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Abstract
Acclimation of photosynthetic capacity to elevated CO2 involves a decrease of the leaf Rubisco content. In the present study, it was hypothesized that nitrogen uptake and partitioning within the leaf and among different aboveground organs affects the down-regulation of Rubisco. Given the interdependence of nitrogen and cytokinin signals at the whole plant level, it is also proposed that cytokinins affect the nitrogen economy of plants under elevated CO2, and therefore the acclimatory responses. Spring wheat received varying levels of nitrogen and cytokinin in field chambers with ambient (370 µmol mol-1) or elevated (700 µmol mol-1) atmospheric CO2. Gas exchange, Rubisco, soluble protein and nitrogen contents were determined in the top three leaves in the canopy, together with total nitrogen contents per shoot. Growth in elevated CO2 induced decreases in photosynthetic capacity only when nitrogen supply was low. However, the leaf contents of Rubisco, soluble protein and total nitrogen on an area basis declined in elevated CO2 regardless of nitrogen supply. Total nitrogen in the shoot was no lower in elevated than ambient CO2, but the fraction of this nitrogen located in flag and penultimate leaves was lower in elevated CO2. Decreased Rubisco: chlorophyll ratios accompanied losses of leaf Rubisco with CO2 enrichment. Cytokinin applications increased nitrogen content in all leaves and nitrogen allocation to senescing leaves, but decreased Rubisco contents in flag leaves at anthesis and in all leaves 20 days later, together with the amount of Rubisco relative to soluble protein in all leaves at both growth stages. The results suggest that down regulation of Rubisco in leaves at elevated CO2 is linked with decreased allocation of nitrogen to the younger leaves and that cytokinins cause a fractional decrease of Rubisco and therefore do not alleviate acclimation to elevated CO2.
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Introduction
Photosynthesis of C3 plants can be increased by the atmospheric CO2 enrichment resulting from human use of fossil fuels and changes in land use. However, experiments determining the magnitude of the leaf photosynthesis enhancement in response to elevated CO2 have found lower than expected increases (Ainsworth and Rogers, 2007 XE "Ainsworth and Rogers 2007" ). This down regulation of photosynthetic capacity involves a decrease of the leaf Rubisco and total nitrogen concentrations (Van Oosten and Besford, 1995 XE "Van Oosten and Besford 1995" ; Stitt and Krapp, 1999 XE "Stitt and Krapp 1999" ; Long et al., 2004 XE "Long et al. 2004" ). Reduced leaf nitrogen contents (Taub and Wang, 2008 XE "Taub and Wang 2008" ), and decreased stomatal conductance and transpiration (Lawlor and Mitchell, 1991 XE "Lawlor and Mitchell 1991" ; Long et al., 2004 XE "Long et al. 2004" ), are the most common effects of growth in elevated CO2. Leaf nitrogen losses under elevated CO2 are lesser in nitrogen-fixing plants, in those with a large sink capacity (Ainsworth et al., 2004 XE "Aisnworth et al. 2004" ) and often, though not invariably, with ample nitrogen supply (Geiger et al., 1999 XE "Geiger et al. 1999" ). Nitrogen dilution due to accumulation in elevated CO2 of non-structural carbohydrates (Sims et al., 1998 XE "Sims et al. 1998" ) or total biomass of a plant organ (Taub and Wang, 2008 XE "Taub and Wang 2008" ) has been suggested as causal. However, decreases have been found not only in nitrogen concentration but also in absolute nitrogen content (Taub and Wang, 2008 XE "Taub and Wang 2008" ). In plants rooted on soil or solid media (not in hydroponics), there is a consistent trend in elevated CO2 toward decreased (by an average of 16 %; Taub and Wang, 2008 XE "Taub and Wang 2008" ) nitrogen uptake per unit root mass or length (BassiriRad et al., 1997 XE "BassiriRad et al. 1997" ). Moreover, down-regulation of nitrogen uptake capacity in elevated CO2 has also been observed in hydroponic culture (Shimono and Bunce, 2009 XE "Shimono and Bunce 2009" ). Consequently, decreases in elevated CO2 of root nitrogen uptake (Polley et al., 1999 XE "Polley et al. 1999" ) and total shoot nitrogen (Del Pozo et al., 2007 XE "Del Pozo et al. 2007" ) are likely to play a role in the nutrient concentration decline in leaves.
Stomatal closure and decreased transpiration in elevated CO2 can lower the uptake of those nutrients for which mass flow through the soil to the root surface plays a major role in uptake (Van Vuuren et al., 1997 XE "Van Vuuren et al. 1997" ; Taub and Wang, 2008 XE "Taub and Wang 2008" ). Soil drying can also decrease this flow of nutrients in soils, particularly during the reproductive period in Mediterranean environments, with limited rain falling mainly in autumn and winter. Under these conditions, low transpiration under CO2 enrichment may favour soil water conservation and nutrient acquisition at later stages of development. Positive relationships between plant nitrogen status and transpiration have been observed previously (Conroy and Hocking, 1993 XE "Conroy and Hocking 1993" ; Polley et al., 1999 XE "Polley et al. 1999" ; McDonald et al., 2002 XE "McDonald et al. 2002" ; Del Pozo et al., 2007 XE "Del Pozo et al. 2007" ; Shimono and Bunce, 2009 XE "Shimono and Bunce 2009" ). Increased nitrogen use efficiency through enhanced carboxylation and decreased investment in photosynthetic and photorespiratory enzymes in elevated CO2 (Davey et al., 1999 XE "Davey et al. 1999" ; Stitt and Krapp, 1999 XE "Stitt and Krapp 1999" ) can lower whole-plant nitrogen, as long as nitrogen uptake is regulated by demand (BassiriRad et al., 2001 XE "BassiriRad et al. 2001"). In addition to total nitrogen uptake from the soil, partitioning among plant organs can lead to decreased nutrient contents in leaves. Thus, elevated CO2 decreased the allocation of nitrogen to the flag and penultimate leaves, and a higher supply of nitrogen did not increase the fraction of shoot nitrogen recovered in the leaves (Makino et al., 1997 XE "Makino et al. 1997" ; Pérez et al., 2005 XE "Pérez et al. 2005" ; Del Pozo et al., 2007 XE "Del Pozo et al. 2007" ). Declines in nitrate reductase activity (Hocking and Meyer, 1991 XE "Hocking and Meyer 1991" ; Ferrario-Méry et al., 1997 XE "Ferrario-Méry et al. 1997" ) and organic nitrogen content (Smart et al., 1998 XE "Smart et al. 1998" ) suggest that the decrease of Rubisco and protein contents in elevated CO2 may not be a simple result of the general decrease in tissue nitrogen, and may be due to an inhibition of nitrate assimilation (Bloom et al., 2010 XE "Bloom et al., 2010" ).
Cytokinin has been suggested as a pivotal signalling substance communicating nitrogen availability from the root to shoot via the xylem (Takei et al., 2002 XE "Takei et al. 2002" ). Cytokinin synthesis is up-regulated by nitrate (Takei et al., 2004 XE "Takei et al. 2004" ), and the hormone in turn has been proposed as a regulator of the morphological responses, protein synthesis capacity and macronutrient acquisition. The bulk of the cytokinins is synthesized in the root tips and exported through the xylem, and accumulates at sites of highest transpiration (Aloni et al., 2005 XE "Aloni et al. 2005"). The amount and activity of cytokinins were positively related to rice cultivar capacity for nitrogen absorption (Ookawa et al., 2003 XE "Ookawa et al. 2003" ) and with protein and chlorophyll (Chl) contents of the flag leaves of wheat (Yang et al., 2003 XE "Yang et al. 2003" ). Transgenic tobacco plants expressing isopentenyl transferase (SAG-IPT) in the senescing tissues distributed more N to the old, senescing leaves at lower layers in the canopy, associated with a higher cytokinin concentration (Jordi et al., 2000 XE "Jordi et al. 2000" ). The supply of 6-benzylaminopurine inhibited nitrogen remobilization, as shown by the increase in the older leaves and the decrease in the younger leaves of protein, Rubisco and Chl (Criado et al., 2009 XE "Criado et al. 2009" ). Consistent with these observations, high levels of cytokinins in plants can delay senescence (Wang et al., 1997 XE "Wang et al. 1997" ; Yang et al., 2003 XE "Yang et al. 2003" ). Notably, elevated CO2 induced a significant increase in cytokinin content in low-nitrogen leaves, whereas cytokinin content in leaf tissues was similar for high-nitrogen leaves growing in ambient and elevated CO2 (Yong et al., 2000 XE "Yong et al. 2000" ).
In this study we tested the hypothesis that nitrogen available to leaves through uptake from soil or partitioning within the shoot affects photosynthetic acclimation to the elevated atmospheric CO2 concentrations expected for the end of this century. The possible effect on declining nitrogen uptake of reduced transpiration in elevated CO2 was investigated. Given the interdependence of nitrogen and cytokinin signals at the whole plant level, a second hypothesis was that cytokinins affect the nitrogen economy of plants under elevated CO2, and therefore the acclimatory responses. To help in understanding the causes of the Rubisco decline in elevated CO2, we have determined the contents of Rubisco, soluble protein and total nitrogen in leaves at different positions in the canopy, together with nitrogen in all aboveground plant organs. The research was conducted with spring wheat grown with varying nitrogen supply and sprayed with 6-bencylaminopurine in the water-limited Mediterranean conditions. Gas exchange and plant composition were measured at anthesis and 20 days later when acclimation to elevated CO2 is more likely than in younger plants (Osborne et al., 1998 XE " Osborne et al. 1998" ) and the elongating last internode of the stem and the ear provided an active sink for assimilates (Martínez-Carrasco et al., 1993 Martínez-Carrasco et al. 1993 ).
Material and Methods
This field experiment was conducted in a clay-sand soil located at the farm of the CSIC Institute of Natural Resources and Agrobiology, in Salamanca, Spain (40 º 95 ‘ N, 5 º 5 ‘ W, 800 m a.s.l.). The climate corresponds to a Mediterranean type. The long-term (20 year) average for the minimum temperature in the coldest month (January) is 0.0 ºC and the maximum temperature of the warmest month (July) is 27.2 ºC. Mean annual rainfall is 506 mm. 

Spring wheat (Triticum aestivum L cv. Gazul) was sown at a rate of 180 kg ha-1 and 0.13 row spacing on 25 January 2006. Before sowing, 60 kg ha-1 each of P and K were applied. Nitrogen was added at the two different amounts indicated below at tillering (Zadoks 21; 27 March 2006). Ten days after sowing, herbicides (clortoluron + diflufenican, 2.3 l ha-1) were added; insecticides were applied as required. The crop was watered weekly with a drip irrigation system, providing the amount of water required to equal the average rainfall for each particular month (February, 24.4 mm; March, 25.6 mm; April, 49.7 mm; May, 57.8 mm, and June, 34.3 mm). This represented a low water supply at later growth stages.
After seedling emergence, six temperature-gradient chambers (Pérez et al., 2005 XE "Pérez et al. 2005" ), based on those described by Rawson et al. (1995) XE "Rawson et al. (1995)" , were mounted over the crop. The chambers were 9 m long, 2.2 m wide and 1.7 m high at the ridge. The chambers had transparent polycarbonate walls and polyethylene sheet roofing, and contained three consecutive modules (each 3 m long) separated by horizontally slotted polycarbonate septa to reduce the mixing of air between modules through convection. Inlet fans and outlet fans and heaters continuously circulating air through the chamber kept the central module, in which this experiment was carried out, at a temperature close to ambient. Three chambers were kept at ambient CO2 (370 µmol mol-1) while in the other three atmospheric CO2 was increased to 700 µmol mol-1 (elevated CO2) by injecting pure CO2 at the two inlet fans during the light hours. Two levels of nitrogen supply, 140 kg ha-1 or 15 kg ha-1, were established by adding by hand nitrogen fertilizer [Ca(NO3)2] as an aqueous solution at tillering (Zadoks 21). The higher nitrogen treatment corresponds to the standard agricultural practice in the local area. The lower nitrogen level was chosen to have sufficient contrast with the former, based on the experience from previous experiments on the same soil. In addition, cytokinin (6-bencylaminopurine, Fluka, Spain) application was compared with a control without the plant hormone. Based on previous work with rice in growth chambers (Ookawa et al., 2004 XE "Ookawa et al. 2004" ), 9 l m-2 of freshly prepared 0.1 mM 6-bencylaminopurine solutions were sprayed twice a week to wet all the crop canopy layers. The 6-bencylaminopurine powder was first dissolved in 3 ml 1 M NaOH to which 0.05 % (v/v, final concentration) Tween-20 was added as a surfactant. Then, the pH was adjusted to 7.5 with HCl and the solution was brought to volume with water and stored at 4 ºC until used. Cytokinin was sprayed from the onset of flag leaf emergence (Zadoks 37) to complete crop senescence. All nitrogen and cytokinin combinations were randomly allocated to parts of equal size of the central module of the six chambers. We show CO2 concentrations, temperatures and relative humidities recorded in the chambers around anthesis (supplementary Figure 1). The crop achieved a mean density of 367 shoots with ear m-2, reaching ear emergence and anthesis four days earlier than the plants outside the chambers. The ears emerged on 10 May, the date for 50% anthesis was 17 May, grain ripeness occurred on 20 June and the crop was harvested on 29 June. 

Gas exchange measurements
Gas exchange of leaves was recorded at anthesis and 20 days after anthesis (daa) in the central segment of flag, penultimate and, at anthesis, antepenultimate leaves - which were senescent at 20 daa - between 3 and 8 h after the start of the photoperiod. Measurements were carried out with an air flow rate of 300 ml min-1, 1500 μmol m-2 s-1 irradiance provided by red supplemented with white LEDs, 370 and 700 μmol mol-1 CO2, 25 ºC and a 1.6 ± 0.23 kPa vapour pressure deficit, using a 1.7 cm2-window, Peltier system temperature-controlled leaf chamber connected to a portable infrared gas analyzer (CIRAS-2, PP Systems, Hitchin, Herts., UK) with differential operation in an open system. The recordings at each growth stage took 3 days, a different block being measured every day (two CO2 levels x two N levels x two cytokinin levels x three (two) leaf positions x two measurement CO2 concentrations, making 48 (32) measurements per day).
Chlorophyll and protein analysis
At mid-morning on the dates of anthesis and 20 daa, samples of flag, penultimate and (only at anthesis) antepenultimate leaves, each consisting of four leaves, were harvested from each treatment combination and block, and were rapidly plunged in situ into liquid nitrogen and then stored at -80 ºC until analyzed. The fresh weight, leaf area (image analysis), and total Chl, Chl a and Chl b in acetone extracts of frozen subsamples were determined as described (Pérez et al., 2005 XE "Pérez et al. 2005" ). This allowed the results to be expressed on a leaf-area basis. The soluble and Rubisco proteins were extracted and determined in frozen leaf subsamples, respectively, with a spectrophotometer and by electrophoresis followed by densitometry (Pérez et al., 2011 XE "Pérez et al. 2011" ).
Green area, dry matter and nitrogen content
At anthesis and maturity, samples were harvested to determine the area of green tissues and dry matter accumulation. The number of shoots in 50 cm of two adjacent rows was counted and five consecutive shoots were harvested from each row. The fresh weight was determined, the green area of leaves, stems and ears was measured with an electronic planimeter (LI-3050A, Li-Cor, Lincoln, Nebraska, USA), and the dry weight was recorded after drying in an oven at 60 ºC for 48 h. The water content of leaves was determined as (fresh weight–dry weight) x100/ fresh weight. 
After grinding the dried samples in a mill and Kjeldhal digestion with H2SO4 using a Se catalyst, the pH was adjusted to 3-4 using 1 M triethanolamine buffer (pH 7.2) and 5 M KOH as required. Nitrogen was determined (Ammonia Rapid kit, Megazyme, Ireland) through the glutamate dehydrogenase-catalyzed conversion of NH4+ and 2-oxoglutarate to L-glutamate, the NADPH reduction being recorded spectrophotometrically at 340 nm.
Experimental design and statistical analyses 

The experiment had three blocks with all factorial combinations of two atmospheric CO2 concentrations (370 and 700 μmol mol-1, one chamber each), two nitrogen fertilizer rates (15 and 140 kg N ha-1) and two cytokinin levels (none and 0.1 mM 6-bencylaminopurine). For data on leaf gas exchange and composition, leaf position (three and two uppermost leaves at anthesis and 20 daa, respectively) was an additional factor. Treatment effects and interactions were determined through analysis of variance (Genstat 6.2). To assess differences between treatment means, standard errors of differences and least significant differences were obtained. 
Results
Gas exchange and leaf composition
 The analyses of variance for the anthesis and 20 dda samplings are shown in supplementary Tables 1 and 2, respectively. Supplementary Table 1 indicates that the gas exhange and leaf composition responses investigated here were significantly affected by CO2 x nitrogen and cytokinin x leaf position interactions; there was also a cytokinin x nitrogen interaction limited to Chlorophyll a: Chlorophyll b ratios. At anthesis, CO2 assimilation (An) and stomatal conductance (gs), measured at a common concentration of 700 μmol mol-1 CO2, decreased with growth in elevated CO2 when nitrogen supply was low, but no decrease was observed at high nitrogen supply (Table 1). The rate of transpiration (E) did not decrease with growth in elevated CO2 when nitrogen supply was low and was significantly higher than in ambient CO2 with high nitrogen supply. At high nitrogen application there was a trend with elevated CO2 towards increased intercellular CO2 concentration, particularly in flag leaves (275 and 315 µmol mol-1 CO2, standard error of the difference [sed] 44.4, for ambient and elevated CO2, respectively); this suggests that improved gas diffusion in elevated CO2 determined the lack of photosynthetic acclimation with high nitrogen supply. An ample nitrogen application, in turn, had negative effects on gas exchange parameters measured at 700 µmol mol-1 CO2 in plants grown in ambient CO2, but not in elevated CO2 (Table 1). A similar negative effect of nitrogen was observed on the intercellular CO2 concentration in ambient CO2, particularly in flag leaves (359 and 275 µmol mol-1 CO2, sed 31.4, for plants grown at low and high nitrogen, respectively). These results suggest that a high nitrogen supply decreased photosynthesis in ambient CO2 by reducing stomatal conductance. The effects of CO2 and nitrogen on gas exchange of leaves measured at 700 μmol mol-1 CO2 were also apparent at 370 μmol mol-1 CO2, where photosynthesis is likely to be Rubisco-limited. Thus, values for An measured at 370 μmol mol-1 CO2 were, respectively, 8.4, 6.6, 4.1 and 5.9 μmol m-2 s-1, sed 1.29, for plants grown at low nitrogen and ambient CO2, low nitrogen and elevated CO2, high nitrogen and ambient CO2 and high nitrogen and elevated CO2.

At anthesis, growth in elevated CO2 decreased the contents of nitrogen and soluble and Rubisco proteins on a leaf area basis, both with low and high nitrogen supply (Table 1); the Chl a: Chl b and Rubisco: Chl a+b ratios were also reduced by elevated CO2. A higher amount of nitrogen fertilizer increased at anthesis the contents of nitrogen, Chl, soluble and Rubisco protein per unit leaf area, as well as Rubisco as a fraction of soluble protein and the Rubisco: Chl a+b ratio (Table 1); nitrogen decreased the Chl a: Chl b ratio in plants without cytokinin applications (2.41 and 2.12, sed 0.106, for plants grown at low and high nitrogen, respectively). The results show that the decrease in photosynthesis caused by high nitrogen in ambient CO2 was not due to lower Rubisco protein content.
Cytokinin application had no direct effect at anthesis on gas exchange parameters (Table 2), which decreased significantly with leaf position in the canopy. Exogenous cytokinin increased the nitrogen content per unit leaf area in all leaves and soluble protein contents of penultimate leaves, but decreased the Rubisco and Chl contents of flag leaves, as well as Rubisco as a fraction of soluble protein in all leaves (Table 2). Similarly, the concentrations of nitrogen, soluble and Rubisco proteins and Chl, as well as Rubisco as a fraction of soluble protein and the Rubisco: Chl a+b and Chl a: Chl b ratios progressively decreased down through the three canopy leaves.

The gas exchange results at 20 daa (Table 3) are briefly presented in comparison with those obtained at anthesis. Photosynthesis and stomatal conductance had greater decreases between anthesis and 20 daa in ambient than elevated CO2 (compare Table 1 with Table 3). The decrease in photosynthetic capacity caused by elevated CO2 at low nitrogen disappeared 20 daa, such that CO2 had no significant effect on An measured at 700 μmol mol-1 CO2. The negative effect of nitrogen on An was now observed both in plants grown in ambient and elevated CO2. Stomatal conductance was unaffected by CO2 and decreased by nitrogen. As observed at anthesis, cytokinin application had no direct effect on gas exchange parameters. 

Twenty daa, the soluble protein contents of flag leaves (5.68 ( 0.15 g m-2) were similar to those found at anthesis (5.80 ( 0.10 g m-2), while that of penultimate leaves had decreased (4.23 ( 0.10 and 2.77 ( 0.15 g m-2 at anthesis and 20 daa, respectively). In contrast, the Rubisco protein contents of flag and penultimate leaves decreased by 41.6 % and 55.6%, respectively, between anthesis and 20 daa. At this stage, growth in elevated CO2 decreased the total soluble protein contents in leaves with cytokinin application (4.65 and 3.66 g m-2, sed 0.41, for ambient and elevated CO2, respectively), but not without cytokinin sprays. CO2 enrichment increased chlorophyll contents (Table 3), whereas it decreased the Rubisco: Chl a+b ratio in flag leaves, but not in penultimate leaves. There was no significant effect of nitrogen on the contents of soluble and Rubisco proteins and Chl a+b (Table 3). Cytokinin application, in turn, decreased the Rubisco contents, Rubisco as a fraction of soluble protein, and the Chl a: Chl b ratio (Table 3). 
Plant nitrogen content and distribution
CO2 enrichment did not affect total nitrogen in aboveground organs at anthesis (Table 4), but altered the distribution of nitrogen in the shoot, a lower fraction of total nitrogen being allocated to the last two leaves. Nitrogen supply increased total nitrogen in aboveground organs (Table 4) and the fraction of this nitrogen recovered in the flag and penultimate leaves, while it decreased the allocation of this nutrient to the last stem internode. Total nitrogen in aboveground organs was not affected by cytokinin application (Table 4), which increased nitrogen allocation to senescing leaves. 

Plant growth

CO2 enrichment increased leaf dry weight when nitrogen supply was low and decreased it at high nitrogen supply (Table 4); it also increased the area of the ear and the last stem internode, as well as the dry weight of the last and remaining stem internodes. Leaf water content increased with elevated CO2 in plants receiving the highest nitrogen supply. At maturity, the positive effects on dry weight of elevated CO2 still remained (3.16 and 4.12 g shoot-1, sed 0.25, for ambient and elevated CO2, respectively). Nitrogen fertilizer increased the area and dry weight of the various plant parts (Table 4), but in ambient CO2 it decreased the water content of the flag leaf (68.9 % and 65.8 %, sed 1.03, at low and high nitrogen, respectively) and tended to decrease that of the penultimate leaf (74.1 % and 72.5 %, sed 0.75, at low and high nitrogen, respectively). At maturity, these effects of high nitrogen supply disappeared (3.63 and 3.66 g shoot-1 total dry weight, sed 0.25, for low and high nitrogen supply, respectively). Cytokinin application decreased the area of leaves (Table 4), increased the specific leaf weight (5.59 and 6.76 mg cm-2, sed 0.58, for leaves without and with exogenous cytokinin, respectively) and had no effect on green area and dry weight of other organs at anthesis, or total dry weight at maturity (3.59 and 3.69 g shoot-1, sed 0.25, for plants without and with cytokinin application, respectively). At anthesis the antepenultimate leaves had less area and dry weight than leaves in upper positions. There was a trend for leaf humidity to increase from flag to antepenultimate leaves (data not shown).
Discussion
When nitrogen supply was low, growth in elevated CO2 induced decreases in photosynthetic capacity at the beginning of grain growth (Table 1), in agreement with many earlier reports (Nakano et al., 1997 XE "Nakano et al. 1997" ; Osborne et al., 1998 XE "Osborne et al. 1998" ; Stitt and Krapp, 1999 XE "Stitt and Krapp 1999" ; Del Pozo et al., 2005 XE "Del Pozo et al. 2005" ). The decreases occurred in the three uppermost leaves in the stem and not just in older shaded leaves, as Osborne et al. (1998) XE "Osborne et al. (1998)"  observed. In contrast, with high nitrogen supply there was no down-regulation of photosynthetic capacity caused by elevated CO2, due to enhanced stomatal conductance and gas diffusion into leaves, as discussed below. Gas-exchange acclimation to elevated CO2 at low nitrogen supply disappeared with the progress of development (20 daa), in association with greater decreases with time of photosynthesis and stomatal conductance in ambient than elevated CO2. This suggests a delayed leaf senescence under CO2 enrichment (Taylor et al., 2008 XE "Taylor et al. 2008" ), in contrast with precedent reports (Nie et al., 1995 XE "Nie et al. 1995" ; Fangmeier et al., 2000 XE "Fangmeier et al. 2000" ).
At variance with carbon fixation rates, Rubisco, soluble protein and nitrogen contents per unit leaf area at anthesis (Table 1) declined with elevated CO2 (Nie et al., 1995 XE "Nie et al. 1995" ; Van Oosten and Besford, 1995 XE "Van Oosten and Besford 1995" ; Makino et al., 1997 XE "Makino et al. 1997" ;  Pérez et al., 2005 XE "Pérez et al. 2005" ; Aranjuelo et al., 2011 XE " Aranjuelo et al., 2011" ) regardless of nitrogen supply; at 20 daa, the soluble protein contents decreased with elevated CO2 only when cytokinin was applied. In contrast with our earlier work (Del Pozo et al., 2007 XE "Del Pozo et al. 2007" ), acclimation was not associated with decreases under elevated CO2 in total shoot nitrogen, either because soil nitrogen availability was higher in the present experiment - as the greater mean nitrogen content of leaves could suggest (2.27 and 1.75 g m-2 in the present and previous experiment, respectively) -, or due to enhanced transpiration in elevated CO2, as discussed below. The decrease with CO2 enrichment in leaf nitrogen content per unit area was due to a smaller allocation of nitrogen to the upper leaves (Table 4), regardless of the nutrient supply. This rules out dilution in greater biomass as the cause of decreased nitrogen contents in elevated CO2 (Makino et al., 1997 XE "Makino et al. 1997" ; Del Pozo et al., 2007 XE "Del Pozo et al. 2007" ). Harmens et al. (2001) XE "Harmens et al. (2001)"  reported that the lower leaf nitrogen concentration in elevated than ambient CO2 when expressed per unit dry mass disappeared when nitrogen was expressed per unit leaf area. However, our results show that the decrease is still present on a leaf area basis. The shift in nitrogen partitioning in elevated CO2 involved allocation both to younger, fast growing plant parts such as the ear and the last stem internode, and to the older, remaining part of the stem (Table 4). This was associated with accelerated dry matter production (Table 4), and presumably enhanced nitrogen sink strength of these plant organs in elevated CO2. Often, the studies of Rubisco do not report total protein and nitrogen content and it is thus unclear whether the acclimatory loss of the enzyme in elevated CO2 is part of a general decrease of investment in leaf nitrogen. The lack of significant changes in the Rubisco: soluble protein ratios in elevated CO2 (Table 1) suggests there was no selective decrease of Rubisco, but a decline in total leaf soluble protein and nitrogen. Therefore, our results do not support a reduction of Rubisco in elevated CO2 due to sugar accumulation in leaves and inhibition of gene expression mediated by hexokinase (Jang et al., 1997 XE "Jang et al. 1997" ; Moore et al., 1999 XE "Moore et al. 1999" ). There is a need to investigate whether the Rubisco decline in elevated CO2 is due to decreased leaf nitrogen import - albeit caused by inhibition of nitrate assimilation (Bloom et al., 2010) - or to enhanced export. Protein degradation and product export from leaves to actively growing plant parts are commonly observed in cereals and grasses (Irving et al., 2010 XE "Irving et al. 2010" ), nitrogen contents starting to decline just after full leaf expansion (Suzuki et al., 2001 XE "Suzuki et al. 2001" ). Whether the decrease of Rubisco is accompanied by relative increases of other proteins (Stitt and Krapp, 1999 XE "Stitt and Krapp 1999" ) is evidenced by the lower Rubisco: Chl a+b ratios in elevated than ambient CO2 at anthesis (Table 1) and 20 daa (Table 3), and the higher Chl a+b contents at 20 daa, which suggest a relative increase in thylakoid proteins, to which all the pigment is bound (Markwell et al., 1979 XE "Markwell et al. 1979" ). This is consistent with the observed increases in elevated CO2 of the light harvesting complex proteins (Nie et al., 1995), the maximum electron transport rate (Long et al., 2004 XE "Long et al. 2004" ) and of photochemistry and resource allocation to light harvesting (Pérez et al., 2007 XE "Pérez et al. 2007" ; Gutiérrez et al., 2009 XE "Gutierrez et al. 2009" ).
Nitrogen uptake has been proposed to decrease in elevated CO2 due to stomatal closure (see the Introduction), which greatly reduces transpiration and improves plant water status (Long et al., 2004 XE "Long et al. 2004" ). In apparent contrast with this, in our experiment elevated CO2 increased transpiration when nitrogen supply was high (Table 1). Under the water-limiting conditions of the Mediterranean environment of this experiment, a CO2-enriched atmosphere conserved (Albert et al., 2011 XE "Albert et al., 2011" ), and the denser nitrogen-rich crop depleted, soil water at later growth stages, as suggested by the water content of leaves. This enabled wider stomatal apertures and faster gas exchange rates in elevated than ambient CO2 with high nitrogen supply at anthesis. This result shows that CO2 enrichment can mitigate the effects of the terminal drought often found in semi-arid and dry areas (Araus et al., 2002 XE "Araus et al. 2002" ). Enhanced transpiration in elevated CO2 may have favoured nitrogen uptake at later growth stages, thus accounting for the unaltered total plant nitrogen, in contrast with our earlier report (Del Pozo et al., 2007 XE "Del Pozo et al. 2007" ). Decreased stomatal conductance, due to water depletion late in growth of the dense high nitrogen crop, can also account for the negative effect of nitrogen on photosynthesis in ambient CO2 at anthesis - despite the increase in Rubisco contents -, and in both CO2 concentrations at 20 daa. 
The decreases of Rubisco and chlorophyll in the flag leaf and increases of soluble protein in lower leaves (Table 2) in response to exogenous cytokinin, at anthesis, are consistent with the inhibition caused by this growth regulator (Criado et al., 2009 XE "Criado et al. 2009" ) of the normal nitrogen remobilization from older leaves (Martín del Molino et al., 1995 XE "Martín del Molino et al. 1995" ; Jordi et al., 2000 XE "Jordi et al. 2000" ). Exogenous cytokinin increased the retention of nitrogen compounds in ageing leaves (Table 4), as observed in transgenic tobacco plants with enhanced cytokinin synthesis in older leaves (Jordi et al., 2000 XE "Jordi et al. 2000" ). However, cytokinin application increased the nitrogen content per unit area of all leaves (Table 2), suggesting that cytokinin induced a selective decrease of Rubisco and thylakoid proteins (as indicated by Chl) in the younger, flag leaves, and a decline of Rubisco relative to total soluble protein in all leaves, that was also observed 20 daa (Table 3). This is supported by the observation that gene promoter activity of the small subunit of Rubisco was reduced by supra-optimal levels of cytokinins (Gaudino and Pikaard, 1997) XE "Gaudino and Pikaard 1997)" . 
A last question is whether cytokinin is involved in acclimation to elevated CO2. In contrast with the reported increases in leaf expansion with cytokinin application (Ulvskov et al., 1992 XE "Ulvskov et al. 1992" ), in our experiment leaf area declined (Table 4) and specific leaf weight increased. Due to this change in leaf morphology caused by the hormone, at anthesis elevated CO2 induced higher decreases in the soluble and Rubisco protein contents per unit leaf weight with than without cytokinin application (data not shown). Twenty daa these higher decreases were also noticeable per unit leaf area. Therefore, exogenous cytokinin can modify the effects of elevated CO2 on Rubisco contents.
We conclude that down regulation of Rubisco in elevated CO2 is associated with decreased allocation of nitrogen to younger leaves and increased partitioning to light capture. Cytokinins can increase leaf nitrogen contents, but they decrease the proportion of Rubisco in soluble protein and thus do not alleviate acclimation to elevated CO2.
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Appendix A. Supplementary data

The following are Supplementary data to this article:

Supplementary Fig. 1. Mean daily courses of atmospheric CO2 concentration, temperature and humidity around anthesis in field chambers.

Supplementary Table 1. Analysis of variance (probabilities) for gas exchange parameters, leaf compounds and growth parameters of wheat at anthesis.

Supplementary Table 2. Analysis of variance (probabilities) for gas exchange parameters and leaf compounds of wheat 20 days after anthesis.
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Table 1. Measurements taken at anthesis. CO2 assimilation (An), stomatal conductance (gs), transpiration (E), leaf nitrogen compounds and Chl contents of leaves of wheat grown in field chambers either at ambient (A, 370 µmol mol-1) or elevated (E, 700 µmol mol-1) CO2 combined with low (L) or high (H) nitrogen supply. Significant main effects and interactions of these factors. The data are averages for flag, penultimate and antepenultimate leaves without (-Ck) or with cytokinin (+Ck) applications. sed, standard error of the difference for the experimental factors. Numbers in bold type represent significant effects (P<0.05).
	
	CO2
	
	Nitrogen
	
	CO2
	

	
	A
	E
	sed
	L
	H
	sed
	L
	H
	sed

	
	
	
	
	
	
	
	A
	E
	A
	E
	

	An, µmol m-2 s-1
	
	
	
	
	
	
	19.8
	14.0
	9.86
	12.7
	2.35

	gs, mmol m-2 s-1
	
	
	
	
	
	
	125.0
	87.3
	48.1
	75.8
	16.05

	E, mmol m-2 s-1
	
	
	
	
	
	
	22.3
	21.8
	9.7
	19.2
	0.30

	Leaf Nitrogen, g m-2
	1.92
	1.65
	0.086
	1.57
	2.00
	0.086
	
	
	
	
	

	Soluble protein, g m-2
	4.55
	3.94
	0.203
	3.90
	4.58
	0.203
	
	
	
	
	

	Rubisco protein, g m-2
	3.05
	2.40
	0.192
	2.29
	3.16
	0.192
	
	
	
	
	

	Rubisco % soluble protein
	62.7
	58.2
	2.6
	54.4
	66.5
	2.6
	
	
	
	
	

	Chl a+b, g m-2
	0.547
	0.528
	0.0241
	0.482
	0.592
	0.0241
	
	
	
	
	

	Chlorophyll a, g m-2
	0.379
	0.361
	0.0161
	0.335
	0.404
	0.0161
	
	
	
	
	

	Chlorophyll b, g m-2
	0.168
	0.167
	0.0096
	0.147
	0.188
	0.0096
	
	
	
	
	

	Chlorophyll a: b
	2.32
	2.17
	0.075
	
	
	
	
	
	
	
	

	Rubisco: Chl a+b
	5.32
	4.35
	0.326
	4.46
	5.21
	0.326
	
	
	
	
	


	
	Cytokinin
	
	Leaf
	
	Cytokinin
	

	
	-Ck
	+Ck
	sed
	Flag
	Flag-1
	Flag-2
	sed
	Flag
	Flag-1
	Flag-2
	sed

	
	
	
	
	
	
	
	
	-Ck
	+Ck
	-Ck
	+Ck
	-Ck
	+Ck
	

	An, µmol m-2 s-1
	13.8
	14.4
	1.56
	21.0
	12.9
	8.41
	2.04
	
	
	
	
	
	
	

	gs, mmol m-2 s-1
	83.9
	84.2
	10.66
	26.4
	16.9
	11.4
	13.9
	
	
	
	
	
	
	

	E, mmol m-2 s-1
	1.77
	1.88
	0.2
	127.4
	73.2
	51.5
	0.261
	
	
	
	
	
	
	

	Leaf Nitrogen, g m-2
	1.63
	1.94
	0.086
	2.27
	1.75
	1.33
	0.100
	
	
	
	
	
	
	

	Soluble protein, g m-2
	
	
	
	
	
	
	
	6.04
	5.55
	3.74
	4.72
	2.48
	2.93
	0.352

	Rubisco protein, g m-2
	
	
	
	
	
	
	
	4.65
	3.51
	2.55
	2.78
	1.36
	1.49
	0.333

	Rubisco % soluble protein
	65.5
	55.4
	2.60
	69.7
	61.5
	50.20
	3.19
	
	
	
	
	
	
	

	Chl a+b, g m-2
	
	
	
	
	
	
	
	0.671
	0.559
	0.575
	0.562
	0.396
	0.460
	0.0418

	Chlorophyll a, g m-2
	
	
	
	
	
	
	
	0.465
	0.390
	0.402
	0.385
	0.265
	0.313
	0.0279

	Chlorophyll b, g m-2
	
	
	
	
	
	
	
	0.206
	0.169
	0.174
	0.177
	0.131
	0.147
	0.0166

	Chlorophyll a: b
	
	
	
	2.35
	2.26
	2.12
	0.092
	
	
	
	
	
	
	

	Rubisco: Chl a+b
	4.94
	4.34
	0.326
	6.65
	4.61
	3.25
	0.400
	
	
	
	
	
	
	


Table 2. Measurements taken at anthesis. CO2 assimilation (An), stomatal conductance (gs), transpiration (E), leaf nitrogen compounds and Chl contents of flag, penultimate (Flag-1) and antepenultimate (Flag-2) leaves of wheat grown in field chambers either without (-Ck) or with cytokinin (+Ck) applications. Significant main effects and interactions of these factors. The data are averages for plants at ambient (370 µmol mol-1) or elevated (700 µmol mol-1) CO2 combined with low or high nitrogen supply. sed, standard error of the difference for the experimental factors. Numbers in bold type represent significant effects (P<0.05).
Table 3. Measurements taken at 20 days after anthesis. CO2 assimilation (An), stomatal conductance (gs) and transpiration (E) measured at 700 µmol mol-1 CO2, leaf nitrogen compounds and Chl contents of leaves of wheat grown in field chambers either at ambient (A, 370 µmol mol-1) or elevated (E, 700 µmol mol-1) CO2, low (L) or high (H) nitrogen supply and without (-Ck) or with cytokinin (+Ck) applications. The data are averages for flag and penultimate leaves. The significant interactive effects of these factors are described in the text. sed, standard error of the difference for the three experimental factors. Numbers in bold type represent significant effects (P<0.05)
	
	CO2
	Nitrogen
	Cytokinin
	Leaf
	

	
	A
	E
	L
	H
	-Ck
	+Ck
	Flag
	Flag-1
	sed

	An, µmol m-2 s-1
	9.7
	10.8
	12.8
	7.7
	11.0
	9.5
	13.8
	6.7
	1.41

	gs, mmol m-2 s-1
	63.1
	69.1
	85.8
	46.5
	67.9
	64.3
	86.7
	45.6
	8.07

	E, mmol m-2 s-1
	1.18
	1.35
	1.56
	0.97
	1.24
	1.28
	1.59
	0.94
	0.12

	Soluble protein, g m-2
	4.42
	4.03
	4.18
	4.27
	4.3
	4.16
	5.68
	2.77
	0.29

	Rubisco protein, g m-2
	1.83
	1.74
	1.73
	1.84
	2.03
	1.54
	2.38
	1.18
	0.19

	Rubisco % soluble protein
	40.7
	42.6
	42.1
	41.2
	46.8
	36.5
	41.5
	41.8
	2.50

	Chl a+b, g m-2
	0.436
	0.517
	0.456
	0.497
	0.459
	0.495
	0.456
	0.497
	0.034

	Chlorophyll a, g m-2
	0.312
	0.361
	0.319
	0.353
	0.328
	0.344
	0.374
	0.299
	0.023

	Chlorophyll b, g m-2
	0.125
	0.151
	0.132
	0.144
	0.125
	0.151
	0.155
	0.121
	0.013

	Chlorophyll a: b
	2.52
	2.53
	2.54
	2.5
	2.67
	2.38
	2.53
	2.52
	0.081

	Rubisco: Chl a+b
	4.05
	3.46
	3.84
	3.67
	4.27
	3.24
	4.70
	2.81
	0.28


Table 4. Measurements taken at anthesis. Total nitrogen, total shoot nitrogen distribution among ear, flag leaf, penultimate leaf (Flag-1), antepenultimate leaf (Flag-2), rest of leaves, last stem internode and rest of the stem; and area and dry weight of the leaf, ear, last stem internode and rest of the stem of wheat grown in field chambers either at ambient (A, 370 µmol mol-1) or elevated (E, 700 µmol mol-1) CO2, low (L) or high (H) nitrogen supply and without (-Ck) or with cytokinin (+Ck) applications. Significant main effects and interactions of these factors. sed, standard error of the difference for the three experimental factors. Numbers in bold type represent significant effects (P<0.05).
	
	CO2
	Nitrogen
	Cytokinin
	
	CO2
	

	
	A
	E
	L
	H
	-Ck
	+Ck
	sed
	L
	H
	sed

	
	
	
	
	
	
	
	
	A
	E
	A
	E
	

	Total nitrogen, mg shoot-1
	37.9
	39.9
	31.9
	45.8
	37.7
	40.0
	2.64
	
	
	
	
	

	Nitrogen, % total in Ear
	33.8
	35.7
	34.6
	34.9
	34.6
	34.9
	1.59
	
	
	
	
	

	Nitrogen, % total in Flag
	13.6
	11.2
	11.6
	13.2
	12.8
	12.1
	0.59
	
	
	
	
	

	Nitrogen, % total in Flag-1
	10.6
	8.6
	8.57
	10.6
	9.79
	9.40
	0.40
	
	
	
	
	

	Nitrogen, % total in Flag-2
	4.87
	4.25
	4.37
	4.75
	4.65
	4.47
	0.358
	
	
	
	
	

	Nitrogen, % total in Rest leaves
	3.23
	2.80
	3.21
	2.82
	2.47
	3.56
	0.410
	
	
	
	
	

	Nitrogen, % total in Last internode
	20.2
	22.0
	22.6
	19.6
	21.5
	20.8
	0.85
	
	
	
	
	

	Nitrogen, % total in Rest stem
	13.7
	15.4
	15.1
	14.1
	14.3
	14.9
	0.52
	
	
	
	
	

	Leaf area, cm2 leaf -1
	18.7
	18.8
	15.8
	21.7
	20.2
	17.3
	1.77
	
	
	
	
	

	Ear area, cm2 shoot -1
	421
	491
	398
	514
	450
	462
	17.1
	
	
	
	
	

	Last internode area, cm2 shoot -1
	237
	276
	242
	271
	261
	252
	11.8
	
	
	
	
	

	Rest stem area, cm2 shoot -1
	363
	387
	354
	396
	373
	377
	18.8
	
	
	
	
	

	Leaf D wt, mg leaf -1
	
	
	
	
	
	
	
	86.1
	97.8
	145.4
	124.3
	5.74

	Ear D wt, mg shoot -1
	707
	798
	639
	866
	709
	796
	51.4
	
	
	
	
	

	Last internode D wt, mg shoot -1
	470
	538
	461
	547
	514
	494
	26.6
	
	
	
	
	

	Rest stem D wt, mg shoot -1
	935
	1213
	1054
	1094
	1082
	1066
	58.9
	
	
	
	
	

	Leaf water content, %
	
	
	
	
	
	
	
	73.2
	72.1
	71.8
	74.5
	1.28


	 
	CO2
	Cytokinin
	Nitrogen
	Leaf
	CO2 X Cytokinin
	CO2 X Nitrogen
	Cytokinin X Nitrogen
	CO2 X Leaf
	Cytokinin X Leaf
	Nitrogen X Leaf

	An
	0.38
	0.7
	0.002
	<.001
	0.96
	0.01
	0.82
	0.46
	0.69
	0.75

	gs
	0.66
	0.98
	<.001
	<.001
	0.96
	0.01
	0.85
	0.57
	0.85
	0.53

	E
	0.04
	0.63
	<.001
	<.001
	0.9
	0.02
	0.97
	0.2
	0.69
	0.86

	Nitrogen
	0.002
	<.001
	<.001
	<.001
	0.11
	0.23
	0.16
	0.98
	0.90
	0.20

	Soluble Protein
	0.004
	0.13
	0.002
	<.001
	0.27
	0.19
	0.61
	0.79
	0.02
	0.50

	Rubisco Protein
	0.001
	0.18
	<.001
	<.001
	0.29
	0.23
	0.64
	0.43
	0.01
	0.48

	Rubisco % Sol. Prot.
	0.091
	<.001
	<.001
	<.001
	0.21
	0.67
	0.48
	0.34
	0.68
	0.22

	Chl a+b
	0.44
	0.39
	<.001
	<.001
	0.56
	0.75
	0.85
	0.79
	0.02
	0.34

	Chl a
	0.27
	0.36
	<.001
	<.001
	0.4
	0.95
	0.46
	0.91
	0.01
	0.17

	Chl b
	0.91
	0.53
	<.001
	<.001
	0.95
	0.49
	0.46
	0.6
	0.07
	0.87

	Chl a: Chl b
	0.05
	0.51
	0.15
	0.05
	0.68
	0.46
	0.02
	0.18
	0.70
	0.32

	Rubisco: Chl a+b
	0.001
	0.19
	<.001
	<.001
	0.29
	0.21
	0.63
	0.44
	0.01
	0.51


Supplementary Table 1. Measurements taken at anthesis. Analysis of variance (probabilities) for CO2 assimilation (An), stomatal conductance (gs) and transpiration (E) measured at 700 µmol mol-1 CO2, leaf nitrogen compounds and Chl contents of flag (Flag), penultimate (Flag-1) and antepenultimate leaves (Flag-2), total shoot nitrogen distribution among organs and growth parameters of wheat grown in field chambers either at ambient (370 µmol mol-1) or elevated (700 µmol mol-1) CO2, low or high nitrogen supply and with or without cytokinin applications. Numbers in bold type represent significant effects (P<0.05).

Supplementary Table 1 (continued)

	 
	CO2
	Cytokinin
	Nitrogen
	Leaf
	CO2 X Cytokinin
	CO2 X Nitrogen
	Cytokinin X Nitrogen
	CO2 X Leaf
	Cytokinin X Leaf
	Nitrogen X Leaf

	Total nitrogen, mg shoot-1
	0.46
	0.389
	<.001
	
	0.463
	0.418
	0.928
	
	
	

	Nitrogen, % total in Ear
	0.236
	0.864
	0.834
	
	0.872
	0.874
	0.402
	
	
	 

	Nitrogen, % total in Flag
	<.001
	0.247
	0.014
	
	0.485
	0.563
	0.647
	
	
	 

	Nitrogen, % total in Flag-1
	<.001
	0.327
	<.001
	
	0.402
	0.823
	0.412
	
	
	 

	Nitrogen, % total in Flag-2
	0.098
	0.609
	0.297
	
	0.57
	0.172
	0.593
	
	
	 

	Nitrogen, % total in rest of leaves
	0.291
	0.015
	0.341
	
	0.349
	0.12
	0.899
	
	
	 

	Nitrogen, % total in last internode
	0.041
	0.396
	0.003
	
	0.636
	0.591
	0.789
	
	
	 

	Nitrogen, % total in rest stem
	0.005
	0.237
	0.077
	
	0.427
	0.186
	0.173
	
	
	 

	Leaf area, cm2 leaf -1
	0.95
	0.002
	<.001
	<.001
	0.96
	0.99
	0.17
	0.95
	0.72
	0.86

	Ear area, cm2 shoot -1
	0
	0.51
	<.001
	--
	0.7
	0.94
	0.11
	--
	--
	--

	Last internode area, cm2 shoot -1
	0.01
	0.45
	0.03
	--
	0.81
	0.33
	0.77
	--
	--
	--

	Rest of stem area, cm2 shoot -1
	0.24
	0.82
	0.04
	--
	0.61
	0.46
	0.42
	--
	--
	--

	Leaf D wt, mg leaf -1
	0.249
	0.287
	<.001
	<.001
	0.852
	<.001
	0.789
	0.623
	0.802
	0.006

	Ear D wt, mg shoot -1
	0.1
	0.11
	<.001
	--
	0.79
	0.55
	0.79
	--
	--
	--

	Last internode D wt, mg shoot -1
	0.02
	0.47
	0.01
	--
	0.83
	0.25
	0.98
	--
	--
	--

	Rest of stem D wt, mg shoot -1
	<.001
	0.8
	0.51
	--
	0.9
	0.2
	0.33
	--
	--
	--

	Leaf water content, %
	0.4
	0.29
	0.61
	<.001
	0.51
	0.04
	0.12
	0.44
	0.83
	0.04


	
	CO2
	Cytokinin
	Nitrogen
	Leaf
	CO2 X Cytokinin
	CO2 X Nitrogen
	Cytokinin X Nitrogen
	CO2 X Leaf
	Cytokinin X Leaf
	Nitrogen X Leaf

	An
	0.45
	0.31
	0.001
	<.001
	0.38
	0.37
	0.59
	0.34
	0.73
	0.02

	gs
	0.46
	0.66
	<.001
	<.001
	0.32
	0.15
	0.54
	0.46
	0.58
	0.002

	E
	0.16
	0.74
	<.001
	<.001
	0.55
	0.20
	0.34
	0.30
	0.64
	0.001

	Soluble Protein
	0.19
	0.63
	0.76
	<.001
	0.05
	0.07
	0.54
	0.26
	0.63
	0.28

	Rubisco Protein
	0.65
	0.01
	0.58
	<.001
	0.28
	0.12
	0.60
	0.31
	0.39
	0.26

	Rubisco % Soluble Protein
	0.44
	<.001
	0.72
	0.91
	0.91
	0.47
	0.73
	0.72
	0.49
	0.85

	Chl a+b
	0.02
	0.29
	0.24
	0.004
	0.11
	0.23
	0.96
	0.36
	0.78
	0.96

	Chl a
	0.04
	0.49
	0.14
	0.002
	0.13
	0.27
	0.85
	0.46
	0.95
	0.97

	Chl b
	0.06
	0.07
	0.39
	0.02
	0.07
	0.42
	0.56
	0.16
	0.64
	0.68

	Chl a: Chl b
	0.99
	0.001
	0.63
	0.84
	0.17
	0.49
	0.33
	0.04
	0.86
	0.64

	Rubisco: Chl a+b
	0.04
	<.001
	0.54
	<.001
	0.01
	0.57
	0.65
	0.02
	0.40
	0.51


Supplementary Table 2. Measurements taken 20 days after anthesis. Analysis of variance (probabilities) for CO2 assimilation (An), stomatal conductance (gs) and transpiration (E) measured at 700 µmol mol-1 CO2, leaf nitrogen compounds and Chl contents of flag and penultimate leaves of wheat grown in field chambers either at ambient (370 µmol mol-1) or elevated (700 µmol mol-1) CO2, low or high nitrogen supply and with or without cytokinin applications. Numbers in bold type represent significant effects (P<0.05).
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Fig. S1. Mean daily courses around anthesis of (a) atmospheric CO,
concentration, (b) temperature and (¢) relative humidity in field
chambers. Filled lines, elevated CO,, or temperature and humidity
inside the chambers; dotted lines, ambient CO, or temperature and
humidity outside the chambers.




