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Review article

Vigour, pruning, and cropping
in the grapevine (Vitis vinifera L.). II. 

Experiments on vigour, pruning and cropping

Max RIVES*

INRA, Station de Recherches de Viticulture, B.P. 81, 33883 Villenave d’Ornon, France

(Received 1 April 1999; accepted 31 October 1999)

Abstract – This second part of our review presents a synthesis of various experiments conducted in Bordeaux to look
for an objective control for pruning in experimental work on the grapevine. This work was based on the published liter-
ature, as mentioned in the first part of this study. The concept of a pruning scale providing the load to be left on each
vine at pruning as a function of the weight of the pruning woods it produced (a criterium of vigour) has been investigat-
ed. 

grapevine / pruning / vigour / yield

Résumé – Vigueur, taille, production chez la vigne : II. Expériences sur la vigueur, la taille et la production.Cette
seconde partie de notre synthèse porte sur des essais concernant l’établissement et la mise en pratique d’échelles de
taille, donnant la charge en fonction du poids des bois de taille (mesure de vigueur) pour chaque plante de vigne, four-
nissant une technique qui supprime le facteur subjectif du tailleur dans les essais sur cette espèce.

vigne / taille / vigueur / production

1. Introduction 

The literature shows that in the grapevine, the
unit of production is the bud left at pruning; hence

the importance of the load, which determines not
only the following year's yield, but also the future
evolution of the vine. The load is normally deter-
mined in a subjective manner by the pruner, there-
fore in order to eliminate this subjective factor in
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experiments, it is necessary to devise a means to
make it objectively determined. The experiments
described in this review investigated these points.

1.1. Influence of the pruning load

In order to study what actually takes place in the
field, we have performed 2 field experiments 
[7, 8]. 

1.2. Influence of the load left by the grower

1.2.1. Materials and methods

Counts of buds and bunches were made just
before flowering in April 1961 in a cane-pruned
commercial Chasselas vineyard. Data was based
on 1 128 canes bearing 8 to 15 buds at pruning.
Pruning had been done by the grower.

1.2.2. Results

Figure 1 depicts the results of our first investiga-
tion. It shows the mean fertility (average number
of inflorescences present, or real fertility after
Bessis [2]) on the first (basal) 4 buds of Chasselas

canes retained at pruning as a function of the load,
or total number of buds left on these canes. 

Table I shows the analysis of variance of the
regression of the mean fertility of the first 4 buds
on the total number of buds on the cane. 

The decrease in mean fertility, as measured by
the regression coefficient of the straight line
through the points, is highly significant and there is
no further variation (deviations from the straight
line) worth mentioning.

1.2.3. Discussion

We have here assumed that pruning was random
vis à vis vigour in this case. This means that the
expectation of potential fertility (in initials per
bud) was assumed to be the same for all 1 128
canes, with no difference among the samples for
the various loads other than random sampling vari-
ation. It is important to stress that our assumption
on the absence of difference between the various
samples of canes before pruning is confirmed by
the results: if the pruner had taken the vigour of the
canes into account to adjust the load he left on each
cane, the reverse result would have been obtained

Figure 1. Fertility versus load in
Chasselas vines.
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as the more loaded, the more vigorous canes would
have hence been the more fertile. 

A second piece of evidence is provided by the
variation in percentage bud burst of these 4 basal
buds as a function of the load of the cane: Figure 2
shows that there was a sharp decrease in this per-
centage with load which is attributed to a bad fit
between pruning load and vigour. The overall per-
centage of burst on the canes (Fig. 3) dropped from
89.5% for 8-bud canes to 70.5% for 15-bud canes. 

Thus, while fertility remained the same in all
vines on the average, overloading resulted in the
loss of a part of the initials that was roughly pro-
portional to the load.

1.3. Influence of the load left 
according to balanced pruning

1.3.1. Materials and methods

In our second experiment, also performed in a
commercial Chasselas vineyard, we made use of
the technique of “balanced pruning” the develop-
ment of which shall be described later. This con-
sists of determining the load left on each vine
according to a scale associating a class of pruning
weight with a given number of buds left. Table II
shows the scale we used. Counts were made in a
similar manner.

1.3.2. Results

One should note that with this scale in the same
variety, i.e., Chasselas, the actual load extends
beyond the maximum used by the grower in the
previous experiment, thus increasing the probabili-
ty of an eventual overloading effect. 

Table III gives the results of 2 years’ observa-
tion in terms of mean fertility of the first 4 buds,
number of buds that had actually grown out among
these first 4 buds, and percentage bud burst on the
whole cane.

1.3.3. Discussion

The contrast with the figures from the first
experiment is striking. The between- column dif-
ferences are obviously within the limits of random
variation for all measurements. 

There are buds that do not burst, and it is likely
that this is more pronounced at the base due to
inhibition from apical dominance (from the first
top buds of the cane that do burst first as a rule).
But here we have very significant evidence in P
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Table I. Analysis of variance of regression for fertility in first 4 buds on total load of cane.

Source of variation Sums of squares D.f. Mean squares Observed F F 0.01

Total 530 1 127 
Loads 15 7 
Regression 11 1 11.00 24.1 6.64 
Deviations 4 6 0.70 1.5 2.80 
Residual 515 1 120 0.46 

Figure 2. Percentage bud burst among basal buds versus load
in Chasselas vines. 
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Table II. Scale of load according to pruning weight (Chasselas vines experiment).

Pruning weight Load Pruning weight Load Pruning weight Load

50 — 600 6 950 — 1000 10 1350 — 1400 14
650 — 700 7 1050 — 1100 11 1450 — 1500 15
750 — 800 8 1150 — 1200 12 1550 — 1600 16
850 — 900 9 1250 — 1300 13 1650 — 1700 17

Weighing was to the nearest 50 g.

Table III. Second Chasselas vines experiment.

Load 5 6 7 8 9 10 11 12 13 14

Fertility 1.98 2.37 2.04 2.34 2.32 2.37 2.03 2.19 2.08 2.21
2.00 1.95 1.80 1.82 1.57 2.25 2.16 1.92 2.07 2.02

BB4 3.40 3.61 3.36 3.30 3.50 3.33 3.29 3.25 3.14 2.71
3.55 3.31 3.15 3.31 3.30 2.25 3.30 2.77 3.05 3.18

BBLW 88 92 90 91 93 92 92 93 88 91
90 86 87 90 92 92 90 75 81 83

Fertility: mean number of clusters on the shoots issued from the first 4 buds of the long wood; BB4: average number of buds having
burst among the first (basal) 4 on the long wood; BBLW: average percentage bud burst over all buds of the long wood. Top line in
each row: 1965; bottom line: 1966.

Figure 3. Percentage bud burst on whole cane
versus load in Chasselas vines.
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support of the theory that, as viticultural tradition
holds, but seldom puts into practice, pruning load
should be determined in proportion to the vigour of
the vine.

2. The concept of balanced pruning

Boubals [1] has clearly expressed this last view
in the case of vines trained in goblet with spurs in
the Mediterranean region of France: “A goblet
with spurs can be considered as correctly pruned
when the load left is such that in the following
growing season, there are no suckers on the arms
and trunk, and that in the next winter, the spurs that
can be left on the vine are of the same diameter as
those left in the preceding year”.

Here we find vigour expressed in terms of the
diameter of the canes, and a criterion of good bal-
ance of pruning, the absence of suckers, or shoots
originated from latent buds in the old wood, that
are induced to growth when the load is not suffi-
cient with regard to what the vigour would permit
the vine to bear. We have already come across the
reverse effect, when buds fail to burst as the load is
too heavy. One should note, however, that suckers
are not as good a symptom of underloading in
Guyot-trained vines as they are on goblets.

Shaulis et al. [9] and Winkler [10], reporting on
pruning trials, have recommended that some pro-
portionality be used to determine the number of
buds left at pruning on the vines, especially with
the hybrid varieties grown in New York state. They
do not, however, report on experiments aiming at
establishing such scales in an objective manner.
Boubals [1] implicitly advocates adopting the same
procedure.

As we have seen in the first Chasselas trial, it
does not seem that growers really do enforce this
recommendation.

2.1. Investigating empirical pruning scales [6]

In order to check on this point, and as a prelimi-
nary to experiments aimed at establishing pruning

scales and providing a rational and objective basis
to pruning, we observed what the members of the
field team at our experimental farm actually did.

2.1.1. Materials and methods

In the first part of the experiment, 10 field work-
ers at our experimental farm were each assigned a
row of Merlot vines and requested to prune these
according to their own judgement (as is normally
the case in the vineyard at the farm). The prunings
were harvested vine per vine, labelled and
weighed. The load left for each vine was then
counted and recorded, and the correlation coeffi-
cients calculated from this data. 

In the second part of the experiment, two col-
leagues followed a similar technique on one and
the same set of randomly selected vines in another
part of the field. Without actually pruning, each
individual announced the load he would leave; I
recorded this information whilst I observed how
they operated. After pruning, the prunings were
weighed and the correlations were then calculated

2.1.2. Results

The data for the first part is listed in columns 1
to 10 of Table IV. There were 63 to 67 degrees of
freedom due to missing vines. The significant
value of r at P = 0.05 is 0.25; at P = 0.01 it is 0.32.
Although not entirely poor, with 4 out of 10 not
reaching P = 0.05, the results show only a limited
trend in the right direction. 

The observations made regarding my col-
leagues, noted previously, showed that one of them
based his decision almost exclusively on the diam-
eter of the canes, while the second also took into
account their total number. (In doing so, some
memory of the load left during the preceding win-
ter possibly corrected by the failure to burst of
some buds in the case of overloading may have
been taken into account.) Using B for pruning
weight and S for the number of canes, the correla-
tions in Table V were obtained. In this table, the
difference between techniques is obvious. The
score of pruner 12 at 0.88 probably represents the
maximum that it is possible to achieve through P
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simple visual evaluation, accounting as it does for
0.78% of the total variance in this decision.

This supports the assumption that only very
skilled operators, who fully understand the mean-
ing of adjusting the load to the vine vigour actually
do achieve the goal that is prescribed by viticultur-
al tradition and rational theory, i.e., that of adjust-
ing load to vigour.

From both the commercial and the experimental
point of view, adjusting load in this manner
through what I have called “balanced pruning”
proves to be extremely important.

3. Comparison of pruning scales [6]

To evaluate the importance of the effect of vary-
ing the pruning scale, we first performed a trial
comparing 3 such scales. Scales can differ in the
slope of the relation between pruning weight and
load, or by the ordinate at the origin of a straight
line, or both. In this study, linear relations between
load and pruning weight were used.

3.1. Materials and methods

Table VI shows the scales that were selected,
differing by the ordinate at the origin. The experi-
mental design involved 792 vines taken from a plot
of Merlot. We first allocated each vine (excluding
young vines resulting from replacement), to one of
3 classes (I, II, III) according to their pruning
weight, as shown in Table VII. We then allocated
at random groups of 3 vines I, II, III, as they were
found in the field, to 3 lots of vines A, B, C. Each
lot finally numbered 264 vines. In this way, we
constituted 3 samples of vines in the vineyard that

Table IV. Correlations observed between load and weight of prunings made by 10 staff members of the labour team.

Staff member No.
1 2 3 4 5 6 7 8 9 10

rCB 0.32 0.24 0.22 0.34 0.19 0.44 0.37 0.20 0.65 0.63 

Table V. Correlations observed for 2 senior members of
staff. 

Staff member No.
11 12

B S B S

C 0.58 0.53 0.88 0.35
B 0.33 0.33

B: weight of prunings; S: No. of canes; C: remaining load.

Table VI. Three pruning scales.

Pruning weight Load A Load B Load C

< 250 2 4 6
251 — 300 3 5 7
301 — 400 4 6 8

1801 — 1900 19 21 23
1901 — 2000 20 22 24 

Table VII. Classes (I,II,III) of pruning weights in com-
parative scales.

I B63 < 350 
II 400 < B63 < 950 
III 1 000 < B63

B63 represents the weight of prunings in 1963 to the nearest 
50 g.

Table VIII. Comparison of means and variance of dis-
tribution of vines in the pruning scales experiment.

Sample B63 σB63

A 560.6 15.49
B 556.1 15.47
C 560.2 15.84

B63 represents the mean of the pruning weight of the sample
for 1963.
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had almost identical means and variances (see Tab.
VIII). (It should be noted that each of the 3 lots
comprised an equal number of vines from each of
the 3 classes, which may not be a true reflection of
the actual distribution in the vineyard.)

Each lot was then pruned according to one of the
load scales shown in Table VI. In practice, each
vine was pruned, leaving spurs and canes at full
length for the Guyot training; the prunings of each
vine were then bundled, labelled and weighed;
from this the load for each vine was determined
from the scale, and applied by pruning back the
canes to their determined load.

3.2. Results

The results shown in Table IX illustrate the sig-
nificant impact that even small differences in the
pruning scale applied can have on the production
of the vines.

C, the load, was the direct result of B, the weight
of the prunings, through the application of the
pruning scale. It can be seen that the difference in
ordinate of the scales was almost exactly reflected
in C for the 3 samples. In the same manner, the dif-
ference in load was reflected in the number of clus-
ters, Gr, found on the vines This resulted in very
large differences in yield among the 3 treatments
(58% in 1964; 73% in 1965). At the same time,
while it is noteworthy that the overall weight of
prunings remained unchanged and even seemed to
follow the same trend as the load, the mean indi-
vidual weight of the canes decreased markedly by
the sharing of the “vigour” among more canes,
which presumably corresponds to their diameters

having also decreased. It can also be mentioned
that the sugar content of the crop was the same for
all 3 treatments in both years (data not shown).

3.3. Discussion and conclusion

The first conclusion is that pruning is of utmost
importance in determining the yield to come in the
following year. This can, however, bias experi-
ments. It can make an experiment determine what-
ever one (or chance) wishes. Even with none the
least intention of biasing the trial, it is well known
that being aware of the possible outcome can
unconsciously influence the operator. While we
have seen that the fit between vigour and what an
average pruner achieves is far from being satisfac-
tory, even random departures from the relation that
ought to exist between pruning weight and load
will simply increase the error variance, at the
expense of the quality and efficiency of the experi-
ment.

Although the figures suggest a decrease in
vigour, I am of the opinion that this is entirely
attributable to the environmental differences
between the years, especially as the slight trend for
B to increase from one scale to the other in both
years would be in the other direction, should an
adverse effect have occurred. The marked
decrease, however, in the mean weight of a cane in
1965 (20%) indicates that the fertility in 1966
would have been lower in vines of sample III, thus
decreasing the expected yield. This experiment,
however, does not permit conclusions to be drawn
on this point.
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Table IX. Results of the experiment on comparison of pruning scales.

Scale B63 B64 B65 Σ65 C64 C65 P64 P65 Gr64 Gr65

I 561 438 403 55 5.8 4.6 1515 652 10.9 7.5
II 556 443 411 47 7.8 6.6 2006 868 14.2 9.1
III 560 446 426 44 9.7 8.7 2390 1125 16.8 11.4

B: mean pruning weight for that year (last data for the year); Σ65: mean weight for one cane in 1965; C: mean load in that year (first
data for the year); P: mean yield in that year; Gr: mean No. of clusters in that year.
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It is interesting to note that the high yield of
1964 does not seem to have decreased the vigour
of the vines in sample III, as compared to those in
sample I. This and other data will lead us to con-
sider the modes of competition between exports
such as crop, and vigour such as stored carbohy-
drates.

From Table X, it is possible to work out the
average fertility for 1964 and 1965, as well as the
mean weight of a harvested cluster. The slight
decrease in fertility in 1964 cannot reflect differ-
ences in inflorescence initiation, as the vines had
been chosen in a random manner with regard to
this trait. They probably reflect losses before flow-
ering. The very slight increase in p64 is not signifi-
cant. The differences in 1965, however, are likely
to reflect the effect of differential pruning on fertil-
ity, as expected from the effect on the individual
vigour of the canes. The marked increase in the
individual weight of the clusters remains to be
explained; it may result from a compensation for
the sharp decrease in fertility. This in turn appears
as the main consequence of the increase in the
severity of pruning. In a “de-bunching” trial in the
Medoc, 50% of the clusters were removed a few
weeks after flowering. The resulting yield was
approximately 80% of that of the control (data not
shown). This shows that compensation – most like-
ly in terms of the individual weight of the berries –
had taken place. These results provide the basis for
more experimentation in this regard.

4. General conclusion: determining
pruning scales

Theoretically, it would be advisable to determine
an appropriate pruning scale for every situation:
variety; rootstock; place. 

To begin with, observing an established vine-
yard and how it is generally pruned will provide
useful indications (see § 1 and 2). One can count
the load that is empirically left. In favourable
cases, it will even be possible to weigh the prun-
ings. Then it is possible to count the buds that have
not burst and/or the number of suckers if present,

or note their absence (the last in goblet vines, as
trellised ones do not seem to respond as readily by
emitting suckers). These observations will provide
a rough estimate of the appropriate scale to apply.
There remains, however, the question of devising a
practical criterion for balance. Pending further
investigations that might provide some indication
of a quick and easy way of determining such a
scale, I consider that the following technique, sug-
gested by the first Chasselas experiment, might be
contemplated at least to calibrate the scale for an
experimental vineyard. This would involve repeat-
ing the second Chasselas experiment, with 3 scales
instead of only one. Analysing the same traits
would provide a test of the relative appropriateness
of the scales.

It should be stressed that the really important
factor with a scale such as that used in field trials is
that it provides an objective means of determining
the load for each vine which makes it independent
of the experimenter and of the aims of the trial.

In vineyards that are trellised on wires, canopies
overlap from one vine to the next. Competition for
light between the foliage of adjacent vines is
apparently responsible for the negative correlation
that can be observed among consecutive vines on
the row [5]. Such heterogeneity is not welcome in
experimental trials. It may also be a nuisance in
commercial vineyards, e.g., in rendering maturity
heterogeneous. As previously mentioned, Shaulis
[9] and Winkler [10] have recommended appropri-
ate scales to avoid this phenomenon. Careful use of
differential loading could be a means of correcting
such heterogeneity, by overloading the vigourous
vines and underloading the weak vines.

Table X. Fertility and mean weight of a cluster: results
of the experiment on comparison of pruning scales.

Scale F64 p64 F65 p65

A 1.88 139 1.63 87
B 1.82 141 1.38 95
C 1.73 143 1.31 99

F: fertility; p: mean weight of a cluster.
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