
Carbon dioxide and crop yields 
One of the main causes for concern that the world may 
experience significant climate changes in the foresee
able future is the increasing carbon dioxide content of 
the atmosphere. The vast outpouring of carbon dioxide 
from fossil fuel combustion seems to be the main cause 

of the increase. 

Probably a lso s ignif icant is the exten
sive c lear ing o f forest, particularly rain
forest, a round the w o r l d ; the trees g ive of f 
the gas w h e n they burn or decay , and so 
d o e s so i l o r g a n i c material that decays 
w h e n e x p o s e d by the c lear ing. 

In terms o f quantity, ca rbon d i o x i d e is a 
very m i n o r const i tuent o f the a tmosphere , 
a c c o u n t i n g for on ly about 3 4 0 parts per 
m i l l i o n (p.p.m.) by v o l u m e . But it plays a 
large role in de te rmin ing what types o f 
c l imate different parts o f the w o r l d ex
pe r i ence , because o f its effects o n the 
g lobal heat ba lance . C a r b o n d i o x i d e traps 
heat near the g round — the w e l l - k n o w n 
g reenhouse effect. 

Its concen t ra t ion is r is ing by about 1 • 2 
p .p .m. a year, and c l imato log is t s be l ieve 
that a con t i nu ing increase mus t eventu
ally affect weather patterns. Wha t the ef
fects wi l l be , h o w e v e r , is h igh ly uncertain. 

O n e o f the mos t wide ly quo ted predic
t ions is that a d o u b l i n g o f ca rbon d i o x i d e 
concent ra t ion w o u l d raise temperatures 
at g round level by an average o f 2—3°C. 
L a r g e r r ises w o u l d o c c u r towards the 
N o r t h and Sou th p o l e s , and result in a b ig 
reduct ion in the areas covered by sea- ice . 

T h i s idea has recently been cha l l enged 
in a paper pub l i shed in Nature by two 
c l i m a t o l o g i s t s w o r k i n g in the U n i t e d 
States, D r Bhaskar C h o u d h u r y and D r 
G e o r g e K u k l a . T h e i r c a l c u l a t i o n s 
sugges t that the increased absorpt ion o f 
shor twave infrared radiat ion by h igher 
concent ra t ions o f ca rbon d i o x i d e in the 
a t m o s p h e r e c o u l d resu l t in i n c r e a s e d 
polar s n o w and i c e . T h i s is because less o f 
the radiation, w h i c h is important in heat
i ng the surface o f s n o w and water, w o u l d 
reach g round level . T h e result w o u l d be 
intensif ied p roduc t ion o f c o l d arct ic air 
masses in winter , spring, and autumn. 

Clearly, s c i e n c e canno t yet tell us what 
effects the addit ional ca rbon d i o x i d e wi l l 
have o n the weather around the wor ld . 
A n d h o w any changes in weather patterns 
wi l l affect the ability o f f o o d - p r o d u c i n g 
areas to meet the needs o f the wor ld ' s 

rapidly expand ing popu la t ion can on ly be 

guessed at. 

Crop effects 

Probably the on ly impac t o f the r is ing car
b o n d i o x i d e concen t ra t ion that can n o w 
be assessed wi th m u c h c o n f i d e n c e is the 
direct in f luence o n c r o p yie lds . A t m o s 
pher ic ca rbon d i o x i d e provides the ca rbon 
needs o f all vegetat ion, and h igher c o n 
centrat ions can e n c o u r a g e faster g rowth . 
Exper iments can be c o n d u c t e d to deter
m i n e what effects any increase in c o n 
centrat ion wi l l have. 

A t the CSIRO D i v i s i o n o f Plant Indus
try, D r R o g e r Gi f fo rd recent ly s tudied 
wheat g rowth in an a tmosphere enr iched 
wi th ca rbon d i o x i d e . Wheat was g r o w n in 
t w o a r t i f i c i a l l y i l l u m i n a t e d g r o w t h 
cab ine t s in the D i v i s i o n ' s c o n t r o l l e d -
env i ronment laboratory. In o n e cabinet , 
ca rbon d i o x i d e was kept at a concent ra 
t ion 2 5 0 p .p .m. above the level in the air 
outs ide. U n e n r i c h e d air was used in the 
other. 

D r Gi f ford tested the effects o f the extra 
ca rbon d i o x i d e o n wheat exposed to four 
different watering reg imes . T h e wettest 
co r responded to abundant rainfall and the 
driest to near-drought cond i t i ons that, in 
the field, w o u l d reduce grain y ie ld to vir
tually no th ing . 

In all cases , the grain yield and the total 
c r o p we igh t at the end o f the 99-day g row
ing per iod were greater for the wheat ex
p o s e d to the h igher ca rbon d i o x i d e level 
(see the graphs) . Trans la ted to a field situ
at ion, the results suggest that the present 
annual increase in a tmospher ic ca rbon 
d i o x i d e concen t ra t ion ( 1 • 2 p .p .m.) shou ld 
give a grain yield increase in the range 
5—13 kg per hectare. 

In the field 

Can the results be taken as an ind ica t ion 
o f the l ike ly r e sponse o f actual whea t 
crops? A l t h o u g h c o n d i t i o n s in the g rowth 
cabinets were rather different f rom those 
encoun te red outs ide — for example , the 

2 6 



The graphs show how wheat performed 
under watering conditions ranging from 
the equivalents of near-drought to 
abundant rainfall. Weights were 
measured after 99 days' growth. 

exposed also tended to b o o s t the pe rcen
tage increase in ca rbon d i o x i d e uptake. 

M u c h o f the earth's vegeta t ion exists in 
env i ronments where a shortage o f water 
o r l i g h t l i m i t s g r o w t h . D r G i f f o r d 
suggests that it is reasonable to surmise 
that these restr ict ions tend to increase the 
response o f m o s t plants — n o t just wheat 
— to r i s ing ca rbon d i o x i d e concen t r a 
t ions . 

H e c o n c l u d e s that scientists est imating 

temperature was kept at a constant 1 9 ° C 
and the wheat was exposed to a constant 
l ight level dur ing 16-hour s imulated days 

— D r Gif ford thinks they canno t be dis
mis sed as irrelevant to what happens in 
the f ield. 

T h i s is because important aspects o f 
w h e a t g r o w t h in the c a b i n e t s c o r r e s 
p o n d e d c lose ly to measured field perfor
m a n c e . F o r e x a m p l e , the e f f i c i ency o f 
water use ma tched w e l l , as did the effects 
o f water availabil i ty o n it. Other indi
cators that s u g g e s t e d g o o d c o r r e s p o n 
d e n c e i n c l u d e d the harvest i ndex — the 
ra t io b e t w e e n grain y i e ld and the dry 
we igh t o f w h o l e shoots . 

D r Gi f ford drew o n a detai led analysis 

— b y t w o C S I R O s c i e n t i s t s , D r J o h n 
A n g u s o f the D i v i s i o n o f L a n d U s e R e 
search and D r R o s s C u n n i n g h a m o f the 
D i v i s i o n o f Mathemat ics and Statistics — 
o f A u s t r a l i a ' s w h e a t y i e l d s b e t w e e n 
1960—61 and 1975—76 to see whe ther any 
trend exis ted that c o u l d be related to in
creases in a tmospher ic ca rbon d i o x i d e . It 
t u r n e d o u t that t he t r end w a s f i r m l y 
downwards in s o m e areas and upwards in 
others, w h i l e in s o m e districts y ie lds were 
virtually static. T h e r e was n o clear na
t ional trend (see the graph) . 

H e c o n c l u d e s that, as the r is ing ca rbon 
d i o x i d e c o n c e n t r a t i o n seems to b e in
c r e a s i n g the y i e l d po t en t i a l o f w h e a t 
c rops , whatever factors have caused the 
fall in y ie ld in s o m e districts may b e m o r e 
severe than previous ly thought . B y the 
same token , where the y ie ld trend is up
wards an important part o f the cause may 
be a tmospher ic c h a n g e rather than man
agerial or gene t ic factors. 

The global cycle 

D r Gif ford ' s results lead h i m to be l ieve 
that ca rbon uptake by plants, and h e n c e 
their g rowth , may b e m o r e respons ive to 
increas ing ca rbon d i o x i d e concent ra t ions 
than is general ly though t by scientists in
volved in m o d e l l i n g the g loba l ca rbon cy 
c l e . 

O n e o f the ques t ions these scientists are 
trying to answer i s : where does all the 
c a r b o n d i o x i d e e m i t t e d by M a n ' s a c 
tivities g o ? T h e m e a s u r e d inc rease in 
concen t ra t ion in the a tmosphere accoun t s 
for less than half o f it. A large a m o u n t is 
be l i eved to d i sso lve i n the o c e a n s , but 
s o m e remains u n a c c o u n t e d for. 

T h e s e scientists accept that, as the at
m o s p h e r i c c o n c e n t r a t i o n inc reases , s o 
does the rate o f plant g rowth and h e n c e 
the rate o f ca rbon d i o x i d e uptake. Bu t this 
effect is taken to be smal l . In mathemati
cal m o d e l s o f the g loba l ca rbon c y c l e , in-

Yield figures show no trend that could be 
related to increasing atmospheric carbon 
dioxide. 

Probably the only impact of 
the rising carbon dioxide 
concentration that can now 
be assessed with much 
confidence is the direct 
influence on crop yields. 

creases in uptake o f 0 • 4 % or, m o r e usu
ally, less , have been assumed for a 1 % rise 
i n ca rbon d i o x i d e concen t ra t ion . 

D r G i f f o r d ' s w h e a t e x p e r i m e n t s , by 
contrast , p r o d u c e d figures ranging f rom 
0 • 5 % to m o r e than 0 • 8 % . T h e h ighes t 
f igures were recorded for plants subjec ted 
to the greatest water stress. R e d u c i n g the 
amoun t o f l ight to w h i c h the wheat was 

where ca rbon d i o x i d e g o e s shou ld proba
bly assign a greater ro le than they have in 
the past to uptake by vegetat ion. But h e 
doesn ' t think the uptake is b ig e n o u g h to 
a c c o u n t for all the ca rbon d i o x i d e w h o s e 
fate has no t yet been traced. 

Robert Lehane 
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Boosting growth in greenhouses 

G r e e n h o u s e farmers in s o m e o f the c o o l e r 

parts o f the Nor the rn H e m i s p h e r e are al

ready taking advantage o f the ability o f 

increased carbon d i o x i d e levels to b o o s t 

plant p roduc t ion . T h e y have f o u n d that it 

is e c o n o m i c a l l y wor th wh i l e for t h e m to 

keep ca rbon d i o x i d e in g r e e n h o u s e at

mosphe re s at about three t imes the level 

outs ide . T h e result is an increase in pro

duc t ion o f leafy vegetables o f abou t 5 0 % 

and a somewha t lesser increase for other 

c rops such as tomatoes . 

T h e e n r i c h e d a t m o s p h e r e h a s i ts 

largest effect in the early stages o f g rowth . 

In laboratory studies at the C S I R O D i v i 

s ion o f Hort icul tura l Resea rch , M e r b e i n , 

V i c , D r Paul K r i e d e m a n n and D r J im 

Walcot t found that en r i chment to about 

1 0 0 0 p . p . m . c a r b o n d i o x i d e i n c r e a s e d 

early g rowth in C h i n e s e and European 

cabbages by a factor ranging f rom five to 

a lmost ten. A team at the D i v i s i o n o f Irri

gat ion Resea rch led by D r K r i e d e m a n n , 

n o w C h i e f o f that D i v i s i o n , has b e g u n a 

long- te rm projec t o n the g rowth response 

o f v a r i o u s v e g e t a b l e c r o p s to c a r b o n 

d i o x i d e e n r i c h m e n t under g r e e n h o u s e 

cond i t i ons . 

T h e o b v i o u s way to supply the ca rbon 

d i o x i d e is by b u r n i n g a fue l s u c h as 

kerosene or l iquef ied pe t ro leum gas; this 

is m u c h c h e a p e r t h a n u s i n g c a r b o n 

d i o x i d e f rom a cy l inde r . H o w e v e r , the 

c o m b u s t i o n system has to be carefully de

s i g n e d to l imi t the output o f n i t rogen 

ox ides and unburnt hydroca rbons , as even 

small concen t ra t ions o f these can damage 

plants. 

A n o t h e r p r o b l e m in warm parts o f the 

wor ld , l ike m o s t o f Austral ia , is that the 

burn ing p rocess adds heat as we l l as car

b o n d i o x i d e to the g r e e n h o u s e a tmos

phere . T h i s is f ine in winter , but in sum

mer can raise temperatures to levels that 

harm the c r o p . 

D r K r i e d e m a n n and his c o l l e a g u e s are 

e x a m i n i n g me thods o f g r eenhouse des ign 

that may o v e r c o m e this p r o b l e m . O n e ap

proach is to mainta in a gentle vertical 

f l o w o f ca rbon-d iox ide -enr i ched air past 

the c rop . T h e m o v i n g air w o u l d extract 

heat as the i l luminated plants c o n s u m e d 

ca rbon d i o x i d e . T h e w a r m air s t ream, 

n o w depleted o f ca rbon d i o x i d e , w o u l d be 

vented th rough the top o f the g reenhouse . 

In earlier exper iments , they also found 

that air e n r i c h e d wi th c a r b o n d i o x i d e 

helps plants survive the stresses i m p o s e d 

by h i g h temperatures. Plant pathologis ts 

Will a bigger wheat c r o p be one effect o f rising carbon dioxide levels? 

have found that they can el iminate s o m e 

virus diseases o f horticultural plants by 

propagat ing shoo t tips f rom parent mat

erial g r o w n for per iods up to 6 mon ths at 

constant temperatures o f 37—40°C. T h e 

exper iments were des igned to test the ef

fects o f increased ca rbon d iox ide c o n c e n 

trations under s u c h c o n d i t i o n s , w h i c h 

often result in the death o f the plants 

be ing treated. 

T h e t eam f o u n d that the g r o w t h o f 

plants, especia l ly their root systems, i m 

proved , and plant water use b e c a m e m o r e 

e f f i c i en t . S t a rch a c c u m u l a t i o n in the 

fo l i age inc reased marked ly , i m p r o v i n g 

the prospects for es tabl ishing plants f rom 

cut t ings . 

Chinese cabbages after 28 days ' growth 
in ordinary air (left) and an atmosphere 
enriched to about 1000 p . p . m . ca rbon 
d ioxide . 
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