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Abstract

Background and Objective: The productivity of shallots in Indonesia is low. Productivity on average is only 9 t ha=". That is far from the
potential to produce up to 15 tha='. The research aims to evaluate the yield potential of planting material in the form of seed tubers, aerial
tubers and /n vitro culture tubers. Materials and Methods: The study was carried out at experimental field, ecology laboratory and in
vitro Culture Laboratory from October, 2018-June, 2019. The study was conducted in two seasons. The first season to produce planting
material such as; True Shallot Seed (TSS) tuber seeds, /in vitro culture tuber seeds, aerial tubers and consumption tubers. The second
season tested with one treatment factor. The experimental design used was complete randomized block design with 3 replications.
Results: The results showed that type of planting material that had the highest yield potential was aerial tubers of 17.1 t ha™!, then
followed by /n vitro culture of 15.3 t ha=' and TSS of 9.9 t ha~'. Consumption tubers has the lowest yield potential of 7.2 t ha™".
Conclusion: To increase the productivity of shallots, planting material from aerial tubers can be used.
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INTRODUCTION

Indonesian shallots production in 2018 amounted to
1.470.155 t with an area’ of 158.172 ha. Shallots productivity
of Indonesia in 2013-2017 has decreased significantly?.
Planting material is a problem in shallots cultivation. Shallots
planting material used in the tropics, including; in Indonesia,
is planting material from consumption tubers. This planting
material is used for generations in a long time. It has been a
decrease of planting material quality which has an impact on
reducing the productivity of shallots yields. It is caused the
tubers are susceptible to infectious diseases of Fusarium sp.
and viruses like Shallot Latent Virus and Onion Yellow Drawf
Virus (OYDV). The disease causes a decrease in productivity up
to 60%3*.

Efforts to get quality seeds without viruses infection can
be developed in various ways, such as; planting material of
seed tubers®, tubers planting material from /n vitro culture®
and aerial tubers planting material’. However, shallot
cultivation through TSS in the tropical region is faced with
problems such as; a low percentage of flowering, seeds
produced have low viability, longer planting time than tuber
seedlings, higher mortality rates in the nursery period and
transfer of seedlings in the field and technical culture
technology that has not been managed by farmers®®,

Aerial tubers are formed tubers from other parts of the
plant above the surface of the ground which are usually from
axillary nodes on stems and in certain circumstances can
usually be formed from flowers'®. Aerial tubers can also form
from injured plant parts, as a result of disturbed assimilate
translocation™. Aerial tubers are widely known in tuber crops
such as; begonias, potatoes and Djoscorea sp. Aerial tubers
are vegetative parts that can be used for seedlings benefit.
Aerial tubers from begonias have long been carried out
especially in studies of dormancy breakage'>'. Aerial tubers
on Dioscoreasp. not used widely either for the benefit of food
and seeds, while the shallots aerial tubers can be formed in
summer with a 12 h irradiation length. In addition, shallots
aerial tubers can be formed by gibberellins treatment (GA;).
The role of GA; is able to increase the lengthening of flower
stalks quickly. In shallots, elongation of flower stalks is not only
followed by flower emerge, but also often followed by the
formation of aerial tubers. The results of studies on potatoes,
aerial tubers are more resistant to pathogens'®, so that the
aerial tubers are a source of planting material that has a better
quality than consumption tubers. In sub-tropical countries
naturally aerial tubers can form. This tuber has been used as
planting material and is able to produce good yield.

/n vitro culture nursery is an effort to obtain disease
resistant seedlings'”'8. The most important stage that causes
fail /n vitro culture is acclimatization. The success of
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acclimatization of /n vitro culture has been found among
others in orchids, bananas and sugar cane. In addition for
obtain healthy plants from pathogen infection, the purpose of
in vitro culture is multiplication. However, /n vitro culture
multiplication of garlic have not been successfully carried out®.
This also occurs in shallots®. /n vitro culture yield potential in
many studies have been shown higher crop yields and better
quality as in banana?', potatoes?, sugar cane?, orchids?,
chrysanthemums? and other types of plants. This study aims
to produce and determine potential yield of planting material
in the form of seed tubers, aerial tubers and /in vitro culture
tubers.

MATERIALS AND METHODS

This research was conducted in two growing seasons. The
firstgrowing season conducted several studies to obtain tuber
planting material that will be tested for yield potential. The
second growing season was a study to test potential yield of
planting material obtained from the first growing season. The
study was carried out at experimental field in Ngringo village,
Palur district, Karanganyar regency, Central Java, in vitro
Culture Laboratory and Ecology Laboratory from October,
2018-June, 2019.

First growing season: The first study was the planting of TSS
that began with nurseries in trough. Transplanting was done
at age 3 weeks. Planting was conducted in Ngringo
experimental field, Karanganyar Central Java with planting
distance of 10x10 cm. Harvesting was done at 80 days after
planting.

The second study was /n vitro culture by taking explant
material from the growing point on the shallots discs. Media
used was Murashige-Skoog (MS). Furthermore, acclimatization
was conducted from in vitro culture plantlets to obtain tuber
yield. Acclimatization was conducted at 2 altitudes at 100 m
above sea level and 1200 m above sea level.

The third study was a study to obtain aerial tubers by
soaking consumption tubers seed in a solution of gibberellins
(GA;). Concentration of GA; used was 0,100 and 200 ppm.

This research was surveys and observations to obtain
planting material that will be tested for potential yield in the
2nd growing season. Data analysis used tabulation and
explanation.

Second growing season: The second growing season was a
potential test of tuber seed yields from first growing season,
whichincludes TSS yield tuber seedlings, in vitroculture tuber
seedlings and aerial tubers compared to consumption tubers.
The research was one-factor treatment experiment, which was
type of planting material source consist of four treatments
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namely TSS yield tuber seedlings, in vitro culture tuber
seedlings, aerial tubers and consumption tubers. The design
used Complete Randomized Block Design (RCBD) with three
replications. Observation variables included tuber weight per
clump, tuber weight per plot, tuber weight per ha, number of
tubers per clump and tuber diameter.

Statistical analysis: Data analysis used analysis of variance
with Duncan's multiple range test at the 5% level.

RESULTS

Firstgrowingseasonresearchresults: The TSS yield obtained
by the number of tubers with an average of 2.3 tubers per
clump (Table 1). This yield was relatively low compared to the
consumption tubers yield. The diameter of the tuber from TSS
yield was smaller than the planting material from tuber
(Table 1). The average diameter of the tuber was 1.8 cm
smaller than diameter of consumption tuber with diameter of
2.8 cm. The size of tubers produced from botanical seeds is
classified as small tubers which when compared to tubers
consumption that have diameter ranges from 2-5 cm per
tuber.

Theresults of in vitro culture studies showed that plantlet
growth in MS media was very good (Fig. 1). Shallots were able
to grow well in MS media. However, the results of
acclimatization show that in the highlands (1200 masl)
plantlets can grow as planting material, but not in lowlands
(100 masl) (Table 2). The highlands has supported
temperature for acclimatization, with average temperature
in the range of 20°C with relatively high humidity (>60%).
/n vitro acclimatization of garlic can be successfully grown at
temperature range of 20°C. The results showed
acclimatization that carried out in March had a high success

Table 2: Shallots plantlets acclimatization yield

rate, plantlets which grew by 64.58%. This was because the
daily temperature was relatively stable in the temperature
range of 20°C. In January, although the average temperature
was around 20°C, but the rainfall was very high which caused
many plantlets affected by fungi. While, in May there was a
change intemperature where the average temperature could
reach 26°C which resulted in unsuccessful acclimatization.
The results of the first growing season that /n vitro culture
planting material were able to produce an average large
tubers diameter of 2.9 cm (Table 3). The results of in vitro
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Fig. 1: Shallots plantlet growing in MS media

Table 1: Tuber yield from TSS

TSS tuber yield

Weight per Number of tubes Diameter
Repetition clump (9) per clump (cm)
1 25.50 2.00 230
2 14.30 2.00 1.50
3 18.40 2.00 1.70
4 34.00 3.00 1.90
Average 23.10 2.30 1.80

Location Acclimatizationtime Average daily temperature (°C) Humidity (%) Number of plantlet Number of growing plantlet
Highland (1200 masl) January 20.80 8240 10.00 4.00

March 21.10 81.60 48.00 31.00

May 26.20 80.50 12.00 0.00
Lowland (100 masl) January 27.80 79.10 80.00 0.00

March 27.60 79.00 74.00 0.00

May 27.90 79.50 76.00 0.00

Table 3: Tuber yields from /n vitro culture

Tuber yields from /n vitro culture

Replication Weight per clumps (g) Tubers number per clump Diameter (cm)
1 34.80 5.00 3.10
2 48.30 4.00 2.50
3 42.30 4.00 3.10
4 40.20 3.00 3.00
Average 41.40 4.00 2.90
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Fig. 3: Planting material from TSS yield tubers, aerial tubers, /n vitro culture tubers and consumption tubers

Table 4: Effect of GA; in consumption tubers seedling to aerial tubers forming

Average number of Average number aerial Average of tubers Average of tubers
GA; flowering clump (%) tubers per clump (%) weight (g) diameter (cm)
0ppm 20.00 0.00 0.00 0.00
100 ppm 25.00 5.00 0.80 1.30
200 ppm 35.00 9.00 130 1.40
studies showed that average weight per clump and tubers The planting material of first growing season from TSS
number per clump were quite large, namely 40.4 g and 4  tubers, aerial tubers, in vitro culture tubers were tested for
clumps (Table 3). potential yield in the second growing season (Fig. 3). Each

GA; application is an effort to add hormones to shallots. planting material has been stored for 3 months to be planted.
The results showed thatthe immersion of GAsin shallottubers ~ The shallot tubers dormancy period ranges from 2-3 months.
planting material was able to increase the number of aerial Consumption tubers size was larger than the other tubers.
tubers and the number of flowering (Table 4). In addition to While aerial tubers have smaller sizes. However, aerial tubers
increase flowering, GA; was able to increase the number of ~ show high yield potential (Table 5).
aerial tubers, tubers weight and tubers diameter (Table 4).

Increasing number of aerial tubers at concentration of 100 and Second growing seasonresearchresults: The results showed
200 ppm by 5 and 9%. In shallots, bolting was not only  that aerial tubers planting material has average tuber weight
followed by the emerge of flowers but often also followed by per clump, tuber weight per m? and the highest tuber weight
formation of aerial tubers (Fig. 2). per ha. The highest yield potential was showed by planting
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Table 5: Tubers weight per clump, tubers weight per plot and tubers weight per ha

Treatments Tubers weight perclump (g) Tubers weight per plot (kg) Tubers weight per ha (t)
TSS yield tubers 45.1+2.40° 1.1£0.040° 9.90°
Aerial tubers 77.3£7.50¢ 1.940.185¢ 17.10¢
In vitro culture tubers 68.61+10.74¢ 1.7%£0.270¢ 15.30¢
Consumption tubers 32.1£2.46° 0.8£0.065* 7.20°

Numbers followed by the same letters in the same columns indicate not significantly different on Duncan multiple range rest at a level 5%

Table 6: Number of tubers per plant and tubers diameter

Treatments Number of tubers per plant  Tubers diameter (cm)
TSS yield tubers 8.00+1.152 2.20£0.35°
Aerial tubers 12.70£3.33° 2.4010.04°
In vitro culture tubers 6.30+0.332 2.90£0.07¢
Consumption tubers 6.20+0.50? 1.90+0.072

Numbers followed by the same letters in the same columns indicate not
significantly different on Duncan multiple range rest at a level 5%

material from aerial tubers (17.1 t ha™"). The use of aerial
tubers planting material was not significantly different with
/n vitro culture tubers (Table 5). Potential yield of planting
material from aerial tuber seedlings showed the highest yield
followed by /n vitro culture tubers and TSS. The results of
planting tuber seedlings from shallots in vitroculture showed
high yield (15.3 t ha™"). The yield quality indicated by the
number tubers per clump and size of planting material from
TSS, in vitroculture seedlings and aerial-tuber seedlings were
also much better than consumption tubers (Table 6). The
number of tubers per clump was more and the tuber size was
bigger. The results showed that the largest size was /n vitro
culture yield (2.9 cm). The TSS not significantly different with
aerial tubers yield (Table 6).

DISCUSSION

Planting material from vegetative organs used
continuously for decades will reduce the quality of seedlings.
Such in shallot cultivation in tropical regions such as in
Indonesia. The planting material used is tubers that have been
used for decades so that easily infected with a virus. Some
alternatives to produce high-quality planting materialsinclude
using tuber seedlings produced by TSS, tuber seedlings from
/n vitro culture and aerial tuber seedlings.

The TSS has great potential in the cultivation of shallotsin
Indonesia, because it is not infected with a virus, cheap and
efficient’s?, The yield of tubers per plant in TSS cultivation is
2 tubers®. The low yield of tubers cultivation is one of the
problemsfaced in the cultivation of shallots by using botanical
seeds®. However, the use of botanical seeds is one alternative
that can be developed to improve the quality of shallot
seeds?. The use of TSS seeds can increase yields up to two
times, highest tuber yield, weight and diameter compared to
the use of consumption tubers?4%,
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Temperature is a main factor in acclimatization of shallots.
The percentage of plantlet mortality increases as
acclimatization temperature®. The results showed that the
highland has atemperature that supports the acclimatization,
the average temperature recorded in the range of 20°C with
relatively high humidity (>60%). /n vitro culture
acclimatization of garlic can be grown at temperature range
of 20°C3' temperatures can increase the percentage and rate
of shallot growth32. The influence of agroclimate on the
growth of garlic cultivars was strongly influenced by the
location of planting changes in temperature from Jin vitro
culture (25%=1°C) to in vivowhich canreach 18°Cat nightand
32°C during the day result in depressed plantlets growth so
that acclimatization often fails.

Tuber seedlings from /in vitro culture are also seeds that
are not infected by viruses. The use of /n vitro culture media
with high levels of sucrose has a positive effect on shoot
proliferation, culture maintenance and tuber initiation in
Alliumsp3*. In vitroculture is a proper alternative method for
increasing the multiplication efficiency of Alliumspecies from
various explant sources?#3>-3,

GA; soaking in shallot tubers can increase the number of
aerial tubers and number of flowering plants. Increasing
amount of aerial tubers at concentration of 100 and 200 ppm
by 5 and 9%. In lettuce, GA; are able to induce bolting and
increase seed yield*. The results of the second growing
season of aerial tuber planting material showed that highest
tuber weight per ha. Aerial tubers are vegetative parts thatare
formed on flower stems with very small tuber sizes™. Aerial
tubers can formed in suitable climatic conditions in summer
with full irradiation length. The formed aerial tubers have
resistance to pathogen. Potential yield of planting material
derived from aerial tuber seedlings showed the highest yield
followed by tuber seedlings resulting from /n vitroculture and
seed tuber seeds. The quality of yields from aerial tubers and
TSS is quite high. The size of the tubers produced from aerial
tubers planting material, /n vitro culture tubers and seed
provide better quality compared to consumption tubers.

CONCLUSION

Aerial tubersand TSS formation can be increased by using
GA;. Acclimatization in /n vitro culture is largely determined
by temperature. Acclimatization can grow plantlets in low
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temperatures. Potential yield of planting material derived from
aerial tuber seedlings showed the highest yield followed by
tuber seedlings resulting from /n vitro culture and seed tuber
seeds.

SIGNIFICANCE STATEMENT

This study discovers that GA; can increase air tuber
production, but is still very low and can increase TSS
production. Plant material from air tubers has high
productivity followed by planting material /n vitro. This finding
can be applied to onion farmers in the tropics. This study will
help researchers to uncover the critical areas of the role of GA,
in increasing aerial tuber yield, the role of aerial, TSS and
/n vitrotuber for increasing shallot productivity in the tropics.
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