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Abstract. The partitioning of photosynthates labeled by“CO, in exposed and shaded ‘Empire’ appleMalus domestica
Borkh.) branches was examined at 1, 3, 5, and 10 weeks after bloom. Extension shoots, honfruiting spurs, or fruiting spurs
were labeled separately to examine which shoot types exported to the fruit at each time. The general partitioning patterns
were observed with autoradiography, while label accumulation in fruit was determined by oxidation and scintillation
counting. At each treatment time, half of the branches was preconditioned with artificial shade (to 35% full light) for 48
hours before labeling and returned to the shade for a 2-day translocation period. One and 3 weeks after bloom, extension
shoots showed little export to fruit; nonfruiting and vigorous fruiting spurs exported label to weak spurs and extension
shoot tips. Shade had no major effect on partitioning patterns at 1 and 10 weeks, but essentially eliminated export from
extension shoots at 3 weeks and greatly reduced export to fruit 5 weeks after bloom, as observed on the autoradiograms.
At 5 weeks after bloom, the shading effect was equal to a 2-week delay in export. By 10 weeks after bloom, all shoot types
were exporting most of the*“C fixed to fruit. The photosynthate support of the fruit before fruit set seemed to strongly
depend on the spur canopy, especially when the extension shoots were exposed to low light.
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The production, partitioning, and use of carbohydrates in appleots either terminate or develop more than enough leaves to7
follow specific seasonal patterns (Oliveira and Priestley, 1988upport shoot tip growth, C partitioning increases to the fruit. Fruit =
Stored reserves decline during early growth, with a minimum ngaowth can then be supported by the carbohydrates produced by?
bloom, and increase thereafter during the summer until leaf fattension and bourse shoots on fruiting and nonfruiting spurs, in ¢
(Hansen, 1967b, 1971; Hansen and Grauslund, 1973; Hennadgfition to continuing support by primary spur leaves (Ferree and
and Forshey, 1971; Kandiah, 1979a). At the onset of new growtdmer, 1982; Hansen, 1969; Quinlan and Preston, 1971). Thisg,
in the spring, these reserves are primarily used to produce enegegyeral hypothesis on C fixation and partitioning has evolved from &
for respiration, while subsequent growth seems to depend prithe- literature, but more detailed information is needed about C
rily on current photosynthate production (Hansen and Grauslufidxes within the branch in the early part of the growing season.
1973; Kandiah, 1979b). During the first 5 weeks after bloom, the patterns of C fixation

If fruit development essentially depends on current photosyard partitioning can influence fruit set and final fruit size by their
thesis, two important components need to be evaluated. The &fftct on fruit growth rates and cell division (Lakso et al., 1989).
concerns the partitioning patterns of the photosynthates betwdésrking with individual spurs, Tustin et al. (1992) showed that 2
vegetative development (the extension shoots and the bouwveeks after bloom, 30% to 40% of the C fixed by the primary spur
shoots on fruiting and nonfruiting spurs) and reproductive devigaves is partitioned to the developing fruit, while the bourse shoot
opment (fruit set and growth) (Hansen, 1969, 1971; Johnson aodtributes1% of its fixed C. Three weeks later, the primary spur
Lakso, 1986a; Quinlan and Preston, 1971). The second deals ieitives contribute from 50% to 80% of their fixed C to the fruit,
the effects of light exposure on leaf photosynthetic characterisiidsile bourse shoot contributions range from 20% to 50%. The
and partitioning patterns (Flore and Lakso, 1989; Quinlan amonfruiting spur can also efficiently contribute carbohydrates for
Weaver, 1970; Tustin et al., 1992). early fruit development. At June drop (4 to 6 weeks after bloom),

The vegetative development of extension and bourse shawtly 18% of thé*Cabsorbed was retained in the nonfruiting spur
seems to have priority over reproductive development in the eaxdynpared to 70% retention in the wood and leaves of the extension
season, thus negatively affecting fruit set and fruit growth by cslloot (Hansen, 1969). The integration of these single spur obser-
division (Abbott, 1960; Hansen, 1971; Quinlan and Prestargtions into a general whole-branch hypothesis is needed to
1971). At a later stage (5 weeks after bloom and beyond), whederstand the complex early season C fixation and partitioning

patterns and their role in determining apple productivity.
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exposure via leaf area and bourse shoot leaf number. Bourse staiotise three subsequent dates, the number was raised to four
from shaded parts of the canopy had fewer leaves than fuiplicate branches for each of the six treatment-light combina-
illuminated ones, and temporary shade (1 week at 35% full stiops. In total, 90 branches were analyzed.
reduced bourse leaf mean area but did not affect bourse leafwo days before each treatment date, half of the branches was
number up to 8 weeks after bloom (Tustin et al., 1992). In additishaded using 35% transmission black Saran shade cloth to cover all
primary spur and bourse shoot leaves developed in shade haslgat types. The shade cloth was removed just before and replaced
lower specific weight and achieve only a fraction of the photosyseon after labeling was complete. Fiu@i “CO, was released by
thetic rates of well-exposed leaves (Barritt et al., 1991; Flore awd hydrolysis from NaMCO, inside a polyethylene bag enclos-
Lakso, 1989; Tustin et al., 1992). ing the shoot or spur to be labeled under clear or mostly sunny
The light conditions experienced by the leaves on a developaunditions. Typically, the labeling period lasted a minimum of 1 h.
shoot should affect their transition from net C import to net expéiuit on fruiting spurs were included in the labeling bag. In the
if the shoot tip is the top priority sink for the leaves on the shoektension shoot treatment, all new shoots were enclosed and
A partially validated model of the C balance of an extension appteeived“CO,, with a few exceptions at the later dates when the
shoot (Johnson and Lakso, 1986a, 1986b) predicted that increabedts were too large for all to be included in the treatment bag. On
light levels would cause earlier and greater C export. Thus, the fourth treatment date, due to the large leaf area that had
shade that naturally develops in the apple canopy in the eakyeloped on the extension shoots (some of which were 80 cm¢&’
season may delay export of C from shoots to external sinksyg), 10uCi*“CO, was used per branch. In all treatments, a 48-h
including fruit. If spur leaves cannot meet the demand for C fraranslocation perlod was allowed after labeling; then the branches s
the fruit before shoot C export begins, fruit development may Wwere excised at the base, enclosed in plastic bags, and held at 4G
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limited by insufficient C availability. while layouts for autoradiography were prepared. 3
Based on this previous work, the following hypotheses were The layouts for autoradiography were pressed and dried rapidly = 5
tested: in a forced-draft oven for atleast 2 days at 105C, then mounted with = Z

X-ray film (size 35x 43, O-MAT AR; Kodak, Rochester, N.Y.).

1) In addition to the fruiting spur itself, nonfruiting spurs are thehe layouts, film, and stiff masonite backings were wrapped in
other major source of carbohydrates for fruit developmesitick plastic and placed in a dark room with sufficient pressure to @
within the apple branch for the first 3 to 5 weeks after bloomnsure close contact between the film and the plant material. TheQ

time of exposure was 3 days for the 1- and 3-week labeling dates.z 5

2) The exposed extension shoot is not a significant exporter to fiuite to dilution of label in the large number of leaves at 5 and 10 &
until 3 to 5 weeks after bloom (when the growing extensioveeks, the film exposure time to define labeling patterns ad- 3
shoots typically has at least 12 to 14 unfolded leaves). equately was longer (1 and 4 weeks, respectlvely) Portions of fruit =
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from all treatment dates were oxidized in a biological oxidizer %

3) Shading of the branch will delay the onset of carbohydrdteodel OX 400; Harvey Instrument Corp., Hillsdale, N.J.) and the ;
export from extension shoots to the fruit. combustion products were trapped in 15 ml of a 2 Permasorb : 13
Carbosorb (Packard Instrument Co., Downers Grove, Ill.) cock- £

The objective of this study was to test these hypothesestéy The radioactivity recovered was determmed in a scintillation §
examining, under field conditions, the interactions of developeunter (LKB 1209 RACK BETA LKB; Turku, Finland) and &
mental stage and shade on the distribution of labeled assimilatasts per fruit were calculated from the fraction of fruit com- =
after exposing extension shoots, fruiting spurs, and nonfruitingsted. g
spurs td“CQ,, Given the degree of variability in the data, which was most =
likely due to complex systematic phyllotactic influences, and “I\J)

Materials and Methods allowing for the potential for alternative analyses, summaries of

o
N
observations of the autoradiographs are presented to describe thé'
Three-year-old fruiting ‘Empire’ apple trees on MM.106 root-elative patterns dfClabel distribution within the branch, accord-
stock with M.9 interstock were grown in the field and managéd to the type of shoot labeled and the date of labeling (Tables 1-"
following normal fertilization and pest-management practice$). Data for each branch are presented as individual differences i mg
Ninety branches of uniform size, good but not excessive vigor, ahbot counts, locations, and phyllotaxy induced nonrandom varia- g
flowering were selected fo¥'C labeling studies. Each branchtion. The disintegrations per minute (DPM) counts from the fruit o
typically consisted of 3- and 2-year-old wood, bearing 2- or 1-yearere log-transformed, since the standard deviations mcreasedO
old spurs, and 1-year-old extension shoots. While dormant, théiriearly with the means. For the extension shoots at 10 weeks, the”
year-old terminal shoot on each branch was headed back to latrahts were divided by two before analysis to adjust for the double
vegetative buds to stimulate two to four extension shoots at the amsbunt of label used for those shoots. The counts were then
of each branch. Flowers were hand-pollinated at full bloom orsubjected to analysis of variance at each date in a factorial arrange-
May, and on 11 May all flowering spurs were hand-thinned noent of light exposure, shoot type, and their interactions.
similar initial crops.
The branches were labeled wit€O, on four treatment dates Results
in late May through mid-July at 1, 3, 5, and 10 weeks after bloom.
One shoot type was treated on each branch : one fruiting spur, on@ne week after bloom (fruit diametess to 7 mm, about four
nonfruiting spur, or all the extension shoots growing as result of theeight unfolded leaves on extension shoots), little or no apparent
terminal heading cut. The nonfruiting spur would either beeaport was observed from the extension shoots, whether exposed
nonflowering or a flowering spur from which flowers were resr shaded (Table 1). The fruiting spurs, however, showed limited
moved at bloom (observations indicated that there were no appaport to vegetative shoot tips on extension shoots and to the
ent differences in behavior). On the first treatment date, thimmurse shoot tips and fruit of other spurs. A similar pattern was
branches per shoot type—light level combination were treated, dloserved when the nonfruiting spurs were labeled, although the
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Table 1. Apparent patterns of distribution& label on autoradiograms after labeling three shoot type§’iﬂi®2, branch composition, and total
fruit disintegrations per minute (DPM) recovered 1 week after full bloom.

Total DPM
Branch composition No. fruit in fruit
Export pattern from No. of spurs No. extension No. of observed per branch
Exposure autoradiograms +Fruit —Fruit shoots fruft with labef (2000sY
Fruiting spurs labeled
Light Export to shoot tip 5 1 3 9 8 0.26
Export to bourse tip 8 3 3 17 8 0.46
Export to shoot and bourse tip 6 1 3 11 10 0.12
Mean 0.28
Shade Traces to shoot tip 3 1 5 5 4 1.31
Traces to shoot tip 4 2 4 6 1 0.92
No apparent export 13 1 1 26 - - o
Mean 1.12 g
Nonfruiting spurs labeled 5
Light Export to shoot, bourse, and fruit 7 1 3 13 3 - ?%J
Trace to shoot and bourse tip 2 1 5 3 2 =
Export to shoot and bourse tip 2 1 4 4 3 -—- g
Shade Export to shoot and bourse tip 4 3 4 6 2 E
Trace to shoot, bourse, and fruit 6 2 2 12 7 @
Trace to bourse tip 5 2 3 9 4 =l
Extension shoots labeled 3
Light Trace in bourse shoot tip 4 1 8 8 7 0.08 g
No apparent export 9 1 4 16 8 0.06 ;
No apparent export 6 1 3 12 11 0.37 %
Mean 0.17 3
Shade No apparent export 3 1 3 6 6 0.33 %
No apparent export 4 1 3 8 8 0.20 5.
No apparent export 5 0 1 9 9 0.12 3
Mean 0.21 E
“Shoot refers to extension shoots, bourse refers to spur lateral bourse shoots. g
YTotal number of fruit per branch. &
*Number of fruit with apparent label on autoradioagram, excluding those on the treated spur. S
WTotal number of DPM in fruit per branch, excluding counts of fruit on labeled spur. 5
Q
o
label in the extension and bourse shoot tips was much heavier thgrort took place from the fruiting spurs at this stage. In a few f\J

with the fruiting spurs. In both spur types, shading seemedctses, some label from a vigorous spur, with only one fruit and 15
reduce the amount of label translocated, as estimated by tthE7 leaves on the bourse shoot, appeared either in extension sho@
observations of the autoradiograph images (Figs. 1 and 2; Tabl&@3.or fruit. The label distribution patterns from nonfruiting spurs >
Three weeks after bloom (fruit diametefie} to 20 mmz10to were extremely variable and seemed to depend on the phyIIotactlcO
16 unfolded leaves on extension shoots), a relatively small amdooation of the relatively few spurs still bearing fruit at this time in = =
of label fixed by the exposed extension shoots appeared in the freldtion to the labeled spurs (Table 3). In some cases, export from?2,
and leaves and tips of the bourse shoots (Table 2). Shadirgnonfruiting spurs was bidirectional, as also shown by Hansen &
extension shoots to 35% of available light eliminated or strond969). 2
reduced apparent export of labeled assimilates (Figs. 1 and 2)Ten weeks after bloom, all extension shoots had set terminal &
Fruiting and nonfruiting spurs had similar patterns to those seehwads and fruit abscission had ceased, leaving an average of two td”
1 week, with translocation occurring upward to the extension shtioee fruiting spurs per branch. It seemed that all shoot types could
tips and downward to the bourse shoots and fruit on the other spaupport fruit growth, as label appeared in at least some fruit with
Shading did not prevent translocation, although less label vedidabeling treatments (Table 4). Great variation in amount of label
found in the fruit of the shaded treatments (Table 2). The amounts seen due to the smaller number of fruit at this date and the
translocated to fruit on other spurs, however, were 30- to 70-falgparent effect of phyllotaxy on label distribution. At 10 weeks, on
larger from the nonfruiting than fruiting spurs, whether exposedawerage, more label appeared in fruit from the shaded than from the
shaded. exposed extension shoots, although this seemed to be a function of
Five weeks after bloom (fruit diamete¥®5 to 30 mmz=15to more fruit on the shaded branches (14 vs. eight); the mean counts
22 unfolded leaves on growing extension shoots), about one-tipied fruit were similar.
of the extension and bourse shoots had set terminal buds and tt@onfirming the indications of the autoradiograms, the analyses
last fruitlets to drop were abscising. At this time, significant labef variance of fruit DPM revealed clear main effects for shoot type
exported from extension shoots appeared in the fruit; howeward a main light level effect at 1 and 5 weeks after bloom (Table
shade still caused about a 75% reduction in export of label into fA)it An exposure—type interaction was found at 3 weeks, as the
based on the mean total DPM in the fruit (Table 3). Generally, sttade reduced only export from the extension shoots to the fruit, as
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Figs. 1 and 2. Examples of autoradiograms of label distributior 4@y labeling of exposed A and B) or shaded (& and B) extension shoots 3 weeks after bloom

-y
oy
.

15 3 ._-,
| -
: P

&

$S900E 93l} BIA 20-Z1-GZ0g 1e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq

in ‘Empire’ apple trees in the field. The labeled shoots (all extensions on the branch) are within the area enclosed by dashed lines. Due to large numbers of leaves

shoots, portions of leaves along each shoot plus the shoot tip were used in ldyants. B are layouts and autoradiograms of an exposed branch, whikn(®
2B) are layouts and autoradiograms of a branch shaded to 35% of available light. Arréwa@hR indicate locations of fruit on the layouts. Arrow dhihdicates

location of fruit with visible label on the autoradiogram.
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Table 2. Apparent patterns of distribution'& label on autoradiograms after labeling three shoot type§’{@®2, branch composition, and total
fruit disintegrations per minute (DPM) recovered 3 weeks after full bloom.

Total DPM DPM in fruit

zShoot refers to extension shoots, bourse refers to spur lateral bourse shoots.

YTotal number of fruit per branch.

*Number of fruit with apparent label on autoradiogram, excluding those on treated spur.
WTotal number of DPM in fruit per branch, excluding counts of fruit on labeled spur.

V() = terminal but set on shoot.

Branch composition No. fruit in fruit on labeled
Export pattern on No. of spurs No. extension No. observed per branch spurs
Exposure autoradiograms + Fruit —Fruit shoots fruit with label*  (1000sY (1000s)
Fruiting spurs labeled
Light Traces to shoot tip 4 3 4 8 7 13.26 461.8
Export to shoot tip 4 2 2 8 7 281 367.6
Traces to shoot bourse and fruit 3 1 4 5 4 14.51 785.1
Trace to bourse tip 5 1 3 9 7 1.58 447.9
Means 8.04 515.6
Shade No apparent export 5(t) 3 9 8 0.52 341.6
Export to shoot tip and fruit 2 2 2 3 2 10.97 1160.4 o
No apparent export 5 9 8 3.16 713.5 g
Export to shoot, bourse, trace to fruit 6 4 4 12 11 3.31 280.4 =
Means 4.49 624.0 8
Nonfruiting spurs labeled =
Light Export to fruit 3(1) 2 3 5 5 587.4 g
Export to shoot, bourse, and fruit 4 1 3 9 5 1.4 =
No apparent export 5 1 3 9 9 24 @
Export to bourse and fruit trace to shoot 4 2 3 7 7 328.4 §
Mean 229.9 g
Shade Export to shoot, bourse, and fruit 3 2(t) 5 9 9 72.4 o
Export to shoot, bourse, and fruit 6 5 4 12 11 93.9 2"
Export to shoot, bourse, and fruit 4 1 3 7 7 43.0 %
Export to shoot tip and fruit 3 1 3 4 4 126.3 3
Mean 83.9 2
Extension Shoots Labeled =
Light Export to fruit 3 1 4 3 3 82.8 3
Export to fruit and untreated extended g
shoot leaves 1 2 3 2 2 51.8 2
Export to fruit and bourse shoot leaves 3 3 2 3 3 49.6 =
Traces to fruit 4 2 3 6 5 31 g
Mean 46.8 g
Shade No apparent export 6 2 4 10 9 0.2 E
No apparent export 5 2 3 9 8 0.5 3
No apparent export 3 1 3 7 7 0.5 L
Traces to fruit and bourse leaves 3 2 4 4 4 5.2 §
Mean 6.4 A
'P
N
<.
V)
%
g
®

described above. Overall, the nonfruiting spurs showed the hite period for the beginning of photosynthate export from exposed &
est export to fruit until at least 5 weeks after bloom (Tables 1-dxtension shoots to the fruit but does not occur until later for shaded
shoots. Observations of the many autoradiograms indicated that
Discussion and Conclusion fully exposed shoots with nine to 17 leaves were able to export
label 3 weeks after bloom, but shaded shoots with seven to 18
The type and developmental stage of the treated shoots strofegyes exported little label. Five weeks after bloom or later, when
affected the partitioning of the labeled photosynthates during theéension shoots had at least 13 to 22 leaves, export to fruit was
early part of the season when apple fruit set and size potentiakaitgstantial. The export of label from shaded shoots at 5 weeks was
being determined. However, the light levels in the first 5 weekisnilar to that of exposed shoots at 3 weeks; therefore, it seems that
after bloom seemed to modify these patterns, especially in shading to 35% of full light was equal to the loss of about five to
extension shoots 3 and 5 weeks after bloom. Export of photossit-leaves in terms of shoot C balance.
thates from the extension shoots was not observed-Gntieeks These results generally agree with those of Hansen (1971), who
after full bloom. The active growth of the shoot tips seemedftound that very high levels of fixed label were retained in extension
consume the available photosynthates eftiveeks after bloom, shoots until=3 weeks after bloom. Also, the work of Quinlan
as was expected. Between 1 and 3 weeks after bloom seems (@985, 1966) and Johnson and Lakso (1986a) indicateslid &b
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Table 3. Apparent patterns of distribution'¢® label on autoradiograms after labeling three shoot type§‘i@'ﬂ7§ , branch composition, and total
fruit disintegrations per minute (DPM) recovered 5 weeks after full bloom.

Total DPM DPM in fruit

Branch composition No. fruit in fruit on labeled
Export pattern from No. of spurs No. extension  No. of observed per branch spurs
Exposure autoradiograms + Fruit —Fruit shoots fruit with label  (1000sY} (1000s)
Fruiting spurs labeled
Light No apparent export 11t) 3 2 1 --- --- 972.9
Export to fruit 4 (1) 1 2 6 5 69.0 695.9
No apparent export 3 (1) 4 () 3 (1) 3 2 0.7
No apparent export 2(b) 3 (1) 5(t) 2 1 0.6 2373.6
Means 234 1347.5
Shade No apparent export 4 (1) 3 (1) 1 7 4 0.7 503.5
Export to shoot tip and fruit 2 () 2 (b 3 2 1 152.3 1058.9
Export to shoot tip 1(t) 3 2 1 275.6
No apparent export 3 (1) 2 (1) 3(1) 3 1 0 3502.9
Means 51.0 1335.2
Nonfruiting spurs labeled
Light Export to fruit 2 (1) 3 (1) 1 2 2 1083.8
Export to fruit 5(t) 3 (1) 2 7 7 1514.3
No apparent export 4 () 3(1) 2 4 4 3.4
No apparent export 4 (1) 4 () 3 () 5 5 24.6
Mean 656.5
Shade Export to shoot tip 1) 3(@) 4 (t) 1 1 1.3
No apparent export 1() 3(b) 5(t) 1 1 15
No apparent export 2 (1) 2 5 (1) 2 2 0.7
Export to shoot tip 1) 4 (t) 4 1 1 2.3
Mean 15
Extension shoots labeled
Light Export to fruit 5(t) 1 3 () 8 8 314.1
Export to fruit 3 1() 3 (1) 4 4 410.7
Export to fruit 2 (1) 2 (1) 3 2 2 259.1
Export to fruit 1) 4 (1) 3 1 1 102.5
Mean 271.6
Shade Export to fruit 2 (1) 2 (1) 3 (1) 3 3 144.5
Traces to fruit 3 3 () 3 3 3 9.2
Traces to fruit 21 3 2 2 2 89.6
No apparent export 2() 1 2 5 5 8.6
Mean 63.0

zShoot refers to extension shoots, bourse refers to spur lateral bourse shoots.
YTotal number of fruit per branch.
*Number of fruit with apparent label on autoradiogram, excluding those on the treated spur.
Y“No other fruit on branch.

V(t) = Terminal bud set on shoot.

12 unfolded leaves are required on exposed shoots beforeshebt, vigorous fruiting spurs could still export C outside the spur
export from the shoot occurs. These results are also consistentedgthplex (i.e., spur primary leaves plus bourse shoot and fruit), but
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the concept that the shoot tip is the top priority sink for the leavksy generally required at least nine to 10 leaves and no more than

on the shoot.

one fruit to exhibit export. Nonfruiting spurs, however, exported to

Treatment time and the presence or absence of fruit influendeselifruit within the branch30-fold more than fruiting spurs (Table
the import—export patterns in the spurs. One week after bloom,2heThese observations suggest that for exposed spurs with fewer

leaf area present on the spur was apparently more than suffidieah eight bourse shoot leaves, the demand of one fruit for

to support the growth of the young fruit, as indicated by the expphiotosynthates approximates or exceeds spur carbohydrate pro-

to other parts of the branch in the case of vigorous spurs. Expodection by=3 weeks after bloom. Normal vigor spurs showed no
label from fruiting or nonfruiting spurs was distributed distally anexport and the fruit imported label at this time. Spurs with less leaf
proximally in the branches toward the upper extension shoot tpea, spurs with multiple fruit, or shaded spurs seem to require
or other spurs. The bidirectional transport was also reportedsiynificantimport of photosynthates to maintain fruit development
Hansen (1969) for nonfruiting spurs. The mechanism of thisfore 3 weeks after bloom, as observed with import of label from

bidirectional transport is not clear.
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nonfruiting spurs at that time. Photosynthate partitioning at that
Three weeks after bloom, during the development of the boutisge seems to be very important for final fruit set and size potential,
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Table 4. Apparent patterns of distribution& label on autoradiograms after labeling three shoot type§’{@®2, branch composition, and total
fruit disintegrations per minute (DPM) recovered 10 weeks after full bloom.

Total DPM DPM in fruit

Branch composition No. fruit in fruit on labeled
Export pattern from No. of spurs No. extension  No. of observed per branch spurs
Exposure autoradiograms + Fruit —Fruit shoots fruft with label  (1000s) (1000s)
Fruiting spurs labeled
Light Traces to fruit 2(Y) 2(t) 2 2 1 7.2 679.4
Traces to fruit and spur leaves 2(t) 3(b) 3 2 - -—- 1409.3
Traces to fruit and spur leaves 2(t) 2(t) 3 2 1 4.6 744.1
Traces to fruit and leaves 2 2(t) 3 2 1 0.6 1347.7
Means 4.1 1045.1
Shade Traces to fruit and spur leaves 2(t) 4(t) 3 2 1 0.3 2304.2
Export to fruit 4(t) 1 3 4 3 85.7 1573.0
Export to fruit, trace to leaves 3 1 2 3 2 6.1 -
Export to fruit, trace to leaves 2(t) 2(t) 2(t) 2 --- --- 6359.6
Means 30.7 3412.3
Nonfruiting spurs labeled
Light Export to fruit, trace to leaves 3(t) 2(t) 2 4 4 38.4
Export to fruit, trace to leaves 2(t) 3(t) 2(t) 3 3 15.8
Export to fruit 3(t) 1(t) 3(t) 3 3 1479.1
Export to fruit, trace to leaves 2(t) 4(t) 2 2 2 251.0
Mean 446.1
Shade Export to fruit and leaves 2(t) 4(t) 4(t) 4 3 332.7
Export to fruit 3(t) 1(t) 3(t) 3 3 154.3
Export to fruit, trace to bourse leaves  2(t) 2(t) 2(t) 3 3 718.2
Export to fruit, trace to leaves 1(t) 5(t) 2(t) 1 1 10.6
Mean 304.0
Extension shoots labeled
Light Export to fruit 2(t) 2(t) 1 2 2 262.0
Export to fruit, trace to spur leaves 2(t) 3(b) 2(t) 2 2 59.9
Export to fruit, trace to spur leaves 2(t) 2(t) 3(b) 2 2 144.5
Export to fruit, trace to spur leaves 2 2(t) 2 2 2 144.8
Mean 152.8
Shade Export to fruit 2(t) 3(b) 3(b) 5 5 441.2
Export to fruit 1 3(b) 1 3 3 18.6
Export to fruit 3(b) 2(t) 2(t) 3 3 539.5
Export to fruit 3(t) 1(t) 3(t) 3 2 43.7
Mean 260.7

zShoot refers to extension shoots, bourse refers to spur lateral bourse shoots.

YTotal number of fruit per branch.

*Number of fruit with apparent label on autoradiogram, excluding those on treated spur.

WTotal number of DPM in fruit per branch, excluding counts of fruit on labeled spur.

V(t) = Terminal buds set on shoots.

UDPM in fruit are divided by 2 to adjust for the douHl€0, label used at this date on extension shoots; (t) = terminal buds set on shoots.

since a high correlation of final fruit size to fruit relative growthlansen, 1969; Jones and Lamboll, 1980).

rate in the 1 to 5 week stage has been found (Lakso et al., 1989FExamination of the individual autoradiographs suggested that
also, C balance models indicate a potential limitation of C avdhe partitioning patterns were consistent with 1) phyllotaxy, 2)
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ability at that time (Lakso and Corelli Grappadelli, 1992). Later mumber of leaves on the subtending spur (i.e., fruit on weak spurs

the season, at 10 weeks after bloom, extension shoots and nonfrafierted more label than fruit on spurs with many leaves), and 3)
ing spurs provide carbohydrates for fruit growth in addition to tiige relative balance of other exporting sources and competing

support of the subtending spur. sinks. These partitioning patterns are consistent with the general

The autoradiographs and the actual radioactivity in the fruitderstanding in the literature (Hansen, 1967a, 1967b, 1970,

indicated that there was great variability in partitioning patterri971; Quinlan and Weaver 1970), but extend the understanding

especially at 5 and 10 weeks after bloom, when fewer spurs carnete specifically to the timing and shade effects.

fruit due to earlier fruit drop. Effects of phyllotaxy on label Simulations from the C balance model of Johnson and Lakso

distribution were clearly observed in several cases during {i886b) suggest that shade periods, as used in this experiment,

season. For example, in one branch, five fruiting spurs importeduld markedly delay the onset of export from extension shoots.
label; however, two spurs received 99% of the label. This findi@yir results are consistent with these simulations. Although previ-
agrees with the observations of several workers (Barlow, 1988s studies of shading on partitioning have examined whole-
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Table 5. Analysis of variance tables at each time period for log-transformed disintegrations per minute (DPM)¥@uratsadered in the fruit of
‘Empire’ apple branches with three shoot types labeled at 1, 3, 5, and 10 weeks after bloom.

Weeks after full bloom

1 3 5 10
Source df MS P>F df MS P>F df MS P>F df MS P>F
Exposure 1 2.76 0.052 1 7.24 0.129 1 41.02 0.033 1 0.37 0.749
Shoot type 1 4.02 0.026 2 15,55 0.014 2 31.38 0.035 2 33.12 0.001
Exposurex type 1 0.66 0.293 2 11.07 0.040 2 3.76 0.617 2 0.33 0.901
Error 7 0.51 18 2.86 16 7.54 16 3.17

season shade on whole-plant (top : root ratios, etc.) partitioniriggm top and base leaves from extension shoots. Physiol. Plant. 20:720-725.
(O|iveira and Priesﬂey, 1988; Palmer, 1986), the results report@dsen, P. 1967HC-studies on apple trees. lll. The influence of season on storage

here provide more detail of shade effects on localized partitioniﬁg:d mog”zlgté%r}gf 'ta?j‘?'ed Compoluntds- Ph|3\’/5i‘|33'-h P:am- fg:ilm‘l“l-t_ _
tO the fI'UIt eal’|y |n the season. sen, P. .C-stuaies on apple trees. . otosynthate consumption in

. . ruits in relation to the leaf—fruit ratio and to the leaf-fruit position. Physiol. Plant.
Also, our trees were relatively vigorous and young; thus, results,.1g6_19g.

may be modified in lower vigor trees. The basic patterns should@sen, p. 197¢:C-studies on apple trees. VI. The influence of the fruit on the
similar, but if the extension shoots stop growing shortly aftephotosynthesis of the leaves, and the relative photosynthetic yields of fruits and
bloom, the onset of export would be much sooner than witleaves. Physiol. Plant. 23:805-810.

vigorous shoots. In contrast, low-vigor trees tend to have sptiggsen, P. 197EC-studies on apple trees. VIl. The early seasonal growth in-
with asmall leaf area and potentially low photosynthetic rates, thd&aves, flowers and shoots as dependent upon current photosynthates and existing:
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P . . . . . reserves. Physiol. Plant. 25:469-473. @
|Im|tlng .thelr_ p_otentlal to _mtercept |Ight and support the frljﬁ—'iansen, P. and J. Grauslund. 1973:studies on apple trees. VIII. The seasonal §
Clearly itis difficult to predict the outcome of these compensatingayiation and nature of reserves. Physiol. Plant. 28:24-32. =
factors. Hennerty, M.J. and C.G. Forshey. 1971. Effects of defruiting, scoring, defoliation ®
The results from this study and earlier partitioning studiegnd shading on the carbohydrate content of ‘Golden Delicious’ apple trees. J. &
suggest possible management strategies to improve C availabilitgrt. Sci. 46:153-161. 5
to the desired fruit during the important cell division period befof@nson, R.S. and A.N. Lakso. 1986a. Carbon balance model of a growing apple
June drop: shoot |. Development of the model. J. Amer. Soc. Hort. Sci. 111:160-164. 3
Johnson, R.S. and A.N. Lakso. 1986b. Carbon balance model of a growing apple%

L - . . hoot Il. Simulated effects of light and temperature on long and short shoots. J.<
1) Early thinning improves the within-spur source—sink ratio and mer. soc. Hort. Sci. 111:164—1609.

extends the time in which the spur can support its own fruitiones, H.G. and D. Lamboll. 1980. Investigation of sectorial patterns in apple
shoots using abscisic acid. Ann. Bot. 46:815-817.
2) Good nutrition, |ight exposure, and pruning ensure vigorolgmdiah, S. 1979a. Turnover of carbohydrates in relation to growth in apple trees. ‘

spurs with Iarge leaf areas for the reason given above. |. Seasonal variation of growth and carbohydrate reserves. Ann. Bot. 44:175-183
Kandiah, S. 1979b. Turnover of carbohydrates in relation to growth in apple trees.

. . IJ. Distribution of *“C assimilates labeled in autumn, spring and summer. Ann.
3) Good canopy form and management provide high exposure ég pring

X . t. 44:185-195.
the spur foliage in the early season. Lakso, A.N. and L. Corelli Grappadelli. 1992. Implications of pruning and training

practices to carbon partitioning and fruit development in apple. Acta Hort.
4) Bending extension shoots to lower angles of growth reduces the2:231-239.
demand ofthe growing shoot tips for C and allows earlier eprqt[(so, A.N., T.L. Robinson, and R.M. Pool. 1989. Canopy microclimate effects on
to the fruit. patterns of fruiting and fruit development in apples and grapes, p. 263-274. In:
C.J. Wright (ed.). Manipulation of fruiting. Butterworths, London.

. . liveira, C.M. and C.A. Priestley. 1988. Carbohydrate reserves in deciduous fruit
All of these techniques have been found to improve apr(ﬂ@ees Hort. Rev 10.403_430y y

productivity in practice, yet they seem to have a possible COMMQiher, .w. 1986. Seasonal variations of light saturated photosynthetic rate of .

physiological basis: C production and partitioning. Golden Delicious apple leaves as influenced by leaf type and crop load, p. 30-33. g

In: A.N. Lakso and F. Lenz (eds.). The Regulation of photosynthesis in fruit trees. ©

New York State Agr. Expt. Sta. (Geneva) Spec. Publ.
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