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A B S T R A C T

This study aimed to examine the impact of various nitrogen sources and 

concentrations on the growth and biochemical composition of Lemna minor. 

Specifically, three nitrogen sources, namely ammonium, nitrate, and urea, were 

utilized. These nitrogen sources were incorporated into the Hoagland nutrient 

medium at two different concentrations: 2500 µM L-1 and 5000 µM L-1. The impact 

of various nitrogen concentrations on the biochemistry of L. minor, including the 

number of individuals, chlorophyll-a levels, carotene content, dry matter, and 

protein content was examined. The experimental results revealed that the 7th, 5th, 

and 6th groups exhibited the highest relative frond number, while no significant 

statistical difference (p>0.05) was observed between the 5000 µM L-1 and 

2500 µM L-1 groups among all experimental groups. The 2nd, 7th, and 5th groups 

displayed the highest relative growth rate. The 4th group using NH4-N as the source 

exhibited the highest total carotene and chlorophyll-a content. Although there were 

no significant differences in the dry matter and protein values of L. minor, the protein 

ratio was higher in the 3rd and 4th groups with NH4-N as the source compared to 

the other groups. The results indicate that NO3 nitrogen is the most suitable nitrogen 

source for promoting the growth and biochemical composition of L. minor, as 

evidenced by an increase in relative frond number and relative growth. On the other 

hand, NH4 nitrogen showed favorable effects on protein, carotene, and chlorophyll-

a content. Additionally, the experimental groups with a nitrogen concentration of 

2500 µM L-1 yielded better overall results. Interestingly, in terms of protein 

efficiency, it was observed that nitrogen concentrations played a more significant 

role than nitrogen sources, and groups with lower dilution rates exhibited superior 

outcomes. 
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INTRODUCTION 

Three quarters of the earth surface is covered by 

water and aquatic plants photosynthesize much more 

than terrestrial plants using the carbon dioxide in the 

air. Considering that two thirds of the photosynthetic 

carbon in the world is produced by algae, they are 

very useful organisms for the ecosystem (Carpenter & 

Lodge, 1986; Wersal & Madsen, 2012; Chapman, 2013; 

Beer et al., 2014; Madsen, 2023). At the same time, 

aquatic plants are the primary producers in wetlands 

(Yılmaz, 2004; Foundation for Water Research (FWR), 

2015; Bütünoğlu, 2018). As aquatic plants enrich their 

production areas, they also enrich their own bodies 

and transform dissolved substances in water into high 

quality products (Madsen et al., 2001; Bütünoğlu, 

2018).  

Lemna species which are floating aquatic plants, are 

seen in many regions around the world. They are 

found in lakes, canals, ponds and many aquatic 

environments (Chaturvedi et al., 2003). Lemna minor is 

a species rich in nutrients, vitamins-minerals and 

pigments (Rataj & Horeman 1977; Leng et al., 1995; 

Madsen, 2009; Rooijakkers, 2016; Appenroth et al, 

2017; Sońta et al., 2019). This plant, also found in 

wetlands in Türkiye, is quite prevalent, thriving in 

fresh waters all year round. There are 2 genera and 5 

species belonging to this subfamily (Leblebici, 2010; 

Coşkun et al., 2018). L. minor, which has a very high 

reproductive rate, grows and reproduces asexually 

via the photosynthesizing and budding of young 

plants formed in a meristematic region at the base of 

the leaves, and forms a new leaf (individual). Each 

leaflet can produce a large number of female buds 

(Saygıdeğer, 1996). Lemna which is very tolerant to 

environmental conditions, can be easily cultivated at 

20-30°C at a pH range of 4.5-8.5 (Topal et al., 2011). L. 

minor, whose buds develop under water in winter, are 

cold-resistant and start reproducing at favorable 

temperatures, such as in spring when normal 

conditions are restored (Saygıdeğer, 1996, 1997; 

Körner et al., 1998; Saygıdeğer et al., 2013). This 

species, whose growth and development are rapid in 

stagnant waters, is a dominant plant in the region 

(Akel, 2006).  

Researchers have stated that nitrogen sources are 

one of the most important factors affecting the growth 

and biochemical composition of aquatic plants 

(Gökyay & Balcıgil, 2017, Bütünoğlu, 2018). Nitrogen 

is the main growth-limiting element after carbon. 

(Skillicorn et al., 1993; Wett & Rauch, 2003). Nitrogen, 

which is found in plants at a rate of 2-4%, is included 

in the structure of amino acids, proteins and nucleic 

acids. Both NO3 and NH4, the most important limiting 

nutrients for aquatic plant growth, are taken up and 

metabolized by the plant. The general condition and 

biochemical composition of the plant depends on 

nitrogen uptake among other factors (Wanapat, 1994; 

Cedergreen & Madsen, 2002).  

The most important nitrogen sources that can be 

used by plants in production are KNO3 (Potassium 

Nitrogen), NO3-N (Nitrate Nitrogen), NH4+-N 

(Ammonium Nitrogen) and (NH2)2CO-N (Urea 

Nitrogen) (Karaşahin, 1998; Kara, 2006; Brentrup & 

Palliere, 2010; Bütünoğlu, 2018). L. minor has the 

capacity to take up significant amounts of inorganic N 

through both roots and leaves (Cedergreen & Madsen, 

2002). However, the only nitrogen source is nitrate 

and different studies show preferential uptake of 

ammonium over nitrate (Caicedo et al., 2000; 

Cedergreen & Madsen, 2002; Fang et al., 2007; Wang 

et al., 2014). However, Petersen et al. (2021) reported 

that little was known about the effect of different 

nitrate-ammonium ratios on the growth rate and 

nutrient composition of duckweed. 

Cultivation of highly nutritious aquatic plants such 

as L. minor means that relative growth can be easily 

increased, resulting in higher yields over a shorter 

period of time and thus cost reduction. This study 

investigated the effects of different nitrogen sources at 

different concentrations on plant growth and 

biochemical values. 

MATERIAL AND METHODS 

The species considered in this study is Lemna minor 

(Linneaus 1753) from the family Lemnaceae of the 

order Arales. L. minor is a free-swimming aquatic 

plant with a small leaf-shaped leaf and a root below 

the leaf. It is colored in different shades of green,  

1.5-5.0 mm in size and elliptical oval shape (Figure 1).  
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Figure 1. Lemna minor used in the experiment (Original) 

The L. minor used in the experiments was obtained 

from the Aquatic Plant Cultivation Laboratory of Ege 

University Fisheries Faculty, Urla Research Unit 

Laboratories.  

Culture Medium and Experimental Design  

The Hoagland nutrient medium, one of the culture 

media of L. minor, which is widely used in aquatic 

plant studies, contains 5000 µmol L-1 of nitrogen in 

0.202 g L-1 (×2.5 mL) of 2M KNO3 compound (Table 1). 

In this nutrient medium, KNO3 was replaced by four 

different nitrogen sources with the same molar weight 

(Sodium nitrate, Ammonium chloride, Potassium 

nitrate and Urea). Two different concentrations of 

these nitrogen sources (2500 µM L-1 and 5000 µM L-1) 

were prepared and a total of eight experimental 

groups were studied. (Table 2).  

Table 1. Hoagland nutrient medium 

Component Stock 

Solution 

mL Stock 

Solution 1L-1 

Macronutrients 

2M MgSO4•7H2O 493 g L-1 1 

2M Ca(NO3)2•4H2O 236 g 0.5L-1 2.5 

1M KH2PO4 (pH to 6.0) 136 g L-1 0.5 

2M KNO3 202 g L-1 2.5 

1M NH4NO3 80 g L-1 1 

Iron (Sprint 138 Iron Chelate) 15 g L-1 1.5 

Micronutrients 

H3BO3 2.86 g L-1 1 

MnCl2•4H2O 1.81 g L-1 1 

ZnSO4•7H2O 0.22 g L-1 1 

CuSO4•5H2O 0.051 g L-1 1 

H3MoO4•H2O or 0.09 g L-1 1 

Na2MoO4•2O 0.12 g L-1 1 

1-liter containers were used in the experiments. 

The water volume was kept at 250 mL and 5 cm in 

height and at the end of the study it was 4.5 cm due to 

evaporation. The water used in the research was 

passed through 1-10 µm, activated carbon, UV and 

softening filter and pH was adjusted to 6.5-7. The 

cultured samples were kept constant at 25±1°C with 

central heating. The temperature was measured with 

the help of a thermometer with ±0.1°C accuracy. The 

prepared stock solutions and the culture media 

prepared from them were sterilized in an autoclave at 

121°C for 20 minutes. Ph values were measured using 

Orion branded pH meter. Oxygen was measured with 

a WTW Wissenschaftlich Oxi 315i/SET oxygen meter.  

Table 2. Nitrogen sources and concentrations of the 

experimental groups 

Experimental 

Groups 

Nitrogen Sources Concentration 

µM L-1 

1 NaNO3  

(Na Nitrate-N) 

5000 

2 2500 

3 NH4Cl  

(Ammonium-N) 

5000 

4 2500 

5 KNO3  

(K Nitrate-N) 

5000 

6 2500 

7 (NH2)2CO  

(Urea-N)  

5000 

8 2500 

Day-night (16 hours light and 8 hours dark photo 

period) period was used in the experiments. Daylight 

led lamps were used to illuminate the system and the 

light intensity was measured as 216 µmol m-2 s-1 with 

a light meter. 

Enrichment medium was provided at the 

beginning of the experiments. A new medium was 

added once a week and the experiments continued for 

15 days with three repetitions. 

Determination of Relative Frond Number and 

Relative Growth 

As far as the relative number of fronds is 

concerned, the number of fronds in each experimental 

group was counted every day. At the end of the study, 

250 mL volume samples in each experimental group 
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were harvested at the end of the study to determine 

the relative growth obtained. The weights of the 

Lemnas, whose weights were measured at the 

beginning, were measured at the end of production to 

determine the relative growth. After the leaves were 

removed from the water with the help of paper towels, 

their wet weights were measured and recorded on an 

electronic precision balance. Relative frond number 

and relative growth rate were calculated as given in 

Table 3 (Wang et al., 2014). 

Table 3. Definitions, formulas and units of relative 

growth rate by weight and frond number 

Definition  Formula Volume 

Relative 

Frond 

Number Rate 

𝑙𝑛(𝑁1) − ln(𝑁2)

𝑡2 − 𝑡1
 

day-1 

Relative 

Growth Rate 

𝑙𝑛(𝑊1) − ln(𝑊2)

𝑡2 − 𝑡1
 

g.g-1day-1 

Note: N: Frond Number; W: Weight; N1: Initial Frond 

Number; N2: Last Frond Number; W1: Initial Weight; 

W2: Final Weight; t: Time  

Chemical Analyses 

Total Carotene and Chlorophyll-a Analysis 

The wet mass obtained was kept in a deep freezer 

at -25°C for 24 hours and frozen and then dried in an 

oven at 30°C for 48 hours. 

Total carotene and chlorophyll-a amounts were 

measured using the spectrophotometric method. For 

this purpose, 5 mg of dried sample was taken and 

treated with 5 mL of methanol (Merck 100%, 

Germany) and homogenized with a Hettich 

homogenizer for 5 minutes. It was then subjected to 

ultrasound (BandelinSonorex Super RK102H) bath at 

70°C for 10 minutes. After the extract was separated 

by centrifuge at 3500 rpm, the samples were read at 

wavelengths of 475 nm for total carotene and 666 nm 

for chlorophyll-a on an Optima SP3000 Nano uv-vis 

spectrophotometer. Total carotene and chlorophyll-a 

amounts were determined by the formulas given 

below in Equation 1 (Zou & Richmond, 2000) and 

Equation 2 (Sanchez et al., 2005). 

CCarotene (mg g-1) = 4.5. A475 (1) 

where A475 is absorbance value read at 475 nm. 

CChlorophyll-a (mg g-1) = 13.9. A666  (2) 

where A666 is absorbance value read at 666 nm. 

Dry Matter  

Dry matter analysis was performed according to 

AOAC (1990) (934.01). The results were calculated 

using the following formula.  

DM% =
Driedsampleweight(g)

Sampleweightincludedintheanalysis(g)
× 100 (3) 

Crude Protein 

Crude protein analysis (AOAC-976.05) was 

performed according to the method (AOAC, 1990) 

and calculated according to the formula below. 

CrudeProtein =
(V0−V1)xcx.0.014x6.25

m
  (4) 

where V0 = HCl volume used in the blind test (ml);  

V1 = volume of HCl used in sample titration (ml);  

c = HCl concentration (mol/l);  

m = Weight of the sample (g). 

Statistical Analysis 

The experiments were carried out with three 

replications. Mean and standard deviation were 

calculated for initial and final weights, relative frond 

number, relative growth, carotene, chlorophyl-a, dm 

and protein at different nitrogen sources (Mean±SD) 

and differences between different nitrogen sources 

were tested for one-way analysis of variance at 0.05 

level of significance. In order to fulfill the assumptions 

of the analysis of variance. Levene’s test was used to 

test the homogeneity of variances and the 

Kolmogorov-Smirnov test was used to test the 

normality assumption. Since the assumptions were 

fulfilled, one-way analysis of variance (ANOVA) 

followed by Duncan test was used to reveal the 

difference in means (Sokal & Rohlf, 1995). 

Furthermore, the differences for different molarities 

(2500 µM L-1 and 5000 µM L-1) in different nitrogen 

groups were analyzed by t-test for the significance of 

the difference between two means. A significance 

level of 0.05 was taken into account in the statistical 
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evaluation of all these data and IBM SPSS 25.0 and 

Microsoft Excel 2016 software were used. 

RESULTS 

As seen in Table 4, the relative frond number 

increase of L. minors grown under different nitrogen 

sources was the highest in the 7th experimental group 

i.e., 0.079±0.007% leaves day-¹, while the lowest was 

0.068±0.011% leaves ⁻¹ in the 2nd experimental group. 

The increase in the number of fronds across all 

experimental groups was in direct proportion the 

concentrations. However, there was no statistical 

difference between the changes in the number of 

individuals in all experimental groups (p>0.05). 

There was no statistical difference in the initial 

weight (p>0.05) and final weight (p>0.05) of L. minor 

with different nitrogen sources (Table 4). 

The highest relative frond number was determined 

in the 7th, 5th and 6th experimental groups (Figure 2). 

When evaluated in terms of relative frond number 

ratio, there was no statistical difference in  

5000 µM L-1 and 2500 µM L-1 groups of all 

experimental groups (p>0.05). 

Table 4. Biometric, nutrient and pigment content in the experimental groups (DM: Dry matter, �̅�±SD: 

Mean±Standard deviation) 

Nitrogen Sources Concentration 

(µM Lˉ¹) 

Initial 

Weight 

(�̅�±SD) 

Final 

Weight 

(�̅�±SD) 

Relative 

Frond 

Number 

(% individual. 

day⁻¹) 

(�̅�±SD) 

Relative 

Growth 

Weight 

% 

(�̅�±SD) 

Carotene mg 

100 mL-1 

(�̅�±SD) 

Chlorophyll-a 

mg 100 mL-1 

(�̅�±SD) 

KM% 

(�̅�±SD) 

Protein 

Values 

(%) 

NaNO3 (Na Nitrate-N) 5000 2.25±0.01 3.53±0.49 0.070±0.012 1.19±0.21 133.33±0.67d 532.67±1.20d 9.4±1.82 18.45 

NaNO3 (Na Nitrate-N) 2500 2.23±0.02 4.83±0.14 0.068±0.011 1.520.04 110.00±0.57c 442.67±0.33c 11.9±4.45 16.84 

NH4Cl (Ammonium-N) 5000 2.34±0.11 3.37±0.29 0.070±0.011 1.150.11 139.67±0.33e 552.67±1.45e 11.6±3.23 21.32 

NH4Cl (Ammonium-N) 2500 2.27±0.04 3.57±0.09 0.069±0.013 1.22±0.04 144.67±0.67f 578.67±0.67f 12.1±1.29 18.10 

KNO3 (K Nitrate-N) 5000 2.30±0.04 4.12±0.55 0.074±0.012 1.35±0.18 94.67±0.33a 376.67±0.88a 9.8±1.94 18.04 

KNO3 (K Nitrate-N) 2500 2.33±0.09 3.89±0.77 0.071±0.011 1.26±0.31 99.33±0.33b 397.00±1.00b 11.6±2.44 17.67 

(NH2) 2CO (Urea-N) 5000 2.25±0.02 4.14±0.37 0.079±0.007 1.35±0.13 111.00±0.00c 436.33±1.33c 11.0±2.00 17.52 

(NH2) 2CO (Urea-N) 2500 2.22±0.01 3.19±0.05 0.069±0.006 1.11±0.02 140.00±2.08e 530.33±7.84d 11.4±3.89 18.19 

 

 
Figure 2. Relative frond number rate of the experimental groups 
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Figure 3. Relative growth rate of the experimental groups 

When the experimental groups were analyzed in 

terms of relative growth rate, no statistical difference 

was found between the 3rd-4th and 5th-6th 

experimental groups (p>0.05). In addition, there was a 

statistical difference (p≤0.05) in trial groups 1-2  

and 7-8. The highest relative growth rate was 

observed in the group with 2500 µM L-1 in groups 1 

and 2, while there was a statistical difference (p≤0.05) 

in trial groups 7 and 8 with 5000 µM L-1. The highest 

relative growth rate was observed in 2nd, 7th and 5th 

experimental groups (Table 4, Figure 3). 

The sample obtained from the NH4-N source in 

group 4 exhibited the highest total carotene content 

(144.667±0.667 mg 100 mL-1). Additionally, within the 

same group, the highest chlorophyll-a content was 

measured, amounting to 578.667±0.667 mg 100 mL-1. 

The carotene and chlorophyll-a values of L. minor 

showed significant differences across different 

nitrogen sources and concentrations (p≤0.05). 

However, there were no statistically significant 

differences observed between groups 2 and 7 in terms 

of carotene and chlorophyll-a content (p>0.05). 

Similarly, the amount of chlorophyll-a did not differ 

significantly between groups 1 and 8 (p>0.05) (Table 

4). When the dry matter and protein values of L. minor 

grown with different nitrogen sources and 

concentrations were analyzed, no significant 

difference was observed, but the protein ratio was 

higher in the 3rd and 4th group trials with NH4-N as 

the source compared to the other groups. The 3rd 

group had the highest protein rate with 21.32%, 

followed by the 1st group with 18.45% and then the 

8th group with 18.19%. The lowest protein rate was 

16.84% in group 2 (Table 4). 

According to the experimental groups, the highest 

wet weight of the leaves was observed in groups 2, 7 

and 5, while the highest dry weight was observed in 

groups 2, 5 and 6, respectively. In addition, the Dry 

Weight/Wet Weight ratio was found in the 6th, 3rd 

and 5th groups, respectively (Table 5). 

DISCUSSION 

This study aimed to investigate the impact of 

various culture conditions, enriched with different 

nitrogen sources and their respective concentrations, 

on the relative growth rates, relative frond number 

increase, carotene, chlorophyll-a, and protein content 

of L. minor. L. minor is an aquatic plant of significant 

interest to various industries including food, 

cosmetics, pharmaceuticals, among others. 

The family Lemnaceae possesses the ability to 

assimilate nitrogen from multiple sources, including 

ammonium, nitrate, nitrite, urea, and certain amino 

acids. However, ammonium and nitrate are generally 

recognized as the primary nitrogen sources for most 

species within this family. In a previous study by 

Ericsson et al. (1982) investigating growth under 

different nitrogen concentrations, they found that the 

growth of Lemnaceae species was primarily driven by 

nitrogen demand rather than concentration ratios. 
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Table 5. Mean wet weight (FW) and dry weight (DW) amounts and Wet Weight/Dry Weight rate of fronds according 

to the experimental groups (X̅±D: Mean ± Deviation) 

Nitrogen Sources Concentration 

(µM L-1) 

Groups Wet Weight 

(g) (𝐗±D) 

Dry Weight 

(g) (𝐗±D) 

Dry Weight/Wet Weight 

(𝐗±D) 

NaNO3 (Na Nitrate-N) 5000 1 3.5300±0.6975 0.1567±0.0287 0.0448±0.0047 

NaNO3 (Na Nitrate-N) 2500 2 4.8267±0.1960 0.2000±0.0082 0.0414±0.0000 

NH4Cl (Ammonium-N) 5000 3 3.3700±0.4090 0.1633±0.0170 0.0497±0.0104 

NH4Cl (Ammonium-N) 2500 4 3.5700±0.1219 0.1700±0.0327 0.0476±0.0092 

KNO3 (K Nitrate-N) 5000 5 4.1233±0.7757 0.2000±0.0374 0.0486±0.0037 

KNO3 (K Nitrate-N) 2500 6 3.8867±1.0817 0.1900±0.0356 0.0506±0.0066 

(NH2)2CO (Urea-N) 5000 7 4.1433±0.5196 0.1767±0.0236 0.0442±0.0123 

(NH2)2CO (Urea-N) 2500 8 3.1867±0.0634 0.1500±0.0082 0.0471±0.0029 

 

Additionally, the study highlighted the existence of 

viable strategies to achieve consistent growth rates 

under low optimal nitrogen nutrition. Moreover, 

Ericsson et al. (1982) observed that L. minor did not 

uptake nitrogen from the environment in quantities 

sufficient to meet its metabolic requirements. 

Minimum and optimal nitrogen levels are thought to 

vary greatly between species and geographical 

isolates, with increasing light intensity increasing the 

optimal nitrogen requirements for growth. The 

minimum nitrogen level (in L. miniscula) was 

determined between 0.0016 mM L-1 and 0.08 mM L-1. 

The maximum tolerated nitrogen level ranged from  

30 mM L-1 (L. miniscula) to 450 mM L-1 (L. 

aequinoctialis), while the optimal nitrogen requirement 

ranged from 0.01 mM L-1, (Wolffia colombia) to  

30 mM L-1 (Spirodela polyrrhiza) (Landolt & Kandeler, 

1987).  

When all nitrogen forms were analyzed, L. minor 

and L. gibba were reported to prefer using nitrate 

nitrogen and ammonium nitrogen for growth 

compared to other nitrogen forms (Wang et al., 2014; 

Iatrou et al., 2019). However, high concentrations of 

ammonium ions have also been reported to inhibit 

duckweed growth (Oron et al., 1984).  

In our study, no mortality was observed in L. minor 

leaves throughout the experiments. In the light of the 

data obtained, the relative frond number increase and 

relative growth rate were higher in the NO3 form of 

the experimental groups (2, 5 and 6). Similarly, 

Petersen et al. (2021) reported that L. minor increased 

the relative growth rate of nitrate (75-100 mM) rich 

diets the most. The reason for this was that nitrate 

acted as a signaling molecule that rapidly triggers 

gene, metabolism and growth changes (Gojon et al., 

2011). 

In experiments with different nitrogen sources and 

their two different concentrations, it was found that 

the highest increase in relative frond number in L. 

minor groups was 0.079±0.007% individual day-1 in the 

7th group. This value was followed by 0.074±0.012 and 

0.071±0.011% individual day-1 in the 5th and 6th 

groups, respectively. The highest relative growth rate 

was in the experimental group 2, 7 and 5. While the 

final weights of the experimental groups indicate a 

potential increase in the relative growth rate, caution 

must be exercised when extrapolating this observation 

to the relative fond numbers. 

However, it is not possible to say the same thing 

for relative frond numbers. In contradistinction to this 

study, a study conducted by Wang et al. (2014) 

indicated that the 28 mg L-1 NH4+-N concentrations 

had maximum relative dry weight growth rate 

(RDWGR) and relative frond number growth rate 

(RFNGR) values and the RFNGR and RDWGR were 

significantly correlated. However, upon reviewing 

numerous studies on nitrogen forms, it becomes 

evident that L. minor and L. gibba species exhibit a 

preference for utilizing nitrate nitrogen and 

ammonium nitrogen (NH4-N) as sources for growth, 

as opposed to other available nitrogen forms. (Jensen 

et al., 2006, Brentrup & Palliere, 2010; Wang et al., 

2014; Latrou et al., 2019). This result is in agreement 

with our study findings.  



Tekoğul et al. (2023) Acta Natura et Scientia 4(2), 114-125 

121 

In the study conducted NH4-N demonstrated that 

the highest carotene and chlorophyll-a were in group 

4. Similarly, the study conducted by Petersen at al. 

(2021) reported that the NH4+-N concentrations 

significantly affected the chlorophyll-a and carotenoid 

contents and the highest Chl-a, Chl-b, Chl-a+b and Car 

contents were in the 84 mg L-1 NH4+-N concentrations. 

Also, the study stated that higher (280 and 840 mg L-1) 

or lower (2, 7 and 28 mg L-1) NH4+-N concentrations 

caused a significant decrease in the Chl-a, Chl-b, Chl-

a+b and Car contents. In the present study, an inverse 

relationship between nitrogen concentrations and 

carotenoid contents was observed in the experimental 

groups, indicating that higher nitrogen concentrations 

were associated with lower levels of carotenoids. It is 

because although NH4+-N is a nitrogen source chosen 

by most plants (von Wirén et al., 2000), it is reported 

to be toxic for specific plants in high-concentration 

medium (Rudolph & Voigt, 1986; Britto & 

Kronzucker, 2002; Cao et al., 2004; Boussadia et al., 

2010; Wang et al., 2011, 2014; Li et al., 2013).  

In the study the mean dry matter rate in L. minor 

was 8.47% (91.53% water rate). A study conducted by 

Skillicorn et al. (1993) reported that 92-94% of fresh 

plant weight is water. A study conducted by Dayıoğlu 

et al. (2006) reported that the plant contains 92% 

water. The data in our study is in agreement with the 

aforementioned studies. 

According to a study conducted by Leng et al. 

(1995) the ammonium N in water affects raw protein 

accumulation in the plant. Another study conducted 

by the researcher suggests that it is possible to acquire 

optimal protein content in medium where Nitrogen is 

60 mg N L-1 or higher (Leng, 1999). Similarly, a study 

conducted by adding ammonium nitrogen to the 

medium in order to increase the biomass of L. minor 

and reproduce the plant obtained a high rate of raw 

protein and the protein content of L. minor increased 

from 21.9% to 39.4% (Latrou et al., 2019). Also, our 

study found the highest protein value in group 3 

whose source was NH4-N at the level of 21.32%. 

A study conducted by Culley & Epps (1973) 

demonstrated that there is a strongly positive 

correlation between highly dissolved nutrients and 

plant properties, especially protein and digestibility. 

Also, specific researchers reported that there are 

positive correlations between nutrition concentrations 

and dry matter productivity, raw protein and 

phosphorus content (Whitehead et al., 1987; Alaerts et 

al., 1996). However, Bergman et al. (2000) found a very 

little difference in dry matter (DM) productivity and 

reported that there is no difference in the protein 

content of L. gibba which is cultivated in a variety of 

nutritional levels (52 to 176 mg N L-1).  

Although there was no statistically significant 

difference between the groups in the study, the 

highest wet weight was in group 2, 7 and 5, the highest 

dry weight was in group 2, 5 and 6 and the highest 

DW/FW rate was in group 6, 3 and 5.  

The study conducted by Petersen et al. (2021) 

observed all biggest FW and DW in the 28 mg L-1 

NH4+-N concentration and all smallest ones in the 840 

mg L-1 concentration. However, the highest DW/FW 

rate was in 280 mg L-1 concentration.  

Similarly, this study obtained higher rates in the 

groups with a lower concentration. The study 

conducted by Petersen et al. (2021) reported that L. 

minor uses both ammonium and nitrate as a nitrogen 

source, has developed a few NO3 intake systems to 

survive in the changing medium and both its roots 

and fronds are able to receive nitrate and ammonium 

from the medium. This researcher noted that higher 

dilution of the nutrient medium, i.e., much lower 

nutrient concentrations, would in any case lead to 

lower protein productivity. 

CONCLUSION 

According to the study conducted it is possible to 

state that L. minor uses all nitrogen sources and while 

nitrate sources come into prominence in the weight 

gain, ammonium nitrogen comes into prominence in 

the chlorophyll-a and carotene amount. The results 

show that NO3 nitrogen is the optimal nitrogen source 

for the growth, leaf number, biochemical composition 

and growth of L. minor. Although NO3 nitrogen was 

effective in growth and development, NH4 nitrogen 

was more effective on protein, carotene and 

chlorophyll-a content. In the protein content it is 

possible to state that concentrations are as crucial as 

nitrogen source.  
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It is necessary to acquire a standardized product 

quality to use L. minor in food and aquatic feed. Also, 

the biomass and protein amount acquired is crucial for 

a quality product. For that purpose, it is necessary to 

use a standard cropping system. In addition to abiotic 

factors such as light intensity, light spectrum, 

photoperiod, temperature, water and L. minor 

movement, it is necessary to try a variety of nutritional 

sources and concentrations in different volumes. 
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