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Introduction

Kyushu lies in southern Japan and is one of the main 
green-asparagus producing districts in the country (MAFF). 
A typical crop type there is the protected mother-fern culture 
in a plastic greenhouse (PMC) (Inoue 2008, Shigematsu 
2012). The mean spear yield per unit land area (approxi-
mately 200kg/a) in PMC in the district is the highest of all 
districts in Japan, and the yield peaked at 600kg/a (Motoki et 
al. 2008). Such high yields are due to the fact that spears can 
be continuously harvested from February to October because 
of the mild climate, particularly in spring and autumn (Fig. 

1). However, during winter, the mother ferns are blasted and 
the low temperatures mean spears hardly sprout, particularly 
from November to January. Therefore, year-round produc-
tion of asparagus without heating has not been established 
completely in PMC in the district. It was reported that foli-
age splaying of benzyladenine (BA) was effective for pro-
longing the harvest period of asparagus (Mouri et al. 1995, 
Uesugi et al. 1996, Ikeuchi & Kobayakawa 2000). Because 
only one or two-year-old rootstocks were applied with BA 
in warm regions (Mouri et al. 1995, Ikeuchi & Kobayakawa 
2000), the BA effect should be confirmed using older plants, 
which are major components of actual production in warm 
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areas.
Another unique cropping type, the “Fusekomi” forc-

ing culture (FFC), has been developed in Japan (Matsubara 
1981, Haruyama et al. 1985, Uchida & Takahashi 1991, Koi-
zumi et al. 2002, 2003, Jishi et al. 2008). In FFC, rootstocks 
grown outdoors for one or two years are transplanted into 
culture beds in a plastic greenhouse with multiple coverings 
in late autumn or early winter, and spears are generally har-
vested for two or three months, from winter to early spring, 
when domestic asparagus production is very limited. After 
harvesting, the used rootstocks are discarded, and new root-
stocks are grown every year. Although plastic greenhouses 
must be equipped with soil (and air, if needed) heating 
equipment in FFC in cold regions (Haruyama et al. 1985, 
Koizumi et al. 2002, 2003, Jishi et al. 2008), FFC could 
be conducted without heating in temperate regions such as 
Kyushu. Although Uchida & Takahashi (1991) reported that 
sufficient spear yield was obtained by FFC without heating; 
mainly during February and March in Kyushu, the spear 
yield should be estimated in earlier months, such as Decem-
ber and/or January, to achieve year-round production in the 
district.

In this study, we sought to develop a year-round as-
paragus production system without heating equipment (only 
thermal retention) by combining BA-applied PMC and FFC, 
utilizing the mild Kyushu climate from autumn to spring.

Materials and methods

1. Effect of combined treatment of BA foliage spraying 
with thermal retention on the extension of the harvest 
period in PMC (Expt. 1)

‘UC157’ asparagus plants were planted 25cm apart 

in 1997 and grown in single rows spaced 1.5m apart from 
the bed center in a polyolefin (PO) greenhouse (6m wide, 
30m deep, and 3m high) at the Nagasaki Agriculture and 
Forestry Experiment Station (Nagasaki, 40m above sea 
level, yellow soil dressed by andosol, red and yellow soils). 
The experiment was conducted twice, from autumn 2006 to 
spring 2007 (11- and 12-year-old plants) and from autumn 
2007 to spring 2008 (12- and 13-year-old plants). Mother 
ferns were arranged at a density of 7.5/m2 and topped at 
140 cm above the surface level of the rows, while all lateral 
blanches were removed up to 50 cm above the surface of the 
rows. Fertilization and pest control were performed in line 
with conventional methods. To extend the harvest period, 
60 mg/L of BA solution was sprayed once on the mother 
ferns with a volume of 25 L/a in mid-October (BA spraying 
treatment), and the ventilation area of the greenhouse was 
automatically closed when the air temperature inside went 
below 25°C during October and November (thermal reten-
tion (TR) treatment). In the control, BA was not sprayed, and 
the greenhouse was kept open, as per the conventional way. 
Spear yields in November and the following spring were 
examined and air temperatures 10 and 100 cm above ground 
and the soil temperature 10 cm below ground in the central 
part of the house were recorded at 60-minute intervals. The 
mean air and soil temperatures over a 10-day period of the 
month were calculated from recorded data.

2. Effect of transplanting time to a plastic greenhouse and 
growing site of rootstocks on FFC spear yield (Expt. 2)

Rootstocks were grown in open fields at two sites, the 
Kurume Research Station of NARO Kyushu Okinawa Ag-
ricultural Research Center (Kurume) (30m above sea level, 
red soil) and the Kuju Experiment Field of the Vegetable 
and Tea Research Institute, Oita Prefectural Agriculture, 
Forestry and Fisheries Research Center (Kuju) (540m above 
sea level, gray lowland soil). At Kurume, three-month-old 
‘Grande’ asparagus seedlings were planted 0.4m apart in 
single rows spaced 1.5m from the bed center (167 plants/a) 
on 20 April, 2006. The rows were covered by black poly-
ethylene mulch, and the growing ferns were supported by 
steel pipes and double-layer nets. At Kuju, the four-month-
old seedlings were planted in the same arrangement on 22 
May, 2006 and grown as at Kurume. At Kurume and Kuju, 
compound fertilizer at the rate of 3kg/a of N, 3kg/a of P2O5 

and 3kg/a of K2O were applied as basal fertilizer, and pest 
control was performed adequately. Rootstocks were dug up 
on 20 November and 20 December, 2006 at Kurume and on 
29 November, 2006 at Kuju, respectively, and transplanted 
in culture beds set in a PO greenhouse with an air-inflated 
double-layer curtain with PO film at Kurume. The rootstocks 
were filled tight in the bed and covered with soil and conifer 
bark mixture (soil: bark = 1:1). When the soil temperature 
in the bed 5 cm below the ground level decreased below 

Fig. 1. Kyushu-grown asparagus volume handled at the 
Tokyo Metropolitan Central Wholesale Markets

Columns indicate the mean values from 2010 to 2013. 
Vertical bars indicate SD (n=4). This graph was made 
by data obtained from the Vegetable Total and Aggre-
gate Information Network (http://vegetan.alic.go.jp/
sch7.do?outPutKbn=1).
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16 °C, the beds were heated by electric heat lines set at the 
bottom of the beds. The double-layer curtain was worked 
every night and, if needed for thermal retention, in daytime 
on rainy or cloudy days. When the air temperature became 
excessive in the house on fine days, both sides of the house 
and the curtain were opened appropriately. During growing 
rootstocks in open fields, air temperatures were recorded at 
10- and 60-minute intervals at Kurume and Kuju, respec-
tively, while the daily mean air temperatures were calculated 
from recorded data.

3. Spear productivity in FFC without heating (Expt. 3)
On 1 June, 2007, three-month-old seedlings of the 

‘UC157’ asparagus were planted in the same arrangement in 
an open field at Nagasaki (yellow soil dressed by andosol) 
and grown as with Expt. 2. Rootstocks were dug up on 18 
December, 2007 and transplanted into the culture beds set 
in the PO greenhouse at Kurume, as described in Expt. 2. 
In this experiment, the beds were not heated. The manage-
ment of the greenhouse was the same as in Expt. 2. On 11 
January, 2008, heat-storage mulches (“Hot mulch”, Takii & 
Co., Ltd., Kyoto, Japan) were set on the ground in the green-
house (Fig. 2) and the air temperatures inside and outside the 
greenhouse and the soil temperatures in the bed 5 and 15cm 
below ground level were recorded.

4. Spear measurement
In all experiments, spears more than 25 cm long were 

harvested every day. The harvested spears were cut to 25cm 
in length and weighed. Spears exceeding 5g in weight and 
which met the standards of JA (Japan Agricultural Coopera-
tives) ZEN-NOH Nagasaki were considered marketable.

Results

1. Effect of combining treatment of BA foliage spraying 
with thermal retention on extending the harvest 
period in PMC (Expt. 1)

The mean air and soil temperatures tended to be higher 
in the TR treatment than in the control (Fig. 3). In both 
years, no marketable spears were harvested in November 
in the control, whereas the combined treatment of BA foli-

100cm

40cm

Fig. 2. Setting of heat-storage mulches on the ground in the double-layer PO curtain (left) and a compartment of mulch (right) 
(Expt. 3)

The black arrows in the left picture show the positions of the heat-storage mulch, which is divided into compartments 100cm 
long, each of which contains approximately 28L of water as a thermal storage medium.

Fig. 3. Effect of thermal retention (TR) treatment on air and 
soil temperatures in the greenhouse in PMC in 2006 
(Expt. 1).

                             Soil in Cont.,               Soil in TR,
                             Air 10cm above the ground in Cont.,
                             Air 10cm above the ground in TR,
                             Air 100cm above the ground in Cont.,
                             Air 100cm above the ground in TR.
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age spraying with TR enabled the harvesting of spears in 
November (Fig. 4). The total marketable spear yield for 
November and the following spring tended to be greater in 
the combined treatment than the control, although the spring 
yield declined slightly in the combined treatment (Fig. 4).

2. Effect of transplanting time to a greenhouse and 
growing site of rootstocks on FFC spear yield (Expt. 2)

The air temperature until all the rootstocks had been 
dug up was lower at Kuju than Kurume (Fig. 5), while the 
rootstock weight at Kuju exceeded that at Kurume, although 
no difference was observed between the digging months at 
Kurume (Fig. 6A), nor any in the brix of storage roots (Fig. 
6B). The marketable spear yield and mean spear weight 
were primarily greater in the rootstocks grown at Kuju and 
secondarily in those dug up in December at Kurume, fol-
lowed by those dug up in November at Kurume (Figs. 7A, 
B). The proportion of marketable yield to rootstock weight 
was similarly higher in the rootstocks grown at Kuju and in 
those dug up in December at Kurume than in those dug up in 
November at Kurume (Fig. 7C).

3. Spear productivity in FFC without heating (Expt. 3)
An example of changes of air and soil temperatures in 

the greenhouse is presented in Fig. 8. Before the setting of 
heat-storage mulches, the mean night air temperature and 
minimum air temperature in the double-layer curtain were 
3 to 5°C higher than those outdoors, while the mean soil 
temperatures were maintained above 15°C (Table 1). When 
setting the heat-storage mulches, the differences between the 

Fig. 4. Effect of benzyladenine (BA) spraying with thermal 
retention (TR) treatment on the marketable spear 
yield in November and the following spring in PMC 
(Expt. 1)

Columns and numerals in the columns indicate mean 
values in six repetitions of 40 plants. * and NS indi-
cates mean separation of the total marketable spear 
yield by t-test, a 5% level of significance and non-
significance, respectively. Vertical bars indicate SE of 
total marketable spear yield (n=6).

Fig. 5. Change in air temperature at Kurume and Kuju (Expt. 2)
Arrows in the graph indicate the digging dates of root-
stocks at the sites.

Fig. 6. Effect of rootstock digging month and growing site 
on (A) rootstock weight and (B) Brix of storage roots 
(Expt. 2)

Columns indicate the mean values of 10 plants in 
Kurume, 9 plants in Kuju in A and 5 plants in Kuju 
in B. Different letters indicate mean separation by the 
Tukey-Kramer test, 5% level of significance. Vertical 
bars indicate SE (n=5-10).
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mean night air temperature and minimum air temperature 
inside the curtain and those outdoors were 1 to 2°C greater 
than those before setting the mulches, although no difference 
in soil temperature was observed before and after setting the 
mulches (Table 1). Rootstocks with mean weight of 2400 g 
produced marketable spears with a total of 470 g/rootstock 
and an average of 14 g/spear (Table 2). The proportion of 
marketable spear yield to rootstock weight was approxi-
mately 20% (19.4%), as high as that of December-dug root-
stocks cultured in the bed with heating in Expt. 2 (Table 2).

Discussion

The results in Expt. 1 indicated the potential to extend 
the harvest period of older (more than 10 years old) aspara-
gus plants as well as younger (one to two years old) plants 
(Mouri et al. 1995, Ikeuchi & Kobayakawa 2000) by the 
combined treatment of BA foliage spraying with thermal 
retention in PMC in Kyushu. In Expt. 2, the spear productiv-
ity of rootstocks grown in lowlands (i.e. Kurume) was less 

Fig. 7. Effect of rootstock digging month and growing site on (A) marketable spear yield, (B) mean spear weight, and (C) 
proportion of marketable yield to rootstock weight (Expt. 2)

Columns indicate the mean values of 10 plants. Different letters indicate the mean separation of the total marketable spear 
yield by the Tukey-Kramer test, 5% level of significance in A, and mean separation in B and C . Vertical bars in B and C indi-
cate SE (n=10). Kuju in C has no statistical test letter and a vertical bar because the value was estimated using mean values in 
(A) marketable spear yield and rootstock weight in Fig. 6A.

Fig. 8. Change of temperatures inside and outside the greenhouse equipped with an air-inflated double-layer curtain and 
            heat-storage mulch (16 to 18 February, 2008) (Expt. 3)
                            Air outdoors,             Air in greenhouse (Outside curtains),            Air in greenhouse (Inside curtains),
                            Soil in greenhouse (5cm below the ground),            Soil in greenhouse (15cm below the ground).
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in November digging than December digging in FFC in 
Kyushu; perhaps due to insufficient exposure to low tem-
perature for breaking dormancy (Koizumi et al. 2002). Spear 
productivity for the November digging of rootstocks was 
increased by growing rootstocks in the highlands (i.e. Kuju), 
where rootstocks were more exposed to low temperatures 
than in the lowlands. Therefore, the profitable FFC of as-
paragus from December would be possible by growing root-
stocks in the Kyushu highlands. Furthermore, the results in 
Expt. 3 indicated that in FFC, profitable spear yield seemed 
to be obtained in the greenhouse without heating and with 
thermal retention treatment, such as the inner double-layer 
curtain (triple coverings) in the experiment, in the Kyushu 
lowlands during the earlier period than the previous report 
(Uchida & Takahashi 1991).

Based on the results obtained in these experiments, 
we could show the potential for the profitable year-round 
production of green asparagus without heating in Kyushu 
by extending the harvest period to November in PMC and 

Table 1. Night air temperature, minimum air temperature and soil temperature in the plastic greenhouse equipped with an air-
inflated double-layer curtain

Term
Heat

storage
mulch

Mean night air 
temperature (°C)z

Minimum air 
temperature (°C)

Mean soil 
temperature (°C)y

Outdoor 
 (A)

In curtain 
 (B)

Difference
 (B-A)

Outdoor 
(a)

In curtain 
(b)

Difference 
(b-a)

5cm 
deep

15cm 
deep

Early Dec. No 5.8 9.4 3.7 3.4 7.2 3.9 15.5 17.1
Mid-Dec. No 6.2 9.6 3.4 4.3 7.8 3.5 15.6 16.9
Late Dec. No 7.9 11.3 3.4 5.8 9.5 3.7 16.1 17.0
Early Jan. No 4.3 9.0 4.7 1.3 6.1 4.8 15.9 16.6

Mean 6.1 10.0 3.8 3.8 7.8 4.0 15.8 16.9

Mid-Jan. With 6.2 11.3 5.1 3.8 8.9 5.2 16.7 17.4
Late Jan. With 4.2 9.0 4.8 2.9 7.6 4.6 14.0 15.0

Early Feb. With 3.2 9.5 6.3 0.8 6.3 5.5 15.7 15.9
Mid-Feb. With 2.0 9.5 7.5 -0.6 6.6 7.2 16.7 16.8
Late Feb. With 5.1 11.7 6.6 1.4 8.0 6.6 17.9 17.9

Mean 4.3 10.3 6.1 1.8 7.6 5.8 16.3 16.7

z Mean temperature from 19:00 on the previous day to 6:00.
y Mean temperature for a whole day.
Numerals are the mean diurnal values for each term.
Measurement was carried out from 6 December, 2007 to 29 February, 2008. 

Table 2. Spear productivity in FFC without heating

At digging up time Marketable spear 
yield (B) 

(g/rootstock)

Mean spear 
weight 

(g)

B/A 
(%)Rootstock weight (A) 

(g)
Brix of storage root 

(%)
2414 ± 111z 33.0 ± 0.7 467.6 ± 17.8 13.8 ± 0.4 19.4

z Mean value ± SE (n=55 and 10 in rootstock weight and brix of storage root at digging up time, respectively, and n=2 of 15 plants in 
marketable spear yield and mean spear weight).

applying FCC production from December by growing root-
stocks in the highlands and producing spears in a thermal-re-
tained greenhouse in the lowlands. For asparagus, dormancy 
is considered induced by a certain chilling temperature in 
autumn in temperate regions, whereupon poor sprouting of 
spear is caused (Hayashi & Hiraoka 1978). It was reported 
that the release of the bud dormancy of asparagus depended 
not only on the growing temperature but also on the duration 
and temperature of chilling (Ku et al. 2007), while it was also 
reported that spears could sprout more than 23°C; regardless 
of the degree of dormancy of asparagus plants (Hayashi & 
Hiraoka 1978). Recently, environmental conditions such as 
autumn and winter temperatures, in which we attempted 
experiments to produce asparagus spears in the paper, varied 
by the year, so that the degree of dormancy of asparagus 
plants would be unstable in the seasons, particularly autumn. 
Therefore, further thermal retaining techniques to maintain 
a higher temperature should be investigated to make the 
production system more stable.



Green Asparagus Out-of-Season Production in Kyushu, Japan

455

Acknowledgements

This research was supported by the Research and 
Development Projects for Application in Promoting New 
Policy of Agriculture, Forestry and Fisheries grant from the 
Ministry of Agriculture, Forestry and Fisheries of Japan. The 
top author would like to thank Messrs. S. Maeda and M. 
Matsuo for the technical assistance in the FFC at Kurume.

References

Haruyama, M. et al. (1985) Harvesting within the year of green 
asparagus. Gunma nougyou kennkyu D Engei (Gunma J. Ag-
ric, Res. D, Horticulture), 1, 1-15 [In Japanese with English 
summary].

Hayashi, H. & Hiraoka, T. (1978) Studies on sprouting of garden 
asparagus (No. 1) On the seasonal change of temperature for 
sprouting. Kanagawaken nougyou sougou kennkyusho kenkyu 
houkoku (Bull. Agri. Res. Inst. Kanagawa Prefect.), 121, 1-7 
[In Japanese with English summary].

Ikeuchi, T. & Kobayakawa, H. (2000) Establishment of year-
round technique in asparagus (Report 1) BA-Treatment for 
off season cropping. Kagawaken nougyou shikenjou kennkyu 
houkoku (Bull. Kagawa Agric. Exp. Stn), 52, 23-31 [In Japa-
nese with English summary].

Inoue, K. (2008) Improving the green asparagus production sys-
tem in Japan. Acta Hort., 776, 81-85.

Jishi et al. (2008) White asparagus production with opaque film 
in rootstock planting forcing culture. Engei gaku kennkyu 
(Hort. Res. (Japan)), 7, 241-247 [In Japanese with English 
summary].

Koizumi, T. et al. (2002) Effects of cultivar, extent of cumulative 
chilling exposure, age of rootstock and sex on growth of spear 
in asparagus forcing culture. Engei gaku kennkyu (Hort. Res. 
(Japan)), 1, 205-208 [In Japanese with English summary].

Koizumi, T. et al. (2003) Difference between male and female 
plant in growth of one-year-old asparagus, yield and quality in 
forcing culture. Engei gaku kennkyu (Hort. Res. (Japan)), 2, 
275-278 [In Japanese with English summary].

Ku, Y. G. et al. (2007) Temperature effects on dormancy, bud 
break and spear growth in asparagus (Asparagus officinalis 
L.). J. Hort. Sci. Biotech., 82, 446-450.

MAFF: The 87th statistical yearbook of Ministry of Agriculture, 
Forestry and Fisheries (2011 - 2012). http://www.maff.go.jp/e/
tokei/kikaku/nenji_e/87nenji/other/n172-188.xls

Matsubara, S. (1981) Forcing culture of asparagus in  temperate 
region of western Japan. Okayama daigaku nougakubu gaku-
jutsu houkoku (Sci. Rep. Fac. Agri. Okayama Univ), 57, 1-10 
[In Japanese with English summary].

Motoki, S. et al. (2008) Asuparagasu no kouhinshitsu tashu gi-
jutsu (Techniques for high quality and high yield production 
in asparagus). Rural Culture Association, Tokyo, 166-170 [In 
Japanese].

Mouri, S. et al. (1995) Effects of benzyl adenine treatment in 
autumn and winter on the growth and harvest of asparagus. 
Kagawaken nougyou shikenjou kennkyu houkoku (Bull. 
Kagawa Agric. Exp. Stn), 46, 59-65 [In Japanese with English 
summary].

Shigematsu, T. (2012) Reberuappu no asuparagasu saibai (Im-
provement of asparagus cultivation), Rural Culture Associa-
tion, Tokyo, pp. 159 [In Japanese].

Uchida, Y. & Takahashi, H. (1991) Studies on forcing culture 
of one-year-old rootstocks of green asparagus in the warm 
temperature zone -Pre-sowing treatment of seed and sowing 
date-. Miyazaki daigaku nougakubu kenkyu houkoku (Bull. 
Fac. Agric. Univ. Miyazaki), 37, 297-304 [In Japanese with 
English summary].

Uesugi, T. et al. (1996) The effects of benzyladenine to asparagus 
spear sprouting and some characteristics on summer to fall 
harvesting. Naganoken yasai kaki sikennjou houkoku (Bull. 
Nagano Veg. & Ornam. Crops Exp. Sta. Japan), 9, 1-10 [In 
Japanese with English summary].




