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Effect of Low Night-time Temperature during Seedling Stlage
on Growth of Spring Chinese Cabbage
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Abstract. The growth and bolting characteristics of spring Chinese cabbage cultivars at two night-time
temperature treatments such as 5°C and 10°C during seedling stage were investigated to establish a safe
environmental management strategy for raising seedlings. The low night-time temperature treatments were
applied at 5, 10, and 15 days after sawing and the treatment durations were 5, 10, and 15 days in each of
treatment beginning. The growth of seedlings in all the tested cultivars were linearly reduced as the treat-
ment duration was extended and no symptoms of bolting were found. The reduction rate in seedling growth
of ‘Chunkwang’ reached to 59.3% at most by 15 days of 5°C treatment when it be compared to that of con-
trol. However, no symptoms of bolting were shown in the treatments of two night-time temperatures until
the harvest at 90 days after sawing, indicating that the verndization effect by low night-time temperature
could be mitigated by subsequent day-time optimal temperature management. This study showed that the
major spring Chinese cabbage cultivars require more ultimate level of low night-time temperature treatment
for the vernalization than this study. It is also supposed that the optimal day-time temperature management
can reduce or delay the rate of bolting, even if the seedlings were exposed to short-term low temperature
below 5°C during night-time.

Key words: Chinese cabbage, low night-time temperature, bolting, vernalization

N = 1Yl o Fo) Fxlow A% 2 FA At
sleo] sk ik,

Selete) WiF Al B, 09, 94, DAF IS Bl me) Be Rols HolAuk sjele}
Fo o] HESTe] 93 YL gor A7 Fh Ao ols) s o)Fe] meel B 22
of AAIZIO) SR T 549) HlF o] o sl B3 st SAEcHEguchi 5, 1963,
S5 9iek, Teit 7 Aol A3 BT AIZIE  Yamasaki, 1056). HIFe] Fujel Belshs #7291

o] A5 Yol Bskn o, el 5 A
H7RE F SAAE S4nelR A FAAS) TA}
Aoz AP|Ea Qe H2e) olFR Q15
of oleld @A TS Mvsll sl Sl 53]
BalEe] Bl SHIVE AL sAFgete] AL
o o3 2] sfoks} 1B 1 FY Fol=

*Corresponding author: goahead1@koreakr
Received October 15, 2011; Revised December 26, 2011;
Accepted December 28, 2011

o tiaixde B2 750l oFolA g, dekd e
2 13°C oJ3fe] Ao] FasH AEshs Ao &
27 9O (Yamasaki, 1956), SATALl] wata slo}
s fxsle 9 25e M= 2] AAEe S
tH(Guttormsen®} Moe, 1985; Heide, 1970; Lorenz,
1946). T3, A2xj2] Fo] I (Moe}t Guttormsen,
1985} 3 Bl B A A2AE Fhe] QFgslel
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Fig. 1. The fluctuation of air temperature during raisng
Chinese cabbage seedlings in a glasshouse (A) and dur-
ing the cultivation period in the field until harvest (B).
The horizontal arrows represent the schematic schedule of
low night-time temperature treatment period during seed-

ling stage.
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Fig. 2. Fresh weight of leaves (A) and leaf area (B) of 7 dif-
ferent commercial spring Chinese cabbage seedlings after
0, 5, 10, and 15 days of low night-time temperature treat-
ment at 5°C in growth chamber. Vertical bars represent
SE of the means.
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Fig. 3. The growth of 7 different spring Chinese cabbage
cultivars at harvest as affected by 0, 5, 10, and 15 days of
low night-time temperature treatment a 5°C in growth
chamber. Vertical bars represent SE of the means.
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Table 1. The growth of Chinese cabbage ‘Chunkwang' seedlings as affected low night-time temperature trestment during
seedling stage. The values were expressed as the percentage of control.

Night-time Timing (Days Duration No. of Fresh weight Fresh weight Leaf
temperature (°C) after sawing) (Day) leaves of leaves of root area
A (B) © % of control

5 5 5 79.3 50.3 126.0 55.3

10 89.7 68.3 95.6 61.7

15 86.2 66.6 1141 58.1

10 5 89.7 86.2 111.9 813

10 82.8 64.0 84.1 61.0

15 75.9 54.8 78.4 539

15 5 86.2 79.8 101.8 80.4

10 79.3 70.9 78.0 78.5

15 86.2 74.2 79.7 79.0

10 5 5 89.7 63.9 68.7 64.0

10 89.7 80.8 91.2 84.8

15 89.7 84.2 78.0 83.9

10 5 96.6 100.4 93.0 96.2

10 96.6 96.4 811 98.4

15 89.7 84.0 80.6 82.1

15 5 100.0 92.8 86.3 93.1

10 89.7 72.3 106.2 72.8

15 93.1 79.2 88.1 88.2

A * % * % * % * %
B ns o ns *x
C ns * * ns
A* B ns * % * % * %
A*C ns ns ** ns
B* C * * % nS * %
A*B*C ns ns ns *

ns " "*Non-significant or significant at P = 0.05 or 0.01, respectively.

1982; Suge, 1984). ¥ Z7iol wke} Ftol] m|x|=
ARE A D= 104171e] T 230 SlellA]
T 1572k AU 200 vl o7} AT §)
AcH(Moe2} Guttormsen, 1985).
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AL she] Wyoz s £ 4= th(Guttormsen
7} Moe, 1985b). 18} 223 5ol we} olFs)
ol BAsh= 37 AL Aolshy AA| Fiel= A
20| 298 Ao AEA 9, Lz 9 I
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T AAAR] AT G ARAZ Bk ol Ak
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Table 2. The growth of ‘Chunkwang’ Chinese cabbage at harvest as affected by low night-time temperature treatment dur-
ing seedling stage. The values were expressed as the percentage of control.

Night-time Timing (Days Duration ~ No.of outer  No.of inner  Heightof ~ Width  Fresh weight
Temperature (°C)  after sawing) (Day) leaves leaves head of head of head
(A) )] © % of control
5 5 5 779 97.7 100.3 87.8 82.0
10 84.3 102.8 96.9 93.8 106.0
15 94.0 101.0 975 97.6 108.9
10 5 87.6 96.5 90.5 89.3 87.4
10 80.3 98.8 89.4 88.2 84.2
15 95.6 99.9 92.3 91.5 80.8
15 5 76.3 104.4 934 96.8 110.0
10 86.8 99.0 86.0 88.9 90.3
15 82.7 104.8 91.9 86.5 72.3
10 5 5 91.6 100.8 89.3 93.1 1104
10 93.2 102.6 84.8 87.0 89.0
15 96.4 98.8 86.0 93.0 88.3
10 5 81.1 994 88.8 91.9 104.9
10 82.0 98.8 94.6 97.2 99.4
15 91.6 104.6 92.9 88.5 98.4
15 5 84.3 102.4 94.0 91.2 103.8
10 81.9 98.8 87.7 100.2 102.2
15 80.3 97.0 91.1 90.0 745
A ns ns ns ns ns
B ns ns ns ns *
C ns ns ns ns ns
A*B ns ns ns ns ns
A*C ns ns ns ns ns
B*C ns ns ns ns *
A*B*C ns ns ns ns ns
ns " " Non-significant or significant at P = 0.05 or 0.01, respectively.
=9 Ao tigk HEZF DeslEE AR AlFs X ksl

Jlet Bart it

B Age) Anz, ARHs o BuF B
ot ol AelEle] A FE AR gl o
G WA Aol BFsT AR e
AA 59 @gelel BB SR
W, FoRT ASHOE ALET} o]
AR e Foje) e vk nejzich, )
o] Fis ALo2 QA FHolis} AAsolek 5}
U, &8 7RE F Ao =2Et sl 94
o $7 xgo] HHAgel BTk Fad 2e]
F e Ao FHEY. e 15 44 F &
BEIRY 5 Foi3 A 9
[l Be 374621 Pt Bad

ki
)
%
o m
ofr

1 g o

¥

o

l

o

B A7 T8 BHlF Fel thete] o 24
27F A g Fojel vXle g ksl sl
S5 A o 8489 Vies AAstaat sl
ok Alfells 2§ 78 BlF 7EES o)
Fom B5FE ol&ste] oKl 5°C % 10°Ce] A]
2228 AAlsilth. AEAdE 9§ 5 10 B
15978, A2)7IRke 2 Az ARRE 5, 10
2 15dzte s A7t 23t A2d § EgolXe] A5
2 F oAFS ARSI Al AR BE FF
o oA Hol 5°CollA] 15971 ozt A2A] el
ofgte] FEASES A Astsi ot A7zt Ft
Foe dolubA] dgker] g4 90d F ARl &
o] 7Fsslaitt. £ FFol e S35 oKt A

=

-331-



oET - o149 - WY

2A2 A Al H2)7Izke] B9 2] A vk
227102 o d2EA 9] el A2]7|Tte] Zo]
Aol w2} B AAFo] diz7o vls] ol 59.3%
MR FA) A vhE Aexjg] 8o S%
2 A" He A2 F ASo] o FEHY 55
Al AAFTE 2T i) 72.3~110%2] #9E U}
o] 25 Hggrellx] 3% F8o] 753t &=
gk 5°C T= 10°CellA] Ho) 15¢71e] §857] oA
2 Hzlol] 23t Fo e TEEA] etk B oA
TE B3l BT T8 FEo Uig S57] oKt A
20] g vHE Gk AR oz et 15
712t &t @IRE 5°C ofgke] Aol =FH ol
T o] AAe 29} EelA ] 7]ez7ie
we} FE AQANZIAY BAANZE 5= AS Zo=
% xan2l=

FA : HlE, oRE A, T, &3k

ol

—_—

=2
S

MO
-Ql

1. Ajisaka, H., Y. Kuginuki, S. Yui, S. Enomoto, and M.
Hirai. 2001. Identification and mapping of a quantita-
tive trait locus controlling extreme late bolting in Chi-
nese cabbage (Brassica rapa L. ssp. pekinensis syn.
campestris L.) using bulked segregant analysis.
Euphytica 118:75-81.

2. Cheng, Y., J. Geng, J. Zhang, Q. Wang, Q. Ban, and X.
Hou. 2009. The construction of a genetic linkage map
of non-heading Chinese cabbage (Brassica campestris
ssp. chinensis Makino). J. Genet. Genomics 36:501-
508.

3. Eguchi, T., T. Matsumura, and T. Koyama. 1963. The
effect of low temperature on flower and seed forma-
tion in Jananese radish and Chinese cabbage. J. Amer.
Soc. Hort. Sci., 82:322-331.

4. Elers, B. and H.J. Wiebe. 1984a. Flower formation of
Chinese cabbage. |. Response to vernaization and
photoperiods. Sci. Hortic. 22:219-231.

5. Elers, B. and H.J. Wiebe. 1984b. Flower formation of
Chinese cabbage. 11. Anti-verndization and short-day
treatment. Sci. Hortic. 22:327-332.

6. Guttormsen, G. and R. Moe. 1985. Effect of plant age
and temperature on bolting in Chinese cabbage. Sci.
Hortic. 25:217-224.

. x]-%o]. .

273

7.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

-332-

CERRLE!

CEET - 99

Heide, O.M. 1970. Seed-stalk formation and flower-
ing in cabbage. I. Day-length, temperature, and time
relationships. Meld. Nor. Landbrukshoegsk 49:1-21.

. Lorenz, O.A. 1946. Response of Chinese cabbage to

temperature and photoperiod. J. Amer. Soc. Hort. Sci.
47:309-319.

. Mog, R. and G Guttormsen. 1985. Effect of photope-

riod and temperature on bolting in Chinese cabbage.
Sci. Hort. 27:49-54.

Napp-Zinn, K. 1973. Low temperature effect on flower
formation: verndization. Temperature and Life. Springer-
Verlag, Berlin, Heidelberg, New York. pp. 171-194.
Pressman, E. and H. Aviram. 1986. Inhibition of flow-
ering in Chinese cabbage by applying heat and growth
retardants to transplants. Plant Growth Regul. 4:87-94.
Pressman, E. and R. Shaked. 1988. Bolting and flow-
ering of Chinese cabbage as affected by the intensity
and source of supplementary light. Sci. Hort. 34:177-
181.

Sachs, M and I. Rylski. 1980. The effects of tempera-
ture and daylength during the seedling stage on flower-
stalk formation in field-grown celery. Sci. Hort. 12:
231-242.

Seong, K.C., JR. Cho, JH. Moon, K.Y. Kim, and
H.D. Suh. 2003. Effect of triazole chemicals on bolt-
ing retardation of Chinese cabbage (Brassica pekinen-
sis) in spring cultivation. Hort. Environ. Biotechnol.
44:434-437 (in Korean).

Suge, H. 1984. Re-examination on the role of vernal-
ization and photoperiod in the flowering of Brassica
crops under controlled environment. Japan J. Breed.
34:171-180.

Suge, H. and H. Takahashi. 1982. The role of gibberel-
lins in the stem elongation and flowering of Chinese
cabbage, Brassica campestris var. pekinensis in their
relation to vernalization and photoperiod. Rep. Inst.
Agric. Res. Tohoku Univ. 33:15-34.

Yamasaki, K. 1956. Thermo-stage for the green plant
of Chinese cabbage grown in spring. Bull. Hortic. Div.
Tokai-Kinki Exp. Stn. 1:31-47.

Yoon, JY., HK. Pyo, SS. Lee, and D.G Oh. 1982.
Genetic analyses on hesat tolerance, bolting and qunati-
tative charaters in Chinese cabbage, Brassica campes-
tris ssp. pekinensis. Hort. Environ. Biotechnol. 23:8-31
(in Korean).

Zhang, X., J. Wu, J. Zhao, X. Song, Y. Li, Y. Zhang,
D. Xu, R. Sun, Y. Yuan, C. Xie, and X. Wang. 2006.
Identification of QTLs related to bolting in Brassica
rapa ssp. pekinensis (syn. Brassica campestris ssp.
pekinensis). Agri. Sci. in China 5:265-271.




<<
  /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
  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


