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Abstract. A simple bioassay based on the inhibition by abscisic acid
(ABA) of cucumber (Cucumis sativus L ., cv . National Pickling) hypocotyl
elongation was developed . Sections of 3-day-old dark-grown cucumber
hypocotyl taken from 0-5 mm immediately below the cotyledon were used
for the assay . A dark incubation period of 20 h was followed by an expo-
sure to light for 24 h. Under these conditions, the inhibition of hypocotyl
elongation is proportional to the abscisic acid applied . The minimum de-
tectable level of abscisic acid was 10 -9 M, and the range of linear response
to abscisic acid was between 10 -7 and 10 -3 M. This assay is 10 times more
sensitive than the cucumber cotyledon greening bioassay for abscisic acid .

Inhibition of plant growth is often used as a basis for the qualitative bioassay of
abscisic acid. Dorffling and Tietz (1983), in their recent review of ABA
bioassay, indicated that some of the most frequently used bioassays are co-
leoptile straight growth (McWha et al . 1973, Tillberg 1975), Lemna growth
(Van Staden and Bornman 1970, Tillberg 1975, Chen and Park 1976), lettuce
hypocotyl growth inhibition (Goto 1978, Bakken and Boe 1982), inhibition of
barley endosperm a-amylase induction (Chrispeels and Varner 1966, Sivori et
al. 1971), and stomatal closure response (Tucker and Mansfield 1971, Dhawan
and Paton 1980). A bioassay based on inhibition of cucumber cotyledon
greening system has been reported by Fletcher et al . (1983) .
Among the bioassay methods mentioned so far, either the assay procedures

are too complicated and thus take too long per assay or the sensitivity ranges
are too low, making them impractical for an ideal bioassay. We report a simple
Procedure for routine bioassay of ABA that has an acceptable sensitivity
range, an acceptable incubation period, ease of analysis, range of linear re-
sPonse, and reliability within usable range .



1 62

	

C. H . Lin et al-

Materials and Methods

ABA Bioassay

Cucumber (Cucumis sativus L ., cv . National Pickling) seeds were obtained
from Stokes Seeds Limited, St. Catharines, Ontario, Canada . The seeds were
planted in vermiculite and germinated in the dark at 28°C for 3, 4, and 5 days -
The hypocotyls from the seedlings of different ages were excised in dim green
safe light. Three consecutive sections of hypocotyl at 5-mm intervals (0- 5,
5-10, and 10-15 mm below the cotyledons) were excised . A group of seven
hypocotyl sections with three replicates were placed in a 50-m1 flask containin&
1 ml of test solution for each trial . The test solution consisted of 2 mM sodium
phosphate (pH 5.8), 40 mM KCI (Fletcher et al . 1983), and the ABA standard
to be assayed . Bottles containing the test hypocotyls were placed on a shaker
under the darkness at 28°C and shaken at 10 rpm for conditioning . After 20 h Of
incubation, the test samples were exposed to continuous rotation on a roller
set at 1 rpm. The hypocotyl length was measured under a dissecting micro'
scope with the aid of a micrometer after 24 h of exposure to light (average of 60
µE • m -2 . S -1 ) . A diagram of the procedures for bioassay of abscisic acid
using cucumber hypocotyl is illustrated in Fig . 1 .

From preliminary results, it was clear that the first 0- to 5-mm hypocotyl
section immediately below the cotyledon of the 3-day-old seedling has a
greater capacity for elongation than those from 4- or 5-day-old seedlings .
Hence only the 0-to-5-mm hypocotyl sections of the 3-day-old seedlings were
used for the assay material. A standard curve ranging from 10 -9 M to 10-3 M
of ABA and GA, respectively, as well as mixture of ABA and GA (0 M, 10" 6M
and 10 -4 M), was obtained based on the inhibition of hypocotyl elongation . A
standard curve based on the inhibition of cucumber cotyledon greening system
as reported by Fletcher et al . (1983) ranging from 10 -9 M to 10 -3 M of ABA
was also obtained for comparison . Abscisic acid and gibberellic acid were pur-
chased from the Sigma catalog-A-1012 (±)-2-cis, 4-trans-abscisic acid MW
= 264 .3, and G-3250 gibberellic acid MW = 364 .4

Results and Discussion

The hypocotyl sections of 0-5 mm below the cotyledon from 3-day-old seed -
lings had the greatest capacity for elongation (Table 1 ; Fig . 2). ABA prevents
the hypocotyl elongation, and the degree of inhibition is proportional to the
concentration of ABA applied . A standard curve based on this result is shown
(Table 2 ; Figs . 3, 4) . From the standard assay procedure, the minimum detect -
able level of ABA with statistical significance is between 10 -9 M and 10 -7 M
(Table 2), and the range of linear response to ABA is between 10 -7 M and 10-3
M (Fig. 3) .

Figure 4 illustrates the appearance of excised hypocotyl after incubation in
ABA standard solution (10-7 M to 10-3 M) for 20 h and illumination for 24 h •
Repeated assays showed that the procedure is relatively simple compared tO
other assay methods of a similar sensitivity range . The total assay time is less
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3-DAY OLD DARK-GROWN
CUCUMBER SEEDLING

ROTATE ON A ROLLER
UNDER ILLUMINATION
FOR 24 HR

INCUBATE WITH SHAKING
UNDER DARK FOR 20 HR

EXCISE TOP 5 mm
NYPOCOTYLIN GREEN
SAFE LIGHT

PLACE HYPOCOTYL
SECTIONS IN TEST
SOLUTION

MEASURE HYPOCOTY LENGTH
WITH A MICROMETER

16 3

Fig . 1 . A diagram of the
procedures for bioassay of
abscisic acid using cucumber
hypocotyl .

3'a61e 1 . Net elongation (mm) of hypocotyl sections of 3-, 4-, and 5-day-old cucumber hypocotyl
taken from different positions below the cotyledons .

Means with same letters are no significantly different at the 5% level of Duncan's multiple range
test .
` Cucumber hypocotyl excised from three seedling age groups were incubated in the dark in buffer
Solution for 20 h and then illuminated for 24 h .

1)istance of hypocotyl
section below the
eatyledons (mm)

Age of seedling (days)*

3 4 5

0-5 5.278 2 .95b 2.08c
5-10 1 .39d 1 .l7d 0.89 4 8

10-15 03leg 0.40°8 0.14{8
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Fig . 2. The appearance of hypocotyl sections excised from three seedling age groups at differen t
distances below the cotyledon . Sections were incubated in the dark in buffer solution for 20 h and
then illuminated for 24 h . The hypocotyl section 0-5 mm below the cotyledon of the 3-day-ol d

seedling shows the greatest capacity for elongation .

Table 2 . Relationship of ABA concentration to cucumber hypocotyl elongation and chlorophy ll
levels in cucumber cotyledons .

Means within column with same letters are not significantly different at the 5% level of Duncan' s
multiple range test .

than 5 days, the shortest complete assay time required available for ABA
bioassay. The assay procedure does not require sophisticated equipment, and
no complicated technique is involved . Thus it is suitable for routine and rapid
ABA bioassay.

In many assays gibberellic acid (GA) from the plant extract interferes with
ABA bioassay (Goto 1978, Dorffling and Tietz, 1983) . In this study, in which a
serial concentration of exogenous GA standard was assayed against the hypo'
cotyl elongation, the hypocotyl elongation did not proportionally increase to
the increment of GA concentration . A Duncan's multiple-range test analysts
showed that GA treatment at 10 -9 M, 10 -8 M, 10 -7 M, and 10 -6 M did not

C. H . Lin et al .

ABA conc. (M) Mean hypocotyl elongation (mm) .g Chi ./cotyledon Pair

0 6 .77a 59 .9a
10 -9 5 .78° 53 .8a
10 -8 5 .58 6 57 .1a
10 -7 5 .52b 59 .3a
10 -6 4 .94c 57 .3a
10 -5 3 .50d 40 .3b
10- ° 1 .90 , 21 .8c
10-3 0.62E 13 .1c
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I ig. 3 . Net elongation (mm) in cucumber hypocotyl treated with various concentrations of ABA
(10 - 7 M to l0-3 M) for 20 h in the dark and illuminated for 24 h . Hypocotyl sections excised 0-5
41M immediately below the cotyledon of the 3-day-old seedlings were used for the assay material .
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rig. 4. Growth of cucumber hypocotyl excised from 3-day-old dark-grown seedlings . They were
incubated in the dark in ABA solutions (10 -7 M to 10 -3 M) for 20 h and then illuminated for 24 h .
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Table 3. Relationship of GA concentration to cucumber hypocotyl elongation .

C. H, Lin et al .

Means within column with same letters are not significantly different at the 5% level of Duncan'S
multiple range test .

' Hypocotyl section in 10 -3 M GA solution showed symptoms of rotting at the end of the experi-

mentation period .

differ significantly from the untreated check (Table 3) . Although there is a little
enhancement of hypocotyl elongation by 10 -4 M GA, hypocotyl section in
10 -3 M GA solution showed symptoms of rotting at the end of the experimen"
tation period . In a parallel experiment, serial concentrations of ABA combined
with GA (0 M, 10-6 M, and 10 -4 M, respectively) were used to study the

ction between two plant hormones on cucumber hypocotyl elongation-
concentrations below 10 -6 M did not significantly relieve the inhibition of

cucumber hypocotyl elongation caused by ABA at 10-5 M or less (Table 4) .
GA concentrations above 10 -4 M in the mixed solution enhanced the hypo'
cotyl elongations to some extent, which were similar to those when GA was
assayed alone (Table 3) . Thus the interference of endogenous GA from the
hypocotyl is not a major concern .

Fletcher et al (1982) showed that addition of 40 mM KCI in the cytokinin
assay solution enhanced chlorophyll formation of cucumber cotyledon . Longer
exposure (24 h) to light and in the presence of 40 mM KCI, the inhibition of
growth and chlorophyll production by ABA is enhanced (Fletcher et al, 1983) .
It is believed that ABA interferes with potassium uptake (Green and Muir
1978, Fletcher et al . 1983). We adapted Fletcher's assay solution by using 2
mM sodium phosphate buffer, pH 5 .8, to stabilize the pH, and 40 mm of KCI
to increase the sensitivity of ABA . We found that the assay solution gave con`
sistent results . To avoid anaerobiosis during incubation and greening (Del ,

1978), we incubated the hypocotyl sections in test solution on a shaker,

m, and put on a roller during greening . The hypocotyl section
d of the greening period, especially those under low

elongation measurement much easier . An i1n -

portant technic or cons stent results is to cut the hypocotyl at uniform
lengths for each treatment .

For a direct comparison, a standard curve based on Fletcher's (1983) chloro -
phyll greening system of cucumber cotyledon was obtained . As shown in Table
2, the range of linear response to ABA is between 10 -6 M and 10-3 M and
agrees quite well with Fletcher's results . Using hypocotyl of 3-day-old seed -

0 58
10-4 6.39ab
10 - s 6 .128
10-7 6.38ab
10-6 6.65ab
10 -5 6.93b
10-4 7.55c
l0-3 6.05a*
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x„ 11ble 4. Interaction between ABA and GA concentrations to cucumber hypocotyl elongation .

Means within row with same letters are not significantly different at the 5% level of Duncan's
multiple range test .

11ngs in this assay, it is now possible with good reproducibility to detect quanti-
tatively as little as 10 -7 M of ABA. Hence the cucumber hypocotyl elongation
assay provides a sensitive, rapid, and simple bioassay for abscisic acid,
The great capacity for elongation of the hypocotyl section and the low inter-

ference by GA suggest that this simple bioassay system could be a convenient
°ne to use to study how ABA works .
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