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The effect of foliar application of methanol on productivity and fruit quality
of grapevine cv. Flame Seedless
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Summary

Field experiments were conducted in 2002 and 2003 on
6-year-old grapevine cv. Flame Seedless. The content of chlo-
rophyll a and b, carotenoids and total carbohydrates in-
creased after methanol application. Foliar application of
aqueous methanol was very effective increasing the number
of leaves per shoot and leaf area. Furthermore, 30 % metha-
nol increased significantly the number of stomata of devel-
oping leaves at the first application time (shoot length:
20-30 cm) while 10, 30, 40 and 50 % methanol solutions
were more effective at the second application date (pre-
bloom). Increasing the chlorophyll content, the leaf area
and the number of stomata per unit leaf area by methanol
application increased net productivity of vines. There was a
highly significant positive correlation between total yield,
chlorophyll and carbohydrates content. Generally, all
methanol treatments significantly increased length and
diameter of shoots and internode length at both application
dates. Application of methanol increased total soluble sol-
ids (TSS), the TSS/acid ratio and total anthocyanins in berry
skins but decreased total acidity. Most significant effects
were obtained by spraying 30 % methanol at the two appli-
cation dates.

K e y    w o r d s :  table grape, fruit quality, yield, foliar
application, methanol.

Introduction

Most higher plants produce and emit methanol as a re-
sult of pectin demethylation. This volatile organic compound
produced especially during the early stages of leaf expan-
sion is released from leaves via stomata (NEMECEK-MARSHALL

et al. 1995). Plant tissue, however, can also metabolize metha-
nol. Although there is no methanol oxidase in higher plants,
they can convert methanol to CO2 (COSSINS 1964). Accord-
ing to GOUT et al. (2000), assimilation of methanol by plants
takes place before its oxidation. The role of methanol as a
plant growth regulator (DWIVEDI et al. 2001) or an agent to
enhance fruit quality (colour and composition) and to ad-
vance maturity would need to be studied more in detail.

Numerous experiments have shown an increase of yield
due to an increase of the CO2 content in the atmosphere
(DEVLIN et al. 1994); moreover, flowering was accelerated

(FISHER et al. 1996) and plants accumulated more carbohy-
drates (ABDEL-LATIF et al. 1996). Methanol applied to higher
plant cells was readily incorporated into the methyl groups
of molecules, such as serine, methionine and phosphatidyl-
choline (GOUT et al. 2000). Exogenous application of metha-
nol affected directly metabolic pathways related to plant
growth and development (e.g. the content of amino acids).
In addition, pathways related to plant defence mechanisms
such as activation of genes involved in the jasmonic acid
biosynthesis were affected.

Methyl alcohol may be an alternate carbon source for
plants. According to NONOMURA and BENSON (1992 a, b),
methanol-treated C3-plants increased turgor, had higher
growth rates and consequently higher yields. HEMMING et al.
(1995) found that brief exposure to aqueous methanol solu-
tions increased the metabolic heat rate resulting in an in-
creased carbon conversion efficiency. Furthermore, ZBIEĆ

et al. (1999) found that plants grown in CO2-enriched at-
mosphere were less susceptible to drought due to a de-
crease of stomatal conductance and transpiration and an
increase of net photosynthesis.

This study investigates the effect of foliar application
of methanol on the contents of chlorophyll and carotenoides
in leaves, carbohydrates in canes, anthocyanins in berry
skins and growth parameters reflecting total yield of grape-
vine.

Material and Methods

The study was carried out in 2002 and 2003 using 6-year-
old Flame Seedless grapevines grown in the vineyard of the
Faculty of Agriculture, Assiut University, Assiut, Egypt. Ex-
perimental vines were planted at 2m x 3m in loamy-clay soil
and were watered by drip irrigation. A double cordon was
used as training system. Healthy vines were selected for
uniform vigor; they were pruned in the first week of January
in each season to leave about 60 buds per vine (20 fruiting
spurs, 3 buds per spur). All vines were regularly fertilized.
Sixty vines were chosen and divided into 12 groups.  In the
second season another set of vines was chosen to avoid
carry over effects of treatments from the first season.

Thirty vines (5 as replicates for each treatment) were
sprayed with 0 (control), 10, 20, 30, 40 and 50 % aqueous
methanol when shoot length was 20-30 cm (first application
date). The other 30 vines were sprayed two weeks before
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bloom (second application date) with the same methanol
concentrations. One liter of solution was sprayed on each
vine.

P h o t o s y n t h e t i c   p i g m e n t s :  Ten leaves per
replicate were collected from the middle part of the shoots
for determination of chlorophyll a, chlorophyll b, and total
carotenoids (mg·g-1 fresh weight) according to WELLBURN

(1994).
N u m b e r   o f    s t o m a t a :  Leaf prints were prepared

from both the adaxial and abaxial surface of intact leaves
according to the method described by HILU and RANDALL

(1984). Leaf prints were taken in triplicate from three differ-
ent lobes of the lamina. Stomata were counted using a light
microscope in three areas between the leaf midrib and the
blade margin. The average of these three areas was consid-
ered as one replicate for each leaf.

V e g e t a t i v e   g r o w t h :  The number of young and
fully expanded leaves per shoot was counted and leaf area
was calculated from 20 leaves per vine positioned opposite
to the basal clusters according to the equation reported by
SOURIAL et al. (1985): Leaf area (cm2) = 0.785(diameter)2.

Final shoot length, shoot diameter and internode length
of 5 shoots per vine were estimated; the mean was consid-
ered as one replicate. The weight of one-year-old pruning
wood, including laterals, was determined in the first week of
January.

Y i e l d   a n d   i t s   c o m p o n e n t s :  Yield per shoot
(g) and total yield per vine (kg) were determined at the time
of harvest (June 14, 2002 and June 18, 2003 for treated vines,
the control was delayed by about 10 d). Samples of 15 bun-
ches per treatment (the mean of three bunches was consid-
ered as a replicate) were picked at harvest and the following
parameters were determined: (1) Diameter, length and weight
of each bunch, weight of 100 berries and number of bunch
ramifications. (2) Fruit composition: 100 berries were taken
from each replicate and crushed to determine total soluble
solids  (TSS) by using a hand refractometer. Total acidity (as
g tartaric acid per 100 ml juice) was determined according to

the A.O.A.C (1975), and the ratio of TSS/acid was calcu-
lated.

In addition, the content of total anthocyanins in berry
skins was determined according to RABINO et al. (1977). To-
tal carbohydrates in the basal parts of canes were deter-
mined according to DUBOIS et al. (1956).

S t a t i s t i c a l   a n a l y s i s :  Data were statistically
analysed using SPSS (SPSS Inc.). Analysis of variance was
carried out using a general one-way model, and Student-
Newman-Keuls (S-N-K) was used for comparison between
particular means. Simple correlations or linear regression were
carried out between different parameters.

Results and Discussion

E f f e c t   o f   m e t h a n o l   o n   p h o t o s y n t h e t i c
p i g m e n t s   a n d   l e a f   a r e a :  Fig. 1 shows the effect
of spraying various concentrations of methanol on the con-
tent of chlorophyll a (chl.a), chlorophyll b (chl.b) and total
carotenoids in leaves in two seasons. There was no signifi-
cant difference between seasons. It is evident that foliar
application of methanol induced significant increments of
chl.b at the first date, chl.a and chl.b at the second date and
total chlorophyll at both dates. Considerable increases were
obtained by all concentrations especially by 30 % and 40 %
of methanol at the second application date. Spraying leaves
with methanol resulted in a significant decrease of the chl.a/
b ratio due to an increase in chl.b relative to chl.a (Table).
The decreased ratio of chl. a/b in the leaves means an exten-
sion of the absorption band of mixed pigments towards the
green part of the system (THIMANN 1980, 1987; VEIERSKOV

and THIMANN 1988). In contrast, the ratio of chl.a+b/
carotenoids increased significantly in methanol-sprayed
leaves (Table), despite there was no significant change in
the content of carotenoids between different treatments.
Chlorophylls are particularly sensitive to oxidation and
photodamage, while carotenoids function as anti-oxidants

Fig. 1: Content of chlorophyll a, b and total carotenoids in leaves of vines treated with various concentrations of methanol. Values are
means ±SE, n= 3. At the first or second date of methanol application, means of each component with different letters are significantly
different at p< 0.05 according to the S-N-K test.



and in quenching photo-induced excitation. Changes in the
chlorophyll:carotenoid ratio are potentially sensitive indi-
cators of oxidative damage. According to THIMANN (1980),
carotenoids are more stable than chlorophylls. ROBERTSON et
al. (1966) reported that the amount of chlorophyll will not
increase above that which can be protected by carotenoids.
The concept of many authors (KRINSKY 1968; GOLBECK et al.
1977; THOMAS 1978; DÜRING 1999) towards the protective
role of some carotenoids under conditions of excessive light
led us to conclude that foliar spraying with methanol did not
cause any stress for the plants.

 Data in Fig. 2 A show that spraying vines with metha-
nol increased significantly the number of leaves per shoot.
The maximum increase was observed when vines were
sprayed with 30 % methanol at both application dates. Ap-
plication of  methanol at the two dates very effectively in-
creased leaf area. Application of 30 % methanol at 20-30 cm
shoot length (first date), increased leaf area by about 26 %
(Fig. 2 A). A similar but smaller effect was observed by ap-
plying 20 % methanol. At 20-30 cm shoot length, 20-40 %
methanol treatments increased significantly leaf area as com-
pared to applications at the second date. The positive effect
of methanol application on leaf area may be due to abundant
CO2 supply from methanol as suggested by HEMMING et al.
(1995). This may have reduced photorespiration in favour of
photosynthesis. Moreover, application of methanol was
found to play an important role in balancing the nutritional
status of leaves by acting as a carbon source (BENSON and
NONOMURA 1992; MAUNEY and GERIK 1994) or by enhancing
the engendered root activity (MAKHDUM et al. 2002).

Moreover, it is clear from the data shown in the Table
that the number of stomata per mm2 at the abaxial leaf sur-
face increased significantly after application of 40 % metha-
nol only; according to DÜRING (1980) vine leaves are
hypostomatal. When estimated per leaf, the number of sto-
mata increased significantly by spraying methanol at any
concentration (Fig. 2 B). The increase was also significant
with 20 and 30 % methanol at the first date and with 50 % at
the second date (Fig. 2 B).

V e g e t a t i v e   g r o w t h :  Fig. 3 A shows that methanol
significantly increased length and diameter of shoots at the
two dates of application. The highest length of shoots was

T a b l e  1

Effect of foliar application of methanol (10-50 %) on the ratio of chl. a/b and chl. a+b/carotenoids, and on the number of stomata per mm2

leaf area of grapevines. Treatments at 20-30 cm shoot length (I) or at pre-bloom (II).  Values are means ±SE, n= 10. Values for each date
of application with different superscript letters are significantly different at p< 0.05 according to the S-N-K test.

Methanol treatments

Control 10 % 20 % 30 % 40 % 50 %

Chl.a/b I 3.85b± 0.09 2.70a± 0.09 2.86a± 0.07 2.46a± 0.18 2.38a± 0.21 2.24a± 0.26
II 3.85c± 0.09 3.07b± 0.08 2.90b± 0.22 3.08b± 0.27 2.31a± 0.17 1.95a± 0.15

Chl.a+b/ I 2.72a± 0.04 3.54b± 0.16 3.54b± 0.03 4.07b± 0.25 3.81b± 0.12 3.71b± 0.21
carotenoids II 2.72a± 0.04 3.27ab± 0.03 3.55ab± 0.15 3.52ab± 0.04 4.38b± 0.18 4.48b± 0.68
No. of stomata I 218.23ab± 6.67 240.05b± 7.11 205.14a± 7.18 208.96a± 7.97 228.60ab± 5.01 220.96ab± 7.29
per mm2 II 218.23a± 6.67 233.51ab± 6.57 214.96a± 6.54 237.33ab± 7.16 249.33b± 9.79 241.69ab± 8.22

Fig. 2: Effect of foliar sprays with methanol on leaf area (cm2) and
the number of leaves per shoot at two different dates of applica-
tion (A), and on the number of stomata per leaf (B). Values are
averages of the two seasons ±SE, n = 10. For each line, values with
different letters are significantly different. For each panel, values
of the first and second dates of methanol application with statisti-
cally significant differences are marked with stars (P<0.05) ac-
cording to Duncan test. The figures also display the F-values for
one-way ANOVAs.

observed after using 30 % methanol followed by 20 %, re-
gardless of the time of application. Shoot length increased
by about 40 % and 20 % after spraying 30 % and 20 %

The effect of foliar application of methanol 13
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Fig. 3: Effect of various concentrations of methanol on shoot length
and diameter (A), cane and pruning weight (B) and on total yield per
vine (C) for two different application dates. Values are averages of
the two seasons ±SE, n=10. For each line or column, values with
different letters are significantly different. For each panel, values
of the first and second dates of methanol application with statisti-
cally significant differences are marked with stars (P< 0.05) ac-
cording to the S-N-K test.

methanol, respectively. These results were confirmed in two
seasons. Furthermore, all levels of methanol caused an in-
crease in internode length: while the internode length in
control vines was 4.7 cm it ranged between 5.2 and 5.5 cm in
treated vines (without significant differences between treat-
ments). The increase in shoot length, diameter and inter-
node of shoots could be due to the important role of metha-
nol in facilitating the availability of mineral or organic nutri-
ents to vines and the utilization of methanol as a carbon
source (NONOMURA and BENSON 1992 a). As CO2 increased in
the ambient air as a result of methanol oxidation (GOUT et al.
2000), the photosynthetic efficiency of leaves will increase

Fig. 4: Influence of foliar application of methanol on bunch weight
and 100-berry-weight (A), bunch length and diameter and ramifi-
cation number (B); total soluble solids (TSS%), total acidity and
TSS/acidity (C).  For details see Fig. 3.

and hence more carbohydrates, amino acids and proteins
may be transported to the shoots.These results are sup-
ported by finding of ZBIEĆ et al. (2003) who reported that
application of methanol solutions (10-40 %) on winter-rape
significantly increased shoot length and growth. Also, prun-
ing weight increased significantly by methanol application
(Fig. 3 B), reaching highest values (4.22 and 3.83 kg vine-1

for the two dates of application) after spraying with 30 %
methanol.

Y i e l d   a n d   f r u i t   q u a l i t y :  Total yield per vine
was increased significantly by all treatments at each date of
application (Fig. 3 C). Maximum yield was obtained by spray-
ing with 30 %, followed by 20 % methanol. Highly signifi-
cant positive correlations were found between total yield
and chlorophyll (R2 = 0.823 and 0.955, for the two dates of
application), and between total yield and the content of car-
bohydrates (R2 = 0.952 and 0.974). These results are in agree-
ment with those obtained by NONOMURA and BENSON (1992 b)
who reported that methanol-treated C3-plants showed high



growth rates and consequently had higher yield. In con-
trast, WILSON et al. (1996) applied aqueous methanol (6 con-
centrations from 0 to 50 %) on barley and found that none of
the treatments significantly affected crop performance.

The linear regression between total yield and pruning
weight indicated that total yield was 3.3-fold the pruning
weight (R2 = 0.92), while bunch weight was about 5-fold the
cane weight (R2 = 0.67). These relationships were confirmed
in two seasons.

Bunch weight increased with methanol spraying, the
maximum weight was obtained from vines sprayed with 20 %
or 30 % methanol at both application dates (Fig. 4 A). Fur-
thermore, all treatments significantly increased berry weight,
irrespective of the application date. In two seasons, the high-
est berry weight was obtained by spraying 2 weeks before
bloom with 30 % methanol (278.8 and 283.5 g 100 berries-1,
respectively).

Data presented in Fig. 4 B reveal that bunch length was
increased significantly by methanol treatments only at the
first date of application. At both application dates, the diam-
eter of bunches was increased significantly by all treatments.
In addition, at the first application date all treatments  sig-
nificantly increased bunch ramification. At the second ap-
plication date, only 20 % and 30 % methanol significantly
increased the rate of ramification.

Foliar application of methanol (10-50 %) caused a sig-
nificant increase in total soluble solids (TSS) of berries at
the two dates of application and in both seasons (Fig. 4 C).
The increase in TSS was proportional to the concentration
of methanol. The results indicate that all methanol treat-
ments significantly decreased total acidity, the lowest acid-
ity percentage was obtained after spraying 30 % followed
by 20 % methanol. Methanol significantly increased the ra-
tio of TSS/acidity, 30 % methanol exerting the highest ratio
(Fig. 4 C).

All treatments significantly increased the anthocyanin
content in the skins of berries, especially at 20 % and 30 %
methanol at both application dates (Fig. 5). At the second
date, the regression slope of contents of anthocyanins ac-
cumulated in the skins of berries against the concentrations
of applied methanol was 11.5 µg anthocyanins g-1 fruit per
1 % methanol with an intercept of 0.93 that equals to the
content in control fruits (R2= 0.94). At the first time, the
slope was 9.0 and R2 was 0.86. According to CHERVIN et al.
(2001), spraying bunches of vines with 5 % aqueous etha-
nol increased the internal ethylene concentration in treated
berries and substantially increased berry colour. In agree-
ment with CHERVIN’s result, NIKOLAOS et al. (2003) found that
spraying vines but with methanol advanced and increased
the anthocyanins in skins of berries via induction of ethyl-
ene synthesis. In addition, methanol caused a significant
increase in the content of total carbohydrates in canes, es-
pecially by 30 % and 20 % (Fig. 5). There was a highly sig-
nificant positive correlation between the chlorophyll con-
centration in the leaves and the content of carbohydrates at
both application dates (R2 = 0.910 and 0.947).

The flow of carbon in leaves is determined by the bal-
ance between two mutually opposing cycles: the Calvin cycle
resulting in a consumption of CO2 (carbon gain) and the
photorespiratory carbon oxidation resulting in a release of
CO2 (carbon loss). In normal air the two cycles operate si-
multaneously, carboxylating and oxygenating ribulose
bisphosphate in a ratio of about 3:1 (TAIZ and ZEIGER 1998).
GOUT et al. (2000) documented, using [13C]methanol, that
the plant cells metabolize methanol slowly through readily
incorporation into the methyl group of some compounds
such as methylenetetrahydrofolate, methyltetrahydrofolate
and S-adenosyl-methionin. The subsequent utilization of
these compounds will yield serine, methionine and
phosphatidylcholine. Increasing accumulation of carbohy-

Fig. 5: The content of total carbohydrates in canes (% of dry wt) and anthocyanins in the berry skin (mg g-1 fresh weight) as influnced by
foliar application of methanol at two different dates. For details see Fig. 3.
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drates after methanol application was explained by ROWE

et al. (1994) by the production of sucrose through the ser-
ine intermediate. In addition, the amino acid methionine is
the precursor of ethylene (LIBERMAN and MAPSON 1964;
ADAMS and YANG 1979; MCKEON et al. 1995) which can be
completely oxidized to CO2 (BEYER 1979). However, the de-
crease of photorespiration reported by HEMMING et al. (1995)
may be due to blocking the cycle by increasing the concen-
tration of methylenetetrahydrofolate in the mitochondria by
foliar application of methanol instead of decarboxylation of
glycine.

References

ABDEL-LATIF, A.; SCHMIEDEN, U.; BARAKAT, S.; WILD, A.; 1996: Physiologi-
cal and biochemical responses of sunflower plants to enhanced
CO2 level. Plant Physiol. Biochem., Spec. Issue 133.

ADAMS, D. O.; YANG, S. F.; 1979: Ethylene biosynthesis: Identification
of 1-aminocyclopropane-1-carboxylic acid as an intermediate
in the conversion of methionine to ethylene. Proc. Nat. Acad.
Sci. USA 76, 170-174.

ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTRY “A.O.A.C”; 1975: Offi-
cial Methods of Analysis. 4th ed., Washington DC.

BENSON, A. A.; NONOMURA, A. M.; 1992: The path of carbon in photo-
synthesis: Methanol inhibition of glycolic acid accumulation.
Photosynth. Res. 34, 196.

BEYER JR., E. M.; 1979: Effect of silver ion, carbon dioxide, and
oxygen on ethylene action and metabolism. Plant Physiol. 63,
169-173.

CHERVIN, C.; ELKAREAMY, A.; ROUSTAN, J.; FARAGHER, J.; LATCHE, A.; PECH, J.;
BOUZAYEN, M.; 2001: An ethanol spray at veraison enhances col-
our in red wines. Aust. J. Grape Wine Res. 7, 144-145.

COSSINS, E. A.; 1964: The utilization of carbon-1 compounds by plants:
I. The metabolism of methanol-14 C and its role in amino acid
biosynthesis. Can. J. Biochem. 42, 1793-1802.

DEVLIN, R. M.; BHOWMIK, P. C.; KARCZMARCZYK, S. J.; 1994: Influence of
methanol on plant growth. Plant Growth Regul. 22, 102-108.

DUBOIS, M.; GILLES, K. A.; HAMILTON, J. K.; RABERS, P. A.; SMITH, F.; 1956:
Colorimetric method for the determination of sugars and related
substances. Anal. Chem. 28, 350-356.

DÜRING, H.; 1980: Stomata frequency of leaves of Vitis species and
cultivars. Vitis 19, 91-98.

DÜRING, H.; 1999: Photoprotection in leaves of grapvines: Responses
of the xanthophyll cycle to alteration of light intensity. Vitis
37, 21-24.

DWIVEDI, S. K.; AGRAWAL, V. K.; PATEL, R. S.; 2001: Effect of foliar
application of methanol on structural components of produc-
tivity of soybean, Glycine max (L) Merr. Crop Res. 21, 287-289.

FISHER, B. U.; NOSBERGER, J.; FREHNER, M.; 1996: Effect of an elevated
partial pressure of CO2 on source- sink relations during regrowth
of Lollium perenne L. Plant Physiol. Biochem., Spec. Issue.

GOLDBECK, J. H.; LIEN, S.; SAN PIETRO, A.; 1977: Electron transport in
chloroplasts. In: M. AVRON, A. TREBST (Eds.): Encyclopedia of
Plant Physiology, N. S. Vol. 5: Photosynthesis 1, 94-116. Springer
Verlag, Berlin.

GOUT, E.; AUBERT, S.; BLIGNY, R.; REBEILLE, F.; NONOMURA, A. R.; BENSON, A.
A.; DOUCE, R.; 2000: Metabolism of methanol in plant cells.
Carbon-13 nuclear magnetic resonance studies. Plant Physiol.
123, 287-296.

HILU, K. W.; RANDALL, J. L.; 1984: Convenient method for studying
grass leaf epidermis. Taxon 33, 413-415.

HEMMING, D. J. B.; CRIDDLE, R. S.; HANSEN, L. D.; 1995: Effects of
methanol on plant respiration. J. Plant Physiol. 146, 193-198.

KRINSKY, N. I.; 1968: The protective function of carotenoid pig-
ments. In: A. GRIESE  (Ed.): Photophysiology, 123-195. 3. Aca-
demic Press.

LIEBERMAN, M.; MAPSON, L. W.; 1964: Genesis and biogenesis of ethyl-
ene. Nature 204, 343-345.

MAUNEY, J. R.; GERIK, T. J.; 1994: Evaluating methanol usage in cotton,
Proc. Beltwide Cotton Conf., 39-40. National Cotton Council
of America Memphis, TN, USA.

MAKHDUM, M. I.; NAWAZ, M. A.; MALIK, S.; FIAZ, A.; FAZAL, I. C.; 2002:
Physiological response of cotton to methanol foliar applica-
tion. J. Res. (Science) 13, 37-43. Bahauddin Zakariya Univ.,
Multan, Pakistan.

MCKEOM, T. A.; FERNÁNDEZ-MACULET, J. C.; YANG, S. F.; 1995: Biosyn-
thesis and metabolism of ethylene. In: P. J. DAVIES (Ed): Plant
Hormones: Physiology, Biochemistry and Molecular Biology,
2nd ed., 118-139. Kluwer, Dordrecht, Netherlands.

NEMECEK-MARSHAL, M.; MACDONALD, R. C.; FRANZEN, J. J.; WOJCIECHOWSKI,
C. L.; FALL, R.; 1995: Methanol emission from leaves: Enzymic
detection of gas-phase methanol and relation of methanol fluxes
to stomatal conductance and leaf development. Plant Physiol.
108, 1359-1368.

NIKOLAOS, N.; ELEFTHERIA, Z.; DIMITOSI, S.; ANGELOS, P.; 2003: Effect of
ethephon, methanol, ethanol and girdling treatments on berry
maturity and colour development in Cardinal table grapes. Aust.
Soc. Vitic. Oenol. 9, 12-14.

NONOMURA, A. M.; BENSON, A. A.; 1992 a: The path of carbon in pho-
tosynthesis: Methanol and light. Res. Photosynth. 3, 911-914.

NONOMURA, A. M.; BENSON, A. A.; 1992 b: The path of carbon in pho-
tosynthesis: Improved crop yields with methanol. Proc. Nat.
Acad. Sci. USA 89, 9794-9798.

RABINO, I.; ALBERTO, L.; KONRAD, M. K.; 1977: Photocontrol of an-
thocyanin synthesis. J. Plant Physiol. 59, 569-573.

ROBERTSON, D. S.; BACHMANN, D. D.; ANDERSON, I. C.; 1966: Role of
carotenoids in protecting chlorophyll from photo-destruction
11. Studies on the effect of four modifiers of the albino cl,
mutant of maize. Photobiology 5, 797.

ROWE, R. N.; FARR, D. J.; RICHARDS, B. A. J.; 1994: Effects of foliar and
root applications of methanol or ethanol on the growth of to-
mato plants (Lycopersicon esculentum Mill.). New Zealand J.
Crop Hort. Sci. 22, 335-337.

SOURIAL, G. F.; MELEIGI, M. A.; KAMAL, M. A. E.; MOHSEN, A. M.; 1985:
Means of Grapevine Production, 64-214. Arabic Publishing and
Distribution Co.

TAIZ, L.; ZEIGER, E.; 1998: Plant Physiology. Sinauer Associates, Sun-
derland, Massachusetts.

THIMANN, K. V.; 1980: Senescence in Plants. CRC Press Inc., Florida.
THIMANN, K. V.; 1987: Plant senescence: A proposed integration of the

constituent process. In: W. W. THOMSON, E. A. NOTHNAGEL, R. C.
HUFFAKER (Eds.): Plant Senescence: Its Biochemistery and Physi-
ology. Am. Soc. Plant Physiol., 1-19.

THIMANN, K. V.; TETLEY, R. M.; KIVAK, B. M.; 1977: Metabolism of oat
leaves during senescence: V- Senescence in light. Plant Physiol.
59, 448-454.

THOMAS, H.; 1978: The structure of nucleic acids and proteins and
their function in subcelluar assembly. In: A. M. HALL (Ed.): Plant
Structure, Function and Adaptation, 1-48. Reprinted ELBS edi-
tion. Macmillan Press Ltd. London.

VEIERSKOV, B.; THIMANN, K. V.; 1988: The control of protein breakdown
and synthesis in the senescence of oat leaves. Physiol. Plant. 72,
257-264.

WELLBURN, A. R.; 1994: The spectral determination of chlorophylls a
and b, as well as total carotenoids, using various solvents with
spectrophotometers of different resolution. J. Plant Physiol.
144, 307-313.

WILSON, D. R.; DING YONGLIN; SINTON, S. M.; 1996: Effects of methanol
on growth, water use and yield of barley. Proc. of the 8th Austral-
ian Agronomy Conference, Toowoomba.
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