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ABSTRACT: ‘Persian’ lime (PL) [Citrus latifolia (Yu. Tanaka) Tanaka] is an important species both
for domestic fresh fruit consumption in Brazil as well as the export market, since the country
is one of the largest producers in the world despite the fact that, in commercial plantations, it
is still not uncommon to find trees with low productivity and high plant vigor of unknown origin.
Selections of Persian lime ‘CNPMF-2000", ‘CNPMF-2001", ‘CNPMF-01’, ‘CNPMF-02', ‘IAC-5’,
‘AC-5.1", ‘Bearss’, ‘Persian-58’, and ‘5059’, were therefore grafted onto Swingle citrumelo [C.
paradisi Macfad. cv. Duncan x Poncirus trifoliata (L.) Raf.] rootstocks and evaluated in Cruz das
Almas, Bahia, Brazil in a field experiment conducted in a completely randomized block design
with five replications and two trees per plot. The biometric attributes (canopy height, diameter
and volume), yield parameters (yield during the off-season harvest period, yield per plant, pro-
duction efficiency), and fruit quality traits, were evaluated. The ‘CNPMF-2001", ‘CNPMF-01",
‘CNPMF-02', IAC-5’, and ‘Bearss’ selections had 5-11 % shorter trees than the other cultivars.
‘CNPMF-01", ‘CNPMF-02’, ‘Persian-58’, and ‘56059’ presented higher vyield efficiency values,
between 3.1-3.4 kg m-3, and higher vyield levels during the off-season harvest periods. The
‘Bearss’, ‘Persian-58', ‘CNPMF-2000", IAC-5.1" and ‘5059’ selections had more acid fruits and
the latter three, smaller fruits. Based on their horticultural performance up to eight years of age,
‘CNPMF-01', ‘CNPMF-02’, ‘Persian-58' and ‘5059’ selections were the most promising varieties
of Persian lime.
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Introduction

With an annual production of 1.2 million tonnes,
Brazil retains approximately 8 % of the world's produc-
tion of lemons/acid limes and occupies fifth place in
world production of these fruits, behind only Mexico,
India, China and Argentina (FAO, 2015). In Brazil, culti-
vation of 'Persian’ lime (PL) [Citrus latifolia (Yu. Tanaka)
Tanaka] occupies more than 47 thousand hectares with
the main producers being the state of Sdo Paulo, with
a subtropical climate, followed by the states of Minas
Gerais and Bahia, with tropical semiarid climates
(IBGE, 2012). In 2011, PL occupied the fourth position
when ranking Brazilian exports of fresh fruits with a
value in the market surpassed only by mangoes, grapes
and melons (FAO, 2015). This crop has also attracted
the attention of producers because of the high prices
commanded during the off-season of the domestic mar-
ket.

In Brazil there are only two known PL selections
available, 'IAC-5', also known as 'Peruano’, and 'Que-
bra-galho’, a local selection contaminated by viroids (Ei-
ras et al., 2010) cultivated, and the most studied, in the
southeastern region of the country.

Despite its increasing economic expression, PL
cultivation still lacks research that focuses on the diver-
sification of scion and rootstock selections in comparison
to the most studied groups of sweet oranges [C. sinensis
(L.) Osbeck] and many tangerine varieties.

Keywords: Citrus latifolia, rain fed cultivation, scion cultivars

It is imperative to increase the genetic ba-
sis of this species, since new diseases may arise and
threaten crop yields. Persian lime selections known
as 'CNPMF-2000' 'CNPMF-2001', 'CNPMF-01" and
'CNPMF-02" were obtained through open-pollination.
Although it is a triploid species, when PL is cultivated
close to other citrus it produces seeds with low fre-
quency (Santos et al., 2013). A number of these selec-
tions are being studied in the state of Sdo Paulo, and
initial results are promising since there are selections
with agronomic characteristics superior to the control,
'TAC-5' (Bremer Neto et al., 2013).

A number of rootstock evaluation studies ob-
served promising horticultural behavior in Swingle
citrumelo [C. paradisi Macfad. cv. Duncan x Poncirus
trifoliata (L.) Raf.] in combination with PL (Figueiredo
et al., 2002; Espinoza-Nufiez et al., 2011). This root-
stock is tolerant to CTV (Citrus tristeza virus) and to
CSDaV (Citrus sudden death associated virus) and has
been used in Brazil as rootstock for PL as a substitute
for 'Rangpur’ lime [C. limonia Osbeck] due to its sus-
ceptibility to Phytophthora spp. and CSDaV (Pompeu
Junior and Blumer, 2008). Due to the importance of
this species for the Brazilian citrus industry and the
restricted number of PL selections available, the aim of
the present study was to evaluate the initial horticultur-
al performance (performance during the initial growth
period up to eight years of age) of nine PL selections
grafted onto Swingle citrumelo.
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Materials and Methods

Location

The orchard was planted in October 2004 in the
municipality of Cruz das Almas, Reconcavo da Bahia,
Brazil (12°40'39" S, 39°06'23" W, 225 m above sea level).

The climate is classified as Ami according to the
Koppen classification. Weather data were obtained from
an agrometeorological station. Rain sensor and tempera-
ture sensors were at a height of 1.5 m above the ground.
Between 2009 and 2012, the mean annual precipitation
was 1065 mm. Climate data referring to the productive
period are shown in Figure 1. The period from June to
August was characterized as the wet season and from
November to March as the dry season. The soil was clas-
sified as Typic Haplustox (Soil Survey Staff, 2014) and
the experiment was conducted from 2009 to 2012 when
fruit production was available.

Plant material and cultural practices

Nine PL selections (Table 1), grafted onto Swingle
citrumelo rootstocks were planted in 5.5 m x 4.0 m
spacing (454 trees per ha) under rain-fed cultivation.
The following selections were used: 'CNPMF-2000’,
'CNPMF-2001', 'CNPMF-01', 'CNPMF-02’, (from Cruz
das Almas, Bahia, Brazil), 'IAC-5', 'TAC-5.1" (from Cor-
deirépolis, Sdo Paulo, Brazil), '‘Bearss’ and 'Persian-58'
(from Riverside, California, USA) and '5059' (of un-
known origin). 'TAC-5' was used as a control in this
study because it is the main commercial PL selection.

Over the years weed control was conducted us-
ing a brush cutter tractor. As to the presence of harmful
insects, integrated pest management was considered us-
ing insecticides only when populations reached control
levels.

There was no directed chemical control to post
bloom fruit drop (PFD) caused by Colletotrichum acuta-
tum in the experimental area, since this is a frequent oc-
currence in commercial orchards in the region studied.
Manual pruning of dried branches and suckers was car-
ried out when necessary.

N
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Biometric variables

Plant height of eight-year-old trees was evaluated
at the end of the month of August 2012. The diameter
and height of the canopies of the trees were measured
using a metric ruler. Height was measured from the soil
to the middle section of the top of the plant. The diam-
eter was measured in the direction of the planted row
and perpendicular to it for calculating the mean diam-
eter. The canopy volume was calculated by V = 2/3 n (D
/2)2 H, whereas, V is the volume of the canopy in cubic
meters, H is the height of the plant in meters and D the
mean diameter in meters.

Yield variables

The Yield per plant (Y) is referred to as the total
mass (kg) of fruits per plant obtained in the years 2009,
2010, 2011 and 2012. Yield between 2004 and 2008 was
not computed. The harvest was gathered every year and
the values added. The cumulative yield was obtained by
adding the yields of the four years evaluated.

Table 1 — Canopy volume, plant height and average canopy diameter
of nine selections of eight-year-old ‘Persian’ lime grafted onto
Swingle citrumelo in 2012, Cruz das Almas, BA, Brazil.

Selections Canopy volume Plant heigh Canopy diameter
m3 m
CNPMF-2000 37.8 33a 4.7
CNPMF-2001 36.5 3.1b 4.8
CNPMF-01 35.9 3.1b 4.8
CNPMF-02 36.3 3.0b 4.8
IAC-5 40.9 3.1b 4.9
IAC-5.1 40.9 34a 4.8
BEARSS 37.0 3.1b 4.8
5059 38.7 33a 4.8
PERSIAN-58 44.2 34a 4.9
F Test 0.18 0.00** 0.45
CV (%) 13 6 5

Average values within columns followed by the same letter belong to the
same group, according to the Scott-Knott test (p < 0.05). CV - Coefficient of
variation; "non-significant; * *significant at p < 0.01.
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Figure 1 — Rainfall and average, minimum and maximum air temperatures between Jan 2008 and Dec 2012, Cruz das Almas, BA, Brazil. Source:

Meteorological Station at Embrapa Cassava and Tropical Fruits
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The yield efficiency of fruits (YE) was calculated
by YE = Y /V (kg m~3) in the years 2010, 2011 and 2012.

The fruit percentage produced during the off-sea-
son's harvest periods (OSH) in 2012 was calculated by OSH
= YSS /Y100, where 'YSS' is the fruit yield per plant dur-
ing the second semester of 2012 divided by the total yield
of fruits per plant in 2012. Two harvests were gathered dur-
ing the first semester, in March and July, and two more
during the second semester, in September and November.

Variables of fruit quality

A sample of 10 fruits was collected from each plot,
randomly chosen surrounding the canopy of two trees,
with green coloration of C1 to C3, ranging from dark
green with rough peel to a light green, according to the
PL classification scale (CEAGESP, 2011). The follow-
ing physicochemical attributes were evaluated: a) fruit
length and diameter, measured with a metric ruler (cm);
b) fruit mass (g), measured using a digital scale; c) juice
yield, whose evaluation was based on the ratio between
juice weight and fruit weight and expressed as a percent-
age (%); d) peel thickness, measured with a caliper (mm);
e) soluble solid concentration (SS), measured using a di-
rect reading refractometer and expressed as a percentage
by weight (°Brix); f) titratable acidity (TA), measured by
diluting approximately 0.5 g of juice (from each sample)
in 40 mL distilled water using a digital burette. Titration
of the solution with NaOH at 0.1N, expressed as a per-
centage, was carried out, and a ratio calculated by SS/AT.
Results of all the variables of fruit quality are presented
in terms of averages from 2009 to 2012.

Statistical analysis

The experimental design was completely random-
ized blocks with nine treatments (PL selections), five
replications and two trees in the unit. Data was sub-
mitted to the analysis of variance and the means were
grouped by the Scott-Knott test (p < 0.05).

Results and Discussion

Biometric

No significant differences were observed for any
of the measured plant development variables in 2012 be-
tween the evaluated PL selections, with the exception of
plant height (Table 1). Two groups were formed for plant
height: the first one by 'CNPMF-02', 'CNPMF-01’,
'CNPMF-2001', 'Bearss’' and 'TAC-5', with height be-
tween 3.0 and 3.1 m, and the second group, between
3.3 and 3.4 m. Canopy volume ranged between 35.9 and
44.2 m?® for all selections, whereas the average diameter
of canopy was 4.8 m.

The selections 'CNPMF-2000', 'CNPMF-2001’,
'TAC-5', 'IAC-5.1" and 'CNPMF / EECB' (derived from
'CNPMF-01') grafted onto six year old Swingle citru-
melo, were evaluated in Bebedouro, SP, Brazil. 'IAC-5'
presented small height and canopy volume and the others
presented similar plant growth (Bremer Neto et al., 2013).

In addition, '"CNPMF-01' PL trees grafted onto
'Cleopatra’ mandarin (C. reshni Hort. ex Tan.) after nine
years, were 4.5 m in height (Stuchi et al., 2002). In the
same region, ten-year-old 'TAC-5' PL trees grafted onto
Swingle citrumelo presented canopies of 3.9 m height
and 5.9 m diameter (Figueiredo et al., 2002). In another
experiment on six-year old trees this same combination
showed higher mean height than that observed in the
present study (Espinoza-Nuifiez et al., 2011).

In the Grande Jaguey Region, in Cuba, 'Persian-58’
PL trees were inoculated with the citrus exocortis viroid
CEVd, which reduced the size of trees by 23 %, thereby
increasing productive efficiency from 1.5 to 2.6 kg m~3in
comparison to the control (Pérez et al., 2004). The Flying
Dragon trifoliate orange [P. trifoliata (L.) Raf. var. mon-
strosa T. Ito] has induced significant reductions in height
when used as rootstock for the 'TAC-5.1" PL (Cantuarias-
Avilés et al., 2012) and 'TAC-5' (Espinoza-Ntufiez et al.,
2011) in comparison to Swingle citrumelo. In the South
Pacific island of New Caledonia, Flying Dragon trifoliate
orange grafted with PL promoted a five-fold increase in
the tree density of the plantation and an increase of 3.3
times more productivity per hectare in comparison to
PL grafted onto vigorous rootstocks (Mademba-Sy et al.,
2012). Selections of PL smaller in height than some of
those observed in this study (Table 1) could further en-
hance this reduction effect in the canopy of rootstocks.
The importance of selections with smaller canopies is as-
sociated especially with harvesting feasibility, since very
high trees hinder manual harvest and make necessary
the use of tools such as hooks for PL fruit picking. This
type of procedure may lead to fruit and plant injuries
which reduced the efficiency of the treatments applied
during the post-harvest stage (Bassan et al., 2013).

Yield

Throughout the evaluation period, the PL selec-
tions were significantly different for all the yield vari-
ables studied (Table 2).

With regard to fruit yield per plant, in 2009,
'CNPMF-02', '5059' and 'Persian-58' were the most
productive. In 2010, 'CNPMF-2000" and 'CNPMF-2001'
resulted in lower yield in comparison with the remain-
ing selections, whereas in 2011, '5059" and 'Persian-58’,
maintained a higher yield per plant. 'Persian-58' was
the most productive selection in 2012 (152 kg per plant).
Considering the cumulative yield in 2009 to 2012, 'Per-
sian-58' was also the most productive selection with
322.4 kg per plant and 'CNPMF - 2000', 'CNPMF -
2001" and 'TAC 5' the least productive, with 28.0, 44.2
and 39.9 kg per plant, respectively.

In terms of yield efficiency, selections 'Persian-58’
and '5059' showed better performance in the years of
2010 and 2011. In 2012, these same selections, along
with 'CNPMF-01" and 'CNPMF-02', presented greater
efficiency, namely, between 3.1 to 3.4 kg m~*. In general,
selections "CNPMF-2000', 'CNPMF-2001" and 'TAC-5'
presented the lowest means for all the yield variables.
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Table 2 — Yield per plant, yield efficiency and yield during the off-season harvest period (OSH) of nine ‘Persian’ lime selections grafted onto

Swingle citrumelo in the period 2009-2012, Cruz das Aimas, BA, Brazil.

Cultivars Yield (kg per plant) Yield efficiency (kg m=3) OSH (%)
2009 2010 2011 2012 Cumulative! 2010 2011 2012 2012
CNPMF-2000 1.5b 8.7b 6.5d 28.0d 44.7 e 0.7b 0.3d 0.7¢ 17¢c
CNPMF-2001 2.6b 35b 11.5d 44,2 d 61.8¢e 0.2b 0.4d 1.2¢ 37b
CNPMF-01 6.1b 27.1a 549 ¢ 120.5b 208.6 ¢ 16a 19¢ 34a 55a
CNPMF-02 9.1a 225a 71.7b 114.8b 218.2¢ l4a 2.7b 3.2a 48 a
IAC-5 3.8b 17.7 a 17.2d 39.9d 786 ¢ 09b 0.6d 10c 34 b
IAC-5.1 5.6b 195a 418¢c 6l.1c 127.9d 1.0b 15¢ 15¢c 29b
BEARSS 45b 24.2 a 53.9¢ 83.4¢c 165.9d 16a 2.0b 2.3b 39b
5059 146a 32.6a 99.0a 120.1b 266.3b 20a 3.3a 31a 50 a
PERSIAN-58 146a 37.7a 118.2a 151.9a 3224 a 19a 36a 34a 5la
F Test 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00**
CV (%) 66 58 32 24 23 47 32 24 30

Average values within columns followed by the same letter belong to the same group, according to the Scott-Knott test (p < 0.05). CV - Coefficient of variation;
**significant at p < 0.01. 'Average cumulative yield per plant over the four years evaluated (kg per plant).

In Bebedouro, the selection 'CNPMF / EECB' ob-
tained higher yield efficiency (2.8 kg m~3) in comparison
to 'IAC-5" and 'IAC-5.1', which showed intermediate ef-
ficiency, and that of 'CNPMF-2000" and 'CNPMF-2001",
which showed lower efficiency (Bremer Neto et al.,
2013).

In the present study, the production variables were
responsible for the main differences between PL selec-
tions (Table 2). Yield per plant, from the sixth to the sev-
enth year of age, increased more than 100 % for most
selections, except in the case of 'CNPMF-2000' and
'TAC-5". For the seventh to the eighth year, the highlight
was selection 'CNPMF-01" which again registered an in-
crease of more than 100 % in yield and entered the group
of selections with the highest yield efficiency. In another
study, 'CNPMF-01' trees presented their highest increase
in yield from the second to the third year, increasing from
5 to 90 kg per plant, whereas in the eighth year of age,
trees produced 136 kg per plant (Stuchi et al., 2002). Con-
sidering the yield efficiency at six years of age, the results
for 'TAC-5' and 'TAC 5.1’ PL on Swingle citrumelo in Cruz
das Almas, Bahia, were inferior to the trees from these
same combinations in Bebedouro, Sdo Paulo, whereas the
first produced 3.4 kg m~* (Espinoza-Nufez et al., 2011)
and the second 1.3 kg m~3 (Cantuarias-Avilés et al., 2012).
The selections 'CNPMF-01', 'CNPMF-02', 'Persian-58’
and '5059' presented higher fruit yield in the months of
September and November, approximately 50 % of the an-
nual total (Table 2). Thus, they are good options for the
internal market in Brazil, since the off-season harvest pe-
riod of PL occurs in this same period and there are sub-
stantial differences in the price of PL between the harvest
and off-season harvest periods in the Brazilian market.
Furthermore, in 2011 Brazil exported less than 6 % of its
production, meaning that the internal market is the main
destination of production (FAO, 2015).

There was no chemical control PFD in the experi-
mental area in an attempt to reproduce the usual man-
agement of the study region since small producers do
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not perform this practice. However, occasionally, there
were symptoms of the disease during the evaluation pe-
riod, between the evaluated selections.

Fruit quality

There were differences in fruit mass, peel thick-
ness, ratio and titratable acidity between the PL selec-
tions (Table 3).

Two groups were identified in regard to fruit
mass. The first group ('CNPMF-2001', 'CNPMF-01’,
'CNPMF-02', 'TAC-5', 'Bearss’ and 'Persian-58') pre-
sented fruits in the 105.7 to 115.7 g range, whereas the
second group (‘CNPMF-2000', 'TAC-5.1" and '5059’),
between 91.2 and 96 g. Fruit length was between 5.7
and 6.4 cm and diameter between 5.4 and 5.7 cm, re-
gardless of the selection. Selections 'CNPMF-2000" and
'CNPMF-2001" had fruits with thicker peel in compari-
son to the remaining ones. Juice content was between 36
% and 44 % for all selections evaluated.

Selections 'CNPMF-2001', 'CNPMF-01’,
'CNPMF-02' and 'TAC-5' produced fruits with lower
acidity in comparison to the remaining selections, but did
not differ between each other. Soluble solid content com-
prised between 7.3 and 7.7 °Brix, whereas 'CNPMF-2001"
presented higher ratios in all selections (Table 3).

The internal Brazilian market prefers PL juicy
fruits with smooth peel whereas the external market
prefers fruits with intense green peel. In general, fruits
from all the selections evaluated in this work had attri-
butes considered adequate for both the internal and the
external markets (Table 3).

Regarding fruit dimensions, the data presented in
this study were superior to those reported by Figueiredo
et al., (2002) for 'TAC-5' and similar to those reported
by Stuchi et al., (2009) for 'TAC-5.1". In Bebedouro, Sao
Paulo, fruits with 'TAC-5' canopy over many rootstocks
did not differ in terms of mass, length and fruit diameter
(Figueiredo et al., 2002). In contrast, 'IAC-5.1" fruits in
combination with eleven rootstocks presented differenc-
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Table 3 — Weight (FW), length (FL), diameter (FD), peel thickness (PT), juice yield (JY), titratable acidity (TA), soluble solids (SS), and ratio (RT) of
fruits from nine selections of ‘Persian’ lime grafted onto Swingle citrumelo in the period 2009-2012, Cruz das Almas, BA, Brazil.

Cultivars FW FL FD PT JY TA SS! RT
g cm mm %

CNPMF-2000 91.2b 5.7 5.4 3.7b 42 6.6 a 7.7 1.2a
CNPMF-2001 115.7 a 6.4 5.7 4.4b 36 6.2b 7.7 1.3b
CNPMF-01 108.2 a 6.3 5.7 33a 38 6.5b 7.6 12a
CNPMF-02 106.0 a 6.0 5.5 33a 37 6.5b 7.3 1.la
IAC-5 108.6 a 6.2 5.7 31la 38 6.3b 7.3 1.2a
IAC-51 92.4b 5.8 5.6 3b5a 39 6.8a 7.7 l1la
BEARSS 1076 a 6.2 5.6 32a 38 6.9a 7.6 1la
5059 96.0b 6.3 5.7 32a 44 6.9a 7.4 1.la
PERSIAN-58 105.7 a 6.4 5.6 3.0a 39 6.6 a 7.4 1.1la
F Test 0.00** 0.11m 0.89 0.01** 0.16m 0.01** 0.21m 0.01**
CV% 9 5.6 5.5 13 11 4 4 4

Average values within columns followed by the same letter belong to the same group, according to the Scott-Knott test (p < 0.05). CV - Coefficient of variation;

1(°Brix); "non-significant; * *significant at p < 0.01.

es for the following attributes: soluble solids, ratio, peel
thickness, percentage of juice and fruit mass (Stuchi et
al., 2009).

In Maring4, in the state of Parand, Brazil, different
rootstocks did not influence fruit mass and ratio, but did
influence juice percentage, soluble solids and acidity of
'TAC-5' PL fruits (Stenzel and Neves, 2004).

Fruits from the PL selections analyzed in this study
presented a lower concentration of soluble solids when
compared to results from other works (Bremer Neto et
al., 2013; Cantuarias-Avilés et al., 2012), which may be
explained by the rainfall at the time of harvest (Figure 1),
which possibly influences the concentration of soluble
solids in the fruits. Nonetheless, in general, fruit quality
attributes were insufficient for differentiating the selec-
tions studied, whose fruits seemed to be very similar,
and most differences observed were in relation to the
production of fruit per plant.

The period of evaluation in this work correspond-
ed to the initial phase of fruit production for PL, charac-
terized by the annual increment until reaching produc-
tive stability that occurs around the eighth year of age of
the crop (Stuchi et al., 2002).

Although in this experiment the initial performance
of 'CNPMF-01', 'CNPMF-02', 'Persian-58' and '5059'was
considered superior than the commercial selection cur-
rently in use in Brazil ('TAC-5') a longer evaluation period
is required before making a final recommendation.

Conclusions

The 'Persian’ lime selections 'Persian-58', '5059’,
'CNPMF-01' and 'CNPMF-02' presented higher pro-
ductive efficiency, higher accumulated production and
higher production of fruits in the off-season harvest up
to the eighth year of age, showing promise for cultiva-
tion in tropical climates. Fruit quality of these selections
were similar to that for the commercial selections 'TAC-
5'and 'IAC-5.1".
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