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Abstract 

Eichhornia crassipes (Mart) Solms belongs to the family Pontederiaceae. The present study showed 

the response of chemical and anatomical characteristics to treatment with different concentrations of 

phosphate factor (0.19, 0.12, 0.05, 0.015) mg.L
-1

.  The plant was grown in 30 x 30 x 50 cm glass 

basins in March 2024, using Hoagland's solution as a source of macro and micronutrients.  

Secondary compounds were analyzed using GCMS technology, and 27 compounds were recorded 

across all treatments.  The difference in concentrations led to the appearance of some compounds and 

the absence of others, such as the appearance of the fatty compound 1-Eicosanol when the 

concentration decreased to (0.05) mg.L
-1 

and its absence from all treatments including the control 

treatment. In addition to the participation and variation in concentrations of a single compound. The 

increase in phosphate concentrations led to an increase in most anatomical characteristics. 

Conversely, when it decreased to (0.05, 0.015) mg.L
-1

, it caused a decrease in the thickness of the 

cuticle and epidermis layer, the density of the stomata and their distribution on the upper and lower 

surfaces, in addition to the appearance and disappearance of various hairs and crystals. The sharp 

decrease (0.015) mg.L
-1 

also led to the rupture of mesophyll cells and a decrease in their thickness.                                                                                                                                                                                                  

Keywords: Phosphate factor, Chemical and Anatomical characteristics, Eichhornia crassipes 

. 

Introduction 

Eichhornia crassipes (Mart) Solms 

belongs to the family Pontederiaceae 

(Tham, 2012). This family includes nine 

genera and eight species (Onyango et al, 

2015). It is a monocotyledonous plant and 

is considered an aquatic plant and floats on 

the surface of the water (Al-Hadeethi et al, 

2017) .  Its original habitat is the Amazon 

Basin and South America, reaching many 

regions of the world, such as tropical and 

subtropical regions, Japan, India, China, 

Brazil, and others (Dersseh et al, 2019). 
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Al-Wagga (2012) pointed out that these 

plants spread in more than 70 countries, 

including Iraq in the mid-eighties, where 

they were introduced as ornamental plants, 

which led to their spread in various 

governorates of the country, especially in 

Karbala and Samarra. They are 

characterized by rapid growth and spread, 

reaching Wasit Governorate. According to 

what was indicated by (Washeeh,2024), 

this type of plant is characterized by 

perennial growth and can reach a height of 

0.4 meters in fresh water and shallow 

ponds.It is characterized by its large leaves 

and symmetrical ray-shaped flowers, and 

its spike inflorescence contains six stamens 

and six petals (Aboul-Enein et al., 2011). 

Both (Elenwo & Akankali, 2016) and 

(Anuja et al., 2016) stated that it may cause 

environmental damage due to rapid growth 

in water, forming a floating mat on the 

water surface, especially when suitable 

conditions are provided. Despite its 

environmental damage, it has many 

benefits. (Balasubramanian et. al. 2012; 

Xie et al. 2016) mentioned the importance 

of the Eichhornia crassipes plant in the 

aquatic ecosystem through its ability to 

recycle nutrients and clean the water of 

various pollutants. Some studies have 

mentioned the importance of nutrients, 

especially phosphate. (Wieczorek et al., 

2021) stated that it is one of the most 

important nutrients that affect the growth 

and reproduction of plants due to its 

effective role in controlling most 

physiological functions such as protein 

formation and others. It also plays an 

important role in various biochemical 

reactions, in addition to its importance in 

the formation of nucleic acids (DNA, 

RNA), sugar phosphates, phospholipids, 

and energy production in the form of 

adenosine triphosphate (ATP) 

(Dissanayaka et al, 2021).  Several studies 

have indicated the importance of 

phosphate in enhancing chemical 

compounds in various plant tissues.(  Liu 

et al. ,2021) reported that a deficiency in 

the concentration of this element enhances 

the accumulation of active substances, 

especially alkaloids and sugars. Peleja et 

al, (2022) also stated that variations in 

phosphate concentrations affect energy 

production, which may be reflected in 

carbohydrate formation in plants. (Vance 

et al. ,2003) indicated that these effects are 

not limited to physiological and 

morphological interactions, but extend to 

include anatomical traits in different 

plants. Loudari et al., (2022) also reported 

the effect of varying concentrations of 

phosphate and nitrate on anatomical traits 

in wheat roots. 

Global studies on the effect of different 

phosphate concentrations on the chemical 

and anatomical characteristics of 

Eichhornia crassipes are very few. For 

example, Dubey et al. (2022) investigated 

the effect of increased nutrients, including 

phosphate, in tropical lakes in India on the 

anatomical characteristics of aquatic plant 

leaves. Chemical and anatomical studies 

have also been conducted, such as Ben 

Bakrim et al. (2022) on the properties of 

active chemical compounds in the 

Maghreb. In addition, researchers Bibi et 

al. (2023) conducted an anatomical and 

physiological study in Pakistan. Xie et al., 

(2004) indicated that high phosphate 

concentrations cause damage and 

decomposition of some aquatic plants, 

including E. crassipes.  

Very few studies exist, particularly in Iraq, 

specifically in the Diwaniyah Governorate, 

including a study by Al-Hadeethi et al 

(2017) on the anatomical characteristics of 

water hyacinth (E.crassipes) leaves. 

Therefore, this research aims to highlight 

the effect of phosphates on the chemical 

and anatomical properties of this plant and 

to identify the changes that occur in this 

aquatic plant (Eichhornia crassipes). 

Materials and  methods :  
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An experiment was conducted on water 

hyacinth (Eichhornia crassipes) plants 

grown hydroponically in 30 × 30 × 50 cm 

glass tanks in March 2024. The tanks and 

samples were thoroughly washed with 

distilled water to remove impurities and 

suspended microorganisms. The plants 

were cultured using chlorine-free water 

and Hoagland's solution as a source of 

macro and micronutrients and treated with 

different phosphate concentrations in 

descending order (0.19, 0.12, 0.05, 0.015) 

mg/L.The experimental results were 

compared with the control treatment (0.06 

mg/L) for 20 days, where the control 

coefficient represents the level of 

phosphate in the environmental medium 

from which the plant samples were 

collected.Subsequently, the samples were 

collected, and the chemically active 

compounds were analyzed using gas 

chromatography-mass spectrometry (GC-

MS). Anatomical characteristics were also 

studied at the end of the experiment. 

 

 
Figure (1) Treatment of E.crassipes 

plants with different concentrations of 

phosphate.  

A- Study of the properties of active 

secondary compounds. 

According to the method of (Washeeh et 

al., 2024)  , the plant leaves were taken at 

the end of the experiment and washed well 

with distilled water to remove impurities 

and microorganisms stuck to them. It was 

dried at laboratory temperature in a dark 

place to prevent secondary compounds 

from reacting with high light intensity. 

Then take 2 grams of each plant treatment 

and grind them finely separately in an 

electric grinder for (16-20) minutes 

depending on the thickness of the plant 

leaves to obtain a fine powder. One gram 

of the ground plant leaves was extracted 

from each treatment using 10 ml of 99% 

methanol. The samples were shaken in a 

shaker for approximately 15 minutes and 

stored in a dark place for 8 hours. Each 

treatment was then filtered through a 0.45-

micrometer microfilter connected to a 

medical syringe. In addition, 1 ml of 99% 

hexane was added to the extract to 

concentrate it and remove water, then it 

was filtered in a centrifuge at 500 rpm. 

After that, the supernatant was drawn from 

the filtrate of each treatment and kept in 

other glass tubes for the determination of 

secondary active compounds using a GC-

MS spectrometer . 

 

 

 

 

 

B- Anatomical study 

 

1-  Preparation of Epidermis 

Samples. 

At the end of the experiment, leaves of 

each treatment were collected for 

epidermal preparation. The upper and 

lower epidermis of each treatment were 

peeled off using a sharp blade and double-

ended forceps. The epidermis was 

transferred to Petri dishes containing 2% 

NaOH to remove tissue stain. The leaves 

were then washed with distilled water and 

transferred to Petri dishes containing 

Safranin and then to other Petri dishes 

containing 70% ethyl alcohol for 4-6 

minutes to remove excess stain. The 

epidermal cells were then transferred to 

glass slides and a drop of glycerin was 

added. The samples were then covered 

with a cover slide, and the samples were 

ready for examination. 
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2- A method of preparing slides for 

vertical sections in plants. 

Vertical sections of tissue from the leaves 

of each treatment were prepared separately 

using a rotating microtome at the Life 

Sciences Laboratory at the University of 

Baghdad. This was done after applying 

several different methods to prepare the 

samples (Washeeh et al., 2024).  

a- Fixation: 

Each sample was placed in small glass 

bottles, 15 ml of Formalin Acetic Acid 

Alcohol (FAA) solution was added, and 

left at laboratory temperature for 24 hours. 

b- :Washing and Dehyration 

The samples were washed with 70% 

alcohol to remove traces of the fixative. 

The sections were then passed through an 

ascending series of alcohols (80, 90, 96)% 

for an hour, then in absolute ethyl alcohol 

for half an hour to remove water from the 

plant sections. 

c- Embedding and Mounting : 

Each specimen was placed in a mold and 

molten wax was poured into it. The base of 

the molds was then placed in cold water 

until the wax hardened sufficiently. The 

specimens were fixed in a position suitable 

for dissection and paraffin was poured over 

them until they hardened. After trimming 

the molds, excess wax was cut off from the 

sides. 

d- Sectioning and Streching 

  The samples were cut into very fine slices 

using a Rotary Microtome and then the 

slices were spread on glass slides 

previously covered with glycerin. 

e- Remove wax from the samples and 

stain them. 

The slides containing the plant sections 

were passed through several solutions. 

Then the specimens were cleaned and 

dried and permanent mounting was 

prepared by placing drops of Distrene-

Plasticzes-Xylene (P.D.X) adhesive on the 

sample sections and covered with a cover 

slide. The slides were transferred to a hot 

plate for 24 hours and the specimens were 

ready for examination under the light 

microscope. All measurements were taken 

using an ocular micrometer and the 

specimens were photographed with a 

camera (Panasonic, 1.3 pcs, Japan) 

installed on the same microscope. 

Results and Discussion 

The results of this study demonstrated the 

effect of phosphates on the chemically 

active compounds in plant leaves using gas 

chromatography-mass spectrometry. A 

number of compounds were observed in 

some treatments, while others disappeared 

when the plant was treated with different 

concentrations of phosphate. A total of 

twenty-seven compounds were recorded in 

all treatments of E. crassipes plants. These 

compounds included phenols, terpenes, 

amino compounds, alkanes, fatty acids, 

alkaloids, and steroid compounds, as 

shown in Table(1). 

Reducing phosphate to (0.05 and 15.0) 

mg.L-1 resulted in the appearance of two 

phenolic compounds Isopropyl octadecyl 

ether and Methyl 4-bromo-7-(1,3-dioxan-

2-yl)-3-methyl-6-phenylthio-4-octenoate, 

respectively, compared to the control 

treatment, Table (1). The difference in 

phosphate concentrations may have acted 

as a chemical stimulus to defend plant 

cells, which is often accompanied by an 

increase in compounds, especially 

phenolics, when exposed to different 

nutritional stresses. The study agreed with 

the study of (Stewart et al., 2001), who 

showed that the decrease in phosphate 

concentrations was the reason for the 

presence of phenolic compounds as a result 

of the plant being exposed to different 

nutritional stresses. On the other hand, the 

study also showed the appearance of four 
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terpene compounds when phosphate 

increased and decreased. The decrease in 

concentrations caused the absence of the 

terpene compound Cyclohexasiloxane and 

dodecamethyl compared to the control 

treatment. It was also noted that some 

active compounds participated in all plant 

treatments with different phosphate 

concentrations and varying concentrations 

of each compound. This may be due to the 

decomposition of some terpene compounds 

and their conversion into other compounds, 

which may have led to their absence or 

variation in concentrations. The study was 

consistent with the study of (Bustamante et 

al., 2020), who mentioned in their study on 

the treatment of Rosmarinus officinalis 

plant to nutritional stresses with different 

concentrations that affect the formation of 

active compounds, including terpene 

compounds. 

On the other hand, varying phosphate 

concentrations resulted in the absence of 1-

Docosene in all treatments compared to the 

control treatment. Furthermore, a decrease 

in the concentration of 0.015 mg L
-1

 

resulted in the disappearance of 1,1-

bis(dodecyloxy)-Hexadecane. The lower 

concentrations above also resulted in the 

absence of the steroid Stigmasterin 

compared to the control treatment.  ( Song 

et al.  , 2023) reported in their study on 

nitrogen deficiency and the stimulation of 

alkanes in cannabis plants that providing 

nutrients enhances photosynthesis and the 

production of secondary metabolites. 

The current results showed the presence of 

equal numbers of amino acids and fatty 

acids, which were seven compounds for 

each, Table (1). The increase and decrease 

in concentrations led to the appearance and 

disappearance of some of them. The 

difference in concentrations led to the 

appearance of three amino acid 

compounds, such as Pantothenic acid 

tritbdms, and the absence of others. While 

the variation in phosphate concentrations 

led to the disappearance of some fatty 

acids, in addition to the appearance of 

Eicosanol-1, compared to the control 

treatment. The sharp decrease in 

concentration also caused the appearance 

of the carbohydrate complex L-(-)-Fucose, 

tetrakis (trifluoroacetate), benzyl alcohol 

(isomer 2) and its disappearance in the 

other treatments, while the decrease led to 

the absence of the Sucrose compound 

compared to the control treatment, Table 

(1). This may be due to differences in 

phosphate concentrations, which may  

affect energy production and various 

biological reactions, which may be 

reflected positively or negatively in the 

formation of secondary compounds in the 

plant. (Washeeh, 2018) stated that 

exposing plants to different nutritional 

environments affects most biological and 

biochemical reactions, leading to the 

conversion of some carbohydrate 

compounds into amino and fatty acids. 

This was confirmed by the current study, 

which observed a very small percentage of 

carbohydrate compounds and the absence 

of others compared to the number of amino 

and fatty acids.  
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Table (1): Analysis of the active compounds in the leaves of the E. crassipes plant under 

the influence of different concentrations of phosphates using GC-MS technology.

 

co
m

p
o
u
n
d
 ty

p
e 

seq
u
en

cin
g

 

  

chemi

cal 

comp

ositio

n 

 

Formu

la 

Chemi

cal   

 

 

 

Name of 

compou

nd 

plant type \ E.crassipes 

Compound concentration =(area %)     \  R.Time 

C0 C1=0.19 

mg.L
-1

 

C2=0.12

mg.L
-1

 

C3=0.05 

mg.L
-1

 

C4=0.01

5 mg.L
-1

 

conc

entr

atio

n 

R.

Ti

m

e 

conc

entr

atio

n 

R.

Ti

m

e 

conc

entr

atio

n 

R.

Ti

m

e 

conc

entr

atio

n 

R.

Ti

m

e 

conc

entr

atio

n 

R.

Ti

m

e 

P
h
en

o
lic co

m
p
o
u
n
d

 

 

1 

 

 

 

C19H

22O4S

i 

 

Pinostro

bin, 

TMS 

 

1.70 

 

5.

52 

 

1.85 

 

5.

51 

 

1.61 

 

5.

51 

 

1.39 

 

5.

51 

 

1.73 

 

5.

51 

 

2 

 

 

 

 

C23H

32O2 

Phenol, 

2,2'-

methyle

nebis[6-

(1,1-

dime 

thy 

lethyl)-

4-

methyl  

 

5.29 

 

 

15

.9

3 

 

2.71 

 

15

.9

3 

 

3.23 

 

15

.9

3 

 

4.06 

 

15

.9

3 

 

1.55 

 

15

.9

3 

3  

 

 

C21H

44O 

Isoprop

yl 

octadec

yl ether 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

2.56 

 

6.

96 

 

- 

 

- 

4 

 

  

C19H

25BrO

4S 

Methyl 

4-

bromo-

7-(1,3-

dioxan-

2-yl)-3-

methyl-

6-

phenylth

io-4-

octenoat

e 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

4.20 

 

13

.3

6 

T
erp

en
es 

C
o
m

p
o
u
n

d
s 

 5  C12H

36O6S

Cyclohe

xasiloxa

  

8.

  

8.

      



Euphrates Journal of Agricultural Science-18 (3):3326-3345, (Sep. 2026)                  Washeeh….          

 

  ISSN 2072-3857           

 
3332 

 

 
i6 ne, 

dodeca

methyl- 

1.50 50 1.27 50 - - - - - - 

6  

 

  

C20H

38 

 

Neophyt

adiene 

 

15.7

2 

 

11

.1

2 

 

17.1

1 

 

11

.1

2 

 

16.6

6 

 

11

.1

2 

 

12.7

7 

 

11

.1

2 

 

7.14 

 

11

.5

3 

 

7 

 

 

 

C20H

40O  

3,7,11,1

5-

Tetrame

thyl-2-

hexadec

en-1-ol 

 

 

4.87 

 

11

. 

53 

 

6.96 

 

11

.5

3 

 

6.47 

 

11

.5

3 

 

3.14 

 

11

.3

5 

 

3.13 

 

11

.3

5 

 

8 

 

 

 

C20H

40O 

 

Phytol 

 

7.54 

 

13

.6

1 

 

9.98 

 

13

.6

1 

 

15.4

4 

 

13

.6

1 

 

12.4

9 

 

13

.6

1 

 

19.8

6 

 

13

.6

1 

alk
an

es 

 9 

 

  

C22H

44 

1-

Docosen

e 

3.16 18

.2

8 

- - - 

 

- - 

 

- 

 

- 

 

- 

 

 

10 

  

 

  

 

C40H

82O2  

Hexadec

ane, 1,1-

bis 

(dodecyl

oxy)- 

 

3.62 

 

 

 

16

.7

5 

 

 

 

2.45 

 

 

 

18

.2

8 

 

 

 

1.13 

 

 

 

16

.8

8 

 

 

 

2.60 

 

 

19

.8

0 

 

 

 

- 

 

 

 

- 

 

 

A
m

in
o
 acid

 

11   

C6H1

8SSi2 

Disilathi

ane, 

hexamet

hyl 

 

2.08 6.

86 

1.89 6.

86 

- - - - 1.28 6.

86 

12  

 

 

C27H

59NO

5Si3 

Pantothe

nic acid 

tritbdms 

- - - - 2.25 10

.2

1 

1.52 10

.2

0 

1.36 10

.2

0 

13  

 

 

C19H

38O2 

Methyl 

stearate 

1.60 13

.7

0 

- - 

 

1.54 13

.7

0 

2.80 13

.7

0 

1.29 13

.7

0 



Euphrates Journal of Agricultural Science-18 (3):3326-3345, (Sep. 2026)                  Washeeh….          

 

  ISSN 2072-3857           

 
3333 

 

14  

 

 

C54H

108Br

2 

Tetrape

ntaconta

ne, 

1,54-

dibromo

- 

- - 4.13 19

.8

0 

4.49 19

.8

0 

- - 4.78 19

.8

0 

15  

 

C13H

22N2

O2Si 

N-(4-

Nitrobe

nzyl) 

propan-

1-

amine, 

TMS 

- - 1.91 10

.2

0 

1.38 8.

50 

1.60 8.

50 

- - 

16 
 

 

C18H

35NO 

9Octade

cenamid

e, (Z)- 

2.80 13

.4

9 

- - 2.33 13

.4

9 

4.45 13

.3

6 

2.20 13

.5

0 

17  

 

C20H

40 

Cycloei

cosane 

- - - - 3.90 18

.2

8 

- - - - 

F
atty

 acid
 

18  

 

  

C17H

34O2 

Hexadec

anoic 

acid, 

methyl 

ester 

9.32 11

.8

2 

9.17 11

.8

2 

9.14 11

.8

2 

10.0

2 

11

.8

2 

7.91 11

.8

1 

19  

 

 

C23H

36F6O

6 

Octadec

anoic 

acid, 

9,10-

dihydro

xy-, 

methyl 

ester, 

bis(triflu

oroaceta

te 

 

5.19 

 

13

.3

6 

 

5.26 

 

13

.3

6 

 

4.80 

 

13

.3

6 

 

- 

 

- 

 

- 

 

- 

20 
 

 

C23H

44O2 

13-

Docosen

oic acid, 

methyl 

ester, 

(Z)- 

 

8.48 

 

16

.8

3 

 

10.2

1 

 

16

.8

3 

 

6.87 

 

16

.8

3 

 

10.4

1 

 

16

.8

3 

 

5.98 

 

16

.8

3 

21  

 

  

C19H36

O2   

Oleic 

acid 

 

2.80 

 

13

.4

 

- 

 

- 

 

2.33 

 

13

.4

 

3.55 

 

13

.4

 

2.20 

 

13

.5



Euphrates Journal of Agricultural Science-18 (3):3326-3345, (Sep. 2026)                  Washeeh….          

 

  ISSN 2072-3857           

 
3334 

 

The scientist (-) points to the absence of bioactive compounds 
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Figure (2): Analysis of the active compounds in the E. crassips plant under the influence 

of different concentrations of phosphate using GC-MS technology  .  

 

The effect of different concentrations of 

phosphate on anatomical characteristics 

:  

 A - rdinary Epidermal Cell 

The present results showed that the 

difference in phosphate factor 

concentrations had an effect on most of the 

anatomical characteristics in E. crassipes. 

It also had no effect on the shape of the 

regular cells and their walls on the upper 

and lower surfaces, as they were polygonal 

or hexagonal, while their walls were 

straight and straight-curved Figure (3). The 

study agreed with the study of( DeSousa et 

al., 2016) that the shape of the cells was 

polygonal or hexagonal in the studied 

plant. While increasing the concentration 

(0.12 and 0.19) mg.L
-1

 caused an increase 

in the thickness of the walls compared to 

the control treatment, which was thinner. 

While the opposite happens when the 

concentration decreases to (0.015 and 

0.05) mg . L 
-1

, it causes a decrease in the 

wall thickness, Figure (3). The increase 

and decrease of phosphate also affected the 

dimensions of plant epidermal cells, the 

highest rate of the upper surface ranged 

between (35.67 . 22.08) micrometers when 

the concentration increased to (0.19) mg . 

L 
-1

, while the lowest rate was (15.58 * 

11.25) micrometers when the 

concentration decreased to (0.015) mg . L 
-

1
. As for the lower surface, the highest rate 

of epidermal cell dimensions ranged 

between (24.83 * 19.58) micrometers 

when the concentration increased to (0.19) 

mg . L 
-1

, while the lowest rate of 

epidermal cell dimensions was (13.33 * 

9.42) micrometers at the low concentration 

(0.015) mg . L 
-1

, Table (2). On the other 

hand, high concentrations of phosphate 

affected the stomatal complexes in E. 

crassipes. The increase in phosphate led to 

an increase in the dimensions of guard 

cells and stomatal dimensions, in addition 

to its effect on the spread of stomatal cells 

on both surfaces.  

While the stomatal index decreased with 

low phosphate on both the upper and lower 

surfaces compared to the control treatment, 
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Figure (3). This may be due to the effect of 

plant growth as a result of exposure to 

different levels of phosphate. This increase 

may have led to an increase in the activity 

of enzymes and growth regulators, and 

consequently the activity of meristematic 

tissues and the efficiency of 

photosynthesis, in contrast to the decrease 

in phosphate concentrations. The study is 

consistent with what Liu & Wu (2017) 

indicated regarding the physiological 

importance of phosphate and its effective 

role in building and forming cells as well 

as in the efficiency of photosynthesis by 

releasing the energy needed for the various 

vital processes that occur within the plant. 

This is reflected in most of the anatomical 

characteristics. This study is consistent 

with the study by (Sarker et al., 2010) 

regarding the decrease in stomatal 

dimensions and spread when phosphate 

concentrations are low.  The study also 

agreed with what was indicated by 

(Soliman et al., 2015) that different 

nutritional stresses affect some anatomical 

characteristics, especially the thickness of 

the vertical walls and cells and their 

dimensions in their study on the Moringa 

plant. On the other hand, the difference in 

phosphate concentrations affected the 

surface coating of E. crassipes, Figure (4). 

Conical unicellular hairs were found on the 

upper surface of all plant treatments, 

including the control treatment. While the 

increase in phosphate led to the appearance 

of dense cylindrical unicellular hairs on 

both the upper and lower surfaces.  

In addition, high levels (0.12 and 0.19) 

mg.L-1 of phosphate led to the appearance 

of sand crystals on both surfaces, while 

increasing the concentration to 0.19 mg.L-

1 led to the appearance of prismatic 

crystals on the lower surface compared to 

other treatments with low concentrations, 

as well as the control treatment, in which 

no such crystals were observed. The 

appearance and disappearance of these 

types of hairs and crystals in the studied 

plant may be attributed to a method of 

reducing the effects of excess phosphate by 

converting it to calcium oxalate in the form 

of prismatic or sand crystals. The study 

agreed with (Washeeh et al., 2024), who 

showed in their anatomical study of Azolla 

pinnata and its treatment with different 

light levels, the effect of the surface 

coating on the plant's exposure to 

environmental factors. The current study 

confirmed this through the appearance and 

disappearance of some different hairs and 

crystals. The same source also mentioned 

that some anatomical characteristics are 

affected by various environmental stresses, 

leading to the emergence of new 

characteristics and the disappearance of 

others as a result of the plants' resistance to 

these factors and the protection of their 

cells from excessive influences.  
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Table (2): Variations in the quantitative characteristics of both the upper and lower surfaces of leaves and stomata of E.crassipes treated with 

different concentrations of phosphate (measured in micrometers). 

Lower epidermis Upper epidermis  

S
to

m
at

al
 I

n
d
ex

 

 

Stomata 

dimensions 

 

Guard cell 

dimensions 

 

Ordinary 

epidermal cell 

dimensions 

 

S
to

m
at

al
 I

n
d
ex

 

 

Stomata 

dimensions 

 

Guard cell 

dimensions 

 

Ordinary 

epidermal cell 

dimensions 

 

Species of 

plants 

Width lengt

h 

Width length Width lengt

h 

Width length Width length Width length E.crassipes 

10

.1

3 

1.5-2 

(1.92) 

4-5.5 

(5.08

) 

2.5-3 

(2.58) 

10-12 

(10.67) 

5.5-10 

(8.92) 

10-

22 

(13.

5) 

15.

16 

1.5-

2.5 

(1.92) 

5-10 

(6.5) 

2-4 

(3.17) 

10 - 15 

(12.08) 

5 - 10 

(7.17) 

20 - 

13.5 

(17.67) 

 

Control 

P
h
o
sp

h
at

e 
fa

ct
o
r 

(m
g
.L

-1
) 

11

.1

2 

2.5-4 

(2.92) 

10-

15 

(11.1

7) 

2.5-4 

(3.42) 

15-20 

(17.08) 

12.5-28 

(19.58) 

14-

48 

(24.

83) 

16.

5 

1.5-

3.5 

(2.5) 

8-18.5 

(14.08

) 

3-8 

(5.5) 

18.5 -

25 

(22.08) 

12.5 - 

30 

(22.08

) 

18.5-38 

(35.67) 

C1=0.1

9 

11

.1

1 

2.1- 

1.8 

5-10 

(8.33

2.5-3 

(2.58) 

12-19 

(15.67) 

8-23 

(16.67) 

18-

28 

(21.

16.

2 

1.5-

3.5 

8-16 

(13.17

3.5-5 

(4.23) 

18.5-

23.5 

18 - 

28 

(19.33

18-38 

(30.92) 

C2=0.1

2 
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  .The numbers outside the parentheses represent the upper and lower limits.      *The numbers inside the parentheses 

represent the average.  

  

(2.33) ) 5) (2.37) ) (21.92) ) 

10

.9

6 

1.5-2 

(1.67) 

5-8.5 

(7.33

) 

4-5 

(4.92) 

11.5-

13.5 

(12.33) 

5-10 

(8.17) 

10-

25 

(17.

83) 

13.

51 

1.5-

2.5 

(1.92) 

5-11 

(7.75) 

3.5 - 

4.5 

(4.17) 

15-17.5 

(15.75) 

7.5-30 

(18.58

) 

12.5 - 

33.5 

(23.08) 

C3=0.0

5 

10

.8

1 

1.5-2 

(1.7) 

2.5-3 

(2.58

) 

2.5-5 

(3.67) 

12-15 

(14.5) 

7.5-14 

(9.42) 

10-

20 

(13.

33) 

13.

16 

1.5 -

2.0 

(1.58) 

3.5-7 

(5.67) 

2.5 - 

4.5 

(2.92) 

10-15 

(13.25) 

7.5 - 

20 

(11.25

) 

9.5 - 

20.5 

(15.58) 

C4=0.0

15 
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Fig (3): Variations in the epidermis of E. crassipes leaves treated with different 

concentrations of phosphate factor.  

1- Control treatment 

2- Concentration treatment 0.19 mg.L
-1

 

3- Concentration treatment 0.12 mg.L
-1

 

4- Concentration treatment 0.05 mg.L
-1

 

5- Concentration treatment 0.475 mg.L
-1

. 

 

Fig(4):Unicellular cylindrical hairs and sand crystals on both surfaces of E. crassipes plant 

when the phosphate concentration increased (0.19 and 0.12) mg.L
-1

, and prismatic crystals on 

the lower surface at the concentration of 0.19 mg.L
-1

, and unicellular conical hairs in the 

upper epidermis at all plant treatments (Scale bar                 ) .  

 

Cylindrical hairs  

Prismatic crystals 

Conical hairs 

Sand crystals 

6um
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B - The effect of varying phosphate 

concentrations on the cross-sections of 

E. crassipes leaves:  

Clear changes were observed between the 

cross sections after treating E. crassipes 

with different concentrations of phosphate. 

A variation was observed in the thickness 

and dimensions of the cuticle layer, the 

upper and lower epidermis, as well as an 

increase in the thickness of the mesophyll 

tissue when the concentration increased to 

0.19 mg.L
-1

, as the highest rate (3.3) 

micrometers in cuticle thickness was 

recorded, while on the other hand the 

lowest rate (2.12) micrometers was 

recorded when the concentration decreased 

to 0.015 mg.L
-1

, Table (3) and Figure (5). 

Also, increasing the concentration by 0.12 

mg.L
-1

 led to an increase in the thickness 

of the upper epidermis layer (22.1) 

micrometers, while decreasing the 

concentration to 0.015 mg.L
-1

 caused a 

decrease in the thickness rate (14.4) 

micrometers, Table (4). This may be due to 

the increased activity of some enzymes and 

internal activities when the phosphate 

factor increases, which may stimulate the 

plant to add materials to the surface layers 

(cuticle) and the upper and lower 

epidermal cell walls when the phosphate 

factor concentrations increase. The study 

agreed with( Barros et al., 2015) and (Balk 

et al., 2023) that there are some internal 

factors such as physiological activities 

such as plant growth and development that 

stimulate the lignification process, which is 

the addition of materials to the plant cell 

wall that contributes to the plant's 

adaptation to the surrounding 

environmental factors, causing it to 

thicken. The second source indicated that 

lignin is, from a chemical point of view, a 

polyphenolic compound as it is produced 

under unfavorable conditions. The study 

did not agree with (Liu HouCheng et al., 

2004) in their study on the effect of 

phosphate deficiency on the anatomical 

characteristics of Vigna unguiculata, as 

they showed that an increase in thickness 

occurs in the presence of phosphate 

deficiency.  As for the mesophyll, the 

sharp decrease in phosphate factor caused 

more obvious tissue cell rupture, especially 

at a concentration of 0.015 mg.L
-1

, Figure 

(5). The highest tissue thickness (43.3) 

micrometers) was recorded when the 

concentration increased to 0.19mg.L  
-1 

, 

while the lowest (31.5) micrometers) was 

recorded when the low concentration was 

0.015 mg.L
-1

. This can be attributed to the 

role of phosphate in cell building, energy 

storage, and growth stimulation in the 

plant, as well as its impact on the 

anatomical aspect. It was also observed 

that the air spaces in the mesophyll tissue 

expanded as the concentrations decreased. 

This may be due to increased air storage to 

enable the plant to float on the water 

surface as a result of increased internal 

vital reactions, such as increased gas 

exchange between the internal and external 

environments. This led to damage and 

rupture of the mesophyll tissue cells. The 

study agreed with (AL-Hadeethi et al., 

2017) who mentioned in their anatomical 

study of E.crassipes leaves that the 

expansion of the air chambers in the plant 

is a result of air storage and exchange with 

the thin walls surrounding the chloroplast 

cells from the inside, which helps the plant 

to carry out internal reactions such as 

completing the photosynthesis process and 

increasing respiration under different 

conditions.  
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Table(3):Quantitative characteristics in cross sections of E.crassipes leaves treated with 

different concentrations of phosphate factor (measured in micrometers). 

 

 

 

 

 

 

 

 

 

 

 

 

 

*The numbers outside the parentheses represent the upper and lower limits. *The numbers 

inside the parentheses represent the average. 

 

 

 

 

Mesophyll 

tissues 

Epidermis 

thickness 
cuticle 

thickne

ss 

 

phosph

ate 

factor 

mg.l
-1

 

Sp

eci

es 

N Lower 

epider

mis 

Upper 

epiderm

is 

30.1- 36.5 

(34.3) 

25.2-

19.6 

(24.2) 

18.3-

14.2 

(16.4) 

1.8- 3.5 

(2.7) 

 

Contro

l 

 E
.c

ra
ss

ip
es

 

1 

39.5- 45.5 

(43.3) 

34.8-

29.5 

(31.5) 

23.5-

17.5 

(20.08) 

2.7- 4.3 

(3.3) 

 

0.19 

2 

42.9-38.8  

(40.87) 

35.5-

29.5 

(34.1) 

24.5-

18.4 

(22.1) 

1.9- 3.7 

(3.2) 

0.12 3 

39.5-36.1  

(37.5) 

18.1-

14.6 

(17.5) 

15.3-

1..7 

(14.5) 

1.9 -3.4 

(2.6) 

0.05 4 

36.5-33.1  

(31.5( 

16.1-

12.6 

(14.5) 

14.3-

1..1 

(14. 4) 

1.7 -3.3 

(2.12) 

0.015 5  
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   Fig (5): Cross sections of E.crassipes leaves treated with different concentrations of 

phosphate (Scale bar  ).  

 

 

 

Conclusions:  

It can be concluded from the study that 

varying phosphate concentrations led to 

the appearance and disappearance of some 

chemical compounds in E. crassipes 

leaves. For example, decreasing the 

concentration to 0.05 mg. L
-1

 resulted in 

the appearance of the phenolic compound 

Isopropyl octadecyl ether compared to 

other treatments including the control 

treatment. The varying concentrations also 

led to variations in the concentration of 

each compound, in addition to its 

interaction with other treatments such as 

the terpene compound Phytol at different 

concentrations. On the other hand, varying 

the concentrations of the phosphate factor 

affected most of the anatomical 

characteristics. Increasing the 

concentrations (0.12 and 0.19) mg.L
-1

 led 

to an increase in the thickness of the 

cuticle and epidermal layers, an increase in 

the dimensions of guard cells and their 

spread on the upper and lower surfaces, in 

addition to an increase in the thickness of 

the mesophyll. While the decrease in 

concentrations (0.015 and 0.05) mg.L
-1

 led 

to the rupture of mesophyll cells and a 

decrease in the anatomical characteristics 

mentioned above. 
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