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Abstract

The effect of abscisic acid (ABA) on the xylem exudate osmolarity and proton flux in excised roots of
maize (Zea mays L..) cv Anjou 210 was determined. It was observed that ABA does not alter the exudate os-
rﬁolarity until 24 h from excision, but beyond this, there was a little drop in the cxudate osmolarity. ABA in-

creased potassium flux (Qoi,) leaving the proton flux (Qio,) little or unaffected. The noticeable pbint, how-
k ever, was the increased chloride flux (Qoi,) by ABA, and differential response of root segments to create a
proton gradient. These data suggests that ABA has an additive effect on the proton pump in excised maize
~ root cells. This happenéd to maintain primary-energy requiring process "Qio " for increased K transport into

the symplasm.
Introduction

, In hi gher plants, abscisic acid (ABA is probably a key messenger in regulation of salt
and water transport under stress conditions (Pitman et al., 1974). ABA has many complex
effects such as stomatal closure, abscision and dormancy in different crop species (Mil-
borrow, 1974, 1975; Walton, 1980). ABA formed in the leaves (Minahi et al., 1970;
Most, 1970) or its precurser(s) formed in the shoot (Zeevaart, 1977) can be translocated
through the phloem to the root (Hocking et al., 1972), where it acts as an instrument for
fine regulation of water and salt transport under stress conditions.

In previous works (Collins & Channa, 1983; Channa & Collins 1986, 1988) 1t was
reported that ABA stimulates K transport and the hydraulic conductivity of the cell mem-
~ brane in excised maize roots. It is, however, observed that in plant cell, the membrane lo-
cated K-Na pump is energised by the electron transport and may be linked with proton
extrusion pump (Smith, 1970), depending on the pH (Robert, 1979) and salt status of the
medium (Pitaman et al., 1974), in which plants were grown.
~ Inthe present study experiments were carried out to determine the influence of ABA
on net K transport into the xylem exudate and primary energy-requiring process "Qioy,"
which is partly balanced by "Qoi, " (Raschke, 1975; 1977) coupled to an active flux of
chloride "Qoi," (Hall & Baker, 1977). Such an approach may provide an understanding
of ABA action on energy-mediated salt transport mechanism across the plant roots..
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Materials andMethods

Seed germination and plant growth conditions: Seeds of maize (Zea mays L.) cv
Anjou 210 were soaked in running tap water for 2 h. After soaking the seeds were blotted
- and set on moist tissue paper, also covered with it and kept in the dark for germination at
25£1°C. After 48h of incubation the germinated seeds having about 2-5 mm long radicles

were transferred to a 201 capacuy container containing 0. 5mM CaCl, solution. The cul-
ture solution was aerated continuously with a stream of moist air to fauhtate root growth
and seedling development. After 3-days of growth in CaCl, solution the plants were re-
moved for further studies. '

- Exudation experiments: Exudation experiments were carried out in a snmldr way as

descrlbed previously (Collins & Channa, 1983; 1985). ‘
~lon analyazs and osmolarity: Ton analysis were made on Pye Unicam SP 90A Series
2 AlOI‘ﬂlC Absorption Spectrophotometer. Chloride concentration in the exudate were de-
termined by chloride meter and the osmolarity of the exudates were determmed by Fiske
Freezing point Osmometer. ‘

pH determination: In this experiment two lots of roots were used. Each lot contained
20 roots with a minimum of three replications. The first lot consisted of 1 ¢cm apical seg-
ments and the second lot contained 9 cm basal segments of the root. Each lot of roots was
placed separately in a glass Petri dish (i.d. 6") containing 50 cm? of 1/10 Long Ashton
culture medium with or without 10 M ABA. The pH of the medium was measured fre-
’quently at requ1red intervals with laboratory pH meter (ELL Model 7020).

* lon fluxes into the exudate: The ion flux through the root from the external medlum
o lhe xylcm conduit was calculated by the following equation:
Js=Jv . CsX
where:

IS, is the net ion flux into the xylem exudate in nmol cm2 h! (=2.8 x 10 m™2 s).

JV, is the water flow (strictly volume flow) in ul cm2h™ (= 2.8 x 10" m? m2s™).

Cs*, is the concentration of any solute in the xylem exudate in mM (= mol m™).

Results and Discussions

- Effect of ABA on Osmolarity and Ion flux into the exudate: The data revealed that
ABA does not alter exudate osmolarity until 24h from excision, but beyond this period
there was a small drop in the exudate osmolarity caused by ABA, which might have re-
sulted from increased water flow (Table 1). ABA increased potassium flux 'Qoi,' and
chloride flux ‘Qoi ' leaving calcium flux 'Qoi ' little or not affected (Table 2).

- Effect of ABA on proton flux: ABA had no profound effect on H* exchange from cell
to external medium (Fig. 1). The noticeable point, however, was the difference in re-
sponse of different root segments for creating the proton gradient 'AH' in the external me-
dium.
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Table 1. Effect of abscisic acnd(ABA) on osmolarity of xylem exudate of
3-day old maize roots.

Osmolarity (m Osmoles)

Hours from excision

1-6 6-12 12-24 24-36

Control 60.50 62.22 58.00 54.71
+ + + +

0.40 0.63 0.64 0.68

ABA 10-M 58.00 58.11 57.30 45.72
+ + + +

0.40 0.88 0.33 0.54

Plants were grown in 0.5 mM CaCl, solution in the dark at 25°C. Uptake medium was 1/10 Long Ashton
culture solution. Each value mean of 5 samples * s.em.
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Fig. 1. Change in pH of the medium. (a) 1 ecm apical root segments, (b) 9 ¢qn basal root segments.
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Table 2. Effect of abscisic acid (ABA) on the volume flux (Jv) and
ion flux (Qio,) in the xylem exudate of 3-day old maize roots.

Jv Qoi, Qoi, Qoi,,
(ul cm?h-1 (nmol cm~h?)

Hours from excision

1-6h
Control 1.6 36.35 415 28.29
+ + + +
0.31 045 0.23 0.50
ABA 10°M 3.00 54.60 504 36.00
+ + + +
0.20 0.44 0.01 0.34
6-12h
Control 2.01 29.75 729 2316
+ + + +
0.02 0.73 0.40 0.75
ABA 10°M 347 44.50 7.26 27.68
+ + + +
0.01 0.84 0.23 0.54
12-24h
Control 1.36 21.76 44 28.69
+ t + +
0.30 0.58 0.22 0.88
ABA 10-M 4.07 48.44 540 36.00
+ + + +
0.30 0.86 0.20 0.66
24-30h
Control 0.87 9.24 6.80 5.22
| + + + +
| 0.03 0.01 0.23 0.20
ABA 10°M 147 16.28 8.23 6.02
| + + + +
0.32 0.36 0.22 9.36

Plants were grown in 0.5mM CaCl, in the dark at 25°C. Uptake medium 1/10 Long Ash-
ton culture solution. Each value mean of § samples * s.e.m.



ABA EFFECTS ON MAIZE ROOTS 21

0.20

TTZ

%

o 0.05 ]

E i
ot
‘30'9 (b)

o

: el

$ 03] ﬁ

0 60 120 180 2490
Time (min)

0 :

Fig. 2. Effect of ABA on 42_ transport in the exudate. (1) Isotope applied to the bathing medium, (b)
Roots pretreated with 42_ for 18 hours. « — ABA 10*M, o - control.

These data are similar to our previous reports (Channa & Collins, 1985, 1986, 1988)
where it was observed that ABA increases both water permeability and salt transport
through the maize root. The remarkable point in the present data is the increased chloride
flux by ABA (Table 2). Although AH* is not much pronounced as compared tolthe stimu-
lation of CI transport, this, however, implicated that ABA is likely to interact with pri-
mary energy-linked H* extrusion pump driven by a H*-ATPase located in the plas-
malemma of the excised maize roots (Sze, 1984), which is partly balanced by 'Qoi, ' and
remainder of the 'Qio,,' is balanced by 'Qio,,," coupled to an active 'Qoi,' (Smith, 1970).
The major effect of ABA seems to maintain energy-requiring process at cell membrane
while keeping on increased K flux into the symplasm. This possibility is supported by the
data of Fig. 2a. When the isotope was added to the bathing medium of low-salt roots,
there was about 2-fold increase in K transport. There was a differential response of root
segments to bring about AH* of the external medium (Fig. 1). This might be due to the
different levels, distribution and compartmentation of ABA and its metabolites in maize
roots (Rivier & Pillet, 1981; Behl & Jeschke, 1981), and also due to the presence of Ca**
in the medium which has been found to cause a linear H* efflux associated with plas-
malemma membrane H* — ATPase in maize roots (Mengel & Schebert, 1985).

Studying the mode of action of ABA on stomatal aperture it has been reported that
ABA inhibits both K uptake and proton release by promoting malate leakage from the
guard cells of different plant species (Horton & Moran, 1972; Mansfield & Jones, 1971;
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Raschke, 1977). Such a response of ABA does not occur in the root cells. An important
element might be the different gradients of accompanying anion to regulate H/K ex-
change process in stomatal complex and in the root cells (Baker & Hall, 1973; Humble &
Raschke, 1971).

In the present study the influence of ABA on H* [Tux (Fig. 1) reveals that ABA does
not inhibit H* extrusion pump in excised maize roots for creating proton gradient, and 1t
increases K transport into the symplasm (Fig. 2a). This H/K exchange process could pos-
sibly be maintained by an additive effect of ABA on H* pump, which is presumably
linked directly or indirectly to K influx in maize roots under the low-salt conditions
(Cheeseman & Manson, 1979).
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