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Objectives
We measured growth responses of dwarf apple saplings during three years
of exposure of two levels of each of atmospheric CO; and temperature
pattern. To analyze the differences in growth responses due to temperature,
CO: concentration and their interaction, leaf photosynthetic responses of trees
were measured.
Materials and Methods
O Duration: 1998 - 2000
(O Material: Dwarf apple (Malus domestica Borkh.) cv. ‘Fuji’ saplings
(O Binary combinations of two levels of each:
- COz concentration (Ca): 360 (control) and 650 (elevated) gmol COz mol™
- Air temperature: ambient and 5'C above ambient pattern
Results and Discussion
Overall tree growth was suppressed at elevated Ca. alone, but the suppression
was ameliorated with warmer temperature. Neither temperature nor C, affected
leaf chlorophyll content and stomatal density. Elevated C. decreased mean leaf
area, but increased starch accumulation, thus resulting in higher specific dry
mass in leaves. Starch accumulation was reduced due to warmer temperature.
Under predicted future C, the suppressed light-saturated rates of leaf
photosynthesis due to elevated C. were removed or enhanced with warmer
temperatures compared to control values. Elevated C, increased optimum
temperature for photosynthesis by ca. 4C, while warmer temperature did not.
The result of this study suggested that long-term adaptation of apple saplings
to growth at elevated C. may be associated with a potential for increased
growth and productivity, if a doubling of C, causes an increase in atmospheric
temperature by 5C.
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Table 1. Effects of atmospheric temperature and CQO: concentration on tree
width and height, shoot length, numbers of shoots and leaves, and fruit yield.

CO; . Tree Tree Shoot Number Number Mean Fruit
Temp. concentration width height length of of leaf area vyield
(zmol mol)) (ecm) (ecm) (cm) shoots leaves (cm?)  (kg)
Year 1 (1998)
Ambient 360 1273 2055 2877 23 549 26.7 NA
650 1268 1585 1803 20 382 239 V NA
Ambient
5 360 1295 2058 4460 21 604 31.7 NA
650 1348 216.0 8086 26 830 36.3 NA
Year 2 (1999)
Ambient 360 1575 2351 14679 44 457 33.2 4279
650 1533 2237 11299 32 458 26.2 807
AT:fgnt 360 1547 2399 19015 40 430 355 1750
650 1638 2802 31440 74 512 3717 2180
Year 3 (2000)
Ambient 360 2108 2689 17933 39 1314 420 5975
650 1874 2734 12298 34 365 29.8 2026
An:;fg”t 360 2248 2164 16677 43 1082 420 5037
650 236.0 3320 1961.7 50 1384 389 6498
ANOVA of contrast variables
Year
Linear Kk Rk kKK Kok Kok ok ok NA
Quadratic *% n.s. *hk *Hok *Ex n.s. NA
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