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UDC 546.48:635.63    Originalen nau~en trud 
      Original Research Paper 
MORPHOANATOMICAL CHANGES AT CUCUMBER (Cucumis sativa 

L.) UNDER INFLUENCE OF DIFFERENT 2,4-D CONCENTRATIONS 
Suzana Kratovalieva*, Lenka Cvetanovska ** 

 
ABSTRACT 
 

Influence of synthetic plant growth regulator 2,4-D to some 
morphoanatomical parameters at cucumber (Cucumis sativa L.) has been 
researched. In the form of water solution through the soil in the rosette phase 
2,4-D has been applied in followed concentrations: 2,0; 4,0 and 8,0 mg/l. 
Paralleled with those variants has been performed a control plant group treated 
with equally water volume. Analyze samples have been taken after 15, 30 and 45 
day after hormone treatment. Obtained results pointed out that after 15 and 30 
days 2,4-D has been influenced stimulate on morphological parameters values 
while stem elongation has been stimulated under 2,0 mg/l only, but after 45 days 
only 8,0 mg/l has been influenced stem inchibating; 2,0 as well as 4,0 mg/l have 
been yet influenced toxically on the rested parameters. Right proportionality 
with increased 2,4-D concentrations root length has been decreased. After 15 
and 30 days under 2,0 and 4,0 mg/l stomata parameters values have been 
increased than at 8,0 mg/l whereas shown decreasing. At the least sample taking 
(after 45 days) the stomata number increased under 2,0 and 4,0 mg/l 2,4-D 
concentration while under 8,0 mg/l this parameter decreased. 
Key words: cucumber, morphology, anatomy, stomata. 
 
MORFOANATOMSKI PROMENI KAJ KRASTAVICATA 
(Cucumis sativa L.) POD VLIJANIE NA RAZNI 
KONCENTRACII OD 2,4-D   

Suzana Kratovalieva
*
, Lenka Cvetanovska 

**
 

KRATOK IZVADOK 

Vo na{ite istra`uvawa bea ispituvani promenite vo morfo-
anatomskite parametri kaj krastavicata pod vlijanie na 
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rastitelnite regulatori na rastot kako {to e 2,4-D. Aplikacijata 
be{e napravena vo forma na voden rastvor od 2,4-D vo faza na rozeta 
i toa vo slednite koncentracii: 2,0; 4,0 i 8,0 mg/l. Paralelno be{e 
postaveno i kontrolna grupa od rastenija koja be{e tretirana so ist 
volumen na voda. Probi za analiza bea zemani posle 15, 30 i 45 dena 
od hormonalniot tretman. Dobienite rezultati jasno poka`uvaat 
deka posle 15 i 30 dena apliciranite koncentracii od 2,4-D 
poka`uvaat stimulativen efekt na morfolo{kite parametri, 
dodeka elongacijata na stebloto be{e stimulirana samo pod vlijanie 
na 2,0 mg/l, no po 45 dena samo koncentracijata od 8,0 mg/l vlijae{e 
inhibitorno. Koncentraciite od 2,0 i 4,0 mg/l poka`uvaat toksi~no 
vlijanie na site ostanati istra`uvani parametri. 
Pravoproporcionalno so zgolemuvaweto na 2,4-D koncentraciite, 
dol`inata na korenot se namaluva. Po 15 i 30 dena koncentraciite 
od 2,0 i 4,0 mg/l vlijaat stimulativno na stominite parametri, dodeka 
vo prisustvo na koncentracija od 8,0 mg/l istite se namaluvaat. Po 45 
dena od zemaweto na probite, brojot na stomite se zgolemuva vo 
prisustvo na koncentracii od 2,0 i 4,0 mg/l, dodeka najvisokata 
upotrebena (8,0 mg/l) predizvikuva nivno namaluvawe. 

 
Klu~ni zborovi: krastavica, morfologija, anatomija, stomi. 
 
INTRODUCTION 
 

Strict coordinate influence by endogene plant regulators to plant 
organogenetical and physiological processes is on of actuality and contemporary 
problem that required a studious as well as biochemical approach in the course 
of it’s solving.  

Herbicide activity of 2-chloracetanylides enabled a great applying in 
agriculture practice. Interest about synthetic regulator synthesis with a strong 
herbicide activity that caused a certain morph-physiological and anatomical 
changes increase by the every next day. 2,4-D and atrazyne influence to 
phosphorous and potassium reception under different pH values (Zsoldos et al. 
1979, 1984) as well as jone reception at wheat and rice under the same 
conditions presented results which pointed out that atrazyn has not manifested a 
inchibate effect than other investigated herbicides have been caused a 
remarkable jone reception inchibated by low medium pH values.  
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Angelov et al. (1995:81-86) investigations connected to the number 
and stomata dimensions at tomato (Solanum lycopersicum L.). Herbicide 
negative effect to chlorophyll and carotynoides biosynthesis that conditioned 
photosynthesis intensity and regulated a plant bioproductivity followed through 
the changes at certain morphoanatomically parameters (Ivanova 1984, 
Todorova-Trifonova et al. 1982). Besides above mentioned physiological 
parameters stem height, root length, leaf length and width as well as width of 
main leaf nerve and stomata parameters: number, length and width have been the 
aim of an accurate investigations.  
 

MATERIAL AND METHODS 
 

Cucumber seed material has been picked in plastic vessels with adding 
of 5-kg air-dry alluvial soil. Per each 5 plants have been brought up on each 
vessel. Soil retention capacity has been keeped in bounds from 55% to 60 vol. 
%. In the phase of rosette plants have been supplementary feeding with mineral 
nutritive solution composed by K2SO4 (1,082), K2HPO4 (2,082), NH4NO3 
(3,069). 

Influence of 2,4-dichlorphenoxy acetate acid (2,4-D) in 2,0; 4,0 and 8,0 
mg/l concentrations than control plant group treated with a same water volume 
has been investigated. In the form of water solution through the soil in the 
rosette phase only 2,4-D has been applied. Morph-anatomical changes at 
performed variants have been considered on every 15 days. 
 
RESULTS AND DISCUSSION 
 

Under 2,4-D concentrations tomato plant variants have been exchanged 
in the morphological view than the control. After 15 days the applied 2,4-D in all 
of investigated concentrations has been influenced stimulate on leaf length and 
width as well as on a leaf nerve width. The stem elongation has been stimulated 
at low concentrations of 2,0 mg/l, only while a higher concentration of 4,0 and 
8,0 mg/l influenced toxically on younger tomato plants.  

After 30 days the plant organs have been continued with growth and 2,0 
and 4,0 mg/l 2,4-D concentrations influenced stimulate while 8,0-mg/l 
concentration has been shown a toxic effect, tab.2. At formed tomato plant 
organs yet (after 45 days) 8,0 mg/l 2,4-D concentration has been inchibated a 
stem elongation, only than at the rested investigated parameters 2,0 and 4,0 mg/l 
2,4-D concentrations have been toxic. Appearance of stimulate plant organs 
growing under 8,0 mg/l 2,4-D concentration has been resulted by a certain 
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enzymes activities that participated in a numerously biochemical reactions at 
tomato plant organs, tab.3. 

In all of three measurements (after 15, 30 and 45 days) root growth as 
well as elongation has been inchibated by 2,4-D applied right proportionality 
that resulted by more root cells sensitivity on endogene phytochormones as 2,4-
D, tab.1, 2 and 3. The considered stem elongation has been resulted by a 2,4-D 
influence similar with those of indol acetate acid (IAA) that a natural plant 
growth as well as regulator stimulator. 

The average stomata number after 15 days at control plant group have 
been evaluated 25,17, the stomata length 22,50 µm and stomata width 10,67 µm 
on face leaf side while at reverse the stomata number has been 31,50, stomata 
length 21,83 µm and stomata width 9,42 µm. Under 2,0 and 4,0 mg/l stomata 
parameters values have been increased than at 8,0 mg/l whereas shown 
decreasing, tab.4. 

After 30 days 2,4-D has yet been shown a stimulate influence on 
stomata parameters under 2,0 and 4,0 mg/l concentration while 8,0 mg/l has 
been presented as a very toxically consequently on that all of stomata parameters 
have been decreased. At control plant group stomata number has been evaluated 
26,67, length 43,24 µm, width 25,00 µm on face leaf side and 33,44 stomata on 
mm2 with dimensions 35,65 µm length and 15,92 µm width, tab.5.  

At the least sample taken similar at the previous stomata number 
increased under 2,0 and 4,0 mg/l 2,4-D concentration while under 8,0 mg/l this 
parameter decreased. All of applied 2,4-D concentrations after 45-ve days when 
plant growing has been finished and plant organs have been achieved a definitive 
size influenced toxically and stomata value parameters decreased. At control 
plant group stomata number has been evaluated 27,00, length 69.25 µm, width 
27,00 µm on face leaf side while on reverse these stomata values have been 
evaluated 35,10 on mm2, 43,25 µm their length and 20,78 µm width, tab.6. 
 

CONCLUDING REMARKS 
 

Researching the influence of synthetic growth regulator such as 2,4-D at 
cucumber (Cucumis sativa L.) based on obtained results may be considered  the 
following: 

- After 15 days the applied 2,4-D in all of investigated concentrations 
has been influenced stimulate on leaf length, width as well as on a 
leaf nerve width. The stem elongation has been stimulated at low 
concentrations of 2,0 mg/l, only while a higher concentration of 4,0 
and 8,0 mg/l influenced toxically on younger tomato plants. 
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- After 30 days 2,0 and 4,0 mg/l 2,4-D concentrations influenced 
stimulate on plant organs growing, than 8,0-mg/l concentration has 
been shown as toxically. After 45 days under 8,0 mg/l 2,4-D 
concentration a stem elongation has been inchibated, only than at the 
rested investigated parameters even 2,0 and 4,0 mg/l 2,4-D 
concentrations have been influenced through toxic effect. 

- In all of three measurements (after 15, 30 and 45 days) root growth 
as well as elongation has been inchibated by 2,4-D applied right 
proportionallity that resulted by more root cells sensitivity on 
endogene phytochormones as 2,4-D.  

- After 15 and 30 days under 2,0 and 4,0 mg/l stomata parameters 
values have been increased than at 8,0 mg/l whereas shown 
decreasing. 

- After 45 days the stomata number increased under 2,0 and 4,0 mg/l 
2,4-D concentration while under 8,0 mg/l this parameter decreased. 
All of applied 2,4-D concentrations have been influenced toxically 
on stomata length and width. 
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Tab.1. Changes  at morphological  parameters  by  cucumber (Cucumis sativa L.)  
plants  treated with different 2,4-D concentrations (after 15 days). 
 

 
 

Control 

Height of 
stem 
(cm) 

Length of 
root 
(cm) 

Length of 
leaves 
(cm) 

Width of 
leaves 
(cm) 

Width of 
main leaf 
nerv 
(mm) 

h 7.41 7.89 5.83 7.13 1.77 
Sh 0.13 0.07 0.14 0.08 0.28 
σσσσ2 1.01 0.56 0.80 0.59 0.50 
CV 13.57 7.13 14.04 8.45 28.32 
2,0 mg/l 
h 9.37 7.12 6.45 7.24 1.92 

Sh 0.17 0.20 0.17 0.13 0.29 

σσσσ2 1.62 1.43 1.14 0.91 0.54 
CV 17.30 20.50 17.42 12.86 28.85 
4,0 mg/l 
h 8.21 6.15 6.77 7.82 1.98 

Sh 0.19 0.05 0.18 0.08 0.29 

σσσσ2 1.58 0.58 1.18 0.63 0.54 
CV 19.42 5.32 17.80 8.14 28.85 
8,0 mg/l 
h 8.13 5.82 7.99 8.69 2.03 

Sh 0.20 0.16 0.07 0.07 0.27 

σσσσ2 1.62 1.41 0.56 0.57 0.48 
CV 20.22 16.10 7.08 7.49 26.64 
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Tab.2. Changes  at morphological  parameters  by  cucumber (Cucumis sativa L.) 
plants treated with different 2,4-D concentrations (after 30 days). 
 

 
 

Control 

Height of 
stem 
(cm) 

Length of 
root 
(cm) 

Length of 
leaves 
(cm) 

Width of 
leaves 
(cm) 

Width of 
main leaf 
nerv 
(mm) 

h 7.52 9.22 8.21 8.86 2.42 

Sh 0.11 0.07 0.10 0.14 1.54 

σσσσ2 0.84 0.60 0.78 1.25 3.67 
CV 11.37 7.43 9.64 14.38 15.34 
2,0 mg/l 
h 9.07 8.29 8.57 11.12 1.80 

Sh 0.05 0.05 0.06 0.04 0.14 

σσσσ2 0.47 0.49 0.50 0.39 0.25 
CV 5.26 5.34 5.84 4.48 13.98 
4,0 mg/l 
h 9.92 8.00 12.42 8.71 1.68 

Sh 0.07 0.05 0.04 0.02 0.15 

σσσσ2 0.59 0.62 0.30 0.17 0.24 
CV 6.97 5.17 3.62 2.19 14.61 
8,0 mg/l 
h 8.59 6.07 8.42 8.08 1.90 

Sh 0.01 0.04 0.08 0.05 0.11 

σσσσ2 0.13 0.33 0.10 0.52 0.20 
CV 1.54 3.75 8.17 4.76 10.87 
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Tab.3. Changes  at morphological  parameters  by  cucumber (Cucumis sativa L.)  
plants  treated with different 2,4-D concentrations (after 45 days). 
 

 
 

Control 

Height of 
stem 
(cm) 

Length of 
root 
(cm) 

Length of 
leaves 
(cm) 

Width of 
leaves 
(cm) 

Width of 
main leaf 
nerv 
(mm) 

h 10.77 11.01 7.92 9.15 1.90 

Sh 0.03 0.03 0.03 0.07 0.11 

σσσσ2 0.32 0.32 0.26 0.42 0.20 
CV 1.02 0.92 1.29 0.98 1.87 
2,0 mg/l 
h 10.99 10.89 7.80 8.40 1.70 

Sh 0.04 0.03 0.03 0.03 0.15 

σσσσ2 0.43 0.40 0.26 0.30 0.25 
CV 0.92 1.75 1.23 1.49 1.68 
4,0 mg/l 
h 11.98 8.23 6.33 6.39 1.22 

Sh 0.04 0.05 0.03 0.06 0.21 

σσσσ2 0.53 0.44 0.16 0.27 0.25 
CV 1.41 0.75 0.64 0.92 1.76 
8,0 mg/l 
h 10.08 8.11 9.19 9.71 2.32 

Sh 0.03 0.06 0.02 0.03 0.11 

σσσσ2 0.31 0.59 0.16 0.30 0.24 
CV 1.05 1.55 0.76 1.15 1.09 
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Tab.4. Changes at stomata parameters under different 2,4-D concentrations by 
cucumber (Cucumis sativa L.)  plants (after 15 days).  
 
          
 Face leaf side Reverse leaf side 
Control Number Length Width Number Length Width 
h (µµµµm) 25.17 22.50 10.67 31.50 21.83 9.42 

Sh 0.13 0.09 0.11 0.07 0.05 0.11 

σσσσ2 0.94 2.03 0.82 0.33 0.62 1.07 
CV 3.52 9.51 1.64 1.46 1.21 1.87 
2,0 mg/l 
h (µµµµm) 25.50 28.17 11.50 31.83 23.17 11.08 

Sh 0.12 0.04 0.11 0.08 0.06 0.11 

σσσσ2 0.94 0.45 0.86 0.45 0.98 0.78 
CV 1.12 1.16 1.09 0.77 1,00 1.37 
4,0 mg/l 
h (µµµµm) 33.00 28.25 12.75 43.17 41.83 11.75 

Sh 0.10 0.04 0.11 0.08 0.45 0.11 

σσσσ2 0.62 0.32 0.44 0.34 0.98 0.56 
CV 1.47 1.03 0.93 0.85 1.84 0.92 
8,0 mg/l 
h (µµµµm) 17.00 23.58 11.50 30.00 26.08 10.50 

Sh 0.15 0.04 0.08 0.01 0.05 0.11 

σσσσ2 0.49 0.22 0.24 0.24 0.26 0.24 
CV 1.11 0.91 1.61 0.96 0.81 0.93 

 
 
 
 
 
 
 
 
 
 
 
 
 



Godi{en zbornik   2002 Institut za ju`ni zemjodelski kulturi-Strumica 
Yerbook                      2002 Institute of Southern Crops- Strumica 

 

 42 

Tab.5. Changes at stomata parameters under different 2,4-D concentrations by 
cucumber (Cucumis sativa L.)  plants (after 30 days).  
 
          

 Face leaf side Reverse leaf side 

Control 
Number Length Width Number Length Width 

h (µµµµm) 26.67 43.24 25.00 33.44 35.65 15.92 

Sh 0.51 0.07 0.09 0.13 0.07 0.08 

σσσσ2 0.40 0.33 0.91 0.53 0.56 0.62 
CV 0.92 0.71 1.67 1.28 0.70 1,17 
2,0 mg/l 
h (µµµµm) 27.35 50.08 29.58 34.75 41.75 19.92 

Sh 0.33 0.06 0.06 0.11 0.04 0.08 

σσσσ2 0.84 0.44 0.98 0.56 0.67 0.57 
CV 1.52 1.12 1.56 1.07 1.06 0.98 
4,0 mg/l 
h (µµµµm) 36.50 54.50 35.75 44.42 51.42 32.33 

Sh 0.14 0.05 0.04 0.14 0.07 0.07 

σσσσ2 0.33 0.74 0.63 0.66 0.39 0.86 
CV 0.94 1.06 0.75 1.14 0.79 1,00 
8,0 mg/l 
h (µµµµm) 14.00 40.42 17.00 31.03 36.75 13.58 

Sh 0.13 0.07 0.09 0.11 0.07 0.13 

σσσσ2 0.75 0.87 0.52 0.34 0.55 0.57 
CV 1.03 1,12 0,89 1.19 0.95 0.86 
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Tab.6. Changes at stomata parameters under different 2,4-D concentrations by 
cucumber (Cucumis sativa L.)  plants (after 45 days).  
 
          
 Face leaf side Reverse leaf side 
Control Number Length Width Number Length Width 
h (µµµµm) 27.00 69.25 27.00 35.10 43.25 20.78 

Sh 0.03 0.05 0.10 0.16 0.05 0.10 

σσσσ2 0.35 0.23 0.74 0.22 0.39 0.62 
CV 1.14 0.71 1.02 0.77 0.87 1.02 
2,0 mg/l 
h (µµµµm) 29.43 61.42 20.13 37.22 40.02 18.42 

Sh 0.44 0.07 0.09 0.10 0.07 0.09 

σσσσ2 0.97 0.29 0.31 0.23 0.82 0.67 
CV 1.61 0.57 0.94 0.84 1.09 1.12 
4,0 mg/l 
h (µµµµm) 31.88 56.00 17.71 46.85 39.08 13.00 

Sh 0.21 0.05 0.11 0.15 0.05 0.05 

σσσσ2 0.64 0.23 0.28 0.81 0.83 0.59 
CV 0.99 0.89 0.63 1.12 1.06 0.94 
8,0 mg/l 
h (µµµµm) 19.55 46.58 11.00 32.70 36.08 11.73 

Sh 0.15 0.06 0.11 0.04 0.06 0.02 

σσσσ2 0.52 0.48 0.42 0.31 0.22 0.15 
CV 0.94 0.83 1.02 0.76 0.65 1.26 
 
 
 
 
 
 
 
 
 
 
 




