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Occurrence of White Rust and Growth of
Chrysanthemum ‘Baekma’ by Control of Relative
Humidity with Night Ventilation and Heating in the
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Abstract

This study was conducted to examine the effect of nighttime ventilation and heating on changes in
temperature and humidity, the occurrence of white rust, and growth of standard chrysanthemum
(Dendranthema grandiflorum) ‘Baekma’ in a greenhouse. For the ventilation treatments, the
mean nighttime humidity in the control greenhouse, which had a closed side window, was higher
(94.5%), but the humidity in the natural and natural+fan ventilation treatments was lower (74.3%
and 72.8%, respectively). The rate of occurrence of white rust at 34 days after treatment was
100, 98.3, 75.6, and 43.3% for the control, fan ventilation, natural ventilation, and natural+fan
ventilation treatments, respectively. The number of infected leaves and telia were the lowest in
the natural+fan ventilation treatment compared with the other treatments. The growth of the
chrysanthemum 'Baekma' was significantly suppressed in the control because of the occurrence
of white rust and high humidity, while plant height, number of leaves, stem diameter, and fresh
weight were the greatest in the natural+fan ventilation treatment. For the heating treatments, the
mean nighttime temperature of the control (RH 95% heating), which was heating and held at 95%
humidity, was 18.4°C, while the temperature of the heating treatment, which was held at 70%
relative humidity (RH 70% heating) was 25.8°C. The rate of occurrence of white rust (34.4%),
number of infected leaves (0.9), and telia (1.0) were the lowest in the RH 70% heating treatment
compared with the other heating conditions. Also, the RH 70% heating treatment showed the best
growth in terms of plant height, stem diameter, number of leaves, and fresh weight. Therefore,
the natural+fan ventilation and RH 70% heating treatments were effective for the control of white
rust and the growth of standard chrysanthemum ‘Baekma’ in a greenhouse.
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Fig. 1. The mean nighttime air temperature (A), mean nighttime relative humidity (B), and outside nighttime humidity and
rainfall (C) of the greenhouse in the various ventilation treatments from 8 May to 11 June.
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Fig. 2. Occurrence rate of white rust on standard chrysanthemum 'Baekma' in the various ventilation treatments in the
greenhouse. Bars represent the standard error of means from 4 replications. Each replication is the mean of 100 plants.
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Fig. 3. Number of leaves infected with white rust on standard chrysanthemum 'Baekma’ in the various ventilation treatments in
the greenhouse. Bars represent the standard error of means from 4 replications. Each replication is the mean of 100 plants.
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Fig. 4. Number of telia in leaves infected with white rust on standard chrysanthemum 'Baekma' in the various ventilation
treatments in the greenhouse. Bars represent the standard error of means from 4 replications. Each replication is the mean of

100 plants.
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Fig. 5. Symptoms of white rust (A) at 30 days after treatment and growth (B) of standard chrysanthemum 'Baekma' at 110 days
after planting in the various ventilation treatments.
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Table 1. Effect of the different ventilation methods in the greenhouse on the growth of standard chrysanthemum ‘Baekma’

o Cut flower Stem Fresh weight Flower Fresh weight
Venilation length No. of diameter of cut flower diameter of flower
method leaves

(cm) (mm) ® (cm) ©®

Non 1149V’ 274b 59¢ 70.7¢ 79b 76¢
Fan 1169b 42a 59¢ 91.1b 105a 178a
Natural 129.7a 478a 62b 954b 10.7a 174a
Natural+Fan 127.6a 4682 64a 1074a 109a 175a
“Mean separation within columns at p < 0.05 by Duncan's multiple range test .

OfZh o] ofet HTiSE RO| Al L 255, S8 T, L =0 0|3 = 9

200 T2 0.5 64 5E] 921 641717 ofgko] A4 U] B T eah AT o] St S A Fig o] e

718 thxoA] 125~219°C, RH 90v

2] oA 162~25.6°C, RH 80% HFA] ] ol A]

202~28.7°C, RH 70% ] 2] Lol 4 20.3~30.4°C 2] HQIE H oJFQ)tHFig, 6A). Tot 2]2] SHE| 342710 B el

35
30 o
g
o 257
2
©
[
o
S
8204
5
—@—— Non-Heating
15 - ~-Q-+++---- Heating at RH 90%
— — -9— —— Heating at RH 80%
—--—A\-—-- Heating atRH 70%
10
100
— 94 o o©. 0O O O
S 000 000000 0O 00000000000 00000000
=z
=
£ N~ P
5 80 - ¥ L PN b8 ~
® vV v¥yvryy V¥V Vy VvV VyyvyyvryY VyrvVvyvyv
=
R
e AN N A AD MDA
70 A K [ . e JASAC
g D pANDAD DN TN RA-A—A_A S A"A—-A/ S
60 -
5/8 5/10 5/12 5/14 5/16 5/18 5/20 5/22 5/24 5/26 5/28 5/30 6/1 6/3 6/5 6/7 6/9  6/11

Fig. 6. The mean nighttime air temperature (A) and relative humidity (B) in the various heating treatments in the greenhouse

from 8 May to 11 June.
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Fig. 7. Occurrence rate of white rust on standard chrysanthemum 'Baekma’ in the various heating treatments in the greenhouse.
Bars represent the standard error of means from 4 replications. Each replication is the mean of 100 plants.
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Fig. 8. Number of leaves infected with white rust on standard chrysanthemum 'Baekma' in the various heating treatments in the
greenhouse. Bars represent the standard error of means from 4 replications. Each replication is the mean of 100 plants.
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Fig. 9. Number of telia in leaves infected with white rust on standard chrysanthemum 'Baekma' in the various heating treatments
in the greenhouse. Bars represent the standard error of means from 4 replications. Each replication is the mean of 100 plants.
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Fig. 10. Symptoms of white rust (A) at 30 days after treatment and growth (B) of standard chrysanthemum 'Baekma' at 110
days after planting.

Table 2. Effect of heating in the greenhouse on the growth of standard chrysanthemum 'Baekma’.

) Cut flower Stem Fresh weight Flower Fresh weight
Heating No. of . .

o length diameter of cut flower diameter of flower
condition leaves

(em) (mm) ® (em) ©®

Non-Heating 13.7¢ 271c¢ 56b 703 ¢ 80c 75d
RH 90% Heating 1200a 382b 57b 86.2b 99b 16.5¢
RH 80% Heating 1194a 450a 6.1a 9.1a 109a 19.0b
RH 70% Heating 116.7b 459a 62a 1040a 11.0a 22a

“Mean sparation with in column by Duncan’s multiple range test, at 5% level.

Korean Joumnal of Horticultural Science & Technology 855



S5} eHOFO| A IAHEHON OFZE 3170} Littof Of3HATHS T 20| TH2 Slsts Wikt Ay

87| g} Y 2o WE Al W 25 Hst

=S} Al s I AE ARk 0 7 Sli=H-8- 15| 95l myclobutanil, triflumizole, hexaconazole, bitertanol 53+ -2 A
Hol shslelsokS AREIal QLT S-S 60~90% A & A 4 IthDickens, 1990; Choi, 2001). 12U -52F ARE-
O & QIRF TR AE, A AFs] £, YL A, il oM o e A At 50 2A1dE0] ltiWater etal,,
1984; Bonde and Peterson, 1995). =9}0] 2l=rS WiAI6E | $laf ‘52ka ARG ] ol AV Wo] 5eS YA ‘I'I’Z]BP—_“ A
o] 71 71481 The] QI Ol Fia) P12 Folh SR g B A I B IS HHEelo] AT g
F=uHE-8 AF851aT QJtHAssaf, 1986; Boulard et al., 1989; Assaf and Zieslin, 2003). Baptista et al. 2008) . o7 o] &4
RS 1ol T71E A1 B9k BRI S92t} 2557} oA 74 S1le T sch

Ao SelAE] SRR AU IS e ] oRlo] 332 P Aeie 10} B TS A Fanh
7] B ARSI, S22 AR 0] Wt AT 94.5%0] HIoH AF8E7 1= 20.2%, 2418719} Fan2h7 | (=}
Fan 27 2 5410 A wlell= 21,79 Srol Atk kA0 2 Ajetglr]= 2.4 Ujele] Lk oJs) Al 2]
HIE o] whzol 37171 oksshe S 19k Fd el ofsf 5717t olEshe S 17t el A #10 ds 2 S
R %@', YA, 712, Bk, s o0l ofF 7V 23 A0 A, Z*E+d o EPE} HePItHLee, 2002; Nam et al,,
2011), 2 A0 Aeteh] el 7o] L op A oRIe] A S| B ek 4, £ St e thafeh7|
A7 oY A A0 52 R 0 Al |9} el ranto] A Arssce) oV ) Qeker ol
e At o] EeAE SR Yol Agle] o] fol Rl whr o & AZFEIT, Sase et al 2006)> Eeo 2L F SR~
HlelA] @7 1&o] S7Hetell thet 5= 80%014 65% % AL, 2ei=29°C of|4] 24°C 2 WolH Tl 51] E}.—“E:"e%“’ﬂ
M 2R 2HA8E | 9F 2AFd+Fangh | B A1 AL uff AV U o7t 57} 2821 1 4°C 9} 1.6°C WrolAT]

Zrd W8k |(latent heat convertor)S 7 F=-cfo] WIS 49 3600m2 2] 2% H|Ho-A UJH0] 255 11.5°C 9|A4] 16.5°C 2
o H, AV O] TGS 95%0114] 88%7HA] W& 4= QITtl 5HITHAssaf and Zieslin, 2003). 2 Aol 4= H7]257]
= o831 TGS 95%C114 90,80, 70%2 W= 5}3l=t, ool whE Ald e ot 3uf 25ea= RH 95% '
Hhx]2]ofl 4] 18.4°C ¢1d] Hislo] RH 70% A 2lof|A] 25 8°C & Lreht 74°C AF5513tt

i)

=
H

re N
+

22 A Fies e, S 220 2, 717 u|o] Tofol= Sat 2Rgell FaFs mlAl=t AV W S22 73S
2120 SAHRE-S Ao | whizell p-ERt o et Al B2 e S| oto] A B 22 Aol /4ol
L} HHko| wolx] 171, A-8-0] EeFs1A| FltHBakker, 1984; Picken, 1984), AHl-Zxo s (Botrytis cinerea)-S 85% © A2 A

S oA ol HAYSH=T, Baptista et al.2008):= oF{tof| S} 2445 7Hsto] €715 AR ok WHAR] 5ReA
Hop S0l A ko] ERtE Qlof sk Al go o] AAshlrtal sFiet. 4w o] 7ol e Al Ui A eh
FE7190% OVdolH, Botrytis cinerea®)) O3+ Holi7} A3 Hqt o2} 7| 37| o] 24 7)50] AFEolA] gfom, Asls
Ho| ZhA5H= dAto] EhAeTHShaul et al,, 1995; Mortensen and Giselrod, 2000; Torre and Field, 2001), whba] Zm]|=Ar
5 80% Of5HR -G-A]5h= Zo] A5, 7list @ | HiAof] g4 o]2kal 19itHMortensen and Berland, 2001 ; Mortensen
and Giserod, 2005),

2 Aol iR 95% s 2ok St HASE 100%, T 8 G 1770, A 5241 E]S-88.67]]]
HHA, 2k +Fangt| A2]of 23] 72 8% % ol At e 2704 = 2l %1 IS 43 3%, T HH A4 1271,

HEXR %

SEAERE 10702 A 453l =3 RH 70% dA 2ol e gty TS 34.4%, £ H G 0970, a4

856

Korean Joumnal of Horticultural Science & Technology



o} HOFO| A ERHRHOlIA ORZHEE |oF O] Of St HThSE 20| T2 Sl Wl dis

FALE 1.07]2 2T Sl Hgo] I A= QI o2fet Aak= Apd+Fangy] B i Zj2jof] ofsf| Al W 5
T7170.0~72 8%7HA] Yo 7] wiEel 710 & WetE] It} Yoo and Roh(2014) % 25} =35} AHIA] A W] ATSE=7190%
ZZoN A= B1E=150] 97%, ARSI 70% F30l A= 32% AYsto, AV U S8 W5 sty Tge 7] AAIE 4 9L
oh shgich
Sl 9] ARIRI Puccinia horiana®] AT} A3 7}0] /gt opfe} A/ xte] Wol= F L int op et 25 & ks
1| 2]=6], 25°C Hr} 15~20°C of|A] t] & A5 = chFirman and Martin, 1968 ; Anikster, 1986; Park and Kim, 1993), & 3=
oA Z}1+Fan$7] A2 Hr} RH 70% FA 2lof|A] 2lrg WA go] W2 712 whitof] ofaf A W 257} 258°C 7F2] /4
Solo] Agate] HolE A7 el 20 2 ]Sl

URHA 0 2 ALZO] AT E-S Q15 A 57| Y EAR= 0.3~1.0kPa 27101211 5191 0, 0.2kPa oot Wokx] Tis5
sHA 1 WgEo] olx] 11, G} Seslafo] 7havet, Aeldsll7h st Hand 1988; Holder and Cockshull, 1990), 2
Aol Al ot P2 i ot Fir 5 o[- 8510] 57 | U EALE Aol (Lee etal, 2012), thZ274=0.09kpa, Fan$H7] 2]
2]72=0.24kPa, A}918H7] #2] 7= 0 40kPa, A} +Fandh7] #]2]7=0.42kPao]th, TESHRH 90% W] gl 7= 025kPa, RH
80% 'FUA 2] 0.55kPa, RH 70% FIA 2] 7= 0.84kPao| o}, 5 3h= 5719217 F0.1~1 2 kPa HH 9] UjolA=22o] iig
2 AL A Sofl= 2 2fo )71 gitkal 519itHHand et al., 1996; Mortensen, 2000), 14|, Han et al,(1998)2 A3} =5} ‘&
P& FoHlA] 25°C of|A] A1 U] AFHSIE7}90(0.3 kPa)T} 35% (1. 7kPa) T} 70% (0.8kPa) X0l A= At 27 14870]
SO 5tk Bt op et FAkg P E-80] okTtal ST 2 Aol A iR, Fan2hr] A=), RH 90% A4 2]
T= 57 |YEA7E0.3kPa ool LrefLt =3} wiu o] A3t AgSof] FAgtslg] om, Slmtio] WAolr] S gdoletal
=] 9l

oA 2lisrg o) ApAE B2 597t 1090 7 = A UrE’rUritﬂ o] AJ7]e]| 2kAgk7| HEnt ofu et 2H7 ]S 2FEAlA

O

A

l"

o T

|

ARG 02 5] oK) D AT 4518 B oh o 95848 YL Ik 5 108
o R 1 AU T 2 S el S o el AT 5 1
Aoz Pomalrt
2z 2

=

A= 2Tk =5} winy of AldAfjuof $loiA oRt g ik A e £
5 dste] 5ol miRleA] GFE Lot 3= Sl 7] Wie] get ddolM Sde 2
thsa e 94.5%0] sl AF 187 1+= 74.3%, AFA+Fangl7| 2| 2]7toll A = 72.8%= Wttt 2=t WSS Hi=2 100%, Fan®t
7] 98.3%, 227 75.6%, At +Fan®7] A2} ol A 43 4% LT, Tt I Aot S El e ThE A s R 2t
A+Fan$t7] Ael= 7P AUk dizToll i Tsat Sy T o & Hato] o] 27| A= =H], A +Fangl|
AHele 27, A4, 271217, Hote] A 5 dote] Aso] Jestilnt i 2 g AV Uie] o Wt 2
T 2191 RH 95% WHHbA] 2] of| 4] 18 4°C 21| HlS|o] RH 70% WHlA]=2]of| 4] 25.8°C &2 et 7.4°C 45513t} RH 70% Wt
UHRIALE B8 WS 3404 39 LIS 007h LYY SIS LR thmaiet g W) ]

Y
2
=
ru
i
H1
1o
'
o
r ol
I
o,

T
0%

o)

le
O

o

2 r
é
>
™
)

EN
-
1o
ol
Mo

ASIIEE, TEFHRH 0% Kb A2 Fol A S aTH 24, 94, 27127, 445 5 k0] 380] FTlg)
ch A A4 1A S8 o A Al Fanl 19} DAl T A S 4 912 B ol 4

o] Ao 3ol o,

7201 =of, W], 5ie, A7, SEALE, 2

Korean Joumnal of Horticultural Science & Technology 857



= T e

T

=S} SOOI A ZRHBHONIA ORZE &7 |oF O] Of 5t Hthig = 220 E Sl

Literature Cited
Baker JJ (1967) Chrysanthemum white rust in England and Wales 1963-66. Plant Pathol 16:162-166. doi:10.1111/j.1365-

Anikster Y (1986) Teliospore germination in some rust fungi. Phytopathology 76:1026-1030. doi:10.1094/Phyto-76-1026
Bakker JC (1984) Physiological disorders in cucumber under high humidity conditions and low ventilation rates in greenhouses. Acta

Assaf G (1986) LHC, the latent heat converter. Heat Recovery System 6:369-379. doi:10.1016/0198-7593(86)90224-9
Assaf G, Zieslin N (2003) Novel means of humidity control and greenhouse heating. Acta Hort 614:433-437. doi:10.17660/

ActaHortic.2003.614.65
3059.1967.tb00398.x

Bonde MR, Peterson GL (1995) Myclobutanil as a curative agent for chrysanthemum white rust. Plant Disease 79:500-505.

Boulard T, Baille A, Lagier J, Merimier M (1989) Water vapor transfers and dehumidication in an inflatable plastic greenhouse. Acta

doi:10.1094/PD-79-0500
Hort 245:462-524. doi:10.17660/ActaHortic.1989.245.62

Hort 156:257-264

Boulard T, Fatnassi H, Roy JC, Lagier J, Fargues J, Smits N, Rougier M, Jeannequin B (2004) Effect of greenhouse ventilation
on humidity of inside air and in leaf boundary-layer. Agricultural and Forest Meteorology 125:225-239. doi:10.1016/

Choi JD (2001) The physiological characteristic, selection of resistance cultivars and effect of control on white rust of chrysanthemum.

j.agrformet.2004.04.005
MS thesis, Kongju National University, Chungnam, Korea

Dickens JSW (1990) Studies on the chemical control of chrysanthemum white rust caused by Puccinia horiana. Plant Pathology
39:434-442 . doi:10.1111/j.1365-3059.1990.tb02519.x

Dickens JSW (1994) The occurrence and control of chrysanthemum white rust in the Unite Kingdom. North American Plant Protection

Firman ID, Martin PH (1968) White rust of chrysanthemum. Ann Appl Bio 62:429-442. doi:10.1111/j. 1744-7348.1968.tb05454 x
Han EJ, Cho YR, Lee YB (1998) Air temperature and relative humidity affect the growth of chrysanthemum plantlets in the microponic

Organization 14:24-28
system. J Kor Soc Hort Sci 39:625-628
Hand DW (1988) Effects of atmospheric humidity on greenhouse crops. Acta Hort 229:143-158. doi:10.

1080/14620316.1996.11515400

Hand DW, Langton FA, Hannah MA, Cockshull K (1996) Effects of humidity on the growth and flowering of cut-flower
Lee HW, Sim SY, Kim YS (2012) Characteristics of temperature, humidity, and PPF distribution by covering method and environmental

chrysanthemum (Dendranthema grandiiflora Tzvelev). J Hort Sci 71:227-234. doi:10.1080/14620316.1996.11515400
Holder R, Cockshull KE (1990) Effects of humidity on the growth and yield of glasshouse tomatoes. J Hort Sci 65:31-39. doi:10.1080/

00221589.1990.11516025
control in double covering greenhouse. Journal of Bio-Environment Control 21:1-11
Lee JW, Lee HW, Lee SG, lin LS, Choi KS (2003) Control effect of temperature and humidity by ventilation fan operation methods in
wintering honey bee house. J Bio-Environment Control 12(3):127-131
Lee KC, Kim Ha, Noh HS, Kim JW, Han SS (2012) Comparison of photosynthetic responses in Allium microdictyon Prokh and Allium
ochotense Prokh from atmosphere-leaf vapor pressure deficit (VPD). Korean J Medicinal Crop Sci 20:171-176. doi:10.7783/

KIMCS.2012.20.3.171

Lee SG (2002) Natural ventilation performance in greenhouses. J Bio-Environment Control 11:45-49
Ministry of Agriculture Food and Rural Affairs (MAFRA) (2015) Annual report of floriculture in 2014. MAFRA, Sejong, Korea
Mortensen LM, Gislerod HR (2000) Effects of air humidity on growth, keeping quality, water relations and nutrient content of cut

Mortensen LM (2000) Effect of air humidity on growth, flowering, keeping quality and water relation of four short-day greenhouse

species. Sci Horti 86:299-310. doi:10.1016/50304-4238(00)00155-2
Mortensen LM, Gislerod HR (2005) Effect of air humidity variation on powdery mildew and keeping quality of cut roses. Sci Horti

rose. Gartenbauwis 65:40-44

104:49-55. doi:10.1016/j.scienta.2004.08.002
Nam SW, Kim YS, Both AJ (2011) Analysis on the ventilation performance of single-span tomato greenhouse with roof windows. J
Park KS, Kim CH (1993) Effect of temperature and pH on sporidia formation of Puccinia horiana on chrysanthemum and evaluation of

Bio-Environment Control 20:78-82

Picken AJF (1984) A review of pollination and fruit set in the tomato (Lycopersicon esculentum). J Hort Sci 59:1-13. doi:10.1080/0022

varietal resistance. Korean J Plant Pathol 9:42-46
Park SR, Ahn IP, Hwang DJ, Chang A, Lim KB, Bae SC (2013) Current status of ecology and molecular detection in Puccinia horiana.

Flower Res J 21:128-132. doi:10.11623/frj.2013.21.3.25
1589.1984.11515163
Sase S, Ishi M, Moriyama H, Kubota, Kurata C, Hayashi M, Sabeh N, Romero P, Giacommeli GA (2006) Effect of natural ventilation

rate on relative humidity and water use for fog cooling in a semiarid greenhouse. Acta Hort 719:385-392. doi:10.17660/

ActaHortic.2006.719.43
Shaul O, Elad Y, Zieslin N (1995) Suppression of Botrytis blight in cut rose flowers with gibberellic acid: Effects of concentration and

Korean Joumnal of Horticultural Science & Technology

858



o} HOFO| A ERHRHOlIA ORZHEE |oF O] Of St HThSE 20| T2 Sl Wl dis

mode of application. Postharvest Biol Technol 6:321-330. doi:10.1016/ 0925-5214(94)00059-2

Torre S, Field T (2001) Water loss and postharvest characteristics of cut roses grown at high or moderate relative air humidity. Sci Horti
89:217-226. doi:10.1016/50304-4238(00)00229-6

Water JK, Cevat HN, Rietstra HN (1984) Restresistente chrysanten bewijzen warde in besmettingsproef. Vakblad voor de Bloemisterij
39:19

Whipps JM (1993) A review of white rust (Puccinia horiana Henn.) disease on chrysanthemum and the potential for its biological
control with Verticillium lecanii (Zimm.) Viegas. Ann Appl Biol 122:173-187. doi:10.1111/j.1744-7348.1993.tb04025 .x

Yoo YK, Roh YS (2013a) Cut flower growth and white rust occurrence by fertilization level in cut chrysanthemum. J Korean Soc People
Plants Environ 16:25-30. doi:10.11628/ksppe.2013.16.1.025

Yoo YK, Roh YS (2013b) Cut flower growth and white rust occurrence by planting density and mulching materials in cut
chrysanthemum. J Korean Soc People Plants Environ 16:87-93. doi:10.11628/ksppe. 2013.16.2.087

Yoo YK, Roh YS (2014) Occurrence of white rust and growth of chrysanthemum ‘Baekma’ under various relative humidity and
temperature condition in the greenhouse. Kor J Hort Sci Technol 32:803-811. doi:10.7235/hort.2014.14138

Korean Joumnal of Horticultural Science & Technology 859





