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Effects of the Elevated Temperature and Carbon Dioxide on Vine Growth and
Fruit Quality of ‘Campbell Early’ Grapevines (Vitis labruscana)
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Abstract: The effects of elevated temperature and CO, concentration on vine growth and characteristics of fruits of three-year-old
‘Campbell Early’ grapevine were investigated. The treatment groups consisted of a control group (ambient temperature and
390 pL-L" CO2), an elevated temperature group (ambient temperature + 4.0°C and 390 pL-L" CO,), an elevated CO, group
(ambient temperature and 700 uL~L'1 CO2), and an elevated CO,/temperature group (ambient temperature + 4.0°C and 700
uL-L" CO2). The average shoot length was 312.6 cm in the elevated CO,/temperature group, which was higher than the other
groups; with 206.2 cm in the control group and 255.6 cm and 224.8 cm in the elevated temperature group and elevated CO;
group respectively. However, the shoot diameter showed a tendency of decreasing in the elevated temperature and elevated
CO,/temperature groups. The equatorial diameter of berries was increased in the higher carbon dioxide concentration, and the
soluble solid content was the highest in the elevated CO, group, with 14.6 °Brix among all treatment groups and the lowest
in the elevated temperature group (13.9 °Brix). The harvest date was approximately 11 d earlier in the elevated CO,/temperature
group and 4 to 2 days earlier in the elevated CO, group and elevated temperature group, respectively. Regarding the rate of
photosynthesis and transpiration during the growth period, higher photosynthetic rates were observed in the elevated CO; group

and the elevated CO/temperature group during the early stage of growth; however the photosynthetic rate was reduced dramatically
in summer, which was contrary to transpiration.
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Fig. 1. Fluctuation of ambient temperatures during the investi-
gation period.
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Table 1. Characteristics of vine growth affected by elevated CO, and temperature in ‘Campbell Early’ grapevines.

Treatment

Shoot length Shoot diameter No. of lateral shoot
Temperature C(l)z (cm) (mm) / shoot
4] (UL-L™ CO)
Amb. 390 206.2 b 741 a 34D
Amb. 700 2248 b 7.56 a 30D
Amb. + 4°C 390 255.6 ab 5.96 b 6.2 a
Amb. + 4°C 700 3126 a 635 b 5.2 ab
Temperature (A) o *x ok
CO; concentration (B) NS NS NS
A x B NS NS NS

“Mean separation within columns by Duncan’s multiple range test at p < 0.05.

NS, ¥ **

" Nonsignificant or significant at p < 0.05 or 0.01 respectively, using the analysis of variance.



784 Kor. J. Hort. Sci. Technol. 32(6), December 2014

Tt S7FsHAA 2= Qlo] Rt 71dHA] olitaleta
o] g4t 9l o]-go] golsfF7] wzel BEdEC] STHEU
thal AJZ+E]ItiFlorides and Christodoulides, 2009; Kimball
et al., 2002; Urban, 2003). 3}A|qF 79 Z45E 89 247}
A o] Atateka AFsatet ohtekekA + 2= A i
Foll vlsl B Eo] 543] Hadtes Aom HE o
azze] ofsf olitabetao] FFH Fiart AAE
Aolgfal FEEUTE 53] oilaleta: + & AF5e] 7
$ W BO] AAS| 7hasio] 89 18%ofs dhxTrn)
sk B BS e o)k 89 F 57} 35°Co] &
9507] ool 7|2l et 4°C =4 AT ol4teteta
+ I A5 80 ofa) olikstekic] WLE Bl B
Al A1 2] 2/do] A= ¥ ofr|2f(Havaux et al., 1991;
Mooney et al., 1978), 954 5 FTAAT B3 7|Ho]
ZsfE Wekr| wlZolgl 2= @i ti(Zamski and Schaffer,

15 -

10 -

—C— Control group
—e— Elevated CO, group

Photosynthetic rate (umol'm2-st)

— Elevated temperature group

—&— Elevated CO,/Temperature group

Jun.20 Jul. 4 Jul. 18 Aug.l Aug.l8  Sep. | Sep. 15

Measurement date

Fig. 2. Changes of photosynthetic rate according to different
conditions of CO; and temperature in ‘Campbell Early’
grapevines. Bars represent the standard error of means from
3 replications.
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Table 2. Characteristics of berry affected by elevated CO; and temperature in ‘Campbell Early’ grapevines.

Treatment Berry wt. Diameter (mm)

Temp. C-(l)z (8 Longitudinal Equatorial Full bloom date Harvest date
Q) (uL-L™ COp)

Amb. 390 3.59 a* 17.1 ¢ 15.6 ¢ June 11 Sep. 01
Amb. 700 373 a 19.8 a 17.7 ab June 06 Aug. 28
Amb. + 4°C 390 3.64 a 188 b 174 b June 04 Aug. 30
Amb. + 4°C 700 3.86 a 20.0 a 181 a June 01 Aug. 21
Temperature (A) NS NS o - -

CO, concentration (B) NS NS * - -

A x B NS NS * - -

“Mean separation within columns by Duncan’s multiple range test at p < 0.05.

NS, * **

* Nonsignificant or significant at p < 0.05 or 0.01 respectively, using the analysis of variance.

Table 3. Characteristics of berry quality affected by elevated CO, and temperature in ‘Campbell Early’ grapevines.

Treatment . o . .
Temp. o, Soluklle solid AC:)dlty Anthocyfilnln Firmness
0) (L-L" €Oy (°Bx) (%) (mg-g") N)
Amb. 390 14.1 bc* 0.754 a 19.57 a 149 a
Amb. 700 146 a 0.746 a 20.03 a 158 a
Amb. + 4°C 390 139 ¢ 0.732 a 19.33 a 15.0 a
Amb. + 4°C 700 14.4 ab 0.736 a 19.47 a 154 a
Temperature (A) NS NS NS NS
CO; concentration (B) x NS NS NS

A x B NS NS NS NS

“Mean separation within columns by Duncan’s multiple range test at p < 0.05.

NS, * **

* Nonsignificant or significant at p < 0.05 or 0.01 respectively, using the analysis of variance.
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