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ABSTRACT

Papaya is characterized as one of the most important crops in Brazil. Thus, good quality
seedlings are essential for formation of orchards in agricultural production. This study
aimed to evaluate shading levels and substrate compositions for production of papaya
seedlings. Growing environments were evaluated with 0, 18, 35, and 50% shading and
substrates from combinations (%) of hillside soil (HS), cattle manure (CM), Bioplant®
(BP), washed fine sand (FS), and super fine-grained vermiculite (FV). As there was no
replication for the growing environments, the group of experiments were analyzed using a
4 x 4 factorial arrangement (4 shades x 4 substrates), with five replications. Growth and
biometric relationships were analyzed. Substrates consisting of 30% HS + 15% CM +
20% BP +20% FS + 15% FV and 45% HS + 0% CM + 20% BP + 20% FS + 15% FV, as
well as environments with 18 and 35% shading formed seedlings with higher plant
heights, diameters, phytomass, and Dickson quality indices. The results showed that
substrates with a higher content of hillside soil and lower content of cattle manure,

BY

associated with an environment with 18 or 35% shading, provided high-quality seedlings.

INTRODUCTION

Brazil is a major fruit producer worldwide.
However, the state of Mato Grosso do Sul has a low
production, lacking for research involving its fruit
production chain from seedling production stage.
Therefore, there is a need for technical support to local
producers in order to increase production in this state
(Costa et al., 2010 a).

Seedling formation is carried out using several
techniques and technologies to increase seedling quality,
especially the use of a protected environment and adequate
substrates. Protected environments shelter plants from
direct radiation, phytosanitary hazards, heavy rains and
winds, enabling production at different times of the year.
As substrates support plant growth, they should have
suitable chemical and physical properties for proper root
and shoot development.

High-quality papaya seedlings for the formation of
plants with high genetic potential can ensure the success of
fruit production (Albano et al., 2014). Seedling quality is
associated with factors such as adequate formation, robust
and well-distributed root system, low relationship between
shoot and root phytomass, and higher Dickson quality indices
(Costa et al., 2015; Arrua et al., 2016; Sanches et al., 2017).

1'Universidade Estadual de Mato Grosso do Sul/ Cassilandia - MS, Brasil.

Received in: 9-26-2018
Accepted in: 10-2-2019

Costa et al. (2010b) performed studies on the
formation of papaya seedlings in protected environments,
in which monofilament and aluminized screened
environments produced seedlings with higher heights and
increased leaf numbers throughout the experimental
period. Costa et al. (2009) studied different substrates,
growing environments, and containers for papaya seedling
production and observed that aluminized screen
environments, as well as substrates with vermiculite,
formed improved quality seedlings.

Additionally, Pereira et al. (2015) studied four
sources of organic compost (carnauba straw, sheep
manure, carnauba straw + sheep manure, and soil as
control) and observed that carnauba straw provided the
best results in terms of papaya seedling growth, as soil
water retention increased and hence more water and
nutrients were available for plants.

In short, favorable conditions are essential for early
development and growth of plants, particularly weather
effect mitigation and substrate composition, and thus obtain
high-quality seedlings. Therefore, this study aimed to
evaluate different shading levels and substrate compositions
for production papaya seedlings (Carica papaya).
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MATERIAL AND METHODS structure of 6.00 m wide x 6.00 m long % 2.50 m high, 90°
inclination closure, full-length monofilament screen, and
35% shading (Sombrite®) (E3); and 4) screened
greenhouse with a galvanized steel structure of §8.00 m
wide x 18.00 m long x 3.50 m high, 45° inclination
closure, full-length monofilament screen, and 50% shading
(Sombrite®) (E4).

Propagation was carried out using commercial
seeds from the variety Formosa. Sowing was conducted on

The experiments with papaya (Carica papaya)
seedling formation using four substrate compositions and
four shading levels were conducted at the State University
of Mato Grosso do Sul (UEMS), Cassilandia University
Unit (UUC), which is located in Cassilandia city
(19°0721" S, 51°43'15" W, and altitude of 516 m).
According to Koppen’s climate classification, the region
presents a rainy tropical climate (Aw) in the summer and

dry in the winter (Silva et al., 2010). June 29, 2016, using one seed per container at a depth of 2

Growing environments consisted of 1) open-air cm, in 1.8-L polyethylene bags (15.0 x 25.0 cm). These
environment, with 0% shading, at full sun (El); 2) containers were filled with substrates (S) from
screened greenhouse with a wooden structure of 6.00 m combinations of hillside soil (HS), cattle manure (CM),
wide x 6.00 m long x 2.50 m high, 90° inclination closure, Bioplant® (BP), washed fine sand (FS), and super fine-
full-length monofilament screen, and 18% shading grained vermiculite (FV), with substrate combinations
(Sombrite®) (E2); 3) screened greenhouse with a wooden shown in Table 1.

TABLE 1. Substrates from mixtures at different proportions of slope soil (SS), cattle manure (CM), Bioplant® (BP), washed
fine sand (FS), and super fine-grained vermiculite (FV). Cassilandia, MS, 2016.

Hillside soil (HS) (%) C2He o €M) Bioplant® (BP) (%) Was?;gﬁﬂ/f)sand forgfguirt‘:(%rf;;‘f% )
S1 0 45 20 20 15
S2 15 30 20 20 15
S3 30 15 20 20 15
S4 45 0 20 20 15
S1, S2, S3, and S4 = substrates.

Cattle manure was obtained from a local of the region. Vermiculite and washed fine sand were
slaughtering house and was composed of corral manure obtained from commercial companies. Hillside soil and
and rumen material. It was composted for 45 days, cattle manure were chemically characterized, as shown in
beginning July 4 and ending August 19, 2015, in a covered Tables 2 and 3. Seedlings were watered using a watering
place, being turned over and moistened every two days. can, trying not to soak the substrates and keep their
The hillside soil was collected at the base of the mountains moisture close to field capacity.

TABLE 2. Results of the analysis of the characteristics of cattle manure (CM). Cassilandia, MS, 2016.

N P,0s K,O Ca Mg S M-65°C C
** 0% to natural
0.9 0.3 0.1 0.3 0.1 0.2 2.0 11.0
Na Cu Fe Mn Zn CN pH OM
------------------ **mg/kg to natural CaCl, ** % to natural
624 18 12103 204 53 12/1 5.3 20.0

M = moisture; OM = organic matter; C/N = carbon to nitrogen ratio.

TABLE 3. Results of the analysis of the characteristics of hillside soil (HS). Cassilandia, MS, 2016.

pH e cmolc dm 3-----—---- mg dm3 (ppm) 133 1570) (CN— Texture (g dm 3)------
CaCl, Ca Mg Al K P(mel) CEC Clay Silt Sand
5.8 6.10 2.20 0.01 165 1.8 11.1 110 50 840
mgdm> (ppm) = e mg dm 3 (ppm), Mehlich 1--------- gdm %

S B Cu Fe Mn Zn Na OM oC BS
4.8 0.24 0.4 14 90.5 1.7 ns 35.6 20.6 78.4

OM = organic matter; OC = organic carbon; BS = base saturation.
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Emergence was verified on July 12, 2016, at 13 days
after sowing (DAS). The data for analysis of emergence
speed index (ESI) and percentage of emergence (PE) were
collected from July 12 to August 11, 2016. Plant height
(PH) was measured at 45, 52, 59 and 66 days after sowing
(DAS). Collar diameter (CD), shoot dry matter (SDM), and
root dry matter (RDM) were also measured at 66 days after
sowing (DAS). The total dry matter (TDM), the shoot to
root system dry matter ratio (SRR), and the Dickson quality
index (DQI) were determined from these data.

Seedling height was measured with a ruler (cm) and
consisted of the distance from plant collar to its apex,
while collar diameter was measured using a digital caliper
(mm). The root (g) and shoot (g) dry matter were obtained
after drying them in a forced-air circulation oven at 65 °C
until constant weight and measurement on an analytical
balance. Total dry matter was obtained by summing the
shoot and root dry matter.

Air temperature (°C) and relative air humidity (%)
were monitored in the growing environments using an
Instrutemp ITLOG 80 data logger. Photosynthetically
active radiation (umol m2 s') was measured with the
Apogee Instruments (Quantum Flux) MQ 200 apparatus.
The data of radiation were collected from July 1, 2016, to
September 2, 2016, while temperature and relative air
humidity data were collected from July 11, 2016 (Figure 1
and Table 4).

The data were subjected to analysis of variance (F-
test) and means compared by the Scott Knott test at 5%
probability. Each growing environment was considered an
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experiment because there were no replications. A
completely randomized design was used for each growing
environment for the evaluation of substrate, with five
replications of five seedlings each. Environments were
evaluated by the analysis of the group of experiments
(Banzatto & Kronka, 2013) in a 4 x 4 factorial scheme (4
shades x 4 substrates). Emergence percentages were
transformed into arcsine square root of x/100.

RESULTS AND DISCUSSION

The micrometeorological parameters collected at
different shading levels during papaya seedling formation
are shown in Table 4 and Figure 1. Air temperature
(Figure 1A) and relative air humidity (Figure 1B) are
similar at each month of collection in the different shades,
as well as the overall mean of the period (Table 4). The
intensities of the photosynthetically active radiation (PAR)
(Figure 1C) varied as a function of the shading level,
where the lower the shading level is, the higher the
measured radiation.

The highest shading level (50%) presented PAR of
37.9% in relation to full sun (Table 4), which affected
seedling quality in these two environments. The full sun
environment (0% shading) showed a compromised
seedling development, not allowing collecting the data,
and hence, this environment was not part of the statistical
analysis. Thus, the data analysis considered only the other
shades for comparison (18, 35, and 50%).
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FIGURE 1. Air temperature (a), Relative air humidity (b), and photosynthetically active radiation (PAR) (c) recorded at full
sun and in the growing environments during the experimental period.

TABLE 4. Means of temperature (°C), relative air humidity (%), and diffuse active solar radiation (umol m2 s™!). Cassilandia,

MS, July—September 2016.

Micrometeorological variable Full sun 18% 35% 50%
Temperature (°C) 24.5 242 24.1 24.0
Relative air humidity (%) 72.0 71.2 69.8 71.7
Photosynthetically active radiation (umol m~2s™') (PAR) 1540.3 1105.6 892.5 5833
Percentage of PAR (%) 100.0 71.8 57.9 37.9

The relationship between the highest and lowest
mean-squared residuals from the analysis of substrate
(RMSR) in the three shading levels showed an index

below 7 for all variables, i.e., it allowed performing the
analysis of the group of experiments (Banzatto & Kronka,
2013) and comparison between environments (Table 5).
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TABLE 5. Relationship between the highest and lowest mean-squared residuals from the analysis of substrate (RMSR) for
emergence speed index (ESI), percentage of emergence (PE), plant height at 45 (PH1), 52 (PH2), 59 (PH3), and 66 (PH4)
DAS, collar diameter (CD), shoot dry matter (SDM), root dry matter (RDM), total dry matter (TDM), the shoot to root system
dry matter ratio (SRR), and the Dickson quality index (DQI) of papaya seedlings in different environments and substrates.

Cassilandia, MS, 2016.

Shading ESI PE (%) PH1 (cm) PH2 (cm) PH3 (cm) PH4 (cm)
18% 0.0018 0.060 0.417 1.122 2.329 8.959
35% 0.0012 0.040 0.358 1.132 1.055 7.628
50% 0.0034 0.066 0.302 0.762 1.139 6.196

RMSR 2.74 1.66 1.38 1.49 2.21 1.45

Shading CD (mm) SDM (g) RDM (g) TDM (g) SRR DQI
18% 0.707 0.112 0.016 0.207 0.050 0.0069
35% 0.420 0.111 0.012 0.183 0.182 0.0036
50% 0.432 0.064 0.003 0.086 0.218 0.0017

RMSR 1.68 1.75 4.66 241 4.35 4.07

Substrate S4 stood out in relation to the others as it
provided adequate conditions to obtain the best ESI and
PE under the three shading levels (Table 6). This substrate
did not present in its constitution cattle manure. Costa et
al. (2016) evaluated the initial performance of papaya on
substrates with different compositions of tanned cattle
manure by analyzing mean germination rate and speed
index and did not observe substrate composition influence
on the early development of papaya seedlings.

These results show that during seedling
germination and emergence, seed reserves are
responsible for supplying assimilates. Thus, during initial
development, there is no need for organic matter in the
soil but a proper physical structure. It is in agreement
with Oliveira et al. (2014), who observed that inert
materials that compose the physical components are
important during the emergence process of Dipteryx
alata, with a higher percentage of emergence in
substrates with lower amounts of cattle manure.

The substrate S3 provided papaya seedlings with

the highest height during evaluations carried out at 45, 52,
59, and 66 days after sowing (DAS) under 18% shading.
On the other hand, the highest plant heights under the 50%
shading environment were observed in the substrates S3
and S4, while the 35% shading environment presented the
highest values at 45 DAS in the substrates S1, S2, and S4.
However, seedlings did not differ in height as a function of
the substrate at 66 DAS (Table 6).

In general, all substrates promoted an adequate
growth in height, including those containing lower and
higher cattle manure contents (Table 6). Substrates with a
lower content of cattle manure promoted adequate growth
since they presented a higher amount of hillside soil,
which is a type of soil with high availability nutrients and
organic matter, thus ensuring nutritional supply to the
growth of papaya seedlings. According to Melo et al.
(2007), substrates with the lowest percentages of organic
matter from manure allowed producing papaya seedlings
with higher heights and diameters, corroborating the result
obtained in this study.
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TABLE 6. Emergence speed index (ESI), percentage of emergence (PE), plant height at 45 (PH1), 52 (PH2), 59 (PH3), and 66
(PH4) DAS of papaya seedlings at different environments and substrates. Cassilandia, MS, 2016.

Shading level (environment)

18% 35% 50%
Emergence speed index (ESI)
S1 0.24 bB 0.30 aB 0.21 bC
S2 0.28 Ab 0.31aB 0.28 aB
S3 0.38 aA 0.21bC 0.38 aA
S4 0.33aA 0.38 aA 0.34 aA
CV (%) 15.31
SD 0.0465
*Percentage of emergence (PE, %) in the stabilization of the faster treatment

S1 1.13 aA 1.25 aA 0.89 aB
S2 1.29 aA 1.38 aA 1.26 aA
S3 1.38 aA 0.88 bB 1.49 aA
S4 1.48 aA 1.57 aA 1.20 bA
CV (%) 18.53
SD 0.2351

Plant height (PH1) at 45 DAS (cm)
S1 6.24 aB 6.40 aA 4.34bC
S2 5.38 bB 6.62 aA 6.38 aB
S3 7.40 aA 5.58 bB 7.90 aA
S4 594 cB 6.82 bA 8.12 aA
CV (%) 9.32
SD 0.5989

Plant height (PH2) at 52 DAS (cm)
S1 8.30aB 9.20 aA 5.70 bC
S2 7.02 bB 9.82 aA 9.38 aB
S3 10.20 bA 7.88 cB 11.52 aA
S4 8.18 cB 10.28 aB 11.72 aA
CV (%) 11.02
SD 1.0020

Plant height (PH3) at 59 DAS (cm)
S1 11.38 aB 12.22 aB 8.58 bC
S2 9.88 bB 13.72 aA 13.06 aB
S3 13.88 bA 9.38 cC 16.20 aA
S4 11.30 cB 14.10 bA 17.00 aA
CV (%) 9.78
SD 1.2282

Plant height (PH4) at 66 DAS (cm)
S1 17.30 bB 21.00 aA 15.42bC
S2 17.38 aB 20.72 aA 20.18 aB
S3 22.26 aA 18.74 bA 24.64 aA
S4 17.70 bB 20.52 bA 24.60 aA
CV (%) 13.75
SD 2.7552

Means followed by the same uppercase letter in the columns and lowercase letter in the rows for each parameter do not differ from each
other by the Scott Knott test at 5% probability. CV = coefficient of variation; SD = standard deviation; S1 = 0% HS + 45% CM + 20% BP +
20% FS + 15% FV; S2 = 15% HS + 30% CM + 20% BP + 20% FS + 15% FV; S3 = 30% HS + 15% CM + 20% BP + 20% FS + 15% FV;
S4 = 45% HS + 0% CM + 20% BP + 20% FS + 15% FV; HS = hillside soil; CM = cattle manure; BP = Bioplant®; FS = washed fine sand;
FV = super fine-grained vermiculite. *Transformed into arcsine square root of x/100.
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Seedlings exposed to the environment with 18%
shading and substrate S3 presented the highest collar
diameters, but with no differences between substrates in
the 35% shading environment, while in the 50% shading
environment, the highest diameters were observed in
seedlings conducted in the substrates S3 and S4. The
environment with 18% shading allowed the development
of seedlings with a higher collar diameter for all evaluated
substrates (Table 7).

Papaya seedling production under protected
environments promoted a higher increase in the analyzed
growth parameters when compared to the environment at
the full sun, which was detrimental to papaya seedlings
because plants at full sun were exposed to weather
conditions. Environments with 18 and 35% shading stood
out among those promoted by screens because they formed

high-quality seedlings. These environments presented
means of PAR ranging from 890 to 1100 pmol m2 s™!
during the study period, i.e., from June to September
(Figure 1C and Table 4), determining a possible radiation
range appropriate to seedling growth.

Substrates did not differ from each other in the 35%
shading environment regarding shoot dry matter (SDM)
and total dry matter (TDM). Moreover, substrate S3 in the
18% shading environment, as well as substrates S3 and S4
in the 50% shading environment, promoted seedling
formation with better values of SDM and TDM (Table 7).
The comparison between shading levels for SDM showed
no differences for substrates S1, S2, and S3, while the best
environment for S4 was 50% shading. In addition, TDM
showed no statistical difference between environments for
all evaluated substrates.

TABLE 7. Collar diameter (CD), shoot dry matter (SDM), total dry matter (TDM), and shoot to root system dry matter ratio
(SRR) of papaya seedlings under different environments and substrates. Cassilandia, MS, 2016.

Shading level (environment)

18% 35% 50%

Collar diameter (CD) (mm)
S1 5.32aB 5.21 aA 4.10bB
S2 495 aB 5.25aA 4.51 aB
S3 7.02 aA 4.54 cA 6.06 bA
S4 5.41aB 5.88 aA 6.18 aA
CV (%) 13.42
SD 0.7211

Shoot dry matter (SDM) (g)
S1 1.11 aB 1.42 aA 1.00 aB
S2 1.37 aB 1.35aA 1.09 aB
S3 1.71 aA 1.25 aA 1.41 aA
S4 1.20 bB 1.32 bA 1.67 aA
CV (%) 23.24
SD 0.3091

Total dry matter (TDM) (g)
S1 1.52 aB 1.83 aA 1.28 aB
S2 1.82 aB 1.83 aA 1.41 aB
S3 2.32 aA 1.78 aA 1.86 aA
S4 1.78 aB 1.91 aA 2.29aA
CV (%) 22.09
SD 0.3986

Shoot to root system dry matter ratio (SRR)

S1 2.77 bA 3.51 aA 3.62 aA
S2 3.07 bA 2.84 bB 3.49 aA
S3 2.86 aA 2.39bC 3.16 aB
S4 2.06 bB 2.27bC 2.72 aB
CV (%) 21.02
SD 0.3877

Means followed by the same uppercase letter in the columns and lowercase letter in the rows for each parameter do not differ
from each other by the Scott Knott test at 5% probability. CV = coefficient of variation; SD = standard deviation; S1 = 0% HS
+45% CM + 20% BP + 20% FS + 15% FV; S2 = 15% HS + 30% CM + 20% BP + 20% FS + 15% FV; S3 =30% HS + 15%
CM +20% BP +20% FS + 15% FV; S4 = 45% HS + 0% CM + 20% BP + 20% FS + 15% FV; HS = hillside soil; CM = cattle
manure; BP = Bioplant®; FS = washed fine sand; FV = super fine-grained vermiculite.
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Although all substrates had the same amount of
vermiculite in their composition, this material contributed
to providing favorable conditions for seedling
development. In this sense, according to Costa et al.
(2009), substrates containing vermiculite in their
composition promoted higher biomass accumulation in
papaya seedlings because this material provides higher
porous space, high aeration capacity and, consequently,
better water retention, thus explaining the higher dry
matter accumulation in seedlings.

Substrates S3 and S4, which had higher amounts of
hillside soil, presented a lower shoot to root system dry
matter ratio (SRR), i.e., higher root distribution. Regarding
the environments, the lowest ratios occurred in
environments with the lowest solar radiation under 18 and
35% shading levels (Figure 1 and Table 7).

The variables root dry matter (RDM) and Dickson
quality index (DQI) showed no interaction between
shading factors and substrates. The 18 and 35% shading
environments formed seedlings with higher values of
RDM and DQI. Substrates S3 and S4, which presented
manure contents below 15%, formed seedlings with higher
values of RDM and DQI (Table 8).

705

It shows that papaya had better growth when PAR
ranged from 890 to 1100 pmol m? s?2 since air
temperatures and relative air humidity were similar in all
study environments (Figures 1A, 1B, and 1C and Table 4).
Salles et al. (2017) studied formation of black plum and
papaya seedlings in Cassilandia — MS (Brazil) and found
the highest Dickson quality indices, diameters, shoot dry
matter, and total dry matter under 18 and 35% shading.

In studies with papaya seedling production on
different substrates, Melo et al. (2007) reported that the
highest phytomass accumulation in the root system
occurred in substrates with lower manure contents, and
that substrates with good physical condition provided
higher porosity and aeration, thus promoting ideal
conditions for root growth, corroborating the results found
in this experiment.

Substrates with lower manure contents (S3 and S4)
promoted seedling formation with higher phytomass of
root system, height, diameters, and DQI, characterizing
good quality seedlings. Seedlings with a higher root
system have a better growth trend in the field after
transplantation.

TABLE 8. Root dry matter (RDM) and Dickson quality index (DQI) of papaya seedlings under different environments and

substrates. Cassilandia, MS, 2016.

Environment RDM (g) DQI
18% shading 0.51A 031 A
35% shading 0.50 A 0.28 A
50% shading 041 B 0.23B
Substrate MSSR (g) 1QD
S1=0% HS +45% CM + 20% BP +20% FS + 15% FV 0.36 B 0.22B
S2 =15% HS + 30% CM + 20% BP +20% FS + 15% FV 041 B 0.24B
S3=30% HS + 15% CM + 20% BP +20% FS + 15% FV 0.52 A 031A
S4 =45% HS + 0% CM + 20% BP + 20% FS + 15% FV 0.59 A 034 A
CV (%) 21.57 23.02
SD 0.1023 0.0637

Means followed by the same letter in the column for each parameter do not differ from each other by the Scott Knott test at 5% probability.

CV = coefficient of variation; SD = standard deviation.

CONCLUSIONS

Substrates with a higher amount of hillside soil and
lower contents of cattle manure formed high-quality
seedlings. The most outstanding substrate composition
consisted of 30% hillside soil + 15% cattle manure + 20%
Bioplant® + 20% washed fine sand + 15% super fine-
grained vermiculite and 45% hillside soil + 0% cattle
manure + Bioplant® + 20% washed fine sand + 15 % super
fine-grained vermiculite.

Shaded environments are essential for papaya
seedling formation, mainly between 18 or 35% shading.
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