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Abstract: We tested the effect of varying percentages (v/v) of peatmoss and compost (60/40, T1;
40/60, T2; and 20/80, T3) on growth and macronutrient concentration of lulo (Solanum quitoense
Lam.) seedlings in a completely randomized experiment with ten replicates under greenhouse
conditions. Lulo seedlings displayed higher plant height and stem diameter when grown in T1 and
T2, as compared to T3. In root tissues, N concentration was higher in plants grown in T1, and the
same trend was observed in leaves, though differences were not significant in the latter. All other
nutrient concentrations analyzed in root tissues were higher in plants under T3. These results are
directly related to a higher biomass production in roots as compared to shoots (52.5% higher) found
in T3. In leaf tissues, however, significant increases in plants exposed to T3 were only evident for
Ca and S concentrations (i.e., 10.6 and 2.6 g kg~! DBW). Considering dry biomass weight (DBW),
lulo plants exhibited a significant and positive correlation between shoot (ShDBW) and total dry
biomass (TDBW), whereas low and negative correlations were observed between root DBW and
ShDBW. Therefore, a peatmoss/compost ratio of 0.66 (40/60, T2) results in a better plant growth
performance, ensuring a good plant nutrient status for lulo seedlings.

Keywords: Solanaceae; Lasiocarpa; naranjilla; biomass; plant nutrition

1. Introduction

Lulo (Solanum quitoense Lam.) is a horticultural species native to the Andes Mountains
of South America, especially Colombia, Ecuador, and Peru, countries where its production
and consumption are concentrated [1]. Its fruit is highly prized because of its flavor,
aroma, and nutraceutical properties, including high contents of vitamins A and C and
other antioxidant compounds [2,3]. These facts are leading to an increased domestic and
international market demand [4,5]. Moreover, this fruit provides raw material for the food
industry and active compounds for the pharmaceutical and novel food industries, among
others [5]. When plants reach maturity, nearly 40% of the total dry biomass corresponds to
stems, 33.8% to fruits, 15.54% to leaves, 10.56% to roots, and 0.4% to flowers [3].

Due to various technical constraints, crop production is insufficient to meet regional
and international demands. Indeed, imports of this fruit in the United States have signifi-
cantly risen in recent years. Moreover, research on its cultivation is still in its infancy [5]. In
fact, the lulo-growing industry has developed as a result of initiatives taken by the growers
themselves, without significant scientific support in terms of research, technology and
innovation [6]. Therefore, there is a big need for carrying out research aimed at overcoming
some technical limitations that currently limit its expansion and competitiveness, including
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studies on the effect of substrates on germination and production of healthy seedlings in
containers under greenhouse or nursery conditions.

Horticultural crops produced in containers rely on adequate substrates for proper
growth, while suitable mixture of materials is a sine qua non to obtain a good substrate
that allows optimal conditions for plants [7,8]. The development of novel horticultural
substrates is continually evolving to meet current constraints, demands, and trends in the
production of most horticultural crops. In containers, plant roots are restricted to a small
volume, so their demand for water, nutrients, and support is greater compared to those
produced in the field where root growth occurs without space limitations [8]. In order to
produce healthy and high-quality plants, while increasing the surface area available for
absorption of water and nutrients, a vigorous root system is an absolutely indispensable
condition [9,10].

Sexual propagation of lulo is the main method for obtaining plants, and the best
protocol to obtain seeds is pulp fermentation [2]. Importantly, each lulo fruit may produce
up to 1000 seeds [11]. After sowing, those seeds can germinate in 15-20 days. Once seeds
are germinated, seedlings should remain in the nursery or greenhouse for approximately
30 days [12]. High-quality seedlings exhibit outstanding morphological characteristics such
as thick stems, dark-green leaves, and large, soft roots [13], which in the end can improve
fruit yield and quality at harvest.

Lulo plants require slightly acidic soil (pH 5.5 to 6.5) and respond to both organic
and mineral fertilization [11]. For instance, lulo cv. La Selva produced higher yields when
composted poultry manure was applied, whereas vermicompost had similar effects to
mineral fertilization (N-P-K: 10-30-10) [14]. Importantly, a lack of nutrients in lulo plants
negatively influences plant growth, causing a high biomass accumulation in the roots [15].

Regarding organic substrates, lulo seeds can germinate and produce healthy seedlings
at a peatmoss/compost ratio of 1.50 to 0.66, which corresponds to 40% to 60% compost
content in the substrate, without the application of chemical fertilizers [12]. Furthermore,
seedling growth rates of lulo are improved when supplying 40% to 60% compost in the sub-
strate [16]. Importantly, an optimal nutrient supply through an adequate organic substrate
mixture may improve plant growth and biomass production [17-19], though just a few
studies have addressed these responses in lulo at the seedling stage [5,12]. We hypothesize
that different combinations of organic substrate mixtures may differentially affect the nutri-
ent status and growth of lulo plants at early developmental stages. Hence, in this study we
aimed to deeply analyze the macronutrient concentrations and growth parameters of lulo
seedlings established in substrates with three different peatmoss/compost combinations
(in percentage, v/v): 60/40 (T1), 40/60 (T2), and 20/80 (T3).

2. Materials and Methods

The experiment was carried out for two months in a rectangular greenhouse (30 x 12 m)
with a gable roof covered with a shade net, which allowed 70% light transmittance. The
experimental station was located in central Veracruz, Mexico at 18°50’ NL, 96°51" WL and
650 m altitude. The local climate is tropical humid, with summer rainfall and an annual
average temperature of 20 °C, maximum 35 °C and minimum 10 °C, and annual average
rainfall over 1800 mm [20].

2.1. Experimental Design and Treatments

The experimental design was completely randomized with ten replicates. Each ex-
perimental unit was represented by four seedlings, with 10 repetitions per treatment, and
concomitantly, a total of 40 seedlings for each treatment. Each repetition per treatment
was completely randomized in four germination trays of 128 cavities each, as depicted in
Figure 1.
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Figure 1. Randomized distribution of treatments and repetitions in the experiment designed to test
the effect of different peatmoss/compost combinations on growth and macronutrient concentrations
of lulo (Solanum quitoense Lam.) seedlings under greenhouse conditions. Treatments are as follows
(percentage of peatmoss/compost, v/v): T1: 60/40; T2: 40/60; T3: 20/80. Colors of the boxes within
the tray represent the three different treatments tested: Blue for T1; Yellow for T2; and Green for T3.

The treatments consisted of different combinations of peatmoss and composted sugar-
cane filter cake (in percentage, v/v): treatment 1 (T1): 60/40 (peatmoss/compost); treatment
2 (T2): 40/60 (peatmoss/compost); and treatment 3 (T3): 20/80 (peatmoss/compost). The
nutrient concentrations of these substrates are shown in Table 1, while the physical and
chemical properties are displayed in Table 2.



Horticulturae 2022, 8, 1200

40f13

Table 1. Mineral composition of the substrate mixtures composed of peatmoss and compost at
different percentages (v/v) used to grow lulo (Solanum quitoense Lam.) seedlings.

0

Percentage Peat- Ratio Peat- N Total NO3~ NH,* P K
Treatment moss/Compost moss/Compost . 1 1
(wlo) (v/0) ) (mg kg ) (mg L7
T1 60/40 1.50 1.38 4 0.015 1022 +1.84 42 4 2.62 4.52 £ 0.06 233.43 £ 3.8
T2 40/60 0.66 1.47 £ 0.022 882 +£4.92 119 £ 7.43 5.60 + 0.22 256.89 £ 7.8
T3 20/80 0.25 1.51 £ 0.010 1316 £ 5.35 42 £0.70 6.58 £ 0.21 274.09 £3.3
Data are expressed as means + SD, n = 3.
Table 2. Physical and chemical properties of the substrate mixtures composed of peatmoss and
compost at different percentages (v/v) used to grow lulo (Solanum quitoense Lam.) seedlings.
Bulk Density s fo . o EC CEC OM
Treatment (g cm3) Total Porosity (%) Air Space (%) pH @Sm-1) [emol, kg-1] (%)
T1 0.21 £ 0.009 86 £ 0.49 14 £ 0.49 6.36 + 0.04 1.74 £+ 0.019 20.73 £ 0.57 20.73 £ 0.56
T2 0.25 £ 0.005 82 £0.26 12 +£0.10 6.51 £ 0.02 2.11 £ 0.008 17.62 £+ 0.66 17.62 £ 0.25
T3 0.30 £ 0.010 81 £ 0.37 8 £ 0.04 6.54 + 0.02 2.43 +0.021 16.72 £+ 0.32 16.72 +0.29

EC: Electrical Conductivity; CEC: Cation Exchange Capacity; OM: Organic Matter. Treatments correspond to
the following peatmoss/compost percentages (in v/v): T1: 60/40; T2: 40/60; T3: 20/80. Data are expressed as
means + SD, n = 3.

2.2. Seed Extraction and Fermentation

Lulo seeds extracted from vine-ripened fruits were first fermented for 48 h in 500 mL
glass flasks using tap water. Fermented seeds were washed with distilled water and then
dried at room temperature for 48 h.

2.3. Experiment Establishment

Dried seeds were sown in the substrate mixtures according to treatments, using four
128-cavity germination trays for each treatment tested. One seed was deposited in each
cavity (Figure 1). Trays were kept under moderate shade (70% of transmittance) in the
greenhouse and irrigated daily with tap water until seedlings reached 5 cm in height on
average (60 days after sowing).

2.4. Growth Parameters

Sixty days after seed sowing, we measured plant height (PH) with a ruler, and stem
diameter (SD) using a digital caliper. Subsequently, seedlings were harvested and dissected
into leaves and stems (shoots) and roots, and dried in an air-forced oven (Riossa, HCF-
125D, Monterrey, Mexico) for 48 h at 72 °C. After drying, samples were weighed in an
OHAUS Adventurer Pro AV213C analytical balance (Parsippany, NJ, USA) to determine
dry biomass weight of shoots (ShDBW) and roots (RDBW). By summing ShDBW plus
RDBW we calculated the total dry biomass weight (TDBW).

2.5. Macronutrient Analyses in Plant Tissues

Macronutrient concentrations were analyzed in dried and mill-ground tissues of
leaves and roots, as described by Alcantar-Gonzalez and Sandoval-Villa [21]. Accordingly,
concentrations of P, K, Ca, Mg, and S were quantified by inductively coupled plasma optical
emission spectroscopy (ICP-OES; Agilent 725-ES; Santa Clara, CA, USA), in the extracts
resulting from the double digestion of samples with nitric (HNO3) and perchloric (HCIO4)
acids. Nitrogen concentration was estimated using the micro-Kjeldahl method.

2.6. Statistical Analyses

The assumption of normality of data was determined by the Shapiro-Wilk and
Kolmogorov-Smirnov tests at 5% significance, while the homogeneity of variance was
estimated by the Bartlett test.



Horticulturae 2022, 8, 1200

50f13

Plant height, stem diameter, shoot and total dry biomass weight, and nutrient con-
centration in roots were subjected to analysis of variance (PROC ANOVA) using SAS
9.1 statistical software [22]. Means comparison was carried out using Tukey’s test and
statistical significance was obtained at a 95% confidence level (« = 0.05).

Data from root dry biomass weight and foliar nutrient concentrations did not meet
the normality and homogeneity assumptions, so Wilcoxon’s rank summation tests were
performed using SAS 9.1 statistical software [22].

For the means corresponding to total dry biomass weight (TDBW), that of shoots
(ShDBW) and roots (RDBW), as well as plant height (PH), and stem diameter (SD), we
estimated the Pearson correlations among them using the SAS package [22].

3. Results and Discussion

Physical and chemical properties of organic substrates have tremendous impacts on
plant growth and development [9,10]. Under our experimental conditions, all primary
macronutrients in the substrates increased by raising the content of compost in the sub-
strate mixtures (Table 1). Nitrogen concentrations rose from 1.38% to 1.51% in T1 and
T3, respectively. In turn, extractable P concentration rose from 4.52 to 6.58 mg kg~ ! in T1
and T3, respectively, while soluble K concentration increased from 233.43 mg L~! in T1 to
256.89 mg L~! in T2 and 274.09 mg L1 in T3. Interestingly, we observed an increase in the
nitrate (NO3 ™) concentration from 1022 mg kg’1 inT1 to 1316 mg kg’1 in T3.

Other chemical and physical properties of these substrate mixtures have been reported
elsewhere [12,16], and are summarized in Table 2. In general, bulk density, pH, and elec-
trical conductivity (EC), as well as the Na*, C1~, and HCO3~ concentrations increased by
raising the compost volume in the substrate mixture. These results are consistent with other
studies. For instance, manure composting involved an increase in pH, EC, cation exchange
capacity (CEC), and some anions [23]. The release of mineral salts due to the decomposition
of organic matter (OM) and the concentration effect due to a net loss of dry mass lead to an
increase in EC values [24]. Additionally, inorganic forms of nutrients (i.e., nitrates and
sulfates) and the increase in organic acids (e.g., acetic acid) during composting may con-
tribute to increase the EC values [25]. In this study, the EC values found in the sub-
strate mixtures (T1: 1.74; T2: 2.11; and T3: 2.43 dS m_l) were lower than the upper limit
(4 dS m~1) considered tolerable by plants of medium salt sensitivity [26]. Such EC values
may be related to the accumulation of partially oxidized OM, such as low molecular weight
organic acids [25]. The presence of a high percentage of C-rich raw materials favors OM
oxidation, which eventually becomes highly stabilized [24], which may improve plant
health and vigor when properly managed.

3.1. Plant Growth Analyses and Correlation among Variables

The treatments tested differentially affected plant height and stem diameter, with the
highest means found in T1 and T2 (Figure 2). Treatment 3 displayed the lowest mean for
both variables. Importantly, both growth variables in T3 were statistically different to T1
and T2.

Lulo seedlings respond both to the application of vermicompost and composted
poultry manure as well as to diammonium phosphate (DAP) [14]. In fact, the application
of 1 kg organic matter (OM) per plant (preferably composted) at the bottom of the hole into
which the plants are transplanted in the field is strongly recommended by the Colombian
Fundacion Codesarrollo [27].

However, a high compost content in the substrate mixtures for lulo plants may result
in drastic reductions in growth, including significant decreases in leaf area ratio (LAR),
specific leaf area (SLA), and leaf ratio (LR) [16]. Furthermore, both plant height and stem
diameter are lower in plants under treatment containing 80% compost (T3), in comparison
to treatments containing less compost in the substrate mixtures (i.e., either 40% or 60%) [12].
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Figure 2. Plant height (a) and stem diameter (b) of lulo (Solanum quitoense Lam.) seedlings grown in
different combinations of peatmoss and compost. Columns are means of 10 seedlings per treatment
randomly selected, one per repetition. Bars on the columns indicate standard deviation. Different
letters on the columns indicate significant differences among treatments. Treatments are as follows
(percentage of peatmoss/compost, v/v): T1: 60/40; T2: 40/60; T3: 20/80.

These behaviors can be explained in light of the physical and chemical properties of
the substrates used. For instance, as shown in Table 2, bulk density was higher (0.30 g cm~2)
in the substrate contained in treatment 3 (peatmoss/compost, 20/80) in comparison to the
other treatments (i.e., 0.21 g cm~3 for T1 and 0.25 g cm 3 for T2). It is well known that bulk
density has a tremendous effect on plant growth, and the closer to 0.15 g cm 3, the better
it is [28]. Accordingly, lulo plants grown in T3 (with the highest value for bulk density)
displayed smaller size than those grown in T1 and T2 (Figure 2). Likewise, tomato plants
grown in composted filter cake having a bulk density of 0.36 g cm 3 displayed growth
penalties, while those grown in peatmoss with a bulk density of 0.15 g cm~3 developed
better [29]. Moreover, total porosity and air space were lower in the substrate mixture
containing 80% compost (T3). Total porosity and air space are probably the most important
physical properties affecting substrate quality. While it is generally recommended that the
air space value be above 10%, the substrate mixture in T3 containing 80% compost had an
air space of only 8%, which may explain in part the negative effects on growth parameters
observed in our study.

Concerning chemical properties of the substrate mixtures, pH (6.54) and electrical
conductivity (EC) (2.43 dS m~1) were higher in the substrate mixture containing 80%
compost (T3) in comparison to those values observed in T1 and T2 (Table 2). As lulo prefers
soils with low pH (between 5 and 6), better growth can be expected in substrates with
lower pH [5]. Accordingly, plants displayed better growth when established in substrate
mixtures with lower pH (i.e., T1 with 6.36 and T2 with 6.51) [16]. In addition, EC reached
243 dS m~! in T3, whereas T1 displayed 1.74 dS m~!, and in T2 it was 2.11 dS m~1.
Electrical conductivity is directly correlated with salts contained in the growth media [28],
and lulo plants are drastically affected by salinity [30]. Therefore, this fact also helps explain
the reduction in growth parameters previously reported [16]. Likewise, cation exchange
capacity (CEC) and organic matter (OM) in the substrates are strongly correlated, as organic
components in the substrate improve CEC through an increase in available negative charges.
As such, OM build-up in soil usually positively impacts soil fertility. Again, a general
reduction in the CEC of substrates was observed as the compost percentage increased, and
the OM content decreased (Table 2).

Though roots of lulo seedlings grown under the highest compost content (80%) devel-
oped the greatest length (12.11 cm) in comparison to plants grown in substrates containing
either 40 (7.14 cm) or 60% (8.03 cm) [12], other growth parameters including leaf area ratio
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(LAR), specific leaf area (SLA), and leaf ratio (LR) were lower in plants under T3, which
has been associated with higher electrical conductivity (Table 1) and Na*, CI', and HCOj5-
concentrations found in the substrate mixture of T3 [16].

Like plant height, shoot dry biomass weight of seedlings grown in T3 was 24.4 and
22.4% lower than those observed in T1 and T2, respectively (Figure 3a). Likewise, total dry
biomass weight of seedlings exposed to T3 was significantly lower than that observed in
T1, with a reduction of 22.8% (Figure 3b).
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Figure 3. Shoot (a) and total dry biomass weight (b) of lulo (Solanum quitoense Lam.) seedlings
grown in different combinations of peatmoss and compost. Columns are means of 10 seedlings per
treatment, randomly selected, one per repetition. Bars on the columns indicate standard deviation.
Different letters on the columns in each subfigure indicate significant differences among treatments.
Treatments are as follows (percentage of peatmoss/compost, v/v): T1: 60/40; T2: 40/60; T3: 20/80.

Contrary to the responses observed in ShDBW and TDBW, T3 increased RBDW by
34.4 and 55.7% compared to T1 and T2, respectively (Figure 4). The mean ratios of ShDBW
and RDBW were 3.4, 3.87, and 1.9 in T1, T2, and T3, respectively. Therefore, in T1, T2, and
T3, RDBW represented 29.5, 26.2, and 52.5%, respectively, that of ShDBW. The root is an
organ of pivotal importance for plants, since it has several functions, principally to anchor
and support the plant to the soil or the substrate. Moreover, it has a key role in nutrient
and water absorption, hormone synthesis, food storage, and tolerance to osmotic stress.
The shoot/root ratio is a morphological attribute that reflects the integrity and complexity
of the plant, and each genotype, even within the same species, may display specific values
for this ratio [31]. Plants exposed to different abiotic stress factors may exhibit significant
changes regarding biomass partitioning. For instance, in Eucalyptus camaldulensis plants
exposed to moderate (8 dS m~1) or high (16 dS m~!) saline stress, root biomass represented
30.6 and 34.6% of the total biomass, respectively, compared to the control (2 dS m~1), whose
root produced 25% of the total biomass produced [32]. Under drought conditions (water
potential of soil at —60 MPa), two wheat (Triticum aestivum) cultivars (YM13 and YN19)
displayed a root/shoot ratio of 0.395, while the control (water potential of soil at —20 MPa)
exhibited a ratio of 0.35 [33]. Similarly, nutrient deficiencies may inhibit shoot growth,
with a concomitantly increased root growth to explore more area in the soil or growth
medium [34]. In our experiment, T3 did not stimulate shoot growth because of the less
favorable physical (less porosity and air space) and chemical (lower CEC and OM, but
higher EC) properties, as described in Table 2. The higher biomass production in roots
(52.5% higher) as compared to shoots observed in T3 represents an adaptive mechanism
of plants to improve nutrient uptake under low nutrient availability conditions imposed
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by a reduction in total air space and ion exchange capacity, and an increased electrical
conductivity resulting from the higher percentage of compost in T3, as compared to T1 and
T2.

003071 g 0.0095
) Mean 0.016108
= 0.025]| Max 0.0284
:§) Pooled Std. Dev. 0.003221
[
2
@ 0.020-] .
1]
]
g
2 0.0154
el
g
= 0.010
(=]
(=}
R _ p-value <0.0001
0.005
I I I
T1 2 T3

Treatments

Figure 4. Box diagram of root dry biomass weight of lulo (Solanum quitoense Lam.) seedlings grown
in different combinations of peatmoss and compost. Data of 10 seedlings per treatment, randomly
selected, one per repetition. Wilcoxon’s rank summation test (p < 0.05). Treatments are as follows
(percentage of peatmoss/compost, v/v): T1: 60/40; T2: 40/60; T3: 20/80.

Organic substrates are more susceptible to compaction than inorganic ones, and soil
compaction results in poor root development. Importantly, optimized mixtures of growing
substrates guarantee optimal conditions for plant growth by providing improved physical
and chemical properties [35]. The tested substrates significantly influenced the growth
responses observed in lulo plants in our study (Figure 2). Thus, plants grown in T1 (with the
lowest compost content tested) and T2 (with the mean compost content proven), reached
higher mean values for height and stem diameter compared to T3 (which contained the
highest percentage of compost tested) (Figure 2). These responses are in full agreement
with those observed previously [12], demonstrating that substrate characteristics are critical
for plant growth and development [28].

We analyzed the correlations among total dry biomass weight (TDBW), that of shoots
(ShDBW) and roots (RDBW), as well as plant height (PH) and stem diameter (SD). Lulo
plants exhibited a significant and positive correlation between ShDBW and TDBW. Nev-
ertheless, RDBW showed a low and negative correlation with ShDBW (Table 3). Because
of the positive correlation between ShDBW and TDBW, we can observe a more efficient
dry biomass production in the aboveground parts of the plant, at the expense of the root.
Accordingly, higher dry biomass accumulation was recorded in the foliage of two lulo vari-
eties during the first 100 days of growth, resulting in an 80/20 shoot/root ratio [36], which
is in full agreement with our results. Indeed, lulo plants grown in substrates containing
either 40/60 or 60/40 (v/v) peatmoss/compost ratios accumulated higher dry biomass
weight in the aboveground parts in comparison to the roots [16]. Furthermore, in tomato
(which also belongs to the Solanaceae family) plants exposed to different shade treatments,
a higher accumulation of photoassimilates in leaves than roots was reported [37]; such
biological compounds formed by assimilation using light-dependent reactions stimulated
aboveground growth.

Lulo displays high genetic variability [38], which is observed at the morphological
and physiological levels [39]. Such variability is a great advantage for future breeding
programs aimed to find elite materials to expand the cultivation of this species to other
regions. Furthermore, such diversity also supposes different responses to agronomic and
nursery practices among genotypes. Exploring such diversity is a daunting task to be
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addressed in future approaches to find optimal growing-substrate mixtures for germination
and growth of healthy and vigorous seedlings.

Table 3. Correlation among growth variables of lulo plants (Solanum quitoense Lam.) grown in
different peatmoss/compost percentages (v/v) under greenhouse conditions for two months.

Variable ShDBW RDBW TDBW PH SD
ShDBW 1 —0.335* 0.840 ** 0.593 * —0.552 **
RDBW 1 0.228 ns —0.423 * 0.628 **
TDBW 1 0.321 ns 0.225 ns
PH 1 0.590 **
SD 1

ShDBW = shoot dry biomass weight; RDBW: root dry biomass weight; TDBW: total dry biomass weight; PH:
plant height; SD: stem diameter; RL: root length; LW: leaf width; LL: leaf length; * p < 0.05; ** p < 0.01;
ns: not significant.

3.2. Macronutrient Concentrations in Plant Tissues

Treatments significantly affected nutrient concentrations in roots (Table 4). Nitrogen
concentration in these tissues decreased as the percentage of compost in the substrate
mixture increased. Indeed, the highest N concentration was obtained in roots of plants
under T1 containing the lowest compost content (40%), which may be attributed to a
possible better balance between NO; ~ and NHy* in the substrate mixture for these tissues
(Table 1). This species positively responds to increasing N applications, applied to both the
soil and the leaves [6]. Conversely, all other macronutrients in roots were higher in plants
under T3, which contained 80% compost.

Table 4. Macronutrient concentrations in root tissues of lulo (Solanum quitoense Lam.) seedlings
grown in substrates containing different percentages (v/v) of peatmoss and compost under green-
house conditions.

P K Ca Mg S
Treat t
reatmen (g kg1 DBW)
T1 19.3 £0.029 a 238 £0.015¢ 555+ 0.122 ¢ 4.28 +0.043 c 1.93 +0.005 ¢ 2.03 +£0.018 c
T2 14.5 £0.058 c 348 £0.025b 797 £0.043b 5.32 £ 0.038 b 2.92 £0.026 b 3.05 £ 0.027 b
T3 16.2 £0.153 b 3.98 £0.037 a 9.29 £0.038 a 7.05+£0.021 a 3.12£0.040 a 3.59 £0.045a

Percentages of peatmoss/compost (v/v): T1l: 60/40; T2: 40/60; T3: 20/80. DBW: Dry Biomass Weight.
Means + DE of five samples (each composed sample derived from two repetitions per treatment) with a different
letter in the same column indicating significant differences among treatments (Tukey, p < 0.05).

Regarding macronutrients in leaves, the results of the Wilcoxon’s rank summation
test demonstrate that there were no significant differences among treatments regarding the
concentrations of N, P, K, and Mg (Table 5). Nitrogen is the most crucial macronutrient for
plant growth at the vegetative stage and its deficiency results in general chlorosis as well as
a reduction in leaf area and number of leaves [40]. As shown in Table 5, N concentration was
statistically similar in leaves of all treatments. Interestingly, nitrate (NO3 ™) concentrations
in the substrate mixture were the highest in T3 (peatmoss/compost: 20/80). It is well
known that some species of the Solanaceae family prefer a medium nitrate/ammonium
ratio for optimum growth [41-43]. This may be the case for lulo plants, as plant height and
root length values were the lowest in T3 [16], which contained the highest NO3;~ /NH4*
ratio (31.33) compared to T1 (i.e.,, 24.33) and T2 (7.41) (Table 1). Indeed, the standard
Hoagland nutrient solution containing a nitrate/ammonium ratio of 6.0/0.5 results in
significant reductions in growth, whereas a lower NO;~ /NH,* ratio (i.e., 3.5/3.0) causes
growth stability in tomato plants [44].
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Table 5. Concentrations of N, P, K, and Mg in leaf tissues of lulo (Solanum quitoense Lam.) seedlings
grown in substrates containing different percentages (v/v) of peatmoss and compost under green-
house conditions.

N P K Mg
Treat t
reatmen (g kg1 DBW)
T1 25.37 4+ 4.01 4.67 +0.53 10.71 £ 1.04 4.17 +0.07
T2 16.30 £ 0.09 5.88 +0.11 13.89 £ 0.36 549 +0.01
T3 24.77 £ 0.16 6.43 £ 0.12 13.49 £0.19 5.33 + 0.56
p-value 0.2381 0.0549 0.0822 0.1076

Means + DE of five samples (each composed sample derived from two replications per treatment). Wilcoxon’s
rank summation test (p < 0.05). Treatments are as follows (percentage of peatmoss/compost, v/v): T1: 60/40;
T2: 40/60; T3: 20/80.

Similarly, P concentrations in leaves (Table 5) were directly correlated with the P
levels found in the substrates (Table 1). Nevertheless, the average P levels in our study
(~15¢g kg’1 DBW) are much lower than those reported by Florez et al. [45] (~32 g 1<g’l
DBW). This difference may be due to the experimental conditions. In our study, plants were
maintained in the same treatments (different mixtures of peatmoss and compost) for two
months after sowing. By contrast, Florez et al. [45] applied treatments (peatmoss, sand, and
agricultural soil either alone or mixed) when plants had already reached two months of
age and then maintained those plants under experimentation for 12 weeks (three months),
meaning the plants finished the experiment at five months of age.

Although K concentrations in the substrate mixtures were different (Table 1), no
statistical differences were observed in K concentrations in leaves. The same trend was
observed for Mg concentrations (Table 5).

In leaves, the Wilcoxon’s rank summation test demonstrates that the treatments evalu-
ated were significantly different with respect to Ca and S concentrations (Figure 5). The
highest Ca concentration was observed in plant leaves under T3 (80% compost), reaching
10.64 g kg~! DBW. The lowest concentration for this element was observed in T1, with a
mean of 8.05 g kg ~! DBW (Figure 5a). These concentrations are lower than that observed
by Flérez et al. [45], which reached 26 g kg~! DBW in some treatments. Similarly, the
Wilcoxon’s rank summation test proved that the S concentrations in leaves was different
among treatments (Figure 5b), with the highest mean found in T3 (2.57 g kg~! DBW),
followed by T2 (2.31 g kg~! DBW) and T1 (1.79 g kg ~! DBW). In lulo, the application of
28 ppm P increased plant height and diminished anthocyanin content in leaves, while
33 ppm S avoided chlorosis and growth penalties [40].
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Figure 5. Box diagram of Ca (a) and S (b) concentrations in leaves of lulo (Solanum quitoense Lam.)
seedlings grown in different combinations of peatmoss and compost. Data of five samples (each
composed sample was derived from two repetitions per treatment). Wilcoxon’s rank summation test
(p < 0.05). Treatments are as follows (percentage of peatmoss/compost, v/v): T1: 60/40; T2: 40/60;
T3:20/80.

4. Conclusions

Herewith we have demonstrated that different combinations of organic substrate
mixtures (i.e., peatmoss and composted sugarcane filter cake) differentially affected growth
and macronutrient concentrations of lulo seedlings. Importantly, seedlings grew better
in substrates containing up to 60% compost in the substrate mixture. In leaf tissues, all
macronutrients analyzed except S displayed higher concentrations than in root tissues.
Nitrogen concentration was higher in roots of plants grown with the lowest compost
content (40%), and the same trend was observed in leaves, though differences were not
significant in the latter. In root tissues, all other nutrient concentrations (P, K, Ca, Mg, and S)
were higher in plants under T3 (containing the highest compost content). Nevertheless, in
leaf tissues only Ca and S displayed higher concentrations in plants under T3. Though the
higher content of compost in T3 resulted in higher concentrations of most macronutrients
analyzed in roots and of some of them in leaves of plants under this treatment, this increased
nutrient concentration did not improve growth parameters. The correlation analyses of
growth variables demonstrated a significant and positive relationship between shoot dry
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biomass weight (ShDBW) and total dry biomass weight (TDBW), though root dry biomass
weight (RDBW) showed a low and negative correlation with ShDBW. Therefore, the balance
between substrate mixtures must be kept at a peatmoss/compost ratio of 0.66 in order to
achieve better plant growth performance, ensuring a good plant nutrient status. To the best
of our knowledge, this is the first study reporting the effect of organic growing substrate
mixtures on growth and nutrient status of lulo seedlings under greenhouse conditions.
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