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Abstract.

 

 The horticultural adaptability and performance of
‘Parent Washington Navel’ (

 

Citrus sinensis 

 

(L.) Osbeck) or-
ange trees were evaluated for seven years on nine commercial
rootstocks in the Najran area of Saudi Arabia. Fruit yield, fruit
size, peel thickness, percentage juice, soluble solids and acid
were measured. Trees on Volkamer lemon (VL), 

 

Citrus macro-
phylla

 

 (CM) and rough lemon (RL) were the most productive,
whereas trees on Swingle citrumelo (SC) and Cleopatra man-
darin (Cleo) were the least productive. Trees on sour orange
(SO), Carrizo citrange (CC), 

 

Citrus Taiwanica

 

 (CT), and Ambly-
carpa (Amb) were intermediate in fruit production. The largest
fruit were from trees on VL, CM and RL, while the smallest fruit
were on trees budded on Cleo and SO. Peel thickness was the
highest in fruit collected from trees on RL and the lowest in
fruit collected from those on Cleo and SO. Fruit from trees on
Cleo had the highest juice content while those from trees on
RL had the lowest juice content. Fruit from trees on CC and SO

accumulated the highest soluble solids and fruit from trees on
CM, CT, RL, and VL accumulated the lowest soluble solids.
Overall, trees on vigorous rootstocks (VL, CM, RL) performed
better and were more productive and more profitable than
trees on other rootstocks. Trees on SC and Cleo performed the
poorest.

 

Citrus acreage in the Kingdom of Saudi Arabia is over 15
thousand ha (37.5 thousand acres). The Najran area, located
in southwest Saudi Arabia, comprises 25% of the total citrus
acreage. There are over one million trees and over 1,000 cit-
rus orchards in the Najran area. Orchard size ranges from 1
to 50 ha (125 acres). In the Kingdom of Saudi Arabia, fruit is
not sold based on soluble solids. All fruit is marketed fresh by
weight and consumed locally (Zekri and Al-Jaleel, 2000).

‘Clementine’ mandarin and ‘Parent Washington Navel’
orange were among the most popular citrus cultivars grown
in the Najran area. Fifteen years ago, the most popular root-
stocks were sour orange, Troyer and Carrizo. Because of in-
creasing problems with high pH and salinity, rootstocks have
become a more critical issue than in previous years. Volkamer
lemon, Macrophylla, and Cleopatra mandarin have been
gaining ground and are becoming very popular (Al-Jaleel and
Zekri, 2002).

Rootstocks have had a substantial role in the development
of the citrus industry in the world. The effect of rootstocks on
citrus fruit production and fruit quality has been intensively
studied in many citrus producing areas (Continella et al.,
1988; Economides and Gregoriou, 1993; Fallahi and Rodney,
1992; Fallahi et al., 1989; Gardner and Horanic, 1961, 1966;
Grisoni et al., 1989; Monteverde et al., 1988; Roose et al., 1989;
Rouse and Maxwell, 1979; Wheaton et al., 1991; Zekri, 1996,
1997, 1999, 2000a, b). Findings from these studies have re-
vealed different results and inconsistent conclusions, which
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were attributed to several factors including climatic conditions
and soil characteristics. Therefore, it is unwise to adopt root-
stock recommendations from one part of the world to another
without a thorough evaluation locally. Since environmental
conditions and cultural practices are unique and vary consid-
erably from one area to another, a long term study was carried
out to determine the horticultural adaptability and perfor-
mance of ‘Parent Washington Navel’ orange (

 

Citrus sinensis

 

(L.) Osbeck) trees on nine commercial rootstocks grown on a
typical soil where the Saudi Arabian citrus industry is flourish-
ing. On-site field evaluation of rootstocks benefits local grow-
ers in selecting the most suitable rootstocks for their citrus
cultivars under their specific climatic and edaphic conditions.

 

Materials and Methods

 

Rootstocks used were sour orange (

 

Citrus aurantium

 

 L.)
(SO), Carrizo citrange [(

 

Citrus sinensis

 

 (L.) Osbeck 

 

×

 

 

 

Poncirus
trifoliata

 

 (L.) Raf.] (CC), Cleopatra mandarin (

 

Citrus reshni

 

Hort. ex Tan.) (Cleo), rough lemon (

 

Citrus limon

 

) (RL),
Swingle citrumelo [(

 

Citrus paradisi

 

 (L.) 

 

×

 

 

 

Poncirus trifoliata

 

(L.) Raf.] (SC), Taiwanica (

 

Citrus Taiwanica

 

) (CT), Amblycar-
pa (

 

Citrus limonellus

 

 var. Amblycarpa Hassk) (Amb), Volkam-
er lemon (

 

Citrus volkameriana

 

 Ten and Pasq.) (VL), and
Macrophylla (Alemow) (

 

Citrus macrophylla

 

 Wester) (CM).
Fruit parameters measured were fruit yield, fruit size, individ-
ual fruit weight, peel thickness, and percentage juice, soluble
solids, and acid of ‘Parent Washington Navel’ orange trees.
The budwood source and budded trees were free of all known
virus and viroids. The trees were planted in 1987 with a 6.0 m
(20 ft) by 6.0 m (20 ft) spacing and a tree density of 278 trees/
hectare (111 trees per acre).

The soil texture was loamy sand (85% sand, 11% silt, and
4% clay) throughout the root zone having a 2.9% CaCO

 

3

 

 con-
tent and a pH of 8.2. The trees were managed according to
standard local commercial practices, pruned annually, and
watered as needed using a drip irrigation system delivering
120 (30 gal) to 180 L (45 gal)/d. The irrigation water had a
pH of 8.0 and an electrical conductivity of 1.02 dS·m

 

-1

 

. In early
November, each tree was fertilized with 1.0 kg of 18-7.9-4.2-1.5
(N-P-K-Mg) and 25 kg (55 lbs) of composted manure. One kg
(2.2 lbs) of N from urea was also applied 3 times (1/2 in Janu-
ary, 1/4 in March, and 1/4 in May). In the spring, foliar sprays
of manganese and zinc were also applied. The soil was kept
free of weeds using post-emergence herbicides. Pest popula-
tions were managed using a local pest management program.

Fruit yield of each tree was taken at harvest. Fruit samples
from each experimental plot were collected for fruit quality
measurements and evaluations. Individual fruit weight, fruit
diameter, peel thickness, juice weight, total soluble solids or
Brix, and titratable acid concentrations were determined in
the laboratory using standard procedures. Juice was extracted
from the fruit samples, weighed, and tested for Brix and acid.
The Brix content (mostly soluble sugars) was determined us-
ing a hydrometer that measured the specific gravity, which
was converted to degrees Brix. The percentage acid was deter-
mined by titration using sodium hydroxide and a phenol-
phthalein indicator.

The experiment was a complete randomized block design
and consisted of nine treatments (rootstocks) with four repli-
cations of 4-tree plots. Statistical analysis was conducted using
analysis of variance and means separation by Duncan’s multi-
ple range test at 5% level.

 

Results and Discussion

 

Fruit yield.

 

 Over the seven-year production period, trees on
Volkamer lemon (VL), 

 

Citrus macrophylla

 

 (CM) and rough lem-
on (RL) were the most productive. Trees on Swingle citrumelo
(SC) and Cleopatra mandarin (Cleo) were the least produc-
tive. Trees on sour orange (SO), Carrizo citrange (CC), 

 

Citrus
Taiwanica

 

 (CT), and Amblycarpa (Amb) were intermediate in
fruit production (Table 1). The poor crop for trees on Cleo
was partly attributed to Phytophthora infestation, which also
reduced growth and tree size. Trees on Cleo grew slowly and
fruited poorly during the first few years. Trees on SC had die-
back, were relatively small, and consistently produced fewer
fruit. Similar results were obtained with ‘Olinda Valencia’ trees
grown in the same area (Al-Jaleel and Zekri, 2002). This was
also consistent with Gardner and Horanic (1961) who con-
cluded that scions on Cleo were not precocious. Similar results
of yield problems for trees on Cleo have been found from
many citrus areas in the world. Cleo is considered a “lazy” root-
stock because trees grafted to it fruit relatively poorly until they
are 10 to 15 years of age (Castle et al., 1993).

The yield results of this study were consistent with results
of several studies conducted in different citrus growing re-
gions where cumulative yields were higher on trees budded
on VL and RL than on those budded on SC and Cleo (Castle
et al., 1988; Fallahi et al., 1989; Monteverde et al., 1988; Wut-
scher and Shull, 1973; Zekri, 2000b). However in other stud-
ies, no significant differences in cumulative yields were found

 

Table 1. Fruit yield (kg per tree) of ‘Parent Washington Navel’ trees on nine rootstocks.

Year

Rootstock

SO CC Cleo RL SC CT Amb VL CM

1993 38.00

 

z

 

45.75 28.00 54.50 27.75 41.25 45.25 73.50 55.50
1994 60.75 74.00 54.75 93.50 61.50 70.25 64.00 101.00 101.00
1995 84.38 90.00 63.75 97.50 75.00 75.63 67.50 103.13 106.88
1996 82.13 73.75 75.81 76.06 48.71 74.88 89.52 89.13 90.69
1997 46.38 49.50 43.43 53.05 42.00 42.75 45.38 44.63 53.30
1998 62.78 39.38 50.20 62.70 31.20 42.00 60.38 62.88 51.73
1999 76.38 70.90 67.63 83.08 48.94 74.95 76.98 75.58 76.13
Average

 

y

 

64.40 bc

 

x

 

63.33 bc 54.79 cd 74.34 ab 47.87 d 60.24 c 64.14 bc 78.55 a 76.46 a

 

z

 

Mean of four replications.

 

y

 

Mean of twenty-eight measurements (four replications by seven years).

 

x

 

Superscripts indicate mean separation within the last row (among rootstocks) by Duncan’s multiple range test, 0.05 level.
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among rootstocks including Cleo, SO, CC, VL, RL, CT, and
CM (Fallahi et al., 1991; Hearn, 1989). Trees on SC produced
the most fruit yield (Rouse and Maxwell, 1979; Wheaton et
al., 1991; Wutscher et al., 1975; Wutscher and Shull, 1976a,
1976b). All these results indicated the inconsistency in yield
differences as affected by rootstocks, which could be attribut-
ed to differences in scion cultivars, tree age, climatic condi-
tions, and soil characteristics.

 

Fruit size.

 

 The largest fruit were found from trees on VL,
CM and RL, while the smallest fruit were found on trees bud-
ded on Cleo and SO (Table 2). Similar results were found by
several other workers where fruit were smaller or lighter from
trees on SO and Cleo and larger or heavier from trees on VL,
RL, and CM (Al-Jaleel and Zekri, 2002; Continella et al., 1988;
Economides and Gregoriou, 1993; Monteverde et al., 1988;
Rouse and Maxwell, 1979; Wutscher and Shull, 1976a; Zekri,
2000b). On the other hand, no significant differences were
found in ‘Valencia’ orange fruit size and weight among trees
growing on RL, Cleo, SO, and CT (Wutscher and Shull, 1973)
and ‘Fairchild’ fruit weight was higher from trees on CT than
fruit from trees on RL, CC, and CM (Fallahi and Rodney,
1992). Furthermore, ‘Ambersweet’ orange fruit from trees on
Cleo were found larger and heavier than those from trees on
SC, which could be attributed to the low number of fruit per
tree on Cleo (Zekri, 1996). In general, fruit size is correlated
with fruit number per tree. The fewer the fruit on the tree,
the larger and heavier are the fruit. Moreover, in a particular
year beside fruit load, the ultimate size a citrus fruit achieves
is the result of many complex factors including nutrition and
irrigation programs, rainfall distribution, pruning, and the
rootstock/scion combination. Large fruit size is most often
preferred in the fresh fruit market and brings higher prices
early in the season.

 

Peel thickness

 

. Another determinant of citrus fresh quality
is peel thickness, firmness or texture. Both extremes in peel
thickness are not desirable. Fruit with thick peel are usually
low in juice, while those with thin peel are prone to splitting
and are sensitive to postharvest problems that can occur dur-
ing shipping and storage. Peel thickness was also affected by
the rootstock. Peel thickness was the highest in fruit collected
from trees on RL and the lowest in fruit collected from those
on Cleo and SO (Table 3). Differences in fruit peel thickness
as affected by rootstocks were also reported in some previous
studies. Peel thickness was the highest in fruit collected from
‘Olinda Valencia’ trees on CT and CM and the lowest in fruit
collected from those on Cleo, SC, and Amb (Al-Jaleel and
Zekri, 2002). Peel thickness of ‘Orlando’ tangelo was higher

for trees on RL (Fallahi et al., 1991) and that of grapefruit was
higher on CT (Fallahi et al., 1989) as compared with CC. Fruit
rind thickness was found to be the highest for ‘Marsh’ grape-
fruit trees on CT and Amb and the lowest for trees on SC, CC,
and Estes RL (Economides and Gregoriou, 1993). Trees on
SO and VL produced fruit with the thickest rind (Monteverde
et al., 1988; Wutscher and Bistline, 1988). However, for
‘Marrs’ oranges, rind thickness was the highest from trees on
SC (Wutscher and Shull, 1976b) and grapefruit rind thick-
ness was higher for fruit from trees on Cleo than CT and RL
(Wutscher et al., 1975). From all those studies, there is no
consistent trend that the more vigorous rootstocks promoted
thicker peel. Furthermore, not all rootstock studies showed
differences in peel or rind thickness among rootstocks. Wut-
scher and Shull (1976a) did not find a significant difference
in rind thickness of ‘Orlando’ tangelo fruit from trees grown
on all the four rootstocks studied, SC, SO, Cleo, and CT.

 

Juice content

 

. Overall, by being less than 45%, juice content
was relatively low. The juicier the fruit, the better is its accep-
tance not only for the juice market but also as a fresh fruit.
Like other fruit quality variables, juice content was affected by
the rootstock and varied through the years. Fruit from trees
on Cleo had the highest juice content while those from trees
on RL had the lowest juice content (Table 4). Similar results
were reported from some earlier studies. Fruit from trees on
SC had the highest juice content while those from trees on
SO, RL, and CT had the lowest juice content (Al-Jaleel and
Zekri, 2002). Fruit from trees on SC and Cleo had the best
juice percentage compared with trees on VL, CC, and SO
(Monteverde et al., 1988). Fruit from trees on CT had the low-
est percent juice compared with RL, VL, CM, and CC (Fallahi
et al., 1989). Fruit from trees on CC and RL contained more
juice than those from trees on CM (Fallahi et al., 1991). How-
ever, juice content of ‘Marrs’ orange was the highest for trees
on SO and the lowest for trees on CT (Wutscher and Shull,
1976b). In general, the larger the fruit and the thicker the
peel or rind, the lower is the juice content. Juice content was
the highest for SO and the lowest for Estes RL, VL, Amb and
Cleo (Economides and Gregoriou, 1993), and ‘Hamlin’ fruit
from trees on RL and VL had the lowest percentage juice
(Wutscher and Bistline, 1988). Not all rootstock studies dem-
onstrated that rootstocks had an influence on juice content.
No significant difference in juice content of ‘Orlando’ tange-
lo, ‘Comune’ Clementine, ‘Fairchild’ mandarin and grape-
fruit was found from trees grown on all the studied rootstocks
(Continella et al., 1988; Fallahi and Rodney, 1992; Wutscher
et al., 1975; Wutscher and Shull, 1976a).

 

Table 2. Fruit diameter (cm) of ‘Parent Washington Navel’ trees on nine rootstocks.

Year

Rootstock

SO CC Cleo RL SC CT Amb VL CM

1993 7.80

 

z

 

7.83 7.95 8.20 7.75 7.95 7.75 8.03 8.30
1994 7.90 7.98 7.65 8.10 8.08 7.98 7.98 7.93 7.98
1995 7.73 7.75 7.75 7.98 7.93 8.00 7.95 8.33 8.18
1997 7.53 7.73 7.53 7.63 7.50 7.48 7.58 7.98 7.88
1998 8.20 8.05 8.10 8.30 8.33 8.35 8.08 8.45 8.35
1999 7.23 7.68 7.03 7.88 7.60 7.50 7.58 7.83 7.65
Average

 

y

 

7.73 d

 

x

 

7.83 cd 7.67 d 8.01 abc 7.86 bcd 7.88 bcd 7.82 cd 8.09 a 8.05 ab

 

z

 

Mean of four replications.

 

y

 

Mean of twenty-four measurements (four replications by six years).

 

x

 

Superscripts indicate mean separation within the last row (among rootstocks) by Duncan’s multiple range test, 0.05 level.
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Soluble solids

 

. The flavor and palatability of citrus fruits is a
function of relative levels of soluble solids, acids, and pres-
ence or absence of various aromatic or bitter juice constitu-
ents. Although fruit quality standards, which determine
minimum levels of acceptability, have not been established in
Saudi Arabia, soluble solids concentration in the juice has not
been completely ignored as an important parameter for fresh
fruit. Rootstocks were found to affect soluble solids concen-
tration in fruit juice. Soluble solids concentration in fruit
from trees on CC and SO was the highest while it was the low-
est for fruit from those on CM, CT, RL, and VL (Table 5).
Similar results were obtained with ‘Olinda Valencia’ trees
grown in the same area (Al-Jaleel and Zekri, 2002). Other
workers also found similar results. Total soluble solids were
the lowest for RL and the highest for Cleo and SO (Hearn,
1989; Wutscher et al., 1975). Total soluble solids were among
the highest from fruit on SO (Monteverde et al., 1988; Wut-
scher and Shull, 1973; Wutscher and Shull, 1976b). Fruit
from trees on SO, CC and/or Cleo had the highest soluble
solids concentration, while those on VL and RL had the low-
est soluble solids concentration (Castle et al., 1988; Continel-
la et al., 1988; Fallahi et al., 1989; Fallahi and Rodney, 1992;
Wutscher and Bistline, 1988). Total soluble solids were
among the highest for fruit from trees on SC and the lowest
for fruit from trees on RL, VL and Milam (Economides and
Gregoriou, 1993; Zekri, 2000b). The results on soluble solids
of all these studies are consistent showing poorer internal
fruit quality for trees grown on relatively vigorous rootstocks
such as RL and VL compared with trees grown on less vigor-
ous rootstocks such SC and SO.

 

Acid content.

 

 Total acidity of citrus juices is an important
factor in overall juice quality and in determining time of har-
vest in several citrus producing countries. In this study, acid
content in the juice was not affected by the rootstocks (Table
6). However, in other studies, acid content in the juice dif-
fered among rootstocks. Acid content in the juice of fruit
from ‘Olinda Valencia’ trees on SC and Amb was higher than
that from trees on SO, Cleo, RL, CT, and VL (Al-Jaleel and
Zekri, 2002). The lowest total acids in the fruit juice were
from trees on CT and the highest were from trees on SC
(Wutscher and Shull, 1976a, 1976b). Acid content was the
highest for trees grown on SO and the lowest for trees on VL
and RL (Continella, 1988). Total acid was among the highest
in the juice from trees on CC, SC and Cleo and the lowest
from trees on RL and VL (Fallahi et al., 1989, 1991; Fallahi
and Rodney, 1992; Wutscher and Bistline, 1988; Wutscher et
al., 1975). Although internal fruit quality including acid con-
tent can be affected by the scion cultivar, tree age and other
factors, the results on acid content from most of these studies
are consistent showing relatively lower acid content for trees
grown on lemon rootstocks.

 

Conclusions

 

Rootstocks can affect the success and profitability of virtu-
ally any commercial citrus culture. Rootstock use is consid-
ered essential in citriculture because of its influence on how
and where citrus can be grown successfully, and its influence
on scion fruit quality and quantity. In this study, it was quite
obvious that rootstocks had a significant effect on fruit yield

 

Table 3. Peel thickness (mm) of fruit from ‘Parent Washington Navel’ trees on nine rootstocks.

Year

Rootstock

SO CC Cleo RL SC CT Amb VL CM

1993 6.38

 

z

 

6.83 5.98 7.50 7.08 6.15 6.78 6.98 6.70
1994 5.80 6.00 5.83 6.38 6.35 6.18 5.85 6.03 6.45
1995 5.03 5.35 5.20 5.88 5.70 5.48 5.45 5.65 5.43
1997 5.60 5.35 5.30 4.93 5.40 5.45 4.98 5.38 5.45
1998 6.60 6.53 6.75 7.00 7.35 6.98 6.30 6.58 6.83
1999 5.20 5.45 5.23 6.03 5.25 5.60 5.50 5.88 5.48
Average

 

y

 

5.77 b

 

x

 

5.92 ab 5.71 b 6.28 a 6.19 ab 5.97 ab 5.81 ab 6.08 ab 6.05 ab

 

z

 

Mean of four replications.

 

y

 

Mean of twenty-four measurements (four replications by six years).

 

x

 

Superscripts indicate mean separation within the last row (among rootstocks) by Duncan’s multiple range test, 0.05 level.

Table 4. Juice content (% by wt) of fruit from ‘Parent Washington Navel’ trees on nine rootstocks.

Year

Rootstock

SO CC Cleo RL SC CT Amb VL CM

1993 38.75

 

z

 

38.15 41.48 37.58 38.00 40.48 37.75 39.50 41.03
1994 45.20 44.30 44.50 41.65 43.23 41.68 43.80 41.40 42.15
1995 51.33 49.65 51.25 47.63 51.33 49.25 51.53 49.45 48.63
1997 41.63 43.43 45.28 39.55 41.43 42.78 42.60 44.15 46.18
1998 41.58 41.30 42.78 39.80 41.05 39.93 41.70 40.20 41.43
1999 44.33 45.80 43.78 43.98 43.95 45.70 44.30 43.90 46.35
Average

 

y

 

43.80 ab

 

x

 

43.77 ab 44.84 a 41.70 b 43.16 ab 43.30 ab 43.61 ab 43.10 ab 44.29 ab

Mean of four replications.

 

y

 

Mean of twenty-four measurements (four replications by six years).

 

x

 

Superscripts indicate mean separation within the last row (among rootstocks) by Duncan’s multiple range test, 0.05 level.
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and quality. Failure to assess accurately the impact of climate,
soils, and rootstocks on economic profitability of citrus can be
a major reason for crop losses or reduced income because of
reduced yield and quality potential. Trees on CM, VL, and RL
rootstocks were more vigorous, precocious and more produc-
tive than those on the other rootstocks. Cleo and SC root-
stocks are not recommended for the Najran area of Saudi
Arabia because of Cleo’s high susceptibility to Phytophthora
particularly in poorly drained situations and because of SC
poor adaptability to high pH soil, calcareous soils, and/or rel-
atively saline environment. Based on this study, CM, VL, and
RL are good choices as rootstocks for ‘Parent Washington Na-
vel’ orange in the Najran area of Saudi Arabia.
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Table 5. Total soluble solids concentration (%) of juice from ‘Parent Washington Navel’ trees on nine rootstocks.

Year

Rootstock

SO CC Cleo RL SC CT Amb VL CM

1993 12.15

 

z

 

13.20 11.28 10.90 11.60 10.73 12.15 11.45 11.20
1994 12.65 13.15 12.40 11.48 12.28 11.60 12.80 11.63 11.43
1995 13.18 13.65 12.73 12.68 12.30 11.70 12.70 11.90 11.93
1997 12.38 11.98 11.60 10.65 11.85 11.58 11.70 10.60 10.58
1998 13.08 12.38 11.90 11.20 12.49 10.90 12.13 11.25 10.93
1999 11.85 11.88 11.30 10.50 11.23 10.43 11.28 10.95 10.50
Average

 

y

 

12.55 a

 

x

 

12.70 a 11.87 b 11.23 c 11.96 b 11.15 c 12.13 b 11.30 c 11.09 c

 

z

 

Mean of four replications.

 

y

 

Mean of twenty-four measurements (four replications by six years).

 

x

 

Superscripts indicate mean separation within the last row (among rootstocks) by Duncan’s multiple range test, 0.05 level.

Table 6. Acid content (%) of juice from ‘Parent Washington Navel’ trees on nine rootstocks.

Year

Rootstock

SO CC Cleo RL SC CT Amb VL CM

1993 0.72

 

z

 

0.70 0.59 0.65 0.67 0.67 0.64 0.67 0.74
1994 0.67 0.64 0.62 0.68 0.71 0.66 0.72 0.87 0.69
1995 0.87 0.81 0.77 0.79 0.81 0.83 0.87 0.89 0.83
1997 0.85 0.89 0.85 0.89 0.89 0.86 0.86 0.83 0.81
1998 0.90 0.83 0.86 0.84 0.91 0.84 0.82 0.84 0.87
1999 0.73 0.84 0.78 0.71 0.79 0.76 0.83 0.71 0.78
Average

 

y

 

0.79 a

 

x

 

0.79 a 0.75 a 0.76 a 0.80 a 0.77 a 0.79 a 0.80 a 0.79 a

 

z

 

Mean of four replications.

 

y

 

Mean of twenty-four measurements (four replications by six years).

 

x

 

Superscripts indicate mean separation within the last row (among rootstocks) by Duncan’s multiple range test, 0.05 level.
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Abstract.

 

 Fruit size is a significant factor in the value of most cit-
rus varieties grown for sale as fresh fruit. Production of fruit
too small to market is most common in heavily over-cropped
trees, a condition often observed in ‘Murcott’ (

 

Citrus reticulata

 

×

 

 

 

C. sinensis

 

) and other tangerine-types. Greatest improve-
ments in fruit size result from cropload reduction relatively ear-
ly in fruit development, but usually result in decreased yield,
with increased fruit size not fully compensating for decreased
numbers of fruit. In 2001, we conducted a trial on increasing
fruit size of ‘Murcott’ with excessive fruit set. A randomized
complete block factorial trial was established in which topping
0.5 m from a 4.6 m tall tree and application of 28 kg·ha

 

-1

 

 of KNO

 

3

 

were compared to non-treated controls. All fruit were harvest-
ed and sized from each of the treatment trees. KNO

 

3

 

 treatments
did not significantly affect any parameter measured. Topping
decreased fruit per tree by 15% but increased mean fruit weight
by 13%, resulting in no significant reduction in total yield. Car-
tons of fruit in the 80-120 count sizes were increased from 0.83
to 1.56 carton/tree but cartons 80-176 count sizes were not sig-
nificantly increased. Peak production was at the 176 size class
for all treatments. Since topping was conducted four months
after bloom and yet virtually no yield reduction was apparent,
reduced competition between fruit for photosynthates does
not appear to fully explain the fruit size increase. It is proposed
that reduced water stress, from reducing leaf area and associ-
ated transpiration, may be the principal mechanism for in-
creasing fruit size in this experiment.

 

Excessive cropping is a frequent occurrence in mandarins
and mandarin-like hybrids, resulting in many fruit that are
too small to market, alternate bearing, and sometimes sub-
stantial tree damage from branch breakage. Although hand
thinning is known to avoid these problems and increase fruit
size, labor costs in Florida make this practice prohibitively ex-
pensive. Plant growth regulator (PGR) treatments have been
widely studied to reduce cropload through increasing physio-
logical drop in heavily cropped trees (Stover et al., 2002a). In
Florida, PGRs have received little use for this purpose, even
though naphthaleneacetic acid (NAA) has long been regis-
tered for use on tangerines, tangors, tangelos, and oranges.
Instead, Florida citrus growers have relied on hedging, top-
ping, and skirting to decrease cropload on blocks with exces-
sive fruit load. When problems with small fruit size become
apparent in the summer, there has been some success in-
creasing fruit size through use of foliar potassium sprays
(Boman, 1997). This paper reports results of a trial in which
a ‘Murcott’ block with excessive fruit set was subjected to top-
ping and KNO

 

3

 

 applications in an effort to increase fruit size.

 

Materials and Methods

 

Trees used in this study

 

. A mature grove of ‘Murcott’ on
Cleopatra mandarin (

 

C. reticulata

 

) rootstock, located west of
Ft. Pierce, Fla., was used in this study. Trees were planted at
4.6 m by 7.6 m (286 trees per ha) in double row beds on Olds-
mar sand (hyperthermic Alfic Arenic Haplaquods). Trees
were microsprinkler irrigated and received routine care for
commercial production of ‘Murcott’. The experiment was
conducted using two topping treatments (topped or not) and
two KNO

 

3

 

 rates (0 or 28 kg·ha

 

-1

 

) as a factorial randomized
complete block design. As a result, half rows were the experi-
mental units and there were four experimental units per
treatment combination. Buffer rows were used to prevent
KNO

 

3

 

 overspray.
Data were collected on three trees in each experimental

unit, with a typical tree selected in the middle and toward
each end of each half row. Tree selection for average size and
cropload was made prior to topping to reduce potential bias.

 

Topping treatments

 

. An average of 0.5 m per tree was re-
moved from trees that averaged 4.6 m in height. Flat topping
was conducted on 8 Aug. 2001 using a commercial topper
with entire rows topped.
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