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Abstract  
     The present study aims to assess inter-specific competition between Hydrilla 

verticillata and Ceratophyllum demersum. A competition experiment design has five 

treatment combinations to terminal shoots of C. demersum only, terminal shoots of 

H. verticillata only and three different treatment combinations of C. demersum and 

H. verticillata together. Our results showed parameters growth of C. demersum were 

decreased of which, total chlorophyll, protein, and biomass while Superoxide 

dismutase (SOD), and Catalase (CAT) enzymes increase were significantly (p<0.05) 

compare with control treatment. While H. verticillata were increased total 

chlorophyll, biomass, CAT and little increase in protein and SOD were significantly 

(p<0.05) compare with control treatment. Therefore, due to the competition, with the 

introduction of C. demersum, the performances growth of H. verticillata were 

increased. Based on our result, showed H. verticillata and C. demersum species were 

coexist, C. demersum will have a competitive advantage over H. verticillata. 

Therefore, this study suggests, H. verticillata could out-compete for C. demersum in 

many situations, that despite the similar ecology. 
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 Ceratophyllumوالنبات المحلي   Hydrilla verticillataالتنافس بين النبات الغازي 
demersum في مزارع تجريبية مفردة ومختلطة 

 

 3، فرقان يحيى جهاد شربة 2احمد عبيس مطر،  1*صادق كاظم لفتة الزرفي
 ، النجف، العخاققدم البيئة، كلية العلهم، جامعة الكهفة1

 ، النجف ، العخاققدم علهم الحياة، كلية العلهم، جامعة الكهفة2
 ، النجف، العخاققدم علهم الحياة، كلية التخبية للبنات، جامعة الكهفة3

 
 الخلاصة  

والذمبلان    Hydrilla verticillataتهجف الجراسة الحالية الى تقييم التنافذ بين نباتي الهايجرلا      
Ceratophyllum demersum صممت تجخبة التنافذ على خمدة معاملات من البخاعم الطخفية للمجمهع .

أظهخت النتائج  معاً.الخضخي لنبات الهايجرلا فقط ونبات الذمبلان فقط وثلاث تجاخلات مختلفة للنباتين 
 الحية بينما ارتفاع انخفاض معاييخ النمه لنبات الذمبلان حيث اختدلت قيم للكلهروفيل الكلي، البخوتين، والكتلة

( مقارنة >0,0p,فقج سجلت فخوق معنهية ) (SOD)والدهبخ اوكديج دسميهتيد (CAT)قيم انديمي الكتاليد 
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ادة في قيم الكلهروفيل الكلي، والكتلة الحية وانديم الكتاليد وزيادة بينما سجلت الهايجرلا زي بمعامل الديطخة.
( مقارنة بمعامل >0,0p,ضئيلة في قيم البخوتين وانديم الدهبخ اوكديج دسميهتيد فقج سجلت فخوق معنهية )

جما يتعاير واستنادا لهحه الجراسة فان التجاخل التنافدي بين النباتين يذيخ الى وجهد ميدة تنافدية عن الديطخة.
النباتين سهياً، فقج اظهخت النتائج ان هنالك تفهق للهايجرلا على الذمبلان في العجيج من الحالات في ظخوف 

 بيئية متماثلة.
1. Introduction:  

     Nitrogen (N) and phosphor (P) is one of the most limiting plant nutrients affecting the growth, 

nutrient uptakes of aquatic plants, despite phosphor being found in a small amount in the water. [1,2]. 

The ecosystem structure, processes, and function depended on Nitrogen and Phosphorus that are 

considered of important nutrients for since their availability limits the production of plant biomass and 

growth [3]. For example, the combined application of N and P increases root surface area, root length, 

and root-shoot mass [4]. As well as for the storage, acquisition, and use of energy [5]. 

      Previous studies have shown that N supplementations could significantly affect shoot morphology 

and nutritional status of nursery seedlings [6]. The growth promoting effect of N (up to the optimum 

level) increases cytokinin production, which subsequently affects cell wall elasticity [7], the number of 

meristematic cells, and cell growth [8]. In addition, N fertilization also increases seedling height and 

root collar diameter [9].  

     Macrophytes play a crucial role in the dynamics of aquatic ecosystems, as they are the main 

primary producers and also the base diversified plants, which negatively impact water bodies [10]. 

Submersed macrophytes play a key role in freshwater shallow ecosystems; they provide habitats and 

refuges for predatory fish and zooplankton, which may indirectly inhibit phytoplankton abundance 

[11]. 

     Hydrilla verticillata is diagnosed as an invasive species in Iraq. It could be introduced to the 

country via the ornamental aquatic plant industry in the early 1980s. On the other hand, 

Ceratophyllum demersum considered a native in many areas of the world. 

     H.verticillata (L.f.) (Hydrocharitaceae) is a submerged aquatic plant native to Asia and Australia 

and is known to be an invasive species in some parts of the world and maybe a new exotic species in 

Iraq as it was mentioned in [12]; It is possible that it was introduced during the period of great 

ecological change that occurred with the drainage and later reflooding of the marshlands of southern 

Iraq in the 1990s and after 2003. However, it has expanded its distribution as an invasive species in 

North America, South America, New Zealand, Africa, and Europe [13]. Hydrilla verticillata grows in 

various types of water bodies, at the altitude from 0 to 1600 m above sea level; it prefers lentic, well-

warmed, stable level waters, but it can also inhabit lotic water [14]. 

     Ceratophyllum demersum known as coontail is a macrophyte with a worldwide distribution. A 

completely submerged aquatic plant, it is commonly seen in quiet waters of lakes, ponds, marshes and 

streams. C. demersum is unrooted, free-floating occurs just under the surface of the water, is perennial, 

and grows quickly. It is capable of forming dense monospecies beds and excluding other plant species 

[15]. It can cause problems for recreational activities on waterways and can cause blockages at 

hydroelectric power stations. It can spread rapidly and grow in a large range of aquatic habitats. In 

Iraq, C.demersum is commonly available and grows in rivers, lakes, marshlands, and manmade 

ponds[16]. It flowers at the beginning of spring. [17]. However, over the last decade, there has been a 

surge of interest in the response of aquatic plants to the eutrophication in rivers. In this study, we 

wanted to know the extent to which two aquatic plants respond to eutrophication phenomenon is one 

of the most widespread environmental problems of inland waters and is their unnatural enrichment 

with two plant nutrients, phosphorus, and nitrogen [18]. Eutrophic lakes exhibit many undesirable 

traits, including excessive growth of algae and other aquatic plants. In response to over enrichment 

with nutrients, the phytoplankton community may shift to bloom-forming nuisance algae, which are 

harmful to other organisms. as well as the extent to which they compete for nutrients. 

On the other hand, a few studies about Hydrilla role in aquatic system have shown that this plant could 

cause problems. Therefore, this study was conducted with the objective of evaluating inter-specific 

competition between C.demersum and H.verticillata. 
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 The aim of the current study to know to compete for extent and impact the nutrients (P,N) on some    

biochemical and physiological criteria of two species of aquatic plants Hydrilla verticillata and 

Ceratophyllum demersum. 

2. Material and Methods 

2.1. Collection of samples and Experiment site 

     Plant samples of H. verticillata and C. demersum were collected from populations maintained at 

the Euphrates River ( Al-Zarqa region in Kufa city) located between Longitude °32 99ˊ 861ˊˊN and 

Latitude °44 29ˊ 00ˊˊE.(Figure-1). The experiment was carried out in the culture room that included 

constant temperature and light during the period from May to July (2018) at the Faculty of Science, 

University of Kufa(Najaf, Iraq,Map1). 

 

 
Map 1-Map of collect of sample from Euphrates River 

 

2.2. Experimental Design 

     Both species were cut of terminal shoots into 10 cm length fragments. The existing branches (roots 

and flower buds) were eliminated. They were brought to the laboratory in nylon bags and well washed 

with river water. Then, they were washed several times with tap water and distilled water to clean 

from the dirt and materials attached and remove of the remnants of adherent algae and small river 

animals. Then, planted for 10 days to adapt the plant to live in the tap water [19]. They were planted in 

plastic containers all were equal dimensions (40cm length x 25cm width x 25cm height) filled with 15 

liters of water per container and water level was in each container maintained at the same level 

throughout the experiment. Our experiment was designed in 63 containers (plastic tank). divided into 

five treatments, everyone has four combinations, each combination has 12 containers. In each 

combination, three different concentrations (three containers for each concentration), A fourth 

combinations were only planted without nutrients (control), Remain 3 containers were water control 

(only water) Table-1.  

     Our experimental were arranged in a Randomized Design Completely and plant growth parameters 

(Chlorophyll content, protein content, catalase, superoxide dismutase, and biomass) were recorded 

after (15, 30, and 45) day of planting after acclimatized of the plant for 14 days in tap water; after 

acclimation, plant exposed to chosen concentrations of the nutrients; nitrogen (2, 6 and 10) ppm and 
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phosphorus (0.1, 0.5 and 1) ppm, each 15 days with constant light irrationally (400 Lux.); photoperiod 

12/12 light/dark (h./h.) and temperature 30C
  
. Data were analyzed using SPSS statistical software 

(version 16).  

 

Table 1-Ratio and number of terminal shoots of each species used per container in all treatments 

Treatm

ent 
Combination 

Ratio and Number of Plants / Container 

Low con. 

mg/l 

Medium 

con. 

mg/l 

High con. 

mg/l 

Control 

(0 conc.) 

T1 H.verticillata : C.demersm 10:30 10:30 10:30 10:30 

T3 H.verticillata : C.demersm 20:20 20:20 20:20 20:20 

T2 H.verticillata : C.demersm 30:10 30:10 30:10 30:10 

T4 H.verticillata only 40:00 40:00 40:00 40:00 

T5 C.demersm only 00:40 00:40 00:40 00:40 

 

 Low concentration = (P 0.1 ppm, NO3 2 ppm) 

 Moderate concentration = (P 0.5 ppm, NO3 6 ppm) 

 High concentration = (P 1 ppm, NO3 10 ppm) 

     Forty terminal shoots were planted per container and the method of planting (arrangement of plants 

in the container). The containers were laid out in a Completely Randomized Design (CRD) 

representing three replicates per treatment. Hence altogether 2400 terminal shoots 1200 each from 

Hydrilla verticillata and Ceratophyllum demersum were used in the experiment. 

2.3. Data Analysis 

2.3.1. Chlorophyll 

     Plant growth parameters measured total chlorophyll, chlorophyll a and chlorophyll b according to 

[20] by spectroscopy type (Spectrophotometer SP-300) at waves (645 and 663) nm. 

2.3.2 Proteins 

     Used the Biuret method to estimate the protein in plant tissues, were measured Absorbance by 

Spectrophotometer (SP-300) at a 555 nm wavelength. Bovine protein solution was used in the 

preparation of the standard curve and the protein content was expressed in mg / g plant tissue [21]. 

2.3.3 CAT enzyme 

     According to the method [22] was used to estimate the effectiveness of catalase enzyme, then read 

the absorbance with a wavelength of 240 nm. 

2.3.4 SOD enzyme 

     The used method that according to [23] estimate the effectiveness of the SOD enzyme, and then the 

optical absorption was read at wavelength 420 nm. 

2.3.5 Statically Analysis 

     The experimental plots were arranged in a Random Design Completely; data were analyzed by 

using SPSS statistical software (version 16)  

3. Results and Discussion 

3.1 Total chlorophyll 

     Our results showed a clear variation in the ratio of total chlorophyll of plants under study, the total 

chlorophyll was recorded with a maximum value 17.2 µg/g in (T2) in H. verticillata plant at high 

concertation and the minimum value was 2.45 µg/g in (T5) in control during 15
th
 days of experimental 

(Figure-1).  

     During 30
th
 days of experimental, where record a maximum value in low concertation was 17.87 

µg/g in T2 of H. verticillata and the minimum value was 4.71 µg/g recorded in T2 of C. demersum at 

moderate concertation (Figure-2); and during 45
th
 days period of experimental the maximum value 

recorded was 17.45 µg/g in T4 at low concertation and the minimum value was 3.62 µg/g in T1 of H. 

verticillata at control (Figure-3). 

     Statically analysis under probability (p˂0.05) showed there are significant differences between all 

interactions. 

     Showed H. verticillata higher level of chlorophyll content than C. demersum in all combinations at 

15 days in low concertation of nitrogen and phosphor. Stress decreases the ability of photosynthetic 
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systems to utilize incident photons, thus leading to photoinhibition, and reduced quantum yields of 

photochemistry and chlorophyll fluorescence. Photoinhibition causes inhibition of PSII, while also 

increasing thermal de-excitation of excited Chlorophyll [24]. The decrease in plant growth may be due 

to the accumulation of high concentration of nutrients as well as the reduction of pigment content, 

damage to root cells and deformation of the ultrastructure of chloroplasts and cell membrane [3]. On 

the other hand, the results of the study showed the highest rate of building chlorophyll pigment in T2 

of H. verticillata, and the lowest rate of building chlorophyll pigment in the same model but in the 

other plant, and this may show us, that there is a clear dominance of the H. verticillata at the expense 

of C. demersum in this standard. 

3.2 Chlorophyll a and b 

     The average of chlorophyll a of plants in the current study was recorded with a maximum value 4.1 

µg/g  and the minimum value recorded 0.57 µg/g during 15
th
 days (Figure-4), and the higher 

concentration recorded 4.54 µg/g and the minimum value was 0.79 µg/g during 30
th
 days of 

experimental (Figure-5), but recorded higher value during 45
th
 days 5.25 µg/g and minimum value 

0.79 µg/g recorded (Figure-6).  

While chlorophyll b was recorded high values 14.02 µg/g and minimum value 1.88µg/g during 15
th
 

days of experimental (Figure-7); and the high value recorded was 13.72 µg/g and the minimum value 

was 3.22 µg/g during 30
th

 days of experimental Figure-8, while recorded higher value during 45
th
 days 

13.63 µg/g and minimum value was 2.83 µg/g Figure-9.    

     Chlorophyll is the major photosynthetic and aquatic plants pigment in a lot of phytoplankton and a 

trophy index in aquatic ecosystems [25]. Our results of chlorophyll showed a high significant increase 

in H. verticillata compare C. demersum, as recorded high value in competing model 10N and 30N. 

This is due to portability growth of H. verticillata in competing with C. demersum so showed in high 

concentration is significant value increase in H. verticillata but in C. demersum no significant between 

concentrations. Changes in chlorophyll content can occur as a result of nutrient deficiencies during 

plant growth. Thereby Chlorophyll contents can be used to manage nutrient optimization programs 

that both improve crop yield and help to protect the environment [26]. The previous studies 

confirmation chlorophyll a (Chl-a) could be predicted as a positive log-linear function of total P [27]. 

Perhaps the most likely interpretation of our study is that the results of this measurement match the 

results of the previous measurement (total chlorophyll), The highest construction rates for chlorophyll 

A were recorded in the H. verticillata compared to the lowest construction rates in the C. demersum, 

Where presence a clear dominance of the H. verticillata at the expense of C. demersum in this 

standard also. 

     Either, content of chlorophyll b may increase under pressure, possibly due to increased plant 

tolerance to stress, and that the plant can adapt to difficult conditions by controlling chlorophyll and a 

and b [28]. On the other hand, it was observed that the values of chlorophyll b were not changed in the 

early days of the experiment; however, there was a significant increase in the values of chl.b after 

reaching the last days under high concentrations, this may lead us to the fact that nutrients play a role 

in stimulating the buildup of chlorophyll b but slowly, So the effect of phosphorus and nitrogen may 

need time to show its effectiveness in the plant's body. Generally, the results of chlorophyll b were 

identical to our previous two measured results (total chlorophyll and chlorophyll A), there has been an 

evolution in the construction of chlorophyll b at the H. verticillata, and in contrast, a reduction in the 

rate of chlorophyll b construction at C. demersum. This congruence in the results between our 

parameters may raise the validity of the interpretation of the superiority of the H. verticillata to a 

higher degree of emphasis. 
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Figure 1-Mean total Chl-a values of C. demersum and H. verticillata after expose to different 

concentrations of nutrients During 15
th
 days of experimental. 

 

Where: * T1= 10H:30C, T2=20H:20C, T3=30H:10C, T4=40H and T5=40C. 

H=High concentration mean (N=10 ppm, P=1 ppm) M= Moderate concentration mean (N=6 ppm, 

P=0.5 ppm) and L= Low concentration mean (N=2 ppm, P=0.1 ppm). 

 
Figure 2-Mean total chlorophyll values of C. demersum and H. verticillata after expose to different 

concentrations of nutrients During 30
th
 days of experimental.  

 
Figure 3-Mean total Chl-a values of C. demersum and H. verticillata after expose to different 

concentrations of nutrients During 45
th
 days of experimental.  
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Figure 4-Mean Chl-a values of C. demersum and H. verticillata after expose to different 

concentrations of nutrients During 15 days of experimental. 

 
Figure 5- Mean Chl-a values of C. demersum and H. verticillata after expose to different 

concentrations of nutrients During 30
th
 days of experimental. 

 
Figure 6-Mean Chl-a values of C. demersum and H. verticillata after expose to different 

concentrations of nutrients During 45
th
 days of experimental. 
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Figure 7-Means of Chl-b of C. demersum and H. verticillata after expose to different concentrations 

of nutrients during 15 days of experimental. 

 
Figure 8-Means of Chl-b of C. demersum and H. verticillata after expose to different concentrations 

of nutrients during 30
th
 days of experimental. 

 
Figure 9-Means of Chl-b of C. demersum and H. verticillata after expose to different concentrations 

of nutrients during 45
th
 days of experimental. 
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3-3 Total protein 

     Clearly Figure-10, the mean total protein of study plants during 15
th
 days of experimental showed a 

maximum value was 14.75 mg/g in (T2) of C. demersum plant at moderate concentration and the 

minimum value was 6.4 mg/g in (T3) of C. demersum at high concentration; and the higher 

concentration recorded in (T5) in moderate concentration was 16.17 mg/g and the minimum value was 

4.17 µg/g in moderate concentration of H. verticillata in T3 during 30
th
 days of experimental (Figure- 

11); but recorded higher value during 45
th
 days was 12. 4 mg/g in H. verticillata in (T2) at control and 

minimum value was 3.58 mg/g recorded (T4) at high concentration (Figure-12). The results of the 

statistical analysis showed significant differences in the probability level (p˂0.05) between all 

interactions. The decrease in protein content of plant during experimental period is maybe due to plant 

stress for the formation of ROS (Reactive Oxygen species), which is an oxygen- containing chemical 

reaction molecule such as hydrogen peroxide, Superoxide anion (O2), and hydroxyl radical (OH
-
), 

leading to a oxidative stress that produces these compounds as transverse products during metabolism 

that effect in plant cells and lead to their death as well as the breakdown of protein, fat, and DNA [29]. 

The increased nitrogen rates resulted in a significant decrease in protein content as opposed to the 

increased potassium rates. An opposite relationship was found in earlier studies [30]. On the other 

hand,  in other study on Eruca vesicaria grew during the autumn season accumulated protein in a 

similar amount, regardless of increasing nitrogen rate [31]. Although decrease the protein content of 

both plants is generally under various nutrient concentrations. But, the current study showed the 

highest content of protein when C. demersum grows alone were recorded the highest value in (T5) 

with 16.17 mg/g while the less content appeared when the H. verticillata grows alone where recorded 

the lowest value in (T4) with 3.58 mg/g, While in the interference treatments, a significant reduction 

in protein content was observed in C. demersum offset by a significant increase in the protein content 

of the H. verticillata. This may lead to the belief that the growth of the H. verticillata alongside the C. 

demersum inhibits protein synthesis in the latter. 

 

 
Figure 10-Means of total protein of C. demersum and H. verticillata after expose to different 

concentrations of nutrients during 15
th
 days of experimental 
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Figure 11-Means of total protein of C. demersum and H. verticillata after expose to different 

concentrations of nutrients during 30
th
 days of experimental  

 
Figure 12- Means of total protein of C. demersum and H. verticillata after expose to different 

concentrations of nutrients during 45
th
 days of experimental  

 

3-4 CAT enzyme 

     Our results catalase enzyme values effectiveness recorded a maximum value in C. demersum was 

53.3 units /mg in (T3) at control treatment, and the minimum value recorded in H. verticillata was 10 

units/mg in (T2) in low concertation during 15 days of experimental ( Figure-13), and the higher value 

recorded in H. verticillata in (T1) was 53.3 units /mg in high concertation  and minimum value was 

11.6 units /mg in the (T5) at control treatment during 30
th
 days of experimental Figure-14, during 45

th
 

days recorded higher value of catalase enzyme effectiveness in (T1) of H. verticillata at control 

treatment was 50 units /mg and minimum value recorded in (T1) of C. demersum was 10 units /mg in 

high concertation Figure-15. Results of the statistical analysis showed significant differences in the 

probability level (p˂0.05) between all interactions excepted plant and experimental period no 

significant. Enzyme activity increase during the 30 days and it decreased in the 15 days of the 
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 day and it 
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 day of the experiment, may be due to the plant’s susceptibility to possibly stress 
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conditions for the period or maybe to the role of high concentration in simulating the bioprocessing of 

antioxidant enzymes [33]. 

 
Figure 13-Means of catalase enzyme effectiveness of C. demersum and H. verticillata after expose to 

different concentrations of nutrients during 15 days of experimental. 

 
Figure 14-Means of catalase enzyme effectiveness of C. demersum and H. verticillata after expose to 

different concentrations of nutrients during 30
th
 days of experimental  

 
Figure 15-Means of catalase enzyme effectiveness of C. demersum and H. verticillata after expose to 

different concentrations of nutrients during 45
th
 days of experimental  
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3-5 Super Oxide dismutase (SOD) enzyme 

     SOD enzyme values recorded high value in C. demersum were 0.24units/mg in (T2) at control and 

the lowest value recorded in the H. verticillata in (T4) was 0.012 unit/mg at moderate and high 

concertation during 15
th
 days of experimental  (Figure-16) while the higher value recorded in low 

concertation was 0.053 unit/mg in T1 of H. verticillata and minimum value recorded in high 

concertation was 0.011 unit/mg in (T5) during 30
th
 days of  experimental  (Figure-17 ), during 45

th
 

days of experimental  recorded higher value was 0.077 unit/mg in (T3) of C. demersum at moderate 

concertation while minimum value recorded was 0.010 unit/mg in low concertation (Figure-18).  The 

results of the statistical analysis showed significant differences in the probability level (p˂0.05) 

between all interactions. The high efficiency of the enzyme in the leaves is similar to the leakage of 

electrons from the chain of transmission of electrons in photosynthesis to the oxygen molecule 

[34,35]. The results of the current study showed a gradual decreased in the SOD values and attributed 

the reasons for the effectiveness of the enzyme may be due to the fact that the antioxidants of the 

enzyme have differed in their effectiveness [35]. The low efficiency of the enzyme may be due to the 

sensitivity of the plant to high concentrations that reduce its effectiveness and thus lead to the 

collection of ROS in plant tissues and increase the rate of DNA destruction [36]. In the competitive 

aspect between the two plants, there was a common dominance between the two plants throughout the 

experiment, except for the last few days, Appeared the superiority of the C. demersum in (T3). This 

may explain the possibility of C. demersum to stimulate the increased production of the enzyme SOD 

when it's under stress. 

 
Figure 16-Means of SOD enzyme of C. demersum and H. verticillata during 15

th
 days of 

experimental 

 
Figure 17-Means of SOD enzyme of C. demersum and H. verticillata during 30

th
 days of 

experimental 
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Figure 18-Means of SOD enzyme of C. demersum and H. verticillata during 30

th
 days of 

experimental 

 

3-6 Biomass 

     Values of biomass recorded a high value in C. demersum. were 34.4g at (40N) in low concentration 

and the lowest value recorded in the H. verticillata at 10N in moderate concentration was 2.1g. Results 

of the statistical analysis showed significant differences in the probability level (p˂0.05) between all 

interactions excepted plant and number no significant.  (Figure-19). High biomass appeared in C. 

demersum compare to H. verticillata, due to a probability of C. demersum to grow faster than H. 

verticillata plant in low and moderate concentration only. In contrast to [37].  increase in biomass or 

area submerged aquatic plants, came from invasive species (H. verticillata), which may not provide 

the same ecological benefits as native freshwater species. 

 
Figure 19-Means of Biomass of C. demersum and H. verticillata after expose to different 

concentrations of nutrients during experiment period 
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whereas it was significantly reduced in Ceratophyllum. Excepted, SOD enzyme (under limited 

conditions) and Biomass parameters. It recorded the opposite results where C. demersum will have a 

competitive advantage over H. verticillata. But under high concentrations of nutrients showed the 

biomass superiority of the H.verticillata on the C.demersum; This may explain the possibility that the 

H.verticillata adapts to living under eutrophication conditions greater than C.demersum. Thus, leads us 

to that, H. verticillata could superiority on Ceratophyllum demersum in most competition standards, 

This probably explains the reason for the spread Hydrilla verticillata in most of the water bodies in 

Iraq.  

 

5. References 

1. Duan, Y.H., Zhang, Y.L., Ye, L.T., Fan, X.R., Xu, G.H. and Shen, Q.R. 2007. Responses of rice 

cultivars with different nitrogen use efficiency to partial nitrate nutrition. Annals of Botany, 99(6): 

1153-1160. PMid: 17428833. 

2. Smith, S.D.P. 2014. The roles of nitrogen and phosphorus in regulating the dominance of floating 

and submerged aquatic plants in a field mesocosm experiment. Aquatic Botany, 112: 1-9. 

3. Song C.J, Ma K.M, Qu L.Y, Liu Y, Xu X.L. and Fu B.J. 2010. Interactive effects of water, 

nitrogen and phosphorus on the growth, biomass partitioning and water-use efficiency of Bauhinia 

faberi seedlings. Journal of Arid Environments. 74(9): 1003-1012. 

4. Hu Y.C. and Schmidhalter, U. 2005. Drought and salinity: a comparison of their effects on mineral 

nutrition of plants. Journal of Plant Nutrition and Soil Science. 168(4): 541-549. 

5. Epstein E and Bloom A.J. 2004. Mineral nutrition of plants: Principles and perspectives (2
Ed

.). 

Sunderland, MA: Sinauer Associates, Inc.; 402p. 

6. Oliet J.A, Tejada M, Salifu K.F, Collazos A. and Jacobs D.F. 2009. Performance and nutrient 

dynamics of Holm oak (Quercus ilexL.) seedlings in relation to nursery nutrient loading and post-

transplant fertility. European Journal of Forest Research. 128(3): 253-263. 

7. Bloom, A.J, Frensch J. and Taylor, A.R. 2006. Influence of inorganic nitrogen and pH on the 

elongation of maize seminal roots. Annals of Botany. 97(5): 867-873. doi: 10.1093/aob/mcj605 

PMID: 16373369. 

8. Lawlor, D.W. 2002. Carbon and nitrogen assimilation in relation to yield: mechanisms are the key 

to understanding production systems. Journal of Experimental Botany. 53(370): 773-787. 

9. Andivia, E.; FernaÂndez, M; VaÂzquez-PiqueÂ, J. 2011. Autumn fertilization of Quercus ilex 

ssp. ballota (Desf.) Samp. nursery seedlings: effects on morpho-physiology and field performance. 

Annals of Forest Science. 68(3): 543-553. 

10. Silva, D. S. 2012. Macrófitas aquáticas: “vilãs ou mocinhas”? R. Interf., n. 4, p. 17-27. 

11. Jeppesen, E., Lauridsen, T.L., Kairesalo, T., Perrow, M.R. 1998. Impact of submerged 

macrophytes on fish-zooplankton interactions in lakes. – In: Jeppesen, E., Søndergaard, M., 

Søndergaard, M., Christoffersen, K. (eds.) The structuring role of submerged macrophytes in 

lakes, Springer Verlag, New York.  

12. Al-Mandeel, F. A. 2013. A new record of the invasive species Hydrilla verticillata (Linn. f.) Royal 

on the Iraqi rivers. Advances in Environmental Biology, 384-391. 

13.  Barnes, M.A., Jerde, CL., Wittmann, M.E; Chadderton, W.L., Ding, J., Zhang J. 2014. 

Geographic selection bias of occurrence data influences transferability of invasive Hydrilla 

verticillata distribution models. Ecol Evol. 4: 2584–2593. doi: 10.1002/ece3.1120 PMID: 

25360288. 

14. Zhu, J., Yu, D. and Xu, X. 2015. The phylogeographic structure of Hydrilla verticillata 

(Hydrocharitaceae) in China and its implications for the biogeographic history of this worldwide-

distributed submerged macrophyte. BMC Evolutionary Biology, 15, 95. doi:10. 1186/s12862-015-

0381-6. 

15. Foroughi, M., Najafi, p., Toghiani, A. and Honarjoo, N. 2010. “Analysis    of    pollution    

removal    from wastewater by   Ceratophyllum  demersum  ,”African  Journal of Biotechnology  

9(14): 2125–2128. 

16. Syed, I., Fatima, H., Mohammed, A., Siddiqui, M.A. 2018. Ceratophyllum demersum a Free-

floating Aquatic Plant: A Review, Indian Journal of Pharmaceutical and Biological Research 

(IJPBR) 6(2): 10-17. ISSN: 2320-9267. 



                                         Iraqi Journal of Science, 2019, Vol. 60, No. 9, pp: 1933-1947     Alzurfi et al. 

4311 

17. Adnan H. Afaj, Abd J. Jassim, Muhand M. Noori and Christoph Schüth 2016: Effects of lead 

toxicity on the total chlorophyll content and growth changes of the aquatic plant Ceratophyllum 

demersum L., International Journal of Environmental Studies, DOI:10.1080/00207233. 2016. 

1220723. 

18. Sevilla, E., Martin-Luna, B., Vela, L., Bes, M.T., Fillat, M.F., Peleato, M.L. 2008. Iron availability  

affects mcyD expression and microcystin- LR synthesis in Microcystis aeruginosa PCC7806. 

Environ. Microbiol., 10(10): 2476–2483. 

19. Al-saadi, H. A. and Al-Mayah, A. A. 1983. Aquatic plants of Iraq. Cent. Arab . Gulf. Univ. Basrah 

. (Arabic). 

20. Arnon DI. 1949. copper enzymes in isolated chloroplasts, polyphenoxidase in beta vulgaris. Plant 

physiology, 24: 1-15. 

21. Pak, J. 2010. Analysis of portion by spectrophotometric and computer colour based intensity 

method form stem of pea ( Pisum sativum ) at different stages . Anal. Environ. Chem. 11(2): 63-71. 

22. Aebi, H. 1984. Catalase in vitro. Methods Enzymol. 105: 121-126. 

23. Marklund S. and Marklund G. 1974. Involvement of the superoxide anion radical in the 

autoxidation of pyrogallol and a convenient assay for superoxide dismutase. Eur J. Biochem ,  47 

:469-474. 

24. Demmig-Adams, B., Adams, W.W., Barker, D.H., Logan, B.A., Bowlong, D.R. and Verhoeven, 

A.S.1996. Using chlorophyll fluorescence to assess the fraction of absorbed light allocated to 

thermal dissipation of excess excitation. Physiol. Plant. 98: 253–264. 

25. Dillon, P.J. 1975. The phosphorus budget of Cameron Lake. Ontario: The importance of flushing 

rate to the degree of eutrophy of lake. Limnol Oceanogr, 20: 28-29. 

26. Peng, S., Garcia, F.V., Laza, R.C., Sanico, A.L., Visperas, R.M. and Cassman, K.G. 1996. 

Increased N-use efficiency using a chlorophyll meter on high-yielding irrigated rice. –Field Crops 

Res. 47: 243-252. 

27. Jian, M.F., Wang, S.C., Yu, H.P., Li, L.Y., Jian, M.F. and Yu, G.J. 2016. Influence of Cd2þ or 

Cu2þ stress on the growth and photosynthetic fluorescence characteristics of Hydrilla verticillata. 

Acta Ecol. Sin. (China) 36(6): 1719e1727. 

28. Jones, J.R. and Bachmann, R.W. 1976. Prediction of phosphorus and chlorophyll levels in lakes. J 

Water Pollut Control Fed. 48: 2176–2182. 

29. Smirnoff, N. 2005. Antioxidants and reactive oxygen species in plants. Blackwell Publishing 

Ltd.317pp. 

30. Petek M., Herak Ćustić M., Toth N., Slunjski S., Ĉoga L., Pavlović I., Karažija T., Lazarević B. 

and  Cvetković S 2012. Nitrogen and crude proteins in beetroot (Beta vulgaris var. conditiva) 

under different fertilization treatments. Not Bot Horti Agrobo, 40: 215–219. 

31. Nurzyńska-Wierdak R. 2009. Growth and yield of garden rocket (Eruca sativa Mill.) affected by 

nitrogen and potassium fertilization. Acta Sci Pol-Hortoru, 8: 23–33. 

32. Aravind, P. and M. N. V. Prasad, M.N.V. 2005. Zinc mediated protection to the conformation of 

carbonic anhydrase in cadmium exposed Ceratophyllum demersum L. Plant Sci. 169: 245–254. 

33. Liu H., Weisman D., Ye Y B., Cui B., Huang Y H., Colon-Carmona A, and Wang Z H., 2009. An 

oxidative stress response to polycyclic aromatic hydrocarbon exposure is rapid and complex in 

Arabidopsis thaliana. Plant Science, 176(3): 375--382. 

34. Al-Zurfi, S. K. L., Alisaw, A. Y. and Al-Shafai, G. A. A. 2018. Anatomical and Physiological 

Effects of Cadmium in Aquatic Plant Hydrilla verticillata. Plant Archives, 18(1): 839-846.  

35. Hanfeng, x. Qiling, T. Chengxiao, H. 2010. Structural and metabolic responses of Ceratophyllum 

demersum to eutrophic conditions. African Journal of Biotechnology , 9(35): 5722-5729, 

36. Ai-jun, L., Xu-hong, Z., Mei-mei, C. and Qing, C. 2007. Oxidative stress and DNA damages 

induced by cadmium accumulation. Journal of Environmental Sciences, 19: 596–602. 

37. Mcchesney, Lauren Dalton. 2010. Competition between Hydrilla verticillata and Vallisneria 

americana in an observational field study and greenhouse experiment.. PhD Thesis 

 

 


