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ABSTRACT

Effects of 12 rootstocks on yield, yield efficiency, bearing potential and quality of
Redblush' grapefruit were measured and potential rootstocks recommended for the arid
climate of southwest Arizona. Trees on `Palestine' sweet lime and 'Volkamer' lemon produced
high cumulative yield but small fruit. Trees on Macrophylla (Alemow)produced higher yields
after 5 years of planting and had significantly higher mean yield efficiency than trees on
other rootstocks. Thus, Macrophylla rootstock could be a good choice for 'Redblush'at the
standard spacing and perhaps at high density spacing in southwest Arizona. Fruit of trees
on ` Carrizo' and `Troyer' citranges were largest. Trees on `Savage' citrange had lowest yield
thinnest peel and highest levels of total soluble solids and soluble solids /acid ratio. Fruit
of trees on 'Swingle' citrumelo or C.P.B. 4475 rootstock consistently had higher percentage acid
than those on other rootstocks. Considering yield and /or various quality factors, Vol/tamer'
lemon, rough lemon , 'Palestine' sweet lime, 'Oklawaha' sour orange and particularly
' Carrizo' citrange are suitable for 'Redblush' grapefruit in the arid Southwest. 'Savage'
citrange, *hang' pummelo , `Cleopatra' mandarin , and `Swingle' were poor yielding rootstocks
for 'Redblush ' grapefruit, and therefore undesirable for planting under the standard spacing
of this experiment. 'Savage' and `Swingle' might be good choices at higher densities because
they have yield efficiency, high maximum bearing potential and quality.

INTRODUCTION

Yield, fruit quality, resistance to diseases, and soil adaptability are some of the
important criteria for selecting rootstocks. Selection for yield alone is an unsatisfactory
strategy to follow in evaluating scion /rootstock for fresh market fruit, as yield and quality
are often inversely related. Our objective was to evaluate long -term effects of 12
rootstocks on yield and quality of `Redblush' grapefruit grown in Arizona. This long -term
evaluation enables us to identify potential rootstocks for the arid regions of the southwest.

MATERIALS AND METHODS

`Redblush' grapefruit was budded on 12 rootstocks. Trees were grown in the University
of Arizona, Yuma Mesa Agriculural Center in 1966. The 12 rootstocks were: `Volkamer' lemon,
Macrophylla, rough lemon, `Swingle' citrumelo or C.P.B. 4475, 'Carrizo' citrange, `Troyer'
citrange, `Taiwanica', `Palestine' sweet lime, `Oklawaha' sour orange, `Cleopatra'
mandarin, `Ichang' pummelo, and `Savage' citrange. Tree spacing was 7 x 7 m; the soil was
Superstition sand, with the top 20 cm mixed with silt (Typic Calciorthid, sandy, mixed,
hyperthermic; 80% sand) with a pH of 8.0. Overall, tree spacing and cultural practices in the
experimental block were similar to those in commercial groves.

The experimental design consisted of randomized complete blocks with 4 blocks
(replications) per rootstock and 2 trees per block (replication). Fruit from each tree was
harvested in 30 kg boxes, and the yield was recorded for 14 years between 1971 and 1986.
The number of fruit per tree was estimated by dividing total yield per tree into the average
fruit weight in 8 years. Trunk cross -sectional area was measured annually. Yield efficiency
was calculated as yield (kg per tree) /cm2 trunk cross -sectional area for 14 years.
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Maximum number of trees per hectare was predicted by the following procedures:
1) The number of trees under the standard (commercial) spacing of this experiment was 202 per
hectare (82 trees per acre). Bearing potential per hectare was calculated in 1986 (after 20
years of planting), by the formula: cross- sectional area in 1986 x current standard number
of trees per hectare.
2) Rough lemon rootstock was considered as the standard rootstock since it is the most widely
used rootstock in the southwest Arizona. The bearing potential of `Redblush' trees on each
rootstock was subtracted from that of the standard rootstock to calculate deviation bearing
potential of trees on each rootstock from the standard.
3) The deviation in step 2 was divided into the cross- sectional area of each rootstock in
1986 to calculate the number of trees per hectare that could be added to or subtracted from
the current standard spacing.
4) The number in step 3 was added to or subtracted from the the current standard number of
trees per hectare to compute the maximum potential number of trees per hectare for each
rootstock.

Fruit weight, juice volume per fruit, percentage juice (per fruit weight), specific
gravity, peel thickness, total soluble solids, percentage titratable acid, and total soluble
solid /acid ratio were measured in early February for 8 years between 1976 and 1986. Ten
fruit per tree were sampled randomly for quality evaluation in each testing year. Fruit were
weighed and cut in half. Peel thickness, juice volume, specific, total soluble solids, and
total acids (as percentage citic acid per juice), and total soluble solids to acids ratio
were measured.

RESULTS AND DISCUSSION

Yield

Trees on Macrophylla were more precocious than those on all other rootstocks. Trees
on Macrophylla also had significantly higher yield efficiency (yield /trunk cross section)
than trees on all other rootstocks over the 14 -year period (Table 1). Trees on `Cleopatra'
mandarin and `Taiwanica' had low production until 9 years after planting. Trees on
`Volkamer' lemon, rough lemon, 'Carrizo' citrange, `Okiawaha' sour orange and `Palestine'
sweet lime were in the high cumulative yielding group, while trees on `Savage' citrange,
Icharg' pummelo, `Cleopatra' mandarin, and `Swingle' citrumelo were in the low - yielding
category (Table 1).

Trees on'Swingle' and `Savage' had small canopies. These trees, however, had
relatively higher yield efficiency than trees on most other rootstocks, calculated either
by formula yield /trunk cross section (Table 1) or by yield /canopy volume (data not shown).
Our prediction showed that a larger number of trees per hectare can be planted if
Macrophylla, `Savage' citrange and `Swingle' rootstocks are used. Maximum potential yield
was predicted to be high for trees on Macrophylla, `Swingle', and `Palestine' lime, and low
for trees on `Cleopatra' mandarin rootstocks (Table 1). These predictions were made based on
the assumption that tree volume is proportional with the cross -sectional area.

Fruit size

Fruits of trees on 'Carrizo' and `Troyer' citranges were larger than fruit from the
other rootstocks, (Table 2). Trees on 'Carrizo' citrange produced the largest mean fruit
size over 8 years (Table 2). Their total cumulative yield over 14 years was statistically
equal to that of trees on `Volkamer' lemon, which numerically had the highest total yields
(Table 1). This leads us to suggest that trees on 'Carrizo' produce optimal yields (size and
number) when total yield alone is the parameter of interest. Minor differences were
observed in length /diameter ratio (L/D) or "sheep nose shape measurement of fruit from
different rootstocks. None of the rootstocks produced trees having fruit with a length-to-
diameter ratio of more than 0.95, indicating that "sheep nose" was not a significant quality
deterrent.
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Peel thickness

Fruit in our experiment had generally thicker peel than those in Texas (1, 2, 3),
perhaps because of higher temperatures in Yuma. Fruit from trees on `Taiwanica',
Macrophylla, sour orange, and `Ichang' had significantly thicker peel than those from
`Savage' citrange (Table 2). Fruit from trees on `Swingle', `Troyer', and `Cleopatra' had
the same thickness (Table 2); this data agrees with Wutscher and Dube (3).

Juice volume per fruit and percent juice by weight

Fruit from trees on 'Carrizo' citrange had significantly higher
volume of juice per fruit than trees on sour orange and `Taiwanica' (Table 2). Percentage
juice in fruit from trees on `Palestine' sweet lime and Macrophylla was significantly higher
than the percentage of juice in fruit from trees on `Swingle' citrumelo, `Taiwanica', sour
orange, `Cleopatra' mandarin, and `Ichang' pummelo (Table 2).

Total soluble solids

Rootstocks strongly influenced total soluble solids of scion fruit (Table 2).
` Redblush' on `Savage' citrange and sour orange rootstocks had the highest soluble solids;
fruit from trees on `Volkamer' lemon, rough lemon, and Macrophylla were among the lowest
(Table 2). Differences in soluble solids between trees on `Volkamer' lemon and `Savage'
citrange may be due to their yield differences. Trees on `Savage' had the lowest, and those
on `Volkamer' lemon had the highest number of fruit per tree (Table 1). More of the
carbohydrate resources of trees on `Savage' may have been partitioned into the smaller number
of fruit, resulting in the observed high levels of total soluble solids. Fruit from trees
on sour orange had high soluble solids (Table 2) in spite of their high yield (Table 1). Fruit
from trees on `Savage' citrange, sour orange and `Swingle' citrumelo had significantly
higher soluble solids than those on Macrophylla rootstock (Table 2). Specific gravity of
fruit from trees on all rootstocks were generally proportional to their soluble solids (data
not shown).

Total acids

Fruit from trees on ' Swingle' citrumelo had significantly higher total acids, while
fruit from trees on Macrophylla rootstock had the lowest acids (Table 2). ` Redblush' fruit
on `Volkamer' lemon, rough lemon, and `Palestine' sweet lime rootstocks were also among the
low acid fruit (Table 2).

Soluble solids /acid ratio

Fruit in this experiment generally had a higher soluble solids /acid ratio than those
from Texas (1, 2, 3). ` Redblush' fruit on `Swingle' citrumelo, rough lemon, `Taiwanica', and
`Volkamer' lemon had the lowest ratio. 'Redblush' fruit on `Savage' citrange, Macrophylla,
` Carrizo' citrange, `Troyer' citrange, sour orange, and `Cleopatra' mandarin had the
highest mean soluble solids /acid ratio (Table 2). High total soluble solids in fruit from
trees on 'Savage' citrange is mainly responsible for the high soluble solids /acid ratio in
this rootstock, whereas the high acid content of fruit from trees on `Swingle' citrumelo
results in a low soluble solids /acid ratio (Table 2).

CONCLUSIONS

In our long -term study, trees on `Volkamer' lemon and Palestine' sweet lime had high
yield, but poor fruit quality, when grown on sandy soil and in arid climatic conditions of
southwest Arizona. Although trees on `Volkamer' lemon produced high yield, large canopy
volume and /or large trunk cross -sectional area of trees on this vigorous rootstock resulted
in their having the same or lower yield efficiency than trees on slower growing rootstocks
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(Table 1). However, `Volkamer' lemon and Palestine' sweet lime are desirable rootstocks
for `Redblush' at standard spacing when yield is the primary goal of the growers. Trees on
Macrophylla rootstock were precocious, had relatively high cumulative yield, significantly
higher yield efficiency, and predicted potential yield per acre than trees on other
rootstocks (Table 1). `Redblush' fruit on this rootstock had a high soluble solids /acid
ratio that allowed fruit to reach the minimum solid /acid standard for harvesting earlier
than those on other rootstocks. Because of these desirable characteristics, Macrophylla
could be a good choice for planting at standard spacing or higher densities in southwest
Arizona.

Trees on sour orange had high yield and fruit quality (Tables 1 and 2). Sour orange is
resistant to foot rot; considering yield and quality parameters, it may be a good rootstock
for `Redblush' on the sandy soil areas of southwest Arizona. Trees on rough lemon were
vigorous and fruit quality was poor. However, rough lemon is suitable for planting in
Arizona because `Redblush' trees on this rootstock produce high yields and are drought -
tolerant due to their extensive root system on sandy soil ( Table 1). Trees on 'Carrizo'
rootstock had high yields, with larger and juicier fruit than those on other rootstocks.
This rootstock can also be recommended for planting on the sandy soil of southwest Arizona.

`Redblush' trees on `Savage' citrange, Ichang' pummelo, `Cleopatra' mandarin, and
`Swingle' citrumelo had relatively lower yield than those on other rootstocks (Table 1).
Therefore, these rootstocks are not suitable for `Redblush' at the spacing used in this
experiment. However, `Savage' citrange and `Swingle' citrumelo might be good choices for
planting at higher densities, because they increased yield efficiency and quality. Also, it
was predicted that `Redblush' trees on these rootstocks would have high production on a per
hectare basis.
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r
'
 
c
i
t
r
a
n
g
e
;
 
T
a
i
 
-
 
C
.
 
T
a
i
w
a
n
i
c
a
;
 
P
a
l

-
 
'
P
a
l
e
s
t
i
n
e
'
 
s
w
e
e
t
 
l
i
m
e
;

O
s
o
 
-
 
'
O
k
l
a
w
a
h
a
'
 
s
o
u
r
 
o
r
a
n
g
e
;
 
C
l
e
 
-
 
'
C
l
e
o
p
a
t
r
a
'
 
m
a
n
d
a
r
i
n
;
 
I
c
h
 
-
 
'
I
c
h
a
n
g
'
 
p
u
m
m
e
l
o
;
 
S
a
v
-
 
'
S
a
v
a
g
e
'
 
c
i
t
r
a
n
g
e
.

x
 
M
e
a
n

s
e
p
a
r
a
t
i
o
n
 
w
i
t
h
i
n
 
c
o
l
u
m
n
s
 
b
y
 
D
u
n
c
a
n
'
s
 
M
u
l
t
i
p
l
e
 
R
a
n
g
e
 
T
e
s
t
,
 
5
%
 
l
e
v
e
l
.




