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INTRODUCTION

Topping is & summer pruning viticultural practice and is commonly wused im South
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practical manipulation to gnable the producer to enter tows of vi-
gorously growing vines. In some cases, however, for example Muscat d'Ale-andrie,
topping is wsed to ilmprove berty set. Topping is also done to minimize wind

damage and to create more unifatm vimes (Theron, 1844).
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stem, bunches, stem and foots. Competition betwsen bunches and other sinks

could easily result im altered quality of the grapes.

Thus topping is & manipulation to effect the translocation of photosynthetate

in the vire ard is of importance in practical viticulture due to the fact that

northern hemisphere showed that juvenile leaves of lateral shoots are sirks
and temain sirks until at least twd leaves rzach maturity (Male & Weaver, 1962
Koblet, 1977). The lateral shoots will than start evporting shotosynthetate.
According to Foklet & Perret (19713 1972) only basipetal translocation of

photosynthetate occurs and lateral shoots export
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bunches. Howsver, it is imporiant ©o know how the translocation pattern of
photosynthetate is affected by South African conditions before amy recommen-

dation can be made regarding the advantages or disadvantages of topping.
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CHAPTER 2

The Determination of the Homogereity of a Vitis vinifera L. cv. Cape Riesling

Vineyard
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ABSTRACT

The value of Principal Compornent and Stepwise Discriminant amalyses in selec-

ting uniform plants for experiment:
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urposes is discussad. Twenty-s2ven
variables were taben into account to establish the homogzneity  (uwniform plarts)

of 297 Vitis vimifera L. cv. Cape Riesling vines. A detailed study of the re-

lationship and interrelationship of these variables resulted in 208 vines ba-
ing selected 23 an uniform population. This szelsction provides the possibility
for ths researcher in viticultursz to use single vimes as e.perimental units,

but it must be pointed out that Pri
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mental results and not az substitute for ztatistical esperimental design.
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The main statistical teols in

randomisation and blocking (Ham

valid estimates of the experime

be decreased by sslscting more uni

then using replication and rand

INTRODUCT ION

compensating for variability are replication,

mar, 1981). Replication normally involues

£ogethaer with randomization it rezults in

ntal error (variance). Biological variation can

omisation FTor treath

he pretreatment stage and

ment applications (Hammer,

1981). According teo Hammer (1931) this will allow the scientist to detect

9
variables cannot be treated as

The problem of identification of

could therefore bz sclvusd BY mea

cequently performing a Principal

~dimensionality of the data.

independent components of a

: L‘
170

m plants

be
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oTe treatments are applied

g the appropriate variables and sub-

Componant analyzi
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(PCA) decteazing the

in psychology (Hstelling, 1938) and in the

er, 3iddigi & Gowzzd, 1378;

Leeguater & Lesguater, 1891 ; Van Rooyen & Tromp, 1982).

The purpose of this study was %

n
m
-t
)
=
i
Dul
[}
-~
in
=
.
cr
o~
—~
-
[11]
hY]
'_I
G
O
]
w)

()

{T

n

order to decrease the large num

wise Discrimimant a

ber of vines per treatment nesded

c0 select relatively

uniform vimes in a Vitis

erent growth and gquality

rnalysis (SDA) and PCA in

=
[}

for physio-



Stellenbosch University https://scholar.sun.ac.za

plants in the vineyard madz the normal randomised block design with 2 large

numizar of experimental umits per replication impossible.

MATERIAL AND METHODS

timg of 297 vires of

m
|_|.
(T}

Erperimental vineyard: A 15 year old vineyard c

V. vinifera cv. Cape Riesling grafted omto 99 Richter, planted in a vine-

(]}

yard consisting of four scil types mamely a Southwold, Avalon, Glemcoe and

—

Fanorkap series (soil saries as described by Mzovicar, C.N., & S0il Surwsy Staff
1977) aon the Biperlﬂc ntal farm, qubuuufbij, Stellenbosch, South Afrisa was
used in this ztudy. The vimes weres trellized on 2 Pe:u1d syztem (Z=eman, 1981)
and sput prunad to 16 buds per kilogram shoot mass. Rainfall was supplemented

by tws 200 mm ircigations during November 1981 and January 1982, respectively.

Variables: The investigation was executed in two phases. In phase I, the
2o growth variables depicted in Table 1 were measured on two shoots per cor-
don and the mean of these msasurements wer2 used as data point The leaf

area of a vine

(U]

was determimed by measuring the area of individual leaves with

a madel LI-3Z000 Li-Cor Portable Area Mzter and summated. Leaf dry mass was
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determined after drying t The vines were visually
evaluated by five judges into threg cabtegories: sick and poorly developed
vines taken as 1003 notmally developed vines as S00 and well develoned vimes

as 900. All measurements were carrisd cul at harvesting time.
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TABLE 1
Variables neacured in a Viiis winilfsra L. ¢v. C2pa Ri2sliag wineyard
Namber variavles it
Phase I
1. Shoot length cordan 1 ) o shoot. corden 17
2. Shoos lsagth cordoa 2 ) ca shost. coavdon 2‘1
3 Total shoot leagith of both scsdons ca skoat, cordons =1
' spurs gsorzrdon 1
5. Spurs cordon 2
8. Spurs per vine ]
7. Number of leaves psr shoat af sordeon 1 ®
8. Number of leaves per shoab of sordon 2 =
9. Teital numbsr 3 l=aves 97 the shoss of variables
7 and &
10. Total l2af area pe Tt snsot™)
11. Total las? arsa per R, shoot™
12. Total 13af are2 of hosh ak s . shasts
13. Msan arza p2r leal of et leaf‘1
1L, Mezn area per L3l B2, Leas™]
15. Toz2l asan area par laal of both ghoste cm . 1333'1
16. Total l2af dry mase pa2r shoal of cordon 1 Se50tal leal nuabar'1
17 Total leal dry mazs p3r zhooat of cordon 2 !’g.tatal laald nuaber”1
18. Toial l2al dry mzs: of hoih shoois g.052l leal nunber‘1
19. Mean dry mass psr lzal o tha shoots of sardon 1 golaalf !
20. Maar dry nass per lszaf of the shoeolzs of cordon 2 g.laal 1
21. Potal m2an dry mass pzr leal of the shadtz of balth -1
cordons g.leaf
22. Bvaluation of the vines
Phase II
Phazse I plus the following & variables
23. Total zoluble 3olids of oust oy
ELN Total :itrable acids of oust s-dm-B
25. pHE log (B
26. Tield per vine Kg
27 . Numbar af buaches per vine

¥ Mean of the two shoobs of the 2nd spur on cordon 1

¥* Mean of :the two sheots of the 2nd spur on cordon 2

—
]

B), pH, total titratable must acidity (TTA)
well a3 the total number of bunches per vire and yield per vine,

in the laboratories of the VORI (Anon, 13981).

Data processing: The data was processed using a BMD-07M SDA programme (Health

Sciences Computing Facility, UCLA) and a PCA programme forming part of the

pattern recogrition system "Azthur" (Harper, Duswer & Kowalski, 1977). The

subroutines used in the "Arthur" progiamme ate listed in Table 2.
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TABLE 2

Programme of Arthur as performed or the data sat

Programme Progranme function

Phase I

Input Creates a data 2atril a3 outpul %o 2 binary Jila that is
corpatible with all oather routines ia Arthur,

Usilit Providss & line printer listing of the data eairix and ’or
the distance matrix.

Scalse Scales the data %o e3m2 proporiticas. The gealing fashors
are darived from the n data vestors of tha training set and
applied tn all the data.

Correl Calonlates all fgature - Teaature and fsaturs - properiy
covarianges and correlaticns.

Kapria The extraction of ‘he sigenvzlues and aiganvectsrs 5% tha

*  data Aispersisn matriz as parfcrmed.

Fatran Creates 3 new dalta mairix frem the firzi K faciors ol tha
data.

Varvar Producze line printar plote of a data matrin.

Kaprin-Kavari- Parform a principal component analysis plus rotacina of

Katran-Varvar 2igenvalues with platting.

Phase II

Input Sam2 as phase I

Scale Same as phase T

Kaprico Ssma ag phase I

Katran S2me ag phasa I

Varvar Sam2 as phase I

Kavari Exscutes 3 Varimsx poSatlon on ihz sigenvaciors.

Katran 8g ?hzge I but with Kavari rezults.

Varvar Samy as phasy I

" - = - - g g - v~ - = - o e = N - -
The BMD-07M programme was e-scuted on a Burroughs 7800 computer of the Department

A

j—e

griculture and the "Azthur" programme on a Umiy

of

University of Stellenbosch.

scaled ko a standand o

zero mean. Th2 notmzlisad standard devietion is defi
S, =
i
i
where o = standard deviation
X

i = weighted mean

ac 1100 computsr of the

eyiation (Si) of one and
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where y.. is the uncertainty associabed with the feature X,

g ]

and where a = tobal number of data vectors im the training data set, and x is

the i th feature associated with the | th data vector.

Phase I: Table 3 represents the scalsd data with the mean, standard deviation,
rotmalisad standard deviation az previouzly d2fined az well as minimum and
maximum values.

<
i

the variarices) greater

than cne and are retainsd for discussion (Takle &4). They account for 65% of

the variance inm the original variables with the remaining I5% caused by candom

variation.
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\
TABLE &4
Pastor loadingz Zgr the first 3 Bigenvalues fer 22 varizbles
(Frogrammes us»d: Input, Ueilis, Scalsz, Correl, Ksprin, D2tran, Varvar)
Variahle .
Number Variablas Fagtar 1 Facter 2 Factar 3
Phase I
1. Shast length cordon 1 -0,1219  -0,0137 ~0,0199
2. 3host length cordon 2 -0,1688  «0,0bE2 -0,0918
3. Tetal shsobt length of both cordons -3,2229  -0,0b38 «(1,9689
b, Spurs par csrdsn 1 ' ~0, 1167 #0,0043 -0, 3900
S. Spurs per cordsn 2 -G,136%  ~0,0837 -G, 3501
€. Spurc per vine -0,1672  <0,0514 -0, k901
7. Number =«f l2avas per shoct of corden 4 -0, 1972 #0,3336 +0, 1089
8. Humbaer of leavar par shoot of gordon 2 -0,2367  -0,2877 3,225k
G Total number of leaves of tha shaots of variablss 7 and 8§ -0,2976 40,0677 +0, 2144
10, Tokal leaf arsa per shaot of sordon & +7, bohy +3,0395
11. Total l3al area per shosot of cordon 2 +(,2991 +0,2031
12, Tat2l laal area of bath sheots +7,1621
KN Mz ap area per leai of Ehe zhoosbs of cordon 1 -0, 1337
1k, Maan area per leal 97 the shoobs of corden 2 -, 0302
e Total mean area psr leal of both shooka ~0, 2160 -0,3554
16. Total lead dry macs por ghoot of zordon 1 )y 20860 =7, 1050
17. Tweal dry leal eezs rer ghoaid of cardon 2 ) -G,2L80  +0, SO0k #Q, 2098
18. Tobtal leaf dey macs 97 bobth shooks 0,209 40,0819 +3,2119
19. Mean dey mass per lezal of the zhoosts of wsorden 1 ~0,00L6 0,060k #7, 1666
20. Meon dry mase per lear of the shoots of corden 2 0,220 20,3061 -0,0625
21, Total mean dry masz per leaf of the shoots of beih cordons 9,238y ~0,04k94 -0,1882
22. Evoluation of the winer 0,067 0,010k -0, 1187
Eigenvalues 8,7 7,5 Z2,1
Facter psraentage rasporaible for wvariance 39,6 15,8 9,5
Cumulativs percentagse 55 variance 39,6 53,4 34,9
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The firat PCA factor with an eigervalus of 8,7 account for 39,8% of the variance
3
of the origiral variables, This factor has cslatively high factor loadings on

=
]

the total number of leaves, lea

£~
|

)
je
X

indicating that leaf canopy va

]
eigenvalue of 3,5 erplaining 15,3% of the total variarce. The variables with

the highest factor loadings ate the number of leaves per shoot of cordon 1,
the total leaf area and the totzl leaf dry mass of cordom 1 which is also leaf

m

gainst
be deduced that the vimeyzrd consiztz of two groups of vines, separated mainly

by factor 2.

Y MAX 30,4882

FACTOR 2

Y MIN -0,2527 o

X MIN -0,5946 X MAX 0,5239
FACTER 1

Fig. 1. PCA of 297 vines with 22 yariablez of 2 Yitis vinifera L. cv. Czpe
Rieclinmg vineyasd. Facter lazdings for growth campoments for PCA T and IT
( » vimes comsidered homngen2ous; e 2nd A vinez canzidared Lo be heter:gznzous

to the homogenegqus group ),

Factor 3 has an eigenvalue of 2,1 representing 9,5% of the variance in the
original variables. The highest loadings im this factor are the spur variables
(Table 4). This may be interpreted as beinmg a general growth factor or compo-

nent.

12
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Y MAX Q,3491

FACTOR 3

Y MIN - 0,2780
X MiN -0,5946 - A MAX 0,5233
FACTOR 1

Fig. 2. PCA of 297 vinss with 22 vaziables of a2 Vitis vimifara L. cv. Czpe
Riesling vimzyard. Factor loadings for growth amd leaf camopy compaomznies Foo
PCA T and IIT ( # homagern2ous and e heterogamazous).

.t

caropy of cardon 1 (factor 2, X-axis) is plotted agalnst the growth Factar (fac-

tar 3, Y-arzis). Once again the vines seem to be well grouped into clusters
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Y MAX O,3491
i .
.
FACTOR 3
L]
Y MIN -0,2730 .
¥ MIM -Q,2522 X MAX 3,4892
FACTOR 2
Fig. 5. PC& of 297 vines with 22 variables af 2 Yitis vinifara L. cv. Cap2
Riesling vimayard. Fac%or loadings for leaf camopy 2nd growth componeris for
PCA II and III ( » homogan2ous and e hatarogenszous).
Outlying vimes, which arz mot comsidered part aof the clusters, were eliminated
from further experimenkation. Thes2 are the vines whsre the telative dis-
tance betwsen any two vines 1s too large im relation to the average distance
of the other vines to on2 another. The assessment of tha distances is a
subjective choice of ths authors and this may lead to criticism as far as the
objectivity is concerrmed. Howsver, it must be kept in mind, that this grouping
was done ko gat an indication of the homogemeity of the datz set and it gives

not a statistical analysis for each variable alome but an analysis for the

complete set of variables.

After the vires ware classed into a homogeneous group A (the 245 vimes consi-

a
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a
‘__1
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)
a

a heterogenecus group B (the 52 virmes mot considered

part of the cluster) a SDA was pecformed on the data set of groups A and B. The
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means and 3tandard deviation of the variables for the two groups are given

[N
3

The rezults of the SDA showed that 208 of the origimal 245 vimss considered to be

homagereous (A5%) could be tetaired as category A vimes while 34 of the eriginal
(

(Fig. 4). Although the percentage

o

rouping for category B is low, the vimes ex-
cluded from this growp had mot been taken imko consideratiom for cahegory A be-
cause of the relatively large distanmces between these vimes and those vimes of
category A. Thiz low percentzge may be becauss of zome unesplained variamce in
he data zet. Afiter establishing th2 homogernzous group of vimes (A) another

SDA was performed on the data, thizs time clazsing the vimes according to the

four s0il types. Table 6 gives the meanz and standard deviation of the 22 growth
parameters.
250
g 20 g ]
Q . .
(%] « e . ®
a . .
@ e
< o e o .
o l.c ..c
S 150 _.:. -:.
y N
0 I I .
g I
- ..! ..O
w 100 “T*." L]
o) Lo e
- S .
x o feee
§ e
2 S0 -'.:. P ')
::: ‘:' :: e s e
S fen] fmed o
Lol ool e e
A At 8 81

CATEGORIES

Fig. 4. Vimes grouped into homagen2ous and Meteragerasus c282g07i2s by PCA 2nd
SDA teshniques. (A = vinzs selectad by PCA a: homagenzouz; A1 = vines selezted
b\'/ 30A as homogareous; B = heterageneous vimes; B1 = hateragemecus vines grouped
by SDA).

From the Southwold series 58 virmes (73%), the Avalor series 102 vimes (79%),

the Glarcoe series 44 vimes (80%) and the Kanorkop series 41 vimes (75%) were
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selected to be part of the homogernsous group showing that im this spec
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the vines during this season.

Phase II: As a supplement to the existing data, five additimnal parameter

im-

D]

cluding some grape gquality parameters ware determined. The Arthur programme

was used on the data set imcluding the five additlonal parameters and the results

are listed in Tables 7 and 8

Seven of the PCA factors have eigenvaluss greater than ane and ware ra2ial

in the analysis. They accourt for 100% of the variznce in the original varia-
bles., After the datz was rotated by the Varima. rotation algorithm KAVARI, the
first PCA factor Explains.ZA,B% af the variance of thz origiral variablas (Table
8). This factor has relatively high factor loadings on leaf caropy (surface)
and growth variables such as total number of leavesz-, total leaf area per

shoot on both cordons, similar to Factor 1 in phase I where leaf cover and
growth variablez played an imgortant tole im the clustering of the vines. Fac-
i

tor. 2 haz an

11
()

[T
L]

grvalue of 4,97 and swplains 23,68% of the total varianmce. The

il

variables with the highest factor leadings ars total leaf area of the shoots

=i

on cordom 2, the total dry lea

leaf ma:

ll)

s per leaf of th2 shoots on cordan 2. This factor may thecefore be

nterprazied to ba

Uy ]
1]
—
i
ay
'— .
3

g ko leaf cover in general amd to growbth parameters

of the vines.

F

(=

Q. S5 represents the plox uF the total le 1, X-axis) to the

o
0
o
<
11}
]
—
)
Ct
i
[w]
)

i

ohal leaf cover of cordon 2 shoobts (factor 2, Y-axis).  In this plot the two
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Y MAX 0,3987

FACTOR 2

Y MIN -0,3147 e
X MIN -0,5489 - X MAX 0,3356

FACTOR 1

Fig. 5. PCA of 5 nez with' 27 variablas of a Vitis yinifara L. cv. Cape Rias-
ling vimeyard., Factor ‘-ﬁd-ng: for toial leaf sover and fa:al leal coves of =or-

don 2 far PCA T and IT ( * vines considesed homagareous and e and & heterogeneous).

groups of vines which wers present in cluster 1 (Fig. 1) of phase I is still
evident although the cluster seesms to b2 more compact with much smaller rela-

tive distances batwesn gruupa (Fig. B). This is becauss of the additicral

Y MAX §,4042 s
.
. .c:..
FACTOR 3
Y mIN -0,5398
X MIN -0,5489 ' X MAx 0,3356

FACTOR 1

Fig. 8. PCH of 265 yinas with 27 yoziables of a Vitis vinifera L. =v. Cage Rias-

ling vimeyard. Factor loadings “or %atal leaf couer anmd avesage leal coves FaT

PCA I anmd III ( # vinzs comsidered homoganecus and e heterogenecus).
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Factor 3 has an eigenvalue of 2,35 erplaining 11,2% of the total variance in
the original data set. The highest factor loadings in this Faatorraré the

arga per leaf of the shoots on cordon 1, cozdon 2 and both cordoms as well as
the avsrage leaf dry mass of the vime. This may oncz again be interprated as

being a growth factor.

is gvident. Im Fig. 7 factor 2 (Y-arizs) was plotted againsi factor 3 (M-axis).
Y mAX 0,3987 . . .

FACTOR 2 .

0
.
.
Y mIN -0,3147 AN
X MIN -0,5339 } X MAX Q,4042

FACTOR 3

Fig. 7. PCA of 245 vinzs with 27 variables of a Vitis vinifeta L. cv. Cape Rizs-

ling vinzyard. Fac:az
T

covar Tar PCA IT amd
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purs and shoot length amd

Factors 5 and B have eigervaluss of 2,2 and 2,0 (not shour) respectively with
relatively high loadings on the pazramstecs such as pH, yleld per vime and number

of bunches per vine.
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CONCLUSION

In most PCA factors the leaf area played an important role in the clustering

process although a rumber of factors atfects the final selection., The more
uniform vines were those with mors or lass thz zamz leaf surface amd growth

variables, whs

=
o

as thosze rejscted for experimental purposes were those de-

viating from the above. In the selection of homogensouws vine

[13]
[
ot
m
jo]
jo]
o
iy
X
O
o
T
[0}
s

instead of measuring 27 factors one could concentrate on variables for deter-

mining leaf canopy.

When zll measured varisbles were takern into account, it is evident that the four

soil types had little or no effect on the homogereity of the differsnt vines

in the virmeyard during this growth season. Quality variables auch as B, TTA

ard pH resulted in better definmed cluskers and should thersfore be wsed in

ful and handy tools in the hands of the viticulturist srnabling him to simultan-
equzly take into account grouwps of variables and their relationships with other

groups and combined with the normzal statistical tools such as Tandomisation

and replicaticon help to glve a betier un erstanding af the data.
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ABSTRACT

The effect of topping om 2 Vitis vinifera L. cv, Cap2 Riesling vineyard

was investigated.

P

Shoot and leat growth of both the toppad and untoppad

ively, can be described 2z sigmaidal. Shoot (cm) and leaf

the topped vines were signi

icarntly more than that of the

untopped vines and are atbributed to lateral shoob growth in the case of

the topped virnes.
skin, pulp and seed with time o

~prezsed a5 a8 perc

Topping mad no effect on bunch development. The develop-
Both the topped and untopped vines

entage Jry mass per berry can be described by 3 hyper-

for the skinm, linezr for the pulp and.pgrabolic for the seed.
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INTRODUCTION

Growkth has beer definsd as "the advancement towards or attainment of full

gize of maturitys; development; a gradu3l imcrease inm 2ize and the pro-
cess whereby plants and animalz increasz in sizz by taking i food" (Bid-

well, 19743 Salisbury & Ross, 1974). OGrowth may be evaluated by measure-
ments of mass, length, height, sur
1978). Growth curves of plants are generally sigmoidal

Noggle & Fritz, 1978; Salisbury & Ross, 1973) aluhough Jouble and triple

]

sigmoids have been reported (Pratt & Reid, 19743 Coaombe, 1978). Sig-
moids and double sigmoids have been described for shoot growth and berr

78

(Vo]

or Vitis spp. and cultivacs (Coombe, 1980; 19733 1

-e

o

1980; Nitsch et al,, 18983; Hals, 196833 Harris, Kriedemann & Possingham,

19683 LCoombe & Hale, 1373; Kliswer & Schultz, 1973).

Uy
%
I_J
s
(1]
a

Remaval of the distal 25 cm or more of the growing shook tip 1

a1 .y 1974) and is normally recommendsd to irhibit

topping (Wirkler

growth of vigorously groming shoots resulting in uniform and upright
growth (Theror, 1944), By removing 25 cm of the apex, apical dominance

is removed, resulting in the development of lateral shoots.

Resulits obtained ir the rortherm hemisphere indicaite that the juvenile
leaves of the latsral shoots are the major sinks
Weaver, 1962; Koblet, 1977) but after two to three leaves have matured,

ion of rotrients takes place (Koblet & Perzet, 1971;

28
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It is imgportant that only vigorously growing virnes should be topped be- .
cause poor growth will be further aggravated by fhe effect of topping
(Malan, 1935; Theron, 1944), The timing of topping is very important

because the removal of leaves ab the wrong time will esult in imsuffi- &

cient grape moucishment. Le Roux & Malan (1945) and Coombz (1953) reparted

o
-
iy

t repeated topping (three to four times or more during onme season) de-

creased berry mass. Similarly El-Zeftawi & Weste (1970) found that a dras-

Iy
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C
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loss in berry mass and zugar con-

Sirnce 1944 no work on the effect of topping on the vins was dane in South
Africa. It is therefore importani that the effecit of topping on the vine
under Seouth African climatic conditions should he investigated. The aim of

this investigation was to determine the effect of topping on the growth

characteristics of Vitis vinifera L. cv. Cape Riesling.

MATERIAL AND METHODS

Material: Fifteen year old V. vinifers cv. Cape Rigsling vines grafted on 38
m (Ze

Richter rootstocks and trellised to a Perold trellising system

by D& la Harpe & Viszser (1983) ard wers spur pruned to 16 buds per bilogram

shoot mzss. Rainfall was supplemented by two cuerhead zprickler irrigations
of 200 mm each during November 1981 and Tanua?y 1882, respectively.
Methods: The selected vires were divided inbto twd secticns of 104 vimes each.

29
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One section was topped by Temoving the prox<imal 30 cm of each shoot of the
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tage (56 days after bud break). For the
purpose of this investigation bud bresk was definmed as that stage at which

-

10% of the vines had two leaves. Topping was done at thiz developmental stage

=

the
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to ensure that the treatment was applisd befor inear growth phass of
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n was left untopped. Ten topped and 10 untopped
vines were randomly selected and on =ach the two shoots on the second acro-
petal spur of each cordon were wused for determination of shoot lemgth and

nzd freguently at irregular intervsls.
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ith & madel LI-3000 Li-Cor Portable Area Meter
Whole bunches on the second spur of both cordons of three topped as wall as
of three untopped vimes were sampled 63, 76, 82, 92, 37, 110, 117, 131, 138,

=5
23

w

0 .
145 and 152 days after bud breab and stored at -20°C unbtil subsequent analy:

f the topped and untopped vines were sampled

]
C
E]
m
il
]
o
o

B9, 76, A2, 92, 97, 110, 117, 131, 133, 145 and 152 days after bud breal

and the berry volume determinmed by measuring water displacemsnt in a measuring
cylinder., The fresh and dry mass of the berry, skin, pulp and sé=d separately
were determined on B0 kerries per bunch. Dry mass was determined by drying

at B0°C to a constant mass.

Ore way analyses of

<

ariance werz done by BVDP- IV and SPSS statistical pro-
gramme and the regression amalyses by a linsar Least 3guares Curve fitting

programmes (w0ud & Gorman, 1971)
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" RESULTS AND DISCUSSION

The vegetative growth phase
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Shoot growth: The average,

31

ength for the untopped vines was

267,38 cm (Fig. 1). The shoots starcted off with & slow elongation rate but

]
()
=
[m)]
o
L
)
~
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o

(Fig. 2). This sharp imcrease lasted about three days after which the growth

o

fter bud breah

[

-8

shizztly after topping

hree cm per day and declined steadily until

no elongation could be measured at 135 days after bud break.

The avsrage, firal total shoot length of the topped vimes was approximate-

vines mainly as a result of lateral shoot de

icantly more than thab

gowth curve (Fig. 1) of the topped vines was almost identical bo that of

untopped vines although at a much higher leve

onwards., Two days after topping the elon

(Ta)

ati

1 from £0 days after bud break

ly and reached 37 cm per day for two days whzreafter it declimed shacply to

about thres cm per day (Fig. 2). Growth shoppsd 155 days after bod break

=
1

in comtrast to the 13% days o
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The growth curve of the untopped virmes reported here is very similar to
those obtained by Vam der Westhuizen (1974), Wirkler et al., (1974) and

Zelleke & Fliewsr (1973).

Leaf growth: Before leaf fall began at 1254days after bud break, a total
number of 129 leaves per shoot had differemtiated an the untopped vimes
(Fig. 3). A maximum of 194 leaves per shaot for topped vimes was obtained
134 days after Sud break which amounted to a significanmt imcreases of 52%
in the rnumber of leaves per shoot per vime. This increase irm rnumber of
léaves (65) from untopped. to topped vimes is statistically significant

(P = 0,05), Increase inm rumber of leaves per day during the growing sea-
son was expressed in at least three definite peaks mamely at 30, 104 and
125 days after bud break (Fig. 4). The loss of leaves inm the topped vires

56 days after bud break is aitributable to Lopping.

= 200 . = ’
3 I o= RP= 0,98 g 'or
@ ~ @
= e Prob. il =0.04 g
g o =
o ! R2=0,98 5
o g g !
R D D] 3 ), ” 50}
o =
a Ky, ) ]
! -
= :/ e TOPSED e g s
./, - (
% #* INTORPED T e
v . !, '
L . 5 v ‘u’
g o § 0 e Y
g sol w00 130 Z 2 ) 155
2 1 » T
TINZ (DAYS AFTER BUD BREAK) E TIME (DAYS AFTER BUD BREAK)
=
<

FIG. 3. Fitted curves and observed data for FIG. ¢. Increase in number of leaves per day
tapped (#) and untopped (@) Vitis vinifera L. during the growing season for topped and un-
cv. Cape Riesling vines. (T = time of topping) . topped Vitis vinifera L. cv. Cape Riesling

vines (# significant differences (p = 0,0S)
in the data set; T = time of topping).

. ol .
The total leaf area of 4728 cm® per shoot for the untopped vines was signi-

ficamtly less (P = 0,05) than the 7741 cm® faor the topped virmes (Fig. S).
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leaf area were observed
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in the case of topped vines (Fig. 6). These peaks coirmcided with the bursts
in shoot lengih, Tre weekly ftemperature from bud breab to harvest iz given

in Figure 7.
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FIG. S, Ficcted curvas 2nd observad FIG. 6. Increasze in l=zaf azea pert FIG. 7. Wzakly terperabuce
data for the avarage increase L leaf Jay during the growing s2ason for from bud brask to harvess.
area Toom budbzezk ka3 hazvast faT oppad and wnioppad V1 13 vinifera

topped () and untopped (@) Yitis L. cv. Cape Riesling vines

vinifera L. cv. Cape Rizsling vines. (* significant differences (p = 3,05)

(T = time of topping). in th2 data set; T = time of topping).

Rep“adu tive growth phase

Bunches: Tre development of the bunches on topped and untopped vines is

|_u

sigrificant differerces (P = 0,09)

j—
s

shown in Figs. 8, 9 and 10. No statisticzlly

were found between the fresh and dry mass per bumch of the topped and untopped

vines (Figs. 8 & 9). It is clear hat topping did rot 2 burch dsvelop-
ment or that variatiom was so large that the effect of toppilng could not be
shown stat istically different.

Berries: The increase in berry volums shiowed a double sigmoid curve )

(Fig.11 ) and could be divided into three stages as described by Coombe

(1980; 1973; 1976 ; 1980), Harris, Kriedemann and Possingham (1988),

)
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Coombe & Hale, (1373). The berry volume for both topped and untopped vines

3

[¥s]

was 0,9 cm days aftzr bud breab, and zttained a fimzal value of 1,67

and 1,56 cm3 TespE

ot
~
—_

\,

=

tive 52 days after bod break. According to Coombe

[y}

(1978) the double sigmoid growkh curve apart from its arhitr ary naturs giving
rice to the thres stage system, pressnts some logical and interpretational

difficulties. Onz of the problems zncoenterad is ha
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growth curve starts and ends. By Fitting s linear regression curve v = a + bt

regressi quation and could be used further reference.
The growth curves of the berty were obtained by plotting the accumulated

dry mass against time far the toppad and untoppad vines (Fig. 12) and was
similar ko those reported by Nitsch et al., (1960) for "Concozd" and “Con-

cord Sesdless", Hale (1988) for "Shiraz", Coombe (1373) for "Doradilla"

reported inm the literature with the result that it became difficult to

determine the different growth stages. A regression enalysis showed a
. . . 2 ' e .
lirear fit with R™ values of 98% for both the topped and untopped vines.

«

Topping had o statistically significant (P= 0,05) effect on the dry mass

of the berries of the treated and control vines.

The accumulated dry mass of the skin, pulp and seed was linear if plotted

against time (Fig. 13). No statistically signi

wn
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SUMMARY AND CONCLUSION

The shoot and leaf growth of V. vinifara cv. Cape Riesling can be described

icant differences were found between topped and unbopped

vines as far as rate of shoobt and leaf growth are concerned. In the case
of topped vines shoot development can be attributed to lateral shoot growth,

enlarging the leaf area.
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Topping had no &ffect om bumch devalopmert. The berry development is limear

as far as volums and dry mass are concerned. The skim, pulp and seed deve-
lopment is hypecbolic im fumction whilst the development of the pulp is linear
and that of the seed parabolic. No statistical differences were found be-

tween the bunches of topped and untopped vires.
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ABSTRACT

The contribution of lateral shoots, induced by topping, to grape compositicn
was investigated. Multidiractional tramslogation of crganic compounds. hook
place. Bunches, shoots and leaves were sinkz at veraison whilst leaves were
the only sink at harvest. Bunchzs
levels than bunches of the untopped vines at veraison and harvest afier appli-

em of 1800 ks Aves of P
cation of CDZ Lo the leaves of the vines.
At verszizon the zhoot had the highest radio-activity in the neutral, anion and

cation fractions indicating that organic compounds arte being translocated

harvest, howsver, the main actiuity remained in the leaves with no activity

in the shoots and btunches imdicating that ver
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Carbaohydrates are translocated in the vine in the form of sucrose inm the phloem

(Stodv, MamaroU & Benchev, 1959: Swanson & E1-Shistiny, 1959; Koblat, 1963;
Weaver, Shindy & Hliswser, 1963: Wirkler, st al., 1974; Saito & hasal, 1378).
Substances like higher sugars (Kliswer, 1965) crgsnic acids, amino acids, hor-

mones and imorTganic nutrtients are also tramslocatad freely inm the vime (Hardy,
J Y

1969; Winkler et al., 1974).

Climatic factars and viticultural practices play an imgportart role inm the trans-
location and distribution of these substances. 0One important factor in the

translocation pathway of nutzients is the leaf canopy. Changes in the lsaf

ect the translocation of photosynthetate. Koblet (1963) reported

that leaves statt to e-port photosynthetate when they Teach zbout 30% of their

Tha rate of export only e-ceeds the tate of imp after the lezaves had reached
S0 o 7S% of theirt final size. Hoblet (1277) alsa repaTied on the movemznt
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upper leaves to the shoot tip and younger leaves (Koblet, 1977). At bloom
and fruit set the same pattern as young shoots were obtained. As Qrowth

proceeds, bowever, the or

1]

domimant movement of photosynthetate became basi-

petal, During berry development and Tipening  Koblat (1977) reported a
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bazal movement of carbohydrates mainly into the bunches. Hale & Weaver (1982)

were unable to deteci movement of ohotosynthetate from the main shoot to the
lateral shoots. Faoble: (19693 1975) and loblet & Perret (19713 1972) found that
lateral shoots without grapss also erxport thelr carbohydrates to the grapes

other shoots.

Sirmce topping resulted im a doubling of ls=af areea az well as the creation of

new zirks such as growing lateral zhoot tips (Chapter 2), this investigation
9 3 3

was done to determine the ef topping on translocation and distribution

(1]

of photosynthetate in the developing berry.

MATERIAL AND METHODS

Material:s Vitis vin

by De la Harpe & Visser (1983).

Methods: Nime esach of apical, middl

1]
i

nd bazal lateral zhoots of nine

topped vires as well as nime main shoots of nine untopped vires were exposed
to '4C0. in polyethyleme bags (Fig. 1) at veraison and harvest. The
1400, was generated by addition of ome cm® 20% lactic acid to 0,5 cm® 2,2

MBq NaH14C0;, (carrier comcentration = 0,01 mole NaHCO3.dm ). Fixation
of'4C0, was =llowsd for 20 min after which the excess of Y40z waz remaved
by Temoving the polyethylene bags which covered the shoot. Tte shoots

were then samples after three, six.and ning h after the initial 20 min

evposure tol90a.. AL each sampling time three each
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r —IL_ POLYETHYLENE BAG
I .
l
I
|
|

UNTOPPED SHOQT

QLTREATMENT MIDOLE TREATMENT 8ASAL T@

\/f

TQPPED SHAAQTS

FIG. 1. Pasi:ion of MCD applicasion 0 the leavas of a Viiis vinifessa L. cv. Czp2 Riesling vinme,
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N . . ‘s s]
0,5 g fresze-dried materizl was treated with 10% HZDZ for 48 b at 50°C fto oxi-
dize pigments thai may imterfers with the counting of the radio-activity. Ten

shaken till the liquid turned to gsl. Corrections for tutbidity were made hy
means of a standard correction curve for turbidity. The turbid gel was then

counted inm a Packard Tricarb 460 scintillation spechrophotometer.

Neutrzl organic compounds, anionic and cationic compounds were extractad with

O

10 em”™ 70% ETOH from one mg freeze-dried material. The znlons were recovered
From the 10 cm® evtract by adsorption on Amberlite AG 400 (200 -400 mesh)
anion-erchange resin in the €1 form. 0One cm™ cesin (determined by means of

3 .. ,
a stapdard curve) was themn washed with 100 cm” delonised water and eluted with

’ . - . s . . 3
one cm3 10% H,.S0, solution followsd by distilled water to make up 25 cm . The

Y
grption on Amberlite £G-50 (200 - 400 mesh) cation ceain
in the H" form. Ore Lm3 resin (determined by means of a standard curve) was
vthen washed with 100 cm:5 deionissd water and eluted in one cm3 10% HC1l followed

N , , 3 e
by deiomized water to make uwp 25 cm~. The remaining meutral fraction wes al-

(%]

so made up to 25 em .

The d

m
Cl'

as statistically processed by 2n one way analysis of variance and
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covariance BMDF statistical programme. Comparison of m2ans was carried out
using the Scott knott multiple range test (GCates & Bilbrm, 1978). Data was
transformed using ARCSIN (Snedacor & Cochran, 1967).
RESULTS AND DISCUSSION
Movement of metabolites at veraiszon and harves
L _ . ._._ 14 ambivity (9 s s

Untopped vines: The percentags CGZ activity (9R) represanting metabolized

‘CDZ n the bunch, shoot and leaves after nine h are depicted in Fig. 2. At
veraison 73% A was found in the lzaves, 23% in the shoot and four% in the re-

tivity could be
detected in the bunches while 10% of the activity was abtailnsd in the shoot

and 89% in the leaves (Fig. 2).

) e s . . . oy o 4 .
If the distribution of the activity aftec 20 min of exposuze to ! CDZ, is
determined after thres, six and nime h, it iz evident that translocation of
14

CG&t@ok place since activity is detecisd in the bunch (Mot exposed)

(Fig. 3.). A% verasison betwesn 74 and 95% of the activity is found in

the leaves, 12 to “D% in the shoot and three to six% activity in the

bunch. CantrTary to the situation at veraison, 78 to 96% of the activity is
found in the leaves, three to 20% in the shoot and only 0,2 o 0,3% in ithe

bunches at harvest., The results are statistically significant (Table 1)

The fluctuation in the %A detected between thres, six and nine h might be

nd im-

1Y)

attribubed to & host-perasite relationship between erporting leaves

porting juvenile leaves depending on the ratio of =-porting to juvenile leaves.
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This would be in accordance with the results obtained by Koblet (1977) who
showed that leaves only 3tart esporting photosynthetate at about 0% of their

tarts.

nal =ize and that they could be considerad parasitic before evpaort
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(Chapter 2) and the apical meristem would not, therefore, be expected to be

a strong sirk for photosynthetata, Hzle & Weaver (1982) reporied that the

Q)

[y
[
O
b
-
[11]
1
s
1=
[w]
a
=
=
i
o
J—
{~
o
i
t—
D
[m}
3
)
O

photosynthetate 1s translocated mostly in a basa

i

acropetal movement, From the fesults obtalned in this irvestigation it is evi-

.

dent that the photosynthetate in untopped vines wers tramslocated fiom the leaves,

where fi.ation took place, to the bunches, i.e. basipatally (Fig. 3). The

~iy

e-perimental arrangemsnt did not all or measuremant of activity in an

acropetal direction.

Jopoed vingz: The %A for the hunch, shoot snd leaves at veraison and at harvest

are depicted in Fig. &4 for the different treatments (i.2. apical, middle and

basal). The statistical analyses of the data sst is zhown in Table 1.
Contrary to the untopped vines where most of the activity at veraison was

situstad in leaves (74 to 95%) with only 12 to 209 in the shoots and thras

to s5ix% in the bunches, the activity

E

as more svenly distributed in the
topped vires (Fig. &) especially.at veraison. The %A in the shoots was higher

in the topped than in the untopped vimes, whilst the leaves of topped vinmes had
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=

less activity than those of untopped vines. These dif fererces wers staktis-

tically significanmt (P = 0,05) (Table 1).
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The bunches of the untopped vinmes had statist
ty than those of the untopped vines indicating am influx of activity into the

bunch at veraisorn (Table 1). No statistical differemces could be found be-

tn

tween the Tesults of the thres, six and nine h treatments of thz leaves, zhoots

and bunches.

he export of photosynthetate at verais:

i

In contrast ta n, th2 toppad vines

]

~i

showed very low evport of activity at harvest  (Fig. 4). The highesth

activity in the topped vimes was in the leaves, whilst the shoot and bunches

contributed only 70% of the total activity presenc. Simce &ll vegetative growth
), the bumch was lefi as the most

impoTtant sinmk on the shoot and one would expact the bumch to have high %A

as had bezen described by Hale & Weaver (1962). These suthors found that at

i

harvest the photosynthetate were tramslocated
sal position of the shoot to the bunch. Although some activity was detected
in the bunch inm this investigation, the ratio of bunch: shoot: leaves was
3:15:82 showing that thz bulk of the activity was not exported from the leaves
to the btunches at hactvesh. The fact that only a small %A could ke found in the

shoot over & period of time indicated that at harves
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tranaslocation of photosynthetate took place and that even the organs concerned
with photosynthetate storage did mot constitute a very strong sink at that

stage.

Application of 1ACDZ to the apical and middle parts of

esulted in high %A in the shoots ranging from 40 to 60% (Fig. S). Im

e shoots at veraison
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conirast, the treatment of basal leaves reault ed in %A ranging from 18 to 29%
in the shoot and 30 to 76% in the burches (Fig. S). After spplication o

o the basal parts at veraison, achivity was found inm the shoots and leaves

a

higher up on the shoot, indicating a dizect flow to these parts. These results

are in contrast to those reported by Hale & Weaver (1982) and Koblet (1377) who
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photasynithetate., In this investigation,

activity was detected in all parts from the bunch to the apical meristen

=

[
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dicating multidirecticnal movement rather than basipehal movement alane.

At hartvest the main activity was found in the leaves (Fig. S). Thz %A
in the shoots werz the highest in the apical treatmenis and decreased with the

.

As mentiored previocusly the activity in the untopped vimes at versison were
P Y Y

mainly in the leaves even nine h after e-posure (Fig. 2). Contrary to the un-
topped vines, different %A were cbtained in the opped vines, depending on the
treatment i.e. the apical, middle or basal application o 14802 o the shoot
(Fig. 4).

An important fact which emerged from this investigation, was the Fact that irre-

spective of where MCDZ was applied, it could
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the shoot within a three b period. Furtheomore, all the later honts con-
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taired activity, indeperndent of exposure position om the shoots, both at verai-
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son and at harvest. Thls indicated that the lateral shoots acted as sinks
throughout the cipening o
Weaver (1962) who reporited that rno assimilate moved into the lateral shoots

from the maim shooct.

1 . , . . . N . R

4C02 applied to topped and untopped vines pricr to harvesting remained im the
leaves. The %A in the shoots decreszed from the apical to the basal treatment,
while the %A in the bunches stayed relastively constant for the differsnt treat-

ments.

A remarkable differsnce as far asz the distribution and translocation phato-
synthetate at veralsanm and at hatvest exist. It is clear thabt the topped vimes

were metaholically more active thanm the untopped vimes at veraizom az judged
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by the facht that a higher

topped vines.

Distribution and movement of radig-activity among the meutral, anion and cation

fractions at veraison and harvest

.

Untopped vimess The rtadio-activity im the neutral, anionic and caétionic frac-

tions of the alcohol extract of the various organs expiessed as a perceritage

of the tota

Q.l

al activity in am organ are depicted in Fig. 6. The statistical

At veraison the neuwtral frachion, represemting mairly the sugars, had the
highest %A im the leaves followed by the shoots and bunches (Fig. 6). The

differences hetus=en the leaves om the ome hand and the shoots and bunches on
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Table 2. Statistically significant differences based on the Scot: Knott multiple range
test, betueen the neutral, anion and cation fractions of the bunch, shoot and

leaf at veraison and at hacvest (p = 0,05)

Neutral fraction Anion fraction Cation fraction

Treatmert Bunch Shoot  Leaf Bunch  Skoot Leaf  Bunch Shaoat Leaf
Untopped v v z K4 - x % X

A W ol - . K ) o K -
Topmed M i « v :»r . v " K ®

B z v v z ‘ . X
Time ‘ ¥ ¥ - % X X
A = zpical

M= middle ~Tresirent
B =tasl
Time = veralsom ard renvest

¥ = zignificert diffararces behussn veraizon ard Fenvest
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the other hand were statistically significant (Table 2). As in the case of the

neutral fraction, the main anion activity was situated inm the leaves (Fig.B).‘
After rnirme h, howsver, a decrease of anions were obtaimed in the leaves and

at the same time an increase im the anions in the bumch were found indicating
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nd anion fractions a high %A

for the cations were cbhaired in the bunches (Fig. 8). As in the case of

‘_1

frer CDZ application
compared to the three and 3ix 1 after application, indicatimg am accumulation
i . g

of cat ons in the bunches.
At harvest, as in the case of veraison, the highest activity was situated in
tne reutral fraction of the leaf (Fig. 6). A slightly higher %A was cbtained

in the shont in comparisom o activiby of &he bunch at harvest. The anionic

and no activity in the bunches (Fig. 8). The cations were more or less even-

59

ly distributed betwszen the leaves, shoots and bunches (Fig. ‘6)4 ard no statis-
tically significant differences could be Tound between these three organs.
Topped vines: At veraison, the bunches had the highest %A in the neutral frac-

tionm im the case of the basal treatment (Fig. 9). The neutral fractioms o

leaves. As far as the neutral fractions are concermned the leaves of topped

vines had more than 50% less than the untopped vines .(Fig. S). This, to-
gether with the high %A of neutrals in the shoot indicated a high transloca-
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or anions (Figs. 7, 8 & 9). The distribution ten-
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At hartvest, contrary to the situation at veraisom, the main activity of all
three fractions involved, wers in the leaf, with very small %A in the shocts
(Figs. 7 & 9). This indicabted that tranmslocation of all types of sub-

stances had virtually stopped at harvest. Nevertheless, somz activity was

buted between the three fractiions and together with the fact that sucrose is
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the main photosynihetat

might be explairmed as originating from respiratory arnd related pathways rather

=
)

than from tramslocation o

in the shoots.

CONCLUSION
At veraiszon tramslocation of pghatosynthetate takas place and organic compounds

are freely moved in the vime., This is true for topped and untopped vinas,
/ .

in that of untopped vines. This would mean that hoppimg affected a greater

At harvest tramslocation of photosynthetats was very slow. Although it is
y was deiected in the berry at
hatvest %ime, the analyses of sugars showed an inmcrease in the berries

This might be due to a

Contrary to the situation at veraizon the maim activiity was situated im the lsaves

with a small percentage im the bunch. In contrast to the Tindings of scome other
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authors multidirectional movement of ohotosynthetate took place " independent
of the position of exposure (Fig. 10).
Th2 bunchess of the topped vimes still have a higher %A than the bunches from
untopped vines, indicating the practical possibility of affecting grape com-
position and therefore quality, by a viticultural prachtice reasornably early in
the season.
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in the Berry of Vitis vinifers L. cv. Cape Rissling
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ABSTRACT

itis vinifera L. cv. Cape Riesling durimg maturabion

on im the berries

1 was followed by a decrease i

and continued as the berries matured.

abtained throughout the season.

oncentration expressed

again appro-imately 97

the major sugars in the herries,

on 2 Jdry mass basi

of topped and unbopped vines

was investigate

wn

the sugar compositlon and accumulation in berries of

Topping had no

The

increase

bud breal:,

bud hbreak
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Coombe, 1976). ' :

Harriz, Vriedemann & Pozsingham (1968) reporied that a rapid decreaze in acid
concentration coimcide with sugar accumulation inm the berry. According to

Coombe (1973) this accumulation of sugar is associated with the second rapid

from the outside inwards (i.z. from the skin towsrds the seed) resulting in a more

metabnlites im the skim tham in the pulp at
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who identified glu-

cose, fructose and sucrose in the vacuoles af the hypodermal layer of the be
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Mary papecs have besn published on the composition, concentraticn and seasonal
sugars in the graps beiry (Rlieuer, 196%a; 19685Sbs  1367a: 19670;
Hacdy, 1988; Kriedemann, 19683: Kliswer, 1970; Coombes, 1973: Patil & Gupta, 1973;

Wirkler et al. , 19743 Coombe, 1976; 1980). Concentrations of sugars in the

berry vary considerably with variety, season, locatior, environment - CTop load
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an 1 the development of grape quality (Ran-

). 0

ature.

found that

ficilal shading, - maturati

und that leaf

reduced berry mass and concenbtration of soluble solids.

climatic conditions of

ng the period of herry set to

have any msasurable ofFects on grape composition. Shading,

|

radiation and therefore, air cil and

were cUmpaLatlve1y low in daytime, A decrease in tempera-

a decrease in sugars in the berry.

tudied by Le Rour & Malan (1945). They

tioms in
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g in sugar corncentra he berries of severely topped

lts were canfirmed by Coombe (1958) who found that sugar
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would &lso expect to find & change in the micro climatic conditionms near the

burch, and therefore possibly an effect on berry
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TLansported more
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C-labelled compounds to the bunch than the untopped vimes. This might be
caused by tha enlarged lezaf area due to topping (Chapter 3). This investiga-
tion was done to determine the effect of toppimg on the development of sugar

in the grape.
MATERIAL AND METHODS
Materi

1 Vitis vinif

I].\
a

U]

ra L. cv. Cape Riesling virnes were salected a3 described

by De la Harpe & Viaser (1983). Vinas were toppsd and grapes sémpled as describ-

ed in Chapter 3.

Method: Whole burches on the sscond spur of both cordons of thiee topped as well
as three wntopped vires were sampled 69, 75, 82, 97, 97, 11d, 117, 131, 138,

: . . ~=0 s
145 and 152 days aftier bud breal and stored at -20°C until‘analysad. Sugars

were evtracted from 10 randomly zelected berries from each bumch with 70%
ETOH and the extract centrifuged (S0 000 g) for 15 min and subsequently
determired by high performance liguid chromztograpiy as described by Cloete

(1980). Sugars were sluted from a Bio-rad HPX-87 column (300 x 7,8 mm)

with water (flow rate 0,6 cm3. min-1) at 80°C.

The collected data was interpreted by a Vista 401 data handling system (Anon,

o

'1980) and statistically analysed by applying an one way analysis of variance
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BYDP-IV statistical programme on a Burroughs 7800 computer.

RESULTS AND DISCUSSION

As a result of the method used the wonly detectabnle sugars present in the
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& b). Although Kliewsr (19685a; 19685h) reported thait in addition ko glucose

were alss present in the berries, the metho
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applizd in this investigation
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the pedicel, rachis and

(1

brush and is then transported into the berry which might =s«plain the absznce

&—& TOTAL SUGARS
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" "" FRUCTOSE
8,50— - 0,50
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- emposmevey AR
n
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z 0,25~ 0,25
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0— l 0—
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FiG. 1. Davzlcpment of glucose :nd fructiose in th2 bercies af topped (2) and
untopped (b) Vitis vinifera L. cv. Cape Riesling vines. oA

ructose, gazlactose, sucrose, maltose, melibinzz, raffinose and stachyose
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The berries statted to accumulate glucose more or less 97 days after bud break.

The accumulation is rapid for 14 days after which a lzwelling off became notice-

)]

able (Figs. 12 & b). Although the leaf area of topped vines were nearly double
that o
cant differences in sugar corcentration im the berries of topped and untopped

vines could be found.

Although topping inmcreased the leaf area by nza rly 100% (Chapter 3), resul-
ting in a higher influx of 14C.1abelled compounds to the bunches (Chapter &)
and a difference inm the tate of sugar accumulation -no differsnce could

be found betweern the total sugar conternt of the berries from topped and

untopped vines at harvest.

or this phenomsnon might b2 the dif
technigues used in the irvestigation. In the case of the T-labelled com-
pourds (Chapter 4) whole bunches were extracted for sugars whereas in this
investigation only berries were used. This cauwld mean that an appreciable
, - 14 < L e e s X _ . e
amourt  gf C-sucrose might have been situated in the pedicels and rachis of

the burnches (Amerire & Root, 1960) anmd mot im the berries as such. Since the
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ard rachis is hydrolysed to glucose and Tructos2 and
" then translocated imbto the berry, only glucoss and fructoss wers detectad in

the berry.

According to Meyrhardt, De Villiers & Ireland (1974) sucrose may enter

-0y

the berry, but the fast be dkdou rate of susTose to glucose and fructose

by p—fructcfurancsidOSE' results in the observation of the latter only.

Glucose was found only im the skim and pulp and did mot occur in the seed
(Figs. 2a & b). In the pulp of berries from topped vimes, glucose only

started to accumulate after about 110 days. This delay of glucose accumula-
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irnes canmot be explained at present.
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FIG. 2. Oevalopment of glucoza in the skin and pulp of berties from topped (2)

and untappad (b) Vitis vinifera L. cv. Cape Riesling vines.

In contrast to glucose, fructose started to accumulate at about 70 days after
bud breal to rsach =z peal si- days later, then decreased till 92 days after

sults are im accordance with these of Coombe & Matile (1980) who reported that
L

ructose comcentrations are higher tham glucose concentrations in the skin
in the berry at this stags involves a possible prefaerential breakdown of glu-
Tuctose accumulates

cose inm the berry by way oi

(Kliewer, 1967b).
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/777
777
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| ewe
0,250 0,250~
0,125 0,125~
a I - 3 l
100 150 100 150
PEA BERRY SIZe JERAISON HARVEST PEA BERRY SIZE yERAISON HARVEST
(a) (b)
FIG. 3. Oevalopment of fous:idse in she skin and pulp of bercize from tcpped (2)

amd uncopped (B) Vitis vinifera L. cv. Cape Riesling vines.

A= irn the czze of glucose im the skin, the increase in
reached a pesk 97 days and 110 days aftar bud break Tor topped as well as un-
topped vimes (Figs. Ja % b)), Topping had ro significant effect on the compo-

sition and concentration of sugars in any part of the berries.

Evcapt for the fructoss peab 76 to 32 days after bud break in both the topped
arnd untopped vimes, accumulation of sugars started aocut 37 days afier bud break

(Table 1). The two sugars were evenly divided between the skin and pulp when



Stellenbosch University https://scholar.sun.ac.za

77

*gauta paddoj, = I
*gauta paddojup = fl
*0138d 3gejonaj-agoantp = /9
6‘'0 |06'0 16°0 Gy L6 Ly 6y oy s 6y LS on <5 I
6'0c Jo06'0 82°0 6y L 6h Ls iy 5 64 LS iy 14 nzsL
6'0 |o5'0 06°0 0y 05 05 05 64 LS 64 LS o < 5
L£'0 | o5'0 98°0 G 56 5Y 56 Ly 65 a4 ¥ ol HS nsHL
6'c | o560 06°0 s os 0% oy B LS 6y L5 oY 1 I
o't [00'l 06'0 0% 0% 05 0S 0% 05 05 05 iy £ ngeL
01 06'0 <6'0 LS oh 05 05 04 05 64 Ls 64 LS 5
01l 00°1 S6°0 LG 64 L6 oY 0% (v 05 (V] 64 LS gL
6'0 |e8'0 001 6y .| s LS 64 &Y L s 64 oS 0s I
o't {001 00’1 09 oYy 99 we 05 05 0% 0% 05 05 nie
0'1 00‘0 00'1 ooL 0 oot 0 (+19 (114 o o (v14 oS I
6'0 | 06'0 001 wh 9y ok LS ) ) s 05 0S notL
o‘c |oo‘o 00°0 0 0 Sé ge 0 oot 0 oot ) 0oL I
0’0 j00‘0 00°'0 0 0 ooL 0 0 oot o 0 0 ooL n6
0‘c {oo‘o 00°0 o v 0 0 0 0 0 o 0 0 L
0‘o 00'0 06'0 0 0 0 0 0 0 0 0 0 0 nz6
0'0 J00°0 00'0 0 0 0 0 0 0 o 0 ) 0 &
0'c |o00‘o 00°'0 0 a 0oL 0 0 0ol o 0 ) ooL nzg
o‘o0 |oo‘o 00°0 0 0 98 HL 0 oot 0 0oL 0 ooL b
0‘'o0 |00‘0 00‘0 o 0 0oL 0 0 0L 0 0 0 0oL n9d
0'0 000 00‘0 o o o o o o o o 0 ) 5
o‘0 {oo‘c | oo'o 0 0 0 v 0 0 v 0 o 0 n69
d/9 4/9 4/9 dng wing ding urls ggoanly lagojondg § 23oongp | #g0)onay | #3020y le3ojonay e3eq
ding utrHg LS B x| egeanyy 3g03INI4 ding uing Laang Furtdwes
ucgwas 34y} JIA0 oTjnd Uu.n.un.:c-.wlowow_.-ﬁw
ayy pur oaedne {tioj ayy jo 3Frvqueoasd v se pogsassdss Laasq H4) Uy 23073°nay pus seoon(d Jo uorinqlal3rp Yl ‘L 21q7



Stellenbosch University https://scholar.sun.ac.za
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be s:pacted since sucrose iz hydrolysed in the pedicel, rachis and brush and
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then translocated as glucose and fructose into the berry (Amerine & Root, 1960).

An explanation for the different rates of accumulation of glucoss and

g translocation into the berry as well as-

o

0 limi

(=

in the bercy might be dus

accumulation irm the pericacp cells (Coombe, 1973). These limitations might

indicate that alithough topping im actual fact do increase the rate of sucrose

influx into the bunch, the berry itsslf canmot shore the additiomal available

cir

photosynthetate. Coombz % Matile (1980) showed that the rate of sugar accumu-

lation from a glusose solution by a pesled skin was higher than that of whole
berries and it seems that the experimental procedur2 of peeling and incuba-

ting of the skin segments plus the glucose medium in some way Temsoved an in-

hibitor of the sugar transport proczss. Much more research nesds to be dore

o
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ABSTRACT

AR method for the determimablon of organic acids in grapes is described.

Organic acids are extracied from the material with 70% ETOH, purified

—

by anion exhange and analysed by High Performance Liquid Chromatography.
The proposad method gives high percentaces of recovery for the different
acids and is teproducible. Further advantages are the relatively short

extraction z2nd analyszis time az wsll a3s the high Tesclution chtainad be-

tween the organic acids.

84



Stellenbosch University https://scholar.sun.ac.za

INTRODUCTION

Organic acids gplay an impoctant role in viticulture and ate of special
importance in grape guality and wine making. The importance of organic
acids in grapes and wime iz emphasized by the large number of papers

published on this subject over the past Jdecades

A number of methods for deter ing oraanic acids have been published.
J

Amerine’ & Winkler (1942) detecmired the acids by means of fitration wsing

phenolphthalein as indicator while Harlik, Marshall & Lodge (1959) uszed a
quantitative micro-diffusion tectnigue to determine formic, acetic and

butyric acid.

After the introduction of chromatography nunerous methods were Jdeveloped
for determining organmic acids. In 1846 Isherwood introduced partition

chromatography znd Buach, Hurlbert & Potter (1952) anion zxchange chro-

matography as an aid to the determination of organic acids in foods. Thin

layer (Bourzeiw, Guitraud & Champagnol, 1970), paper (Bryant & Querell,

1953; Hardy, 1368; Williamzs & Loewus, 1979), imn evhange (Busch, Hurlbeth &

Potter, 1952), gas (Caruin,'1965; Saito & Kasai, 19833 Anderscn et al.,
19703 Moskowitz & Hrazdima, 1981) and liguid chromatography (Domzldson,

; Marshall, Orten & Smith, 19483 Marshall, Donalds
& Friedberg, 1952; Zoinoushy &‘Bu:nis, 19543 Freaman, 1967) as well as
electrophoresis (Gross, 1959; Michl & Higsnauer, 1953) have all been used

tion (Stahl, Schafer &
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Lamprecht, 1972). Some of theae determirations were carried out with

chemically pure orgenic acids (Kaiser, 19733 Hyakutake & Hamai, 1375
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sk, (1373): Ouring & Bachmann, (1975),

Org & Nagel, 1978) while Palmer & L

and Maskowitz & Hrazdima (1981) applied the above menticned techniques on

fooda, muzts and wines. The results obtained by different workers, is vir-
tually impossible to compars because the reproducibility of determinations

as well as recovery percentages are seldom glven,

The purponse of this study was to develop a simple reproducibls technigue with
high recoveries to extract acids from different gperts of the grape berry at

differant developmental stages

METHOD
Five replicates of one gram each of freeze-dried skin, pulp and sead of Vitis

berriezz were e-tracted by vigorously shaking

ng
the individual samples for 20 min in 50 cm™ B80% ETOH. A duplicate set to

which krown quantitiez of pure organmic acids were added, was eviracted zimul-
. N . A-8 _ .
tarzously. Percentage 1scovery was caloulated as ¥ 100 where A is

addition of known quantities of the Jdifferent organic acids, 8 the concen-

tration of individual organic acids extracted from a sample before addition
of known quarntities of the dJdi

.

centration of organic acids added to sample.

All the e-tracts were filtered through 0,22 pm Millipore filters and the

86
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(200 - 400 mesh) amion resin in the Cl form, One :m3 resin was then washed

3 .. . a0
with 100 cm™ deionised water and eluted with ore rm 10% solution fFollow-

ed by distilled water to make up 25 cm .

The organic acids were then analysed on a Variam 5000 liquid chromatogragh

fitted with a U- detector set at 200 nm om a Bioran HRPX-B7 column. As

mabile phase 0,013 N HZSD was pumped at a Tate of 0,32 cm3. min‘1 at 65°C

4
at a pressure of A000 kPa. Data was collected and interpreted by a Vista

401 data handling system (Anon, 1880).

RESULTS AND DISCUSSION

A typical chromatogram of the organic acids present in the estract is
depicted in Fig. 1.
12
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ound with further extractions. The

88

percentage acid of the filtrate residue (FR) was never more tham 10% and could

be accounted for by a second extraction. The calculatad loss of acid (i.e.
after adding the PR (percemtage recovery) and FR may be dus Lo inscluble
salt formation and experimental losses =g. by washing, although different

washing technigues Jdid not improve the results.
Pulps The PR for citric, tartaric and malic acid was 78 - 8,6%, 104 i 5,7%

and 97,4 - 197 respectively. Im tha cass of pulp only tartaric acid had an

FR of 2,7 © 1,99.

+

Seed: A3 in the case of the pulp PR values of 72,0 - S,0%, 83,0

+ R S P . o
and 84,0 - 14,0% were obtained for citric, tartaric amd malic acids respecs

tively. Filtrate residue analyzes of 1,8 Iy 4% and 2,2 - 5 0% werz obtainad

for tartaric anmd malic acid.

.

o
1

The proposed method gives high percentages of recovery for the dif
acids and yields reproducible reSulﬁs, with the SD ornly in a few instances
exceeding - I 10. Furthe: advartages of this method are the relatively short
eviraction (20 min) and amzlysis time (20 min) on the HPLC Facilitating the

handling of at least 50 samples in 24 hrs.
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TABLE 1
The parcesntage recorvarizs and rezidual activities of the acidzs as obiaxined
in the diff¢rznt paris of the grape berry
Citric Acid Tartaric Acid Malis Acid
Replication Peroeniage FR Percznoags FR Farcentags FE
Recovery Racovery Recovery
Skin
1 85,0 o - 85,0 17 78,0 2
2 70,0 0 66,0 9 81,0 2
> 78,0 3 8,0 10 78,0 3
4 g8,0 3 2s,0 3 99,0 3
S 92,0 8] 91,0 10 85,0 b
M2an 92,6 +8,7 12,8 + 3| 82,3 + 2,8]9,5+0,9] ,2:3,8 (2,8 10,8
Pulp
1 76,0 V] 103,0 2,5 109,0 §]
2 88,0 0 09,0 5,5 106,0 0
3 65,0 0 96,0 3,9 72,9 0
b 78,0 0 110,0 a,8 82,0 0
5 83,0 V] 102,09 1,0 18,0
Mean 78,0 + 3,6 o |1obk,o o+ 5,7(2,7+1,9) 97 + 19 0
Seed
1 68,0 0 80,0 o 67,0 0
2 67,0 v 78,0 v 78,0 0
3 72,0 o 92,0 0 99,0 0
b 80,0 0 98,0 o 99,0 0
5 75,0 9 92,0 9 7740 0
Mean 72 55 0 B9 8t bkl 2,225
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CHAPTER 7

Rcids im the berry of Vitis viniferas
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ABSTRACT

vestigated. The total acld comcentration decreased as ripening progressed.

t

Tartaric acid and malis acid were found o be the mosht important acids follow-
ed by citric, zuccinic and acetic acid. Topping had no effect on the total

acid concentration in the berry e-pressed on a dry mass basis.

b

. T L . 0 o e .
Major acids in the skin at harvest (21°8) werz citric, tartaric and malic

(=0

acid while citrtic, tartaric, malic, succinic and acehkic acid were present in

cr

he pulp. Ercept for citric acid the same acids as in the pulp were also

found in the seeds.

Topping had ro measurable effect on either the developmental pattern or the
acid composition of the grapes during riperning im the same 3eason 1m which

it was perfaormad.

95
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36

INTRODUCTION

Organic acids are of great imporhance in the grape and has led to many studies

on their presence and developmental patterm (Amerine & Wirklsr, 1942; Amerine,

L]

[=0)

1951 3 19563 Amerine & Wirkler, 1358; Kliewer, 1385 ; 1986; Kliews Nassar,
1968; Kliewer, 1367; Kliewer, Howarth & Omori, 1367; 0Ou Plessis, 1388;

Hale, 1968; Coombs, 1975; Takimoto, Saito & Kasai, 19783 Hale, 1977;

Ruffrer, 1982z 3 1982c). Ii is QEﬁer#lly accepted that tartaric and malic

acid are the predominant acids in grapes (Ruffner, 1982a ; 1982b). The acid
corntent of the grapes is very high at the early stages of development but de-

creases rapidly during maturation of the berry. Normally, the berries have

their highest malic and tartaric acid concentration just prior to veraison

L._

(Kliswer, 19B65). These acids are nob evenly distributed throughout the -

berry and it was shown by Amerine (1956) thak at maturity the lowest
concentration of acids is found inm the hypodermis, the highest concentra-
tion around the seed, while the pulp has an 1nLerned ate concentration., In

young developing berries, the highest concentration of acids is

hypodermis.

yizld levels (Kliewsr & Weavsr, 1971; Balasubrakmanyam, Eifert
& Diofasi, 1979), topping, gitdling and d=foliztion (Le Roux & Malan, 1945;

T & Schuliz, 1973;
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Van Zyl & Van Huysteen, 1990) ard the environment (Kliewsz, 1954; Kliewer
& Schultz, 196&} Klzrerh, 13753 Klenert, Rapp & Allewsldt, 1978) an the arganic
acid content heve also been studied. Hennig & Burkhardt (1951) reported.

higher malic acid concentrations im cooler years but Amecine (1951) and Du Plessis
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(1968) could rot confirm this under their emvironmental conditions. In his
review Ruffner (1982a ; 1982L) damanstratad clearly that tha acid content of

ripening grapes is

3

zdiated by e-ogenous Tactors such a3 temperature and
poirnted out that malic acid accumulabion is favoured by cooler temperatures.
Le Row: & Malan (1945) showsd that severely topped vines (509 of the shoot
removad) resulted in a dectease of the sugar contermt. Kliewsr & Antcliff
(1970) reporied that leaf slimimatiom treatments led to higher acidity im the

grapes.

In South Africa little is kmown zbout the effect of summer pruming on the
development and localization of organic acids in the berry. The aim of this
study was to investigate the =ffect o

topping on the seasonal development

of organic adids arnd its localization im the berry

MATERIAL AND METHODS

i

ted as

o

Materials Vitis vinifera L. cv. Cape Riesling vimes ware sele

(y]

by De la Hazpe & Visser (1983). Vires were topped and grapes sampled as de-

date were determined wsing liguid chr graphy described in chapter 6.
The collected datz was interpreted by a Vista 401 data handling system (Anon,
1990) and statistically anzlysed by applying an ane uay>analysis af variance

BMDP-IV statistical programms on a Burroughs 7800 computer

g7

described
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RESULTS AND DISCUSSION

Total organic acids in the berry: The total acid concentration in the grapes

of toppad and untopped vines is depicted in Figs. 1 and 2. Five arganic acids
namely citric, tartaric, melic, succinic and acetic acld were found in the
grapes. The fotzl acid concemtration had high values early in the season far
both the topped and untopped vines (Figs. 1). Approximately 90 days after
bud break rapid dec crease in total acid concentration occutred until 117 days after
bud b eaL at which an increass of acids took place beforz = final decrease to har-

vest, No statistically significant differences were obtalined between the
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acid concentrations

Althiough the initial concentrations o

lar patterns in that the corcentration iz high at pea berty size, starts de-
creasing at veraison and contirues to decrease as the grape matures (Fig. 1).
Malic acid coricen tion increases from pea berry size to veraison whereafier

tartaric, swccinic, citric ard acetis acid decreased

maturity.

The decrease in acid concentration occurrved mainly during the warmer weeks
(:O 2~0 s = oL L s . .
25°C - 32°C, Fig. 3), with the highest concemtiration at the lowsst tempera-
0 . c . . . .o oee
ture (23°C) which is in accordance with reports of Ruffrer (1992a 3 1982h).

tal acids from pea berty size to veraison indicating a sirk-source shift from
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the reproductive growth phase.
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gcting this phznomenon might be a possible

ingrease in membrane permeability allowing acids to be espired and & reduced

After an analyses of the acid
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dominant and accourtad Ffor 90 to 95% of the acids in the grape

it pecame evideni that tartaric and mzlic acid
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for both the topped and untopped vimes. This confirmed the cesulis on

(1971), Philim & RKuyker, (1973), Coombe, (1878), Cash, Sistsurk & Stutte,
(1977) and Ruffmer, (19822 ; 1332b). The concentration of citric, suceinic

and acetic acids were too low to have had an el

The rapid loss in tartaric acid coincided with the last stage of growth phase

11 of the terry (Chapter 3).

It is well known that acids are not evenly distributed throughout the berry
(Wirkler, et al., 1974). In the presant especiment it was found that the
pattern of acid increzse and decrease was similar for skin, pulp and zeed
(Figs. 4 & §). The szkin waz characterised by the abzance of succinic acid
from veraison to harvest. The total aclds in the skin showed a linsar de-
creasé from 0,44 g.g skin dry mass - (untopped vines) zrd 0,28 g.g skin

dry mass” (topped vimes) to 0,07 and 0,11 g.g skin dry mass -1 respectivaly

Tartaric and malic acids were the only aclds present im concentrations of any

ot

practical importance and sitric and acetic acld contributed less than one per-
cent to total acid concentration im the skin. Contrary to tartaric acid, malic
acid concenitration initially increased in the case of both the topped and un-

topped vines, before descreasing as the berty comtinues to full riperess (Fig. 6).

—
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centage of total acids in tﬁe pulp, citriz, succinic and acetic acids remalned
constant, tartaric acid decreased and malic acid decreasad slightly at ficst
followed by a rapid incrtease at verzison and then stayed constant umitil har-
vest (Fig. 7) for both the toppad and untoppad vines without any sigrificant

differences between them.

The seeds were characterised by the virtual absence of citric acid. The
concentration of the other four acids in the sesd were relatively high
in both topped =nd untopped virmes at pea herry size after which a rapid

decrease at veraison cccurred (Fig. 8).

Previously only tartaric and malic acid were regardad as  the dominant
acids bukt in this study acids like succinic and acetic were found to be promi-
nent in the seed especially in the early stages of ripening (Fig. 8). A:
harvest, tartaric and malic acid were the most dominment acids. As in all

P L

the discussed cases, topping had no effect on the acid composition of the
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The same tendency as described above were obtalned for tartaric and malic acid
in the skin and culp. Topping had ro e
in the skin.

The totzal acids in the skin evpreszed &as g.g shim doy ma sz showsd a decrease
during ripening while in the pulp an increase occurred beforz a capid de-
crease at veraison (Figs. 8 & 7 ). This coincides with the ripening of the
berry from the skim on the outside to the pulp 1n the middle (Hartis, Vriede-
mann & Possingham, 1988, Winkler gt al., 1974). The total acids in the szeed
decreased rapidly Qntil veraizon and then stayed relativaly constant until
harvest (Fig. 8). This decrease might be due to the very active growth

rtipening, where 1t oepresants more than

CONCLUSION

for high acid concentrations is not the gphotosynthetic capacity of the
leaf carmopy but rather a physical or chemical barrier im cthe storage capacity
of the berry itself. This requires more intensive research because many

aother practiical manipulaticons can be done to improve the gphotosyrnthetic
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ABSTRACT

ti in the berries of topped and untopped Cape

0
}-l »
[11]
(17}
|..l
[
3
o
~~
<
I_l
P
|a .
g
<
|_;
3
|a .
-
®
]
[\l
—
g
<
I_l .
2
1]
(i)
=
Qo
wn
L
i}
o
[1(]
H
=]
|.‘
pu }
[41]
(w8
—
g
1]
cr
[m]
cr
il
1—
]
I_l
ot
[z
[n]
u
1]
pu
3
]

creased as berries matured, amd the topped vires reached a higher final

than the untopped vimes., This di

arn imcrease in the nitrogen corntemt of the pulp.
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nitrogen im viticulture has been

(Cooh, 1388; Taylor,
Kligwer & Ough, 1870;

Bains, Bindra & Bal,

reported that conmcentrations of TN in the

ghl‘,_‘/
3

o2

[
=
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—
D]

44 to 238 mg N.

-3, . . .
cm = i

alsa reported higher TN

vars and found no

trate.

betwzen LUlLl ars

,leaf effic

cane mass
out that leaf

Kliewer & Ough (1970) :

area plays an important rol

1367

n (TN) normally increass

100 cm-3

correlation between

Qugh, Lider & Cock (1969

clency amd pruning prac
area determimes

gported that TN correlated positively with lea
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INTRODUCTION

(Bidwsll, 1974). The zole of

O

~tensively investigated and cepocted on

Ough, Lider % Cook, 1368: Christensan, 19639;

Conradie, 1380;

as the fruit metures. Kliewer (1969)

in

juice ranged from 38 to 162 mg N. 100

to moderately ripe grapes (early harvest) and 43 to 220

cable

Iy

rice to overripe grapes (late harves:) for grape

of wine grapes the concentrations of TN ranged from

in early harvested grapes and 89 to 256 mg N. 100

(U]

sted grapes (Kliewer, 1970). The same author

in juices of white cultivars than thoss

™,

the composition and

is therefore clear

1]

in grape composition and quality.

virtually a doubling of leaf area (Chapter 3),
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ribed in Chapter 3. The
berries were separatzd inio skin, pulp and szed and freeze-dried. The TN was
determined in a selenicus acid/sulphuric acid digest by means of an automated
colorimetric method described by Warner & Jomes (1970). The datz was shta-

3
|

tiztically aralysed by mzans of an one way analysis of variance done by 2

SPSS statistical programme (Nie, ef al., 187%) on a Burroughs 7800 computer

RESULTS AND DISCUSSION

Seasanal charnges in TN concentration of the bsrries from topped and untopped
vines are shown in Figs. 1 and 2. In both the topped and untopped vines,
nitrogen accumulatsd rapidly and then remained telatively constant for four
weeks. Az the grapes matured the TN decreassd, then increased again to reach
a maximum shortly beforz harvesting 2md then decreased up Lo hatvasting. The
nitrggen concenmtzation in the grapes of topped vines tended to be slightly

higher than that of the untopped vires.

1186
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A A
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100

0 =
69 78 82 a7 118 131 138 145 152
PEA BERRY SIZE VERATSON HARVEST

FIG. 2. Changes in thz percentaga nitTogen in the skin, pulp and seed of topped
and untopped Vitis vinifera L. cv. Cape Rissling vimes foom pea beroy size to

harvest.
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The TN in the berry exhibiﬁed-tuo definits phases of rapidly imcreasing
N-concerntration namely, phasz one from pea bercy size to veralsom and phase 2
which started two weeks before harvesting. Thess phases could possibly be
related to gQrowth phases distinguished in the yegetatiue and rteproductive
develapment of the berry (Chapter 3). Topping resulted in & larger increase
in TN in comparison to the untopped vines. This phenomznon is not unexpect-
ed in view of results reported by Klizwer & Ough (1970) who correlated TN
area per unit mass of grapes. According to thess authorsAan

area 13 accompanisd by am increassd nitrogan can-

An imcrease in TN occurred in all three parts of the berry mamely skin, pulp
and seed as the berries ripenad (Fig. 1). In the case of the skin and
pulp a general increase was obtained after veraisom whilst the TN of the seed

increased rapidly around pea berry  size and them stayed more or less con-

4_,,
=
[m)

stant until ha:ves re or less 20% of the TN occcurred im the pulp of un-

topped vines Th remaining nitrogen wes found im the skinm (S0%) and seed

(30%). This Finding is in agreement with the results reported by Ribéreau-

Gayorn & Payraud (1980-61). In the 3 of the topped vimes 43% of the TN was

2

i
s

[1)]

found inm the pulp, 34% in the skin and 23% in the seed.

Topping had no statistically significant effect on the TN comcentration of
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vest (probability tail = 0,038) ard at harvesting (probability tail = 0,040).
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The distribution of nitrogen in the different parts of the berry can best be

expressed as a gercentage of the TN im the berry, asz depicted in Fig. 2.
= P g Y g

The percenta nitrogen in the skin increased a
p age 09

ur
cr
T
c[u

berries ripened. The

N-concentration of the pulp stayed more or less constant throughout the sea-

son whilst that o

(=
i

secd decreased towards harvest after an initial increase.

The pulp of the berries from the toppad vines at harvest contained 3% of the

.-

total nitrogen, the shin 34%, and the seed 23%. This shows a drastic increass

120

(26%) in mitrogen in the pulp of the topped vines compared to that of the unt apped
g .

vines which was statisticzlly confirmed. This might be of practical im-

portarce because one of the problsms encounterad in cellars is lagging fzrmen-

ul

tation due to low must nitrogen concentrations (Camtrelli, 19573 dugh & Kunkee,

196683 Van Romyen & Tromg, 1932) cﬂd better guality at higher mitrogen. How-
ever, it must be stressed that the results obtairmed in this investigation is
of a preliminaty nature and much morTe rtessarch into this possibility needs o

be dons before erplicit conclusion can be made.
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. CHAPTER 8

—
i—

Mirneral Composition of the Berry of Vitis vinifera L. cv. Capes Riesling.

Phosphiotus, Potassium, Calcium-and Magresium
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ABSTRACT

The effect of topping on the seasonal pattern of phosghaorus, potassium, cal-

cium and magnesium concentrations in the bherry of Vitis vinifera L. cv. Cape

Riesling was determirmed. Arn increase inm the concentrations of all catlons were

observed as the berries matured.
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of phosphoTuz (224), potassium (7%) calcium (8%) and magnesiu tharn the

untopped vires. Phosphorus and potassium were the most sbundant in the skin
with decreasing concentrations im the pulp followsd by the seed. The highest

caloium and magresium concentrations wers found inm the seed followad by the

skin and then the pulp.
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INTRODUCTION
Seasonzl trends of mimeral elememis im plants, espzcially leavez ard petinlss,
have beer widely irmvestigated. Ercellent reviews have b2en published by Oberley

& Boynton (19686) on apple nutriticm, Ballinger, B2ll & Childers (1968) on psaches,

Cook (1966) and Champagnol (1978) on grape nutrition.

The ranges in percentages by volume of phosphorus (P), potassium (K), calcium
(Ca) and magresium (Mg) in fresh juice are 0,02-0,0%, O0,15-0,25, 0,004-0,025

and 0,01-0,025 respectively (Winkler, et al., 1974). Corradie (1981)
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ari increase in P from veraison to harpvest im the berries of Vitis vinifera L.

P im the vime. As im the case of P, K ircreased as the barries matured. At
harvest the grapes contained B6,1% of the totel K in the vine (Conradie, 1981).
This auihor further reported that the berries only accumulated small amounts
of Ca (7,7%) and Mg (15,4%) of the total Ca and Mg comtents of the vime in

contrast to P and K.

Mozt of the research dore on vime mineral composition was done on the leaf

g is known about the effeck of viticul-

-
|_l
)
M
1
|¢—1
Duind
P
—

and petiole. Im South A
tural practices, such as topping, om the mimeral composition and distribution
in the berry. Im Chapter 8 it is shown that topping significamtly increased

the total mitrogern of the pulp of the berry, which is the mal
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In this chapter the effect of topping on the mimeral compositiorn amd distri-
bution of th2 berry is discussed with special reference to P, K, Ca and Mg.
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MATERIAL AND METHODS
Material: V. vinifera cu. Cape Riesling vines were selected as desctibed
by De la Harpe & Visser (1983).
Methods: Vines were toppad and grapesz sampled as described in Chepter 3 and
the berries treated as described in Chapter B. The fresze-dried sa&ples
(0,5q) were digested by Five om’ HND, and two en® HC10, at 250°C in an aluminium
3

block oven, then made up to 25 cn”. The K, Ca and My contentrations wers deter-

2
]

mined by means of atomic absorpiion spectrophotomatry (Technicon-Varizn).Phosphorus
was determined by means of the standard VORI automated LDl«IlﬁEtILC method

(Anon, 1981). The ztatistical shzlyzes wers done as described inm Chzpter 8.
RESULTS AND DISCUSSION

Phosphorus: The P content of the berty and its parts, the skin, pulp and sesd

are shown in Figs.l and 2. The P increased as the berries ripered. This is

in accordamce with the results of Conradie (1981) wha reparted that the P in-

creasaed wntil hatvest. The author is of the opinian that this increase might hbe

due to tramslocation from the leaves since a decrease im P is ohserved in the
leaves.
Although am increase in P content was obtainmed in the berries f the topped and

o
1

untopped vines, the P content of the berries from the toppsd vines tended

to be higher tham the untopped vines. This might be due to the virtual doubling

o

of leaf area per vine as reported inm Chapter 3.

The distributicm of P in the differen

and untopped vines expressed as a percentage of the total, is depicted in Fig. 2.



Stellenbosch University https://scholar.sun.ac.za

128

G-
0,050+

~ 0,025

G
0,12+

puLP

(g.1007"

0,06

UNTOPPED —

TOPPED  ~wm=mem===
PEA BERRY STZE P
VERALSON v

HARVEST H

o~
0,084

P CONTENT

100 150l
v H

TIME (DAYS AFTER BUD BREAK)

FIG. 1. Se2s0mal changes of phosphorus in th2 bercies, skim, pulp and sead of

—
o
=
[17]
[\
0
0
1]
)
D
3
i
o
u
1]
ci-
(a0
2t
]
]
=
3
w
i
-
l‘_[l
Ot
o
e
(X
i
u
1]
[
[3\]
o
{=e
Q
(3]
0
s
o
[}
L]
ol
1]
|
&
o
(e}
14
w
o
[§0)
Pl
=
()
(1]
a
-
ma
g

different parts. The pulp, which is mainly used in wine making, contributes
more P to the must when subjected to a preceding topping treatment from mores of

less thres weeks before harvest.

TOPPEQD UNTOPPED
100 1c0
soo = o4 B SKIN =
& = V PULP
SEED L
PEA BERRY SIZE

VERATISGON \
HARVEST H

TIME (QAYS AFTER BUD BREAK)

FIG. 2. The distribution of phasphorus in the berries of topped and untopped
Vitis vimifera L. cv. Cape fiesling vines.
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Potaszium: Potass
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berry (Fig. 3). Its concentration increased rapi
iz im accordance with the resulits abtained by Conradie (1981) whers a decreass
in K im the rest of the vine with a correspondimg incrszase in K concemtration

of the bunch was reported.

(Fig. 3) whilst the K in the seed did not show the same pattern of ilncrease. The
percentage distribution of K in the berry for the untopped vines was AB% in
the skim, 24% in the pulp and 10% in the zesd(Fig. 4). The berties of the

treated vines contaired 68% (skin), 249 (pulp) and 4% (s=2ed).
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FIG. 3. Seasomal cha2nges of potassium in th2 bazrries, skim, pulg 2nd s2zd of

topped ard umtopped Vitis vinifera L. cv. Cops Pi2sling vimes. (¥ statiztically significant),
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FIG, &, The dicersibution of potazsium inm thz herries of topped and urtoppad
v

3
itiz vinifera L. cv. Cape Riessling vines.

As in ths case of N (Chapter 8) arnd P in the di

-

ferent components of berries
it is apparesnt that topping &

parts. Topping did not, however, affect the K content of the pulp at harvest.
This is significant because anm increase in pH dJue to anm increase in K could

be a negative quality factor.

Calcium: The resulth
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depicted in Figs. Sad €. Tha Ca in

the berry increased fod

urntil  one week before veraison after
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which it decreased rapidly. The increase atb this stage wss mainly dus to an in-

o

crease in Ca im the seed. The second increase in Ca in the berry found more or
less two weeks after veraisom, was the result of am increase in the zkim, pulp
and seed. In the case of the pulp the maximum Ca contznt was reached three

1~
|

Jseeks be

E

ore haryest. Howsver, the Ca concentration of the seed increased un-

til harvest following the decrease im Ca aht veraison.
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FIG. S. Sezs=onal changes of calcium in the bervies, skin, pulp and seed of

“oppad end untoppad Vitis viniferz L. cv. Czpe Riezling vinas. (* seziiziically signiTicant),

The Ca concentration in the berries of the topped and wuntopped vines ‘were
conspicuously lower than the N, P and ¥ and did not e.ceed 12% of the total
mineral element comcentration. Comtrary to P and K the sesd had the highest
Lz corcertration whilst the pulp had the lowest (Fig. B).
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FIG., 6. The distribution af zalcium im the barzies of :opced and uriicpped

Vitis vinifera L. cv. Cape Riesling vinmes.
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Magnesium: The Mg concentrationn of the berries from the topped and untopped
vines ircreased as the berries matured (Fig. 7). In the skin 2 rapid increase

U'AW BERRY
0,24 /A

(9.1009‘1)

Mg CONTENT

UNTOPRED
TOPPED - - -

pEA BERRY sIze P
VERATSON v
HARVEST H

[ Thoo 130
B Vv H

TIME (DAYS AFTER BUD BREAK)

FIG. 7. S=2asamsl chamges of magnesioum in the bersies, skin, pulp and se2d of
topped and umtoppad Vitis vinifeza L. cv. Capz Riesling vimes. (® statistica 11y significant),

of Mg was obtainad hwo wesks before harvest (Figs. 7 & A). The Mg in the pulp

of untopped vires imcreased from pea DErry size to one weelk before veraison
after which it decreasad till harvest. Contrary to the untopped vines the

Mg cormcentration of the pulp of berries
week before veraison, then decreased.for thiee weshs afier which it rapidly
increésed for two weeks before Fimally decreasing to harvezh. Although the de-
crease in Mg corcentration was rather rapid, the Mg content was ztill signifi-
cantly higher in the pulp of berries From>the topped vires tham in that of the

uncopped vines. As in the case of Ca the highest

i

- Mg concentration was in the

i

U]

seed whilst the pulp had the lowsst corcentzation (Fig. 8).
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FIG. 8. The distribution of magnesium in the berries of togped and untopped
Vitis vinifera L. cv. Cape Riesling vines.

Total mingral elements: The total mimeral conterts (N,P,K, Ca, M3) e-pressed
as a percentage dry mass per berty tissue wazs 12% higher in the pulp of berries

from topped vines tham untopped virmes at harvest., The increase in mineral
content in the pulp, which is mainly due to N, might be of importance in

wing making, since the pulp contains the juice which is the muosi
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the wine is made. It is kmown that a higher N comcentration improves wine
quality (Van Roayen & Tromp, 1982), whilst & high K concentration regatively
effects wine quality (Somers, 1977). As far as Ca and Mg are concecned
little is knouwn abouﬁ their effect on wime quality. Topping resulted in

a higher N corcentration in pulp (Chapter 8) and did mot significantly
effect the K comcentration in the pulp indicating that topping might have a

positive effect om wine guality.
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CHARTER 10

SUMMARY AND CONCLUSIONS
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correlated (r = 0,85) with the barty volume as well as with frucktose (r = n,a1),

glucose (r = 0,87) and total sugars (z = 0,99). With increassd dry mass per Derry

on the translocation and distribution o
(Chapter 4). Multidirectional translocation of organic comoounds took place.
Bunches, shoots and leaves were sinks ab veraiszon whilst leaves were the only
sink at harvest. Following exposure o CD-, bunches of topped vines had

higher radig-active levels than bunches of untopped vines at veraison and haz-

vest,

The shoot exhibited the highest radic-activity im the neutral, anionic and ca-
actions at veralson indicating that a wide ranmge of organic compounds

. 14 P I
Tom the source (leaves where - CDZ was spplied), to the
rest of the vine. AL haruvest, however, .the main activity remained in the leaves

with mo activity in the shoots and burches indicating that very liftle exporh

. . 14 .
Sirce topped vines transported more  C-labelled compounds to the bunch than

unuogpad v1re which might be caused by th
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of topping on the accumulation of sugar in the berry was investigated. Glucose
and fructose were found to be the major sugars in the berries. A glucose-fruc-
tose ratic of 1:0,1 was obtained from veraison to harvest. Absence of sucrose
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total sugar concentration im ths berry evpresssd on a dry mass basis. The total
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Qrnanic acids’

Topping had no effect on the tobal acid concentration inm the barry esxprassad
on a dry mass basis which steadily decreased in hoth the topped and untopped
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ollowed oy citric, sucoinmic and acetic acid. Topping had

no 2ffect on the total acid concentration im the bercy e«pressad on a dry basis.

[

B) ware citric, tartaric and malic acid
while citric, tartaric, malic, succinic and acstic acid were present in the
pulp. Except for citric acid the sams acids as in the pulp were also found
in the sesds. Topping had no measurable affect on either the developmental

acid composition of the grapes during ripering in the same season
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in which it was performed. All the acids measured were rmegatively correlated
with the parameters determined in this investigation, indicating that as the
berries maturaed a decrease in acids took place while the other paramsters inm-

creased (Table 1).
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a higher final concentration than the untopped vines. This difference is solely
due to an imcrease in the N comtent of the pulp. Am imcrease in P, K, Ca and Mg
were also obtained as the berries matured. The pulp of the berries from the
wopped vines showed higher concentrations of P, K and Mg than the untopped

vines. Phrosphoruz and ¥ were the most abundant in the skin with decreasing

de -

tions

=

concanur n the pulp followsd by the sseds. The highest Ca and Mg con-
centrations were fourd in the seed followsd by the skin and then the pulp.
Nitrogen increased as sugar accumulated-and the acids decreased. Nitrogem was

found to be highly correlated with P (r = 0,96) and ¥ (r = 0,858) (Appendi= A).
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The fact that leaf area and shoot growth were imcreased by toppimg le
lux of labelled photosynthetate to the bunch. Althougn this in-

crease was found in the bumch, the berry, however, did robt show a corresponding

increase. Only N was found to increase due to topping.

From this investigation it would seem that judicicows topping could have bene-
ficial effects on berry composition and could be recommended in vigorously
growing vimeyards under local conditioms. It is gquite concelvable that the
everity and timing of toppilmg will greatly affect bunch and berry composition

vell as various aspects o
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