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ABSTRACT: Fertilization using organic compounds is complementary to chemical fertilization, being
essential to integrated fruit production. Reports on fig tree (Ficus carica L.) organic fertilization and
mineral nutrition are worldwide scarce, especially in Brazil. This experiment aimed to evaluate the
effects of cattle manure fertilization on the yield and productivity of the fig tree ‘Roxo de Valinhos’ in
Botucatu, Sao Paulo State, Brazil, during the 2002/03, 2003/04, 2004/05 and 2005/06 crop cycles. Plants
aged one, two, three and four year olds received the following cattle manure treatments: control (no
fertilizer), 25%, 50%, 75%, 100%, 125% and 150% of the recommended N level for this crop. The
evaluated variables were: fruit number, weight and mean diameter, plant yield and productivity. The
application of cattle manure increased productivity, yield and fruit number, slightly affecting fruit
dimensions. After four years of cattle manure application, the best results were obtained with 76 to
124% of the N level recommended for the fig crop.
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ADUBACAO COM ESTERCO DE CURRAL NA
PRODUCAO DA FIGUEIRA

RESUMO: A adubagdo com compostos organicos ¢ complementar a adubagdo quimica e especialmente
necessaria para a producgdo integrada de frutas. Trabalhos de pesquisa com adubagdo organica e
nutri¢do mineral da figueira (Ficus carica L.) sdo escassos em todo o mundo e particularmente, no
Brasil. O experimento teve como objetivo avaliar os efeitos da adubacdo organica com esterco de
curral na produgdo e produtividade da figueira ‘Roxo de Valinhos’ em Botucatu-SP, nos ciclos de
producao de 2002/03, 2003/04, 2004/05 ¢ 2005/06. As plantas com idade de um, dois, trés e quatro anos
receberam os tratamentos com doses de esterco de curral correspondentes a: testemunha (sem
adubagio), 25%, 50%, 75%, 100%, 125% ¢ 150% da dose recomendada de N para a cultura. As variaveis
avaliadas foram numero, peso e diametro médio dos frutos, produgdo por planta e produtividade. A
aplicacdo de esterco de curral aumentou a produtividade, produc¢do ¢ nimero de frutos, havendo
poucas alteragdes nas dimensdes dos mesmos. Apds os quatro anos de aplicagdo do esterco de
curral, obtiveram-se melhores resultados com 76 a 124% de da dose de N recomendada para a cultura
da figueira.

Palavras-chave: Ficus carica L., nitrogénio, matéria organica

INTRODUCTION

Fig trees (Ficus carica L.) are cultivated in approxi-
mately 40 countries, predominantly in the Mediterranean
region. Turkey is the major fig producing country, ac-
counting for 26% of the total fig world’s production.
Following Turkey is Brazil, the world’s second major
exporter of figs, with the advantage of producing dur-
ing the Mediterranean off-season (Maiorano, 2006).

The fig tree has deciduous leaves and is native to
the Mediterranean region, where either temperate or
subtropical climate predominates. Thus, it is adapted
to several climates and can be cultivated in both sub-

tropical and temperate regions (Penteado & Franco,
1997).

This plant thrives well in several soils (Rigitano,
1964; Gomes, 1987; Penteado & Franco, 1997; Corréa
& Boliani, 2000) provided it is deep, well drained and
rich in organic matter. Producers’ experience has re-
vealed that the higher the levels of organic fertilizer,
the better the results are both for yield and fruit qual-
ity. Another reason for the interest in organic fertiliza-
tion is the growth of the certified organic market, since
they get higher prices. However, scientific research into
the fig tree requirements in organic fertilization is
scarce and not conclusive.
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Fernandes & Buzetti (1999) considered organic fer-
tilization and/or mulch priority studies almost a decade
ago. In this paper, we report the results of organic fer-
tilization on the yield of fig trees (Ficus carica, L.)
cultivar ‘Roxo de Valinhos’ during four crop cycles.

MATERIALAND METHODS

The experiment was carried out in Botucatu, Sao
Paulo State, Brazil (22°52’S, 48°25°W, 810 m altitude).
The local climate is classified as Cwa after Koppen (Curi,
1972), with rainy summers and dry winters, and the
highest average temperature is above 22°C (Cunha et
al., 1999). The soil is Rhodic Hapludalf, according to
the criteria established by United States Soil Conserva-
tion Service (1988). The initial chemical characteristics
of the 20 cm topsoil, determined based on the method-
ology of Raij and Quaggio (1983), were: pH (CaCl,) =
42; OM. =24 g dm”; P (resin) = 3 mg dm”; H + Al
= 84 mmol_ dm*; K=14 mmol_ dm”; Ca=12 mmol_
dm’; Mg =5 mmol_ dm™; Sum of bases = 18 mmol_
dm?; CEC =102 mmol_ dm; Base Saturation = 18%.
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The experimental area was plowed and dolomitic
limestone was applied to increase base saturation up
to 70% (Raij et al., 1997). Fig nursery trees ‘Roxo de
Valinhos’ were planted in September 2001, spaced 3
m between lines and 2 m between plants, constituting
a plot of 1660 plants ha'. Planting holes (60cm X
60cm x 60cm) received 20 litters cattle manure, 1 kg
lime, and 1 kg magnesium pyrophosphate containing
boron and zinc. Plants were pruned every July be-
tween 2002 and 2005 to obtain 9-productive-branch
arrangement, which is considered appropriate for
plants in the formation stage.

Treatments consisted of cattle manure levels ac-
cording to the recommended N level for the fig tree:
control (no fertilizer), 25%, 50%, 75%, 100%, 125%
and 150% of the recommended N level (Table 1).
Since these levels depend on the tree size and as the
N content in cattle manure varied (Table 2), the ac-
tual quantity of applied manure varied every year
(Table 1). Half of the manure level was applied in Au-
gust and the remaining in September from 2002 to
2005.

Table 1 - Nitrogen levels used in fig tree fertilizations during four crop cycles (August/2002 to August/2005). Botucatu, Sdo

Paulo State, Brazil. 2007.

% N N levels Manure levels

1% year 2™ year 3 year 4" year 1% year 2" year 3 year 4" year
% e gper plant ----------------o- e kg per plant ------------------
0 0 0 0 0 0 0 0 0
25 10 20 30 30 0.8 0.82 1.9 3.6
50 20 40 60 60 1.6 1.64 3.8 7.3
75 30 60 90 90 2.4 2.46 5.7 11.0
100 40 80 120 120 3.2 3.28 7.6 14.3
125 50 100 150 150 4.0 4.10 9.5 18.0
150 60 120 180 180 4.8 4.92 11.4 22.0

Table 2 - Chemical analysis of cattle manure used in fig tree fertilizations (Samples - 1: August/2002; 2: June/2003; 3: July/
2004; 4: July/2005.). Botucatu, Sao Paulo State, Brazil, 2007.

Sample N PO, K.,O humidity ~ Organic matter C Ca Mg S
----------------------------------------------- % dry matter ----------mm oo

1 1.26 1.52 1.68 41.0 43.00 23.89 1.50 0.50 0.18

2 2.45 2.14 1.55 37.0 41.00 23.00 1.14 0.45 0.35

3 1.58 0.94 0.92 42.3 39.00 21.70 1.29 0.84 0.21

4 1.12 1.20 0.80 30.2 34.00 18.90 0.84 0.36 0.34

Sample Ee Cu Mn Na Zn pH* C/N

---------------------------------- mg kg™ dry matter ----------mmmmme e

1 11,300 120 146 N/D 190 7.6 19

2 7,950 302 308 1,860 300 7.2 9

3 14,300 6 5,250 580 286 14.0 14

4 24,950 156 278 1460 208 7.9 17

*(in H,0O). Laboratory analyses of chemical fertilizers. DRN-FCA.
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An experimental design using randomized blocks
with five replicates was used; plots for yield evalua-
tion consisted of five plants each, and plots for leaf
and soil analysis included ten plants each. Plants were
individually evaluated on each crop cycle. The data
obtained for each crop cycle was initially employed in
the normality test using MINITAB software for all
evaluated variables to verify whether there was nor-
mal distribution. Then, data were subjected to analy-
sis of variance (F-test), followed by polynomial regres-
sion analysis when there was significance. For signifi-
cant data, regression equations were fit to evaluate the
behavior of the studied variables with the increase in
the cattle manure level.

In addition to organic fertilization, all plants received
pyrophosphate: 60 g PO, in the 1" and 2" crop cycles
and 100 g P,O, in the 3 and 4" crop cycles. In De-
cember 2005, leaf and soil samples were collected
from each experimental plot. Leaf sampling was done
during complete flowering and in the beginning of fruit
production; newly mature leaves were collected from
the medial portion of branches from different sides of
the plant which had appropriate sun exposure. Each
sampling included fourteen leaves per plot, i.e. four
leaves per plant. The levels of the nutrients N, P, K,
Ca, Mg, S, B, Cu, Fe, Mn and Zn were determined

Leonel & Tecchio

according to the methodology proposed by Malavolta
et al. (1987). Soil samples were taken at the 0-20 cm
depth of the canopy projection fertilized area; a sub
sample was also collected at every two plants (total-
ing twenty per plot) to make up a composite sample.
The levels of P, K, Ca and Mg, as well as pH and V%,
were assessed according to the methodology described
by Raij & Quaggio (1983).

Commercially mature fruits were annually harvested
from December to April in all crop cycles. The evalu-
ated parameters were: number, weight (g) and diam-
eter (mm) of fruits, yield per plant, and productivity
per hectare (t ha™).

RESULTS AND DISCUSSION

Soil samples (0-20 cm depth) tested after all four
crop cycles when compared with the initial ones, , in-
dicated that cattle manure treatments did not affect
macro and micronutrient levels (Table 3); they were
considered appropriate for the fig tree (Raij &
Quaggio, 1983). Leaf analysis also indicated few al-
terations, corroborating the soil testing results (Table
4). However, cattle manure treatments influenced yield,
productivity and fruit number in all crop cycles (Fig-
ure 1 and Table 5). Such variables fitted the quadratic

Table 3 - Macro and micronutrients, pH, organic matter, sum of bases, effective CEC, and base saturation (%) of the soil
where fig trees were cultivated (Botucatu, Sdo Paulo State, Brazil — December/2005).

pH

Values cacl, QOrganic matter P K Ca Mg Sum bases Effective CEC Base saturation
g dm Mg A8 —-m e mmol, dnms ------mmmmomee oo %
Mean 5.5 25 34 4.5 43 20 67 96 66
CV (%) 7.22 17.07 55.55 21.47 31.27 29.18 29.17 15.00 18.11
Values B Cu Fe Mn Zn
_______________________ Mg A3 = m e
Mean 0.39 6.2 25 7.7 4.2
ICV (%) 36.67 11.96 15.45 26.72  41.19

ICV = coefficient of variation

Table 4 - Macro and micronutrients of leaves from cattle manure-fertilized fig trees (Botucatu, Sao Paulo State, Brazil —

December/2005).

Values N P K Ca Mg S
_________________________________________________ o

Mean 33 2.8 23 13 4.0 2.1

CV (%) 6.38 6.83 5.52 15.18 6.77 11.50

Values B Cu Fe Mn Zn
________________________________________ MQ KQGt === m e oo

Mean 85 9 84 74 68

ICV (%) 18.54 23.50 11.17 29.17 13.56

ICV = coefficient of variation
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Table 5 - Yield and productivity of fig trees during four crop cycles. Botucatu, Sdo Paulo State, Brazil.

. Crop cycles
Nitrogen levels
2002/2003 2003/2004 2004/2005 2005/2006
% e t e
0 1.8 2.5 3.8 3.6
25 2.2 2.7 3.8 53
50 2.4 2.5 4.5 4.9
75 4.6 2.4 5.1 7.9
100 5.8 3.2 5.7 8.3
125 3.6 2.8 53 7.2
150 2.2 2.7 5.4 6.7
CV (%) 27.64 10.76 10.39 3.53
o Crop cycle 2002/03 = -0.0003x%+ 0.0457x + 0.6685 R2= 0.5046 F= 5.97%* 50 -4 Crop cycle 2004/05 ¥ =-0.0004x" +0.0777x +44.934 R* = 0.8687 F =2.09**
6 1 &Cropeycle 200405~ -0.0001x>+ 0.0251x + 1.7829 R*= 0.9738 F= 4.04** < 497 . 7t
. - Crop cycle 2005/06 = -0.0002x2-+ 0,0435x1+2 120163 R’= 0.8095 F= 19.69** ?_g: 48 1 "
2 2
o S 46 4
g 44 T T T T T 1

50

75
Recommended dose (%)

100 125 150

© Crop cycle 2002/03 y = -0.0004x>+0.0758x + 1.1017 R’=0.6074 F=5.93%*

A Crop cycle 2004/05 y = -0.0002x> + 0.0416x + 2.9589 R*= 0.9701 F=4.03**
- Crop cycle 2005/06 y = -0.0004x2 + 0.0799x + 3.3619 R?= 0.8082 F= 19.44**
- 100

Productivity
(tha™)

O =~ N W H OO N O

100
Recommended dose (%)

50 75 125

o Crop eycle 2002/03 ¥ = -0.006x>+ 1.0568x + 13155 R? = 0.6408 F=5.97**
A Crop cycle 2004/05 ¥ = -0.0018x>+ 0.4446x + 40.08 K> = 0.9795 F=4.51%*

120
- Crop cycle 2005/06 y = -0.004x%+ 0.8877x + 42.47 R>= 0.8185 F= 10.77**
100 . 88 .
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Figure 1 - Yield (kg per plant), productivity (t ha™') and number
of fruits per fig tree fertilized with cattle manure
containing different nitrogen levels (%) (Botucatu,
Sao Paulo State, Brazil — 2007).

50 75 100

Recommended dose (%)

125 150

= Crop cycle 2005/06 Y = -0.0003x" + 0.0572x +47.776 R = 0.9839 F = 2.31**

48 T T T T T 1

0 25 50 75 100

Recommended dose (%)

125 150

Figure 2 - Weight and diameter of fruits of fig trees fertilized
with cattle manure containing different nitrogen levels
(%) (Botucatu, Sao Paulo State, Brazil — 2007).

regression models to express their increase with in-
creasing cattle manure levels in all cycles, except
the2003/04 cycle (Figure 1). The maximum yield, pro-
ductivity and fruit number were obtained with 76% to
124% of the recommended N level, indicating a mean
value of 100%.

The fruits physical evaluation indicated that only
their weight (in the 2004/05 cycle) and diameter
(2005/06 cycle), presented maximum values. They
were 97% and 95% of the recommended N level, ac-
cording to the fitted the quadratic regression mod-
els,, respectively (Figure 2). Although nitrogen con-
tent in the cattle manure was low (Table 2), the cal-
culation of levels based on the recommended nitro-
gen levels was satisfactory, with no readjustment
needs.
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Besides N, cattle manure has other minerals that
are essential to the development of plants. Kiehl
(1985) estimated that cattle manure presents, on av-
erage, 17 gkg ' N, 7 g kg’ PO, 27 g kg K,0, 12
g kg' Ca, 6.1 g kg' Mg, 31 mg kg' Cu, 4106 mg
kg Fe, 510 mg kg' Mn, 64 mg kg' Zn , and 32/1
C/N ratio, and supplies small quantities of nutrients
to the soil.. Campo Dall’Orto et al. (1996) reported
that although presenting low and unbalanced nutri-
ent levels, organic fertilizers carry with them nec-
essary nutrients, which must be considered in fer-
tilization programs. However, those authors empha-
sized that special attention should be given to the
time lapse for the release of nutrients from organic
fertilizers to the plants.

Comissao de Fertilidade do Solo de Minas Gerais
(1989) and Mielniczuk (1999) reported that nutri-
ent conversion over the years from the organic to
the mineral form varies with the nutrient. For ni-
trogen, approximately 50%, 20% and 30% are re-
leased in the first, second and third year after ap-
plication, respectively. Campo Dall’Orto et al. (1996)
also emphasized that nutrient release from organic
fertilizers is slower than from mineral fertilizers,
since the former depends on the mineralization of
organic material. Such data must be carefully con-
sidered in the calculation of levels for organic-only
fertilizations since the first harvest can be different
from those obtained with conventional mineral fer-
tilization, in which nitrogen is readily released for
absorption.

Responses to the application of cattle manure
were obtained since the first crop cycle. On the other
hand, plant yield during the orchard formation phase
was below the mean values obtained by producers
who use conventional fertilization. The current re-
sults must be considered since the addition of or-
ganic material to the soil aims not only to supply
nutrients but also to improve the soil physical and
biological properties. Although not measured herein,
they may have contributed to the yield increases.

The mean last crop cycle (2005/2006) yield ob-
tained was 3.79 kg of mature fruits per plant, indi-
cating a mean productivity of 6.3 t ha™' Figure 1 and
Table 5). However, 100% N level resulted in a mean
productivity of 8.3 t ha' (2005/2006). These values
are inferior but comparable to the national mean pro-
ductivity of figs, which is 8.6 t ha™' (Ministério da
Agricultura, 2006).

Excess of water is one of the disadvantages of
the clayey soils: they store a great amount of water
when there is excessive rainfall and become hard and
compacted when dry; thus manure and/or mulch is
recommended to attenuate such a problem (Santos

& Maia, 1999). Cervellini & Igue (1994) and
Cervellini (1995) evaluated the effect of chemical
fertilizers and cattle manure (combined or not) on
coffee plant yields and concluded that the addition
of manure decreased the mineral fertilizers needs,
more significantly for a Oxisol than for an Ultisol.
Miysaka & Okamoto (1992) agreed with them and
reported that organic materials change the soil physi-
cochemical characteristics such as density, water
retention, texture, structure, porosity and thermal
conductivity and increase its cation exchange capac-
ity, as well as base saturation; it also has chelating
agents, that may prevent some essential nutrients to
become insoluble.

In the high clay content soil of the present
study, the added organic material probably improved
the development of the fig tree root system, result-
ing in greater fruit yield. In the Small Meander Val-
ley (Aegean Region of Turkey), where dried fig pro-
duction is concentrated, Eryuce et al. (1995) se-
lected a lowland orchard cropped with a ten-year-
old Calyrmina cultivar, receiving conventional chemi-
cal fertilization, and did not observe any effect on
fruit length, width and weight. In the Jiangsu Prov-
ince (Eastern China) where the annual average tem-
perature ranges from 13°C to 16°C, the climate is
semi-humid and subtropical, and the annual average
rainfall is 800 to 1200 mm (Jinseng et al. , 1997)
studied the effects of supplementary fertilization
with nitrogen, phosphorus and potassium on one
crop cycle fig trees. They did not report differences
among treatments or positive effects on the yield.
In the present experiment, the effects on fruit di-
ameter and weight were slighter and the main in-
creases were verified for the number of fruits per
plant. The fig tree has continuous growth; thus, in-
creased yield is rather due to the higher growth of
the stem than to the increase in fruit size.

Caetano et al. (2006) studied the effects of or-
ganic fertilization on fig yield using treatments with-
out (level 0) and with (10 kg per plant) cattle ma-
nure, based on the recommendations of Campo
Dall’Orto et al. (1996). There were differences
among the evaluated levels and the yield was 6,597
g per plant for the treatment without fertilizer and
7517 g per plant for the 10 kg manure treatment.
Such results indicate a 13.9% yield increase due to
the addition of organic matter, besides the not as-
sessed soil benefits. However, similarly to the
present work, the economical viability of this appli-
cation was not investigated. In the current experi-
ment, there were yield increases for all crop cycles;
the four cycles average increase was 45.1%.
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CONCLUSIONS

Cattle manure fertilization increased the number of
fruits per plant, the yield and the productivity of fig
trees. The maximum yield, productivity and fruit num-
ber were obtained with 76% to 124% of the recom-
mended N level.
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