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ABSTRACT

Physiological activities of fourteen grapevine 
cultivars were evaluated in the field under prevailing 
environmental conditions in 1979 and 1980. The field 
vines were grown at the Campbell Avenue Farm in Tucson, 
Arizona.

No significant differences were found in 1979 
between the mean apparent photosynthetic rates of Cabernet 
Sauvignon, Chardonnay, Petite Sirah, Sauvignon blanc,
Tinta Madeira and White Riesling grown in the field.

Statistical comparisons between the mean apparent 
photosynthetic rates of Cabernet Sauvignon, Carignane,
Grey Riesling and Tinta Madeira in 1980 indicated 
all cultivars were significantly different from each 
other at the 5% level. However, no significant differences 
between the means of their dark respiration rates were 
found.

Significant differences between the mean apparent 
photosynthetic rates of Alden, De Chaunac, Himrod, Malvasia 
bianca. Petite Siran, Sauvignon blanc, Sylvaner and Seyval 
Blanc were found. . However, dark respiration rates were 
not significantly different.

xv
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Comparisons of apparent photosynthesis and dark 

respiration rates between and within field grown Grey 
Riesling vines showed only days had a significant effect 
on apparent photosynthesis, while vines, shoots and 
interaction between vines and shoots had no significant 
effect. However, none of these factors had a significant 
effect on dark respiration rates of Grey Riesling.

Diurnal patterns of apparent photosynthesis and 
dark respiration rates of Tinta Madeira cultivars were 
investigated under field conditions and the results showed 
that apparent photosynthesis was minimal at sunrise, then 
sharply increased to reach a peak value at 7:00 a.m. in 
May and at 8:00 a.m. in June, then showed a low rate 
for the rest of the day, reaching a minimum rate at 
7:00 p.m. in both May and June. Dark respiration rates 
were low at sunrise, then increased to reach a peak at 
10:00 a.m. and a second peak at midday in May. However, 
in June, the first and the second peaks were reached at 
11:00 a.m. and 3:00 p.m., respectively. Then they 
declined to reach a minimum rate at 7:00 p.m.

Diurnal changes in leaf water potentials of the 
investigated cultivars (Tinta Madeira, Sylvaner and 
Malvasia bianca) showed a similar pattern where high



xvii
values were recorded at sunrise, followed by a sharp 
decline reaching minimum values about midday, when they 
levelled off for several hours and then increased late 
in the evening,

The relationship between apparent photosynthesis 
and leaf water potentials of Carignane using joint point 
regression analysis indicated that apparent photosynthesis 
was maintained until the leaf water potential fell to 
about -9.3 bars; it then decreased rapidly, reaching 
its minimum rate at about -13.0 bars.

The effects of a series of cycles of alternating 
low and high soil moisture contents on the rates of apparent 
photosynthesis, true photosynthesis post-illumination carbon 
dioxide burst and dark respiration rates of three container 
grown grape vine cultivars (Carignane, Petite Siran and 
Tinta Madeira) was investigated. The results indicated that 
before wilting was evident, there was a marked reduction 
in the measured physiological activities, with the 
severity of reduction depending upon the severity of 
drought stress.



INTRODUCTION

Rarely are terrestrial plants growing in natural 
environments free from water stress for a period of 
more than a few days. Even in the humid Tropics, plants 
undergo brief stresses due to dynamic changes in the 
energy environment (Coster, 1927) . Almost all aspects 
of plant growth are affected by drought stress. Photo
synthesis is the most important physiological process of 
plants. It is the process of food manufacture in the 
leaves. The primary product is sugar, the basic food 
from which all other foods' in nature, for both plants 
and animals, are synthesized (Winkler, 1974) . Water 
is of considerable importance in photosynthesis, not 
only as a major reaction constituent, but also through 
its control of stomatal opening and its effect on wilting 
of leaves. Kriedemann and Smart (1971) showed that 
as long as leaf water potential of field vines is higher 
than -13 to -15 bars, photosynthesis is not reduced; 
however, tensions below these values result in a rapid 
decline in photosynthesis. The reduction of photosynthesis 
at high leaf water deficiency is attributed to stomatal 
closure. Vines that are allowed to wilt generally require 
considerable time to recover their normal photosynthetic 
rates, indicating that wilting probably results in some

—  1 —
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structural damage to the leaf cells. Selection for high 
photosynthetic rates, per se, has generally not been a pro
ductive approach to increased yield (Thorne, 1966). However, 
when stress is involved, ability of plants to continue a 
relatively high rate of photosynthetic activity may very 
well contribute to yield.

Increasing interest is being shown in the possib
ility of the commercial production of grapes (Vitis spp.) 
in Arizona and other parts of the arid southwest.

While some interest has been shown in areas of the 
state with adequate supplies of moisture, much of the in
terest is focused on the arid southeastern part of the state. 
Production in these areas would be via desert farming 
techniques with periodic irrigation utilizing the small 
amounts of ground water available.

Drought stress is an obvious, and often unavoidable, 
consequence of such production techniques under arid or 
even semi-arid conditions.

The probability that water stress limits grape 
production through restrictions on photosynthesis and even 
on vine survival is real. It is, therefore, prudent to 
investigate the nature of these limitations. The objec
tives of this study were:

1. To compare the rates of apparent photosynthesis, 
dark respiration and leaf water potentials of



several grape cultivars grown under field condi
tions.
To follow diurnal variation of apparent photosyn
thesis , dark respiration and leaf water potential 
of grapes.
To study the effect of imposed water stress cycles 
on physiological performances as well as physio
logical recovery after rewatering of container 
grown cultivars.



LITERATURE REVIEW

Less than one percent of the water absorbed by 
a land plant is used in photosynthesis (Mayer and 
Anderson, 1952). Thus, it seems virtually certain that 
the indirect effects of the water factor upon photosynthe
sis are more pronounced than its direct effects. The 
main indirect effects of a reduction in the water content 
of leaves upon the rate of photosynthesis probably re
sults from either or both of two principle causes: (1) a
reduction in the diffusive capacity of the stomates, and 
(2) a decrease in the hydration of the chloroplasts and 
other parts of the protoplasm which in some manner 
diminishes the effectiveness of the mechanism (Mayer et al., 
1973) .

Effect of Water Stress on Apparent
Photosynthesis of Crops Other Than Grapes
In general, workers have found that any large fluc

tuation in leaf moisture is almost immediately reflected in 
the rate of photosynthesis. The greater the reduction in 
leaf moisture, the greater the reduction in the rate of 
photosynthesis (Ashton, 1956).

The effect of moisture deficits in plants on photo
synthesis has been investigated by many workers and only

-4-



the most significant papers will be considered, as the ear
lier work was thoroughly reviewed by Miller (1938).

Marked reductions in apparent photosynthesis were 
observed before wilting was evident in variety of species 
by many workers (Thoday, 1910; Iliin, 1923; Brilliant, 1924; 
Heinicke and Childers, 1935; Schneider and Childers, 1941; 
Allmendinger et al., 1943; Loustalot, 1945; Kozlowski, 1949; 
Borman, 1953; Negisi and Satto, 1954; Upchurch et al., 1955; 
Ashton, 1956;.Clark, 1961; and Moss et al., 1961).

El-Sharkawy and Hesketh (1964) measured photosyn
thesis as a function of leaf water status and confirmed that 
photosynthesis was depressed for visibly wilted leaves.
Brix (1962) was the first to measure photosynthesis as a 
function of leaf water potential and concluded that the 
stomata limited photosynthesis at low leaf water potential. 
Photosynthesis was unaffected by water stress until leaf 
water potential was below -11 bars (Boyer, 1970a). Boyer 
(1976) extensively reviewed the effect of water deficits 
on photosynthesis. From his review it can be concluded 
that photosynthesis is quite sensitive to drought stress.

Bhagsari et al. (1976) studied the effect of mois
ture stress on photosynthesis in peanut and found that de
creases in net photosynthesis of stressed plants during the 
drying cycle were closely related to decreases in rela
tive leaf water content (RLWC) and to transpiration.



When soil water was adequate, photosynthesis was 
nearly proportional to light intensity with some indications 
of higher rates at higher vapour pressure deficits (VPDs).
As soil water decreased, photosynthesis first increased and 
then markedly decreased. Following rewatering, photo
synthesis rapidly recovered (Pallus et al. 1967)..

The initial rate of photosynthesis of cotton plants
when the soil moisture was adequate (soil water potential

3 -2-0.2 to -0.3 atm.) was relatively high (1.1 mm CO^ cm 
— 1min ) and began to decrease at soil water potential -1.6 

atm. When visible wilting was observed the photosynthetic 
rate of the plant was only 32% of the initial rate. Within 
an hour after watering an increase in photosynthesis was 
detected; however, it took two days for the photosynthesis 
to rise to 76% of the initial value (Bielorai and Hopmans, 
1975).

Photosynthetic rates were reduced by water stress 
in all Superokra and normal leaf genotypes and the magnitude 
of the reduction varied significantly among the genotypes, 
reflecting specific differences in turgor pressure (Karami 
et at. , 1980) . Photosynthetic CO^ exchange rate of control 
and water stressed soybean plants were monitored for six 
hours following polyethelene glycol induced water stress.
CC>2 assimilation activity decreased with increasing water 
stress in the labeling experiment (Finn and Brunn,
1980) .
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From the onset of wilting, the leaves of wheat 

showed a progressive reduction in the rate of photosynthesis 
and even where light was limited the rate of photosynthesis 
of wilted leaves was lower than that of turgid leaves and 
the difference between fully turgid and wilted leaves was 
not reduced by increasing CO^ concentration.(Wardlaw, 1967) . 
Photosynthesis of corn plants was inhibited whenever leaf 
water potential dropped below -3.5 bars (Boyer, 1970b).

Johnson et al. (1974) studied the effect of water 
stress on photosynthesis and transpiration of flag leaves 
and spikes of barley and wheat. They reported that rates of 
net photosynthesis and transpiration of both flag leaves and 
spikes decreased linearly with decreasing flag leaf water 
potential- Net photosynthesis reached zero in the flag 
leaves and spikes of each species when the leaf water poten
tial reached -31 to -33 bars. They concluded that the 
photosynthetic mechanism of both awned spikes and flag 
leaves were similarly effected by water stress.

McPherson and Boyer (1977) attempted to identify 
physiological mechanisms responsible for yield losses in 
corn (Zea mays L.) subjected to a water deficiency during 
most of the grain filling period. The plants were grown in 
a controlled environment capable of providing yields com
parable to the field. Shortly after tassling, water was 
withheld from the soil of half the plants until leaf water 
potential decreased to -18 to -20 bars, when leaf water



potential remained until maturity. Apparent photosynthesis 
became virtually zero at these leaf water potentials. 
However, grain yield was 47 to 69% of the control yield.
At low leaf water potential, the grain developed partly at 
the expense of photosynthate accumulated prior to the desic
cation period. They concluded that translocation is less 
inhibited than photosynthesis during drought, and that the 
total photosynthetic accumulation for the growing season 
controls yield during a drought that does not disrupt the 
flowering process (McPherson and Boyer, 1977) .

It is generally agreed that drought reduces trans
port of recent photosynthate to developing grains. Wardlaw
(1967 , 1969 and 1971) has shown that the rate of translo-

14cation of recently fixed C was reduced in wheat growing 
under desiccating conditions. Translocation in maize grow
ing in the field showed similar behavior (Brevedan and 
Hodges, 1973).

Reductions in translocation rates can result either 
from decreased availability of photosynthate or from a dir
ect inhibition of the translocation process (Boyer and 
McPherson, 1975). Wardlaw (1969) attempted to distinguish 
between these possibilities by manipulating the amount of
photosynthetic tissue (the source) relative to the amount

/of utilizing tissue (the sink) in wheat. When the relative 
amount of sink in the desiccated plants was increased, the



velocity of transport became the same as in the controls. 
Wardlaw(1969) interpreted these results to indicate that the 
translocation mechanism itself was relatively unaffected by 
desiccation, and that the effects of desiccation on the 
source and sink accounted for most of the changes in trans
location, However, Brevedan and Hodges (1973) suggested the 

14reverse, that C translocation may be more severely affec
ted than photosynthesis during drought in the field. Asana 
and Basu (1963) found that an inhibition of photosynthesis 
early in the grain-filling period was compensated by trans
location of stem reserves. The relationship between photo
synthesis and translocation rate changes as affected by 
water stress intensity was evaluated in cotton and sorghum. 
Photosynthetic rates were reduced as midday leaf water po
tentials declined from -14 to -27 bars in both species. 
Sorghum maintained higher photosynthesis and translocation 
rates compared to cotton at comparable leaf water potentials. 
Photosynthetic rates were reduced with increasing water 
stress prior to any significant change in translocation rates, 
suggesting that photosynthesis is the more sensitive of the 
two processes (Frankie and Krieg, 1979)

Brix (1979) studied the effects of plant water 
stress on photosynthesis and survival of four conifers col
lected in wet and dry habitats and found that rates of 
photosynthesis declined sharply after soil moisture stress
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of one atmosphere was reached, with no major differences 
between seedlings from the two sources. Seedlings from 
the dry environment had higher photosynthetic rates at 
high relative turgidities and lower at low relative 
turgidities than seedlings from the wet sites (Zavitkovisky 
and Ferrell, 1968). Rate of photosynthesis was reduced 
similarly by water stress fo(r both nitrogen fertilized 
and unfertilized Douglas fir trees (Brix, 1972).

Effect of Water Stress on Respiration 
and Photorespiration of Crops Other than Grapes

Early results were often conflicting, showing either 
no change, an increase, or a decline in dark respiration 
with water stress (Hsiao, 1966). Some of the contradiction 
was most probably due to differences in stress severity 
and to prolonged stress (several weeks), giving rise to 
much less direct effects. Recent data demonstrate that 
dark respiration is generally suppressed, more or less 
proportionately, but riot very markedly, by moderate to 
severe stress (Boyer, 1970b; Boyer, 1971; Brix, 1962; 
Flowers and Hanson, 1969; Jarvis and Jarvis, 1965).

Schnider and Childers (1941) worked with single leaves 
of apple trees under an increasing soil moisture stress 
and reported that before wilting was evident there was 
an increase in respiration and in one case, when the 
stomata were completely closed, respiration rate
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increased by 62 percent. In contrast, respiration rates 
of Ladino clover tended to increase slightly as wilting 
appeared; however, these increases were much smaller than 
accompanying changes in photosynthesis (Upchurch etal., 1955). 
However, severe dehydration of leaves often brought about 
a short-time increase in respiration because of hydrolosis 
of starch to sugar (Kramer and Kozlowski, 1960). Brix 
(1962) observed very different responses of respiration and 
photosynthesis of loblolly pine with increasingly severe 
water deficits. Whereas photosynthesis decreased rapidly 
about leaf diffusion pressure deficits of four atmospheres 
and did not recover, respiration decreased slightly at a 
diffusion pressure deficit of 7 atm, but a second respiration 
burst occurred with increasing water deficits. Maximum 
respiration occurred at leaf diffusion pressure deficits of 
30 atm. At higher diffusion pressure deficits there was a 
sudden decline in respiration. On the other hand, respiration 
of tomato plants steadily decreased with increasing water 
deficits. According to Parker (1952), excised pine leaves 
which dried slowly did not show a rapid respiratory increase 
as leaves which dried rapidly.

Kaul (1966) observed increased CO2 output in the early 
stages of drought before there was any measurable effect on 
the water content and respiration. He postulated that several 
factors may have contributed to the initial increase in 
respiration rate. Slight losses in total water content
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significantly lowered the resistance to gaseous diffusion 
offered by the wet cell walls, and a real stimulation of 
metabolic activity may also occur. However, the respiration 
rates of the Mediterranean evergreen shrub, Pistacia 
lertisseus L. first increased to a maximum value at a relative 
turgidity (RT) of about 95%, then declines sharply in inten
sity as further drying occurred. Starting at a RT of about 
75% there was a subsequent increase in respiration rate to 
a second peak value near 60% RT. Further drying produced a 
rapid rate decline. On the other hand, the winter decidu
ous shrub. P . terebinthus, showed no indication of suppres
sion of rate while saturated, and there was no detectible 
decline and recovery in respiration rates, and it continued 
to respire at high rates throughout a wide range of relative 
turgidity values (Mooney, 1969). Moreover, respiration rates 
in corn, soybean and sunflower at various water potentials 
were similar and were roughly proportional to water poten
tial down to -16 bars. Below -16 bars, soybean showed no 
change in respiration rate (Boyer, 1970a). The author also 
stressed that as opposed to the strong inhibition of photo
synthesis at low water potentials, respiration was not in
hibited by more than 50%. Respiration rates of corn 
seedlings under water stress generally decreased with de
creasing water potential and no net respiration at water 
potential of approximately -30 bars was observed (Koeppe,et
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al., 1973). In contrast, light respiration of sunflower 
decreased with increasing water stress (Boyer, 1971).

Bunce and Miller (1976) reported that there was a 
decline in light respiration in four species from wet habi
tats as plant water potential declined. On the other hand, 
in four other species from dry habitats, there was an in
crease in light respiration as water potential declined.
The respiration rates of Douglas fir and hemlock began to 
decrease at water stress similar to that effecting photo
synthesis'; when the latter reached a rate of zero percent, 
respiration was still 20% of its maximum for Douglas fir 
and 50% for hemlock (Brix, 1979).

Lawlor (19 79) studied photosynthesis and photo- 
respiratory CC>2 evolution of water stressed sunflower 
leaves and found that rates of true photosynthesis and ap
parent photosynthesis decreased linearly from a maximum at 
-4 bars leaf water potential to become very small and zero, 
respectively, at about -18 bars. Photorespiration decreased 
linearly with stress, and at -18 bars was 30% of control 
plant rate. Dark respiration of leaves placed for twenty 
minutes in darkness remain almost constant with changing 
water potential and stomatal conductance. Water stress de
creased net photosynthesis, slowed the average rate of CO^ 
evolution in the light and post illumination burst (PIB) 
and had no effect on the C0o evolution in the dark of wheat 
plants (Lawlor, 19 76). However, the regression equation
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\indicates that CO^ production in the light and hhe PIB 

decreased linearly with stress continuing even at severe 
stress, when photosynthesis was very small, and dark respir
ation was affected by changing water potentials.•

Fock and Lawlor (1979) noticed, with decreased leaf 
water potential of sunflower, photorespiration was decreased 
while dark respiration remained almost constant.

Effect of Water Stress on Stomata! Aperture 
and Chloroplast Activity

Control of stomatal aperture is important in drought 
avoidance since species and cultivars differ in their stoma
ta! response to drought conditions (Jones, 1977). Tal (1966) 
found that the excessive wilting of wilty mutants of tomato 
was due to the failure of their stomate to close as drought 
stress developed. Similarly, the rapid wilting of droopy 
potato mutants was due to failure of stomatal closure 
(Waggoner and Simmonds, 1966). Kozlowski (1972) cited vari
ations in stomatal behavior between eucalyptus species and 
between cultivars of Theobroma cacao.

Permanent damage to the plant processes caused by 
severe moisture stress could be directly or indirectly at
tributable to stomatal behavior (Jones, 1977). After 
severe stress, stomata may open slowly or not at all 
(Iljin, 1957). Glover (1959) reported differences in 
stomatal behavior between maize and sorghum plants after
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drought. He suggested that the superiority of sorghum as a 
grain crop in arid regions depended upon the capacity of its 
stomata to recover from severe drought stresses. Kaul 
(3.974) demonstrated that the stomata of Pitic 62 were less 
sensitive to drought than the other wheat cultivars. Pitic 
62 maintained a higher water potential than the other wheat 
cultivars tested (Dedio, 1975)„ This agreed with the find
ings of Oppenheimer (1960) and Salim et al. (1969). Rapid 
stomatal closure during the development of drought stress 
may account for the maintenance of higher water potentials 
in some cultivars. Sullivan and Siastin (1975) pointed out 
that most workers have concluded that decreased photosynthe
sis with increased water stress was due primarily to stoma
tal closure. Differences in photosynthetic rates of corn 
and soybean could be attributed to stomatal behavior down 
to leaf water potentials of -16 bars in soybean and down to 
leaf water potential of -10 bars in corn (Boyer, 1970a). 
Boyer (1971) indicated that rates of photosynthesis of sun
flower were not limited by either CO^ diffusion or by pho
tosynthetic enzymes arid concluded that photosynthesis under 
water stress and high light intensities was probably limited 
by reduced photochemical activity of the leaves .at leaf 
water potentials below -11 to -12 bars. Reduced osmotic 
potentials inhibited the rate of CO^ fixation by the isolat
ed intact chloroplast of spinach. NADP reduction was unaf
fected by low osmotic potentials and it was concluded that
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depressed CO^ fixation was not due to reduced electron 
transfer. Increased concentrations of CO^ also had no effect 
on depressed CO^ fixation and so restricted permeability to 
C O 2 as a cause was ruled out. CO^ fixation was partly re
sumed upon transfer from high sorbitol concentration to low 
sorbitol concentration in either light or dark (Plaut. 1971).

Boyer and Potter (1973) noted.that turgor became 
zero at leaf water potentials of -10 bars and that no in
hibition of photochemical activity occurred between -4 and 
-8 bars. About 80% of the photochemical activity remained 
after turgor had decreased to zero. Their data suggested 
a correlation between leaf osmotic potential arid chloro- 
plast activity, because photochemical activity only began 
to change when leaf osmotic potential changed and the change 
was marked only after large changes in leaf osmotic poten
tial. When sorghum plants were water stressed C O ^ uptake 
in the light decreased to near the compensation point at 
leaf water potential near -25 atm, while leaf resistance to 
COg exchange was high at the above leaf water potentials.
The amount of CO2 evolved in the light was high at -2 5 atm 
and the amount of CO2 evolved in the dark near optimal at 
near -20 atm. Phosphoenolpyruvate carboxylase activity re
mained relatively high as water stress increased (Shearman 
et al., 1972). The authors concluded that leaf resistance 
appears to be more limiting to CO2 uptake with increased 
water stress than does enzyme activity.
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Keck and Boyer (1974). isolated sunflower chloro- 

plasts subjected to low leaf water potentials had inhibited 
electron transport below -9 bars in the presence of an un- 
cbupler, and continued to decline as leaf water potential 
decreased. Electron transport by photosystem II and 
coupled transport by photosystem I were unaffected at leaf 
water potentials of -10 and -11 bars, but became progress
ively inhibited between -11 and -17 bars. Both cyclic and 
noncyclic photophdsphorylation were unaffected by leaf water 
potentials of -11 to -12 bars, and became zero at -17 bars. 
Added abscisic acid and ribonuclease had no effect on pho
tophosphorylation of isolated chloroplasts. The authors 
concluded that chloroplast electron transport begins to 
limit photosynthesis at leaf water potentials below -11 
bars and suggested that during severe desiccation, limita
tion of photosynthesis may shift from electron transport to 
photophosphorylation. In barley and wheat rifoulose 1,5 
diphosphate (RUDP) Carboxylase activity in all tissues re
mained high, even when the photosynthetic rates decreased 
to zero at -33 bars and concluded that RUDP did not likely 
limit photosynthesis at low leaf water potentials • (Johnson 
et al., 1974).

Kumar (1980) noted that stomata of coffee plants 
remained open during most daylight hours in the moisture 
range from 100 to 55% field capacity (FC).’ Below 50% FC 
they remained virtually closed throughout the day in potted
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plants while field trees behaved slightly differently. The 
author postulated that photosynthesis in relation to chang
ing water potential appeared to exhibit roughly three dif
ferent rates. At the fixed experimental temperature low 
water potential reduced photosynthesis through its influence 
on stomata, but under field conditions low water potential 
and an accompanying rise in temperature could lower the rate 
of photosynthesis by lowering both mesophy11 and stomatal 
conductance.

O'Tool et al. (1977) observed that net photosynthe
sis and transpiration began to decrease while boundary layer 
and stomatal resistance increased at about -3 to -5 bars 
leaf water potentials and they also found that as the stress 
increased net photosynthesis and transpiration were near 
zero at -9 to -10 bars. They postulated that the parallel 
decrease in net photosynthesis and transpiration rates in
dicates stomatal closure as the principle causal factor in 
the water stress mediated reduction of net photosynthesis.

A loss of Hill activity in chloroplasts isolated 
from swiss chard (Beta vulgaris) subjected to stress was 
first reported by Nir and Poljakoff-Mayber (1967) but only 
if stress had been very severe. The capacity for cyclic 
photophosphorylation appeared to be more resistant than hill 
activity but was also reduced when more than 50% of the leaf 
water was lost (Nir and Poljakoff-Mayber, 1967). Boyer and 
Bowen (1970) presented convincing evidence of an inhibition
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of Hill activity of isolated chloroplasts by mild to moder
ate stress in sunflower, and by moderate to severe stress 
in pea.

Good evidence indicated that mild to severe stress 
of leaves of some species resulted in inhibition of Hill ac
tivity of subsequently isolated chloroplasts, but it was 
not yet totally conclusive that this effect was meaningful 
in terms of in vivo photosynthesis (Hsiao, 1973) .. Results 
obtained with in vitro stress on chloroplasts are difficult 
to extrapolate to behavior in vivo, because the change in 
organelle volumes in vitro and in vivo may well be very dif
ferent for the same reduction in water potential (Hsiao, 
1973).

Effect of Water Stress on Photosynthesis, Photo- 
resniration and Dark Respiration of Grapes
Limited studies have been performed on water stress 

effects on photosynthesis by grape leaves. Kriedeman and 
Smart (1971) surveyed mature, exposed Thompson seedless 
foliage measuring both photosynthetic rates and leaf water 
potentials in the greenhouse and found a decline in photo
synthesis beginning at -6 bars, which reached zero between 
-12 and -15 bars. In a second experiment using field 
grown Shiraz vines, a wide range of photosynthetic rates 
was found between -12 and -14 bars, but all showed low 
rates of photosynthesis below -15 bars. The change in 
leaf water potential over a 12 minute period following
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shoot excision showed that photosynthesis was not altered
until leaf water potential had fallen to 14.7 bars.

Moderate photosynthetic activity (7 mgC02/dm^/hr at
-12 bars) was. found at 7:00 a.m.; this had fallen to a low

2rate (2 mgCC^/dm /hr at -13 bars) by 8:00 a.m. (Kriedemann 
and Smart, 1971). Stomatal diffusive resistance was found 
to increase at leaf water potentials below -13 bars and 
was equal to that of the adaxial surface of the leaf when 
no stomata were present. Alexander (1965) reported that 
moisture stress first shows in the Sultana vine on the 
rapidly expanding leaves about four nodes below the shoot 
tip. As stress increased, older leaves wilt, young ten
drils abscise the. shoot tips wilt and die, basal leaves abscise,
middle leaves abscise, and finally the whole shoot 
dies from the tip. Fruit set was significantly less when 
a 3-day period of water stress was imposed at flowering 
or 1, 2 or 4 weeks after flowering, but not when imposed 
6 weeks after flowering.

Abscisic acid-like inhibitors doubled within 15 
minutes of leaf excision in the laboratory (Loveys and 
Kriedemann, 19 73). After 6 days with a leaf water poten
tial at -13 bars, inhibitor levels had increased 44-fold.
There was a rapid decline in inhibitor level upon rewater
ing, but it took five days for stomatal function to return 
to normal. Buttrose (1974) investigated three levels of 
water stress on the fruitfulness (number and weight of
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bunch primordia/bud) of potted grapevines arid found water 
usage and shoot extension decreased with increasing water 
stress. Yield had decreased by 33% in the plants irrigated 
at 20% field capacity compared with irrigation at 60% of 
field capacity. Fruitfulness was also decreased; however, 
the number and weight of leaf primordia were unaffected.

Phaseic acid, a metabolite of abscisic acid, was 
found to strongly inhibit photosyntehtic activity when ap
plied to vine foliage or isolated spinach chloroplasts 
(Kriedemann et al., 1975). Phaseic acid inhibited evo
lution by isolated chloroplasts but had no effect on RUDP 
Carboxylase activity.

Stomatal function was found to be impaired after 
wilting and the stomata failed to reopen despite the restor
ation of favorable water status to the leaves, with the 
delay lasting several days (CSIRO Report, 1975) . The report 
also showed no decrease in photosynthesis until the leaf 
water potential had fallen below -5 bars, while the abscisic 
acid level had increased 44-fold. This rapid increase was 
probably responsible for the prolonged effect on photosyn
thesis and stomatal closure. Smart (1974) investigated 
diurnal patterns of leaf water potential (V) and stomatal 
resistance of grapevine under different irrigation treat
ments and evaporative conditions and reported that solar 
radiation had a dominant effect on l e a f S t o m a t a l  closure 
was observed to occur a t o f  -13 bars, though shoot growth
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was inhibited before negative tnsions became that large. 
Hardie and Considine (1976) found that severe . water stress 
of container grapevines during five stages of fruit growth 
reduced fresh fruit yield. Three weeks after flowering 
losses were greatest and were primarily due to reduced fruit 
set; after that losses were associated with reduced fruit 
size.

Liu et al. (1978) reported that water potential of
exposed grape leaves had high durnal fluctuations, ranging 
from -1.5 bars at early morning to a minimum of -16 bars 
about midday and increasing to -2 to -3 bars at 8.0 p.m. 
Midday leaf water potential ranged from -8 to -16 bars.
Leaf water potentials of individual leaves depended highly 
on incident radiation and varied as much as -4 bars from 
a sunlit to a shaded leaf on the same shoot; however, leaf 
water potential along a fully exposed shoot was relatively 
uniform. They also reported that stomatal resistance of

-1the mature grape leaves normally ranged from 30 ^ 10 S cm 
at night, while the mean stomatal resistance during the day 
was 1.0 + 0.5 S cm . The authors also noted that stomatal 
closure due to water stress was never observed for mature, 
non senescent leaves in the field even when leaf water 
potentials were as low as -16 bars; however, they found 
partial stomatal closure in droughted pot vines at leaf 
water potential around -13 bars. Stoev and Slavcheva 
(1979) studied the influence of major ecological factors on
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rate of photosynthesis of grape leaves and found that at 
low soil moisture (35-45% of total saturation), gas ex
change is negative at all light intensities; however, the 
rate of photosynthesis increased with increasing soil 
moisture. They also found that the inhibitory action of 
photosynthesis by high temperature is more powerful on a 
background of low soil moisture than at optimal moisture 
content.

Liu et al. (1978) found that after 5 days of drying
for small pot vines (15 liters) and 17 days of drying for 
large pots (85 liters), the leaves and berries appeared 
flaccid. Soil potential dropped down to -2.9 and -1.5 bars 
for small and large pot vines. The berries on the stressed 
vines turned a pink-violet color and softened while 
berries on the control vines remained green and turgid. 
Under these conditions leaf water potential was approxi
mately -16 bars, stomatal resistance ranged from 15-25

—  1 —2sec cm and photosynthesis was minimal (1 to 5 mg. dm
hr-"*") . They also reported that the average vine responses
for each container size showed complete recovery of leaf
water potential, stomatal resistance and photosynthesis
(relative to control) within 24 hours after rewatering.



MATERIALS.AND METHODS

Experimental Vines
Field Grown Vines

Two plots of established, mature, cordon trained 
vines supported by a two wire vertical trellis, grow
ing at the Campbell Avenue Farm were used. The vines 
were irrigated once a week using a spitter type, drip 
irrigation system. Four single vine replicates were 
used for each variety. The farm is located in Tucson, 
Arizona at an elevation of 720 meters. The first 
location, planted in 1974, was on Agua loam (Typic 
Torrifluvents, Coarse Loamy over Sandy or Sandy 
Skeletal, mixed Calcarious, hyperthermic). The rows of 
grape-vines were oriented west to east. The second 
location (about 500 meters from the first) was planted 
in 1976 on Brazito Loam (Typic Terripsamonents, mixed 
thermic). The rows of grapevines were oriented north 
to south. The distance between rows was 3.35 meters 
and the vine spacing was 1.83 meters. The varieties used 
in the field throughout the course of this study were: 
Cabernet Sauvignon, Chardonnay, Petite Sirah, Sauvignon 
blanc, Tinta Madeira, White Riesling, Carignane, Sylvaner,

-24-
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Malvasia bianca. Grey Riesling, Alden, De Chaunac, Himrod 
and Seyval blanc.

Container Grown Vines
Cuttings from Carignane, Petite Sirah and Tinta 

Madeira were collected in January 1979 and were stored at 
4C. In April the cuttings were brought to a greenhouse 
and cuttings 2 to 4 nodes long were prepared. The cuttings 
were dipped in water and then 1000 ppm indole-3-butyric acid 
(ISA) containing a 50:50 mixture of perlite and vermicu- 
lite, and placed in a greenhouse at 22.0 + 1 C and watered 
daily. In June the rootings were transplanted into one 
gallon containers containing equal parts of Agua loam, sand 
and perlite, immediately watered and placed under a mist 
system. In August the vines were cut back to 2 to 3 buds. 
After new shoots were developed a single strong shoot was 
selected per container and the rest of the shoots were 
pinched off. Lateral shoots were also removed as soon as 
they appeared. About two months later (October), when the 
shoots reached about 50 cms in height, eight single vine 
replicates were selected for each variety. When the exper
iment was concluded in December, the vines were cut back 
to 2 to 3 buds and left in the greenhouse. Because the 
greenhouse temperature was high the vines did not become 
dormant and developed new shoots; but no physiological 
measurements were made during this growth cycle. In March



26
and again in June, 1980 the vines were cut back to 2 or 3 
buds. In July, 1980, when the fifth growth cycle shoots 
reached a height of about 50 cm, the second season physio
logical measurements were started.

Measurements of Leaf Water 
Potential and Leaf Area

Xylem water potentials of grape vine leaves were 
measured with a portable Scholander pressure chamber, 
utilizing the techniques of Scholander et al. (1965) and 
Waring et al. (1967). After a leaf was cut from a shoot 
with a razor blade, the petiole was fitted into a butyl 
rubber stopper which was fitted through the lid of a 
pressure bomb with the leaf blade inside the bomb (Figure 1). 
The pressure bomb was pressurized directly from a portable 
nitrogen cylinder. As the pressure was increased, the sap 
suddenly appeared at the Xylem surface. The pressure at 
which the Xylem exudates appeared was noted and was equiv
alent to the atmospheric tension on leaf moisture at the 
time it was measured.

Leaves collected in the field were kept in plastic 
bags and taken to the laboratory where their areas were 
measured with a photometric area meter (Lamda Instrument,
Type AAM5, Hayashi Denko Co. Ltd.). The instrument was 
sensitive to 0.01 mm^. Leaves for container grown vines in 
1979 were photocopied, cut out and the paper leaves
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Fig. 1. Scholander pressure bomb for measuring 
leaf water potential.
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measured with the above area meter. In 1980 leaf area on 
the container grown vines was measured with portable area 
meter (Lamda Instrument Corporation, Model LI-3000). The 
instrument has less than + 2% error on living plants 
(Figure 2).

Technique for Measuring Apparent 
Photosynthesis and Dark Respiration in the Field

A sealed, portable chamber (Figure 3) was used to 
measure the rates of apparent photosynthesis and dark res
piration under field conditions, utilizing the techniques of 
Clegg et al. (1978) The chamber (39.6 x 24.1 x 15.5 cm i.d.) .
was built of 6 mm plexiglass and had an internal volume of
14.8 liters. The design allowed for the insertion of a
single shoot with 4 to 8 leaves, depending on the length of
the internodes. Two holes 1.2 cm in diameter were drilled 
through the chamber wall and fitted with rubber serum vial 
caps to permit gas sampling. A mixing fan (non sparking 
Buhler, 2.431.036,01) was installed inside the chamber 
below sampling ports. A thermometer was attached to the 
inside lid of the chamber to monitor temperature changes.
The chamber was mounted on a tripod which allowed the 
chamber to be oriented to fit the shoot being studied.
Sample entry ports at both ends of the chamber allowed a 
subapical portion of the shoot (starting 8 leaves below the 
tip) to be measured.



Fig. 2. Portable leaf area meter



Fig. 3. Portable chamber for measuring 
CO2 exchange in the field.
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Apparent photosynthetic rates and dark respiration

rates were measured in the field utilizing natural sunlight
- 2 - 1(c.a. 1600-1800 m s PAR maximum) for illumination.

Immediately after enclosing the shoot within the chamber, 
two simultaneous air samples were taken (time TP^ from the 
chamber by two disposable 12 ml plastic syringes (Becton, 
Dickinson and Company, Rutherford, N.J.). One minute later 
two more simultaneous air samples were taken (time TP^).
To measure dark respiration the chamber was then covered 
with black cloth. After a two minute interval to ensure 
that photorespiration had stopped, two simultaneous air 
samples were taken (TR^). One minute later two more simul
taneous air samples were taken (time TRg). Immediately 
after the samples were taken the needles were stuck into 
black butyl rubber stoppers to prevent gas diffusion. The 
samples were taken to the laboratory and 00^ levels were 
determined by the injection of 10 ml samples into a cali
brated infra-red gas analyzer (Beckman Instruments, model 
865, Fullerton, CA 926.34) . The apparent photosynthetic 
rate (APS) or net CO^ uptake was calculated as the decrease 
in COg levels between TP^ and TP2 . Dark respiration was
calculated as the increase in C02 levels between TR^ and TR^.

—2 —1Both values were expressed as mg CO^ dm hr as described 
by Hesketh and Moss (1963). Calculation of CO^ exchange 
rates for both field and closed system were made from the



following equation as determined by Hesketh and Moss (1963) 
mg = " (60 X 10-6. SVK T273/Ts P)

•where:
D = deflictions per minute 
A — leaf area in decimeters
60 x 10  ̂ = conversion from minutes to hour and conver

sion of ppm to mg CO^
S = Sensitivity (ppm CO^ per defliction)

, V = Volume of the chamber, analyzer and tubing 
K = Constant to convert volume to mg CO^ (̂ 22^4^
T2 7 2 = Standard Temperature. 273K 
Tg = Sample temperature (K)
P = Adjustment to standard barometer pressure 692/760.

Measurement of Apparent Photosynthesis, 
Post-illumination CO. Burst 

and Dark Respiration in the Laboratory
CC>2 exchange for container grown vines was determ

ined using closed loop system with a Beckman Model 865 in
frared gas analyzer. The procedures used were those 
described by Delaney (1972) and Foutze (197 3). Prior to 
measuring C02 fluxes, the containerized plants were taken 
from the greenhouse to the laboratory, placed under a bank 
of seven 500 watt lamps (Sylvania Electric Products Co.
Inc., HG-R40-3), with photosynthetically active radiation 
(PAR) approximately 2000^Einstein per m ~ 2 s -l for 15-20 
minutes to allow stornates to open. A fully expanded single
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leaf was inserted and sealed into a 190.0 ml plexiglass 
chamber under a bank of seven 500 watt lamps (Figure 4)
(as above) submerged in circulating water to prevent temp
erature build up. A cotton filter was used to clean the 
air and remove water vapor before the air entered the ana
lyzer. Air was circulated through the system at a rate of 
3 liters per minute. The system was flushed with an ambient 
atmosphere after the chamber had been sealed, the result
ing decreases and increases in CO^ levels were continuously 
recorded. A typical recorder tracing for a plant is shown 
in Figure 5. The rates of apparent photosynthesis, dark
respiration and photorespiration were determined from the

 2 _tracing and reported as mg CO^ dm hr

Measurement of Soil Moisture 
Soil samples were taken from each container after 

each C0o measurement with a 12.5 mm diameter sampling tube 
and the percent soil moisture was determined gravimetri- 
cally as described by Israelsen and Hansen (1962). The soil 
was considered to be at field capacity (FC) after complete 
drainage of gravitational water (three hours after water
ing) . The amount of water held at field capacity was 22-26 
gm/100 gm dry weight soil. The soil moisture regimes were 
expressed as percent of FC.
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Fig. 4. A single leaf inserted into 
a plexiglass chamber.
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Experiments

Cultivar Differences in Apparent Photosynthesis,
Dark Respiration and Leaf Water Potential
Several experiments were conducted throughout

the course of this study in order to compare apparent
photosynthesis, dark respiration and leaf water potentials
of several cultivars grown under field conditions.

A. Six cultivars (Cabernet Sauvignon, Chardonnay, 
Petite Sirah, Sauvignon blanc, Tinta Madeira and 
White Riesling) were selected for the comparison of 
apparent photosynthesis and leaf water potential through
out the summer of 1979. APS of the four replicate 
vines of each of the six-cultivars was measured in the 
field twice a week between 6:00 a.m. and 10:00 a.m.
The leaves were selected in the same manner as described 
above. Immediately after measuring APS, the leaves 
were excised, their water potentials measured with a 
Scholander Pressure Bomb (PMS Instrument Company,
Corvallis, Oregon, Model 600)} placed in plastic bags 
and taken to the laboratory where their areas were 
measured as described above. Due to leaf excision 
after each APS measurement, four vines were used in 
this experiment to minimize damage to the vines

-36-
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and each daily observation was made on a new shoot.

B. Apparent photosynthesis and dark respiration rates 
of eight cultivars were measured over six consecutive days 
in July, 1980. The investigated cultivars were: Alden,
De Chaunac, Himrod, Malvasia bianca. Petite Sirah, Sauvignon 
blanc, Seyval and Sylvaner. Leaves were selected as des
cribed above and measurements were made on the same shoot 
over sampling period. After taking the air samples for 
measuring APS and DR in the sixth day, leaves were excised, 
placed in plastic bags and taken to the laboratory where 
their areas were measured as described above.

Variation in Apparent Photosynthesis and'
Dark Respiration Between and Within Vines

An experiment was designed to compare apparent 
photosynthetic and dark respiration rates of variations 
between and within vines of the cultivar Grey Riesling. 
Measurements were made as described above on three shoots 
of each of three vines. The experiment was replicated 
over a six day period in May, 1980.

Variation in Apparent' Photosynthesis 
and Dark Respiration Between and Within Cultivars

An experiment was conducted to determine the effect 
of cultivar on photosynthesis and dark respiration, using one 
shoot on each of three vines of Carignane, Grey Riesling, 
Cabernet Sauvignon and Tinta Madeira. They were measured
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daily for six consecutive days in May, 1980. Measurements 
were made during the two hour period early in the morning 
when the apparent photosynthesis and dark respiration were 
constant.

Diurnal Variation in Leaf Water Potential 
in Sylvaner and Malvasia Bianca

Diurnal 3eaf water potential variations were 
measured for both Sylvander and Malvasia bianca on July 6, 
1980. Eight replicate exposed leaves were excised from 
each vine every hour from 6:00 a.m. until 7:00 p.m. and 
their water potentials were determined as described above.

Diurnal Fluctuation in Photosynthesis and 
Leaf Water Potential in Caragnine

To determine more accurately the diurnal fluctuation 
in photosynthesis and leaf water potentials were determined 
at 20 minute intervals from 6:20 a.m. to 1:00 p.m. on 
Carignane as described above over a five day period in 
May, 19 80.

Diurnal Fluctuation in Photosynthesis,. Dark 
Respiration and Leaf Water Potential in Tinta Madeira

Diurnal variations in photosynthesis, dark respira
tion and leaf water potential were measured to study the 
effect of leaf water potential changes on photosynthesis 
and dark respiration in Tinta Madeira under field conditions 
in May and June, 1980. Measurements were taken at one hour
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intervals between 6:00a.m. and 7:00 p.m. Measurements 
of photosyntehsis and dark respiration were made on the same 
shoot, while leaf water potentials were measured on three 
leaves from an adjoining shoot. The experiment was repli
cated on the same shoot over five consecutive days. The 
leaves on the shoot were then excised and the area deter
mined as described above.

Effect of Cyclical Water Depletion on Apparent 
Photosynthesis, Post-Illumination CO  ̂ Burst 

and Dark Respiration
To study the effect of soil moisture content on 

physiological parameters /apparent photosynthesis (APS),
Post illumination CO^ Burst (PIB), true photosynthesis 
(TPS) and dark respiration (DR// of container grown vines 
CC>2 exchange was measured on three cultivars (Carignane, 
Petite Sirah and Tinta Madeira). Two treatments were ap
plied to each variety. One treatment was designated as 
control and the second treatment was designated as the 
drought stressed. In each treatment and variety one ma
ture leaf on each of four replicate vines was measured 
for APS, PR, and DR. Leaves were selected for similarity 
in size, position and exposure (the fourth leaf from the 
tip), determinations of CO2 exchange rates were made for a 
week before drought stressing began in order to establish 
a relationship in leaf activity between the two treatments. 
The soil moisture of water stressed vines was allowed to



dry out whereas those of the control treatment were main
tained at or near field capacity by daily irrigation. 
Determinations of CO^ exchange were continued during the 
drought periods until a critical point was reached (APS 
reached zero or the plant showed signs of wilting). The 
soil was then brought back to field capacity. The same 
leaves were used for all measurements. The drought stress 
was carried through three wet/dry cycles.



RESULTS AND. DISCUSSION

Field Grown Vines

Differences in Apparent Photosynthesis of Six Cultivars 
in 1979

Daily apparent photosynthetic rates for six grape
cultivars for the summer 1979 are shown in Table I. All
cultivars showed a wide variation from day to day.
Chardonay had a photosynthetic rate ranging from 2.3 to 

- 2 - 117.1 mgC0 2 dm hr and a seasonal mean rate of 8.9 
—2 —1mgCO^dm hr . Sauvignon blanc, on the other hand,

showed a fluctuation rate ranging from a minimum of 1.2 to
—2 —1a maximum of 14.2 mgCO^dm hr and an overall mean of 

—2 —16.8 mgCC^dm hr . . The results of apparent photosynthesis
__2 _ ̂of Petite Sirah showed a minimum of 1.3 mgCO^dm hr

—2 —1and a maximum of 14.2 mgCC^dm hr , while the seasonal mean
__2 —1was 6.6 mgCO^dm hr- . The photosynthetic range for

__2 _ iTinta Madeira was 2.6 to 15.2 mgC02dm hr with an overall
_2 _ ̂mean of 8.5 mgC0 2 dm hr . The highest photosynthetic

rate for White Riesling was 15.4 mgC0 2 dm ^hr ^ , while the
- 2 - 1lowest rate was 3.2 mgCO dm hr and the seasonal mean was 

—2 — 17.7 mgC02dm hr . Comparisons between the seasonal means 
of each cultivar indicated that no significant differ
ence can be detected between these cultivars at the 5%

-41-



Table I. Seasonal fluctuation in apparent photosynthetic rates for six grapevine 
cultivars ugder_field conditions during the 1979 season. Net CO uptake 
(mg CO. dm" hr- ). Data are individual daily observations. Measure
ments were made between 6:00 a.m. and 10:00 a.m.

Date
Cabernet

Sauvignon Chardonnay 1
. Petite 
Sirah

Sauvignon
Blanc

Tinta
Madeira

White
Riesling

May 15 9,9 2.3* 3.8 7.0 . 6.6 6.7
16 6.4 8.4 7.8 5.9 7.2 10.4
21 14.8 14.4 5.7 12.9 2.6* 6.5
23 15.2** 11.7 11.3** 14.2** 8.3 3,7
29 8.5 17.1** 2.5 12.1 9.1 10.6
30 3.2* 14.3 10.8 5,0 10.2 4.7

June 4 6.7 7.0 4 .0 7.3 7.0 9.2
6 10.3 16.0 5.9 6.9 11.9 15.4**
11 8.6 5.. 9 1.3* 5.1 7.4 14.5
13 5.9 7.7 4.4 5.5 9.4 7.8
18 7,3 4.6 7.1 9.4 9.8 10.3
20 6.1 5.4 8.5 2.2 11.5 8.5
25 6.5 8.4 4.1 5.3 3.0 9.4
27 10.9 4.8 7.9 4.6 8.5 4.8

July 2 10.4 9.7 10.7 4.1 9.6 7.9
4 7.0 4.7 10.6 1.2* 15.2*. 3.2*

4-Mean 8.7a 8.9a 6 . 6a 6.8a ID00 7.7a

**Maximum apparent photosynthetic rate recorded.
*Minimum apparent photosynthetic rate recorded.
4-No significant difference was found between the seasonal means at the .5% level.
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level of signifcance, which could be attributed to the high 
daily variation in apparent photosynthesis. The lack of 
significant differences among the seasonal means of the 
six cultivars in 1979 limits the use of photosynthesis as a 
criterion for separating superior cultivars. Moreover, 
each cultivar showed a wide variation from day to day.
These variations could be attributed to the microclimate 
as temperature, light intensity, CO^ concentration, leaf 
water potential, etc., where no environmental control was 
made. However, these results differ from those of Heichel 
and Musgrave (1969) who found differences in mean photo
synthesis rates of 100 to 200% among inbred, hybrid and 
open-pollinated corn varieties grown in temperate and 
tropical climates, but they are in agreement with Moss 
(1960) who reported no differences in photosynthetic rate 
among inbreds and single crosses in corn.

Cultivar Differences in Leaf Water Potential
Table 2 shows the daily water potential values of 

six cultivars throughout summer 1979. Each individual 
value represents the average of 3 to 6 readings. Daily 
leaf water potential measurements ranged from -5,3 bars 
for Sauvignon blanc to -18.1 bars for Cabernet Sauvignon. 
Variations within a single shoot were as high as 6 bars.
Liu et al. (1978) has also found differences up to 4 bars 
on the same shoot. The analysis of variance of the



Table 2. Seasonal fluctuation in leaf water potential (bars) for six grapevine cultivars 
under field conditions during the 1979 season. Each value is an average of 
3-6 measurements. Measurements were made between 6:00 a.m. and 10:00 a.m..

Date
Cabernet

Sauvignon Chardonnay
P-Otite 
Si rah

Sauvignon
Blanc

Tinta
Madeira

White
Riesling

May 15 -18.1** -16.5** -15.1 -16.2** -15.5 -14.7
16 -13.2 -12.7 -9.7 -15.3 -10.5 -10.3
21 -12.5 -14.7 -6.7* -12.5 -8.2* -8.2
23 -14.0 -15.0 -9.7 -16.0 -10.2 49 .0
29 -12.4 -14.2 -9.6 -12.6 -13.4 -12.8
30 -10.8* -10.5 -13.0 -11.6 -11.0 -13.0

June 4 -13.7 -14.0 -11.0 -13.6 -13.7 -14.0
6 -13.0 -12.7 -12.7 -13.0 -12.7 -14.7
11 -13.7 -13.3 -11.0 -14.3 -13.7 -15.0
13 -16.7 -15.7 -9.6 -15.7 -16.3 -17.3*
18 -14.6 -14.7 -16.7* -15.7 -15.7 -12.0
20 -13.7 -7.7* -IT.6 -5.3* -12.7 -12.7
25 -14.3 -14.0 -14.0 -10.6 -15 k 6 -15.0
27 -16.0 -14.7 -16.7** -8.3 -17.0** -14.3

July 2 -13.0 -14.7 -15.0 -6.0 -15.0 -14.3
4 -11.0 -15.7 -13.7 -7.3 -9.0 -8.0*

"f*Mean 13.8a 13.8a 12.2a 12.1a 13.1a 13.1a
*Maximum daily leaf water potential measured.
**Minimum leaf water potential measured.
+No significant difference was found between the varietal means over the season at the 5% 
level.

42k4x
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seasonal means of these data indicated no significant 
differences can be detected between the six cultivars 
investigated at the 5% level of significance due to the 
high daily variability in leaf water potential.

The daily variation within a variety was also high. 
Sauvignon blanc, for example, had a daily variation which 
ranged from -5.3 to -16.2 bars This wide variation could 
be attributed to the environmental conditions which effect 
the leaf water potential, primarily light intensity and 
temperature where the daily measurements usually last from 
6:00 a.m. until about 10:00 a.m.

Correlation Between Apparent Photosynthesis and Leaf Water 
Potential During the 1979 Season.

As shown in Table 3, there was no consistent corre
lation between apparent photosynthesis rates and leaf water 
potential of each cultivar during the 1979 season. However, 
because daily measurements of apparent photosynthesis and 
leaf water potentials were started at 6:00 a.m., when light 
intensity was limited and temperature was below optimum for 
photosynthesis, and because different vines and different 
shoots were used, this may have caused the high daily varia
bility and lack of correlation. However, Liu (1974) reported 
that soil and leaf water potentials were non limiting factors 
to photosynthesis in grapes. In the second season, a consider
able effort was made to resolve how measurements of photo
synthesis and tissue would be altered at different hours of . 
the morning.
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Table 3. Correlation between 

water potential for 
Summer, 1979.

photosynthetic rates and leaf 
six grapevine cultivars,

Cultivar Correlation Coefficient

Cabernet Sauvignon +0.12*
Chardonnay -0.18*
Petite Sirah +0.20*
Sauvignon Blanc +0.59**
Tinta Madeira + .10*
White Riesling +0.03*

*Not significant at 5% level.
**Significant at the 5% level.
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Differences in Apparent Photosynthesis and Dark Respiration 
of Eight Cultivars

In 1980 the apparent photosynthesis of eight cultivars
grown in the field were investigated and the results are
shown in Table 4. The data indicated that all cultivars had
day to day variations. As an example, DeChaunac had a daily

—2 —1 —2 fluctuation range from 5.9 mgCO^dm hr to 13.4 mgCO^dm
hr-^ . However, the apparent photosynthetic rates of Alden 
were generally low, whereas those of Petite Sirah were con
stantly high. The analysis of variance of mean rates ob
tained shows that over six days significant differences 
existed among cultivars. However, Sheridan (1966) noted 
significant differences in photosynthesis among 29 maize 
varieties, while Elmore (1967) found no varietal differences 
in leaf photosynthesis of six maize inbred lines. More
over, since a significant varietal difference was found, 
this might suggest the use of photosynthesis as a criterion 
for selecting superior cultivars.

Dark respiration rates data of these eight cultivars 
are presented in Table 5. The date indicated that dark
respiration rates varied from day to day. For example,

__2 __ 2Himrod rates ranged from 1.6 mgCC^dm hr to 7.6 mgCOg 
—2 —  1dm hr . However, these daily variations may be attributed 

to temperature effect. Also, the values of dark respiration 
appeared to be very high compared to dark respiration of 
container grown vines, which suggested that photorespiration
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Table 4. Apparent photosynthetic rates of eight 

grapevine cultivars. Means are average 
of six replicates. Summer, 1980. 
Measurements were taken between 8:00 a.m. 
and 10:00 a.m.

Dates (Replicates)
Variety 7/9 7/10 7/11 7/12 7/13 7/14 Mean+ ,

mgCO^dmL-2hr-1
Alden 4.5 9.4 3.9 5.3 3.3 2.6 4.8a
De Chaunac 9.1 13.4 5.9 8.9 8.2 7.3 8. 8bc
Himrod 8.3 7.1 8.1 7.8 6.1 4.0 6.9abc
Malvasia bianca 9.2 8.4 8.5 6.4 4.4 8.5 7.6abed
Petite Sirah 14.6 9.1 12.9 10.3 8 .1 10.3 10.9d
Sauvignon Blanc 9.9 9.0 9.2 3.3 4.0 8.0 7.2abed
Sylvaner 12. 9 9.2 11.2 6.5 6.4 10.3 9.9b
Syval Blanc 8.0 4.6 6.9 8.1 5.6 3.5 6.labc

+Means followed by same letters are not significantly 
different from each other at the 5% level.
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Table 5, Dark respiration rates of eight grapevine

cultivars. Means are average of six replicates. 
Summer, 19 80. Measurements were taken between 
8:00 a.m. and 10:00 a.m.

Dates (Replicates)
Variety 7/9 7/10 7/11 7/12 7/13 7/14 Mean

mgCO^dm ^hr"1

Alden 1.8 4.0 5.9 4.6 2.8 6.6 4.2a
Dechaunac 5.3 6.0 7.4 5.9 3.1 5.9 5.6a
Himrod 7.6 4.7 4.0 6.2 4.5 1.6 4.7a
Malvasia B. 3.4 5.3 4.2 4.2 3.7 7.4 4.7a
Petite Sirah 6.7 5.2 2.6 3.9 7.2 6.4 5.3a
Sauvignon Bl. 3.9 5.6 4.6 6.6 6.3 2.3 4.9a
Seylvaner 5.7 . 4.6 1.9. 5.6 6.4 5.6 4.9a
Seyval Blanc 6.0 3.5 8.1 8.1 4. 8 8.1 6. 4a

+No significant difference between varietal means was found 
at the 5% level.
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might be a factor. Moreover, the analysis of variance 
indicated no difference can be detected between the mean 
dark respiration rates of the investigated cultivars; 
however, it seems likely that no difference exists because 
there is so much day to day variability. These results 
differ from those of Foutz (1973) , who noted average dark 
respiration rates among the five alfalfa clones differed 
in both years with averaged overall harvest dates. The 
dark respiration rates1 statistical tests indicate that 
this criterion can not be used for separating superior 
grape cultivars.

Variation Between and Within Vines

Apparent Photosynthesis
Data of apparent photosynthesis between and within 

Grey Riesling vines are presented in Table 6. The daily 
rates showed a wide variation ranging from 2.6 to 16.4 
mgC0 2 dm~2hr~l, while the mean photosynthetic rates of each 
of the three investigated vines over sampling period were 
9.0, 9.4, and 9.5 mgC02dm_2hr“i . These data indicated 
more variation between shoots than between vines. In 
the analysis of variance the experiment was considered 
as having a split-plot design. Dates of sample measure
ments and vines1 performance were tested using error type 
(a), shoots and the interaction between shoots and vines 
were tested using error type (b). The analysis of 
variance, (Table 7) indicated that only days
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Table 6. Apparent photosynthesis of nine shoots of three

Grey Riesling vines in six consecutive days during 
the 1980 season. Data are individual daily obser
vations. Measurements were made between 7:00 a.m. 
and 10:00 a.m.

Dates (Reps)
Vine Shoot 5/26 5/27 '5/28 5/29 5/30 5/31 Total Mean

__2mgCO^dm hr"1

1 11.4 9.1 8.0 8.2 12.1 8.8 57.6 9.6
1 2 9.6 8.5 9.2 9.4 6.6 9.2 52.5 8.8

3 8.8 13.4 10.5 9.2 8.0 10.0 59.9 10.0
. Main Plot 29.8 31.0 27.7 26.7 26.7 28.0 169.9 9.4

1 9.6 10.5 8.8 10.4 10.2 6.1 55.6 9.3
2 2 10.1 7.3 12.9 8.2 8.6 9.2 56.3 9.4

3 10.5 11.0 12.1 5.5 9.6 9 . 9 58.6 9.8
Main plot 30.2 28.8 34.0 24.1 28.4 25.2 170.7 9.5

1 9.3 5.2 7.8 2.6 7.1 5.2 37.2 6.2
3 2 10.6 11.8 11.8 8.6 6.2 11.8 60.1 10.2

3 11.2 16.4 11.2 9.5 8.4 6.9 63.6 10.6
Main plot 31.3 33.4 30.9 20.7 21.7 23.9 161.9 9.0
Block total 91.3 93.2 92.6 71.5 76.8 77.1 502.5 9.3
Mean* 10 .14ab' 10. 35b 10.28b 7.94a 8.53ab 8.57ab

*Means in the same line followed by the same letter are not 
significantly different at the 5% level.
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Table 7. ANOVA of apparent photosynthesis of nine shoots 

of three Grey Riesling vines in six consecutive 
days during summer 1980.

Source of Variation D.F. S.S. M.S. F/Ratio

Total (sub plots) 53.0 277.6
Main plots 17.0 79.5 -
Dates (D) 5.0 51.8 10.4 *4.2
Vines (V) 2.0 2.7 1.4 O'. 6n. s .
Error A (Dx'V) 10.0 24.9 2.5
Shoots (S) 2.0/ 7.76 3.88 0.81n.s
Shoots x vines 4.0 46.54 11.63 2.42n.s
Error B (Si x V x D) 30.0 143.8 4.8

n.s. = not significant 
* Significant at the 5% level
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had significant effect on photosynthesis while vines, 
shoots and interaction between shoots and vines had. no sig
nificant effect on photosynthesis at the 5% level of signi
ficance. However, significant effect of days on 
photosynthesis could be due to day to day variation in 
microclimate as temperature, light intensity, carbon 
dioxide level, etc. Kriedemann (1958) found that at light 
saturation (2,500-3,000 FC) the photosynthetic rates of
Thompson Seedless vines were approximately 8.5 and 10.5 

—2 —1mgCOg dm hr , the optimum temperature for photosynthesis 
was between 25 and 30°C and the vines photosynthesis re
sponded linearly to increasing CO^ concentration up to 
300 ppm (higher concentrations not tested).

Dark Respiration ^
Daily dark respiration rates (Table 8) ranged from 

- 2 - 11.8 to 7.3 mgCOgdm hr . The mean values of each vine
-2 -1over sampling period were 4.1, 4.4 and 5.1 mgCO^dm hr

while the overall mean for the three vines was 4.5 mgCO^
_2 _  ]_dm hr . The analysis of variance (Table 9) indicated no 

significant difference could be detected between dates, 
vines, shoots or the interaction between shoots and vines 
at 5% level of significance. These data differ from those 
presented by Leavitte et al. (1979), who found significant
difference between respiration rates of large and small 
leaflet alfalfa genotypes in only one out of five harvest
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Table 8. Dark respiration rates of nine shoots of three
Grey Riesling vines in six consecutive days during 
the 1980 season. Data are individual daily ob
servations . Measurements were made between 
7:00 a.m. and 10:00 a.m.

Dates (Reps)
Vine Shoot 5/26 5/27 5/28 5/29 5/30 5/31 Total Meai

mgCC^dm Zhr"1

1 2.8 2.7 3.5 3.6 5.7 6.1 14.4 4.1
1 2 5.9 5.7 4.6 5.6 6 .6 7.3 35.7 6.0

3 6 . 4 4.1 4.0 4.1 6.4 6.0 31.0 5.2
Main plot 15.1 12.5 12.1 13.3 18.7 19.4 91.1 5.1

1 4.1 3.5 3.5 3.5 5.4 3.5 23.5 3.9
2 ‘ 2 4.3 3.6 5.5 4.6 4.3 4.6 26.9 4.5

3 4.4 5.5 4.4 4.4 5.2 5.5 29.4 4.9
Main plot 12.8 12.6 13.4 12.5 14.9 13.6 79.8 4.4

1 2.8 6.1 3.5 4.3 3.5 5.2 25.4 4.2
3 2 1.8 4.3 2.2 5.4 2.6 4.3 20.6 3.4

3 3.5 1.7 6.9 6.0 4.9 4.4 27.3 4.6
Main plot 8.1 12.1 12.6 15.7 11.0 13.8 73.3 4.1
Block: total 36.0 37.2 38.1 41.5 44.6 46.8 244.2 4.5
Mean 4.0 4.13 4.23 4.61 4.95 5.2

No significant difference between means at the 5% level.



55
Table 9. ANOVA of dark respiration rates of nine shoots of 

three Grey Riesling vines in six consecutive days 
during summer 1980.

Source of Variation D.F. s.s M.S.. F/Ratio

Total (sub plot) 53.0 90.4

Main plots 17.0 38.3
Dates (D) 5.0 10.5 2.1 l.ln.s.
Vines (V) 2.0 9.0 4.5 2.4n.s .
Error A (DxV) 10.0 18.8 1.9

Shoots (S) 2 6.1 3 .1 2.6n.s .
Shoot x vines 4 6.1 3.1 2.6n.s .
Error B (DxSxV) 30 34.7 1.2

n.s. = not significant at the 5% level.
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and not over all harvests. However, the lack of significant 
difference could be attributed to the high variation in 
dark respiration from day to day.

Variation Between and Within Cultivars

Apparent Photosynthesis
Daily apparent photosynthetic rates of four grapevine

cultivars (Cabernet Sauvignon, Carignane, Grey Riesling and
Tinta Madeira) are presented in Table 10. The results
showed that Cabernet Sauvignon had a daily variation range

-2 -1from 5.8 to 12.9 mgCC^dm hr and overall mean value of 
— 2 — I9.0 mgCC^dm hr . Carignane vines had a daily variation

—2 —1range from 4.9 to 11.7 mgC0odm hr , and the overall mean
—2 —1of the three vines was 7.6 mgCO^dm hr . Grey Riesling

had a daily variation range from 6.9 to 16.4 mgCO^dm ^hr-"*",
—2 —  1the overall mean of the three vines was 9.9 mgCO^dm hr

However, Tinta Madeira showed a daily variation range from
— 2 __T3.1 to 10.5 mgCO^dm hr . The analysis of variance (Table 

11) indicated that only cultivars had significant effect, 
while dates, vines and interaction between cultivars and 
vines had no significant effect on apparent photosynthesis. 
Mean comparisons using student Newman Keul's test indicated 
that all four cultivars were significantly different from 
one another in their photosynthetic rates. These data are 
in agreement with Heichel and Musgrave (1969), who observed
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Table 10. Apparent photosynthesis rates of leaf blades for 

twelve vines from four cultivars (Grey Riesling, 
Carigrane, Tinta Madeira and Cabernet Sauvignon) 
during six consecutive days. Data are individ
ual daily observations obtained during the 
summer of 1980. Measurements were made between 
7:00 a.m. and 10:00 a.m.

 ______Dates (Replicates)____________________ *
Variety Vines. 5/26 5/27 5/28 5/29 5/30 5/31 Total Mean

mgCO^dm ^hr"l

Grey • 1 11.4 9.1 8.0 8.2 12.1 8.8 57.6 9.6
Riesling 2 10.2. 7.3 12.9 8.2 8.6 9.2 56.4 9.4

3 11.3 16.4 11.2 9.5 8.4 6.9 63.7 10.6
Main plot 32.9 32.8 32.1 25.9 29.1 24.9 177.7 9.9a
Carignane 1 5.7 11.7 7 -.9 9.9 6.9 5.7 47.8 8.0

2 6.2 9.1 5.5 10.4 7.0 5,6 43.8 7.3
3 4.9 9.3 5.4 10.2 7.6 7.6 45..0 7,5

Main plot 16.8 30.1 18.8 30.5 21.5 18.9 136.6 7.6c
Tinta 1 3.5 7.0 5.4 9.8 4.4 8.1 38.2 6.4
Madeira 2 ■ 3.1 5.5 8.8 8.1 6.2 9.6 54.4 9.1

3 6.0 8.7 5.8 10.1 9.1 11.7 51.4 8.6
Main plot 23.4 25.2 22.1 32.3 29.3 29.7 162 9.0b
Block total 87.1 105.3 91.9 117.1 95.1 100.7 597.2 8.3
Mean 7.2 8.8 7.7 9.7 7.9 8.4

Mean comparisons according to Student Newman Keul's test in
dicated that all cultivars are significantly different from 
each other.
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Table 11. ANOVA of apparent photosynthesis of leaf blades 

from four cultivars (Carignane, Cabernet Sauvig- 
non. Grey Riesling, Tinta Madeira) during six con
secutive days during summer 1980.

Source of variation D.F. S.S. M.S. F/Ratio

Total (Sub plot) 71 427.1

Main plot 23 279.6
Dates (D) 5 48.0 9.6 l.ln.s.
Varieties (Var) 3 107.5 35.8 4.3*
Error A (D. x Var) 15 124.1 8.3

Vines (V) 2 O'. 73 0.37 O.lln.s
Var. x. vine (interaction) 6 9.0 1.50 0.43n.s
Error B (var. x V x D ) 40 137.8 3.44

n.s. = not significant
* significant at the 5% level.
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differences in mean photosynthesis rates of 100 to 200% 
among inbred, hybrid and open pollinated corn varieties 
grown in temperate and tropical climates.

Dark Respiration
Along with apparent photosynthetic rates determina

tion of the four cultivars above, dark respiration rates
were measured. As shown in Table 12, Cabernet Sauvignon

—2 —1had a daily variation range from 1.7 to 7.4 mgCC^dm hr
—2 —  1and an overall mean of 4.5 mgCO^dm hr , while the daily 

variations of Carignane ranged from 2.8 to 6.2 mgCO^
_2 _ i _ 2 __2dm hr and the overall mean was 4.2 mgCO^dm hr . Grey

Riesling, on the other hand, had a daily variation range
—2 — 1from 1.7 to 6.9 mgCO^dm hr , while the overall mean was

__2 __ i4.4 mgC0odm hr . The daily variation of Tinta Madeira
 2  ^

ranged from 2.5 to 5.3 mgCO^dm hr and the overall mean
—2 — 1was 3.7 mgCO^dm hr . However, the overall mean for the

— 2 —1whole data of the four cultivars was 4.2 mgCCXdm hr . The2
analysis of variance (Table 13) indicated that no signifi
cant difference can be detected between dates, vines, 
cultivars and the interaction between cultivars and vines 
at the 5% level. These findings differ from those^ of 
Foutz (1973), who found significant difference between the 
average respiration rates of five alfalfa clones. However, 
the high day to day variation could be the reason for no 
significant difference. In order to test this accurately, 
measurements should be made under control conditions.
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Table 12. Dark respiration rates of leaf blades from twelve 

vines from four cultivars (Grey Riesling, Carig- 
nane, Tinta Madeira and Cabernet Sauvignon) 
in six consecutive days during summer, 1980. Data 
are individual daily observations. Measurements 
were made between 7:00 a.m. and 10:00 a.m.

Dates (Replicates)
Variety Vines 5/26 5/27 5/28 5/29 5/30 5/31 Total Mean

mgCC>2dm~^hr-1

Grey 1 2.8 2 .7 3.5 3.6 5.7 6.1 24.4 ' 4.1
Reisling 2 4.3 3.6 5.5 4.6 4.3 4.6 26.9 4.5

3 3.5 1.7 6,9 6.0 4.9 4.3 27.3 4.6
Main plot 10.6 8.0 15.9 14.2 14.9 15.0 78.6 4.4
Carignane 1 5.1 5,2 6.2 3.3 2.9 6.2 28.9 4.8

2 3.2 3.3 5.5 2.3 2.8 4.6 21.7 3.6
3 4.4 3.8 5.4 3.1 4.4 4.3 25.4 4.2

Main plot 12.7 12.3 17.1 8.7 10.1 15.1 76.0 4.2
Tinta 1 3.5 3.5 2.7 2.8 4.4 3.6 20.5 3.4
Madeira 2 4.6 4.7 3.2 2.5 4.7 3.2 22.9 3.8

3 2.8 5.6 3.8 5.3 2.8 2.8 23.1 3.9
Main plot 10.9 13.8 9.7 10.6 11.9 9.6 66.5 3.7
Cabernet 1 3.3 6.3 3.6 5.8 2.7 2.7 24.4 4.1
Sauvignon 2 1.7 7.4 5.8 5,3 3.0 5,8 29.0 4.8

3 4.0 6.8 4.8 3.9 3.0 5.8 28.3 4.7
Main plot 9.0 20.5 14.2 15.0 8.7 14.3 81.7 4.5
Block total 43.2 54.6 56.9 48.5 45.6 54.0 302.8 4.2
Mean* 3\6 4.5 4.7 4.0 3.8 4.5
*No significant difference between cultivar means at the 
5% level.
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Table 13, ANOVA of dark respiration of leaf blades of 

twelve vines from four cultivars (Cabernet 
Sauvignon, Carignane, Grey Riesling and Tinta 
Madeira) in six consecutive days during 
summer 1980.

Source of variation D.F. S. S. M.S. F/Ratio

Total (sub plot) 71 110 .4

Main plot 23 75.3
Dates (D) 5 12.7 2.54 0.69*
Varieties (Van) 3 7-2 2.40 *0.65
Error A (D x var.) 15 55.4 3.69

Vines (V) 2 • 0.78 0.39 *0.38
Var. x vine 6 .7.12 1.19 *1.16
Error B (var. x V x D) 40 40.9 1.02

*Not significant at the 5% level.
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Diurnal Variation in Leaf Water Potential 

in Svlvaner and Malvasia_bianca.
Plant water status at any one time results from the 

dynamic interrelationship between the rate of water loss 
and the rate of water uptake described by Cowen (1965) .
As shown in Figure 6, the two cultivars indicated high 
diurnal fluctuation ranging from about -5.. 0 to -20.0 bars. 
Sylvaner leaf water potential decreased progressively 
early in the morning and reached a minimum mean value of 
-19.5 bars at 1:00 p.m. and then slightly increased until 
6:00 p.m. After that it rapidly increased, reaching a 
mean maximum of -8.4 bars at 7:00 p.m. Malvasia bianca 
had a similar diurnal leaf water potential pattern to 
Sylvaner, where it decreased early in the morning from a 
mean value of -5.2 bars to a minimum mean value of -20.0 bars 
at 3:00 p.m. and then increased to a maximum mean value of 
-7.9 bars at 7:00 p.m. Because all leaves chosen for this 
study were from exposed shoots, at any one time the maxi
mum differences between measured leaves never exceeded 3.0 
bars. There did not appear to be much difference in the 
data of these two cultivars at any one time, other than 
slight difference between their means of less than 2.0 bars 
at 11:00 a.m. and 3:00 p.m., but for other times of the day 
there was hardly any difference. These results appear to be 
in agreement with Klepper (1968), who hardly found any 
difference between the values of water potentials of ex
posed leaves of grape vines in the day time.
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Figure 6. Diurnal changes of leaf blade water potential
value of Malvasia bianca (.---.) and Sylvaner
(o o). Each point is the mean of eight
measurements obtained in July 6, 1980. Standard
error for Malvasia bianca is 1.7 bars and for 
Sylvaner is 1.6 bars.



Diurnal Variation in Leaf Water 
Potential in Tinta Madeira

The measurements of leaf water potentials for both 
May and June values are plotted against time, as shown in 
Figure 7. Each point on these graphs represents the mean 
value for five consecutive days. Leaf water potential 
showed high diurnal fluctuation ranging from about -4.4 
to -12.7 bars for May and from about -5.0 to -15.2 bars for 
June. However, in May the mean leaf water potential de
creased very rapidly.throughout the morning until 10:00 a.m. 
and remained approximately constant until 4:00 p.m., when 
it started to increase, reaching the maximum mean value of 
-4.7 bars at 7:00 p.m. June rates exhibited the same pat
tern of variation as May, when leaf water potential decreased 
very rapidly early in the morning to a mean value of -13.2 
bars at 10:00 a.m., then continued declining gradually, 
reaching a minimum mean value of -15.2 bars at 3:00 p.m., 
then late in the evening it continued increasing to a 
maximum mean value of -5.6 bars at 7:00 p.m. Over sampling 
period mean water potential for June was found to be lower 
than that of May. The decrease in June leaf water potential 
could be attributed to the higher temperature in June, com
pared to that of May.

The diurnal leaf water potential of the three inves
tigated cultivars (Malvasia bianca, Sylvaner and Tinta 
Madeira) showed a similar pattern where maximum values were
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Figure 7. Diurnal changes of leaf water potential of 
leaf blades for Tinta Madeira vines. Each 
point is the mean of five consecutive day's
measurement. May (o o) and June (x x),
1980. Standard error for May is 1.3 bars 
and for June is 1.6 bars.



66
recorded at sunrise, declining to a minimum about midday; 
then rose again to a maximum at sunset. These results are 
in agreement with Klepper (196 8) who reported that when 
the sun rose, there was an increase in water loss both 
because of the increase in saturation deficit of the air, 
and because stomates open in the light and the roots could 
not absorb water fast enough to replace what was lost, even 
though the water potential gradient steepened. When the 
sun set, this steep water potential gradient brought water 
rapidly into the plant so that the water content , rose 
rapidly.

Leaf Water Potential and Photosynthesis

Moisture status is generally recognized as having a 
significant effect on leaf photosynthesis (Kriedemann and 
Smart, 1971). The induced changes in the apparent 
photosynthesis rates of a particular shoot and associated 
changes in leaf water potentials on nearby comparable 
leaves of Carignane were studied and the results are 
shown in Figure 8. . However, the regression analysis shows 
a biphasic curve in which high apparent photosynthesis was 
maintained until leaf water potential fell to about -9.3 
bars; it then decreased rapidly, reaching its minimum 
value at about -13.0 bars. These results are in contrast to 
Kriedemann and Smart (1971) who found that photosynthetic rates 
of Thompson seedless and Petite Sirah were maintained until
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Figure 8. Apparent photosynthetic rates of Carignane as a 
function of leaf water potential. June, 1980. 
Each point is the mean of four consecutive 
day's measurements.
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the leaf water potential fell to about -13.0 to -15 bars 
where it then decreased rapidly. According to these re
sults, for practical purposes, some reduction in apparent 
photosynthesis in Carignane must be anticipated once leaf 
water potential fell below -9.3 bars.

Diurnal Fluctuation in Apparent Photosynthesis 
and Dark Respiration Rates in 
Leaf Blades From Tinta Madeira

Apparent Photosynthesis
Diurnal changes of apparent photosynthesis of Tinta

Madeira are shown in Figure 9, each point respresenti^- the
mean photosynthetic rates of five consecutive days. The
two curves show diurnal photosynthetic rates of May and June.
The results indicated that at 6:00 a.m. the vine had a mean

- ' 2 —1photosynthetic rate of 0.70 mgCO^dm hr in May and 1.0 
—2 —1mgCOgbm hr in June. In May the vines reached a net

—2 —  1 'photosynthetic peak of 8.5 mgCO^dm hr at 7:00 a.m.,
while in June the maximum net photosynthesis of 10.9 mgCO^ 

— 2 — 1dm hr was attained at 8:00 a.m. Beyond these peaks 
photosynthetic rates decreased progressively throughout the
course of the day reaching the minimum rates of 1.0 mgCO^

—2 —1 —  2 —1dm hr and 0.2 mgCOgdm hr at 7:00 p.m. in May and June,
respectively. Photosynthetic rates in May decreased marked
ly after 7:00 a.m., levelling off between 8:00 a.m. and
11:00 a.m., then sharply dropped again at noon to 1.1 

—2 —1mgCO^dm hr . At 1:00 p.m. the vine had another rise in
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Figure 9. Diurnal changes of apparent photosynthesis of
Tinta Madeira. Each point is the mean of five
consecutive days measurement [ i .-- .) May, and
(o o) June^ 1980]. Standard error for May
1.ImgCQodm hr~ and for June is 1.7 mgCO 
dm hf~ .
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—2 —1its photosynthetic rates to 3.4 mgCO^dm hr , an hour
—2 — 1later the rates decreased to 1.4 mgCC^dm hr . After 2:00

p.m., the vine showed slight increase until 7:00 p.m., when
—2 —  1the average rate dropped to 1.0 mgCo^dm hr . However, 

in June the general pattern of apparent photosynthetic 
changes was very similar to those of May.

These results showed that the field vine reached 
its peak photosynthetic rate early in the morning between 
7:00 a.m. and 8:00 a.m., then showed a low rate for the 
rest of the day and this could be attributed to the high 
temperature during the summer time which steepens the vapor 
pressure gradient between saturated leaf interior and the 
atmosphere which leads to leaf water potential reduction 
and closure of stomatal operature (Smart 1974). These 
results are in contrast to the findings of Kriedemann and Smart 
(19 71), who reported that the maximum rate of net photo
synthesis achieved in the middle, of the day was 22 mgCO^

__2 —1dm hr and the minimum rates achieved about 6:00 a.m. 
and 7:00 p.m.

Dark Respiration
As with apparent photosynthesis, diurnal dark res

piration rates in Tinta Madeira were also measured in both 
May and June (Figure 10). Each point on the two curves 
represents the mean DR rates of five measurements.
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Figure 10. Diurnal changes of dark respiration of Tinta
Madeira. May (.-- .) and June (o o) . 1980.
Each point is the mean of five consecutive 
days measurements. Standard error for May is 
1.8 mgCO dm hr- and for June 2.2 mgCC^dnT^hr
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In May DR rate showed a mean value of 1.3 mgGO^

_2 _ ^dm hr at 7:00 a.m., followed by a slight change before
it increased markedly at 10:00 a.m. The highest mean DR
rate was reached at noon, beyond that DR rate declined

—2 —1steadily to reach a mean minimum of 0.6 mgCO^dm hr atZ
7:00 p.m.

June DR rates on the other hand, as shown in Figure
10, indicated that the general trend was similar to that of

—2 —1May. At 6:00 a.m. a net DR rate of 1.6 mgCO^dm hr was
obtained, followed by continuous increase to a mean maxi-

— 2 —1mum of 7.3 mgCO^dm hr at 11:00 a.m. After that, rates
decreased progressively until 3:00 p.m., when another peak 

- 2 - 1of 8.2 mgCO^dm hr was reached, followed by a decline in 
dark respiration to a minimum mean value of 2.8 mgCO^ at 
7:00 p.m.

Diurnal fluctuation results of APS and DR rates 
showed that the grape vine leaves had reached their peak 
APS rates early in the morning, then declined rapidly, re
sulting in a low rate for the rest of the day. Dark 
respiration rates, on the other hand, were high for most of 
the day, indicating that photosynthesis and dark respiration 
respond differently to the prevailing environmental con
ditions as temperature, light intensity, leaf water 
potentials, etc. However, the results showed that dark 
respiration was high compared to apparent photosynthesis, 
which could be attributed to photorespiration.



Container Grown Vines

Effect of Cyclical Water Depletion on 
Apparent Photosynthesis, Post-illumination 

C09 Burst and Dark Respiration Rates

The general procedure followed for the water 
deficiency experiments were basically as follows: Deter
mination of apparent photosynthesis (APS), post-illumina
tion burst (PIB) and dark respiration (DR) for three 
cultivars (Carignane, Petite Sirah and Tinta Madeira) 
were.taken at intervals. Vines were separated into con
trol and stress groups, but both sets were initially well 
watered (calibration period) so comparisons of their 
photosynthetic rates under identical conditions could be 
made. Subsequently, water was withheld from plants in 
the stress vines until the leaves became flaccid or ap
parent photosynthesis declined to zero; at that time the 
vines were immediately watered. This process was repeated 
three times during each season (1979 and 1980) and photo- 
synthetic rates were taken simultaneously with vines 
that received daily watering.

To facilitate comparisons between control and 
stress vines, the mean daily rates of each of the four 
replicates are related to the average activity of vines

-73-
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during first week of the experiment (calibration period) 
then the average rate of stress vines during calibration 
period was divided by the average rate value of control 
vines and multiplied by 100. The product value was con
sidered as standard. The daily relative rate was obtained 
by dividing the daily average value of stress vines by the 
daily average value of control vines and multiplying the 
product by 100 and dividing the product by the standard.

Apparent Photosynthesis
The results, Tables (14, 15 and 16) showed that

the mean apparent photosynthetic rates for the three cul-
_2tivars during late October (1979) was about 4.5 mgCO dm hr 

and no differences existed between plants designated as 
control or stress vines. Under well watered conditions APS 
of all cultivars transiently rose during early November, but 
began to fall after the second week in November, reaching a 
minimum rate at the end of the experiment. This steady 
decline in APS could be attributed to any or all of these 
factors: leaf age, partial leaf damage due to handling,
decrease in temperature, or reduced light intensity. How
ever, as shown in Tables 14, 15 and 16, apparent photosyn
thesis of the three cultivars was drastically reduced by 
water stress and almost ceased in some cases under severe 
stress. The relative rate of APS showed a full recovery 
after a few days upon rewatering. Apparent photosynthesis
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Table 14. Effect of soil moisture on the rate of apparent 

photosynthesis in mgC02dm-^hr-  ̂ of Carignane. 
Each value is a mean or four replicates, Fall
1979. Measurements were taken between 8:00 a.m. 
and 10:00 a.m.

APS and Water Status of Stress Vines

Date, 1979
APS
Control*

APS Relative APS 
,(% of initial)

Soil moisture content 
% Field capacity

Oct. 22 3.9 3.9
24 3.8 4.4 — —

26 5.1 5.2 — —

29 5.3 5.6 — —

Mean 4.5 4.8 107 100j4

31 5.7 6.0 98 80.0
Nov. 2 5.6 5.8 97 69

5 5.0 5.4 100 39
7 5.6 4.8 80 27
9 5.6 1.5 25 21
12 4.2 0.3 7 18**
14 2.5 2.0 75 100
19 3.9 4.9 117 85
21 3.8 4.0 98 73
23 2.7 3.1 107 56
26 2.8 2.1 70 40
28 2.8 0.5 17 27**

30 2.7 IDCM 100
Dec. 4 3.0 2.2 62 85

6 2.1 2.2 89 74
8 1,9 1,9 93 64
10 2.1 2.0 89 42
12 2-5 1.7 64 31
14 2.9 0.8 26 24
16 2.8 0.2 7 20**

*Control vines received water every day.
**The end of each drying out cycle.
T̂ The end of calibration period
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Table 15. Effect of soil moisture on the^rate of apparent 

photosynthesis in mgCO-dm- hr- of Petite Sirah. 
Each value is a mean or four replicates, Fall 
1979. Measurements were taken between 8:00 a.m. 
and 10:00 a.m.

APS and Water Status of Stress Vines

Date,1979
APS
Control*

APS Relative APS 
(% of initial)

Soil moisture content 
% Field Capacity

Oct. 22 3.6 4.3
24 4..5 4.6 — —

26 4.4 4.2 — —

29 5.1 4.9 — —  •

Mean 4.4 4.5 102 100^

31 3.9 4.0 100 89
Nov. 2 5.2 3,4 64 78

5 5.5 5.6 100 58
7 6.5 6.0 90 46
9 5.3 4.6 85 37

12 4.3 2.0 46 29
14 3.5 0.5 14 16**
19 4.7 3.3 69 100
21 4.1 2.7 65 76
23 3.2 2.2 67 58
26 2.4 1.6 65 44
28 2.2 2.3 102 27
30 2.9 0.6 20 23**

Dec. 4 1.8 1.5 82 100
6 1.8 0,6 33 77
8 1.9 1.4 72 67
10 2.7 1.9 69 54
12 2.7 1.9 78 39
14 1.6 1.1 67 27
16 1.7 0.5 29 21**

*Control vines recieved water every day.
**The end of each drying out cycle.
T̂ The end of calibration period
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Table 16.. Effect of soil moisture on the rate of apparent

photosynthesis of Tinta Madeira in mgCO^d&^hr- . 
Each value is a mean of four replicates, Fall 
1979. Measurements were taken between 8:00 a.m. 
and 10:00 a.m.

APS and Water Status of Stress Vines

Date,1979
APS
Control*

APS Relative APS Soil moisture content 
(% of initial) % ■ Field Capacity

Oct. 22 4.5 4.6 — —
24 '5.0 4.5 -
26 4.8 4.5 - -
29 4.5 4.0

Mean 4.7 4.4 94 100^

31 5.6 5.3 101 86
Nov. 2 5.3 4.6 92 75

5 ■5.5 5.1 99 59
7 5.1 5.5 115 45
9 4.3 4.9 121 33
12 3.6 0.9 22 26
14 3.2 0,6 20 21**
19 3.9 0.9 23 100
21 2.9 2.4 88 82
23 2.5 1.9 81 66
26 1.8 1.6 95 47
28 1.3 1,1 90 39
30 1-5 0.7 50 27**

Dec. 4 1.8 1.2 71 100
6 1.3 1.4 115 77
8 1,9 1.2 67 63
10 1.7 1.4 88 49
12 2.5 2.1 89 35
14 2.2 0.8 38 26
16 2.1 0.3 15 18**

^Control vines received water every day.
**The end of each drying out cycle.
T̂ The end of calibration period.
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of the three cultivars showed similar response to water 
stress, with the response being the same during the three 
drought cycles.

In the analysis of variance, the experiment was 
considered as split plot design, treatments were considered 
main plot and tested using error type (a). Days and inter
actions between days and treatments were considered sub 
plot and they were tested using error type (b). Over the 
season, the analysis of variance (Table 20) showed that 
days, interactions and treatments all. had significant ef
fect on APS of Carignane and Petite Sirah at the 5% level. 
However, over the season statistical analysis of Tinta 
Madeira (Table 20) showed only days had significant effect 
on apparent photosynthesis, while treatments and the inter
actions had no significant effect at the 5% level. However, 
the lack of significant differnece could be due to the high 
increase in apparent photosynthesis of stress vines after 
each rewatering in addition to the marked reduction of ap
parent photosynthesis at the second half of the experiment.

At the end of the experiment,which lasted 56 days, 
the leaves showed signs of yellowing and reddish spots ap
peared, as an indication of senescing, as was the case 
with Carignane. Tinta Madeira leaves became brown and 
curly and Petite Sirah leaves showed some yellowing and 
brown spots. These symptoms lead to low photosynthetic 
rates so the experiment was discontinued.
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The same procedures and treatments followed in 

1979 with container grown vines were repeated in 1980.
Due to the high temperature in July and August during the 
summer of 1980, compared to October, November and December, 
1979, the experiment in 1980 lasted only 39 days.

The data tables (17, 18 and 19) showed that ap
parent photosynthesis of control vines of Carignane and 
Petite Sirah transiently rose until the third week of 
July; however, APS of Tinta Madeira continued increasing 
until the second week of August. After the control vines 
had reached their peak APS rates they started declining 
gradually, which could be attributed to leaf aging or to 
partial leaf damage due to handling. However, the apparent 
photosynthesis of the three cultivars showed a similar re
sponse to water stress. Apparent photosynthesis was 
reduced by water stress and almost ceased in some cases by 
severe water stress. A few days after each rewatering APS 
rates showed a full recovery.

Over the season, analysis of variance indicated 
that days, treatments and interactions all had a signifi
cant effect on apparent photosynthesis of Carignane, Petite 
Si rah and Tinta Madeira at the 5% level (Table 20) .. These 
findings are in agreement with Loustalot (1945) and Finn and 
Brun (1980), who reported that deficient amounts of soil 
moisture resulted in sub-normal rates of photosynthesis. 
Pallus et al. (1967) also reported that following rewatering
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Talbe 17. Effect of soil moisture or^the^rate of apparent 

photosynthesis in mgCCLdm hr of Carignane. 
Each value is a mean or four replicates. Summer
1980. Measurements were taken between 8:00 a.m. 
and 10:00 a.m.

APS and Water Status of Stress Vines

Date,1980
APS
Control*

APS Relative APS 
(% of initial)

Soil moisture contenl 
% Field Capacity

July 15 5.8 5.7
17 5.3 5.. 6 — —

19 5.1 5.1 —

• 21 5.7 5.3 —

Mean 5.5 5.4 98 1 W
23 6.9 5.9 87 73
25 6.8 5.9 86 37
27 6.5 3.9 61 25
29 6.4 2.7 43 21
30 5.4 0.9 17 19**

Auer. 2 5.3 4.4 85 . 86
4 5.7 5.3 95 40
6 5.2 2 .5 49 24
8 5.4 1.8 34 19
9 ' 5.4 1.5 28 18**

15 5.7 5.2 93 75
17 6.4 5.1 81 50
19 5.5 4.7 87 36
21 4.8 2.6 55 22
22 4.4 0.5 12 18**

*Control vines received water every day.
**The end of each drying out cycle,
T̂ The end of calibration period.
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Table 18. Effect of soil moisture or^the^rates of apparent 

photosynthesis in mgCO-dm hr of PetiterSi-r&h. 
Each value is a mean of four replicates, Summer 
1980. Measurements were taken between 8:00 a.m. 
and .10:00 a.m.

Date,1980
APS
Control*

APS ;and Water Status of Stress Vines
APS Relative APS 

(% of initial)
Soil Moisture Content 
% Field Capacity

July 16 6.6 6.4
18 6.3 6.0 — —

20 7.0 7.0 —

22 5.9 6.5 — —

Mean 6.5 6.5 100 100^
24 7.0 7.3 104 82
26 6.6 7.9 ' 120 40
28 6.8 5.1 75 25
30 5.6 3 -0 54 18
31 6.2 2.1 39 16**

Aug. 3 6.2 5.1 82 87
5 5.6 5.5 98 50
7 5.6 3.8 68 28
9 5.1 4.0 78 23
10 4.2 1.1 26 19**
14 6.8 5.9 87 92
16 5.3 5.5 104 55
18 5.2 5.3 102 37
19 4.5 3.1 69 23
20 4.9 2.2 45 18**

*Control vines received water every day.
**The end of each drying out cycle
^The end of calibration period.



82
Table 19. Effect of soil moisture of apparent photosynthe

sis ofTinta Madeira in mgC0„dm~2hr_l. Each 
value is a mean of four replicates, Summer 1980. 
Measurements were taken between 8:00a.m. 
and 10:00 a.m.

APS and Water Status of Stress Vines
APS APS Relative APS Soil Moisture Contenl

Date,1980 Control* (% of initial) % Field Capacity

July 16 6,. 4 6-.7
18 6.2 7.1 — —
20 7.4 1,1 — —
22 5.9 7.5 — —

Mean 6.5 7.1 109 100^
24 6.0 8.8 134 73
2,6 7-4 6.5 81 35
28 6.4 6.1 • 87 25
30 5.9 1.9 32 17
31 7.7 0.7 8 15**

Aug. 3 6..9 6.3 83 75
5 7.3 6.4 80 40
7 7.9 5.3 62 28
9 6.7 4.1 59 24

10 6.6 1.9 2 9 17**
14 8.1 7.1 80 86
16 7.5 7.4 99 52
18 7.3 5.6 70 33
20 7.5 4.8 59 20
21 5-8 1.7 27 16**

* Control' vines received water every day.
**The end of each drying out cycle.
T̂ The end of calibration period.



Table 20. A statistical summary of significance of appar
ent photosynthesis of three grapevine cultivars, 
19 79 and 1980.

Cariqnane Petite Sirah Tinta Madeira 
79 80 79 80 79 80

Days (D) * * * * * * *

Interactions (DxT) * * * * ns *

Treatments (T) * * * * ns *

*Significant at 5% level 
ns not significant
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of cotton leaves photosynthesis was rapidly recovered.
From these studies it could be concluded that the apparent 
photosynthesis of the three cultivars investigated was re
duced by soil moisture stress and the degree of reduction 
of the rates depended upon the severity and duration of
adverse soil moisture content.

Post-illumination CO^ Burst
Decker (1955) observed that when CO^ uptake by

tobacco leaves was measured in a chamber and after a
period of illumination the chamber was darkened, there was 
a high rate of CO^ evolution that decelerated for several 
minutes (6 to 9 minutes in other species) following darken
ing, after which the dark respiration resumed its normal 
and constant rate. The burst was always noted with the 
three cultivars when measurements were made under adequate 
soil moisture conditions. However, as stress increased 
the burst often decreased and was sometimes absent under 
severe soil moisture reduction.

The results (Tables 21, 22 and 23) showed that PIB 
values in November and December were usually higher than 
those during late October (calibration period). The 
reason for PIB increase toward the end of the experiment is
unknown* The mean PIB rates for all cultivars during

—2 —1calibration period was about T. 9 mgCO^dm hr and no
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Table 21, Effect of soil moisture on the rate of Post-

illumination CC>2 burst of Carignane in mgCC^dm 
hr-l. Each value is a mean of four replicates, 
Fall 1979* Measurements were taken between 8:00 
a.m. and 10:00 a.m.

PIB and Water Status of Stress Vines
PIB

Date,1979 Control*
PIB Relative PIB Soil Moisture Content 

(% of initial) % Field Capacity

Oct. 22 1.3 . 1.7 — —

24 1.6 1.4 — —

26 1.7 1.6 — —

29 1.4 1.6 — —

Mean 1.5 1.6 107 100^
31 0 .8 0.8 93 80

Nov. 2 1.2 1.3 101 69
5 1.1 1.5 127 39
7 1.2 1.3 101 27
9 1.4 1.0 67 21
12 1.3 0.0 0.0 18**
14 1.2 1.7 132 100
19 1.8 2.2 114 85
21 2.4 3.4 142 72
23 2.4 3.4 142 72
26 2.3 2.4 97 40
28 2.2 1.1 47 27**
30 3.4 2.7 74 100

Dec. 4 3.2 3.6 105 85
6 3.9 3.9 93 74
8 4.2 2.7 60 64

10 2.9 4.0 129 42
12 4.1 3.9 89 31
14 3.1 1.5 48 24
16 3.4 0.8 11 20**

*Control vines received water every day.
**The end of each drying out cycle.
 ̂The end of calibration period.
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Table 22. Effect of soil moisture on the rate of Post-ill

umination CC>2 burst of Petite Si rah in mqCCudm-̂  
hr-1. Each value is a mean of four replicates, 
Fall 1979. Measurements were taken between 8:00 
a.m. and 10:00 a.m.

Date,19 79
PIB
Control*

PIB and Water Status of Stress Vines
PIB Relative PIB Soil 

(% of initial) %
Moisture Content 
Field Capacity

Oct. 22 3.6 1.5
24 2.2 1.7 — —

26 2.1 2.5 — —

29 2.1 2.5 — —

Mean 2.0 2.0 100 100^
31 1.4 1.3 93 89

Nov. 2 1.5 1.6 107 78
5 2.2 2.7 123 58
7 2.7 2.7 59 . 46
9 2.1 2.2 105 38

12 2.0 1.7 85 29
14 1.8 0.4 22 . 16**
19 2.2 2.2 100 100
21 4.2 2.4 57 76
23 3.3 3 .7 52 58
26 3.1 1.9 61 44
28 2.3 2.6 113 27
30 4.1 1,1 27 23**

Dec. 4 4.3 2.3 52 100
’ 6 3.0 1.0 33 77
8 4.8 3.5 73 67
10 3.8 2.9 76 39
12 3.3 2.2 67 39
14 2.4 1.8 75 . 27
16 2.6 0.8 31 21**

*Control vines received water every day.
**The end of each drying out cycle.
7  ̂The end of calibration period.
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Table 23. Effect of soil moisture on the rate of Post

illumination CC>2 burst of Tinta Madeira in mgCC>2dm~2 
hr-1. Each value is a mean of four replicates.
Fall 1979. Measurements were taken between 
8:00 a.m. and 10:00 a.m.

PIB and Water Status of Stress Vines
PIB

Year,1979 Control*
PIB Relative PIB Soil Moisture Content 

(% of initial) % Field Capacity

Oct. 22 1.7 1.7 — —
24 2.1 2.5 — —

26 3.3 ■ 3.3 ■ — —

29 1.9 1.7 — —
Mean 2.3 2.3 100 100^

31 1.8 1.8 96 86
Nov. 2 1.9 1.7 86 75

5 2.7 2.0 71 ■ 59
7 2.1 2.7 124 45
9 2.4 2.1 84 S3
12 2.4 1.3 52 26
14 2.0 0.6 29 21**

19 2.4 3.1 124 100
21 2.9 3.4 113 82
23 2.7 2.8 100 66
26 2.2 2.1 92 47
28 1.8 1.3 69 39
30 3,0 1.3 42 27**

Dec. 4 2.6 2.1 78 100 /
6 2.7 3.1 110 77
8 5.8 2.9 48 63

10 4.7 3.9 80 49
12 4.4 4.7 102 35
14 4.2 1.2 27 26
16 4.4 1.0 22 18**

*Control vines received water every day.
**The end of each drying out cycle.
The end of calibration period.



88
differences existed between plants designated as control or 
stress vines.

PIB rates of the three cultivars was reduced by- 
water stress and in some cases under severe stress declined 
to zero. However, the relative rate of PIB was quickly 
recovered upon rewatering. The general response of PIB rates 
to water stress was generally the same during the three 
drought cycles.

Over the season, the analysis of variance (Table 27) 
showed that days and interactions had significant effect 
on PIB rates while treatments had no significant effect on 
PIB rates of Carignane and Tinta Madeira at 5% level. The 
lack of significant differences between treatments could 
be attributed to the high increase in PIB rates after each 
rewatering. However, the analysis of variance of Petite 
Sirah data showed that days and treatments had signifi
cant effect while no significant effect due to interactions 
was detected.

The general trend of PIB changes with soil moisture 
stress in 1980 was very similar to those of 1979, where it 
showed a gradual decline as soil water stress proceeded at 
the beginning of each drying out cycle, then sharply de
clined under severe stress. However, PIB showed a full 
recovery in its relative rates after each rewatering.

The daily averages of PIB in 1980 are presented in 
Tables 24, 25 and 26. During calibration period the mean
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Table 24. Effect of soil moisture on the rate of Post- „ 

illumination CO2 burst of Carignane in mgC02dm~ 
hr~l. Each value is a mean of four replicates, 
Summer 1980. Measurements were taken between • 
8:00 a-in. and 10:00 a.m.

PIB and Water Status, of Stress Vines
PIB

Year,1980 Control*
PIB Relative PIB Soil Moisture Contenr 

(% of initial) % Field Capacity

July 15 2.2 2.2 — -
17 1.6 2.6 — -
19 2.3 2.4 — —
21 1.8 1.7 — —

Mean 2.2 2.2 100 100^
23 2,0 2.1 105 73
25 2.8 2.6 93 37
27 2.8 3.0 107 25
29 3.1 2.1 68 21
30 3.4 0 .8 24 19**

Aug. 2 3.1 1.1 90 86
4 2 .9 1,2 124 40
6 3,1 1.2 61 24
8 3.1 0.9 39 19
9 2.7 1.1 59 18**
15 1.6 1.2 11 8 75
17 2.3 1.1 83 50
19 1.9 1.0 116 36
21 1.9 0.8 74 22
22 2.3 0.5 17 18**

*Control 
**The end 
7̂ The end

vines received water every day. 
of each drying out cycle. 
of calibration period.
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Table 25. Effect of soil moisture on the rate of Post-

illumination CC>2 burst of Petite Sirah in mgCO 
dm-2hr-l. Each value is a mean of four repli
cates, Summer 1980. Measurements were taken 
between 8:00 a.m. and 10:00 a.m.

Year, 1980
PIB
Control*

PIB and Water Status of Stress Vines
PIB Relative PIB Soil 

(% of initial) %
Moisture Contei 
Field Capacity

July 16 3.5 3.5
18 • 4.2 4.8 — ' —

20 2.6 3.0 — —

22 4.1 4.1 — —

Mean 3.6 3.9 108 100^
24 3.8 4.3 105 82
26 3,9 4.3 102 40
28 4.3 5.0 108 25
30 3.6 3.4 87 18
31 4.4 2.5 53 36**

Aug. 3 4.3 3.4 73 87
5 3.8 3.5 85 50
7 5.1 , 4.0 73 28
9 3.7 2.0 50 23
10 3.2 0.9 26 19**
14 3.0 2.7 83 92
16 3.0 3.3 102 55
18 2.9 2.5 80 37
19 2.2 2.0 84 23
20 2.9 1.3 42 18**

*Control vines received water every day.
**The end of each drying out cycle.
7  ̂The end of calibration period.
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Table 26. Effect of soil moisture on the rate of Post

illumination CO2 burst in mgC02dm~2hr""l of Tinta 
Madeira. Each value is a mean of four replicates, 
Summer, 1980. Measurements were taken between 
8:00 a.m. and 10:00 a.m.

PIB and Water Status of Stress Vines
PIB PIB Relative PIB Soil Moisture Content

Year, 1980 Control* (* of initial) % Field Capacity

July 16 3.4 4.1
18 3-9 . 4.0 — —

20 2.8 2.4 — —

22 4.2 4.1 — —

Mean 3.6 3.7 103 100^
24 3.3 3.4 100 73
26 3.9 3.5 87 35
28 4.9 5.5 109 25
30 3.0 1.6 52 37
31 4.5 0.6 13 15**

Aug. 3 4.8 4.7 95 75
5 4.3 4.2 95 40
7 . 5.9 3.8 . 63 28
9 4.6 3.3 70 24
10 4.0 1.5 36 17**
14 3.3 3.2 112 86
16 3.5 3.3 92 52
18 3 .6 3.7 100 33
20 3.1 3.3 103 20
21 3.1 1.4 44 16**

*Control vines received water every day.
**The end of each drying out cycle
^The end of calibration period.
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Table 27< A statistical summary of significance of Post

illumination CO.:burst of three grapevine 
cultivars, 1979 and 1980.

Carignane. Petite Sirah Tinta Madeira
79 80 79 80 79 80

Days (D). * * * * * *

Interactions (DxT) * * ns * * *

Treatments (t ) ns * * ns ns *

*Significant at the 5% level, 
ns not significant
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PIB rates of Carignane vines were lower than those of 
Petite Sirah and Tinta Madeira, but there was no difference 
existing between plants designated as control or stress 
vines under well water conditions. PIB rates of control 
vines gradually increased until about the end of the first 
week of August and then started declining gradually.

The analysis of variance of the 1980 data indicated 
that days, interactions and treatments all had significant 
effect on PIB rates of Carignane and Tinta Madeira at the 
5% level. However, Petite Sirah results showed that there 
were significant differences due to days and interactions 
but no significant difference due to treatments was detected 
(Table 27). The lack of significant differences due to 
treatments probably attributed to the high increase of PIB 
after each rewatering, in addition to the fact that drastic 
reduction in PIB occurs only under severe stress toward 
the end of each drying out cycle.

These results are in agreement with Bunce and 
Miller (1976) and Lawler (1976), who reported that water 
stress reduced the rate of photorespiration. Lawlor (1979) 
also reported that photorespiration rates of sunflower de
creased linearly with stress and at -18 bars was 30% of con
trol plant rate.

The data reported here indicated that PIB in the 
three cultivars investigated was reduced by water stress 
and the severity of reduction depended on the duration and



severity of stress. This reduction was probably due to 
inhibition of photorespiration enzymes and the reduction of 
substrate required for photorespiration. Moreover, due to 
the reduction of PIB with stress, it is unlikely that photo- 
respiration can account for the reduction in apparent 
photosynthesis associated with stress. However, since PIB 
in the three cultivars showed very similar response to 
water stress, it is not recommended to use this criterion 
in separating superior grape cultivars.

■ True Photosynthesis
True photosynthesis was estimated as the summation 

of apparent photosynthesis and post-illumination burst.
The daily means of true photosynthesis of the three

cultivars in 1979 are shown in Tables 28, 29 and 30. The
rates of TPS of well watered (control) vines during the
1979 season were more consistent throughout the season
than the rates of APS and PIB. The mean TPS rates for all
cultivars during late October (calibration period) was a-

—2 —1bout 6.5 mgCOgdm hr and no differences existed between 
control and stress vines.

At the beginning of each drying out cycle, the 
original relative rates of TPS were maintained for several 
days until a significant soil moisture stress developed 
somewhere between field capacity and permanent wilting per
centage, then decreased, approaching zero under severe 
water stress. However, no attempt was made to determine
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Table 28. Effect of soil moisture on the rate of true.

photosynthesis of Carignane in mgCO„dm_^hr_ . 
Each value is a mean of four replicates, Fall
1979. Measurements were taken between 8:00 a.m. 
and 10:00 a.m.

TPS and Water Status of Stress Vines
TPS TPS Relative TPS Soil Moisture Content

Date,1979 Control* {% of initial) % Field Capacity

22 5.2 5.6
24 5.4 5.8 — —

26 6.8 6.8 — —

29 6,7 7.2 — —

6..0 6.. 4 107 100^

31 6.5 5.8 83 80
Nov. 2 7.8 7.1 85 69

5 6,1 6.9 106 39
7 6.8 6.1 84 27
9 7.0 2.5 33 21
12 5.5 0.3 5 18**
14 3.7 3.7 93 100
19 5.7 7.1 116 85
21 6.2 7.4 112 73
23 5,1 5-1 93 56
26 5.1 4.5 82 40
28 5.0 1.6 30 27**

Dec. 4 6.2 5.8 87 85
6 6.0 5.9 92 74
8 6.1 4.6 70 64
10 5.0 6.0 112 42
12 6.6 5.6 79 31
14 6.0 2.3 36 24
16 6,2 0.6 9 30**

*Control vines received water every day.
**The end of each drying out cycle.
7  ̂The end of calibration period.
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Table 29. Effect of soil moisture on the rate of true ' - 

photosynthesis of Petite Sirah in mgCtXdm hr- . 
Each value is a mean of four replicates,Fall 
. 1979. Measurements were taken between 8:00 a.m. 
and 10:00 a.m.

TPS and Water Status of Stress Vines
TPS TPS Relative TPS Soil Moisture Content

Date,1979 Control* (% of initial) % Field Capacity

22 5.2 5,8
2 4 6.7 6.3 — — '
26 6.5 6.4 — —
29 7.2 7,4 — —

6-4 ■ 6.5 102 100^

31 5.3 5.3 98 89
Nov. 2 6.7 5.0 73 78

5 7.7 8‘.3 106 58
7 9,2 7-6 81 46
9 7.4 6.8 90 38
12 6.3 3.7 58 29
14 5.3 0 9 17 16**
19 6.9 5.5 78 100
21 8.3 5.1 60 76
23 6.5 3 .9 59 58
26 5.5 3.5 62 44
28 4.5 4.9 107 27
30 7.0 1.7 24 23**

Dec. 4 6.1 3.8 61 100
6 4.8 1.6 33 77
8 6.7 4.9 72 67
10 6.5 4.8 72 54
12 5.7 4.1 71 39
14 4.0 2,9 71 27
16 4.3 1.3 30 21**

*Control vines received water every day.
** The end of each drying out cycle.
7  ̂The end of calibration period.
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Table 30. Effect of soil moisture on the rate of true2 ^

photosynthesis of Tinta Madeira in mgCCUdm hr 
Each value is a mean of four replicates, Fall 
1979. Measurements were taken between 8:00 a.m.
and 10:00 a.m.

TPS and Water Status of Stress Vines
TPS

Date,1979 Control*
TPS Relative TPS Soil Moisture Content 

(% of initial) % Field Capacity

Oct. 22 6.2 6.3 - -
24 7.1 7.0 — — "
26 8.1 7.8 — —
29 6.4 5.7 — —

Mean 6.9 6.7 97 100 ^

31 7.4 7.1 99 86
Nov. 2 7.2 6.3 90 75

5 8.2 7.1 89 59
7 7.2 8.2 11 7 45
9 6.7 7.0 108 33
12 6.0 2.2 38 26
14 5.2 1.2 24 21**

19 6.2 4.0 66 100
21 5.8 5.8 103 82
23 5.2 4.7 93 66
26 4.0 3.7 95 47
28 3.1 2.4 80 39
30 4.5 2.0 46 27**

Dec. 4 4.4 3.3 77 100
6 4.0 4.5 116 77
8 7.7 4.1 54 63
10 6.4 5.3 85 49
12 6.9 7.0 105 35
14 6.4 2.0 32 26
16 6.5 1.3 21 18**

*Control vines received water every day.
**The end of each drying out cycle.
7  ̂The end of calibration period.
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precisely the soil moisture level which was limiting to 
TPS. However, the crucial factor for TPS is the internal 
moisture conditions of the plant rather than a specific 
soil moisture level. Adverse internal moisture conditions 
of a plant occur when the water losses exceed the water 
uptake to a significant degree. Any of a number of en
vironmental factors or combinations of these factors may 
affect the critical balance.

Several days after rewatering, when TPS was measured, 
a full recovery of the relative rates was obtained, but no 
attempt was made to estimate TPS immediately after each re- 
watering.

The analysis of variance (Table 34) of TPS over 
the 1979 season indicated that days and interactions had 
significant effect on TPS of Carignane and Tinta Madeira, 
while no treatment differences were detected at the 5% 
level. However, the statistical analysis of the Petite 
Sirah data showed days, treatments and interactions all had 
significant effect on TPS.

The daily averages of TPS in 19 80 are presented in 
Tables 31, 32 and 33. During calibration period the mean 
TPS of Carignane vines were lower than those of Petite 
Sirah and Tinta Madeira, but there was no difference exist
ing between plants designated as control or stress vines.
TPS rates of control vines of the three cultivars were
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Table 31. Effect of soil moisture on the rate of true.

photosynthesis of Carignane in mgCC^mg-^-hr- 
Each value is a mean of four replicates, Summer 
1980. Measurements were taken between 8:00 a.m. 
and 10:00a.m.

TPS and Water Status of Stress Vines
TPS TPS Relative TPS Soil Moisture Content

Date,1980 Control* (% of initial) % Field Capacity

July 15 8.0 7.9 — —

-17 7.9 8.2 — " —
19 7.4 7.5 — —

21 7.5 7.0 — —

Mean 7.7 7.7 100 100^
23 8.9 8.0 90 73
25 9.6 8.5 88 37
27 9.3 6.9 74 25
29 9.4 4.8 51 21

, 30 8.8 1.7 19 19**
Aug. 2 8.4 7.2 86 86

4 8.6 8.9 103 40
6 8.3 4. 4 53 24
8 8.5 3.0 35 19
9 8.1 3.1 38 18**
15 7.3 7.1 97 75
17 8.7 7,0 80 50
19 7.4 6.9 93 36
21 6.7 4.0 60 22
22 6.7 0.9 13 18**

*Control vines received water every day.
**The end of each drying out cycle.
The end of calibration period.
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Table 3,2 - Effect of soil moisture on the rate of true - 

photosynthesis of Petite Sirah in mgCtXdm'^hr- . 
Each value is a mean of four replicates, Summer 
1980. Measurements were taken between 8:00 a.m. 
and 10:00 a.m.

TPS and Water Status of Stress Vines
TPS TPS Relative TPS Soil Moisture Content

Date,1980 Control* (% of initial) % Field Capacity.

July 16 10.1 9.9
18 10.5 10.8 — -
20 9.6 10 .0 — —
22 30.0 10.6 — —

Over 10.0 10.3 103 100^
24 10.8 11.6 104 82
26 10.5 12.2 113 40
28 11.1 10.1 88 25
30 9.2 6.4 42 ] 6**

Aug. 3 10.5 8.5 79 87
5 9.4 9.0 93 50
7 10.7 7.8 71 28
9 8.8 6.0 66 23
10 7.4 2.0 26 19**
14 .9.8 8.6 85 92
16 8.3 8.8 103 55
18 8.1 7.8 93 37
19 6.7 5.1 74 22
20 6.8 3.5 50 18**

*Control vines received water every day.
**The end of each drying out cycle.
T̂ The end of calibration period.
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Table 33. Effect of soil moisture on-the- rate of true

photosynthesis in mgCO-dm- hr , of Tinta Madeira. 
Each value is a mean or four replicates, Summer
1980. Measurements were taken between 8:00 a.m. 
and 10:00 a.m.

TPS and Water Status of Stress Vines
TPS TPS Relative TPS Soil Moisture Content

Date,1980 Control* (% of initial) % Field Capacity

- 16 9.8 10.8 — —

18 10.1 11.1 — —

20 10.2 9.5 — —

22 10.1 11.6 — —

10.0 10.8 108 100^
24 9 .3 12.2 121 73
26 11,3 10.0 82 35
28 11.3 11.6 95 25
31 12.2 1-3 10 15**
3 11.7 11.0 87 75
5 11.6 10.6 85 40
7 13.8 9.1 61 28
9 11.3 7.6 62 24
10 10.6 3,4 30 17**
14 11.4 10.9 88 86
16 11.0 10... 7 90 52
. 18 11.9 9.3 72 33
20 10.5 8.1 71 20
21 8.9 3.1 32 16**

*Control vines received water every day.
**The end of each drying out cycle.
T̂ The end of calibration period.
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Table 34. A statistical summary of significance of true 

photosynthesis of three grapevine cultivars, 
1979 and 1980.

Carignane 
79 80

Petite Sirah 
79 80

Tinta
79

Madeira
80

Days (D) ' * * * * * *

Interactions (DxT) * * * * * *

Treatments (T) ns * * & ns *

*Significant at the 5% level, 
ns not significant
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consistent throughout most of the experimentation time, 
but began to show signs of declining toward the end of the 
experiment.

The relative rates of TPS of stress vines showed 
that as stress developed, TPS was not effected and con
tinued to show a day to day fluctuation until a critical 
soil moisture was reached. TPS was then drastically re
duced and continued declining with increasing soil stress 
reaching as Tow as 10% of the relative rate under severe 
stress.

The analysis of variance of the 1980 data (Table 
34) indicated that days, treatments and interaction all had 
significant effect on TPS rates of Carignane, Petite 
Sirah and Tinta Madeira at the 5% level. A similar effect 
of water stress on true photosynthesis was reported (Bunce 
and Miller, 1976 ; Lawlor and Fock, 1978; and Fock and 
Lawler, 1979)

From these results it could be concluded that the 
true photosynthesis of the three cultivars was reduced by 
water stress and the severity of reduction depended on 
the severity and duration of stress and this reduction was 
attributed to the reduction in apparent photosynthesis and 
post-illumination CO^ burst as a result of stress applied.

Dark Respiration
Contrary to other physiological parameters, dark
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Table 35. Effect of soil moisture on the rate of dark res

piration of Carignane in mgC02dm-2hr-l. Each 
value is a mean of four replicates. Fall 19 79. 
Measurements were taken between 8:00 a.m. and 
10:00 a.m.

DR and Water Status of Stress Vines

Date,1979
DR
Control*

DR Relative DR 
(% of initial)

Soil Moisture Content 
% Field Capacity

Oct. 22 0.7 0.7
24 0.6 0.7' — —
26 0.6 0.6 — —
29 0.6 0.7 — —

Mean 0.6 0.7 117 100^

31 0.5 0.5 85 80
Nov. 2 0.7 0.7 85 69

5 0.7 0.7 85 39
7 0.6 0.6 85 27
9 0.9 0.7 66 21
12 0.8 0.5 53 18**
14 0.9 1.0 95 100
19 1.3 1.2 79 85
21 1.0 1.3 111 73
23 1.3 1.0 66 56
26 0.9 1.0 95 40
28 1.4 1.0 61 27**
30 1.2 1.6 114 100

Dec. 4 1.2 1.6 114 85
6 1.6 1.5 80 74
8 1.4 1.6 98 64
10 2.1 1.5 61 42
12 1.5 1.6 91 31
14 1.4 1,1 72 . 24
16 1. 4 0.8 49 20**

*Control vines received water every day.
**The end of each drying out cycle.
7** The end of calibration period.
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Table 35. Effect of soil moisture on the rate of dark res

piration of Petite Sirah in mgCC^dm-^hr-!. Each 
value is a mean of four replicates, Fall 1979. 
Measurements were taken between 8:00 a.m. and 
10:00 a.m.

DR and Water Status of Stress Vines

Date,1979
DR
Control*

DR Relative DR 
(% of initial)

Soil Moisture Content 
% Field Capacity

Oct. 22 0.8 0.8
24 0.8 0.7 — —

26 0.7 0.7 — —

29 0.7 0.9 — —

Mean 0.7 0,8 114 100^

31 0.4 0.5 109 89
Nov. 2 0.7 0.5 63 78

5 0.6 0.7 102 58
7 0.6 0.6 88 46
9 0 ,8 0,8 88 38
12 0.8 0.7 77 29
14 0.7 0,4 50 16**
19 1.0 1.2 105 100
21 1.3 1.7 114 76
23 1.3 1.8 121 58
26 1.0 1.2 105 44
28 1..2 0.8 58 27
30 1.1 0.8 64 23**

Dec. 4 2.6 1.2 40 100
6 2 ,7 1,7 55 77
8 2.0 1.8 78 67
10 3.4 1.2 31 84
12 4.6 1.5 33 39
14 2.0 1.0 44 27
16 2.6 0.6 20 21**

*Control vines received water every day.
**The end of each drying out cycle.
7̂ The end of calibration period.
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Table 37- Effect of soil moisture on the rate of dark res
piration of Tinta Madeira in mgC02dm-2hr-l. Each 
value is a mean of four replicates, Fall 1979. 
Measurements were taken between 8:00 a.m. and 
10:00 a.m.

DR and Water Status of Stress Vines

Date,1979
DR
Control*

DR Relative DR 
(% of initial)

Soil Moisture Content 
% Field Capacity

Oct. 22 0.8 0.7
24 0.7 0.8 — —

26 0.7 0.8 — —

28 0.7 0.9 — —

Mean 0.7 0.8 114 100^

31 0.6 0.8 116 86
Nov. 2 0.9 0.9 88 75

5 0.8 0.8 88 59
7 0.7 0.7 88 45
9 1.0 0.8 70 33
12 0,9 0.6 58 26
14 0 . 9 0.6 58 21**
19 1.1 1.5 120 100
21 1.9 1.4 65 82
23 1.4 1.7 107 66
26 1.4 1.0 63 47
28 1.9 1.2 55 39
30 1,4 1.2 75 27**

Dec. 4 1.3 1.2 81 100
6 2.2 2.2 88 77
8 2.2 2.0 80 63
10 1.9 1.7 78 49

. 12 1.9 1.6 74 35
14 1.5 1.1 64 26
16 ] .5 1.0, 58 18**

*Control vines received water every day.
**The end of each drying out cycle.
The end of calibration period.
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respiration was hot reduced drastically by soil moisture 
depletion. The results (Tables 35, 36 and 37) showed that 
the mean DR rates for the three cultivars in 1979 during the

 2 ___ *j_
calibration period was about 0,7 mgCC^dm hr and no dif
ferences existed btween plants designated as control or 
stressed vines. Under well water conditions DR of all 
cultivars showed a gradual increase in its rates during 
early November and did not decline until the second week of 
December.

The relative rates (Tables 35., 36 and 37) indicated 
that DR rates of all cultivars showed similar response to 
water stress, where under mild stress at the beginning of 
each drying out cycle DR transiently increased and showed 
no signs of declining until the stress was severe toward 
the end of the cycle, DR was then declined to about 50% of 
its relative rates.

The analysis of variance of the 1979 data (Table 
41) showed that only days had significant effect on DR, 
while interactions and treatments had no significant effect 
on DR of Carignane and Tinta Madeira; however, both days 
and interactions had significant effect on DR of Petite 
Sirah, while no treatment differences were detected at the 
5% level.

The daily means of DR rates in the 1980 season 
shown in Tables 38, 39 and 40 indicated that the mean DR
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Table 38. Effect of soil moisture on dark respiration rate 

of Carignane in mgC02dem-2'hr~l. Each value is 
a mean of four replicates, Summer 1980. Measure
ments were taken between 8:00 a.m. and 10:00 
a.m.

Date,1980
DR
Control*

DR ;and Water Status of Stress Vines
DR Relative DR Soil 

(% of initial) %
Moisture Content 
Field Capacity

July 15 1.1 1-.0
17 3 .0 1.0 — —
19 0.8 0 . 8 — —

21 0.8 0,7 — —

Mean 0.9 0.9 100 100^
23 0.8 0,8 100 73
25 1.0 1.0 100 37
27 0.9 0.9 100 25
29 0.9 0.8 89 21
30 1.1 0.7 64 19**

Aug. 2 1.1 1 , 1 100 86
4 1.0' 1.2 120 40
6 1.0 1.2 120 24
8 1.2 0.9 75 19
9 3 .0 1.1 110 18**
15 0.8 1.2 150 75
17 1.0 1.1 110 50
19 0.9 1.0 111 36
23 0.9 0.8 89 22
22 0.9 0.5 56 18**

^Control vines received water every day.
**The end of each drying out cycle.
7  ̂The end of calibration period.
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Table 39. Effect of soil moisture on the rate of dark res

piration of Petite Si rah in mgCC^dm-^hr--*-. Each 
value is a mean of four replicates, Summer 1980. 
Measurements were taken between 8:00 a.m. and 
10:00 a.m.

DR and Water Status of Stress Vines

Date,1980
DR
Control*

DR Relative DR 
(% of initial)

Soil Moisture Conteni 
% Field Capacity

July 16 1.1 1.2
18 1.1 .1.1 — —
20 0.8 0.7 — —
22 1.0 1.1 — —

Mean 1.0 1.0 100 100^
24 1.1 1.0 91 82
26 1.2 1.4 117 40
28 1.4 1.4 100 25
30 1.5 1.2 80 18
31 1.5 1.0 67 16**

Aug. 3 1.6 1.6 100 87
5 1.7 1, 9 112 50
7 1.9 1.9 100 28
9 1.7 1.1 65 23

10 1.9 0.8 42 19**
14 1. 3 1.5 115 92.
16 1.7 1.4 82 55
18 1.4 1.5 107 37
19 1.4 1.2 86 23
20 1.5 1.0 67 18**

*Control vines received water every day.
**The end of each drying out cycle.
7̂ The end of calibration period.
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Table 40. Effect of soil moisture on the rate of dark res

piration in mgCC^dm-^hr^l of Tinta Madeira. Each 
value is a mean of four replicates. Summer 1980. 
Measurements were taken between 8:00 a.m. and 
10:00 a.m.

DR and Water Status of Stress Vines

Date,1980
DR
Control*

DR Relative DR 
(% of initial)

Soil Moisture Content 
% Field Capacity

July 16 1.2 1.2
18 1.0 1.2 — —
20 0.7 0.7 — —
22 1.0 1,0 — —

Mean 1.0 1.0 100 100^
24 0.9 0.9 100 73
26 1.2 1.3 108 35
28 1.2 1.2 100 25
31 1.2 0.7 58 17
31 1.3 0.4 31 15**

Aug. 3 1.2 1.2 100 75
5 1. 1 1.7 154 40
7 1.3 1.8 138 28
9 1.0 0.8 80 24
10 1.1 0.9 82 2.7**

14 1.0 1.2 120 86
16 0.9 1.3 144 52
18 1.0 1.2 120 33
20 1,1 1.0 91 20
21 1.0 0.8 80 16**

*Control vines received water every day.
**The end of each drying out cycle.
^ The end of calibration period.
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rates for all cultivars during calibration period was about 

__ 2 __ 21.0 mgCO^dm hr and no differences existed between plants 
designated as control or stressed vines. Control vines 
showed a gradual increase in their dark respiration, but 
began to fall after the first week of August.

The relative DR rates of stressed vines showed an 
increase under moderate stress and remained high until 
severe stress was reached, DR was then reduced to about 
50% of its relative rates.

The analysis of variance of the 1980 data (Table 41) 
showed that days and interactions had significant effect on 
DR rates of Carignane and Tinta Madeira but no treatment . 
differences were detected; however, days, interaction and 
treatments all had significant effect on DR rates of 
Petite Sirah at the 5% level.

These findings appeared to be in agreement with 
Mooney (1969) , who worked with Pistacia Lertiseus L. 
and reported that dark respiration, first increased to a 
maximum value at relative turgidity of about 95%, then 
declined sharply as further drying occurred. The work of 
Brix (1979) also indicated an 80% reduction in respiration 
rates of Douglass fir when its photosynthetic rates dropped 
to zero. Koeppe et al. (1973) also noted that dark respir
ation rates of corn seedlings under water stress generally 
decreased with decreasing water potential and no net



Table 41. A statistical summary of significance of dark 
respiration of three grapevine cultivars, 1979 
and 1980.

Carianane Petite Si rah Tinta Madeira
79 80 79 80 79 80

Days (D) * * * * * *

Interactions (DxT) ns * •ti * ns ti

Treatments (T) ns ns ns * ns ns

^Significant at 5% level 
ns not significant



113
respiration at water potential of approximately -30 bars 
was observed.

Results of,DR of the three cultivars investigated 
indicated that the overall trend was very similar, where 
the rates in most cases increased by slight stress and 
remained high and did not show a significant decline until 
the soil moisture was severely reduced. The rate increase 
with advanced desiccation has been attributed to various 
causes, such as an increase in respiratory substrate pro
duced by starch hydrolysis, which is accelerated by the 
conditions associated with wilting (Brix, 1962) . However, 
the reduction in dark respiration at low soil moisture 
content could be attributed to either or both of two 
principle causes, the reduction of substrate as a result 
of photosynthetic rate reduction early, as the stress 
developed, and a reduction in the diffusive capacity of 
the stomates.



SUMMARY AND CONCLUSIONS

Physiological parameters of grape vines grown 
in the field were measured using a portable chamber.
Six cultivars were chosen in the first season (1979). 
Photosynthesis of these vines was measured, the leaves 
were then excised and their water potentials were deter
mined, then taken to the laboratory where their areas 
were measured. Over the season photosynthetic compari
sons of all cultivars indicated no significant difference 
existed between them. However, all cultivars showed a 
wide variation in their photosynthetic rates from day to 
day. No consistent correlation was found between photo
synthesis and leaf water potential' and this probably 
was due to low light intensities and low temperature 
early in the morning, which made them the limiting 
factor to photosynthesis rather than leaf water 
potentials.

In 1980 several experiments were performed in the 
field. Diurnal measurements of photosynthesis, dark respir
ation and leaf water potential of Tinta Madeira showed that 
both photosynthesis and dark respiration exhibited low rates 
early in the morning and late evening, with photosynthesis

-114-
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reaching peak values at 7:00 a.m. in May and 8:00 a.m. in 
June. Peak values for dark respiration were reached at 
midday and 3:00 p.m. in May and June, respectively. How
ever, diurnal leaf water potential followed a general 
pattern, due primarily to the diurnal variation in solar 
radiation and temperature. Solar radiation provides 
energy for evaporation, and increases in temperature in
crease the vapor pressure gradient between the saturated 
leaf interior and the atmosphere. Consequently, leaf water 
potential began to decrease rapidly in the early morning in 
response to increased light intensities and continued to 
fall until about midday when it remained constant for sever
al hours, then began to increase in the late afternoon.

The regression analysis of apparent photosynthesis 
and leaf water potentials of Carignane showed biphasic 
curve in which high APS were maintained until leaf water 
potentials fell to about -9.3 bars; it then decreased 
rapidly, reaching a minimum rate at about -13.0 bars. The 
negative correlation indicated that photosynthesis was 
affected by decrease in leaf water potential.

Comparisons of photosynthetic and dark respiration 
rates of Grey Riesling between and within vines indicated 
that only days had significant effect on photosynthesis, 
while vines, shoots and interaction between shoots and 
vines had no significant effect on photosynthesis. However, 
the analysis of variance of dark respiration rates indicated
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no significant difference could be detected between dates, 
vine, shoots or the interaction between shoots and vines of 
Grey Riesling. Photosynthesis responded to daily climatic 
variations more than respiration did.

Comparisons of photosynthetic and dark respiration 
rates within and between Cabernet Sauvignon, Carignane, Grey 
Riesling and Tinta Madeira cultivars showed a significant 
difference existed between cultivars, but no significant 
difference due to dates of sampling, vines, or interaction 
between cultivars and vines were found. Mean comparisons 
using SNK indicated that all four cultivars were signifi
cantly different from one another. These results are in 
disagreement with the 1979 season where no significant dif
ferences were found. This might be due to the use of 
different shoots and different vines for the same cultivars 
in 1979. However, the analysis of variance of dark respira
tion rates indicated that no significant difference could 
be detected between dates of sampling, vines, cultivars 
and the interaction between cultivars and vines.

When the apparent photosynthetic and dark respira
tion rates of eight cultivars (Alden, De Chaunac, Himrod, 
Malvasia bianca. Petite Sirah, Sauvignon blanc, Seyval and 
Sylvaner) were investigated, the analysis of variance in
dicated that cultivars had significant effect on photosyn
thesis, but no significant difference due to cultivar 
effect on respiration rates were detected.
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An investigation of the effects of a series of 

cycles of alternating low and high soil water contents on 
the rates of apparent photosynthesis, true photosynthesis, 
post-illumination CO^ burst and dark respiration was con
ducted with three container grown grapevine cultivars

i
(Carignane, Petite Sirah and Tinta Madeira). Eight simi
lar potted plants of each cultivar was selected. When the 
vines were about 50 cms in height, a single leaf was placed 
in a photosynthetic chamber. Four of the eight plants were 
allowed to go through a series of three cycles of alter
nating low and high soil water contents during two seasons; 
the other four plants were maintained at a high soil water 
content. The high soil water content was maintained by 
thoroughly watering the soil daily, and the low soil water 
content was the critical point at which apparent photo
synthesis was approximately zero or the plants were visibly 
wilted. The-physiological activities were measured at 
regular intervals. The CO^ exchange was determined using 
a closed loop system with an infrared gas analyzer. The 
measurement of the soil moisture content was made by 
gravimetric method.

The data show that the general pattern (increase, 
decrease and recovery) of physiological changes was very 
similar for the three investigated cultivars. On several 
occasions an increase in APS, PIB and TPS was associated 
with slight decrease in soil moisture below field capacity.
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Before wilting was evident, there were marked reductions in 
APS, PIB and TPS. When the plants showed definite wilting 
and soil moisture content was about 16% FC in some cases,
APS, PIB and TPS were almost zero. A full recovery of APS, 
PIB and TPS to prestress rates were usually obtained after 
each rewatering.

The analysis of variance of the data over the season 
of the three investigated cultivars indicated that control 
and stress treatments had significant effect on APS of 
Carignane and Petite Sirah in both seasons; however, Tinta 
Madeira showed significant differences in APS between 
treatments in the second season only.

Significant differences in PIB rates between con
trol and stress treatments were found in both Carignane and 
Tinta Madeira in the second season but not in the first 
season. Petite Sirah, on the other hand, showed significant 
differences in PIB in the first season only.

Carignane and Tinta Madeira showed significant dif
ferences in their TPS rates between control and stress 
treatments in the second season but not in the first season. 
However, Petitie Sirah showed significant difference in TPS 
rates between control and stress treatments in both seasons.

No significant differences were found in dark res
piration rates of Carignane and Tinta Madeira between 
control and stress treatments in either sason; however.
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Petite Sirah showed a significant difference in its dark

J
respiration rates in the second season, but not in the 
first season.

It is clear from these studies that gradual drying 
of the soil was accompanied by a reduction in the measured 
physiological activities, with 'the severity of reduction 
depending upon the severity of drought stress. The high 
negative correlation between photosynthesis and leaf water 
potential in the field grown vines also indicated the 
drastic effect of water stress on photosynthesis.

These results emphasize the importance of maintain
ing an adequate soil moisture under arid and semiarid 
conditions where irrigation is practiced in order to main
tain normal physiological activities of the leaves and to 
prevent a possible reduction.
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