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Estimating the seed content of Vitis vinifera cv. Gewiirztraminer berries by two parameters
related with the fecundation process

by
E. DucuineD, C. Scuneper?, C. HENNEQUET? and S. HugT?

D Unité de Recherches Vigne et Vin, INRA, Colmar, France
2) Laboratoire de Biométrie, INRA, Jouy-en-Josas, France

Su mmary: The presence of a developed endosperm in a grape berry has been suggested to be a sufficient condition for berry
set. The development of both, endosperm and embryo, leads to the formation of a seed and a grapevine flower usually contains 4 ovules.
Taking this into account, a probabilistic approach has been used to study the seed content of Gewiirztraminer berries in different plots
in Alsace (France) over 7 years. The estimation of two probabilities, in relation with the development of the endosperm and the embryo,
gives a good estimation of 5 variables (percentage of berries with 0 to 4 seeds). Knowing the number of flowers per shoot, this model
explains 98 % of the variability of the number of berries per shoot and 99 % of the variability of the number of seeds per shoot between
the years.
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Introduction Based on these data, we have developed a model con-

sidering that the endosperm and embryo development proc-

The grape berry weight has been shown to depend on  ess could be described by a probabilistic approach. This

the number of seeds (e.g. OLmo 1946; HuLiN and BALTHAZARD ~ paper explains the principles of the model, the estimation of

1961; GARTEL 1961). Thus, the potential weight of berries per  its parameters and demonstrates how to provide a simple

shoot mainly depends on the number of berries of this shoot, ~ description of the seed content of grape berries. The rela-

which is fixed after fruit set, and on the number of seeds per  tionships between the parameters of the model and fruit set

berry. will then be discussed. The results are based on data of the

To better understand the effects of genotype, environ-  variety Gewlirztraminer.

ment and cultural practices on the formation of seeds and
berries, a precise definition of the main phenomena and of

the variables which characterise them appears to be neces- Material and Methods
sary.

Research on seed abortion (PEARSON 1932; Ormo 1946; The model is based on the following hypotheses:
BarrItT 1970) has shown, except for parthenocarpic varie- - A grapevine flower contains 4 ovules.
ties of the Corinth type, that if a berry set there is alwaysa - The future development of each ovule is independent
certain development of the endosperm in at least one seed. from that of the others.
For wine grapes, KasseMEYER and STaupT (1982) have shown - If at least one endosperm develops in a berry, this
that in Gewiirztraminer and Weisser Burgunder (Pinot blanc) berry will reach maturity. On the contrary, if there is no
shedding or limited growth of pistils occurred if all 4 ovules fecundation at all in a berry, the berry will never de-
were aborted. Shedding of fertilized flowers was unusual, velop and it will drop or stay green and small.
accounting only for 3-6 % of the total losses; in this case the - The presence of both endosperm and embryo is neces-
endosperm had a maximum of 8 nuclei. With other varieties, sary to get a normal seed.
VaLLANIA et al. (1987) came to similar conclusions. With If we denominate
regard to small juicy berries, StaupT and KassemEYER (1984) - p, the probability that a fecundation process takes place
have suggested that for some varieties, including Gewiirz- and that an endosperm develops,
traminer, there is always an endosperm in the largest seed of - p, the probability that the fecundation leads to the forma-
the berries; at least, from the size of these seeds it was con- tion of an embryo and furthermore a seed, knowing the
cluded that fecundation had taken place. This is consistent endosperm is developed,
with observations on seedless varieties. Previously, -b, the probability that a berry contains 4 normal seeds,
KasseMEYER and STaupT (1983), following other authors (re- - b, the probability that a berry contains 3 normal seeds,
view: PRATT 1971), had shown that the embryo development - b, the probability that a berry contains 2 normal seeds,
starts after the endosperm development and that this hap- - b, the probability that a berry contains 1 normal seed,
pens only if the endosperm has become cellular, i.e. about - b the probability that a berry contains no normal seed but
20-21 d after flowering. at least one endosperm,
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- b’ the probability that an ovary contains no endosperm,
we can assume that Y, the random variable describing the
seed content of a reproductive organ follows a multinomial
law whose parameters are N, b,, b,, b,, b, b, b’ ), where
- N is the total number of flowers,

-b, = (pxp)’,

- by =4x(pxp)’x(1-p xp)),

- b, = 6x(p xp)*x(1-p xp,),

- b, =4x(pxpyx(1-pxp,)’,

- by=(1-pxp.y*-(1-p,)’,

-bo=(1-p)".

Under our hypotheses, the probability for a flower not
to develop is b’ = (1- pe)4. We can define a fruit set factor
(FSF)asFSF=1-b’ =1-(1- pe)4 and the average number of
seeds per berry (SPB)as SPB =4xp xp /(1- (1- p_}*).

If we consider only the number of set berries N, we can
assume that the number of seeds per berry is distributed as
a multinomial law Y with parameters N, b, , b, , b, , b, ,
and b, where b, = b/FSF and i varies from 0 to 4.

In order to test this model, we need data describing the
number of berries with 0, 1,2, 3 and 4 seeds (N.,,ifromOto 4)
in a sample of set berries (N, ). For additional relations to the
fruit set ratio (FSR), the total number of set berries and the
corresponding number of flowers are required.

Since 1984, more than 200 vine plots in Alsace (France)
were checked for regional yield forecasts (SCHNEIDER 1995).
These plots, planted with 8 varieties, are representative for
the whole area (14,000 ha). All vines are cane-pruned accor-
ding to the traditional Alsatian training system (SCHNEIDER
1989). More precise measurements concerning number of
flowers, berries and seeds were performed on a sub-sample
of this population, on a smaller geographic area (6,700 ha)
with a smaller number of varieties.

Since 1992, three Gewlirztraminer plants at 17 plots were

examined three times of a year:
- Between two weeks to 3 d before flowering, the inflores-
cences of one shoot per plant were photographed. This
shoot was chosen at a node position previously randomly
determined, within the proximal third of a cane of the first
plant, the middle third of the second plant and within the
distal third of the third plant. If unexpectedly a shoot was
not fertile, the closest fertile one was chosen. The total
number of flowers per inflorescence was then estimated with
a linear model (ScHNEIDER 1992); the equationis: F=1.56x B
+1.06, where F = estimated number of flowers per inflores-
cence and B = counted number of flower buds on the photo.
- Approximately 35 d after the onset of flowering, a few days
after complete fruit set, the clusters of the identified shoots
were cut and berries with a diameter exceeding 3 mm were
counted. The seed content of berries of a sub-sample of
approximately 100 berries per cluster was determined. Seeds
shorter than one third of the length of a normal seed were
discarded. At this stage the seed number was determined
only since 1995. These data are referred to as "fruit set data".
- At harvest, about 100 berries per plant were sampled. The
berries were counted and weighed and the individual seed
number was determined. These data are referred to as "har-
vest data".

Our main data file for Gewiirztraminer contains 340 lines
(7 years and approximately 48 plants per year) with 12 vari-

ables at the shoot level: number of flowers per shoot, number
of set berries per shoot, number of berries with 0, 1, 2, 3 and
4 normal seeds in a sample, 35 d after flowering (since 1995)
and at harvest time (since 1992).

The p, and p, parameters were estimated by maximis-
ing a criteria Cn equivalent to the likelihood of the observa-
tions, leading to the estimators Pe and Py -

4
Ca(p.,p,) =i§0NiVIOg(biv (PesP s

where N, is the number of berries of the sample containing
i seeds. The confidence regions for (p,,p,) were calculated
using the log-likelihood ratio S;. We compute S; on a grid
of values (p,.p,,,) for the parameters p, and p,

SL(PasPen) =-2x[Cn(pd ’psm)-cn(ﬁe’ﬁs )]

Under the null hypothesis H={(p.p)7(P»Pgm)} > Sy 18
distributed as a %> with two degrees of freedom. The region
of acceptance with the asymptotic confidence level 1-o is
the set

{(Paypm)saﬁsfymgSL(pd P )<7 20 @
(Kenparr and STUART 1967).
If o =5%,%_,(2) =599 .

Calculations were carried out with a program running
under Splus (MathSoft Inc., 1988, 1996, Version 3.4). A
¥’ statistic was also calculated to quantify the divergence
between estimated and measured values.

» & (N, -N,b)? 4 .
X =X~ = whereN, =X N_ andb,,
i (N,b,) i=0

the estimator of b, | deduced from p and py -

Results

Tabs. 1 and 2 present the two raw data sets obtained
just after fruit set and at harvest, respectively. Fig. 1 shows
the results of the calculations of the seed number obtained
35 d after flowering (fruit set data) in 1995, 1996, 1997 and
1998.

Tablel

Fruit set data: Seed number of berries collected just after fruit
set. 17 (1997: 16) plots

Year Number Number of berries with
of plants Oseed 1seed 2seeds 3 seeds 4 seeds Total

per sample
1995 329 220 1459 726 181 16 2602
1996 50 400 2104 91 189 3706
1997 45 657 3319 1757 420 53 6206
1998 47 362 2694 1790 500 5410

" Only 11 out of 17 plots were checked.
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Table 2

Seed number per berry at harvest and the fruit set ratio determined on the same plants. 17 (1997: 16) plots

Year Number of Number of berries with Average number of Fruit set ratio
plants per (FSR) (2)/(1)
sample Oseced 1seed 2seeds 3seeds 4seeds seeds per flowers per  berries per (%)
berry shoot (1) shoot (2)
1992 50 161 2692 1887 527 46 1.55 3719 2022 544
1993 50 163 2977 2250 574 75 1.57 2722 1543 56.7
1994 47 170 2826 1240 194 10 134 2792 1342 48.1
1995 50 257 2570 1412 262 30 1.39 251.8 1249 49.6
1996 50 526 2986 1372 251 17 127 1404 772 550
1997 45 360 2440 1401 32 36 1.39 269.8 1524 56.5
1998 48 151 2140 1839 469 4 1.60 189.8 1222 644
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Fig. 1: Percentage of berries with various seed numbers i determined just after fruit set.

V| counted

The greatest difference between an estimated b w and a
measured proportion (N, /N ) is 0.9 % and the maximum
x2 is 6.0 in 1997. For all these data, the model represents
adequately reality. The probability to get an endosperm (p,)
ranges from 29 to 35 % over the years. However, in 13-18 %
(1-p,) of the cases, this process does not lead to the forma-
tion of a seed.

In order to test the relationships between p,, p, and the
actual fruit set with the maximum available data, we applied
the model to the data acquired at harvest time. In this case,
we can work with 7 instead of 4 years.

Again, the fittings between measured and estimated
proportions are quite satisfactory (Fig. 2).

estimated

However, in comparison with the fruit set data, we can
state that (i) appreciated with a ? statistic, the quality of
the fittings is poorer, especially in 1998 (Tab. 3), (ii) if there
is a good correspondence between p, estimated at fruit set
or at harvest, values of p, are always higher at harvest (Fig.
1 and Tab. 3). This may be explained by the fact that the
proportion of 0-seeded berries is generally lower and the
proportion of 2-seeded berries generally higher at harvest
than after fruit set (Fig. 3), which may be due to the sam-
pling procedure. After fruit set, measurements were based
on entire clusters whereas at harvest measurements were
based on small parts of bunches (5-10 berries). We can not
exclude that large 2-seeded berries may have been chosen
more often than small berries without seeds.



N
B~

w

<

<

Observed proportion, %
w

S
E=)

w
o

[N
O

Observed proportion, %
w
<

25 30 35 3 8 13
Estimated proportion

2

Observed proportion, %
\
*
*

Estimated proportion

Fig. 2: Relationships between estimated and observed proportions
of berries with various seed numbers 1 (harvest data). The line
represents the bisectrix.

Table 3

Estimation of p,, ps, fruit set factor (FSF) and number of seeds
per berry (SPB) determined from the harvest data

Year  po (%) ps(%) x> FSF(%) SPB
1992 327 942 6.5 79.4 1.55
1993 333 947 197 80.2 1.57
1994 229 943 7.4 64.7 1.34
1995  28.2 90.6 113 733 1.39
1996  27.2 84.0 2.1 72.0 1.27
1997  31.6 862 23 78.1 1.39
1998 353 93.4 377 82.5 1.60

The confidence regions at the 5 % level for the estima-
tions of p, and p, at harvest are represented in Fig. 4; it
clearly shows that the variations of p, and p, are independ-
ent. Indeed, it seems possible to observe a low p, together
with a high p_ (1994), as well as a high p_ and a low p,
(1997).

From 1995 to 1998, the p, parameter is similar for both,
harvest and fruit set data (Fig. 1 and Tab. 3); thus we as-
sume that the harvest data set gives a good estimation of
this parameter for the years 1992 to 1994. The probability
for a berry not to drop and to become juicy(FéF: 1-(1- f)e)4
has been calculated for each year using the harvest data set
(Tab. 3). These values are high compared with the actual
FSR (Tab. 2) and the corrrelation with FSR is not as good
as expected (R? = 0.68). For example, although the
estimations of FSF are similar for 1995 and 1996, the ac-
tual FSR values are quite different. The same statement can
be made for 1993 and 1998. A theoretical number of berries
per shoot can be calculated by multiplying the number of
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Fig. 4: Confidence regions for parameters estimated from harvest
data (5 % level).

flowers per shoot by the corresponding probability for a
flower not to drop. Fig. 5 shows (i) that the actual number
of berries per shoot is always lower than the theoretical
number, (ii) that the difference between the estimated and
the actual number of berries per shoot seems to be linked to
the number of flowers per shoot (R? = 0.89). The higher the
number of flowers per shoot, the greater the difference.

Finally, if we take into account the number of flowers
per shoot and P, we can explain 98 % of the variability of
the number of berries per shoot. If we add the pg param-
eter, we can calculate the average seed number per
berry (SPB)2 and a theoretical seed number per shoot. In
this case, we can explain 99 % of the variability of the seed
number per shoot.

Discussion

The proposed model represents seed distribution in
berries with good accuracy. With two parameters, based on
biological considerations, 5 variables (percentage of berries
with 0, 1, 2, 3 and 4 seeds) can be estimated. However, the
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Fig. 5: Relationship between the number of flowers per shoot and
the difference between the calculated and the measured number of
berries per shoot.

sampling method is a critical point. To get reliable data of
the distribution of seeds, the analysis of a few entire clus-
ters is preferred to picking small bunches from a lot of clus-
ters. We can put forward another argument to test the valid-
ity of the model. Considering that the model is valid and the
estimations of the parameters p, and p, are true values, the
calculated 2 between predicted and measured values would
follow a x? law with two degrees of freedom (5 classes and
two estimated parameters). In this case, we would accept
the null hypothesis (the number of berries counted in each
category is compatible with the forecast), at the 5 % level
for the 4 years with fruit set data.

The model is currently being tested for different vari-
eties, for individual plots or single clusters and the first
results are quite positive, except for a few varieties such
as Riesling. For Gewiirztraminer, we would need tests in
situations with very low fruit set. The model offers new
possibilities for analysing the effects of growth or climatic
conditions on seed formation. Indeed, the p, parameter is
the result of what happens before and during flowering
whereas p_ synthesises what happens between fecundation
and the onset of embryo development, about 21 d after
anthesis according to KAsseMEYER and Staupt (1983).

The ability of this model to describe fruit set requires
further attention. The actual number of set berries is always
lower than the predicted one. We can put forward two hy-
potheses to explain this.

(1) The difference is due to young berries which drop.
This does not correspond to the hypotheses of the model
nor to literature, indicating that the maximum value is 6 % of
the total losses (see Introduction). Moreover, loss of young
berries would certainly affect berries with 0, 1, 2, 3 or 4 seeds
in different ways. In this case, there are few chances that the
distribution of seeds can be described with parameters re-
lated to fecundation. However, we have no definitive argu-
ment to exclude this hypothesis.

(2) Individual flowers have different abilities to become
berries. We already have taken this idea into account. As a
matter of fact, the p, parameter includes the probabilities:
- for an ovule to exist and to be functional,

- for a pollen tube to reach an ovule,

- for the fecundation process to take place in good condi-
tions,
- for the endosperm to reach a certain developmental stage.

In the category of non-set organs, associated with the
(1- p,)* probability, we already include flowers with no func-
tional ovules which can never develop to berries.

To be consistent with our results, we have to make the
hypothesis that a population of flowers does not follow our
model and is never able to produce berries. This population
corresponds to approximately one third of the total number
of flowers (Fig. 5). This idea has already been suggested by
other authors (MULLINS et al. 1992). May (1987) has shown
the wide range of flower sizes in one inflorescence. Accord-
ing to his data, a 1:3 ratio in width can be observed on flow-
ers within a branch of a bunch at a given date. The size of
flowers seems to depend on their position at the branch,
flowers in terminal positions ("king" flowers) being larger
than the others. Moreover, he observed, at least in one year,
that flowers in terminal positions had a higher frequency to
set than the others. Eabi et al. (1995) also noted that ovules
of "king" flowers were bigger than those in "central-lateral"
and "lateral-lateral” flowers. These results support the idea
of heterogeneity within the flower population and that flow-
ers have different probabilities to develop to berries. Fur-
ther research is required to confirm these observations and
the relations between "functional flowers", the probability
to get an endosperm (p,) and actual fruit set.
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