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Table 1- Effect of CO, concentration on number of individual plant leaf in Tagets, Ageratum and Gauilardia.

CO, concentration (ppm) (@ s &) ox S wwSbd Claé

Mean (1S5be 1400 1050 700 350 Species aigS
11a 13 a 12 ab 10 be 6d Tagets Ly Le,
8b 10¢ 10¢ 8d 6d Tagets ¢
6¢c 7d 6d 6d 6d Tagets ¢ i

10a 9ab 8b 6¢c Mean Ske
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Means with same letters are not significantly different at 0=0.05 by Duncan's Multiple Range Test.
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Table 2- Effect of CO, concentration on individual leaf area (cm?) in Tagets, Ageratum and Gauilardia.

CO, concentration (ppm) (el s s) o355 ST g5 Clalé

Mean  u&ike 1400 1050 700 350 Species 448
117.83a 12422 a 156.48 a 13247 a 58.15a Tagets Ly Le,
135.21b 139.60 a 17161a 163.50 a 66.13 a Tagets ¢,
14450 b 14940a 200.41a 146.81 a 81.37a Tagets ¢ ax

137.74a 176.17 a 147.60 a 68.55 b Mean Sle
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Means with same letters are not significantly different at 0=0.05 by Duncan's Multiple Range Test.
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Table 3- Effect of CO, concentration on stomatal diameter in Tagets, Ageratum and Gauilardia.

CO, concentration (Ppm) (o ) o325 ST g5 clalé

Mean (pSSbe 1400 1050 700 350 Species aigS
46.11a 37.96a 41.08 a 51.76 a 53.65a Tagets L Le,
46.93 a 32.14a 46.05a 50.66 a 58.89 a Tagets
50.75a 40.87 a 43.65a 51.75a 66.71a Tagets ¢ ,ax>

36.99c¢ 43.59 bc 51.39 ab 59.75 a Mean Sike
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Means with same letters are not significantly different at 0=0.05 by Duncan's Multiple Range Test.
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Table 4- Effect of CO, concentration on stomatal index (percentage) in Tagets, Ageratum and Gauilardia.

CO, concentration (Ppm) (ol ) o35 ST 5> clalé

Mean (155be 1400 1050 700 350 Species &ig5
24.26 b 24.10d 29.10 bed 29.68 bcd 14.18 ¢ Tagets Ly L,
31.79a 29.80 bcd 32.10 be 33.57b 31.70 be Tagets ¢,
35.08 a 44.33a 31.57 cd 28.13 bed 42.30a Tagets ¢ ae>

32.74a 30.92 a 30.46 a 29.39a Mean .Sl
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Means with same letters are not significantly different at a=0.05 by Duncan's Multiple Range Test.
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Table 5- Effect of CO, concentration on SPAD in Tagets, Ageratum and Gauilardia

CO; concentration (Ppm) (ol ) o35 ST g5 clalé

Mean  155be 1400 1050 700 350 Species aigS
3385b 35.87a 35.20a 35.30a 29.03a Tagets L; Le,
35.47b 36.93a 40.20 a 36.37a 28.37a Tagets
49.21a 48.50 a 50.23a 51.27a 46.83a Tagets ¢ ax>

40.43 ab 41.88a 40.98 a 34.74b Mean ke
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Test. Means with same letters are not significantly different at ¢=0.05 by Duncan's Multiple Range
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Table 6- Effect of CO, concentration on individual dry weight (g plant?) in Tagets, Ageratum and Gauilardia

CO, concentration (ppm) (ol o st) o yS w55 Claé

Mean (1.S5be 1400 1050 700 350 Species aig5
0.82b 0.94 cde 1.18 bc 0.83 cdef 0.34 ef Tagets Ly Le,
0.90b 1.30 bc 1.04 cd 1.01 cd 0.27f Tagets ¢,
153a 1.85ab 1.76 ab 217a 0.46 def Tagets (¢ i

1.38a 1.33a 1.34a 0.36b Mean (Sle
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Means with same letters are not significantly different at 0=0.05 by Duncan's Multiple Range Test.

53,8 )5S opySanSlied cdale il el 4 (2006

S5 o
cbale (polieloh oLis b ol pls a8 jahail an
Slao Sgupe 4 prie sl 5 L Ly ey 553 (S 4eSTlie
oialS) Ol Gpas )3 g W0 5 A5 a5 alals Sl gy 3590
Gl Bpae 8 (aalidl g o il (el 4y i &5 45, b
73/9) Suisbrle geos 2bj)) 3590 Slao o 3 3,5 (3945 0
o (Gl 203 BL) 90 G S s g (138 00>
Wb L 098l S aSTied clale ali8l 4 cans 1y STy
B3le go g Sy s GBI (o Cte gy S oS ol )
oS damSliey clale (I8l g )b g9 LS ST 0 Sis
(B39 9 Mg Gl ) Kl oo 03 oL Slao (I3 5L
Ol 28l e jle Lj Ly 5 ol srbr 555 5 S
bulyd > s a8l Ban Les 51457 8,5 aons ol oo
il ol 4 oS amSlied il iy ) giege cxsly wllS
Olaw (o duljtl algl oS cul S5 4 p3Y andl bl wyiwd
A sled Il i8S e )3 (g 385l 3 (s 390
oS dp o ety nlplis 35 bl (2 aS s> SliS

g plosl 55 ey il 33l bl 5o ialejl ol

W ST SS9
I sme Sl o SanSTlies clale o ol i ilejl gl
Loj bis) g sl srbr J5 &0 5SS (9 (59 (Folite
Lojliey J5 4w SO Sid (59 oppieS &S (6950 &y bl
(4592 53 5 183) (spimr 4 T i 9 (%52 2 £,50/82)
G (5 i [ S5 S8 035 (6 Jgue) sl olazs
@S b LS Cpmien ol D yide Moy 4604 Lo e, IS @
dj9 SlaassS g9 5l sy o (S usles chald wlElL
logs ity (o) (dre (1B G ST SIS (g ) 2
ebale ) (4505 3 25 0/36) s St 55 508 &S
plois 1400 cdale ) (a59: S5y p)5 1/38) o oyt 4 350
4 350 51 oy Saasligr ccbale [l (6 Jsan) 45 saalie
eSS S i shoyd 1319 il 4 yoxie pl o0 1400
039 7 oSSl bl g 4gS gy Jlite Il
oS Gl g b lisy U5 aSgshar g2 )b (gime W350ST Sis
3 oSSty cdale il a1y Sy on e 5ya 5
sty e (B Jsiz) 63l ot 08 5l S Sts g
e GR13B B)bo Sl ()2 3090 a5 Loy (S ASlie
o il g s OS5 YL Ag 4 oxie Siugid
Sidbole peos Liuli8l 15 Koo laioes b WSS Suidbole
Heinemann et al., ) Ly 4 (Sasaki et al., 2007) g, ;>



107

S 5P9 b9 y00 o 3 0yS SaST (g0 il 331 1

10-

11

12

13-
14-

15-
16-

17-

18-

19-

20-

&l

Beerling, D.J., Kelly, C.K., 1997. Stomatal density responses of temperate woodland plants over the past seven
decades of CO; increase: a comparison of Salisbury (1927) with contemporary data. Am. J. Bot. 84, 1572-1583.
Cheng, W., Sakai, H., Yagi, K., Hasegawa, T., 2009. Interactions of elevated CO, and night temperature on rice
growth and yield. Agri. Forest. Meteorol. 149, 51-58.

Chunyan, W., Maosong, Li., Jiging, S., Yonggang, C., Xiufen, W., Yongfeng, W., 2008. Differences in stomatal
and photosynthetic characteristics of five diploidy wheat species. Acta. Eco. Sin. 28, 3277-3283.

Croonenborghs, S., Ceusters, J., Londers, E., De Proft, M.P., 2009. Effects of elevated CO, on growth and
morphological characteristics of ornamental bromeliads. Scientia Horti. 121, 192-198.

Das, R., 2003. Characterization of response of Brassica cultivars to elevated carbon dioxide under moisture
stresses. Ph.D. Thesis, Indian Agricultural Research Institute, New Delhi.

Ferris, R., Taylor, G., 1994. Stomatal characteristics of four native herbs following exposure to elevated CO,. Ann.
Bot. 73, 447-453.

Heinemann, A.B., Maia, A.H.N., Dourado-Neto, D., Ingram, K.T., Hoogenboom, G., 2006. Soybean (Glycine max
(L.) Merr.) Growth and development response to CO, enrichment under different temperature regimes. Eur. J.
Agron. 24, 52-61.

Hetherington, A.M., Woodward, F.l., 2003. The role of stomata in sensing and driving environmental change.
Nature. 424, 901-908.

Lake, J.A., Quick, W.P., Beerling, D.J., Woodward. F.I., 2001. Plant development: signals from mature to new
leaves. Nature. 411, 154-155.

Liu-Gitz, L., Britz, S.J., Wergin, W.P., 2000. Blue light inhibits stomatal development IB soybean isolines
containing kaempferol 3-O-2G-glycosyl- gentiobioside (K9), a unique flavonoid glycoside. Plant. Cell. Environ.
23, 883-891.

Mavrogianopoulos, G.N., Spanakis, J., Tsikalas, P., 1999. Effect of CO, enrichment and salinity on photosynthesis
and yield in melon. Sci. Horti. 79, 51-63.

Mortensen, L.M., 1986. Effect of relative humidity on growth and flowering of some greenhouse plants. Sci. Horti.
29, 301-307.

Mortensen, L.M., 1987. CO, enrichment in greenhouses. Crop responses. Sci. Horti. 33, 1-25.

Mortensen, L.M., Moe, R., 1992. Effects of CO, enrichment and different day/night temperature combinations on
growth and flowering of Rosa L. and Kalanchoe blossfeldiana V. pollen. Sci. Horti. 51, 145-153.

Tremblay, N., Gosselin, A., 1998. Effect of Carbon dioxide Enrichment and light .Hort. Technol. 8, 524-528.
Nilsen, S., Hovland, K., Dons, C., Sletten, S.P., 1983. Effect of CO, enrichment on photosynthesis, growth and
yield of tomato. Sci. Horti. 20, 1-14.

Pandey, R., Chenhacko, P.M., Choudhary, M.L., Prasad, K.V., Madan, P., 2007. Higher than optimum temperature
under CO, enrichment influences stomata anatomical chracters in rose (Rosa hibrida). Sci. Horti. 113, 74-81.
Uprety, D.C., Dwivedi, J.N., Mohan, V.R., 2002. Effect of elevated carbon dioxide concentration on the stomatal
parameters of rice cultivars. Photosynthetica. 40, 315-319.

Sasaki, H., Hara, T., Ito, S., Uehara, N., Kim, H.Y., Lieffering, M., Okada, M., Kobayashi, K., 2007. Effect of
free-air CO, enrichment on the storage of carbohydrate fixed at different stages in rice (Oryza sativa L.). Field
Crop Res. 100, 24-31.

Van Labeke, M.C., Dambre, P., 1998. Effect of supplementary lighting and CO, enrichment on yield and flower
stem quality of Alstroemeria cultivars. Sci.Horti. 74, 269-278.



Journal of Agroecology G3gliS (bl ooy &y i
Vol. 1, No. 2, Fall 2009, p. 101-108 101-108 . o 1388yl 2 o ylosis d wl>

Effect of CO, enrichment on morphophysiologycal traits in Tagets spp,
Ageratum spp and Gauilardia spp in greenhouse condition

M. Shoor, M. Goldani and F. Mondani™

Abstract

Carbon dioxide (CO,) concentration of the global atmosphere has increased during the last decades.
Increasing global atmospheric CO, concentrations are expected to influence crop production. In order
to evolution of CO, concentration effects on morphophysiologycal traits in Tagets, Ageratum and
Gauilardia, a factorial experiment based on completely randomized design with 3 replications and 12
treatments was conducted at the greenhouses of Ferdowsi University of Mashhad at 2009. Treatments
were 3 plant species (Tagets spp, Ageratum spp and Gauilardia spp) and 4 concentrations of CO;
(350, 700, 1050 and 1400 ppm). Plants were placed under increasing CO, concentrations during of 30
days. Day and night temperatures were 25 and 18 °C in all treatments. The number of individual plant
leaf, stomatal index, stomatal diameter, plant leaf area, SPAD number and plant dry weight were
determined. Results indicated that increasing CO, concentration from 350 to 1400 ppm leading to
increase of 41.6, 3.35, 61.1, 17.1 and 73.9 percentage in number of individual plant leaf, stomatal
index, individual leaf area, SPAD number and individual dry weight, respectively. Whilst increasing
of CO, concentration leaded to reduce of stomatal diameter (62 percent). Increasing of CO,
concentration affected individual dry weight accumulation and leaf area significantly. As there was a
positive relation between increasing of leaf area and dry weight accumulation, increasing of CO,
concentration could have effect on production and beneficial of Tagets, Ageratum and Gauilardia by
increase leaf area and dry weight accumulation.
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