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Abstract

The study of the parameters influencing the absorption of atmospheric hu-
midity not condensed by plants with aerial roots is a challenge in the current
context of climatic disturbance where methods of adapting plants to water
stress have become the concern of many scientific researchers. Based on Poi-
seuille and Fick laws, leaf water potential depending on solar radiation and
atmospheric water potential around aerial roots; the influence of temperature,
relative humidity, inclination angle of roots and solar radiation wavelength
on the radial and axial water flow through a root segment is simulated. The
various simulations show that a low temperature of the air surrounding the
root favors a significant entry of water into the root as well as a relative hu-
midity of the high air approaching 100%. The angle of inclination has an in-
fluence on the quantity of water entering the root and that rising in the xy-
lem. These different streams of water are optimized for root tilting of 60°. The
wavelength of the red radiation received by the leaves favors more entry and
rise of water in the root. Future studies for transgenes should be taken into
account the influence of all these parameters.
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1. Introduction

Plants need water to grow. The water mobilization organs vary from one plant to
another. Although many plants uptake water by underground roots, some of
them absorb water by aerial roots. This is the case of Orchidaceae, Morgeniusae,

Araceae, Liliaceae, Amaryllidaceae) [1]-[6]. The mechanism of water absorption
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by underground roots whose motor responsible is water potential gradient has
been the subject of several studies [7] [8] [9] [10] [11]. The aerial root grows
from the stems and branches of the plant and lives in the air [12], it mobilizes
atmospheric water Ze. rain, dew, fog, uncondensed moisture. This type of water
mobilization has been the subject of several assertions and studies [13]-[18].
From these studies, it should be concluded that this mobilization is due to the
spongy tissue consisting of dead cells called velamen that surrounds the aerial
roots. Once waterlogged, the adjacent living cells allow this water to pass under a
water potential gradient from the cortex to the leaves. The atmosphere is a re-
servoir of water in the form of humidity [19]. Plants with aerial roots mobilize
this atmospheric water. In order to develop a sustainable agriculture in the cur-
rent context of climate change, it is necessary to innovate in the search of solu-
tion to the mobilization of the water by the plants for the reduction of the water
stress due to the delay or rupture of the rains. It is therefore imperative to study
the mechanisms of mobilization of atmospheric humidity by taking as a model
the aerial roots of plants. This paper aims to study the influence of certain para-
meters on the transport of atmospheric humidity in the atmosphere-root conti-
nuum. To carry out this study which aims to be the one of the bases of the de-
velopment of new crop varieties, the data of radial and axial conductibility of

corn will be used in the simulations.
2. Material and Method

2.1. Material

Figure 1 and Figure 2 are examples of plants with aerial roots. The roots are

pendulous and absorb atmospheric humidity.

Figure 1. Example of plant with aerial roots: Epiphytic Orchid.
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Figure 2. Plant with aerial roots.

2.2. Method

Velamen absorbs atmospheric humidity; it is supposed that a balance is estab-
lished between the velamen and the atmospheric air in which the aerial root lives
once the velamen is full of water. The water potential of the velamen can there-
fore be approached by the atmospheric water potential in this work.

Figure 3 is a schematic representation of a plant with an aerial root. This is
the physical model used in this work.

The force responsible for the entry of water into the root is the water potential
gradient. According to Fick’s law [10], the flow of moisture entering the root is
given by:

oY

J =D — 1
;=D 1

Thus,
J, =k (¥s-¥,,) 2

D
with: &, = —=: Radial conductibility; ¥,: Atmospheric water potential ; ¥
e

Xylem water potential.

I

The atmospheric water potential is given by the relation:
s

v Ry (3)
V

The movement of water in the xylem is determined from the Navier Stokes

equation for a circular tube.

p[%+(vV)~v} =-VP+ uV*v+ pgcos Ok (4)
In steady state, without convection:
v(r)=%[g—lz)—pgcos9} (5)
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Figure 3. Representation of a plant with aerial root.

Axial water flow in the xylem:

o, r [8P } R’ [6P }
J, = 2mr—o| —- dr=- ——pgcosd 6
.=, a8 sa e P8 (6)
Replacing P by W , which takes into account water pressure, osmotic po-

tential and gravitational potential; we have:

41 oY
J, =_ﬂ —xle—pgcosH (7)
8u oz

This axial flow of water in the xylem is Poiseuille’s law [8].

Conservation of the water flow gives:

d*v
7@“ =K (¥, -,) (8)

with: & =27k

x

According to [20], the conservation of water flow in the xylem at the stem lev-
el is given by the relation:
¥,
—r =0 ©

Boundary conditions:
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aqj xyIR
— 2= —pgcosf=0; Z=2,
Oz
Continuity of flows and water potential:
o¥ IR oY xylT
ol 82 - kxyl aZ( et LnylR = lIIxle; Z = Zl
\nylT :l}lf; Z =0

The leaf water potential in this work is supposed to be related to photosynthe-
sis. The sun, the plant are two thermodynamic systems (Figure 4). The sun
energy is transferred to the plant this energy makes it possible to produce glu-
cose.

To describe the energetic state of plant water, Slatyer and Taylor [21] intro-
duced thermodynamics into plant physiology. Consider the following thermo-

dynamic equation [22].

N
dU =TdS — PdV +_ u,dn, (10)

k=1

N
dG =-SdT +VdP+_ udn, (11)

k=1
U'the internal energy, G Gibbs free energy, 7'the temperature, P the pressure,
S the entropy, u the chemical potential and n the number of moles. The sun is
considered as thermal reservoir [23], with constant pressure, volume and chem-

ical composition [24], Equation (10) and Equation (11) become:

dU =T,dS, (12)
dGg =0 (13)

The photosynthesis reaction is isothermal, the system (leaf) is assumed at

constant pressure and volume [24]. Equation (10) and Equation (11) become:

N
dU, =T,dS, + > udn, (14)
k=1
N
dG, = udn, (15)
k=1

Plants need 60 photon molecules to synthesize a molecule of glucose [25];
thus for each molecule of synthesized glucose, the necessary solar energy is given
by:

60Nhe
AU =— (16)
A
And the corresponding entropy is:
Sun Leaf Chemical work
Light
Figure 4. Principle of photosynthesis.
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AS, :_60th (17)
AT,
The part of energy released by the sun and absorbed by the leaves.
AU, = 60MNhe (18)
A
AS, = 60Nhe (19)
AT,

The solar energy absorbed by the leaf is the trigger fuel for the process of
photosynthesis. This energy is supposed to be totally transformed into chemical

energy in the synthesis of glucose; so:

il 60Nhc
wdn =~ 2
=l

(20)

The water potential is the variation of water potential per unit of molar vo-

lume of the water [10].

_ 60Nhe
s AV

eau

(21)

Analytical solution:

Y

xyIR atm

=¥ 4+ —pgzosgexp(—kzz)

1

(zl - kjexpk(Zl 27, —(k + j exph(—kZ,)

1

pg(l—cos&)—ZL(‘Pm —‘I‘f)—pgcosﬁllc[l—kjexpk(Z1 -Z,)
+
1

1

(Zl—kjexpk(Zl—ZZz)—[kJr

1

+

pg(l—cos&)—ZL(‘I’m —‘{’f)—pgcosﬂllc(l—k expk(Z,-Z2,)
1

1

xyIT ==
Zl

0
¥ (\Pu,m—\lff)Jr%expk(zl—zz)

pg(l—cos@)—i(‘{’m —‘I’f)—pgcosé? ! (1—k]expk(Zl -Z,)

+ “ K\Z expk(Z,-22,) (23)
[1 - kjexpk(Z1 -2Z7,) —(k + 1Jexpk(—kZl)
Zl Zl

pg(l—cos&)—zi(‘l’mm —‘P_I.)—pgcosﬁllc[

1

(Zl—kjexpk(zl —222)—(k+1Jeka(—kZI)

1

+

exp(—kZ, )1 Z+¥,
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The values in Table 1 are used for the various simulations.

3. Results and Analysis

Figure 5 and Figure 6 reveal the evolution of radial water flow as a function of

root length when chlorophyll reacts with visible blue radiation. For the 430 nm

wavelength representing the lower bound of the blue radiation band, and the
relative humidity of the air surrounding the roots equal to 100% at 30°C, the
flow of water entering the root depends on the root inclination. For inclinations
of 0°, 15°, 30°, 60°, 45°, 75°; the water flow decreases along the length of the root.

On the other hand for the inclinations of 15° and 60° this water flow increases and

Table 1. Values used in simulations.

Symboles

>~

N%‘Og‘%?ﬁb

pand

Description

Wave length of radiation blue
and red

Planck number
light speed
Avogadro number
Constant of the perfect gas
Molar volume of water
Density of water in the xylem
Acceleration of gravity
Radius of the root
Axial conductivity of the root

Radial conductivity of the root

Valeurs

430 - 460
645 - 665

6.626 x 107
3x 108
6.02 x 10
8.31
18x 107
10°
9.81
5x10™
10”°

2.5%1077

Unités Sources

nm
nm
m*kg-S™!
m-S™!
mol™! Standard
J-mol™.K™!

l-mol™

2911.77

2911.765

2911.76

& 2911.755

2911.75

J (ms)<10

2911.745

2911.74

1 1

1

2911.735
0.2

0.25 0.3

1
0.35
Z(m)

0.4

0.5

Figure 5. Evolution of radial water flow in the root for various inclination angle of root,
relative humidity HR = 100%, temperature T = 30°C and wave length A = 430 nm.
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0

Figure 6. Evolution of radial water flow in the root for various inclination angle of root,
relative humidity of the air HR = 100%, temperature T = 30°C and wave length 1 = 665
nm.

this is more remarkable for the inclination of 60°. For the wavelength 665 nm of
the band of the red radiation, the various curves keeps the same pace, however,
the variation of the flow of water is more remarkable in each for each inclina-
tion.

It appears from this analysis that when chlorophyll reacts in the red radiation
band, the flow of water entering the root is important for the inclination of 60°.

Figure 7 shows the evolution of the radial water flow as a function of wave
length for various relative humidity of the air surrounding the roots. The various
simulations show that the humidity of the surrounding air strongly influences
water flow entering the root. This water flow increases with the humidity of the
air and reaches 2911.762 x 107° m-s™' for 100% humidity for the various values of
the simulation.

This analysis shows that the more water vapor in air surrounding aerial root,
the more water enters the root.

Figure 8 shows the evolution of the radial flow as a function of the length of
the root for various values of the air temperature surrounding the root. For var-
ious temperature values, the water flow is important for low temperatures as for
high temperatures.

This analysis shows that the entry of water into the root is favored by the low
temperatures of the air surrounding the roots.

Figure 9 and Figure 10 reveal the water evolution in the xylem of the aerial
roots of plants. The flow of water in xylem depends on the wave length. For each
radiation, the maximum water flow is obtained with the inclination 60°. After
follows the inclination 30°, 45° and finally 0°.
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Figure 7. Evolution of radial water flow in the root for various values of air relative hu-
midity, temperature T = 30°C, wavelength 1 = 430 nm and inclination angle &= 60°.
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Figure 8. Evolution of radial water flow in the root for various values of temperature, rel-
ative humidity HR= 80%, wavelength A = 430 nm and inclination angle 8= 60°.

It emerges from this analysis that the axial flow does not depend linearly on
the angles of inclination of the roots. The roots at an angle of 60° or 30° favor
the rise of water in the xylem of the roots. Taking into account the inclinations
angles of roots is important in water mobilization from the root-atmosphere in-

terface to the root xylem.
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Figure 9. Evolution of axial water flow in the root for various values inclination angle of
root, relative humidity HR = 80%, temperature T = 25°C and wavelength A = 430 nm.
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Figure 10. Evolution of axial water flow in the root for various inclination angle of root,
relative air humidity HR = 80%, temperature T = 25°C and wavelength 1 = 665 nm.

4. Conclusion

The aerial roots of plants such as Epiphytic orchids and Ficus microcarpa mobilize
atmospheric water ie. rain, dew, and uncondensed moisture. As non-condensed

humidity is an available resource, its direct mobilization by aerial roots can re-
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duce water stress in plants. This mobilization depends on the parameters in-
cluding the inclination angle of roots, the temperature, the relative humidity of
the air surrounding the roots, the wavelength of the light radiation received by
the leaves. The results of the various simulations show that these parameters
strongly influence the entry and the rise of water in the root. Thus, for studies
within the framework of improving the mechanism of plants to directly mobilize
uncondensed atmospheric humidity, it is important to take into account the in-

fluence of these parameters.
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