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BRIEF COMMUNICATION

Effects of local source-sink manipulations
on fruits and leaves of young pear trees
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Absiract

The effects of modifying local source-sink relations on fruit and leaf characteristics
of young pear trees were evaluated during the 1997 - 1998 growing season. The
following treatments were applied; early spur ringing (ESR) from 27 days after full
bloom (DAFB), late spur ringing (LSR) from 97 DAFB, early 15 % spur leaf area
removal (ELAR) and late 15 % spur leaf area removal {LLAR). ESR and LSR
significantly inhibited fiuit growth, suggesting that the fruiting spurs were not fully
autonomous in their carbon economy. ELAR and LLAR had little effect on fruit size;
sink strength was demonstrated here, since the presence of the fruit caused an
efficient transfer of photoassimilates. ESR treatment decreased specific leaf mass
{SLM) by 23.84 % when measured 94 DAFB. ELAR did not significantly influence
SLM. Treatments had no marked influence on fruit quality.
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Source-sink interactions play an important role in determining both crop yield and
the distribution of individual fruit sizes (Minchin er aof 1997)., Under natural
conditions, fruit trees are subjected to direct loss of leaf area due to physical damage,
including inscet feeding, invasion by fungi, bacteria and viruscs, pesticide
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specific leaf mass; S8C - soluble solid concentration.
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phytotoxicity, wind action, hail or air pollution. Leaf damage decreases the source-
sink ratio (Flore and Lane 1996); carbon assimilation potential is influenced by the
extent and timing of the injury, Studies carried out by Masseron and Dalle (1988)
showed that pear fruit size was affected by the age of the fruiting branches (younger
branches having the largest fruits), the degree and time of fruit thinning and
harvesting date. In Japanese pears cv. "Kosui’, the fruit-leaf area ratio was negatively
correlated with the mean fruit mass (Kishimoto ef a/. 1994),

In general, shoot expansion of most cropping pears is at its maximum 40 to 60 d
after full bloom {(DAFB) and its control at this time is important for fruit set and
improved light penetration (Chalmers ef af. 1984); then, it declines as the fruits begin
to grow rapidly (Garriz et al 1996). Furthermore, red colour development in pear is
influenced by cultural and environmental factors, like temperature and light {(Dussi
et al. 1997). Manipulating the vegetative growth-fruiting relationships may be
considered as the goal of tree management (Forshley er ol 1992). The most
appropriate training system (including pruning and bending) could be optimised
provided that the natural growth and fiuiting habits of the trees are known
(Lespinasse and Lauri 1997).

The aim of the present study was to evaluate the effects of modifying source-sink
relations by spur ringing and partial leaf area removal during two developmental
stages on fruits and leaves of pear trees.

Five-year-old pear (Pyrus communis L.} cv. *Sensation Red Bartlett’ trees trained
to palmette leader and growing at the experimental farm, Comahue National
University (lat. 38°56'S long. 67°59"W) were studied on a sandy loam soil. The trees
were spaced 4.0 x 2.3 m with north-south row orientation. The orchard was located
in an arid region, with average annual rainfall of 250 mm; it was irrigated by surface
flooding and received management according to the integrated fruit production
programme for pears, Fruit load was 0.21 fruits em™ trunk cross-section area.

The following treatments were applied: early spur ringing (ESR), late spur ringing
(LSR), early 15 % spur leaf area removal (ELAR), and late 15 % spur leaf area
removal (LLAR). Early and late treatments were applied on 20 October 1996
(27 DAFB) and on 29 December 1997 (97 DAFB), respectively. The total number of
experimental trees was 20; two comparable branches on each of five uniform trees
were selected for good exposure and uniformity of size. On each branch, four fruiting
spurs were tagged and thinned, leaving one fruit per spur. One branch of each pair
was chosen at random and subjected to the specific treatment; the other branch was
left as control. Ringing, the removal of a strip of bark down to the cambium to
prevent movement of assimilates, was made at the base of the spur. Leaf area was
reduced by excising disks with a cork borer (0.38 em?); the leaf margin and midrib
were not disturbed. '

Leaf area was measured with an area meter ((1/-20)2, ("id, Vancouver, 1ISA). The
maximum diameter from ESR and ELAR was measured at two-weekly intervals with
a Vernier caliper (model 30-410-5, General Supply Corporation, Jackson, USA)
(n = 20 per treatment and date). The fully expanded spur leaf which was closest to
each tagged fruit was collected 94 DAFB. Samples were oven-dried at 80 °C for 48 h
to obtain specific leaf dry mass (SLM).
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Fruits from all treatments were picked on 12 February 1997 and fruit diameter
measured. Soluble solids concentration (SSC) was determined with a hand-held
relractoueter  (frmu, Tolkyo, Japan), and fruit firmness was measured by a
penetrometer (model FT 327, R. Bryce, Alfonsine, Italy) with an 8.0 mm plunger.
Data was analysed using the Statistical Analysis System (SAS Institute, Cary, USA).
Significance of differences between the mean values was delecled by Student's £-lest,

Fruit diameter of young pear fruitlets that were subjected to ESR fell behind the
control fruits soon after treatment application (Fig. 1A4); significant (P < 0.05)
differences were detected from 94 DAFB until harvest, suggesting decreased
movement of metabolites to the fruit. ESR reduced final fruit size by 18.2 %, as
compared with control (Fig. 1.4).
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Fig. 1. Effect of early spur ringing (ESR) {A) and early spur leaf area removal (EI.AR) (B) on pear
fruit diameter during season 1997 - 1998. The vertical bars denote SI (i == 20).

Availability of photosynthates was also critical for fruit growth during the later
stages of fruit development, since a significant (P < 0.05) decline in fruit diameter
was detected in LSR relative to control (Fig. 24).

After ELAR, fruits never recovered to the same size as controls, but there was no
significant reduction in final diameter (Fig. 1B). Similarly, no marked influence on
final fruit size was detected for the late season treatment (Fig. 28), which could be
attributed to a mechanism of growth adjustment acting to maintain favourable
resource import. The results also reflected the sink strength, since the presence of the
fruit caused an efficient transfer of photoassimilates, Hormone concentrations are
usually higher in the fruits than in the shoot, giving a hormone-directed transport
advantage to the fruit (Seeley 1990).

Marini and Sowers (1994) reported that peach fruit size at harvest was related not
only ta fruit pogitian on the fruiting shoot, hut also to the presence/ahsence of lateral
shoots at the same node. They also found that fruit mass was influenced by the
interaction of fruit number per shoot with fruit trunk cross-sectional area, thus
demonstrating the dependence of fruit growth on carbon fixed locally as well as in
more distant parts of the tree.

Softening of the flesh and juice soluble solid concentration (SSC) were not
significantly affected by both carly (data not shown) and latc application of
treatments (Fig. 24,8). In previous studies, no changes were detected in SSC of
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‘Bartlett’ fruits which were exposed to full solar radiation, compared with a shade
treatment imposed during a prolonged period, whereas flesh firmness was decreased
by 8.07 % (QGarriz er al. 1997). The ripening process involves a wide array of
physiological and biochemical changes in pears; firmness is the most common
method used to determine maturity and in relation to the percentage of SSC, pears
must contain levels of 10 %b or more if they are to be harvested (Westwood 1993).
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Fig. 2. Fruit diameter, firmness and soluble solids concentration as affected by late spur ringing
{L.SR) (4) and late spur leaf area removal (LLAR} (B) during the season 1997 - 1998, The vertical
bars denote SE {r = 20).

ESR led to a significant reduction of specific leaf dry mass (SLM) (P <0.05) of
fully expanded leaves, as compared to control (17.38 = 7.77 vs. 22.82 + 4,57 mg ¢m™)
when measured 94 DAFB; this effect was possibly the result of a decline in spur leaf
net photosynthetic rate {Py) imposed by the phloem flux restriction. Barden (1978)
reported that SILM might be used as 2 teol to determine photosynthetic potential.
Ringing has been shown to reduce Py of apple leaves by 50 % {(Mika and
Antoszewski 1973).

ELAR did not significantly diminish SLM relative to control (23.80 = 5.62 ws.
2208 £ 535 mg cm'z), suggesting a photosynthetic compensation effect (Table 1).
Layne and Flore (1992) reduced the leaf area of 1-year-old sour cherry trees; less
than 30 % LAR was compensated for by higher estimated carboxylation efficiency
and ribulose-1,5-biphosphate regeneration capacity. Ferree er al. (1986) found that
15 % of the total apple leaf area might be lost before the capacity of the remaining

leaf area was impaired.
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The studies reported here provide a basis for evaluating the efficiency of some
orchard cultural practices like pruning and pest control in the future.
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