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ABSTRACT

Boron toxicity constitutes a limiting factor on seed germination. Salicylic acid-like plant
growth regulators play an important role in alleviation the negative effects of boron stress.
The research was carried out to determine the germination properties of seeds (pepper,
eggplant, watermelon) with and without salicylic acid (SA) pre-application at different boron
(B) concentrations. Experiments were conducted in randomized plots design with 4
replications. Seed germination percentage, mean germination time, germination index and
germination energy values were determined under four different SA (0, 0.5, 1.0 and 2.0 mM)
and six different B (0, 1.0, 2.0, 4.0, 8.0 and 16.0 mg L*) doses. The greatest germination
percentage, index and energy values and the shortest mean germination time were obtained
from 1.0 mg L* B dose, on the other hand, increasing B stress negatively influenced
germination parameters. Especially at 4.0, 8.0 and 16.0 mg L* B stress, 1.0 mM SA
supplemented into growing media increased germination parameters of all three vegetable
species, reduced the negative effects of boron and positively influenced germination time.
Present findings revealed that SA could be used as an efficient tool in alleviation of negative
effects of boron toxicity. On the other hand, SA applications were not effective or had quite
limited effects on non-B application or low B-application (< 1.0 mg L) seeds.

Salisilik Asit On Uygulamasina Tabi Tutulmus Biber, Pathican ve Karpuz
Tohumlarinda Bor Stresinin Cimlenme Ozellikleri Uzerine Etkisi

OZET

Tarimsal iiretimde tohumun ¢imlenme 6zelliklerini sinirlandiran 6nemli faktorlerden birisi de
bor toksisitesidir. Salisilik asit gibi bitki blyume duzenleyicileri, bor stresinin olumsuz
etkisini hafifletmede Onem tagimaktadir. Aragtirma, salisilik asit (SA) 6n uygulamasi
yapilmis ve yapilmamis tohumlarin (biber, patlican, karpuz) farkli bor (B)
konsantrasyonlarindaki ¢imlenme ozelliklerini belirlemek amaciyla yapilmustir. Laboratuvar
sartlarinda yapilan bu deneme, tesadif parselleri deneme desenine uygun, dért SA (0, 0.5, 1.0
ve 2.0 mM) ve alt1 B dozu (0, 1.0, 2.0, 4.0, 8.0 ve 16.0 mg L™) kullanilarak 4 tekerriirlii
olarak kurulmustur. Calismada tohumlarin ¢imlenme yiizdesi, ortalama ¢imlenme siiresi,
cimlenme indeksi ve enerjisindeki degisimler incelenmistir. En yiiksek ¢imlenme
dzelliklerini (¢imlenme, yiizdesi, indeksi ve enerjisi) ve en kisa ¢imlenme siiresini 1.0 mg L*
B dozu gdstermis, buna karsin artan B stresi bu degerleri olumsuz etkilemistir. Ozellikle, 4.0,
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8.0 ve 16.0 mg L B stresinde, ortama ilave edilen 1.0 mM SA her (¢ sebzede de ¢imlenme
Ozelliklerini artirarak, borun zararli etkilerini azaltabilmis ve ¢imlenme siiresini de olumlu
etkilemistir. Bu durum, toksisite riski ile ortaya ¢ikan olumsuzluklarin giderilmesinde SA’in
kullanilabilecek bir alternatif olabilecegini gdsterilmistir. Buna karsin, B uygulanmayan veya
diisiik seviyede B (< 1.0 mg L?) uygulanan tohumlarda, SA uygulamalarmin etkisi olmanus
veya oldukea sinirl kalmistir.

1. Introduction

Boron is an essential micronutrient for normal growth and development of plants (Brdar-Jokanovig, 2020).
Among the plant micronutrients such as Fe, Zn, Cu, Mn and etc. boron is the only non-metallic element and it exists
in borate forms in the nature. Among these forms, borax is the most abundant one (Adriano, 1986). Boron is
basically up taken by the plants as dissociated boric acid through passive absorption and also actively absorbed as
borate ions.

Germination is an important agronomic trait deeply influencing plant growth and productivity. Alamri et al.
(2018) indicated effects of soil boron concentrations on germination and seedling growth parameters and reported
that low boron concentrations (0.5 mg L) had positive effects on germination and seedling growth parameters, but
high concentrations (1.0 mg L) reduced germination rates and seedling growth parameters significantly. In pepper
plants, boron toxicity symptoms (slight chlorosis along the leaf edges) were encountered when the boron
concentration of nutrient solution increased to 5.0 mg L* (Sarafi et al., 2017). Decreasing germiantion ratios and
germination index values of pepper plants were reported at boron concentrations of over 2.0 mg L™ (Turhan, 2018).

Salicylic acid is defined as an internal plant growth regulator effecting plant growth and development under
stress conditions (Hayat et al., 2010). Besides salinity and drought stress, salicylic acid is also used to provide
resistance against adverse conditions like high and low temperature stress, heavy metal and frost stress (Baktir,
2010; Kumlay and Eryigit, 2011). Previous studies revealed that external plant growth regulator treatments such as
salicylic acid (SA), abscisic acid (ABA), gibberellic acid (GAs) and jasmonic acid (JA) positively influenced plant
growth and development under stress conditions (Datta et al., 1997; Kaydan and Yagmur, 2006; Unver and Tilki,
2012; Yildiz et al., 2014). Besides, it was reported that SA retarded seed germination of Arabidopsis under normal
conditions, on the other hand, reduced oxidative stress under high salt concentrations and thus stimulated seed
germination (Lee et al., 2010). It was also reported that SA influenced seed germination, but such effects varied with
the concentrations (Rajjou et al., 2006; Singh et al., 2010). Baran et al. (2019) reported that negative effects of salt
stress could be alleviated with SA treatments. Boukraa et al. (2015) reported based on germination rate and growth
parameters that inhibitor effect of high salinity in chickpea was significantly reduced by SA treatments. In beans,
low dose SA treatments (0.25 mM) increased germination ratios (Dadasoglu and Ekinci, 2013).

Number of studies about the effects of SA applications on growth and development of plants under B stress is
insufficient and there is much to investigate in this subject matter. Therefore, this study was conducted to investigate
the effects of SA applications some germination parameters of three different vegetables species (pepper, eggplant
and watermelon) under the B stress.

2. Materials and Methods
2.1 Material and experimental site

Experiments were conducted in seed laboratories of Mustafakemalpasa Vocational School of Bursa Uludag
University in the year 2020. Industrial pepper (Capsicum annuum L., cv. Kapija), eggplant (Solanum melongena L.,
cv. Elmur) and watermelon (Citrullus lanatus cv. Crimson Sweet) species were used as the plant material of the
study.

2.2 Salicylic acid treatments

Sufficient number of sturdy seeds with compact appearance and about equal size were selected and to these
seeds, 4 different salicylic acid (SIGMA, 27301, St. Louis, Missouri, USA) solutions [0 (distilled water), 0.5, 1.0
and 2.0 mM] has been applied. Applications were applied at room temperature (22°C) for 24 hours and treated seeds
were dried over drying papers. Control group seeds were placed into distilled water at the same temperature for the
same duration (Korkmaz et al., 2020).
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2.3 Boron treatments and germination tests

Germination tests were conducted in randomized plots design with 4 replications, 50 seeds in each replicate.
ISTA (2012) rules were taken into consideration in standard germination tests.

Salicylic acid was applied and seeds that were not applied were subjected to 5 different boron (in the form of
boric acid, H3BO3) concentrations (1.0, 2.0, 4.0, 8.0, 16.0 mg L), and a control application without boron
supplementation into germination medium was also included in experiments. Filter papers to be used seeding, petri
dishes and the other glassware were drying sterilized in Pasteur oven. Since the seeds were not contaminated
throughout the experiments, they were not sterilized. Germination tests were conducted in petri dishes (11 cm in
diameter) with filter papers placed inside under climate chamber conditions (25+1°C temperature, dark and constant
relative humidity) (Yildirnm and Giiveng, 2006). Each petri dish was moistened with 8 ml of boron solution at
different concentrations and seeds were placed between double-layer of filter papers. Petri dishes were closed,
labeled and placed into climate chamber.

Number of germinated seeds was counted 2 days after seed moisturizing and at the same hours of each day. A
radicule length of 5 mm was considered as germinated. During the counts, germinated seeds were removed from the
ambient and the remaining seeds were counted. The last count was performed at the end of 14" day and germination
percentage (GP, %) (Li et al., 2007), mean germination time (MGT, day) (Younsheng and Sziklai, 1985),
germination index (GI) (AOSA, 1983) and germination energy (GE) (Li et al., 2007) parameters were calculated
with the use of the following equations.

Germinated sesds

P = ) x 100

Total numbsr of zeeds

MGT = X nixdi/n
where, n = total number of seeds germinated during 14-day experimental period; ni = number of seeds germinated on day di; di
= day during germination period (between 0 and 14).

No. of germinated zesds
Gl= (L8 )

(.‘.’n. of germinated seeds)
Day of first count

Day of final count

GE=bl/c
where, b for total number of seeds to germinate, c for germinated seed total in in seven days.

2.4 Statistical analysis

The germination percentage, germination energy, germination index and mean germination time data were
analyzed using SPSS (version 10.0, SPSS Inc., 1999) software. Analysis of variance was performed on the data, and
significant differences among the treatment means were compared by Duncan’s multiple range tests (P< 0.05).

3. Results and Discussion

Seed germination is regulated by a series of mechanism. A well seed germination contributes to healthy and
reliable plant growth and development (Alamri et al., 2018). In present study, pepper, eggplant and watermelon
seeds were subjected to different B (0, 1.0, 2.0, 4.0, 8.0, 16.0 mg L) and SA (0, 0.5, 1.0 and 2.0 mM) applications
and effects of B, SA applications and interactions on germination parameters were determined. Regression analyzes
were performed between boron and germination properties, as well as between salicylic acid and germination
properties.

3.1 Germination percentage

Low B application (1.0 mg L) increased germination percentage of pepper (93.92%), eggplant (96.60%) and
watermelon (92.94%) seeds (Table 1). Besides, increasing B doses resulted in toxic effects on seed germination.
Decrease in germination ratio started with 2.0 mg L™ B dose and accelerated with increasing boron concentrations
and reached to minimum at the greatest B dose (16.0 mg L) (pepper 51.89%, eggplant 50.18% and watermelon
53.06%). It was reported in previous studies that low B doses increased germination parameters and high doses
negatively influenced germination parameters (Shah et al., 2013; Ashagre, 2014; Alamri et al., 2018). Boron toxicity
reduced emergence ratios of maize, tomato and carrot (Banuelos et al., 2009) and increased number of unusual
seedlings (Rerkasem and Jamjod, 1997). On the other hand, different SA applications had significant effects on
germination percentages (Table 2). The greatest germination percentage in all three species was obtained from 1.0
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mM SA applications (pepper 82.60%, eggplant 85.24%, watermelon 81.81%). Canakg1 (2010) conducted a similar
study with barley seeds and reported that SA applications increased the number of germinated seeds. El-Tayeb
(2005) indicated that SA applications (1.0 mM) efficiently protected plants against salt-like stress factors in seedling
period. According to Gilines et al. (2007), SA applications increased plant growth in stressed or non-stressed
ambient. Keeping seeds in SA solution before sowing increased stress tolerance of tomato, bean (Senaratna et al.,
2003) and pepper (Korkmaz, 2005) seedlings and improved survival rates of the plants. Dadasoglu and Ekinci
(2013) indicated that negative effects of salt stress on bean (Phaseolus vulgaris L.) seeds could be prevented with
0.5 mM SA applications.

For germination percentages, B x SA interactions were found to be significant (P<0.01) (Table 3). The combined
application of 1.0 mg L! B and 0.5 mM SA increased the germination percentage of all three species to maximum.
On the other hand, the lowest germination percentage was obtained from 16.0 mg L™ B + 2.0 mM SA combination.
In non-B applied group, the greatest germination percentage was achieved with 0.5 and 1.0 mM SA in pepper, 0O
mM SA in eggplant and 2.0 mM SA in watermelon. In combined application of 1.0 mg L™ B and SA, differences
were observed with species. For instance, while all SA doses had similar effects in pepper, the greatest germination
percentage in eggplant and watermelon was obtained from 0.5 mM SA- applied seeds. In 2.0 mg L B + SA
applications, positive effects of additional SA were not observed and non-SA applied seeds had greater applications
treatments, the most successful outcomes were achieved with B + 1.0 mM SA combinations. Such a case indicated
that 1.0 mM SA applications were successful in alleviating negative impacts of boron stress. On the other hand, the
lowest germination percentages in B + SA combinations were obtained from 2.0 mM SA dose.

3.2 Mean germination time

Increasing boron concentrations had significant effects on mean germination time of different vegetable seeds
(Table 1). In general, increasing mean germination times were observed with increasing B doses. The shortest mean
germination time was obtained from 1.0 mg L B dose in pepper (3.92 days), eggplant (3.36 days) and watermelon
(3.69 days). On the other hand, the longest mean germination time was obtained from 16.0 mg L' B applications
(pepper 4.89 days, eggplant 4.93 days and watermelon 5.09 days). It was reported that high boron levels prolonged
mean germination time in watermelon (Farag and Fang, 2014), pepper (Turhan, 2018) and wheat (Kuscu et al.,
2018). It was also reported that some applications to seeds (like priming) may increase germination ratio and shorten
germination time (Harris and Jones, 1997; Memon et al., 2013; Demirkaya, 2014). It was pointed out that SA,
accepted among the hormones effective in stress tolerance (Yildiz et al., 2014), was not essential for germination
under normal conditions, but reduce oxidative damage at high stress (salinity) levels and promoted germination
(Lee et al., 2010). In this sense, seeds were treated with SA to reduce the effects of B stress and significant
correlations were observed between SA and germination time. The 0.5 mM SA application led to shortest mean
germination time (pepper 4.17, eggplant 3.78 and watermelon 4.06 days) and the longest germination time was
obtained from 2.0 mM SA applications (pepper 4.32, eggplant 4.05 and watermelon 4.14 days) (Table 2).

For mean germination times, B x SA interactions were found to be significant (P<0.01). In pepper, eggplant and
watermelon seeds, germination time-increasing effect of B doses partially reduced by SA applications (Table 3).
Especially in medium and high (4.0, 8.0 and 16.0 mg L) B applications, 1.0 mM SA supplementation into growing
media significantly shortened germination times. But in the other SA applications, mean germination times were
longer. For instance, in medium and high B doses, the greatest number of days to germination in all three vegetables
was obtained from non-SA applied seeds. On the other hand, increases were observed in germination times with
control (0), 1.0 and 2.0 mg L* B doses. The longest germination time was obtained from 2.0 mM SA application
and the shortest germination time was obtained from non-SA applied seeds.

3.3 Germination index

Germination index value increased up to 1.0 mg L B dose in pepper (13.59) and watermelon (13.26) and up to
2.0 mg L* B dose in eggplant (16.71), then further increase in boron concentrations resulted in significant losses in
germination index. On the other hand, the lowest germination index was obtained from 16.0 mg L B- applied seeds
(pepper 10.54, eggplant 10.53 and watermelon 10.51) (Table 1). Similar findings were also reported for peppers
(Yermiyahu et al., 2008), tomato and cucumber (Alpaslan and Giines, 2001). Researchers reported negative effects
of high boron concentrations on root and shoot development. In the study, germination index values varied SA
applications, the best germination index values were achieved with low SA doses, with 0.5 mM SA in pepper
(12.67), 0 mM SA in eggplant (14.88) and 1.0 mM SA in watermelon (13.95). The other SA applications were less
effective on germination index (Table 2).

Zahra et al. (2010) reported that SA played an important role in reduction of stress-originated damages. Korkmaz
et al. (2017) reported SA doses of between 0.1 - 1.0 mM as an efficient tool against stress conditions in melon

(Cucumis melo L.). In the present study, it was observed also in present study that negative effects of boron toxicity
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could be alleviated and germination parameters of different vegetable seeds could be improved with SA
applications. For germination index, B X SA interactions were found to be significant (P<0.01). The best
germination index was achieved with 1.0 mg L* B + 0.5 mM SA combination in pepper and eggplant and with 1.0
mg L1 B + 0 mM SA combination in watermelon. The lowest germination index was obtained from 16.0 mg L B +
2.0 mM SA combination. In control group without B, the greatest germination index values were obtained from non-
SA applications and increasing SA doses negatively influenced germination index. The combined applications of
1.0, 2.0 mg L B and different SA doses, control (0 mM SA) and low (0.5 mM) SA doses had more positive effects
on germination index. In combined applications of 4.0, 8.0 and 16.0 mg L™ B and different doses of SA, positive
effects of 1.0 mM SA were quite distinctive. On the other hand, the lowest germination index values were observed
in 4.0 and 16.0 mg L B (eggplant and watermelon) + 2.0 mM SA and 8 mg L' B + 0.0 mM SA combinations
(Table 3).

Table 1. Effect of boron on the percent seed germination (GP %), mean germination time (MGT), germination index
(GI) and germination energy (GE)
Cizelge 1. Borun tohum cimlenme yizdesi (% GP), ortalama ¢imlenme stresi (MGT), ¢cimlenme indeksi (Gl) ve
cimlenme enerjisi (GE) (izerine etkisi
GP (%) MGT (Days) Gl GE

P EP WM P EP WM P EP WM P EP WM

C 9.44b 9652a 906lb 407d 326f 37le 1270c 1698a 13.15b 4459b 66.4la 53.54Db

1.0 93.92a 9660a 9294a 392e 336e 360f 1359a 1683a 1326a 49.70a 60.11b 58.07a

2.0 9061b 9480b 89.96c 413c 349d 377d 1275b 167la 1504c  4237c 57.69c 53.95b

4.0 86.07c 8L78c 8444d 4l4c 399c 4.02c 1265d 1409b 14.16d 39.72d 34.63d 44.22¢

8.0 7008d 71.10d 710le 439b 422b 43lb 1199e 1283c 1292e 2593e 222le 2581d
16.0 51.89d 50.18e 5306 f 4.89a 493a 509a 1054f 1053d 1051f 486f 853f 9.6le

As; C “control, 0 mg L' B”, B “boron” P “pepper”, EP “eggplant”, WM “watermelon”

Means of the each parameters followed similar letter within the column are not significantly different at the (P<0.05) level of
probability by Duncan's Multiple-Range Test

C “kontrol, 0 mg L' B”, B “bor” P “biber”, EP “patlican”, WM “karpuz”

Ayni siitunda yer alan ve ayni harfle baslayan ortalamalar arasindaki farkiilvk Duncan's Multiple-Range testine gore istatistiksel
olarak 8nemsizdir (P<0.05).

B (mgL?)

Table 2. Effect of salicylic acid on the percent seed germination (GP %), mean germination time (MGT),
germination index (GI) and germination energy (GE)

Cizelge 2. Salisilik asidin tohum ¢imlenme yuzdesi (% GP), ortalama cimlenme siresi (MGT), ¢imlenme indeksi
(GI) ve ¢imlenme enerjisi (GE) uzerine etkisi

GP (% MGT (Days Gl GE
SA (M) (%) (Days)
EP WM P EP WM P EP WM P EP WM
0 79.35¢c 81.80c 80.13b 431b 387b 4.09b 1232c 1488a 1391b  3422b 4436a 4048b

0.5 80.90b 8252b 8051b 417d 378d 409b 1267a 148la 1383c 40.01a 4216c 43.71a

1.0 82.66a 8524a 818la 422c 380c 414a 1236b 1485a 1395a 3352c 4375b 40.75b

2.0 79.09c 77.75d 7889c 432a 405a 4.07c 1212d 1411b 1367d 30.36d 36.11d 40.53b
As; SA “salicylic acid” P “pepper”, EP “eggplant”, WM “watermelon”
Means of the each parameters followed similar letter within the column are not significantly different at the (P<0.05) level of
probability by Duncan's Multiple-Range Test
SA “salisilik asit™, P “biber”, EP “patlican”, WM “karpuz”
Ayni stitunda yer alan ve ayni harfle baslayan ortalamalar arasindaki farkiilik Duncan’s Multiple-Range testine gore istatistiksel
olarak 6nemsizdir (P<0.05).

183



Turhan ve Kusgu / Anadolu Tarim Bilim. Derg. / Anadolu J Agr Sci 36 (2021) XXX-XXX

Table 3. Boron x salicylic acid interactions for the percent seed germination (GP %), mean germination

time (MGT), germination index (GI) and germination energy (GE)

Cizelge 3. Tohum ¢imlenme yiizdesi (% GP), ortalama c¢imlenme siiresi (MGT), ¢cimlenme indeksi (Gl) ve ¢imlenme
enerjisi (GE) Uzerine Bor x salisilik asit interaksiyonlar:

B SA G(%) MGT (Days) GPI GE

mgLh  (mm) P EP WM p P WM P EP WM p EP WM
0 9006c 97.00ac 8956df 376p 310v 3640 1364c 17.33ab 1548b  56.75b 7415a  52.00f

c 05 9094bc  96.88bc 9081cd 406n 322t 368n 12749 1634c  1520d  4680de 66.00c  56.11d
10  9075bc 96.38cd 90.00de 4201 324t 3781 12230 1744ab 14861 3248k 6595c  5200f

20 9000c 9581d 9206bc 4289 348p 374m 1220p 1626c 1508gh 42339 5950f 54.05e

0 9404a 9756ab 9375a  370r 313u 362p 1444b 1754ab 1562a  546lc  6420d 59.95b
0 05 9413a 97.90a 938la  359s 323t 368n 1465a 17.86a 1516e  6576a 6200e  6208a
10 9427a 950cd 9250ab 417jk 351p 374m 1271h 1625c 1511fg 38161 6213e  54.25e

20 9325a 9444e 9169bc 4191 3560 374m  1255j 1622¢  1514e  4025h 52131 56.00d

0 91.94b 9606cd 91.93bc  405n 330s 3781 1333d 17.37ab 1511fg 39.75h 68.00b  51.95f

20 05 8993¢ 96.00cd 9006de 409m 333r 360p 1269h 1713b  1525¢  4793d 58009 58.18c
1.0 903lc 9681bd 8925df 4131 359n 389k 12641 1634c  1473j  459le 5375h  49.92g

2.0 9025¢ 90.31f 8858f 424h 37lm 3801 1236m 160lc 1506h  3590j 5L00j 55.75d

0 8665d 80061 85069 427¢g 41lh 406h 1228n 1412de 14341  4032h 3200m  46.06h

40 05 8663d 8275h 85759  406n 392k 4011 1286f 1419de 13831  4406f 37981 46.90h
1.0 8631d 8668y 85199 40lo 3871 397j 1297e 1439d 1465k  3617j 4200k 43901

2.0 8469e  7763j 8L75h  422hi 4071 405h 12491 1368ef 13811 38341 2655n  40.00]
0 6564h 70251 7025 492b 45le 445d 1065t 1201h  1265r 1167m 1985p 23.95m

60 05 71949 7155k  7038] 4181 420f 420f 1251k 12929 12970 3139k 21000  29.771
1.0 7698f  7688j 75441 415kl 399] 4159 1252k 1339fg 1330n  3637j 2650n  32.18K

20 6576h 6575m 6800k  43Lf 417g 435e 1219p 130lg 1276p 24301 21500  29.35|

0 4813 49910 50199n 530a 507b 518a  958v 1042k 1027u 2230  793s  8.10p

160 05 51811 50050 523lm  489c 476c 511b  1052u 10933 105t  416n  800s 10050
1.0 57.00h  58.18n 58501  465e 460d 489c  1112r 11311 1106s  1202m 1218r 1225n

20 50631 4256p 5125mn  472d 530a 517a  1095s 9471 1016v 1050 600t  8.03p

As; C “control, 0 mg L' B”, B “boron”, SA “salicylic acid” P “pepper”, EP “eggplant”, WM “watermelon”

Means of the each parameters followed similar letter within the column are not significantly different at the
(P<0.05) level of probability by Duncan's Multiple-Range Test

C “kontrol, 0 mg L' B, B “bor” SA “salisilik asit” P “biber”, EP “patlican”, WM “karpuz”’

Aymi siitunda yer alan ve aymi harfle baslayan ortalamalar arasmdaki farkliltk Duncan's Multiple-Range testine
gore istatistiksel olarak 6nemsizdir (P<0.05).

3.4 Germination energy

Germination energy values significantly varied with the boron doses (Table 1). The greatest germination energy
was obtained from 1.0 mg L B dose in pepper (49.70) and watermelon (58.07) and from the control application
without B in eggplant (66.41). As it was indicated by Kuscu et al. (2018), increasing boron concentrations of
germination media significantly reduced germination energy values. The lowest values were obtained from 16.0 mg
L B applications (pepper 4.86, watermelon 8.53 and eggplant 9.61). Similarly, the greatest germination energy
values were obtained from 0.5 mM SA applications in pepper (40.1) and watermelon (43.71) and from 0 mM SA
applications in eggplant (44.36). Increasing SA doses negatively influenced germination energy values and the
lowest values were observed in 2.0 mM SA applications (Table 2).

As can be inferred from Table 3, interactions of B x SA had significant effects (P<0.01) on germination energy
values. The greatest germination energy was obtained from 1.0 mg L' B x 0.5 mM SA combination in pepper and
watermelon and from the control treatment without B and SA in eggplant. Sakhabutdinova et al. (2003) pointed out
the promoting effect of SA treatments on germination parameters; in contrast Rajasekaran et al. (2002) indicated
insignificant effects of SA on germination. In present study, SA treatments yielded positive outcomes through
increasing germination energy of the seeds subjected to boron toxicity. Such positive effects could clearly be seen at
high B concentrations (8.0 and 16.0 mg Lt). At both B concentrations, the greatest germination energy values were
obtained from 1.0 mM SA- applied seeds. But, positive effects reduced in 8.0 and 16.0 mg L™ B x 0.0 and 2.0 mM
SA combinations. Similar with these findings, Culpan and Arslan (2018) indicated negative effects of high SA and
GA; doses on plant growth. Korkmaz et al. (2020) reported that SA slightly improved plant (canola, Brassica napus
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L.) growth and development under salt stress. In the other combinations, germination energy values varied with the
species. For instance, in pepper and watermelon, 1.0, 2.0 and 4.0 mg L™ B + 0.5 mM SA applications positively
influenced germination energy of the seeds. On the other hand, in eggplant, control, 1.0 and 2.0 B mg L* B + 0 mM
SA applications yielded better outcomes. In 1.0, 2.0 and 4.0 B mg L"*and SA combinations, 1.0 and mostly 2.0 mM
SA doses reduced to germination energy to the lowest levels.

3.5 Relationships between the rates of boron and salicylic acid and germination properties

The relationships between B levels and germination characteristics are given in Fig. 1. Significant 2nd order
polynomial relationships were obtained between the germination percentage of pepper, eggplant and watermelon
seeds and B levels. The determination coefficients (R? = 0.97 for pepper, R?= 0.99 for eggplant, and R? = 0.98 for
watermelon) of these relationships are quite high (P<0.01). This result shows that 97% to 99% of the total variation
in the germination percentage of 3 different plant seeds can be explained by these equations. Significant linear
relationships were obtained between different B doses and mean germination times of 3 different plant seeds, and
germination times of seeds were prolonged with increasing B doses. A linear relationship was found between the
germination index of pepper and eggplant seeds and B levels, and a curvilinear (2nd order polynomial) relationship
was obtained between the germination index of watermelon seeds and the B levels. In addition, a linear relationship
was obtained between the germination energy of pepper and watermelon seeds and B levels, and a curvilinear (2nd
order polynomial) relationship was found for eggplant seeds.

The relationships between salicylic acid levels under different B doses and the germination characteristics of 3
different plant seeds are shown in Fig. 2. The relationships between salicylic acid and germination properties
mentioned above are defined by quadratic functions. However, in general, relationships between salicylic acid and
germination properties were found to be weaker (lower coefficients of determination) than those between B and
germination properties.

6
5
=4
= T
= =
o = 3
G 40 - T}
#Pepper  GP=-0.005B2-2.61B+94.25;R?=0.97** =2 -|ePepper MGT = 0.056B + 3.967; R =(0.95**
20 -®Eggplant  GP=0.054B%-3.92B+99.03; R =0.99** 1 B Eggplant MGT =0.104B +3.337; R2=0.96**
WatermelonGP =0.002B2- 2.60B+93.62; R?=0.98** Watermelon MGT = 0.090B + 3.636; R2=0.99**
O T T T T T T T 1 O T T T T T T T T 1

0 2 4 6 8 10 12 14 16
B level (mg L)

+ Pepper Gl=-0.16B+13.21; R =0.89**
mEggplant  Gl=-0.43B + 16.86; R*=0.93**
Watermelon Gl=-0.023B2+0.17B+13.61; R? =0.81*
0 T T T T T T T T 1

0 2 4 6 8 10 12 14 16
B level (mg L)

0 2 4 6 8 10 12 14 16
B level (mg L)

80 + Pepper GE=-2.72B+48.58;R*=0.97**

70 ] Eggphn’E;IE: 0.28B2-8.13B+67.85; R? =0.98**

60 Watermelon  ge_ 3 17p.56.98; R?=0.95%*

50 e

B40

30

20

10 <)

o 4 . . . , : : . |

0o 2 12 14 16

6 8 19
Blevel (mg L)

Figure 1. Some relationships between the B levels and the germination properties [germination percentage (GP),
mean germination time (MGT), germination index (GI), and germination energy (GE)] *P<0.05, **P<0.01

Sekil 1. B seviyeleri ile cimlenme &zellikleri [cimlenme yiizdesi (GP), ortalama cimlenme siresi (MGT), ¢cimlenme
indeksi (GI), cimlenme enerjisi (GE)] arasindaki bazi iliskiler *P<0.05, **P<0.01
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Figure 2. Some relationships between the salicylic acid (SA) levels and the germination properties [germination
percentage (GP), mean germination time (MGT), germination index (Gl), and germination energy (GE)]
*P<0.05, **P<0.01
Sekil 2. Farkl salisilik asit (SA) seviyeleri ile ¢cimlenme ozellikleri [¢imlenme yilizdesi (GP), ortalama ¢imlenme
stresi (MGT), ¢cimlenme indeksi (GI), ¢cimlenme enerjisi (GE)] arasindaki bazi iliskiler *P<0.05, **P<0.01

4. Conclusion

Present findings revealed that B toxicity may generate serious problems. On the other hand, our findings show
that the harmful effects of boron can be reduced with SA application. The greatest germination percentage,
germination index and germination energy values were obtained from 1.0 mg L™ B- applied seeds of three different
vegetable species (pepper, eggplant and watermelon). However, increasing boron concentrations prolonged the
mean germination time and negatively influenced germination parameters. Especially under medium and high (4.0
and 8.0, 16.0 mg L) B stress, 1.0 mM SA applications increased germination parameters and reduced the negative
effects of boron on germination parameters. The SA doses of over 2.0 mM had negative effects on investigated
parameters. The 0 and 0.5 mM SA doses had quite limited effects mostly on non-B applied or slightly on low B (0
and 1.0 mg L) treated seeds. For practical use of SA, further research is recommended to be conducted with greater
number of culture crops and to investigate the effects in different growth stages of the plants.
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