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PREFACE 

This study was conducted to determine geranium 

performance under a warm growing medium, cool a i r 

temperature regime; and whether this is a viable method for 

c o mm e r c i a I g r owe r s t o r e d u c e p r o d u c t i o n c o s t s . Development 

patterns, flowering habit, nutritional status and the actual 

amount of fuel required to produce a crop was monitored. 
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CHAPTER I 

A COMPARISON OF HOT WATER MICROCLIMATE HEATING 
AND CONVENTIONAL OVERHEAD HEATING ON THE 

DEVELOPMENT OF SEEDLING GERANIUMS 

Key Words: Pe!argooiuro x hortorum Bailey, 
heating, conventional heating, 

mi crocl imate 
leaf analysis 

ABSTRACT 

Mary Ann Schwartz and Richard N. Payne 

Department of Horticulture 
and landscape Architecture 
Ok I ah oma St a t e Un i v er s i t y 
Stillwater, Oklahoma 74078 

Rona Id W. McNew 
Department of Statistics 
Oklahoma State University 

Stillwater, Oklahoma 74078 

The development of October-sown and December-sown 

crops of seedling geraniums CPeiargonjum X hortorum Bailey) 

was monitored, each for a 16 week period, to determine 

plant response to a hot water microcl imate heating system. 

This method of heating uses a I ow amb i en t a i r temperature 

and an elevated medium temperature c21.1°). 

Development of the microcl imate-heated crops was compared to 

crops grown under a conventional overhead forced air heating 

system (16.6° air temperature). 

The microclimate heating system produced a taller plant 

a majority of the first six weeks during the October crop 
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when compared to the conventional crop, but there were no 

d i f fer enc es i n the December crop except for weeks 3 and 4 

when the conventional heating system produced taller plants. 

After week six there were few differences in height due to 

the heating method. When microcl imate heated plants were 

compared to conventional heated plants there were no height 

differences i n the October-sown crop, and the only 

significant difference in the December crop was during week 

14 when the mi c r o c I i mate heated plants were ta I I er . 

Switching the heating method on some 8 week old plants 

caused no s i g n i f i can t d i f fer enc es du r i n g weeks 1 0 - 1 6 of the 

October crop, but the plants that went from 8 weeks of 

conventional heat to 8 weeks of microcl imate heat were 

significantly taller on week 10, 14 and 16 than plants that 

moved t r om mi c r o c I i mate to convent i on a I heat . There was a 

cultivar x retardant interaction during weeks 10-16. 

Treating with chlormequat reduced plant height in al cases. 

Shoot dry weight during the initial 8 weeks of the 

October-sown crop under mi croc I imate heating was slightly 

greater during weeks 3 and 6 when compared to the 

conventional heated crop. In the December crop, 

microclimate heating increased the shoot dry weight in week 

3 and conventional 

weights in weeks 1, 

type of heating had 

heating caused increased shoot 

4 and 6. During the last 8 weeks, 

no effect on the shoot dry weight 

the October crop, however in the December-sown crop the 

dry 

the 

f o r 
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conventional heat produced heavier dry weights during weeks 

10, 12, 14 and 16. Rotating the heat method after 8 weeks 

caused a significant weight difference in week 10 of 

the October and December-sown crop. For the October 

the plants that went from microcl imate to conventional 

both 

crop 

heat 

were significantly heavier than the reverse heating method, 

but in the December crop the conventional to microcl imate 

system produced a heavier shoot dry weight. Chlormequat 

reduced shoot dry weights f o r both cultivars in the 

October-sown crop but only 'Smash Hit' was affected in the 

December-sown crop. The differences in root dry weights due 

to the heating method were only during the October-sown 

crop. During the last 8 weeks, microcl imate heat produced a 

heavier root dry weight in week 14 of the October-sown crop, 

but conventional heat caused a heavier dry weight in week 14 

and 16 of the December crop. Moving plants from one heating 

system to the other had no effect on root dry weights in the 

October crop, however going from conventional to 

microcl imate heat caused heavier weights during week 10 of 

the December crop. The chlormequat treatment had no effect 

on the root dry weight of 'Ice Queen' in either the October 

or December-sown crop, but the retardant reduced root dry 

weights for 'Smash Hit' in both crops. The microcl imate 

heated crop flowered seven to ten days Cmean first flowering 

date) later than the conventional heated crop. Tissue 

analysis after 8 weeks on the respective heating systems 
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had 

greater N, P and K concentrations in the conventionally 

heated plants but Ca and Mg concentrations were higher in 

two microclimate heated treatments and the Fe concentration 

was increased once due to microcl imate heat. Analysis after 

8 weeks in the December-sown crop showed leaf concentrations 

of all elements CN, P, K, Ca, Mg and Fe) to be higher in the 

mi c r o c I i mate he a t e d p I an t s . Chlormequat treated plants also 

had higher levels of al elements when compared to untreated 

plants. By week 1 6 , when comp a r i n g mi c r o c I i mate 

conventional heating, the conventional methods seemed 

increase the 

mi c r o c I i mate 

concentrations of N' p' Ca and Mg, and 

to 

to 

the 

Fe. system raised the concentration of 

Chlormequat caused 'Smash Hit' to increase accumulation Of. 

N, P, K, Mg and Fe and 'Ice Queen' to accumulate P, K and 

Fe. The 16 week old December-sown crop had significantly 

higher levels of P and K only due to the microcl imate heat 

there was a significant cultivar X retardant source, but 

interaction. Chlormequat treatments significantly increased 

concentrations of N, P, K, Ca, Mg and Fe in 'Smash Hit' but 

only increased P and K in 'Ice Queen'. 

INTROQUCT!ON 

Increased greenhouse heating costs are forcing growers 

to seek alternatives to reduce costs. Double polyethylene 

coverings, insulated north walls and the use of heat shields 

or thermal blankets are common practices today. Root zone 
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or microclimate heating is a possible alternative to the 

widely used overhead unit heater-fan jet method of heating. 

Root-zone heating has been used in Europe for at least 20 

years (7, 10) and American growers are beginning to try this 

method. Root zone heating provides heat to the root zone, 

while microcl imate heating raises the temperature of the air 

near the plants and elevates the growing medium temperature 

( 7) . Th i s p rod u c es a mi c r o c I i ma t e a round the plants ( 9) ' 

giving a uniform temperature and a more even heat 

distribution, reduces chances for root diseases, increases 

media temperature and energy conservation (7). 

Microclimate heating systems use small diameter tubing 

to carry hot water. EPDM, (ethylene propylene diene 

monomer), a synthetic rubber, is a popular tubing. This 

mater i a I can w i th stand temperatures from 148°c to below 

freezing and not be harmed (10). The tubing can be 
under the bench , w i th i n the med i um of a bench , or on 

placed 
top of 

the bench. The heat is transferred from the tubes to the 

a i r . s u r round i n g the pot and to the pot t i n g med i um C 4 , 7) . A 

soil heating system used i n comb i n at ion w i th a thermal 

blanket Cheat shield) might provide significant energy 

savings C10). According to Henley ( 4 ) ' the most cost 

e f f e c t i v e t i me for bot tom heating of foliage plants i s 

during propagation and early growing-on. Others agree that 

there is potential to al low the grower to conserve energy 

and sti I I produce qua Ii ty plants C5i 8). 
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Different species of plants as wel I as cultivars 

respond d i f fer en t I y to mi c r o c I i mate heat i n g C 2 , 3 , 6 , 1 0) . 

Holcomb ( 5) found that Begonia s emp e c t I ore o s , Piao thus 

barbatus and 3 cultivars of ornamental pepper did not 

respond to heated soi Is. Zinnias produced more flowers on 

heated soi I but height and plant diameter were not affected. 

Cosmos 'Sunny Gold' was taller, had a larger diameter, 

greater fresh weight and more open flowers due to soil heat_. 

Doing work with poinsettias, Janes and McAvoy (6) showed 

that some cultivars produced shorter stems, shortened 

internodes and a lower stem fresh weight, while others had 

shorter stems but heavier stem fresh weights. 'V-10' bracts 

developed earlier on warm soi Is but 'Annette Hegg Supreme' 

was not affected by warm soils. The amount of anthocyanin 

in the bracts of axi I lary shoots increased as the growing 

medium was heated, adding to the appearance of the plant. 

In this experiment, in addition to determining natural 

gas usage, we evaluated the performance of October and 

December-sown crops of seed I ing geraniums' in a microcl imate 

heating environment compared to a conventional overhead 

air-heated situation. The overal growth, shoot and root 

dry weight, f I owe r in g pattern and f o I i a r elemental 

concentration of plants in these two regimes were evaluated 

to determine if microcl imate heating is an alternative to 

the conventional system. 
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MATERIALS AND METHODS 

A 'Gro-Mat' CBio Energy Systems, El lenvi I le, New York) 

mi c r o c I i mate hot water heat i n g sys t em was i n s ta I I e d i n a 1 1 

x 24 meter uninsulated fiberglass greenhouse. The EPDM 

tubing was placed 5cm apart, on open welded wire benches, 

d i rec t I y under t he p I an t s . The w i re benches o cc up i e d 5 2 . 5% 

of the greenhouse floor space. A Paloma instantaneous hot 

water heater was used to heat circulating water 

a 21.1°c medium temperature. Overhead unit 

used as supplemental heat only to maintain 

to maintain 

heaters were 

a 10° air 

temperature. An adjacent, identical uninsulated greenhouse 

using a conventional ·overhead heating system (unit heaters, 

fan jets, poly tubes) with a 16.6° night temperature was 

compared to the mi c r o c I i mate system. Temperatures in both 

houses were al lowed to rise naturally during the day to 

26.6° before ventilating . 

. Seed I ing geraniums CPelargonjum X hortorum Bai leyl 

'Smash Hit' (red) and 'Ice Queen' (white) were used. The 

seeds for the two crops were sown October 3 r 1983 and 

December 12, 1983, respectively in a commercial per lite 

medium. 

pots 14 

Seedlings were transplanted directly 

days after sowing and placed in 

microcl imate house or the conventional house. 

into 11.4 

either 

The 21 

cm 

the 

day 

per i o d C sow i n g to exp er i men t i n i t i at i on) i s not i n c I u de d i n 

stating number of weeks of crop time, such as "week 16", on 

any one given heating system. 
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Plants were given monthly 89ml per pot drenches of 

Sodium diazenesulfonate/Benomyl C237ml/378.5 of each) and 

some plants received a split application of 

CC2-chloroethyl) trimethylammonium chloride, 

chlormequat 

American 

Cyanamid Co., Wayne, NJ) 1500 ppm spray to runoff twice, 6 

and 7 weeks after sowing. Fertilization was a constant 

I iquid program using a 20-4.4-16.6 CN-P-K) "peat-Ii te 

special" fer ti I izer at 200ppmN 44ppmP- 166ppmK. A 

separate group of plants with al I the same treatments and 

cultural techniques were randomized and used to obtain 

flowering data and for foliar analysis only. 

Experimental treatments were: 1 ) 1 6 weeks on 

microclimate heating, 2) 16 weeks on conventional heating, 

3) 8 weeks on mi c r o c I i mate heat i n g and the I as t 8 weeks on 

conventional heat and 4) 8 weeks on conventional heat and 

the last 

without 

8 weeks on mi croc I imate heating, each with and 

chlormequat treatment. These treatments were 

applied to 'Smash Hit' and 

complete block design was 

rep I ications per treatment. 

'Ice Queen'. A randomized 

used with 6 single 

At weeks 1, 2, 3, 4, 6, 8, 

pot 

10, 

12, 14 and 16, plants were evaluated for vegetative height, 

shoot dry weight and root dry weight. At the end of each 

evaluation period the plants to be measured were collected 

and brought into the headhouse. Vegetative height was 

measured (highest leaf-petiole point above the pot rim), the 

plants were cut off at the medium I ine, placed in paper bags 



9 

and oven dried at 75°c. The medium bal I was then washed in 

water unt i 

and dried. 

the medium was removed, and placed in a 75° oven 

The date of first flowering C6 florets opened) was 

recorded for each plant in the separate group grown to 

observe flowering and to obtain leaves for foliar analysis. 

The fourth set of leaves from the terminal growing tip were 

used for foliar analysis. Leaves were collected at week 8 

and week 16, dried at 75°c and ground to pass through a 20 

mesh screen i n a W i I e y mi I I A I I s amp I es were stored i n a i r 

tight jars unti I analyzed. Before . analysis, samples were 

re-dried for 24 hours at 80°. N was determined by the 

macro-Kjeldahl method, P colorimetrically and K, Ca, Mg and 

Fe on a Perkin-Elmer 303 atomic absorption 

spectrophotometer. Each crop was grown for 16 weeks and 

both crops were analyzed. 

RESULTS AND DISCUSSION 

There were few interactions between heating systems and 

chlormequat treatments or heating systems and cultivar early 

in the crop so these factors were examined separately. 

week 8 through 16 there was a significant cultivar X 

retardant interaction. 

Vegetative Height 

From 

During the initial 8 weeks of the October crop, plants 



on the mi c r o c I i mate heating system were 

significantly taller than those on the conventional 

1 0 

usually 

heating 

system (Table I ) . For the December crop, convent i ona 11 y 

heated plants were significantly taller than microcl imate 

heated plants durini weeks 3 and 4, and they were slightly 

taller during weeks 1, 2, 6 and 8, but the differences were 

not significant. From week 10 on there were no significant 

height difference in microclimate and conventionally heated 

plants for the October crop, and in only one case (week 14) 

was there any differences in the December crop (Table 

For plants grown for 8 weeks on one heating system, 

I I ) . 

then 

moved to the other heating system, there were no significant 

height differences for the October crop, but in the December 

crop, plants moved from conventional to mi c r o c I i mate heat 

were usually significantly taller (weeks 10, 14 and 16) than 

those grown first on mi c r o c I i ma t e he a t and then moved to 

conventional 

effect, and 

heat. There appeared to be a carry-over 

final height depended somewhat on conditions 

present during weeks 1-8. 

From week 8-16 there were differences in height, and a 

significant cultivar and retardant interaction (Table II I ) . 

The chlormequat treated plants were significantly shorter, 

for both cultivars, during the entire 8 week period (8-16). 

'Ice Queen' was less affected by the chlormequat than was 

' Smash H i t ' . Janes C6) found that poinsettias were shorter 

when given warm soi I temperatures. 



TABLE I 

EFFECT OF HEATING METHOD ON VEGETATIVE PLANT 
HEIGHT DURING WEEKS 1-8 OF THE 

TWO 16 WEEK CROP CYCLES 2 

Avg. vegetative plant height Ccm) for 

Treatment 2 3 4 6 

October sowing 

Microcl imate Heat 1 . 7 3 . 1 6 . 1 6.3 1 1 . 5 
Conventional Heat 1 . 2 3 . 1 5. 4 5.8 1 0 . 7 

)k )k )k NS )k )k )k )k )k )k 

December sowing 

Mi c r o c I i mate Heat 2.2 2.7 3.7 3.9 7.6 
Conventional Heat 2.4 3.0 4.6 5. 4 8.4 

NS NS )k )k )k )k )k NS 

1 1 

week 

8 

1 3. 8 
1 3. 6 

NS 

1 4. 2 
1 4. 8 

NS 

z Inc I udes 'Smash Hit' and 'Ice Queen'. Each figure is the 
mean of 48 plants. In the majority of cases there was no 
interaction between heating method and cultivar, or cultivar 
and retardant, so data for the two cul ti vars and the cycocel 
treatments were combined. There was a cult ivar x retardant 
interaction for weeks 3 and 6 for the October-sown crop and 
a heating method X retardant interaction for week 6 for the 
December-sown crop. 

*, lk::K, ***, NS - Significance at 5% C*), 1% C**), 0.1% C***) 
or non-significant CNS). 



TABLE I I 

EFFECT OF HEATING METHOD ON VEGETATIVE PLANT 
HEIGHT DURING WEEKS 10-16 OF THE 

TWO 16 WEEK CROP CYCLES 

Heat 
source 
weeks 1-8 

Heat 
source 
weeks 9-16 

Avg. vegetative plant height Ccml for weeks 

Mi c r o c I i mate Mi c r o c I i mate 
Microclimate Conventional 
Convent i ona I Convent i ona I 
Conventional Microclimate 
LSD_ 05 

Mi c r o c I i mate Micro c I i mate 
Micro c I i mate Convent ion a I 
Conventional Conventional 
Conventional Microcl imate 
LSD_ 05 

10 

18.9x 
19. 3 
1 8. 2 
18.6 

1 . 2 

19.0 
16. 6 
18.9 
1 9 . 8 

1 . 2 

x Each figure is mean of 24 plants. 
Queen' with and without chlormequat. 

12 1 4 

October sowing 

25.4 
24.8 
25.7 
25.3 

1 . 1 

25.6 
25.8 
26.3 
26.7 

1 . 6 

December sowing 

24.0 
23.8 
24.0 
24.5 

1 . 2 

29.0 
26.6 
27.4 
28.2 

1 . 6 

16 

32.5 
32.4 
32.6 
3 1 . 1 

1 . 8 

33.2 
3 1 . 2 
31 . 5 
34.5 
2.2 

Includes 'Smash Hit' and 'Ice 
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TABLE I I I 

VEGETATIVE PLANT HEIGHT OF 'SMASH HIT' AND 'ICE QUEEN' 
WITH AND WITHOUT CHLORMEQUAT FOR WEEKS 8-16 

Treatment 

'Smash Hit' 
'Smash Hit' 
' Ice Queen' 
'Ice Queen' 
LSD .05 

'Smash Hit' 
'Smash Hit' 
'Ice Queen' 
'Ice Queen' 
LSD .05 

OF THE TWO 16 WEEK CROP CYCLES 2 

cccY 
no CCC 
CCC 
no CCC 

CCC 
no CCC 
CCC 
no CCC 

Vegetative height Ccm) for week 

8 1 0 12 

October 

9.4 13. 3 18. 7 
16.9 2 1 . 8 28.8 
12. 9 1 8. 2 25.2 
1 5 . 6 2 1 . 5 28.5 

1 . 3 1 . 7 1 . 4 

December 

11 . 5 1 4 . 1 19. 4 
1 7. 6 22.6 28.8 
1 3. 0 1 7. 8 22.8 
16.0 19.9 25.4 

1 . 5 1 . 7 1 . 7 

1 3 

sowing 

20.0 
29.0 
25.9 
29.5 

2.3 

sowing 

22.4 
33.7 
26.4 
28.9 
2.3 

1 6 

26.0 
35.2 
3 1 . 5 
35.8 
2.5 

2 7. 7 
35.5 
3 1 . 9 
35.3 

3. 1 

2 Each figure is the mean of 24 plants. Since there was no 
interaction between heating system and chlormequat, these 
factors were examined separately (Tables I and I I I). 

y CCC is an abbreviation for chlormequat. Chlormequat was 
applied as a foliar spray (2 1500 ppm applications) during 
weeks 3 and 4. 
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Shoot and Root Dry Weight 

The shoot dry weights for weeks 1-8 gave conflicting 

results. On the October crop, microcl imate heat produced 

heavier dry weights in weeks 3 and 6, but in the December 

crop conventional heat caused heavier shoot weights in weeks 

1, 4 and 6, and mi c r o c I i ma t e heat yielded a heavier shoot 

weight in week 3 (Table IV) . For our average medium 

temperature on each heating regime, see Chapter I I. Barrett 

(2) reported similar results using mums. His highest 

fresh weight was in the coolest soi I temperature. 

shoot 

During 

the last 8 weeks, mi croc I imate compared to conventional 

heating had no effect on the October crop, but convent i ona I 

heat produced heavier dry weights for weeks 10, 12, 14 and 

16 of the December-sown crop (Table Vl. During the last 8 

weeks the type of heating had no effect on the shoot dry 

weight for the October crop, however in the December-sown 

crop the conventional heat produced heavier dry weights 

during weeks 10, 12, 14 and 16. Rotating the heating method 

after 8 weeks caused a significant weight difference in week 

10 of both the October 

October crop the plants 

and December-sown crops. For 

that went f r om mi c r o c I i ma t e 

the 

to 

conventional were significantly heavier than the reversed 

heating method, but in the December crop the conventional to 

microcl imate system produced a heavier shoot dry weight. 
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There was a significant cultivar X retardant interaction for 

weeks 8-16. In the October crop, both 'Ice Queen' and 

'Smash Hit' were significantly heavier when not treated with 

chlormequat for weeks 8-16, and 'Smash Hit' was more 

susceptible. The December sown 'Smash Hit' was also heavier 

when no chlormequat was applied but 'Ice Queen' was not 

affected during weeks 8-16 (Table VI). 

TABLE IV 

EFFECT OF HEATING METHOD ON SHOOT DRY 
WEIGHT DURING WEEKS 1-8 OF THE 

TWO 16 WEEK CROP CVCLES 2 

Shoot dry weight cg) for week 

Treatment 2 3 4 6 

October sowing 

Mi c r o c I i mate Heat .05 . 1 1 .36 .82 2.45 
Conventional Heat .05 . 1 1 . 3 1 .73 2.20 

NS NS ** NS * 

December sowing 

M i c r o c I i ma t e Heat .04 .08 .27 .30 1 . 7 7 
Conventional Heat .07 . 1 0 .26 .60 2.59 

** NS ** *** *** 

z Each figure is the mean of 48 plants. Includes 

8 

5.24 
5.43 

NS 

5.56 
5.53 

NS 

'Smash 
Hit' and 'Ice Queen'. In the majority of cases there were 
no interactions between heating method and cultivar, 
cu I t i var and re tar d ant , so data for the two cu I t i var s 
cycocel treatments were combined. There was a cultivar 
heating method interact ion for weeks 3 and 4 for 
October-sown crop and a heating X retardant interaction for 
week 2 and 3 for the December-sown crop. 

or 
and 

x 
the 

*, **, ***, NS Significance at 5% C*), 1% C**) and 0.1% 
C***) or non-significant CNS). 



Heat source 
weeks 1-8 

Microcl imate 
Micro c I i mate 
Conventional 
Conventional 
LSD_ 05 

Mi croc I imate 
Microcl imate 
Conventional 
Convent i ona I 
LSD_ 05 

TABLE V 

EFFECT OF HEATING METHOD ON SHOOT DRY 
WEIGHT DURING WEEKS 10-16 OF THE 

TWO 16 WEEK CROP CYCLES 

Heat source 
weeks 9-16 

Mi c r o c I i mate 
Conventional 
Conventional 
Microcl imate 

Mi c r o c I i mate 
Conventional 
Conventional 
Mi c r o c I i ma t e 

Shoot dry weight Cg) for week 

1 0 

8.59x 
9.99 
8.89 
8.08 

.96 

1 0. 1 5 
10.57 
13.78 
1 2 . 1 4 

.98 

1 2 1 4 

October sowing 

13. 4 9 
13.83 
13.88 
13. 6 3 

1 . 2 7 

17.94 
17.96 
17.43 
17.22 

1 . 1 9 

December sowing 

14.09 
15. 4 5 
16.81 
15.59 

1 . 1 5 

2 0 . 0 1 
20.52 
2 2. 1 4 
20.36 

1 . 4 6 

1 6 

23.57 
23.63 
22.96 
22.83 

1 .57 

25.75 
26.67 
27.72 
2 6 . 1 1 

1 . 7 5 

x Each figure is the mean of 24 plants. 
Queen' with and without chlormequat. 

I n c I u des ' Smash H i t ' and ' I c e 

O') 
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TABLE VI 

SHOOT DRY WEIGHT OF 'SMASH HIT' AND 'ICE QUEEN' GERANIUMS 
WITH AND WITHOUT CHLORMEQUAT FOR WEEKS 8-16 OF 

THE TWO 16 WEEK CROP CYCLES 2 

Treatment 

'Smash Hit' cccY 
'Smash Hi t ' no CCC 
'Ice Queen' CCC 
'Ice Queen' no CCC 
LSD_ 05 

'Smash Hit' CCC 
'Smash Hi t ' no CCC 
'Ice Queen' CCC 
'Ice Queen' no CCC 
LSD_ 05 

8 

3.9 
6.2 
5.3 
6.0 

. 8 

4 . 8 
6.7 
4.9 
5.8 
1 . 0 

Shoot dry weight Cg) for week 

1 0 

6.3 
1 0 . 4 
8.9 

1 0 . 1 
1 . 4 

1 0. 3 
1 4. 0 
1 1 . 2 
1 1 . 2 

1 . 4 

1 2 1 4 

October sowing 

9.7 
1 5 . 9 
1 3 • 1 
1 6 . 1 

1 . 8 

1 1 . 8 
2 1 . 0 
1 7 . 7 
20. 1 

1 . 7 

December sowing 

1 3. 6 
1 8. 0 
1 4 . 5 
1 5 . 9 

1 . 6 

1 8 . 9 
23.9 
1 9. 5 
20.7 
2.0 

1 6 

1 5 . 7 
26.6 
2 3. 7 
26.9 

2.2 

22.3 
30.0 
25.9 
2 8. 1 

2.4 

2 Each figure is the mean of 24 plants. Since there was no 
interaction between heating systems and chlormequat 
treatment, these factors were examined separately (Tables IV 
and VI). 

Y CCC is an abbreviation 
applied as a foliar spray 
weeks 3 and 4. 

for chlormequat. Chlormequat was 
(2 1500 ppm applications) during 
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Root dry weights were significantly higher on the 

mi c r o c I i mate system for weeks and 4 of the October crop 

and week 1 of the December crop. Conventional heat produced 

heavier root dry weight for we~k 2 of the October crop and 

week 4 of the December crop (Table VI I). These early 

res u I ts were to inconsistent to make any 

in the October 

definitive 

assumptions. For weeks 10-16 crop, root 

weights were usually not significantly different between 

mi c r o c I i mate and convent ion a I heated plants. For the 

December crop, differences were not significant until weeks 

14-16 when conventionally heated plants had greater root 

weights (Table VI I I). Differences between plants switched 

after 8 weeks from one system to the other were largely not 

significant. However, in the December crop, plants switched 

fr om mi c r o c I i mate to convent ion a I heating finished with 

significantly higher root weights (weeks 14 and 16) than 

plants grown on microcl imate heating for the entire 16 week 

period. There appeared to be a slight tendency for reduced 

root growth in the microcl imate system, possibly being too 

warm for best root growth.' Chlormequat treatment had no 

effect on the root dry weight of 'Ice Queen' in either the 

October or December-sown crop. It did cause a lower root 

dry weight in both October and December crops of 'Smash Hit' 

(Table IX). 

Foliar Nutrient Analysis 

The elemental analysis on 8 week old plants of the 

October crop indicated a significant cultivar X retardant X 



Treatment 

Mi c r o c I i ma t e 
Conventional 

Mi c r o c I i mate 
Conventional 

TABLE VII 

EFFECT OF HEATING METHOD ON ROOT DRY 
WEIGHT DURING WEEKS 1-8 OF THE 

TWO 16 WEEK CROP CYCLES 2 

Root dry weight ( g) for week 

2 3 4 6 

October sowing 

Heat .06 .09 .22 .82 1 . 0 1 
Heat .04 . 1 5 .23 .63 .92 

*** lk NS lk lk NS 

December sowing 

Heat . 1 0 .03 . 2 1 . 1 6 .73 
Heat .05 .04 .23 .32 .73 

lk * NS NS lk :tctc NS 

1 9 

8 

.96 
1 . 0 1 

NS 

1 . 0 5 
.99 

NS 

2 Each figure is the mean of 48 plants. Includes 'Smash 
Hit' and 'Ice Queen'. In the majority of cases there were 
no interactions between heating method and cultivar, or 
cultivar and retardant, so data for the two cultivars and 
chlormequat treatments were combined. There was a cult ivar 
X heating method interaction for weeks 1 and 3 for the 
October-sown crop and a heating X retardant interaction for 
week 1 of the December-sown crop. 

* **, ::1nu, NS Significance at 5% C*), 1% C**), and 0.1% 
C***) or non-significant CNS). 



TABLE VIII 

EFFECT OF HEATING METHOD ON ROOT DRY 
WEIGHT DURING WEEKS 10-16 OF THE 

TWO 16 WEEK CROP CYCLES 

20 

Heat 
source 
weeks 1-8 

Heat Root dry weight Cg) for week 
source 
weeks 9-16 10 12 14 16 

Microcl imate Mi crocl imate 
Microclimate Conventional 
Conventional Conventional 
Conventional Microcl imate 
LSD_ 05 

1 . 2 6 x 
1 . 6 8 

1 . 0 4 
1 . 4 1 

.29 

Mi c r o c I i mate 
Mi c r o c I i mate 
Conventional 
Conventional 

Mi c r o c I i mate 1 . 4 4 
Conventional, 1.38 
Conventional 1.61 
Mi c r o c I i ma t e 1 . 6 2 

LSD_05 . 2 1 

October sowing 

1 . 5 0 
1 . 2 8 

1 . 4 1 
1 . 4 4 

.24 

2.89 
2.03 
1. 75 
2.37 

.39 

December sowing 

1 . 52 
1 . 7 2 
1 . 7 2 
1 . 8 7 

.30 

1 . 8 4 
2 . 1 4 
2. 18 
2.02 

.25 

x 
Each figure is the mean of 24 plants. Includes 

Hit' and 'Ice Queen' with and without chlormequat. 

2.07 
2.23 
2.38 
2.32 

.58 

2.23 
3.00 
2.92 
2.76 

. 4 0 

'Smash 
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TABLE IX 

ROOT DRY WEIGHT OF 'SMASH HIT' AND 'ICE QUEEN' GERANIUMS 
WITH AND WITHOUT CHLORMEQUAT FOR WEEKS 8-16 

OF THE TWO 16 WEEK CROP CYCLES 2 

Root dry weight Cg) for week 

Treatment 8 

'Smash Hi t ' cccY .79 
'Smash Hi t' no CCC 1 . 02 
'Ice Queen' CCC 1 . 0 4 
' Ice Queen' no CCC 1 .09 
LSD .05 . 1 8 

'Smash Hi t ' CCC 1 . 0 1 
'Smash H i t ' no CCC 1 . 2 0 
'Ice Queen' CCC .90 
' Ice Queen' no CCC .98 
LSD .05 . 1 8 

2 Each figure is the mean of 24 
interact ion between heating 
treatment, these variables were 
VII and IX). 

1 0 1 2 1 4 1 6 

October sowing 

.93 1 . 1 1 1 . 3 7 1 .32 
1 . 7 1 1 . 6 7 2.66 2.44 
1 . 2 4 1 . 3 5 2.24 2.29 
1 .50 1 .56 2.78 2.95 

.42 .34 .55 .83 

December sowing 

1 . 4 8 1 . 5 4 1 .79 2.20 
1 . 8 3 1 . 9 5 2.26 3. 16 
1 . 3 4 1 . 6 3 1 . 9 4 2.65 
1 . 4 0 1.70 2. 2 1 3.00 

.30 .42 .36 .57 

plants. 
systems 

examined 

Since there was no 
and chlormequat 

separately (Tables 

y CCC is an abbreviation 
applied as a foliar spray 
weeks 3 and 4. 

for chlormequat. Chlormequat was 
(2 1500 ppm applications) during 
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house Cheating system) interaction (Table X). The 

conventional heating system produced greater leaf N and P 

concentrations, and K concentration generally followed the 

same trend. Ca was unaffected except on 'Smash Hit' treated 

with chlormequat and 'Ice Queen' with no chlormequat both on 

microclimate heating, which gave increased concentrations. 

Mg concentrations were increased on both 'Smash Hit' and 

'Ice Queen' when treated with chlormequat and microcl imate 

heat. The Fe concentration was increased only on 'Smash 

Hit' treated with chlormequat and microcl imate heat. The 

December-sown 8 week old microcl imate heated plants had 

significantly greater concentrations of all elements CN, P, 

K, Ca, Mg and Fe) than the conventional heated plants (Table 

XI ) . 'Ice Queen' 

elements except N 

had a greater concentration of al I 

and Fe than 'Smash Hit' and ch I ormequat 

increased elemental concentrations of al I elements. 

However, by week 16 the heat source had a lesser effect 

on the elemental concentration, but there was a significant 

cultivar X retardant interaction. On the October-sown crop 

when comparing mi croc I imate to conventional heating, 

increase 

the 

the conventional heating method seemed to 

accumulation of N, P, Ca and Mg, and microclimate heating 

raised the concentration of Fe (Table XI I). In the December 

crop the heating method had I ittle effect on the elemental 

concentrations except for increased concentrations of P and 

K w i th the mi c r o c I i mate heat i n g CT ab I e X I I I ) . The plants 

that were alternated from one heating method to the other 



Cultivar 

'Smash Hit' 

no 

' Ice Queen' 

no 

x 
Each number 

TABLE X 

ELEMENTAL CONCENTRATION OF 8 WEEK OLD 'SMASH HIT' AND 
'ICE QUEEN' GERANIUMS IN THE OCTOBER CROP 

" Dr ll weight 
Growth 
retardant Heating method N p K Ca Mg 

chlormequat Mi c r o c I i ma t e heat 5.02x .761 3. 1 5 1 . 7 3 . 33 
Conventional heat 5.53 . 818 3.30 1 . 3 1 .26 

chlormequat Mi c r o c I i mate heat 3.78 .546 3.22 1. 29 .27 
Conventional heat 4.72 .738 4.00 1. 22 .28 

chlormequat M i c r o c I i ma t e heat 4.57 .781 3.75 1. 80 . 33 
Conventional heat 5.03 .950 4.39 1. 65 .29 

chlormequat Mi c r o c I i mate heat 4.29 .696 3.76 1. 58 .32 
Conventional heat 4.81 .808 4 . 4 1 1 . 3 7 .29 
LSD .05 

. 1 8 .085 .40 . 1 9 . 04 

i s the mean of 6 samples. 

l:!g I g d r ll weight 

Fe 

93 
57 

6 1 
59 

82 
64 

64 
65 
24 

I\.) 

w 



TABLE XI 

FOLIAR ELEMENTAL CONCENTRATION OF 8 WEEK OLD 
GERANIUM PLANTS IN THE DECEMBER-SOWN CROP 

% Ory weight µg/g Dry weight 

Treatment N 

Microclimate Heat 4.94 
Conventional Heat 4.74 

'Smash Hit' 
'Ice Queen' 

cccY 
No CCC 

lie* lie 

4. 8 1 
4 . 8 7 

NS 

5.04 
4 . 6 5 

lie* Jk 

p K 

.913 3.51 

.820 3.24 

.722 3.04 

.961 3.71 
Jk;j(:I( :l(Jk:I( 

.915 3.51 

.818 3.24 
lk lk * lk 

Ca 

1 . 3 4 
1 . 1 2 

* ** 
1 . 0 5 
1 . 4 2 

lk * lk 

1 . 3 4 
1 . 1 2 

lie* lk 

Mg 

. 3 1 

.27 
lk lk lk 

.27 

. 3 1 
lk lk lk 

. 3 1 

.27 
lk lk Jk 

Fe 

70 
53 
lk lk lie 

59 
64 
NS 

* lklk ***, NS Significance at 5% (lk), 1% (llOk), 0 1% (***) or non 

significant CNS). 

Y CCC is an abbreviation for chlormequat. Chlormequat was applied 
as a foliar spray (2 1500 ppm applications) during weeks 3 and 4. 



TABLE XII 

ELEMENTAL CONCENTRATION OF 16 WEEK OLD 'SMASH' HIT' AND 
'ICE QUEEN' GERANIUMS IN THE OCTOBER CROP 

% Dr it: weight 
Heat source Heat source 

Cultivar Retardant weeks 1-8 weeks 9-16 N p K Ca Mg 

'Smash Hit' cccY Microclimate Mi c r o c I i ma t e 4.64x .997 3.49 1 . 7 3 0.34 
Mi c r o c I i mate Conventional 4.40 . 916 3.46 1 . 5 1 0.34 
Conventional Conventional 4.88 1 . 2 1 3. 7 1 1. 99 0. 4 1 
Conventional Mi c r o c I i mate 5.08 1 . 16 3.78 1. 92 0.40 

no CCC M i c r o c I i ma t e Mi c r o c I i mate 4.29 .680 2.69 1. 63 0. 31 
Mi c r o c I i ma t e Conventional 4.44 .700 2.48 1 . 9 0 0.33 
Conventional Conventional 4.60 .766 2.80 1. 82 0.36 
Conventional Mi c r o c I i ma t e 4.61 .800 2.84 1. 85 0.37 

' Ice Queen' CCC Mi c r o c I i mate Mi c r o c I i ma t e 4. 43 .840 3.77 1 . 8 4 0.34 
Mi c r o c I i mate Conventional 4.65 .766 3.43 1 . 7 7 0.32 
Conventional Conventional 4.94 .940 3.65 1 . 8 8 0.37 
Conventional Mi c r o c I i mate 4.79 .907 3.63 2.20 0.38 

no CCC M i c r o c I i ma t e Microclimate 4.47 .693 3. 10 1 . 7 9 0.33 
Mi c r o c I i mate Conventional 4.36 .643 3.03 1 . 7 5 0.32 
Conventional Conventional 4.87 .923 3.43 2.01 0.42 
Conventional Mi c r o c I i mate 4.50 .843 3.28 1 . 9 3 0.35 

LSD .27 .063 .28 . 1 9 .03 
.05 

x Each figure is the mean of 3 samples. 

1.19 I g. 

y CCC is an abbreviation for chlormequat. Chlormequat was app I i ed as a f o I i a r spray (2 

applications) during weeks 3 and 4. 

Qr lt'. w1ight 

Fe 

112 
93 
74 
77 

58 
57 
69 
67 

127 
80 
7 1 
7 1 

59 
51 
7 1 
64 

21 

1500 ppm 
~ 
u, 



Cultivar 

'Smash Hit' 

' Ice Queen' 

LSD .05 

Each figure 

y 
CCC is an 

applications) 

TABLE XI 11 

ELEMENTAL CONCENTRATION OF 16 WEEK OLD 'SMASH HIT' AND 
'ICE QUEEN' GERANIUMS IN THE DECEMBER CROP 

% Dr~ weight 
Heat source Heat source 

/.I 9/ g 

Retardant weeks 1-8 weeks 9-16 N p K Ca Mg 

cccY Mi c r o c I i ma t e Microclimate 3.90x .693 3. 1 3 1 . 7 7 0.35 
Mi c r o c I i mate Conventional 3.90 .703 2.82 1 . 83 0.34 
Conventional Conventional 3.84 .663 2.90 1 . 98 0.39 
Conventional Microcl imate 3.93 .670 3.04 1 . 90 0.38 

no CCC Mi c r o c I i ma t e Microcl imate 3.65 .497 2.38 1. 59 0.32 
M1crocl imate Conventional 3.67 .520 2.29 1 . 5 4 0.32 
Conventional Conventional 3.66 .480 2. 19 1 . 62 0.32 
Conventional Mi c r o c I i mate 3.66 .483 2. 2 1 1 . 59 0.31 

CCC Mi c r o c I i ma t e Mi c r o c I i ma t e 3.88 .643 3. 4 1 2.01 0.38 
Mi croc I imate Conventional 3.96 .630 3.23 2.25 0.40 
Conventional Conventional 3.85 .507 2. 8 1 2.05 0.40 
Conventional Mi c r o c I i mate 3.67 .533 2.96 2. 11 0. 4 1 

no CCC Mi c r o c I i ma t e Mi c r o c I i ma t e 3.94 .650 2.95 2.05 0.39 
Mi c r o c I i mate Convent i ona I 3.89 .560 2.92 2.21 0.40 
Conventional Conventional 3.86 .487 2.55 2. 13 0. 4 1 
Conventional M i c r o c I i ma t e 3.79 .483 2.51 2. 1 0 0.39 

. 15 .063 .33 . 1 9 .03 

i s the mean of 3 samples. 

abbreviation for chlormequat. Chlormequat was applied as a f o I i a r spray (2 

during weeks 3 and 4 -

Dr~ weight 

Fe 

98 
55 
57 
59 

47 
53 
54 
59 

63 
61 
61 
72 

53 
56 
56 
97 

30 

1500 ppm 
I\) 

en 
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after 8 weeks showed that the plants on microclimate heat 

for the last 8 weeks had increased concentrations of P, K ' 

Ca and Mg, but N and Fe were not affected. Only the October 

crop showed a benefit from the heating switch, and the 

December crop was unaffected. Chlormequat caused 'Smash 

Hit' to accumulate increased concentrations of N , P , K , Mg 

and Fe than the untreated plants in both October and 

December, but 'Ice Queen' on I y had increased concentrations 

of P, Kand Fe due to chlormequat in the October and P and K 

in December crop (Table XIV, XV). 

Brown and Ormrod (3) found that 

levels improved the stem diameter and 

increased 

the fresh 

fertility 

and dry 

weight of cut 

temperatures may 

flowers. 

a I t er 

They suggest 

the ability of 

the higher soi I 

roots to take up 

nutrients. Cell walls that thicken faster along with fewer 

root hairs are a possible reason. They also suggest that 

increased nutrition levels may be needed to compensate for 

this loss of efficiency. Our study showed that the higher 

media temperatures did not affect the nutrient uptake and 

may have helped in the nutrient uptake. 

FI owe r i n g Per for man c e 

Plants that spent al I 16 weeks under the conventional 

heating system flowered earliest (Table XVI). The October-

sown crop averaged 103 days from the start of the experiment 

and the December crop 108 days. The continuous 16 weeks of 



TABLE XIV 

FOLIAR ELEMENTAL CONCENTRATION OF 16 WEEK OLD 
GERANIUM PLANTS IN THE OCTOBER CROP 

% Dry weight µq/q 

Cultivar Retardant N p K Ca Mg 

'Smash Hi t' cccY 4 . 7 5 x 1. 0 7 0 3. 61 1 .79 .37 
no CCC 4. 4 9 .737 2.70 1 . 8 0 .34 

' Ice Queen' CCC 4.70 .863 3.62 1 . 9 2 .35 
no CCC 4.55 .776 3.21 1 .87 .35 

LSD 
.05 

. 1 9 .045 .20 .09 .02 

x 
Each figure i s the of 1 2 samples. mean 

Dry weight 

Fe 

89 
63 

87 
6 1 

1 5 

Y CCC is an abbreviation for chlormequat. Chlormequat was applied as 
' a foliar spray (2 1500 ppm applications) during weeks 3 and 4. 



TABLE XV 

FOLIAR ELEMENTAL CONCENTRATION OF 16 WEEK OLD 
GERANIUM PLANTS IN THE DECEMBER-SOWN CROP 

% Dry weight µg lg 

Cultivar Retardant N p K Ca Mg 

'Smash Hi t ' cccY 3.89x .682 2.97 1 . 8 7 .36 
no CCC 3.66 .495 2.26 1 . 58 .32 

'Ice Queen' CCC 3.84 .578 3. 1 0 2. 10 .39 
no CCC 3.86 .545 2.73 2. 12 .39 

LSD .05 .08 . 0 31 .05 . 1 3 .02 

x Each figure i S the of 12 samples. mean 

y 
CCC is an abbreviation for chlormequat. Chlormequat was 

a f o I i a r spray (2 1500 ppm applications) during weeks 3 and 

Dry weight 

Fe 

67 
53 

64 
65 

10 

applied as 
I\) 

4. <O 



Heat source 
weeks 1-8 

Mi c r o c I i mate 
Mi c r o c I i ma t e 
Conventional 
Conventional 

Micro c I i mate 
M i c r o c I i mat e 
Conventional 
Conventional 

x To determine 

TABLE XVI 

EFFECT OF HEATING METHOD ON THE AVERAGE DATE TO FIRST FLOWER 
AND AVERAGE NUMBER OF FLOWERS PER PLANT FOR 'SMASH HIT' 

AND 'ICE OUEEN' FROM THE START OF THE EXPERIMENT 

Heat source No. plants Days fr om Calendar Average no. flowers 
weeks 9-16 not flowering exp. startx date per plant by week 16 

October sowing 

Conventional 1 106 Jan. 3 1 1 . 8 
Micro c I i mate 4 1 1 3 Feb. 7 0.9 
M i c r o c I i ma t e 6 109 Feb. 3 1 . 0 
Conventional 103 Jan. 28 1. 9 

December SOW i ng 

Conventional 0 1 1 3 Apr i I 1 2.4 
Micro c I i mate 0 1 1 7 Apr i I 9 2.2 
Micro c I i mate 0 1 1 1 Apr i I 3 3.2 
Conventional 0 108 March 3 1 3.3 

days from sowing, add 2 1 days. 
w 
0 
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mi c r o c I i mate heat i n g re q u i red the I on g es t per i o d to flower, 

113 days for the October crop and 117 days for the December-

sown crop. This was a difference of 

respectively (Table XVI). This delay in 

10 and 9 days 

flowering could 

probably be overcome by using heat shields or adjusting the 

air temperature of the mi croc I imate house during the last 

few weeks. Barrett (2) suggested that the soi I temperature 

may need to be adjusted for different stages of crop 

night development. John Wh i t e (10) also suggests a split 

temperature may be better than a continuous cold or warm air 

temperature. Chlormequat treated plants produced more 

flowers by the end of the experiment than the untreated ones 

for both the October and December crop. The chlormequat 

treated plants averaged two flower per plant in the October 

crop compared to one flower per untreated plant. In the 

December crop the chlormequat treated plants averaged 3 

flowers per plant and the untreated ones had 2 flowers per 

plant. 

in the 

The plants that spent the last 8 weeks of the cycle 

conventional 

flowers per plant than 

XV I). 

heated house u s u a I I y p rod u c e d mo re 

the mi c r o c I i mate en v i r o nme n t (Table 

It seems that microclimate heating is a viable method 

to reduce energy cost and yet pr6duce a qua Ii ty plant. It 

is sti I I in the early stages of development and caution must 

be used. Each crop has a specific soil-air temperature 

ratio and this must be determined through experimentation. 
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Microclimate heating may not be capable of supply all the 

heat to greenhouses here in Oklahoma, so some type of 

up heat must be available, but it should be emphasized 

back 

that 

in th i s experiment only 52.5% of the f I oo r space was 

u t i I i z e d f o r b e n c h i n g C a n d t h u s f o r h e a t e d a r ea ) , s o i f 7 0% 

or more of the floor space was uti I ized, such as with 

rol I ing benches, and this bench space was heated, perhaps no 

back-up system would be re qui red. Heat shields might 

further reduce this need. 
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CHAPTER I I 

A COMPARISON OF FUEL CONSUMPTION BETWEEN MICROCLIMATE 
HOT WATER HEATING AND CONVENTIONAL OVERHEAD 

FORCED AIR HEATING 

Key Words: Pe I a r goo i um x b or tor um, Bai I e y, mi c r o c I i mate 
hot water heating. 
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The amount of natural gas required to heat a 11 x 24 

meter uninsulated fiberglass greenhouse using a microcl imate 

hot water system was compared to another uninsulated 

fiberglass greenhouse that used conventional overhead forced 

air heat. Seedling geraniums were placed in these two 

greenhouses and grown for 16 weeks. Weekly records of the 

amount of natural gas consumed were recorded. Two 16 week 

crops were grown under these heating designs and a 30.3% and 

32% energy savings resulted when microcl imate 

heating was used. 

INTROQUCTION 

The use of modified heating systems which warm the soi I 
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temperature and allow for lower than normal air temperature 

have r es u I t e d i n p I an t per for man c e equal to or better than 

plants grown under con v en t i on a I he a t i n g reg i mes C 1 , 3 , 5' 

6) . Zeroni ( 9) showed that roses grown in an unheated 

greenhouse with root heating at 20°c produced flowers that 

were equal in quality and yield to bushes grown in a 

commercial air-heated greenhouse. Not only was the quality 

comparable but energy requirements were I es s. Foliage 

cuttings placed in 20° soil reduced production time from 25% 

to 45% depending 

0 temperature C7.2 , 

on 

1 o0 , 

species, 

12. 7 o or 

regardless of the air 

15.5°). The cool air 

temperature had no effect on number of roots, root length or 

number of I eaves. Al I plants had high qua Ii ty at 7.2° a i r 

temperature except for one species that was chlorotic ( 2 ) . 

The energy required to grow cymbidium orchids was reduced 

20% by i mb e d d i n g mi c r o c I i mate heating tubes into the 

concrete floor C4). A more even heat distribution pat tern 

also resulted. Regulski (7) used in-bed pipes to circulate 

20° water in outdoor propagation structures. He found that 

this system maintained a 13° root temperature when the 

outdoor ambient temperature was -80_ Another s i mi I ar 

structure was air heated to 15° above the minimum outdoor 

temperature; the rhododendron cut t i n gs i n t he mi c r o c I i mate 

system suffered no cold damage, but 40-50% of the crop was 

severely damaged in the air heated structure. The cost of 

the microclimate heating method was 50% less than heating 

the structure electrically and 6 times cheaper than heating 
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a fiberglass greenhouse of equal growing area with propane. 

In this study we were interested to see what type of 

savings could be achieved. 

MATERIALS AND METHODS 

A microcl imate hot water heating system using "Gro-Mat" 

(Bio-Energy Systems, El lenvi I le, New York), EPDM (ethylene 

propylene diene monomer) tubing and a Paloma instantaneous 

hot water heater was installed in a l 1 x 24 meter 

uninsulated fiberglass greenhouse. The tubing was placed 

5cm apart on welded wire benches directly under the pots. 

Overhead forced air unit heaters were used only as 

supplemental heating to maintain an air temperature of 10°c. 

The media temperature was set at 21.1°. An~ther 11 x 24 

meter uninsulated fiberglass greenhouse was used to compare 

conventional overhead heat (unit heaters, fan jet , poly 

tubes) set at 
0 . 

16.6 night temperature to t he mi c r o c I i ma t e 

to drift to 26.6° during system. Both houses were al lowed 

the day time before ventilating. A commercial gas meter was 

installed outside of each greenhouse to measure the amount 

of gas used. 

Seed I ing geraniums were used as t e s t p I a n t s . Weekly 

readings determined the amount of gas consumed. Media and 

leaf temperatures were recorded bi-weekly at 10:00 pm during 

the 16 week crop. A Cole-Parmer 8519-00-SA thermometer was 

used. The medium temperature was taken at the 5 cm depth 

and the leaf temperatures were taken on upper leaves of the 
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plant canopy (approximately 25 cm above t he m i c r o c I i ma t e 

heat tubes). The medium and leaf temperatures were randomly 

selected and both temperatures were not recorded on the same 

plant. 

RESULTS AND DISCUSSION 

The vegetative performance of the seedling geraniums 

was not greatly affected by the heating method (8). The 

only noticeabl.e difference between the two heating methods 

was that the mi c r o c I i mate p I ants flowered about 10 days 

later than the conventional-heated plants. This delay could 

probably be overcome by using heat shields or raising the 

air temperature a few degrees the last week or two of the 

crop. In this experiment only 52.5% of the floor space was 

uti I ized for benching Cand thus for heated areas). If this 

amount of space was increased and this bench space was 

heated, the few days of lag time may have been avoided. 

The medium and leaf temperatures for both heating 

methods are presented in Table I. The med i um temper a t_u re 

was higher in t he mi c r o c I i ma t e house for both the October 

and December-sown crop. The leaf temperatures had some 

variation but were relatively close. 

The amount of natural gas consumed is presented in 

Table II. The total fuel usage for the October crop was 10 

m3 (355.1 mcf (thousand cubic feet)] f or t he mi c r o c I i ma t e 

3 house compared to 14.4 m (509.5 mcf) for the conventional 

house. 3 The December crop used 7.5 m (264.2 mcf) for 



mi c r o c I i ma t e system and 1 1 . 0 
3 

m (388.5 mcf) 

conventional method. Th i s res u I t e d i n a 3 0 . 3% f u e I 

for the October-sown crop and 32% savings 
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for the 

savings 

in the 

December-sown crop. This is a savings of approximately S685 

and S552 for each of the two crops. 

From these tests it seems that microclimate heating 

gives a definite advantage in reducing the cost of heating. 

The cost could further be reduced by using heat shields or 

thermal blankets and other energy saving measures. 



TABLE 

SOIL, LEAF AND AIR TEMPERATURES c0 cJ 
GERANIUMS AS INFLUENCED 

OF 'SMASH HIT' AND 'ICE 
BY THE HEATING METHOD 

QUEEN' 

Soi I t em11 oc Leaf t em11 oc Air t em11 oc 

Week Micro c I i mate Convent i ona I Mi c r o c I i ma t e Convent i ona I Microcl 1mate Convent Iona I 

October sowing 

2 2 1 . 3 x 1 6. 19.2 19 .7 
2 1 . 6 1 7 . 5 19.6 1 7 .0 

6 1 9 4 16 9 16.6 1 7 .9 

8 19. 1 1 6 6 1 4 . 7 1 6. 5 
1 0 2 1 .5 16 4 1 4 .3 1 7. 0 

1 2 20 .9 1 7. 5 1 4 19. 3 

14 20 .9 19.5 1 7. 6 18.6 

16 2..L.1. .il.......J. .ll.....1. ll.......5. 
20.8 1 8. 3 1 7. 2 18.6 

December sowing 

2 1 6 9 1 6. 1 2 .6 19. 2 

23 .8 1 9 1 8 .2 18. 

6 24. 1 19 18. 9 1 8. 

6 23. 6 1 7 . 18. 0 1 5. 7 

10 2 1 1 7 3 19 .6 1 7 6 

1 2 22 .2 1 7 2 16. 6 16. 3 

1 4 20 2 1 B 1 1 7 8 1 7 . 2 

16 JJL.J!. 1JLl .1L.J!. .lL...5. 
21.4 1 7. 8 1 7 . 4 1 7 . 8 

x Each ti gure Is the mean 
the leaf temperatures were 
head height. 

of 6 samples. The medium temperatures 
recorded 25cm above the bench and the 

Y Each f I g u re i s the mean of 3 s amp I es . 

19.4y 1 6 .5 
2 1. 1 19. 2 
1 4 . 4 1 7. 
12 .9 1 5 
1 3. 4 1 9. 1 
1 3. 9 1 6. 1 
1 8. 3 18.0 

~ .lJL...Q 
16.6 1 6. 1 

13.9 1 6 
1 6 3 1 6 0 
19. 1 1 8 .9 
18.2 16 .0 
1 9. 8 1 9. 3 
1 6 .0 1 7. 5 
1 8. 4 16.5 

~ !.L__i 

17.5 1 7 . 4 

were recorded at a depth of 5cm, 
air temperatures were recorded at 

Nole: The air temperature was set at 10°c ,n the microcl1mate house but these readings were h1ghe1 
u u e to I he r i s i n g of he a I of f t he mi c r o c I I ma t e t u bes . 



TABLE I I 

CUBIC METERS OF NATURAL GAS CONSUMED EACH WEEK 
TO GROW TWO 16 WEEK CROPS OF GERANIUMS 

October sowing December sowing 

40 

Week Microclimate Conventional Microclimate Conventional 

1 .09 . 0 1 .43 .54 
2 . 1 2 . 1 6 .86 1 .37 
3 .50 .86 1 _ 3 1 1 . 4 6 
4 . 3 7 . 1 8 x .54 . 76 
5 .54 .72 .27 .78 
6 . 6 1 1 . 0 0 .43 .58 
7 . 8 7 .96 .38 . 5 1 
8 .53 1 .32 .50 .73 
9 1 . 6 7 2.29 . 4 8 .69 
1 0 .92 1 .33 . 4 4 .64 
1 1 .43 . 5 4 .35 .54 
1 2 .86 1 . 3 7 .37 .59 
1 3 1 . 3 1 1 .46 .37 .63 
1 4 . 5 4 .76 .28 .46 
1 5 . 2 7 .77 .22 .33 
1 6 ....il -5..8. -2L ......4..1. 

9. 1 9 1 4 . 3 1 7.50 1 1 . 0 2 

x 
This figure i s low due to inoperable heater that week. an 

Note: Week i s October 3 1 , 1983 for t h e October-sown crop 
and January 9, 1984 for the December-sown crop. 



LITERATURE CITED 

1. Barrett, R.E., D.P. Ormrod, and R. Jung. 1978. Soi 
heating effects on bench-grown chrysanthemums. 
HortScience 13:591-592. 

2. Bodnarvk, W.J. Jr., T.W. Mills and D. Ingram. 1981. 
Response of four foliage plants to heated soi I 
and reduced air temperature. Proceedings of the 
Florida State Horticultural Society 94:104-107 
C Abs tr . l . 

3. David, H. 1973. Possibi Ii ties of intensifying gerbera 
production with special consideration of winter 
flowering. Gartenbau 20:274-275 (Abstr.) 

4. Ende, W. Van Der. 1982. Experience with cymbidiums 
over concrete floor heating. Vakblad voor de 
Bloemisterij 37(31):30-31 (·abstr.). 

5. Janes, H.W. and R. McAvoy. 1982. Effect of root zone 
heating on growth of Poinsettias. J. Amer. Soc. 
Hort. Sci. 107:525-530. 

6. Kelly, R.J., B.C. Moser, 1983. Influence of temperature 
and auxin on root regeneration by seed I ings of 
Li r jodendron tui iPi fera L. HortScience 18: 
891-892 CAbstr.) 

7. Regulski, F.J., Jr. 1983. Performance and cost of an 
outdoor propagating structure heated with 
circulating groundwater. HortScience 18:426-428 

Schwartz, M.A. and R.N. Payne. 
data. 

1984. Un pub Ii shed 

9. Zeroni, M. and J. Gale. 1982. The effect of root 
temperature on the development, growth and yield 
of 'Sonia' roses. Scientia Horticul turae 18(2): 
1 7 7 - 1 8 4 . C a b s t r . ) 

4 1 



VITA ~ 

Mary Ann Schwartz 

Candidate for the Degree of 

Doctor of Philosophy 

Thesis: COMPARISONS OF HOT WATER MICROCLIMATE HEATING AND 
CONVENTIONAL OVERHEAD HEATING ON THE DEVELOPMENT 
AND NUTRITIONAL STATUS OF SEEDLING GERANIUMS AS 
WELL AS FUEL CONSUMPTION OF THESE HEATING REGIMES. 

Major Field: Horticulture 

Biographical: 

Personal Data: Born in Covington, Kentucky, March 5, 
1956, the daughter of Frank and Virginia Schwartz. 

Education: Graduated from Boone County High School, 
Florence, Kentucky, in June 1974; received 
Bachelor of Science degree in Horticulture from 
Un i v er s i t y of Ken tuck y i n 198 0 ; rec e i v e d Mas t er of 
Science in Horticulture from Oklahoma State 
Un i v er s i t y i n 198 2 ; en r o I I e d i n doc tor a I program 
at Oklahoma State University, 1982-1984; completed 
requirements for the Doctor of Philosophy degree 
at Oklahoma State University in December, 1984. 

Professional Experience: Graduate Research Assistant, 
Department of Horticulture and Landscape 
Architecture 1980-1984; currently Senior 
Agriculturist, Oklahoma State University 


