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Table 1. The yield and number of spears of combined and conventional methods in greenhouse

asparagus in 2015
7 HA e B AH B R AR
FHETEH Combined method Conventional method
Item AT &' Y %" =g" .
Winter Spring Summer Spring Summer Autumn
PRIGCR 2 43 73 53 73 53 64

Harvesting days

HPEEER (AT /0.1 )Y
Daily yield (kg/0.1 ha)

H BRI 3 (32 /0.1 A )Y
Number of daily harvested spears 9221316 6371184 703£315 6761173 610£212 578£159
(spears/0.1 ha)

FEREEER (AT /0.1 4H)"
Seasonal yield of premium grade 68521759 | 883.11362 | 43641729 |1,050.61162.7| 461.51108.7 | 544.2£106.3
spears (kg/0.1 ha)
FEFRTE (/0.1 A1)
Seasonal number of premium 29,259+ 1,161 | 33,700+ 2,628 | 20,217 £ 3,188 | 38,253 £ 4,366 | 20,342 £ 4,565 | 27,532 £ 3,383
grade spears (spears/0.1 ha)

FEMLTHIELE (AF)"

187168 144%47 119146 162145 11.6+4.7 109£39

Average weight of premium 23.0%29 267139 21.7%£25 274135 229+27 194£33
grade spears (g)

Ok O L2z (0 )X
ém%mthf %) 852142 84.1%3.1 689135 884134 746154 774%5.1
Rate of premium grade spears (%)

JEEE S (/N AN Y
FHRER (KT 0.1 26T 803.0£254 | 1050.9£22.5 | 6312137.0 | 1,183.9%£72.6| 614.0£53.7 | 699.01463

Seasonal yield (kg/0.1 ha)

RUAPRCE B (32 /0.1 )Y
Seasonal number of spears 39,644 11,831 (46,500 £ 4,680 | 37,233 + 3,485 (49,373 3,572 | 35,351 £2,874| 37,007 £9,753
(spears/0.1 ha)

FEEEMES (7T /0.1 ha)™

Seasonal gross revenue 2409%153 | 2627+112 | 1578+185 | 2960£363 | 1535269 | 174.7+23.1
(NTS$ 1,000 /0.1 ha)

= 7\ AN Z
RIFER (AT 0.1 A7) 2485.1 + 937 24969 * 1713

Annual yield (kg/0.1 ha)

SEEERES (F7T /0.1 &)™
Annual gross revenue 6614 £ 257 6242 + 428

(NTS 1,000/0.1 ha)
ER
RFEERIHT 1041 H 14 H~2H25H -
Winter harvest period: Jan. 14, 2016 to Feb. 25, 2016.
VEFRRUCH 1043 H27H~6H7H -
Spring harvest period: Mar. 27, 2016 to Jun. 7, 2016.
VERRUGHE 1047 H9H~8H30H -
Summer harvest period: Jul. 9, 2016 to Aug. 30, 2016.
VEKEERRICH - 1049 H25 H~ 11 H27H »
Autumn harvest period: Sep. 25, 2016 to Nov. 27, 2016.
T EEBBUE R HERER - DOFSE R RERR -
Data are means £ SD (n = days per harvested period).
VETEENR R 3 B 0 DOPHOE R ER
Data are means * SD (n = 3).
FRABUERTATEE 300 F - H - K=EFR 25070 (EHEE) -
The price of green asparagus in winter is NT$ 300 per kilogram but it is NT$ 250 per kilogram in
the other three seasons (direct selling price).
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Fig. 1. The daily yield and gross revenue of combined method (treatment) and conventional (control)

method in 2015

(A)Daily accumulated yield and gross revenue. Solid gray curves (==), control daily
total yield. Solid black curves (===), treatment daily accumulated yield. Gray dots
(eee), control daily accumulated gross revenues. Black dots (eee), treatment daily
accumulated gross revenues.

(B) Daily total yield and amount of off-grade products (diameter of spear < 8 mm). Gray
curves (==), control daily total yield. Black curves (=), treatment daily total yield. Gray
dots (eee), control daily amount of off-grade products. Black dots (eee), treatment
daily amount of off-grade product.
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Fig. 2. Seasonal accumulated yield and sugar content of storage roots of combined method

[ 3.

Fig. 3.

(treatment) and conventional (control) method in 2015.

Gray curves (=), control sugar contents. Black curves (==), treatment sugar content. Data
are means + SD (n = 3). Gray block (I) control seasonal accumulated yield. Black block (.)
treatment seasonal accumulated yield.
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Daily accumulated yield and gross revenue in combined method (treatment) and
conventional (control) method in 2016. (A) Spears harvested begin in January. (B) Spears
harvested begin in February. (C) Spears harvested begin in March. Gray curves (=), control
accumulated yield. Black curves (==), treatment daily accumulated yield. Gray dots (eee),
control daily accumulated gross revenue. Black dots (eee), treatment daily accumulated
gross revenue. Off-grade products of treatment, diameter of spear < 8 mm.
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Table 2. The yield and number of spears of combined method beginning in January and
conventional method in 2016

FERER AR ELAH A R AR
HEIEE Combined method Conventional method
Item &Y " =ZhY &Y Y
Winter Spring Summer-autumn Spring Summer-autumn
PRIGCR 2 51 78 83 78 83
Harvesting days
PR (N N

HPS9ZER (DT 0.1 48) 16.7£10.6 172£838 9.4+7.1 183199 1031738

Daily yield (kg/0.1 ha)
HSEEERUC 3 (2 /0.1 3B
Number of daily harvested spears 982 £ 509 8371427 716 £ 450 791 £ 447 6321374
(spears/0.1 ha)

FOHGMER (AT /0.1 AE)”
Seasonal yield of premium grade 68731779 | 1116.6£207.3 | 482.0%£79.6 | 1223.5+120.8 | 563.4142.2
spears (kg/0.1 ha)
FOHGE TR (/0.1 A6 )”
Seasonal number of premium 33,500+ 3,378 | 42,450 £ 7,652 | 23,783 £ 4,124 | 45,783 +2,747 | 26,183 £ 1,926
grade spears (spears/0.1 ha)

FEMLTHIELE (AF)"

Average weight of premium 20.0+3.8 29.8+8.8 19.9+2.0 304186 212116
grade spears (g)

I L2z (07 VX
FEfmEES (% ) 80.7£2.9 82.9£5.5 61.8%5.2 85.4 4.4 70.1£2.1

Rate of premium grade spears (%)

FUER (AT /0.1 AT
Seasonal yield (kg/0.1 ha)
AR EL (/0.1 A"
Seasonal number of spears 50,096 12,546 | 65,256 £ 4,688 | 59,437 £4,008 | 61,703 + 1,186 | 49,330 £ 1,458
(spears/0.1 ha)

FEEEHERS (F7T /0.1 ha)™”

849,.6133.7 | 1,341.4%£83.2 | 776.4%35.1 1,429.6 £33.5 | 803.5%+19.1

Seasonal gross revenue 254.8120.2 | 33535%41.5 194.1£17.5 357.4%16.7 200.9%9.5
(NT$ 1,000 /0.1 ha)

=N VAN Z
EEER (BT /0.1 M) 2,967.4296.1 2,2783+110.2

Annual yield (kg/0.1 ha)

REEMEMER (7T /0.1 AB)™
Annual gross revenue 78421774 569.6 £27.5

(NTS 1,000/0.1 ha)
it
VAT 1051 H6H~2H25H -
Winter harvest period: Jan. 6, 2016 to Feb, 25, 2016.
VEFRIE 1054 H10H~6 H26 H -
Spring harvest period: Apr. 10, 2016 to Jun. 26, 2016.
VERKEEERUEH S 1057 H31 H~10 H21 H -
Summer-autumn harvest period: Jul. 31, 2016 to Oct. 21, 2016.
T IEBELE R H B ER - DOFSE L R REERT -
Data are means * SD (n = days per harvested period).
VEITEBIE R 3 B > DIEISE LR -
Data are means £ SD (n = 3).
AT R TATEE 300 T 0 F B - FK=EF R 250 7T (EHER) -
The price of green asparagus in winter is NT$ 300 per kilogram but it is NT$ 250 per kilogram in
the other three seasons (direct selling price).
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Table 3. The yield and number of spears of combined method beginning in February and

conventional method in 2016

FERER AR ELAH A R AR
SHEIEH Combined method Conventional method
Item &Y " =ZhY &Y Y
Winter Spring Summer-autumn Spring Summer-autumn
PRIGCR 2 ) 45 103 45 103
Harvesting days
O R (A 0.1 A ) B B B . .
Daily yield (kg/0.1 ha) 119£7.8 10251 13.5%55 114129 148149
H S ERUC 3 (32 /0.1 238
Number of daily harvested spears 718 £349 4391193 769 £ 321 5391126 8521292
(spears/0.1 ha)
FOHGMER (AT /0.1 AE)”
Seasonal yield of premium grade 261.4176.7 368.8+51.8 990.5+120.9 370.51£8.0 97741852
spears (kg/0.1 ha)
FOHGE TR (/0.1 A6 )"
Seasonal number of premium 15,800 + 4,667 | 12,000 £ 1,348 | 42,267, + 5,486 | 14,333 +388 | 45,967 3,356
grade spears (spears/0.1 ha)
FOtG L (A%)Y
Average weight of premium 16.1£4.7 29457 23.1+3.1 25.8%2.9 21.11£22
grade spears (g)
I L2z (07 VX

FEEARLEE (%) 50.3%2.2 80.0£4.1 713+ 14 723%0.9 64.1%1.9
Rate of premium grade spears (%)
A a—N AN VAN Y
FHER ( AT /01 ) 501.7£23.2 460.2+26.6 1387.6 £74.4 512.3%3.6 1524.5£50.4
Seasonal yield (kg/0.1 ha)
FURRICE L (/0.1 A8
Seasonal number of spears 30,166 £4,477 | 19,736 £2,250 | 79,194 £ 8297 | 24,240 + 66787 | 87,793 + 4,467
(spears/0.1 ha)
FAEE S (77T /0.1 ha)™
Seasonal gross revenue 150.5£13.9 115.05+£13.3 346.9£37.2 128.0 £ 1.8 381.1%£25.2
(NT$ 1,000 /0.1 ha)

BFER (AT /0.1 A )

+
Annual yield (kg/0.1 ha) 2,349.61103.8

2,036.7+100.3

EEEHEAES (F7T /0.1 &)™

Annual gross revenue
(NT$ 1,000/0.1 ha)

61251258

509.2£25.1

it

VAFRRUE 1052 5 14 H~3 H26 H -
Winter harvest period: Feb. 14, 2016 to Mar, 26, 2016

VEFRBE 1054 H1TH~5H31H -
Spring harvest period: Apr. 17, 2016 to May 31, 2016

VERKERUEA 1057 H1H~10H 11 H -

Summer-autumn harvest period: Jul. 1, 2016 to Oct. 11, 2016
*EIEEE E R H B EE - DUOFEE R RAERR -

Data are means * SD (n = days per harvested period).
VEGIEEUE Ry 3 B 0 DOHOME HIERRERER -

Data are means = SD (n = 3).

C AREGEEBATE/300TT 0 F -~ H - BEFR 250 7T (EHEE) -
The price of green asparagus in winter is NT$ 300 per kilogram but it is NT$ 250 per kilogram in

the other three seasons (direct selling price).
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4. 105 4 3 HELE TR A AR B AR B 4B AR 7 A B R S B E T
Table 4. The yield and number of spears of combined method beginning in March and
conventional method in 2016

EEHAFIE AR AH B R IR
FHETEH Combined method Conventional method
Item &1 &' kY 7" =2k
Winter Spring Summer-autumn Spring Summer-autumn
PRIGCR 2 35 75 63 98 63
Harvesting days
NAET- =R A AN X
HP9ER (LT 0.1 AH) 211485 215192 17.0+ 4.5 21.7+9.0 172433

Daily yield (kg/0.1 ha)

H SRR # (32 /0.1 A
Number of daily harvested spears 1,139 + 426 1003 £ 400 1,058 +233 838 £330 1,074 £ 199
(spears/0.1 ha)

FEMEER (AT /0.1 A )Y
Seasonal yield of premium grade 505.6£55.8 12723 £62.1 712.7144.0 1,623 £90.6 594.11£42.0
spears (kg/0.1 ha)

FEM AR (2 /0.1 )Y
Seasonal number of premium 19.350£ 1,658 | 47,850 £ 1,201 | 32,917 £2,059 |532,000 £ 4,115| 29,500 + 2,820
grade spears (spears/0.1 ha)

FOMLTHIELE (A7)

Average weight of premium 258+2.4 27.7%+6.7 21.5+1.7 319169 20.1+t1.4
grade spears (g)

I ot 327 (0, X
FEHEARLE (% ) 684123 79.012.0 665t 1.1 764+ 1.4 548+1.1

Rate of premium grade spears (%)

JEESE (/N AN Y
FHRER ( AJT /01 AE) 738.6£34.2 1609.3+29.8 | 1,071.9+37.5 | 2,124.9+47.3 | 1,083.8£35.0
Seasonal yield (kg/0.1 ha)

RUABRCT B (32 /0.1 )Y
Seasonal number of spears 39,879+2.978 | 75,253 £2,500 | 66660+ 5,187 | 82,120+ 3,075 | 67,660 £ 5,047
(spears/0.1 ha)

FEEMES (7T /0.1 ha)™”

Seasonal gross revenue 221.6 £20.5 402.3£14.9 268.0+18.7 531.25+£23.6 | 2709%17.5
(NTS$ 1,000 /0.1 ha)

=N AN Z
EEER (AT /0.1 M) 3,419.8+48.7 3,208.7  164.1

Annual yield (kg/0.1 ha)

SEEEAERS (F7T /0.1 AE)™
Annual gross revenue 891.9%15.6 802.2£41.0

(NT$ 1,000/0.1 ha)
5
TAFRUGH 1053 51 H~4H4H -
Winter harvest period: Mar. 1, 2016 to Apr, 4, 2016
EPHH ARG 1055 H3H~TH 16 H -
Spring harvest period of combined method: Apr. 17, 2016 to May 31, 2016
VERKEERRIH 1058 H 14 H~ 10 H 15 H -
Summer-autumn harvest period: Aug. 14, 2016 to Oct. 11, 2016
VA FRIGH 1054 H1I0H~T7 16 H -
Spring harvest period of conventional method: Apr. 10, 2016 to Jul. 16, 2016
T IEBELE R H R ER - DOFSE L R RERT -
Data are means * SD (n = days per harvested period).
VEPHEUE R 3 B DU £ RRERAER
Data are means = SD (n = 3).
C AREGEEBATE/300TT 0 F -~ H - BEFR 250 7T (EHEE) -
The price of green asparagus in winter is NT$ 300 per kilogram but it is NT$ 250 per kilogram in
the other three seasons (direct selling price).

24



AN R S B A R RO R AR AR T ST

W

50
40
30
20

10 AW

0 s
(B)sn

50
240
S 30
Z20 11

©

4. 105 R I AR HE AR BUEAR B HIAH 2 H P 8 RAS SN B E 2
(A) 1 HiEgaERIL © (B) 2 AIAERYT ; (C) 3 Hilbdatril - B LR EHIGR (=) @ HiY
HZ BV ES B OB O (=) mEE Y H-PHE S BNk (000):
HEH  HPatgshmE - BHREaihs (00 ) : mHEMH Y HFatgIhmE - 18
Hhin + EfH < 8 mm -

Fig. 4. Daily total yield and amount of off-grade products in combined method (treatment) and
conventional (control) method in 2016. (A) Spears harvested begin in January. (B) Spears
harvested begin in February. (C) Spears harvested begin in March. Gray curves (=), control
daily total yield. Black curves (==), treatment daily total yield. Gray dots (e ee), control

daily amount of off-grade products. Black dots (eee), treatment daily amount of off-grade
product. Off-grade spears, diameter of spear < 8 mm.

105 2% 1 F A R B AH s BR 1. Ky 104 SR AE SRR Al sttt Bl 2 55 24
FER AT - fKHE 104 SRR IR AT O b ol 2 IR i e £ 11 H 27 H (@l 1) ¢
WURCE 105 £ 1 ACaE st~ 2 Re MU BE s R ik HEfGHE IR 2=/ DERT
FERUWTE 36 0 - DIEKFZHFER (103 2) (F2) iR HEKFER
i PRI 0 370.8 /AT ~ FE(HAY 92,700 JT 2 BEE « [FRRES I 2EER (2,2783 £
110.2 247 ) JEEMEHER (569.6 £27.5F70) (£2) - fEEtal&5IEETTE 2,649.1 AT
K 6623 fF7¢ > MM iR 2 = EEE B R REEE (78422774 70) (£R2) -

BN EEGES T EET REEEEN=F EFE4~ 11 A - a5t 8EH Y
BTG E T R ERFCRRY] - BEEEY - &% L EH - EERERIIIE 6 (&
AR - ALY < B A - Hrg Bl i > B AR iR ] B BRSO A R R
B EEMATARE 2 T UK PER 5B o th BRI R BREEE RO 50 Rk B £ TS &
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viflkZ Bt ZE R B RE (R R T FE Y - AEHH D4 105 SR 1~ 2 A 3 Ay ERE
ZHSPER ([ 5) > MR (8 SA) #ENFE Rt E R ETEIE - THEmHEE
Ripz 1 ~3 AEF » WEMEELEDRZ @ AER - (& mETH & 2 HAl
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BEERIR R SOERE IR Z /Ky SRR - PR E TRl BRERRE -
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kg/ 0.1 ha

B
g

g 8

kg /0.1 ha
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N R S
A < A o > A
O Al & N WF 8P

Date
ZET=(EAFEEE H (o PRulee 2 F e H E 2 A 23R R E B i
(A) EHHIRATREA (01 A/ & Z@ast03 0@ - ZaEE (I 176
Heaatril B (I 12 A 14 Hidaiier 0.1 AEE HER R IREEE () ¢
3 H 1 HEgEHRIL - (B) 4 E AR (0.1 A/ & > =@ &1 03 AH) - BRaEE (I
4 510 Higdatrle s e (B 4 B 17 HlGEHREG RREEE () 4 A
10H -

5. The distribution of continuous spear support period which is shown by the amount of daily
yield from three sites with staggered production. (A) Combined treatment (0.1 hectares
per site, the total area of three sites equals 0.3 hectares). Black bars (I): spears harvested
beginning on Jan. 6.; Dark gray bars (l): spears harvested beginning on Feb. 14.; light gray
bars ( ): spears harvested beginning on Mar. 1. (B) Conventional method (0.1 hectares
per site, the total area of three sites equals 0.3 hectares). Black bars (I): spears harvested
beginning on Apr. 10.; Dark gray bars (l): spears harvested beginning on Apr. 17.; light
gray bars (' ): spears harvested beginning on Apr. 10.

LY 104 PP HRGE R - W R 11 AR (E 1) - BHAEA
WHFERE B A SRR - BRIt EZEE M A EFEFRZ 12 B - RAERTH
S EREFAEREARIE T 8 HIEE 9 HRN&S L ERKEERIL - FERTRIEIRIE AR > BAA
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Study on combining non-mother and mother stalk
culture techniques for year round production of
asparagus in the greenhouse'

Hsieh, M. H., S. S. Chen and A. H. Yang’

Abstract

Asparagus is rich in nutrients and has been known to sell at a high price. The export quantity of
canned asparagus in Taiwan accounted for more than 70% of world canned asparagus trade in 1980.
However, over the past decade and a half, imported fresh asparagus has occupied more than 70%
of domestic asparagus trade in Taiwan. The main reasons are that open field asparagus production
is easily damaged by typhoons and heavy rain and the harvest period is limited to between April
and October due to low temperatures in the winter. Therefore, it is difficult to cultivate and produce
all year round and stabilize supply. To overcome this problem, a staggered production plan at three
different sites was adopted to establish year round production in greenhouses and increase the
stability of production. Non-mother stalk culture was used in winter and conventional mother stalk
culture was used in the other three seasons. Production at each of three sites was started in different
months to make harvesting possible more months of the year. Results showed that the spears
could be harvested earlier, beginning in January, and the yield and gross revenue of the combined
cultivation method was not less than the conventional cultivation. In addition, the harvest period
could be extended to late November. This research has proven that when combining the mother and
the non-mother stalk of asparagus culture in greenhouses, the spears could be harvested for eleven
months a year, or nearly all year round.

What is already known on this subject?

Open-field asparagus production is easily damaged by typhoons and heavy rain which causes
unstable production and low yields. In conventional cultivation of mother stalk culture, the
spears are rarely harvested during the low temperature season. Therefore, its harvest period
was limited to between April and October and it could not be produced all year round.

What are the new findings?

Because the growth of spears is rarely affected by cold weather in greenhouse asparagus
production, combining the non-mother and mother stalk of asparagus culture can make sure
that the harvest period is from January to November, which is nearly year round production.

What is the expected impact on this field?

Introducing the non-mother stalk culture to get early production in winter while keeping
conventional mother stalk cultivation in spring, summer and autumn, not only enabled year
round production, but also increased yield and gross revenue. In addition, the application of
the new cultivation plan can enhance the competitiveness of the asparagus industry.

Key words: Asparagus, Non-mother stalk mother culture, Off-seasoning production, Greenhouse,
Year round production
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