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Influences of Tunnel Covering Materials and Seeding Dates
on the Growth and Productivity of Water Spinach (Ipomoea aquatic F.)
under Unheated Greenhouse

Mi Jeong Uhm*, Sung Whan Kwon, and Young Ju Song

Department of Horticultural Industry, Jeollabuk-do Agricultural Research and Extension Services, Iksan, 570-704, Korea

Abstract. This study was performed to evaluate influences of tunnel covering materials and seeding dates on the
growth and productivity of water spinach (Ipomoea aquatic F.) cultured early in unheated greenhouse. During tunnel
installation period, from March 5 to April 30 and from October 11 to November 10, air and soil temperature in tun-
nel covered with polyethylene film (PEF) had risen 2.0-2.4°C and 0.9-1.0°C, respectively, compared to those in non-
tunnel (NT). Air and soil temperature in tunnel with illite non-fabric (INF) also had risen 1.6-1.8°C and 0.6-0.8°C,
respectively. Especially, it showed greater effects of the rise at low temperature time zones of the day. In plots of
seeding on March 15 in tunnel covered with PEF or INF, temperature during emergence period, emergence days and
rate were similar to plot seeding on April 5 in NT. There were two more harvesting in plots of seeding on March 5 or
March 15 in tunnel, and increasing of total yield by 22.5-25.7% compared to plot of seeding on April 5 in NT. But
there was observed no significant differences between PEF and INF. Whereas PEF was necessary to be removed at
midday sometimes because it had risk of high temperature injury, INF was not necessary. All above suggest that it
was suitable to sow seed on the middle of March in tunnel covered with INF, for early culture of water spinach in
unheated greenhouse.
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Table 1. Changes of daily air temperature and soil temperature by tunnel material during tunnel covering period of water spinach in

unheated greenhouse.

Covering . . Air temperature(°C) Soil temperature(°C)
. Covering material” -
period Ave. Max. Min. Ave. Max. Min.
PE film 16.7 35.1 -0.2 16.8 212 11.0
Period I . .
(Mar.5-Apr.30) Illite non-fabric 159 324 -0.7 16.6 20.5 10.5
Non-tunnel 14.3 33.5 -3.5 15.8 20.4 9.2
PE film 15.3 349 5.5 18.1 20.8 15.3
Period 11 . .
(Oct.11-Nov.10) Illite non-fabric 15.1 32.6 49 17.8 19.5 14.8
Non-tunnel 13.3 33.1 2.6 17.2 19.2 14.5

“ Tunnel are covered with each material during period I (from March 5 to April 30) and period II (from October 11 to November 10).
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Fig. 1. Changes of hourly average air temperature (A) and soil temperature (B) from 5 March to 30 April by tunnel material in unheated
greenhouse. PEF, polyethylene film; INF, illite non-woven fabrics; NF, non-tunnel.
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Table 2. Emergency characteristics of water spinach and change of temperature by tunnel covering materials and seeding dates.

Freezing Average temp." Minimum temp."
. — . Days for Emergence rate < (°C) (°C)
Covering material® Seeding date y o damage
emergence (%) o - - - -

rate(%) Air Soil Air Soil
Mar. 5 16 76.0 b 0 14.3 14.0 -0.2 11.0
Mar. 15 15 81.5ab 0 15.7 15.8 0.9 12.6

PE film
Mar. 25 14 82.5 ab 0 16.7 16.8 0.0 13.1
Apr. 5 13 855a 0 17.2 17.6 3.8 15.3
Mar. 5 15 76.5b 0 13.3 14.1 -0.7 10.5
Mar. 15 15 80.5 ab 0 15.1 15.6 -0.1 12.1
Illite non-fabric
Mar. 25 13 81.5ab 0 15.5 16.9 -0.2 12.7
Apr. 5 13 83.0a 0 16.3 17.6 0.0 14.5
Mar. 5 18 70.5 ¢ 36.4 11.9 132 -3.5 9.2
Mar. 15 16 72.5¢ 0 13.2 14.8 2.4 11.8
Non-tunnel

Mar. 25 15 76.0 b 0 14.3 15.1 -1.3 11.8
Apr. 5 15 80.5 ab 0 15.1 16.8 1.4 14.4

“Tunnel are covered with each material from March 5 to April 30.
Y Required days for emergence rate more than 70%.
*Freezing damage suffered by low temperature.

" Daily average or minimum temperature during 3 weeks after seeding of water spinach.
Y Mean separation within columns by Duncan's multiple range test (P=0.05).
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Table 3. Growth of water spinach and working days for temperature control by tunnel covering materials and seeding dates.

Growth of water spinach (surveyed data on April 30)

Covering material” Seeding date  plant height ~ Stem diameter No. of No. of Internode ~ Working days
(cm) (mm) stem leaves (cm)
Mar. 5 27.6 a* 471 a 29a 52a 1.18 20
Mar. 15 257a 458a 28a 54a 1.21 20
PE film
Mar. 25 20.6 b 4.11 ab 2.4 ab 40b 1.23 19
Apr. 5 155¢ 321b 20b 23¢ 1.41 12
Mar. 5 262 a 4.65a 30a 54a 1.28 0
Mar. 15 246a 471 a 3.1a 53a 1.30 0
Illite non-fabric
Mar. 25 192 b 3.28b 2.5 ab 35b 1.08 0
Apr. 5 145¢ 3.06 b 22b 25¢ 0.99 0
Mar. 5 114 cd 3.34b 1.4 be 2.1c¢ 0.98 -
Mar. 15 11.9 cd 327b 1.5¢ 24c¢ 0.88 -
Non-tunnel
Mar. 25 10.4 cd 332b 1.3 be 22¢ 0.71 -
Apr. 5 8.6d 2.15¢ 08¢ 1.4d 0.82 -

“Tunnel are covered with each material from March 5 to April 30.

¥ Working days for temperature control of covering materials, which was removed when air temperature was above 35°C and re-covered

below 25°C.

*Mean separation within columns by Duncan’s multiple range test (P=0.05).
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Fig. 2. Monthly required days for harvesting of water spinach by
tunnel covering materials. PEF, polyethylene film; INF, illite
non-woven fabrics; NF, non-tunnel.
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Table 4. Growth of water spinach by tunnel covering materials and seeding dates.

Covering material”’ Seeding date Harvest Accumulated Frequency Average Survival
g & Period temperature’ (°C) of harvest days per harvest* rate(%)

Mar. 5 May 10~Nov. 10 415 10 25.0 83.6

Mar. 15 May 13~Nov. 10 395 10 24.0 89.7

PE film

Mar. 25 May 20~Nov. 10 440 10 23.0 90.8

Apr. 5 May 26~Nov. 10 439 9 243 94.1

Mar. 5 May 11~Nov. 10 402 10 25.0 84.2

Mar. 15 May 14~Nov. 10 399 10 24.0 88.6

[llite non-fabric

Mar. 25 May 20~Nov. 10 408 9 25.6 89.7

Apr. 5 May 27~Nov. 10 426 9 243 91.3

Mar. 5 May 20~Oct. 21 410 9 25.6 67.6

Mar. 15 May 22~Oct. 21 398 9 244 79.2

Non-tunnel
Mar. 25 May 24~Oct. 21 417 8 26.3 83.6
Apr. 5 Jun. 1~Oct. 21 453 8 24.9 88.6

“Tunnel are covered with each material from March 5 to April 30 and from October 11 to November 10.
¥ Accumulated temperature required for first harvest after seeding of water spinach, which is based on 10°C.

¥ Value calculated as harvest period days divided by harvest frequency.

AlRl0] - A2SH, 232 M4s 20144

353



g -

A
L

O

.

AZ.O
a’ a

& 15 aabab 1 a baa

g b

10

)

=

o

£ 05

0.0
oo own oo own won oW
P B B LN IS |
§555 5555 S5z
=z = < == = < === <

PEF INF NT

Zrol=

St . 9

BZO
a* a a

& 15 ab 2 abb

.E Be bc be be

e c

= 10

S

=

)

£ s

o LU D UM DU O BN AN
wow oW oW wow oW oW LYo "o TN Yo N Vo
Sa A Lo i B
5 5 & & = 5 5 & = 5 5 &
sSS< 55 =225 <
PFF INF NT

Fig. 3. Average yield per harvest (A) and total yield (B) of water spinach by tunnel covering materials and seeding dates. PEF, polyethyl-
ene film; INF, illite non-woven fabrics; NF, non-tunnel. “Different letter indicate significantly different values by Duncan's multiple

range test(P=0.05).

¥
>

At Y 5 AT, 2] AR Fugosy o
& o) UM HURSS B ATASI o

F Qlgic. 58, Qelole PAEe] B9 PE BEIE
o) we] el Fel o] B )
Ask 5% 44} glo] A Hj=e] HeHEEA w5
A7we pE BERT fssch.

P

ol

01

by | o
= S

7R Sh2oll AR Z7AEA] B E A e}
FFAI7I7F A5 el viXe YIS AR H
g AA717HG3Y 5942 30Y, 102 119~11€ 10¥)5
PEZECE HYES IES 79 d9d 7% Ao
S AXekA] & FAgol HIs| 27 2.0~2.4°C,
0.9~1.0°C7} =8kaL, YefolE RAZE &3 Ae=

Z¥7} 1.6~1.8°C, 0.6~0.8°C7} AFs3lomn E3), d= A
A 2% A a3t ¢S Zith PEZECGY

delolE BAxZ B gldox 39 159 I3
A9 2377 F 2vE AR 49 59 sk A
2o} Hl$8E S HYon, 39 "?94' ZHEE 9|
oF frAFHl UERST HESH BE9E-S 1ol 39 590
39 1590 st A FAE 4% 59 FEel M
3 FE7Fs7Izte] dojA 23] ¥ 88 5 %A, F
FEHFE 22.5~25.7% SO, PEEEY deiolE
FAZZEO] FolZQl Afole= VEREA ekt gk, 7]
235l ot a2 HE ghtolle PERES Al
Agllok sl= WhH, defolE FA 2= o] AAR]e] &
2 R} ols A= B u, FAANE TR R
X Z7|APEE AT dete LE FAEE o]&3l H
g3s Axglal 39 Fwoll dgshe Aol A Al
2 g,

37} FA - 271A0, LeolE RAE, PELE, 35

354

Literature Cited

Duc B.M., D. Humphries, L.T.B. Mai, H.A. Dao, T.M. Co,
H.H. Nga, and P.T. Kim. 1999. Iron and vitamin C content
of commonly consumed foods in Vietnam. Asia Pacific J.
Clin. Nutr. 8:36-38.

Hiraoka renya, 1979. Multi-tunnel cultivation of vegetables.
Bunto dan hikari sha. p. 1-58.

Hwang, .M., and G.S. Tae. 2000. Changes of micro climates
and garlic growth in outdoor by mulching and tunnel treat-
ments. J. Kor. Soc. Hort. Sci. 41:27-30.

Jeon, S.G,, S.Y. Kim, and H.J. Lee. 2013. Outlook for con-
sumption of subtropical vegetables and required cultivation
area. Kor. J. Hort. Sci. Technol.31(Suppl. II):103 (in
Korean).

Jo, 1.Y., and E.U. Lee. 2010. General remark on cultivation
science, 3th ed. Hyangmun-sa, Seoul. Korea. p. 234-235 (in
Korean).

Kang, Y.G, M.K. Yun, D.Y. Kim, and S.Y. Chae. 2007. Effects
of row covering of non-woven fabric on growth and compo-
nents of chinese cabbage (Brassica campestris M.) in
Spring. Kor. J. Hort. Sci. Technol. 25(Suppl. 1):58 (in
Korean).

Kim, H.S., D.H. Pae, D.J. Choi, K.S. Jang, J.L. Cho, and T.
Kim. 1999. Growth, yield and quality of tunnel-cultured red
pepper (Capsicum annuum L.) as affected by plant spatial
arrangement. J. Kor. Soc. Hort. Sci. 40:657-661 (in Korean).

Kwon, O.H., I.H. Kim, K.S. Jang, J.G. Won, J.E. Hwang, S.G.
Jeon, and T.Y. Kwon. 2013. Effect of removal time on pest
occurence and yield in tunnel culture of red pepper using
illite non woven fabrics. Kor. J. Hort. Sci. Technol.
31(Suppl. 1):55 (in Korean).

Larkcom. J. 1991. Oriental vegetables. John Murry Ltd. Lon-
don. p.94-96.

Lee, D.K., H.G. Choi, T.S. Kim, and Y.G. Choi. 1986. Studies
on utilization of green soybean. 2. Effect of vinyl mulching
and tunnel for early culturare on yield of green soybean.
Res. Rept. RDA(Crops). 28:142-146 (in Korean).

Lee, J.W., J.LH. Moon, S.J. Jeong, and M.I. Jeong. 2010.

Protected Horticulture and Plant Factory, Vol. 23, No. 4, 2014



T B B9 AN BB Alel SHEAl) wE A% ALY Ml

Effects of row cover on the growth of fruit vegetables after
planting. Kor. J. Hort. Sci. Technol. 28(Suppl. I1):54 (in
Korean).

Lee, J.W., J.H. Moon, S.J. Jeong, M.I. Jeong, and S.M. Lee.
2012. Effects of row cover in early spring on the growth of
several vegetables. Kor. J. Hort. Sci. Technol. 30(Suppl.
11):68 (in Korean).

Lee, S.G., C.S. Choi, J.M. Choi, H.J. Lee, S.Y. Park, and K.R.
Do. 2013. Effects of growth and cellular tissue under abnor-
mal climate condition in Chinese Cabbage. Protected Horti-
culture and Plant Factory 22:87-90 (in Korean).

Lim. C.I, Y.S. Kwon, and K.W. Park. 1986. Studies on
thermo-keeping capacity improvement of tunnels in vegeta-
ble growing. 1. Thermo-keeping capacity of heat-keeping
methods in tunnel and covering materials. Res. Rept.

AlRl0] - A2SH, 232 M4s 20144

RDA(Horti.). 28(1):21-27 (in Korean).

Marcussen H., K. Joergensen, P.E. Holm, D. Brocca, R.W.
Simmons, and A. Dalsgaard. 2008. Element contents and
food safety of water spinach (Ipomoea aquatica Forsk.) cul-
tivated with wastewater in Hanoi, Vietnam. Environ. Monit.
Assess 139:77-91.

Prasad K.N., M.S. Prasad, GR. Shivamurthy, and S.M.
Aradhya. 2006. Callus induction from Ipomoea aquatic
Forsk. leaf and its antioxidant activity. Indian J. Biotechnol.
5:107-111.

Sivaraman D, and P. Muralidaran. 2008. Anti-ulcerogenic
evaluation of the ethanolic extract of water spinach (Ipo-
moea aquatica Forsk) in aspirin ulcerated rats. J. Pharm.
Res. 1:143-147.

355




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


