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ABSTRACT 
This study aimed to evaluate the effects of different temperature and salinity levels on the germination and growth characteristics of 

Brussels sprout seeds. The experiment was conducted in two phases. A completely randomized design (CRD) was used for the 

germination test under controlled laboratory conditions. For the field experiment, a randomized complete block design (RCBD) with 

three replicates was implemented on September 1, 2023. The results revealed that the maximum values of Bud Vitamin C (mg) and Bud 

Vitamin K (g) were recorded at 25 °C across all NaCl concentrations, significantly surpassing the minimum values of 29.333% at 5°C 

and 150 mM sodium chloride (NaCl) by 0.650mg. The coefficient of variation (CoV%) of germination, the maximum value recorded 

was 83.940% at 25°C and 150 mM NaCl but the minimum value recorded was 44.130% (at 25°C and 0 mM NaCl). The mean 

germination time (MGT) was longest at 5°C and smallest at 25°C (3.993 days). The highest marketable yield (ton/ha) was 31.589 ton/ha, 

and the minimum value was 7.100 ton/ha. The highest germination percentage (GP%) reached its maximum values at 25°C and 0, 50, 

and 150 mM NaCl. The maximum value for glucosinolates (µmol) was 5.596 µmol at 25°C and 150 mM NaCl, recording its superiority 

over others by 1.614 µmol at 5oC and 0 mM NaCl. 

https://creativecommons.org/licenses/by-nc/4.0/ 
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1 Introduction  

 Brussels sprouts (Brassica oleracea var. gemmifera L.) belong 

to the Brassicaceae family, which have been extensively studied 

for their potential to prevent cancer [1]. The Brussels sprout's 

edible portion consists of the buds, or sprouts, that form beneath 

each leaf's armpit. Because the leaves arranged along the stalk, 

the height of the stalk determines how many leaves and buds 

produced, which determines the yield [2].  Although it is 

uncommon to use leaves for human consumption in our nation, 

they can be used as forage along with the stalk because of their 

high nutritional content. For this reason, it's critical to determine 

their weight and growth rate. Many plant species rely on their 

seeds' capacity to sprout at high soil salinity levels for survival 

and preservation [3,4]. Soil salinity is a worldwide problem which 

impediment the productivity of several crops. Salinization is the 

primary factor restricting agricultural yield, particularly in arid 

and semi-arid regions of the world [5]. It affects many 

morphological, physiological, and biochemical processes, like  

 

 

seed germination, plant growth, and water and nutrient uptake[6]. 

All phases of plant growth and development are impeded by salt 

stress; however, depending on the species, some phases such as 

germination, seedling, or flowering are the most vulnerable [7]. 

Seedling establishment will be compromised by exposing the 

seeds during germination to unfavorable environmental 

conditions such as salinity and drought stress [8].  For most of the 

plants, if light and water are obtainable, the temperature of the 

soil determines the portion of the germinated seeds and the 

germination rate [9]. According to [10], plant growth is at the most 

basic level and reduced by salinity stress. Still, the plant species 

will be different in their salinity admittance, which is not 

desirable. The significant inhibitory effect of salinity impacts 

plant growth and development by osmotic inhibition of water 

availability and increasing the toxic effect of salt ions responsible 

for colonization [11].  Evaluation of germination is the most 

important thing and must be evaluated in the correct media to give 

the best result and have typical quality[12]. This study aims to 

assess the effects of different temperature and salinity levels on 

seed germination and growth characteristics of Brussels sprout 

seeds. 

Materials and Methods 
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This research involves (Brassica oleracea var. gemmifera) seeds, 

whose characteristics are shown in Figure 1. A factorial design in 

a completely randomized design (CRD) was used for the 

laboratory and germination experiments, while a completely 

randomized block design (CRBD) with three replicates was 

applied in the field. Transplants were planted in the field on 

September 1, 2023. For this purpose, we applied three 

temperature levels (5°C in a refrigerator, 15°C and 25°C in 

controlled rooms) and four NaCl concentrations, as described 

below: 

Table 1: Temperatures and NaCl concentrations (mM) used in this 

study. 

Treat. Temperature (°C) NaCl concentrations (mM( 

T1 

5 

0 

T2 50 

T3 100 

T4 150 

T5 

15 

0 

T6 50 

T7 100 

T8 150 

T9 

25 

0 

T10 50 

T11 100 

T12 150 

To prevent fungal invasion, the seeds were surface-sterilized with 

5% sodium hypochlorite (NaOCl) for five minutes, and then they 

were washed with distilled water. (Abdulrahman & Mahmood, 

2021). Twenty seeds from each of the four NaCl treatments were 

used for each plant type. The seeds were placed in sterile 9 cm 

Petri dishes pre-saturated with the appropriate salt solution and 

incubated under different temperature regimes, seeds sprout in a 

lab setting on filter paper (Whatman No. 2). The number of 

germinated seeds was counted daily for up to 7 days. Seeds were 

considered germinated when the radicle emerged. After 

germination, seeds from each treatment were transplanted into 

trays containing a 1:1:1 mixture of soil, peat moss, and manure. 

These trays were placed in a small temporary tunnel covered with 

polyethylene for 6 weeks to allow growth. After that, the plants 

were transplanted into a local farmer’s field. When buds formed 

after 90 days of growth, we recorded the growth characteristics. 

2. 2. 1 Foundations of Chaotic Systems 

Chaotic systems, rooted in the concepts of deterministic nonlinear 

dynamics, show off behavior that looks random yet is ruled by 

way of deterministic equations. The basis for understanding 

chaotic procedures was created by the pioneering studies of 

mathematicians by Eduard Lorenz and Henri Poincare, which 

confirmed the existence of extraneous attractions and their 

sensitivity to initial conditions [15]. Applications of chaos theory 

can be found in a wide range of disciplines, including physics, 

biology, economics, security, as well as mathematics. 

 

Figure 1: Package of Brussels sprouts seeds and their properties. 

2. 1 Characteristics to be studied 

2. 1. 1 Germination Characteristics 

After the seed started to germinate, these parameters we 

calculated: 

1. Germination Percentage (GP) (%) [13]. 

2. Mean Daily Germination (MDG) [14]. 

3. Mean Germination Time (MGT) [15]. 

4. Germination Rate Index (GRI) [16]. 

5. Germination Speed (GS) (day-1) [14]. 

6. Germination Energy (GE) (72 hours) [17]. 

7. Time to 50%Germination (T50%) [18]. 

8. CoV(coefficient of velocity of germination) (%) [19]. 

2. 1. 2 Growth Characteristics 

2. 1. 2. 1 Vegetative parameters 

After buds formed, 10 plants we randomly selected in each 

treatment to determine the following parameters: 

1. Leaf Number/plant. 

2. Stem Diameter (cm). 

3. Plant Dry Matter (%). 

4. Leaves Chlorophyll Content (SPAD) 

5. Buds Number/plant. 

6. Single Buds weight (g). 

7. Plant Yield (kg). 

8. Marketable Yield (Ton/ha). 

2. 1. 2. 2 Bud parameters 
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After buds formed, 30 buds were selected randomly in each 

treatment to determine these parameters: 

1. Bud Dry Matter (%). 

2. Protein (g). 

3. Vit. C (mg). 

4. Vit. K (µg). 

5. Vit A. (µg), (as beta carotene). 

6. Iron (mg). 

7. Potassium (mg). 

8. Calcium (mg). 

9. Magnesium (mg). 

10. Phosphorous (mg). 

11. Glucosinolate (µmol). 

2. 2 Statistical analysis 

The Factorial CRD for the laboratory part and CRBD in the field  

we used in this study.  The statistical analysis system XL-State 

(2019) program we used to analyze the data obtained in the 

research. Significant treatment differences we found at the 

P≤0.05 level by using the Duncan test. 

3 Results 

Table (2) shows that the highest germination percentage (GP%) 

was 100.000%, recorded at 25°C under 0, 50, and 150 mM NaCl 

concentrations. This treatment significantly exceeded the lowest 

recorded value of 29.333%, observed at 5°C with 150 mM NaCl. 

For mean daily germination (MDG), the highest value was 2.777 

days at 25°C with 0 mM NaCl, while the lowest value was 0.967 

days at 5°C with 0 mM NaCl. The MGT (mean germination time) 

recorded the maximum value by 4.905 days (at 5°C and 0 mM 

NaCl). This value suppressed the minimum value by 3.793 days 

(at 25°C and 0 mM NaCl). The same table shows that the 

germination rate index (GRI) reached a maximum value of 

44.167 at 25°C with 0 mM NaCl, significantly higher than the 

minimum value of 9.333 observed at 5°C with 0 mM NaCl.

Table 2: Effect of different degrees of temperature and NaCl concentrations on GP%, MDG (Day), MGT (Day), and GRI (Day) of Brussels sprout 

seeds 

Traits C)oTemp.( 
NaCl concentrations 

0 50mM 100mM 150mM 

GP% 

5 33.333 e 31.667 e 36.333 de 29.333 e 

15 93.333 a 83.333 ab 70.000 bc 53.333 cd 

25 100.000 a 100.000 a 96.667 a 100.000 a 

MDG (Day) 

5 0.967 e 1.637 cd 1.583 cd 1.807 cd 

15 1.917 c 1.803 cd 1.443 d 1.667 cd 

25 2.777 a 2.723 ab 2.337 b 1.443 d 

MGT (Day) 

5 4.905 a 4.215 bcd 4.091 cd 4.165 cd 

15 4.141 cd 4.210 bcd 4.525 abc 3.993 d 

25 3.793 d 3.876 d 3.934 d 4.652 ab 

GRI (Day) 

5 9.333 f 20.720 cde 19.777 de 23.387 bcde 

15 30.667 b 26.277 bcd 15.663 ef 16.280 ef 

25 44.167 a 42.390 a 28.443 bc 16.000 ef 

For letters a and b, different letters in the same trait significantly alter means (P ≤ 0.05). 

 

Table (3) shows the effects of different degrees of temperature 

and NaCl concentrations on Germination Speed or Rate GS or 

GR (day-1), GE (72 Hours) %Germination Efficiency, T 

50%Time to 50% Germination, and CoV % Coefficient of 

Variation for Germination of Brussels sprout seeds.For GS or GR 

(Germination Speed or Rate, day⁻¹) the maximum value was 

6.267 (at 25°C and 0 mM NaCl) significantly superior to the 

minimum value was 1.800 (at 5°C and 0 mM NaCl).For the GE% 

value (Germination Efficiency at 72 hours), it was 100.000% at 

25°C for all NaCl concentrations except 100 mM. This treatment 

surpassed the minimum value of 46.667%, which was recorded 

at 5°C and 0 mM NaCl. For time to 50% germination (T50%), 

the highest value was 5.667 days at 5°C with 0 mM NaCl, while 

the lowest was 2.667 days at 25°C with 0 mM NaCl. The 

coefficient of variation for germination (CoV%) reached a 

maximum of 83.940% at 25°C with 150 mM NaCl, whereas the 

minimum value was 44.130% at 25°C with 0 mM NaCl. Figure 

(2) shows that leaf chlorophyll content (SPAD) reached a 

maximum value of 50.333 at 5°C with 0 mM NaCl, which was 

notably higher than the value of 32.300 recorded at 15°C with 0 

mM NaCl.  For the number of buds per plant, the highest value of 

65.333 was recorded at 5°C with 0 mM NaCl, while the lowest 

value of 27.000 was observed at 15°C with 50 mM NaCl. For 

single bud weight (g), the maximum value was 21.103 g at 5°C 

with 50 mM NaCl, which significantly surpassed the other 

treatments. The minimum value of 10.750 g was recorded at 15°C  
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with 50 mM NaCl. The same data on plant yield (kg) indicated a 

maximum value of 1.264 kg at 5°C with 0 mM NaCl, while the 

minimum value of 0.284 kg was recorded at 15°C with 50 mM 

NaCl. The highest marketable yield (ton/ha) was 31.589 ton/ha at 

5°C and 0 mM NaCl, while the minimum value, 7.100 ton/ha, 

was recorded at 15°C and 50 mM NaCl.

Table 3: Effect of different degrees of temperature and NaCl concentrations on GS or GR (day-1), GE (72 Hours) %, T 50%, and CoV % of Brussels 

sprout seeds. 

Traits C)oTemp.( 
NaCl concentrations 

0 50mM 100mM 150mM 

)1-(day GS or GR 

5 1.800 f 3.333 cde 3.033 de 3.533 cde 

15 4.800 b 4.133 bcd 2.567 ef 2.467 ef 

25 6.267 a 5.933 a 4.267 bc 2.467 ef 

GE (72 Hours) % 

5 46.667 d 80.000 ab 70.000 bc 83.333 ab 

15 93.333 a 90.000 ab 70.000 bc 53.333 cd 

25 100.000 a 100.000 a 96.667 a 100.000 a 

T 50% 

5 5.667 a 4.333 bc 3.833 bcd 4.333 bc 

15 3.333 de 3.333 de 4.667 b 4.667 b 

25 2.667 e 3.500 cde 4.333 bc 4.500 b 

CoV% 

5 60.477 b-e 79.167 ab 70.793 abcd 74.880 abcd 

15 47.063 e 77.143 abc 58.890 cde 55.833 de 

25 44.130 e 46.510 e 70.000 abcd 83.940 a 

For letters a and b, different letters in the same trait significantly alter means (P ≤ 0.05) 

Table 4: Effect of different degrees of temperature and NaCl concentrations on plant Height (cm), leaf number, stem diameter(mm), and Plant dry 

matter % of Brussels sprouts plants. 

Traits C)oTemp.( 
NaCl concentrations 

0 50mM 100mM 150mM 

Plant height (cm) 

5 64.000 a 57.000 ab 51.000 bc 48.000 bc 

15 48.000 bc 55.000 abc 51.333 bc 49.000 bc 

25 48.333 bc 52.000 bc 44.667 c 53.333 abc 

Leaf number 

5 31.667 b 39.333 ab 45.667 a 38.667 ab 

15 37.333 ab 29.333 b 30.000 b 34.333 b 

25 36.667 ab 28.000 b 36.333 ab 32.000 b 

Stem diameter(mm) 

5 32.333 c 50.000 ab 48.000 b 51.000 ab 

15 59.667 a 41.000 bc 49.000 ab 44.333 b 

25 44.000 b 43.000 bc 51.000 ab 47.000 b 

Dry matter % 

5 14.433 a 12.833 a 13.667 a 14.167 a 

15 14.533 a 12.567 a 13.467 a 12.033 a 

25 14.033 a 14.233 a 13.000 a 15.167 a 

For letters a and b, different letters in the same trait significantly alter means (P ≤ 0.05). 

 

Figure (2) shows that leaf chlorophyll content (SPAD) reached a 

maximum value of 50.333 at 5°C with 0 mM NaCl, which was 

notably higher than the value of 32.300 recorded at 15°C with 0 

mM NaCl. For the number of buds per plant, the highest value of 

65.333 was recorded at 5°C with 0 mM NaCl, while the lowest 

value of 27.000 was observed at 15°C with 50 mM NaCl. For 

single bud weight (g), the maximum value was 21.103 g at 5°C 

with 50 mM NaCl, which significantly surpassed the other 

treatments. The minimum value of 10.750 g was recorded at 15°C 

with 50 mM NaCl. The same data on plant yield (kg) indicated a 

maximum value of 1.264 kg at 5°C with 0 mM NaCl, while the 

minimum value of 0.284 kg was recorded at 15°C with 50 mM 

NaCl. The highest marketable yield (ton/ha) was 31.589 ton/ha at 

5°C and 0 mM NaCl, while the minimum value, 7.100 ton/ha, 

was recorded at 15°C and 50 mM NaCl.
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Figure 2: Effect of different degrees of temperature and NaCl concentrations on leaves’ chlorophyll content (SPAD), Buds number/plant, single bud 

weight (g), Plant yield (kg), and Marketable yield(ton/ha) of Brussels sprouts. 

Data in table 5 showed that bud dry matter (%) reached a 

maximum value of 12.490% at 5°C and 0 mM NaCl, which 

significantly surpassed the other treatments. The minimum 

average was 7.280% at 25°C and 50 mM NaCl. For bud protein 

(g) content, data represented that the maximum average was 

3.990 g (at 25°C and 0 mM NaCl) while the minimum value was 

2.407 g (at 25°C and 100 mM NaCl). According to the results, 

the highest content in Bud Vitamin C (mg) recorded was 116.743 

mg (at 25°C and 100 mM NaCl), but the minimum value of 

80.470 mg (at 15°C and 150 mM NaCl). Data revealed Bud 

Vitamin K (µg) content showed that the maximum average was 

195.147 µg (at 5°C and 0 mM NaCl), while the minimum 

recorded was 175.487 µg (at 15°C and 50mM NaCl). Bud 

Vitamin A (µg) (as Beta-Carotene) According to the values 

obtained from the research, the maximum average was 49.303 µg 

(at 5°C and 0 mM NaCl) which significantly bypassed the other 

treatments and gave 38.020 µg (at 15°C and 50mM NaCl).
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Table 5: Effect of different degrees of temperature and NaCl concentrations on Bud Dry matter %, Buds protein (g), Bud vit. C (mg), Bud vit. K(µg), 

and Bud vit. A(µg) (as beta-carotene) of Brussels sprout buds. 

Traits C)oTemp.( 
NaCl concentrations 

0 50mM 100mM 150mM 

Dry matter % 

5 12.490 a 10.423 a 8.067 a 11.883 a 

15 7.347 a 7.763 a 9.893 a 8.377 a 

25 10.223 a 7.280 a 11.870 a 12.330 a 

Protein (g) 

5 3.670 ab 2.590 cd 2.913 bcd 3.400 abc 

15 3.533 ab 3.550 ab 3.483 abc 3.617 ab 

25 3.990 a 3.433 abc 2.407 d 3.337 abc 

Vit.C (mg) 

5 115.620 ab 104.367 abc 93.627 bcd 96.530 abcd 

15 99.113 abcd 106.670 abc 95.290 abcd 80.470 d 

25 98.823 abcd 96.363 abcd 116.743 a 88.077 cd 

Vit.K(µg) 

5 195.147 a 181.957 a 188.213 a 185.173 a 

15 193.770 a 175.487 a 181.573 a 176.817 a 

25 175.630 a 180.503 a 182.350 a 181.890 a 

vit A(µg) (as beta-

carotene) 

5 49.303 a 48.607 ab 42.260 abc 43.693 abc 

15 49.140 a 38.020 c 42.280 abc 39.453 bc 

25 38.717 c 41.677 abc 43.800 abc 45.683 abc 

 For letters a and b, different letters in the same trait significantly alter means (P ≤ 0.05). 

 

Table (6) represents the effect of different degrees of temperature 

and NaCl concentrations on Bud Iron (mg), Bud potassium (mg), 

Bud Calcium (mg), Bud Magnesium(mg), Bud Phosphorus(mg), 

and Bud Glucosinolates (µmol) of Brussels sprout buds.

Table 6: Effect of different degrees of temperature and NaCl concentrations on Bud Iron(mg), Bud potassium (mg), Bud Calcium (mg), Bud 

Magnesium(mg), Bud Phosphorus(mg), and Bud Glucosinolates (µmol) of Brussels sprout buds. 

Traits C)oTemp.( 
NaCl concentrations 

0 50mM 100mM 150mM 

Iron(mg) 

5 0.711 b 0.855 b 0.947 b 0.954 a 

15 0.949 b 0.668 b 0.789 b 0.828 b 

25 0.880 b 0.716 b 0.650 b 0.829 b 

Potassium (mg) 

5 456.667 a 393.667 ab 435.667 ab 373.333 ab 

15 439.000 ab 428.000 ab 390.667 ab 427.000 ab 

25 407.667 ab 328.667 b 417.333 ab 396.333 ab 

Calcium(mg) 

5 38.047 a 36.263 ab 30.787 abc 23.183 c 

15 29.473 abc 32.493 abc 33.523 abc 29.613 abc 

25 33.987 ab 32.703 abc 32.553 abc 26.350 bc 

Magnesium(mg) 

5 23.187 ab 24.400 a 17.823 cd 23.003 abc 

15 23.327 ab 19.092 bcd 17.937 cd 22.810 abc 

25 18.373 bcd 16.997 d 18.347 bcd 22.663 abc 

Phosphorus(mg) 

5 55.143 b 61.853 ab 59.330 ab 57.850 ab 

15 63.437 ab 68.197 a 68.510 a 60.023 ab 

25 57.777 ab 65.507 ab 55.890 b 58.713 ab 

Glucosinolates 

(µmol) 

5 1.614 e 4.147 abcd 2.737 cde 2.311 de 

15 4.672 abc 3.626 abcd 3.711 abcd 4.932 ab 

25 2.750 cde 5.115 ab 3.129 bcde 5.596 a 

For letters a and b, different letters in the same trait significantly alter means (P ≤ 0.05).
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4 Discussion 

Seed germination doesn’t happen in isolation. It is influenced by 

environmental factors such as temperature, moisture, light, and 

the type of growing medium. In our study, we observed that seed 

varieties showed varying responses to temperature changes, 

indicating genotype-specific sensitivity to thermal conditions. 

This matches what [20,21] found: seed response to temperature isn’t 

uniform and often depends on the plant’s origin. These variations 

aren’t random—they’re likely adaptations. A plant’s success or 

failure in a specific environment can depend on whether its 

germination behavior fits local conditions. [22] also noted that each 

species or cultivar has its temperature threshold for ideal 

germination. In our study, most seeds showed optimal 

performance at 25°C, indicating that this temperature is favorable 

for the germination and growth of these vegetable varieties. 
We also saw how salinity can interfere with germination. It does 

this in two ways. First, higher salinity raises the osmotic pressure, 

which makes it harder for seeds to absorb water—something they 

need to start growing. Second, too much salt, especially sodium 

(Na+) and chloride (Cl-) creates toxicity that damages the seeds. 
[23] pointed out these effects as key reasons high salinity can 

suppress germination. Combined, osmotic stress and ion toxicity 

can significantly hinder seed germination and early development 

under saline conditions. 

The maximum germination percentage (GP%) was recorded at 

25°C across all NaCl concentrations, significantly surpassing the 

minimum value of 29.333% at 5°C and 150 mM NaCl. This 

aligns with findings that moderate temperatures (15-25°C) 

optimize germination in Brassica species, while extreme 

temperatures and high salinity can inhibit it [24]. The germination 

speed (GS) was highest at 25°C (6.267 day⁻¹) and lowest at 5°C 

(1.800 day⁻¹), reflecting the inhibitory effect of low temperatures 

on metabolic processes [25]. Germination efficiency (GE%) 

reached 100% at 25°C, except at 150 mM NaCl, while it dropped 

to 46.667% at 5°C, indicating that both temperature and salinity 

play critical roles in germination success [26]. The time to 50% 

germination (T50%) was longest at 5°C (5.667 days) and shortest 

at 25°C (2.667 days), consistent with the trend observed in 

MGT[15]. The coefficient of variation (CoV%) for germination 

was highest at 25°C and 150 mM NaCl (83.940%), suggesting 

that high salinity increases variability in germination under 

optimal temperatures [27]. The mean daily germination (MDG) 

peaked at 2.777 at 25°C and 0 mM NaCl, indicating that optimal 

conditions enhance germination speed [28].  (Bradford, 2002). The 

mean germination time (MGT) was longest at 5°C (4.905 days) 

and shortest at 25°C (3.793 days), consistent with studies 

showing that lower temperatures delay germination [29].  The 

germination rate index (GRI) also peaked at 25°C (44.167), 

further emphasizing the importance of optimal temperature for 

rapid and uniform germination [20, 21].In the present study, the 

results showed a decrease in germination traits as salinity levels 

increased. This finding is supported by [30], who reported that the 

germination speed and efficiency of the studied plant species 

were significantly reduced under saline conditions compared to 

the control. However, [31] noted that low concentrations of salt had 

minimal adverse effects on seed germination, indicating the 

species’ tolerance to mild salinity stress.  

Plant height was most significant at 5°C and 0 mM NaCl (64.000 

cm), while the minimum we observed at 25°C and 100 mM NaCl 

(44.667 cm). This suggests that cooler temperatures may promote 

elongation, but high salinity can inhibit growth [32]. Leaf number 

peaked at 5°C and 100 mM NaCl (45.667), indicating that 

moderate salinity can stimulate leaf development under cooler 

conditions [33]. Stem diameter was thickest at 15°C and 0 mM 

NaCl (59.667 mm), while the thinnest was at 5°C and 0 mM NaCl 

(32.333 mm), highlighting the complex interaction between 

temperature and salinity on plant structure [34].  

Chlorophyll content was highest at 5°C and 0 mM NaCl (50.333 

SPAD), while the lowest was at 15°C and 0 mM NaCl (32.300 

SPAD), suggesting that cooler temperatures enhance 

photosynthetic efficiency [35]. Bud number and weight were 

maximized at 5°C and 0 mM NaCl (65.333 buds and 21.103 g, 

respectively), indicating that cooler temperatures favor bud 

development [36]. Plant yield and marketable yield were also 

highest at 5°C and 0 mM NaCl (1.264 kg and 31.589 ton/ha, 

respectively), further supporting the benefits of cooler 

temperatures for productivity [37].  

Bud dry matter was highest at 5°C and 0 mM NaCl (12.490%), 

while the lowest was at 25°C and 50mM NaCl (7.280%), 

indicating that cooler temperatures enhance dry matter 

accumulation [38]. Protein content peaked at 25°C and 0 mM NaCl 

(3.990 g), while vitamin C was highest at 25°C and 100 mM NaCl 

(116.743 mg), suggesting that moderate salinity can enhance 

specific nutrients under optimal temperatures [39]. (Hanson et al., 

2006). Glucosinolate content we maximized at 25°C and 150 mM 

NaCl (5.596 µmol), consistent with studies showing that salinity 

can stimulate the production of these bioactive compounds [40].  

Conclusion 

The results show that both temperature and NaCl concentration 

have a significant impact on the germination rate, plant growth, 

and nutritional composition of Brussels sprouts. Optimal 

temperatures (15-25°C) generally enhance germination and 

growth, while cooler temperatures (5°C) favor certain 

morphological and nutritional traits. High salinity (150 mM 

NaCl) can inhibit germination and growth but may enhance 

specific nutrients like glucosinolates. The low temperature (5°C) 

we used during seed storage, not during growth. Cold storage 

helps preserve seed quality, delay aging, and enhance 

germination performance when the seeds are later planted. That 

gives the plants a stronger start, which can lead to better overall 

growth and productivity. 
Our recommendation: store your seeds at 5°C before planting. 

This helps maintain seed quality and supports better germination. 

When it’s time to grow the plants, aim for around 25°C. That 

temperature range encourages good growth, enzyme function, 

and overall plant strength. There’s no contradiction between the 

two—each serves a different purpose. Using both, one for storage 

and one for growth, can help you get the most out of your seeds. 
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