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Cash receipts for floriculture producers in 
the United States with $100 million or 
more in gross sales totaled $2.83 billion in 
1993 (1). The poinsettia (Euphorbia pul-
cherrima Willd. ex Klotzsch) is a signifi-
cant crop for Michigan growers, who pro-
duce 5% of all poinsettias (1993 wholesale 
value of $9.9 million) in the U.S. (1). 
Growers must suppress poinsettia height to 
meet contractual specifications for short, 
compact plants. Height of floricultural 
crops commonly is managed by synthetic 
chemical growth regulators (5). Growth 
regulator efficacy varies with application 
rate, the method of application, stage of 
plant development at which it is applied, 
and the crop treated. Improper use of 
growth regulators results in plant abnor-
malities that may compromise crop sal-
ability. 

Corresponding author: M. K. Hausbeck 
E-mail: hausbecl@pilot.msu.edu  

Portion of the first author's M.S. thesis submitted 
to Michigan State University. 

Current address of P. M. Pritchard: Crop Science 
Department, North Carolina State University, Ral-
eigh 27695-7620. 

This research was supported in part by the Ameri-
can Floral Endowment. 

Accepted for publication 13 May 1996. 

Publication no. D-1996-0604-04R 
1996 The American Phytopathological Society 

Day (DT) and night (NT) temperatures 
can also be manipulated to regulate plant 
height (4). Commercial flower producers 
traditionally have grown crops using a DT 
that is higher than the NT, resulting in an 
increase in plant internode length. How-
ever, when NT is higher than DT, plant 
internode length is suppressed; therefore, 
temperature regulation can serve as a 
nonchemical method of limiting plant 
height. The popularity among growers of 
manipulating DT and NT to limit plant 
height has raised the question of whether 
current disease management strategies for 
Botrytis cinerea Pers.:Fr., a common and 
serious pathogen of poinsettia (19), are 
affected by different DT/NT regimens. 
Fungicide resistance (11,12) has encour-
aged the use of environmental manipula-
tion such as increasing air circulation and 
minimizing the duration of free moisture 
on the plants to manage blight caused by B. 
cinerea. Botrytis cinerea depends on a 
water film for conidial germination and in-
fection; therefore, maintaining tempera-
tures above the dew point is an effective 
mechanism for preventing disease (7). 

Sammons et al. (15) addressed the ef-
fects of diurnal temperature variations on 
the incidence and severity of B. cinerea 
and found no differences when inoculated 
poinsettias were grown under 17/17, 10/10, 
or 17/10°C (DT/NT). The objective of this 
study was to determine how regimes alter-
nating between temperatures within a 
range of 16 to 22°C during poinsettia pro-
duction would affect postharvest suscepti- 

bility of bracts and foliage to B. cinerea. 
The effect of higher NT than DT was of 
particular interest. 

MATERIALS AND METHODS 
Plant culture and treatment. Ten-

week-old poinsettias (cv. Angelika White) 
obtained from a commercial grower (Post 
Gardens, Battle Creek, MI) were grown in 
15.2-cm-diameter plastic pots (pot volume 
= 2,177 ml) containing a commercial soil-
less potting mix (Mix #4, Sun Gro Horti-
culture, Inc., Bellevue, WA) composed of 
40% perlite and 60% sphagnum peat moss. 
Plants were spaced 13 cm apart on benches 
in 4.8 x 4.2 m glass research greenhouses 
at Michigan State University. Plants were 
subirrigated as required with 200 ppm N 
and K2O fertilizer solution at 2- or 3-day 
intervals. The irrigation water pH was 
maintained at 5.8. Glasshouse temperatures 
were maintained at 16, 19, or 22°C by 
means of a climate-control computer. Tem-
peratures were monitored by a datalogger 
(Campbell Scientific, Inc., Logan, UT) that 
recorded temperatures every minute and 
average temperature every 15 min. Actual 
average temperatures during the experi-
ment did not vary from the targeted set-
tings by more than 1.4°C. Light levels 
were natural photoperiods. 

Plants were grown under the following 
DT/NT regimes: 16/16, 19/19, 22/22, 19/ 
16, 22/19, 22/16, 16/19, 19/22, and 16/ 
22°C. The experimental design was com-
pletely randomized, with five plants per 
treatment. To achieve the specified treat-
ments, plants were moved within 15 min 
among three glasshouses set at 16, 19, or 
22°C at 0700 and 1900 hours each day. 
Plants received a 3-week temperature treat-
ment for experiment 1 and a 6-week tem-
perature treatment for experiment 2. 

Botrytis cinerea culture and inocula- 
tion. Botrytis cinerea was isolated from an 
infected geranium and grown on 20 ml of 
potato dextrose agar in 10-cm-diameter 
petri plates at 25°C for approximately 20 
days. A conidial suspension was prepared 
by flooding plates with sterilized, distilled 
water and dislodging conidia by means of a 
glass rod. Conidial concentrations ranging 
from 2.2 to 3.2 x 105  conidia/ml were 
quantified with a hemacytometer. Tween 
20 (0.04%) was added to the suspension 
prior to inoculation. 

A Prevail pressurized atomizer (Preci-
sion Valve Corp., Yonkers, NY) was used 
to spray plants to runoff with the conidial 
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suspension after the temperature treatment. 
Control plants were sprayed with sterile 
distilled water. Each plant was placed in a 
53 x 14 x 96 cm plastic bag containing a 
180-m1 cup of distilled water to assure 
constant high relative humidity. Bags were 
sealed and placed on benches in a walk-in 
chamber maintained at 20 ± 1°C with a 12-
h photoperiod provided by high-pressure 
sodium lights. 

Disease assessment. The proportion of 
bracts blighted and supporting B. cinerea 
sporulation was assessed 4, 6, and 8, or 3, 
6, and 8 days after inoculation in experi-
ments 1 and 2, respectively. The area under 
the disease progress curve (AUDPC) rep-
resenting the cumulative proportion of 
bracts and foliage infected, and the pro-
portion of each with sporulating B. cinerea, 
over an 8-day period following inoculation 
was calculated with the method of Shaner 
and Finney (18). The effects of DT and 
NT, and the difference between DT and 
NT, were determined by performing an 
analysis of variance (ANOVA) of the 
AUDPC data with the general linear means 
(GLM) procedure of the Statistical Analy-
sis System (SAS) (16). 

Quantifying plant maturity. Phe-
nological plant development was quanti-
fied by summing daily mean temperatures 
and subtracting a base temperature (10) 
with the following formula: 

t„ = E [71 + Tn Itz]- Tb 
i-1 

where tn  = degree days in C, T, = average 
daily temperature, Tn  = the nth average 
daily temperature, n = total number of av-
erage daily temperatures, and Tb = base 
temperature. Tb  for poinsettia crops has 
been determined to be 5°C (R. D. Heins, 
Michigan State University, personal com- 

munication). Thermal time measures the 
accumulation of heat in degrees above the 
temperature (5°C) at which no plant devel-
opment occurs during a 24-h period. 
Thermal time is a more accurate descriptor 
of plant development than chronological 
time (13). Degree-day values were re-
gressed with AUDPC means using the 
GLM protocol of SAS (16). 

RESULTS 

AUDPC data from experiments 1 and 2 
indicated that the proportion of bracts in-
fected and the proportion of bracts with 
sporulating B. cinerea postharvest were not 
influenced by the difference in DT and NT 
during production, but increased as DT or 
NT increased (Table 1). When DT or NT 
was held at 16°C and corresponding NT or 
DT increased from 16 to 22°C during pro-
duction, the proportion of blighted bracts 
postharvest increased from 50 to 87% 
(experiment 1) and was 100% (experiment 
2) 8 days after inoculation, while the pro-
portion of bracts with sporulating B. cine-
rea postharvest increased from 5 to 32% in 
experiment 1 and from 16 to 72% in ex-
periment 2 (Fig. 1). A statistical interaction 
between DT and NT during production 
occurred for AUDPC data representing the 
proportion of bracts infected postharvest in 
experiments 1 and 2 (Table 1), and resulted 
from a decreased amount of disease in the 
22/22°C treatment compared with the other 
treatments 8 days after inoculation (data 
not shown). 

The proportion of foliage infected and 
the proportion of foliage with sporulating 
B. cinerea (AUDPC) postharvest were not 
influenced by the difference between DT 
and NT during production in either ex-
periment. The proportion of foliage in- 

fected postharvest was associated linearly 
with DT during production in experiments 
1 and 2 and with NT during production in 
experiment 2 (Table 1). The proportion of 
foliage with sporulating B. cinerea post-
harvest was not influenced by DT during 
production in either experiment or NT 
during production in experiment 1 (Table 1). 
A statistical interaction between DT and NT 
during production occurred for AUDPC data 
representing the proportion of foliage in-
fected postharvest in experiment 2. 

As DT or NT was held at 16°C and the 
corresponding NT or DT increased from 16 
to 22°C during production, the proportion 
of foliage infected postharvest 8 days after 
inoculation increased from 9 to 36% (expe-
riment 1), and from 5 to 17% (experiment 
2) while, the proportion of foliage with 
sporulating B. cinerea ranged from 7 to 
25% in experiment 1, but did not exceed 
8% in experiment 2 (data not shown). 

Eight days after inoculation, the propor-
tion of bracts infected postharvest was 
99% in experiment 2 compared with 50% 
in experiment 1 for the treatment grown at 
16/16°C (Fig. 1). However, the proportion 
of bracts with sporulating B. cinerea (19%) 
(Fig. 1) and the proportion of foliage with 
sporulating B. cinerea (9%) for treatment 
16/16°C were similar for both experiments 
for the same period (data not shown). 

As plants matured (as indicated by the 
thermal time), AUDPC values representing 
the proportion of bracts infected over time 
increased. The R2  for regression of the 
proportion of bracts infected against ther-
mal time was 0.90 (P = 0.001) and was 
described by the equation y = 17.2 + 
8.80(x). The AUDPC values indicated that, 
as thermal time increased, the proportion 
of bracts with sporulating B. cinerea also 

Table 1. Influence of day temperature (DT) and night temperature (NT) on the susceptibility of poinsettia (cv. Angelika White) bracts and foliage to B. 
cinerea infection and subsequent sporulation 

Temperature 
treatments (C) 

Difference be- 
tween DT and 

Area under the disease progress curve 

Infected bracts 
Infected bracts with 

sporulation Infected foliage 
Infected foliage with 

sporulation 
DT NT NT (C) Expt.1 Expt. 2 Expt. 1 Expt. 2 Expt. 1 Expt. 2 Expt. 1 Expt. 2 

16 16 0 147.8 449.0 11.4 35.8 4.0 6.2 2.6 2.0 
16 19 -3 220.6 492.2 30.7 140.8 4.4 31.8 1.4 10.8 
16 22 -6 267.8 497.9 37.2 173.8 9.2 36.8 2.6 14.5 
19 16 3 203.0 491.3 30.9 121.4 10.3 20.2 3.0 5.9 
19 19 0 243.6 490.1 79.8 142.0 12.7 25.4 3.2 8.0 
19 22 -3 335.8 500.0 110.1 192.9 26.4 67.6 6.1 24.3 
22 16 6 244.4 485.3 67.5 164.1 14.1 42.0 4.6 13.5 
22 19 3 283.4 495.8 68.2 178.9 11.0 47.3 4.4 14.9 
22 22 0 256.0 500.0 82.8 202.5 17.3 47.8 15.7 18.4 

Significancea 
Difference between DT and NT 	 NS 	NS 	NS 
Day temperature 	 *** 	** 
Linear 	 * 	*** 	** 
Quadratic 	 NS 	** 	NS 
Night temperature 	 *** 	*** 	*** 
Linear 	 *** 	*** 	*** 
Quadratic 	 NS 	NS 	NS 
Day x night 	 * 	NS 	NS 

NS 
	

NS 
	

NS 
	

NS * 	** 	NS 
	

NS 
* 	 ** 

NS 
	

NS 	 . . . 
NS 
	*** 	NS 

	** 
. . . 	*** 	 ** 

	

NS 
	

NS 
NS 
	* 	 NS 

	
NS 

a  NS, *,**, *** Nonsignificant or significant at P < 0.05, 0.01, or 0.001, respectively. 
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increased. The R2  for the regression of the 
proportion of bracts with sporulating B. 
cinerea against thermal time was 0.86 (P = 
0.001) and was described by the equation y 
= —74.5 + 0.40(x). The AUDPC of foliage 
infected and of foliage with sporulating B. 
cinerea increased as thermal time in-
creased. The R2  values for the regression of 
proportion of foliage infected and of foli-
age with sporulating B. cinerea against 
thermal time were 0.73 (P = 0.001) and 
0.74 (P = 0.001), respectively. The rela-
tionship between thermal time and the pro-
portion of foliage infected and between  

thermal time and the proportion of foliage 
with sporulating B. cinerea were described 
by the equations y = —19.0 + 0.10(x) and y 
= —7.65 + 0.04(x), respectively. 

DISCUSSION 
The difference between DT and NT 

during production did not influence the 
postharvest susceptibility of poinsettia 
bracts and foliage to B. cinerea, as meas-
ured by the proportion of tissue infected 
and supporting sporulation. Although ma-
nipulating DT and NT during production 
causes changes in plant morphology, in- 

cluding alterations in plant height, inter-
node length, and leaf orientation attribut-
able to elongation of stem parenchyma and 
stem and leaf epidermal cells (4), this 
study suggests that these changes do not 
influence the postharvest susceptibility of 
poinsettia to B. cinerea. 

The proportion of bracts and foliage in-
fected and of bracts and foliage with 
sporulating B. cinerea (AUDPC) posthar-
vest increased as DT or NT during produc-
tion increased, with the exception of the 
proportion of foliage with sporulating B. 
cinerea in experiment 2. Elad and Yunis 

Days After Inoculation 
Fig. 1. Percentage of poinsettia bracts infected (circle) postharvest with B. cinerea and supporting sporulation (square) 8 days after inoculation in experi-
ment 1 (solid symbols) and experiment 2 (open symbols) when plants were grown at day/night temperatures of (A) 16/16, (B) 19/19, (C) 22/22, (D) 16/19, 
(E) 19/22, (F) 16/22, (G) 19/16, (H) 22/19, and (I) 22/16°C. 

Plant Disease / September 1996 1013 



(3) showed that greenhouse-grown cucum-
bers are predisposed to Botrytis blight 
when grown at temperatures higher (30°C) 
or lower (8°C) than optimum. Similarly, 
Kerssies (9) determined that temperature 
had a significant effect on the postharvest 
susceptibility of gerbera flowers to B. cine-
rea. Flowers stored at temperatures ranging 
from 15 to 25°C prior to inoculation had 
more lesions than those stored at 10°C. 
Kerssies (9) hypothesized that the in-
creased turgor pressure resulting from the 
higher temperatures caused leakage of nu-
trients, sugars, and salts to the flower sur-
face (20) that stimulated germination of B. 
cinerea conidia (2,14). Senecal et al. (17) 
observed that as NT increased from 9 to 
17°C, the number of days to anthesis in 
poinsettias decreased. In our experiments, 
more mature plants, as measured by ther-
mal time, were subsequently more suscep-
tible to bract and foliage infection and 
sporulation. Hunter et al. (6) determined 
that increased maturity of macadamia ra-
cemes coincided with an increase in plant 
susceptibility to B. cinerea infection. Post-
harvest susceptibility of gerbera flowers is 
positively correlated to crop age (8). 
Therefore, greater bract infection in ex-
periment 2 than in experiment 1 may have 
been related to the greater maturity of the 
poinsettias. 

Results of this study suggest that com-
mercial growers using higher NT than DT 
to limit plant height do not need to modify 
current B. cinerea disease management  

programs on poinsettias. These data sug-
gest, however, that mature plants are very 
susceptible to B. cinerea and disease man-
agement strategies should be heightened 
during crop finishing and postharvest han-
dling. 
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