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pratensis). SS was applied at six concentrations (0, 0.5, 1, 5, 10 and 20%) in
petri and pot conditions. In petri condition, SS did not stimulate the germination
speed, and the highest concentrations (20%) led to lower values than control. In

Keywords the pot conditions, seedling growth and chemical content were significantly
Turfgrass species, stimulated by the SS. The effect of the SS varied depending on the species and
Smoke solution, concentrations. Shoot and root length in grass species were improved by the SS,
Germination, except in P. pratensis for shoot length. Compared to control, higher shoot dry
Seedling weight in F. arundinacea (1%) and higher root dry weight in L. perenne (5%)

and F. arundinacea (0.5%) were determined at certain concentrations. These
results showed that priming with SS at appropriate concentrations may lead to
healthy and vigorous seedlings. When seedling vigor and visuality are evaluated
together, it has been determined that priming with low concentrations of SS such
as 0.5 and 1% can produce vigorous seedling.

Duman Soliisyonlarina Maruz Kalan Bazi1 Cim Tiirlerinin Cimlenme ve Fide Biiyiimesi

Makale Bilgileri Oz: Bu galismada, bitki kaynakli duman soliisyonlari ile priming uygulamasinin
ti¢ farkli ¢im tiirinde (Lolium perenne, Festuca arundinacea ve Poa pratensis)
¢imlenme, fide bilylimesi ve kimyasal igerigi iizerindeki etkisinin arastirilmasi
amaglanmistir. Duman soliisyonlar1 petri ve saksi kosullarinda alti
konsantrasyonda (%0, 0.5, 1, 5, 10 ve 20) uygulanmistir. Petri kosulunda, duman
soliisyonlar1 ¢imlenme hizim tesvik etmemis ve en yilksek konsantrasyonlar
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Anahtar Kelimeler (9%20) kontrolden daha diisiik degerlere yol agmistir. Sakst kosullarinda ise fide
Cim tiirleri, biiylimesi ve kimyasal i¢cerik duman soliisyonlar1 tarafindan 6nemli 6l¢iide tegvik
Duman soliisyonu, edilmistir. Duman soliisyonunun olumlu etkisi tiire ve konsantrasyonlara bagl
Cimlenme, olarak degisiklik gostermistir. P. pratensis’ nin siirgiin uzunlugu hari¢ tiim
Fide geligimi tirlerde siirgiin ve kdk uzunlugu duman soliisyonlar: tarafindan pozitif yonde

etkilenmistir. Kontrol ile karsilagtirildiginda, belirli konsantrasyonlarda F.
arundinacea' da daha yiiksek siirgiin (%1) ve kok kuru agirligr (%0.5) ve L.
perenne’ de daha yiiksek kok kuru agirligi (%5) belirlenmistir. Bu sonuglar,
uygun konsantrasyonlarda bitkisel kaynakli duman soliisyonlar1 ile priming
uygulamasinin ¢im tilirlerinde saglikli ve kuvvetli fideler olusturulabilecegini
gostermistir. Fide canlilifn ve gorselligi birlikte degerlendirildiginde %0.5 ve 1
gibi diisiik soliisyon konsantrasyonlari ile priming isleminin daha giicli fideler
saglayabilecegi tespit edilmistir.
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1. Introduction

Fire and smoke are essential or effective factors for germination in some plants (Crosti et al.,
2006). These effects are particularly evident in seeds that respond to the physical (i.e. temperature and
light) or chemical (smoke, gas, nutrients) germination cues associated with fire. Seeds of many species
germinate in stimulate the embryo directly or in response to physical signals associated with fire, such
as fracturing or desiccation of the seed coat by heat (Jeffrey et al., 1998). Many plant species
particularly grasses rapidly germinate after the rain that followed the bush fires, indicating that plant-
derived smoke contains some bioactive metabolites that are responsible for stimulating seed
germination (Gupta et al., 2020). This is may be associated with physical and chemical results of fire.
Both smoke and smoke-water include chemical stimulants that are active on germination (Van Staden
et al., 2000). High number of the species from different families responded positively to smoke with
significantly higher seed germination (Dixon et al., 1995; Baskin & Baskin, 1998). Stimulating effect
of smoke on seed germination and seedling growth of some economically important agricultural
and horticultural crops (Sparg et al., 2006; Ghebrehiwot et al., 2009; Kulkarni et al., 2011; Basaran et
al., 2019) indicated that plant-derived smoke and agueous extracts could be useful practices in the
wide field of agriculture to improve growth and yield (Elsadek & Yousef, 2019).

Turfgrasses are commonly propagated by seeds. In some genera of turfgrasses, the presence of
low germination percentage and poor seedling vigor are the main problem in seed propagation (Salehi
& Khosh-Khui, 2005; Richardson & Hignight, 2010). A poor seedling emergence leads to a poor
turfgrass stand, and weed infestations (Shiade & Boelt, 2020) results waste of time and resources. It is
very important, particularly under sub-optimal conditions, to reduce the period between sowing and
seedling emergence in turfgrass (Krol et al., 2014).

Plant-derived smoke provided an important germination signal for a number of Poaceae
species (Ghebrehiwot et al., 2009) widely studied in Australian native grasslands for its effect in seed
germination and seedling growth (Dixon et al., 1995; Read & Bellairs, 1999; Clarke & French, 2005),
and results showed the effect of smoke on grass species was highly variable. Besides these different
results on different grass species, there is little information about smoke solution effects on turfgrass.

The objective of this study was to investigate the effects of smoke solutions on seed
germination and seedling growth of widely cultivated turfgrass species such as Lolium perenne,
Festuca arundinacea and Poa pratensis.

2. Materials and Methods

In this study, local commercial seeds of Lolium perenne (Lp), Festuca arundinacea (Fa) and
Poa pratensis (Pp) were used as the plant material. Germination and seedling growth parameters were
determined under fully controlled climate room conditions at the Agriculture Faculty of Yozgat Bozok
University. Smoke-water was produced by burning 5 kg of wheat straw using a special mechanism
(furnace, vacuum machine and large jar), and smoke generated was passed through a glass column
containing 5000 mL of tap water until the burning is complete (Basaran et al., 2019). The solution was
then filtered with filter papers and used as the stock solution. For different concentration, stock
solution was diluted with distilled water. Germination tests were performed separately in petri and pot
conditions.

2.1. Petri experiment

The seeds of each species were primed in different concentrations (0%, 0.1%, 0.5%, 1%, 5%,
10%, 20%) of smoke solution for 18 hours at room conditions (20+2 °C). Then seeds were placed in 90
mm petri dishes on filter paper as 25 seeds for Lp and Fa and 50 seeds for Pp with three replications.
After 3 ml distillate water added, petri dishes were isolated with parafilm and incubated at a constant
temperature (22 “C) under 16:8 h light/dark photoperiod. Germination characteristics of the species
were collected different times due to genetically different germination habits; for Lp, Fa and Pp on
day 8, 19 and 26 respectively. Seeds with a radicle length of >2 mm were considered germinated.
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Germination percentage (1) and speed (2) were determined with the following formulas:

Number of total germinated seeds

G inati t GP) = 100
ermination percentage (GP) Total number of seeds tested x @
Number of germinated seeds Number of germinated seeds
Germination speed(GS) = /9 , /9 - (2)
Day of first count Day of final count

2.1. Pot experiment

The pots (30 x 40 x 7 cm) were filled with same soil to 4 cm height. Seed norm for pots were
30 gm?in Lp and Fa, and 15 g m? in Pp. After sowing the seeds were covered with approximately 1
cm of soil and irrigated with the concentrations (0.5%, 1%, 5%, 10% and 20%) of smoke solutions up
to field capacity and also with tap water (0%) as control. All the treatments were repeated three times,
resulting in a total of fifty-four pots. Then pots were taken into the climate room at 22 °C and 16:8
hour light/dark photoperiod. Subsequent irrigation was done with tap water.. In pot experiment, shoot
length, root length, shoot dry weight, root dry weight, crude protein and mineral content of shoots
were determined. These parameters were collected 21, 28 and 34 days after sowing in Lp, Fa and Pp
respectively.

Dry weight was determined separately in shoot and root samples. To determine the dry weight,
samples were weighted and then dried to constant weight at 70 *C (Chumpookam et al., 2012). Crude
protein and mineral content was determined only in shoot samples by using near infrared reflectance
spectroscopy (Foss 6500) (Foss NIRSystems, Inc., Silver Spring, MD, USA) with IC0904FE software.

All the data were subjected to SPSS 20.00 analysis and the differences between the means
were determined using Duncan’s multiple comparison tests, separately for each species.

3. Results
3.1. Petri experiment

In the petri experiment, the effect of smoke solutions (SS) on germination speed was
significant (p<0.01). The percentage of germination in turfgrass also differed significantly (p<0.01)
amongst the treatments (Figure 1). However, SS treatments did not provide any improvement
compared to control both in germination speed and percentage and even resulted with lower values,
especially at the highest SS doses (20%).
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Figure 1. The main effect of priming with smoke solution in different concentrations (%) on
germination speed (GS) and germination percentage (GP) in the studied turfgrasses in petri
condition (**:p<0.01).
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3.1. Pot experiment

In pot condition, the effect of the concentrations of SS on the shoot and root length of grass

species was evaluated (Figure 2). The effect of SS on grass species was different (Figure 3). The shoot
length was significantly (p<0.01) altered in Fa and Pp by SS. Shoot length promoted by SS and was
higher than control in Fa at all the concentrations. Contrarily, shoot length decreased in Pp under all
the concentrations of SS. The effect of SS on root length was significant (p<0.01) and positive in Lp.
The lowest root length of Lp (10. 17 cm) was measured in control treatment. Root length of Fa and Pp
were found to be insignificant among the treatments.
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Figure 2. The main effect of smoke solution concentrations (%) on shoot length and root length in the
studied turfgrasses in pot condition (**:p<0.01).
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Figure 3. The view of turfgrasses on harvest time at different concentrations of smoke solution. Harvest times: 21 DAS for Lolium perenne, 28 DAS for

Festuca arundinacea and 34 DAS for Poa pratensis. (DAS: days after sowing)
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The effect of the treatments on shoot dry weight was significant (p<0.01) in the Fa and Pp.
(Figure 4). The highest shoot dry weight of Fa was determined at 1% of SS. But, shoot dry weight of
Pp was statistically not above control at any SS dose. The highest concentration (20%) resulted in a
significant reduction in shoot dry weight in both Fa and Pp compared to control. This result indicates
that solution concentration is crucial and has a species-specific effect. In terms of root dry weight,
significant (p<0.01) variation was observed among to treatments in the three turfgrass species (Figure
4). Doses of 5% in Lp and of 0.5% in Fa showed higher root dry weight than control, but other
concentrations were lower than control. Root dry weight in Pp was adversely affected by SS, with
lower values than control at all concentrations.
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Figure 4. The main effect of smoke solution concentrations (%) on shoot and root dry weight (g) in the
studied turfgrasses in pot condition (**:p<0.01).

The species-specific effect of SS concentrations was also evident in protein content. In terms
of crude protein content in shoot, SS showed no significant change in Lp, however, was significant in
Fa (p<0.01) and Pp (p<0.05). All the treatments in Fa and Pp were of higher values than control,
except for Pp at 5% (Figure 5). The maximum protein content was detected at concentrations of 5%
(20.28%) and 20% (20.43%) in Fa and at 20% (18.86%) in Pp.
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Figure 5. The main effect of smoke solution concentrations (%) on crude protein content (%) of shoot
in the studied turfgrasses in pot condition (**: p<0.05, p<0.01).

The results also showed that SS altered the mineral (Ca, Mg, P and P) uptake of the turf
grasses studied (Figure 6). In terms of P content, the effect of SS was significant in Lp (p<0.05) and
Fa (p<0.01), but not in Pp. It enhanced P uptake in Lp only at the highest concentration (20%) and

other concentrations were similar to control. With SS treatments, except 1%, P content was higher
than control in Fa.
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Figure 6. The main effect of smoke solution concentrations (%) on mineral content (%) of shoot in the
studied turfgrasses in pot condition.*: p<0.05 for P in Lolium perenne, Mg in Festuca
arundinacea and Ca in Poa pratensis, K in Fa and Pp **: p<0.01 for Ca in Lolium perenne
and for Ca and P in Festuca arundinacea.

Compared with the control, it did not promote the Ca content in Lp and further reduced at the
5% and 20% concentrations. The stimulating effect of SS on Ca content was detected at all
concentrations in Fa while at medium concentrations (0.5%, 1% and 5%) in Pp. The effect of SS on
the Mg content was significant (p<0.05) only in Fa, with the highest value at the 1% and 20%
concentrations. In Fa and Pp, it resulted in a significant change in K content, but not statistically
above control. The K content was lower than the control at the 1% doses in Fa and 0.5% and 5% in Pp
(Figure 6).

4. Discussion and Conclusion

Under petri conditions, the effect of SS on the germination speed and percentage of Lp, Fa and
Pp was significant but not positive. Different results have been achieved in previous studies depending
on the species studied, the plant used in the preparation of the smoke solution and the concentration of
the solution (Elsadek & Yousef, 2019). It was reported that smoke solution improved seed germination
at low concentrations while it inhibited at high concentrations (Light et al., 2002; Chumpookam et al.,
2012; Basaran et al., 2019; Gupta et al., 2020). The negative impact of SS in this study suggests that
the concentrations examined may be high.

The results in pot experiment showed that the effect of the SS on the shoot and root length
shoot and root dry weight, crude protein and mineral matters (Ca, Mg, K, P) is extremely complex and
species-specific. Additionally, these differences can be related to the source of SS (wheat straw) or
concentrations. Stimulating effect of SS on germination and seedling growth changed depend on the
plant species used to prepare of solution (Elsadek & Yousef, 2019). Ghebrehiwot et al. (2012) reported
that SS at 0.02% resulted significantly longer shoots or roots than control in six dominate species
grown South African mesic grassland, but the degree of response varied from species to species. Also,
Adkins & Peters (2001) found that the optimal concentration of SS were different for promoting the
germination of Avena fatua and Malvane glecta. It is reported that aerosol smoke treatment at
different periods (1, 2, 3 and 4 h) significantly improved root length (2.6%), shoot length (7.7%) and
leaf area (63.9%) in four wheat cultivars, and this effect was observed in short time exposures (1-2 h)
and varied amongst cultivars (Igbal et al., 2017). In addition, positive effects were determined at low
concentrations and toxic effects of high concentrations were reported almost in all the studies on
smoke solutions. Promotive effect of SS was also demonstrated on the root length of soybean treated
with 2000 ppm within 4 days (Zhong et al., 2020). It has been previously reported that SS (at 1, 5, 10,
20, 40% concentrations) differently effected shoot and root dry weight in grass pea (Lathyrus sativus
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L.); shoot dry weight was stimulated notably at moderate concentrations (5% and 10%), but root dry
weight was lower than control and also decreased in parallel to the concentrations (Basaran et al.,
2019). It was also reported by Aslam et al. (2015) that SS obtained from different plants promoted
shoot and root mass in wheat at very low concentrations (<0.001%).

The positive effect of SS on shoot protein content was valid even at high concentrations
depends on species. Similar findings were declared by Basaran et al. (2019). Proteomic analysis on 4-
day-old maize revealed that exposing 2000 ppm of SS lead significant variation in the presence of 69
proteins (Aslam et al., 2019). The increase in protein content with the SS also reported in maize
seedling by Waheed et al. (2016) and attributed to the advance in chlorophyll content. The stimulating
effect of SS on the mineral-nutrient status has been reported by different authors. Elsadek & Yousef
(2019) who investigated the effects of SS derived from five different plants on mineral content in four
crops reported that it contributed significantly to N, P, and K uptake depending on the species. Also,
the nitrogen and magnesium content in the shoots were significantly improved with SS in papaya
seedlings, but other minerals (P, K, Ca, Fe, Zn, Mn, and Cu) were similar to control (Chumpookam et
al., 2012). Similarly, priming with SS increased the level of K, Ca, N and protein content in maize
seedling while decrease Na content, and also alleviated the negative effect of salt stress (Waheed et al.,
2016).

The results revealed that SS has a negative impact on germination in petri dishes but it has
stimulated seedling growth in pot conditions in different degrees depending on the species or
concentration.

SS have different stimulative effects on root, shoot grow and mineral uptake in each species.
High concentrations did not have as much negative impact on protein and mineral content as on other
properties, even caused better results. In addition, no visual or physiological problems were observed
on plants in pot conditions at high concentrations. This indicates that high concentration increase
mineral uptake and protein synthesis but not support vegetative growth too much. In addition, the
effect of dense solutions may decrease in soil due to chemical or physical reasons. Therefore, suitable
applications of smoke solution may lead to healthy, stress-resistant and vigorous seedlings even under
lower fertilization. This is point out exciting economic and ecological advantages in turfgrass culture
but that may be possible with new studies that are specific to species or even to characteristics.
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