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Abstract
The plant Tropaeolum majus, popularly known as nasturtium, presents food, ornamental and medicinal importance.
Studies on floral and carpometric characteristics generate basic knowledge for areas of science such as botany,
genetics and plant breeding. This work has the objectives of analyzing the effect of combinations of doses of
poultry litter on floral structures and the in vitro germination of T. majus pollen grains. From the experimental
matrix Plan Puebla III were defined 9 combinations of poultry litter doses incorporated and covered. The design of
the experiments was entirely random, varying the replicates number. The number of stamens, petals, sepals and
carpels was verified per floral bud in each treatment. The in vitro germination rate of pollen grains was estimated
in 5 culture media and 2 germination times, from flower buds randomly collected in the experiment. The overall
mean of stamens, sepals, petals and carpels per floral bud was 8.23; 5; 5 and 3, respectively. The combinations of
poultry litter doses influenced only the number of stamens. The in vitro germination rate of T. majus pollen grains
varied in the culture media. There was no association between the combinations of poultry litter doses and the in
vitro germination rate of pollen grains.
Keywords: Tropaeolum majus, organic fertilization, plan puebla III, phenotypic plasticity, stamens
1. Introduction
The plant Tropaeolum majus L. is popularly known as nasturtium, “chagas”, blood flower, or mexico watercress.
This specie belongs to the Tropaeolaceae family, and it can be found mainly in Colombia, Brazil and Peru as a
primitive diverse plant (Pintão, 1995).
T. majus has been used in popular medicine for presenting antiviral, antibacterial, antifungal and antitumor
properties (Pintão, 1995). Its leaves can be use for the treatment of diseases related to cardiovascular disorders,
urinary tract infections, asthma and constipation (Ferro, 2006). The flowers are considered edible, used for human
consumption in the preparation of many dishes (Botrel, 2016). According to Husti et al. (2013), T. majus is an
excellent source of minerals and antioxidants, flowers taste nice and spicy.
The flowers morphology, as angiosperms, is utilized as a source of taxonomic characteristics to identify families,
genus and species. Studies that envolve the sexual reproduction of plants are based on their floral structures and
polinization according to Vieira and Fonseca (2014). The knowledge of the floral and carpometric characteristics is
important for the selection of the parents to be used in breeding programs (Clark, 2008). The pollen grain
viabilities and the germinative capacity allow greater reproductive success in the stages of hybridization (Danner
et al., 2011).
The most widely used method for evaluating the viability of pollen grains in breeding programs is in vitro
germination (Franzon et al., 2006). An external factor capable of interfering with the germination of pollen grains
is soil fertility (Stanley & Linskens, 1974). In order to increase potassium, phosphorus and sulfur contents in the
soil, the poultry litter is used in plant crops, providing higher productivity (Finatto et al., 2013). In T. majus,
cultivation with poultry litter induced increased production of fresh flower masses and fruit droughts (Sangalli,
2004).
According to Pigliucci (2001), a genotype can produce different phenotypes in response to diverse environmental
conditions. This is a mechanism that generates phenotypic variability and points out its importance in the adaptive
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and evolutionary processes of plants (Cardoso & Lomônaco, 2003). Considering the potential of the specie and the
importance of floral biology and in vitro germination studies, the objective of this study was to evaluate the effect
of poultry litter doses on floral structures of T. majus. In addition, to verify the best culture medium and
germination time of the in vitro germination of T. majus pollen grains. And, to estimate the association between the
combinations of poultry litter doses and the in vitro germination of pollen grains of T. majus.
2. Methods
2.1 Experimental Design
The experiment was carried out in the Medicinal Plants Garden and in the Genetics and Plant Breeding Laboratory
of the Faculdade de Ciências Agrárias, Universidade Federal da Grande Dourados, in Dourados-MS, Brazil
(Figure 1). The garden is situated on the latitude of 22º11′44″ S, longitude of 54º56′07″ W and altitude of 452 m.
The climate of Dourados, according to classification of Köppen is Cwa, with average annual temperatures and
precipitations varying from 20 ºC to 24 ºC and from 1250 mm to 1500 mm. The soil in the cultivation area is a very
clayey dystrophic red oxisol, containing 32 g dm-3 of organic matter; 38 mg dm-3 of P; 8.2; 51.3 and 17.0 mmolc
dm-3 of K, Ca and Mg, respectively.

Figure 1. T. majus cultivation with the usage of the poultry litter (Photo by O. B. da Silva)
The seeds of T. majus 345 (Isla Pro®) were cultivated in April of 2016 using the substrate Tropstrato®,
recommended for hot climate. The seedlings were kept in trays measuring up to seven centimeters in trays of 128
cells in a protected environment with Sombrite® (50%).
The day before the transplanting of the seedlings, the poultry litter was added to the soil in order to raise the levels
of nitrogen, potassium, phosphorus and sulfur. The poultry litter used had the following composition: organic C:
396.00 g kg-1; P: 6.17 g kg-1; K: 2.00 g kg-1; N: 11.03 g kg-1; Ca: 14.85 g kg-1; Mg: 4.5 g kg-1; 8.23 g kg-1; C/N:
35.90 g kg-1.
The treatments were defined using the Plan Puebla III experimental matrix, generating nine combinations of
incorporated and in coverage poultry litter doses (Table 1). The experimental plots had 16 plants in a usable area of
2 m², with spacing of 25 cm between plants and 50 cm between rows.
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Table 1. Composition of treatments with poultry litter for T. majus cultivation
Treatments
1
2
3
4
5
6
7
8
9

Poultry litter
Incorporated (t ha )
Coverage (t ha-1)
6
6
14
6
6
14
14
14
10
10
1
6
19
14
6
1
14
19
-1

2.2 Influences of the Poultry Litter Doses in the Floral Structure of T. majus
2.2.1 Sampling Procedures
In October 2016, in the morning, flower buds were collected randomly from each treatment in their early blooming
stage (Figure 2). The number of stamens, carpels, petals and sepals were evaluated in the laboratory. Carpels were
evaluated by visualizing the stigma divisions in gynoecium, as described by Silva et al. (2011). The design was
completely randomized, with 10 replicates.
2.2.2 Statistical Analysis
Data was submitted to analysis of variance and comparison of means. The Tukey’s test was used at 5% of
probability. Afterwards, the response surface was obtained by adjusting the means to the linear and quadratic
models. The statistical tests were performed in the Genes Program, SAEG and SigmaPlot.

Figure 2. T. majus floral bud in the stadium “balloon” (Photo by G. T. Zanetti)
2.3 In Vitro Germination of Pollen Grains in Different Culture Media and Germination Times
2.3.1 Sampling Procedures
The collection of floral buds of T. majus was performed in a random way in the experiment, regardless of the
treatments. In the laboratory, pollen grains of two anthers per floral bud were removed with the aid of a magnifying
glass and forceps. Then, they were placed in Petri dishes, containing 20 mL of culture medium and maintained on
the laboratory bench.
2.3.2 Measures
The analysis of in vitro germination rates of T. majus pollen grains was performed in a completely randomized
design, in a 5 × 2 factorial scheme (culture media × germination times), with 3 replicates. The germinated grains,
only those that presented a pollen tube of length equal to or greater than the diameter of the pollen itself (Figure 3)
were counted, according to Figueiredo et al. (2013).
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Figure 3. T. majus grain of polen germinating (Photo by G. T. Zanetti)
The counting of germinated pollen grains was performed under an optical microscope of 10X magnification,
considering four fields of vision of the Neubauer chamber as a repetition. The in vitro germination rate was
obtained from the division of the number of pollen grains germinated by the total number of pollen from the
replicate. The culture media’s composition used was described in Table 2. The pollen grains germination time were
defined according to Figueiredo et al. (2013) in 3 and 4 hours after distribution in Petri dishes.
Table 2. Composition of the culture medium used to evaluate the in vitro germination of T. majus pollen grains
Culture Medium
CM1
CM2
CM3
CM4
CM5

Sucrose (%)
10
17
15
15
25

H3BO3 (%)
0.03
0.01
0.03
0.02
-

CaNO3 (%)
0.15
0.03
0.03
-

Agar (%)
0.7
0.6
0.6
0.8

2.3.3 Statistical Analysis
The data was transformed to square root of x + 1 and submitted to variance analysis. Then, the means were
compared by the Tukey test at 5% probability.
2.4 Association Between Combinations of Poultry Litter Doses and in Vitro Germination of T. majus
2.4.1 Measures
In vitro germination was estimated using pollen grains of T. majus flower buds collected in each treatment
described in Table 1. In the laboratory, pollen removal procedures were carried out in the anthers and evaluation
of in vitro germination rate according to sub-item 2.3.2.
The analyzes occurred after 4 hours of pollen distribution on the plates containing culture medium 4 (15%
sucrose, 0.02% boric acid, 0.03% calcium nitrate and 0.6% agar). The design was completely randomized with 3
replicates.
2.4.2 Statistical Analysis
Data was submitted to analysis of variance. The surface response was estimated based on linear and quadratic
model adjustments. The Genes Programs, SAEG and SigmaPlot were used.
3. Results
3.1 The Influence of Poultry Litter Doses in T. majus Floral Structure
The analysis of variance only revealed statistical difference for the characteristic number of stamens in T. majus
(Table 3). The overall mean number of stamens in the experiment was 8.23, corroborating Silva et al. (2011) who
observed 8 stamens with different sizes in the floral buds of T. majus, being 4 larger, 3 medium and 1 smaller.
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Table 3. Summary of variance analysis for number of T. majus stamens
SV
Treatments
Residue
Total
CV (%)
Overall mean

DF
8
81
89
9.4
8.23

MQ
4.70**
0.6
0.97

Note. SV: sources of variation, FD: degree of freedom, MQ: medium squares, ** Significant at 1% probability, by
F test, ns: non-significant.
The flowers of plants cultivated with 6 t ha-1 of poultry litter incorporated and 14 t ha-1 in coverage presented
greater stamens, 10 per floral bud (Table 4). In the remaining treatments the mean stamens ranged from 7.8 to
8.4.
Table 4. Average number of stamens in T. majus floral buds with poultry litter
Treatments
1
2
3
4
5
6
7
8
9

Incorporated (t ha-1)
6
14
6
14
10
1
19
6
14

Coverage (t ha-1)
6
6
14
14
10
6
14
1
19

Average
7.8 b
8.4 b
10.0 a
8.0 b
8.1 b
8.0 b
8.0 b
7.8 b
8.0 b

Note. Averages followed by the same letters in column do not differ statistically from each other by the Tukey test
at 5% probability.
Values close to 10 stamens per floral bud of T. majus could also be obtained using the combination of 1.0 t ha-1 of
incorporated poultry litter and 19.0 t ha-1 in coverage (Figure 4). This data suggests that the benefits provided by
poultry litter doses in conjunction with environmental factors may be associated with changes in the number of T.
majus stamens.

Figure 4. Surface response of the number of T. majus stamens according to poultry litter doses incorporated and in
coverage
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3.2 In Vitro Germination of Pollen Grains in Different Culture Media and Germination Times
No significant differences were observed in the interaction between the germination times and culture media.
Likewise, no significant differences were observed for the germination times. However, the culture media
promoted distinct in vitro germination rates of T. majus pollen grains. The overall in vitro germination mean of
pollen grains from the experiment was 27.94% (Table 5). The absence of in vitro germination tests in T. majus
makes it impossible to relate these results to other studies.
Table 5. Analysis of variance for the in vitro germination of T. majus pollen grains evaluated at different
germination times and culture media
SV
Culture Media (CM)
Germination Times (GM)
CM × GM
Residue
Total

DF
4
1
4
20
29

CV (%)
Overall mean (%)

16.00
27.94

MQ
26.25**
8.99 ns
3.67ns
4.42
7.49

Note. SV: sources of variation, DF: degree of freedom, MQ: medium squares, ** Significant at 1% probability, by
F test. Ns: non-significant, CM: culture media, GM: germination times.
Culture medium 5, composed only of sucrose and agar, presented the lowest average in vitro germination rate of
pollen grains (Table 6).
Table 6. Average in vitro germination rate of T. majus pollen grains evaluated in different culture media
Culture Media
M1
M2
M3
M4
M5

Average
32.83 a
26.03 a
37.07 a
40.03 a
0.16 b

Note. Averages followed by the same letters do not differ statistically from each other by the Tukey test at 5%
probability.
3.3 Association Between Combinations of Poultry Litter Doses and in Vitro Germination of T. majus
In vitro germination rates of T. majus pollen grains were not influenced by the combinations of poultry litter doses,
the overall mean was 28.21% (Table 7).
Table 7. Analysis of variance for the in vitro germination of T. majus pollen grains evaluated in treatments with
incorporated poultry litter and in coverage
SV
Treatments
Residue
Total
CV (%)
Overall mean (%)

DF
8
18
26
53.24
28.21

MQ
212.00ns
225.62
221.43

Note. SV: sources of variation, DL: degree of freedom, MQ: medium squares, ** Significant at 1% probability, by
F test. ns: non-significant.
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The response surface allowed to observe the behavior of T. majus in vitro germination rates in various
combinations of poultry litter doses. The highest in vitro germination rate of pollen grains estimated on the
response surface (%) was obtained on combination of 1.0 t ha-1 of incorporated poultry litter and 19.0 t ha-1 in
coverage. However, high amounts of poultry litter incorporated and small in coverage can lead to low rates of in
vitro germination. The highest estimated values of the stamen numbers and in vitro germination were displayed in
the ascent region of the response surfaces according to the same combinations of poultry litter doses (Figure 5).

Figure 5. Response surface of in vitro germination of T. majus pollen grains according to poultry litter doses
incorporated and in coverage
4. Discussion
4.1 The Influence of Poultry Litter Doses in T. majus Floral Structure
The increase in the number of stamens per flower possibly relates to the release of nutrients from the poultry
litter on the soil and to the plant. In addition, it may favor the reproduction process, since, according to Vieira
and Fonseca (2014), the morphology and biology of flowers are directly related to their mechanisms of
pollination and reproduction.
Carpels, petals and sepals were not influenced by treatments. Each floral bud had 3 carpels, 5 petals and 5 sepals.
These results are in agreement with Silva et al. (2011), which verified the presence of corolla and chalice
pentamers and gynoceum with stigma divided into 3 parts, which corresponds to the existence of 3 carpels.
The response surface of the number of T. majus stamens according to poultry litter doses exhibited two regions of
ancestry (Figure 4). The combination of poultry litter doses of less than 10 t ha-1 incorporated and above 10 t ha-1 in
coverage result in region containing the highest values.
According to Majetic et al. (2017), floral structures may be impacted by abiotic factors due to phenotypic plasticity.
Plastic responses are functionally adaptive and include unavoidable effects of environmental limits on plant
growth and physiology, favoring the organism's success in the environment that causes them (Sultan, 2000).
Therefore, this phenomenon reports the possible impact of poultry litter doses on T. majus morphology.
4.2 In Vitro Germination of Pollen Grains in Different Culture Media and Germination Times
It is possible to compare the average rate of in vitro germination obtained with those observed in other species,
reported in the literature, as in Eriobotrya japonica (46.6%) by Nogueira et al. (2015) and tetraploid banana
hybrids (12.79%), by Soares et al. (2016).
Differences in the in vitro germination process of Glycine max L. pollen grains may occur as a result of the
complex interaction between morphology and physiology of pollen grains and what composes the medium (Gwata
et al., 2003). Thus, different species may present varying in vitro germination rates of pollen grains.
The low percentage of germination obtained in this medium can be explained by the fact that the absence of boric
acid and calcium nitrate hinder the development of the pollen tube in vitro (Chagas et al., 2010).
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The boron importance in culture media for evaluating the in vitro germination of pollen grains has been proven in
different species such as Physalis spp. (Silva et al., 2017), Rubus spp. (Figueiredo et al., 2013), Pyrus calleryana
and Pyrus betulaefolia (Chagas et al., 2010).
Boron maximizes in vitro germination and, according to Pfahler (1968), is associated with the formation of sugar
borate complexes, which allows the increase of sugar absorption, translocation and metabolism. It also promotes
increased oxygen uptake and synthesis of pectin materials into the wall of pollen tubes.
Silva et al. (2017) verified that the addition of calcium nitrate to the culture medium favored in vitro increase in
germination of the pollen grains by 30% for Physalis angulata L. On the other hand, calcium nitrate did not favor
the germination of pollen grains in species such as Cydonia oblonga (Zambon et al., 2014), Rubus spp. (Figueiredo
et al., 2013) and Pyrus spp. (Chagas et al., 2010). Pfahler (1968) observed that calcium is apparently associated
with binding in the membrane regions of the pollen tube, increasing the stiffness and stability of the wall, resulting
in reduced rupture.
4.3 Association Between Combinations of Poultry Litter Doses and in Vitro Germination of T. majus
The use of poultry manure, poultry litter, organic compounds and other types of sources of organic matter in the
production of vegetables are practices increasingly used by producers. According to Lemes et al. (2014), the
poultry litter has efficiency in increasing the productivity of oleraceous and has the potential to be used as
nitrogen fertilization.
Although the response surface (Figure 5) has shown that the highest in vitro germination rate of pollen grains
occurred in the combination of 1.0 t ha-1 of incorporated poultry litter and 19.0 t ha-1 in the coverage, large
amounts of poultry litter incorporated and small in coverage can lead to low rates of in vitro germination.
This fact may be associated to the absence of nutrient balances, according to Noce et al. (2014), in many cases,
reveals the need for addition of supplements to organic fertilization as another source of nutrients that are not
present in adequate amounts. According to Ávila (2007), the use of poultry litter as an organic fertilizer should
be according to the principle of nutrient balance, matching the soil fertility characteristics, crop requirements and
nutrient content of the product.
5. Conclusions
The combination of 6 t ha-1 incorporated poultry litter and 14 t ha-1 of coverage may have provided T. majus floral
buds with 10 stamens, a larger amount than the general average obtained in the experiment and the one reported for
the specie. Other floral structures were not influenced by poultry litter doses. The germination times of the pollen
grains did not interfere in the in vitro germination rate. The highest in vitro germination rate averages were
obtained in media containing, in addition to sucrose and agar, boric acid and calcium nitrate. The different
combinations of poultry litter doses did not influence the in vitro germination rates of T. majus pollen grains.
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