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Abstract: The mobilization of water by the plant is one of the main challenges of the moment given the threats of food 

insecurity whose main cause is climate change. The atmosphere contains moisture at any time of the year in the arid or semi-

arid zone. Apart from the underground roots naturally possessed by many plants, there are plants which possess exclusively or 

not aerial roots. In the search for methods of adapting crops to water stress, it is imperative to deepen knowledge about 

interaction between atmospheric humidity and the aerial roots of plants with respect to water absorption. Assuming transfer 

coefficients of the aerial roots homogeneous and taking into account the variability of the water potential of atmospheric 

humidity, simulations showed that relative air humidity, root size, and radial and axial transfer coefficients strongly influence 

radial and axial flows and therefore the amount of water absorbed by the roots. 
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1. Introduction 

Climate change has already left its mark "on all continents 

and across the oceans", damaging food crops, spreading 

disease, and melting glaciers [1]. Africa is one of the most 

vulnerable regions in the world in terms of climate change. 

Some of its physical and socio-economic characteristics, 

including the fragility of its economy, predispose it to be 

affected disproportionately by the adverse effects of climate 

change [2]. 

One of climate change manifestation is the drop in 

precipitation and an increase in the frequency of extreme 

events (random succession of very dry years and very rainy 

years). The consequences of these climatic hazards are 

among others drought that seriously affects agricultural 

yields, leading to major crises. In this regard, 2011 is an 

edifying example. During this year, the UN is alerting the 

international community to the plight of Somalia, Ethiopia 

and Kenya, where an episode of drought unparalleled since 

60 years has caused a major food crisis with over 12 million 

people affected by famine. 

The West African climate had changed greatly during the 

last century, particularly in terms of rainfall, and these 

climatic hazards played an important role on the agricultural 

yields [3]. Faced with the pronounced climatic variations that 

West Africa has known since the 1970s, Adaptation methods 

have emerged as the only alternative to reducing the 

vulnerability of rural populations [4]. 

Plants develop natural adaptation mechanisms: This form 

of adaptation is possible thanks to the internal mechanisms of 

root growth, water absorption and reduction of water losses 

(Hydro-active closure of stomata during periods of water 

deficiency). Also, there are adaptive methods linked to 

agricultural practices: for example, in the west of the Central 

African Republic, farmers have deliberately adopted 

practices in order to reduce the effects of climatic hazards, 

Among these practices, these include early seeding and the 

use of short-cycle varieties that allow the crop cycle to best 

coincide with the rainy season and thus reduce the period of 

water stress at the end of cycle [5]. 

All these measures will only be effective if the seasonal 

forecast is mastered. The seasonal prediction is made by the 

climate models; it can be subject to great uncertainties [6]. 
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Atmosphere abounds millions of cubic kilometers of water 

in the form of condensable steam, and thus constitutes an 

inexhaustible reservoir of water resources, valued in several 

arid or semi-arid countries [7]. In the search for a solution to 

the water stress experienced by crop plants because of 

climatic change, it is essential to make the plants to benefit 

from the humidity of the air. 

The condensed humidity (dew) can allow corn to finish its 

cycle in times of water stress [8]. However it constitutes for 

the plant a random resource because the dew formation 

depend on the conditions namely a clear sky, absence of the 

wind. 

Some plants such as Orchidaceae, Morgeniusae, Araceae, 

Liliaceae, Amaryllidaceae have aerial roots [9-11]. In 1940 

Went assumed that the velamen, which is a spongy tissue 

surrounding the roots, has as its principal function the capture 

of atmospheric water [12]. Zotz and Winkler verified and 

supported Went hypothesis from a series of experiments on 

epiphytic orchids [13]. 

Some scientists have thought that aerial root velamen is an 

absorption tissue such as spongy or active carbon [14-15]. 

Liu and al in their work on the absorption of air moisture by 

the aerial roots of Ficus microcarpa (L) proved that velamen 

absorbs moisture from the air like spongy or active carbon 

[16]. 

Water uptake by plants underground roots has been the 

subject of several studies [17-35]. These works, taking into 

account mainly the relationships between roots and soil 

water, have shown that the motor responsible of water uptake 

by the roots is the gradient of the water potential. 

In the current context of climatic change where plants are 

subject to water stress and since the atmosphere is filled with 

millions of cubic kilometers of water in the form of 

condensable vapor it is necessary to deepen our 

understanding of the interactions between Atmospheric 

moisture and aerial roots of plants. The results of the various 

simulations will help motivate geneticists, biologists to 

consider the development of crop plants that can uptake air 

humidity by aerial roots which will complement the water 

they naturally pulls from the ground to mitigate water stress 

in dry periods. 

2. Mathematical Model 

2.1. Radial Transfer 

According to Fiscus [31]; the radial flow of water through 

the root is given by: 

�� = ���∆�	 − 
∆��	                              (1) 

The reflection coefficient σ takes values between 0 and 1 

and is an indication of the efficiency of the complex 

membrane. For a well developed endoderm therefore a 

perfect semi-permeable membrane, σ = 1. 

� = �� + ��  and � = � + � 

Relation 1 becomes: 

�� = −���� 	 − ��	                          (2) 

2.2. Axial Transfer 

Water flows axially from the root and along the xylem 

vessels. According to the law of Poiseuille, the axial flow of 

water is: 

�� = −�� �������������
�� 	                    (3) 

 

Figure 1. Physical model of an aerial root segment. 

2.3. Water Potential �� of Water Vapor in the Atmosphere 

Determine the water potential of one mole of water vapor 

at pressure p, is to determining the energy necessary to bring 

it to the reference state, that is to say in equilibrium with pure 

water at the same temperature, in other words the steam at 

saturated pressure	�����. 
By assimilating the water vapor to a perfect gas obeying 

the law of Mariotte, The molar volume V at the pressure p 

and the temperature T is written: 

! = "#
$	 	                                          (4) 

The reversible transformation which makes it possible to 

pass from the initial state (P, V) to the final state %�����, !����'  is isothermal compression. During this 

compression, an elementary increase in pressure dp leads to a 

decrease in volume dV and requires an energy input dW: 

() = *� �$
$ 	                                  (5) 

The energy required to pass from P to �����	is obtained by 

integration: 

) = *� + �$
$ = *�,- $.�#�	

$ 	$.�#�
$                  (6) 

It is this quantity of energy lost by water vapor when it is 

at the pressure P with respect to the saturating pressure, 

which intervenes in the calculation of the water potential of 

water vapor. 
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Equation 6 shows that measuring the water potential in the 

air amounts to measuring the relative humidity RH. 

Conventionally, in order to express the water potential � 

in the gas phase, the energy quantity W thus calculated is 

reported to the molar volume of the liquid water V. 

� = "#
/ ,- �"

011	                                (7) 

This relationship is used by Lucot and al [35]. 

2.4. Water Potential �2	of Xylem 

Considering a surface element of the root and thus an 

element of length dz, the radial flux and the axial flux 

become respectively: 

(�� = −245(6���� 	 − ��	                       (8) 

(�� = −�� �7��
��7 	                                 (9) 

According to the conservation of flux: 

−�� �7��
��7 = −245���� 	 − ��	                    (10) 

Equation 10 becomes: 

�7��	
��7 = �8�� 	 − ��	                       (11) 

With: 

k8 = 8:;<=
<> 	                                  (12) 

boundaries conditions: 

� 	 = �?; 	6 = A 

(� 	
(6 = 0; 	6 = 0 

The resolution of Equation 6 gives: 

��6� = 	 � + ��? − �� CD�E�F��
CD�E�FG�	                 (13) 

Which is the analytical solution firstly found by Landsberg 

and Fowkes for homogeneous radial conductivity and axial 

conductance (�� = ��1; 	�� = ��1�	[29]. 

Relations 7 and 13 give: 

��6� = 	 "#
/ ,- �"

011 + H�? − "#
/ ,- �"

011I CD�E�F��
CD�E�FG�	     (14) 

2.5. Water Flow Through the Root 

The replacement of k by its expression gives: 

J��6� = 	 − H�? − "#
/ ,- �"

011I FKLCD�EMN7OPQKLQ�L �R
CD�EMN7OPQKLQ�L GR

	     (15) 

J��6� = 	 − H�? − "#
/ ,- �"

011I S8TUFKLF�L	�VWEXN7OPQKLQ�L �Y
CD�EXN7OPQKLQ�L GY + Z[��1	 (16) 

With �� = ��. 

Table 1. Numerical values using. 

radius r 

(m) 

\]^ �_��`abc�`� 

\2^ �_��dabc�`� 
Reference 

5	10�g 2.510�h 10�i 
Frensch and al 

(1989) 

3	10�k 2	10�h 5	10�00 
Huang and Nobel 

(1994). 

3. Results and Discussion 

Water potential of atmospheric water vapor depends on the 

temperature and relative humidity of the air. Figure 1 shows 

that the water vapor potential of water contained in the air 

varies from -18.10
7
 Pa to 0 Pa for the temperature and 

humidity ranges considered. The relative humidity of the air 

has a strong influence on the water vapor potential of water 

contrariwise; the temperature of the air influences it very 

little. 

 

Figure 2. Evolution of the water vapor potential in air. 

The graphs a, b, c and d of figure 3 obtained with the axial 

conductivity and radial conductivity values found by Huang 

and Nobel [32]; Frensh and Steudle [24] for maize, show that 

the plant cannot absorb water for the values of respective 

base water potentials −10h	�5, −10l	�5  and −10m	�5  Pa 

because the curves representative of water potentials of the 

xylem are above that of water vapor. On the other hand, for 

the basic water potential equal to −10n	�5, root absorption is 

initiated from 60% relative humidity for the transfer 

coefficient values found by Huang and Nobel; Frensh and 

Steudle. However, this absorption is strongly influenced by 

the radial and axial transfer coefficients of the root. 

When the relative humidity is less than 60%, the plant 

tends to lose water; since the aerial roots are covered with a 

spongy tissue called velamen, whose one of the roles is to 

limit the loss of water [13]; the loss cannot therefore take 

place. 
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Figure 3. Influence of the radial conductivity coefficients, the axial 

conductance and the water potential at the base on the xylem water potential 

evolution. 

In blue the curve of the water vapor potential; in green the 

curve of the water potential of the xylem with the values of 

Frensch and Steudle [24]. In pink circles the curve of the 

water potential of the xylem with the data of Huang and 

Nobel [32]. z=0,02m; L=0,03m. 

The graphs of figure 4 obtained with the base water 

potential −10n	�5  for temperatures between 293.16K and 

308.16K show that the water potential of the xylem remains 

almost constant, which proves that the temperature of air 

influences very little the water potential of xylem. 

 

Figure 4. Influence of temperature on the evolution of water potentials. 

In blue the curve of water vapor potential; in green the 

xylem water potential curve with the values of Frensch and 

Steudle [24]. In pink circles the curve of the water potential 

of the xylem with the data of Huang and Nobel [32]. 	�? = −10n	�5. z=20 Cm; L=30 Cm 

The graphs of figure 5 show that for different relative 

humidity values of the air, the water potential of the xylem 

decreases as a function of the size of the root. The closer we 

get to the base of the root the lower the water potential. 

The graphs of figure 6 show that the radial flow of water is 

almost constant for different relative humidity values of the air 

with the values of transfer coefficients found by Frensch and 

Steudle following to the size of the root. As to the Huang and 

Nobel values, the radial flux increases significantly following 

to relative humidity values and root size, but remains lower 

than that resulting from the values of Frensch and Steudle. 

The graphs of Figure 7 show that the axial flow of water 

increases slightly for different relative humidity values of the 

air with the values found by Frensch and Steudle following 

the size of the root. As to the Huang and Nobel values, the 

axial flux increases significantly according to relative 

humidity values and root size, but remains higher than that 

resulting from the values of Frensch and Steudle. 

The size of the root is therefore determining as regards the 

amount of moisture of the air that the root can uptake; This is 

explained by the fact that the whole root is in contact with the 

humidity of the air via the surface of exchange that constitutes 

the velamen which is a true trap to the humidity of the air. 

 

Figure 5. Evolution of the water potential of the xylem following the length 

of the root segment. 

In red the curve of the water potential of the xylem with 

the values of Frensch and Steudle [24]. In blue dashes the 

curve of the water potential of the xylem with the data of 

Huang and Nobel [32]. �? = −10n�5; L= 30 Cm. 

 

Figure 6. Evolution of the radial flow of water following the length of the 

root segment. 
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In red the water potential of the xylem with the values of 

Frensch and Steudle [24]. In black dashes the water potential 

of the xylem with data from Huang and Nobel [32]. �? =−10n	�5; L= 30 Cm. 

 

Figure 7. In red the curve of the water potential of the xylem with the values 
of Frensch and Steudle [24]. In green circles the curve of the water potential 

of the xylem with the data of Huang and Nobel [32]. �? = −10n; L= 30 
Cm. 

4. Conclusion 

Simulations show that the aerial roots of plants absorb 

moisture from the air. This absorption depends on several 

parameters, including relative air humidity, radial root 

conductivity, axial root conductance and root size. The larger 

the root, the more it offers a large area of exchange to the 

atmosphere. For the considered values, absorption is started 

from a relative humidity threshold of 60% Temperature has 

little effect on root absorption because it does not 

substantially affect water vapor and xylem water potentials. 
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