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A CHANGE OF AIR
David Bryant, RFM Managing Director

RFM DISCUSSION PAPER #7:
An analysis of the impact of the CO2 fertilisation effect on plant growth.

Emerging Lablab crop, Rewan, Rolleston, central Queensland, January 2017

Matt Mitchell, RFM’s National Manager – Cropping and Livestock, has grown 25 cotton 
crops, one each year since 1993. In that first year he budgeted to grow seven bales of cotton 
per hectare (ha). This year’s crop will probably yield 12 bales per ha, representing a 71% 
increase in productivity. Could this sort of productivity gain be replicated on a cattle farm? 

Figure 1: Atmospheric CO2 levels (1800–2018)1, 2
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1 2 Degrees Institute, 2018, Global CO2 Levels, viewed 4 June 2018, < http://www.co2levels.org/>.
2 Higher recording frequency after 1958 explains increased data point movement on graph.

The increase in cotton yields is commonly attributed to 
the introduction of genetically modified cotton. Today, 
cotton plants have three genetic modifications for 
insect resistance, plus a fourth modification to make the 
plant resistant to glyphosate, also known as Roundup. 
The plant modifications have certainly assisted, since 
where Matt would have once had a crop sprayed with 
insecticides up to ten times during a season, it is now 
unlikely to occur at all. Meanwhile the ‘Roundup Ready’ 
modification has made weed control less expensive 
and more manageable. While helpful, these genetic 
modifications have only provided indirect benefits, in the 
form of lower costs plus reduced insect pressure and 
weed competition.

Another explanation or contributing factor to Matt’s 
higher cotton yields, is the increasing concentration of 
carbon dioxide (CO2) in the atmosphere. Atmospheric 
CO2 concentration is important because this is a measure 
of how much CO2 is available for the plant to perform 
the process of photosynthesis. In the early 1800’s, at the 
beginning of the industrial revolution, atmospheric CO2 
concentration was 283 parts per million (ppm). Today it is 
407 ppm, representing a 44% increase (see Figure 1). By 
2050 CO2 concentration is forecast to be around double 
that of pre-industrial levels. 
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Although it is possible to doubt the rate of climate change 
that higher CO2 concentration is causing, it is not rational 
to doubt that higher CO2 levels have occurred and will 
continue to rise. A second area where there can also be 
no doubt, is the impact that this is having on plant growth. 
In a 2016 report published by a team of scientists,3 the 
results of studies of long term satellite surveillance and 
ten global ecosystem models were reported. The study 
found there is a ‘persistent and widespread increase’ of 
growing season leaf area index (greening) over 25–50% 
of global vegetated area (see Figure 2). Leaf area 
index is a ratio of leaf area relative to the ground area 
below. It is used by scientists, weather forecasters and 
agriculturalists to study phenomena including atmospheric 
changes, vegetation growth, energy conversion and gas 
exchange. The study’s modelling indicated that 70% of 
this vegetation increase could be explained by the CO2 
fertilisation effect.

Numerous studies and experiments have been conducted 
to measure the increased rate of plant growth from 
the change in CO2. Perhaps the most accurate and 
interesting is the technique of Free Air 
Carbon Dioxide Enrichment (FACE) trials, where 
plants in the field (rather than a greenhouse) are supplied 
additional CO2 and their growth rates are then measured 
compared to the control plants. This is achieved by 
surrounding the plants with pipes and pumping CO2-
enriched air into the atmosphere immediately surrounding 

Figure 2: Change in global leaf area (1982–2015)4

3 Zhu, Z. et al, 2016, ‘Greening of the Earth and its drivers’, Nature Climate Change, vol. 6, pp. 791–795. 
4 Carbon Brief, 2015, Rising CO2 has ‘greened’ world’s plants and trees, viewed 4 June 2018, < https://www.nature.com/articles/nclimate3004/>.
5 Ainsworth, E.A. & Long, S.P. 2005, as quoted from: Taub, D. 2010, ‘Effects of Rising Atmospheric Concentrations of Carbon Dioxide on Plants’, 

Nature Education Knowledge, vol. 3, no.10, viewed online 4 June < https://www.nature.com/scitable/knowledge/library/effects-of-rising-atmospheric-
concentrations-of-carbon-13254108>.

6 de Graaff, M. A., Van Groenigen, K. J. et al. as quoted from: Taub, D. 2010, ‘Effects of Rising Atmospheric Concentrations of Carbon Dioxide on 
Plants’, Nature Education Knowledge, vol. 3, no.10, viewed online 4 June < https://www.nature.com/scitable/knowledge/library/effects-of-rising-
atmospheric-concentrations-of-carbon-13254108>.

the plant (see Figure 3). Studies of numerous FACE 
experiments run at CO2 concentrations of 475–600 ppm 
have found faster growth rates, greater biomass and 
increased seed or fruit yields.5, 6 US studies found cotton 
lint yields increased by 60%, Australian studies found 
wheat yields increased by 26%, and Italian studies found 
potato yields increased by 36–50%. These and many 
other results, often called the CO2 fertilisation effect, are 
the result of more efficient photosynthesis.

Photosynthesis is the process whereby a plant uses the 
energy from the sun to fuel a chemical reaction between 
H2O (water) obtained from its root system, and CO2 
absorbed from the atmosphere. The reaction between 
these molecules creates carbohydrates used to build 
plant matter, and a release of oxygen, thereby ensuring 
atmospheric oxygen concentration remains at 20% – a 
level at which people find breathing easy. Looked at in 
this way, photosynthesis sustains both plant life on earth 
by producing carbohydrates, and human and animal life, 
by producing the oxygen we need to breathe.

Increased atmospheric CO2 concentration assists plant 
growth in two ways. Firstly, if CO2 is 44% more abundant, 
the rate of photosynthesis simply speeds up, thereby 
producing more plant material during the annual growing 
period.

The second effect on plant growth is increased water 
use efficiency. Only around 2% of plant water use is 
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Figure 3: Aspen Free-Air Carbon Dioxide and 
Ozone Enrichment (Aspen FACE) experiment site at 
Wisconsin, United States

7 Ainsworth, E.A. & Long, S.P. 2005, as quoted from: Taub, D. 2010, 
‘Effects of Rising Atmospheric Concentrations of Carbon Dioxide on 
Plants’, Nature Education Knowledge, vol. 3, no.10, viewed online 4 
June < https://www.nature.com/scitable/knowledge/library/effects-of-
rising-atmospheric-concentrations-of-carbon-13254108>.

consumed in the process of photosynthesis and therefore 
plant growth. The other 98% is utilised in the process of 
transpiration. Plants typically have leaves with tiny pores, 
called stomata, that can open and close through the day, 
depending on growing conditions and the plants need to 
obtain CO2 from the air. When the stomata are open, CO2 
enters the plant, while much larger quantities of water 
evaporate out through the stomata, thereby cooling the 
plant. Due to the now higher availability of CO2 in the air, 
plants obtain the required CO2 more easily and therefore 
open their stomata less. This is evidenced in a variety of 
FACE trials that showed, on average, a 22% reduction in 
the stomatal conductance of water.7

There is, however, a downside to the higher rates 
of plant growth that we are now experiencing; plants are 
becoming less nutritious. There are probably two reasons 
for this. Firstly, because photosynthesis has become 
more efficient, leaves are able to produce more carbon 
rich plant matter, thereby diluting other nutrients that are 
accumulated through the root system.

The second reason for less nutritious plants is explained 
by the way they obtain those nutrients. The transpiration 
process provides a column of water within the plant, 
rising from the root system, up through the stem or trunk, 
then out into the atmosphere via the leaf stomata. This 
flowing column of water transports nutrients extracted 
from the soil by the plants roots, which are then deposited 
throughout the plant structure and particularly within 
the leaves. However, the increased water use efficiency 
that is now occurring from higher CO2 levels, means that 
the plant is processing less water and therefore importing 
fewer nutrients.

Perhaps the most acute nutrient deficiency now occurring 
in plants is nitrogen, even though it makes up a surprising 
78% of the air that we breathe. Our June 2017 newsletter 
discussed the importance of nitrogen in the formation of 
amino acids, which are the building blocks of the protein 
that all animals, including humans, require for tissue 
growth. Despite its abundance in the atmosphere, plants 
do not absorb nitrogen through their leaves and instead 
must rely on nitrogen uptake through their roots. 

Insects, herbivores and farmers are adapting to the 
lower nitrogen content in a number of ways. Insects are 
having to eat more plant leaves to obtain their dietary 
requirements, and herbivores must do the same. Farmers, 
such as Matt Mitchell, are adding nearly twice as much 

nitrogen fertiliser, allowing cotton plants to produce 71% 
more cotton lint and oil rich cotton seed than they did 
twenty five years ago. Farmers then are not just adapting, 
but capitalising on the increased plant growth created by 
higher atmospheric CO2 concentration.

Viticulturists with decades of experience, such as David 
Murdock, the manager of the Rural Funds Group’s 
vineyards, have observed that harvests are happening 
significantly earlier than when they first began their 
careers. FACE experiments have shown that grape vines 
are able to accumulate sugars more efficiently, thereby 
presenting wine makers with a dilemma. They either 
harvest earlier at the desired sugar level, before the 
grapes have accumulated other compounds that provide 
flavour complexity, or they harvest later at higher sugar 
concentrations. Fortunately, they are choosing the second 
option, but this is contributing to higher alcohol levels in 
our wine.

One type of plant that is not experiencing declining 
nitrogen concentrations are legumes, a plant that 
enjoys a symbiotic relationship with bacteria called 
rhizobia that accumulate as nodules on the legumes 
root system. Rhizobia bacteria are able to consume the 
abundant atmospheric nitrogen and convert it 
into forms that can be absorbed through the plants 
root system. Consequently, legumes have much higher 
nitrogen levels present in their leaves, which 
herbivores such as cattle, purposely graze to obtain 
the nitrogen they need. Given the now lower 
concentrations of nitrogen in grasses as a consequence 
of the CO2 fertilisation effect, one wonders if cattle are 
tending to favour legumes even more, thereby reducing 
the legume content of some pastures.

Nitrogen deficiency is evident in the grass-based pastures 
on the Rural Funds Group’s Rewan property, and the 
recently acquired Comanche. Prior to European 
settlement these farms were covered with large stands 
of Brigalow (Acacia harpophylla) trees, which, like 
wattle trees, are a legume that sequestered significant 
nitrogen into the soils of these farms. In the 1960s the 
Brigalow Development Scheme resulted in the clearing 
of nearly 4.5 million ha of Brigalow forest, which was then 
allotted to settlers, who established grass pastures and 
highly successful cattle businesses, due to the fertility of 
the soil.

While the developers of these farms included legumes 
in their pastures, the nitrogen levels in these pastures 
have declined in the past sixty years. The cause of this 
decline is three fold. Firstly, the cattle sales that drive 
the profits of these businesses constitute an export of 
nutrients such as nitrogen from the biological system. 
Secondly, the legumes included in the pasture mix are 
often preferentially grazed by cattle, due either to their 
greater palatability or the cattle instinctively seeking to 
increase the nitrogen they consume. Finally, the grasses 
that dominate the pasture mix have higher growth rates, 
but lower nitrogen content, due to the CO2 fertilisation 
effect described above.
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Pasture on Rewan, central Queensland, March 2018. The dark 
green strip is a section treated with fertiliser. The contrast with 

the balance of the pasture is of particular interest. Its ‘yellow’ 
appearance is a classic indication of nitrogen deficiency.

The challenge of declining nitrogen levels in pastures is 
in fact an opportunity. Planting larger and more persistent 
legumes such as Leucaena (see RFM Newsletter edition 
seven, June 2017) can lift soil nitrogen levels and the 
growth rates of the accompanying grasses. Also, simply 
applying nitrogen fertiliser on a regular basis can drive 
higher pasture growth rates and leaf nitrogen levels to 
supply cattle with the best possible nutrition.

As Matt Mitchell and cotton farmers all over the world 
have discovered, the increased atmospheric CO2 created 
by mankind’s industrialisation presents an opportunity 
for farmers to increase their productivity, providing they 
supply the additional plant nutrients that this accelerated 
biological system now demands. This is the same 
opportunity that currently presents itself to cattle farmers 
in northern Australia, and one that lessees of the Rural 
Funds Group cattle farms will pursue. 


