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Figure 1: Willie, gray, and black 406-cell 

by JAMES E. FAUST, HIROSHI 
SHIMIZU, and ROYAL D. HEINS 

T
EMPERATURE is a critical fac-
tor influencing seed germination. 
Whenever seed temperatures are 

not optimal, germination percent and 
rate will decrease. 

The temperature of the germinating 
seed is primarily influenced by 
media's surface temperature, which in 
turn is influenced by many variables, 
one of which is the plug flat color. 

Most people at some time have 
leaned against a black car on a sunny 
day and discovered that black objects 
absorb sunlight and get hot. Similarly, 
growers have often observed that 
roots on the south side of black pots 
die during the summer because of ex-
cessive media temperatures. 

White objects absorb less sunlight 
than black objects, and thus stay cool-
er. So to better manage seed and plug  

temperatures, white plug 
flats are marketed for use 
during the summer. 

We wanted to know 
how beneficial white plug 
flats would be in control-
ling plug media and seed 

)lug flak. 	temperature. So during 
the summer of 1993, we 
conducted an experiment 

to quantify the effect of plug flat color 
on a medium's surface temperature. 

Experimental Design 
White, gray, and black 406-cell plug 

flats obtained from Blackmore Co., Inc. 
were filled with a peat-based medium 
(Figure 1). The flats were placed on an 
aluminum subin-igation 
bench in a greenhouse 
maintained at 77°F. 
The temperature of the 
medium's surface in 
the center of the plug 
cell was measured with 
fine-wire thermocou-
ples. A thermal-image 

Figure 2: Surface temper-
atures of the white (left), 
gray (middle), and black 
(right) plug flats. Differ-
ent colors represent dif-

ferent temperatures. 

(infrared) camera was used to visualize 
the surface temperatures of the plug flat 
and medium (Figure 2). 

Figure 3 (see page 55) displays the 
change in medium temperature of the 
three plug sheets with respect to solar 
radiation. (Note: 1 W • in-2  from sun-
light is equivalent to about 10 footcan-
dles.) From Figure 3 it is obvious that 
temperature of the medium is seldom 
the same as greenhouse air temperature. 

What Happens At Night? 
At night, the medium's surface 

temperature was always 5*-6°F below 
the greenhouse air temperature, re-
gardless of plug flat color (Figure 3), 
because of evaporation of water from 

KEEP 
YOUR COOL 
... during germination. The right temperature 
means optimal seed germination. 
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Figure 3: The effect of plug flat color on the medium's surface temperature 
as a function of solar radiation. 

THE ORIGINAL 
rWONDER WATERER,  

(IMITATED BUT NEVER EQUALED) 

COMPARE THE DIFFERENCES 

FREE SHUT-OFF 	 Complete 
with the purchase of each 	 with Filter complete unit 

F.O.B. Perrysburg, OH 

28214 Glenwood Rd. 
Perrysburg, OH 43551 
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• Laser Cut Face Plate - More Precise Water 
Pattern 

• 6" In-Line Filter with 100 Mesh Per 
Square Inch Screen (15 Times Better 
Filtering Capacity) 

• Ball Valve Included with Purchase of a 
Complete Unit) Offers Control of 
Water Volume as Compared to a 
Hand Squeeze Valve Which Only 
Offers On/Off Position. 
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the medium's surface and 
long-wave radiation loss to 
the surrounding green-
house structure. 

The medium would be 
even colder during the 
winter if the greenhouse 
were not equipped with 
thermal screens, due to 
greater long-wave radia-
tion losses to the cold 
greenhouse glazing and 
structure. Since plug flat 
color does not influence 
the amount of long-wave 
radiation emitted, the color 
only influences medium 
temperature during the day. 

What Happens 
During The Day? 

The maximum solar radiation strik-
ing a greenhouse on a clear summer 
day is about 1000 W • n12, which is a 
lot of energy. To appreciate how 
much, think of how hot a 100-watt in-
candescent light bulb gets, and then 
think of the energy from 10 100-watt 
light bulbs (1000 watts) spread over 
an area of 1 square meter (11 square 
feet). The energy produced is about 

Bench Mesh 
The durable low-cost 
top for greenhouse 
benches. 

• Perfect for fixed or 
rolling benches 

• Long lasting 
• Strong 
• Low cost 
• 98% open space 
• Convenient sizes 
• Hot dip galvanized 

after welding 
• Also in vinyl coated 

=Bench 
IIIIIIMesh 
Bartlett Bench & Wire, Inc. 
P.O. Box 298, Rt. 97 
Friendship, ME 04547 
207-354-6960 / FAX 354-0331 

how much does 
the medium's 
temperature rise'? 

In our experi-
ments. plug flat 
temperature in-
creased relative 
to air tempera-
ture as solar radi-
ation increased 
(Figure 3). About 
80 W • m-2  (8% 
of full sun: 800 
footcandles) of 
solar radiation 
was required to 
offset evapora- 
tive cooling so 
medium tempera-
ture equaled air 

temperature. When solar radiation 
was 300 W • m-2  (30% of full sun: 
3000 footcandles), the medium's tem-
perature in the white flat was 2°F 
cooler than that of the black and gray 
flats. However, the white and black 
flats were 9°-11°F above air tempera-
ture: therefore, since the air tempera-
ture was 77°F. the medium's surface 
temperature was 86°-88°F. 

When the solar radiation was 700 

that from a 100-watt incandescent 
bulb striking an area 1 foot square. 

If all this energy were absorbed, the 
temperature of the plug flat. medium, 
seed, and plant would rise very quick-
ly. However, seedling flats are not 
normally exposed to that amount of 
energy because growers shade the 
crop by whitewashing, glazing, or 
using interior thermal screens in the 
greenhouse. But even with shading. 
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HOLD 
Plugs ready before you are? 

Plug Storage 
- exclusively from GREENHOUSE GROWER - 
can help you develop a cold storage program 

for all your plug crops. 

This easy-to-use booklet is packed with color photographs, 
charts, and detailed storage information for 

19 popular bedding plant species. 

LEARN THE OPTIMUM 
• Temperatures • Light Levels 

• Storage Durations 

W • m-2  (70% of full sun; about 7000 
footcandles), the medium in the white 
flat was 51/2°F cooler than that in the 
black flat, but it was more than 18°F 
above air temperature (95°F). 

Thermal Imaging 
The medium temperatures reported 

in Figure 3 were measured in the cen-
ter of many different plug cells. How-
ever, the thermal image in Figure 2 
shows the nonuniformity of the sur-
face temperature across the plug flats. 

For example, although the black 
plastic was considerably warmer than 
the white plastic, the difference be-
tween the medium's temperatures 
measured in the center of the plug 
cells of the black, gray, and white flats 
was much less because of the high 
rate of evaporation from the medium's 
surface. 

The important point to remember is 
that seeds that are planted near the 
edge of the cell will be more greatly 
influenced by the plastic tempera- 

ture/plastic color than seeds in the 
center of the plug cell. 

Controlling Temperature 
Of The Medium 

This experiment should help grow-
ers appreciate the value of germina-
tion chambers. The environment in-
side a germination chamber allows no 
solar radiation, provides high humidi-
ty, and has warm surrounding walls. 
All three of these factors contribute to 
a medium's surface temperature that 
is uniform and will remain very close 
to the air temperature. 

Controlling medium temperature 
during the day when germinating in 
the menhouse is much more difficult 
than controlling it in a germination 
chamber. Best control comes from re-
ducing solar radiation as needed with 
a shading system. Using white plug 
flats will help limit temperature in-
crease if solar radiation is high, but 
media temperatures may still be exces-
sive. 

During the night, maintaining high 
humidity and using thermal screens 
will help limit cooling of the media. 
The amount of bottom heat required 
to maintain medium temperature will 
depend on how much thermal and 
evaporative losses occur. 

We observed that the medium in the 
black plug flat dried out faster than 
that in the white flat. The more rapid 
drying was due to the higher tempera-
tures and, thus, higher evaporation 
rates. Black flats may be beneficial 
during the winter when overwatering 
and cool medium temperatures can be 
a problem during plug production. 

Remember that not all plug flats are 
identical. The greater the plastic's sur-
face area, the greater the potential im-
pact on medium temperature. Once 
the plant canopy covers the plug flat, 
we expect the effect of flat color on 
medium temperature to be minimal. 

In summary, the color of plug flats 
influences the medium's surface tem-
perature during the day, but not at 
night. The effect of solar radiation on 
temperature, however, is greater than 
that of plug flat color. 	 • 
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To order, send $10 plus $2 shipping and handling to: 
GREENHOUSE GROWER, Circulation Department 

37733 Euclid Avenue 
Willoughby, OH 44094-5992 

Phone: 216-942-2000 Fax: 216-942-0662 
Visa and Mastercard accepted 

Half of all proceeds will support continued research. 
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