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Evaluation of Chitosan Efficacy on Tomato Growth and Control of
Early Blight Disease
Soad. A. E. Algam1 and Mohammed. E. A. Elwagia2

ABSTRACT
Tomato (Solanum lycopersicom L.) is one of the world’s most widely cultivated crops. Among the inflicting
disease, early blight caused by Alternaria alternata is a major yield-limiting factor in Sudan. Management of the
disease has been hampered by use of ineffective fungicides. Chitosan is a natural nontoxic biopolymer derived
by deacetylation of chitin. The effects of chitosan at different concentrations against the early blight pathogen A.
alternata and growth promotion of tomatoes were evaluated in vitro and under field conditions. Three chitosan
concentrations (1, 3 and 5mg/ml) were used in vitro. Chitosan at 3mg/ml and 5mg/ml, was found to have strong
antifungal activity against A. alternata, and was selected for further studies. In addition, chitosan at the above
concentrations and the commercial fungicide Ortiva ( 250g/l Azoxystrobin) were used in vivo as treatments and
distilled water as control. Chitosan at 5mg/ml applied as foliar spray alone, or in combination with seed
treatment or seed treatment alone, reduced disease severity by 46%, while fungicide spraying reduced severity
by 46% compared to control. In general, regardless of the application method, tomato growth parameters were
significantly increased by chitosan treatments compared to control. Application of chitosan at 5mg/ml as foliar
spraying combined with 5mg/ml as seed treatment increased plant height and it is fresh and dry weight by 16%,
36%, 24% respectively; and when applied at 5mg/ml as foliar spraying combined with 3mg/ml as seed
treatment increased plant height, fresh and dry weight by 16%, 13% , 14%, respectively. This is the first study
on the use of chitosan for control of tomato early blight and promotion of growth of tomato plants in Sudan. In
conclusion, chitosan shows promise for enhancement of plant growth and control of A. alternata in tomato
particularly when applied at 5mg/ml.
Keywords: Alternaria alternata, chitosan, ortiva, tomato growth promotion.

Alternaria sp., is one of the most destructive diseases that

INTRODUCTION

affect quality and/or quantity of tomato product. In Sudan,
Tomato (Solanum lycopersicom L. Syn. (Lycopersicon

Abbo (2009) reported that A. alternata is the main causal

esculentum Miller) belongs to the family Solanaceae and is

agent of early blight disease. The lack of effective

grown for its edible fruits (Jones 2008; Caicedo and Peralta,

fungicides and/or resistant varieties incited the need for the

2013). Early blight disease, caused by the necrotoph fungus

development of alternative strategies for the management of

1

this disease. Biological control involving microbial agents
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or biochemicals offers an eco-friendly and cost-effective
alternative as an important component of an integrated
disease management program (Li et al., 2007).
Chitosan is a natural nontoxic biopolymer derived by
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deacetylation of chitin, a major component of the shells

University of Khartoum, and was maintained on PDA

of crustacean such as crab, shrimp, and crawfish. In

medium.

recent years, applications of chitosan in the fields of

Antifungal effect of chitosan

medicine, food, chemical engineering, pharmaceuticals,

Using agar dilution method (Pillai et al., 2005;

nutrition, environmental protection and agriculture have

Hanlon et al., 2007), sterilized chitosan stock solution

received considerable attention (Li et al., 2007 and

was incorporated into sterilized cool melted PDA at 50

ElHadrami et al. 2010). Applications of chitosan in

̊C (Muñoz et al., 2009; Laflamme et al., 1999) to obtain

environmental protection and agriculture include its use

concentrations of 1, 3 and 5mg/ml of chitosan-amended

as a biocontrol agent for controlling plant disease (Khan

media; then poured into 9-cm diameter sterilized Petri

et al., 2006). Algam et al. (2010) reported that chitosan

dishes. Plates receiving no chitosan served as controls.

successfully controlled Ralstonia wilt in tomato as well

The plates were then inoculated with 6-mm diameter

as promotes tomato growth. Application of chitosan to

fungal-plugs, fungus-side down, from the margin of 7-

tomato plants increases growth parameters and reduces

days old colony, then incubated at 27±2 ̊C. Two colony

diseased severity (EL-Tantawy, 2009). El-Mougy et al.

radii were measured daily up to ten days. Inhibition

(2006) reported that tomato root rot pathogens were

percentage was determined by the following equation

controlled using chitosan, and increased yield by 66.7%.

(Abd-Elkareem et al., 2006; Guo, et al. 2006):

Moreover, chitosan application reduced severity of
downy mildews in pearl millet (Sharathchandra, et al.

% of Inhibition =[(Xc-Xi)/Xc]×100,where

2004; Manjunatha et al. 2008; Nandeeshkumar, et al.,

Xc: mean of colony diameter in control plates.

2008). On the other hand, Jayaraj, et al., (2009) stated

Xi: mean of colony diameter of test plates.

that Alternaria radicina and Botrytis cinerea in carrot

Effect of chitosan on tomato growth

were well controlled by chitosan application. The

To study the effect of chitosan concentrations and

objectives of this study were to examine the effect of

methods of application on plant growth and disease

chitosan on mycelial growth of Alternaria alternata in-

development, a pot-experiment was carried out. Two

vitro, development of early blight in tomato and plant

chitosan

growth promotion.

application methods (seed treatment (ST) and foliar

concentrations

(3and

5mg/ml)

and

two

MATERIALS AND METHODS

spraying (FS) and their combinations were examined.

Preparation of chitosan

Treatments were comprised of the following: 3 mg/ml

Chitosan extracted from crab shell degree of N-

and 5 mg/ml foliar spraying (FS3 and FS5), 3 mg/ml

deacetylation (75%,Sigma Aldrich USA) was solubilized

and 5mg/ml seed treatment (ST3 and ST5), and the

in 1% acetic acid aqueous solution to obtain a

following combinations (ST3+ FS3), (ST3 + FS5), (

concentration of 10 mg/ml (stock solution).The solution

ST5 + FS3) and ( ST5+FS5). Pots receiving one spray

was alkalized to pH 5.6 with 1 N NaOH and autoclaved

with the fungicide Ortiva (Azoxystrobin) at 1.5ml/l

at 121 ̊C for 15 min (Algam et al.,2010).

served as standard and distilled water (D.W.) as control.
Each treatment

Source of the fungus

was replicated

four

times.

The

The fungus Alternaria alternata was obtained from

experiment was conducted under field conditions at the

the Plant Pathology Laboratory, Faculty of Agriculture,

nursery of the Department of Horticulture, Faculty of
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Agriculture, University of Khartoum, Sudan.

Chitosan-treated plants were sprayed with spore
suspensions of 50

or

100ml/plant until run-off

Seed treatment

(Sathiyabama and Balasubramanian, 1998; Chaerani et

As the pathogen A. alternata considered as soil

al., 2007). To maintain plants humid for a long time,

and/or seed-borne pathogen and causes seed rot, pre- and

inoculation was carried at dusk, then the plants were

post-emergence damping off; and seedling blight,

covered

therefore seed treatment is necessary. Moreover,

(Schaefer et al., 2005; Vloutoglou et al., 2000; Algam et

application of chitosan as seed treatment might enhance

al., 2010).

with

transparent

plastic

bags

overnight

plant resistance against foliar disease. However, tomato
(cv. peto-86) seeds were, surface sterilized by 2%

Disease severity assessment:

sodium hypochlorite for two

min, then thoroughly

Disease severity was recorded weekly up to the 4th

rinsed in sterilized distilled water several times. Seeds

week from appearance of the first symptoms according

were soaked into the two concentrations of chitosan (3

to the scale described by Pandey et al., (2003), and the

and 5mg/ml) for two hr. (Algam et al., 2010). Pre-

scale was then converted into percentages of early blight

germinated seeds were transferred to 30-cm ø plastic

index (PEBI) using the following formula:

pots containing sand: clay (1:3) soil. Ten seeds were
sown per pot, and then thinned to 3 plants /pot three
weeks later.
Then reduction percentage in disease severity was

Effect of chitosan on seed germination
To study the effect of chitosan concentrations on

calculated according to the following formula:

seed germination, germination test was carried out as
described by Lyall et al. (2003) and NandeeshKumar et
al. (2008).
The calculated severity index was subjected to

Foliar spraying with chitosan
Five-week old plants were sprayed with chitosan at

angular transformation before analysis.

3 and 5 mg/ml (20 ml/pot). Spraying was carried out 24

Plant growth promotion

hr. before inoculation using a 1000-ml capacity hand-

This was measured in terms of plant height at 21

held sprayer.

day intervals, while plant fresh and dry weights were

Inoculum preparation

recorded once. For dry weight, plants were dried in an

The fungus was periodically inoculated and re-

oven at 60̊ C for 3 days and weight was evaluated for

isolated from ripened tomato fruits. Fourteen days old

each treatment. The relative growth promotion efficacy

culture plates were each flooded with 10 ml sterilized

was estimated as follows (Algam et al. 2010):

distilled

water

containing

0.01%Tween20

(v/v)

(Schaefer et al., 2005). Spore concentration was adjusted
to 3×104 spores/ml by sterilized distilled water using a
Neubaur counting chamber. (Fontenell et al., 2011).

Statistics
Both laboratory and pot experiments were laid out in

Inoculation of tomato plants with A. alternata
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completely randomized design. Data obtained were

Mycelial growth of A. alternata was significantly

subjected to analysis of variance (ANOVA) and means

reduced on media amended by the tested chitosan

were separated using Duncan’s Multiple Range Test at

concentrations (1, 3 and 5 mg/ml) compared to control.

the 5% level of significance (Gomez and Gomez, 1984).

At the chitosan concentrations of 3mg/ml and 5mg/ml

Analysis of variance and mean separation were

fungal growth was fully inhibited while fungal growth at

performed by the statistical software SPSS 16.0.

the chitosan concentration of 1mg/ml was inhibited by
89% (Table.1)

Results
Effect of chitosan on mycelial growth of A. alternata

Table 1. Effect of chitosan concentration on growth of A. alternata
Chitosan concentrations

Mycelial growth (mm)

Inhibition (%)

5 mg/ml

0a

100

3mg/ml

0a

100

1mg/ml

10 b

88

Control

83 c

0

Probability

0.00**

Coefficient of variation

1.17%

Means followed by the same letter(s) are not significantly different at P<
0.05.
**Highly significant differences (P<0.01)
Effect of chitosan on seed germination

treatments significantly reduced early blight severity

The chitosan concentrations of 3 and 5mg/ml did not

compared to the control (P<0.05).

affect seed germination, which was 94% and 95%,

Results in Table 2 revealed that the highest reduction

respectively compared to the control (95%). ( Data not

percentage was achieved by spraying plants with FS5

shown in table).

(46%) followed by fungicide Ortiva treatment which

Disease severity

reduced severity by 46% and then ST5 + FS5 (46%), ST5

All plants were infected within three weeks after

(46%), ST3 + FS5 (43%) and ST5 + FS3 (43%). Less

inoculation in varied degrees. It was observed that

reduction in disease severity percentage was that in case of,

fungicide spraying or chitosan spraying alone or in

ST3 (37 %), ST3 + FS3 (36%) without statistical

combination with seed treatment delayed disease onset

significant differences. The less significant reduction

for a week. Regardless of the method of application, all

percentage was that of plants treated with FS3 (32).
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Table 2. Effect of chitosan and methods of application or fungicide on early blight severity under field conditions.
Treatments

Severity index (%)

Reduction (%)

FS5

29 a

46

FS3

37 b

32

S T5

29 a

46

ST3

34 ab

37

ST5 + FS5

29 a

46

ST5 + FS3

31 a

43

ST3 + FS5

31 ab

43

ST3 + FS3

34 ab

37

Fungicide

29 a

46

control

54 c

0.00

C.V.

10.56%

Means followed by same letter(s) are not significantly
different at 0.05level of significance. (ST= seed
treatment; FS= foliar spraying); (0= No chitosan
application. // 3= 3mg/ml chitosan and 5= mg/ml
chitosan)}
Growth promotion

FS3, plant height, and plant dry weight were increased

Regardless of the application method and tested

by 6%, and 4%, respectively, while plant fresh weight

concentrations, chitosan treatments or fungicide (Ortiva)

did not affected. In case of ST5 treatment increased

spraying resulted in plant growth promotion, i.e. plant

plant height, plant fresh and dry weights by 12%, 9%

height and plant fresh and dry weights, compared to

and 9%, respectively. Meanwhile ST3, treatment

control.

increased plant dry weights by 4%, whereas plant height

Results in Table 3 revealed that the ST5 + FS5

and plant fresh weight were not affected. Treatment

treatment increased plant height; plant fresh and dry

tomato plants with FS5 increased plant height, plant

weights by 16%, 36% and 24% respectively while in

fresh and dry weights by 9%, 3% and 4%, respectively.

case of ST5 + FS3 treatment, plant height, plant fresh

FS3 treatment increased plant height, plant fresh and dry

and dry weights were increased by 9%, 9% and 4%,

weights by 9%, 4% and 4%, respectively. Moreover

respectively. Application of chitosan as ST3 + FS5

application of the fungicide increased plant height by

increased plant height, plant fresh and dry weights by

12%, plant fresh weight by 12% and plant dry weight by

16%, 13% and 14% respectively, and in case of ST3 +

14% as compared to control.
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Table 3. Effect of chitosan concentrations and methods of application; and fungicide on height, and fresh and dry
weights of tomato plant.
Plant height

Plant weight

Treatment

Fresh

Dry

cm

GPE%

g

GPE%

g

GPE%

FS5

34abc

9

123b

3

22abc

4

FS3

34abc

9

124b

4

22bc

4

ST5

35ab

12

130b

9

23ab

9

ST3

31bc

0

120b

0

22abc

4

Chitosan alone
Foliar spray

Seed treatment

Combined treatments
ST5 + FS5

36 a

16

162a

36

26a

24

ST5 + FS3

34 abc

9

130b

9

22ab

4

ST3 + FS5

36 a

16

135b

13

24ab

14

ST3 + FS3

33 abc

6

120 b

0

22abc

4

FUNGICIDE

35 ab

12

133 b

12

24c

14

31c

0.00

119 b

0.00

21bc

0.00

CONTROL

*Means followed by the same letter(s) are not significantly different (P<0.05).
(ST=Seed treatment / FS= foliar spraying.
Discussion

been documented which may lead to reduction in use of

At the present time, the methods of plant protection

fungicides.

based on stimulation of natural mechanisms of resistance
to

fungal

diseases,

significance.

results in both in-vitro and in-vivo experiments. In the in-

Triggering of plant innate resistance using chitosan

vitro experiment, mycelial growth of the fungus A.

against most plant pathogens including fungi, bacteria

alternata was successfully inhibited by chitosan treatment,

and even some viruses has been well documented. This

varying from partial inhibition at low concentration to full

phenomenon are based on the fact that genes in the plant

inhibition at high concentrations, which is in agreement

genome,

of

with the result of Reglinski, et al.(2010), Abd-Alla and

resistance, often do not function completely because of

Haggag (2010), El Hassni et al. (2004), Muñoz and Moret

absence of appropriate external or internal inducer

(2010) and Prapagdee et al. (2007).

which

acquired

operate

great

In this study, application of chitosan gave promising

natural

mechanisms

(Tiuterev, et al. 1996). Hence promising results on the

It was observed that chitosan treatment did not affect

effect of chitosan against phytopathogenic fungi have

tomato seed germination. This result is consistent with
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Lizárraga-Paulín et al. (2011) as they did not find

Malki, (2011) reported that bean growth parameters

differences in germination rates in maize seeds treated

were positively enhanced upon chitosan treatment.

with chitosan, while it contrasted to what was reported

Moreover, the presence of chitogel (a formulated

by Reddy et al. (1999) who found an increase in

chitosan solution) in culture medium of Vitis vinifera L.

germination rates of wheat seeds treated with chitosan.

plantlets at 1.75 % (V/V), increased shoot and root dry

In the in-vivo experiment, disease development was

weights, stem length and number of nodes (Ait Barka et

greatly decreased by chitosan treatments and fungicide

al.,2004). Boonlertnirun et al. (2008) reported that

application.

Chitosan application reduced disease

chitosan application as seed soaking and/or soil drench,

severity in whatever concentration it was applied. This

increased rice growth parameters in terms of plant

result agrees with many researchers’ findings, where it

height, plant dry matter as well as grain yield. Spraying

was reported that application of chitosan as foliar spray

tomato plants with chitosan increased all vegetative

and/or seed treatment successfully controlled foliar

parameters expressed in plant height, number of

diseases; viz: severity of downy mildew in pearl millet

branches, number of leaves and plant fresh and dry

was decreased upon chitosan treatments (Manjuatha et

weight (El-Tantawy, 2009). On the other hand, in this

al., 2008; Sharathchandra, et al., 2004). Moreover,

study all chitosan concentrations did not show any

downy mildew in sunflower was kept in check by

phytotoxic effect on treated plants even at the

chitosan application (Nandeeshkumar et al., 2008).

concentration of 5mg/ml.

The plant growth promoting effects of chitosan

According to these results, it could be concluded that

observed in the present study are consistent with the

chitosan at 5mg/ml showed strong antifungal effect

results of many workers who reported that application of

against Alternaria alternata. Moreover, when applied as

chitosan could enhance the growth of many crops.

foliar spray and/or as seed treatment, it markedly

Algam et al. (2010) found that chitosan was able to

reduced early blight severity as well as promoted tomato

enhance the growth of tomato plants. Saad and Al-

plant growth.
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ﺘﻘﻴﻴﻡ ﻜﻔﺎﺀﺓ ﺍﻟﻤﺒﻴﺩ ﺍﻟﻔﻁﺭﻱ )ﺸﻴﺘﻭﺴﺎﻥ( ﻋﻠﻰ ﻨﻤﻭ ﺍﻟﺒﻨﺩﻭﺭﺓ ﻭﻤﻜﺎﻓﺤﺔ ﻤﺭﺽ ﺍﻟﻠﻔﺤﺔ ﺍﻟﻤﺒﻜﺭﺓ
2

ﺳﻌﻮد اﻟﻘﻢ ،1اﺣﻤﺪ اﻟﻮاﻗﯿﺔ

ﻤﻠﺨـﺹ
ﺍﻟﻁﻤﺎﻁﻡ ﻭﺍﺤﺩﺓ ﻤﻥ ﺃﻜﺜﺭ ﻤﺤﺎﺼﻴل ﺍﻟﺨﻀﺭ ﺍﻟﺘﻲ ﺘﺯﺭﻉ ﻋﻠﻲ ﻨﻁﺎﻕ ﻭﺍﺴﻊ ﻋﺎﻟﻤﻴﺎ .ﻭﻤﻥ ﺒﻴﻥ ﺍﻷﻤﺭﺍﺽ ﺍﻟﻤﺩﻤﺭﺓ ،ﻴﻌﺩ
ﻤﺭﺽ ﺍﻟﻠﻔﺤﺔ ﺍﻟﻤﺒﻜﺭﺓ ﺍﻟﺫﻱ ﻴﺴﺒﺒﻪ ﻓﻁﺭ Alternaria alternataﺍﻟﻌﺎﻤل ﺍﻟﺭﺌﻴﺱ ﺍﻟﻤﺤﺩﺩ ﻹﻨﺘﺎﺠﻴﺔ ﺍﻟﻁﻤﺎﻁﻡ ﻓﻲ
ﺍﻟﺴﻭﺩﺍﻥ ،ﻜﻤﺎ ﺃﻥ ﺇﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﺒﻴﺩﺍﺕ ﻏﻴﺭ ﺍﻟﻔﺎﻋﻠﺔ ﺃﻋﺎﻕ ﻤﻜﺎﻓﺤﺔ ﺍﻟﻤﺭﺽ  .ﺍﻟﻜﻴﺘﻭﺴﺎﻥ ﻫﻭ ﻤﺸﺘﻕ ﻜﻴﺘﻴﻨﻲ ﻤﻨﺯﻭﻉ ﻤﺠﻤﻭﻋﺔ
ﺍﻷﺴﺘﻴل .ﻟﺫﺍ ﻫﺩﻓﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺇﻟﻲ ﺘﻘﻴﻴﻡ ﺘﺄﺜﻴﺭ ﺘﺭﺍﻜﻴﺯ ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺍﻟﻜﻴﺘﻭﺴﺎﻥ ﻋﻠﻲ ﻓﻁﺭ  A. alternataﺘﺤﺕ ﺍﻟﻅﺭﻭ
ﻑ ﺍﻟﻤﻌﻤﻠﻴﺔ ﻭﺘﻁﻭﺭ ﻤﺭﺽ ﺍﻟﻠﻔﺤﺔ ﺍﻟﻤﺒﻜﺭﺓ ﻭﺘﺸﺠﻴﻊ ﺍﻟﻨﻤﻭ ﻓﻲ ﻨﺒﺎﺘﺎﺕ ﺍﻟﻁﻤﺎﻁﻡ ﺘﺤﺕ ﻅﺭﻭﻑ ﺍﻟﺤﻘل  .ﻜﻼ ﺍﻟﺘﺠﺭﺒﺘﻴﻥ
ﺍﺠﺭﻴﺘﺎ ﺒﺈﺘﺒﺎﻉ ﺍﻟﺘﺼﻤﻴﻡ ﺍﻟﻌﺸﻭﺍﺌﻲ ﺍﻟﻜﺎﻤل .ﺍﺴﺘﺨﺩﻤﺕ ﻓﻲ ﺍﻟﺘﺠﺭﺒﺔ ﺍﻟﻤﻌﻤﻠﻴﺔ ﺜﻼﺜﺔ ﺘﺭﺍﻜﻴﺯﻤﻥ ﺍﻟﻜﻴﺘﻭﺴﺎﻥ 1ﻭ  3ﻭ5
ﻤﻠﺠﺭﺍﻡ/ﻤل .ﺃﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻥ ﺘﺭﻜﻴﺯﻱ ﺍﻟﻜﻴﺘﻭﺴﺎﻥ  3ﻭ  5ﻤﻠﺠﺭﺍﻡ/ﻤل ﻟﻬﻤﺎ ﻨﺸﺎﻁ ﻗﺎﺘل ﻗﻭﻱ ﻋﻠﻰ ﺍﻟﻔﻁﺭ.ﺍﺴﺘﺨﺩﻡ ﻓﻲ
ﺍﻟﺘﺠﺭﺒﺔ ﺍﻟﺤﻘﻠﻴﺔ ﺍﻟﺘﺭﻜﻴﺯﻴﻥ  3ﻭ  5ﻤﻠﺠﺭﺍﻡ/ﻤل ﺒﺎﻹﻀﺎﻓﺔ ﺇﻟﻰ ﺍﻟﻤﺒﻴﺩ ﺍﻟﻔﻁﺭﻱ ﺫﺍ ﺍﻻﺴﻡ ﺍﻟﺘﺠﺎﺭﻱ  ortivaﺒﺎﻟﺠﺭﻋﺔ
ﺍﻟﻤﻭﺼﻰ ﺒﻬﺎ ﻭﺍﻟﻤﺎﺀ ﺍﻟﻤﻘﻁﺭ ﻜﺸﺎﻫﺩ .ﻀﻤﺕ ﺍﻟﻤﻌﺎﻤﻼﺕ ﺭﺵ ﻭﺭﻗﻲ ﻭﻤﻌﺎﻤﻠﺔ ﺍﻟﺒﺫﻭﺭ ﻭﺭﺵ ﻭﺭﻗﻲ ﻤﻊ ﻤﻌﺎﻤﻠﺔ ﺍﻟﺒﺫﻭﺭ.
ﺃﻭﻀﺤﺕ ﺍﻥ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﻜﻴﺘﻭﺴﺎﻥ ﺒﺘﺭﻜﻴﺯ  5ﻤﻠﺠﺭﺍﻡ/ﻤل )ﻜﺭﺵ ﻭﺭﻗﻲ ﺃﻭ ﻜﺭﺵ ﻭﺭﻗﻲ ﻤﻊ ﻤﻌﺎﻤﻠﺔ ﺍﻟﺒﺫﻭﺭ ﺃﻭ ﻤﻌﺎﻤﻠﺔ
ﺍﻟﺒﺫﺭﺓ( ﺍﺩﻯ ﺍﻟﻰ ﺍﻨﺨﻔﺎﺽ ﺸﺩﺓ ﺍﻟﻤﺭﺽ ﺒﻨﺴﺒﺔ  ، % 46ﺒﻴﻨﻤﺎ ﺍﺩﻯ ﺭﺵ ﺍﻟﻤﺒﻴﺩ ﺍﻟﻔﻁﺭﻱ ﺇﻟﻲ ﺨﻔﺽ ﺸﺩﺓ ﺍﻟﻤﺭﺽ
ﺒﻨﺴﺒﺔ  %46ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﺸﺎﻫﺩ .ﺒﻐﺽ ﺍﻟﻨﻅﺭ ﻋﻥ ﻁﺭﻴﻘﺔ ﺍﻟﺘﻁﺒﻴﻕ ،ﺍﺯﺩﺍﺩﺕ ﻤﻘﺎﻴﻴﺱ ﻨﻤﻭ ﺍﻟﻁﻤﺎﻁﻡ ﻤﻌﻨﻭﻴﺎ ﺒﻤﻌﺎﻤﻼﺕ
ﺍﻟﻜﻴﺘﻭﺴﺎﻥ ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﺸﺎﻫﺩ .ﺘﻁﺒﻴﻕ ﺍﻟﻜﻴﺘﻭﺴﺎﻥ ﺒﺘﺭﻜﻴﺯ  5ﻤﻠﺠﺭﺍﻡ/ﻤل ﻜـﺭﺵ ﻭﺭﻗﻲ ﻤﻊ 5ﻤﻠﺠﺭﺍﻡ/ﻤل ﻜﻤﻌﺎﻤﻠﺔ ﻟﻠﺒﺫﻭﺭ
ﺃﺩﻱ ﺇﻟﻰ ﺯﻴﺎﺩﺓ ﻓﻲ ﻁﻭل ﺍﻟﻨﺒﺎﺕ ﻭﺍﻟﻭﺯﻥ ﺍﻟﺭﻁﺏ ﻭﺍﻟﻭﺯﻥ ﺍﻟﺠﺎﻑ ﻟﻠﻨﺒﺎﺕ ﺒﻨﺴﺒﺔ  %36 ،%16ﻭ  %24ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻲ.
ﻭﻋﻨﺩ ﺘﻁﺒﻴﻘﻪ ﺒﺘﺭﻜﻴﺯ  5ﻤﻠﺠﺭﺍﻡ/ﻤل ﻜـﺭﺵ ﻭﺭﻗﻲ ﻤﻊ 3ﻤﻠﺠﺭﺍﻡ/ﻤل ﻜﻤﻌﺎﻤﻠﺔ ﻟﻠﺒﺫﻭﺭ ﺃﺩﻯ ﺇﻟﻰ ﺯﻴﺎﺩﺓ ﻓﻲ ﻁﻭل ﺍﻟﻨﺒﺎﺕ
ﻭﺍﻟﻭﺯﻥ ﺍﻟﺭﻁﺏ ﻭﺍﻟﻭﺯﻥ ﺍﻟﺠﺎﻑ ﻟﻠﻨﺒﺎﺕ ﺒﻨﺴﺒﺔ  %13 ،%16ﻭ  %14ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻲ .ﺘﻌﺩ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻫﻲ ﺍﻷﻭﻟﻲ ﻋﻥ
ﺇﺴﺘﺨﺩﺍﻡ ﺍﻟﻜﻴﺘﻭﺴﺎﻥ ﻓﻲ ﻤﻜﺎﻓﺤﺔ ﻤﺭﺽ ﺍﻟﻠﻔﺤﺔ ﺍﻟﻤﺒﻜﺭﺓ ﻭﺘﺸﺠﻴﻊ ﻨﻤﻭ ﻨﺒﺎﺕ ﺍﻟﻁﻤﺎﻁﻡ ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥ .ﻭﻨﺘﻴﺠﺔ ﻟﺫﻟﻙ ﻨﺠﺩ ﺃﻥ
ﺍﻟﻤﻌﺎﻤﻠﺔ ﺒﺎﻟﻜﻴﺘﻭﺴﺎﻥ ﺘﻌﻁﻲ ﺘﺄﺜﻴﺭﺍﺕ ﻭﺍﻋﺩﺓ ﻓﻲ ﺘﺸﺠﻴﻊ ﻨﻤﻭ ﺍﻟﻨﺒﺎﺕ ﻭﻤﻜﺎﻓﺤﺔ ﻤﺭﺽ ﺍﻟﻠﻔﺤﺔ ﺍﻟﻤﺒﻜﺭﺓ ﺨﺼﻭﺼﺎ ﺇﺫﺍ ﺍﺴﺘﺨﺩﻡ
ﺒﺘﺭﻜﻴﺯ 5ﻤﻠﺠﻡ/ﻤل ﻜﺭﺵ ﻭﺭﻗﻲ ﻤﻊ/ﺃﻭ ﻤﻌﺎﻤﻠﺔ ﺍﻟﺒﺫﻭﺭ.
ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﺩﺍﻟﺔ :ﺍﻟﻜﻴﺘﻭﺴﺎﻥ ،ﺍﻟﻁﻤﺎﻁﻡ ،ﻤﺭﺽ ﺍﻟﻠﻔﺤﺔ ﺍﻟﻤﺒﻜﺭﺓ.
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