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Osmotic adjustment is a persisting controversy in studies on the effect of salt and water stress in cowpea crops.
Our hypothesis is that the osmotic potential determination method interferes with the osmotic adjustment
calculation. The objective of this study was to consider the osmotic adjustment comparing results obtained by
pressure-volume (P-V) curves and osmometry. The experiment was conducted in a randomized block design,
with six salt water concentrations 0, 20, 40, 60, 80, and 100 mmolL ™! of NaCl in a Fluvisol. The osmotic

adjustment found through osmometry were lower than those found through P-V curves. The apoplastic water
fraction of the cowpea had a dilution effect, denoting overestimation of the osmotic potential by the metho-
dology based on osmometry. This may be the source of the different interpretations of osmotic adjustment in
cowpea plants. Thus, osmotic adjustment should be calculated preferably using the osmotic potential determined
by method of pressure-volume curves.

1. Introduction

Soil salinity is one of the main abiotic stresses affecting plants and
reduces yield in arid and semi-arid regions of the world due to osmotic
effects, ionic toxicity and nutritional deficiency (Melo et al., 2018). Cell
turgor and water content in the plant tissue are affected when the in-
crease of solutes concentration in the soil solution exceeds the physio-
logical capacity of the plants to adapt to the lower availability of water
caused by the reduction in the soil osmotic potential (Truner Neil,
2017).

Some species are able to perform osmotic adjustment (Blum, 2017;
Hessini et al., 2019) — as the water availability in soil is reduced (due to
both the matric effect of the reduction in soil water content and the
osmotic effect of accumulation of salts), thus maintaining a favorable
gradient of water potential for water absorption by plants (Goufo et al.,
2017).

The active osmotic adjustment occurs through both the synthesis
and accumulation of organic solutes in the cytoplasm and the influx of
inorganic solutes into the vacuole (Goufo et al., 2017). This mechanism
results in the reduction of plant water potential, allowing a gradient of

water potential favorable to water absorption and maintenance of cell
turgor (Truner Neil, 2017).

This adaptive capacity is particularly important in crops better
adapted to dry sub-humid, semi-arid and arid regions where water
availability is affected by both a reduced amount of precipitation and
greater susceptibility to salinization. Hence, cowpea is a prominent
pulse widely cultivated in these environments.

Several adaptive responses of Vigna unguiculata (cowpea) to drought
have been described (Goufo et al., 2017), such as reduction of stomatal
conductance (prevention) affecting photosynthetic processes (Agbicodo
et al.,, 2009), and osmotic adjustment that allows the absorption of
water even in conditions of reduced water availability (tolerance)
(Iwuagwu et al., 2017).

The importance of osmoregulation in response to water deficit in
cowpea culture is still a controversial issue (Goufo et al., 2017). Some of
the divergences on this adaptive response are explained by genetic
variability between cultivars of the same species (Iwuagwu et al.,
2017). However, gene variability does not explain divergent conclu-
sions in studies on the same cultivar, as seen in the California blackeye
cultivar in Augé et al. (1992) and Augé et al. (2001).
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Under these conditions in which the hypothesis of gene variability is
disregarded, methodological aspects stand out when one seeks to ex-
plain the origin of the differences in these results, since the studies
mentioned above, for example, have accessed the osmotic variable at
full turgor by different techniques.

When the result is positive for performing osmotic adjustment in
cowpea, Augé et al. (1992) access the osmotic variable by pressure-
volume curves. When the result is negative, sap osmometry is quanti-
fied and the concentrations of solutes are used in the Van't Hoff equa-
tion to estimate the osmotic potential of the plant.

Moreover, the leaf osmotic potential reduces in environments with
water deficit caused by high salt concentration in the soil solution due
to passive and active accumulation of solutes in the plant tissue (Zhou
and Yu, 2009; Blum, 2017; Hessini et al., 2019). Therefore, studies
evaluating only responses of cowpea to water deficit caused by drought
may not consider the common passive osmotic adjustment in these
environments (Zeng et al., 2015).

Therefore, this study aimed to compare the results of osmotic po-
tential at full turgor and total osmotic adjustment obtained by osmo-
metry and pressure-volume curves to verify the effective performance
of osmotic adjustment in cowpea, due to the specificities of each
method.

2. Material and methods
2.1. Soil sampling and properties

Soil samples were collected in the 0-30cm layer of a Neossolo
Flavico (Santos et al., 2013) Fluvic Neosol (Fluvisol), in the Nossa
Senhora do Rosario farm, in Pesqueira, Pernambuco, Brazil (8°34’11”S;
37°48’54”W; and altitude of 630 m). The climate of this region is BSh,
extremely hot and semiarid, according to the classification of Képpen,
with total average annual precipitation of 730 mm, and average annual
evapotranspiration of 1683 mm. The soil samples were air dried,
homogenized, disaggregated, and sieved in a 4mm mesh sieve to
maintain soil microaggregates.

Disturbed soil samples were collected, air dried, sieved (2 mm), and
subjected to particle-size distribution analysis using the pipette method
(Gee and Bauder, 1986). Water-dispersed clay (WDC) was measured,
and the dispersion index (DI) and flocculation index (FI) were calcu-
lated (Table 1). The bulk density was determined as the soil dry weight
per unit volume of intact soil cores (Blake and Hartge, 1986). The
particle density was determined using the volumetric flask method. The
total soil porosity was estimated using the relationship between the
bulk density and the particle density (Vomocil, 1965).

For chemical characterization of soil samples (Table 2), the fol-
lowing analyses were performed: pH and exchangeable Ca?*, M8+,
Na*, and K* (Thomas, 1982). In addition, the electrical conductivity,
soluble bases, and chloride in the soil saturation extract (Richards,
1954) were measured. Flame emission photometry was used to de-
termine the Na™ and K™ levels, and inductively coupled plasma optical
emission spectrometry was used to measure the Ca and Mg levels. C1™
was determined by silver nitrate titration.

Table 1
Physical properties of the soil used for cowpea (Vigna unguiculata) plants grown
under different soil salinity levels. Pernambuco, Brazil.

Sand Silt Clay WDC Bd Pd DI FI TP FC PwWpP
gkg™?! gem 3 % U (%)
433.09 466.04 100.87 50.4 137 263 50 50 48 191 8.1

WDC = Water-dispersed clay; Bd = Bulk soil density; Pd = Particle density;
DI = dispersion index and FI= Flocculation index; TP = Total porosity; FC =
Field capacity (0.01 MPa); PWP Permanent wilting point; U
(%) = Gravimetric moisture.
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Table 2

Chemical properties of the saturation extract and soil sorption complex used for
cowpea (Vigna unguiculata) plants grown under different soil salinity levels.
Pernambuco, Brazil.

Saturation Extract®

pH EC Na K* Ca?* Mg+t  CI SAR
(ds m™1) mmol L1

7.3 3.36 13.51 2.13 9.12 8.63 25.47 4.54

Sorption Complex**

pH Na* K* Ca%* Mg>*+ H* SB ESP

(1:2.5) cmol, kg ™! (%)

6.75 1.65 1.2 4.35 3.14 1.54 10.34 15.96

EC = Electrical conductivity; SB = Sum of bases; ESP = Exchangeable sodium
percentage; SAR = Sodium adsorption ratio.

2.2. Experiment implementation

The experiment was carried out during 48 days in a greenhouse at
the Federal Rural University of Pernambuco, in Recife, Pernambuco,
Brazil (8°04’03”S; 34°55’00”W; and altitude of 4 m). Four seeds of the
IPA206 cowpea cultivar were sown in 10-L pots. The seedlings were
thinned, leaving two plants per pot, selected according to their sanity
and vigor.

Temperature and relative humidity sensors (Instruterm, model
HT70) were installed in the greenhouse during the experiment, and the
recorded data are shown in Fig. 1.

2.3. Irrigation water preparation

The soil moisture content was maintained at 19% on a weight basis,
correspondent to the matric potential of 0.01 Mpa at soil field capacity.
The pots were weighed daily to evaluate the weight variation of each
pot, and the water lost by evapotranspiration was replenished by
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Fig. 1. Data of mean relative air humidity and mean daily temperature along
the experiment in the greenhouse. Pernambuco, Brazil.
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irrigation to maintain the pre-established soil moisture. The irrigation
waters were prepared with NaCl concentrations of 0 (distilled water),
20, 40, 60, 80, and 100 mmol L 1. The saline treatment started at 21
days after sowing, when plants were at the stage of vegetative devel-
opment. To avoid osmotic shock, NaCl was progressively added every
2day at concentration of 20 mmol L™ ! until stabilizing at the highest
concentration at 28 days after sowing.

2.4. Leaf sampling and evaluation

At the end of the experiment (48 days after irrigation with salt
water), leaflets of completely expanded leaves were collected from the
middle third of the plants to determine their water potential, osmotic
potential, relative water content, and develop pressure-volume curves
and determine the osmotic potential at full turgor. The same leaf was
used to determine relative water content, water and osmotic potentials,
and other two leaflets of the same leaves to construct pressure-volume
curves and determine osmotic potential at full turgor by sap osmolality.

2.5. Relative water content and water, osmotic, and pressure potentials

The leaf water potential (W,,) at predawn was determined using a
Scholander pressure chamber (1515D, PMS Instrument Company,
Albany, USA).

The total osmolality of the leaf tissue used to determine the osmotic
potential (¥,) was determined using sap samples of these leaves ob-
tained through leaf maceration in liquid nitrogen. The sap samples were
placed in Eppendorf tubes and centrifuged at 10,000 g for 15 min at
4°C. A 10 pL aliquot of the supernatant was used to determine the total
osmolality of the leaf tissue using a vapor pressure osmometer (Vapro
5600, Wescor, Logan, USA).

The W, was estimated using the Van't Hoff equation (Callister et al.,
2006). The difference between the water potential and the osmotic
potential was used to determine the pressure potential (W), according
to Equation (01):

W, =W, - W, 01

Seven leaf discs with diameter of 1 cm were used to determine the
relative water content (RWC), using the fresh (FW), turgid (TW), and
dry (DW) weights of this plant material, applying Equation (2):

(FW — DW)

RWC (%) = o —pw)

X 100
02

2.6. Osmotic potential of the apoplastic water, and apoplastic water fraction

Mild centrifugation was used to collect the apoplastic fluid of the
leaves according to O'Leary et al. (2014) by the infiltration-cen-
trifugation technique:

Leaves were detached from the plant with petiole using a shaving
blade. The recently collected leaf was washed, immersed in distilled
water to remove contaminants from the surface and carefully dried with
paper towel. After this procedure, the leaf was placed in a 250-mL
vacuum flask containing water, so that the liquid completely covered
the leaf. Cycles of vacuum application and release (slowly to avoid
damage to the tissue) were carried out until full water infiltration. After
this procedure, the leaf was removed from the flask and carefully dried
with paper towel.

The leaf was wrapped around a 5-mL pipette, covered with Parafilm
and inserted in a 20-mL syringe. This syringe was inserted in a 50-mL
plastic tube. Centrifugation was carried out for 10 min at 1000 g, at 4 °C
(visualization of darkened areas indicated that additional centrifuga-
tion time was required to remove all the water infiltrated).

The apoplastic water collected by centrifugation was pipetted into
Eppendorf tubes and centrifuged at 15,000 g for 15 min at 4 °C. Then,
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the osmolality of the supernatant was measured using an osmometer.
The osmotic potential of apoplastic water (¥,*W) was estimated using
the Van't Hoff equation.

The apoplastic water fraction was calculated using Equation (3)
(Callister et al., 2006):

LI"olOO )

AWF = RWC( —
lIJOCV100

03
wherein AWF is the apoplastic water fraction, RWC is the relative water
content at full turgor, ¥, o0 is the osmotic potential at full turgor ob-
tained through osmometry, and <", is the osmotic potential at full
turgor obtained through P-V curves.

2.7. Osmotic potential at full turgor, and total osmotic adjustment

2.7.1. Pressure-volume curve development

The plant material collected to develop the pressure-volume curves
were subjected to procedures of submersion in water—to avoid embo-
lism, and loss of water by transpiration—and siphoning, maintaining
the petiole submerged for overnight for saturation of the plant tissue,
and then taken to the pressure chamber. The applied pressure was
gradually increased until reaching the water potential of the tissue (sap
exudation). This procedure was repeated and the successive sap exu-
dations caused variation of the tissue water content and RWC, and a
gradually more negative water potential of the leaf tissue. The weight of
the exuded sap was measured and recorded according to the corre-
sponding applied pressure to each potential equilibrium in the different
RWC of the tissue. The curves were developed by plotting the inverse
values of the water potential (1/-W,,) as a function of the water deficit
(1-RWC) of each time the exudation occurred. The adopted metho-
dology followed the protocol used by Fanjul and Barradas (1987), and
adaptations made by Lins et al. (2018).

2.7.2. Osmotic potential at full turgor obtained though P-V curves

The adjustment routine of these curves followed the model devel-
oped by Schulte and Hinckley (1985). The equation developed was used
to determine the osmotic potential at full turgor considering the ex-
trapolation of the line generated by the axes. This point represented the
osmotic potential at full turgor obtained through the P-V curve (W.S30)-

2.7.3. Osmotic potential at full turgor obtained through osmometry

Plant material was collected as described in item 2.4, packed in
expanded polystyrene boxes, and sent to the laboratory where they
were put into zipped plastic bags filled with water for saturation at 4 °C
in the dark for overnight. Subsequently, the leaf osmotic potential was
determined as described in item 2.5. The leaves were completely turgid
after saturation, representing the full turgor to calculate the osmotic
potential through osmometry (W,100)-

2.7.4. Total osmotic adjustment

The difference between the osmotic potential at full turgor of con-
trol plants (¥ol®’) and the osmotic potential at full turgor of plants
subjected to increasing salt stress levels (¥0'*°) was used to determine
the total osmotic adjustment (OA;), (Blum, 1989). This procedure was
performed using the osmotic potential at full turgor data obtained
through P-V curves, and osmometry.

2.8. Experimental design and treatments

The experiment was conducted in a randomized block design, with
treatments consisting of six salt concentrations in the irrigation water
(0, 20, 40, 60, 80, and 100 mmol L ™! of NaCl), with five replications,
totaling 30 experimental units. The data was subjected to the
Kolgomorov-Smirnov normality test and then subjected to ANOVA; the
means were compared by the Tukey's test at 5% probability and fitted
to regression equations.
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Table 3

Relative water content (RWC) and pressure potential (¥'p) of leaves of cowpea
(Vigna unguiculata) plants irrigated with increasing levels of NaCl, evaluated at
48 days after sowing. Pernambuco, Brazil.

NaCl (mmol L) r wp RWC (%)

0 5 0.46 * 0.14a 925 *+ 1.00 a
20 5 0.37 * 0.07a 91.3 + 3.00a
40 5 0.48 + 0.08 a 91.4 + 2,00 a
60 5 0.37 + 0.08 a 89.9 + 3.00 a
80 5 0.38 + 0.26a 82.6 + 4.00b
100 5 0.44 * 0.17a 81.9 + 4.00b

Means followed by the same letter in the columns did not differ statistically
(p < 0.05) by the Tukey's test at 5% probability.

3. Results
3.1. Relative water content and water, osmotic, and pressure potentials

Stress caused by increasing salt concentrations in irrigation water
reduced relative water content (RWC) from the NaCl concentration of
80 mmol L™, The maximum RWC found was 92.5% in plants control's
plant treatment (0 mmol L~ ! of NaCl), and the minimum was 81.9% in
plants subjected to the treatment with NaCl concentration of
100 mmol L™ ! (Table 3). However, using high concentrations of NaCl in
irrigation waters did not cause significant changes in leaf pressure po-
tential (W;,) (Table 3).

Water potential (Ww) and osmotic potential (Wo) of leaves had
linear reductions with increasing NaCl concentrations in the soil solu-
tion (Fig. 2). The maximum water potential was —0.29 MPa, and the
minimum was —1.3MPa; and the osmotic potential ranged from
—0.74 MPa to —1.70 MPa (Fig. 2) the highest values of Yw and Wo
were observed in control and the most negative numbers in both ana-
lyses occurred under the condition of 100 mmol L™ 1.

3.2. Osmotic potential of the apoplastic water

The osmotic potential of the apoplastic water (Wo*") increased
with increasing salinity levels (Fig. 3). The Wo*" found did not reached
0.1 MPa, therefore, it contributed little for the osmotic potential of the
plants.

3.3. Apoplastic water fraction

Apoplastic water fractions (AWF) found were statistically similar in
all NaCl concentrations, with mean value of 30.21% (Fig. 4).
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3.4. Osmotic potential at full turgor and total osmotic adjustment

Increasing NaCl concentrations reduced significantly the osmotic
potential at full turgor of the plants evaluated, regardless of the eva-
luation method—osmometry (W,100), and pressure-volume (P-V)
curves (W,500). The highest W,00 and W54 found were —0.53 MPa,
and —0.72 MPa respectively, in control plants, and the lowest were
—1.0MPa, and —1.44 MPa, respectively, in plants of the treatment
with NaCl concentration of 100 mmol L ™! (Table 4).

W00 Was 44% higher than WSy, in all NaCl concentration eval-
uated (Table 4).

Cowpea plants accomplished osmotic adjustment with increasing
salt concentration. The osmotic adjustment observed in the P-V curve's
method (OASY) was 39% higher than those observed in osmometry
(OAY.

4. Discussion

Some species are able to perform osmotic adjustment (Blum, 2017)
as the water availability in the soil is reduced (both through the matric
effect of the reduction in soil water content and through the osmotic
effect of accumulation of salts).

The adjustment can be made through the synthesis and accumula-
tion of organic solutes in the cytoplasm, and/or by the influx of in-
organic solutes into the vacuole (Goufo et al., 2017). This mechanism
results in the reduction of Ww, allowing a gradient of water potential
favorable to water absorption and cell turgor maintenance (Truner Neil,
2017).

It is possible that Na* accumulation in cowpea leaves had a com-
plementary role as an inorganic solute used in the osmotic adjustment
performed by the species, since no more intense toxicity symptoms
were identified with the increase of NaCl concentration in irrigation
water. This response is similar to that observed by Mejri et al. (2016) in
wild barley species subjected to drought.

The ability to use Na™ in addition to K* in the osmotic adjustment
promotes an advantage for the species, which may explain its tolerance
to conditions of lower water availability, such as those found in en-
vironments similar to the site used to collect the soil of the present
study, affected by Na™ accumulation, but in which local farmers
manage to maintain a tradition of cowpea cultivation.

Reduction of osmotic potential at full turgor (Goufo et al., 2017) and
performance of osmotic adjustment (Iwuagwu et al., 2017) have been
reported in some cowpea cultivars, which contests some studies that
completely refuted the capacity of this species to perform osmotic ad-
justment (Shackel and Hall, 1983).

The indication of interspecific gene variability in cowpea may
contribute for some cultivars to accumulate solutes in their tissue, ad-
justing their capacity to absorb water even under conditions of lower

80 100

OWw
y =-0.0102x - 0.2911
R?=0.9308
OWo y=-0.0096x - 0.7425

R?=0.9157

Fig. 2. Water potential (¥w) and osmotic potential (Po) of leaves of cowpea (Vigna unguiculata) plants irrigated with increasing levels of NaCl. Pernambuco, Brazil.
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Fig. 3. Osmotic potential of the apoplastic water (Wo”") collected by mild centrifugation from turgid leaves of cowpea (Vigna unguiculata) plants irrigated with

increasing levels of NaCl. Pernambuco, Brazil.
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Fig. 4. Contribution of the symplastic water (SWF) and apoplastic water (AWF)
fractions to the relative water content (RWC) of leaves of cowpea (Vigna un-
guiculata) plants, irrigated with increasing levels of NaCl. Pernambuco, Brazil.

availability, while others cannot (Iwuagwu et al., 2017).

In the present study, the cultivar IPA 206 showed reduction of os-
motic potential at full turgor with increased salt stress, resulting in
osmotic adjustment according to both methods evaluated (P-V curve or
conventional method).

The differences found between the methodologies higher value of
OAFY compared to OA; and lower value of W,5y, compared to Wy100
(Table 4) prove that there is a methodological origin that goes beyond
the genetic variability among cowpea cultivars to generate un-
certainties regarding this species performing or not osmotic adjustment,
because the species used was the same for the values obtained by both

Table 4

P-V curves and conventional method (considering sap osmolality).

In a situation analogous to that observed in here, in two different
studies with the same cultivar (California blackeye), Augé et al. (1992)
and Augé et al. (2001) drew different conclusions on the osmotic ad-
justment performed by cowpea. Augé et al. (1992) concluded that
cowpea performed an osmotic adjustment of 0.19 MPa with osmotic
potential data obtained by P-V curves, whereas Augé et al. (2001)
understood that the value of 0.04 Mpa, obtained by sap osmolality and
subsequently converted to osmotic potential by the Van't Hoff equation,
was very low and considered that the species did not perform osmotic
adjustment.

The processes for determining sap osmolality in osmometer involve
destruction of the plant tissue by maceration or pressurization; thus,
contents of symplastic and apoplastic waters are not considered sepa-
rately (Callister et al., 2006; Arndt et al., 2015) as osmotic potential of a
plant is in its symplastic solution the apoplastic solution may be an
error cause.

A recent study reports that the error caused by the apoplastic
fraction may be an underestimation of osmotic potential, especially in
halophyte species (Lins et al., 2018); however, in general, solute con-
tent in apoplastic solution is lower than in symplastic solution (Arndt
et al., 2015), as found for cowpea plants. Obtaining sap by maceration
may result in dilution of symplastic solution by the apoplastic solution,
generating an overestimation of osmotic potential (Wenkert, 1980;
Wardlaw, 2005).

Cowpea plants had relatively high AWF (Fig. 2). Considering that
the dilution effect is greater with a greater content of apoplastic water
(Arndt et al., 2015), the apoplastic space was likely filled with distilled
water in leaf saturation process for the osmotic adjustment metho-
dology (Blum, 1989).

Osmotic potential at full turgor and total osmotic adjustment of leaves of cowpea plants evaluated through the osmometry (W,100, OAy), and pressure-volume curve

(W i¥, OALY) methods. Pernambuco, Brazil.

NaCl (mmol L™ 1) W,100 (MPa) w hYo (MPa) 0A; (MPa) 0AY (MPa)

0 —0.53 * 0.065a A —-0.72 + 0.133aB - -

20 —0.68 + 0.084bA —0.97 + 0.086 abB 0.15 + 0.04B 0.25 + 0.21 A
40 —0.80 + 0.015 bcA —1.17 + 0.076 bcB 0.27 + 0.105B 0.46 = 0.19A
60 —0.83 * 0.036 c A —1.21 * 0.101 beB 0.30 + 0.03B 0.49 * 0.23 A
80 —0.93 * 0.042 cdA —1.38 + 0.061 cB 0.41 + 0.08B 0.67 + 0.18 A
100 —1.00 = 0.061dA —1.44 + 0.131c B 0.47 + 0.05B 0.72 + 0.26 A

Means followed by the same uppercase letter in the rows, and lowercase letter in

the columns do not differ statistically by the Tukey’ test at 5% probability.

Uppercase letters compare osmotic potential and osmotic adjustment independently.
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W00 Was overestimated, as shown by the comparison with W 55,
(Table 4). The P-V curves provide more realistic data for determination
of osmotic potential because this methodology is not based on con-
centration of solutes in sap but on the equilibrium pressure that is ap-
plied by the pressure chamber in an equivalent leaf water potential at
any given water content in plant tissue.

Therefore, differences in osmotic adjustment may be dependent not
only on specificities of cowpea cultivars, but also due to the metho-
dology used to access osmotic adjustment data.

5. Conclusions

Part of the existing controversy regarding the osmotic adjustment in
cowpea is related to the diluting effect exerted by the apoplastic water
fraction in methodologies that involve maceration or pressurization of
the plant tissue to obtain the sap. Our results demonstrated that the P-V
curve methodology is more suitable for studies on osmotic adjustment
in this crop because this methodology is not affected by the dilution
caused by the apoplastic fraction in the solutes concentration in the sap.

Although the results are more realistic, pressure-volume curves are
not yet such an obvious choice. Many studies (if not most of them) still
use sap osmometry for subsequent determination of osmotic potential
by the Van't Hoff equation, because this method is fast. Pressure-volume
curves are more difficult to be constructed, requiring a long time and a
large number of operators, hence not being adequate for many samples.

Although it is not the scope of this study to validate the method
suggested by Arndt et al. (2015), of generating a correction factor in a
smaller number of samples based on pressure-volume curves and using
it to correct a greater amount of data obtained by osmometer, this
seems to be a good alternative.

This methodological aspect (diluting effect of the apoplastic water
fraction) indeed has misled some researchers regarding the adaptive
response of osmotic adjustment in cowpea under conditions of lower
water availability. We reiterate the importance of evaluating whether
the same error may be occurring in considerations about osmotic ad-
justment in other species, especially those whose fraction of apoplastic
water is as high as that of cowpea.
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