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ABSTRACT: Incompatibility among certain citrus scion and rootstock cultivars can be avoided through
interstocking. ‘Pera’ sweet orange (Citrus sinensis L. Osbeck) nursery tree production was evaluated on
‘Swingle’ citrumelo (Poncirus trifoliata (L.) Raf x Citrus paradisi Macf) and ‘Volkamer’ lemon (Citrus
volkameriana Pasquale) incompatible rootstocks, using ‘Valencia’ and ‘Hamlin’ sweet oranges (Citrus
sinensis L. Osbeck), ‘Sunki’ mandarin (Citrus sunki Hort. ex Tanaka), and ‘Cleopatra’ mandarin (Citrus
reshni Hort. ex Tanaka) as interstocks. Citrus nursery trees interstocked with ‘Pera’ sweet orange on both
rootstocks were used as control. ‘Swingle’ citrumelo led to the highest interstock bud take percentage, the
greatest interstock height and rootstock diameter, as well as the highest scion and root system dry weight.
Percentage of ‘Pera’ sweet orange dormant bud eye was greater for plants budded on ‘Sunki’ mandarin
than those budded on ‘Valencia’ sweet orange. No symptoms of incompatibility were observed among any
combinations of rootstocks, interstocks and scion. Production cycle can take up to 17 months with higher
plant discard.
Key words: citrus, incompatibility, interstock, propagation

PRODUÇÃO DE MUDAS DE LARANJA ‘PÊRA’
INTERENXERTADAS NOS PORTA-ENXERTOS LIMÃO

‘VOLKAMERIANO’ E CITRUMELO ‘SWINGLE’

RESUMO: A incompatibilidade entre certas variedades de copa e porta-enxertos de citros pode ser evitada
através da interenxertia. Avaliou-se a produção de mudas de laranja ‘Pêra’ (Citrus sinensis L. Osbeck)
enxertada sobre os porta-enxertos incompatíveis citrumelo ‘Swingle’ (Poncirus trifoliata (L.) Raf x Citrus
paradisi Macf) e limão ‘Volkameriano’ (Citrus volkameriana Pasquale), utilizando-se como interenxertos
as laranjas ‘Valência’ e ‘Hamlin’ (Citrus sinensis L. Osbeck), tangerina ‘Sunki’ (Citrus sunki Hort. ex
Tanaka) e tangerina ‘Cleópatra’ (Citrus reshni Hort. ex Tanaka). Mudas interenxertadas com laranja ‘Pêra’
sobre ambos os porta-enxertos foram usadas como testemunha. Citrumelo ‘Swingle’ levou à maior
porcentagem de sobrevevivência de interenxertia, maior altura de interenxerto, maior diâmetro de tronco
do porta-enxerto, além de acumular maior quantidade de matéria seca da copa e do sistema radicular. A
percentagem de borbulhas dormentes de laranja ‘Pêra’ foi superior para mudas enxertadas sobre tangerina
‘Sunki’ quando comparadas às mesmas mudas enxertadas sobre laranja ‘Valência’. Não foram observados
sinais de incompatibilidade entre quaisquer combinações de porta-enxerto, interenxerto e copa. O ciclo de
produção deste tipo de muda pode se estender por até 17 meses a partir da semeadura e pode haver maiores
níveis de descarte de mudas ao final da produção.
Palavras-chave: citrus, incompatibilidade, interenxertia, propagação

INTRODUCTION

Interstocking is a propagation technique that
avoids scion/rootstock incompatibility with no reduc-
tion in yield, even though it can result in new charac-
teristics such as reduction in canopy size, and decrease
in production per unit area (Yonemoto et al., 2004). In
some fruit crops, such as apple, interstocking may lead
to a direct increase in fruit yield per tree of up to 30%,

as well as reducing shoot growth up to 20% (Samad
et al., 1999). Reduction of trunk diameter has also been
observed in interstocked peaches, while flowering and
fruit set increased (Scarpare Filho et al., 2000).

Most reports of interstocks in citrus show that
there is no effect on fruit characteristics when using
this propagation method (Sampaio, 1990), although
variations in acid concentration, fruit length and peel
thickness were observed in ‘Verna’ lemon budded on
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sour orange with different sweet orange interstocks
(Llorente et al., 1984). Interstocks improved sap flow
rate in lemon trees, as a result of reduction in trunk
thickness at grafting point, modifying individual fla-
vonoid content of juice (Gil-Izquierdo et al., 2004).
Intertocks may not avoid virus or viroid translocation
between scion and rootstock. Therefore, it could not
directly affect resistance to diseases such as citrus
tristeza virus (CTV) (Bitters et al., 1981). However,
this technique is being evaluated in trials involving
avoidance to citrus sudden death (CSD) in Brazil
(Müller et al., 2002).

Poncirus trifoliata used as an interstock for
‘Valencia’ sweet orange on ‘Rangpur’ lime rootstock
led to smaller plants, reduction of fruit production per
tree, and fruit set delay, eight years after planting
(Sampaio, 1990). Interstock length and budding height
did not affect plant growth and fruit production
(Sampaio, 1993). The present work evaluated the pro-
duction of ‘Pera’ sweet orange nursery trees on incom-
patible ‘Swingle’ citrumelo and ‘Volkamer’ lemon
rootstocks by interstocking three different citrus spe-
cies.

MATERIAL AND METHODS

The experiment was carried out in a screen
house at a commercial citrus nursery in Araras, SP
(22º25’15" S; 47º23’03" W). ‘Swingle’ citrumelo 4475
(Poncirus trifoliata (L.) Raf x Citrus paradisi Macf)
and ‘Volkamer’ lemon Catânia 2 (Citrus volkameriana
Pasquale) were evaluated as incompatible rootstocks
for ‘Pera’ sweet orange (Citrus sinensis L. Osbeck)
(Pompeu Jr., 1991). Four different interstocks, compat-
ible either with ‘Pera’ sweet orange and both
rootstocks (Agustí, 1999; Figueiredo, 1991), were
used: ‘Valencia’ sweet orange (Citrus sinensis L.
Osbeck), ‘Hamlin’ sweet orange (Citrus sinensis L.
Osbeck), ‘Cleopatra’ mandarin (Citrus reshni Hort. ex
Tanaka), and ‘Sunki’ mandarin (Citrus sunki Hort. ex
Tanaka). ‘Pera’ sweet orange was also used as
interstock control.

Four month-old rootstocks seedlings produced
in 0.075 L plastic tubes were transplanted to 4.5 L plas-
tic bags. Pine bark commercial substrate and control
release fertilizer previously mixed into substrate (22-
04-08 at 2 kg m-3) were used. Daily fertigation with
24-08-16 soluble fertilizers at 1.2 g L-1 was initiated
15 days after transplant, and continued until final
evaluation. Both rootstocks had initial height of 35 cm.

Interstock budding was done 100 days after
rootstock transplant, 12 cm above the substrate line,
when ‘Swingle’ citrumelo and ‘Volkamer’ lemon had
a stem diameter of 0.69 cm and 0.64 cm, respectively.

The T-budding method was used with unwrapping of
the buds occurring 14 days after budding. Fresh
budwood of all interstock cultivars was used. Root-
stock looping was applied as a bud eye forcing method.
The second growth flush was observed 120 days after
budding. The main stems were pruned at a height of
60 cm above the substrate line to avoid overgrowth and
shading.

‘Pera’ sweet orange budding was performed
210 days after interstock budding, 12 cm above the
interstock/rootstock bud union, with unwrapping of the
buds occurring 20 days later. Interstock canopy was
pruned just after budding, 15 cm above interstock/scion
bud union. Rootstock looping was maintained at that
time. Interstock and rootstock remaining scions were
completely eliminated 60 days after second budding,
when ‘Pera’ sweet orange finished first growth flush.
Evaluation was finished 100 days after budding with
‘Pera’ sweet orange.

Experiment was set in 2 × 5 factorial scheme
(rootstock × interstock), with 10 treatments in 3 ran-
domized block replications. Experimental unit was
comprised of 12 plants, a total of 360 nursery trees.
Arc sin {√[(x +α)/100]} transformation was applied
for data expressed in percent basis. Variance
analysis was carried out through ESTAT statistical
software and means were compared by Tukey Test
(α = 0.05).

Data collected included percentage of
interstock bud take; interstock height (cm) 60, 90, 120
and 150 days after budding; percentage of dead and
dormant bud eyes; scion height (cm) of ‘Pera’ sweet
orange nursery trees; rootstock stem diameter 100 days
after budding; fresh and dry matter (g) of scion and
root system 100 days after budding (three plants were
used per replication and the material was dried at 64ºC
for 72 hours); and root system volume (mL), which
was measured according to Bernardi et al. (2000). Time
required for complete citrus nursery tree production,
and discard percentage of inadequate nursery trees
were also measured.

RESULTS AND DISCUSSION

Interstock bud take percentage was higher in
‘Swingle’ citrumelo, with 90% of the bud eyes alive
25 days after interstock, while ‘Volkamer’ lemon led
to a 77% survival rate (Table 1). ‘Pera’ sweet orange
budded on ‘Volkamer’ lemon (control) had the lowest
bud take percentage, only 50%. However, there were
no symptoms of incompatibility between scion and ei-
ther rootstock until 10 months after interstock budding,
or an influence of the interstock on nursery tree growth
during experimental evaluations.
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Citrus incompatibility is usually caused by
physiological factors initially characterized by bud union
crease and gum release (Agustí, 1999; Pompeu Jr. et al.,
1972). Usually symptoms of incompatibility such as
scion size reduction will be observed only during grove
formation after planting of nursery trees in the field, sev-
eral years after budding (Castle et al., 1993). Additional
symptoms are the death of the root system, rootstocks
showing abnormal shooting, and leaf chlorosis. Trees
show a reduction in growth and can die after some years.
Union between rootstock and scion tissues is deficient,
with a lack of tissue union and necrosis, due to tissue
rejection and differences in diameter between phloem
and xylem vessels (Valero, 1984).

‘Swingle’ citrumelo plants were taller than
‘Volkamer’ lemon plants at interstock budding stage,
117.4 cm and 95.5 cm, respectively (data not shown).
‘Swingle’ citrumelo also led to the tallest interstocks
60 to 150 days after budding (Table 1). ‘Sunki’ man-
darin was the most vigorous interstock cultivar, fol-

lowed by ‘Cleopatra’ mandarin and the sweet oranges.
This fact may be explained by the juvenility of the
propagation material (Hartmann et al., 2002), because
mandarin budwood was obtained from rootstock seed-
lings, while sweet orange budwood was obtained from
budwood foundation blocks. Different interstocks
could induce different vigor and duration for nursery
tree production cycle (Cámara et al., 2003).

‘Sunki’ mandarin interstock led to greater dor-
mant bud eye percentage (36%) compared to ‘Valencia’
(23%) and ‘Pera’ sweet orange (22%) (Table 2). There-
fore, there was no influence of rootstock, but only of
interstock, on ‘Pera’ sweet orange bud take percent-
age. ‘Sunki’ mandarin is characterized by low
polyembriony rate and high percentage of zygotic seed-
lings recovery, with great number of zygotic seedlings
being used as rootstock, and this may affect bud take
percentage and scion growth (Soares et al., 1999).
Dead bud eye percentage was not influenced by any
treatments, with an average rate of 6.7%. Dead bud eye

kcotsretnI
kcotstooR 'areP' 'aicnelaV' 'nilmaH' 'iknuS' 'artapoelC' naeM

ekatdubkcotsretnI
-----------------------------------------%-------------------------------------------

'elgniwS' aA11.68 aA65.08 aA98.88 aA22.79 aA22.79 A00.09
'remakloV' bB00.05 baA22.27 aA33.38 aA76.19 aA98.88 B22.77

naeM b60.86 ba93.67 ba11.68 a54.49 ba60.39
thgiehkcotsretnI

-----------------------------------------mc------------------------------------------
BAD06
'elgniwS' dA20.12 dcA65.22 cA14.82 aA48.34 bA18.63 A35.03
'remakloV' cA74.71 bA06.62 cbA17.22 aB14.73 bB94.62 B41.62

naeM c42.91 cb85.42 cb65.52 a26.04 b56.13
BAD09
'elgniwS' cA49.23 cA01.73 cA11.34 aA33.08 bA20.26 A01.15
'remakloV' cB99.42 cB97.13 cB93.33 aB86.85 bB42.44 B26.83

naeM c69.82 c44.43 c52.83 a05.96 b31.35
BAD021
'elgniwS' cA87.03 cA41.63 cA50.34 aA32.701 bA19.77 A20.95
'remakloV' cB78.02 cB88.92 cB93.43 aB39.57 bB69.65 B16.34

naeM c28.52 c10.33 c27.83 a85.19 b34.76
BAD051
'elgniwS' cA34.93 cA79.44 cA72.34 aA65.221 bA88.78 A26.76
'remakloV' cA75.33 cB29.23 cA38.04 aB77.19 bB60.47 B36.45

naeM c5.63 c49.83 c50.24 a61.701 b79.08

Table 1 - Bud take percentage and height of ‘Pera’, ‘Valencia’ and ‘Hamlin’ sweet oranges and ‘Sunki’ and ‘Cleopatra’
mandarins as interstocks budded on ‘Swingle’ citrumelo and ‘Volkamer’ lemon 60, 90, 120 and 150 days after
budding (DAB).

Means followed by different capital and lowercase letters, respectively in columns and lines, differ from each other by Tukey’s Test
(α = 0.05).
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could be a result of intrinsic characteristics of the
budwood used, or even inadequate budding timing, in-
stead of being influenced by rootstock, as physiologi-
cal aspects of budwood source plant affect budding in
other fruit crops (Araújo & Castro Neto, 2002).

Plant height of ‘Pera’ sweet orange was not in-
fluenced by interstock or rootstock, with the exception
of those plants on ‘Pera’ sweet orange interstock bud-
ded on ‘Volkamer’ lemon compared to the same com-
bination budded on ‘Swingle’ citrumelo (Table 2).
‘Volkamer’ lemon is considered a more vigorous root-
stock when compared to others (Pompeu Jr., 1991). In
Northeast Brazil, trials involving ‘Pera’ sweet orange
as scion, ‘Volkamer’ lemon had similar vigor and yield
when compared to ‘Rangpur’ lime and rough lemon
(Prudente et al., 2004). ‘Swingle’ citrumelo stem di-
ameter was superior to ‘Volkamer’ lemon (Table 2).
Actually, ‘Swingle’ citrumelo is reported as a vigor-
ous rootstock in different citrus regions of the world,
inducing large canopies even when compared to
‘Volkamer’ lemon some years after planting (Agustí,
1999; Castle et al., 1993).

‘Sunki’ mandarin interstock induced smaller
‘Swingle’ citrumelo rootstock stem diameter compared
to ‘Pêra’ and ‘Valencia’ sweet orange interstocks, evi-
dence that interstocks influence trunk diameter differ-
ently (Table 2). In Italy, interstocks are used to reduce
the trunk diameter at the budding union point, as its

enlargement is believed to reduce sap flow rate and,
consequently, influence on plant growth and fruit pro-
duction (Gil-Izquierdo et al., 2004). Therefore, differ-
ent interstocks may induce different trunk diameter,
and thus distinct plant vegetative growth.

‘Swingle’ citrumelo had the greatest scion and
root system fresh and dry matter (Table 3). Root sys-
tem average volume was of 65 mL being not influ-
enced by treatments. That is an interesting fact as
‘Swingle’ citrumelo had greater root system dry mat-
ter. Therefore, there may be anatomical differences be-
tween the root systems of these rootstocks. ‘Volkamer’
lemon, like ‘Rangpur’ lime, has a fibrous root system
with a large number of feeder roots, while citrumelos
are characterized by a denser root system (Wutscher,
1998). In field conditions, ‘Volkamer’ lemon induces
smaller root system influencing on plant growth of ‘Ta-
hiti’ lime (Neves et al., 2004).

The nursery tree production cycle lasted 17
months from rootstock sowing, 10 months from
interstock budding. The typical citrus nursery tree pro-
duction cycle lasts 10 to 12 months from rootstock
sowing in screened nurseries in São Paulo State
(Girardi et al., 2005). Although the interstocked nurs-
ery tree production cycle is long, this technique is
promising because it can lead to reduction in plant size
and, consequently, allow for greater orchard density
(Castle, 1981; Krezdorn, 1978).

Table 2 - Dormant bud eye percentage and scion height and rootstock stem diameter of ‘Pera’ sweet orange budded on
‘Pera’, ‘Valencia’ and ‘Hamlin’ sweet orange and ‘Sunki’ and ‘Cleopatra’ mandarins, on ‘Swingle’ citrumelo
and ‘Volkamer’ lemon rootstocks, 100 days after budding (DAB).

kcotsretnI
kcotstooR 'areP' 'aicnelaV' 'nilmaH' 'iknuS' 'artapoelC' naeM

egnaroteews'areP'foeyedubtnamroD
------------------------------------------%------------------------------------------

'elgniwS' bA98.31 baA00.52 baA87.72 aA65.03 baA00.52 A62.92
'remakloV' bA76.61 bA11.11 bA98.31 aA76.14 bA76.61 A00.52

naeM b86.22 b39.22 ba85.62 a87.63 ba47.62
egnaroteews'areP'fothgiehnoicS

-----------------------------------------mc-----------------------------------------
'elgniwS' aB05.55 aA87.17 aA02.16 aA33.75 aA80.56 A71.26
'remakloV' aA41.77 aA19.16 aA83.07 aA38.95 aA20.46 A56.66

naeM a23.66 a48.66 a87.56 a85.85 a55.46
retemaidmetskcotstooR

-----------------------------------------mm-----------------------------------------
'elgniwS' aA80.51 aA71.61 baA36.41 bA17.21 baA75.41 A36.41

'onairemakloV' aB19.01 aB36.21 aA13.31 aA50.21 aA91.31 B24.21
naeM a99.21 a93.41 a79.31 a83.21 a78.31

Means followed by different capital and lowercase letters, respectively in columns and lines, differ from each other by Tukey’s Test
(α = 0.05).
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Right after citrus sudden death disease (CSD)
was observed in Sao Paulo and Minas Gerais States
in 1999, ‘Rangpur’ lime started to be replaced as root-
stock due to its susceptibility to this disease (Müller
et al., 2002). Therefore, ‘Pera’ sweet orange can be
grafted on fewer rootstocks because it is incompatible
with ‘Volkamer’ lemon, Poncirus trifoliate, and its hy-
brids. Interstocking could lead to greater rootstock di-
versification for this scion variety especially in CSD
affected areas. Considering that ‘Rangpur’ lime is used
as rootstock in almost 80% of Sao Paulo State groves
(Pompeu Jr. et al., 2002), and ‘Pera’ sweet orange is
one of the main scion varieties, rootstock diversifica-
tion is a high priority action to be taken in setting new
groves.

High level of discard plants (35%) and the
double budding operation led to a higher nursery tree
cost when compared to usual nursery trees produced
in Brazil (Pozzan & Kanashiro, 2004). Discard is a re-
sult of dormant and dead bud eyes, plus nursery trees
with inadequate growth 10 months after interstock bud-
ding. However, interstocking is a major alternative for

citrus nursery production when incompatible scion/
rootstock combinations are desirable. Cost-benefit as-
sociated with this kind of nursery tree needs to be ana-
lyzed after long-term field experiments. The increase
in orchard setting costs could be offset by improved
plant protection leading to greater plant longevity.
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