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The uses of humic substances and organic residues for soil mulching have been more common during
last years. This way, an experiment was carried out to evaluate the fruit quality and yield of guava cv.
Paluma as a function of humic substances and organic soil mulching in Brazil. The experiment was
performed from January 2012 to June 2013 (first trial) and from July to November 2013 (second trial)
using a randomized blocks with treatments distributed in a factorial arrangement (5 x 2 x 2) of five
humic substances doses (0, 10, 20, 30 and 40 mL of Humitec plant™), two organic mulching use (with
and without organic mulching) and two consecutive harvests, with four replications of two plants each.
Humic substances enhance fruit production more efficiently in guava plants grown without soil
mulching. Guava fruit production increases from the first to the second harvest. Fruit quality for
titratable acidity, soluble solids, vitamin C and soluble solids/titratable acidity ratio is adequate
independently of soil mulching use. Humic substances improve fruit quality of guava cv. Paluma. Under
soil and climate conditions, and considering the first two production cycles of guava, it is possible to
recommend about 20 mL L™ of humic substances for production of high quality guava fruits.
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INTRODUCTION

Fruit production is an important horticultural activity that as promising expectations of Brazilian and foreign
increases employment availability, makes possible the markets. Among the economically important fruit crops,
family establishment in the field, promotes a better guava (Psidium guajava L.) presents high viability for
income distribution within productive cycle besides it acts farmers, especially for expansion of production areas in



Brazil (Amorim et al., 2015a).

The increasing consumption of fresh and processed
fruits, including guava, is a worldwide tendency that
stimulates the production of quality fruits (Amorim et al.,
2015b). In Northeastern Brazil, guava crop in
economically important especially in irrigated areas of
Bahia and Pernambuco states where water potential, soil
and climate conditions are favorable for growing guavas
commercially using horticultural technologies for water
and nutrient management (IBGE, 2014; Rodrigues et al.,
2015).

Paluma is one of the high quality guava cultivars
available for Brazilian guava farmers, and one of the
most widespread throughout Brazil. Guava detaches
among other tropical fruits for its attractive features of
fruits such as color, pleasant smell and taste, mineral
composition, high lycopene content and possibilities of
consumption, attributes that guarantee preference for
different consumer markets worldwide, especially
because guava fruit has been consumed as fresh or
processed fruit (Ramos et al.,, 2010; Amorim et al.,
2015a).

Despite the social and economic importance of
Brazilian guava, there is little information on soil fertilizing
management for production of fruit quality fruits and high
yields. This scientific shortage is worse for small and
medium farmers, the majority in Northeastern Brazil
(Silva et al., 2009). Accordingly, Serrano et al. (2007)
reported that it is necessary to use more intensive
management systems for irrigation and fertilizing
management of guava trees (Natale et al., 2011; Amorim
et al., 2015b).

Concern about agricultural sustainability is evident in
recent years worldwide. This way, the soil quality main-
tenance is one of the essential factors for a sustainable
production system, which demands an adequate soil
management as main component. Nowadays guava
farmers have also invested for simultaneous fertilization
of mineral and organic fertilizers, emphasizing the use of
humic substances in crop management (Souza et al.,
2014; Silva et al., 2015).

The agricultural techniques for water loss reduction
and, consequently, increase water use efficiency aim to
reduce losses by evaporation using soil mulching that
reduces water loses through air evaporation, decreases
soil temperature and maintains soil moisture for longer
time in addition to providing nutrients after decomposition
of plant material (Silva et al., 2013; Bakshi et al., 2015).
Soil mulching has been used for production of fruits and
vegetables in Brazil and worldwide providing viability to
the production system, especially where water availability
is limited (Sarkar and Singh, 2007; Silva et al., 2013).

Hence, the present study aimed to evaluate the fruit
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quality and yield of guava cv. Paluma as a function of
humic substances and organic soil mulching in Brazil.

MATERIALS AND METHODS
Plant material and growth conditions

Guava (P. guajava) plants cv. Paluma propagated by cuttings were
used in this study. The study was carried out from January 2012 to
June 2013 (first trial) and from July to November 2013 (second trial)
on the Macaquinhos experimental farm of Federal University of
Paraiba, Remigio County, Paraiba State, Brazil (Northeastern
Brazil).

During the execution of the experiment, the climatic data were
collected by a meteorological station installed inside the
experimental farm (Table 1), while physical and chemical
characteristics of the soil before the experiment are in Table 2. The
soil is a Xerorthent (Ultisol - American classification Soil
Taxonomy).

One year old guava plants, spaced with 3 m between the rows
and 3 m between the plants, were daily micro-sprinkle irrigated with
one emitter per plant, for a flow of 60 L h, following the daily
evaporation recorded in a class A tank corrected through Kc value
(0.75) defined by Ferreira et al. (2010) for guava. All agronomic
practices performed in the experiment for pruning, control of pests,
diseases and weed, followed the instructions of Natale et al. (2009).

During the execution of the experiment, all the plants were
fertilized with 1.166 kg ha™ of urea (45% of N) and 1.166 kg ha™ of
potassium chloride (60% K,O) monthly; and 467 kg ha™ of fosmag
(18% of P,0s) bimonthly according to the instructions by Natale et
al. (2009).

The humic substances used in the experiment were extracted
from leonardite, and the source adopted was Humitec
(Tradecorp™), whose complete composition included humic extract
(16.5%), organic carbon (11.2%), humic acids (13.2%) and fulvic
acids (3.3%).

Treatments and experimental design

The experiment was randomized blocks with treatments distributed
in a factorial arrangement (5 x 2 x 2) of five humic substances
doses (0, 10, 20, 30 and 40 mL of Humitec plant™), two organic
mulching use (with and without organic mulching) and two
consecutive harvests, with four replications of two plants each.

The humic substances doses were defined following the
recommendations of the producer, that is, 30 mL diluted in 6 L of
water applied every 60 days after pruning, reaching 18 applications
for each experiment. Organic mulching was composed of
dehydrated Brachiaria decumbens with a layer of 5.0 cm.

Variables recorded and statistical analyses

During the fruit harvest time, that is, August 2012 to January 2013 and
April to November 2013, 10 fruits per parcel were manually harvested
(still firm) at intermediate green color (yellow-green color) placed in
plastic boxes and taken to the Laboratory for post-harvest fruit
guality analyses. This harvest parameter for fruit selection was
recommended by Hojo et al. (2007) for commercial farms.

The fruit analyses of the guava fruits followed the instructions of
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Table 1. Average precipitation, air temperature and air humidity during the experiments.

h 2012 2013
Mont PLimm)  ATZ(°C)  AH (%) Pl(mm) ATZ(°C)  AH’ (%)
January 141 26.5 66 38 26.7 59
February 112 24.4 56 66 24.9 45
March 8 23.9 72 41 24.9 68
April 36 23.8 76 135 24.7 70
May 75 23.2 79 58 24.2 76
June 195 22.3 86 155 22.4 80
July 106 22.5 92 118 22.0 82
August 17 21.15 86 82 215 86
September 4 24.4 78 30 24.7 78
October 7 27.2 63 13 27.4 62
November 0 274 54 21 28.7 54
December 0 27.3 56 43 28.2 56

Precipitation, “air temperature, *air humidity.

Table 2. Chemical and physical characteristics of the soil (0-20
and 20-40 cm soil depth) where the experiment was carried out.

Soil characteristic 0-20 cm 20-40cm
pH (in water) 5.02 5.03
cmolc dm’3
ca” 0.98 0.24
Mg** 0.50 0.76
APt 0.08 0.22
H" + AP 2.68 1.98
CEC 4.33 3.11
P (mg dm?) 5.31 1.69
K (mg dm™) 68.01 50.78
%
Organic matter 0.73 0.40
Al** saturation 1.88 7.61
Basis saturation 38.11 36.33
g kg™

Clay 788 732
Silt 106 130
Sand 106 138
Soil density (kg dm™®) 1.62 1.60
Particle density (kg dm'3) 2.67 2.69
Micro porosity (m* m™) 0.14 0.15
Macro porosity (m3 m'3) 0.25 0.25
Available water (%) 7.87 7.81

P, K: Mehlich 1; H" + AP": calcium acetate (extractor) 0.5 M pH 7; AI*,
ca®*, Mg*": KCI 1 M extractor; CEC: cationic exchangeable capacity.

Instituto Adolfo Lutz (2008) and included the usual parameters: i) the
fruit mass was measured using a Sartorious™ (Géttingen, Germany)

brand precision balance (0.01 g precision) and expressed in g; ii) for the
titratable acidity (TA), 20 g of macerated fruit pulp was taken from
yellow passion fruits and brought to a final volume of 100 mL by adding
distilled water. A 20 mL sample was taken from the mixture; and three
to four drops of phthalein were used as an indicator. This suspension
was titrated with 0.1 N sodium hydroxide (NaOH). The results were
expressed as a percentage; iii) the soluble solids (SS), expressed as
°Brix, were measured using an Abbe™ refractometer (Bausch and
Lomb, Rochester, NY, USA); iv) The vitamin C content was defined
with 5 g of fruit pulp taken from acerola and brought to a final
volume of 100 mL by adding distilled water plus 1 mL of 1% amid
solution. A 20 mL sample was taken from the mixture and titrated
with 1 N iodine. The results were expressed in mg 100 g of fresh
fruit; v) the pulp pH was measured using a Marconi™ pH meter; vi)
after chemical analyses, the relation between the soluble solids and the
titratable acidity (SS/TA ratio) was calculated; and vii) the fruit yield
were measured as ton ha™.

Statistical analysis

Statistical analyses included analysis of variance (ANOVA), a mean
separation of mulching using the Tukey test and regression
analysis of the humic substances doses of two consecutive
harvests. All calculations were performed using the Sigmaplot
software, and the terms were considered significant at P< 0.01.

RESULTS AND DISCUSSION

As shown in Table 3, fruit production (kg plant™) was
affected by humic substances x soil mulching interaction.
For fruit quality variables, the humic substances x soil
mulching x harvest interaction was significant for fruit
mass, soluble solids and titratable acidity. Vitamin C and
pH average values were affected by humic substances x
harvest interaction (Table 3).

For plants grown without soil mulching, humic
substances doses increase from 0 to 21 mL L™ enhanced
guava fruit production from 28.5 to 33.1 kg plant'l,
followed by a consecutive decay, while plants grown with
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Table 3. Variance analysis for fruit production (FP) and fruit quality [fruit mass (FM), pH, soluble solids (SS), vitamin C (Vit. C),
titratable acidity (TA) and SS/TA ratio] of guava as a function of humic substances and soil mulching.

Variance analysis FP FM SS Vit. C TA SS/TA
HS 51572792.95™ 201.36" 0.06™ 3.06* 59.60* 0.003"™ 81.87"™
SM 30482274.05™ 1387.19* 0.15* 0.32" 3.67™ 0.005"™ 57.95™
Trial (T) 233605.94**  189245.59** 6.45** 12.70** 1594.27** 0.20** 4120.02**
HS x SM 117385974.45" 806.07" 0.01™ 12.31%* 24.21™ 0.004" 203.32**
HSxT 19692028.58" 248.1"™ 0.12** 2.01™ 140.88** 0.009* 17.72"
SMxT 14499342.05™ 1098.97* 0.04" 6.09* 56.56" 0.001"™ 56.83"
HS x SMx T 446745845.58™ 828.91* 0.01™ 4.32%* 32.27"™ 0.011** 73.98"™
Residual 23368245.25 255.91 0.03 1.01 21.05 0.003 38.60
CV (%) 14.99 16.41 4.36 13.76 28.73 19.24 22.28

HS: Humic substances; SM: soil mulching; **significant at P<0.01 probability error; *significant at P< 0.05 probability error; ns: non-significant;

CV: coefficient of variation.
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Figure 1. Fruit production of guava plants as a function of humic substances and soil mulching (SM) (A) in two consecutive harvests (B).

soil mulching had fruit production decrease until 16.8 mL
L™, followed by an increase until it reached the maximum
fruit production of 35.2 kg |0Iant'1 at the highest humic
substances dose (Figure 1A). Guava fruit production
increased significantly from the first (15.15 kg plant"l) to
the second (48.33 kg plant'l) harvest showing superiority
of 225.6% (Figure 1B).

The benefits of humic substances on guava fruit
production occurred in congruency to the adequate
management practices of the orchard for pests control,
diseases control, pruning, water supply and fertilizer
management, especially using a slow releasing fertilizer,
more efficient on nutrient supply. In addition, Souza et al.
(2014) reported enhancement of fruit production of guava
cv. Paluma with increasing doses of by-product of guava
processing industry from a 1089.65 to 1327.19 kg plant'1
in six cumulative harvests.

At the first harvest, humic substances doses increasing
without soil mulching enhanced fruit mass until it reached

a calculated peak at 19.7 mL L™ corresponding to 135.1
g, while for plants with soil mulching, fruit mass
decreased from 142.6 to 129.1 g (Figure 2A). At the
second harvest, humic substances doses increase
without soil mulching promoted a fruit mass linear
increase from 173.7 to 196.4 g, while for plants with soil
mulching, fruit mass was enhanced until the stemmed
average of 15.6 mL L™, corresponding to the individual
fruit mass of 197.0 g. This data distribution indicate fruit
mass increase of 13.1 and 3.5% as a function of humic
substances with and without soil mulching, respectively
(Figure 2B). The fruit mass reduction for higher humic
substances doses occurred due to the higher number of
fruits per plant (data not presented), a characteristic
known in the scientific literature for guavas (Ramos et al.,
2010).

Fruit pH enhanced with humic substances doses
increase in the first harvest, reaching 3.54 at 20.8 mL L
but an inverse data distribution was registered in the
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Figure 2. Fruit mass (A and B) of guava as a function of humic substances and soil mulching (SM) in two consecutive harvests.
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Figure 3. Fruit pH of guava as a function of humic substances and soil mulching (SM) (A) in two consecutive harvests (B).

second harvest, that is, a fruit length linear decrease of
0.0039 mm per unitary enhancement of humic substances
(Figure 3A). Beyond pH average reduction, the lower pH
value of the second harvest was 10.7% higher than that
recorded in the first harvest. As shown in Figure 3B, there
was reduction in fruit pH from 3.76 to 3.67, caused by soil
mulching. According to Ramos et al. (2010), fruit pH
higher than 3.5 needs addition of organic acids for fruit
processing. High pH shows possible deterioration of
industrialized products because the maximum limit is 4.2
for better product conservation. According to Mariano et
al. (2011), fruit pH is used to evaluate acid characteristic
and shelf life of fruits. Campos et al. (2007) reported that
less acid fruits are more recommended for consumption
as fresh fruit, while more acid fruits are required for food
industry.

In the first harvest, fruits produced without soil mulching
presented a soluble solids linear increase of 0.0244 per

unitary enhancement of humic substances reaching 8.1
°Brix, which corresponds to an enhancement of 12.5% in
relation to those fruits produced without humic
substances (Figure 4A). Soluble solids of fruits produced
with soil mulching decreased with humic substances
doses increase until the lower average value of 5.56
°Brix, recorded at 20.76 mL L™ (Figure 4A). In the second
harvest, soluble solids values was enhanced with humic
substances doses increase until reaching a peak at 8.6
and 7.5 °Brix referring to 17.8 and 25.4 mL L™, without
and with soil mulching, respectively. These results are
above 9.33 °Brix reported by Ramos et al. (2011), and
lower than 10.08 at 10.48 °Brix reported by Ramos et al.
(2010).

In the first harvest, plants grown with soil mulching
presented a titratable acidity linear increase of 0.0004%
per unitary enhancement of humic substances reaching
0.27% (Figure 4C), while for fruits produced without soil
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Figure 4. Fruit soluble solids (A and B), titratable acidity (C and D) and vitamin C (E) of guava as a function of humic substances and

soil mulching (SM) in two consecutive harvests.

mulching, titratable acidity increased until 0.23% at 23.3
mL L™ In the second harvest, titratable acidity of fruits
produced without and with soil mulching increased until
0.35 and 0.34%, with regards to calculated doses of 39.0
and 32.5 mL L™, respectively (Figure 4D). The 0.23 at
0.35% range recorded in both harvests is higher than

0.15 at 0.19% range reported by Soares et al. (2007) for
white guavas; lower than 0.32 at 0.99% range of Singh
and Pal (2008) who studied 'Lucknow-49', 'Allahabad
Safeda' and 'Color Apple' guava cultivars in India.

Vitamin C fruit concentrations in the first harvest
increased until it reached the calculated peak of 22.36
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Figure 5. Fruit SS/TA ratio of guava as a function of humic substances and soil mulching (SM) (A) in two consecutive harvests (B).

mg 100 g7, recorded at 30.33 mL L™ (Figure 4E). In the
second harvest, vitamin C averages reduced to 14.4 mg
100 g*, with regards to 29.2 mL L™. These values are
lower than 66.67 at 93.50 mg 100 g'l range reported by
Brackmann et al. (2012) for guava fruits cv. Paluma.

Average values of soluble solids/titratable acidity
(SS/TA) ratio presented different data distribution as a
function of soil mulching use (Figure 5A). For treatments
without soil mulching, SS/TA ratio decreased to 25.12 at
19.1 mL L7, followed by a consecutive increasing with
humic substances dose enhancement (Figure 5A). As
shown in Figure 5B, average SS/TA ratio decreased from
35.07 in the first harvest to 20.72 in the second harvest,
corresponding to a reduction of about 40.9%. The lower
average shown in Figure 5B is higher than 26.04
presented by Ramos et al. (2011) for guava cv. Paluma.
It is important to infer that SS/TA ratio is a characteristic
for fruit sweetness evaluation due to the balance of acids
and sugars, which is more representative than the
measurement of these parameters alone. Therefore,
when SS/TA ratio is high, it means that the fruit has a
good taste and adequate maturation stage, as this ratio
increases when there is a decrease in acidity and high
content of soluble solids derived in maturity (Batista et al.,
2013).

The reduction in SS/TA ratio from the first to the
second harvest (Figure 5B) may have occurred due to
rainfall and lower temperatures from April to July 2013.
According to Souza et al. (2010), independent of
maturation stage, rainfall reduces pH and SS/TA ratio as
a function of more water content of fruits.

Conclusions
Humic substances enhance fruit production more

efficiently in guava plants grown without soil mulching.
Guava fruit production increases from the first to the

second harvest. Fruit quality for titratable acidity, soluble
solids, vitamin C and soluble solids/titratable acidity ratio
is adequate independent of soil mulching use. Humic
substances improve fruit quality of guava cv. Paluma.
Under soil and climate conditions, and considering the
first two production cycles of guava, it is possible to
recommend about 20 mL L™ of humic substances for
production of high quality guava fruits.
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