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Abstract

Soil water retention considering matric and osmolic potentials is a prerequisite for understand-
ing saline irrigation and water stress in arid and semi-arid regions. The experiment was
conducted to study salinity effect on pF, evapotranspiration and plant water stress. Il was
assumed that soil water potential is the sum of the matric and osmotic potentials.

The experiment of plant water stress using Komatsuna was carried out in a growth chamber
(phytotron) at 25°C temperature and a relative humidily of 70%. The results exhibit that soil
salinity increased alter each irrigation causing an increase in osmotic potential component of the
total soil water potential. The evapotranspiration decreased as salt concentration increased
which is due to higher osmotic potential component. Higher salt concentration could increase pF
so that availability of water Lo plants decreased. The resulls of the experiment showed that the
osmotic potential was the dominant component of the adjusted pF (including osmotic potential
component) in saline water treatments. The osmotic potential component value also contributed
in the wilting of the plants. The results of the study suggest that the concept of pF value

including matric and osmotic potential components can be used in applying soil water retention

curves of salt affected soils for the development of lands in arid and semi-arid regions.
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I. Introduction

Soil salinity (osmotic potential) and soil
water (matric potential) are not separable vari-
ables particularly their relation to crop re-
Because no salt is transferred to at-
mosphere by evaporation or transpiration,
therefore salts are concentrated in the soil.
Letey (1984) pointed out that the presence of
dissolved salts in the soil water causes the

sponse.

osmotic component of soil water potential be
The
evaluation of quantitative effect of an osmotic

considered in the basic flow equation.

potential gradient on water flow through soil
had to established. Kaneki and Tomita (1975)

applied the osmotic stress of the medium from
pF3.1 to pF45 for cucumber plants and ob-
served the osmotic stress response.

Nozaka (1993) estimated the effect of soil
water potential on transpiration under saline
irrigation water. Their result showed that the
transpiration ratio (the ratio between the tran-
and fresh water)
decreased exponentially with increase in salt

spiration under saline

concentration in the irrigation water, as the
In the field
matric and osmotic potential components work

soil water potential decreased.

in unison ; as evapotranspiration occurs, the
soil dries and salts are concentrated in the

remaining soil water (Hoffman, 1983). Child
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and Hanks (1975) demonstrated that under var-
iable salinity (osmotic potential) relative tran-
spiration was related to relative yield in the
same manner as water stress (matric potential).
Iwata (1995) pointed out that the concept of pF
presented by Schofield (1935) had a weakness of
neglecting osmotic potential.

An absolute shortage of rain and water re-
sources existing in arid and semiarid zones,
makes a necessity of economical water use for
sustainable agricultural production. Margin-
al water in the area may contain large quan-
tities of soluble salts. A knowledge of the
amount of water held by the soil at various pF
value in relation to salts content is required.
Using pF values it facilitates to understand the
amount of water that is available to plants, the
water that can be taken up by the soil before
percolation starts, and the amount of water
that must be used for irrigation. Therefore
the present research study was conducted to
evaluate the effect of soil salinity on pF,
evapotranspiration and plant water stress.
Moreover, to confirm the hypothesis that soil
water potential comprises of the matric and
osmotic potentials of the soil solution in arid
and semi-arid regions.
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II. Experimental Procedure

1. Conditions of the Experiment

Soil samples were prepared with same densi-
ty and saturated with fresh water and salt
solutions. Sandy loam soil was packed in 100
cm columns for the measurement of volumet-
ric water content and its pF values. Water
having electirical conductivity (EC) of 0.32, and
2.21, 6.30 and 10.50dS/m respectively used for
the experiment (Table 1).
were measured at different matric heads by
pressure plate apparatus and centrifuge ma-
chine respectively varying pF from 1-4.
Osmotic potential was calculated from the elec-
Matric
and osmotic components were added to esti-

Water contents

trical conductivity of saline water.

mate pF values.

Komatsuna (Brassica Campestris L. var.
Perviridis), a vegetable crop was planted in
pots with a depth of 140mm and diameter of
110mm. Komatsuna was used because of easy
growing and short period of growing. The
temperature maintained at 25°C with relative
humidity maintained 70% in the plant growth
chamber (phytotron). All the pots were filled
with sandy loam soil having a field capacity
and bulk density 27% and 1.31g. ¢m ™ respec-

Table 1 Characteristics of irrigation water
Concentration EC of water under Osmolic pressure*
Treament NaCl Sorbitol NaCl treatment

(%) (Molarity) (dS/m) (cm H:0)
T1 — — 0.32 —
T2 0.1 0.053 2.21 1,355
T3 0.3 0.151 6.30 3,856
T4 0.5 0.252 10.50 6,426

* Osmotic pressure calculated by Eqg. (3)

Table 2 Some physical characteristics of sandy loam soil

Sand Silt Clay

Bulk density Field capacity

<2.00*  <0.02*  <0.002" , at pF~1.5
(%) gcem (%)
74.2 16.9 8.9 1.31 27

* Particle size in mm based on International Soil Science Spciety (ISSS).
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tively (Table 2). Experiment was conducted
in the pots, irrigated with water of four qual-
ities. The control treatment was fresh water
(T1) having electrical conductivity (EC) of 0.32
dS/m, and three saline treatments were T2, T 3,
and T4 with EC values of 2.21, 6.30, and 10.50
dS/m, respectively.

2. Evapotranspiration and Soil Salinity

Measurement

The saline water was obtained by adding
appropriate amount of NaCl and equivalent
osmosis solution with electrical conductivity
was made by adding Sorbitol to fresh water for
avoiding the pathological effect of salts (Table
1). The irrigation interval was three days
with depth varied 4 to 12mm/irrigation to
maintain the pots at field capacity (pF=1.5)
without drainage.
by evapotranspiration was determined by
weighing the pots after the first irrigation and
before each of the subsequent irrigation. Cal-
culation was made by considering water added

The amount of water loss

to maintain field capacity.

The sampling of soils were done at 0, 2, 5, and
8cm depths before each irrigation and at wilt-
ing point for monitoring matric and osmotic
potentials by measuring soil water content and
soil salinity respectively. The value of electri-
cal conductivity (EC;.;) is influenced by the
temperature of the soil solution, therefore all
EC, .5 data were calibrated to a temperature of
25°C for a valid comparison. A temperature
correction to 25°C (ECy) was approximated by
the following equation (Tanji, 1990).

ECyx=EC,—0.02 (t—25) EC, n
where EC,=the electrical conductivity at temper
Reports on Engineering Practices No. 71, p. 48.
.mate EC, by following formula (Landon, 1984).

EC,=64EC, 5 (2)

III. Results and Discussions

The most important water quality parameter
from the standpoint of salinity is the total salt
concentration. The most important single use
of total salt concentration is to estimate the
osmotic potential.

Electrical conductivity

(EC.) is also a simple index to total concentra-
tion of dissolved salts in a given irrigation
water and soil solution extract (Bresler, 1982).
In this research study the osmotic potential
was estimated from the EC, of the soil by the
following formula (Tanji, 1990).
7,=40 EC, {3)
Where
7,=0Osmotic potential (2Pa)
EC,=Electrical conductivity of saturat-
ed extract (dS/m) at 25°C
The pF function defined by Schofield (1935)
as the logy of the numerical value of negative
potential of the water expressed in ecm H»0, if
osmotic potential is negligible. In this study
pF estimated by adding osmotic and matric
potentials.
tion planning of dry lands for prevention of
water stress and saline effect.
pF=log (Hm +Ho) (4)
Where

It will be significant in the irriga-

ECe = 0.48 d5/m ECe = 3.32 dS/m ECe = 9.45 dS/m ECe = 15.75 dS/m

I
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Volumetric Water Content (%)
Fig. 1 Water retention curves of sandy loam

soil under various salinity treatments.
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Hm =matric potential in ¢cm H,O sented in Fig. 2. It increased according to the
Ho=osmotic potential in ecm H,O growth and decreased after two weeks. The
1. Total Water Potential results showed that under the control treat-

Soluble salts concentration as well as sodium ment (T 1) ET was about 7.00mm/day. When
adsorption ratio are important parameter electrical conductivity of water increased to
affecting the plant growth and soil conditions. 2.21dS/m, there was a little decreased in ET.
An important use of total salt concentration is
to estimate the osmotic potential. Electrical

conductivity (EC,) is a simple index to total vwC (C’”a/cmz) VwC (Cma/c’”a)
concentration of dissolved salts in a soil solu- 00'05 pLoows 01 0B 00'05 oL 0B 01 0
tion extract, which was used in this study.
Water retention curves of sandy loam soil
under three salinity levels were developed and 2 2
presented in Fig. 1.
pF values were 15 and 3.25 at 35 and 13 . .
percent volumetric water content respectively, 7 ’g
for no salt concentration. pF varied from 3.14 :‘:’« _E
to 350 when EC, was 3.32dS/m. When EC, §~ p § p
increased to 9.45dS/m, pF also increased up to
3.59 and 3.75 at 35 and 13 percent volumetric
water content respectively. When EC, was 8 8
15.756dS/m, pF varied from 3.80 to 3.91 as shown -7 -7
in Fig. 1. The result showed that higher EC, o . 0 -
caused raising pF even though water content
remained unchanged at all salinity levels. It (T1) (12)
showed that availability of Wéter Fo plants VWC (cm3/cm3) VWC (cm3/cm3)
decreased as salt concentration increased 005 o1 o1s 03 025 005 o1 015 o2 02
under saline conditions. 0 . » 0 .
2. Evapotranspiration
Evapotranspiration (ET) of Komatsuna was
measured for 24 days after sowing and pre- 2 2
! =]
i 8 g
= 6 6
:‘E' 4 8 8
i —.- 7 -7
g —- 24 —.- 24
g 3r T1 T2 T3 T4 10 10
S-S ' (3) (T4)
‘ 1 )
? 5 10 15 20 25 Fig. 3 Volumetric water content (VWC)-depth
Days profile under various salinity treatment
Fig. 2 Evapotranspiration (ET) of Komatsuna alter 7 (before irrigation) and 24 (wilting

under various salinity treatments. stage) days sowing of Komatsuna.
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However ET decreased down 7.00 to 5.00mm/
day when EC increased from 2.21 to 6.30dS/m.
There was a slight decrease of ET when EC
increased up to 10.50dS/m. This shows that
evapotranspiration decreased as salt concen-
tration increased, even the effect was rather
small. Which may be due to evaporation of
soil was less as compared to transpiration of
the plants. The results obtained by Nozaka
(1993) showed that the transpiration ratio
decreased exponentially with increase in salt
concentration in the irrigation water, as the
soil water potential decreased. The results of
this study are understandable according to the
relationship.

3. Irrigation

Water content - depth profiles after 7 and 24
days sowing are shown in Fig. 3 for four treat-
ments. These are initial
stages. The water depletion patterns of soil
were about similar in all saline treatments at
each growing stage. Evapotranspiration
during an irrigation interval results in reduced

and last growth

ECe (dS/m)
8

3 Ist Irrigation
B2nd
3rd
B 4th

Treatments

Fig.4 Average salinity in different treatments
after each irrigation.

Table 3 Matric and osmotic potential profile under various saline irrigation water treatments

Soil water potential (—kPa)

Treat-

ment Days ? 7 10 13 16 24
[I)epth(cm) Matric Osmotic Matric Osmotic Matric Osmotic Matric Osmotic Matric Osmotic
T1 * 0 20.3 4.04. 14.34 27.7 13.43 28.72 14.34 3l.4 219.5 48.64
2 21.94 13.2 14.34 14.41 13.43 11.7 14.34 15.6 219.5 15.36
5 25.2 12.16  14.34 14.18 17.06 12.88 13.43 13.84 219.5 13.57
8 37.91 11.8 16.15 13.36 14.33 12.26 14.34 12.84 219.5 13.06
T2 0 37.91  42.76  13.43 58.11 15.25 71.94 15.25 94.48 219.5 401.9
2 20.3 12 16.15 18.23 15.25 22.71  14.34 27.96 153.1 29.18
5 37.91 12.4 15.25 15 15.15 15.62 15.25 17.76  201.6 16.64
8 63.3 10.68  17.06 14.69 15.25 12 12.53 14.64 140 14.34
T3 0 21.94  31.2 13.43 215 18.69 279 16.15 381.7 168.4 1,144
2 50.62 13.16  16.15 23.35 18.69 42.07 16.15 67.08 85.88 103.7
5 50.62 10.88  16.15 13.47 18.69 23.92 16.15 30.92 84.9 34.3
8 25.2 10.76 16.15 21.21  16.15 14.77 16.15 17.24 149.5 30.46
T4 0 20.3 31.96  20.31 347.0 17.06  476.2 18.69 568.3 219.5 1,718
2 63.33 11.56  17.06 34.58  23.57 36.92 18.69 67.84 219.5 148.5
5 37.91 10.64  20.31 40.06  20.31 19.79 17.06 35.76  63.3 52.99
8 50.62 11.06  20.31 34.46  18.69 15.87 18.69 22.8 63.3 46.59
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matric and osmotic potentials in the soil solu-
tion ; two soil water potential components that
influence plant growth. Matric and osmotic
potentials as these varied with time under all
treatments are shown in Table 3. Matric po-
tential was about same at all depths in saline as
well as in non saline treatments. Matric po-
tential decreased after 16 days sowing in upper
depths because irrigation stopped. Electrical
conductivity of soil solution extract (EC,) was
determined after each irrigation in the pot.
Average EC, in all soil treatments after each
irrigation is presented in Fig. 4. EC, increased
after each irrigation in all saline irrigation
water treatments.

4, Water Stress

Figure 5 show soil water potential as affected
by salinity from 7 to 24 days. In treatment T
1 (control) no osmotic effect, it remained con-
stant with time. The osmotic potential com-
ponent showed its effect with increasing time.
It was the dominant component of total soil

Soil Wazer Potential ( - kPa)

water stress in three saline treatments. Total
soil water stress decreased in treatment T 1 and
even in all other treatments after 16 days be-
cause there was no irrigation after 16 days.
Wilting of Komatsuna plants was observed ap-
parently in the Phytotron. First leaves
become pale and then faded, which could be
observed as permanent willing of plants. At
permanent wilting moisture content and salin-
ity in all pots were measured.

Sorbitol was used to see pure effect of osmo-
sis and to avoid the pathological effect due to
Na ions on the crop. The molecular weight of
Sorbitol is 182g with formula; CH,OH-
(CHOH),~CH:OH. Three treatments of Sorbi-
tol were applied to compare the osmosis effect
with NaCl treatments. Table 1 shows that the
same amount of osmotic pressure produced by
NaCl and Sorbitol. Sorbitol was dissolved in
the water and applied to the crop. The perma-
nent wilting was observed at pF 4.25 and pF 4.21
under NaCl and Sorbitol treatments respective-

Soil Water Potential ( - kPa)
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B Y
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Fig. 5

Soil Water Potential ( - kPa)
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600 |
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Variation of total soil water potential (TSWP) and osmotic potential with time, when ECw =0.32

(T1), ECw=:2.21 (T 2), ECw=6.30 (T 3), and ECw=10.50dS/m (T 4).
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T3
Treatments

NaCt £ sorbitol

Fig. 6 pF at wilting of Komatsuna including
osmotic and matric potentials.

ly, when no salts in irrigation water. When
electrical conductivity of irrigation water was
2.21dS/m, the permanent wilting was observed
at pF4.13 including osmotic potential. The
permanent wilting was observed at p#3.92 and
3.82 when EC of water was 6.30 and 10.50dS/m
respectively including osmotic potential com-
ponent under NaCl treatment. The perma-
nent wilting was observed at pF4.32, 438, and
4.11 at same osmotic potentials in T 2, T 3, and
T 4 treatments respectively under Sorbitol ap-
plication (Fig. 6). The osmotic potential com-
ponent was a dominant component of the total
soil water stress in saline irrigation water treat-
ments. The osmotic component also con-
tributed in the wilting of the plants. The pF
values. at permanent wilting point obtained
under NaCl treatment were smaller than
Sorbitol treatment. There may be some ions

effect on crop due to which it wilt at lower pF
under NaCl treatment.

IV. Conclusions

Increasing salinity lead to increase pF with-
out changing water content in all salinity
levels. It showed that availability of water to
plants under saline condition decreased by
higher salt concentration. Evapotranspira-
tion decreased down 7.00 to 5.00 mm/day when
EC of water increased from 2.21 to 6.30dS/m.
Accumulation of salts effected osmotic poten-
tial component after each irrigation. The
osmotic potential was a dominant component
of total soil water potential in saline water
treatments. It also contributed in wilting of
plants.

In salt affected regions electrical conductivi-
ty is an important parameter for salinity meas-
urement which may be used to estimate
osmotic potential. pF including both matric
and osmotic potential components can be used
for irrigation planning to develop the salt
affected soils in arid and semiarid regions. De-
tailed studies are needed of saline soils to fur-
ther validate the effect of osmotic potential on
plant growth, reclamation of salt-affected soils
and water resources planning.
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