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Effect of ABA on root and shoot growth and stomatal conductance
was investigated in maize lines, selected for ABA content, using two
different systems. In the first experiment seedlings werg grown in Petri
dishes with ABA added in substrate (1 and 10 mmol m‘3). Results from
this experiment showed that exogenously applicd ABA inhibited growth
of both coleoptile and root but depending on concentration and genotype.
The biggest effect of ABA treatment on root to shoot ratio was evidenced
in high-ABA parent line Polj-17 being 1.6 fold bigger than in low-ABA
parent F-2. Those differences between progeny lines 167 B1 (high-ABA)
and 83 A5 (low-ABA) were less expressed. In the second experiment
solution of synthetic (+) ABA was fed to part of the root in aim to
manipulate xylem and leaf ABA content without changes in plant water
relations. These results showed that the increase in endogenous ABA
content (xylem and leaf) reduced leaf elongation rate (LER) and stomatal
conductance in all investigated lines. These results also showed existence
of genotype differences in sensitivity to ABA and proved that the most
sensitive reaction to ABA had high-ABA parental line Polj-17 in both
experimental systems.
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INTRODUCTION

Many results indicate that plant growth is the most sensitive plant process to
waler stress, especially in the initial phases when water deficit induces drop in turgor
pressure demonstrating that leaf growth could be reduced without any changes in the
leal water status (Michelena & Boyer, 1982; Passioura, 1988; Saab &
Sharp, 1989; Gowing et al, 1990). It become evident that changes in root
environment modify, not only amount of water moving from root to shoot (hydraulic
signal), but also the production of some chemicals (non hydraulic signal). Research of
the nature of this chemical proved that development of water deficit sensed by root
system induces production of abscisic acid (ABA) as a signal molecule (Davies et
al., 1987, Zhang, Shurr & Davies, 1987). Moving through transpiration
stream into leaves, ABA markedly influences the growth and development of shoot
(Trewavas & Jones, 1991). Recent studies have provided evidence that the
effect of exogenously applied ABA induces leaf growth inhibition (Zhang &
Davies, 1990 a, b).

Itis well know that different kinds of stresses (drought, low and high temperature,
salt, nutrients and waterlogging) increase ABA content in the leaves. Increasing ABA
content leads to many changes in plant physiology, which in general, make the plant
better adapted to environmental stresses (Quarrie, 1991). Selection on the basis of
ABA accumulation capacity was done with a spring wheat genotypes. Field trials with
plants from this selection program showed that high- ABA genotypes significantly
outyilded low-ABA genotypes in a water limited conditions Innes, Blackwell
& Quarrie, 1984). A similar selection programe has been carried out with maize
to produce recombinant inbred lines having significantly different leaf ABA content
under field conditions (Peki¢ & Quarrie, 1988). For the parental lines in this
selection programe (Polj 17 and F-2) it has been previously shown to differ consistently
in the responses of a range of traits to drought stress under both cabinet and field
conditions (Peki¢ & Quarrie, 1987, Quarrie, 1991). These response include
ABA content and yield: Polj 17 contents more ABA and is more drought resistant than
F-2. Recent measurement done with progeny plants didn’t prove such marked diffe-
rences in the field conditions, except at flowering time (P e ki ¢ et al,, 1995). Therefore,
it is still missing enough information to give reliable picture about physiological
consequences of genetic variation in ABA content. However, investigation of this
problem is in a progress and preliminary results indicate that there are differences in
rooting behaviour amongst genotypes. Therefore to elicit response of those plants
comparable to that caused by root sourced ABA in drying soil, we repeated Zhang’s
and Davies’s (1990a) ABA feeding maize roots experiment. The aim of this
experiment was fo determine whether genetic variation in leaf ABA content was
reflected in growth and stomatal responses to externally applied ABA.

Since our previous experiments (Stikié ef al, 1991) based on techniques
developed by Sharp et al., (1988) revealed differencesinin root and shoot growth
rates at Jow water potential between parental lines, we, also, wished to test for genetic
variation of growth responses to ABA at the seedlings stage in the progeny.
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MATERIALS AND METHODS
Cienotypes

The genotypes of maize (Zea mays L.) used for this work consisted of the inbred
lines Polj 17 (high-ABA) and F-2 (low-ABA) and progeny from the cross between Polj
17 and F-2: high-ABA hne 167 By and low-ABA 83 As. The two inbred parental lines
had previously been shown to differ by up to four-fold in leat ABA content under field
conditions (Peki¢ & Quarrie, 1988). The recombinant lines were classified into
high-ABA and low-ABA lines according to leaf ABA content in the 4 generation. The
difference in leaf ABA content means between these two populations and, also,
between high and low ABA lines used in this work is about four times (Pekié et al.,
1995).

Experiment with young seedlings

Sceds were germinated in wet vermiculite in dark at 25°C. Ten seedlings of each
genotype with radicles 3 cm long were placed into plastic Petri dishes (diameter 12 cm)
with vermiculite saturated with water (control) and different (+) ABA solutions (1 and
10 mmolm™ ) Pclu dishes were sealed with plastic sheets, placed vertically into dark
a1 25°C for 28" ¢ “oleoptile and root length was quickly recorded at dim green light by
marking the lid of the Petri dish.

ABA-feeding experiment with plants in 3 leaf stage

Seeds of investigated lines were germinated in John Innes No 2 compost in a
greenhouse, with temperature varying between 22-28°C (day) and 12-15°C (night). At
the one leaf- -stage were selected for uniformity and transferred in the growth cabinet,
where they remained under the constant conditions (d'\y and night temperatures 25
and 18°C, PAR 200 mmol m s and photoperiod 16"). In these conditions plant were
2rown until three-leaf stage, and than transferred (with attached soil) into 80 mm
diameter pots from which the bottom were removed and replaced with a piece of plastic
mesh (5 mm diameter holes). Pots were inserted into plastic beakers which were
blackened and contained 100 cm™ Hogland’s nutrient solution. Plants remained in these

conditions {approximately 10 days) until substantial amount of roots (about 20% of the
whole mass) was established outside the pot and dangling in the nutrient solution.

ABA-feeding was done with a following ABA concentrations: 10, 50 and 100
mmolm™ (synthetic ( +) ABA, Lancaster Synthesis, Morecambe. UK) previously shown
to affect growth and stomatal conductance in maize leaves (Zhang & Davies,
1990a). Stamrw 3 duys before and continuing 2 days after ABA- fudmgi length of two

clongating leaves on cach intact plant was deSUI‘Ld (by ruler) Lwry 24" At thu same
time (‘(1’ } measurements of conductance of the abaxial feaf surface were done with a
porometer (AP-4 Delta T Devices L'TD). Xylem exudates and leaf ABA sampies were
collected after 48" of ABA-feeding from the youngest mature leaves. Xylem exudate
was collected after shoots were detopped as have been described by Zhang and
Davies (1990a). After freeze drying ABA content was measured by RIA test
{Quarrie et al, 1988). For each treatment 4-5 plants per genotype were used.
Cirowth rate and conductance were calculated as a means of two leaves per plant.
Because of the variation in the leaf elongation rate (LER) and stomatal conductance
(gs) among genotypes these results are presented as percentages of control values.
These mrcunmocswerc calculated differently for LER and stomatal conductance. Leaf
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elongation rate is presented as percentage of the elongation rate before treatments
were given. Control values used in these calculations were the average rates of leaf
urowth during whole experimental period, while control values for stomatal conduc-
tance were from measurements done last day of experiment (48" after ABA feeding).

RESULTS
Experiment with young seedlings

Tab. 1 illustrates the effect of two treatments on coleoptile shoot and root growth
in four genotypes based on calculation of the growth rate in percentage of the growth
rate in control plants and root to shoot length ratio. Results show that in all genotypes:
a) ABA inhibited growth of both organs, b) effect of both concentrations was more
expressed on coleoptile than on root growth (cspecially in parental line Polj 17), and
c) cffect of the higher ABA concentration was more expressed and, consenquently,
induced increase in root to shoot ratio. The biggest effect of ABA treatment on root
to shoot ratio was evidented in high-ABA parent (the increase of 1.2 and 1.6 fold for
two ABA treatments in comparison to control). Genotipic differences in growth
responses to ABA were more expressed between high and low-ABA parents, compar-
ing to high and low-ABA lines. Thus root/shoot ratios at lower and higher ABA
concentration were 0.7 and 1.6 times bigger in line Polj 17 comparing to IF-2

Tab. 1. - Effects of ABA on young seedlings shoot and root growth rate (in % of
controls) and root to shoot ratio (R/S) based upon seedlings lengths in investigated
maize lines

ABA

o (mmol/m>) Polj-17 F-2 167B1 83As
0 100+ 16 100 + 14 100 + 19 100 + 14
Shoot 1 78+ 18 96+ 8 89+ 16 83+ 11
10 52+ 14 80+ 11 79+ 16 81+10
0 100+8  -100+13 S100+9  -100+ 14
Root 1 292418 -101+£20  -90+19  -88+12
10 -82+9  -92+18  -86+15 -78+ 11
0 1.755 1.473 2514 1.889
R/S 1 2.058 1.385 2.198 2.029
10 2.755 1.692 2.617 1.824

Experiment with ABA-fed root

The effect of ABA-feeding on leaf elongation rate (LER), stomatal conductance
and xylem and leaf ABA content are presented on tab. 2. Values of LER were
expressed as percentages of the rate before treatments because measurements of this
parameter showed that there were marked differences in growth habit between inves-
tigated lines. Thus, %rowth rate in controlled condition varied in a range of 1.28 (line
F-2)to 2.2 cmper 24P (line 167 By). Similarly variation of stomatal conductgnce values
under control conditions was between 58.7 (line 167 By) and 73.6 mmol m (line 83
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As). Expressing those results in relative, instead absolute valhies, allowed to distinguish
the effect of applied ABA and genotipic differences between investigated lines.

Tab. 2. - Effects of ABA feeding on leaf elongation rate (LER), stomatal conductance
(Gs), leaf ABA content and xylein ABA content in investigated maize lines

ABA
(mmol/m3) _ Polj-17 F-2 167 B1 83As
0 100+ 11 100+ 6 100 £6 100+ 4
LER 10 70+ 8 726 719 69+9
(% of control) 50 5546 62+ 12 57+11 61+7
100 49+5 43+ 5 52+9 61+5
0 100+ 12 100+ 12 100+ 8 100+ 4
Gs 10 61+8 48 t4 5511 71+ 11
(% of control) 50 55+7 47+7 52+£8 48+ 12
100 43+ 4 365 S1+7 355
0 1.55+03 1.29+0.2 1.21+0.1 1.46+0.3
Leaf ABA 10 1.89+£0.1 1.93+04 3.91+£0.7 3.23+0.6
(nmol/gdw) 50 227405 22101 4.19+0.2 433+04
100 682+07 333+04 6.80+ 1.0 5.78 +04
0 930+0.7 11.39£20 596+0.9 4.90x0.7
Xylem ABA 10 1492+3.0 26.70+50 98.20+£23.0 2540%3.0
(umol[’mg) 50 2510£4.0 37.60+£6.0 116.23+250 50.84+40
100 131.66 £9.0 137.30+23.0 140.40+20.0 _161.07+26.0.

The ABA treatment caused decrease in a leaf growth and stomatal conductance
in all investigated lines and this effect was, proportional to ABA concentration in
feeding solution. For example, 100 mmol m™~ ABA induced LER and stomatal reduc-
tion varying in different genotypes between 43-61% and 35-51% respectively.

Xylem and leaf ABA content increased with increasing concentration of applied
ABA indicating that those changes were sufficient to account for obsetved changes in
LER and gs. Maximal values of xylepn ABA estimated in 100 mmol m™ ABAsolution
were ranging from 6 to 140 mmol m ™~ (line 167 B1) and from 49-161 mmol m™ (line 83
As). Variation between investigated lines was also express?d on the leal ABA content
since these valugs varying between 1.3 to 3.3 nmol g DW™ (line F-2) and from 1.2 to
6.8 nmol g DW™ (line 167 By). Comparing to xylem ABA increase (mean increase 20
fold) those changes were less expressed in all investigated lines (mean increase 4 fold).

Relationship between LER versus the xylem and leaf ABA content is presented
onFig 1. (A and B). From these figures it can be seen that LER declined as xylem and
leaf ABA concentration increased. However, points corresponding to different geno-
types indicated different growth response to ABA. In the leaves of the parental lines
Polj 17 and F-2 the response of LER to both X)élem and leatf ABA had a biphasic
character. Initial increase (up to cca 30 mmol m™) of xylem ABA was followed by a
fast reduction of LER until a plateau of approximately 60% of LER was reached. When
the values of stomatal conductance were plotted against xylem and leaf ABA content
similar graph to LER was obtained (Fig. 2A and B). This figure also confirmed
genotipic differences in stomatal sensitivity to both xylem and leaf ABA content. Data
also showed that, not only LER but, also, stomata of high-ABA parental line had the
most sensitive response to xylem ABA.
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Fig. 1. — Relationship of leaf elongation rate (LER) to xylem (A) and leaf ABA con-
tent (B) in investigated maize lines Polj 17 (»), F-2 (O), 167 B1 (OJ), and 83AS (H).
Each point represents coupled values corresponding to one leaf
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Fig. 2. — Relationship of stomatal conductance (Gs) to xylem (A) and leaf ABA con-
tent (B) in investigated maize lines Polj 17 (), F-2 (O), 167B1 (OJ), and 83A5 (IE).
Each point represents coupled values corresponding to one leaf



GLAS. INST. BOT. IBASTEUNIV U BEOGRADU, 29, 65 - 76, 1995(1997).
72 R. STIKIC et al: RESPONSE OF MAIZE TO EXOGENOUS ABA

Comparison of linear regression lines (Tab. 3) for this initial phase between 2
parental lines showed that slopes of LER vs xylem ABA was 2.531 in line Polj 17 and
1.261 for line -2, while correlation coefficients were similar (0.895** and 0.802**).
Differneces in slopes for LER vs leat ABA between parental lines were less expressed
(26.88 for Polj 17 and 31.25 for F-2), while correlation coefficient was more significant
in line F-2 (0.80**) than in line Polj 17 (0.58*). The decline of LER vs xylem or leaf
ABA in the leaves of progeny lines was more gradual comparing to parental lines and
linear for the whole range of ABA values (correlation coefficient varying between
0.76** and 0.86**). Comparison of slopes for both regression (LER vs, xABA and LER
vs TABA) showed that high-ABA line had smaller slope of LER vs xylem ABA (0.32)
than low-ABA line (0.77) while there was no significant difference in the slopes of LER
vs leal ABA.

Tab. 3. - Correlation coefficients (r) and slopes (a) of linear regressions in maize lines

Polj-17 F-2 167B; 83As
LER vs xABA
r 0.89** 0.80** 0.86%* 0.80**
a 2.53 1.26 0.32 0.77
LER vs 1ABA
r 0.58* 0.80%* 0.79%* 0.76**
a 26.88 31.25 8.25 8.36
Gs vs xXABA
r 0.64* 0.82%%* 0.94** 0.77%*
a 2.02 1.87 0.39 0.35
Gsvs 1ABA
T 0.59* 0.77%* 0.85%* 0.96%*
a 30.64 43.85 10.09 15.79

*and **indicate the level of significance of correlation coefficient (at Pp.os and 0.01 respectively)

DISCUSSION

The results presented in this paper confirmed that exogenous ABA treatment
can modify growth both of the seedling and leaves and to change stomatal reaction in
different maize lines. Our results for relative root and shoot growth response of young
seedlings can be compared to data obtained in experiment with plants at similar stage
of development grown at low water potentials (Stiki¢ et al, 199]). Thus, mean

clongation rate for roots grown in ABA solution was about 1.33 mmh™ what is similar
to root growth rate found by Stikic et al, (1991) at different water potentials: 1.2
mm h™! at -0.0025 MPa and 0.6 mm h™ at -0.52 MPa. From the results of Saab et al.
(1990} differences in ABA content in the root and shoot may be expected to affect
relative growth rates under growth conditions. Measurements of endogenous ABA
content in roots and shoots of several maize lines (among them Polj 17 and F-2) in
experiment done by Stikié et al. (1991) revealed genotipic differences in root and
shoot growth responses to endogenous ABA. In only few genotypes under certain
drought treatments, both root growth and shoot growth responded to ABA as sug-
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gested by Saab et al. (1990) leading to the conclusion that genotypes may differ in
the sensitivity to ABA. Genotipic variability in growth responses to exogenous ABA
presented in this paper confirms that possibility. Thus, the most striking effect of ABA
on line Polj 17, in comparison to F-2 and other lines can be attributed to its greatest
sensitivity to ABA if we assume that endogenous ABA content do not differ from F-2
according to data from similar experiment (S tiki¢ et al, 1991).

Experiments done in the field and laboratory conditions have proved that feeding
of ABA 1o the part of an intact plant may be a convenient way to manipulate
endogenous ABA content and monitor physiological consequences (Zhang &
Davies, 1990a; Tardieu, Zhang & Davies, 1993). Experiments done by
Zhang & Davies (1990a) provided evidence that increased ABA content in
xylem sap of ABA-fed maize plants was root sourced and responsible for restriction of
leal growth and stomatal closure. Taking the results of these experiments as a reference
for the results obtained from our ABA feeding we can confirm large genotipic differ-
ences in LER and gs response to applied ABA. For example 60% of gs reduction in
Zhang andDavies’s (1990a) experiment (done with John Innes F1 maize hybridq)
was accompanied by an increase in xylem ABA content of aproximately 60 mmol m™.
Data from our experiment (Fig. 2A) showed that for similar gs reduction xylem ABA
concentration varyed between genotypes in a range of 11 to 90 mmol m™. Different
stomatal sensitivity to xylem ABA have been proved in several studies and led to a
model of stomatal behaviour in which the effect of xylem ABA is mediated by leaf water
status (Tardieu & Davies, 1993). However, in the ABA-feeding experiments
the xylem ABA mimics the root signal in drying soil and affects shoots independently
from the effects of leal water status. Thus, observed differences in stomatal sensitivity
of our lines could not to be due to water potential differences. Wolf, Jeschke and
Hartung (1990) studding long distance transport of ABA have shown that part of
ABA could be exported via phloem to the roots and than reciculated to the aerial parts
of the plants. However, investigation of effect of girdling on ABA export from the leaves
of parental lines Polj 17 and F-2 their progeny didn’t prove differences in phloem ABA
transport (Pekié et al, 1995). Differences found by measurements of some leaf
anatomical characteristics, such as xylem vessel area, between parental lines (Ris ti¢
& Cass, 1991) and their progeny (our unpublished data) inderectly indicate
possible genotipic differences in hydraulic conductivity of transpiration stream. Differ-
ences in chemical composition of xylem sap (ion content and pH) can also alter
sensitivity of stomata to ABA as have been proposed by Shurr and Golan (1990).
Zhang and Davies (1990a) results indicated that leaf ABA showed a relatively
inscnsitive response (compared to xylem ABA content) to applied ABA. Similarly to
Zhang’s apd Davies’s data (1990a) our results indicate that feeding plants with
100 mmol m™” ABA solution increase ABA content in the leaves maximally up to 6 fold,
and in the xylem sap up to 30 fold.

Resultsof Gowing, Jones and Davies (1993) indicated that conductance
of cherry leaves fed by ABA in pulses was more influenced by the amount of ABA
entering the leaf than by absolute xylem ABA concentration. This indicates that
stomata perceive a local concentration or apoplastic ABA content which is in dynamic
equilibrium between the rate of ABA arrived via xylem and rate of ABA removal by
partitioning into cells as a consequence of pH gradients (Hartung & Slovik,
1991).

The inhibiting effect of applied ABA on the growth of different plant parts is still
contraversal. Quarrie andJones (1977) in astudy of the effect of exogenous ABA
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in wheat growth reported that reduction of a leaf size was a result of an inhibitory effect
on both cell division and cell expansion. Results of Van Valkenburgh and
Davies (1983) indicated that ABA reduced cell wall extensibility, possibly by inhi-
biting proton pumping throughout the plasmalemma into the apoplast (Chen &
Kao, 1988). However, work of Munns and King (1988) refused that concept of
ABA signal and proposed that, at least in wheat, drought induced increase in an
another compound with antitranspirant activity. More recent results of Munns and
Sharp (1993) suggested that ABA is responsible for only part of the regulation of
leaf growth. They proposed that ABA moved in complexed form through the xylem
(ABA-adduct) and that this form is physiologically ineffective and have to be metabo-
lized in free form to affect some leaf processes.

In our ABA-feeding experiment the most sensitive growth and stomatal reaction
1o applied ABA was established for high-ABA parent Polj 17. FFor this line it has been
previously shown to be resistant in many drought related traits comparing to other
parental F-2line (Peki¢ & Quarrie, 1978,1988;Quarrie, 1991;Pekié etal,
1995). Root morphology also markedly differed between those lines both at the
seedling (S tiki¢ etal., 1991} and the maturity stage when the greater number of nodal
roots produced by Polj 17 was associated with a significantly higher root pulling force
than F-2 (Lebreton etal, 1995). Higher sensitivity of shoot growth and stomata to
increased endogenous ABA may be an adaptive response, particularly in condition
when mild stress induces synthesis of ABA as a root signal. Retardation of leaf area
development and partial closure of stomata together with the increase of R/S ratio
could be of some benefit in terms of water conservation. This ,strategy” may allow Polj
17 to avoid or delay transition to more severe stress and to enable growth even at
reduced rate. Such a hypothesis is supported by the ficld measurements of leaf area
and plant height which indicate that effects of drought is less expressed in Polj 17
comparing to another lines (unpublished data). Since investigated lines differ markedly
in leaf ABA content under field condition (Pekié et al., 1995), future work with
ABA-fed plant under field conditions will provide further evidence on genotipic
differences in sensitivity to ABA, their consequence for the overall drought response,
and possible role of differential sensitivity to ABA as a regulatory mechanism of plant
adaptation to water stress.

ACKNOWLEDGMENT

We are grateful to the Royal Society for funding visits by R. Stiki¢ to the
University of Lancaster and S. Pekié to the John Innes Centre.

REFERENCES

Chen, C.T. & Kao, C.H. (1988): Proton secretion in rice leaves. — Botanical Bulletin Academia
Sinica 29: 315-320.

Davies, W.J., Metcalfe, J.C., Shurr, U., Taylor, G. & Zhang, J. (1987) Hor-
mones as chemical signals involved in root to shoot communication of effect of changes in the soil
environment. /n Hormone Actionin Plant Development a Critical Apraisal (M.B. Hoad, J.R. Jackson.
J.R. Lenton & R. Atkin, eds.), pp. 201-216. — Butterworths, London.

Gdwing, D.J.G., Jones, H.G. & Davies, W.JI. (1990): A positive root-sourced signal as a
indicator of soil drying in apple (malus x dome Borkh). - J. exp. Bot. 41: 1535-1540.



GLAS. INST. BOT. I BASTE UNIV. U BEOGRADU, 29, 65 - 76, 1995(1997).
R.STIKIC ef al: RESPONSE OF MAIZE TO EXOGENOUS ABA 7

n

Gowing, D.J.. Jones, H.G. & Davies, W.J. (1993) Xylem transported abscisic acid. The
relative importance of its mass and its concentration in the control of stomatal aperture. — Plant Cell
Environ. 16: 453-459.

Hartung, W. & Slovik, S. (1991): Physicochemical properties of plant growth regulators and plant
tissues determine their distribution and redistribution: Stomatal regulation by abscisic acid in leaves.
- New Phytol. 179: 361-382.

Hsiao, T.C. (1973): Plant responses to water stress. — Ann. Rev. Plant Physiol. 24: 519-570.

tnnes, P, Blackwell, R.D. & Quarrie, S.A. (1984): Some effects of genetic variation in
abscisic acid accumulation on the yield and water use of spring wheat. — J. Agri. Sci. (Camb) 102
341-351.

Michelina, V.A. & Boyer, J.S. (1982): Complete turgor maintenance at low water potentials in
the clongating regions of maize leaves. — Plant Physiol. 69: 1145-1149.

Munns, R. & King, R:W. (1988): Abscisic acid is not the only stomatal inhibitor in the transpiration
stream. — Plant Physiol. 88: 703-708.

Munns, R. & Sharp, R.E. (1993): Involment of abscisic acid in controlling plant growth in soil of
low water potential. - Aust. J. Plant Physiol. 20: 425-437.

Passioura, J.B. (1988): Root signals control leaf expansion in wheat seedlings growing in drying soil.
- Aust. I. Plant Physiol. 75: 687-693.

Pekic¢, S. & Quarrie, S.A. (1987): Abscisicacid accumulation in lines of maize differing in drought
resistance: a comparison of intact and detached leaves. — J. Plant Physiol. 127: 203-217.

Pekic¢, S. & Quarrie, S.A. (1988): Abscisic acid in leaves of inbred lines and F1 hybrids of maize
growing in the field and its relationship to diurnal and seasonaf trends in leaf water potential. — Ann.
Bot. 611 669-678.

Peki¢, S., Stikié¢, R., Tomljanovié, L., Andelkovi¢, V., Ivanovié, M. &
Quarrie, S.A. (1995) Characterization of maize lines differing in leaf abscisic acid content in
the field. I Abscisic acid physiology. — Ann. Bot. 75: 67-73.

Quarrie, S.A. (1991): Implication of genetic differences in ABA accumulation or crop production. I
Abscisic acid Physiology and Biochemistry (W.J. Davies & H.G: Jones, eds.), pp. 227-243. - Bios
Scientific Publishers, Oxford, UK.

Quarrie, S.A. & Jones, H.G. (1977): Effects of abscisic acid and water stress on development
and morphology of wheat. - J. exp. Bot. 28 192-208.

Quarrie, S.A., Whitford, P.N., Appleford, N.E.J., Wang, T.L., Cook, S.K.,
Henson, 1.E. & Loveys, B.R. (1988): A monoclonal antibody to (s)- abscisic acid: Its
characterisation and use in radioimmuno assay for measuring abscisic acid in crude extraxts of cereal
and lupin leaves. - Planta 173: 30-339.

Ristic. Z. & Cass, D.D. (1991): Leaf anatomy of Zea mays L. in response to water shortage and
high temperature: A Comparison of drought - resistance and drought-sensitive lines. - Bot. Gaz. 152;
173-185.

Saab, I.N. & Sharp, R.E. (1989): Non-hydraulic signals [rom maize roots in drying soil: Inhibition
of leaf elongation but not stomatal conductance. — Planta 179: 466-474.

Saab, I.N., Sharp, R.E., Pritchard, J. & Voedberg, G.S. (1990): Increased endo-
genous abscisic acid maintains primary root growth and inhibits growth of maize seedlings at low
water potential. — Plant Physiol. 93: 1329-1336.

Schurr, Ul & Gollan, T. (1990) Composition of xylem sap of plants experiencing root water siress
a descriptive study. In Importance of root to shoot communication in the responses to environmental
stress (W.J. Davies & B. Jeffcoat, eds.), pp. 201-214. - British Society for Plant Growth Regulation,
Monograph 21, Bristol.

Sharp. R.E., Silk, W.K. & Hsiso, T.C. (1988) Growth of the maize primary root af tow
water potentials. [ Spatial distribution of expensive growth. — Plant Physiol. 87: 50-537.

Stikic¢, R., Tomljanovié, L., Peki¢, S. & Quarrie, S.A. (1991) ABA production and
distribution during seedling drought stress of inbred maize lines differnig in leaf ABA content. -]
exp. Bot. Supp. 42: 15.

Tardieu, F. & Davies, W.J. (1993): Integration of hydraulic and chemical signalling in the contro
of stomatal conductance and water status of droughted plants. — Plant Cell Environ. 16: 341-349.

Tardieu, F., Zhang, J. & Gowing, D.J.G. (1993): Stomatal controf by both (ARA) in the
xvlem sap and leaf water status: a test of a model for droughted or ABA fed field grown maize. —
Plant Cell Environ. 16: 413-420.




GIAS. INST. BOT. IBASTF; UNIV. U BEOGRADU, 29, 65 - 76, 1995(1997).
76 R. STIKIC et al: RESPONSE OF MAIZE TO EXOGENOUS /\BA

Trewavas, A.J. & Jones, H.G. (1991): Anassessment of the role of ABA in plant development.
In Abscisic acid Physiology and Biochemistry (W.J. Davies & H.G. Jones, Eds.), pp. 169-188. - Bios
Scientific Publishers, Oxford, UK.

Van Volkenburg, E. & Davies, W.J. (1983): Inhibition of light stimulated leaf expansion by
abscisic acid. — J. exp. Bot. 34: 835-845.

Waolf, O., Jeschke, W.D. & Hartung, W. (1990): Long distance transport of abscisic acid in
salt stressed Lupinus albus plants. = J. exp. Bot. 41: 593-600.

Zhang, J., Shurr, U. & Davies, W.I. (1987): Control of stomata behaviour by abseisic acid
which apparently originates in roots. — J. exp. Bot. 38: 1174-1181.

Zhang, J. & Davies, W.JI. (1990a): Changes in the concentration of ABA in xylem sap as a function
of changing soil water status can account for changes in leaf conductance and growth. — Plant Cell
Environ. 13: 277-285.

Zhang, I. & Davies, W.I. (1990b). Does ABA in xylem control the rate of fength growth in
soil-dried maize and suntlower plants. — 1. exp. Bot. 4/: 1125-1132.

Rezime

RADMILA STIKIC, SOFIJA PEKIC, ZORICA JOVANOVIC, LORA LIUBOJEVIC,
LJILJANA PROKIC

GENOTIPSKE RAZLIKE U REAKCLJT KUKURUZA NA EGZOGENU
ABSCISINSKU KISELINU

Poljoprivredni fakultet, Univerzitet u Beogradu, Beograd, Jugoslavija

U radu je ispitivan uticaj ABA na rastenje korena i izdanaka i na provodljivost
stoma kod linija kukuruza selekcionisanih na sadrzaj ABA u dva eksperimentalna
sistema. Rezultati prvog ogleda sa mladim klijancima pokazali su da egzogeno dodata
ABA inhibira rastenje i koleoptila i Korena i to u razli¢itoj meri zavisno od koncentracije
i genotipa. U ogledu sa starijim biljkama (u fazi 3-eg lista) rastvor ABA je dodavanu
deo korenovog sistema sa ciljem da se modifikuje sadiZaj egzogene ABA u listu i
ksilemu pri optimalnom vodnom reZimu. Rezultati ovog ogleda su pokazali da je
povecanje sadrZzaja ABA u listu-ksilemu dovelo do redukcije brzine rastenja lista i
stomatalne provodljivosti kod svih linija, kao i da postoje genotipske razlike u
osetljivosti ovih procesa na ABA. Najveca osetljivost na ABA konstatovana je kod linije
Polj 17 u oba eksperimentalna sistema.





