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Abstract 

Rima Rabah Nasser 

Physiological Aspects of the Response to Elevated CO2 in 
Lentils {Lens culinaris Medic) 

This shidy examined the effects of elevated CO2 and its interaction with drought and 

nitrogen fertilizer on the growth, production and nodulation of the leguminous crop 

lentil (Lens culinaris Medic) cultivars ILL7979 and ILL6994 (Idlib 3). 

Plants were grown under ambient and elevated CO2 at full and limited irrigation 

conditions in both open top chambers, which were later proven to be unreliable because 

of CO2 leakage, and tightly sealed and ventilated chambers which were reliable. 

Destructive harvests at anthesis and at maturity were conducted and results from sealed 

chambers at maturity showed that above ground dry weight was increased by an average 

of 12% imder elevated CO2, but this increase was not statistically significant. Seed yield 

was marginally significantly increased by elevated CO2 (p= 0.059) in both fully 

irrigated and drought stressed plants by an overall average of 19%. Both nodule nvmiber 

and fresh weight were increased by elevated CO2 by an average of 38% and 45% 

respectively, but this increase was not statistically significant. Al l measured parameters 

in both ambient and elevated CO2 conditions were significantly reduced by drought. In 

most instances, the cultivar Idlib 3 showed a better performance than ILL7979. 

Nifrogen concentration in the seeds and roots was not affected by elevated CO2, but it 
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was significantly reduced in the shoots. Similarly, phosphorus concentration was only 

significantly reduced in the shoots. 

The interaction of elevated CO2 with nitrogen availability was investigated on 

Idlib 3 using the sealed chambers at five nitrogen levels equivalent to 5, 25, 50, 75 and 

100 kg haSequential destructive harvests conducted over the growth period showed 

that, compared to ambient, elevated CO2 led to a significant increase in LAI after 

flowering (20-30%), biomass dry weight (35%) and seed yield (53%). Moreover these 

values increased with increasing levels of nitrogen applied. Although not significantly, 

nodule number increased under elevated CO2 and the highest nodule number was 

observed at the nitrogen level equivalent to 50 kg N ha~' under ambient and 75 kg N 

ha~̂  under elevated CO2. The average increase of nodule number for all treatments 

imder elevated CO2 was 52%. Examination of total nitrogen and phosphorus 

concentrations in the dry matter showed that the total uptake was higher, although not 

significantly, under elevated CO2 but due to the increases in biomass concentration 

levels were slightly lower, but not significantly. 

The effects of elevated CO2 on nitrogenase activity in lentils using an acetylene 

reduction assay on whole plants was vmdertaken. Technical problems meant that the 

species under test was switched to white clover and showed that nitrogenase activity 

was slightly higher vmder elevated CO2 than that at ambient, but not significantly. 

Nitrogen budgeting concluded that improved nitrogen uptake vmder elevated CO2 was a 

consequence of improved N fixation occiuring as a result of increased nodule nimiber 

rather than improved nitrogenase activity. 
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G en era I in trod net ion 

The research presented in this thesis is concerned with the physiological response o f the 

leguminous crop plant Lenti l {Lens culinaris Medic) to a growing environment enriched 

in CO2 which simulates the potential climatic situation in approximately 70-90 years 

time (2080- 2100). Increasingly, it is important to study the aspect of the effects o f 

elevated CO2 and other factors of the changing climate because of the growing evidence 

that these factors w i l l significantly impact on crop production worldwide. The fol lowing 

section gives a brief explanation of climate change and scenarios predicted for the 

future. 

1.1. Explanation of the increase in atmospheric CO2 

It is now commonly accepted that the world's climate is changing and becoming 

warmer. The natural balance in the atmosphere has been disturbed by a significant 

increase in carbon dioxide and other anthropogenic gases which strengthen the so-called 

greenhouse effect, and which is l ikely to wann the world over the next few decades 

(Nilsson, 1992; Gribbin, 1992). 

The natural greenhouse effect occurs because of the blanket of atmospheric gases 

surrounding the earth's surface (Houghton, 1991). Incoming solar radiation (mainly in 

the short wavelength regions) is largely invisible to the atmosphere and passes directly 

to the earth's surface where it is absorbed and re-emitted at longer wavelengths (in the 

infrared region). This infrared radiation radiated by the warm surface of the earth is less 

invisible and is absorbed by certain gases in the atmosphere called greenhouse gases 
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(CO2, water vapour, CH4, O3, N2O and chlorofluorocarbons) (Gribbin, 1992). These 

gases also partly emit infrared radiation, and by this process o f absorption and re-

radiation, an essential portion o f the thermal radiation returns to the earth's surface 

preventing it from being cooled (Al len, 1998). Consequently, the average temperature 

of our plant's surface is about 15 °C which is calculated to be 33°C warmer than it 

would be without these greenhouse-effect gases (Al len, 1991; Wel lbum, 1994). The 

term 'greenhouse effect' is used because of the similarity between the atmosphere's 

properties and the effect shown by glass in a greenhouse with glass being less 

transparent to long wave radiation compared to shortwave (Houghton, 1997). Although 

all the greenhouse gases are important, the most important contributor to the overall 

warming process is carbon dioxide because of its relative abundance and, whose 

concentration is undoubtedly increasing in the atmosphere, most probably due to human 

activities (Wellbum, 1994). 

Carbon dioxide is transfened between a number of natural carbon reservoirs (biosphere, 

oceans, and atmosphere) through a process described as the carbon cycle (Figure 1.1). 

Note: human and animal respiration was not included in the cycle is because they do not 

add a net carbon amount to the atmosphere as the amount they exhale do not exceed the 

carbon they take by eating plants or animals that eat plants (www. 

gcrio.org/doctorgc/index.php/drweblog/C48/). 

In this cycle, about one quaiter o f the total amount of carbon dioxide in the atmosphere 

is cycled in and out each year. One half o f the exchange occurs with the land biota 

through the processes of respiration and photosynthesis, and the other half occurs across 

the ocean's surface through physical and chemical processes (Houghton, 1997). These 

exchanges between the reservoirs fonn a steady balance and, therefore, any small 
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changes in the land and the oceans reservoirs, which are much larger than the 

atmosphere, could have a great effect on the atmosphere. For example, if just 2% of the 

carbon dioxide stored in the oceans is released, the amounts of carbon dioxide in the 

atmosphere will double (Warr and Smith, 1995; Houghton, 1997). According to the data 

taken from bubbles trapped in ice cores from Antarctica, this delicate balance was stable 

for several thousands of years before industrialization within about 10 parts per million 

per volume (ppmv) with a mean of 280 ppmv (Gribbin, 1992; Houghton, 1996; 

Houghton et al., 1997). Since the industrial revolution (1750-1850), the concentration of 

carbon dioxide has risen considerably from about 280 ppmv to the current level of 379 

ppmv (pmol mol ) reported in 2005 (IPCC, 2007). 

Atmospheric CO2 

750 (+3.2 per year) 

92 

Ocean 3900 

Net flux 1.7 
X 

90 

m 
Figure l.l.The global carbon cycle, recreation of a chart by Kling, (2002). 
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This remarkable increase in atmospheric carbon dioxide concentration can be attributed 

to the burning (oxidation) of the major reservoirs o f carbon (coal and oil) because o f 

human intervention (Warr and Smith, 1995). 

In order to study the changes in the concentration o f carbon dioxide in the air, an 

accurate series of measurements started to be taken in 1958 from Mouna Loa 

Observatory in Hawaii, which is situated at a distance from industrial pollution and 

hence was considered to be representative o f the well-mixed state of the atmosphere 

(Gribbin, 1992). Strong evidence can be taken from the continuous records from Mouna 

Loa which show that the concentration of atmospheric carbon dioxide went up 

gradually from about 315 pails per mi l l ion in 1957 to about 360 part per mi l l ion in the 

90s (Gribbin, 1992; Wan- and Smith, 1995; A l len , 1998). According to these 

measurements, there is an increase of about 1.5 ppmv each year in the atmospheric 

carbon dioxide concentration, which adds an annual amount o f about 3.3 gigatonnes to 

the atmospheric carbon reservoir (Houghton, 1997). The increase in CO? levels from 

1995 to 2005 was even higher at an average of 1.9 ppm yr"' which resulted in a 

concentration of 379 ppm (IPCC, 2007) (Figure 1.2). A similar upward trend has been 

recorded from the monitoring of CO? in Australia from 1972 to 1981 (Al len, 1998). 

Most o f the extra amounts of carbon dioxide in the atmosphere have come from the 

intensive burning of fossil fuels (coal, oil and gas) since the mid-19 ''̂  century (Warr and 

Smith, 1995). According to Gribbin (1992), by the early 1980's, about 5000 mi l l ion 

tonnes (5Gt) of fuel were being burnt each year which means that there was an annual 

amount of about 20 Gt of carbon dioxide added to the atmosphere from the combustion 

of fossil fuels. A n average of 23.5 GtCO? emissions from annual fossil fuel use was also 

reported in the 90's, and these rates increased to 26.4 GtCO? over the period from 2000 
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to 2005 (IPCC, 2007). About 95% of fossil fuel burning occurs in the northern 

hemisphere and, consequently, the concentration of CO2 there is higher (by about 

2ppmv) than the southern hemisphere (Houghton, 1997). 

The other main source of CO2 emissions into the atmosphere, which adds about 1.6 ± 

1.0 Gt of carbon (5.9 GtC02) each year, is land use change and, in particular, the 

deforestation of tropical rainforests (major carbon sinks) and their replacement by 

grassland and scrub (Wellbum, 1994; Schimel. 1996; IPCC, 2007). With deforestation, 

CO2 is released into the atmosphere in many ways: buming and decay of biomass; 

oxidation of carbon stored in the biomass of soil; and renewal of forest and soil after 

deforestation (Drake, 2000). 

Atmospheric CO2 at Mauna Loa Observatory 
— I • 1 ' 1 > 1 " 1 ' r 

1960 1970 1980 1990 2000 2010 

Y E A R 

Figure 1.2. Global atmospheric CO2 levels (ppm) since 1958 as measured from 
Mauna Loa Observatory in Hawaii. Source Dr. Pieter Tans. NOAA/ESRL 
(www.esrl.noaa.gov/gmd/cgg/trends). 
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