
Root-wanning 
saves energy 

G r e e n h o u s e cul t ivat ion is a 
rapidly g r o w i n g industry in 
Austral ia . Over the past f ew 
years, sales o f ornamenta l 
plants raised in g r eenhouses 
have increased by about 3 0 % 
a year. T h e industry has 
f lour ished despi te an 
approximate ly s ixfold 
increase in heat ing cos t s 
s ince 1972 . 

Winter nights in southern 
Austral ia are c o l d , and 
g rowers n e e d to provide a 
lo t o f heat ing to mainta in 
the equable c o n d i t i o n s that 
pro tec ted c rops require. T h e 

Kentia palms after 9 months' growth. Minimum air tem
peratures were 18°C for plants A and B and 12°C for plants 
C and D . Palms A and C had their roots wanned to 25°C. 

latest est imates put the 
industry 's heat ing b i l l at 
a round $60 0 0 0 - $ 1 0 0 0 0 0 
per hectare o f g r eenhouse 
per year. 

Naturally, there is a great 
deal o f interest in r educ ing 
energy cos t s . Scient is ts at 
the CSIRO Cent re for 
Irr igat ion R e s e a r c h at 
Griffi th, N . S . W . , have 
s h o w n that c h a n g e s to 
g reenhouse d e s i g n can 
result in b ig energy savings 
(see Ecos 3 1 ) . M o r e recent ly , 
they have demonst ra ted 
another way to make b ig 
cuts in energy cos t s — 
w a r m i n g the roots o f the 
g r o w i n g c rops . T h e savings 
result f rom the fact that, in 
s o m e cases , roo t -warming 
reduces the a m o u n t o f air-
w a r m i n g needed . 

R o o t s no rma l ly have 
about the same temperature 
as the sur rounding so i l , and 
i f the soi l gets t o o c o l d they 
have difficulty absorb ing 
nutrients and so the plants 
d o n o t g r o w we l l . 

W a r m i n g the roots n o t 
o n l y ensures that these 
remain w a r m e n o u g h to 
func t ion properly, it can 
a l so have addi t ional marked 
effects o n plant g rowth in 
s o m e spec ies that have the 
g r o w i n g po in t c l o s e to the 
so i l surface. F o r s u c h 
plants, as l o n g as the roots 
are kept at the o p t i m u m 
temperature for the spec ies , 
air temperatures c a n be 
r educed by several degrees 

Tomatoes growing in 
rockwool and nourished by a 
warmed nutrient solution 
circulated in pipes. 

Roses growing in a 
root-temperature experiment. 

and, under these c o n d i t i o n s , 
g r o w t h and y ie lds may 
increase we l l above 
expec ta t ion . 

R o o t - w a r m i n g is n o t a 
n e w c o n c e p t . In Britain, 
scientists have c o n d u c t e d 
many exper iments wi th roo t -
w a r m i n g and l o w e r e d night
t ime air temperatures in 
tomato c rops . H o w e v e r , the 
t e chn ique results in later 
fruit maturat ion and in 
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E u r o p e , where market 

c o n d i t i o n s d e m a n d early 

c r o p p i n g for e c o n o m i c 

viabili ty, this has p roved a 

dis t inct disadvantage. 

Southern Austral ia has 

qui te different market 

c o n d i t i o n s and c l imate . 

He re , g r eenhouse tomatoes 

fill the gap be tween the 

nor thern winter and the 

southern s u m m e r c r o p s and 

are g r o w n at a t ime o f h i g h 

l ight intensity, w a r m days, 

and c o o l to frosty n ights . T o 

investigate the feasibili ty o f 

roo t -warming under these 

c o n d i t i o n s , D r Ge ra ld M o s s 

has b e e n c o n d u c t i n g 

exper iments w i th tomatoes 

and a range o f other 

g r eenhouse c rops at 

Griffi th. 

H e grew the plants 

hydropon ica l ly (wi thout 

so i l ) by a p roved system 

k n o w n as the nutrient f i lm 

t echn ique . In this m e t h o d , 

the plants g r o w in plast ic 

t roughs con ta in ing a thin 

f i lm o f nutrient so lu t ion 

that is c o n t i n u o u s l y r ecyc l ed 

— a b o o n to roo t -warming 

t echno log i s t s because the 

nutrient so lu t ion can be 

heated at little expense in a 

central tank. 

G r o w i n g plants in 

r o c k w o o l , an inert material 

c o m p o s e d o f minera l fibres, 

is another recent innovat ion . 

T h e r o c k w o o l 'bats' are 

wrapped in plast ic , p laced 

o n polystyrene f o a m , and 

irrigated frequently w i th a 

nutrient so lu t ion . R o o t -

wa rming can be ach ieved by 

pass ing w a r m water th rough 

plastic pipes in the f o a m 

base. 

Plants g r o w n m o r e 

conven t iona l ly , in pots o f 

so i l , may be similarly heated 

by c i rcu la t ing w a r m water 

t h rough pipes in the 

suppor t ing b e n c h e s or f loor . 

Tomatoes 

In o n e set o f exper iments o n 

g rowth and yie lds , D r M o s s 

c o m p a r e d hyd ropon ica l l y 

g r o w n tomatoes cult ivated 

wi thou t roo t -warming 

Energy consumption per kg 
of tomatoes produced fell by 
77% when root-warming was 
applied rather than air-
warming. 

against others cult ivated 

wi th a m i n i m u m roo t -zone 

temperature o f 2 5 ° C . H e set 

night- t ime air temperatures 

at 1 5 ° C , 1 0 ° C , or 8 ° C in 

o n e exper iment and 1 8 ° C , 

1 2 ° C , or 9 ° C in a s econd . 

T h e m i n i m u m dayt ime 

temperature was set at 2 1 ° C , 

wi th automatic vent ing o f 

the g reenhouse at 2 5 ° C . 

After 8 weeks o f 

harvesting, the cult ivar 

R o u g e de M a r m a n d e 

p r o d u c e d cons ide rab ly 

h igher tomato y ie lds wi th 

roo t -warming than wi thou t 

it — averaging 13—16% 

m o r e . A n o t h e r p i ece o f g o o d 

n e w s is that the l o w e r night

t ime air temperatures 

resulted in the best y ie lds . 

T h e trials s h o w that, in 

southern Austral ia, g rowers 

may p r o d u c e g r e e n h o u s e 

tomatoes th rough the winter 

with pract ical ly n o air 

heating (except to prevent 

frost), as l o n g as they w a r m 

the roots . Ve ry large energy 

savings are poss ib le . 

Mr K e i t h Garzo l i , an 

engineer at the Cent re , has 

used a c o m p u t e r m o d e l to 

calculate that g r eenhouse 

energy c o n s u m p t i o n wi th 

root-zone w a r m i n g (to 2 5 ° C ) 

was o n l y about 3 2 % o f that 

required to mainta in a 

m i n i m u m air temperature o f 

1 5 ° C — an of t -quoted 

requirement for indirect ly 

mainta ining satisfactory so i l 

temperatures in 

conven t iona l g r eenhouse 

systems. T a k i n g in to 

accoun t the h ighe r yie lds 

w i th roo t -warming , he 

calculated a r educ t ion o f 

s o m e 7 7 % in energy 

c o n s u m p t i o n per kg o f fruit. 

T h e better y ie ld in root -

w a r m e d R o u g e de 

M a r m a n d e was due to an 

increase in the n u m b e r o f 

tomatoes harvested per 

plant, wi thou t loss o f fruit 

size. H o w e v e r , other results 

indicated that S o n a t o , a 

European g r e e n h o u s e 

tomato , d o e s no t r e spond as 

we l l to h y d r o p o n i c roo t -

w a r m i n g , so cult ivars wi l l 

n e e d to be carefully se lec ted 

for c o m m e r c i a l enterprise. 

T h e o n l y apparent 

disadvantage o f g r o w i n g 

tomatoes wi th l o w e r n igh t 

temperatures was the delay 

in c o m m e n c e m e n t o f fruit-

p i ck ing by 4 - 5 w e e k s . But 

this shou ld no t cause 

p r o b l e m s in Austral ia , 

because there is n o reason 

w h y the c r o p c o u l d no t be 

planted earlier. 

Ornamental palms 

W i t h indoor plants 

b e c o m i n g increas ingly 

popular , ornamental K e n t i a 

pa lms c o m m a n d a g r o w i n g 

market. F e w m o d e r n off ices 

are wi thou t o n e , and 

Australia n o w expor ts t h e m 

in large quantities. T h e i r 

propagat ion in g reenhouses 

A raised root temperature 
resulted in more blooms 
when 'Sonia' roses were 
grown in the greenhouse 
from May to October. 

has required large amoun t s 

o f energy, because they 

require w a r m c o n d i t i o n s 

over a cons iderab le pe r iod o f 

t ime. 

D r M o s s grew pa lms f rom 

seedl ings , and c o m p a r e d the 

g rowth o f s o m e w i t h the 

roo t zone heated to 2 5 ° C 

wi th that o f others w i t h n o 

root -warming. Plants were 

sub jec ted to m i n i m u m 

night- t ime air temperatures 

o f 18, 12, and 9 ° C . R o o t -

w a r m i n g increased g r o w t h 

by 3 1 % and leaf area by 

3 2 % , o n average. P a l m s 

g r o w n at the l o w e r n igh t 

temperatures but w i t h 

w a r m e d roots grew as m u c h 

over the 9 mon ths as those 

expe r i enc ing mi ld n igh t 

temperatures o f 1 8 ° C wi th 

n o root -warming. 

T h e results s h o w that, by 

u s ing a roo t -zone w a r m i n g 

system or a warm-f loor 

system, growers o f 

ornamenta l pa lms c o u l d 

ach ieve cons iderab le energy 

savings because they c o u l d 

reduce air temperatures 

drastically w i t h little effect 

o n growth . Alternatively, 

they c o u l d achieve a faster 

turnover o f plants for the 

same a m o u n t o f energy. 

Roses 

A n o t h e r important 

g reenhouse c r o p wi th large 
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Rouge de Marmande tomato 
plants with root-zone 
warming to 25°C usually 
yielded more fruit, from 8 
weeks of picking, than those 
at ambient temperatures. 



the p roduc t ion o f 
g reenhouse c rops in 
Austral ia. G . I . M o s s . Acta 
Horticulturae, 1983 , 133 (in 
press) . 

R o o t - z o n e w a rm ing o f 
g r eenhouse tomatoes in 
nutrient f i lm as a means 
o f r educ ing heat ing 
requirements . G . I . M o s s . 
Journal of Horticultural 
Science, 1983 58, 1 0 3 - 9 . 

energy requirements is the 
rose. D r M o s s used ' Son i a ' 
roses in his study o f the 
effects o f roo t -warming o n 
f lowers g r o w n in win te r 
( f rom M a y to O c t o b e r ) . 
A g a i n , he found a b ig 
potential for energy savings. 

T h e y ie ld at the l owes t 
n igh t temperature wi th roo t -
w a r m i n g was s imilar to that 
at 1 8 ° C wi thout it. A d o p t i n g 
the first cour se w o u l d g ive 
an energy saving o f s o m e 
80%. 

A t the 1 8 ° C n igh t 
temperature, roo t -warming 
increased the n u m b e r o f 
b l o o m s p r o d u c e d by 4 2 % 
and gave b l o o m s wi th 
l o n g e r s tems. T h e energy 
saving per b l o o m p r o d u c e d 
was about 3 0 % . Desp i t e the 
larger savings poss ib le w i th 
l o w e r n ight temperatures, 
D r M o s s thinks g rowers 
may prefer to use the 
c o m b i n a t i o n o f 1 8 ° C plus 
roo t -warming because o f the 
h igher yields and m o r e 
cons i s ten t p r o d u c t i o n it 
offers. 

B e i n g bo th s imple and 
cheap , roo t -zone w a r m i n g is 
f ind ing c o m m e r c i a l appl ica
t ion overseas — particularly 
in h y d r o p o n i c systems. S u c h 
systems are ideal ly suited to 
it. A s the wa rming water 
needs to be at on ly 
25—40°C , solar co l l e c to r s 
c o u l d readily supply the 
heat needed . T h e root -
w a r m i n g system at Griffith 
w i l l eventual ly incorpora te 
solar heating. 

N u m e r o u s c rops — 
inc lud ing cu t f lowers , 
t ropical fo l iage plants, 
strawberries, nursery s tock , 
and let tuces — are 
cul t ivated i n g r eenhouses , 
and D r M o s s is c o n t i n u i n g 
research into energy savings 
and the effects o f root-
wa rming in several spec ies . 
H i s w o r k has recent ly 
attracted cons iderab le 
interest f rom c o s t - c o n s c i o u s 
growers . 

R o o t - z o n e w a r m i n g as a 
m e a n s to save energy in 
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