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Abstract: 

The efficient propagation of plant species with high food potential plays a fundamental 

role in their adoption and use by producers. It is important, therefore, to develop 

economical and rapid methods for the successful establishment of more productive 

systems. In order to know some reproductive aspects of different outstanding genotypes 

of T. diversifolia and thus favor its propagation and improve its use in animal feeding, its 

germination potential, seed production and duration of the reproductive cycle were 

evaluated. Forty-two (42) plots were used in a randomized complete block design with 

seven genotypes of T. diversifolia and two levels (without and with fertilization). 

Genotypes had differences in all agronomic and seed production variables except for 

achene drying time and rudimentary seed percentage (P<0.01). In relation to the 

production of true seed, fertilization had a significant effect (P<0.05) and, in general, 
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increased the time of the phases evaluated. The highest seed production occurred in 

genotypes 7 and 5 and the percentage of germination had significant differences between 

genotypes and between pre-germinative treatments (P= 0.0001) with higher percentages 

in genotypes 3 and 6. It is concluded that despite the low viability of the true seed of T. 

diversifolia, there are genotypes with a greater potential for seed production and 

germination percentage, parameters that can be improved by means of pre-germinative 

treatments and the use of fertilizers. 

Key words: Reproductive phase, Germination, Plant propagation, True seed, Seed 

viability. 
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Introduction 
 

 

The inclusion of high-protein forage plants with low fiber content in the diet of bovines 

results in an increase in the quality of forage biomass, which, in turn, results in an increase 

in milk and meat production(1,2). For this reason, an adequate and efficient propagation 

should be an objective of study to improve their use. 

 

Tithonia diversifolia (Hemsl.) A. Gray is a shrub of the Asteraceae family that, due to its 

ability to adapt to multiple environmental, edaphic and handling conditions, capacity for 

regrowth and rapid growth, and high value and nutritional contribution, has demonstrated 

its potential for animal feeding(3,4,5). T. diversifolia can reproduce by both gamic seed and 

asexual seed, giving it great capacity for reproduction and colonization of new 

habitats(6,7). This species flowers and produces seeds throughout the year, especially in 

October and November, although due to environmental conditions it can be of annual 

flowering(8,9). However, some studies have reported germination percentages of less than 

30 % under natural conditions(7,10). 

 

Although field observations indicate that T. diversifolia has a great capacity to grow 

clonally(6), it is now known that material from true seed can favor the development of 

more extensive root systems, more vigorous plants, greater persistence of crops and faster 

recovery after cutting or grazing(11). Nevertheless, it is still difficult to reach seminal 

material of good quality, and additionally, within this species there are genotypes with 

different germination capacities(11,12). When studying the development of 

microsporogenesis, chromosomal abnormalities are recognized in 32 % of cells in 

metaphase I and anaphase I, identifying lagging chromosomes. On the other hand, the 
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reasons for the sterility of pollen in Tithonia could converge on the irregularities observed 

in its meiotic division(13). 

 

In order to know some reproductive aspects of outstanding genotypes of T. diversifolia 

in Colombia and thus favor its propagation and better use towards animal feeding, the 

potential for germination, production of viable seeds and duration of the growth phases 

were evaluated. 

 

 

Material and methods 
 

 

Genotypes evaluated 

 

 

Seven outstanding genotypes of T. diversifolia, for animal feeding, previously identified 

in a genetic diversity analysis(14) and collected at different sites in Colombia, were 

evaluated. 

 

 

Location 

 

 

The measurements were carried out in experimental plots located in the municipality of 

San Luis de Cubarral (Meta, Colombia), at 3°47'21.43"N, 73°49'15.93"W and at a height 

above sea level of 530 m. The site has an average annual rainfall of 4,100 mm, an average 

temperature of 24.8 ºC and is located in the tropical rainforest life zone (bh-T)(15). 

 

 

Measurement of environmental conditions 

 

 

During the entire sampling period, the environmental variables of precipitation (mm), 

temperature (ºC), relative humidity (%), solar radiation (W/m2), dew point (ºC), wind 

speed (m/s) and THSW index (thermal sensation due to wind, relative humidity, 

irradiance [instantaneous solar radiation] and temperature [ºC]) were monitored by means 

of a Vantage Pro 2TM (Davis ®) weather station. 
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Soil analysis 

 

 

The chemical and physical variables of pH, E.C. (dS/m), field capacity (%), permanent 

wilting point (%), bulk density (g/cc), organic carbon (%), organic matter (%), texture, 

exchangeable potassium (mg/kg), exchangeable calcium (mg/kg), exchangeable 

magnesium (mg/kg), exchangeable sodium (mg/kg), exchangeable acidity (mg/kg), iron 

(mg/kg), manganese (mg/kg), copper (mg/kg), zinc (mg/kg), boron (mg/kg), phosphorus 

(mg/kg), sulfur (mg/kg) and the C.E.C. (meq/100 g), were determined in the soil where 

the experimental plots were located. 

 

 

Growth and reproduction variables 

 

 

The variables of duration of the vegetative phase (days), duration of the reproductive 

phase (days), duration of drying of achenes (days), flowering phase (days), flower heads 

per plant (#), seeds per flower head (#), seeds per plant (#), full seeds (%), empty seeds 

(%) and rudimentary seeds (%) were measured in the seven genotypes evaluated. The 

duration of the vegetative phase was determined from the moment of the uniformization 

cut in which the plants were pruned to 15 cm in height until the beginning of flowering 

of more than 50 % of the individuals that made up the experimental plots; the duration of 

the reproductive phase was from the moment of the appearance of flower buds until the 

fall of petals in 50 % of the plants; the duration of drying of achenes was from the fall of 

petals in the plants until achieving a dark brown color of flower heads, and the flowering 

phase was the sum of the vegetative, reproductive and achene drying phases. The 

variables of flower heads per plant (#), seeds per flower head (#), seeds per plant (#), full 

seeds (%), empty seeds (%) and rudimentary seeds (%) were measured manually and in 

five plants chosen at random from each of the experimental plots from the calculation of 

the sample size, assuming a maximum accepted estimation error and confidence level of 

10 %. The crop evaluated was 13 months old and the measurements were made in the 

rainy season during the second period of 2019. 

 

 

Germination of the true seed 

 

 

Two pre-germinative treatments and one treatment without prior process (Treat 1) were 

evaluated. The pre-germinative treatments were: water at 80 ºC for 10 min (Treat 

2)(16,17,18), and 50 % sulfuric acid (H2SO4) for 5 min (Treat 3)(19). The seed was stored for 

four months after being collected with the aim of decreasing the physiological dormancy 

of the seed(17,20), and germination was evaluated in pots for 25 d using 50 seeds per site. 
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Experimental design and information analysis 

 

 

The seven genotypes of T. diversifolia were established in experimental plots in a 

randomized complete block design with two factors (genotype and fertilization level). 

Each material had three repetitions which were made up of 36 plants each (0.8 m x 0.8 

m) and two levels of fertilization (zero fertilization and fertilization according to the 

extraction of nutrients at 40 days of growth). According to evaluations, 40-day-old T. 

diversifolia plants extract 8.26 g of nitrogen, 4.3 g of potassium and 1.07 g of 

phosphorus(21). This amount of nutrients was applied by fertilizing with urea (46 % of N), 

diammonium phosphate (DAP) ((NH4)2HPO4) (46 % of P2O5, 18 % of N) and potassium 

chloride (KCl, K2O from 60 to 63 % and Cl from 45 to 47 %) at a rate of 16.22, 2.15 and 

4.89 g/plant of urea, DAP and KCl, respectively. Germination evaluations were also 

analyzed under the same experimental design, assigning pots according to the plots 

arranged in the field. The mathematical model of the experimental design was: 

 

yklj =μ+αk+γl +ξkl+ξkl+βj+ǫklj 

 

Where: 

yklj = Observation in the experimental unit of the variable to be evaluated;  

μ = it is the mean of the general effect;  

αk = effect of the factor k (collected materials 1, 2, 3...7);  

γl = effect of factor l (fertilization level 1, 2...);  

βj = effect of block j;  

ξkl = interaction of the two factors;  

ǫklj = random value, experimental error of the experimental unit lkj. 

 

All analyses were performed in the RStudio tool using the library “agricolae”(22). For the 

analyses, normality, homogeneity of variance and additivity were evaluated, in addition, 

when the difference between the means was identified, the Tukey contrast test was used, 

with a significance level of 0.05. Finally, in the variables of reproductive phase and full 

seeds, when the data sets did not meet the conditions for a parametric analysis, the 

Kruskal-Wallis and Mann-Whitney test was used for comparisons. 
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Results 
 

 

Environmental conditions 

 

 

Figure 1 shows the environmental conditions observed during the evaluation period. 

According to the records obtained at the experimentation site, the average temperature 

was 23.9 ± 1.2 ºC, the relative humidity was 83.4 ± 5 %, the average dew point was 20.8 

± 0.6 ºC, the wind speed was 0.7 ± 0.2 m/sec, the average THSW index was 26.7 ± 2.1 

ºC, solar radiation 147 ± 53.3 W/m2 and the accumulated precipitation was 556.2 mm. 

 

Figure 1: Environmental conditions observed during the experimental period 

 
 

The main chemical and physical characteristics of the soils where the experimental plots 

were located are shown in Table 1. The soils were acidic and presented low fertility due 

to limited supply of nutrients, characteristics usually found under tropical conditions. 
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Table 1: Chemical and physical characteristics of soil 

Item Block 1 Block 2 Block 3 

pH 4.71 4.73 4.67 

EC (dS/m) 0.07 0.06 0.06 

Field capacity, % 18.5 15.8 13.8 

Permanent wilting point, % 9.25 7.90 6.91 

Bulk density, g/cc 1.51 1.46 1.44 

Organic carbon, % 1.02 0.88 0.62 

Organic matter, % 1.76 1.52 1.07 

Sand, % 68 60 50 

Silt, % 12 16 18 

Clay, % 20 24 32 

Texture 
loam - clay - 

sandy 

loam - clay - 

sandy 

loam - clay - 

sandy 

Exchangeable potassium, 

mg/kg 
23.4 23.4 15.6 

Exchangeable calcium, mg/kg 274 130 132 

Exchangeable magnesium, 

mg/kg 
24.0 16.8 18.1 

Exchangeable sodium, mg/kg 23.2 18.4 16.1 

Exchangeable acidity, mg/kg 218 219 172 

Iron, mg/kg 305 358 459 

Manganese, mg/kg 9.6 6.0 3.3 

Copper, mg/kg 1.1 0.75 0.53 

Zinc, mg/kg 0.7 0.4 0.4 

Boron, mg/kg 0.11 0.17 0.13 

Phosphorus, mg/kg 7.6 3.7 5.5 

Sulphur, mg/kg 7.8 9.6 3.6 

CEC, meq/100 g 3.64 3.35 2.82 

pH= potential of hydrogen; EC= electrical conductivity; mg= milligrams; kg= kilograms; CEC= cation 

exchange capacity. 

 

 

Development phases 

 

 

The genotypes evaluated had significant differences in all the variables of development 

(P<0.05), except for the drying time of achenes and the percentage of rudimentary seeds 

(P>0.05) (Table 2). Genotype 1 was the material that had the longest time (140.1 d) in 

the sum of the growth and development stages (flowering phase) and genotype 4 was the 

one that presented the shortest times (127.2 d) with significant differences (P<0.001). In 

relation to the production of true seed, fertilization had an effect (P<0.001) by generating 

2.14 times more seeds, and in general increased the time of the phases evaluated by 

approximately 5 d. Genotypes 5 and 7 were the materials with the highest production of 
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flower heads per plant, the highest percentage of full seeds and presented the highest 

number of seeds per plant, this probably associated with their higher number of branches. 

Similarly, the high percentage of empty seeds in all genotypes, as well as rudimentary 

seeds, is highlighted, which determine that more than 30 % of seeds do not have physical 

viability. 

 

 

Germination 

 

 

Table 3 presents the percentage of germination of the true seed of the genotypes evaluated 

with the three pre-germinative treatments used. According to the results obtained, there 

were significant differences between genotypes and treatments (P= 0.0001). On average, 

the germination percentages were 46.87, 53.53 and 25.97 for the control treatment, use 

of water at 80 ºC and 50 % sulfuric acid, respectively, and this process began three days 

after sowing. 

 

Seed germination without treatment was significantly lower in genotype 1 compared to 

the other 6 genotypes (P<0.0001). In addition, this same material had the lowest values 

when the treatment with water and the treatment with sulfuric acid were used, although it 

did not have significant differences with genotypes 2 and 7. On average, fertilization 

increased the germination of the different genotypes by 9.2 % and the treatment that 

achieved greater germination was the use of water at 80 ºC and the treatment with less 

germination was the one that used sulfuric acid. In general, genotypes 3 and 6 were the 

ones with the highest percentage of germination, but only had significant differences 

compared to genotype 1. 

 

 

Discussion 

 

 

Knowing the phenology of shrub species and their potential for propagation allow not 

only to achieve greater use, but also a more efficient and economical use. The results of 

the times of each of the phases evaluated coincide with what was reported by Saavedra(23). 

In general, the times of growth and development were modified by fertilization, probably 

due to the decrease of some stress factors. An adequate use of fertilization favors seed 

production and generates better development(24). Saavedra(23), when evaluating three 

origins of T. diversifolia, found a very similar duration of the development process among 

the materials, with a duration of vegetative development between 88 and 137 d, the 

flowering process between 18 and 22 days, and a fruit formation between 13 and 18 d. 

As for the full, empty and rudimentary seeds, this same author found values between 65 
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and 75 %; 15.75 to 26 % and 9.31 to 12 %, respectively, similar to those of the present 

study.  

 

Seed production for T. diversifolia has also been determined by different authors. In a 

study in Africa, it was found that this species can produce between 35 and 212 capitula 

per plant, between 32 and 62 seeds per capitulum, between 1,120 to 13,144 seeds per 

plant and that 1,000 seeds weigh between 6.42 and 7.5 g. These results show great 

variability in this species, and the results agree with those found in this evaluation, except 

for the number of seeds per capitulum, since in this study a higher number was 

identified(7). 

 

Seed production was related to the number of branches, which favors a greater production 

of flower buds. The handling at the time of cutting, such as the height of pruning, favors 

a greater number of branches and biomass production(25,26). T. diversifolia can reproduce 

by both gamic seed and asexual seed, which gives it great capacity for reproduction and 

colonization of new habitats(7,27). This species flowers and produces seeds throughout the 

year, especially in October and November, although due to environmental conditions it 

can be annual(8,9). Mature plants produce 80,000 to 160,000 seeds per square meter 

annually, of which 70 % fully develop, but germination percentages below 30 % under 

natural conditions have been reported(7,10), as occurred in genotypes 1 and 5 of the present 

study. 

 

The results found in this study indicate that the germination of T. diversifolia during the 

first months of postharvest is acceptable, although variable between genotypes. Some 

authors highlight that this variability may be due to physiological dormancy(20) and 

irregularities observed in its meiotic division(10,13,28). There are differences between 

ecotypes in their germination capacity. The results found coincide with a study of 29 

materials collected in Cuba, where significant differences were found in the percentages 

of germination, which ranged between 5 and 67 %(29,30). But the results are lower than 

reported in other studies where percentages greater than 70 % were reached in some 

materials(17,20). Also, studies conducted in China demonstrate the variability of the gamic 

reproduction of this species in five regions of Yunnan Province(30). In that study, the 

highest germination ranges (29.5 to 55.5 %) were determined with temperatures between 

20 and 30 ºC. The results obtained coincide with those of the present study in that the 

greatest germination occurs between the first five to ten days for both conditions 

studied(30). 

 

It has been identified that approximately 65 % of pollen grains lack sperm nuclei, 

indicating fertility close to 30 %(10). Similarly, when studying the development of 

microsporogenesis, chromosomal abnormalities were recognized in 32 % of cells in 

metaphase  I  and anaphase I,  identifying lagging chromosomes,  and in  metaphase II, 
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47 % of the cells presented asynchrony of a set of chromosomes and lagging 

chromosomes. It has been observed that in some species of dicotyledons the two nuclei 

resulting from the first meiotic division enter asynchronously in the second(31), which 

could result in male sterility, an anomaly that has also been related to spindle orientation, 

lagging chromosomes and anaphase bridges that affect the conformation of tetrads(32). 

 

The presence of lagging chromosomes in anaphase I may be due to the lack of tension 

that the kinetochore sensory enzymes exert on the spindle forces, thus preventing the 

dragging of the chromosomes towards the poles, or to the fact that at least one of the 

chromosomes is misaligned, generating negative signals that the cell identifies(13). 

 

It is also important to mention that there are divergent criteria on the viability and 

dormancy of T. diversifolia seed. It has been reported that seed storage and collection 

timing play an important role in the viability of the true seed of this species. Several 

authors reported that a storage for more than four months and a seed collection when the 

achenes are brown can increase the percentage of germination up to 90 %(25,33). Other 

authors also report that pre-germinative processes, such as sulfuric acid and water at high 

temperatures for a few minutes (80 to 100 ºC), can increase germination(16,19) as those 

used in this work. 

 

Improving the reproduction of this species via true seed would increase its potential as a 

forage shrub in livestock production systems. Field observations indicate that T. 

diversifolia has a great capacity to grow clonally(6), but at present it is known that material 

from true seed can favor the development of more extensive root systems, more vigorous 

plants, greater persistence of crops over time and faster recovery after cutting or grazing, 

although it is still difficult to reach seminal material of good quality(11). 

In different studies, T. diversifolia has been considered as a forage shrub of high 

nutritional quality due mainly to its high contents of minerals (Ca and P), PC (>20 %), 

nonstructural carbohydrates and percentage of degradation (>70 %), and its low contents 

of NDF (<45 %) and ADF (<40 %)(3,4). The PC values found in this species are as high 

or even higher than those observed in some tropical legumes such as Stylosanthes 

guianensis (20 %)(34), Arachis pintoi (19.7 %)(35) and Gliricidia sepium (18.23 %)(36), and 

are much higher than those observed in most tropical grasses, such as Urochloa brizantha 

(9.3 %)(3) and Cynodon plectostachyus (9.23 %)(37). In addition, the NDF and ADF are 

lower than the common values observed for tropical forages(38), an aspect that probably 

does not limit voluntary consumption, the degradability of nutrients and their potential 

use by animals(1,3,4). 

On the other hand, the consumption of T. diversifolia has been associated with increases 

in animal productivity and load capacity in the systems. In Colombia, the effect of this 

shrub under grazing conditions on the production and quality of bovine milk was 

evaluated and it was found that its consumption had significant effects on milk 

production, observing 9.70 and 15.4 kg milk/ha/day, respectively. In addition, the 
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production of protein, fat and total solids was also higher when the animals consumed T. 

diversifolia (P<0.05)(39). Finally, the productive increase that has been obtained in 

systems with T. diversifolia favors lower emission intensities by reducing CH4 emissions 

by enteric fermentation. The results did not find differences in daily emissions between 

conventional diets and diets with 25 % inclusion of T. diversifolia (P= 0.351), however, 

they identified differences in emissions per kg of weight gained in fattening animals (P= 

0.002), going from 22.3 kg of CO2-eq/kg of weight gained in the diet with brachiarias to 

14.9 kg of CO2-eq/kg of weight when the animals had access to T. diversifolia(40). 

 

 

Conclusions and implications 

 

 

T. diversifolia has genotypes with significantly different growth and development phases 

between them, modifying their reproductive moment and true seed production. According 

to the results found, there are genotypes with a higher production of viable true seed per 

plant, such as genotypes 5 and 7 evaluated in this study, which can be profiled as those 

most suitable to improve the propagation of this species. Although this species has a low 

germination (<50 %), there are pre-germinative processes with the ability to increase the 

percentage of germination such as the use of water at 80 ºC by 15 %. Also, the use of 

fertilizer increases not only the production of viable seed but also its germination, which 

is why it can be a viable alternative to treat seed-producing plants (20 % more 

germination). Finally, this study confirms that the species T. diversifolia has a high 

percentage of nonviable seeds, an aspect that invites to develop work aimed at 

understanding the factors responsible for this phenomenon in order to improve and 

facilitate its use, especially that of the outstanding genotypes identified in this work, since 

this species offers a high potential in animal feeding, product of its wide adaptation to 

different edaphoclimatic conditions, offer of high values of PC (>20 %), low content of 

ADF and NDF (<20 and 40 %, respectively), presence of different secondary compounds 

that modify the fermentative efficiency at the rumen level, and a high degradation that 

can be above 70 %. 
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Table 2: Phases of agronomic development and true seed production of different genotypes of Tithonia diversifolia 

Parameter 
Treatments-Genotypes Fert Ge Fert 

SEM 
1 2 3 4 5 6 7 No Yes P-value 

Vegetative phase, days 86.8a 84.2a 80.6ab 74.3c 76.2bc 80.7ab 76.3bc 77.1 82.4 <0.001 <0.001 0.92 

Reproductive phase, days 31.8a 29.2ab 28.8ab 31.5ab 29.3ab 27.5b 31.3ab 29.9 30 0.022 0.845 0.4 

Drying of achenes, days 21.8 21.7 22.7 21.5 23.3 23.3 21.7 22.7 21.7 0.67 0.134 0.36 

Flowering phase, days 140a 135ab 132bc 127c 129bc 131bc 129bc 130 134 <0.001 0.001 0.91 

Flower heads per plant, # 32.1b 62.9a 46.1ab 53.6ab 70.1a 45.1ab 71.9a 36.3 72.7 0.002 <0.001 4.14 

Seeds per flower head, # 142c 155ab 149bc 152ab 153ab 156ab 164c 147 159 <0.001 <0.001 1.59 

Seeds per plant, # 4,668c 10,112ab 6,958bc 8,238abc 10,908ab 7,217bc 11,946a 5,460 11,697 <0.001 <0.001 713 

Full seeds, % 63.5b 69.5a 62.3b 71.3a 69.3a 67.0ab 62.7b 65.5 67.5 0.025 0.244 0.91 

Empty seeds, % 23.1ab 22.8ab 25.0a 20.0b 20.8b 22.8ab 25.7a 21.5 24.3 0.041 0.006 0.56 

Rudimentary seeds, % 13.5 7.67 12.7 8.83 9.83 10.2 11.7 11.1 10.2 0.059 0.418 0.56 

Fert= fertilization; Ge= genotypes, SEM= standard error of the mean. 
abc Different letters in the same row denote difference (P<0.05). 

 

Table 3: Percentage of germination of true seed of different genotypes of Tithonia diversifolia 

Tr 
Genotypes (Ge) Fert Ge Fert 

SEM 
1 2 3 4 5 6 7 No Yes p- value 

1 32.6b 45.4a 54.1a 45.8a 47.7a 53.9a 48.6a 42.6 51.1  0.001 0.002 1.52 

2 39.5b 51.6a 58.2a 54.1a 52.9a 62.2a 56.9a 46.9 59.7 0.001  0.001 1.89 

3 17.5c 22.3abc 31.9a 30.3ab 19.7c 31.8a 26.9abc 23.7 30.2 0.001 0.025 1.31 

Tr=Treatment; SEM= standard error of the mean; Fert= fertilization; Tr 1= without prior treatment; Tr 2= water at 80 ºC for 10 min; Tr 3= immersion in 50 % sulfuric acid. 
abc Different letters in the same row denote difference (P<0.05). 
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