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Abstract: Proper disposal of seafood wastes is a continuous problem along the Eastern shores of the United
States. Blue crab and scallop processing plants continuously dumped their residues into landfills, creating
management and environmental concerns associated with ground and drinking water pollution. Additionally,
build up of seafood waste generates an unpleasant odor and becomes an eye-sore to both tourists and local
communities. Consequently, the present study was designed to evaluate alternate uses for seafood wastes that
are economically feasible. The goal of this study was to isolate chitosan from crab exoskeletons and evaluate
its potential as a fungicide against seed infection and a plant growth enhancer. Chitosan was obtained by first
removing the shell-meat and recovering the calcium carbonate and proteins. Crab exoskeleton samples were
demineralized with either 0.5% or 1.0% HCl or 5% or 10% CH COOH. A growth enhancement study was3

conducted with black-eyed peas exposed to the different chitosan treatments. A similar anti-fungal experiment
with peanut seeds infested with Penicillium was conducted as well. Data on plants height, stem diameter and
leaf counts were recorded biweekly for 4 months and analyzed using PROC ANOVA and PROC General Linear
Model Statistical Systems. These measurements suggested that seeds pre-treated with the chitosan extracted
with 0.5%HCl had the best overall growth and both chitosan (0.5% HCl) and Captan were the most effective
in eliminating fungus from peanuts. This research presents plausible possibilities in which seafood waste can
be utilized for agricultural purposes.
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INTRODUCTION water and in agriculture as a plant fertilizer, plant growth

There are many products that utilize organic seafood can be utilized in a broad spectrum of health,
compounds  from  seafood waste. Chitin, a natural medical and environmental fields, leads to a better
polymer found in crustaceans is currently being used in solution for proper disposal of seafood wastes and
numerous medical applications such as bandages to prevention of excessive build up of seafood waste along
prevent continuous bleeding or as a wound dressing, or the US East coasts. 
to assist in controlling blood cholesterol [1-3]. It is most Crabs are an important seafood product of the United
commonly used as a commercial dietary supplement States. The cumulative amount of domestic landings for
because of its fat absorbing capabilities [1, 4]. Additional crabs in both 2003 and 2004, were more than 290,000
studies conducted show that chitin extracted from crab metric tons [8]. In addition, more than 70 percent of
exoskeleton and its derivatives can be useful in seafood including crabs is considered processed waste
environmental science, specifically for treating waste material [9]. In  Florida, disposal  of  seafood wastes  is a

enhancer and fungicide [1, 5-7]. The fact that discarded
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continuous environmental concern. Residues from crushing exoskeletons into smaller pieces using a meat
seafood processing plants dumped into landfills have tenderizer. Approximately 10 grams of crushed crab’s
created management and environmental problems related exoskeletons  wet  samples  were  placed  on foil paper
to water pollution [10, 11]. In fact, seafood waste disposal and measured using a Mettle balance. There were five
accounts for about 25% of the annual operating budgets measurements made of the wet crushed crab exoskeletons
of some Florida landfills [12, 13]. Disposal of residues in samples. The samples were then labeled and oven-dried
place other than landfills has produced economic strains for  4 consecutive  days at 65°C until constant weight.
for many processing plants, particularly  those  companies The dry weight of the samples were then determined and
along  the  eastern shore of the United States (e.g. Florida, the moisture content measured based on the differences
Georgia, North and South  Carolina shores respectively) between the wet and the dry weight. The average
that may have already been struggling financially. In moisture content of the crab exoskeletons was 12.96%.
addition, build up of wastes tends to attract pests (e.g., Extraction of chitin and chitosan: The chitin and
flies and mosquitoes), pathogens, encourage bacterial chitosan sequence involved the crushing and washing of
growth, produce offensive odor and create an eyesore to the discarded exoskeletons as described by Kim [6] and
tourists and local communities. The Florida Sea Grant by the Sonat Corporation [20]. The crabs’ exoskeletons
College Program therefore developed a project to help were placed in 250 ml beakers and treated in boiling
eliminate seafood wastes. To alleviate the stench of the sodium  hydroxide  (2%  and  4% v/v) for one hour in
discarded seafood wastes and the burden of already order to dissolve the proteins and sugars thus isolating
stressed landfills with large amounts of seafood wastes, the crude chitin. Since there was little knowledge about
crab’s  scraps  are mixed with  sawdust and bark from what to expect from the 2% and 4% sodium hydroxide
trees to produce compost [12, 14, 15]. Other programs and (NaOH) concentrations, the criteria established to assess
studies have also conducted similar projects using crab- the best results between the two concentrations were
discarded materials and sawdust for various treatments simply looking for any visible physical change such as
[16-19]. The  compost produced can be bagged and color and/or texture. Based on the fact that both sodium
bulked in quantity for further use. Granted, discarded hydroxide concentrations yielded no visual physical
waste is utilized as compost, the bulk of seafood waste change in the crab exoskeleton, the 4% NaOH was
and its improper disposal is still a problem. This project selected for use in the chitin preparation, which is the
was therefore designed to evaluate the chemical and concentration used by the scientists at the Sonat
physical properties of chitosan isolated from seafood Corporation [20]. After the samples were boiled in the
wastes to be used in agriculture and environmental sodium  hydroxide,  the  beakers  containing  the crab
science. This  research  presented   alternative  methods shell samples were removed from the hot plate, placed in
of using processed seafood wastes to the scientific the hood and allowed to cool for 30 minutes at room
community and to government  agencies.  It  also created temperature. The exoskeletons were then further crushed
an awareness of the value  and use of organic compounds to pieces of 0.5-5.0 mm using a Hamilton Beach, 7-speed
present  in seafood waste. The overall goal of this blender.
research  was  to  enhance the utilization of crab waste
and  help minimize environmental pollution associated Demineralization: The grounded exoskeletons were
with it. The specific objectives for this research were to divided into 4 sub-crab samples weighing approximately
extract  chitosan from crab exoskeletons and 1) evaluate 25 g each.  Each  sub-sample   was   demineralized  with
its  growth  enhancing  properties for plants, 2) evaluate 100  ml  of  HCl  using concentrations 0.5% or 1.0% and
its anti-fungal properties for seed storage and the remaining two samples with 5% or 10% acetic acid
preservation. (CH COOH) concentrations.  The  samples were allowed

MATERIALS AND METHODS carbonate). The demineralized crab shell samples were

Samples preparation: The crabs were obtained from solution to decompose the albumen into water soluble
Spears Seafood Market on Lake Bradford, in Tallahassee, amino-acids. The remaining chitin was washed with
Florida. The  crab  exoskeletons  collected   were  placed deionized water, which was then drained off. The chitin
in Ziploc bags and refrigerated overnight. Moisture was further converted into chitosan by the process of
content was determined on the crab waste by first deacetylation.

3

to soak for 24 h to remove the minerals (mainly calcium

then treated for one hour with 50 ml of a 2% NaOH
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Deacetylation: The  deacetylation  process was carried Chitosan fungicidal action: Chitosan powder treatments
out  by  adding  100   ml  of  50% NaOH to each sample
and then  boiled at 100°C for 2 h on a hot plate. The
samples were  then  placed  under  the hood and cooled
for 30 min at room temperature. Afterwards the samples
were washed continuously with the 50% NaOH and
filtered in order to retain the solid matter, which is the
chitosan. The prepared chitosan was then placed in 250 ml
beakers  and  labeled  according to the treatment used.
The samples were then left uncovered and oven dried at
120°C for 24 h. The chitosan was then in a creamy-white
form. The moisture percentage of the crab shell samples
was then evaluated.

Growth  enhancement:  Black-eyed  peas were selected
for this study because it germinates quickly, known to
grow well in sandy soil and is a common crop in Florida.
They can withstand considerable drought and a moderate
amount of shade. Black-eyed peas in Florida reach a
canopy  height  around  20-24  inches.  The  germination
of the seed is rapid at soil temperatures above 18°C.
Black-eyed peas have a competitive niche in soils that are
sandy [21]. 

The chitosan powder treatments (Table 1) were
applied to black-eyed peas. The black-eyed peas that were
treated in this experiment were purchased from Gramling’s
Incorporated on South Adams Street, Tallahassee,
Florida. The chitosan treatments used in this experiment
are listed in Table 1. There was also an untreated control
for the growth enhancement experiment. The following
procedure was used to pre-treat the seeds. Each chitosan
treatment was used to treat 5 black-eyed peas in 4
replicates at 3 different time periods: 30 min, 60 min and
120 min. The  reason  for  evaluating  time intervals for
pre-treatment was to establish whether time exposure to
the chitosan powder would have any effect on the
biological response of the seeds. The seeds were pre-
treated by first shaking the seeds and the powder
vigorously  for  one  minute, every 10-minute interval, in
a flat glass pan sealed with an air tight rubber cover. This
was to ensure even distribution of the chitosan powder
on the seeds. The treated seeds and the untreated group
(control) were then sown in small plastic trays (3 x 5")
containing topsoil. The chitosan treatments were used to
treat 20 black-eyed peas and 4 were sown per tray. The
trays  were then placed outdoors in an enclosed area.
Each  tray  was  labeled according to the treatment used
on the seeds. Germination and seedling growth was
evaluated for 14 days for each treatment.

and the commercial fungicide Captan were used to treat
the peanuts infected with the fungus Penicillium. The
purpose of this experiment was to test the action of
chitosan as a fungicide by eliminating the fungus, over a
six-week period compared to a commonly used commercial
product. Naturally infected peanuts with the fungus
Penicillium were provided by Dr. Onokpise, Department
of Forestry and Agronomy, College of Engineering
Sciences, Technology and Agriculture, Florida A&M
University, Tallahassee, Florida. The procedure for
conducting this experiment was as follow. The chitosan
treatments were used to treat the peanuts. The control
used was Captan, a white-powdered commercial fungicide.
There  was  also  a  non-fungicide  treatment to monitor
the growth rate of the fungus. A total of 15 peanuts with
5 peanuts  per  sterilized  Petri  dish  were  used for each
of the chitosan treatments and control. The fungus
equally covered the circumferences of each peanut under
investigation. The infected peanuts used, were stored in
small tightly sealed plastic containers in a growth chamber
(LAB LINE, Model 845) at a temperature of 22°C and
relative humidity of 22% until needed for the experiment.

To treat the infected peanuts, they were held with
forceps to minimize disturbance of the fungus and then
the chitosan powder and Captan were lightly brushed on
the seed coat. The treated peanuts were then placed in
sterilized petri dishes and maintained in the growth
chamber at a 16/8 hour photoperiod for monitoring. The
peanuts were evaluated by microscopic observations
biweekly for six weeks in order to investigate the rate and
success of the chitosan treatments between each other
and the Captan in eliminating the fungus. Results were
based on inferences made visually by noting the number
of peanuts from which the fungus was eliminated when
treated with the chitosan treatments and the commercial
fungicide Captan. The average and standard error for the
amount of peanuts from which the fungus was eliminated
for each treatment at the end of the six week study were
recorded. This experiment was repeated for another six
weeks using 5 infected peanuts per treatment in 3
replicates and data were recorded biweekly. Each time the
measurements were recorded, if there was no fungal
detection on any of the peanuts it was discarded and
recorded. 

Field study: The field study was conducted from August
to December. For the field studies, 5 black-eyed peas in
each   of  3   replicates  were  treated  using  the  chitosan
treatments at the best time period (Table 1) established for
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germination and seedling growth in the preliminary At the end of the experiment, soil samples were
studies. This was done by first shaking the seeds and the collected and analyzed for pH, nitrogen and moisture
powder vigorously for 30 minutes at 10 minute intervals contents. The reason for analyzing the soil’s conditions
for 1 min. The powder and the seeds were as described at the end of the experiment was to determine whether
above. The  seeds were then stored in Ziploc bags and chitosan caused any changes in the soil conditions that
the treatments were labeled according to the acid may have some effect on the growth of the plants. The
concentrations  that  were  used  for demineralization for soil samples were collected approximately 7 inches deep
24 hours at room temperature. using a soil samples tool. There were 3 soil samples as

Before the seeds were sown, the soil pH, nitrogen replicates taken from each treatments area and the
and moisture content were determined in the untreated control, from points exactly where the plants
Environmental Sciences Institute at Florida A&M were grown. The soils samples were then air dried for 3
University, Tallahassee, Florida. The College of days and placed in sealed glass jars and labeled according
Agriculture and Environmental Sciences Laboratory in to the area they were collected. For further analysis, the
Athens,  Georgia  analyzed  the  nitrogen  levels  of the seeds treated with chitosan were then placed in Ziploc
soil samples. Field plots were 60" x 60" comprised into bags, labeled according to the area from which they were
rows, each  labeled  according  to chitosan treatments. collected and transported on ice to prevent chemical
The treated seeds and the control were then sown in a alterations. 
Randomized Block Design in 3 replicates throughout the The  moisture  content of the various soil samples
experimental  area. The  seeds  were  sown 3 feet apart was analyzed and recorded. The pH of the soil was
from one another to allow sufficient growth space. analyzed by first dissolving 30 g  of the 3 soil samples

To evaluate chitosan effects on the plant form  each  treatment area, in 100 ml of deionized water.
morphogenesis, i.e.  average height, stem diameter and The pH meter then was calibrated and the pH of the soil
leaf number per plant were recorded. The height of the for each treatment area was then analyzed and recorded.
plant was measured as the distance start from the base of These soils analyses were done in the Environmental
the stem near the soil and extended to the apical bud of Sciences Institute at Florida A&M University,
the plant. The stem base diameter was measured using a Tallahassee, Florida.
6 inch dial caliper. All these measurements were in
centimeters. Data analysis: For the growth enhancement and fungicide

The leaves produced for each plant per treatment studies, the data was analyzed using the PROC ANOVA
were counted and then their average numbers per each and PROC General Linear Model (GLM) Statistical
treatment calculated. Data collection started at the Analysis Systems (SAS) with a 95% significance level.
beginning of the second month, in order to allow the The differences between the averages were compared
plants to fully establish. Measurements were then using Duncan Multiple Range Test (DMRT). For the
recorded  biweekly  within  the second month until the growth enhancement experiment, the data were analyzed
end of the fourth month. The measurements were for the differences between the average percentage
evaluated  and analyzed for variations between each of germination rates for seeds exposed to chitosan
the chitosan treatments and the untreated control. To treatments at the various time periods. For the fungicide
ensure successful growth of the black-eyed pea plants, studies, the data was analyzed and the differences
the weeds were uprooted biweekly from around the area between averages and the standard deviation from which
in which the plant was established, reducing competition fungus were eliminated on the peanuts for each treatment
from soil nutrients. was indicated. For the field studies, the data was analyzed

Rainfall during the four month study period was for the differences between the average leaf count, stem
recorded biweekly with a Herd Health Pluviometer diameter and height for the treatments used and the
reading. The average temperatures for each month untreated control. The results that have the same lower
throughout the four-month study period were recorded. case letters indicate that there was no significant
The data for the rainfall during that period was recorded difference between them (Table 2).
by the employees at the Florida A&M University
Research Center in Quincy, Florida. Other observations RESULTS
were noted throughout the experiment such as whether
pests attacked the plants causing deterioration or any Samples preparation: The results of the samples
other biotic and abiotic stress. preparation   are   presented   in  Table   1.   The  samples
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Table 1: Samples preparation and the different treatments used in the study

Crab exoskeleton Wet weight of Dry weight of Moisture content of Acid concentrations Chitosan

samples (g) crab shells (g) crab shells (g) crab shells (g) used for demineralization treatments

25.2 45.50 26.27 42.10 0.5% HCl Chitosan0.5%HCl

30.9 66.90 39.10 45.50 1.0% HCl Chitosan1.0%HCl

25.7 34.90 19.30 44.35 5% CH COOH Chitosan3 5%CH3COOH

25.1 39.40 24.20 34.90 10%CH COOH Chitosan3 10%CH3COOH

Table 2: Effects of chitosan treatments on growth of black-eyed peas, fungus-infected peanuts and soil nutrition

Seed germination %

--------------------------------- Plant morphogenesis

exposure time (min) Fungal Soil -------------------------------------------------------

--------------------------------- elimination moisture pH Nitrogen Mean Mean plant Mean stem

Treatments 30* 60 120 from Peanuts % content % level level leaf count height (cm) diameter (cm)

0.5% HCl 90a 60b 80a **3.7a 14.3 6.1a 0.0222% ***2.88ab 8.81a 0.33a

1% HCl 80a 60b 60b 2.8b 14.9 6.3a 0.0228% 3.29a 7.96bc 0.28b

5% CH COOH 75a 55b 65b 2.7b 14.0 6.1a 0.0230% 3.04ab 8.28bc 0.26b3

10% CH COOH 85a 55b 40b 2.6b 15.1 6.2a 0.0220% 2.65b 7.25c 0.25b3

Control 3.3a 10.8 6.2a 0.0237% 1.80c 5.56d 0.18c

16.1 6.4a 0.242%

(IMC) (SP) (INL)

The values listed in the table represent average counts of the replicates taken over the respective growth for the plants or exposure period for the fungicide

*Length of time, the seeds were exposed to the chitosan. **Average number of peanuts from which the fungus was eliminated after exposure to chitosan.

***Within a column, data with the same letter are not significantly different at the 5% level (P<0.05)

IMC (Initial Moisture Content of the soil), SP (Starting pH of the soil at the beginning of the experiment), INL (Initial Nitrogen Level of the soil at the

beginning of the study)

preparation included extraction of chitin and chitosan, treated with chitosan 0.5% HCl for 30 min, produced the
demineralization and deacetylation of crab exoskeletons. greatest percentage of germination compared to the other
For each treatment used (Table 1), the amount of crab treatments. However, the germination ratio (%) for plants
exoskeleton collected varied from 25 to 30 g, while the wet exposed to chitosan 0.5% HCl was homogenous with the
weight of crab ranged from 34 to 67 g. The samples one of the untreated control.
preparation included the dry weight and the moisture
content  of  the crab samples as well, which ranged from Chitosan fungicidal action: The results of the laboratory
19 to 39 g and 34 to 45 g, respectively. studies  for  the  fungicide  experiment  at  the end of the

Growth enhancement: The results for the laboratory peanuts that were exposed to each treatment was 15.
studies enhancement experiment are shown in Table 2. Within the first two weeks, none of the treatments were
The data represent the percentage seed germination after effective in reducing or eliminating the fungus, because
being treated for the various time periods. Results showed Penicillium was still present on all of the peanuts. At the
that the seeds exposed to chitosan for 30 min prior to end of the fourth week, chitosan 0.5% HCl, chitosan 1.0%
planting achieved a better germination percentage when HCl and chitosan 5% CH COOH treatments eliminated
compared to those exposed to chitosan for 60 and 120 min fungus from 53% of the peanuts. The chitosan 10%
respectively. Those exposed for 60 min showed less CH COOH treatment and control eliminated 47% of the
germination than those treated for 120 min, however there fungus.
was no  significant  difference  between  these results. At the end of the six-week period, chitosan 0.5% HCl
The seeds exposed for 30 min to chitosan showed higher eliminated fungus from 73% of the peanuts; chitosan 1%
germination rates (%) compare to the untreated control. HCl eliminated fungus from 60% of the peanuts; chitosan
Also,  the seeds exposed to chitosan treatments were 5% CH COOH eliminated fungus from 57% of the peanuts
taller than the untreated control. Furthermore, the seeds and the control eliminated fungus from 67% of the

6-week period are shown in Table 2. The total number of

3

3

3
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peanuts. From these studies, chitosan 0.5% HCl and the assisted in stimulating the synthesis of protective agents
control showed the best response as anti-fungal agents [7]. Chitosan and its oligosaccharides contributed to plant
under laboratory conditions. There was no significant growth by acting as natural elicitors or Catalysts inducing
difference (P<0.05) between the chitosan 0.5% and the pathogenesis related proteins such as chitinase enzymes
control. for young seedlings. As indicated by Ohta et al., [7],

Field study: The results of the field studies shown in defense mechanism but with the assistance of chitosan
Table 2, presented average leaf count, height and stem the defense mechanism is stimulated earlier than the
diameter of the plants that were under investigation for normal cycle of the seedlings growth therefore providing
the four month study. The results for average leaf count protection at an earlier stage.
of plants whose seeds were treated with chitosan 1.0% In black-eyed peas, chitosan may have acted as a
HCl and chitosan 5% CH COOH treatments, revealed signal for cellulose response of the chitinase enzyme in3

better leaf production. The average number of leaves the plants to initiate their defense mechanism against
when treated with chitosan 1% HCl and chitosan 5% phytopathogenic infections. Once the defense mechanism
CH COOH were 3.29 and 3.04 respectively. The average of the plants was initiated by the chitosan and chitinase3

leaf count for the untreated control was 1.80 therefore enzyme activities, the plants were able to grow more
were less than the plants whose seeds were treated with productively  without undergoing any deterioration due
chitosan treatments. The average height of the plants to infection. Chitosan inducing the defense mechanism of
treated with chitosan was greater than the untreated the plants also provides protection against environmental
control. However the height of the plants treated with stress such as drought and maintains stability of the
chitosan 0.5% HCl and chitosan 5% CH COOH was better plant. For instance, the stems of the chitosan treated3

than all other plants. The average height for chitosan plants were much thicker than the untreated control. As
0.5% HCl and chitosan 5% CH COOH treatments were the temperature decreased from August to December the3

8.81 and 8.28 cm respectively. The overall results for the stems of the treated plants continued to thicken. The
untreated control in regard to the height of the plant were stems of the untreated control however were much thinner
significantly lower than the experimental plants, therefore during the dry season, which was between November and
the height growth process was much slower for the December.
controls. A previous study was done on the effect of chitosan

For evaluations of the stem diameter, plants in which treatments on plants during heat stress by Duke and
the seeds were treated with chitosan 0.5% HCl gave the Doehlet [22]. The results of their study were consistent
best results indicating that the plants readily established with the idea that increased heat affected the productivity
themselves. The  average  stems diameter  of  the plants of plants. However with decrease in temperature,
when treated with chitosan 0.5% HCl was 0.32 cm. For the producing cold stress during the growth enhancement
untreated control, the average stem diameter was 0.18 cm. study, chitosan was still able to maintain healthy growth.
There were also some pest and predator activities during This then presents the idea that if modifications are made
the study which might have affected the growth success to the production and application of chitosan, the plants
of the plants. Pests such as beetles, caterpillars and should be able to grow productively under heat stress. 
butterflies  attacked  the  plants deteriorating the quality Since the nitrogen levels in the soil samples for areas
of the leaves of the plants. Also deer trampled through where chitosan treatments on plants were used were lower
the experimental area disturbing the growth process of than the soil samples of the control, this indicated that
some of the plants. However all plants were exposed to chitosan may  have induced the absorption capacity of
the same conditions at all times. the treated plants (Table 2). Therefore nitrogen was

DISCUSSION to their successful growth. Also chitosan alone contains

According to the results of the growth enhancement crab shells, therefore the additional nitrogen was utilized
experiment conducted in the field, it appears that the by the chitosan treated plants [23]. 
chitosan treatments were successful in giving a better The ß-D-glucosamine, chitosan also contributed to
plant growth than the untreated control. Chitosan, which the absorption of water present in the soil. The more
is chemically an amino sugar, ß-D-glucosamine, may have moisture in the soil, the more ß-D-glucosamine becomes

chitinase enzyme is already present in the plant as a

readily taken up by chitosan treated plants contributing

approximately 6.8% of all other minerals present in the
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present  increasing  the plants absorption ability. produce beneficial results. However the results for plants
Chitosan also assisted in conserving water in the plants treated with chitosan 5%CH COOH were more successful
by closing the stomata and decreasing transpiration and than the results of the untreated control. The results for
maintaining production of plants [24]. As a result, during this study were compatible with the growth enhancement
the dry season when rainfall was low, the chitosan treated results done by Goosen [26].
plants were able to provide themselves with water to As for the effects of chitosan and Captan treatments
prevent wilting and continued to circulate the nutrients in on fungal growth, chitosan 0.5%HCl treatment gave the
the plant for successful growth. Therefore the numbers of best result in eliminating and inhibiting fungal growth
leaf foliage for chitosan treated plants in this study was from  the  peanuts  for both the preliminary and final
greater than the untreated control due to the ability of study. Chitin is a protein that is present in the fungal cell
these plants to conserve more water. The untreated walls, assisting with cell structure. However chitosan
control during the dry season was not able to provide hydrolyzes chitin in the cell walls and deteriorate the cell
itself with additional water, so began to deteriorate as the structural component, such as cell wall thickening and
season changed. At the end of the experiment the pH hyphal distortion [27]. Chitosan has good adherence
level of the  soil  for the various sample areas including capabilities. Once applied to the seed coat of the infected
the  untreated control slightly decreased from the initial peanuts, it immediately adhered to the fungus and began
pH of the soil. The pH of the soil was between 6.0 and 6.5 its reaction. Chitosan acted as a catalyst stimulating
(Table 2). The change in pH of the soil was not chitinase enzymes, initiating the defense mechanism of
significant, therefore had no tremendous impact on the the peanut. Once the defense mechanism was initiated,
growth of the plants. the fungal cell walls underwent some disturbances. The

Though the chitosan treatments were more chitosan began to destroy the cell walls by causing
successful in growth compared to the untreated control, leakage of amino acids and proteins which support the
there were some variations in the results among the fungal cell walls causing cytological damage [5]. As a
chitosan treated plants. For instance the plants treated result the cell walls began to erode. Therefore chitosan
with chitosan O.5%HCL gave the best overall result in the 0.5% HCl treatment was consistent with its effectiveness
growth enhancement study because it had the best for plant growth enhancement as well as a fungicide. 
results for 2 of the 3 characteristics that were under However, the commercial product captan was more
investigation.  The   characteristics  included  achieving effective than chitosan 1%HCl, chitosan 5%CH COOH
a  greater  height  and  stem   diameter.   The  chitosan and  chitosan  10%CH COOH  treatments  in inhibiting
l.0% HCL  treatment  achieved a greater percentage for and eliminating the fungal growth of Penicillium.
leaf production. Although plants treated with chitosan Research conducted previous to this study, indicated that
5%CH COOH did not give the best overall results. It had the commercial fungicide prochloraz was more effective in3

a relatively good performance in terms of percentage for eliminating Penicillium than the chitosan treatments
average leaf count and height of the plants. under investigation [28]. However the Chitosan 0.5%HCl

The 0.5% HCL acid that is commonly used by treatment  gave  better  results  for  fungal  elimination
scientists  in the demineralization process [25] and used than the commercial fungicide captan. Of course the
in  this  experiment  for  chitosan  production, can prochloraz may be a more effective fungicide than captan,
therefore be substituted with a weak, organic and more but its effectiveness compared to chitosan treatments in
environmentally  friendly  acid such as the acetic acid this study is yet to be investigated. Therefore further
used in the demineralization process. Since chitosan 5% investigations can be conducted to evaluate fungal
CH COOH produce  significant  good results in the elimination and inhibitory activity of the chitosan3

growth enhancement study, it therefore has the potential 0.5%HCl treatments compared to other commercial
to successfully be applied to other environmental and fungicides that are being used today.
agricultural  areas  once  further  modifications are made There was one difference in the results between the
to  the  methodology to enhance chitosan production. laboratory studies of the fungicide experiment and the
The results for chitosan 10%CH COOH treatment after final fungicide experiment. The number of peanuts in3

evaluating the success of the plants average height, leaf which the fungus was eliminated was greater for the
count and stem diameter were significantly lower than the laboratory studies than the final experiment. This is
results of the other chitosan treatments. This indicated because the fungal growth on the peanuts for the
that a higher percentage of acetic acid used did not laboratory     studies      was    less    abundant     on    the

3

3

3
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circumference compared to the peanuts in the final that are being used today. The use of chitosan and other
experiment. As a result, the chitosan treatments and processed seafood waste material for agricultural
captan  were able to eliminate  the  fungal  growth more purposes, instead of some commercial fertilizers and
readily. However from simple microscopic observations, fungicides that are being used today, can prevent excess
the fungus on the peanuts in the final fungicide amounts of chemical buildup that may enter the
experiment did undergo some reduction on the environment resulting in pollution.
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Abstract:  Effects  of  temperature (9, 15, 21, 27 and 33°C) and water stress (water potentials of 0, -0.3, -0.6 and
-0.9 MPa) on germination and early rooting of three barley (Hordeum vulgare L.) cultivars were studied. High
temperatures (27, 33°C) reduced germination rate and percentage, but these effects were more pronounced
under high stress conditions. Main axis and total root lengths were highest at temperatures 21 and 27°C
regardless of water stress level, while the highest number of seminal roots was obtained at temperatures
between 15 and 27°C. Water stress caused significant reductions of both germination and rooting characters.
The cultivar Rehani -3 had the highest germination percentage and rate among studied cultivars, while SLB-6
cultivar had generally the highest main axis and total root lengths regardless of temperature and water stress
level, which may indicate that roots of this cultivar could elongate rapidly which ensuring better water supply
under arid and semiarid conditions.

Key words: Germination % Hordeum vulgare % root elongation % arid region % water potential

INRODUCTION [8-11]. The rate and final percentage of germination of

Barley (Hordeum vulgare L.) is one of the most [1, 12]. The results of early studies on the effects of
widely grown crops in arid and semiarid regions of the temperature on different plant species showed that there
world. It is grown mainly as feed grain or it can be grazed was a broad optimum temperature for the growth of
before heading in dry years. Seeding at the optimum date seedlings [9, 10, 13]. However, seedling establishment
(usually in fall) or even earlier is important in barley may be hindered by a rapid drying of surface soils after
production in Mediterranean arid regions. High being wetted [1, 14]. Therefore, plants grown in these
evaporation rates due to high temperatures may occur environments should have the ability to develop a root
during the common sowing time of barley, resulting in a system rapidly once seed germination has occurred, in
rapid drying of surface soils after being wetted and order to ensure a continuous water supply for
causing a marked decrease in soil water potential [1, 2]. transpiration   and  growth. Sometimes, the plant's need
The seeds of barley show a delayed or reduced for  water  can  be  met  by  a  rapidly  elongating  main
germination when the water potential of surrounding axis [9], while in other situations many long laterals are
medium decreases [1, 3, 4]. Also the sensitivity to water needed to exploit  the  water  found  in  a  thin  layer  of
stress differs greatly in relation to genetic and wetted surface soil.
environmental factors [5-7]. Little information was found in the literature about

The effect of unfavorable weather is probably more
critical during germination and early seedling
development stages than at any other stage of vegetative
growth. Successful germination of the seeds under a wide
range of environmental conditions (e.g., temperature and
moisture)  is  important  for early seedling establishment

cereals  are  affected  by  moisture stress and temperature

the combined effects of temperature and water stress on
germination and early root growth of different barley
cultivars. The objectives of this study were to test the
hypothesis that seed germination and early root growth
of barley cultivars are affected by temperature and water
stress and to determine if genetic variability exists
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between barley cultivars in response to these stress Data were statistically analyzed using analyses of
factors. variance in the MSTATC PROGRAM (Michigan State

MATERIALS AND METHODS were used to indicate significance among treatments and

Seed lots of the barley cultivars Rehani-3, SLB-6 and comparisons among means.
Rum were used in this study. Seeds of all cultivars had
similar initial moisture contents of 8-10%. Thirty seeds RESULTS
from each cultivar were germinated on two layers of
Whatman filter paper, in 9-cm petri dishes containing The temperature (T) and water potential (WP)
different potentials of osmotic solution created by adding treatments  and the T×WP interactions provided
polyethylene  glycol  8000  (PEG)  at 0, 16.0, 19.5 and numerous  significant  responses  for  most  of  the
22.5% in  solution  (W/W)  (equivalent  to approximately studied plant traits (Table 1). Cultivars (C) had significant
0, -0.3, -0.6 and -0.9 MPa, respectively). The petri dishes differences  for   all   germination  and  rooting traits
were placed  in  an incubator at the appropriate except for root fresh weight. Other significant interaction
temperature (9, 15, 21, 27 or 33°C) in the dark. The effects were T×C  and  WP×C  for final germination
treatments were placed in a factorial arrangement in a percentage and rate index and T×WP×C for germination
completely randomized design with four replications. rate index.
Distilled water was added to each petri dish to replace the In all cultivars, the final germination percentage was
evaporated water. highest at 15°C and started to decrease as the temperature

Seeds were considered germinated when they increased with the lowest at 33°C, regardless of water
exhibited radicle extension of  >3 mm. Counts of potential (Table 2). Final germination percentage at 9°C
germinated seeds were made daily during the course of was significantly lower than at 15°C only for the cultivars
the experiment to determine both final germination Rum and Rehani-3. As water potential in the medium
percentage and germination rate index. Final germination decreased (0 to-0.9 MPa), the final germination percentage
percentages were calculated from total number of seeds was decreased in all cultivars. The genotypic differences
germinated divided by total number of seeds used. The in response to temperature and water potential for final
germination rate index was determined by using the germination were highly significant. The cultivar Rehani-3
procedure described by Al-Karaki [1]: Germination rate had higher final germination percentage than the other
index = EG /D  two cultivars regardless of temperature or water potentialn n

Where, G  are germination percentages at different (Table 2). However, the cultivar Rum generally had then

days (D ) after initiation of germination. lowest final germination percentage regardless ofn

The experiment was terminated by harvesting temperature or water potential. 
seedlings three days after no more germination occurred. The germination rate index decreased (more time
After the Main Axis Root Length (MARL) was measured needed for germination) as water potential of medium
by a ruler and Seminal Root Number (SRN) was counted decreased (more stress) in all cultivars (Table 3). Highest
for each seedling, the seedlings were separated into germination rate of the seeds of all cultivars occurred at 15
shoots and roots. The total root root mass was weighed and 21°C and decreased thereafter with increasing
to determine Root Fresh Weight (RFW). Ttotal Root temperature regardless of water potential. The cultivar
Length (TRL) were measured according to the procedure Rehani-3 had higher germination rate than the other two
described by Al-Karaki [1]. cultivars regardless of temperature or water potential. The

Univ., East Lansing, MI). Probabilities of significance

interaction effects. LSD (p<0.05) was used to make

Table 1: Probabilities of significance for different traits of barley as affected by Temperature (T), Water Potential (WP) and Cultivar (C)

Trait T WP C T×WP T×C WP×C T×WP×C

Final germination ** ** ** ** ** ** ns

Germination rate ** ** ** ** ** * *

Main axis root length ** ** * ** ns ns ns

Total root length ** ** * ** ns ns ns

Seminal root number ** ** * ns ns ns ns

Root fresh weight ** ** ns ** ns ns ns

** and * are significant at p<0.01 and p<0.05, respectively. ns: not significant
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Table 2: Effects of temperature and Water Potential (WP) on final germination (%) of three barley cultivars

Temperature (°C)

----------------------------------------------------------------------------------------------------------------------------------------

WP (-MPa) Cultivar 9 15 21 27 33

0 Rum 80 b-g 87 a-d 70 d-j 52 k-o 30 r-u¶

Rehani-3 91 ab 98 a 91 ab 67 f-k 62 h-m

SLB-6 90 a-c 91 ab 91 ab 50 l-p 35 p-s

0.3 Rum 74 d-I 84 a-e 54 j-n 29 r-v 27 r-v

Rehani-3 91 ab 98 a 84 a-e 59 i-m 58 i-m

SLB-6 84 a-e 89 a-c 85 a-e 49 m-q 24 r-v

0.6 Rum 67 f-k 83 a-f 54 j-n 28 r-v 20 t-v

Rehani-3 89 a-c 98 a 81 b-j 57 j-m 40 n-r

SLB-6 82 a-g 83 a-f 69 e-d 33 q-s 23 s-v

0.9 Rum 66 g-l 76 c-h 36 o-s 13 v 14 u-v

Rehani-3 78 b-h 87 a-d 78 b-h 34 p-s 32 r-t

SLB-6 78 b-h 80 b-j 59 i-m 20 s-v 16 t-v

Values followed by the same letter(s) are not significantly different (p = 0.05) according to LSD

Table 3: Effects of temperature and Water Potential (WP) on germination rate index of three barley cultivars

Temperature (°C)

-----------------------------------------------------------------------------------------------------------------------------------------

WP (-MPa) Cultivar 9 15 21 27 33

0 Rum 16.2 n-w 24.6 f-m 22.5 g-p 19.2 k-r 8.2 w-y¶

Rehani-3 22.7 f-p 43.1 ab 48.5 a 36.0 b-e 33.5 c-e

SLB-6 19.6 i-r 30.9 d-f 33.9 c-e 17.8 l-t 9.9 t-y

0.3 Rum 15.5 o-w 25.7 e-l 24.1 f-n 14.5 p-w 11.7 r-x

Rehani-3 21.3 h-q 29.8 d-j 40.7 a-c 28.9 d-h 26.7 e-k

SLB-6 17.2 m-v 27.9 d-i 39.4 bc 27.6 e-j 13.3 q-x

0.6 Rum 15.1 o-w 23.0 f-o 24.6 f-m 5.7 xy 9.0 u-y

Rehani-3 19.5 j-r 28.4 d-h 42.7 ab 22.4 g-p 17.3 m-u

SLB-6 18.3 l-s 27.6 e-j 25.0 f-m 13.1 q-x 8.9 v-y

0.9 Rum 13.1 q-x 22.7 f-p 10.1 s-y 2.5 y 2.0 y

Rehani-3 18.1 l-t 23.5 f-o 30.4 d-j 13.2 q-x 9.8 t-y

SLB-6 19.1 k-r 24.1 f-n 22.4 g-p 5.9 xy 2.7 y

Values followed by the same letter are not significantly different (p = 0.05) according to LSD

Table 4: Effects of temperature and Water Potential (WP) on main axis root length (cm/seedling) of three barley cultivars

Temperature (°C)

-------------------------------------------------------------------------------------------------------------------------------------------

WP (-MPa) Cultivar 9 15 21 27 33

0 Rum 1.9 q-t 5.8 f-l 9.2 a-d 10.2 ab 6.9 d-I¶

Rehani-3 1.8 r-t 5.8 f-l 7.2 c-h 9.9 ab 6.4 e-j

SLB-6 2.5 o-t 6.4 e-j 10.0 ab 10.5 a 7.3 c-h

0.3 Rum 1.9 q-t 6.0 e-k 5.0 h-n 7.4 c-g 5.1 g-n

Rehani-3 1.8 r-t 4.3 j-p 7.0 c-i 8.0 b-f 7.0 c-i

SLB-6 2.1 p-t 5.8 f-l 8.2 a-e 9.3 a-c 6.1 e-k

0.6 Rum 1.3 st 4.5 j-o 4.2 j-q 7.1 c-h 3.8 k-r

Rehani-3 1.8 r-t 4.7 i-o 6.0 e-k 6.0 e-k 5.2 g-n

SLB-6 2.1 p-t 6.0 e-k 7.2 c-h 7.2 c-h 5.1 g-n

0.9 Rum 1.4 st 3.2 m-t 3.1 n-t 4.2 j-q 3.6 l-s

Rehani-3 1.2 t 3.8 k-r 3.9 k-r 6.5 e-j 4.3 j-p

SLB-6 2.1 p-t 5.5 g-m 4.7 i-o 4.7 i-o 5.0 h-n

Values followed by the same letter(s) are not significantly different (p = 0.05) according to LSD
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Table 5: Effects of temperature and Water Potential (WP) on total root length (cm/seedling) of three barley cultivars

Temperature (°C)

-----------------------------------------------------------------------------------------------------------------------------------------

WP (-MPa) Cultivar 9 15 21 27 33

0 Rum 6.5 r-y 18.0 g-m 27.9 a-c 30.0 ab 19.0 f-l¶

Rehani-3 4.6 w-y 16.6 n-q 25.5 a-f 24.6 a-g 20.2 d-j

SLB-6 7.6 r-y 19.4 f-k 26.3 a-e 31.3 a 26.7 a-d

0.3 Rum 4.8 w-y 16.9 h-p 16.2 h-q 19.7 e-k 15.6 h-q

Rehani-3 4.7 w-y 12.1 m-u 18.8 f-m 21.3 c-h 17.5 h-n

SLB-6 5.5 u-y 16.7 h-q 24.4 b-g 29.5 ab 19.3 f-k

0.6 Rum 5.1 w-y 14.4 i-r 15.4 h-q 16.7 h-q 12.4 l-t

Rehani-3 3.7 wy 11.1 n-w 19.5 e-k 16.1 h-q 15.2 h-q

SLB-6 5.6 t-y 14.8 h-q 20.7 d-i 19.9 d-k 17.3 h-o

0.9 Rum 3.5 y 10.1 p-y 10.5 o-x 13.3 k-s 13.8 j-r

Rehani-3 3.7 wy 10.0 q-y 10.6 o-w 15.6 h-q 13.4 j-r

SLB-6 5.0 w-y 15.7 h-q 13.9 i-r 15.7 h-q 16.6 h-q

Values followed by the same letter(s) are not significantly different (p = 0.05) according to LSD

Table 6: Effects of temperature and water potential (WP) on seminal root number of three barley cultivars

Temperature (°C)

-----------------------------------------------------------------------------------------------------------------------------------------

WP (-MPa) Cultivar 9 15 21 27 33

0 Rum 2.1 g-l 3.4 a-e 3.8 a 3.6 a-c 3.2 a-g¶

Rehani-3 1.8 j-l 3.1 a-h 3.2 a-g 2.5 c-l 2.3 e-l

SLB-6 2.4 d-l 3.5 a-d 3.8 a 3.7 ab 3.2 a-g

0.3 Rum 2.0 h-l 3.1 a-h 2.9 a-j 2.4 d-l 2.6 b-k

Rehani-3 1.9 i-l 2.8 a-j 2.8 a-j 2.4 d-l 2.3 e-l

SLB-6 2.2 f-l 3.5 a-d 3.4 a-e 3.5 a-d 3.0 a-i

0.6 Rum 1.8 j-l 3.3 a-f 2.6 b-k 2.2 f-l 2.2 f-l

Rehani-3 1.4 l 2.4 d-l 2.6 b-k 2.3 e-l 2.0 h-l

SLB-6 2.1 g-l 3.5 a-d 3.1 a-h 2.8 a-j 2.7 a-k

0.9 Rum 1.6 kl 2.8 a-j 2.5 c-l 2.3 e-l 1.8 j-l

Rehani-3 1.6 kl 2.4 d-l 2.2 f-l 2.1 g-l 1.8 j-l

SLB-6 1.9 i-l 3.3 a-f 2.3 e-l 2.4 d-l 2.2 f-l

Values followed by the same letter(s) are not significantly different (p = 0.05) according to LSD

Table 7: Effects of temperature and Water Potential (WP) on root fresh weight (mg/seedling) of three barley cultivars

Temperature (°C)

-----------------------------------------------------------------------------------------------------------------------------------------

WP (-MPa) Cultivar 9 15 21 27 33

0 Rum 3.8 t-x 19.6 d-m 24.1 d-h 39.0 ab 18.7 d-n¶

Rehani-3 4.4 s-x 15.1 g-s 21.7 d-k 36.0-c 27.7 cd

SLB-6 7.1 o-x 22.5 d-j 22.9 d-h 44.4 a 27.3 c-e

0.3 Rum 3.4 u-x 11.4 j-x 15.7 f-r 22.7 d-i 19.3 d-n

Rehani-3 3.7 t-x 15.9 f-q 20.7 d-l 26.6 c-f 21.8 d-k

SLB-6 4.9 p-x 14.8 g-t 25.6 c-g 29.4 b-d 16.3 e-o

0.6 Rum 2.9 wx 13.9 h-w 14.3 h-u 16.0 f-p 6.7 o-x

Rehani-3 4.0 s-x 11.7 i-x 15.7 f-r 19.7 d-m 18.6 d-n

SLB-6 4.7 r-x 14.8 g-t 19.7 d-m 22.9 d-h 10.2 l-x

0.9 Rum 2.7 x 6.3 o-x 9.1 m-x 4.7 r-x 4.8 q-x

Rehani-3 3.5 u-x 7.2 o-x 13.0 h-x 7.4 o-x 5.8 o-x

SLB-6 4.8 q-x 8.2 n-x 10.3 l-x 10.9 k-x 4.9 p-x

Values followed by the same letter(s) are not significantly different (p = 0.05) according to LSD
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cultivars  Rum  and  SLB-6  showed the lowest germination, which is critical for successful plant
germination rate at 33°C, while the effect of this establishment [11]. They found that the optimum
temperature on the cultivar Rehani-3 was pronounced temperature range for germination of several Vicia species
only at low water potential levels (-0.6 and-0.9 MPa) was lower than that for root growth. 
(Table 3). The cultivar Rehani-3  had  higher germination In this study, the optimum temperature was 15°C for
rate index than the other two cultivars regardless of final germination percentage and 15 and 21°C for
temperature or water potential. germination rate. The optimum temperatures for early root

All cultivars had longest main axis root (MARL) and growth were 21 and 27°C regardless of water stress level.
total root length (TRL) at temperatures 21 and 27°C at all Lowest root growth was noted at 9°C. Lower rates of root
water potentials except the highest level (-0.9 Mpa) (Table growth  of  wheat  (Triticum  aestivum L.) were obtained
4 and 5). Water stress reduced MARL and TRL of the at low temperatures of 3 to 10°C [12]. However, water
three cultivars significantly at temperatures 21°C and stress had a depressing effect on all studied characters
above (Table 4 and 5). The cultivar SLB-6 had generally especially at optimum temperatures for growth. These
higher MARL and TRL than the other two cultivars at all results are in agreement to Soltani et al. [16] and Al-Karaki
temperatures even though these differences were only [1] who reported that water stress adversely affected
significant between SLB-6 and Rum at 21°C for MARL germination. Neverthless, Lafond and Fowler [13]
and TRL at-0.3 and for MARL at-0.6 MPa (Table 4). indicated that the effect of temperature on germination
Higher number of seminal roots (SRN) was obtained at was much larger than moisture potential. 
temperatures of 15°C and above for all cultivars (Table 6). Brar et  al. [9] indicated that  since  temperature  had
Water stress had less effect on SRN in the three cultivars a strong  influence  on germination, seeding time should
at temperatures of 21°C and above. Significant differences be selected to match expected temperatures required for
for SRN between cultivars were noted only at temperature successful germination at a particular location. They
27°C for seeds placed in solutions of-0.3 MPa when the added that early high germination across a large range in
cultivar SLB-6 had higher SRN than the other two temperatures might be beneficial for rapid establishment
cultivars. of the crop in semi-arid warm regions where soil moisture

Root Fresh Weight (RFW) of all cultivars was higher in the upper soil surface is available for only a short
at 27°C in comparison to other temperatures at water period. If seed germination and subsequent root
potentials 0 to-0.6 MPa (Table 7). Water stress development occurs rapidly, the survival of established
significantly reduced root fresh weight at all temperatures seedlings is improved mainly due to the possibility of
except at 9°C for all cultivars. No significant differences moisture uptake from greater soil depths [17].
between cultivars were noted for root fresh weight The cultivar Rehani-3 attained the highest final
regardless of temperature or water potential. germination percentage and rate than the other two

DISCUSSION However, the cultivar SLB-6 had generally higher main

Early high germination across a large range in regardless of temperature or water potential level. Initial
temperatures may be beneficial for rapid establishments of root elongation was found to vary among different
plants in arid and semiarid regions where soil moisture in genotypes of legume species [9, 11]. 
the upper soil surface is available for only a short period In conclusion, seed germination of barley under
[9]. The results of this study showed a significant effect suboptimal conditions, simulated by different
of temperature on final germination percentage and rate of temperatures or water potential in this study, is strongly
germination for the three barley cultivars tested. However, influenced by cultivar. The cultivar Rehani-3 tended to
it seems that cultivar Rehani-3 is more tolerant to high germinate faster but had slower rooting growth than the
temperatures and water stress conditions when compared cultivar SLB-6 regardless of temperature or water potential
to the other cultivars tested in respect to germination level. The cultivar SLB-6 may have better seedling
percentage and rate. Sharma [15] found that germination establishment and increased survival ability than the
rate was positively affected by increasing temperature, other two cultivars in arid and semiarid regions since its
whereas final germination percentage increased up to a roots could elongate rapidly, thus, ensuring a continuing
certain limit with increasing temperature. water supply to the plant. However, additional work is

Temperature and water stress affected the ability of needed to evaluate germination and early seedling growth
seedlings to develop a root system rapidly after of these barley cultivars under field conditions. 

cultivars regardless of temperature or water stress.

axis root and total root lengths than other cultivars
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Abstract: This investigation was performed during 2005 and 2006 seasons on three plum cultivars Hollywood,
Golden Japanese and Santa Rosa trees grown in loamy soil at Sendyon village, Kalubia governorate, Egypt. The
present study was carried out to determine the effects of different types of pollination on fruit physical and
chemical characterstics. Data showed that cross pollination of Santa Rosa cv. with Golden Japanese cv. gave
the heaviest and largest fruits, followed by Golden Japanese cv. cross pollination with Santa Rosa cv. during
the two studied seasons. Also Santa Rosa cv. under cross pollination with Golden Japanese pollen grains
yielded fruits with higher dimensions than with self pollination. In case of fruit shape index and firmness, results
showed some differences regarding the pollination type and generally cross, open pollination had fruits of
round shape, meanwhile fruits resulted from self pollination tended to be oblong shape. Cross pollination of
Santa Rosa cv. with Hollywood pollen grains recorded the highest fruit firmness, meanwhile Hollywood cv. with
self pollination recorded the lowest firmness during the two studied seasons. Total soluble solids (TSS %),
TSS/acid as well as total sugars % were increased at cross pollination of Hollywood cv. with Santa Rosa cv.
during the two seasons of study.

Key words: Cultivars% fruit characteristics% Plum % pollination

INTRODUCTION and Stino et al. [5]. Fruit shap index Miller [6] Khalil [7]

Plums (prunus salicina) are occupying an important Stino et al. [5], Firmness Arafat et al. [4] and Stino et al.
share in the total fruit production of Egypt. Plum fruit are [5], Acidity,  El-Sherbini  [9],  church and Williams [10]
mainly marketed as fresh consumption as well as for and Stino et al. [5] has been studied.
drying. Also using for canning freezing, Jam and Jelly Moreover, the effect of different pollination
products [1]. treatments has been studied in different fruit trees

The total area of plum in Egypt reached about 2960 species,  such as apricot Burgos et al. [11], almond
feddans  which produced 17148 tons with an average Ahmed et al. [12], Ortega et al. [13] and on olive Essa [14],
yield of 5.79 tons/fed. according to the census of Hassan [15], Atawia [16] Milany et al. [17] and El-Agamy
Egyptian Ministry of agriculture [2]. et al. [18].

The majority of plum cultivars are self incompatible The main objective of the present investigation was
and failed to give satisfactory yield in the absence of to study the relationship of pollination regime in the
suitable pollinizers. In addition, cross and open studied cultivars on plum fruit characteristics.
pollination of different plum cultivars resulted in
significant increases in fruit set, large and more uniform MATERIALS AND METHODS
crops than self pollination. Therefore, to ensure maximum
fruit production from plum orchards it is necessary plant This investigation was performed during 2005 and
cultivars with sufficient overlap in bloom, to permit 2006 seasons on 13 years old trees of three plum cultivars
adequate cross pollination, is necessary. namely, Hollywood, Golden Japanese and Santa Rosa

The effect of pollination on apple fruit weight and trees were grown in loamy soil at Sendyon village,
size were found by El-Wakee et al. [3], Arafat et al. [4] Kalubia  governorate Egypt. These trees were cultivated

and  Stino  [5],  Tss Larry et al. [8] El-Sherbini [9] and
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at 5×5 M apart under basin irrigation system. Trees were C Total soluble sugars, was determined according to
similar in their vigor and subjected to the same smith [20] in methanolic extract using the phenol
horticultural practices. The trees were randomly selected sulphoric acid methods and the percentage was
from each cultivar in each replicate tree 40 shoots were calculated on dry weight basis.
labbled and divided randomly into 4 groups (each of 10
shoots) and examined for either self, open and cross Statistical analysis: A completely randomized block
pollination.Three replicate trees were chosen for each design was used and the obtained data were subjected to
cultivar and one tree per replicate to study the pollination analysis of variance and Duncan’s multiple range test
treatments. used to differentiate means Duncans [21].

Pollination studies: In each season of the study and on RESULTS AND DISCUSSION
each cultivar four pollination treatments were made as
follows: Fruit physical and chemical characteristics

C Self pollination (bagging only), 1 - Physical characteristics
C Open pollination, Fruit weight, volume and specific gravity: Results in
C Cross pollination by the other selected cultivars Table 1 show that the values of fruit weight and volume

(Hollywood, Golden Japanese and Santa Rosa). of three plum cultivars Hollywood, Golden Japanese and

For self pollination (bagging only) flowers were open and cross) during 2005 and 2006 seasons. It is
covered with pergamine bags prior to flower opening. evident that, Santa Rosa under cross pollination with
This was done before flower opening for about 3-4 days Golden Japanese gave the heaviest and largest fruits
to 15 days  after  full bloom. In open pollination the followed by Golden Japanese cross pollination with Santa
flowers were left under the natural conditions of the Rosa, during the two successive seasons.
orchard. Meanwhile,  cross pollination of each cultivar Concerning  specific  gravity  data  presented in
was done when flowers were at balloon stage were hand Table 1 showed that specific gravity was not significantly
emasculated; covered with pergamine bags till reached the affected by different pollination treatment in the first
stage of anthesis and then pollen grains of the two male season. Meanwhile in the second one Santa Rosa open
parents applied to the stigma of emasculated flowers. pollination recorded the highest specific gravity while

Fruit physical  characteristics:  Sample of 20 mature the lowest specific gravity.
fruits were taken from each replicate tree of each These results are agreement with those obtained by
pollination type and the following characteristics were El-Wakeel et al. [3] on apple, Stino et al. [5] on apple and
determined: Kilany et al. [17] on olive.

C Average fruit weight (g), Fruit length and width: The present data in Table 2
C Average fruit volume (cm ), indicated that, cross pollination of Santa Rosa cv. with3

C Specific gravity (gm cmG ), Golden Japanese pollen grains yielded fruits with higher3

C Average fruit length and diameter (cm), dimensions as compared with self pollination.
C Fruit shape index (L/D), The above results goes in line with those obtained
C Fruit firmness was determined as (Lb/inch ) by using by  Essa [14], Hassan [15], Atawia [16], El-Kilany et al.2

taylor pressure tester 5/16 inch plunger. [17] on  olive they demonstrated that fruit diamension

Fruit chemical characteristics: treatments.

C Total soluble solids Tss % of fruit juice was Fruit  shape  index  and firmness: Data presented in
measured by using a, Hand Refractometer, Table  3  showed  that  fruit  shape  index  were affected

C Fruit acidity, the percentage of total acidity in fruit by different pollination types and generally cross and
juice was determined as malic acid according to open  pollination  had  round  fruit shape, meanwhile
A.O.A.C. [19], those fruits resulted in from self pollination tended to be

C Total soluble solids/acid ratio, oblong shape.

Santa Rosa under different pollination treatments (self,

Hollywood cross with Santa Rosa pollen grain recorded

were significantly affected by different pollination
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Table 1: Effect of self, open and cross-pollination on fruit weight, volume and specific gravity of some plum cultivars in 2005 and 2006 seasons

Fruit weight (g) Fruit volume (cm ) Specific gravity3

-------------------------------- --------------------------------- ----------------------------

Cultivars Treatments 2005 2006 2005 2006 2005 2006

Hollywood Self Pollination 32.00I 34.03f 31.67h 33.50g 1.07a 1.01b

Open Pollination 37.17gh 39.33e 36.10g 38.70ef 1.00a 1.01b

Cross with Golden Japanese 44.57de 46.40cd 42.57ef 44.17cd 1.47a 1.05ab

Cross with Santa Rosa 44.90de 45.33d 44.23de 45.67bc 1.01a 0.99b

Golden Japanese Self Pollination 40.43fg 39.20e 39.67f 38.27ef 1.01a 1.02ab

Open Pollination 45.77cde 47.67bcd 45.00cde 46.00bc 1.01a 1.03ab

Cross with Hollywood 47.83bcd 49.63bc 46.97bcd 48.00abc 1.01a 1.03ab

Cross with Santa Rosa 50.20ab 51.50ab 49.20ab 49.50ab 1.01a 1.03ab

Santa Rosa Self Pollination 36.37h 37.87e 35.90g 36.33fg 1.00a 1.03ab

Open Pollination 43.20ef 44.83d 40.33f 41.33de 1.02a 1.07a

Cross with Hollywood 48.80bc 51.27ab 48.10abc 49.27ab 1.01a 1.04ab

Cross with Golden Japanese 53.10a 54.13a 51.17a 51.67a 1.03a 1.04ab

Table 2: Effect of self, open and cross-pollination on fruit length and width of some plum cultivars in the 2005 and 2006 seasons

Fruit length (cm) Fruit width (cm)

------------------------------------------ -----------------------------------------

Cultivars Treatments 2005 2006 2005 2006

Hollywood Self Pollination 3.76bcd 3.86c 3.56e 3.70d

Open Pollination 3.93abcd 4.06bc 3.96cd 4.03bc

Cross with Golden Japanese 4.03abcd 4.10bc 4.16abcd 4.23ab

Cross with Santa Rosa 4.06abcd 4.26ab 4.13abcd 4.23ab

Golden Japanese Self Pollination 3.70cd 3.90c 4.13abcd 4.26ab

Open Pollination 3.96abcd 4.16abc 4.26abc 4.36a

Cross with Hollywood 4.13abc 4.30ab 4.26abc 4.40a

Cross with Santa Rosa 4.06abcd 4.16abc 4.33ab 4.43a

Santa Rosa Self Pollination 3.63d 4.03bc 3.83de 3.93cd

Open Pollination 4.13abc 4.16abc 4.03bcd 4.23ab

Cross with Hollywood 4.20ab 4.30ab 4.30abc 4.26ab

Cross with Golden Japanese 4.33a 4.43a 4.43a 4.50a

Table 3: Effect of self, open and cross-pollination on fruit shape index and firmness of some plum cultivars in the 2005 and 2006 seasons

Fruit shape index Fruit firmness Ib/inh2

------------------------------------------ ------------------------------------------

Cultivars Treatments 2005 2006 2005 2006

Hollywood Self Pollination 1.05a 1.04a 10.17f 10.20h

Open Pollination 0.98ab 1.00ab 10.20f 10.33gh

Cross with Golden Japanese 0.96bc 0.96abc 10.47ef 10.50efg

Cross with Santa Rosa 0.95bc 1.00ab 11.50ab 11.57a

Golden Japanese Self Pollination 0.89c 0.91c 10.20f 10.40fg

Open Pollination 0.92bc 0.94bc 10.57de 10.57def

Cross with Hollywood 0.95bc 0.97abc 10.70de 10.80c

Cross with Santa Rosa 0.93bc 0.93bc 11.17bc 11.30b

Santa Rosa Self Pollination 0.94bc 1.02ab 10.90cd 10.70cd

Open Pollination 0.98ab 0.98abc 10.63de 10.60de

Cross with Hollywood 0.97abc 1.00ab 11.57a 11.60a

Cross with Golden Japanese 0.97abc 0.98abc 11.47ab 11.47b
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Table 4: Effect of self, open and cross-pollination on TSS% and Acidity of some plum cultivars in the 2005 and 2006 seasons

TSS % Acidity %

------------------------------------------- ----------------------------------------

Cultivars Treatments 2005 2006 2005 2006

Hollywood Self Pollination 13.53c 13.80b 1.00bc 1.03ab

Open Pollination 13.93abc 14.33a 0.86cd 0.96b

Cross with Golden Japanese 14.23ab 14.53a 0.90cd 0.86c

Cross with Santa Rosa 13.87abc 14.63a 0.76d 0.83cd

Golden Japanese Self Pollination 11.83e 12.43d 1.13ab 1.03ab

Open Pollination 12.00de 12.93c 1.20a 1.00ab

Cross with Hollywood 12.50d 12.67cd 1.13ab 1.06a

Cross with Santa Rosa 12.50d 14.47a 1.10ab 1.03ab

Santa Rosa Self Pollination 14.47a 13.80b 0.83d 0.76d

Open Pollination 13.67bc 13.93b 0.76d 0.83cd

Cross with Hollywood 13.73bc 14.33a 0.80d 0.83cd

Cross with Golden Japanese 14.07abc 14.67a 0.90cd 0.86c

Table 5: Effect of self, open and cross-pollination TSS/acid ratio and Total sugars of some plum cultivars in the 2005 and 2006 seasons

TSS/acid ratio Total sugars %

------------------------------------------- -----------------------------------------

Cultivars Treatments 2005 2006 2005 2006

Hollywood Self Pollination 13.60e 13.37c 8.63de 8.83def

Open Pollination 17.16bcd 14.87b 9.20bc 9.20d

Cross with Golden Japanese 15.27de 16.83a 9.96a 10.13ab

Cross with Santa Rosa 18.17a 17.63a 10.30a 10.40a

Golden Japanese Self Pollination 10.50f 12.03d 8.60de 8.66ef

Open Pollination 10.03f 12.93cd 8.33e 8.46f

Cross with Hollywood 11.03f 11.90d 8.76d 8.93de

Cross with Santa Rosa 11.40f 14.03bc 9.96a 10.17ab

Santa Rosa Self Pollination 17.40abc 18.07a 8.93cd 9.60c

Open Pollination 17.90ab 16.77a 9.43b 9.96bc

Cross with Hollywood 17.20abc 17.23a 10.20a 10.27ab

Cross with Golden Japanese 15.77cd 16.97a 8.78d 8.60ef

Regarding fruit firmness data presented in the same TSS % during both seasons, respectively.
table cleaed that fruit firmness was significantly affected As for total acidity % of fruit Juice, data presented in
with different pollination treatments. Table 4 revealed that, Santa Rosa fruit Juice under self

Santa Rosa  cv.  Cross  with  Hollywood  pollen and open pollination recorded the significantly lowest
grains recorded the highest fruit firmness meanwhile fruit Juice acidity % during the first and second seasons,
Hollywood  under self pollination recorded the lowest respectively.
fruit  firmness  during  two successive seasons. The
above results agree with those obtained with Miller [6] TSS/acid ratio and total sugars %: Data in Table 5
and Khalil [7], Arafat et al. [4] and Stino et al. [5]. indicted  that  Hollywood  fruit which cross pollinated

2 - Chemical characteristics ratio during the first season. Meanwhile, Santa Rosa self
Total  Soluble  Solids  (TSS %)  and acidity: Data in pollinated recorded the highest range in this respect
Table  4  revealed  that,  Santa  Rosa  plum  fruit  under during the second season.
self  pollination  recorded  the  highest  Juice  TSS % in Concerning total  sugars  data in Table 5 showed
the  first  season, meanwhile in the second one Santa that, Santa Rosa pollens induced higher total sugars
Rosa  plum  fruit   cross with golden Japanese recorded values when used as a pollinizer for Hollywood cultivar
the highest TSS %. On the other hand self pollination during both season, respectively. On the other hand,
Golden  Japanese  plum  fruit recorded the lowest fruit open pollination in golden Japanese induced the lower

with  Santa Rosa gave the highest percentage of TSS/acid
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percentage of total sugars in first and second seasons, 11. Burgos, L.L., T. Berenguer and J. Egea, 1993. Self and
respectively. cross compatibility among apricot cultivars. Hort.

Similar results were reported by El-Sherbini [9], Sci., 28: 148-150.
church  and  Williams [10], Stino et al. [5] and El-Agamy 12. Ahmed Oukabli, A. Lansari, D.L. Wallali, A. Abou
et al. [18].  TSS,  acidity  and total sugar were affected Salim, J. Egea and N. Michaux, 2000. Self and cross
with different pollination treatments. pollionation effects on pollen tube growth and

Generally, it can be concluded from the obtained fertilization in self compatible almond (Prunus
results, study, that cross and open pollination were more dulicus) Tuono, J.  of  Hort.   Sci.   Biotechol.,  75:
effective and resulted in an improved fruit physical and 739-749.
chemical characteristics while self pollination ranked later 13. Ortega, E., J. Egea and F. Dicenta, 2004. Effective
in this respect. pollination  period  in  Almond  cultivars. Hort. Sci,
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Abstract: The aim of this study was to investigate interspecific variations in Sections Lophobrychis,
Onobrychis, Hymenobrychis of genus Onobrychis by sodium dodecyl sulphate polyacrilamyde gel
electrophoresis (SDS-PAGE) technique. In this study total eight species collected from different regions of
Turkey have been studied for the analysis of seed storage protein profiles to examine their relationship.
Electrophoretic data were documented by using a gel documentation system and analysed by using Quantity
1-D analysis software and also the dendogram were formed in UPGAMA. Studied species of genus Onobrychis
sections Lophobrychis, Onobrychis, Hymenobrychis cluster together on the basis of seed protein similarities
as designed by previous morphological classification. The formed dendogram from SDS-PAGE analysis showed
that all studied species constituted two clusters. The first one consisted of O. caput-galli, O. aequidendata,
O.  fallax, O. armena, O. viciifolia and second one by O. hypargyrea, O. galegifolia and O. cappadocia.
Protein amounts of all species were also found to be between 49.864-56.966 µg mlG .1

Key words: Onobrychis % SDS-PAGE % total protein % legume seeds % similarity matrix % UPGAMA

INTRODUCTION represented with 54 species and divided into five sections

The genus Onobrychis Miller extends from the sources of food and feed proteins. In many regions of the
mediterranean region to Central Asia. The majority of the world, legume seeds are the unique supply of protein in
species are restiricted to North-west Asia, especially Iran the diet [6]. Legume seeds have a high level of protein
and Anatolia, making this area the main centre of genetic content, ranging from approximately 200 to 400 g kgG  as
diversity of the genus [1]. Many species are exploited as compared to other sources of plant proteins [7]. Legume
high protein fodder plants for several animals and they seeds are highly stable, unaffected by environmental
play an important role in enrichment of soil, increasing the conditions. Therefore  electrophoretic  techniques for
nutritive value of drought-resistant pasture [2]. total seed protein analysis have been recognized as a

Onobrychis an extremely difficult genus with many of valid source of taxonomic evidences and were used to
the worst problems in Anatolia-one of the main centres of adress taxonomic relationships at the generic and specific
the genus [3]. The taxonomy of the genus continues to be levels [8]. In literatures, most limited studies have been
a subject of much confusion, mainly because of the performed on the genus Onobrychis and as far as the
different approaches to species delimitation, resulting in literature search show electrophoretic analysis and
varying  numbers of recognized species [4]. Recently protein amounts of species (exclude from O. viciifolia)
Yildiz et al. [1] suggested based on fruit morphology from genus Onobrychis examined  in the present study
genus Onobrychis consist of 170 species, eight sections has not yet been investigated.
and  two subgenera. In Flora of Turkey (volume 3) many The objective of the present study was to investigate
of  the species dealth  with cannot be defined or keyed interspecific variations in Sections Lophobrychis,
out satisfactory and numerous taxonomic problems Onobrychis,  Hymenobrychis by sodium dodecyl
throughtout the genus await solution and genus is sulphate polyacrilamyde gel  electrophoresis (SDS-PAGE)

[3-5]. Grain legumes are widely recognized as important

1
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Table 1: Localities of investigated Onobrychis species 

Species Section Province Locality

O. caput-galli (L.) Lam. Lophobrychis Manisa Near to Kula dam lake 

O. aequidentata (Sibth. and Sm.) d’Urv “ Manisa Salihli

O. fallax Freyn and Sint. Onobrychis Elazig University campus

O. armena Boiss. and Huet “ Usak Usak-Akarca road

O. viciifolia Scop. “ Usak Banaz

O. hypargyrea Boiss. Hymenobrychis Gediz Gediz-Simav road

O. galegifolia Boiss. “ Elazig Harput

O. cappadocia Boiss. “ Elazig University campus

technique. In this study  total  eight species collected RESULTS AND DISCUSSION
from  different regions of Turkey have been studied for
the analysis of seed storage protein profiles to examine Many studies based on the electrophoretic analysis
their relationship. Protein amounts of samples were also of seed proteins have been used to examine genetic
determined. variability and systematic problems in several legumes

MATERIALS AND METHODS Pisum [9], genus Phaseolus [13], genus Lathyrus [14-16].

Dry  seeds  of Onobrychis species were collected eight species were clearly identifiable from the protein
from various areas of Turkey. Details about the seed patterns. The total  seed  protein banding patterns of
materials are given in Table 1. eight species were illustrated in Fig. 1. Additionally,

Seed  proteins  were extracted as described by Jha protein amounts  of   studied  species  were  given  in
and Ohri [9]. Seed coats were removed prior to extraction Table  2 and also similarity matrix were given Table 3.
and cotyledons were obtained. These were homogenised Protein amounts of all species were also found to be
in 0.1M Tris-HCl buffer (pH: 7.5). Total protein was between 49.864-56.966 µg mlG .
extracted  after  centrifugation  at  17.600 g  for  20 min at The all studied species of genus Onobrychis sections
4°C  and  supernatants  were used for analysis. Proteins Lophobrychis, Onobrychis, Hymenobrychis cluster
in the supernatants were quantified using Bio-Rad DC together on the basis of seed protein similarities as
protein assay (Bio-Rad Laboratories, UK) and on the gel, designed   by  previous  morphological  classification.
Fermentas (116.0 kDa (kilodalton), 66.2 kDa, 45 kDa, 35 The  formed  dendogram from SDS-PAGE analysis
kDa, 25 kDa, 18.4 kDa) used as marker. The samples were showed that   all   studied   species  constituted  two
boiled for 5 minutes prior to loading, then equal amount of clusters  (Fig. 2). The first one consisted of O. caput-galli,
each sample was loaded on to the 12% SDS-PAGE [10]. O. aequidendata,  O.   fallax,   O.   armena,   O.   viciifolia
Electrophoresis was performed in the Protean II
electrophoresis cell (Bio-Rad Laboratories, UK) at 20 mA
until the bromophenol dye (BDH Laboratory Supplies
Poole, England) front had reached the bottom of the gel.
The gels were stained in Coomassie Brilliant Blue (Sigma
Aldrich Chemie, Germany) solution for 30 min at 67 °C and
destained in destaining solution for 3-4 h at 67°C to
visualise the proteins. 

Statistical analysis: Electrophoretic data were
documented by using a gel documentation system (Bio-
Rad, USA) and analysed by using Quantity 1-D analysis
software and also the dendogram were formed with 4.0%
tolerance in UPGAMA (Unweighed Pair-Group Arithmetic Fig. 1: SDS-PAGE of total seed proteins in eight taxa. M:
Mean). Also, similarity matrix was constructed by Dice Marker; 1: O. caput-galli; 2: O. aequidentata; 3: O.
coefficient using Quantity 1-D (Bio-Rad) and expressed as fallax; 4:O. armena; 5: O. viciifolia; 6: O.
percentages. hypargyrea; 7: O. galegifolia 8: O. cappadocia

such as genus Astragalus [11], genus Lupin [12], genus

The differences among species were observed and all

1
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Table 2: Protein amounts of investigated Onobrychis species

Species Protein amounts (µg mlG )1

O. caput-galli (L.) Lam. 56.966

O. aequidentata (Sibth. and Sm.) d’Urv 54.294

O. fallax Freyn and Sint. 51.251

O. armena Boiss. and Huet 54.531

O. viciifolia Scop. 54.971

O. hypargyrea Boiss. 53.178

O. galegifolia Boiss. 49.864

O. cappadocia Boiss. 51.724

Table 3: Similarity matrix of investigated Onobrychis species 

2 3 4 5 6 7 8 9

2 100.0 48.2 37.2 37.8 45.8 34.7 35.7 34.2

3 48.2 100.0 29.7 47.5 47.3 33.9 22.8 25.0

4 37.2 29.7 100.0 44.2 49.4 47.0 42.3 46.4

5 37.8 47.5 44.2 100.0 58.3 39.9 32.5 27.1

6 45.8 47.3 49.4 58.3 100.0 43.6 36.8 33.8

7 34.7 33.9 47.0 39.9 43.6 100.0 54.8 55.0

8 35.7 22.8 42.3 32.5 36.8 54.8 100.0 62.9

9 34.2 25.0 46.4 27.1 33.8 55.0 62.9 100.0

Fig. 2: Dendogram of  Onobrychis  species  based on
total seed protein profiles

second one by O. hypargyrea, O. galegifolia and O.
cappadocia. O. armena and O. viciifolia found to have
higher similarity to each other than O. fallax when the
results  of cluster I were compared. Also O. caputgalli
and O. aequidendata which are the members of section
Lophobrycis closer to each other rather than the other
members of cluster I. Similarly, in cluster II, O. galegifolia
and O.cappadocia closer to each other than O.
hypargyrea which is partly differ from these two species
of cluster II.

In a study chromosomal criteria and phylogenetic
implications in the genus Onobrychis done by Abou-El-
Enain [2]  revealed  that two species (O. caput-galli and
O. aequidendata) from section Lophobrychis, it can be

concluded that the recorded variation in chromosome
numbers in each of O. caput-galli and O. aequidendata,
can be referred to the differences in their taxonomic
delimitation, at least at the subspecies level. Abou-El-
Enain [2]  also  suggested  that  section  Lophobrychis
has  a  comparatively  highly  derived organization and
can be considered as a heterogenous unit in the genus
Onobrychis. But results from our present study showed
that  O. caput-galli and O. aequidendata have similar
total  band  profiles  especially between 116 and 35 kDa.
Therefore, further investigation of phylogenetic
relationships between these species needed by analysis
of genetic variations between the species, such as
analysis of subprotein fractions (albumins, globulins etc.)
and RAPD studies.
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Abstract: Soil Organic Carbon (SOC) is related closely to the atmospheric CO  and soil quality. Understanding2

the regional and vertical distribution of soil organic carbon is a key to predict and simulate the influences of
climate, global change and human activities on the terrestrial carbon cycling. Soil organic carbon and SOC pool
in profile extending to a depth of 100 cm were assessed in agroecosystems of Songliao Plain (Northeast China)
along a latitudinal gradient. The results indicated that the concentration of SOC decreased with the increasing
of soil depth and significant depth effects were observed in Hailun, Harbin, Gongzhuling and Changtu sampling
sites (p<0.05), especially between topsoil and lower layers. SOC storage in profiles of every sampling site
presented also decreasing with the increasing of depth. Significant correlations either between SOC
concentration and latitude or between SOC pool and latitude were observed in all layers (p<0.05), but their
correlation coefficients decreased with the increasing of depth. Human activities and the latitudinal transect
resulting in different climate and soil types may be the main factors influencing the vertical and latitudinal
distribution of soil organic carbon. 

Key words: Soil organic carbon % vertical distribution % latitudinal gradient % agroecosystem % songliao plain

INTRODUCTION Agroecosystem as the important part of terrestrial

Soil Organic Carbon (SOC) is related closely to the cycling. In agroecosystems, plowing leads to dramatic
atmospheric CO  and soil quality [1-3]. The interaction losses of SOC through intensive soil disturbance that2

between  global  climate  change and  dynamics  of  soil disrupts soil moisture and enhance decomposition, in
carbon is co-existence in an ecosystem. At present time, addition to accelerating soil erosion [17]. Cultivation also
studies on soil carbon have been an important question, redistributes  organic  C  deeper  in  the profile through
especially after the Kyoto-Protocol was adopted. the mixing action of tillage implements [18]. Lal et al. [19]
Moreover, soil scientists all over the world have focused reported that SOC pool in American farmland soil
on the research of soil carbon because of its dynamic decreased greatly after reclamations without restraint.
change leading to global environmental problems [4, 5]. However, many studies have proved that scientific
Many studies have pay attention to the questions of soil agricultural  management  practices  can increase SOC
carbon pool and its influencing factors [6-10] and soil pool in farmland soils [20]. Therefore, SOC sequestration
scientists have made attempts to estimate the amount of in agoecosystems is very important to mitigate global
C stored in global soils. Among these results, it is greenhouse effect. 
depending that Post et al. [11] and Eswaran et al. [12] There have been studies on the vertical distribution
reported  the  quantity  of  soil  carbon  pool  was of soil organic carbon [7, 15, 21, 22]. These studies
between 1395 and 1576 Gt in global soil. The SOC content showed that SOC concentration was highest in topsoil.
of soil in China has been also studied in several regions, Jiang et al. [15] also reported that SOC content in the
such  as  East  China, Southeast China and Northeast profiles decreased from upper layer to deeper layer.
China [7, 13-16]. Lemaire et al. [23] reported that the majority of studies on

ecosystems is the valuable proportion in study of C
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soil carbon were limited in cultivated layers and studies SOC: Sub-samples from each sample were grounded to
on the distribution of soil carbon in different soil types are power passing through 0.149 mm sieve. Then, the SOC
meaningful for local soil resource conservation as well as contents were determined by the dry combustion method
atmospheric environment protection [13]. However, little using a Vario ELIII Elemental Analyzer.
is known about the vertical distribution of soil organic
carbon in Northeast China. Therefore, understanding the Soil bulk density: Soil samples were oven-dried at 105°C
regional and vertical distribution of soil carbon is a key to for 24 h and weight a standard volume of field soil [24].
predict and simulate the influences of climate, global
change and human activities on the terrestrial carbon Soil  texture:  Using  the pipette method, dispersion of
cycling. The objective of this research was to investigate soil  sample  using chemical dispersant, soil suspension
the profile distribution of soil carbon in the typical is poured on to a fine sieve with 0.05 mm for separating
croplands of Songliao Plain along a latitudinal gradient. out the sand fraction; the silt and clay fractions are
 washed through the sieve into a sedimentation cylinder.

MATERIALS AND METHODS This suspension is thoroughly stirred and allowed to

Study site: A total of seven sites were chosen along constant  volume suspension extracted with a pipette at
a latitudinal transect from north (Hailun) to south a certain depth after 7 h [24]. 
(Dashiqiao) in corn fields of Songliao Plain, Northeast
China (Table 1). No frost period and mean annual Storage of SOC: It was calculated by the following
precipitation (MAT) in every sampling site increase with formula [15]: 
the latitude increasing and mean annual temperature
(MAP) varied little among sampling locations which had                (1)
the same soil types. There are two soil types including
black soil and brown soil. The crop types of all locations SOC : the storage of soil organic carbon (t C haG ) 
were corn (Zea mays L.) and the tillage system belongs to 2 : the volumetric percentage (%) of fragments 2 mm
conventional tillage. D : the bulk density (g cmG ) of layer i

Soil sampling and analysis: In October 2005, at the C : the content of carbon (g kgG ) in layer i
end of the harvesting, soil samples were collected by T : the thickness (cm) of layer i
using soil auger at each site along the latitude gradient. All the data obtained in the study were subjected to
At each sampling site, four replicates were taken to a statistical analysis of variance (ANOVA) and Pearson
depth of 1 meter at 0-20, 20-40, 40-60, 60-80 and 80-100 cm correlation analysis. Differences at the p<0.05 level were
depth intervals and every sample was composed of four considered to be significant.
mixing samples. Each soil sample was placed in individual
plastic bag and then brought to laboratory. All the soil RESULTS
samples were sieved through a 2 mm sieve in order to
eliminate the plant roots. The following analyses were Concentrations of SOC: Concentrations and vertical
undertaken: distribution   of   SOC   in  cropland  soil  along  latitudinal

settle. The clay content is determined by drying a

s
1

i

i
3

i
1

i

Table 1: Description of sampling sites

Sampling site Latitude Longitude Soil type No frost Day/a MAP mm MAT°C

Hailun 47°27’N 126°55’E Black soil 116 550 1.5

Harbin 45°43’N 126°45’E Black soil 120 523 3.6

Dehui 44°32'N 125°45’E Black soil 138 520 4.4

Gongzhuling 43°31’N 124°48’E Black soil 135 563 5.6

Changtu 42°41’N 124°02’E Brown soil 148 654 6.7

Shenyang 41°31’N 123°22’E Brown soil 183 650 7.5

Dashiqiao 40°41’N 122°34’E Brown soil 173 657 8.9

Notes: MAP-mean annual precipitation; MAT-mean annual temperature
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Fig. 1: Concentrations of SOC in soil profiles at different locations
A: Hailun; B: Harbin; C: Dehui; D: Gongzhuling; E: Changtu; F: Shenyang; G: Dashiqiao

Table 2: Profile distribution of SOC storage (t C haG ) at various depth along different latitude1

Depth (cm) Hailun Harbin Dehui Gongzhuling Changtu Shenyang Dashiqiao p valuesb

0-20 54.3 35.2 24.6 38.6 18.1 22.7 21.2 <0.01

20-40 54.8 33.1 23.4 41.0 17.5 15.6 15.1 <0.01

40-60 34.1 21.8 22.8 32.2 9.4 14.3 11.1 <0.01

60-80 24.0 13.6 18.2 27.5 5.9 12.9 8.5 <0.01

80-100 18.8 9.0 15.7 23.8 3.7 7.2 5.1 <0.01

p values <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01a

0-100 186.0 112.7 104.7 163.0 54.6 72.6 61.0 <0.01

Notes: p values  refer to vertical differences between the soil layers, p values refer to differences between the different sampling sitesa          b 

transect at different locations are shown in Fig. 1. SOC differences of SOC were observed among different soil
concentrations  varied  obviously in different locations layers and among different sampling locations along the
and there were obvious stratifications of SOC in soil different latitude (p<0.05). 
profiles. SOC reservoir calculated to 1 m soil depth at every

The vertical distribution of SOC in every sampling sampling location was presented in Table 2. SOC
site exhibited the same trends that the concentration of reservoirs ranged widely from 54.6 to 186 t C haG  at
SOC decreased with the depth increasing. The different sampling sites (Table 2). Statistical analysis of
concentration  of  SOC  was  higher  in every layer of variance indicated there was significant difference of SOC
black soils (Hailun, Harbin, Dehui and Gongzhuling) than storage among sampling locations (p<0.01).
in the same layer of brown soil (Changtu, Shenyang and
Dashiqiao). The result of statistical analyses indicated Correlations    between    SOC  and  latitude:  The
that there were significant differences of SOC between Pearson correlation analysis indicated that there was
layer 0-40 cm and layer 40-100 cm in Hailun, Harbin, significant  correlation  either  between  SOC  and
Gongzhuling and Changtu sampling sites (p<0.05). latitudes  or  between  storage  of SOC and latitudes

Storage  of SOC: Generally, the volumetric percentage of increased with the increasing of latitude, but the
fragments 2 mm in cultivated soil could be overlooked. correlated  coefficients  decreased  with   the  increasing
The  storage  of  SOC decreased with depth increasing of soil  depth.  However, SOC concentration in 0-40 cm
was observed (Table 2). In other words, there was layers  at  Gongzhuling  site  was  higher  than at Harbin
accumulation phenomenon in the upper layers. Significant and Dehui sites. 

1

(Table 3). Both SOC concentration and SOC pool (SOC )s
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Table 3: Correlations between the vertical content of SOC and the latitude 

SOC SOCs

-------------------------------------------------------------------- ------------------------------------------------------------------------

Depth (cm) Liner equation Correlated coefficients Liner equation Correlated coefficients

0-20 Y = 2.3 X-87.3 R = 0.84** Y = 4.4 x-163.8 R = 0.84**

20-40 Y = 2.5 X-94.6 R = 0.82** Y = 5.4 x-209.1 R = 0.87**

40-60 Y = 1.4 X-50.6 R = 0.69** Y = 2.9 x-109.4 R = 0.79**

60-80 Y = 0.9 X-32.9 R = 0.56** Y = 1.8 x-65.1 R = 0.67**

80-100 Y = 0.8 X-28.5 R = 0.49* Y = 1.6 x-61.2 R = 0.68*

Notes: Y is SOC concentration and SOC pool (SOC ); X is latitude; *, **denote 0.05 and 0.01 correlation levels respectively; R is correlated coefficient       s

Relationship of SOC with soil texture and climate: The decomposed within the top 10 cm of soil yielding a
content of SOC was positively correlated with soil clay soluble portion, which migrates to a certain extent towards
particles content (r = 0.51, p<0.01) and negatively deeper soil horizons and resulted in SOC accumulating in
correlated with the mean annual temperature (r = -0.56, deeper layers. Hence, the SOC accumulated in the topsoil
p<0.01) and no frost period (r = -0.52, p<0.01). in  the  north and can not be complemented immediately

DISCUSSION rapidly in layer 40-60 cm. However, higher precipitation

The SOC concentration depended on the balance decreased slowly with the increasing of depth. 
between organic matter input and its loss from soil. Litter Climatic conditions influence soil biological and
fallen to the soil surface and turnover of fine roots were physical processes driving soil organic matter dynamic
regarded as the main pathways of SOC input [7]. In change [26]. In the process of SOC formation and
addition, the application of organic and  chemical decomposition, temperature and precipitation are the main
fertilizers  was  also a main pathway of SOC input to soil influencing factors [10]. Soil temperature and no frost
in agricultural ecosystem. In topsoil, the application of days could influence microbial activity and growth
fertilizers resulted in the increasing of quantity of litter periods of corn, which affect mineralization of SOC and
returning to soil which made the topsoil with higher SOC the quantity of secretions. SOC density would decrease
concentration. In addition, in cultivated layers, microbes with temperature increasing [27]. Because of the
and roots produced a lot of secretions and metabolized temperature  and  no frost period decreasing from south
materials. All these factors might be result in the SOC to north, the decomposition intensity of microbe might
concentrations higher in the soil surface than in the decrease  and  the  growth periods of corn increased
deeper   layers.   Jiang’s   research    about    the   profile which  could  increase  the  secretion of roots. Finally,
distribution of SOC in different land-use types showed SOC accumulated in north soil. Via the Century model,
that SOC concentration in the profile decreased with the Gao et al. [28] reported that SOC in Northeast China
increasing of depth and they considered the plant cycling decreased  from  north  to south in the black soil region.
above  soil  surface,  eluviation and human activities as In different climate region, management practices were
the main factors influencing the distribution of SOC in sensitive  to  climate  in  the following order from largest
profile [15]. Omonode and Vyn [21] also reported similar to smallest changes in SOC: tropical moist>tropical
results  that  SOC  was highest in the soil surface layer dry>temperate  moist>temperate  dry [17]. Therefore,
and decreased slowly with the increasing of depth at under  the  same  condition  of management practices,
Maryland and Iowa croplands. By analysis soil particle SOC lost easily in south soil. To find the effect of soil
size composition, we found that clay particle content was type on SOC concentrations, Liu et al. [22] showed that
relatively higher in topsoil and was positively correlated soil samples under Chernozem have the highest SOC
with SOC in the present study. Arriaga and Lowery [25] concentration and those under Aeolian have the lowest
also reported there was an important interaction between SOC concentration. In the present study, the SOC content
organic materials  and  clay particles in the top 20 cm of was higher in black soil than that in the brown soil. 
the soil profile and this interaction results in greater In addition, SOC is sensitive to human disturbance
organic C contents in the soil profile where there was under the changing climate. The soil had been cultivated
greater clay content. In addition, most organic matter is for longer period in the south than in the north and

in lower soil layers, which resulted in SOC decreasing

resulted in strong eluviations in the soil of south, SOC
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therefore there had been more SOC lost in south soil, 7. Li, Z. and Q.G. Zhao, 2001. Organic carbon content
which may be one of the factors affecting latitudinal and  distribution  in  soils  under different land uses
distribution of SOC [29]. According to the simulating of in  tropical  and subtropical China. Plant Soil, 231:
SOC variation in black soil under different soil 175-185. 
managements, the SOC in black soils in Northeast China 8. Fang,  J.Y., A.P. Chen, C.H. Peng, S.Q. Zhao and L.
has  been close to a stable equilibrium state, reflecting Ci, 2001.  Changes  in  forest  biomass  carbon
that there had been a balance between roots input and storage  in   China   between   1949   and  1998. 
mineralization  output  in corn field and SOC content in Science, 292: 232-322. 
the  north of Northeast China may continue to decrease 9. Alan, L.W., 2005. Carbon and nitrogen sequestration
for a certain time due to the relative shorter history of and soil aggregation under sorghum cropping
reclamation [16]. This may also explain SOC content sequences. Bio. Fert. Soils, 41: 95-100. 
increasing with the latitude. 10. Zhou, L., B.G. Li and G.S. Zhou, 2005. Advances in
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Abstract: This investigation was carried out during two successive seasons (2005 and 2006) and included two
experiments, the first one (field experiment) was carried out to improve yield and fruit quality of Thompson
seedless grape grown under sandy soil condition through foliar sprays of potassium dihydrogen phosphate
(KH PO ) at 1 and 1.5% concentrations which sprayed at different periods (every 10, 20 or 30 days). The second2 4

experiment (pathological trails) was carried out to study the effect of different potassium dihydrogen phosphate
concentrations on spore germination, germ tube length of grape powdery mildew fungi and their diseases
infection.  Results  indicated that, using potassium dihydrogen phosphate as a foliar sprays had a positive
effect  on  leaf  mineral  content,  yield weight and fruit quality of Thompson seedless grapevines specially
when  sprayed at 1% concentration every 10 days or 1.5% every 20 days from the beginning of April till end
of July, such treatments considered the promising under field conditions. On the other hand, a complete
inhibition  (100%)  was recorded with 2.5% concentration of KH PO  as a tested salt against fungi. Spraying2 4

detached leaves with KH PO  (2.5%) 24 h. before inoculation was more effective than those of 24 h. after2 4

inoculation in decreasing values of infection parameters (disease incidence and severity) for powdery mildew,
therefore, it was as effective as the fungicide Afugan. 
 
Key words: Thompson seedless grapevines % potassium dihydrogen phosphate % yield % fruit quality %

mineral contents % powdery mildew disease 

INTRODUCTION crops. These studies were supported by Shawky et al. [1],

It is well known that most of the new reclaimed area El-Fangary [4] on mandarin and Saleh and Abd El-Monem
in Egypt are planted with fruit trees especially grapes [5] on mango.
which  considered the second fruit crop in Egypt. The On the other hand, powdery mildew disease caused
area of the vineyards has increased rapidly through the by Uncinula necator is one of the most serious diseases
last few years and reached about 160,005 feddans (one attacking grapevines. In Egypt, Uncinula necator was
feddan = 4200m ) (according to the statistics book of found on different varieties of grapevines causing2

Ministry  of  Agriculture  and  Land  Reclamation, 2005). considerable losses in crop production [6, 7]. In this
In Egypt, Thompson seedless grape (Vitis vinifera, L.) is respect, powdery mildew is widely spread all over the
considered the leader of grape cultivars and consumed world where temperature is relatively high and moisture
mainly fresh as table grape, so improving fruit quality is a occurs as heavy dews rather than as dashing rains [8, 9].
major factor affecting marketing request. Grapes grown Many substances had been recommended by several
under sandy soil conditions have a problem of low workers as an active method for controlling powdery
productivity due to poor fertility of such soils. Thus, it is mildew [10, 12]. Among these materials; potassium
highly needed to treat in ways that lead to increase dihydrogen phosphate was great effective substance in
production and improve quality. Many previous studies controlling this disease. Some substances contain
revealed that P and K sprays especially at form of relatively high amounts of certain chemical compounds
potassium dihydrogen phosphate enhanced nutritional which showed inhibitory effects to various fungi as
status and improved yield and quality of different fruit reviewed by Zedan [13] and Zedan et al. [14]. 

Abd  El-Migeed  et al. [2] on oranges, Ibrahim et al. [3],



No. of germinated spores
Germination % = ×100 

Total No. of spores
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Therefore, the aim of the two experiments was C Six  clusters  were  randomly  picked  from each vine
improving the yield and fruit quality of Thompson to  determine  cluster  weight (g),  fruit weight (g),
seedless grape grown under sandy soil conditions fruit  dimensions (mm), total soluble solids (TSS%)
through foliar sprays of potassium dihydrogen phosphate and total acid content (expressed as gm tartaric
(KH PO ) at different concentrations and periods. Also, acid/100 gm juice).2 4

study some factors affecting spore germination of the C Leaf mineral contents (total N, P and K %) were
causal pathogen of grape powdery mildew, efficacy of determined in petioles from mature leaves (5-7
some potassium dihydrogen phosphate concentrations leaves  from shoot top) opposite to basal clusters
compared with fungicide on both disease incidence and [15]  according  to  the methods described in Wilde
disease severity to control the disease under Egyptian et al. [16].
conditions. 

MATERIALS AND METHODS Duncan's multiple range test was used to differentiate

This investigation was carried out during two
successive seasons (2005 and 2006) and included two Second experiment (pathological trails):
experiments:- 1 - Laboratory trials

First experiment (field exp.): This experiment was done to specimens representing of Thompson seedless grape
investigate the effect of spraying potassium dihydrogen showing  powdery  mildew  symptoms  were collected
phosphate (KH PO ) on leaf mineral content, yield and from Behera Governorate during 2005 and 2006 seasons.2 4

fruit quality of 6 years old Thompson seedless grape The identification of the causal organism was determined
grown  on sandy soil at a private vineyard located in according to Hammouda [18]. 
Wadi El-Natron, El-Behera Governorate, Egypt.

The  results  of  soil analysis indicated that pH Pathogenicity  test:  Pathogenicity  test  was carried out
ranged  between  7.7  and  7.9,  E.C.  between  0.82 and in pots (40 cm in diameter) under green house conditions.
0.76  dsmG ,  CaCO   ranged  between 5.1 and 6.3% and Disease assessment was calculated as percentages of1

3

the organic matter between 0.53 and 0.54%. The soil infected plants after 15 and 30 days of inoculation and
texture was sandy. reaction to fungal infection was also determined using the

For  this investigation, 63 vines of almost similar method suggested by Barratt and Horsfall [19]. 
vigor  were  selected  and divided into 7 treatments in
three replicates (three vines for each) and arranged in Effect  of  KH PO   on  spore  germination  and  germ
randomized complete block design as the following: tube length: Percentage of germinated spores was

C Control (water spray), formula:
C KH PO at 1% every 10 days,2 4 

C KH PO  at 1% every 20 days,2 4

C KH PO at 1% every 30 days,2 4 

C KH PO at 1.5% every 10 days, Whereas germ tube length of germinated spore was2 4 

C KH PO at 1.5% every 20 days, measured using slide micrometer 2 mm long (2000 µ).2 4 

C KH PO at 1.5% every 30 days.2 4 

All vines received the normal orchard managements mildew on detached leaves: Discs (2 cm diameter) of
usually practiced in the commercial vineyards located in healthy detached leaves of Thompson seedless on
this area. The application of KH PO was carried out as distilled water in Petri-dishes were used in this study.2 4 

foliar sprays beginning from April to end of July in both Inoculation  with powdery mildew conidia on the leaf
seasons. discs was carried out according to the Lab. technique

The following parameters were determined: described by Nagy [20] percentage of infected discs as

C At harvest, number of clusters/vine and yield from spraying, according to the methods described by
(kg/vine) were estimated. Townsend and Heuberger [21].

th

The data were subjected to analysis of variance and

means [17].

Identification of the causal organism: Fresh leaf

2 4

estimated according to El-Naggar [11] as the following

Effect of KH PO  on incidence and severity of powdery2 4

well  as  disease severity were determined after 7 days



Sum of (n×v)
D.S. = ×100 

Total No. of leaves observed 
   in Sample×Max. grading
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2 - Green house trial (In vivo) Data in these experiments were statistically analyzed
Effect of foliar spraying with KH PO  on incidence and2 4

severity of powdery mildew: One year old Thompson
seedless grape was used in this study. The incidence was
determined as the percentage of infected leaves after 7
days from the last spray, whereas, disease severity was
determined according to the scale reported by Townsend
and Heuberger [21] as follows:

0 = Leaves completely healthy,
1 = 1-2 spots per leaf,
2 = 3-5 spots per leaf,
3 = 6-10 spots per leaf,
4 = Up to 25 percent of the leaf area affected,
5 = Up to 50 percent of the leaf area affected,
6 = Up to 75 percent of the leaf area affected,
7 = More than 75 percent of the leaf area affected.

The percentage of disease severity (D.S.) for each
particular treatment was calculated using the following
formula:

Where: n = number  of infected leaves in each category.
v = numerical value of each category.

using factorial design suggested by Snedecor and
Cochran [22]. Least Significant Difference (LSD) at 5%
probability was used to compare between treatment
averages [23].

RESULTS AND DISCUSSION

First experiment (field exp.):
Leaf  mineral content:Results in Table 1 showed the
effect  of  potassium dihydrogen phosphate treatments on
N, P and K content in Thompson seedless grape leaves.
Generally, all KH PO treatments increased N, P and K2 4 

content in the leaves comparing with the control. This
was true in the two seasons of the study. These results
are in agreement with those obtained by Abd El-Migeed
et al. [2] on orange, Eliwa et al. [24] on persimmon. 

Yield and fruit quality
Yield: Results in Table 2 clearly showed that in the first
season, all treatments gave more or less the same values
of number of cluster/vine and no differences were
detected than the control. While in the second season,
treatments 4 and 5 reduced this parameter significantly
compared to the other treatments including the control.
The average of two seasons showed that the highest
value was obtained by spraying KH PO  at  1.5%  every2 4 

20  days  followed by 1% every 10 days.

Table 1: Effect of KH PO sprays on leaf mineral content of Thompson seedless grapevine during 2005 and 2006 seasons2 4 

Nitrogen (%) Phosphorus (%) Potassium (%)
----------------------------------- -------------------------------- ------------------------------

Treatments 2005 2006 2005 2006 2005 2006
1 Control 2.07c 2.03c 0.09c 0.09c 1.25c 1.27c
2 KH PO  at 1% every 10 days 2.19a 2.23ab 0.15a 0.15a 1.58a 1.58a2 4

3 KH PO  at 1% every 20 days 2.02c 2.25a 0.13ab 0.11bc 1.51b 1.50b2 4

4 KH PO  at 1% every 30 days 2.09b 2.18b 0.15a 0.11bc 1.49b 1.49b2 4

5 KH PO  at 1.5% every 10 days 2.17a 2.19ab 0.11bc 0.11bc 1.50b 1.51a2 4

6 KH PO  at 1.5% every 20 days 2.20a 2.23ab 0.15a 0.15a 1.58a 1.58a2 4

7 KH PO  at 1.5% every 30 days 2.16a 2.18b 0.12b 0.12b 1.49b 1.48b2 4

Significance at 5% level S S S S S S

Table 2: Effect of KH PO  sprays on number of clusters/vine, cluster weight and yield weight/vine of Thompson seedless grapevine during 2005 and 20062 4

seasons
No. of clusters/vine Cluster weight (g) Yield wt./vine (kg) Increase

--------------------------------------- -------------------------------------- -------------------------------------- over
Treatments 2005 2006 Average 2005 2006 Average 2005 2006 Average control (%)

1 Control 15.3ab 17.6a 16.5 344g 372e 358 5.2c 6.5c 5.9 ---
2 KH PO  at 1% every 10 days 16.6a 18.0a 17.3 576c 469c 522 9.6ab 8.4ab 9.0 52.02 4

3 KH PO  at 1% every 20 days 16.3ab 17.3a 16.8 464f 521a 493 7.5bc 9.0a 8.3 40.02 4

4 KH PO  at 1% every 30 days 15.6ab 15.3b 15.5 545d 529a 492 8.5ab 8.1abc 8.3 40.02 4

5 KH PO  at 1.5% every 10 days 14.0b 15.0b 14.5 673a 487b 580 9.4ab 7.3bc 8.3 41.02 4

6 KH PO  at 1.5% every 20 days 16.3ab 19.3a 17.8 637b 490b 564 10.4a 9.4d 9.9 67.02 4

7 KH PO  at 1.5% every 30 days 15.6ab 17.6a 16.6 522e 456d 489 8.1ab 8.0abc 8.1 36.02 4

Significance at 5% level S S --- S S --- S S --- ---
Means having the same letters within a column are not significantly different at 5% level
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Table 3: Effect of KH PO sprays on physical and chemical properties of Thompson seedless grapevine during 2005 and 2006 seasons2 4 

Berry length (mm) Berry diameter (mm) Berry weight (g) TSS (%) Acidity (%)

----------------------- --------------------------- ------------------------ ------------------------ ---------------------

Treatments 2005 2006 2005 2006 2005 2006 2005 2006 2005 2006

1 Control 15.8b 16.2b 12.8b 13.1b 1.90b 1.88d 16.2c 16.3c 0.54a 0.57a

2 KH PO  at 1% every 10 days 18.0a 18.0a 14.3ab 14.7a 2.45ab 2.37b 18.2ab 18.6a 0.48ab 0.46b2 4

3 KH PO  at 1% every 20 days 16.7ab 17.9a 13.8ab 14.1ab 2.15ab 2.30bc 17.6ab 17.4abc 0.52ab 0.49b2 4

4 KH PO  at 1% every 30 days 17.7a 17.7ab 13.4ab 13.6b 2.28ab 2.34b 17.4ab 17.5abc 0.52ab 0.51b2 4

5 KH PO  at 1.5% every 10 days 17.6a 17.6ab 14.0ab 13.8ab 2.37ab 2.37b 17.6ab 17.6abc 0.50ab 0.51b2 4

6 KH PO  at 1.5% every 20 days 18.0a 18.0a 14.7a 14.8a 2.59a 2.59a 18.4a 18.2ab 0.46b 0.46b2 4

7 KH PO  at 1.5% every 30 days 16.6ab 16.5ab 13.3ab 13.2b 2.00ab 2.21c 17.3b 17.2bc 0.51ab 0.50b2 4

Significance at 5% level S S S S S S S S S S

Means having the same letters within a column are not significantly different at 5% level

Table 4: Pathogenicity test (infected plants %) on Thompson seedless grape

with Uncinula necator spores under green house conditions

Infected plants (%)

---------------------------------------------------------------------

Treatments 15 days after inoculation 30 days after inoculation

Inoculated 35.3 57.5

Control 0.0 0.0

Disease reaction High susceptible

As for cluster weight, treatments significantly
increased this parameter compared to the control in both
studied seasons, where the highest cluster weight was
obtained by treatment 5 in the first season, while in the
second season treatment 4 followed by treatment 3 gave
the best results. However, the average of the two seasons
indicted that spraying KH PO at 1.5% every 10 days2 4 

followed by 1.5% every 20 days gave the heaviest cluster.
Regarding yield weight/vine, results revealed that all

treatments were effective in increasing yield per vine
compared to the control. The highest yield was obtained
when KH PO was sprayed at 1.50 every 20 days, while2 4 

the lowest value was obtained by the control. This was
true in both seasons of the study and the average of the
two  seasons. However,  the  increment  in yield caused
by potassium dihydrogen phosphate treatments ranged
between 36-67% over the control. 

The increment in yield weight obtained by KH PO2 4

sprays could be explained by the improving effect of such
treatments on nutritional status of the vines specially the
relatively higher leaf NPK% obtained by these treatments
which certainly reflected on increasing cluster weight,
berry weight and finally yield per vine. These results are
supported by Ashour [25] on Anna apple, Abd El-Migeed
et al. [2] on Hamlin orange, Eliwa et al. [24] on Costata
persimmon and Elmogy et al. [26] on Thompson seedless
grapevine, who found that spraying potassium and
phosphate increased yield compared to the control plants.

Berries quality: Physical and chemical properties of
Thompson seedless grape berries are shown in Table 3.

Physical properties: As for berry length, results indicated
that potassium dihydrogen phosphate at any
concentration  produced  longer berries compared with
the  control.  However,  spraying  KH PO  at  1%  every2 4 

10 days or 1.5% every 20 days lengthened berries
compared with the other treatments. Similar results were
obtained among berry diameter and berry weight, since
spraying KH PO at 1% every 10 days or 1.5% every 202 4 

days gave the maximum values in both studied seasons
and the average of the two seasons.

The  above  results  are  in line with those obtained
by Elmogy et al. [26] who found that potassium spray
increased both weight and berry dimensions of
Thompson seedless grape. Also the results are in
harmony with those finding by Ashour [25] on apple,
Abd El-Migeed et al. [2] on Hamlin orange. 

Chemical  properties: As  for  total  soluble solids in
berry juice, all treatments significantly increased this
parameter  compared  to  the  control  especially in the
first season. The highest percentage was obtained by
spraying 1% KH PO  every 10 days and 1.5% every 202 4

days.  Concerning  acidity   percentage   in   berry  juice,
it  was reduced  by  KH PO treatments comparing with2 4 

the control in both studied seasons.
The obtained results are in line with those reported

by  Eliwa  et al. [24] on Costata persimmon, Saleh and
Abd  El-Monem  [5]  on  Fagri Kalan mango and Elmogy
et al. [26] on Thompson seedless grape. 

From the abovementioned results, it could be
concluded that using potassium dihydrogen phosphate
as a foliar sprays had a positive effect on leaf mineral
content, yield weight and fruit quality of Thompson
seedless   grapevines   specially   when   sprayed   at  1%
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Table 5: Effect of different KH PO  conentrations on spore germination of Uncinula necator in vitro, 24 h after inoculation at 25°C and 100% RH2 4

Germination (%) at KH PO  conc. (%) Reduction  (relative to the control)2 4
*

------------------------------------------------------------------------ -----------------------------------------------------------------------------
Treatments 0.5 1.0 1.5 2.0 2.5 0.5 1.0 1.5 2.0 2.5

Commercial (75%) 45.00 36.30 31.90 17.40 0.00 35.50 48.40 54.30 75.10 100.00
Pure (100%) 35.30 32.50 22.60 9.60 0.00 49.40 53.40 67.60 86.20 100.00
Afugan 16.20 12.00 0.00 0.00 0.00 76.80 82.80 100.00 100.00 100.00
Control (water only) 69.80 69.80 69.80 69.80 69.80 0.00 0.00 0.00 0.00 0.00
LSD at 5% level 5.70 3.95 3.22 2.90 ---- 5.35 6.13 8.24 4.11 ----

* Reduction = Control-treatment×100, Control

Table 6: Effect of KH PO  concentrations on germ tube length of Uncinula necator in vitro, 24 h after inoculation at 25°C and 100% RH2 4

Germ tube length (µ) at KH PO  conc. (%) Reduction (relative to the control)2 4
 

--------------------------------------------------------------------------- -----------------------------------------------------------------------------
Treatments 0.5 1.0 1.5 2.0 2.5 0.5 1.0 1.5 2.0 2.5

Commercial (75%) 32.70 31.80 29.50 22.90 0.00 17.20 19.50 25.30 42.00 100.00
Pure (100%) 28.60 24.00 23.30 19.80 0.00 27.60 39.20 41.00 49.90 100.00
Afugan 12.50 7.60 0.00 0.00 0.00 68.40 80.80 100.00 100.00 100.00
Control (water only) 39.50 39.50 39.50 39.50 39.50 0.00 0.00 0.00 0.00 0.00
LSD at 5% level 3.75 2.65 3.77 2.60 --- 3.33 2.40 2.96 3.80 ---

Table 7: Effect of spaying with KH PO at 2.5% on powdery mildew incidence and severity on detached Thompson seedless grape leaves, artificially inoculated2 4 

with Uncinula necator, 24 h after or before spraying

(%) Disease incidence (%) Disease severity
---------------------------------------------------------------------- ------------------------------------------------------------------------

Treatments 24 h before inoculation 24 h after inoculation 24 h before inoculation 24 h after inoculation

Commercial (75%) 43.10 47.30 32.00 39.60
Pure (100%) 16.70 25.30 13.20 17.50
Afugan 12.30 13.20 10.50 12.60
Control (water only) 66.50 64.00 55.20 63.50
LSD at 5% level 3.43 4.14 2.80 2.41

concentration  every 10 days or 1.5% every 20 days from as  Afugan fungicide inhibited spore germination and
the beginning of April till end of July, which considered germ  tubes  length when applied at high concentration
the promising treatments under such conditions. (25 g lG . water).
 These results are in agreement with those obtained
Second experiment (pathological trails) by Steinhauer and Besser [29]; Seddon and Schmitt [30]
Identification  of  the  causal organism: Identification and Nair and Arora [31]. 
trials were carried out according to the conidial stage The superiority of KH PO  may be due to: (1)
characteristics [27]. Changing in physio-chemical properties of the salt such

Pathogenicity test: Data in Table 4 indicated that the new compounds and disappearance of the others by heat
percentage of infected plants was increased by aging of effectiveness, (2) The high release of the antifungal toxic
plants from 15 to 30 days after inoculation. In this respect, compounds by heat, (3) High temperature might help
Czerniawska et al. [28] reported that Thompson seedless anther toxic substance of antifungal effect. 
grapevine was highly susceptible to powdery mildew
disease. Effect of KH PO  on incidence and severity of powdery

Effect of KH PO on spore germination and germ tube of seedless  grape  detached  leaves  with KH PO  at 2.5%,2 4 

Uncinula necator.: Data obtained in Table 5 and 6 show 24 h. before (preventive treatment) or after (curative
that all tested concentrations of potassium dihydrogen
phosphate (KH PO )were effective in decreasing spore2 4

germination percentage and germ tubes length especially
under 2.5% compared with the control treatment (water
only). However,  the  commercial  and  pure  salt  as well

1

2 4

as viscosity, pH, acidity …etc. due to the appearance of

2 4

mildew  on  detached leaves: Spraying Thompson
2 4

treatment) artificial inoculation with conidiospores of
Uncinula necator resulted in significant reduction
regarding  percentages  of  disease  incidence and
severity  of  powdery  mildew  comparing  with water
spray (Table 7).
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Table 8: Effect of foliar spraying with KH PO on disease and severity of powdery mildew Thompson seedless grape plants, 7 days after artificial inoculation2 4 

with Uncinula necator spores, under green house conditions

Treatments Disease  incidence (%) Reduction  (%) Disease severity (%) Reduction (%)* **  ***

Commercial (75%) 31.90 60.90 37.20 50.10
Pure (100%) 24.10 70.50 28.80 61.30
Afugan 19.50 76.10 25.70 65.50
Control (water only) 81.60 --- 74.50 ---
LSD at 5% level 3.55 2.45 5.21 1.86

*Plants were sprayed weekly for 4 weeks with KH PO  salt, ** Disease incidence and severity were determined 7 days after the last fourth spray treatment,2 4

*** Reduction relative to the control (spraying with water only)

Applying potassium dihydrogen phosphate, 24 h. 2. Abd-El-Migeed, M.M.M., E.A.M. Mostafa and
before spores inoculation gave the highest significant M.M.S. Saleh, 2000. Effect of some macro nutrients
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Response of Banana Plants to Soil and Foliar Applications of Magnesium 
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Abstract: The effect of soil magnesium fertilization either as sulphate or chelate form with or without MgSO4

foliar sprays was studied on vegetative growth, mineral and leaf chlorophyll content, yield and fruit quality of
Grand naine banana plants grown under clay loam soil conditions. Results indicated that Mg fertilization
treatments showed a positive effect on vegetative growth parameters, N, Mg, chlorophyll a and b content in
the leaves; also improved yield as bunch weight and fruit properties comparing with the control. In this respect,
the chelate form was more pronounced than the sulphate form. In addition, treatments included MgSO  as foliar4

sprays were more effective than those without it. So, fertilizing Grand naine banana plants with 100 g Mg
chelate + foliar sprays of 2% MgSO  seems to be the promising treatment under this experiment conditions. 4

 
Key words: Grand naine banana plants % magnesium fertilization % sulphate % chelate % MgSO foliar sprays4 

% leaf minerals % chlorophyll % yield % fruit quality

INTRODUCTION MATERIALS AND METHODS

Banana  is  considered as one of the most popular This  investigation was carried out during 2003-04
and favorite fruits for child and adult. Increasing banana and  2004-05  seasons  on  second  and  third ratoon
yield,  consequently  the  final  profit  is  the main target Grand  naine  banana  plants  grown on clay loam soil in
for  banana producers. They can get their goal through a private plantation at Kfr El-Ziat district, Gharbia
the good orchard  management   especially   fertilization Governorate Egypt. Soil physical and chemical analysis
program. In this respect, banana needs a large amounts of are shown in Table 1. 
nitrogen and potassium fertilization, which depressed Plants were spaced at 3.5x3.5 meters and three
magnesium and reduced the ability of trees to Mg uptake suckers     were     selected   per   each   hole.   Plants
[1, 2]. In  addition, many  symptoms of Mg deficiency under investigation  were  treated with 100 g of
have been recently noticed on  trees,  that received heavy magnesium   fertilizer   as   soil   application   per  each
doses of potassium [3, 4]. In this concern, magnesium is plant  either  at  sulphate  (9.8%  Mg)  or  chelate  (12.5%
a major element and essential on chlorophyll molecule Mg    EDTA)    form    with    or    without    foliar  sprays
structure, introduce as a co-factor with most enzymes of  2%  MgSO .  Soil   application   of  magnesium
related to active phosphorylation process, also acts as a fertilizers was   added   once   at   mid   May   of   each
bridge between pyrophosphate structures of ATP or season, while   the   foliar   sprays   of   MgSO    were
ADP, the enzyme molecule and stabilizes the ribosome applied twice   at   mid   June  and  mid  August  of  each
particles in the configuration for protein synthesis [5]. On season. So,  this  investigation  included  five  treatments
the other hand, the effect of magnesium on productivity as follows:
and fruit quality of fruit trees has been documented in
Egypt by many investigators on oranges, pear and C Control.
banana plants, [6-10]. The aim of this study is to C 100 g of Mg sulphate as soil application.
investigate the effect of soil magnesium fertilization either C 100 g of Mg chelate as soil application.
as sulphate or chelate form with or without MgSO  foliar C 100 g of Mg sulphate as soil application + 2% MgSO4

sprays on vegetative growth, mineral and leaf chlorophyll as foliar sprays.
content, yield and fruit quality of Grand naine banana C 100 g of Mg  chelate  soil  application + 2% MgSO
plants grown under clay loam soil conditions. as foliar sprays. 

4

4

4

4
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Table 1: Soil physical and chemical analysis

Silt 

Sand --------------------------------------------------------- Clay 

Course 2000-200 µ% Fine 200-20 µ% 20-2 µ% ‹2 µ% Soil texture

8.25 21.30 19.70 50.75 Clay loam

pH (1:2.5) Ec dsmG  (1:5) CaCO % OM% N% ex. P% ex. K%1
3

8.23 0.46 2.33 1.88 0.40 0.20 0.42

Soluble cations and anions (meq LG )1

Na  K  Mg  Ca  CO HCO Cl SO+ + ++ ++ -
3 3 4

1.58 0.53 0.68 1.51 ---- 0.39 3.52 0.39

Each  treatment  was  replicated  four  times  with The data were subjected to analysis of variance and
three plants per each replicate and the randomized the  method  of  Duncan’s  was  used to differentiate
complete  block  design  was arranged. The other means [15].
fertilizing  program  was  the  same for all treatments,
where each plant received 500 g N/year as ammonium RESULTS AND DISCUSSION
sulphate (20.5% N), 250 g calcium super phosphate (15.5%
P O )/year and 1200 g potassium sulphate (48-52% Vegetative   growth:    Results   in   Table   2   showed2 5

K O)/year. The other cultural practices were the same for that  all  treatments   significantly   increased   length,2

all plants. girth  of  pseudostem,  number  of  green   leaves  and
At shooting stage, leaf sample was taken from the third  leaf  area  comparing  with  the  control.  On the

middle of the third leaf from the top of each plant [11], other  hand,  it  is  noticed   that   the   chelate   form  of
washed  with  tap  water then with distilled water and Mg  fertilization  had  a  positive effect on vegetative
dried at  70°C  till  constant  weight  and  finally  ground growth parameters compared with the sulphate form.
and digested to determine total nitrogen, phosphorus, Moreover,  treatments  included  foliar  sprays of MgSO
potassium, calcium and magnesium percentages as the had  a  significant  effect  with  respect to pseudostem
methods described in A.O.A.C. [12]. Chlorophyll a and b length and third leaf area compared with the same
were determined according to the method described by treatments  without  foliar  sprays.  However,   foliar
Bruinsma [13]. Also the following parameters were sprays  seemed  to  be ineffective on pseudostem girth
determiend for each plant. and  number  of  green leaves. The higher values of

C Length and girth of pseudostem. and third leaf area were obtained when the plants fertilized
C Number of green leaves per plant. with 100 g Mg chelate + 2% MgSO  foliar sprays, while
C Third leaf area. the lower  values  of  these  parameters  were recorded

At harvest stage, yield as bunch weight (kg) was The   positive    effect    of    magnesium  fertilization
estimated; also hand and finger weight (g), length and on  vegetative   growth   parameters   are   in  harmony
diameter of the finger (cm) were measured. Number of with those obtained by Abd El-Kader et al. [16], Turner
hands  and  fingers  per bunch were calculated  for  each and Barker [17] and Guillier [18] on different banana
plant. varieties. 

After  artificial  ripening,  finger  samples  were used
to  determine  total  soluble  solids  percentage  using Mineral and chlorophyll content in the leaves: Data in
hand refractometer. Acidity was measured as g malic Table 3 showed mineral and chlorophyll content in the
acid/100 g pulp, also total sugars percentage was leaves as affected by Mg fertilization forms with or
determined according to the methods described in without foliar sprays of MgSO . As for nitrogen, all
A.O.A.C. [12]. Vitamin C content in the fruit was estimated treatments significantly increased N leaf content than the
and expressed as mg of ascorbic acid/ 100 g pulp control. However, it is clear that the chelate form of Mg
according to Freed [14]. fertilization recorded higher N  values  compared  with  the

4

length,  girth  of  pseudostem,  number of green leaves

4

with the control plants.

4
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Table 2: Vegetative growth of grand naine banana plants as affected by soil and foliar sprays of magnesium

     Pseudostem

-----------------------------------------------------------

Length (cm) Girth (cm) No. of green leaves Third leaf area (m )2

--------------------------- -------------------------- ------------------------------ ------------------------------

Treatments 2003/04 2004/05 2003/04 2004/05 2003/04 2004/05 2003/04 2004/05

Control 269e 272e 80c 82c 11.7c 12.0d 1.75e 1.78e

100 g soil MgSO 285d 290d 92b 92b 13.1bc 13.3c 2.05d 2.08d4

100 g soil Mg chelate 297b 300b 98a 98a 13.8a 13.8b 2.13c 2.16c

100 g soil MgSO +2% foliar MgSO 292c 295c 94b 94b 13.5ab 13.7b 2.20b 2.24b4   4

100 g soil Mg chelate+2% foliar Mg SO 318a 321a 98a 98a 14.1ab 14.4a 2.40a 2.43a4

Significance at 5% level S S S S S S S S

Means having the same letter(s) within a column are not significantly different at 5% level

Table 3: Minerals and chlorophyll content in Grand naine banana leaves as affected by soil and foliar sprays of magnesium

Chlorophyll mg gG  fresh weight1

---------------------------------------------

N (%) P (%) K (%) Ca (%) Mg (%) A B

--------------------- ---------------------- ---------------------- --------------------- -------------------- -------------------- ----------------------

Treatments 2003/04 2004/05 2003/04 2004/05 2003/04 2004/05 2003/04 2004/05 2003/04 2004/05 2003/04 2004/05 2003/04 2004/05

Control 2.58e 2.63d 0.19 0.20 3.25a 3.38a 0.28 0.25 0.33b 0.32c 0.68d 0.70d 0.19c 0.19d

100 g soil MgSO 2.85d 2.83c 0.22 0.21 2.81c 2.84c 0.25 0.22 0.39a 0.39b 0.88c 0.91c 0.23bc 0.23cd4

100 g soil Mg chelate 3.10b 3.07b 0.21 0.23 2.92b 2.93b 0.25 0.23 0.40a 0.41ab 0.98b 0.97b 0.28ab 0.31ab

100 g soil MgSO  + 2% foliar MgSO 2.97c 2.94bc 0.21 0.22 2.94b 2.95b 0.24 0.21 0.41a 0.42ab 0.87c 0.90c 0.24bc 0.26bc4    4

100 g soil Mg chelate + 2% foliar Mg SO 3.42a 3.44a 0.23 0.23 2.97b 2.98b 0.23 0.22 0.45a 0.46a 1.16a 1.26a 0.31a 0.33a4

Significance at 5% level S S NS NS S S NS NS S S S S S S

Means having the same letter(s) within a column are not significantly different at 5% level

sulphate  form  either  with  or  without  foliar sprays. Concerning magnesium content in the leaves, all
Also,  it  is  noticed  that  treatments  included foliar treatments significantly increased Mg value than the
sprays  significantly  raised  N%  compared  with  the control. However, a gradual increase in Mg content was
same  treatment without it, especially with the chelate observed among all Mg treatments, but this increment
form.  Moreover,  treatment included 100 g chelate lacked significance in the first season, while in the second
Mg+2%  MgSO  as foliar sprays gave the highest value one, Mg chelate fertilizer recorded the highest Mg content4

in both studied seasons. in the leaves.
Phosphorus percentage in the leaf was not As for chlorophyll a and b content in the leaves,

significantly affected by treatments, although a slight there was a significant effect for treatments on these
increase was detected by all treatments than the control parameters, since a gradual increment was observed
in the two seasons. among the treatments in compared with the control which

Regarding potassium content in the leaf, results recorded the lowest value, while the highest value was
indicated that the control plants recorded the highest obtained when the plants fertilized with 100 g Mg chelate
significant  K% in the leaf than all other treatments. On + 2% MgSO  foliar sprays. On the other hand, the chelate
the other hand, the Mg chelate form increased K value form show a significant increase compared with the
than the sulphate form but this increment was significant sulphate  one. Moreover, using MgSO  as foliar sprays
only without adding foliar sprays. Similarly, foliar sprays did not show any effect with respect to chlorophyll b,
of MgSO  enhanced K% in the leaves than without spray while it significantly increased chlorophyll a when4

but the significance was observed when the plants sprayed with chelate form.
fertilized with sulphate form only. From the previous results, it is clear that Mg

Calcium content in the leaves was not affected by fertilization treatments showed a positive effect on N, Mg,
treatments. However, the control treatment gave the chlorophyll a and b comparing with the control. While, it
highest Ca value in the leaf compared with the other had a negative effect on K% and had no effect on P and
treatments. Ca content in the leaves. In this respect, the chelate form

4

4
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Table 4: Yield and fruit quality of Grand naine banana plants as affected by soil and foliar sprays of magnesium

Bunch wt. (kg) No. hands/bunch No. fingers/bunch Hand wt. (kg) Finger length (cm) Finger diameter (cm) Finger wt. (g)

--------------------- -------------------- -------------------- ------------------- -------------------- ------------------------- -------------------------

Treatments 2003/04 2004/05 2003/04 2004/05 2003/04 2004/05 2003/04 2004/05 2003/04 2004/05 2003/04 2004/05 2003/04 2004/05

Control 24.0d 24.7e 9.3d 9.7d 161d 166d 2.60 2.57b 15.7e 15.4e 2.60d 2.77d 148b 158d

100 g soil MgSO 29.7c 30.7d 11.3c 12.0c 186c 188c 2.60 2.57b 17.4d 17.6d 3.30c 3.37c 159a 162a4

100 g soil Mg chelate 34.0b 35.0b 13.0ab 13.0b 210b 212b 2.60 2.70a 19.3b 19.6b 3.63b 3.67b 162a 164a

100 g soil MgSO  + 2% foliar MgSO 31.0c 32.3c 12.3bc 13.0b 188c 192c 2.53 2.50b 18.7c 19.2c 3.57b 3.67b 165a 168a4    4

100 g soil Mg chelate + 2% foliar Mg SO 35.7a 36.7a 13.7a 14.0a 221a 225a 2.63 2.60ab 20.9a 21.8a 4.13a 4.2a 161a 163a4

Significance at 5% level S S S S S S NS S S S S S S S

Means having the same letter(s) within a column are not significantly different at 5% level

Table 5: Chemical properties of Grand naine banana fruits as affected by soil and foliar sprays of magnesium

TSS (%) Total sugars (%) Acidity (%) Ascorbic acid (mg/100 g)

---------------------------- --------------------------- --------------------------- --------------------------------

Treatments 2003/04 2004/05 2003/04 2004/05 2003/04 2004/05 2003/04 2004/05

Control 15.3e 15.8e 15.1e 15.0e 0.29 0.31 15.2c 15.1e

100 g soil MgSO 17.0d 17.2d 16.7d 17.0d 0.31 0.32 16.4b 16.2d4

100 g soil Mg chelate 19.0c 19.9c 18.4c 18.6c 0.32 0.32 16.7b 16.7b

100 g soil MgSO  + 2% foliar MgSO 20.5b 21.2b 19.9b 20.2b 0.33 0.34 16.5b 16.4c4    4

100 g soil Mg chelate + 2% foliar Mg SO 22.2a 22.9a 21.5a 22.0a 0.35 0.35 17.5a 17.4a4

Significance at 5% level S S S S NS NS S S

Means having the same letter(s) within a column are not significantly different at 5% level

was more pronounced than the sulphate form; also while  spraying  MgSO   had  no  effect on this parameter.
treatments included Mg sprays were more effective than In this concern, fertilizing  plants with 100 g Mg  chelate
those without it. These results are agreed with those solely  recorded  the  heaviest hand. This was  true  in  the
recorded by Abou Aziz et al. [9] and Abd El-Kader et al. second  season  only.  Finger weight was affected by
[16] on banana, El-Safty and Rabeii [8], Maksoud et al. treatments, since all Mg fertilization treatments
[19] and Abd El-Moniem et al. [20] on oranges, who significantly   increased  finger  weight  compared  with
mentioned that an increase in N, Mg and chlorophyll, the  untreated  plants  (control).  No significant
while a reduction in K content in the leaves was observed differences were detected between Mg fertilization
due to magnesium applications. treatments. This was true in both studied seasons.

Yield  and  fruit  quality:  Results  in Table 4 indicated indicated  that, both of the two parameters toke the same
that bunch weight was affected by different treatments. trend. Since, all treatments significantly increased length
However, all treatments significantly increased bunch and diameter of finger than the control. Also treatments
weight in compared  with  the  control  in  both seasons. included Mg chelate form and foliar sprays improved
In this respect, the highest significant weight was these parameters than those included sulphate form
recorded when the plants fertilized with 100 g Mg at without foliar sprays.
chelate form +2% MgSO  foliar sprays. Moreover, Data in Table 5 indicated that TSS percentage and4

treatments included the chelate Mg form significantly total sugars in banana fruit followed the same trend, since
increased bunch weight than those fertilized with Mg all treatments significantly increased these parameters
sulphate form either with foliar sprays or not. On the other comparing with the control plants. On the other hand,
hand, treatments included MgSO  as foliar sprays raised chelate treatments increased TSS and Total sugars in4

bunch weight especially with Mg chelate treatment. comparing with the sulphate treatments, also foliar sprays
Similar results were obtained with respect to number of treatments increased the same parameters than without
hands and fingers/bunch. Hand weight was affected in foliar sprays. Moreover, it is clear that treatment included
the second season only, since Mg chelate treatments Mg chelate + MgSO  foliar sprays gave the highest value
improved  hand weight than Mg sulphate treatments, for both TSS and total sugars content in the fruit. As for

4

Regarding length and diameter of the finger, results

4
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acidity percentage, treatments had no effect on this 4. Kassem, H.A. and Amal M. El-Seginy, 2002.
parameter although there is an increasing trend through Response of Florida Prince peach trees to soil and
the treatments in compared with the control. Ascorbic foliar application of potassium. J. Adv. Agric. Res., 7:
acid  content in the fruits was significantly increased by 103-115. 
all treatments than the control and the highest significant 5. Jones, I.B., B. Wolf and H.A. Milles, 1991. Plant
value was obtained when the plants fertilized with Mg analysis  handbook. Micro-Macro Publishing Inc.,
chelate and MgSO  foliar sprays. pp: 213. 4

The positive effect of magnesium fertilization may be 6. Haggag, M.N., H.A. El-Shamy and E.A. El-Azab,
due to the important physiological role of magnesium on 1987. Magnesium influence on leaf mineral
chlorophyll molecule structure, enzymes activity and composition, yiel and fruit quality of Washington
protein synthesis [5] that reflected on increasing growth navel  orange  in  Egypt.  Alex.  J.  Agric. Res., 32:
parameters and consequently improved yield and fruit 189-198.
quality of banana plants. 7. Attala, Eman S., M.M. Ali and A.S. Wally, 1997.

The previous results are in line with those obtained Magnesium effects on "Le Conte" pear trees grown
by Abou Aziz et al. [9] and Abd El-Kader et al. [16] on in  sandy  soil. J. Agric. Sci. Mansoura Univ., 22:
banana, El-Safty and Rabeii [8], Maksoud et al. [19] and 3871-3885.
Abd El-Moniem et al. [20] on oranges, Attala et al. [7] on 8. El-Safy, M.A. and Ratiba S. Rabii, 1998. Effect of
Le Conte pear and El-Seginy et al. [21] on Anna apple. foliar  and  soil  application  of   magnesium  sulfate

From the abovementioned results, it could be on mineral composition, yield and fruit quality of
concluded  that soil  magnesium fertilization had a Washington navel orange trees. J. Agric. Sci
positive effect on banana plants with or without Mg Mansoura Univ., 23: 2653-2641.
spray. However, fertilizing Mg at chelate form was more 9. Abou  Aziz,  A.B.,  M.F. Mostafa; N.R. Samra and
pronounced than the sulphate one. Moreover, using A.M.  El-Tanahy,  2000.  Nutritional studies on
MgSO  as foliar sprays was more effective than without banana   plants.   J.   Agric.   Sci.  Mansoura  Univ.,4

it especially when applied with Mg chelate form. So, 25: 433-439.
fertilizing Grand naine banana plants with 100 g  Mg 10. Dawood,  S.A.,  M.M.  El-Hamady, S.A.G.  El-Siada
chelate as soil application + foliar sprays of 2% MgSO and  A.M.  Hamissa,  2001.  Response of4

seems to be the promising treatment under this experiment Washington navel orange trees grown on slightly
conditions. alkaline  clay  soils  to  magnesium  rates, methods

ACKNOWLEDGEMENTS 79: 1059-1073. 

The authors would like to thank The National nutrition of banana. Emp. J. Exp. Agric., 23: 11-16.
Campaign for Development of Banana in Egypt that 12. A.O.A.C. (Associaiton of Official Agricultural
support the financial side of this study. Chemists), 1985. Official Methods of Analysis.

REFERENCES pp: 490-510.

1. Embleton, T.W. and W.W. Jones, 1959. Correction of chlorophylls a and b in plant extracts. Photochem.
magnesium deficiency of orange trees in California. Photobiol., 2: 241-244. 
Proc. Am. Soc. Hort. Sci., 74: 280-288. 14. Freed, M., 1966. Methods of vitamin assay. Inter

2. Westwood, M.N., 1978. Temperate zone pomology. Science Pub. Inc., New York. 
W.H.  Freeman  Company,   San   Francisco,  USA., 15. Duncan, D.B., 1955. Multiple range and multiple "F"
pp: 428. tests. Biometrics, 11: 1-42.

3. Khanduja, S.D. and V.R. Balasubrahmanyam, 1974. 16. Abd El-Kader, A.M., M.B. Bastawros and A.A. Abd
Nutrient element status of "Anab-e-Shahi" and El-Aal, 1990. Effect of magnesium sulphate
"Thompson seedless" vineyards in Pensinsular, application on growth and yield of Maghrabi banana.
India. Ind. J. Hort., 31: 125-130. J. Agric. Sci. Mansoura Univ. 15: 577-581.

and  number  of  applications.  Egypt. J. Agric. Res.,

11. Hewitt, C.W., 1955. Leaf analysis as a guide to the

Benjamin Franklin Station, Washington, D.C., USA.,

13. Bruinsma, J., 1963. the quantitative analysis of



Am-Euras. J. Agric. & Environ. Sci., 2 (2): 141-146, 2007

146

17. Turner and B. Barkus, 1983. Long term nutrient 20. Abd El-Moniem, A., A.A. El-Helaly and H.M. El-
absorption  rates  and  competition  between ions in Kader, 2002. Response of Washington navel orange
banana in relation to supply of K, Mg and Mn. trees to soil foliar applications of magnesium
Australian Hort. Res. Newsletter, 55: 137-138. sulphate. J. Adv. Agric. Res., 7: 605-612. 

18. Guillier, R., 1965. Soil-plant experiments on banana. 21. El-Seginy,  Amal  M.,  Malaka  S.M. Naiema and
Fruits d'outre Mer, 20: 261-264. W.M. Abd El-Messeih, 2003. Response of Anna

19. Maksoud, M.A., Laila, F. Haggag and K.W. Khalil, apple  trees  grown  in  newly  reclaimed  calcareous
1994. The nutritional status and yield of Washington soil   to   magnesium   sulfate   application   in
navel orange trees grown in sandy soil as affected by different   quantities   and   doses.   Alex.  J.  Agric.
magnesium  sulphate  fertilizer. Annals Agric. Sci. Res., 48: 69-74. 
Ain Shams Univ., 39: 365-377.



American-Eurasian J. Agric. & Environ. Sci., 2 (2): 147-152, 2007
ISSN 1818-6769
© IDOSI Publications, 2007

Corresponding Author: Dr. Mohamad A. Shatnawi, Department of Biotechnology, Faculty of Agriculture Technology, Al-Balqa,
Applied University, Al-Salt 19117, Jordan

147

Influence of Zn and Mn Levels on Growth and 
Micronutrient Acquisition of Apple Microculture

Rida A. Shibli, Mohamad A. Shatnawi, Munir J. Mohammad, 1    2    1

Muna Y. Hindiyeh and Abdullah Abu-Ein1     1

Department of Plant Production, College of Agriculture, 1

Jordan University of Science and Technology, Irbid, Jordan
Department of Biotechnology, Faculty of Agriculture Technology, 2

Al-Balqa, Applied University, Al-Salt 19117, Jordan

Abstract: Growth and micronutrient acquisition of two apple rootstock (MM106 and M 26) and one cultivar
(Galla) in response to different level of Zn (0.8, 1.6, 4.8, or 6.4 mg LG ) and Mn (2.7, 5.4, 16.2 or 21.6 mg LG )1          1

concentration were studied in vitro. Microshoot fresh weight and dry weight were increased with increasing
Zn level in the medium in all apple varieties. Similar response was shown for leaf number, number of shoot and
microshoot length with increase Zn up to 4.8 mg LG  and decreased at higher level. Zn acquisition in all varieties1

was elevated with increasing Zn level in the medium, while Zn had an antagonistic effect on Mn and Cu
concentration at high Zn level (6.4 mg LG ). Antagonistic effect of Zn was observed on Fe concentration on1

Galla and M26 and a synergistic effect was obtained in MM106 tissues. In Mn experiment, microshoot fresh
weight, dry weight and length in all apple varieties increased with increasing Mn level (up to 16.2 mg LG ) in1

the medium. Meanwhile, leaf number and number of shoots decreased with increasing Mn level in MM 106 and
M 26. Increasing Mn level in the medium had a positive effect on Zn uptake in MM 106 and Galla tissues and
Zn uptake decreased in M 26. Cu acquisition in Galla was decreased with elevated Mn level in the medium. In
Galla and M 26 varieties Mn had a positive effect on Fe concentration.

Key words: Acquisition % apple % micronutrient % microculture

INTRODUCTION [6] which represent the actual plant needs of minerals in

Micronutrients availability and utilization by plants possible to estimate plant needs in different growth
are highly dependent on soil and climatic factors, such as, stages of micronutrients that might taken as a guide in
soil type, aeration, water and mineral interaction [1-3]. many fertilization programs [7, 8]. 
Basic soil reaction and CaCO content in the soil Tissue culture has been considered a relevant system3 

significantly limit the availability of Zn and Mn. Under for selection of plant tolerance to the imposed treatment
these soil conditions, plant genotype that genetically in the medium [9]. In vitro cultures offer greater control
controls the use efficiency of soil nutrients, can play a key and precise measurement for growth and development of
role in enhancing Zn and Mn acquisition under plant tissues [9-11]. The use of tissue culture can help to
unfavorable soil conditions. Moreover, varieties within focus on the physiological and biochemical mechanisms,
each genotype may have differential response to low or which  help  plant  tolerance to medium-included stress
toxic levels of soil micronutrients [4, 5]. [10-13]. It has been reported that the whole plant response

In tissue culture, growth medium was designed to to  stress  conditions  at  the  cellular level and those of
provide the plant tissues with mineral nutrients (macro the tissue culture are similar [11, 12]. In addition, tissue
and micronutrients) that are necessary for in vitro and culture  been  used  to  assess  plant reaction to salinity
development. Ratios of nutrients in the medium were [9, 13] or drought [14] in many plant species. Although
stated to mimic those found in plant tissues after ashing several studies [14-16] have been conducted in vitro to

vitro. So using tissue culture techniques have made it
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monitor  plant  genotypes  responses  to   low,  normal leaf number, number of proliferated shoots, number of
and even toxic levels of a certain micronutrient under dead leaves and microshoots length. Microshoots were
controlled environment. More research is needed to then  oven dried at 70°C and dry weight was recorded.
investigate more genotypes and to study the effect of Dry microshoots were milled and allowed to pass 1.0 mm
different levels of Zn and Mn in the medium on growth sieve  size  before  dry  ashing  at  55°C. Micronutrient
and  acquisition  of  other  micronutrients.  This would (Zn, Mn, Cu and Fe) were analyzed using an atomic
also help in screening varieties that are resistant to either absorption   spectrophotometer   (Pye   Unicam  Sp9).
micronutrient deficiency or toxicity. In the study, growth Data collected for growth were analyzed statistically
and micronutrient acquisition of apple rootstocks (MM according  to  analysis of variance ANOVA and mean
106, M 26) and one cultivar (Galla) in response to deferent were separated using Least Significant Difference (LSD)
levels of Zn and Mn were evaluated in vitro. test at probability of (0.05). For micronutrient data, the

MATERIALS AND METODS of each micronutrient was calculated. 

Two apple rootstocks (MM 106 and M 26) and one RESULTS AND DISCUSSION
cultivar (Galla) were established in vitro according to
Shibli et al. [11]. Mature dormant wood (one year) was All apple varieties showed some increased in
collected in late winter and cut into section (10 cm long). microshoot fresh and dry weight in response to increasing
The basal end of each section was immersed in tap water Zn acquisition in the medium (Table 1). Similar results
at room temperature 24±2°C day and 18±2°C night for four were obtained in tomato and cucumber shoot grown on
weeks until buds broke their dormancy. Buds were excised solution  medium  supplemented with elevated levels of
and surface sterilized in 5.52% sodium hypochlorite and Zn [4, 15]. Leaf number and number of shoots, however,
rinsed aseptically with sterile distilled water. Shoot tips were highest when Zn concentration was 4.8 mg LG  in the
(0.5-0.7 mm) were excised and inoculated on MS medium medium. These trends indicated no varietals differences
[17] supplemented with 30 g LG  sucrose, 1.0 mg LG  N - in response to Zn level used in this study (Table 1).1    1 6

Benzyl  adenine  (BA), 0.1 mg LG  gibberellin  (GA ) and Number of dead leaves was decreased in the MM 1061
3  

8.0 g LG Bacto ager. Cultures were transferred to the variety when Zn level was lowered below 1.6 mg LG .1
 

growth room and maintained under daily regime of 16 h Highest number  of  dead leaves of Galla was at Zn level
light (photosynthetic photon Flux Density; PPFD = 40-45 of 1.6 mg LG , while with M 26 dead leaves were increased
µmol mG  sG )/8 h dark and incubated at 22±2°C and as Zn level increased in the medium. This may suggest2 1

subculturing was performed every four weeks. that M 26 was the most sensitive to the increased level of
For Zn experiment, microshoots (1.0 cm) were Zn. Microshoot length increased in MM 106 and Galla

transferred into a full strength MS medium supplemented along with the increased Zn level (up to 4.8 mg LG ).
with different Zn concentration (0.8, 1.6, 4.8 and 6.4 mg However, it was reported that Zn has a role in activation
LG ) added from ZnSO4.7H20 (1.6 mg LG  = regular Zn of enzyme responsible of auxin synthesis [18] that intern1       1

concentration described in MS medium). For Mn might be toxic enough to inhibit microshoot elongation.
experiment,   other   microshoot   were  subculture  into Although  M  26  had  higher  number of dead leaves as
MS  medium   supplemented  with  different  Mn  level Zn increased in the medium, the length of the microshoot
(2.7, 5.4, 16.2 and 21.6 mg LG ) added from MnSO4.4H2O was highest.1

(5.4 mg LG  = regular  Mn  concentration  described  in MS Increasing Zn concentration in the medium was1

medium).  The  medium  was  also  supplemented   with accompanied with continuous increase in Zn acquisition
0.5  mg  LG  6-Benzyladenine,  2.0  mg LG   gibberelline, in an all apple varieties (Table 2). Similar results were1      1

0.1 mg  LG  Indolebutyric acid (IBA), 30 g LG  sucrose and reported in tomato and cucumber [4, 11]. However, MM1      1

8 g LG  Bacto agar and pH was adjusted to 5.7. The 106 was more efficient in Zn acquisition from the medium1

cultures were maintained under similar growth room at all Zn levels. Similar trend was observed in Mn
conditions  described  above.  Each treatment consisted acquisition   in   M  106  and  Galla as Zn level increased
of ten replicates arranged in a Complete Randomized to 4.8 mg LG  (Table 2). Higher levels of Zn (6.4 mg LG )
Designed. Each experiment was repeated 3 times. resulted in lower Mn concentration in the tissues

The experiment duration was 4 weeks and at the end suggesting a negative effect on Mn at the highest Zn
of each experiment; data were collected on fresh weight, level   in    the   medium   for   all   varieties.   An  obvious

Standard  Deviation  (SD)  between  two concentrations

1

1

1

1

1         1
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Table 1: Effect of medium Zn concentration on microshoot growth of different apple varieties grown in vitro. Medium supplemented with 0.5 mg LG  BAp,1

2.0 mg LG  GA  and 0.1 mg LG  IBA1     1
3

Apple Zn conc. Fresh Dry Leaf Number of Number of Microshoot

variety (mg LG ) weight (g) weight (g) number shoots dead leaves length (cm)1

MM 106 0.8 0.320 0.032 11.60 1.8 3.8 1.86

1.6 0.322 0.037 18.00 2.2 2.2 1.98a

4.8 0.341 0.066 12.20 1.4 1.4 4.16

6.4 0.375 0.088 11.60 1.2 1.0 2.16

Galla 0.8 0.237 0.017 6.40 1.0 2.0 1.12

1.6 0.296 0.033 24.60 1.8 3.2 2.74

4.8 0.321 0.057 13.40 1.4 2.6 3.20

6.4 0.374 0.068 9.40 1.2 1.8 2.28

M 26 0.8 0.271 0.035 14.40 1.0 1.8 1.04

1.6 0.320 0.040 16.21 1.4 2.0 1.48

4.8 0.327 0.051 14.20 1.0 3.2 2.04

6.4 0.341 0.054 6.80 1.0 4.2 2.36

LSD 0.019 0.004 0.947 0.167 0.253 0.200

a = Same as the regular Zn level in the MS medium. Means were separated using Least Significant Differences (LSD) test at p = 0.05. Means±standard

deviation, n = 3. Approximately 10-12 microshoots were tested for each replicate

Table 2: Effect of medium Zn concentration on micronutrient acquisition in different apple varieties grown in vitro. Medium supplemented with 0.5 mg LG1

BAp, 2.0 mg LG  GA  and 0.1 mg LG  IBA1     1
3

      Mineral content (µg gG )1

-----------------------------------------------------------------------------------------------------------------------------------

Apple variety Zn conc. (mg LG ) Zn Mn Cu Fe1

MM 106 0.8 240.31(0.9) 110.00(0.0) 46.25(3.7) 31.25(0.0)

1.6 342.27(0.8) 200.63(1.2) 36.20(5.6) 116.66(0.3)a

4.8 417.29(0.9) 232.46(0.4) 26.11(2.8) 246.51(0.5)

6.4 594.47(0.3) 228.40(0.8) 15.50(0.8) 250.23(0.3)

Galla 0.8 81.13(0.0) 83.77(1.9) 20.29(6.2) 162.90(2.0)

1.6 130.70(1.5) 160.00(0.5) 21.25(7.8) 174.10(4.0)

4.8 391.18(0.0) 178.07(1.1) 35.83(2.4) 241.29(2.0)

6.4 489.44(3.6) 123.15(1.8) 21.80(4.7) 210.60(2.0)

M 26 0.8 283.16(0.3) 217.18(2.4) 70.00(1.6) 731.25(2.0)

1.6 326.87(0.8) 216.32(0.5) 68.43(2.6) 565.70(0.0)

4.8 356.88(0.9) 199.71(1.4) 59.14(4.8) 526.32(0.0)

6.4 478.23(0.3) 171.70(1.5) 34.41(0.9) 308.85(0.6)

a = Same as the regular Zn level in the MS medium. Means were separated using Least Significant Differences (LSD) test at p = 0.05. Means±standard

deviation, n = 3. Approximately 10-12 microshoots were tested for each replicate

antagonistic effect of Zn concentration on Cu acquisition medium  decreased  leaf  number  of  shoots in MM 106
was recorded in MM 106 and M 26, while Cu acquisition and  M 26 varieties but this trend was the opposite in
declined in Galla and M 26 varieties was similar to that of Galla (Table 3). Microshoots length showed some
Zn and Mn. The MM 106, however continued to take up increase  with  increasing  Mn  level  to  16.2   mg  LG  in
more Fe even at highest Zn concentration in the medium all   varieties   then   decline   at   higher   Mn   levels
(Table 2). (Table 3).

In Mn experiment, fresh and dry weight of Increasing Mn level in the medium resulted in
microshoots  increased  with  increasing   Mn   level  in increased level of Zn in tissue by MM 106 and Galla. M 26
the  medium  (up  to  16.2 mg LG ) and any increase also took up more Zn with increasing Mn level until Mn1

beyond this concentration caused a decrease in both reached 16.2 mg LG  (Table 4), where negative interaction
weight (Table 3). Increasing Mn concentration in the between  Zn  and  Mn  was  observed [8]. Mn acquisition

1

1
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Table 3: Effect of medium Mn concentration on microshoot growth of different apple varieties grown in vitro. Medium supplemented with 0.5 mg LG  BAp,1

2.0 mg LG  GA  and 0.1 mg LG  IBA1     1
3

Apple Zn conc. Fresh Dry Leaf Number of Number of Microshoot

variety (mg LG ) weight (g) weight (g) number shoots dead leaves length (cm)1

MM 106 2.7 0.327 0.024 18.20 1.60 1.00 3.40

5.4 0.507 0.056 16.80 1.60 0.60 3.90a

16.2 0.602 0.102 16.00 1.00 0.20 4.30

21.6 0.543 0.086 9.20 1.00 2.00 1.84

Galla 2.7 0.330 0.059 15.60 2.40 0.80 3.20

5.4 0.430 0.066 16.40 2.40 0.40 3.34

16.2 0.469 0.088 18.80 3.00 1.00 4.12

21.6 0.38 0.082 20.40 1.20 2.00 3.40

M 26 2.7 0.433 0.068 28.00 4.80 1.60 1.60

5.4 0.498 0.078 26.40 3.40 2.00 2.70

16.2 0.591 0.154 18.60 2.20 1.00 3.88

21.6 0.568 0.107 14.80 1.60 1.60 2.62

LSD 0.027 0.001 1.29 0.20 0.22 0.35

a = Same as the regular Zn level in the MS medium. Means were separated using Least Significant Differences (LSD) test at p = 0.05. Means±standard

deviation, n = 3. Approximately 10-12 microshoots were tested for each replicate

Table 4: Effect of medium Mn concentration on micronutrient acquisition in different apple varieties grown in vitro. Medium supplemented with 0.5 mg LG1

BAp, 2.0 mg LG  GA  and 0.1 mg LG  IBA1     1
3

       Mineral content (µg gG )1

----------------------------------------------------------------------------------------------------------------------------------

Apple variety Zn conc. (mg LG ) Zn Mn Cu Fe1

MM 106 2.7 80.78(0.3) 42.82(1.6) 10.86(0.4) 149.13(0.6)

5.4 148.66(0.0) 101.40(0.9) 20.00(0.5) 144.77(1.0)a

16.2 239.99(0.0) 116.31(0.2) 15.69(0.7) 100.43(0.8)

21.6 245.82(0.3) 138.53(0.1) 13.29(01.7) 93.90(2.0)

Galla 2.7 41.00(1.1) 40.90(0.8) 10.13(1.5) 41.25(1.0)

5.4 184.70(0.4) 105.00(0.7) 10.50(2.0) 97.70(1.4)

16.2 239.36(0.3) 131.37(1.1) 19.84(2.4) 176.20(0.6)

21.6 283.78(0.1) 168.88(0.2) 15.33(1.1) 207.14(0.7)

M 26 2.7 126.25(0.3) 50.00(0.3) 11.38(1.2) 83.30(0.7)

5.4 238.75(0.1) 90.50(0.4) 18.39(1.4) 135.00(1.0)

16.2 277.75(0.2) 150.75(0.4) 16.37(3.7) 137.1(0.1)

21.6 110.00(0.6) 165.10(0.1) 8.90(0.1) 148.44(1.0)

a = Same as the regular Zn level in the MS medium. Means were separated using Least Significant Differences (LSD) test at p = 0.05. Means±standard

deviation, n = 3. Approximately 10-12 microshoots were tested for each replicate

increased  along  with increasing along with increasing negative interaction between Mn and Fe but not with Cu
Mn level in the medium in all apple varieties (Table 4). In [19, 20, 22]. Mn is suggested to interfere with Fe transport
MM 106 and M 26, Cu concentration in tissue was the in annual crop [15] Fe concentration decreased with
highest for the control treatment and continued to increasing Mn level in the medium in MM 106 tissues but
decrease with increasing Mn. This suggests an this trend was the opposite in Galla and M 26 varieties
antagonistic effect of Mn on Cu in these two varieties. (Table 4). 
Meanwhile, Cu concentration in Galla continued to Antagonistic  interaction   between   Mn   and  Fe
increased  with  increasing  Mn level (up to 16.2 mg LG ) was  observed  in  avocado  trees  but not in apple tree1

in the medium (Table 4). Other researcher found a [15, 21, 22]. This suggests variations among plant species
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in  response  to  differential level of Mn and Fe. Our 6. Muleo, R., F. Cinelli and R. Viti, 1995. Application of
results  suggest,  furthermore,  varietals  variations  in tissue culture on quince Rrootstock in iron limiting
their response to Mn and Fe levels. This indicates a conditions. J. Plant Nutr., 18: 91-103.
positive Mn/Fe relationship in Galla and M 26 varieties 7. Owen, H. and R. Miller, 1992. An examination and
while an antagonistic on Fe was observed with MM 106. correction of plant tissue culture basel medium
Antagonistic interaction has been reported among formulations. Plant Cell, Tiss Org. Cul., 28: 147-150.
micronutrients [23]. However, these results indicate a 8. Tschaplinski, T.J., G.M. Gebre and J.E. Dahl, 1995.
significant  difference  among varieties in their response Growth and solite adjustment of calli populous
to different level of micronutrient and to the deficient cultured on nutrient medium containing poly
and/or toxic levels of micronutrient. ethylene glycol. Can. J. For. Res., 25: 1425-1433.

CONCLUSIONS Shatnawi, 2000. Growth and micronutrient acquisition

Growth and micronutrient acquisition of the three induced salinity. J. Plant Nutr., 23: 1209-1215.
tested  apple varieties were influenced by increasing Zn 10. Shibli, R.A and K.H. Al-Juboory, 2002. Comparative
or Mn level in the medium. Generally, most growth Response of Nabali Olive Microshoot, Callus and
parameters  and  acquisition  of  some  micronutrients in Suspension Cells Culture to Salinity and Water
all  apple  varieties  increased with increasing the Zn or Deficit. J. Plant Nutr., 25: 61-74.
Mn  level until the regular micronutrient concentration 11. Shibli, R.A., L.A. Spomer and M.A.L. Smith, 1992.
was tripled as they decline at such high level. Also apple Osmotic   adjustment   and  growth  response  of
varieties varied in their response to the experimental three Chrysanthemum monifolirum. Cultivar to
treatments. This  might  refer to the varietal sensitivity osmotic   stress   induced   in  vitro. J.  Plant  Nutr.,
that varies form one variety to another in micronutrient 15: 1373-1381.
acquisition. Therefore, this can be suggested as a tool to 12. Wallihan,  E.F.  and M. Miller, 1986. Leaf symptoms
screen varieties for their responses to deficient and/or of manganese deficiency in avocado trees. Proc.
toxic level of micronutrient and to their interaction. Hort. Sci., 93: 141-144.
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