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Leaf Area and Fruit Size on Girdled Grapefruit 
Branches 1 

Michal Fishier, 2 Eliezer E. Goldschmidt, and Shaul P. Monselise 
Hebrew University of Jerusalem, Department of Horticulture, Rehovot 76 100 Israel 
Additional index words. Citrus paradisi 

Abstract. The dependence of fruit growth of grapefruit (Citrus paradisi Macf.) upon leaf area was investigated on 
girdled branches by manipulating leaf and fruit numbers. Leaf areas of 2.0 ± 0.5 m2 per fruit were found to be 
saturating with regard to fruit growth rate and size. Fruit on internal, shaded branches required larger leaf areas. 
Fruit on girdled branches weighed 44 to 119% more than fruit in ungirdled branches, which had leaf areas of 0.35 
to 0.55 m 2 per fruit. This indicates that leaf area is one of the factors limiting fruit growth. Starch accumulated in 
thin twigs during the fruit growth season, forming a saturation curve similar to those obtained for fruit size when 
plotted against leaf area per fruit. Increasing leaf area per fruit could involve a decrease in photosynthetic activity, 
a possibility which now is being investigated further. 

An inverse relationship between fruit number per tree and 
fruit size is well-established in different fmit trees (5, 13, 14, 
22), including citrus (6, 10, 12, 18, 19). Any major change in 
fmit number brings about a corresponding change in fmit size, 
a feature which is often utilized (apples, plums, peaches, tan
gerines, etc.) to increase size through thinning. The reduction 
in fmit number has to be substantial, however, to increase fmit 
size. The increase in size is usually not sufficient to counter-

1 Received for publication April 2, 1982. Supported by a grant from 
the Israeli Ministry of Agriculture. The technical assistance of D. Galili 
in starch determinations is gratefully acknowledged. 

The cost of publishing this paper was defrayed in part by the payment 
of page charges. Under postal regulations, this paper therefore must be 
hereby marked advertisement solely to indicate this fact. 
2Regional Research Scientist. Beit Shean Region. 
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balance the decrease in fruit number (5, 6, 18); thus, thinning 
is economically justified mainly by the higher market value of 
larger fmit. 

It is generally assumed that the size of the photosynthetically 
active leaf area supplying the individual fruit is a main factor 
in determining its size. The total active leaf area per tree IS. 

therefore, one of the factors determining fruit size. The photo· 
synthetic efficiency of leaves is obviously important and the 
spatial relationships between leaves and fmit also may have some 
effect; however, the photsynthetic activity of leaves is not con
stant. A supply and demand feedback control mechanism may 
restrict the photsynthetic activity in the absence of adequate sinb 
(7, 9, 17). 

In the present work, we explored 2 aspects of these probk!llS 
in mature grapefmit trees under orchard conditions: 
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Fruit £rowth rate and final size as a function of the leaf 
I) ':' . 
area per truit. 
1 

The accumulation of starch reserves in vegetative tissues 
;~ a function of leaf area and the presence of competing fruit 

~:~ topics were studied on individual branches isolated 
~h £irdling from the rest of the tree's ·'sources" and .. sinks" 

~t-+.-19. 22). Ungirdled branches served as controls. 

Materials and Methods 

·Marsh· seedless grapefruit trees about 20 years old, budded 
~ur orange stock, and growing on medium-heavy soils in 

~ semi-arid interior valleys of Israel were used throughout. 
erhe effect of the size of the leaf area per fruit on fruit size 
. s investigated by girdling branches of vanous sizes carrymg 
:~ing numbers of leaves and fr~it.. Girdling causes a_ll assim-
'lates produced by leaves to remam m the branch, while It can 
~assumed that water and mineral supply from the roots is not 
disturbed. Fruit growth was followed for several weeks from 
the date of girdling. At the end of each experiment, all branches 
were severed and the leaves weighed; leaf area per branch was 
calculated by weighing leaf discs of known area. All twigs of 
a given branch were collected according to 2 diameter classes: 
"thin" up to 8 mm in diameter; and "thick" ranging from 8 to 
30 mm in diameter. Leaf and twig samples were dried to de
termine dry weight; fruits were sectioned for better drying. Sam
ples trom each class were analyzed for starch by amyloglucosidase 
digestion and sugar determination using the anthrone reagent (2, 
20, 22). 

The effect of leaf-fruit distances on fruit size was tested by 
marking fruit at distances of 0, 0.5, 1.0. and 2.0 m from the 
closest leaves and following their growth. 
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Fig. I. Increase in fruit volume during the period June 28 to July 30 
plotted against leaf area per fruit, in branches girdled on May 25. 
6 == exposed fruit, 0 == shaded fruit. The full triangle (•) is 
average increment of fruits of ungirdled branches. 
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Fig. 2. Average fruit weight at harvest (Oct. 30) plotted against leaf 
area per fruit on girdled branches carrying different numbers of fruit. 
Girdling date: Aug. 13. The full triangle (.) = the average weight 
of fruit on ungirdled branches. 

Results 

Plotting the increase in fruit volume (Fig. I) or the weight of 
fruit at harvest (Fig. 2) against leaf area/fruit (LA/F) on a linear 
scale invariably yields a logarithmic saturation curve. This has 
been verified with early girdling (May 25, Fig. I) as well as 
with late girdling (Aug. 13, Fig. 2) and in branches with a single 
fruit (Fig. 1), as well as in branches with several fruits (Fig. 2). 
The data do not permit a precise determination of the saturating 
LA/F values, but saturation values from a large number of ex
periments fall within the range of 1.5 to 2.5 m2 per fruit, i.e., 
between 300 and 500 leaves per fruit. 

Larger leaf areas are required by fruit on internal, shaded 
branches. In Fig. I, fruit from shaded branches have lower 
volume increases for the same LA/F values. Compilation of data 
from several experiments has shown that fruit on shaded branches 
reach only 64 to 80% of the volume increases of external fruit 
in the range of 0.36 to 0.81 m 2 per fruit. 

The effect of the LA/F on the growth rate of fruit is evident 
immediately after girdling and is maintained throughout the growth 

JUNE 

>2 

1-2 

0.5-1.0 

0. 25- 0. 5 

Fig. 3. Seasonal changes in growth rate of fruit as related to leaf area 
per fruit. Girdling date: June 5. 
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Table 1. A comparison of the mean daily increase in volume of fruit 
from girdled and ungirdled branches. 

No. 
A vg daily growth 

(mi) Ratio: 
Girdling Period of fruit of girdled/ 
date measurement days Girdled' Ungird led ungirdled 

May 25 June 28-July 30 32 7.56 3.01 2.51 
June S June 28-Aug. 22 55 5.89 2.48 2.37 
July 29 July 29-Nov. 11 105 3.99 1.75 2.28 
Aug. 23 Aug. 13-0ct. 30 78 3.94 1.69 2.33 

'Fruit on girdled branches has 1.5 m 2 leaf area per fruit. 

period (Fig. 3). A gradual decrease in daily growth rate can be 
seen from June to September for LA/F values below 2m2 , while 
with larger LA/F values the rate is rather constant. When fruit 
on girdled and ungirdled branches are compared (Table I), both 
show the expected decrease in growth rate later in the season. 
The greater growth rates of fruit on girdled branches than on 
control branches does not disappear, however. An almost con
stant ratio between the growth rates of fruit on girdled and 
ungirdled branches is maintained throughout the growth period. 

Fruit growing on ungirdled branches on experimental trees fit 
into the curve of fruit of girdled branches at the values of 0.35 
to 0.55 m2 per fruit (Figs. I, 2, and additional experiments). 
This does not necessarily mean that the true LA/F values in 
whole trees correspond to this range (see Discussion). Trans
location distances may be one of the factors affecting fruit growth. 
Defoliating ungirdled branches over varying distances and mea
suring fruit growth gave the results shown in Table 2. The 
difference of about 10% in growth or final weight between fruit 
having nearby leaves and fruit at half a meter distance from the 
nearest leaf is statistically nonsignificant, although reproducibly 
constant. There is absolutely no difference between a distance 
of 0.5 and 2 m. It should be noted that distances of more than 
I m are not unusual, particularly in the internal, shaded parts 
of a grapefruit tree. 

Starch accumulation in leaves is not affected by an increase 
in LA/F and there is no significant correlation between these 
two variables. Starch accumulation in twigs, on the other hand, 
is strongly influenced by leaf area per fruit. ln thin twigs (up to 
8 mm diameter), starch content increased from 30 to 80 mg g- 1 

of dry weight, while leaf area per fruit increased from 0.05 to 
5 m2 This is shown in Fig. 4, where the starch concentration 
in the twigs has been plotted against the logarithm of LA/F, in 
this case the equivalent to leaf area per girdled branch. When 

Table 2. Distance of nearest leaf from fruit and fruit growth. 

1979 

Volume 
increase 

(112 days)' 
Distance 

(m) (ml) (%) 

None ISO 100.0 
0.5 135 90.0 
1.0 140 93.3 
2.0 137 91.3 

NS 

'July 22-Nov. II. 
YJune 5-Jan. 7. 
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198011981 

Volume Fruit weight at 
increase harvest 

(216 days)Y (Jan. 7. 1981) 

(ml) ( '7o) (g) (%) 

505 100.0 454 100.0 
454 89.9 422 92.8 
445 88.1 425 93.4 
438 86.7 409 90.0 
NS NS 
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Fig. 4. Semilogarithmic plot of starch content of thin twigs on girdled 
branches ~gamst leaf area per fruit or branch. Girdling date: June 
25; samplmg date: July 29. The full tnangle (.) represents starch 
data of ungirdled branches. 

plotted linearly, the starch concentrations form a saturation curv~ 
like the fruit growth data (Fig. I, 2). The same trend also hold~ 
for thicker twigs, but there is a tendency for starch values to 
decrease when LA/F exceeds 1.5 m2 per fruit. Again, for data 
in ungirdled controls, the LA/F value was 0.4 m2 per fruit (Fig. 
4). 

Discussion 

Logarithmic saturation curves are typically obtained when 
growth is plotted against levels of a growth-limiting nutritional 
substrate (II). The nutritional substrate, represented in the pres· 
ent experiments by LA/F, will limit growth at varying degrees 
depending on locations along the saturation curve. Hence. the 
effectivity of fruit thinning, which basically increases the LA/F 
value, will depend upon the range of the saturation curve 
applicable. 

The range of 0.35 to 0.55 LA/F suggested by our ungirdlcd 
controls (Fig. I, 2, 4) is certainly below saturation values and 
it can be concluded, therefore, that leaf area is usually limiting 
for fruit growth in grapefruit. 

We fully realize that work based on girdled branches is not 
identical with data obtained from entire trees. One major dif
ference is the lack of strong alternative sink systems such as the 
trunk and the roots. If, however, additional sinks make a strong 
demand for photosynthetic products, then the leaf area required 
for maximum fruit size might even increase and attain values 
larger than in a girdled branch, unless photsynthetic efficiency 
of leaves is significantly enhanced. Another difference may be 
due to shading of leaves. In the interior of the canopy of grape
fruit trees, light intensity does not usually exceed 2o/c of full 
sunlight (15), which explains the observed reduction in grov..th 
of shaded fruit. This too may increase the leaf area required tor 
maximum fruit size and emphasize the fact that LA/F is indeed 
limiting fruit growth. 

Data from a very large 19-year-old grapefruit tree di~mem· 
be red long ago in California (21) provide a basis for companson 
with our data. This tree had 50 kg of fresh leaves equivalent tL

1 
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'"'00 m2 of leaf area (3. 16) and a crop of 700 kg, i.e., 
!soo fruits. Average leaf area per fruit was about 0.30 
hich is slightly lower than our values for fruit on ungirdled 

1
\ Is. perhaps due to heavier shading within a large tree. 

build-up of starch in the woody parts of the girdled branch 
place concomitantly with a high rate of increase in fruit 

even when LA/F values are definitely limiting (less 
t.O m: per fruit). Interestingly, the presence of th; 'fruit 

k · does not prevent the allocation of some photosynthate for 
·build-up of starch reserves within the girdled branch system. 

build-up of starch is proportional to LA/F up to 1.5 m2 on 
branches. Leaf areas > 1.5 m 2 per fruit appear, there

to be saturating with respect to both fruit growth and starch 
mulation. The inevitable conclusion is that under such con

leaf activity is lowered by the so-called "feedback in
of photosynthesis" (I, 7, 9, 17). 

\kasurements of photosynthetic activity and stomatal resis
. on girdled branches support the ''feedback inhibition" 

is (4). The situation may be different, however, in entire 
systems. where the presence of strong, unsaturated root and 

sinks maintains high photsynthetic activity even in de
ruitcd trees ( 4, 8). 

Further progress in the understanding of these relationships 
must be supported by comparative studies of photosynthetic leaf 
activity on girdled branches and whole tree systems. 
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