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Maximizing the production and fruit quality of the ‘Tahiti’ lime (Citrus latifolia (Yu. Tanaka) Tanaka) is
directly related to the scion/rootstock combination and the production technology applied in groves.
Although some research has evaluated the rootstocks for this cultivar, few studies have identified high-
performance scion selections. Thus, the present study aimed to evaluate the horticultural performance
of five ‘Tahiti’ lime selections (“IAC 5", “IAC 5-1", “CNPMF/EECB", “CNPMF 2000”, and “CNPMF 2001")
grafted onto the ‘Swingle’ citrumelo rootstock [Citrus paradisi Macfad. cv. Duncan x Poncirus trifoliata
(L.) Raf.] under irrigated and non-irrigated conditions. The variables collected over five consecutive crop
seasons included vegetative growth, crop season and off-season yields, yield efficiency, fruit quality, and
CO; assimilation rate. The “CNPMF/EECB” selection had the highest fruit production and yield efficiency,
regardless of irrigation. Under irrigated conditions, the “CNPMF/EECB” selection produced the highest
fruit yield during the off-season. The “IAC 5-1”, “CNPMF/EECB”, “CNPMF 2000”, and “CNPMF 2001” selec-
tions showed increased vegetative growth compared to the “IAC 5” selection, regardless of irrigation.
Irrigation caused higher vegetative growth, higher early fruit bearing, increased fruit yield during the
crop season and off-season, increased yield efficiency, higher juice content and acidity, and a higher
percentage of fruit suitable for export, regardless of the selection evaluated.

Keywords:
Citrus latifolia
Early bearing
Fruit quality
Fruit yield
Photosynthesis

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The global market as well as the production of ‘Tahiti’ lime (Cit-
rus latifolia (Yu. Tanaka) Tanaka) have greatly expanded in recent
years (EC, 2012; FAO, 2012; USDA, 2012). Among the horticultural
variables that influence the economic viability of this crop, yield,
especially during the off-season, and early fruit bearing are the
most important factors, due to several diseases that reduce the
commercial lifespan of the groves. In addition, fruit quality greatly
influences the commercialization of the ‘Tahiti’ lime, especially in
the international market, where prices are higher than in local mar-
kets, particularly during the main harvest season (the first half of
the year in the southern hemisphere).

These variables can be maximized by carefully selecting the
scion/rootstock combination. In addition, the use of production
technology, particularly irrigation, has produced favorable results,
increasing the fruit yield during both the crop season and the
off-season (Espinoza-Nuiiez et al, 2011). Recent studies have
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evaluated the rootstocks and irrigation regimes used in ‘Tahiti’
lime production (Figueiredo et al., 2000, 2002; Stuchi et al.,
2003, 2009; Angelocci et al., 2004; Castle et al., 2004; Sten-
zel and Neves, 2004; Silvaetal.,2005; Alves Janior et al.,2007,2011;
Berdeja-Arbeu et al., 2010; Espinoza-Ndiiez et al., 2011).

In contrast, because of limitations related to the triploidy of
‘Tahiti’ lime, which hinders the use of conventional improvement
techniques, few studies have evaluated the scions of this culti-
var (Hodgson, 1967; Jackson et al., 1972; Agusti, 2003). Thus, few
selections are used commercially. In Brazil, a leading global pro-
ducer of ‘Tahiti’ lime, production is concentrated on only two
selections: “IAC-5", a nucellar clone obtained in California, USA,
in 1885 (Hodgson, 1967) and “Quebra-galho”, a clone contami-
nated by citrus viroids (Eiras et al., 2010). In contrast, new ‘Tahiti’
lime selections have been developed, but few have been eval-
uated for performance. Therefore, the present study aimed to
evaluate the horticultural performance of five ‘Tahiti’ lime selec-
tions grafted onto ‘Swingle’ citrumelo [Citrus paradisi Macfad. cv.
Duncan x Poncirus trifoliata (L.) Raf.], considered an adequate
rootstock for this scion (Figueiredo et al.,, 2000, 2002; Sten-
zel and Neves, 2004; Espinoza-Ndiiez et al., 2011), under irrigated
and non-irrigated conditions.
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2. Materials and methods
2.1. Site characteristics and treatment description

The experiment was conducted in Bebedouro, Sdo Paulo State,
Brazil (20°53’16”S latitude; 48°2811” W longitude; 601 m alti-
tude). The region’s climate is Cwa according to the Koppen
classification. Therefore, it is classified as “humid subtropical cli-
mate”, with dry winters and rainy hot summers, and average
temperatures above 22 °C in the hottest month. The soil was clas-
sified as a typical, moderately hypoferric dystrophic red latosol
with medium texture. The experiment was initiated in March
2005 and evaluated from 2007 to 2011. The average annual rain-
fall recorded during the experimental period (2005-2011) was
1408 mm, with average maximum and minimum temperatures of
29.2°C and 17.1 °C, respectively. The following ‘Tahiti’ lime selec-
tions were evaluated: “IAC 5", “IAC 5-1”, “CNPMF/EECB”, “CNPMF
2000”, and “CNPMF 2001”. The “IAC 5” selection was obtained from
California, USA, where it is known as “Bearss lime” (Hodgson, 1967),
and is one of the most cultivated selections in Brazil. The “IAC 5-1”
selection was obtained from the Instituto Agronémico de Campi-
nas (Agronomic Institute of Campinas, IAC, Brazil) by micrografting
and pre-immunizing the old ‘Tahiti’ lime clone (accession no. 304
from the Active Germplasm Bank of the Centro APTA Citrus Sil-
vio Moreira). The “CNPMF/EECB” selection was obtained from the
Estacdo Experimental de Citricultura de Bebedouro (Bebedouro Ci-
triculture Experimental Station, Brazil) from the most productive
plants of the pre-immunized “CNPMF-01" selection. The “CNPMF
2000” and “CNPMF 2001” selections are of nucellar origin and were
obtained from EMBRAPA Mandioca e Fruticultura (EMBRAPA Cas-
sava and Fruit Crops, Brazil). All of the selections were grafted onto
the ‘Swingle’ citrumelo and evaluated in two different and adja-
cents sites under two different irrigation conditions: non irrigated
(without any irrigation) and irrigated. In the irrigated site, we used
an irrigation system comprised of a drip line in each tree row,
with three self-compensating drippers (2.3 1h~1), which were 1.4 m
apart. Irrigation was programmed for daily applications intended
to replace 40% of the potential evapotranspiration (ETp). The non-
irrigated site did not receive any irrigation.

2.2. Plant height and canopy volume

The plant height and canopy volume were evaluated at the third
and sixth year after planting. These assessments were conducted
during the first half of the year (March and April), after the main
crop season harvest. The plant height values were obtained by mea-
suring from the soil level to the plant canopy. Assuming that the
plants have a geometric shape similar to a prolate semi-ellipsoid
(Zekri, 2000; Stenzel and Neves, 2004), the canopy volume was
calculated using the equation V=2/37(D/2)*H, where V is the vol-
ume (m?3), D is the canopy diameter (m), and H is the plant height
(m). The canopy diameter values were obtained from the average
of the two measurements parallel and perpendicular to the plant
row. The interaction between the selection and irrigation factors
was determined six years after planting, representing the plants’
condition at the end of the experimental period.

2.3. Yield and yield efficiency

The fruit yield was evaluated from two to six years after planting
(2007-2011). Due to the numerous blooms observed throughout
the years studied, we sampled up to four times per year. These har-
vests occurred when 70% of the fruits reached a minimum diameter
of 50 mm. We evaluated the cumulative yield between the sec-
ond and third year after planting (initial yield) to evaluate plant
early bearing, and the cumulative yield between the second and

sixth year after planting (total yield). Using the ratio between the
fruit yield (kg of fruit plant~!) and canopy volume (m3), we esti-
mated the plant yield efficiency (kg fruitm—3) (Cantuarias-Avilés
etal,, 2010, 2011).

2.4. Fruit quality

The fruit quality characteristics were measured in the first half
of 2009-2011. In each assessment, we sampled 12 fruits per plot
from the median height of four canopy quadrants. The samples
were evaluated for weight (g), juice content (%), total soluble solids
(°Brix), and total acidity (%). After determining the fruit weight
using a digital scale, the fruit juice was mechanically extracted
using an extractor (OIC, OTTO 1800). The juice content was cal-
culated using the ratio between the juice weight and fruit weight,
expressed as percentage (%). The soluble solid content was deter-
mined by direct readings with a digital refractometer (Atago,
PAL-1). The total acidity was determined by titration with 0.3125N
sodium hydroxide, and the values were expressed in percentage
citricacid. The ascorbic acid (vitamin C) concentration, expressed in
mg 100g-1, was determined by titration with 2,6-dichlorophenol-
indophenol in fruits harvested in the first half of 2011.

The fruit skin color was determined in fruit harvested in the
first half of 2011 using a colorimeter (Minolta, CR-300). Two read-
ings per fruit were taken on opposite sides of the equatorial region.
The following measurements were determined in each reading:
brightness (L*; L* =0, black; L* = 100, white) and coordinates a* (—a*,
green; +a*,red) and b* (—b *, blue; +b*, yellow) (Mcguire, 1992). The
hue angle (h°; h° =0°, red; 90°, yellow; 180°, green; 270°, blue) and
saturation or chroma index (C*; C*=0, gray; C*=60, vivid colors)
were calculated based on the a* and b* values (Mcguire, 1992).

The percentages of exportable fruit and fruit unsuitable for
export were evaluated in the first half of 2009 and 2010 based on
the equatorial diameters of 100 fruit per plot. The fruit classified
as exportable were those with equatorial diameter values between
46.5 and 60 mm, and the unsuitable fruit were those with equatorial
diameter values less than 46.5 or greater than 60 mm.

2.5. Net CO, assimilation rate

The net CO, assimilation rate (A, umolCO,m~2s~1) was
evaluated in 2010 at the onset of the rainy season (October),
when the plants were in bloom, and after regular pluviometric
precipitation (December). The A values were recorded in the morn-
ing (9:00 am) using a infrared gas analyser (LI-COR Ltd., LI-6400)
photosynthetic photon flux density (PPFD) of 1000 pmolm—2s~1,
taking into account the citrus light saturation (Machado etal., 2005)
and natural conditions for temperature, vapor pressure deficit, and
CO, concentration (350-360 pwmol mol—1).

2.6. Experimental design and statistical analysis

A randomized block design was used in both experimental sites
(irrigated and non-irrigated), with five treatments (selections) and
four replications. Three plants were grown in each plot. Variables
that met the assumptions of normality of errors and homogene-
ity of variance were analyzed using Fisher’s test, and the means
were compared by the Duncan test (P<0.05). The variance anal-
ysis of the data obtained from the irrigated and non-irrigated
sites consisted of a joint analysis. When there was no interac-
tion (P>0.05) between the selection and irrigation (presence or
absence) factors, the effects of the factors were evaluated individ-
ually. In the case of interaction (P<0.05), we evaluated the effect
of the selection factor in the presence or absence of irrigation. The
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Table 1

Plant height, canopy volume, initial yield (accumulated between two and three years after planting), total yield (accumulated between two and six years after planting), and
yield efficiency (YE) of ‘Tahiti’ lime selections grafted onto ‘Swingle’ citrumelo under irrigated and non-irrigated conditions. Bebedouro, SP, Brazil (2007-2011).

Selection Plant height (m) Canopy volume (m?) Yield (kg plant~1) YE¢ (kgm~3)
3rd year 6th year 3rd year 6th year 2nd to 3rd year? 2nd to 6th year®
IAC5 2.1d 29b 6.3 c 21.1b 9.3b 739c¢ 15b
IAC 5-1 27a 35a 133a 309a 376a 138.6b 15b
CNPMF/EECB 25b 34a 9.7b 282a 49.5a 186.9 a 28a
CNPMF 2000 22c 35a 7.0c 284a 19b 109d 02c
CNPMF 2001 2.4 bc 33a 99b 30.6a 20b 13.8d 0.2c
Non-irrigated 22b 3.1b 7.6b 24.1b 15.6 b 524b 1.1b
Irrigated 25a 35a 108 a 315a 244a 117.2a 14a
C.V. (%) 5.9 6.7 10.0 18.7 14.0 17.6 18.1
Selection (P) <0.0001 <0.0001 <0.0001 0.0060 <0.0001 <0.0001 <0.0001
Irrigation (P) <0.0001 <0.0001 <0.0001 0.0027 0.0264 <0.0001 0.0364
Selection x irrigation (P) 0.0197 0.0735 0.0805 0.0552 0.2411 0.9615 0.5418

Means with different letters in the columns indicate significant differences according to

@ Transformed data [y = (log;o(y + 1)].
b Transformed data [j = (y + 1)3].
¢ Transformed data [y = (y + 0.1)*4].

relationship between the net CO, assimilation and fruit yield was
evaluated using simple linear regression.

3. Results
3.1. Plant height and canopy volume

The plant height and canopy volume variables showed no inter-
action between selection and irrigation at six years after planting
(Table 1). At three years after planting, the “IAC5-1" selection plants
showed increased canopy height and volume values compared to
the other selection plants (Table 1). The greatest differences were
recorded in relation to the “IAC 5” selection plants, which showed
canopy height and volume values that were 33% and 53% less than
the “IAC 5-1"” selection plants, respectively. The “CNPMF” selection
plants showed intermediate values between the “IAC 5” and “IAC
5-1" selections. On the other hand, six years after planting, no dif-
ferences were found among the other selections, except for “IAC5”,
which had the lowest canopy height and volume values (Table 1).

Irrigation influenced the canopy height and volume regard-
less of the selection evaluated (Table 1). During the third year
after planting, the irrigated plants showed greater canopy height
and volume values than the non-irrigated plants (11% and 40%,
respectively). Throughout the sixth year after planting, the canopy
height and volume values recorded for the irrigated plants were
higher than for the non-irrigated plants (13% and 30%, respectively)
(Table 1).

3.2. Yield and yield efficiency

The initial yield, total yield, and yield efficiency values showed
no interaction between selection and irrigation (Table 1). In con-
trast, this interaction was found in the yield obtained during the
off-season (Fig. 1).

The initial yield values for the “CNPMF/EECB” and “IAC 5-1"
selection plants were an average of 366%, 2170%, and 2079% higher
than initial yield for the “IAC5”, “CNPMF 2000”, and “CNPMF 2001”
selection plants, respectively (Table 1). The initial yield values did
not differ among the “IAC 5”, “CNPMF 2000”, and “CNPMF 2001”
selections.

The total cumulative yield of the “CNPMF/EECB” selection was
higher than from the other selections (Table 1). The plants from
the “CNPMF/EECB” selection had total yield values that were 152%
and 34% higher than the “IAC 5” and “IAC 5-1” selection plants,
respectively. The higher yield of the “CNPMF/EECB” selection com-
pared to the “IAC 5” selection may have resulted from the increased

the Duncan test (P<0.05).

plant yield efficiency and canopy volume of “CNPMF/EECB”. How-
ever, compared to the “IAC5-1", “CNPMF 2000”, and “CNPMF 2001”
selections, the higher yield of “CNPMF/EECB” seems to have been
associated with its yield efficiency because the canopy volume
values were similar among these four selections (Table 1). The “IAC
5-1" selection plants showed total yields that were 87% higher than
those of the “IAC 5” selection (Table 1). The lowest total yield values
were obtained for the “CNPMF 2000” and “CNPMF 2001” selection
plants. Irrigation increased the initial yield, total yield, and yield
efficiency by 56%, 123%, and 25%, respectively (Table 1).

The yield obtained during the off-season represented approxi-
mately 5% and 10% of the yield from the irrigated and non-irrigated
plants, respectively. Without irrigation, the “IAC 5”, “IAC 5-1”, and
“CNPMF/EECB” selection plants had similar yields, which were
greater than those of the “CNPMF 2000” and “CNPMF 2001” selec-
tion plants (Fig. 1). Irrigation increased the fruit yield in the second
half of the year for all of the selections (P < 0.01) except the “CNPMF
2000” selection. Within the irrigated site, the “IAC5”, “IAC5-1", and
“CNPMF/EECB” selection plants also showed higher yields than the
“CNPMF 2000” and “CNPMF 2001” selection plants. However, under
irrigation conditions, the yield values for the “CNPMF/EECB” selec-
tion plants during the off-season were 200% and 80% higher than
the “IAC 5” and “IAC 5-1" selection plants, respectively. In addition,
the “CNPMF 2001” selection plants showed higher yields than the
“CNPMF 2000” selection plants, which, in turn, had the lowest yield
values recorded during the off-season, under irrigation (Fig. 1).
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Fig. 1. Fruit yield during the off-season of the ‘Tahiti’ lime selections grafted onto
‘Swingle’ citrumelo, under irrigated and non-irrigated conditions, between two and
six years after planting (2007-2011). Bebedouro, SP, Brazil. Different letters indicate
significant differences among the selections according to the Duncan test (P<0.05).
Transformed data [§ = (y + 1)*2]. *Indicates a difference between the irrigated and
non-irrigated plants according to Fisher’s test (P<0.01). Vertical bars represent the
standard error of the mean (n=4).
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3.3. Fruit quality

The fruit quality variable showed no interaction between selec-
tion and irrigation (Table 2). The “CNPMF 2000” and “CNPMF 2001”
selections were not included because the fruit yield quantity was
insufficient to perform these analyses.

In general, the variables related to fruit quality of the three
evaluated selections were within the same range of the ones
reported in previous studies (Figueiredo et al., 2002; Sten-
zel and Neves, 2004; Stuchi et al, 2009; Cantuarias-
Avilés et al., 2012). Moreover, juice and soluble solid contents
were above of minimum standards required for Brazilian fresh
fruit market, which are 40% and 6.5°Brix, respectively (Gutierrez
and Almeida, 2005). The fruit weight produced by the “IAC 5-1"
selection plants was lower by 7% and 12% compared to that pro-
duced by the “IAC 5” and “CNPMF/EECB” selections, respectively
(Table 2). The percentage of small fruit (equatorial diameter less
than 46.5 mm) was not influenced by the selections (Table 2). On
the other hand, the “IAC 5-1" selection plants showed a higher per-
centage of fruit suitable for export (equatorial diameter between
46.5 and 60 mm) compared to the “IAC 5” and “CNPMF/EECB”
selection plants, which showed higher yields of large fruit (equato-
rial diameter higher than 60 mm) (Table 2). Fruits originating from
the “IAC 5” and “CNPMF/EECB” selection plants had lower acidity
values than fruit from the “IAC 5-1" selection plants. The juice
content, soluble solid content, vitamin C content, and skin color of
the fruit did not vary among the selections evaluated (Table 2).

Irrigation increased the weight, juice content, and acidity values
of the fruit by 10%, 7%, and 2%, respectively, without altering the
soluble solid content, vitamin C content, or skin color of the fruit
(Table 2). In addition, irrigation resulted in an increased percentage
of fruit suitable for export and a lower percentage of large fruit.

3.4. Net CO, assimilation rate

No interaction between the selection and irrigation factors was
found for the CO, assimilation rates (A). The selections had simi-
lar A values in October 2010. However, irrigated plants showed A
values that were 113% higher than those of non-irrigated plants,
regardless of the selection studied (Fig. 2). In December 2010, the
“CNPMF/EECB” selection plants showed A values that were 20% and
52% higher than those of the “IAC 5” and “CNPMF 2000” selection
plants, respectively (Fig. 2). In contrast, there was no difference
in the A values between the irrigated and non-irrigated plants,
possibly due to regular pluviometric precipitation in December.
Regression analysis involving the A values recorded in October 2010
and the fruit yields obtained in the first half of 2011 indicated a
positive correlation between these variables (Fig. 3). This correla-
tion was not observed when considering the A values recorded in
December (P>0.05).

4. Discussion

Obtaining ‘Tahiti’ lime selections that result in smaller plants is
desirable considering the trend toward increasing planting density
and the production costs of controlling pests and diseases, notably
Huanglongbing (Fukuda et al., 2010). The higher vegetative growth
showed by “IAC 5-1”, “CNPMF/EECB”, “CNPMF 2000”, and “CNPMF
2001” selection plants indicates that orchards composed of these
selections would present further limitations in increasing plant
density and controlling pests and diseases when compared to those
composed of the “IAC 5” selection. Similarly, as it induces higher
plant growth, the use of irrigation might accentuate these limita-
tions to a greater extent. The reduction of plant size of selections
that are alternatives to the “IAC 5” selection, as well as irrigated

Weight, distribution in diameter classes, juice yield (JY), total soluble solids (TSS), acidity, ascorbic acid, lightness (L*), chroma (C*), and hue angle (h°) of fruit originating from the ‘Tahiti’ lime selections grafted onto ‘Swingle’

citrumelo under irrigated and non-irrigated conditions. Bebedouro, SP, Brazil, 2009-2011.

Table 2

c*d hed

L*d

Ascorbic acid? (mg100g-1)

Acidity® (%)

TSSP (°Brix)

JY* (%)

Diameter classes® (%)

Weight? (g)

Selection?

>60.0 mm

46.5-60.0 mm

82.8b
88.6a

<46.5 mm

108.7
109.3
109.5
109.5
108.9

32.6

49.8

17.8

6.1b
63a

8.5
8.5
8.4

8.5
8.4

3.1

48.1

142a

3.0

97.6a

IAC5

34.2

48.1

17.2

49.8

57b
142 a

90.2b

IAC 5-1

30.5

49.3

183

6.1b
6.1b
63 a
2.0

49.3

82.7b
82.6b

3.2
86.7 a

102.8 a

CNPMF/EECB
Non-irrigated

Irrigated
CV. (%)

30.6

47.9

17.7

47.2a

13.1a

43

92.6b
101.1a

34.2

50.3

17.8

50.9b
2.5

9.6 b
27.6

3.7

1.6

20.8

6.0
0.5

11.8

53

51.9

5.6

0.6482
0.3095
0.4736

0.5526
0.1311
0.352

0.6159
0.9881
0.0655

0.0045
0.0267
0.9211

0.7545
0.5929
0.2101

0.0598
<0.0001
0.5814

0.0002
0.017

0.033

0.5921
0.7727
0.7788

0.0019
0.0207
0.5019

Selection (P)

0.875

0.0406
0.0967

Irrigation (P)

0.2707

0.0041

Selection x irrigation (P)

Different letters in the columns indicate significant differences according to the Duncan test (P<0.05).

2 The “CNPMF 2000” and “CNPMF 2001” selections were not included because the fruit quantity produced was insufficient to perform these analyses.

b Mean values obtained from the assessments in the first half of 2009-2011.

¢ Values obtained in assessments performed in the first half of 2009 and 2010.

d Values obtained from the assessment conducted in the first half of 2011.



H. Bremer Neto et al. / Scientia Horticulturae 150 (2013) 181-186 185

157

3 IACS

Hl [AC 5-1

W CNPMF/EECB ab a
_ LX) CNPMF 2000 b
q; 107 CNPMF 2001 +
=)
i ﬂ
Ry 54
=

0
October December

154
3 Non-irrigated
B [rrigated
“e 10 =f=
" a
'E
=)
g
S5
0 T T
October December

Fig. 2. CO, assimilation rate (A) of irrigated and non-irrigated ‘Tahiti’ lime selections grafted onto ‘Swingle’ citrumelo obtained during the morning (9:00 am) in October
(10/06/10) and December 2010 (12/15/10). Bebedouro, SP, Brazil. Bars represent the standard error of the mean (n=4). Different letters indicate significant differences

according to the Duncan test (P<0.05).

plants, can be achieved using rootstocks that induce dwarfism, such
as the ‘Flying Dragon’ trifoliate (Poncirus trifoliata var. monstrosa)
(Stuchi et al., 2003; Cantuarias-Avilés et al., 2010, 2011; Espinoza-
Ndfiez et al., 2011), and by applying canopy reduction techniques,
such as pruning.

Despite the limitations associated with increased vegetative
growth, the use of the “IAC 5-1” and “CNPMF/EECB” selection
plants is more appropriate than the “IAC 5” selection, regardless of
irrigation or not, due to their higher early-bearing and higher yield.
With irrigation, the “CNPMF/EECB” selection becomes even more
advantageous due to its higher fruit yield during the off-season,
when prices reach higher values than during the crop season.
Similarly, the higher early-bearing and higher fruit yield in irri-
gated plants during the crop season and off-season justify the use
of irrigation in the ‘Tahiti’ lime cultivation. The unfavorable results
related to vegetative growth and low fruit yield prevent the rec-
ommendation of the “CNPMF 2000” and “CNPMF 2001” selections
for commercial-scale use under conditions that are similar to those
used in the present experiment. The low yield values of the “CNPMF
2000” and “CNPMF 2001” selection plants appear to be associ-
ated with reduced flowering rates throughout the crop seasons
evaluated (data not quantified). Considering the nucellar origin of
these selections and the fact that they have rarely been reproduced,
it is probable that these selections have not fully matured beyond
the juvenile stage.

The favorable influence of irrigation on the vegetative growth
and fruit yield of ‘Tahiti’ lime, as well as of other citrus species, has

409
r-=0.38%*

y = 1.147x + 0.9044

Yield (kg tree™)

—_
(=]
1

A (pmol m? s

Fig. 3. Fruit yield from ‘Tahiti’ lime plants in the first half of 2011 according to the
net CO, assimilation rate (A) at flowering (October 2010). Bebedouro, SP, Brazil.
**Significant (P<0.01).

been reported in previous studies (Prado et al., 2007; Espinoza-
Nafiez et al, 2011) and is associated with a higher net CO,
assimilation rate (Alves Janior et al., 2005). In fact, the highest
yield values were associated with the highest CO, assimilationrates
recorded at the onset of the rainy season (October), when the plants
were flowering. The higher A values may have influenced carbo-
hydrate availability, which is essential for determining production
processes such as flowering, fixation, and fruit growth (Mehouachi
et al.,, 1995; Iglesias et al., 2003; Prado et al., 2007). Moreover, in
the region where the experiment was conducted, the annual water
deficit reaches values of up to 250 mm, causing intense leaf and
young fruit abscission, hindering vegetative growth and fruit yield
in non-irrigated plants.

Fruit quality is a key aspect in ‘Tahiti’ lime production, espe-
cially during the crop season. During this period, the fruit supply
is high, and prices at local markets are reduced, making fruit
export more economically attractive. The skin color and diameter
of the fruit are quality variables that most influence the classifi-
cation of fruit for export, which requires dark-green-colored fruit
between 46.5 and 60 mm in diameter. The fruit skin color was not
influenced by the selections, but the “IAC 5-1" selection plants
showed a higher percentage of fruit with diameters suitable for
export. In this sense, the “IAC 5” and “CNPMF/EECB” selections
showed less favorable results due to the higher percentage of fruit
with diameters larger than that accepted by the international mar-
ket. Irrigation did not affect the fruit skin color; however, irrigation
resulted in a higher percentage of fruit with diameters suitable for
export. Non-irrigated plants were less favorable due to the higher
percentage of fruit that reached a diameter greater than 60 mm.
Although the quality assessments were conducted in the first half
of the year, a period characterized by regular pluviometric precip-
itation, irrigation also induced higher juice yield and higher fruit
weight. This influence was possibly higher in the initial stages of
fruit development (October and November), when there was less
regular pluviometric precipitation.

5. Conclusions

The “IAC 5-1”, “CNPMF/EECB”, “CNPMF 2000”, and “CNPMF
2001” selections showed increased vegetative growth compared
to the “IAC 5” selection, regardless of the use of irrigation.

The “CNPMF/EECB” selection showed precocity in the onset of
production, higher fruit yield, and yield efficiency, regardless of
the irrigation conditions. With irrigation, this selection showed
increased fruit yield during the off-season.

Irrigation induced higher vegetative growth, early-bearing,
higher fruit yield during the crop season and off-season, higher
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yield efficiency, higher fruit weight, juice yield and acidity, and a
higher percentage of fruit suitable for export.
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