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ABSTRACT

The aim of this study was to evaluate the effects of mature squirting cucumber fruit juice (SCFJ) on seed germination and seedling growth in rapeseed cv. "Elvis". Seeds were surface-sterilized with commercial bleach (containing 5% sodium hypochlorite) at a concentration of 40% for 5 min. with continuous stirring and then were washed 6-7 times with sterile distilled water. After sterilization, seeds were imbibed in 50 ml sterile distilled water having SCFJ at different concentrations (0-control, 200, 400, 800 and 1600 µl/L) and rinsed for 72 h at 180 rpm. For each SCFJ concentrations, 250 seeds were put in 50 ml sterile distilled water. After 72 h, grown seedlings were transferred to soil in pots. Five pots having 20 seedlings were set for each SCFJ concentration. 14 days after study initiation, seedling height, root length, leaf width, leaf length, approx. leaf area, and chlorophyll (chl. a, chl. b and total chl.) contents were determined. The highest results in all examined parameters were obtained from 800 µl/L SCFJ concentration. This study showed that SCFJ could be used as a stimulant accelerating seed germination and seedling growth. Putting production material to the market earlier is the guarantee of higher income by providing early harvest. 
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INTRODUCTION

The chemical treatments influence the physiological and biochemical process in seeds and consequently contribute in a faster germination and a greater vegetative growth. Faster germination and seedling growth is a prerequisite for early harvest which means putting agricultural products on market earlier. The most important factor in earliness is the seedling which will be used instead of seed material. Healty and well-grown seedlings is the guarantee of higher yield. Early supply of agricultural products to market, increasing the number of product harvested from the field in the same year, saving on pesticides, fertilizers and seed material, easiness in controlling of weeds, increasing income of producers are the some of the advantages of using seedlings instead of seed materials. 

Squirting cucumber (Ecballium elaterium [L.] A. Rich.) is a plant of the cucumber family that is peculiar to Europe, Asia, and North Africa. In particular, the fruit of the plant consists of elatericin A (cucurbitacin D), elatericin B (cucurbitacin I), β-elaterin (cucurbitacin B), and α-elaterin (cucurbitacin E) [1]. In addition, alkaloids, vitamins, fatty acids, flavonoids, sterols, resins, starch, amino acids, and phenolic compounds are among the components of plant [2]. The compounds in the leaves, roots, stem and boll of plants also have antibacterial properties [3,4,5]. As a result, the squirting cucumber is very common in Turkey [6]. In the current study, SCFJ as a biostimulant was evaluated for rapid seed germination and seedling growth in rapeseed.

Rapeseed (Brassica napus ssp. oleifera L.) has been widely used for its oil in the world. Moreover, it has been used as livestock feed, biodiesel source, lamp oil, soap, plastics, rotating crop, heavy metal accumulator, medicinal plant (diuretic, anti-scurvy and anti-inflammatory) [7]. 
To our knowledge, this is the first report evaluating biostimulant effect of SCFJ on seed germination and seedling growth of rapeseed. In the present study, the effects of SCFJ on seed germination and seedling growth of rapeseed (Brassica napus L. cv. 'Elvis') were investigated.

MATERIALS AND METHODS

Plant material. Seeds of Brassica napus L. cv. 'Elvis' were used in the study.

Squirting cucumber (Ecballium elaterium (L.) A. Rich.) fruit juice. Squirting cucumber fruits were collected from its natural growing areas in September. Fruit juice was extracted and then were filtered in order that bigger parts were eliminated. Fruit juice were filter sterilized and kept in the refrigerator at -20ºC.

Surface sterilization of seeds. The seeds were surface-sterilized with 40% commercial bleach (containing 5.0% sodium hypochlorite) for 5 min and then washed 6-7 times with sterile distilled water (sdH20).

Seed germination and seedling establishment. After sterilization, seeds were imbibed in 50 ml sterile distilled water having SCFJ at different concentrations (0-control, 200, 400, 800 and 1600 µl/L) and rinsed for 72 h at 180 rpm. For each SCFJ concentrations, 250 seeds were put in 50 ml sterile distilled water. After 72 h, grown seedlings were transferred to soil in pots. Five pots having 20 seedlings were set for each SCFJ concentration.

Observations. Seed germination percentage was determined at 48th and 72nd h. At the end of 72nd h, seedlings were transferred to soil in pots. A seed was considered germinated when the emerged radicle reached to 2 mm. Fourteen days later, plantlet and root lengths, leaf width, leaf length, approximately leaf area, chlorophyll (chl. a, chl. b and total chl.) contents in the leaves of seedlings were recorded.

Determination of chlorophyll contents. The protocol proposed by Curtis and Shetty [8]. was used to determine the chl. a, chl. b and total chl. contents of seedling leaves. By following the protocol, 50 mg of callus tissue was added into methanol (3 ml) and kept at 23°C in darkness for 2 h to allow the chlorophyll in the green material to dissolve into the methanol. Then, the optic density (OD) of 1.5 ml of the liquid part (the chlorophyll-containing methanol) was determined at 650 and 665 nm using a spectrophotometer (UVmini-1240, Shimadzu, Japan), and the chl. a, chl. b and total chl. quantities were calculated as units of "µg chlorophyll/g of fresh tissue". 

Determination of leaf area. Leaf area was determined using a computer software and a desktop scanner.

Statistical analysis. Three replicates were tested and there were 250 seeds per replication for seed germination while 5 replicates each with 20 plantlets were set for seedling growth. All experiments were repeated twice. One-way Analysis of Variance (ANOVA) was used to evaluate the effect of SCFJ at different concentrations on seed germination and seedling growth in rapeseed (Brassica napus L.). Data were statistically analyzed by using "IBM SPSS Statistics 22". Means were compared using Duncan's multiple range test at the 1% level of probability. Data given in percentages were subjected to arcsine (√X) transformation before statistical analysis [9].
RESULTS 

The effects of different SCFJ concentrations on the seed germination, plantlet height, root length, leaf area, chlorophyll (chl. a, chl. b and total chl.) contents in the leaves of 14-day-old seedlings were shown in Table 1. The stimulative effects of SCFJ were observed at 800 µL/L concentration, and among all examined parameters, the best results were obtained at this concentration. Suppressor effects were observed at 1600 µL/L concentration. The lowest results were recorded in the control group, which contained no SCFJ. The seed germination percentages at 72 h increased at 800 µL/L SCFJ concentration, with the highest being 87.20%; the lowest percentages were observed in the control group at 21.60% (Table 1). 

After 14 d, similar results were obtained for seedling height, root length, leaf area and for chlorophyll (chl. a, chl. b, and total chl.) contents in the leaf. The best results for these parameters were 16.3 cm, 11.6 cm, 24.75 cm2, 1491.030 µg chlorophyll a/g fresh tissue, 956.358 µg chlorophyll b/g fresh tissue, and 1008.720 µg total chlorophyll/g fresh tissue, respectively, and were observed for those treated with 800 µL/L concentration. At a 1600 µl/l SCFJ concentration, obtained results in all characters decreased significantly (Fig. 1, Table 1).

On the 14th day of the study, the best results of seedling height, root length, and leaf area and of chlorophyll (chl. a, chl. b, and total chl.) contents in the leaf were noticed at 800 µL/L SCFJ concentration, which were much higher than those in the control group. It was also observed that the seedlings grown from the seeds treated with 800 µL/L SCFJ concentration grew faster than the seeds treated with other concentrations (Fig. 1). The highest scores were 16.3 and 11.6 cm for seedling height and root length, respectively. Once again, the lowest results were observed in the control group (Table 1). 

The highest leaf area (24.75 cm2) were observed at 800 µL/L SCFJ, and can be attributed to higher amounts of cell division and higher metabolic activities (Table 1). The highest chlorophyll (chl. a, chl. b, and total chl.) contents were observed in seedlings from seeds that were treated with a concentration of 800 µL/L SCFJ and were 1491.030 µg chl. a, 956.358 µg chl. b, and 1008.720 µg total chl./g fresh tissue (Table 1). The results were higher because the seedlings grew very well from seeds treated with this SCFJ concentration and had higher metabolic activity (Fig. 1).

We observed from these results that SCFJ can be used for rapid seed germination and seedling growth in rapeseed. Higher results obtained from 800 µl/l SCFJ concentration in all parameters examined could be attributed to increased enzymatic activity required for germination and for growth. In addition, when we evaluated the results of the measured parameters from seeds treated with 1600 µL/L SCFJ concentration, seed germination and seedling growth was considerably suppressed. As a result of this study, 800 µL/L SCFJ concentration resulted in the healthiest seedlings and the most seedling growth.
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FIGURE 1

In vitro seed germination from rapeseed (Brassica napus L.) seeds kept in sterile distilled water having different mature squirting cucumber fruit juice (SCFJ) concentrations for 48 h and 72 h and seedling growth 14 days after developed seedlings were transferred to soil. Bar = 1 cm.

TABLE 1

Effects of different concentrations of squirting cucumber (Ecballium elaterium [L.] A. Rich.) fruit juice (SCFJ) on seed germination of Brassica napus L. cv. 'Elvis' at 48 and 72 h and on seedling height, root length, leaf area and on chlorophyll (chl. a, chl. b, and total chl.) contents 14 d after planting the seedlings
	SCFJ Cont. (µl/L)
	Germination (%)1
	
	Day 14

	
	48 h
	72 h
	
	Seedling height (cm)
	Root length (cm)
	Leaf area (cm2)
	Chl. a content (µg/g fresh tissue)
	Chl. b content (µg/g fresh tissue)
	Total chl. content (µg/g fresh tissue)

	0
	9.60±0.40c
	21.60±1.07c
	
	12.4±0.90c
	8.4±0.44b
	11.20±0.35c
	706.212±18.51d
	615.264±20.76e
	608.088±19.34e

	200
	 12.00±1.33bc
	24.80±1.37c
	
	13.2±0.42bc
	10.3±0.71ab
	16.00±1.55b
	953.388±37.74c
	682.896±34.83d
	702.312±22.14d

	400
	 28.80±1.30a
	69.60±1.51b
	
	14.6±0.87b
	10.1±0.60ab
	16.00±0.58b
	1173.786±43.46b
	792.438±15.23b
	825.864±19.15b

	800
	 16.00±1.15b
	87.20±1.36a
	
	16.3±0.95a
	11.6±0.66a
	24.75±1.08a
	1491.030±82.74a
	956.358±34.83a
	1008.720±45.25a

	1600
	5.60±0.40c
	7.20±0.61d
	
	15.5±0.70ab
	8.5±0.38b
	16.00±1.15b
	1118.022±37.16b
	719.172±19.95c
	758.028±30.25c


Values indicate the average of three repetitions and “±” indicates standard error value of the average.

The values indicated in each column with a different letter were statistically different at a 0.01 level of significance.

1Seed germination percentage represents the ratio of germinated seeds to all seeds in the set.

DISCUSSION

Bio-stimulants impove quantity and quality of yield by giving resistance to plants against abiotic stress factors with their biologically active substances [10, 11]. It was reported that extracts of some plants such as Ascophyllum nodosum, Kappaphycus alvarezii, Ulva lactuca, Ulva rigida, Caulerpa scalpelliformis, Caulerpa sertularioides, Sargassum liebmannii, Sargassum plagiophyllum, Sargassum wightii, Turbinaria conoides, Padina tetrastromatica, Padina gymnospora, Dictyota dichotama, Rosenvigea intricata and Fucus spiralis stimulated seed germination, plant growth and yield of crops [12, 13-19]. Kocira et al. [20] have reported that extract of Ecklonia maxima increased white bean (Phaseolus vulgaris L.) yield. In addition, extracts from Sargassum wightii and Kappaphycus alvarezii increased yields of bread wheat and soybean, respectively [14,15,16]. Nwachukwu and Umechuruba [21] have reported that leaf extracts from basil (Ocimum basilicum L.), bitter leaf (V. amygdalina), neem (Azadirachta indica A. Juss.), and Eastern North American pawpaw (Asimina triloba (L.) Dunal) increased seed germination and seedling emergence of African yam bean (Sphenostylis stenocarpa (A. Rich.) Harms). Extract from garlic (Allium sativum) has stimulated seed germination of tomato (Lycopersicon esculent Mill.), chili (Capsicum annuum L.), eggplant (Solanum melongena L.) and bread wheat (Triticum aestivum L.) [22-24]. It has been reported that seaweed extracts were involved in stimulating plant growth and yield [25]. Jannin et al. [26] and Fan et al. [27] have reported that seaweed extract increased root and shoot growth, and chlorophyll content. In our case, the highest values regarding seedling height, root length and chlorophyll contents were obtained SCFJ at a concentration of 800 µl/L. At concentration of 1600 µl/L, seed germination reduced dramatically with parallel to the report of Turkyilmaz-Unal et al. [28]
Although squirting cucumber is a medicinal plant with antibacterial properties [5], it has been observed that the juice of the mature squirting cucumber at different concentrations increased the regeneration capacity of wheat, flax, potato, and rapeseed under in vitro conditions [29]. In a study conducted for ending dormancy in potato tubers of cv. "Marabel", tubers at 40 to 60 g in weight were rinsed for 6 h at 180 rpm in bottles containing mature SCFJ at different concentrations (0-control, 200, 400, 800 and 1600 µl/L). Results clearly showed that SCFJ had a significant role in ending dormancy in potato tubers [30]. Moreover, it has been determined that SCFJ stimulated the growth of Agrobacterium tumefaciens and increased the frequency of gene transfer in tobacco [31]; therefore, this study was aimed to observe and evaluate the effect of SCFJ for seed germination and seedling growth in rapeseed. 

The chlorophyll contents in the leaf have been accepted as a standard for measuring the photosynthetic capacity of tissues [32-34] and directly influence photosynthesis [35-37]. In addition, it has been determined that low levels of germination and seedling growth observed in rice seedlings under stress was a result of low starch transportation and (-amylase activity [38]. Hsia [39]reported that suppression of growth under stress conditions was caused by either suppressed cell division, suppressed cell proliferation, or both. The decrease in the growth rate under stress conditions might result from membrane permeability and stress-induced changes in water intake [40, 41]. In the present study, a higher level of seedling growth at 800 µL/L SCFJ concentration can be attributed to increases in water and other constituent absorption from the soil and thus the acceleration of the mechanism by which carbohydrates permeate the epidermis.

From the results, it could be speculated that SCFJ could simply be used for seed germination and rapid seedling growth in Brassica napus L. The highest results in germination percentage at 72 h, chl. a, chl. b and total chl. contents, plantlet height, root length and leaf area at the end of 14 days were obtained from 800 µl/l SCFJ concentration. Higher results obtained from 800 µl/l SCFJ concentration in all examined parameters could be attributed to increased enzymatic activity required for germination and for growth. However, from the examined parameters, it was seen that 1600 µl/l SCFJ concentration inhibited seed germination and seedling growth significantly. In our study, 800 µl/l SCFJ concentration resulted in the most healthiest and well grown seedlings.
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