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Fruit size and crop load prediction for citrus
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Summary

Fruit size is a very important factor determining market returns.
Aot of controllable and non-controllable factors influence even-
tual fruit size. Estimating final fruit size and crop load is very
useful to plan harvesting and to obtain specific markets for the
fruit. By accurately predicting final fruit size at any time of fruit
development, one can establish the final fruit size distribution
at harvest as well as what the size of fruit on a tree should be at
a specific time to meet the export size requirements in order to
decide if adjustments to the management programme should be
done. Fruit size prediction can be done after the physiological
fruit drop period by measuring fruit diameter of a representa-
tive sample of 50-150 fruit from 2-5 representative trees bearing
a typical crop load or to measure all fruit on one or more repre-
sentative trees in a block or unit. Fruit diameter of tagged fruit
should be measured weekly, bi-weekly or monthly from after
physiological fruit drop until harvest to build up a database of
long-term mean fruit growth rates to be used for future fruit
size prediction. Final fruit size at harvest for each fruit is calcu-
lated by adding the predicted growth increment until harvest
based on the predicted harvest date to the measured fruit size
at a specific date. The fruit size distribution at harvest time is
used together with the fruit number per tree to predict the yield
or crop load per tree. Fruit number estimation should only be
done after the physiological fruit drop period by counting the
number of fruit per tree for one or more representative trees or
by total fruit removal from one or more representative trees.
Yield (crop load) is determined by both the number of fruit per
tree as well as the size of the fruit. Based on the percentage fruit
in each fruit size category and the mean fruit weight (g) of fruit
in each category at harvest, crop load can be predicted. The
amount of fruit culled from January until harvest due to the
Summer-Fall fruit drop period should be taken into account in
the prediction. In South Africa there are many growing areas
with distinct climatic conditions which make it difficult to pro-
vide an overall or general guide to fruit size prediction.
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Fig.1. Citrus fruit growth (Bain, 1958).

Opsomming

Vruggrootte is ‘n baie belangrike faktor wat inkomste bepaal.
Verskeie beheerbare en nie-beheerbare faktore beinvloed
uiteindelike vruggrootte. Vruggrootte en oeslading voor-
spelling is belangrik om oes te beplan en om spesifieke markte
vir vrugte te verkry. Akkurate finale vruggrootte voorspelling
enige tyd tydens vrugontwikkeling is belangrik om die finale
vruggrootte verspreiding by oestyd te bepaal en om te bepaal
wat die vruggrootte op ‘n spesifieke tyd tydens die seisoen
behoort te wees om uitvoer vruggrootte standaarde te haal
om te bepaal of enige veranderinge aan die bestuursprogram
gemaak moet word. Vruggrootte voorspelling kan gedoen
word na die fisiologiese vrugvalperiode deur vrugdeursnit
van h verteenwoordigende monster van 50-150 vrugte vanaf
2-5 verteenwoordigende bome met h tipiese oeslading te
meet of om al die vrugte op een of meer verteenwoordigende
bome in h blok of eenheid te meet. Die deursnit van gemerkte
vrugte moet weekliks, twee-weekliks of maandeliks vanaf na
die fisiologiese vrugvalperiode tot by oestyd gemeet word om
h databasis van langtermyn gemiddelde vruggroeitempos op
te bou wat dan in die toekoms vir vruggrootte voorspelling
gebruik kan word. Finale vruggrootte by oestyd vir elke vrug
word bepaal deur die voorspelde groei toename tot by oestyd,
gebaseer op die voorspelde oesdatum, by te tel by die vrug-
deursnit op h spesifieke dag. Die vruggrootte verspreiding by
oestyd word gebruik saam met die aantal vrugte per boom om
die oeslading per boom te bepaal. Die aantal vrugte per boom
moet na die fisiologiese vrugvalperiode bepaal word deur die
aantal vrugte per boom te tel op een of meer verteenwoor-
digende bome of om al die vrugte vanaf een of meer bome
te verwyder. Oeslading word bepaal deur beide die aantal
vrugte per boom en vruggrootte. Oeslading word voorspel
deur die % vrugte in elke vruggrootte kategorie en die gemi-
ddelde vruggewig van vrugte in elke kategorie. Die aantal
vrugte wat val vanaf Januarie tot oestyd as gevolg van die
Somer-Herfs vrugval periode moet ook by die voorspelling
ingereken word. In Suid-Afrika is daar baie verbouingsareas
met verskillende klimaatstoestande wat dit moeilik maak om
algemene riglyne vir vruggrootte voorspelling te gee.

1. Introduction

Fruit size is a very important determining factor for market
returns. A lot of factors influence eventual fruit size, such as
tree health, nutrition, rootstock, irrigation, quality of the bearing
wood, the history of the orchard and seasonal differences due
to climate or crop load (Gilfillan, 1987). Citrus fruit growth has
been described for Valencia oranges (Bain, 1958; Holtzhausen,
1972) and grapefruit (Button, 1969) and follows a sigmoidal

growth curve, with 3 distinct growth stages:  CONTINUED ON PAGE 65
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CONTINUED FROM PAGE63  Stage T of cell division, Stage II

of cell enlargement and Stage III of fruit maturation

(Fig.1). Fruit size is determined by the number of cells

as well as cell size. Therefore, optimal climatic condi-

tions during both Stages I and II are very important for
potential fruit size at harvest and adverse conditions will
have a negative impact on fruit size. Although the majority

of fruit growth occurs during Stage II, normally little growth
occurs in oranges and grapefruit during Stage III of maturation
just before harvest.

2. Why is fruit size prediction necessary?

The objective of fruit size prediction is to accurately predict
final fruit size at harvest time early in the season, as early as
January, but after the physiological fruit drop period at the start
of Stage II of rapid fruit growth, or the cell enlargement stage.
There is variation in the size of fruit on a tree at a specific time.
Estimating final fruit size and crop load per orchard is very
useful to plan harvesting and to obtain specific markets for the
fruit due to the fact that some markets are very strict on fruit
size requirements.

By accurately predicting final fruit size at any time of fruit
development, one can establish:

1. the final fruit size distribution at harvest per tree and there-
fore per orchard, therefore how much fruit would be in a spe-
cific fruit size category. These data can be used to predict final
crop load (kg/ tree).

2. what the size of fruit on a tree should be at a specific time to
meet the export size requirements. If these requirements are not
met, certain manipulations and adjustments to the management
programme can be done to increase the number of fruit meeting
the requirements or changes in the marketing programme may
be an option.

Although it is too late in January to apply synthetic auxins
for thinning and / or fruit size improvement, hand thinning is still
an option. Hand thinning at this stage may result in larger fruit,
but the major advantage would be the reduction in the number
of fruit to reduce the incidence of alternate bearing if there is a
history thereof in the orchard.

Previous work on fruit size prediction was aimed at estab-
lishing mathematical models to predict final fruit size and the
fruit size distribution of ‘Valencia’ (Franco and Gravina, 2000;
Severino et al., 2004) and ‘Navel’ (Khurshid and Bevington,
2004) oranges. In contrast to the growth of oranges (Bain, 1958;
Holtzhausen, 1972) and grapefruit (Button, 1969) (Fig.1), Koch et
al. (1996) established that Satsuma and Clementine mandarins
grow linearly after physiological fruit drop, during Stage I, until
harvest at 0.33 and 0.26 mm/day on average, respectively, with-
out flattening off of the growth curve during Stage III of matura-
tion. Large fruit remained large and small fruit remained small
(Koch et al., 1996).

Fruit size and crop load prediction for citrus

3. Measuring fruit size for fruit size prediction

Fruit size prediction can be done after the physiological fruit
drop period by measuring fruit diameter of a representative
sample of 50-150 fruit from 2-5 representative trees bearing a
typical crop load in order to measure at least 500 fruit per block
or growing unit. Measure fruit diameter with a calliper, prefer-
ably a digital one. The same tagged fruit should be measured
weekly, bi-weekly or monthly from after physiological fruit
drop until harvest, to build up a database of long-term mean
fruit growth rates to be used for future fruit size prediction.
Long-term mean fruit growth rates are useful tools to determine
the fruit size increment the last few weeks before harvest. Before
physiological fruit drop, fruit growth rates are variable and not
all fruit has dropped, making measuring very difficult. If the
sample used for fruit size determination is not representative
of the block the fruit size predictions would not be accurate. An
even more representative way of fruit size measurement is to
measure all fruit on one or more representative trees in a block
or unit.

The size of these fruit at the measured date is used to pre-
dict the fruit size distribution of trees in a block at the time of
harvest based on historic (long-term) mean fruit growth rates
and the number of fruit can be used to calculate crop load. Final
fruit size at harvest for each fruit is calculated by adding the pre-
dicted growth increment until harvest based on the predicted
harvest date to the measured fruit size at a specific date. The
fruit size distribution at harvest time is used together with the
fruit number per tree to predict the yield or crop load per tree or
per ha or orchard.

4. Fruit number per tree estimation

The number of fruit per tree is another important parameter for
yield or crop load prediction. The number of fruit per tree at
harvest is determined by both flower intensity and the fruit set
achieved. Fruit number estimation should only be done after the
physiological fruit drop period. A large proportion of fruit drops
after physiological fruit drop until harvest, especially for navel
orange trees, called the Summer-Fall fruit drop period. There are
different ways to determine the number of fruit per tree:

1. Counting the number of fruit per tree for one or more repre-

sentative trees per orchard or unit by apply-  oxminuep on PAGE 66
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ing stickers to, then removing them from fruit. The number of
stickers used per tree is counted.

2. Total fruit removal from one or more representative trees after
the physiological fruit drop period. These fruit are counted,
fruit diameter is determined and the fruit size distribution cal-
culated. Based on the percentage fruit in each size category and
the mean fruit weight (g) of fruit in each category at harvest,
crop load (kg/tree and ton/ha) can be predicted.

5. Yield or crop load prediction

The prediction of yield or crop load (kg/ tree) is essential in man-
aging fruit size. Although alot of factors influence fruit size, yield
(crop load) and fruit number plays a major role. Yield (crop load)
is determined by both the number of fruit per tree as well as the
size of the fruit. Heavy crops with a larger number of fruit result
in smaller fruit and if identified early in the season, fruit number
reduction strategies like hand thinning can be done. Not only
may crop reduction at this stage result in larger fruit, but may
reduce the incidence of alternate bearing. Thirty to 38 % of fruit
on navel orange trees can be culled from January until harvest
due to the Summer-Fall (S-F) fruit drop period (Lima and Davies,
1984; Lima et al., 1980), but the amount of fruit drop during this
period for other cultivars is not well documented. The differ-
ent factors causing fruit drop in navel oranges were recently
reviewed by Moore et al. (2006). Historical fruit drop records for
each block are important to estimate the size of the Summer-Fall
drop in crop load prediction.

6. Fruit size and crop load prediction under South
African conditions

In South Africa there are many growing areas with distinct
climatic conditions and it is impossible to provide an overall
or general guide to fruit size prediction for all the cultivars in
all the areas. Using historical long-term means of weekly, bi-
weekly or monthly fruit diameter measurements for specific
orchards or units, mean daily, weekly, bi-weekly or monthly
growth rates until harvest can be calculated. The assumptions
are made that small and large fruit have the same growth gradi-
ent, for a specific season, therefore a mean fruit growth rate is
used for all fruit size categories. These long-term mean growth
rates are merely guidelines and the refinement and implemen-
tation of fruit size and crop load prediction should be done on
the farm itself. Although these mean growth rates are fairly
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stable, it may differ with seasonal differences in crop

load and climate, humidity, moisture stress etc. Fruit

from individual orchards may also differ in growth

rate, due to differences in tree age, rootstock, nutrition,
irrigation, crop load and tree health (Gilfillan, 1987).

Not only would the growth gradient be lower or higher

due to such factors, but the growth curve may flatten off

earlier or later as well, even for mandarins, in contrast to

the observations by Koch et al. (1996).

For example, a representative Washington navel orange tree
in Citrusdal at a spacing of 5 x 3 m (667 trees/ha) has 500 fruit
(counted by one of the two methods mentioned in section 4) on
15 January. Therefore, all fruit will grow approximately 26.35
mm until harvest according to the fruit growth increments in
Table 1 for Citrusdal and the predicted harvest date, say end
of June, based on historic data of 3 consecutive years. Yield or
crop load, tree health or full bloom date was not included in
the calculations. To get the final fruit size at harvest, the growth
increment is added to the measured fruit size. Therefore, mini-
mum diameter on 15 Jan (column 4, Table 2) is determined by
subtracting 26.35 mm from the minimum diameter of each fruit
size category (column 2). Only 100 fruit were measured in this
case (column 5), but all the fruit on a tree would be more rep-
resentative. Fruit diameter of the 100 fruit measured are sorted
into the different size categories (column 5). Based on the total
number of fruit per tree (500) and the representative fruit size
distribution on 15 Jan. (columns 5 and 6), the kg per tree in each
category at harvest time can be determined. These calculations
can easily be done on an Excel spreadsheet. Assuming 30 %
(Lima and Davies, 1984; Lima et al., 1980) of fruit are culled
from January until harvest due to the Summer-Fall fruit drop
period, only 350 fruit out of the 500 will be harvested. Therefore,
the historic cull % during this time for a specific orchard should
be documented and subtracted, assuming the same % will be
culled from each fruit size category. Mean fruit weight for each
fruit size category (column 3) is multiplied by the number of
fruit in each size category after subtracting the Summer-Fall
drop fruit (column 7) to obtain the kg fruit in each fruit size cat-
egory (column 8). Therefore, yield or crop load in this example
would be 74.8 kg per tree and 49.9 ton/ha.

Growers are encouraged to send their fruit growth meas-
urements to Stephan Verreynne at sv@cri.co.za in order to build
up a database of long-term fruit growth data for different cul-
tivars in different climatic areas throughout the country, for
more accurate fruit size prediction.
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Table 1. Monthly

Apr May Jun Jul Aug fruit growth incre-
ments in Citrusdal
26 based on historical
5.5 33 data from 3 consecu-
5.5 3.4 2.4 1.6 tive years.
3 s i I Navel and Valencia
' ' ' ' in grey represent the
4.0 3.7 14
54 0 > means of all Navel or
: ' ' Valencia cultivars,
= " = 0L respectively.
4.7 3.8 0.7
5.4 4.3 2.8 1.7 0.9
5.1 4.4 3.0 14 0.9
6.2 4.4 2.4 1.7 0.6
4.8 4.3 29 19 1.2
Table 2. Fruit
No. of After Kg . .
fruit in Summer- per size categories for
category/ Fall drop tree oranges.
tree Representative fruit
0 0 0 size measurements
o o o are used to determine
5 5 5 fruit size distribution
o 175 . and kg/tree.
75 52.5 14.0
150 105 24.6
100 70 14.6
75 52.5 9.0
50 35 5.0
25 17.5 2.1
out of 500  minus 30% Fruit weight x no.
per tree of fruit after S-F drop
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