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In the commercial production of 
plants, five factors determine the ex-
tent to which the plant's genetically 
pre-determined potential is fulfilled: 

1) the environmental temperature 
the plants are grown in. 

2) the quality, quantity, and dura-
tion of light the plant is exposed to. 

3) the amount of water available 
to the plant for the processes of 
growth and transpiration. 

4) the amounts and types of nu-
trients present in forms that can be 
readily absorbed by the plant. 

5) the atmospheric composition 
that surrounds the plant. We wish to 
discuss a part of this final factor, the 
carbon dioxide fraction. 

The atmosphere is 78 percent ni-
trogen (N2), 21 percent oxygen (02), 
.95 percent argon (A), 0.1 miscel-
laneous gases, and .033 percent 
carbon dioxide (CO2). It is this 330 
parts per million of carbon dioxide 
that is the carbon source of plants. 
Carbon is fixed by photosynthesis and 
is the basic building block of all plant 
components. 

In a field situation, air moves 
freely around the plants and the CO2 
concentration is held fairly constant 
by mixing and diffusion. A green-
house is very similar to a field when 
the vents are opened or fan and pad 
cooling allows for air exchange. 
However, as outside temperatures 
drop and- steps are taken to tighten up 
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the greenhouse for heating conserva-
tion, air exchange and mixing are 
greatly reduced. 

Therefore, as the crops in a tight 
greenhouse photosynthesize during 
the day, the carbon dioxide is fixed 
and removed by the plant but is not 
replenished by air exchange. The 
level of carbon dioxide can be reduced 
to as low as 150 ppm (Wittwer and 
Robb). With less carbon dioxide 
available to the plant, photosynthetic 
carbon fixation is decreased and plant 
growth is inhibited as surely as if the 
plant had a water or nutrient de-
ficiency. 

Carbon dioxide stress does not 
readily identify itself like water stress, 
which appears as wilting or yellow-
ing, or as nutrient deficiencies, which 
often show as chlorosis or discolcira-
tion. Rather, carbon dioxide stress re-
sults in reduced growth and/or lower 
quality. Without a control plant grow-
ing in normal or enriched CO2 envi-
ronments, it is difficult or impossible 
to perceive the reduced growth and 
quality. 

Just as plant growth is increased 
when nutrients are added to an un-
fertilized soil, the addition of CO2 to 
supplement or increase the ambient 
CO2 concentration will enhance 
growth. Increased yield and improved 
quality have been documented time 
after time in research articles (See 
Table I). 

Little attention however has been 
paid to CO2 enrichment in recent 
years. During the 1960s, addition of 
CO2 to greenhouses was common. 
Growers, however, have allowed 
their equipment to deteriorate and 
CO2 is not extensively used now. We 
feel that the subtle changes in crop 
quality and timing often were not visi-
ble to the grower's eye one year to the 
next without a control plant, and  

therefore supplemental carbon diox-
ide has fallen out of common use. 

Our primary purpose is to increase 
the grower's awareness of CO2, its 
benefits, and the crop losses possible 
in our now tightened-down, energy-
conserving greenhouses. Tight green-
houses are ideal for supplementing 
CO2 because little CO2 is lost by air 
exchange. Yet when CO2 is not sup-
plemented, severe deficiencies can 
occur due to low air exchange rates. 

We feel that supplemental CO2 is a 
good investment for the grower where 
outside temperatures are low during 
much of the winter and little venting 
occurs. Assuming CO2 generation in-
side a greenhouse using natural gas, 
we calculate the total cost of supple-
menting CO2 to 1500 ppm for eight 
hours per day for 120 days to be ap-
proximately 4 cents per square foot. 
This does not account for the addi-
tional benefit received in the form of 
supplemental heat. A geranium cut-
ting producer has recently indicated to 
us that he gets a solid 20 to 25 percent 
increase in cuttings by supplementing 
CO2 in his stock plant ranges. 

While addition of CO2 can be eas-
ily accomplished by open-flame 
burners inside a greenhouse, care 
must be taken to prevent oxygen de-
pletion, resulting in ethylene and 
carbon monoxide production. Rec-
ommended spacing and installation 
procedures should be followed when 
purchasing and installing open-flame 
CO2 burners. 

For further reading... 
Bolas, B.D. and R. Melville, 1935, 

"The effect on the tomato plant of CO2 
produced by combustion," Ann. Appl. 
Biol., 22:1-15. 

Cummings, M.B. and C.H. Jones, 
1918, "The aerial fertilization of plants 
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Increased yield 9% 
Not 

Increased number of 	 stated 
"Fancy" flowers 	 20% 

25 more 
cuttings 
per ftz 

Increased cutting 
production 550 ppm Goldsberry (1966) 

10-25% 	Variable, up Owen and Small (1926) 
to 9000 ppm 

Cucumber 	 Increased yield 

Not 
stated 

Cyclamen 
Cummings and Jones (1918) 

Increased flower number 	0-115% 

Increase plant dry weight 	22-31% 

Shaw and Rodgers (1964) 14% 

72% 

1 month 

Increased branching 

Increased flower number 

Shorter maturation time 

1100,ppm Geranium 

12-40% 	Not stated 	Malmburg (1966) 
probably 1000 ppm 

Improved cutting production 

19-37% 	1200-1500 ppm Koths and Adzima (1965) 

0-47% 

Increased stem length 

Increased weight 

Mums 

Shaw and Rodgers (1964) 33-48% 	1000 ppm 

26-28% 	1000 ppm 

Increased fresh weight 

Increased stem length 

29% 	1100-1800 ppm Kobel (1965) Increased cutting production 

Shaw and Rodgers (1964) Rose 	 Increased yield 31% 	1100 ppm 

12-33% 
Not 

stated Increased yield Goldsberry and Holley. 
(1962) 

60% 	1200-2000 ppm Lindstrom (1965) Increased yield 
Improved grade (increase in % of 
stems 18-30 inches in length) 	16% 

7-27% 	1200-2000 ppm Mastalerz (1977) Increased yield 

Mattson and Widmer (1971) 14-22% 	2000 ppm Increased yield 

Lindstrom (1964) 57-86% 	1200-2000 

67-90% 	1200-2000 

Increased fresh weight 

Increased dry weight 

Snapdragon 

Increased plant weight 

Larger leaf area 

Increased fruit production 

Tomato 

Table 1. Influence of enriched carbon dioxide atmospheres on plant growth and yield. This table is 
representative of the CO

2 
literature and is not intended to be a complete listing of all references. 

Crop Effect Response CO2 conc. 

African violet Increased dry weight 20% 500 ppm 

Carnation Increased yield 
vs 200 ppm 37% 
vs 350 ppm 7% 550 ppm 

Earlier flowering .2 weeks 

Raised to 	Bolas and Melville (1935) 
10,000 ppm in 
the morning, then 
allowed to decline 
during the day  

10-25% 	Variable, up to 
9000 ppm 	Owen, Small, and Williams 

(1926) 

Increased yield 

83% 

50% 

13% 

with CO2 ," Vermont Agr. Exp. Sta. Bul. 
211. 

Goldsberry, K.L., 1961, "Effect of 
CO2 on carnation growth," Colo. Flower 
Gm. Assoc. Bul., 138:1-5. 

Goldsberry, K.L. and W.D. Holley, 
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1962, "CO2 research on roses at Colorado 
State University," Colo. Flower Gm. 
Assoc. Bul., 151:1-6. 

Goldsbeny, K.L., 1966, "Effects of 
CO2 on carnation stock plants," Colo. 
Flower Gro. Assoc. Bul., 192:1-2. 

Holley, W.D. and C. Juengling, 1963, 
"Effects of additional CO2 and automated 
day temperatures on carnations," Colo. 
Flower Gro. Assoc. Bul., 162:1-4. 

Kobel, F., Jr., 1965, "Effects of CO2 
application on the production of chrysan- 
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"Callused Cuttings or 
2-1/4" plants? Today you 
have a choice." Paul Ecke, Sr. 

Our family began growing poinsettias in 1908. That was just 
five years after the Wright brothers' first flight and decades 
before the advent of air freight. 

Today, to assure that plants and cuttings arrive in good 
condition, we carefully pack them in special containers just 
before shipment. Then we rush them to you by the fastest, 
most direct air route. 
Choose Ecke plants or cuttings. Either way you'll get a fresh 
start on your '81 poinsettia production. 

Paul Ecke Poinsettias 
Encinitas, California 92024 
(714) 753-1134 

SAFE 
EADONYIE%1 
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Owen, 0., T. Small, and P.H. Wil-
liams, 1926, "CO2 in relation to glass-
house crops, Part III. The effect of en-
riched atmospheres on tomatoes and cu-
cumbers," Ann. Appl. Biol., 13:560-76. 

Shaw, R.J. and M.N. Rodgers, 1964, 
"Interactions between elevated CO2 levels 
and greenhouse temperatures on the 
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24, 88-89; 135(3487):21-22, 82; 
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Forty florists from 15 states dedicated 
their time and skills once again to make 
Christmas at the White House a seas-
onal spectacular for the thousands of 
visitors to the mansion. Helping to carry 
out the Victorian theme of this year's 
holiday decor were members of Florists' 
Transworld Delivery, American Floral 
Services, the Society of American Flor-
ists, and other industry organizations. 
Pictured with some of the florist volun-
teers as the tree in the Blue Room was 
being finished is First Lady Rosalynn 
Carter. 

Coming ... 
Greenhouse Mgt. — Part 7 
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