiation above the
canopy. SV12 opening vent (O0); SV1 opening vent
(A); and SV2 opening vent (0).

evaporative cooling on summer seasons to perform a
good micro-climate environment inside greenhouse

increased the difference of inside and outside water vapor.

SV12 treatment combined with evaporative cooling was
increased the water vapor about 60% compared to
without evaporative cooling application.

The fluctuation of water vapor difference between inside
and outside due to the ventilation flow rate. It can be
explained based on a correlation between outside wind
speeds to the ventilation flow rate. An increasing of wind
speed from 0.2 until 1.5 m.s-1 followed by an increasing
of the ventilation flow rate linearly (Fig. 3).

The analysis of the ventilation flow rate shows that the
wind effect is almost linearly proportional to the wind
speed between 0.1 — 1.0 m.s™,, however it was limited by
the opening are of side window opening area. On this
experiment, on the day ventilation opened maximum (35
cm).

This results confirms previous studies which show the
same pattern with different methods (Boulard T 1995;
Teitel and Tanny, 1999). However, it also limited to
maximum wind speed around the crops about 1 — 1.5
m.s™! after that it would be constant value because the air
velocity induced ventilation greenhouse was dominant
(Papadakis et al. 1996).

Furthermore, the canopy crop photosynthesis was
predicted smoothly by real time measurement of
transpiration combined with prediction ventilation flow
rate based on leaf area method. From the Fig. 4, it is
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clear that net photosynthesis could be predicted with this
new proposed method.
It shows that an increasing of flow rate around the plants

7/22/2018 6:00
7/22/2018 15:00
1
7/22/2018 21.00
7/23/2018 9:00
7/23/2018 15:00

23/2018 18:00

Time Course

Fig. 4 Time Course of the net photosynthesis,
transpiration and vapor pressure deficit (upper);
wind speed and ventilation flow rate (below) under
SV12 without PFC treatments (22-23 July,2018).

affected the net photosynthesis processes under high the
net solar radiation about 600 W.m-2. The air movement
around the plant canopies in the greenhouse system is
very essential to obtain maximal gas exchange rates
(Kitaya et al. 2004). The results of this study confirms

1.0
0.9

0.8
0.7 s
0.6

-0.5149x*+1.1213x+0.1147
R?=0.5995

.05

0.4

y=-0.1824x*+0.5368x+0.0236

0.3 .
R*=0.7715

0.2
0.1

Ventilation flow rategreenhouse {m3.m2min

0.0 %

0.0 0.5 1.0 1.5 2.0

Wind speed outside greenhouse (m.s?)

Fig. 3 Time Course of the inside and outside water
vapor difference (maximum the net radiation 700
w.m%). SV12 opening vent with evaporative cooling
(PFC) (o); SV1 opening vent with PFC (A); and SV12
opening vent without PFC (o).

that the importance of air movement for enhancing gas
and water vapor exchanges in plant canopies

Moreover, this water vapor balance method that
calculated from real-time transpiration measurement can
predict ventilation rate and the net photosynthesis quiet
well. It can be used for controlling air movement for
enhancing the plant canopy photosynthesis with CO2
enrichment level or ambient CO2 concentration under
ventilated greenhouse. Also, it can be used as reliable
and predictive tools for the measurement of the net
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photosynthesis based on leaf area based. Enrichment Roof Window.” Academia Journal of
Agricultural Research 5 (10): 312-19.
Conclusion https://doi.org/10.15413/ajar.2017.0164.

A real time prediction of ventilation rates and
photosynthesis tools based on transpiration data under
ventilated greenhouse was proposed.

Opening side ventilation on the canopy tomato crops

could be used as the best option for optimizing the

evaporative cooling in summer seasons.
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