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Abstract 

Seeds of several weed species have distinct development when germinating under different 
conditions of temperature, promoting variation on the management system.  Thus, this work was car-
ried out with the objective of evaluating the influence of temperature on the germination of five weed 
species of Convolvulaceae family, commonly known as morning glory. The work was performed in 
termogradient table and constituted by five independent experiments, divided by species, in a factorial 
combination of nine treatments (temperatures) and two seed dormancy breaking conditions (with or 
without acid scarification). The weed species were: Ipomoea triloba, I. hederifolia, I. quamoclit, I. nil 
and Merremia cissoides. Nine temperature intervals between 15 and 35ºC were evaluated, under 8 
hours of daily photoperiod. Experimental design adopted was totally randomized with four replicates.  
Percentage of germination was evaluated daily; the speed of germination index was calculated for 
the species. Generally, it was evident that temperatures lower than 17,2 ºC reduced significantly 
germination of all species, inhibiting germination of I. quamoclit. Species demonstrated capacity of 
germinating on temperatures from 20ºC to 35ºC. Acid scarification of seeds with sulfuric acid was 
able of increasing significantly the percentage of seed germination.
Keywords: Morning glory. Biology. Development. Seeds.

Introduction

Morning glory (Ipomoea spp. and Merremia spp.) are among weeds with high importance in 
agricultural areas of Brazil. These plants belong to Convolvulaceae family and, besides competing by 
growth resources available in the environment (water, light and nutrients), they also interfere on me-
chanical harvest, due to their climbing habit (LABONIA et al., 2009; PAZUCH et al., 2015).

These species have successive fluxes of germination, concentrated on the spring and summer 
months, possibly due to dormancy that is considered a fundamental strategy for seed survival in soils 
for long periods of time (PAZUCH et al., 2015; SILVA et al., 2016).  Thus, one of the major limita-
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tion for implanting integrated weed management programs is the lack of information about biology or 
ecology of weeds. This knowledge is considered essential for developing management systems which 
are economically and environmentally viable (CARVALHO; CHRISTOFFOLETI, 2007). 

Knowledge related to seed germination, such as temperature, causes of dormancy and ma-
ximum depth that allows weed germination, associated to appropriate management practices, for 
example the determination of optimal moment for post-emergence application of herbicides, are 
important information for adopting viable integrated management systems (MONDO et al., 2010).

For beginning the process of germination, seeds demand several internal and external factors.  
The lack of any of these factors may cause slow germination or even induce seed dormancy (POPINI-
GIS, 1985; CARVALHO; NAKAGAWA, 2000).  According to Castro and Vieira (2001), germination 
occur within temperature limits, at which there is an optimal value for maximum germination in a 
short period of time, however, these limits are variable for each weed species.  In cases of temperatu-
res above the optimum, denaturation may occur, consequently, loss of enzymatic activity. Considering 
temperatures below the optimum, seed metabolism is decreased or even paralyzed, reducing germi-
native process, what exposes seedlings to adverse environmental factors for long periods and reduces 
total germination (DIAS et al., 2009; ORZARI, 2013).

Therefore, the knowledge of environmental demands weed species germination is fundamental 
for interpretation of their ecological behavior in field condition, besides enabling the development of 
strategies to reduce weed seedbank in crop fields (MONDO et al., 2010).  In this context, this work 
was carried out with the objective of evaluating the influence of temperature on the germination of 
five weed species of Convolvulaceae family. 

Material and methods

The work was composed by five distinct experiments.  These experiments were developed at the 
Laboratory of Seed Analysis of “Luiz de Queiroz” College of Agriculture – University of São Paulo, Pira-
cicaba (SP).  In each experiment, one weed species of Convolvulaceae family was evaluated indepen-
dently. The species were: Ipomoea triloba, I. hederifolia, I. quamoclit, I. nil and Merremia cissoides.

Seeds of all species were commercially acquired and properly identified. Prior to the experi-
ments, samples were submitted to germination tests to verify the viability of the seeds. Completely 
randomized experimental design was adopted in all the trials, with four replicates and 25 seeds per 
plot.  Plots consisted of Petri dishes (8 cm of diameter), seeds were distributed into two sheets of 
germination paper, moistened with water in the ratio of 2.5 times the mass of the dry paper. 

Each experiment was installed in factorial scheme 9 x 2, at which 9 corresponds to different 
ranges of temperature and 2 corresponds to the condition of the seeds, with or without chemical 
scarification. Nine ranges of temperature between 15 and 35 ºC (treatments) with eight daily hours 
of photoperiod were evaluated (OLIVEIRA et al., 2005; STOCKMAN et al., 2007). Ranges of tempe-
rature were established in a thermogradient table (Van den Berg, Model 890).  Seeds were scarified 
with sulfuric acid adopting intervals of time defined for each species by Azania et al. (2003).

After the experiments were installed, daily evaluations of percentage of germination were per-
formed, the index of germination speed (IGS) was calculated for each replicate in order to allow the 
application of a multiple comparison test.  The calculation of the IGS was based on Maguire (1962):
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at which:
NGS: non-accumulated number of seeds germinated per 100 seeds, in each date of evaluation;
DAS: number of days after the experiment was set up.

Seeds with radicle emission longer than 2.0 mm (CARVALHO et al., 2004; STECKEL et al., 
2004) and more than 50% of cotyledonary leaves expanded were considered germinated. Evalua-
tions were performed up to the stabilization of germination. Data were submitted to the application 
of F test on variance analysis, followed by Tukey’s test.  Due to variation of temperature registered in 
each position of thermogradient table, regressions were not adopted for analyzing data, once it was 
not considered a quantitative variable.  All statistical tests were adopted with 5% of significance.

Results and discussion

Regarding to Ipomoea triloba, effects of temperature and dormancy breaking were observed on 
seed germination, however the interaction of these factors was not significant (TABLE 1).  I. triloba
showed greater capacity of germination on temperatures above 17.1ºC.  From this temperature and 
up to 35ºC, percentage of germination was not different, both for seeds chemically scarified or seeds 
without treatment overcoming dormancy.  Orzari et al. (2013), also studying I. triloba, observed hi-
gher germination in the temperature of 20.37ºC and higher IGS in the temperature of 25ºC.

Highest index of germination speed (IGS) was reached in temperatures between 23.7 and 35ºC 
for seeds without chemical scarification, and between 23.7 and 30.2ºC for seeds chemically scarified 
(TABLE 1).  When seeds of I. triloba were scarified, germination was increased significantly, as well 
as IGS; however, the optimal temperature was concentrated at a lower range of values.  Therefore, it 
may be highlighted that temperatures above 30.2ºC reduced the IGS of scarified seeds.
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Table 1 – Germination (%) and index of germination speed (IGS) of Ipomoea triloba under the influence of 
temperature.

Temperature 
(oC)

Germination (%) IGS

Dormancy 
Overcome Mean

Dormancy 
Overcome

Yes No Yes No
15.5 - 17.1 21 11 16.0 b 0.53 A e 0.26 A d
17.2 - 19.3 62 45 53.5 a 2.62 A de 1.50 A cd
19.4 - 21.5 69 37 53.0 a 3.47 A cd 1.43 B cd
21.6 - 23.6 72 41 56.5 a 5.57 A bc 2.37 B bcd
23.7 - 25.8 68 40 54.0 a 6.74 A ab 2.91 B abc
25.9 - 28.0 69 49 59.0 a 8.11 A a 4.15 B ab
28.1 - 30.2 77 50 63.5 a 8.67 A a 4.82 B a
30.3 - 32.4 66 55 60.5 a 5.71 A b 4.15 B ab
32.5 - 35.0 58 43 50.5 a 5.41 A bc 2.99 B abc

Mean 62.4 A 41.2 B --- ---
Fint 1.499NS                     4.075*

Ftemp 16.334*                    37.790*
Fover 83.864*                   126.644*
CV 18.97                      23.47

NSF-test not significant; *Test F significant at 5% of probability. Means followed by upper case letters in the rows 
or lowercase letters in the columns are not different according to Tukey’s test, with 5% of significance.

Source: Elaborated by the authors (2019).

Regarding to I. hederifolia, interaction of temperature with dormancy overcoming was identified 
for both germination and IGS, suggesting that biological response of this species in at least one tem-
perature is different as consequence of the treatment for overcoming dormancy (TABLE 2).

Temperatures at which I. hederifolia germinated in greater amount (%) and in a quicker way 
(IGS) were concentrated in the interval between 23.7 and 30.2ºC for seeds without chemical treat-
ment and between 21.6 and 35ºC for seeds scarified (TABLE 2).  Similar results were found by Cole 
and Coats (1973) for I. purpurea.  These authors observed optimal germination between 20 and 
30ºC, besides reduction on germination speed and on dry matter transference from cotyledon to root/
hypocotyl when temperatures were below 20ºC.

Increased optimal temperature range for germination promoted by chemical scarification is 
predicted on literature, since this process enables higher water absorption by the seeds, which results 
in better conditions of germination and allows greater levels of IGS at lower temperatures (21.6–
23.6ºC).  Scarification combined to higher temperatures, which accelerate water absorption and bio-
chemical reactions related to the germinative process, resulted on increased IGS at the temperatures 
of 30.3-32.4 and 32.5-35.0ºC. Constant temperatures below 19.4ºC reduced germinative process 
of I. hederifolia, however, it was not possible to determine the minimal and maximal temperatures 
which inhibit germination of this species (TABLE 2).
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Table 2. Germination (%) and index of germination speed (IGS) of Ipomoea hederifolia under the influence of 
temperature.

Temperature 
(oC)

Germination (%) IGS

Dormancy
Overcome

Dormancy
Overcome

Yes No Yes No

15.5 - 17.1   8 A b   6 A c 0.18 A c 0.15 A de

17.2 - 19.3 22 A b 11 A c 0.52 A c 0.25 A e

19.4 - 21.5 64 A a 42 B b 2.60 A b 1.73 B d

21.6 - 23.6 77 A a 55 B ab 5.91 A a 3.60 B c

23.7 - 25.8 61 A a 65 A a 5.53 A a 5.40 A a

25.9 - 28.0 71 A a 62 A a 5.61 A a 5.02 A ab

28.1 - 30.2 64 A a 56 A ab 5.37 A a 4.48 B abc

30.3 - 32.4 68 A a 54 B ab 5.40 A a 4.07 B bc

32.5 - 35.0 74 A a 49 B ab 5.63 A a 3.59 B c

Fint     5.298*    4.979*

Ftemp     53.693* 96.162*

Fover     24.625** 35.793*

CV 16.67 16.57

*Test F significant at 5% of probability. Means followed by upper case letters in the rows or lowercase letters in 
the columns are not different according to Tukey’s test, with 5% of significance.

Source: Elaborated by the authors (2019).

For seeds of Merremia cissoides without scarification, higher percentage of germination and 
higher IGS were reached simultaneously in the range between 25.9 and 35ºC.  Temperatures below 
25.9ºC reduced the seeds’ germination speed (TABLE 3).  On the other side, for seeds that received 
chemical treatment for overcoming dormancy, higher percentage of germination and higher IGS were 
reached between 23.7 and 32.4ºC.  When seeds of M. cissoides were scarified, temperatures below 
23.6ºC and above 32.5ºC reduced the IGS (TABLE 3).

Regarding to I. nil, the effect of temperature and dormancy overcoming were observed on seed 
germination, however without interaction of these factors (TABLE 4).  This species had higher ability 
to germinate in temperatures above 17.1ºC.  From 17.2ºC and up to 32.4ºC, no differences were 
observed on percentage of germination, for both seeds without chemical treatment and seeds scari-
fied for overcoming dormancy.  Similar results were found by Sobrero et al. (2003), who studied I. 
nil submitted to different temperatures.  For these authors, this species have adequate germination 
in the range between 18 and 32ºC.  For Morán Lemir (1997), maximum germination of I. nil was 
reached between 19 and 37ºC.

 Treatment to overcome dormancy of I. nil increased both seed germination and IGS. It was 
also evident that higher percentage of germination and IGS were reached simultaneously in the range 
between 21.6 and 32.4ºC. Temperatures above 32.5ºC reduced both variables (TABLE 4).
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Table 3. Germination (%) and index of germination speed (IGS) of Merremia cissoides under the influence of 
temperature.

Temperature 
(oC)

Germination (%) IGS

Dormancy
Overcome

Dormancy
Overcome

Yes No Yes No

15.5 - 17.1 21 A b   2 B d 0.44 A e 0.04 A f

17.2 - 19.3 56 A a 21 B cd 1.36 A de 0.49 B df

19.4 - 21.5 63 A a 50 B a 2.05 A cd 1.57 A cde

21.6 - 23.6 60 A a 40 B abc 3.55 A bc 1.99 B bcd

23.7 - 25.8 57 A a 39 B bcd 4.66 A ab 1.31 B def

25.9 - 28.0 63 A a 42 B abc 5.01 A ab 3.01 B ab

28.1 - 30.2 60 A a 41 B abc 4.94 A ab 3.06 B ab

30.3 - 32.4 60 A a 39 B abc 5.81 A a 2.85 B abc

32.5 - 35.0 55 A a 44 A ab 3.93 A b 3.52 A a

Fint 2.127* 6.740*

Ftemp 22.904* 7.556*

Fover 103.953* 18.642*

CV 19.91 21.79

*Test F significant at 5% of probability. Means followed by upper case letters in the rows or lowercase letters in 
the columns are not different according to Tukey’s test, with 5% of significance.

Source: Elaborated by the authors (2019).

Table 4. Germination (%) and index of germination speed (IGS) of Ipomoea nil under the influence of temperature.

Temperature 
(oC)

Germination (%) IGS

Dormancy
Overcome Mean

Dormancy
Overcome

Yes No Yes No

15.5 - 17.1 26 20 23.0 d 0.69 A e 0.53 A d

17.2 - 19.3 58 36 47.0 ab 2.04 A cde 1.21 B cd

19.4 - 21.5 49 41 45.0 ab 1.72 A de 1.60 A bc

21.6 - 23.6 59 47 53.0 ab 3.73 A ab 2.54 B ab

23.7 - 25.8 61 44 52.5 ab 3.81 A ab 2.84 B a

25.9 - 28.0 68 42 55.0 a 4.62 A a 2.69 B a

28.1 - 30.2 59 43 51.0 ab 4.82 A a 2.97 B a

30.3 - 32.4 50 43 46.5 ab 3.30 A abc 2.95 A a

32.5 - 35.0 41 24 32.5 cd 2.36 A bcd 1.23 B cd

Mean 51 A 37 B --- ---

Fint 1.568NS 2.932*

Ftemp 53.426* 33.895*

Fover 13.412* 53.103*

CV 18.48 21.71
NSF-test not significant; *Test F significant at 5% of probability. Means followed by upper case letters in the rows 
or lowercase letters in the columns are not different according to Tukey’s test, with 5% of significance.

Source: Elaborated by the authors (2019).
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Evaluating the experiment with I. quamoclit, the highest values of germination and IGS were 
reached for temperatures between 25.9 and 32.4ºC considering seeds without scarification, and 
between 23.7 and 35.0ºC for seeds scarified for dormancy overcoming.  Even in this case, chemical 
scarification of I. quamoclit seeds was responsible for increasing germination and IGS, as well as 
increasing the amplitude of optimal temperature for germination (TABLE 5).

I. quamoclit have higher ability to germinate at temperatures above 19.3ºC, which are in agre-
ement to Horak and Wax (1991). These authors, studying I. pendurata, recorded germination values 
above 90% in temperatures from 20ºC, that were hardly reduced at lower temperatures. Crowley and 
Buchanan (1980) observed that I. hederacea germinates at 16ºC, however it requires temperatures 
of at least 20ºC for maximum germination.  For I. quamoclit, temperatures below 17.2ºC inhibited 
germinative process, suggesting this temperature is the minimum to occurrence of germination of 
this species (CARVALHO; NAKAGAWA, 2000).  Maximum temperature for seed germination was not 
identified (TABLE 5).

Table 5. Germination (%) and index of germination speed (IGS) of Ipomoea quamoclit under the influence of 
temperature.

Temperature 
(oC)

Germination (%) IVG

Dormancy
Overcome

Dormancy
Overcome

Yes No Yes No

15.5 - 17.1   0 A b   0 A b 0.00 A d 0.00 A e

17.2 - 19.3   1 A b   3 A b 0.04 A d 0.09 A de

19.4 - 21.5 68 A a 27 B a 3.15 A c 1.09 B cde

21.6 - 23.6 73 A a 28 B a 3.77 A bc 1.20 B cd

23.7 - 25.8 74 A a 30 B a 5.29 A ab 1.75 B bc

25.9 - 28.0 78 A a 36 B a 5.75 A a 2.42 B ab

28.1 - 30.2 74 A a 29 B a 6.17 A a 2.17 B abc

30.3 - 32.4 74 A a 46 B a 5.59 A ab 3.24 B a

32.5 - 35.0 77 A a 29 B a 6.24 A a 1.91 B bc

Fint 10.218* 11.239*

Ftemp 230.934* 53.455*

Fover 52.311* 240.328*

CV 21.84 24.24

*Test F significant at 5% of probability. Means followed by upper case letters in the rows or lowercase letters in 
the columns are not different according to Tukey’s test, with 5% of significance.

Source: Elaborated by the authors (2019).

These results contribute for understanding the germination of Convulaceae species in the soil, 
as well as in field condition.  Working with the same weed species, Labonia et al. (2009) observed 
lower emergence of seedlings due to greater depth of the seeds in the soil, with or without straw co-
vering.  In this case, germination of all the species was reduced due to greater seeding depth, mainly 
when seeds were positioned 40 mm under the soil.  The layer of straw and the positioning of the 
seed in the soil profile interfere on the radiation that seeds may receive and, also, on temperature at 
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which seeds will be exposed.  Environments with lower radiation and lower thermal amplitude are 
less favorable to seed germination (CHRISTOFFOLETI et al., 2007).

Conclusions

Morning glory species have differential response to temperature effects, being able to germinate 
at a wide range of temperature.  In general, significant reduction on germination was observed at tem-
peratures lower than 17.2ºC, which inhibited germination of I. quamoclit.  At temperatures between 
20 and 35ºC, all the species demonstrated adequate capacity of germination, being potentiated when 
seeds were submitted to chemical scarification with sulfuric acid.  The fastest germination occurred 
at temperatures between 25.9 and 30.2ºC, however it was not possible to estimate the maximum 
temperature that inhibits seed germination.

Germinação de cinco espécies de plantas daninhas da 
família Convolvulaceae sob influência da temperatura

Resumo

Sementes das diversas espécies vegetais possuem desempenho variável quanto à germinação 
em diferentes condições de temperatura, causando alterações nos sistemas de manejo. Assim sendo, 
este trabalho foi realizado com o objetivo de avaliar a influência da temperatura na germinação de 
cinco espécies de plantas daninhas da família Convolvulaceae, comumente conhecidas como cor-
das-de-viola. O trabalho foi desenvolvido em mesa termogradiente e constou de cinco experimentos, 
separados por espécie, em esquema fatorial entre nove tratamentos (temperaturas) e duas condições 
de superação de dormência (presente ou ausente). As espécies de plantas daninhas foram: Ipomo-
ea triloba, I. hederifolia, I. quamoclit, I. nil e Merremia cissoides. Avaliaram-se nove intervalos de 
temperatura entre 15 e 35°C, sob oito horas de fotoperíodo diário. Adotou-se o delineamento inteira-
mente casualizado, com quatro repetições. Diariamente, foi avaliada a porcentagem de germinação 
das sementes, com a qual foi gerado o Índice de Velocidade de Germinação (IVG). De modo geral, 
temperaturas abaixo de 17,2ºC reduziram significativamente a germinação das sementes de todas as 
espécies, chegando a inibir por completo o processo germinativo de I. quamoclit. As espécies pos-
suem adequada capacidade de germinação em temperaturas superiores a 20ºC e inferiores a 35ºC. 
A escarificação química com ácido sulfúrico aumentou a porcentagem de sementes germinadas. 
Palavras-chave: Corda-de-viola. Biologia. Desenvolvimento. Sementes.
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