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The seasonal utilization of N, P, K, Ca and Mg by the various aerial and underground organs of bearing
Chenin blanc/99R grown in sand culture under South African climatic conditions was tabulated. During
the production of one ton of grapes, the bunches accumulated 1,39; 0,25; 1,98; 0,17 and 0,09 kg N, P, K,
Ca and Mg respectively, the permanent parts of the vine accumulated a further 0,73; 0,10; 0,19; 0,14
and 0,08 kg, and the vegetative growth (leaves plus prunings) accumulated 1,77; 0,37; 0,88; 1,70 and
0,43 kg.

Appreciable seasonal changes were found in the chemical composition of both leaf blades and petioles.
The petioles showed a reasonably stable composition during the month following bloom verifying the
results of other workers, and samples for analyses should, therefore, be collected at this stage. However,
the nutrient concentrations in the leaf blades remained unstable.

The nutrient export figures obtained in this experiment may be used in conjunction with occasional
petiole analyses as a basis for fertilizer recommendations. However, in the case of petiole analyses

reliable norms are still lacking.

In order to carry out realistic fertilization programmes
in vineyards, it is essential to know what quantities of
nutrients are removed by the vines. Nutrient removal
figures have been calculated since the nineteenth century
(Conradie, 1980), but none of these values could be
regarded as representative for South African conditions.
It was particularly clear that the contribution of the roots
to the nutritional pattern of the vine should be thorough-
ly investigated under local conditions where appreciable
reserves could accumulate during the post harvest period.

The soil bank theory (the quantity of nutrients re-
moved by the crop should be replaced annually) is still
accepted to a large extent, especially in Europe, and
fertilizer recommendations are based upon it (Cook,
1966). However, soil analyses, which is an integral part of
this concept, is not always reliable in determining the
nutritional status of a vine, mainly because of the variety
of soil types, diseases and climatic differences. Tissue
analyses are regarded by some as being more reliable
than soil analyses, and an impressive amount of research
has been carried out in order to establish reliable norms
and to find the most sensitive tissue or organ capable of
reflecting the nutritional status of the vine (Beyers,
1962; Christensen, 1969; Alexander & Woodham, 1970;
Lévy, Chaler, Camhaji & Hégo, 1972; Cummings, 1977).
Reliable interpretation of analytical figures is rendered
difficult by seasonal fluctuations in nutrieat contents of
leaves. In South Africa Beyers, Pienaar & Terblanche
(1968) constructed calibration curves by means of which
analytical data obtained on leaves at any stage between
December and March may be “corrected” to such values
as can be expected at the standard reference date of 31st
January. However, this research was done for two table
grape varieties, Waltham Cross (Datier de Beirut) and
Barlinka, which are grown in South Africa under soil and
climatic conditions which differ vastly from those of wine
grapes. Furthermore, their norms were for leaf blade
analyses only, whereas it is widely accepted to-day that

petiole analyses give a better indication of the nutritional
status of vines, especially for N and K (Cook, 1966;
Winkler, et al., 1974; Cummings, 1977).

In order to establish the seasonal consumption figures
for various nutrients of grapevines under the climatic
conditions similar to those of the traditional wine areas of
the Western Cape, an experiment was carried out in sand
culture using the most commonly planted scion/rootstock
combination (i.e. Chenin blanc/99R) as test plants. The
aim was further to identify the best time for leaf sampling
as well as to determine the part of the leaf tissue most
likely to give reliable results.

MATERIALS AND METHODS

Chenin blanc vines grafted on 99R and grown in sand
culture were used as test plants. Whole vines were taken
14 times in the course of their third growing season and
were separated into the various organs and analysed.
Eight vines were used for each set of determinations.
Details of the experimental layout, care, sampling and
analyses of the vines have been described previously
(Conradie, 1980 & 1981).

RESULTS AND DISCUSSION

Amounts of nutrients removed by the crop: The vines
yielded an average of 2,6 kg grapes per vine, which
corresponds to a yield of about six tons per hectare.
Table 1 shows the amounts of N, P, K, Ca and Mg
accumulated by the various organs, calculated for a pro-
duction of one ton of grapes. (Permanent parts of the
vine include all organs remaining on the vine after prun-

ing).
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TasLE 1
Amounts of N, P, K, Ca and Mg associated with the various organs of Chenin blanc/99R during the production of one ton of grapes

Removed by Needed by Lost through Removed by

Element the crop permanent parts leaf fall pruning Total

(kg) (%) (kg) (%) (kg) (%) (kg) (%) (kg)

N 1,39 35,8 0,73 18,7 1,21 31,1 0,56 14,4 3,89
P 0,25 34,2 0,10 14,1 0,29 39,8 0,08 11,9 0,72
K.o.ooooooooio. 1,98 64,8 0,19 6,2 0,47 15,4 0,41 13,6 3,05
Ca...occoovvvnnn 0,17 8,4 0,14 6,9 1,40 69,8 0,30 14,9 2,01
Mg................ 0,09 14,9 0,08 12,5 0,32 53,9 0,11 18,7 0,60

The ratio of total quantities of N, P, K, Ca and Mg
absorbed during the season amounted to 5,39:
1:4,23:2,79:0,84. The fraction of the absorbed nu-
trients removed by the crop differed drastically from
element to element. It was highest for K (64,8%), small-
er for N and P (35,8% and 34,2%, respectively) and
relatively unimportant for Ca and Mg (8,4% and 14,9%).
The actual amounts of N, P and K removed by the
production of 1 ton of grapes per hectare (1,39 kg, 0,25
kg and 1,98 kg), correspond well with results obtained in
France. In the Charente Lafon et al. (1965), reported
figures amounting to 1,43 kg, 0,22 kg and 1,59 kg for N,
P and K respectively, and more recently in Colmar,
Marocke, et al. (1976), estimated the consumption of N,
P and K at 1,70; 0,26 and 2,32 kg/ton.

The amount of Ca removed by the crop in this experi-
ment (0,17 kg/ton) is much lower than the corresponding
figure (estimated at 0,40 kg/ton) obtained by Lafon et al.
(1965) for vineyards in production. The difference may
possibly be ascribed to the generally calcareous nature of
the vineyard soils on which the study by Lafon et al.
(1965) was conducted.

The amount of Mg removed (0,09 kg/ton) is higher
than the figure of 0,05 kg/ton reported by Lafon et al.
(1965). This difference may also be ascribed to the soil,
as Mg deficiencies have been widely reported in Euro-
pean vineyard soils (Delas, 1968; Eggenberger et al.,
1975).

The quantities of N, P, K, Ca and Mg contained in the
vegetative growth (leaves and prunings) amounted to
1,77; 0,37; 0,88; 1,70 and 0,43 kg/ton of grapes. The
figures for N, P and K compare reasonably well with
those reported by Lafon er al. (1965) for the western
district of Charente in France (2,1; 0,27 and 1,21 kg/ton),
but are much lower than the quantities found in Colmar
by Marocke et al. (1976) (3,70; 0,48; and 3,49 kg/ton,
respectively). The amount of Ca contained in the vegeta-
tive growth is lower than the 3,02 kg/ton found by Lafon
et al. (1965), whereas the corresponding amount of Mg is
considerably higher (0,24 kg/ton), again probably due to
the calcareous nature of the soil on which the experiment
in France was conducted.

Table 1 further illustrates the annual accumulation of
nutrients by the permanent parts of the vine. Appreci-
able amounts of N, P and Mg (18,7%; 14,1% and 12,5%
of the seasonal consumption) are stored in this manner.
Therefore, if all the leaves and prunings are returned to
the soil, a crop of one ton of grapes per hectare may be
expected to remove from the soil: 2,12 kg N; 0,35 kg P;
2,17 kg K; 0,31 kg Ca and 0,17 kg Mg respectively. The
vines lost the major share of the seasonal Ca uptake
(84,7%) through leaf fall and pruning. However, even

when taking this into account, the amount of Ca per-
manently removed from the soil by the production of one
ton of grapes (0,31 kg) is still comparable to the P
removal (0,35 kg). On the highly leached soils of the
Western Cape Ca nutrition should, therefore, receive
more attention.

Seasonal changes in nutritional status of leaves: The sea-
sonal changes in N, P, K, Ca and Mg contents of leaf
blades and petioles are shown in Fig. 1.

N uptake has been discussed previously (Conradie,
1980), and as indicated in Fig. 1, the N concentration in
the blades decreased during bloom as well as during the
month following bloom, after which there was a slight
increase during the period preceding véraison, followed
by a decrease during the ripening period. The petioles
showed a substantial decrease in N during bloom, fol-
lowed by a relatively stable period lasting up to harvest.
In the case of P the pattern for the blades was compar-
able to that of N, but the pattern for the petioles showed
larger variations, the only relatively stable period being
the month following bloom. However, in contrast to the
results of Cummings (1977), the P concentration in the
petioles was still more stable than that in the blades. The
results of this study for P levels in petioles correspond
fairly well with the results obtained locally by Beyers et
al. (1968), as well as with those of Christensen (1969) for
Thompson Seedless, where a decline was observed
through the bloom period followed by a slight increase
into midsummer.

The K concentrations in both blades and petioles de-
creased steadily from the beginning of bloom up to
harvest. These results are in close agreement with those
reported by Beyers et al. (1968) and Christensen (1969).

The Ca concentration of both the blades and the
petioles increased from bloom until harvest, the only
relatively stable period being, as for P, the month follow-
ing bloom. This is in accordance with the results of
Beyers et al. (1968), Christensen (1969) and Cummings
(1977).

The Mg concentration of the petioles increased slowly
at the beginning of the season, and was followed by sharp
increases during the remainder of the season—an
observation reported previously (Cummings, 1977). The
Mg concentration in the blades showed a small but
consistent increase during the season. This is in contrast
to the results of Cummings (1977). However, Beyers et
al. (1968) also reported an increase in Mg concentration.

Considering the seasonal variations in leaf concentra-
tions of N, P, K, Ca and Mg it appears that the most
suitable tissue to analyse is the petiole, and the most
stable time for sampling is during the month following
bloom. This is in accordance with conclusions reached by
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Seasonal changes of N-, P-, K-, Ca- and Mg- levels in leaf
blades and petioles from Chenin blanc/99R grown in sand
culture. Blades O———O©; Petioles x — — — - x.
other workers (Christensen, 1969; Alexander & The total nutrient contents of the vine leaves in mg/

Woodham, 1970). However, figures obtained for K at
this stage, or any other period, may give variable results.
Furthermore, this period (one month after bloom) coin-
cides with the stage when nutrients (with the exception of
K) in the petiole are at or near the lowest level for the
season. More research is needed in order to determine
whether analytical results from petioles sampled at this
stage can be used to determine whether or not vineyards
are adequately nourished (Christensen, 1969).

The seasonal pattern for leaf blades generally corres-
ponded well with that found locally by Beyers et al.
(1968). However, because Chenin blanc is an earlier
ripening variety than either Waltham Cross or Barlinka,
the correction curves drawn by the above authors do not
hold good for Chenin blanc.

vine are shown in Table 2. The N and P content of the
blades increased steadily up to véraison, decreasing
thereafter until after harvest, and finally increased again
during the period of leaf fall. The same pattern was
exhibited by the petioles, except that losses occurred
during the period of active leaf fall. For K translocation
started before véraison and was of a larger magnitude—
probably due to the high mobility of K, and the loss was
fully recovered during the five weeks immediately follow-
ing harvest. In contrast to N and P there were further
translocations of K from the blades during leaf fall. Both
the blades and the petioles showed gains for Ca and Mg
throughout the season—the only exception being a small
decrease in the Ca content of the petioles just after
harvest.

TaBLE 2
Seasonal changes in N, P, K, Ca and Mg contents (mg/vine) of leaves from Chenin blanc/99R vines grown in sand culture
Sampling N P K Ca Mg
Date Growth Stage
Blades | Petioles | Blades | Petioles | Blades | Petioles | Blades | Petioles | Blades | Petioles
1020 ...... Startbloom .................. 1286 59 228 22 531 124 502 52 98 17
11/10 ...... Endbloom ................... 2184 75 365 47 783 225 1031 122 189 42
12/ 9...... End of rapid shoot elongation ... | 2 829 88 470 69 1 059 219 1575 174 271 64
1713...... Véraison ..................... 3304 114 544 91 977 233 2239 221 380 118
217 ...... Harvest...................... 2 818 111 433 81 683 146 2437 243 392 165
322...... After Harvest................. 2 449 97 399 63 1054 222 2 396 208 419 168
5/5...... Startleaffall.................. 2 457 108 540 64 1 089 237 2770 209 528 190
623 ...... Endleaffall .................. 3 066! 741 683! 62! 1 036! 187" | 3427 | 223 637 208!

IShed leaves collected during leaf fall.
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As suggested by Beyers (1951), seasonal variations in
the nutritional contents of leaf blades positioned at the
middle of a shoot may be decreased by expressing the
nutritional contents on an absolute basis i.e. mg of nut-
rient contained per leaf. In this experiment all the leaves
on a vine were used and when expressed as mg of
nutrient per leaf (not shown) the figures obtained from
Table 2, therefore, compare with the actual values for
middle leaves. However, the nutrient concentration in
the petioles still appears to give a better indication of the
actual nutritional status.

SUMMARY AND CONCLUSIONS

The amounts of N, P and K consumed by the crop and
vegetative growth, as determined in this experiment,
compare well with results obtained elsewhere, whereas
the differences observed for Ca and Mg may probably be
ascribed to the nature of the soil on which the field
experiments of other researchers were conducted.

The permanent structure of the vine showed a relative-
ly large seasonal demand for additional nitrogen (0,73
kg/ton of grapes). This was due to increased root growth
and enlargement of the permanent structure, and should
be taken into account when applying a fertilizer program-
me. Assuming that all the leaves and prunings are re-
turned to the soil, the seasonal demand for N, P, K, Ca
and Mg amounts to 2,12; 0,35; 2,17; 0,31 and 0,17 kg/ton
of grapes produced, which is regarded as realistic for
local conditions.

In accordance with results obtained in other countries,
leaf petioles sampled about one month after bloom
genefally appeared to be the most stable tissue when
analysed for N, P, Ca or Mg. For K no such stable period
was noticeable. In this experiment, using adequately
nourished vines, the nutrient concentrations in the
petioles analysed at this stage amounted to 0,96; 0,61;
2,90; 1,59 and 0,54% for N, P, K, Ca and Mg, respec-
tively.

Apart from the figure for P, which appears to be rather
high, the other figures compare reasonably well with
results obtained by other researchers in field trials.

The consumption figures as determined in this experi-
ment may, therefore, be used in order to plan and apply
a realistic fertilization programme under climatic condi-
tions found in South Africa. Although reliable norms

should be established for petiole analyses, results from
such analyses can be used as guidelines.
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