EFFECT OF LEAF TO FRUIT RATIO ON FRUIT QUALITY
-~ AND SHOOT DEVELOPMENT IN 'CARIGNANE!
AND '"ZINFANDEL' WINE GRAPES

ROBERT J.

The number of leaves required to nour-
ish the apple (2, 3, 5] and grape {7} has
been studied. Winkler (7) found that |6
leaves sufficed to mature: the fruit on
girdled shoots of "Muscat of Alexandria';
with 'Malaga', 20 leaves were sufficient.
In our experiments the leaf requirement
for "Carignane’ and 'Zinfandel' grapes was
studied; also, the degree of coloration of
fruit and the percent tfotal solids of juice
were correlated with leaf number. An
other objective was to relate color de-
velopment with maturation’ as expressed
by degrees Balling and percentage of acid.
The effect of the growing shoof apex and
laterals on maturation of fruit .was also
studied. Shoot growth was also followed,
including effects on maturation as expres-
sed by content of total available carbo-
hydrates in the shoots. '

MATERIALS AND METHODS

Mature 'Carignane’ and 'Zinfandel'
grapevines in an irrigated vineyard at the
University of California at Davis were used.
The vines were - head-trained and spur-
prunzd. Aside from the experimental pro-
cedures, the vineyard care was routine.
Girdles about 1/; inch wide were made at
the base of shoots, The girdles were re-
opened weekly; leaves developing after
defoliation were removed. In the individ-
ual shoot experiments only one cluster per
shoot was retfained. _

During the coloration period, the degrae
of coloring was estimated visually. ~ At
hatvest the color in the juice was determin-
ed with the Klett-Summerson colorimster,
using the blus, amber, and green tristimul-
us filters according to the procedure out-
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lined by Berg and Akiyoshi (I). The domin-
ant wave length, %, purity (degree of satur-

- ation), % Y (brightness), and MeAdam units

[minimum perciptible difference betwaen
two colors as judged -by the average ob-
server) were usually determined.

The percentage of total soluble solids
in the juice was obtained with a Balling
hydometer or a hand refractometer, Total
acidity was defermined by titration. Berry
weight was determined by removing bar-
ries from clusters and weighing. All bercies
were weighed in the individual shoot treat-
ments. On whole vine treatments, berries
were thoroughly mixed and lots of 200
weighed in duplicate.

For carbohydrate anelyses shoots were
cut into small pieces, dehydrated at 65°C,
and then ground in an intermediate Wiley
Mili. Duplicate samples were analyzed. Ex-
fraction procedures were those of Winkler
and Williams (9), modified by using Clar-
ase for starch digestion. Carbohydrate an-
alyses were made according to the method
of Phillips (6]. Data are expressed as %
dry weight. - :

To obtain leaf area, leaves were mixed
and then sections 7cm® in area were cut
out at random. Totel leaf area was deter-
mined by relating the weight of a sample
of leaves whose area was known to the
total weight of all leaves.

EXPERIMENTAL RESULTS

Number of leaves and maturation:
‘Carignane' 1957-—On July 10 the fruit
of "Carignane’ vines was thinned to ons
cluster per shoot. Each retained cluster
weighed about 87 grams, and contained
about 220 green berries from [l to |2
mm in diameter. The shoots averaged 52
leaves, approximately half of them arising
from lateral shoots. The degrees Balling
of the juice was 6.5.
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On July 10 the following girdling and
defoliation treatments were made, 10
shoots per treatment:

I. Shoot girdled; only the 2 basal leaves
retained.

2. Shoot girdled; only the 4 basal leaves
retained. '

3. Shoot girdled; only the 8 basal leaves
retained.

4. Shoot girdled; only the 12 basal leaves
retained.

5. Shoot girdled; only the 16 basal lsaves
retained. T '

6. Shoot gfrdled; all leaves retained, ex-
cept those on lateral shoots.

7. Shoot girdled: -all leaves retained.
8. Shoot not girdled; all lsaves retained.

The percentage of color was estimated
three fimes during the season (Table t}.

Coloration was the most rapid on girdled
shoots when laterals were removed (Table
I Figure 1}

The clusters were harvested on Septem-
ber 12, The lowest amount of color (highest
% Y] as determinad by the tristimulus
method occurred with shoots with 2 lsaves
(Table 2; Figure 2). Berries on these shoots
were shriveled and had a reddish-green
color. Berries were larger, and reddish, on
shoots with four leaves. Clusters on girdled
shoots with 8 to 12 leaves also had a red-
dish cast, although berries wsre larger

{Table 3).

The weight and area of leaves becams
progressively greater on girdled shoots
as the number of leaves increased (Table
3). The lowest shoot weight was in girdled
shoots with four leaves. Weight per clus-
ter increased up to shoots with 12 leaves,

TABLE |

Percentage of Total Surface of 'Carignane' and "Zinfande!’ Grapes That Colored on Yines
Subjected to Different Treatments on July 10, 19572

Date of Readings

'Carignane’_
Treatment July 29 August 7 August 22
|, Girdled; 2 leaves retained trace trace 30
2. Girdled; 4 leaves refained trace 5 3]
3. Girdled; 8 leaves retained 2 &0 82
4, Girdled; 2 leaves retained 3 45 87
5. Girdled; 16 leaves retained 33 92 29
b, Girdled: all leaves except 41 92 92
on latoral shoots retained -
7. Girdled; all leaves retained 24 0 89
8. Not girdled; all leaves retained trace 27 84
‘Zinfandel’
July 23 August 7 August 16
I. Girdled; 2 leaves retained trace 9 10
2. Girdled; 4 [eaves retained ! 20 40
3. Girdled: 8 leaves retained b b6 75
4. Girdled; 12 leaves retained 4 89 90
5. Girdled; 16 leaves retained 3 89 88
&, Girdled; all leaves except 5 92 97
on lateral shoots refained
7. Girdled; all leaves retained 5 98 100
8. Not girdled; all leaves retained 7 4 95

3Each figure is average estimate of 10 replicate clusters.
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carbohydrate accumulation, Browning be-
gins at the base of the cane and proceeds
acropetally. Shoots that remain green have
a low accumulation of food reserves. Such
canes are subject to sunburning and to
frost damage, Shoots with two leaves were
about 3 feet long, and only the basal foot
was browned. There were blackened streaks
along the shoots as a result of sunburmn.
Shoots with more than two leaves were
6 feet or more in length. The basal one-
third of shoots with four leaves was brown-
ed, but in some cases portions of the stems
were blackened, Shoots with vight leaves
were brownad about two-thirds the way
up the stem. However, these shoots ap-
peared weak, and the immature portions
nad black streaks. Shoots in treatments 4 to
8 (Table 3] wers well browned and mature
except at the apices.

Carbohydrate analyses showed that the
perceniage of sugar usually increased pro-
gressively from shoots wi’rK two leaves to
girdlsd shoots with all leaves (Table 4).
Sirdled shoots with all leaves produced
the maximum percentage total available
carbohydrates. Ungirdled shoots with all
feaves had a lower carbohydrate percent-
aae than the corresponding girdled shoots.
This was probably ‘a result ‘of movement
of carbohydrate into the parent vine. Dif-
terences in quantity of carbohydrate would

be magnified if they were put on an ab.
solute or a per shoot basis, since the shoots
with low carbohydrate also weighed less.

Zinfandel' 1957 — The experiment with
‘Carignane’ was repeated with "Zinfandel'
on July 15, 1957, Visual estimates showed
that very rapid coloration of fruit occurred
on girdled shoots with afl leaves and wus-
ually that progressively fewer loaves pro-
grassively cﬁelayed coloration (Table I, Fig-
ure 3}. The amount of color at harvest as
expressed by % Y increased as the leaf
number increased on girdled-shoots {Table
2). There was less color on ungirdled shoots
with all lsaves than on.corresponding gird-
led shoots. The high value for McAdam
units in the shoots with 12 leaves resulted

from a low degree of color purity in this
treatment,

Since many clusters showed signs of rot-
ting, clusters and shoots were harvested
on August |6, somewhat earlier than nor-
mal {Table 3). The larger the leaf number,
the greater was the leaf area. Weight of
girdied shoots with no laterals reached a
maximum when there were eight leaves
per shoot, but weight per cluster reached
a maximum whea all leaves except thoss on
lateral shoots were retained, Fight leaves
per shoot produced a maximum size berry;
but ali leaves, including those on laterals,
were needed fo produce the highest de-

TABLE 2

Percent Y [Brightness} and McAdam Units for Juice of ‘Carignane’ and 'Zinfandel' Grapes
at Harvest [September 12, 1957) from Shoois Subjected to Various Treatments,

'‘Carignans' Zinfandel'
% Ya McAdam % Yo McAdam
Treatment {brightness) Units [brightness) Units
[. Girdled; 2 leaves retained 844 13.0 95.4 [5.5
2, Girdled; 4 lsaves retained 86.4 1.0 0.6 14,5
1, Girdled; & leaves retajned 78.9 9.5 89.6 15.0
4, Girdled; 12 leaves retained £7.7 2.0 €8.0 21.0
5. Girdled; 14 leaves retained 2.7 b5 gl.7 14,0
6. Girdled; all leaves except 71.7 5.8 8l.1 10.0
on laterals retained

7. Girdled: all leaves retained £5.2 7.5 700 5.0
8. Not girdled; all leaves retained 69.3 0 778 0

2 The lower the 9
standards. -

Y. the greater the amount of color. Fruit of freatments No. 8 were used as the
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Figure 3. 'Zinfandel' clusters at harvest in 1957 after receiving various treatments
on July 15: A, girdled, 2 leaves retained; B, girdled, 4 leaves rstained; C, girdled,
8 leaves retained:; D, girdled, 12 leaves retained, and E, not girdled, all leaves re-
tained. Note that the greater the number of leaves retained, the greater the per-
centage of color, [Photographed August 16, 1957).
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Leaves in Treatment 8 were removed so
that the growing shoot apex with leaves
was kept fo about & inches in length.

On August 12 the clusters of all treak-
ments were about 90%, colored, except the
color of fruit on girdled shoots with all
leaves varied from 95 to 100%,. Fruit was
harvested on Ociober 6 (Table 5), A com-
parison between Treatments 3 and 4
(Table 5} shows there was no significant
differsnce in shoot weight, cluster weight,
degrees Balling or percentage of acid re-
gardless whether leaves were located on
the apical or basal part of the shoot. When
the sﬁoof tip and laterals were allowed fo
grow (Treatment 5), the degrees Balfing
was higher than when they were removed
(Treatment 4). Evidently the slow-growing
shoot tip and laterals were exporting car-
bohydrate.

Topping the shoot above the eighth leaf
(Treatment &) caused no change in degrees
Balling from Treatment 5 where the shoot
tip was retained. Treatment 8 where the
shoot tip was isolated from the eight basal
leaves by a girdle resulted in about the

same degree of ripening as whers the shoot
tip was removed Ey topping {Treatment 8§).

Degree Balling and color: The objective
of this experiment, done in 1957, was to
determine correlation of degrees Balling
with amount of color. 'Carignane' vines
were used in a randomized block design;
there were five replicate vines at each
harvest. At the second sampling on Sep-
tember 2 the fruit was almost completaly
colored (Table &). By September 23 thers
was slight shriveling of berries, which in-
creased some by September 30. Consider
able shriveling was evident by October 7;
at the final harvest on October 14 frujt
was beginning to rof,

After August 26 both amount of color
{% Y} and degrees Balling rapidly increas-
ed (Table 6, Figure 4). Amount of color in-
creased steadily up to approximately Sep-
tember 16. This level was maintained until
September 30, after which a gradual rise
occurred until harvest on October 14. The
amount of color (%, Y] increased steadily
up untit October 7 at which time a sharp
decrease occurred. In general, color rose
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Figure 4. Graph showing change in amount of colorl (%

Y] and degrees Balling in

‘Carignane’ grapes during ripening in 1957. Note increases in color and degrees

Balling are similar except lato in season.
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— o color in a given variety develops in rela-
_,§£ cowmoo o tively cool climates (8). Under climatic
<5 | PEHERTCes conditions different from those at Davis
= the degrees Balling and color development .

might present an entirely different rela-
tionship.
" It is interesting that the number of
N leaves required for a high Balling reading
= a g SOQG S o — o ,
Ex §| SHETYRIe of fruit is the same as the number required
o for proper maturation of canes, as exFress-
ed by carbohydrate analyses and color of
- N the canes. In girdled 'Zinfandel' shoots,
o however, degrees Balling decreased with
2 52%| camguonm |7 fewer leaves more rapidly than did berry
8 Lep2t TmEomeen 5| size. In Zinfandel degrees Balling was
=2 NI ot higher on girdled shoots with all leaves in-
o o| cluding “laterals than on corresponding
3 *1  shoots without laterals. With 'Carignane’
a o~ 5| there was no significant differences. The
= & 8 momaooan | 8 reason for this difference is not known.
B ok | ~ERHNIET I3
& L) 3 SUMMARY
£ & *
" 2 [. 'Carignane' shoots were girdled and
5 5| defoliated to varying degrees. The most
0] e L £ rapid coloration of fruit accurred on shoots

° e 28| 339382888 :|£| with 16 or more leaves. The lowest amount

o - gRo—|  TT=== 2 of color at harvest occurred with shoots

< g' c| with 2 leaves. The lowest shoot weight was

=6 « | in girdled shoots with 4 lzaves, The weight
5 2 er cluster increased up to shoots with [2
pe 0 o Eaaves. Degrees Balling was sharply reduc-
% 58| comwmmemo=|2| ed by fewer number of leaves per shoof,
< 25| 22235383833 % | Sixteen or more leaves per shoot produced
3 3¢ £ | high percentages of starch and total avail-

L - 2| able carbohydrates in the shoots.
o E 2. The experiment was repeated with
3 N - ‘Zinfandel” with similar results. Shoot weight
K T2 Couatovm ; reached a maximum when there were
- 9| 2RzuLay |5 8 leaves, but weight per cluster reach.
= g E1 ed a meximum when all leaves except
a o{ those on lateral shoots were retained. Eight
*=1  leaves produced a maximum size berry: but
£ 2] all leaves, including those on laterals, wers
TEl nomweemay| 8] needed to produce the highest degrees
P3| sgaREussZ| % Baling reading. The loaf ares produced by
= £1]  lateral shoots was greater than that pro-

© w1 duced by the primary shoot.

o 3. An experiment with 'Carignane’ show-
s| ed there is no significant difference in
NN R &= shoot weight, cluster wenghf, degrees Ball-
CE| nynvuLLLal; ing or percenfage of acid whether leaves
£E SRITTESI 13| are located on the apical or basal part of
S| @ Teee=g .| the shoot. When shoot tips and lateral
| shoots were allowed to grow, the Balling



