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ffects of L-asparagine and L-glutamine on growth, pigments content and metabolism of 
haseolus vulgaris plants, at two stages of plant growth and development in was investigated in 
icropropagated tissues (in vitro). In general, all growth parameters increased by 1 & 2 mM 
sparagine or glutamine treatments while decreased in response to other concentrations (3, 4 & 5 
M), Similarly total carbohydrates and its fractions also increased in response to low 

oncentrations whereas the higher concentrations decreased these parameters, throughout the 
xperiment. The pattern of changes in chlorophyll a, chlorophyll b and carotenoids were more or 
ss similar to that in carbohydrates in response to asparagine or glutamine treatments. As 
ompared with untreated plants, treatment with all concentrations of asparagine or glutamine 
duced marked increases in amide nitrogen, total nitrogen and protein whereas ammonia 
itrogen, peptide nitrogen and total soluble nitrogen, decreased during seedling and vegetative 
tages. Ions content (K+, Na+, Ca++ and Mg++) increased significantly by 1 mM asparagine or 
lutamine and markedly decreased by the other concentrations. Asparagine and glutamine 
eatments increased and decreased the growth promoters (auxins, gibberellins and cytokinins) 
vel at low and high concentrations, respectively. On the other hand a reverse situation was 
bserved in case of ABA content. In general, the activity of all the determined enzymes 
asparagine synthetase, glutamine synthetase, nitrate reductase and protease) was decreased by 
creasing asparagine or glutamine concentrations, during the two stages of Phaseolus vulgaris 
rowth and development. 
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Cell and tissue culture techniques of 
lants provide alternative research material, 
specially for developmental and metabolic 
tudies that might be difficult to conduct in 
tact plants (Dudits et al. 1995). The ability to 
vestigate the physiological effects of 
utrients, plant hormones and other chemical 
onstituents in defined culture media under 
ontrolled conditions is one of the most 
portant applications of tissue culture 

Kärkönen, 2001). 
All living organisms require nitrogen as an 

dispensable element, most of which is 
ound up in amino acids and nucleotides 
Sungdae, 2002 and Tabatabaei et al. 2008). 
ost living organisms are capable of 
ssimilating ammonia into the amino-group of 
lutamine, which is the direct source of 
itrogen for the building blocks of 

macromolecules and other biological 
compounds (Sungdae, 2002; Lehmann and 
Ratajczak, 2008). It has been reported that 
addition of glutamine to medium containing 
cytokinins or cytokinins and auxins increased 
the regenerative ability of old calluses of 
wheat by 6 to 10% and a shoot induction 
frequency by 55% (Shrivastava and Chawla 
2001). Moreover, for mature zygotic embryos, 
the addition of asparagine, glutamine or 
arginine to the basal LPM culture medium has 
resulted in improved somatic embryogenesis 
induction (Vesco et al. 2001).) Ammonia and 
glutamine can serve as alternative nitrogen 
sources although, at high concentrations (≥ 
1mM), they can inhibit growth (Zhang et al. 
(1999). Further, asparagine could act as an 
amide group donor similar in role to glutamine 
(Schubert, 1983). In germinating seeds of 
legumes, the amino acids are catabolized by 
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both glutamate dehydrogenase (GDH) and 
transaminases. Ammonium is reassimilated 
by glutamine synthetase (GS) and, through 
the action of asparagine synthetase (AS), is 
stored in asparagine (Asn) (Lehmann and 
Ratajczak ,2008  ) 

Nitrogen enrichment has been reported to 
stimulate net dry matter production in Dactylis 
glomerate L plan (Harmens et al. (2000). 
Menéndez et al. (2002) observed that nitrogen 
application was followed by an increase in 
chlorophyll content after 4 days of treatment 
and this was followed by an increase in 
biomass after 10 days in Chaetomorpha 
linum.. On the other hand, Tremblay et al. 
(1999) reported that when Phaseolus vulgaris 
and sweet corn grown at different nitrogen 
concentrations, chlorophyll contents of both 
were not correlated to nitrogen application. 
Whereas, Martin et al. (2002) detected 
significant reduction of Arabidopsis seedling 
chlorophylls, by low nitrogen treatment (0.1 
mM). Addition of nitrogen to the growth 
medium has been report to increase the 
cations in Lolium multiflorum (Sagi et al. 
1998). Moreover, Kubik-Dobosz and Buczek 
(1999) stated that when Pisum sativum plants 
supplied with 1mM glutamine or asparagine 
took up ammonium and potassium at rate 
lower than those of control plants. The efflux 
of NH4

+ and K+ from root to ambient solution 
was enhanced under these treatments. 

The relations between nitrogen 
metabolism and endogenous hormones are 
reciprocal. Not only do these hormones 
control certain phases of protein synthesis 
and degradation, but two of the three main 
classes of hormones; auxins and cytokinins, 
are themselves nitrogen containing 
compounds whose production is inevitably 
linked with the nitrogen metabolism of the 
plant (Luckwill, 1967). Moreover, glutamine 
synthetase is the key enzyme in ammonia 
assimilation and catalyzes the ATP-
dependent condensation of NH3 with 
glutamate to produce glutamine (Ortega et al. 
1999). In this connection, Miflin and Habash 
(2002) reported that, glutamine synthetase is 
necessary for the biosynthesis of nucleic 
acids, proteins, complex polysaccharides, and 
various coenzymes. Ogawa et al. (1999) 
proved that after addition of glutamine to 
nitrate-containing medium, nitrate reductase 
activity was repressed in cultured Spinach cv. 
Hoyo cells. On the other hand, Li et al. (2001) 
found that in maize seedlings, 5mM glutamine 

strongly reduced nitrate reductase activity in 
the roots, however, in shoots no significant 
effect was detected. Moreover Niharika et al. 
(1998) reported that the uptake of nitrate by 
intact seedlings was inhibited by glutamine, 
whereas the total protein content of excised 
organs was unaffected. 

In this view, the objective of the present 
investigation was to find out the possible 
effects of the two different amide- nitrogen 
compounds (asparagine and glutamine) on 
growth, pigments,, carbohydrate, nitrogen, 
protein, ions and growth regulators contents in 
micropropagated tissues of French bean 
(Phaseolus vulgaris). In parallel, changes in 
the activity of some related enzymes i.e. 
asparagine synthetase (AS), glutamine 
synthetase (GS), nitrate reductase (NR) and 
protease were also documented. 
 
MATERIALS AND METHODS 
Cultural conditions 
Preparation of explants: In tissue culture 
techniques, seeds were rinsed in 80% ethanol 
for 3 min. and then surface sterilized for 20 
min using 20% sodium hypochlorite 
supplemented with a drop of Tween-80 
according to the method of Rodriguez et al. 
(1990). The seeds were thoroughly rinsed 
with distilled water 3 times and germinated on 
agar; 0.8% (w/v), in glass jars at 28 oC±0.1 in 
the dark. For multiplication and proliferation; 
all steps were carried out under sterilized 
conditions. Explants were prepared by 
removing the seed coat and slicing the 
embryonic axis into two halves while still 
attached to the cotyledons The epicotyls and 
hypocotyls were removed 1 mm from the 
cotyledonary node in such a way that the 
explants contained one cotyledon and a small 
portion (2-3 mm) of the split embryonic axis 
attached to it (Chandra et al. 1991). Explants 
(5 per each jar), were cultured in glass jars 
containing 100ml of the culture medium. 
Culture media: The preparation is according 
to Murashige and Skoog (1962) (MS) with 
addition of 20 µM benzyl aminopurine and 2 
µM naphthalene acetic acid (Allavena and 
Rossetti, 1986) The pH of the medium was 
adjusted to 5.8 with NaOH or HCl before the 
dissolution of agar. The  jars  were  housed  in  
a  culture   room   at   light  intensity  of  40µ 
EM2 s-1  photon flux  density supplied  by six 
lamps  Philips  with    16 hours photoperiod at 
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25 ± 1.0 oC and maintained under such 
conditions for a period of 7 days. Explants that 
had been previously proliferated, was 
dissected and cultured on the media 
pretreated with filter sterilized asparagine or 
glutamine which were added at the desired 
concentrations (1, 2, 3, 4, 5 mM) and were 
allowed to grow under the same conditions as 
described before. At 6 and 15 days intervals 
which represent seedling and vegetative 
stage, respectively, micropropagated tissues 
were harvested for determination of shoot 
growth parameters (height, fresh weight, dry 
weight and water content), analysis of 
metabolites (pigments content, carbohydrate 
contents, ions content, nitrogen contents, 
protein content) as well as hormonal content. 
In addition, activities of asparagine 
synthetase, glutamine synthetase, nitrate 
reductase and protease enzymes were 
determined. 
Estimation of photosynthetic pigments: 
The protocol for measurements of the plant 
photosynthetic pigments (chlorophyll a, 
chlorophyll b and carotenoids) was based on 
methods of Arnon (1949) for chlorophylls and 
Horvath et al. (1972) for carotenoids as 
adopted by kissimon (1999). 
Estimation of carbohydrates: Total soluble 
sugars and sucrose were extracted and 
determined using modifications of the 
procedures of Yemm and Willis (1954) and 
Handel (1968), respectively. The method used 
for estimation of polysaccharides in the 
present study was that of Thayermanavan 
and Sadasivam (1984). 
Estimation of nitrogenous constituents: 
The method used in this study was essentially 
that adopted by Yemm and Willis (1956). 
Ammonia-N was estimated 
spectrophotometrically by the method of 
Delory (1949) using Nessler's reagent as 
modified by Naguib (1964). The method used 
for estimation of amide-N was that 
recommended by Naguib (1964). Peptide 
nitrogen was estimated according to Kwon et 
al. (2000). The total soluble nitrogen and total 
nitrogen were determined by the conventional 
semi micro modification of Kjeldahl method 
(Pirie, 1955 and Chinbal et al. 1943 
respectively). 
Estimation of protein: The method of protein 
extraction was that of Scarponi and Perucci 
(1986).and determined spectrophotometrically 
by Bradford (1976) method. 

Estimation of ions:  Flame photometer was 
used for determining potassium and sodium, 
while calcium and magnesium were measured 
by atomic absorption spectrophotometer 
according to the method described by 
Chapman and Pratt (1978). 
Determination of enzyme activities: 
Determination of As activity: The method 
used in the present study was essentially that 
of Ravel (1970) where the enzyme is most 
easily measured by substituting 
hydroxylamine for ammonia then the amount 
of aspartyle hydroxamic acid formed is 
determined colorimetrically with ferric chloride 
reagent . 
Determination of Gs activity: The method 
used in this investigation is as described by 
Sadasivam and Manicham (1992).Glutamine 
synthetase synthetase catalyses the γ- 
glutamyl transfer reaction. Hence, it can be 
assayed by measuring the production of γ- 
glutamyl hydroxamate . γ- glutamyl 
hydroxamates reacts with ferric chloride  to 
produce  a brown colour in acidic medium. 
When the activity is measured in the presence 
of Mn++, it represents total glutamine 
synthetase activity ( adenylated  and 
unadenylated  form may be measured by 
inhibiting the adenylated form by the addition 
of 60mM Mg++.  
Determination of NR activity: The method of 
Hageman & Reed (1980) was applied. 
Determination of protease activity: The 
method of Colowick et al. (1951) was used 
.The assay of protease activity was performed 
as described by Basha and Beevers, 1975 
and Salmia et al. ( 1978). 
Extraction, separation and bioassay of 
growth bioregulators: Extraction, separation 
were performed according to Shindy and 
Smith (1975). Auxins (IAA) were bioassayed 
by using the straight –growth test of Hordeum 
vulgare cv. 'Giza 118' coleoptile sections Foda 
and Radwan (1962). Gibberellins  ( Gas) were 
bioassayed by the growth of Lactuca sativa ( 
cv.'Roumine' ) hypocotyls, which can be used 
to bioassay a number of Gas and GA- like 
subustances  Frankland and Wareing, 1960 ; 
Crozier et al. 1970.  
Cytokinins was bioassayed by assessing the 
growth of the cotyledon tissue of Xanthium 
brasilicum seeds, which expresses a rapid 
cytokinin response which can be obtained in 
solutions of very small volumes (Esashi and 
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Leopold (1969). ABA was bioassay by using 
Triticum aestivum L. grains, which were 
germinated in the dark for 70h at 25°C, 
according to the procedure used by Wright 
(1956). 
The full data of the different treated micro 
propagated tissues were statistically analyzed 
and comparison among means (three 
samples) was carried out using Statgrapfic – 
vers-4-2-Display (one - tailed ANOVA) as 
described by Snedecor and Cochran (1980). 
 
RESULTS & DISCUSSION  
In recent years much attention has been given 
both to cost-effective micropropagation and to 
medicinal plants as sources of curare 
compounds for several ailments. Propagation 
through axillary bud multiplication is an easy 
and safe method for obtaining uniformity and 
it also assures the consistent production of 
true-to-type plants within a short span of time 
(Salvi et al. 2001). 
Changes in growth parameters: Perusal of 
the data in figures 1 a & b indicated that the 
different growth parameters (vegetative 
length, fresh& dry weights and water content), 
in vitro-cultured tissues of French bean 
showed significant increase by 1 mM 
asparagine or glutamine. In this connection, 
Green et al. (1990) found that amides were an 
acceptable nitrogen source for increased 
growth rate of shoots after 12 weeks in vitro of 
Prosopis alba. Thus, it can be stated that in 
the present study adequate amount of amides 
(1mM asparagine or glutamine) after being 
hydrolyzed in the medium, were taken up in 
the tissues as ammonia, and consequently 
assimilated within french bean 
micropropagated tissues and hence caused 
the observed increase in the various growth 
parameters. This increase may thus be 
directly related to the increased flux of amide 
to the leaf and/or to the subsequent reduction 
processes involved (Sutherland et al. 1985). 
In addition, the amides have been reported to 
induce effects like stimulation of cell wall 
formation, elongation of cells and increased 
cell division (Baker et al. 1997; Schröder et al. 
2005).  

In present study, 2 mM glutamine or 
asparagine treatments did not significantly 
influenced the growth parameters. In support, 
Shetty et al. (1992) studied the stimulation of 
shoot organogenesis in glycine max by amide 

treatments and stated that, glutamine and 
asparagine resulted in poor multiple shoot 
formation. In present study, treatment with 3, 
4 and 5 mM significantly decreased the above 
mentioned parameters. In accord with these 
results, Geisler (1985) has also reported a 
general reduction in leaf area, and root 
surface area with increasing nitrogen 
concentration in maize, spring barley and field 
beans. Also, Zhang et al. (1999) assured that 
the growth of Arabidopsis could be inhibited 
by using high concentrations of glutamine > 1 
mM and that glutamine had a systemic 
inhibitory effect on lateral root development. 
The negative effect of amide on root and 
shoot fresh weight may be probably due to 
that, amide decreases water uptake and 
relative water content as suggested by 
Vassilev et al. (1997). From other side of 
view, the increase and decrease in different 
growth parameters (figures 1 a & b) in 
response to asparagine or glutamine 
treatments may be mediated by a change in 
the level of naturally synthesized hormones. 
This conclusion is supported by Groot et al. 
(2003).  
Changes in pigment contents: Biosynthesis 
of chlorophylls in treated french bean plant 
was markedly activated by low level (1 mM) 
and inhibited by the higher levels (3, 4 & 5 
mM) of glutamine and asparagine (Fig 2 a&b). 
In accord with those results, Keller et al. 
(2001) demonstrated an increase in 
chlorophyll content and photosynthesis of vine 
plant by low soil nitrogen. On the other hand, 
Martin et al. (2002) observed a significant 
reduction in chlorophyll content in Arabidopsis 
seedlings grown in low nitrogen concentration. 
The observed progressive increases as well 
as the progressive decreases in pigment 
contents (chl a, chl b, carotenoids and total 
chlorophyll) in vitro-cultured tissues of French 
bean during the entire periods of experiment 
treated with different concentrations of either 
asparagine or glutamine were in good support 
to the growth rate (figures 1 a& b) as well as 
to the change in carbohydrate content (figures 
3 a& b) of the same tissues. In this 
connection, Wettlaufer and Obendorf (1991) 
have reported that, treatment of soybean with 
glutamine or asparagine resulted in increasing 
fresh weight and retention of green color. 
Changes in carbohydrate content: Data in 
figures 3 a& b showed a significant increase 
in glucose, sucrose, total soluble sugars and  
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Figure. 1a: Effect of different concentrations of asparagine 
or glutamine on length and fresh weight of Phaseolus 
vulgaris plant at seedling and vegetative stages. Vertical bar 
= the value of LSD at P ≤ 0.05. 
 
 

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

cont 1mM 2mM 3mM 4mM 5mM

Asp concentration

D
ry

 w
t.(

g/
pl

an
t)

Seedling
shoot

0.00

0.05

0.10

0.15

0.20

0.25

cont 1mM 2mM 3mM 4mM 5mM

Glut. concentration
D

ry
 w

t. 
(g

/p
la

nt
)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

cont 1mM 2mM 3mM 4mM 5mM

Asp. concentration

W
at

er
 c

on
te

nt
 (g

/p
la

nt
)

 

0.0

0.5

1.0

1.5

2.0

cont 1mM 2mM 3mM 4mM 5mM

Glut. Concentration 

W
at

er
 c

on
te

nt
 (g

/p
la

nt
)

 
Figure. 1b: Effect of different concentrations of asparagine 
or glutamine on dry weight and water content of Phaseolus 
vulgaris plant at seedling and vegetative stages. 
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Figure. 2a: Effect of different concentrations of asparagine or glutamine on chlorophyll a, chlorophyll b and chlorophyll a+b  
in Phaseolus vulgaris plant at seedling and vegetative stages. Vertical bar = the value of LSD at P ≤ 0.05. 

total carbohydrate with 1& 2 mM asparagine 
or glutamine. This is in accordance with 
findings reported by Nakano et al. (1998) in 
rice and Phaseolus vulgaris when both 
species were grown at different nitrogen 
concentrations and starch and sucrose 
contents in both species were increased at 
lower nitrogen rates. Martin et al. (2002) also, 
detected slight increase in endogenous 
sugars in Arabidopsis seedlings in relation to 
low nitrogen concentration (0.1 mM). An 
opposite pattern of changes was shown for 
the different carbohydrate compounds in 
French bean seedlings treated with 3, 4 and 5 
mM asparagine or glutamine. These results 
are in agreement with Druege et al. (2000) 
who found that increasing nitrogen supply 
resulted in substantial lower starch level and 
higher sucrose concentration in leaves of two 
Chrysanthemum cultivars (puma and cassa). 
On the other hand, Cazetta et al. (1999) 
reported that, increasing the nitrogen supply 
to Zea mays L. led to increase in starch and 
decrease in the level of carbon metabolites 

such as sucrose and reducing sugars. 
Schröder et al. (2005) stated that pyrimidines 
are particularly important in dividing tissues as 
bulding blocks for nucleic acids , but they are 
equally important for many biochemical 
processes , including sucrose and cell wall 
polysaccharide metabolism . 
Changes in nitrogen content: In many 
plants asparagine and glutamine are the key 
intermediates in the pathway of nitrogen 
assimilation (Pal'ove- Balang, 2002). 
Treatment of French bean plants with 
increasing concentrations of either asparagine 
or glutamine induced a progressive significant 
increase in amide, protein and total nitrogen 
contents in micropropagated tissues during 
seedling and vegetative stages, as compared 
with controls. On the other hand, ammonia, 
peptide and total soluble nitrogen were found 
to decrease progressively with an increasing 
concentration of either asparagine or 
glutamine through the two stages of plant 
growth and development (figures  4 a & b). In 
this respect, Youssefi et al. (2000) reported  
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 Figure. 2b: Effect of different concentration of asparagine 
or glutamine on carotenoids and total pigments in 
Phaseolus vulgaris plant at seedling and vegetative stages. 
Vertical bar = value of LSD at P ≤ 0.05. 

that leaf-nitrogen concentrations were related 
positively to concentrations of applied amino 
acids (especially asparagine and glutamine). 
On the other hand, increasing the nitrogen 
supply, to Zea mays L. led to increase in the 
activity of certain enzymes, starch and the 
levels of nitrogen compounds (total nitrogen, 
soluble protein and free amino acids) and 
decreased the levels of carbon metabolites 
(sucrose and reducing sugars) in the tested 
plant (Cazetta et al. 1999). 

Regarding protein content, a general 
significant increase in protein content in 
Phaseolus plant at seedling and vegetative 
stages was observed, in vitro, with increasing 
asparagine or glutamine concentrations. In 
this respect, it has been reported that the 
application of different nitrogen sources led to 
protein accumulation in plant tissue of 
soybean (Mosquim & Sodek ,1992) and maize 
(Niharika et al. 1998). In this context, protein 
synthesis which was influenced by asparagine 
and glutamine, suggested that amide not only 
effect the biosynthesis of proteins and/or 
amino acids but also acts as an activator of 
proteolytic enzymes. 
Changes in ions content: All  determined  
elements (K+, Na+, Mg++ & Ca++ ions) 
increased significantly with 1 & 2 mM 
asparagine or glutamine, while decreased 
significantly with 3, 4 and 5 mM treatments 
(Fig 5 a & b). In this connection, Sagi et al. 
(1998) reported that, the total cations 
increased in Lolium multiflorum with 
increasing nitrogen concentration in the 
growth medium. 
The respective increase and decrease in 
inorganic ion contents (K+, Na+, Mg++ & Ca++) 
at low and high concentration of asparagine or 
glutamine is expected to be influenced by the 
effect of amide-nitrogen compounds on 
protein synthesis as shown figure (4 b), as 
proteins are required to transport protons, 
inorganic ions and organic solutes across the 
plasma membrane and tonoplast at rates 
sufficient to meet the needs of the cells 
(Schroeder et al. 1999). In addition, multiple 
membrane proteins may be needed for 
cations uptake from soil or solution to adopt 
varying extracellular conditions and nutrient 
availability (Chrispeels et al. 1999). Positively 
charged macronutrients such as potassium 
(K+), calcium (Ca++), and magnesium (Mg++) 
are required in relatively large amount for 
plant growth and  
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Fig. 3a: Effect of different concentrations of asparagine or glutamine on glucose, sucrose and total soluble sugar contents in 

Phaseolus vulgaris plant at seedling and vegetative stages. Vertical bar = the value of LSD at P ≤ 0.05. 

development. Additional cationic 
micronutrients (Fe++, Mn++, Zn++, Cu++ and 
Ni++) play essential roles as cofactors and 
activators of enzymes. Thus, the above 
mentioned results are consistent with the 
results of growth parameters (1a & b) and 
also with pigments (2 a & b). This means 

asparagine and glutamine influence the 
absorption and transport of cations, as 
reported by Robinson et al. (1983). 
Changes in growth regulators: A significant 
increase in growth promoters i.e. auxins, 
gibberellins and cytokinins with 1 & 2 mM  
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Fig.3b: Effect of different concentrations of 
asparagine or glutamine on polysaccharides and total 
soluble sugar contents in Phaseolus vulgaris plant at 
seedling and vegetative stages. Vertical bar = the 
value of  LSD at P ≤ 0.05. 

asparagine or glutamine while a significant 
decrease with higher concentrations (3, 4 and 
5 mM) was observed in present study (figures 
6 a & b). On the other hand ABA level 
significantly decreased with 1 mM and 
increased with 2, 3, 4 and 5 mM asparagine 
or glutamine. In this connection, a significant 
increase in the growth regulators in response 
to glutamine treatment has been reported in 
bromeliad species (Mercier and Kerbawy 
(1998). The promotion of growth (in response 
to low amide levels) occurred concurrently 
with increased levels of auxins, gibberellins 
and cytokinins and decreased ABA content, 
whereas opposite changes in these growth 
regulators were found to accompany the 
inhibition of growth(see figures 1 a & b).  
In conclusion, the decrease in auxins as a 
result of amide application; particularly 5 mM 
might be because amide stimulates the 
formation of IAA-oxidase and peroxidase 
leading to destruction of IAA in french bean 
plant and/or due to decrease in IAA 
biosynthesis in plant tissues (Torrey, 1976). 
Also the noticeable decline in gibberellins of 
French bean plant caused by amide 
application may result from conversion of free 
active gibberellins into bound inactive 
gibberellins, and/or may come from the fact 
that, amide treatment may interfere with the 
metabolism of gibberellins; thus causing 
deactivation of gibberellins or inhibiting their 
biosynthesis (Ungar and Binet, 1975). On the 
other hand,  the increase in ABA content in 
French bean plant may probably be due to its 
biosynthesis within seedlings, and /or the 
interference of amide with hormone 
metabolism by preventing the ABA catabolism 
(Walton, 1980). 
Changes in enzymes activity: Asparagine 
synthetase and glutamine synthetase are key 
enzymes of nitrogen metabolism in higher 
plants (Romagni et al. 2000). Concerning the 
effect of asparagine or glutamine on enzyme 
activities, perusal of the data in figures 7 a & b 
revealed that, the activities of asparagine 
synthetase, glutamine synthetase, nitrate 
reductase and protease significantly 
decreased with increasing asparagine or 
glutamine concentrations during the two 
stages of plant growth. In accordance with the 
present results Sivasankar et al. (1997) has 
reported that the application of exogenous 
amides (asparagine or glutamine) to maize 
seedlings led to decrease in nitrate reductase  

 9



 
 

0.0

0.4

0.8

1.2

cont. 1mM 2mM 3mM 4mM 5mM
Asp. concentration

A
m

m
on

ia
 n

itr
og

en
 m

g/
g 

dr
y 

w
t. Seedling

Shoot

  

0.0

0.5

1.0

1.5

2.0

2.5

3.0

cont. 1mM 2mM 3mM 4mM 5mM
Glut. concentration

Am
m

on
ia

 n
itr

og
en

 m
g/

g 
dr

y 
w

t.

 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

cont. 1mM 2mM 3mM 4mM 5mM
Asp. concentration

A
m

id
e 

ni
tro

ge
n 

m
g/

g 
dr

y 
w

t. 

  

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

cont. 1mM 2mM 3mM 4mM 5mM
Glut concentration 

A
m

id
e 

ni
tr

og
en

 m
g/

g 
dr

y 
w

t.

 

4

5

6

7

8

9

10

11

12

cont. 1mM 2mM 3mM 4mM 5mM
Asp. concentration

To
ta

l s
ol

ub
le

 n
itr

og
en

 m
g/

g 
dr

y 
w

t.

  

3

4

5

6

7

8

9

cont. 1mM 2mM 3mM 4mM 5mM

Glut. concentration

To
ta

l s
ol

ub
le

 n
itr

og
en

 m
g/

g 
dr

y 
w

t. 

 

0

200

c

seedling vegetative shoot

seedling vegetative shoot Glutamine

 Asparagine

 
Fig. 4a: Effect of different concentrations of asparagine or glutamine on ammonia nitrogen, amide 

nitrogen and total soluble nitrogen in Phaseolus vulgaris plant at seedling and vegetative 
stages. Vertical bar = the value of LSD at P ≤ 0.05. 
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Fig. 4b:  Effect of different concentrations of asparagine or glutamine on peptide nitrogen, total 
nitrogen and protein in Phaseolus vulgaris plant at seedling and vegetative stages. Vertical bar = the 
value of LSD at P ≤ 0.05. 
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Fig. 5a:  Effect of different concentrations of asparagine or glutamine on K+ and Na+ ions in 
Phaseolus vulgaris plant at seedling and vegetative stages. Vertical bar = the value of LSD at P ≤ 0.05. 
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Fig. 5b:  Effect of different concentrations of asparagine or glutamine on Ca++ and Mg++ ions in 
Phaseolus vulgaris plant at seedling and vegetative stages. Vertical bar = the value of LSD at P ≤ 0.05. 
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Fig. 6a: Effect of different concentrations of asparagine or glutamine on auxins and GA3 contents in 
Phaseolus vulgaris plant at seedling and vegetative stages. Vertical bar = the value of LSD at P ≤ 0.05. 
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Fig. 6b: Effect of different concentrations of asparagine or glutamine on cytokinin and ABA contents 
in Phaseolus vulgaris plant at seedling and vegetative stages. Vertical bar = the value of LSD at P ≤ 
0.05. 
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Fig. 7a: Effect of different concentrations of asparagine or glutamine on the activity of asparagine 
synthetase and glutamine synthetase in Phaseolus vulgaris plant at seedling and vegetative stages. 
Vertical bar = the value of LSD at P ≤ 0.05. 
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Fig. 7b: Effect of different concentrations of asparagine or glutamine on the activity of nitrate 
reductase and protease  in Phaseolus vulgaris plant at seedling and vegetative stages. Vertical bar = 
the value of LSD at P ≤ 0.05. 
activity. The predominant role of glutamine 
synthetase and glutamate synthase in the 
assimilation of nitrogen has been reported in 
soybean (Schubert, 1986). On the other hand, 
Pal'ove-Balang and Mistrik (2001) examined 
nitrate reductase activity in maize, after 
treatment with two different concentrations (1 
and 10 mM) of glutamine or asparagine and 

found that, the low concentration (1 mM) 
showed no effect on nitrate reductase activity, 
and the higher concentration (10 mM) 
stimulate the enzyme. In addition, Majerowicz 
et al. (2000) using Catasetum fimbriatum and 
Sagi et al. (1998) using Lolium multiflorum 
stated that glutamine synthetase activity was 
slightly affected by nitrogen source. 
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Furthermore, glutamine supplementation 
reduced the glutamine synthetase activity in 
Asparagus officinalis L. (Seelye et al. 1995). It 
has also been reported that glutamine 
synthetase and nitrate reductase gradually 
increased with increasing nitrogen treatment 
in root and leaves of sugar beet (Cai-Feng et 
al. 2002). In conclusion, the changes in the 
different enzyme activities by application of 
asparagine and glutamine in french bean 
plants may be attributed to the amide action 
on the biosynthesis of enzyme protein, 
enzyme activation and/or membrane 
permeability (Storey, 1978).   
It can be concluded that, changes in 
carbohydrates content, pigment content, 
nitrogen content, protein content, ion content, 
growth regulators content and enzymes 
activity and growth response in French bean 
under in-vitro conditions appeared to be a 
function of metabolic disorders as influenced 
by increasing concentrations of the used 
amide-nitrogen compounds (asparagine and 
glutamine).  
 
REFERANCES   
Allaven A, Rossetti L, 1986. Micropropagation 

of bean (Phaseolus vulgaris L.); effects of 
genetic, epiphytic and environmental 
factors J Sci. Hort 30:37–46. 

Arnon DI, 1949. Copper enzymes in isolated 
chloroplasts, Polyphenoloxidase in Beta 
vulgaris, Plant Physiol 24:1–15. 

Baker A, Hill G, Parsons R, 1997. Evidence of 
nitrogen feedback regulation of nitrogen 
fixation in Alnus glutinosa L J, Exp. Bot 
48:67–74. 

Basha SMM, Beevers L, 1975. The 
development of proteolytic activity and 
protein degradation during the 
germination of Pisum sativum L, Planta 
124, 77. 

Bradford MM, 1976. A rapid and sensitive 
method for the quantitation of microgram 
quantities of protein utilizing the principle 
of protein dye-binding, Anal, Biochem 
72:248–251. 

Cai-Feng  L., FengMing M , CFL and FMM, 
2002. The effect of different nitrogen form 
on key enzyme activity of sugarbeet (Beta 
vulgaris var. saccharifera L.) carbon and 
nitrogen metabolism. J. of  Northeast Agri. 
Univ. English ED 9:29–34. 

Cazetta JO, Seebauer JR, Below FE, 1999. 
Sucrose and nitrogen supplies regulate 

growth of maize kernels. Ann.of Bot 
84:747–754. 

Chandra IF, Tony NT, Robert AG, Richard 
AD, 1991. Plant regeneration from 
seedlings explants of green bean 
(Phaseolus vulgaris L.) via organogenesis 
J. Plant Cell, Tissue and Organ culture 
249:199–206. 

Chapman HD, Pratt F, 1978. Methods of 
analysis for soil, plant and water. 
California Univ., Division Agric. Sc  Priced 
Publication pp.50 and 169. 

Chinbal AC, Rees MW, Williams EF, 1943. 
Biochem  J 37:354–357. 

Chrispeels MJ, Crawford NM, Schroeder JI, 
1999. Proteins for transport of water and 
mineral nutrients across the membranes 
of plant cells. Plant Cell 11:661–675. 

Colowick SP, Kaplan NO, 1955. Methods in 
enzymology. Academic press New York, 
San Francisco, London, Plant Biol 4: 247 
– 253. 

Crozier A, KuoCC, Duriey RC, Pharis RP, 
1970. The biological activities of 26 
gibberellins in plant bioassays. Can. J. 
Bot 48:867–871. 

Delory M, 1949. Colorimetric estimation of 
ammonia. In: Vogel, H.J. (ed.). Inorganic 
chemistry. pp. 126 – 132. Longman, 
London. 

Druege U, Zerche S, Kadne R, Ernst M, 2000. 
Relation between nitrogen status, 
carbohydrate distribution and subsequent 
rooting of Chrysanthemum cuttings as 
affected by pre-harvest nitrogen supply 
and cold-storage  Ann. Bot 85:687–701. 

Dudits D, Györgyey J, Bögre L, Bakó L, 1995. 
Molecular biology of somatic 
embryogenesis. In Thorpe TA (ed) In vitro 
embryogenesis in plants pp 267 – 308. 
Kluwer Academic Publishers, Dordrecht. 
ISBN 0-7923-3149-4. 

Esashi Y, Leopold AC, 1969. Cotyledon 
expansion as a bioassay for cytokinin. 
Plant Physiol 44:618–622. 

Foda HA, Radwan SSA, 1962. Straight growth 
test for hormones and inhibitors using 
coleoptiles of some Egyptian plants. Ain 
Shams Sci Bull 8:381–399. 

Frankland B, Wareing PF, 1960. Effect of 
gibberellic acid on hypocotyls growth of 
lettuce seedlings. Nature 185:255–256. 

Geisler G, 1985. Investigation into the effect 
of nitrogen on the morphology, dry matter 
formation and uptake efficiency of the root 
systems of maize, spring barley and field 

 18



bean varieties, taking temperature into 
consideration. J. Agro and Crop Sci 
154:25–37.   

Green BP, Tabone T , Felker P, 1990. A 
comparison of amide and ureide nitrogen 
source tissue culture of tree legume 
Prosopis alba clone B2V50. J. Plant cell, 
Tissue and Organ Culture 21:83–86. 

Groot CC, Marcelis LF, Boogaard R, Kaise 
WM, Lambers H, 2003. Interaction of 
nitrogen and phosphorus nutrition in 
determining growth. Plant and Soil 
248:257–268. 

Hagema RH, Reed AJ, 1998 .Methods in 
enzymology. Vol 69 part C (Ed Anthony 
San Pietro) Academic press New york p 
270. 

Handel EV, 1968. Direct microdeterminations 
of sucrose. Analy. Biochem 22:280–283. 

Harmens H, Stirling MC, MarshalC, Farrar FJ, 
2000. Is Partitioning of Dry Weight and 
Leaf Area within Dactylis glomerata 
Affected by Nitrogen and CO2 
Enrichment? Ann. Bot 86:833-839. 

Horvath G, Kissimon J, Faludi-Daniel A, 1972. 
Effect of light intensity of carotenoids in 
normal and mutant leaves. Phytochem 
11:183–187.  

Kärkönen A, 2001. Plant tissue culture as 
models for tree physiology: somatic 
embryogenesis of Tilia cordata and lignin 
biosynthesis in Picea abies suspension 
cultures as case studies. For public 
criticism in the auditorium 1041 at Viikki; 
Biocenter. Department of Biosciences, 
Division of Plant Physiology, University of 
Helsinki, Finland. 

Keller M, Kummer M, Vasconcelos M, 2001. 
Soil nitrogen utilization for growth and gas 
exchange by grapevines in response to 
nitrogen supply and rootstock. Aust. J. of 
Grape and Wine Research 7:2–11. 

Kissimon J, 1999. Analysis of the 
photosynthetic pigment composition. Iner. 
Workshop and Training Course on 
Microalgal Biol. And Biotech. 
Mosonmagyarouar, Hungary, pp 13 – 26. 

Kubik-Dobosz G, Buczek J, 1999. Regulation 
of ammonium and potassium uptake by 
glutamine and asparagine in Pisum 
arvense plants. Acta Physiol. Plant 21:3–
7. 

Kwon SY, Lee GH, Hyung-Kyung S, Cha-Bum 
Y, 2000. Purification and identification of 
angiotensin-I converting enzyme inhibitory 
peptide from small red bean protein 

hydrolyzate. Food Sci. Biotechnol 9:292–
296. 

Lang A, 1961. Physiology of reproductive 
development in higher plants. Proc. 2nd 
Biol. Collog., 53. Oregon state. Univ. 
Press. 

Lehmann T. and Ratajczak  L. 2008. The 
pivotal role of glutamate dehydrogenase 
(GDH) in the mobilization of N and C from 
storage material to asparagine in 
germinating seeds of yellow 
lupine.Journal of Plant Physiology, 
165:149-158 

Li K, Lu X , Peng LS. 2001. Characteristics of 
nitrogen metabolism in forage rice. J. Of 
Hunan Agri. Univ. 27:331–334. 

Luckwill LC, 1967. Relations between plant 
growth regulators and nitrogen 
metabolism. In: Recent Aspects of 
Nitrogen Metabolism in Plants. Academic 
Press. London. New York. 

Majerowicz N, Kerbawy G, Nievola C, Suzuki 
R, 2000. Growth and nitrogen metabolism 
in Catasetum fimbriatum (Orchidaceae) 
grown in different nitrogen sources. 
Enviro and Exp. Bot 44:195–206. 

Martin T, Oswald O, Graham IA, 2002. 
Arabidopsis seedling growth, storage lipid 
mobilization, and photosynthetic gene 
expression are regulated by carbon: 
nitrogen availability. Plant Physiol 
128:472–481. 

Menéndez M, Herrera J, Comín FA, 2002. 
Effect of nitrogen and phosphorus supply 
on growth, chlorophyll content and tissue 
composition of the macroalga 
Chaetomorpha linum. Sci. Mar 66:   355–
364. 

Mercier H, Kerbawy G, 1998. Endogenous 
IAA and cytokinin levels in bromeliad 
shoots as influenced by glutamine and 
ammonium nitrate treatments. Revista 
Brasileira de Fisiol. Vegetal 10:225–228. 

Miflin BJ, Habash DZ, 2002. The role of 
glutamine synthetase and glutamate 
dehydrogenase in nitrogen assimilation 
and possibilities for improvement in the 
nitrogen utilization of crops. J. of Exp. Bot 
53:979–987.  

Mosquim PR, Sodek L, 1992. Partitioning of 
nitrogen in soybean fruit explants cultured 
with glutamine, asparagine or allantoin. 
Plant Physiol. and Biochem 30:451–457. 

Murashige T, Skoog F, 1962. A revised 
medium for rapid growth and bioassays 
with tobacco tissue cultures. Physiol. 

 19

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ7-4NYBM7N-5&_user=10&_coverDate=02%2F01%2F2008&_alid=1063001332&_rdoc=1&_fmt=high&_orig=search&_cdi=20199&_sort=r&_docanchor=&view=c&_ct=27&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=691a998f24dac939918e46176627843e
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ7-4NYBM7N-5&_user=10&_coverDate=02%2F01%2F2008&_alid=1063001332&_rdoc=1&_fmt=high&_orig=search&_cdi=20199&_sort=r&_docanchor=&view=c&_ct=27&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=691a998f24dac939918e46176627843e
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ7-4NYBM7N-5&_user=10&_coverDate=02%2F01%2F2008&_alid=1063001332&_rdoc=1&_fmt=high&_orig=search&_cdi=20199&_sort=r&_docanchor=&view=c&_ct=27&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=691a998f24dac939918e46176627843e
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ7-4NYBM7N-5&_user=10&_coverDate=02%2F01%2F2008&_alid=1063001332&_rdoc=1&_fmt=high&_orig=search&_cdi=20199&_sort=r&_docanchor=&view=c&_ct=27&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=691a998f24dac939918e46176627843e
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ7-4NYBM7N-5&_user=10&_coverDate=02%2F01%2F2008&_alid=1063001332&_rdoc=1&_fmt=high&_orig=search&_cdi=20199&_sort=r&_docanchor=&view=c&_ct=27&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=691a998f24dac939918e46176627843e
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ7-4NYBM7N-5&_user=10&_coverDate=02%2F01%2F2008&_alid=1063001332&_rdoc=1&_fmt=high&_orig=search&_cdi=20199&_sort=r&_docanchor=&view=c&_ct=27&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=691a998f24dac939918e46176627843e


Plant 15:473–497. 
Naguib M I. 1964. Effect of sevin on 

carbohydrates and nitrogen metabolism 
during the germination of cotton seeds. 
Ind. J.  Exp. Biol 2:149–155. 

Nakano H, Makino A, Mae T, 1998. The 
response of Rubisco protein to long-term 
exposure to elevated CO2 in rice and 
bean leaves. Photosynthesis: 
mechanisms and effects .vol.V. 
Proceedings of the XIth international 
Congress on Photosynthesis, Budapest, 
Hungay. 3391–3394. 

Niharika S, Sirvastava HS, Shankar N, 1998. 
Effect of glutamine supply on nitrate 
reductase isoforms in maize seedlings. 
Phytochem 47:701–706. 

Ogawa  K, Shiraishi N, Ida  S, Nakagawa  H, 
Komamine A, 1999. Effects of glutamine 
on the induction of nitrate reductase and 
nitrite reductase in cultured Spinach cells.  
Plant Physiol 154:46–50. 

Ortega JL, Roche D, Sengupta-Gopalan C, 
1999. Oxidative turnover of soybean root 
glutamine synthetase. In vitro and in vivo 
studies. Plant Physiol 119:1483–1496. 

Pal'ove-Balang P, 2002. Role of nitrogen 
metabolites on the regulation of nitrate 
uptake in maize seedlings. Acta Biol. 
Szegediensis 46:177–178. 

Pal'ove-Balang P, Mistrik I, 2001. Effect of 
amino acids on nitrate reductase activity 
in maize roots. Bilogia (Bratislava) 
56:437–439. 

Pirie NW, 1955. Proteins In: Modern Methods 
of Plant Analysis (Peack, K. and Tracey, 
M. V., eds) IV, 23, Springer Verlage, 
Berlin. 

Ravel JM, 1970. Methods in enzymology, 
XVII, part A (Ed H Tabor and C W Tabor) 
Academic press New York p 722. 

Robinson SP, Downton WS, Millhouse JA, 
1983. Photosynthesis and ion content of 
leaves and bolted chloroplasts of salt 
stressed Spinach plant. Plant Physiol 
73:238. 

Rodriguez R, Rey M, Cuozzo L, Ancora G, 
1990. In vitro propagation of caper 
(Capparis spinosa L.). In vitro Cellular and 
Develop. Biol 26:531–536. 

Romagni GJ, Duke OS, Dayan EF, 2000.  
Inhibition of plant asparagine synthetase 
by monoterpene cineoles. Plant Physiol 
123:725–732. 

Sadasivam S, Manicham A, 1992. 
Biochemical Methods. 2nd ed. New age 

inter. Limit. Publ. New Delhi, India.  
Sagi M, Dovart A, Kipnis T, Lips H, 1998. 

Nitrate reductase, phosphoenolpyruvate 
carboxylase, and glutamine synthetase in 
annual ryegrass as affected by salinity 
and nitrogen. J. of Plant Nutr 21:707–723. 

Salmia MA, Nyman SA, Mikola JJ, 1978.  
Characterization of proteinases present in 
germinating seeds of scots pine, Pinus 
stylvestris. Physiol. Plant 42:157.  

Salvi ND, George L, Eapen S, 2001. Plant 
regeneration from leaf base callus of 
turmeric and random amplified 
polymorphic DNA analysis of regenerated 
plants. Plant Cell Tissue Cult 66:113–119. 

Scarponi L, Perucci P, 1986. The effect of a 
number of S-triazines on the activity of 
maize delta aminolivulinate dehydratase. 
Agrochimica 30:36–44. 

Schroeder JI, Chrispeels MJ, Crawford NM, 
1999. Proteins for transport of water and 
mineral nutrients across the membranes 
of the plant cells. Plant Cell 11:661–675. 

Schröder M., Giermann N . and Zrenner R. 
2005 . Functional analysis of the 
pyrimidine de novo synthesis pathway in 
Solanaceous species.Plant Physiology 
138: 1926-1938 

Schubert KR, 1983 .The energetics of 
biological nitrogen fixation Workshop 
summaries – 1. J. Am. Soc. Plant Physiol 
1–30. 

Schubert KR, 1986. Products of biological 
nitrogen fixation in higher plants: 
Synthesis, transport and metabolism. 
Ann. Rev. of Plant Physiol 37:539–574. 

Seelye J, Borst W, King G, Hannan P, 
Maddocks D, 1995. Glutamine synthetase 
activity, ammonium accumulation and 
growth of callus cultures of Asparagus 
officinalis L. exposed to high exposed to 
high ammonium or phosphinoerythricin. 
Plant Physiol 146:686–692. 

Shetty K, Asano Y, Oosawa K, 1992. 
Stimulation of in vitro shoot 
organogenesis in Glycine max (Merrill) by 
allantoin and amides. J. Plant Sci. 
Limerick 81:245–251. 

Shindy WW, Smith OE, 1975. Identification of 
plant hormones from cotton ovules. Plant 
Physiol 55:550–554. 

Shrivastava S, Chawla HS, 2001. Synergistic 
effect of growth regulators and glutamine 
on regeneration response in high yielding 
cultivars of wheat (Triticum aestivum L.). 
Ind. J. of Gene and Plant Breed 61:12–

 20



15. 
Sivasankar S, Rothstein S, Oaks A, 1997. 

Regulation of the accumulation and 
reduction of nitrate by nitrogen and 
carbon metabolites in maize seedlings. 
Plant Physiol 114:583–589. 

Snedecor GW,  Cochran WG,1980. Statistical 
methods. 7th ed- Iowa state, Univ. press, 
Iowa, USA. 

Storey RD, 1978. Nitrogen economy and 
amide metabolism during seed 
development in Pisum sativum. 
Disseration Abstracts International B 
38:4037. 

Sungdae P, 2002, Structural studies on 
Sinorhizobium  meliloti Dctd related to 
ATP binding and activation. Ph.D. Thesis, 
Pennsylvania state university, USA. 

Sutherland JM, Andrews M, Mcinroy S, Sprent 
JI, 1985. The distribution of nitrate 
assimilation between root and shoot in 
Vicia faba L, Ann B 65:259 –263. 

Tabatabaei  SJ, Yusefi  M, and Hajiloo J, 
(2008) . Effect of shading and NO3:NH4 
ratio on the yield, quality and nitrogen 
metabolism in strawberry. Scientia 
Horticulturae 116,113-122  

Thayermanavan V, Sadasivam S, 1984. Quall 
Plant Foods Hum Nutr 34,253–257. 
Quoted from Biochemical Methods, 
Sadasivam S, and A. Manickam, eds) 2nd 
ed. 11 – 12. New ag. inter. Limit. Publ. 
New Delhi, India. 

Torrey JA, 1976. Root hormones and plant 
growth. Ann. Rev. Plant Physiol 27, 435. 

Tremblay N, Dextraze L., Belec C, 
Charbonneau F, 1999. Quick nitrogen 
tests for use on bean and sweet corn in 
Quebec (Canda). Acta Horti 506:141–
146. 

Ungar IA, Binet P, 1975. Factors influencing 
seed dormancy in Spergularia media L.C. 
Prest., Adquate Bot. 1, 45. 

Vassilev A, Yordanov I, Tsonv T, 1997. 
Effects of Cd2+ on the physiological state 
and photosynthetic activity in young 
barely plants. Photosynthetica 34:293–
302. 

Vesco L, Guerra M, Dal-Vesco L, 2001. The 
effectiveness of nitrogen sources in Feijoa 
somatic embryogenesis. Plant Cell, 
Tissue  and organ culture 64:19–25. 

Walton DC, 1980. Biochemistry and 
physiology of ABA. Ann. Rev. Plant 
Physiol  453.  

Wettlaufer S, Obendrof R, 1991. Ureides and 

amides as nitrogen sources for soybean 
seed growth and maturation in vitro. Crop-
Sci 31:1319–1323. 

Wright ST, 1956. Studies in fruit development 
in relation to plant hormones. III- Auxins in 
relation to fruit morphogenesis and fruit 
drop in the back currant (Ribes nigrum). J. 
Hort. Sci 31:196–202. 

Yemm EW, Willis AJ, 1954. The estimation of 
carbohydrates by anthrone. Biochem. J 
57:508– 514.  

Yemm EW, Willis AJ, 1956.The respiration of 
barely plants, IX. The metabolism of roots 
during the assimilation of nitrogen. New 
Phytol 55:229-252. 

Youssefi F, Brown PH, Weinbaum SA, 2000. 
Relationship between tree nitrogen status, 
xylem and phloem sap amino acid 
concentrations, and apparent soil nitrogen 
uptake by almond trees (Prunus dulics). J. 
of Horti. Scien. and Biotec 75:62–68. 

Zhang H, Jennings A, Barlow WP, Forde GB, 
1999. Dual pathways for regulation of root 
branching by nitrate. Plant Biol 96:6529– 
6534 

 21


	*Corresponding author

