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Physiological Studies on the Bolting Control for Sta-
ble Production of Early Summer Harvest in Bunching
Onion (Allium fistulosum L.)

Nobutakall] Shiraiwa

Summary

Bunching onion (Allium fistulosum L.) is an important leafy vegetable crop, which is supplied all season of the year
in Japan. It has sulered from the unstable production due to bolting of bunching onion harvested in early summer.
This study was undertaken to elucidate controlling flower-bud diClerentiation and bolting for stable production.

1. Flower-bud differentiation of bunching onion harvested in early summer, and relationship between flower-
bud differentiation and plant sizes.

We investigated to clarify flower-bud diCerentiation of bunching onion harvested in early summer, using late-sea-
son bolting® Cho-etsu’ , and mid-season bolting" Yoshikura’ . Flower-bud diCerentiation of both cultivars started
in the middle of February in this culture. The plant sizes at the time of flower-bud dillerentiations were below; the
leaf sheath diameter of Yoshiharu’ and Cho-etsu’ was 5-6 mm and 7-8 mm, respectively, and leaf position of flow-
er-bud dilerentiations was 7th for Yoshiharu’” and 8th for Cho-etsu’ . It indicates that varietal dilerences exist in

plant sizes starting flower-bud diCerentiation.

2. Bolting control by nitrogen fertilizer and tunnel covering plastic film

1) EQect of liquid fertilizer during flower-bud dilJerentiation on nitrogen concentration, bolting and yield

Nitrogen concentration of plants increased as the raised fertilizer concentration. Higher nitrogen concentration af-
fected the bolting rate and yield, and it indicated that there could be a threshold of nitrogen concentration suppress-
ing flower-bud dilerentiation. Our data suggests that fertilizing management during the flower-bud dierentiation is
important to control bolting and obtain higher yield in bunching onion harvested in early summer.

2) EQect of planting furrow application of fertilizer in plastic tunnel on bolting and yield

In the conventional culture, the pre-planting fertilizer of nitrogen was applied in an overall layer. We cannot ridge
the soil during tunnel covering, so that the fertilizer e(ciency of utilization may be low due to run-ol loss of the fer-
tilizer. To improve the fertilizing management during tunnel covering, we investigated the elect of furrow applica-
tion of fertilizer in plastic tunnel on bolting and yield. The slow releasing fertilizer IB (isobutylidene diurea) got a
better result than the coating urea (LP coat), when applied before tunnel covering. Compared with the overall layer
fertilization, this fertilization method with IB suppressed bolting, and increased the yield.

3) Elects of tunnel covering plastic films and fertilization methods on growth, bolting and yield

Elects of types of tunnel covering plastic films and fertilization methods on growth, bolting, and yield were inves-
tigated. Polyolefine plastic film (PO) induced the highest mean air and soil temperatures, while dripped polyethylene
plastic film (DP) showed the lowest temperatures. Coellcient of variance on soil water content was higher in PO
and non-dripped polyethylene plastic film (NDP). Application of an overall layer of fertilizer produced a lower bolting
rate than application of fertilizer in a planting furrow only when using DP, but opposite results was demonstrated
with PO and NDP. Elects of covering films and fertilization methods on bolting rate and yield showed a significant
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interaction. Higher thermo-keeping films suppressed flower initiation. When higher thermo-keeping films were used

to cover tunnels, management to control nitrogen concentration is required to inhibit bolting in this culture.

3. Characterization of newly introduced late bolting cultivars

We investigated the characterization of newly released cultivars, Hanemidori-ipponbuto’ and* Haruougi’ , har-
vested in spring and early summer: Hanemidori-ipponbuto’ showed later bolting and less vigorous tharf Cho-etsu’ .
On the other hand; Haruougi’ showed later bolting as well as Cho-etsu’ and more vigourous.

4. Effect of soil warming by electrically heated wire on bolting and growth in bunching onion

EDect of soil warming by electrically heated wire (about 200 ) on bolting and growth was investigated. Soil warm-
ing promoted the rate of leaf emergence as twice as non-heating. Soil warming increased dry weight of above and
under-ground parts, but did not influence the plant height or leaf blade length. Reduced bolting rate due to soil
warming was observed. It was shown that soil warming using a heated wire was an ellective treatment to suppress

bolting and promote growth in bunching onions harvested in early summer.

5. Suitability of newly introduced late bolting cultivars to early in May harvesting in advanced culture of
bunching onion
We tried to advance two weeks earlier harvesting in culture harvested in early summer, by combination with
types of tunnel covering (a middle type tunnel covering: 160cm width and a small type: 50 cm width) and two newly
introduced cultivars‘( Hanemidori-ipponbuto’ and Haruougi’ ). The air and soil temperatures of a middle type were
higher than those of a small one. The growth of a middle one was superior to that of a small one, and both types en-
abled harvesting on 10th May. The bolting rate of Hanemidori-ipponbuto’ and Haruougi’ were 5% and 3% on 10th

May, respectively.

6. The roles of gibberellin in the growth and flowering of bunching onion

We identified endogenous gibberellins and did molecular cloning and expression analysis of gibberellin-related
genes in bunching onion.

1) Endogenous gibberellins

Endogenous gibberellins were identified using two cultivars, Cho-etsu’ and’ Banchu-ubuto’ . According to the
results of a dwarf rice micro-drop assay, extracts from the shoots of Cho-etsu’ and Banchu-ubuto’ contained sev-
eral fractions with similar gibberellin- like activity. Endogenous gibberellins, GA,, GA,;, GA, GA, GA, and GA,,
were detected in both cultivars by GC/MS analysis. The seedling of Cho-etsu’ responded to GA, more than GA,.
These results indicate that two gibberellin biosynthetic pathways, an early-13-hydroxylation and a non-13-hydroxyl-
ation pathway exist in bunching onion, and non-13-hydroxylation pathway may be predominat in the shoots of
bunching onion.

2) Molecular cloning of gibberellin-related genes

We have cloned putative cDNAs encoding gibberellins metabolic pathway from shoots of bunching onion, GA
20-oxidase (AFGA20ox1), GA 3-oxidase (AFGA3o0x1), and GA 2-oxidase (AFGAZ20x1). We also have isolated two GAI
homolog genes (AFGAII, 2), which regulate gibberellin-signaling pathway negatively. Isolated gibberellin-related
genes have about 50% amino acid identity with other plant species. The AFGAIL and 2 conserve DELLA motif for
gibberellin response and have 72% amino acid identity.

3) Varietal dilJerences in the endogenous gibberellins, and the expression of GA3-oxidase (AFGA3o0x1)
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Levels of endogenous gibberellins and the expression of AFGAS3ox1 were investigated using three cultivars Cho-
etsu’/ Banchu-ubuto’ and Yoshiharu’. For precursor and active gibberellins in the leaf sheaths, the GA, content
was higher than that of GA, in all cultivars, while the GA, content was also higher than that of GA,0 GA; in all cul-
tivars. Contents of GA, and GA, in leaf sheaths were higher than those in leaf blades. The GA4 content in leaf
sheath of Yoshiharu’ was highest among three cultivars. The expression of AFGA3o0x1 was higher in leaf sheaths,
but lower in leaf blades of three cultivars. This was in accordance with the levels of GA,, which were higher in leaf
sheaths than leaf blades. Although the AFGAS3ox1 transcript level in roots was lower in* Cho-etsu’, its expression
was highly detected if Banchu-ubuto’ and Yoshiharu'. Inf Banchu-buto’ and Yoshiharu’, higher GA, contents in
leaf sheaths and increased expression of AFGA3ox1 in the roots were observed, suggesting GA, moblization from
the roots to leaf sheaths.

4) Expression analysis of the gibberellin-related genes during reproductive growth

We investigated the relationship between flower developmental stage and flower stalk length in Cho-etsu’ . Flow-
er stalks grew rapidly after perianth and stamen formation, and floret development was accompanied with exten-
sion of the flower stalk. The expression of AFGA3ox1, AFGAI1 and AFGAI2 in the umbel and stalk at five stages
dilering stalk length was analyzed. Expression of their genes was higher from early to middle stages in the stalks,
while higher at pollen and ovule formation stages in umbel. It indicates that gibberellins play important roles in
stalk elongation and flower development after flower-bud diJerentiation.
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