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Abstract 
Effect of spear removal by cutting on ab sci sic acid (ABA) level in buds of asparagus spears was investigated. 
ABA level in buds was determined by an enzymelinked immunosorbent assay after a pre-purification proce­
dure. ABA level in F-buds which included the buds adjacent to stems of cladophylls or spears drastically 
decreased to 38.0% of the control level at 12 hr after cutting and reached the minimal ABA level of 10.6% of 
the control at 48 hr after cutting. On the other hand, F-buds started to elongate ju st 12 hr after cutting and 
then grew to over 40 mm height in 72 hr. ABA level in S-buds which included the remaining buds also 
decreased after cutting although no significant elongation of S-buds was observed. Thus, itis assumed that 
the ABA level in buds drastically decreased by a stimulus or stress of cutting before the buds started to grow. 
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Introduction 

Young spears of asparagus (Asparagus 
officinalis L.) are one of the commercially im­
portant vegetables although the volume of har­
vest is small compared to that of major crops. 
However, the import volume of fresh aspara­
gus spears has recently increased up to nearly 
500Jo (about 15,000 t) of the domestic volume 
of harvest due to the increase of consumption. 
Under these circumstances, it is important to 
develop an effective technique for stimulation 
of asparagus bud sprouting. To achieve this 
objective, the physiology and mechanism of bud 
sprouting of asparagus were analyzed. 

Young spear of asparagus grows very rapid­
ly, as much as 12 cm in height/day at 30.8°C9>, 
to become a cladophyll within a month after 
sprouting. Under these temperature conditions, 
buds adjacent to the first spears emerge in 
about 20 days. However, the removal of a 
cladophyll or a young spear stimulates the 
sprouting of an adjacent bud within 2-3 days. 
This phenomenon is a response similar to the 
loss of apical dominance. Although the role 
of abscisic acid (ABA) in the regulation of ap­
ical dominance has not yet been clarified, it 
was suggested that the effect of ABA on the 
growth of lateral buds could be both 
inhibitory2· 14>, or stimulating2-4>. In asparagus, 
endogenous levels of ABA in buds at the 
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developing stages were found to be highest in 
the resting buds9>. However, the effect of spear 
removal on ABA levels in adjacent buds of the 
spears is not clear. In this report, we inves­
tigated the changes of ABA levels in asparagus 
buds after stem of cladophyll and spear removal 
by cutting. 

Materials and methods 

Seeds of Welcome asparagus cullivar were 
sown in March, 1991, and grown in plastic pots 
( 13 //pot) containing Andosol fertilized with 
0.25(N)-0.36(P)-0.25(K) kg/m 3 in a green­
house (latitude 34°7 'N, longitude 136°5 'E), 
and a temperature regime of 30°C/20°C 
day/night was used. Watering was performed 
as necessary. Stems of cladophylls and spears 
were removed by cutting from crowns of the 
young plants in September, 1991. For the un­
cut control, crowns which contained young 
spears were selected. Three to four crowns 

from treated plants were harvested at O to 72 
hr, and 3-4 crowns from control plants were 
harvested at 0, 12, and 48 hr intervals. Each 
crown contained 3 -4 spear bud clusters. The 
bud clusters were excised and separated into 
two groups: an F-bud group which included 
ihe buds adjacent to stems of cladophylls or 
spears, and an S-bud group, which included 
the remaining buds. The length of the buds 
in both groups was measured. Usually, F-buds 
grew rapidly after cutting. A 5 mm section was 
excised from the spear top, because the ABA 
concentration in the spear apex of asparagus 
was reported to be much higher than that in 
the subtend.ing tissues8>. All samples were 
frozen in liquid nitrogen immediately after ex­
cision and lyophilized . For ABA extraction, 
3 - 4 buds were combined (I0-20 mg dry weight 
or 100-200 mg fresh weight) and thoroughly 
homogenized in I ml of 80o/o methanol using 
a glass homogenizer, and the homogenate was 
centrifuged at 3,000 g for 10 min. The super­
natant was collected in a IO m I test wbe. The 
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precipitate was again homogenized with 80% 
methanol and the process was repeated twice. 
The supernaiants were combined in the 10 ml 
test tube and dried in a vacuum centrifuge. The 
residue was dissolved in I m I of phosphate 
buffer (pH 8.3), and the solution was washed 
three times by partitioning with I ml of hex­
ane in the test tube by mixing on a test tube 
mixer. After the hexane phase was removed, 
the buffer phase was further washed by parti­
tioning with I ml of ethyl acetate (EtOAc) in 
the test tube three times. After the EtOAc 
phase was removed, the buffer phase was ad­
justed to pl-I 2.5-3.0 with a few drops of IN 
HCI. Then, ABA was extracted by partition­
ing the buffer phase with I ml of EtOAc three 
times. The EtOAc phase was combined in a 
10 ml test tube. Finally, ihe combined EtOAc 
phase was dried over anhydrous sodium sul­
fate and then in a vacuum centrifuge. The 
residue was dissolved in 5 ml of 25 mM tris 
buffer saline. A 100 p.l aliquot of the solution 
was used for ABA analysis. The quantitative 
immunoassay of ABA was performed by using 
the PHYTODETEK-ABA KIT (ldetek, Inc. 
USA) according to the manual. The detection 
was optimum between 5 x 10- 14 and 5 x 10- 12 

mo! of ABA per well. The quantitative experi­
ment was conducted a t least three times. The 
averaged ABA values of uncut F- and S-buds 
at 0, 24 and 72 hr were considered to represent 
the control levels of ABA, respectively. The 
quantitative means within each bud-sample were 
examined by L-test at P = 0.05 between control 
and samples. 

Results and discussion 

The ABA amounts determined by the im­
munosorbent assay were often overestimated 
compared with those measured by gas chro­
matography with an electron capture detector 
or mass spectrometer (GC-ECD/MS)10•13>. 
However, Soejima et al. recently reported a 
good correlation between the results obtained 
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Lyophilized sample of A. offici1111/is 

I Extraction wi1h 80% methanol 
Extracts 

Drying in 11ac1w 

Dissolution in phosphate buffer pH 8.3 
Partition with hexane {X3) 

Hexane phase Aqueous phase 

I Partition with ethyl acetate (X3) 1---~--, 
Et OAc plrnse Aqueous phase 

1>H adjustment to 2.5 • 3.0 
Extraction with ethyl acetate (X3) 

,-.---L---, 

Et OAc p l1ase Aqueous phase 

Drying over anhydrous sodium 
sulfate, then in 11ac110 

Dfo;~olution in tris buffer 

Somplc ror ABA quantitation 
(Enzyme- Linked lmmumosorbcn l Assay) 

Fig. I. Fractionation procedure of ABA 

by using l he enzyme-linked immunosorbent as­
say wilh Lhe PHYTODETEK-ABA KIT and gas 
chromatographic analysis in apple organs after 
appropriate purification steps such as solvent 
partitioning and TLC separation 11>. Therefore, 
we decided to use the enzyme-linked im­
munosorbent assay with the PHYTODETEK­
ABA KJT for the analysis of ABA iJ1 aspara­
gus buds. As a pre-purification procedure for 
a small quantity of sample less t han 20 mg dry 
weight or 200 mg fresh weight, fractionation 
by solvent partitioning was carried out as shown 
in Fig. 1. For the examination of the pre­
purification procedure, 8.4 Sq of [ 14C]ABA 
(2.04 x 102 MBq/mmol) was added to the F­
and S-bud samples and the recovery was tested 
three times, respectively. The averaged recov­
ery rates in the standard addition test were 
90.1 ±6.050Jo in F-buds and 91.1 ±0.86% in S­
buds. Furthermore, the values of ABA ob­
tained by the enzyme-linked immunosorbent as­
say after the pre-purification procedure were 
almost the same as those by GC-ECD and no 
interfering substances were observed in the 

extracts. We, therefore, concluded that the 
analytical procedure used in this paper was 
suitable for the estimation of ABA in such a 
small quantity of sample. 

ABA level in F-buds drastically decreased to 
38.00Jo of the control level at 12 hr after cut­
ting, and reached the minimal ABA level of 
10.60Jo of the control at 48 hr after cutting as 
shown in Fig. 2. The ABA level in the F-buds 
was the same at 72 hr. On the other hand, 
f-bucls started to elongate just 12 hr after cut­
ting and then grew lO over 40 mm height in 
72 hr although bud growth in the control plants 
was not observed in 72 hr as shown in Fig. 
3. In S-buds, the ABA level also decreased af­
ter cutting although the rate of decrease was 
lower lhan that in F-buds, and the minimal 
ABA level of 25.00Jo of the control was reached 
al 24 hr after cutting. The level slightly in­
creased in the following 48 hr, although not 
significantly. At 72 hr after cutting no signifi­
cant elongation of subsequent buds in S-buds 
was observed. 

Hoacl reported that ABA can be transported 
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Fig. 2. Changes in ABA level in asparagus buds 
ch1ring sprouting after spear removal by 
culling 

Letters for each bud show significance 
al P = 0.05 with Hcst. 

over long distances in plants via Lhe phloem 
and xylem5-

7>. Zhang and Davies also observed 
the ABA movement from the roots to the 
shoots in Pisum sativum and Cammelina com­
munis, even under condiiions of low transpira­
tional flux isi. We suggest that t he rapid 
decrease of the ABA level in asparagus may 
be due to the ABA movement from the buds 
caused by a stimulus or stress of cutting (spear 
removal), because the decrease was too rapid 
to be attributed to the metabolism of ABA dur­
ing growth . On the other hand, Dorffling 
reported that the ABA levels in lateral buds 
of Acer pseudoplatanus and Syringa vulgaris 
were higher than in the stem or petiole tissues 
and that the ABA concentration decreased when 
the lateral buds grew, although the total amount 
of ABA of the buds did not change 
appreciably 1>. In Phaseolus vulgaris, fruit 
removal led to axillary bud growth and the 
ABA content of the buds did not change 
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0 12 48 72 
Hours after cutt ing 

_ _.._ Length or F-b11ds ( treated) 
- - • -- Length of 17-bucls (control) 

Length of the subsequent bud 
in S-butls (treated) 

--• - - Length of the subsequent bud 
in $-buds (control) 

Fig. 3. Changes in length of asparagus buds 
during sprouting after spear removal 
by cutting 

Leuers for each bud show sig­
nificance at P = 0.05 with t-tesl. 

substantially12>. These results suggest that the 
decrease of the ABA concentration occurred 
during bud growth. In our results, however, 
the ABA level in buds drastically decreased be­
fore the buds started to grow, indicating that 
the decrease of the ABA level in asparagus may 
not be due to bud growth. Although the same 
phenomena had been observed in Elytrigia 
repens (personal communication from Dr. D. 
Pearce, the University of Calgary), the effect 
of ABA on bud dormancy and sprouting re­
mains to be clarified. However, the decrease 
of the ABA level may indicate that sprouting 
was induced, although the reason why the S­
buds did not elongate in spite of the decrease 
of the ABA level has not been clarified yet. 
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