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Abstract. Three-year-old ‘Cardinal’ and ‘Pinot noir’ vines were grown from veraison to 
fruit maturity in a stationary and rotating phytotron at high (30°C) and low (20°C) day 
temperatures in combination with both high (>2,500 ft-c) and low (<1,200 ft-c) average 
light intensities. N ight temperature (6 PM to 6 AM) was 15°C in all treatments. Berries 
were collected at weekly intervals and analyzed for various constituents.

Low temperature usually resulted in increased berry weight, total acidity, and malate, 
and in decreased pH , arginine, proline, and total N  in the berry juices, as compared to 
fruits grown at high temperature. T he concentrations of total soluble solids and tartrate 
in the fruits generally did not significantly differ with temperature. Low light intensity 
at both high and low temperatures generally resulted in reduced berry weight, total 
soluble solids, pH, and proline, and in increased levels of total acidity, malate, arginine, 
and total N  in the berry juices compared to grapes grown at high light intensity at the 
same room temperature. T he concentration of arginine was highly correlated with the 
level of total N  in the fruits of both cultivars.

T he effect of temperature and light intensity on total 
soluble solids and total acidity of grapes has been 

extensively studied by several investigators (1, 2, 8, 14, 
15, 20). Generally, high temperatures during the ripen­
ing period are associated with grapes high in sugar and 
low in total acidity. Relatively little is known regarding 
the effect of temperature and light intensity on other 
constituents in Vitis vinifera grapes. Kobayashi et al. 
(14, 15) have studied temperature effects on shoot and 
berry growth of ‘Muscat of Alexandria’, as well as on 
total soluble solids, total acidity, and coloration in 
the juices of the fruits. Kliewer (8) found that fruits from 
3 V. vinifera cultivars grown under relatively low 
temperatures (20 °C day, 15 °C night) were higher in acid­
ity, tartaric acid, and malic acid than fruits of the same 
degree of maturity grown under much higher field tem­
peratures. Kliewer (11) reported that low day tempera­
tures (20 °C) greatly increased the level of anthocyanins 
in the skins of ‘Cardinal’ and ‘Pinot noir’ grapes com­
pared to fruits grown at high day temperature (30°C). 
He also found that low light intensity significantly re­
duced the coloration of ‘Pinot noir’ grapes at both low 
and high day temperatures, while low light intensity had 
little effect on coloration of ‘Cardinal’ grown at 20 °C but 
did decrease the level of anthocyanin pigments in grapes 
grown at 30 °C. Buttrose et al. (2) very recently showed 
that ‘Cabernet-Sauvignon’ grapes from vines grown in 
growth cabinets at 20°C day-15°C night were signifi­
cantly higher in total acidity, malate, and anthocyanins 
and lower in proline and total free amino acids than 
grapes grown at 30°C day-15°C night. Other studies on 
the effect of temperature on composition of grapes have 
been reviewed by Amerine (1) and Kliewer (8).

This communication describes experiments in which 
‘Cardinal’ (red table cultivar) and ‘Pinot noir’ (red wine 
cultivar) grapevines were grown in sunlit phytotrons at 
high (30 °C) and low (20 °C) daytime temperatures under 
both high and low light intensities during the ripening 
period. Berries were analyzed at weekly intervals during 
the ripening period for total soluble solids, total acidity,
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pH, total N, and for the principal organic and amino 
acids.

Materials and Methods

The plant material in this investigation was 3-year-old, 
own-rooted Vitis vinifera L. cvs. Cardinal and Pinot noir. 
The containers, growth medium, and methods of grow­
ing, handling, and maintaining the vines have been de­
scribed previously (8). Treatments consisted of high 
(30 °C) and low (20 °C) day temperatures (6 AM to 6 
PM) in combination with high and low light intensities. 
The following symbols will be used to describe these 
treatments: High light (HL), low light (LL), high tem­
perature (HT), and low temperature (LT). Night tem­
perature in all treatments was 15°C. The experiment was 
conducted from June 24 to August 11. One to 2 weeks 
before the first sign of color change in the berries, 8 vines 
of each cultivar were moved from the lathhouse into the 
stationary phytotron (7, 21) and a similar number into 
the rotating phytotron (18, 21). Four vines of each culti­
var in both phytotrons were placed under a Saran poly­
propylene shade canopy that reduced the light intensity 
to 11 to 12% of full sunlight in the stationary room, and 
to 17 to 18% of full sunlight in the rotating room. Light 
intensity received by vines under the shade canopy will 
be referred to as LL and was measured with a Weston 
756 light meter held horizontal and included diffused 
light as that admitted by the cosine filter. The remaining 
vines received the full solar radiation that entered the 
phytotron rooms through the prisms in the ceiling. In the 
stationary room this averaged 2,765 ft-c between 6 AM 
and 6 PM (Fig. 1). The corresponding intensities aver­
aged 4,986 ft-c in the rotating room. Solar radiation 
received by the unshaded vines in both rooms will be 
referred to as HL. Each vine served as a replicate in a 
randomized complete block design.

Construction, operation, and light and temperature 
properties of the stationary (7, 21, 22, 23) and rotating 
phytotrons (18, 21) have been described. The methods 
and equipment for measuring the light intensity and the 
temperatures of air, soil, leaves and berries have also 
been described (8). Relative humidity in both rooms was 
usually between 50 and 60% during the daytime.

Approximately 5 berries from each cluster on a vine 
were harvested at weekly intervals during the ripening
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Fig. 1. Hourly fluctuations in air, soil, leaf and berry temperatures 
(solid lines) and light intensity (dotted lines) between 6  AM and 
6  PM in the stationary (left) and rotating (right) phytotrons dur­
ing the period June 24 to August 11. HL and LL designate high 
light and low light conditions, respectively.

Fig. 2. Effect of day temperature and light intensity on growth and 
composition of ‘Cardinal’ grapes ripened between June 24 and 
August 11. Daytime air temperatures of the stationary and rotat­
ing rooms were 20 and 30°C, respectively. Night temperature was 
15 °C for both rooms. HL and LL designate high light and low 
light intensity, respectively. Vertical bars indicate difference be­
tween treatment means required for significance at the 5% level.

period. Immediately thereafter, the juice was extracted 
from the fruits with a mortar and pestle, and squeezed 
through 2 layers of cheesecloth. Total soluble solids 
(degree Brix, °B), total titratable acidity, pH, and malate, 
and tartrate concentrations were determined as described 
by Kliewer (8). Arginine was determined according to 
the Gilboe and Williams (5) modification of the Saka- 
guchi reaction. Proline was determined by the acidic 
ninhydrin photometric method of Ough (19), and total 
N was determined by the macro Kjeldahl method on 5-ml 
portions of the juice samples.

Results

The solar radiation admitted into the rotating room 
averaged approximately twice that admitted into the 
stationary room between 6 AM and 6 PM (Fig. 1). This 
resulted in leaf and berry temperatures ranging from 3 
to 10 °C above ambient temperature in the rotating room. 
Leaf and berry temperatures in the stationary room, how­
ever, were always within 1 to 3 °C of air temperature 
(Fig 1).

Berry weight. Berries from ‘Pinot noir’ vines grown 
under LL at both high and low daytime temperatures 
were generally smaller in size and weight (Fig. 3A). How­
ever, for ‘Cardinal’, temperature appeared to be the more 
significant variable with berries under LT being larger 
than those at H T within both high and low light in­
tensity (Fig. 2A).

Total soluble solids. Low light intensity at both high 
and low temperatures markedly delayed fruit maturity 
as evidenced by soluble solids development (Figs. 2 and 
3B). In ‘Cardinal’ the delay under LL was considerably 
greater at 30°C than at 20°C (Fig. 2B). The level of 
soluble solids of ‘Cardinal’ and ‘Pinot noir’ fruits grown 
under HL did not differ significantly with temperature 
(Figs. 2 and 3B). The exception was ‘Pinot noir’ berries 
grown in the rotating room at 30 °C, which were sig­
nificantly higher in total soluble solids than fruits grown 
in the stationary room at 20 °C (Fig. 3B).

p H .  The pH of juice from grapes of both cultivars 
grown at HT, under either HL or LL, was always greater 
(P< 0.01) than the pH of grapes grown under LT at each 
of the sampling dates (Figs. 2 and 3C). The pH of the 
berry juice from grapes grown under LL were generally 
less than the pH of grapes grown under HL at the same
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Fig. 3. Effect of day temperature and light intensity on growth 
and composition of ‘Pinot noir’ grapes ripened between June 24 
and August 11. Daytime air temperatures of the stationary and 
rotating rooms were 20 and 30°C, respectively. HL and LL desig­
nate high light and low light intensity, respectively. Vertical bars 
indicate difference between treatment means required for sig­
nificance at the 5% level.

air temperature; however, the differences were usually 
not significant at the 5% level.

Total titratable acidity. Low temperature, under either 
HL or LL, greatly increased (P<0.01) the total acidity of 
the fruits of both cultivars at each sampling date, com­
pared to grapes grown at H T (Fig. 2 and 3D). Low light 
at H T or LT also resulted in fruits with higher total 
acidity than fruits grown under HL.

Malate. The concentration of malate was affected by 
temperature and light intensity in the same manner as 
was total acidity (Fig. 2 and 3E). Generally, the concen­
tration of malate in fruits grown at LT, under either HL 
or LL, was 2 to 3 times greater than in fruits grown at 
HT.

Tartrate. In contrast to malate, the concentration of 
tartrate in fruits grown under HL was generally not sig­
nificantly different at low or high growing temperatures 
(Fig. 2 and 3F). ‘Pinot noir’ fruits grown during the 
period June 24 to August 11 and under LL were signifi­
can tly  h ig h er  (P < 0 .0 5 ) in  tartrate th an  fru its grown 
under HL at the same air temperature (Fig. 3F). This 
was also true for ‘Cardinal’ grown at 30 °C but not at 
20°C.

Arginine. The level of arginine in grapes grown under 
LL was markedly higher than in grapes grown under HL
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at the same air temperature during the entire ripening 
period (Fig. 2 and 3G). High temperatures were gener­
ally more favorable for higher concentrations of arginine 
in the berry juices than was LT under either LL or HL 
conditions. An exception was ‘Pinot noir’ fruits from 
vines grown at 20 °C, LL, which were higher in arginine 
than berries grown at 30 °C, LL, at the last two sampling 
dates.

Regression analysis showed that the concentration of 
arginine in the berry juice was directly proportional to 
the concentration of total N in the fruits of both ‘Cardi­
nal’ and ‘Pinot noir’. The equations of the regression 
lines for the 2 cultivars were Y =  —6.63 +  1.45 X 
(‘Cardinal’) and Y =  —18.82 +  1.37 X (‘Pinot noir’) 
where Y equals the concentration of arginine and X 
equals the concentration of N. Correlation coefficients 
of 0.84 and 0.87 were obtained for both cultivars, re­
spectively.

Proline. ‘Pinot noir’ grapes grown at H T under HL 
had strikingly higher levels of proline than fruits grown 
at LT under HL, while under LL there was relatively 
little difference in the concentration of proline with 
temperature (Fig. 3H). ‘Cardinal’ fruits were also gen­
erally higher in proline when grown at H T rather than 
at LT. (Fig. 2H).

Total nitrogen. The data in Table 1 indicate that the 
level of total N in ‘Cardinal’ and ‘Pinot noir’ grapes was 
generally higher in fruits grown under LL, rather than 
under HL, especially during the latter stages of ripening. 
Fruits grown at H T were also usually higher in total N 
than those ripened at LT under the same light condi­
tions (Table 1). An exception was ‘Pinot noir’ fruits

Table 1. Effect of temperature and light intensity on the level of 
N in the juice of ‘Cardinal’ and ‘Pinot noir’ fruits grown in 
stationary and rotating phytotron rooms at various times during 
the ripening period.

Time of 
sampling 

(weeks aftei 
Treatment moving vine 

into
phytotrons)

Total N (mg/100 ml juice)

r Stationary rooma Rotating room5

a

c Cardinal
Pinot
noir Cardinal

Pinot
noir

30°C, H L ............ 2 34.4 55.1 36.4 62.9
3 32.8 58.0 45.0 77.6
4 34.5 67.2 44.8 79.1
5 43.7 70.4 44.9 85.5
6 44.1 71.6 45.7 8 6 . 2

30°G, L L ............. 2 41.4 63.2 30.4 72.1
3 42.9 73.4 42.5 79.8
4 50.7 76.7 42.8 86.7
5 56.7 82.5 44.8 93.6
6 62.5 87.6 50.2 100.5

20°C, H L ............ 2 2 1 . 0 55.4 31.6 27.4
3 31.0 61.2 31.3 36.1
4 31.8 63.3 31.5 41.5
5 34.5 6 8 . 8 38.1 48.2
6 34.7 76.9 39.1 58.0

20°C, L L ............. 2 23.1 74.0 27.0 47.5
3 29.6 84.4 29.4 53.5
4 34.0 115.8 32.9 76.7
5 42.4 127.1 40.0 80.2
6 47.0 131.6 38.4 83.6

LSD (5% level).. 2 7.9 14.6 4.8 NS
3 7.2 1 1 . 0 7.0 NS
4 7.8 13.9 7.3 24.9
5 8 . 6 1 0 . 0 7.4 26.0
6 7.8 1 2 . 6 8 . 6 25.8

aDay temperature in stationary room was 20°C from June 24 to 
August 11, and 30°C from August 15 to September 30.

bDay temperature in rotating room was 30°C from June 24 to 
August 11, and 20°C from August 15 to September 30.

cVines were moved into phytotrons approximately 2 weeks before 
veraison.

grown at LT under LL in the stationary phytotron. 
Juices from these fruits were considerably higher in 
total N than fruits grown under the other temperature 
and light condition in either room.

D i s c u s s i o n

The data in Figs. 2 and 3 and Table 1 show that the 
temperature and light conditions in the phytotron rooms 
during the ripening period greatly affected berry weight, 
total soluble solids, pH, total acidity, and levels of malate, 
arginine, proline, and total N in juice of ‘Cardinal’ and 
‘Pinot noir’ fruits. The concentration of tartrate was rel­
atively little affected by the temperature and light con­
ditions used.

The reductions in weight and total soluble solids of 
berries from vines grown under LL were probably due 
to insufficient light intensity for maximum photosyn­
thesis, which, of course, would reduce the overall carbo­
hydrate status of the vines. Kriedemann (6) recently re­
ported that ‘Sultana’ grape leaves reach light saturation 
at 2,500 to 3,500 ft-c, and that the light compensation 
point is between 50 and 125 ft-c. If we assume a similar 
light requirement for ‘Cardinal’ and ‘Pinot noir’, then 
those vines grown under LL generally received, on an 
hourly average from 6 AM to 6 PM, about one-third to 
one-fourth the light required for saturation. The de­
crease in berry weight and total soluble solids under LL 
was generally greater, on a relative basis, for ‘Pinot noir’, 
than for ‘Cardinal’. ‘Cardinal’ is a more vigorous cultivar 
than ‘Pinot noir’, and may have had a larger carbo­
hydrate storage reserve available for berry growth and 
ripening. It is also possible that the amount of light 
intensity needed for saturation of ‘Cardinal’ is less than 
that required for ‘Pinot noir’.

Increased rates of respiration associated with high 
temperatures most probably accounted for the striking 
decrease in total acidity and the high pH of juice from 
H T fruits, compared to that of LT fruits (Figs. 2 and 3, C 
and D). The fact that grapes ripened under LL also 
usually had higher acidity and lower pH than those 
ripened under HL at the same room temperature would 
be expected, since leaf and berry temperatures were often 
considerably less under LL than under HL conditions 
(Fig. 1). Reduced light intensity usually delayed fruit 
maturation, and this, too, would contribute to the higher 
acidity and lower pH of berry juice in LL fruits.

The level of malate (malic acid and salts of malic acid) 
remained high in the juice of fruits ripened at LT, but 
decreased rapidly in fruits ripened at HT. In contrast, 
the concentration of tartrate was scarcely effected by 
temperature (Figs. 2 and 3, E and F). Amerine (1), Radler 
(20), Kliewer (8), and Kliewer and Lider (12) have re­
ported that elevated temperatures are associated with low 
acidity in grapes. Buttrose et al. (2) recently found that 
‘Cabernet-Sauvignon’ fruits from vines grown in a growth 
chamber at 20 °C had significantly higher levels of malate 
than fruits grown at 30 °C, but the concentration of 
tartrate was not significantly different at the 2 tempera­
tures. Several enzymes in grapes (6), including malic 
enzym e and  m ala te-d eh yd rogen ase, are cap ab le  o f break­
ing down malate. Their activity may account for the 
rapid loss of this acid in fruits grown at high tempera­
tures. Although C14 labeling experiments have indicated 
that tartaric acid can be used in respiration, especially 
at high temperatures (3), there is no specific information 
regarding tartrate degrading enzymes in grapes.

The concentrations of arginine and total N in grapes 
ripened under LL were usually greater than in grapes 
grown at HL at the same room temperature (Figs. 2 and
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3G; Table 1). Berries from vines grown under LL were 
generally smaller than HL berries. This probably ac­
counts, at least in part, for the higher concentrations 
of arginine and total N. Arginine and total N content 
per berry of fruits ripened at HL and LL were not 
greatly different. The amount of proline, both on a con­
centration and on a per berry basis in ‘Pinot noir’ fruits 
ripened under LL, however, was markedly less than in 
fruits ripened under HL at both high and low tempera­
tures. This was also true of ‘Cardinal’ grown at 20 °C. 
Kliewer (9, 10) and Lafon-Lafourcade et al. (17) found 
that the level of proline in grapes increases with fruit 
maturation, especially during the latter stages of ripen­
ing. In addition, Kliewer and Ough (13) found that the 
concentration of proline in ‘Thompson Seedless’ berries 
was positively correlated with the level of total soluble 
solids on a given harvest date. The lower level of proline 
in grapes ripened at LL was probably related to the 
slower rate of fruit maturation under reduced light in­
tensity.

Arginine and proline are the 2 predominant amino 
acids in most V. vinifera cultivars (9, 10), but the effect 
of these amino acids on quality of grapes and grape 
products is not known. The concentrations of proline 
and, to a lesser extent, of arginine, were usually higher 
in fruits ripened at 30 °C than in those ripened at 20°C. 
An increase in the amount of available N in the growth 
medium at H T may have resulted from an increase in the 
rate of nitrification; and this may account for, at least 
in part, the higher levels of arginine and proline in H T  
grapes. The H T growing conditions may also have re­
sulted in the formation of greater amounts of a-keta- 
glutarate through increased rates of respiration. The 
reductive amination of this keto acid forms glutamic acid, 
a common intermediate in synthesis of both arginine and 
proline. Flanzy and Poux (4) reported that the concen­
tration of proline was nearly 4 times greater in musts 
of 1962, a warm year, than in musts of 1963, a cool year. 
Buttrose et al. (2) also found significantly higher levels 
of proline in ‘Cabernet-Sauvignon’ fruits grown in 
growth chambers at 30 °C, as compared to fruits grown 
at 20 °C. However, the concentration of arginine was not 
significantly different in fruits grown at the 2 tempera­
tures.

The difference in composition of grapes grown at the 
same air temperature in the stationary and rotating phy- 
totrons was probably largely due to the difference in 
amount of solar radiation entering the 2 rooms. Total 
daily sunlight in the rotating room averaged 92 to 99% 
of that outdoors, with an overall average intensity during 
the daylight hours (6 AM to 6 PM) generally between 
5,000 and 5,600 ft-c. The rotating room received 90 to 
117% more solar radiation than the stationary room 
under HL, and 48 to 54% more radiation under LL. 
Leaf and berry temperatures during the daylight hours 
were considerably higher than air temperature in the 
rotating room; but in the stationary room, leaf and berry 
temperatures were usually within ±  3°C of air tempera­
ture (Fig. 1). In the rotating room, leaves and fruits on 
vines were always oriented to face the sun at the same 
angle. In the stationary room, the angle of leaves and 
fruits with respect to the sun changed throughout the

day, as the sun moved overhead. This may also have been 
a factor in the difference in fruit composition between 
the 2 rooms at the same ambient temperature.
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