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Abstract. This study reports the per for mance (yield, tree size, and fruit quality) of ‘Ponkan  ̓
mandarin (Citrus reticulata Blanco) on seven rootstocks, evaluated for 11 years under 
Southern Brazil conditions. Trees on C13 citrange had higher cumulative yield for seven 
harvests than those on trifoliate orange. Cleopatra mandarin, rough lemon, Rangpur 
lime, Sunki man da rin, and Volkamer lemon rootstocks main tained their values at an in-
termediate po si tion and did not present any signifi cant difference regarding C13 citrange, 
and tri fo li ate orange. Trees on C13 citrange and on trifoliate orange ex hib it ed the lowest 
alternate bearing index. Cleopatra man da rin induced the greatest can o py volume, but it 
was not signifi cantly dif fer ent from Sunki mandarin and rough lem on. The smallest trees 
were those on Volkamer lemon and trifoliate orange. The highest yield effi ciency came 
from trees on C13 citrange and the smallest on Cleopatra mandarin. Rootstocks did not 
signifi cantly affect fruit weight.

seeds obtained from productive and  virus-
free trees. The seedlings were T-budded with 
a virus-free ‘Ponkan  ̓ mandarin. Seeds and 
buds were obtained from a germplasm col-
 lec tion at the Agricultural Research In sti tute 
of Paraná (IAPAR). The trees were plant ed in 
Dec. 1988, at a commercial grove in Paraná 
State, Brazil (lat. 23°27´S; long. 51°59´W, 500 
m altitude), with 7.0 × 4.0 m spac ing. The soil 
type in the ex per i men tal area was a clayey Typic 
Haplorthox, with 600 g·kg–1 of clay, 70 g·kg–1 
of silt, 330 g·kg–1 of sand, and pH 4.61 in the 
0–25 cm soil layer. The climate clas si fi  ca tion is 
Cfa ac cord ing to Köppen, and the area has an 
average annual rainfall of 1,504 mm, occurring 
mainly in the spring and sum mer. The average 
tem per a ture ranges from 17.7 °C to 28.3 °C, 
and relative humidity (RH) ranges from 70% 
to 75% (Caviglione et al., 2000).

The experiment had a randomized com-
 plete-block design, with three-tree plots and 
four replications. The experimental site was 
surrounded on all sides by ‘Ponkan  ̓manda-
rin trees on Rangpur lime rootstock. The trees 
received standard commercial care for disease 
control, fertilization, and chemical weed con-
 trol within the rows. The areas between rows 
were covered with grass. Foliar spray nu tri ents 
were applied when leaf analysis indicated a 
defi ciency. The trees were not irrigated, a 
common practice in the commercial orchards 
of southern Brazil.

Fruits were harvested and weighed in 
April and May, from the seasons of 1992 
until 1999 (except 1998, probably due to 
low rainfall during fl owering that year). 
Tree height and width were measured in 
June, 1991, and 1999, and canopy volume 
was  calculated by the formula [volume = 
(4/6) · π · height · radius2]. The ratio of the 
av er age yield (1992–99) to the average vol-
 ume (1992–99), was calculated to estimate 
the yield effi ciency for each rootstock. The 
fl uc tu a tion in yield was expressed in terms of 
alternate bearing index (I), calculated as I = 
1 / n-1 × {|(a
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= yields of cor re spond ing years (Pearce and 
Dobersek-Urbanc, 1967). In 1994, 3 d before 
harvest, an eight-fruit sample was taken from 
each plot and then analyzed for fruit quality. 
Fruits were weighed and juice was extracted 
with an elec tric reamer. The juice content was 
measured, also the total soluble solids (TSS) 
were de ter mined with a re frac to me ter and total 
acids (TA) (as citric acid equiv a lent) by titration 
with 0.1 N NaOH.

Data were analyzed using SAS program 
(SAS Institute, 1989) for analysis of vari ance 
(ANOVA), in order to evaluate rootstock ef-
fects on ‘Ponkan  ̓ mandarin characteristics. 
Covariance analysis was used to factor out the 
in fl u ence of canopy volume on the yield. The 
means were separated by Duncanʼs multiple 
range test at P ≤ 0.05.

Results and Discussion

No effect of rootstocks on trees for canopy 
diameter and canopy volume occurred in 1991 
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‘Ponkan  ̓ (Citrus reticulata Blanco) is 
an early midseason mandarin. The trees are 
vig or ous with upright growth habit, and are 
productive, but with a tendency to alternate 
bear. The fruits are tender and juicy with a 
mild, pleasant, and aromatic fl avor, an orange 
fl esh color, and rind puffs. ‘Ponkan  ̓mandarin 
is also known as ‘Batangasʼ, ‘Nagpur Sun-
taraʼ, or ‘Santraʼ, and has a good reputation 
in the South of China, Formosa, and India 
(Hodgson, 1967). In Brazil, this mandarin is 
the most important one, and is mainly grown 
in southeast and southern regions, where it 
shows an excellent adaptation to soil and 
climatic conditions. Rangpur lime (Citrus 
limonia Osb.) is the main rootstock used for 
‘Ponkan  ̓mandarin in Brazil (Pompeu Júnior, 
1991). Rangpur lime has performed well and 
grows satisfactorily in the presence of citrus 
tristeza virus; however, it has a moderate 
tolerance to Phytophthora citrophthora (R.E. 
Sm. and E.H. Sm.) Leonian and Phytophthora 
parasitica Dastur, and is susceptible to citrus 
blight (Timmer et al., 1984). Citrus rootstocks 
have interactive ef fects on tree size, yield and 

fruit quality. There fore, it is important to evalu-
ate the per for mance of ‘Ponkan  ̓mandarin on 
rootstocks in regions where it is cultivated 
because the re sults from rootstock research 
can vary from area to area due to climate, soil, 
diseases, and cultural prac tic es (Wutscher and 
Bistline, 1988). In Brazil, re search  on citrus 
rootstocks are mostly from São Paulo state 
and for orange cultivars, be cause orange is 
95% of citrus growing in Brazil. So, there is a 
lack of in for ma tion on rootstocks under other 
con di tions and for man da rin cultivars. The aim 
of this study was to evaluate the performance 
of ‘Ponkan  ̓ man da rin on seven rootstocks, 
11 years after planting in the state of Paraná, 
southern Brazil.

Materials and Methods

The rootstocks tested were: C13 citrange 
[Citrus sinensis (L.) Osb. x Poncirus trifoliata 
(L.) Raf.], a selection from Brazil; Cleopa-
tramandarin (C. reticulata Blanco); rough 
lemon (C. jambhiri Lush.); Rangpur lime (C. 
limonia Osb.); Sunki mandarin (C. reticulata 
var. austera Swing.); Volkamer lemon (C. 
Volkameriana Ten. and Pasq.); and trifoliate 
orange [Poncirus trifoliata (L.) Raf.]. These 
rootstocks were chosen because they are the 
main ones used in most citrus-growing coun-
tries. The rootstocks were propagated from 
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(Table 1). As for tree height, trees on Sunki 
mandarin showed the highest values, but were 
not statistically different from Cleopatra man-
darin or C13 citrange, and those on Volkamer 
lemon were signifi cantly lower than trees on 
other rootstocks. In 1999, rootstocks infl u-
enced tree height, canopy di am e ter and canopy 
volume. Cleopatra man da rin induced the high-
est values of tree height, canopy diameter, 
and canopy volume; how ev er, values were not 
signifi cantly different from Sunki mandarin or 
rough lemon. The smallest trees were those on 
Volkamer lemon and tri fo li ate orange, which 
did not differ signifi cantly from trees on Rang-
pur lime and C13 citrange. Similarly, results 
with Cleopatra mandarin and trifoliate orange 
rootstocks were also ob served with ‘Ponkan  ̓
mandarin trees (Parente et al., 1993); ‘Pine-
apple  ̓orange, ‘Clementine  ̓mandarin, ‘Tahiti  ̓
lime, and ‘Orlando  ̓tangelo trees (Grisoni et 
al.,1989); and ‘Ponkanʼmandarin on Cleopatra 
mandarin (Valbuena, 1994).

Yield in seven harvests from 1992 to 
1999 (except 1998) indicated a difference 
in pro duc tiv i ty among rootstocks (Table 
2). Trees on C13 citrange had the highest 
cumulative yield, but differed signifi cantly 
only from tri fo li ate orange. Yields on other 
rootstocks were intermediate, and did not show 
any signifi cant difference in relation to C13 
citrange, or tri fo li ate orange. Figueiredo et al. 
(1973) obtained similar results with higher 
cumulative yield of ‘Ponkan  ̓ mandarin on 
Troyer citrange and Rangpur lime; however 
there was no dif fer ence from each other in the 
state of São Paulo, Brazil. Fallahi and Rodney 
(1992) reported the highest yield for ‘Fairchild  ̓
mandarin on ‘Carrizo  ̓ citrange. In Florida, 
‘Carrizo  ̓citrange is considered as a general 
purpose rootstock due to its vigor and yield 

Table 3. Fruit quality analysis of ‘Ponkan  ̓mandarin on seven rootstocks in southern 
Brazil (harvest 1994).

  Juice Total soluble Total acids 
                                     Fruit wt      content       solids (TSS)           (TA)          TSS:TA 
Rootstock                         (g)             (%)                 (%)                   (%)              ratio
C13 citrange                 225.0 az          24.1 b              6.6 b               0.52 a           13.0 b
Cleopatra mandarin      242.5 a       28.1 ab            7.0 ab              0.47 ab         14.9 ab
Rough lemon                247.5 a            21.8 b              7.0 ab              0.41 b          17.8 a
Rangpur lime               209.0 a       36.5 a               7.1 ab              0.49 ab         14.9 ab
Sunki mandarin            230.0 a       25.3 b              7.2 ab              0.50 a           14.6 ab
Volkamer lemon           262.5 a       26.7 b              7.6 ab              0.51 a           15.1 ab
Trifoliate orange          242.5 a       29.6 ab            7.8 a                0.54 a           14.4 ab
zMean separation within columns by Duncanʼs mul ti ple range test at P ≤ 0.05.

in all soils except those with high levels of 
available calcium (Castle et al., 1989).

In this experiment, trees on Cleopatra 
man da rin and trifoliate orange were less 
pre co cious than the other rootstocks at the 
fi rst harvest. However, the cumulative yield 
of trees on Cleopatra mandarin was higher. 
Ac cord ing to Pompeu Júnior (1991), citrus 
trees budded on Rangpur lime, rough lemon, 
Volkamer lemon and trifoliate orange are 
pro duc tive as young trees, while Cleopatra 
man da rin has medium yield as young trees. In 
Florida conditions, Volkamer lemon and ‘Car-
rizo  ̓citrange rootstocks are also pro duc tive as 
young trees, and trees on Cleopatra mandarin 
produce relatively poorly until the trees are 
10–15 years old, however performance on 
Cleopatra mandarin depends on the scion 
(Cas tle et al., 1989).

Trees on C13 citrange presented the high est 
yield effi ciency, although it was sig nifi   cant ly 
different only from trees on Cleopatra man-
darin, which had the lowest yield ef fi  cien cy 
due to its higher values for height and canopy 
(Table 2). Favorable results in terms of yield 
effi ciency are also cited by Georgiou (2000) 

for ‘Nova  ̓mandarin on 'Carrizo' citrange and 
Rangpur lime. The alternate bearing index was 
lower for trees on C13 citrange and trifoliata 
orange. These rootstocks were sig nifi   cant ly 
different from Rangpur lime and Sunki man-
darin, but had no difference from Cleopatra 
mandarin, rough lemon, or Volkamer lemon 
(Table 2).

Rootstocks did not signifi cantly affect 
fruit weight (Table 3). Rough lemon has been 
widely used in Florida for the small-fruited 
‘Dancy  ̓mandarin and trifoliate orange root-
stock reduces fruit size (Castle et al., 1989). 
Juice content was higher for Rangpur lime, 
and signifi cantly lower for C13 citrange, rough 
lemon, Volkamer lemon and Sunki man da rin. 
Total soluble solids (TSS) of fruits on trifoli-
ate orange 0was greater than that on on C13 
citrange. Minimum total acids (TA) were in 
fruits from trees on rough lemon, while all 
other rootstocks induced fruits with a high er 
TA. Fruits from trees on rough lemon had the 
highest ratio (TSS:TA), but were different 
only from trees on C13 citrange, which had 
the lowest ratio. Parente et al. (1993) also had 
higher ratio and lower TA with rough lemon on 

Table 1. Tree height, canopy diameter and canopy volume in 1991 and 1999, of ‘Ponkan  ̓mandarin 
trees on seven rootstocks in south ern Brazil.

 Tree height (m) Can o py di am e ter (m) Canopy vol ume (m3)
Rootstock 1991         1999             1991        1999               1991         1999
C13 citrange 2.72 abz        4.82 bc           1.4 a        4.4 bc             2.9 a        50.5 bc
Cleopatra mandarin 2.82 ab      5.57 a             1.3 a        5.0 a               2.9 a        72.3 a
Rough lemon 2.67 bc      5.25 ab           1.4 a        4.7 ab             2.9 a        60.5 ab
Rangpur lime 2.60 bc      4.82 bc           1.3 a        4.4 bc             2.6 a        50.2 bc
Sunki mandarin 3.00 a        5.42 a             1.4 a        4.6 ab             3.2 a        59.7 ab
Volkamer lemon 2.40 c        4.37 c             1.2 a        4.1 c               2.0 a        38.5 c
Trifoliate orange 2.52 b        4.42 c             1.3 a        4.4 bc             2.2 a        45.6 c
zMean separation within columns by Duncanʼs mul ti ple range test at P ≤ 0.05.

Table 2. Annual and cumulative yield of seven harvests (1992–99) except 1998, mean yield effi ciency, and alternate bearing index of ‘Ponkan  ̓mandarin trees 
on seven rootstocks in southern Brazil.

        Cumulative Cumulative Mean yield Alternate
        yield yield effi ciency bearing
        (original data) (corrected data)z (kg·m–3) index
Rootstock 1992 1993 1994 1995 1996 1997 1999 1992–99 1992–99 1992–99 1992–99

 Yield/tree (kg)
C13 citrange 20.9 aby 84.3 ab 151.3 a 115.1 ab 172.0 a 135.8 a 163.0 ab 842.4  869.7 a 4.0 a 0.28 b
Cleopatra mandarin 12.5 ab 90.8 ab 147.7 a 147.6 a 105.0 ab 151.7 a 184.6 a 840.0  692.9 ab 2.9 b 0.36 ab
Rough lemon 29.4 a 73.0 ab 174.5 a 116.2 ab 116.2 ab 82.2 a 169.5 ab 761.2  708.4 ab 3.1 ab 0.38 ab
Rangpur lime 20.3 ab 42.3 b 181.8 a 109.6 ab 42.7 b 125.3 a 173.4 ab 695.6  725.1 ab 3.3 ab 0.48 a
Sunki mandarin 22.5 ab 114.2 a 136.6 a 42.4 c 34.0 b 137.5 a 181.7 a 669.0  622.7ab 3.7 ab 0.46 a
Volkamer lemon 30.1 a 70.7 ab 128.8 a 118.3 ab 107.0 ab 90.3 a 118.0 c 663.3  786.3 ab 3.4 ab 0.33 ab
Trifoliate orange 9.4 b 70.5 ab 87.6 a 86.4 bc 59.0 b 84.3 a 133.1 bc 530.4  596.5 b 3.8 ab 0.31 b
zData corrected by covariance analysis, using tree canopy volume as the co-factor.
yMean separation within columns by Duncanʼs multiple range test at P ≤ 0.05.
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‘Ponkanʼ. Similarly, lower ratios were reported 
with ‘Temple  ̓mandarin on ‘Carrizo  ̓citrange 
(Levy et al., 1993).

Based on these results, in terms of yield 
all the evaluated rootstocks except trifoliate 
orange would be suitable to ‘Ponkan  ̓man da rin 
in Parana state as well as other regions that 
present similar soil and climate conditions. 
The rootstocks that presented lower alternate 
bearing index were C13 citrange and trifoliata 
orange.
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