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ABSTRACT 

The seasonal uptake and the distribution of nitrogen were 
determined for Chenin blanc/99R, grown in sand culture 
under South African conditions. Whole vines were 
sampled 14 times in the course of one year. 

Two distinct absorption peaks were found-the first 
starting after bud burst and lasting up to veraison, while 
the second extended from harvest into the leaf fall period. 
The amount of nitrogen absorbed during the second (post 
harvest) period amounted to 34% of the total for the season, 
and most of this was stored in the roots. 

The amount of nitrogen removed by the crop (1,39 
kg/ton of grapes) compared well with relevant literature, 
but the amount of nitrogen in leaves and canes associated 
with this, differed from results obtained in other countries. 

INTRODUCTION 

The vine is generally more likely to respond to nitrogen 
(N) than to phosphorous (P) and potassium (K) fertilization 
(Williams, 1946). The effect of N fertilizers on grape yield 
and quality has been extensively evaluated. However, in 
many cases little or no beneficial effect on yield could be 
detected (Bucher, 1969; Tulloch & Harris, 1970; Marocke, 
Balthazard & Huglin, 1977). This led to the concept of a 
"soil bank", where the quantity of nutrients removed by 
the crop should be replaced annually (Cook, 1966). At 
present, the philosophy on vine fertilization is changing 
because it is recognized that some soils contain chemical 
reserves capable of supplying nutrients for hundreds of 
years. However, to carry out any realistic fertilization 
programme, it is still essential to know the amount of 
nutrients removed by the crop. With this object in mind 
many workers from as far back as the nineteenth century 
calculated the amounts of nutrients removed from the soil 
during the production of a crop of a specific size (Miintz, 
1895, as reported by Perold, 1927; Alexander, 1957; 
Condei & Dumitrescu, 1968; Finkenauer, 1975; Marocke, 
Balthazard & Correge, 1976). 

There were appreciable differences between the values 
reported for the different localities, and none can be 
regarded as representative of South African conditions. 
Furthermore, in most cases analyses were confined to 
aerial growth only. Where roots were also taken into 
account, it was done only on a qualitative basis (Alexan
der, 1957). This is regarded as a serious deficiency
especially in hot countries like South Africa, where very 

active root growth during the long period between harvest 
and leaf fall is possible. 

The optimum time for the application of nitrogen will 
depend on the period of peak demand by the vine, and 
N-leaching from the soil. The periods were determined by 
several workers (Hiroyasu, 1961; Guillen, Fernandez & 
Caro, 1965; Lafon, Couillaud, Gay-Bellile & Levy, 1965; 
Christensen, 1969; Giirtel, undated, as reported by 
Huschka, 1978). Investigations were mainly conducted on 
the aerial growth, and were confined to the growing 
season. The quantitative way in which N-reserves were 
utilized over a whole season was therefore not quite 
clear-especially for the warmer countries. 

The N-content of vine leaves (blades and/or petioles) is 
generally believed to give a good indication of the state of 
N-nutrition of the vine (Winkler, Cook, Kliewer & Lider, 
1974). However, interpretation of analytical figures is 
rendered difficult through seasonal changes in N-content of 
blades and petioles (Lafon et al., 1965; Christensen, 1969; 
Cummings, 1977). 

Locally, seasonal variations in the N-content of blades 
were determined by Beyers, Pienaar & Terblanche (1968), 
but their work was confined to table grapes, which are 
grown under completely different conditions, while 
petioles,,were not analyzed separately-with the result that 
local standards for leaf composition are incomplete. 

In order to establish the nutrient uptake pattern under the 
climatic conditions of the traditional wine areas of the 
Western Cape, an experiment in sand culture was carried 
out using the most commonly planted grape variety, 
Chenin blanc, as test plant. This report only deals with 
changes in dry mass of organs and with the uptake of N. 

MATERIALS AND METHODS 

One year old Chenin blanc (Vitis vinifera) vines, grafted 
on 99R rootstock, were planted in 45 t, glazed, earthen
ware pots during September 1974 and kept out of doors. 
The growth medium consisted of coarse grade, acid 
washed quartz sand, and the pots were placed in trenches 
in order to ensure rootzone temperatures comparable to 
that of the surrounding soil. The vines were fed with 
Hoagland's standard solution (Hoagland & Amon, 1950), 
and shoots were supported on a 3-wire Perold trellis 
(Zeeman, 1978). After one season the vines were pruned 
back to two 4-node spurs, and eventually 8 shoots were 
retained on each vine. During the second growing season 
the vines were sampled 14 times at the stages indicated in 
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Table 1. For sampling purposes the vines were divided into 
8 blocks of 14 vines each. At each sampling date a vine 
was selected randomly from every block, removed from 
the pot, washed free of sand and, depending on the growth 
stage, separated into the following parts and organs: Root
stock, bark on rootstock, trunk (one to two year old scion 
wood including the graft union), bark on trunk, medium 
roots (diameter > 2 mm), fine roots (diameter < 2 mm), 
new shoots, bark on new shoots, leaf blades, leaf petioles, 
mare (skins, pips and stalks) and juice. During leaf fall, the 
fallen leaves were collected regularly. All samples (exclud
ing juice) were washed according to the method described 
by Beyers (1962), subsequently dried at 60 °C, the mass 
determined, and milled to pass a 20 mesh screen. In the 
case of juice the volume was determined, total soluble 
solids measured, and the amount of dry material calcu
lated. Total N was determined in a selenious acid/sulphuric 
acid digest by means of an automated colorimetric method 
as described by Warner & Jones (1970). 

RESULTS 

Plant Performance: Root zone temperatures in the pots 
compared well with that reigning in the surrounding soil 
(not shown). During the active growing season daily mean 
temperatures of the soil were slightly higher than those 
measured in the pots. The largest difference which 
occurred in February amounted to 2,5 °C. However, during 
the winter months (May, June, July and August) sand 
temperatures were marginally higher than those of the 
surrounding soil-the largest difference of 1,2 °C occur
ring during August. These small differences did not affect 
the times of bud burst, bloom and leaf fall of the experi
mental vines, which corresponded well with those of 
commercial Chenin blanc vineyards. However, difficulty 
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was experienced to obtain a high sugar content in the 
grapes, and harvesting took place at 16,6 °B when the 
sugar content appeared to have reached a plateau. Grapes 
were of good quality as evaluated visually. 

Accumulation Of Dry Material: The seasonal changes 
in dry mass of the various organs of the vine, are shown in 
Table 1 and Fig. 1. (For greater simplicity, medium and 
fine roots were combined and indicated as roots, while 
juice and mare were combined as bunches.) 

On the first sampling date, dormant stage, the roots 
accounted for 65% of the dry mass of the vine. Up to 
bloom no appreciable increase in the total dry mass of the 
vine was noted. The increase in dry material due to new 
growth was cancelled by a significant decrease in the dry 
mass of the roots. During the 21 d period of bloom, the dry 
mass of the vine increased significantly by an amount of 
105,4 g. The vine was now self sufficient, and apart from 
the increase in dry mass of the vegetative organs, the 
permanent parts also showed increases. This pattern 
became more pronounced as veraison was approached. 
During the 64 d from the end of bloom to veraison, the 
dry mass of the vine increased by 423 g, which represented 
about 49% of the amount gained over one season. During 
the 35 d preceding harvest the rate of dry mass increase 
slowed down to show a gain of only 123,9 g. During the 
same period the mass of the bunches increased by 145 g, 
thus implying a loss of about 20 g in dry mass of the vine 
itself, which could again be traced back to the roots. At 
this stage the bunches contained 47,1 % of the dry material 
in the vine, the vegetative growth (new shoots and leaves) 
28,2%, and the permanent parts (trunk, rootstock and 
roots) 24,7%. 

During the 33 d period following harvest there was a 
further significant increase in the dry mass of the vine, 
mainly the result of a massive increase in the dry mass of 
the roots. 
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Seasonal changes in dry mass of a Chenin blanc/99R vine grown in sand culture. 
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TABLE 4 
Amounts of dry material and N accumulated by the various organs of Chenin blanc/99R during the production of 1 ton of grapes 

Part of vine 

Grapes ....................................................... . 
Leaves ....................................................... . 
Shoots ........................................................ . 
Permanent parts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Total ......................................................... . 

amounted to 3,7 kg. However, the local figures correspond 
well with the estimated amount of 2, 1 kg, as obtained 
elsewhere in France by Lafon et al. (1965). 

The permanent parts of the vine accumulated 0, 73 kg 
N/ton of grapes (Table 4). Thus, if all leaves and prunings 
are returned to the soil, a crop of 1 ton of Chenin blanc 
grapes may be expected to remove 2, 1 kg of N from the 
soil per year. 

DISCUSSION 
Under the conditions of this experiment Chenin blanc/ 

99R showed two distinct nitrogen absorption peaks. The 
first started after bud burst, and lasted up to veraison. The 
practical implication of this is that N-fertilizers should not 
be applied too early in spring in the coastal region (not 
before August/September), as heavy winter and early 
spring rain could cause the nitrogen to be leached out of 
the root zone by the time active absorption starts. During 
the second absorption period (post harvest) active root 
growth occurred, and the amount of N accumulated during 
this stage amounted to 34% of the seasonal total. This 
emphasizes the importance of post harvest fertilization if 
moisture is available in the form of early rains or irriga
tion. In colder countries with a shorter growing season, 
where the harvest more or less coincides with leaf fall, 
post harvest fertilization may be expected to be of less 
importance. 

The importance of roots as storage organs for N-reserves 
was emphasized by the seasonal pattern (Fig. 2). Except 
for a short period preceding veraison, the roots lost 
nitrogen during the whole period up to harvest. After 
harvest, the roots were actively accumulating N, and this 
process went on into the stage of leaf fall-even though 
the roots stopped active growth about 5 weeks after har
vest, as indicated by the dry mass (Fig. 1). 

The amount of nitrogen removed by the crop compares 
well with figures reported by other workers in France 
(Miintz, 1895, as reported by Perold, 1927; Lafon et al., 
1965), but the nitrogen demand of the vegetative growth 
differed appreciably. For example in Alsace (Marocke et 
al., 1976) the vegetation contains a larger (69%) fraction 
of the nitrogen than in South Africa (56% ), whereas 
figures reported for the western district of Charente (Lafon 
et al., 1965) are in better agreement with the local results 
(60%). 

Seasonal changes in the nitrogen content of leaf blades 
and petioles (Table 3) illustrated the difficulties encoun
tered with the interpretation of leaf analyses. In the case of 
the blades, the N concentration decreased from 3,62% at 
the start of bloom to 2,60% at harvest, followed by a 
further drop to 1,88% at the start of leaf fall. The N 
content of the petioles remained much more stable, and 
after an initial drop during the bloom period (1,71 % to 
0,96%) the nitrogen level remained relatively stable, and a 
N-concentration of 0,9% appeared to be normal under the 

Mass of dry material 
(kg) (%) 

162 
65 
54 
52 

333 

48,4 
19,6 
16,3 
15,7 

100 

Nitrogen required 
(kg) (%) 

1,39 
1,21 
0,56 
0,73 
3,89 

35,8 
31,1 
14,4 
18,7 

100 

conditions of this experiment. This figure compares well 
with the 1,06% reported by Bergman, Kenworthy, Bass & 
Benne (1958) for Concord grapes grown in sand culture. 
However, as mentioned by Cummings (1977) it is difficult 
to draw definite conclusions when comparing these figures 
with other published data, on account of variations in soils 
and climate. 

An appreciable amount of the yearly accumulation of 
both dry material and nitrogen can be attributed to the 
permanent parts (15,7% and 18,7% respectively). For older 
vines these proportions may be less, but even so this 
constitutes a factor which must be taken into account in 
estimating fertilizer requirements. 
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