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Abstract. The objectives of this study were to determine whether juice quality of ‘Valencia  ̓
sweet orange [C. sinensis (L.) Osb.] is affected by the type of infl orescence on which fruit 
are borne, and to determine the contribution of infl orescence type to within-tree variation 
in juice quality. During the 1998–99 and 1999–2000 seasons, fruit size and juice quality 
[soluble solids concentration (SSC) and titratable acidity (TA)] of fruit from ‘Valencia  ̓
sweet orange trees on Carrizo citrange rootstock [Poncirus trifoliata (L.) Raf. × C. sinensis 
(L.) Osb.] planted in 1987 at Howey-in-the-Hills, Fla., were measured. A 2×2 factorial de-
sign (infl orescence type × canopy position) with leafy and leafl ess infl orescence types, and 
southwest top and northeast bottom canopy positions was used. The type of infl orescence 
on which fruit were borne had a minor effect on juice quality, and infl orescence type and 
juice quality were not directly associated. Rather, juice SSC was associated with the effect 
of infl orescence type on fruit size, as small fruit tended to have higher SSC than large fruit, 
regardless of the type of infl orescence on which fruit were borne. The relatively small dif-
ference in SSC between fruit borne on leafy and leafl ess infl orescences (≈3% of mean SSC) 
was an indirect result of fruit size. Therefore, fruit borne on leafy infl orescences, which 
tend to be of larger size compared with fruit borne on leafl ess infl orescences, tended to 
have marginally lower SSC. Acid content and ratio of SSC : TA were not related to infl o-
rescence type. In addition, the type of infl orescence on which fruit were borne made only 
a nominal contribution to variability in juice SSC, in contrast to the major contribution 
of canopy position to within-tree variation in juice SSC. Factors other than infl orescence 
type are important components of within-tree variation in juice SSC.

type to within-tree variation in juice quality 
is unknown. Therefore, the objectives of this 
study were to determine whether juice quality 
of ‘Valencia  ̓ sweet orange was affected by 
the type of infl orescence on which fruit are 
borne, and to determine the contribution of 
infl orescence type to within-tree variation in 
juice quality.

Materials and Methods

Site and plant material. ‘Valencia  ̓sweet 
orange trees on Carrizo citrange rootstock 
planted in 1987 at 380 trees/ha in a north-
south row orientation at Howey-in-the-Hills 
(lat. 28°44´N, long. 81°46´W; elev. 23 m) were 
used. The experimental site is located in part 
of the subtropical, inland area of peninsula 
Florida, representative of the northern Florida 
Ridge citrus production region. The soil type is 
Astatula sand (hyperthermic, uncoated Typic 
Quartzipsamment of the Entisol order), an ex-
cessively drained sandy soil with an organic 
matter content normally <1%. Trees with 
uniform crop load were selected from within 
a commercial citrus orchard, and were well 
cared for according to local cultural practices. 
The trees were irrigated with microsprinklers, 
and fertilized annually with 225 kg·h–1 N. Trees 
were not topped, but alternate sides of trees 
were hedged annually to maintain a drive 
middle ≈2.4 m-wide.

Experimental design and data collec-
tion. The experiment was conducted during 
the 1998–99 and 1999–2000 seasons. A 2×2 
factorial design (infl orescence type × canopy 
position) was used to estimate infl orescence 
type effects on variation in juice quality where 
both factors were fi xed. Leafy (LF) and leafl ess 
(LS) infl orescence types, equivalent to Lenzʼs 
(1966) infl orescence types C and D, were se-
lected for the study. Four bearing shoots per 
treatment combination per replication (single-
tree replications) were tagged in late June after 
physiological fruit drop when infl orescence 
types could be easily distinguished. Leafy in-
fl orescences had three to seven leaves, whereas 
LS infl orescences had no infl orescence leaves. 
Each infl orescence selected bore a single fruit 
that did not necessarily originate from a single-
fl owered infl orescence. To provide different 
conditions under which to test infl orescence 
effects on juice quality, two contrasting canopy 
microclimates were used, viz. southwest top 
(SWT: upper, exposed) and northeast bottom 
(NEB: lower, partially shaded) canopy posi-
tions (Reitz and Sites, 1948). At maturity (5 
Mar. 1999 and 6 Mar. 2000), remaining tagged 
fruit were harvested and samples of three or 
four fruit per treatment combination from fi ve 
(1999) or six (2000) trees were used for juice 
quality analysis (N = 20 in 1999 and N = 24 
in 2000).

Fruit equatorial diameter and weight were 
measured. Juice was extracted from individ-
ual fruit using a citrus reamer (Sunkist Inc., 
Sherman Oaks, Calif.), and juice weight was 
measured to determine juice content (w/w). 
Brix of juice samples was measured using a 
hand-held temperature-compensated Brix re-
fractometer (Atago Co., Tokyo), and TA was 

Infl orescences of Citrus sp. are classifi ed as 
leafy and leafl ess (Reece, 1945), by the number 
of fl owers borne per fl oral shoot (Randhawa and 
Dinsa, 1947), or according to the absence or 
presence of leaves, the latter being sub-divided 
further depending on fl ower-to-infl orescence 
leaf ratio (Lenz, 1966; Sauer, 1951). Fruit set 
research on Citrus sp. conducted during the 
1940s through the 1980s consistently demon-
strated that leafy infl orescences set a higher 
percentage of fruit (Jahn, 1973; Lenz, 1966; 
Moss et al., 1972; Reece, 1945; Sauer, 1951) 
and produce larger fruit (Ehara et al., 1981; 

Guardiola and Lázaro, 1987; Lenz, 1966) than 
leafl ess infl orescences. However, the two stud-
ies concerning infl orescence effects on fruit 
quality in Citrus are contradictory (Ehara et 
al., 1981; Lenz, 1966). In the earlier study 
(Lenz, 1966), ‘Valencia  ̓ sweet orange fruit 
harvested from leafy infl orescences tended to 
have slightly higher total soluble solids (TSS) 
(≈0.5%), titratable acidity (TA) (<0.1%), and 
juice content (<1%), despite ≈5% larger fruit 
size. There was little difference in TSS : TA ratio 
between fruit from the two infl orescence types. 
In the later study with Satsuma mandarin (C. 
unshiu Marc.) (Ehara et al., 1981), fruit from 
leafy infl orescences were ≈10% larger, had less 
fl esh relative to peel, were more advanced in 
rind color development, and had slightly lower 
juice TSS and TA than fruit from leafl ess in-
fl orescences. However, these reported differ-
ences were not subjected to statistical analysis. 
Furthermore, the slightly lower TSS and TA 
reported may not have been due to infl orescence 
type per se, but differences in fruit size due to 
infl orescence type or canopy position (Harding 
and Lewis, 1941; Ketsa, 1988).

Besides possible infl orescence effects on 
juice quality, the contribution of infl orescence 
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determined by titration with 0.3125 N NaOH 
and 0.5% phenolphthalein solution. The acid 
correction factor was added to Brix measure-
ments to determine soluble solids concentration 
(SSC) (Fellers, 1990). Ratio of SSC : TA was 
determined.

Statistical analysis. Fruit size and juice 
quality variables were subjected to analysis of 
variance using PROC GLM (SAS Institute Inc., 
1996), followed by mean separation using least 
signifi cant difference (LSD). Additional analysis 
included analysis of covariance with fruit size 
as the covariate, and estimation and partitioning 
of variance into its components to determine 
the contribution of the sources of variation to 
total measured variation using PROC MIXED 
(Littell et al., 1996; SAS Institute Inc., 1996). 
Canopy position and infl orescence type were 
fi xed factors, but were treated as random fac-
tors to estimate their variances.

Results and Discussion

Fruit size and juice quality. In Mar. 1999, 
mean fruit diameter was ≈70 mm, and LF 
infl orescences bore signifi cantly larger fruit 
than LS infl orescences (Table 1), but by only 
2 mm (<3% difference). In Mar. 2000, mean 
fruit diameter was ≈76 mm, and there was no 
difference in diameter of fruit borne on different 
infl orescence types. Fruit borne on LF infl ores-
cences tend to be larger than fruit borne on LS 
infl orescences (Ehara et al., 1981; Guardiola 
and Lázaro, 1987; Lenz, 1966).

In Mar. 1999, fruit borne on LF infl ores-
cences had signifi cantly lower SSC than fruit 
from LS infl orescences, a difference of 0.4% 
SSC (Table 1). The opposite occurred in Mar. 
2000 when fruit borne on LF infl orescences 
had signifi cantly higher SSC than fruit from 
LS infl orescences (by 0.4% SSC). In Mar. 
1999 and Mar. 2000, mean TA was 1.01% 
and 0.97%, respectively (Table 1). There was 

no signifi cant difference in TA of fruit borne on 
different infl orescence types. In Mar. 1999 and 
Mar. 2000, The SSC : TA ratio of the juice was 
12.4 and 13.4, respectively, and in both seasons, 
ratio was unaffected by infl orescence type (data 
not shown). When the apparent relationship 
between SSC and fruit size was subjected to 
analysis of covariance, the adjusted means of 
SSC and TA were not signifi cantly different 
between infl orescence types (Table 2).

Lenz (1966) and Ehara et al. (1981) also 
reported relatively small differences in juice 
quality associated with infl orescence type. Fruit 
borne on leafy infl orescences tended to produce 
larger fruit (Ehara et al., 1981; Guardiola and 
Lázaro, 1987; Lenz, 1966) with concomitant 
lower SSC (Ehara et al., 1981) than fruit borne 
on leafl ess infl orescences. However, any effect 
of infl orescence type on juice quality was ap-
parently related to the effects of infl orescence 
type on fruit size, which in turn affected juice 
SSC (Harding and Lewis, 1940), probably by 
dilution of soluble solids through greater juice 
volume of large fruit (Sites and Camp, 1955). 
Therefore, fruit borne on leafy infl orescences, 
which tend to be of larger size compared with 
fruit borne on leafl ess infl orescences, will tend 
to have marginally lower SSC.

The possible advantage of infl orescence 
leaves being in close proximity to develop-
ing fruit (Koch, 1984), and a related increase 
in sink strength (Erner, 1989), did not result 
in higher SSC of those fruit. Photoassimilates 
derived from adjacent leaves may be partitioned 
to fruit (Koch, 1984), but allocated to cell wall 
components rather than to soluble constituents 
in juice cells, providing the advantage to leafy 
infl orescences to produce fruit of larger size 
(Ehara et al., 1981; Lenz, 1966). Alternatively, 

the early advantage of the presence of infl o-
rescence leaves on increased fruit set (Moss 
et al., 1972) was apparently not maintained 
through fruit development. Furthermore, dilu-
tion of juice soluble solids may occur in larger 
fruit during fruit development.

In Mar. 1999, fruit borne in the NEB canopy 
position were signifi cantly larger (by 6 mm) 
than fruit borne in the SWT canopy position 
(Table 1). In Mar. 2000, fruit borne in the SWT 
canopy position were signifi cantly larger (by 
2.6 mm) than those borne in the NEB canopy 
position. Canopy position effect on SSC was 
consistent over the two seasons. Fruit borne 
in the SWT canopy position had signifi cantly 
higher SSC than those borne in the NEB 
canopy position, a difference of 1.4% SSC in 
Mar. 1999 and 1.0% SSC in Mar. 2000. The 
difference in SSC between canopy positions 
was three times larger than the difference in 
SSC between infl orescence types. There was 
no signifi cant difference in TA of fruit borne 
in different canopy positions. These effects of 
canopy microclimate on juice quality of Citrus 
sp. are well-documented (Morales et al., 2000; 
Reitz and Sites, 1948; Syvertsen and Albrigo, 
1980), and occur independently of fruit size.

Variability in juice quality. Only 3% to 5% 
of total measured variance of SSC was due 
to infl orescence type (Table 3). In contrast, 
canopy position made a large contribution 
to variance of SSC in the two seasons (46% 
to 83%). Tree-to-tree variation (33% of total 
variance in Mar. 2000) and sample-to-sample 
variation, represented by “error” (12% to 17% 
of total variance), made intermediate contribu-
tions to total variance. For TA, <10% of total 
measured variance was due to infl orescence 
type, whereas variation among trees (29% to 

Table 1. Effect of infl orescence type (IT) on fruit size and juice quality of ‘Valencia  ̓sweet orange fruit harvested in Mar. 1999 and Mar. 2000 from southwest 
top (SWT) and northeast bottom (NEB) canopy positions (CP).

 Fruit diamz (mm)  SSCz (%) TAz (%)
Infl orescence 1999 2000 1999 2000 1999 2000
type SWT NEB Mean SWT NEB Mean  SWT NEB Mean SWT NEB Mean SWT NEB Mean SWT NEB Mean 
Leafy 68.9 74.0 71.4 76.1 74.9 75.5 12.8 11.5 12.2 13.5 12.4 13.0 0.95 1.00 0.98 0.98 0.93 0.95

Leafl ess 65.9 72.9 69.4 78.9 75.0 76.9 13.3 11.8 12.6 13.1 12.2 12.6 1.00 1.08 1.04 1.00 0.97 0.98
 Mean 67.4 73.5 70.4 77.5 74.9 76.2 13.1 11.7 12.4 13.3 12.3 12.8 0.98 1.04 1.01 0.99 0.95 0.97
 P-valuey

  IT   0.0022   0.1684   0.0173   0.0484   0.1228   0.3575
  CP   0.0316   0.0461   0.0048   0.0084   0.2523   0.3908
  IT×CP   0.0726   0.2020   0.4239   0.3379   0.7239   0.6704
zFruit equatorial diameter, soluble solids concentration, and titratable acidity.
y1999, n = 5 trees; 2000, n = 6 trees.

Table 2. Effect of infl orescence type on mean soluble 
solids concentration (SSC) and titratable acidity 
(TA) adjusted for fruit diameter (covariate) of 
‘Valencia  ̓sweet orange harvested in Mar. 1999 
and Mar. 2000 averaged across southwest top and 
northeast bottom canopy positions. 

Infl orescence  SSC (%) TA (%)
type  1999 2000 1999 2000
Leafy 11.9 13.1 0.88 0.94

Leafl ess  12.1 12.9  0.88 0.98
 P-value 0.6650 0.1539 0.9600 0.1680
  

Table 3. Partitioning of variance into components for soluble solids concentration (SSC) and titratable acidity 
(TA) of ‘Valencia  ̓sweet orange fruit harvested Mar. 1999 and Mar. 2000 to estimate infl orescence 
type effects on juice quality.

 Variance (% of total variance)z

Source of SSC TA 
variation 1999 2000 1999 2000
Tree 0.0000 (0.0) 0.3869 (33.5) 0.0043 (29.4) 0.0104 (58.2)
Canopy position 0.9487 (83.0) 0.5345 (46.2) 0.0011 (2.7) 0.0004 (2.1)
Infl orescence type 0.0617 (5.4) 0.0345 (3.0) 0.0014 (9.4) 0.0000 (0.0)
Errory 0.1323 (11.6) 0.2004 (17.3) 0.0079 (53.5) 0.0071 (39.6)

Total 1.1426 1.1563 0.0147 0.0179
z Total variance partitioned into component sources of variation as estimated by PROC MIXED (Littell 
et al., 1996; SAS Institute Inc., 1996). Numbers in parentheses represent percentages of total measured 
variation.
y Error or residual variation represents sample-to-sample variation.
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58% of total variance) and variation among 
samples (40% to 53% of total variance) con-
tributed the most to total variance.

In conclusion, the type of infl orescence on 
which fruit were borne in a ‘Valencia  ̓sweet 
orange tree had only a minor effect on juice 
quality of fruit, and infl orescence type and 
juice quality were not directly associated. 
Acid content and ratio of SSC : TA were not 
related to infl orescence type. Rather, juice SSC 
was associated with the effect of infl orescence 
type on fruit size, as small fruit tended to have 
higher SSC than large fruit, regardless of the 
type of infl orescence on which fruit were borne. 
The relatively small difference in SSC between 
fruit borne on leafy and leafl ess infl orescences 
(≈3% of mean SSC) was, therefore, an indirect 
result of fruit size. In addition, the type of infl o-
rescence on which fruit were borne made only 
a nominal contribution to variability in juice 
SSC, in contrast to the major contribution of 
canopy position to within-tree variation in juice 
SSC. These data show that infl orescence type 
is not an important component of within-tree 
variation in juice SSC.
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