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Abstract We have investigated the response of two
peanut cultivars (TEGUA and UTRE) with different
growth habits and branching pattern structures to different
nitrogen (N) sources, namely, N-fertilizer or N, made
available by symbiotic fixation, and analysed the pattern of
nitrate reductase (NR) activity in these cultivars. Nitrate
and amino acid contents were also examined under these
growth conditions. In terms of nitrogen source, cv. TEGUA
showed a better response to inoculation with Bradyrhizo-
bium sp. SEMIA 6144 at 40 days after planting, while cv.
UTRE responded better to N-fertilizer (5 mM KNO3). Both
cultivars showed different patterns of NR activity in the
analyzed plant organs (leaves, roots, and nodules), which
were dependent on the N source. When nitrogen became
available to the plant through symbiotic N, fixation, the
patterns of NR activity distribution were different in the
two cultivars, with cv. TEGUA showing a higher NR
activity in the nodules than in the leaves and roots, and cv.
UTRE showing no difference in terms of NR activity
among organs. The nitrate and amino acid contents showed
a similar trend between the two cultivars, with the highest
nitrate content in the leaves of fertilized plants and the
highest amino acid content in the nodules. The high nitrate
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content of the leaves of cv. UTRE indicated the better
response of this cultivar to N-fertilizer.
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ICARDA International Centre of Agricultural Research
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NR Nitrate reductase

YEM Yeast extract mannitol
YEMA Yeast extract mannitol agar
Introduction

The nitrogen (N) requirement of legumes can be met by
both inorganic N assimilation and symbiotic N, fixation,
and in practice, legumes obtain their N through both pro-
cesses. Nitrate (NO3 ™) is often the major source of inor-
ganic nitrogen available from soil or fertilizer, and it is
reduced to ammonia in a two-step process, of which the
first step is the reduction of nitrate to nitrite (NO, ). This
reaction is catalysed by nitrate reductase (NR; EC 1.6.6.4),
an inducible enzyme whose activity depends on the avail-
ability of nitrate and light (Campbell 1999).

The distribution of NR activity in various parts of the
plant varies according to plant genotype, age and nitrate
supply (Caba et al. 1995). In the Phaseoleae tribe, nitrate is
reduced mainly in the leaves, with low NR activity in the
root and nodules (Andrews et al. 1990). Nitrate reduction
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in the nodules is only a small fraction of the total NR
activity in the plant. The use of NO5; ™~ from soil or fertilizer
and atmospheric nitrogen (N,) by symbiotic association
with rhizobia, either simultaneously or in a complementary
way by nodulated legumes, is a unique characteristic of
higher plants. At high concentrations, nitrate inhibits both
nodulation and N, fixation in almost all legume species.
However, a low concentration of nitrate favours the initial
establishment of the nodules, perhaps as an additional
source of nitrogen (Becana and Sprent 1987).

Peanut (Arachis hypogaea L.) is an important crop
worldwide and is a direct source of subsistence food and
several other food products. Argentina, one of the major
producers of peanut, concentrates about 92% of its pro-
duction in the central and southern region of the province
of Cérdoba. Like all legumes, peanut can meet its nitrogen
demand from different sources, such as NO5;~ from the soil
or fertilizer and N, by symbiotic association with rhizobia.
Peanut is usually nodulated with rhizobia belonging to the
Bradyrhizobium genus (Boogerd and van Rossum 1997;
Taurian et al. 2002). Peanut rhizobia initiate infection at
the bases of the root hairs in the axils of emerging lateral
roots through spaces between epidermal cells and subse-
quently proliferate in intercellular spaces before invading
the cortical cells—a process termed “crack entry”. After
achieving entry, rhizobial cells occupy the space between
the epidermal and cortical cells, spreading further through
the root cortex via an intercellular matrix, eventually
entering the plant cells.

The peanut plant has a distinct main stem and a variable
number of lateral branches. The carriage of the laterals
determines the growth habit of the plant. Two distinct
forms of growth habit, postrate and erect, have long been
recognized and have provided the basis for both agronomic
and taxonomic classifications. In earlier classifications, the
postrate bunch form was associated with the alternate
branching pattern (subspecies hypogaea) and the erect
habit with sequential branching pattern (subspecies fastig-
iata) (Krapovickas 1973).

Peanut cultivars differ botanically (Virginia, Spanish
and Valencia types), with each type characterized by a
different growth habit and branching pattern structures.
The new cultivars that have been obtained from crossing
these botanical types have no specific distribution and have
been developed to meet environmental demands, such as a
short cycle, resistance to drought, high oleic acid content,
among others. Differences among cultivars in terms of
nodulation (nodule weight and numbers) and the ability of
symbiotic N, fixation have been detected (Wynne et al.
1983).

The objectives of the study reported here were to
investigate the response of two peanut cultivars (TEGUA
and UTRE) with different growth habits and branching
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pattern structures to different nitrogen sources, namely,
N-fertilizer (5 mM KNO3) or N, made available by inoc-
ulation with Bradyrhizobium sp. SEMIA 6144, and to
analyse the pattern of NR activity distribution as well as
the nitrate and amino acid contents in these plants under
specific growth conditions.

Materials and methods
Bacterial strain and growth conditions

Bradyrhizobium sp. SEMIA 6144, which is able to infect
peanut (Arachis hypogaea L.), was obtained from the
Microbial Resource Centres (MIRCEN), Brazil. Stock
cultures were maintained on YEMA (yeast extract manni-
tol-agar) supplemented with Congo red (Vincent 1970).
Cultures were grown in YEM (yeast extract mannitol)
medium at 28°C on a gyratory shaker at 150 rpm. The
number of viable cells was determined as colony-forming
units (cfu) by the drop-plate method on YEMA plates
using bacterial cultures that had been incubated for 48 h
(Somasegaran and Hoben 1994).

Peanut cultivars

The peanut cultivars used in the experiments were (1)
TEGUA (Virgina botanical type, postrate growth habit
and alternate branching pattern, cycle 150 days), kindly
supplied by the nursery El Carmen S.A, General Cabrera-
Coérdoba and (2) UTRE (cross between Spanish and Vir-
gina botanical types, erect growth habit and sequential
branching pattern, emergency at low temperature, cycle
130 days), obtained from the peanut improvement pro-
gramme of Universidad Nacional de Rio Cuarto.

Peanut seeds were surface-sterilized following the
method described by Vincent (1970). Sterilized seeds were
germinated at 28°C in petri dishes (on one layer of
Whatman No. 1 filter paper and moist cotton) until the
radicle reached a length of 2-3 cm. Individual seedlings
growing from sterile seeds were then aseptically trans-
ferred to pots containing sterile volcanic sand. The plants
were divided into three experimental groups, consisting of
(1) control plants; (2) plants fertilized with 5 mM KNOg;
(3) plants inoculated with 4 ml of Bradyrhizobium sp.
SEMIA 6144 (1 x 10® cfu ml™"). The pots were placed in
a greenhouse under controlled environmental conditions
(light intensity 200 pmol m~2 s™', photoperiod 16/8-h
light/dark, constant temperature 28°C, relative humidity
50%), harvested at growth stage R1 (flowering; approxi-
mately 40 days after planting) and used for the determi-
nations of shoot dry weight, shoot-N content, dry weight of
nodules and number of nodules. The shoots and nodules
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were dried at 70°C for 72 h to a constant weight. The
nitrogen content in the shoots was determined according to
the procedure proposed by Nelson and Sommers (1973).
The amount of nitrogen derived from symbiotically fixed
nitrogen was estimated according to International Centre of
Agricultural Research in the Dry Area (ICARDA 1990) by
applying the following calculation:

Amount of fixed N = (N content of inoculated plant) —
(N content of control plant).

Extraction of NR and activity measurement

Leaves, roots and nodules of peanut plants harvested at
growth stage R1 were ground in liquid nitrogen and
extracted in 4 ml gfl (fresh weight) buffer A (50 mM
Hepes-KOH, pH 7.6, 10 mM MgCl,, 1 mM DTT, 5 uM
FAD, 1 uM leupeptin) at 4°C. The mixture was incubated
for 15 min on ice, and the homogenate was centrifuged for
10 min at 12,000 g at 4°C. The supernatant was used
immediately for NR activity measurements according to
the method described by Pigaglio et al. (1999) with some
modifications. The NR activity measurements were carried
out in buffer B (50 mM Hepes-KOH, pH 7.6, 10 mM
MgCl,, 140 pM NADH, 5 mM KNOj3). In some experi-
ments, EDTA (15 mM) was added to the reaction buffer.
The reaction was initiated by adding 300 pl of extract and
was carried out for 10 min at 27°C in a total volume of
1 ml. To estimate the amount of nitrite formed, 1 ml each
of 1% sulfanilamide in 3 N HCl and 0.02% N-(1-naph-
thyl)ethylenediamine (NNEDA) were added to the reaction
mixture and the absorbance read at 540 nm on a spectro-
photometer (GENESYS 2; Thermo Scientific, Waltham,
MA). The specific activity of NR was expressed as nano-
moles NO,™ per minute per milligram protein The acti-
vation state of NR corresponds to the ratio of NR specific
activity measured in the presence of free magnesium ions
to that measured in the presence of EDTA. This activation
state was expressed as a percentage and reflects the amount
of active NR in an extract.

Nitrate, amino acid and protein determinations

Leaves, roots and nodules of peanut plants were dried at
70°C for 72 h to a constant weight, and the nitrate content
was determined using the method of Cataldo et al. (1975).
Amino acids were quantitatively extracted and estimated
according to the ninhydrin method using the amino acid
L-leucine as the standard (Rosen 1957). Protein was esti-
mated by the Coomassie blue staining method with bovine
serum albumin as the standard (Bradford 1976).

Statistical analysis

Data were analysed statistically by one-way analysis of
variance, and means were compared with Duncan’s
multiple mean comparison test. A level of P < 0.05 was
accepted as significant. The correlation analysis was
determined using Pearson’s coefficient.

Results

Estimation of growth and nitrogen fixation in peanut
cultivars

Growth and nitrogen fixation in the two peanut cultivars
varied among the vegetative and reproductive structures.
Cultivar TEGUA, which has a postrate growth habit and
alternate branching pattern, showed a significant increase
in shoot dry weight and nitrogen content in the inoculated
treatment as compared to the other two treatments (control
and fertilized) (Table 1). Pearson’s coefficient revealed
that shoot dry weight was correlated with nitrogen content
(r = 0.91), nodule number (r = 1) and nodule dry weight
(r = 0.90). Nodule dry weight was correlated with nodule
number (r = 0.93). Cultivar UTRE, which has an erect
growth habit and sequential branching pattern, showed a
significant increase in shoot dry weight and nitrogen con-
tent in the fertilized treatment relative to the other two

Table 1 Estimation of physiological and symbiotic parameters in peanut cultivars

Peanut cultivars Treatments Shoot dry weight Nitrogen content Nodule dry weight Nodule numbers
(mg plantfl) (mg plantfl) (mg plantfl) (plantfl)

TEGUA. Control 700 £ 130 a 16.09 £ 2.06 a

Fertilized 830 £ 210 a 2299 £ 461 a

Inoculated 1,290 + 130 b 56.73 £ 498 b 68.75 £ 11.69 117.50 £+ 4.70
UTRE Control 750 & 90 a 18.04 £232a

Fertilized 980 = 70 b 29.00 £ 1.79 b

Inoculated 810 £ 90 a 22.16 £ 1.80 a 29.49 £+ 4.85 78.60 £+ 11.98

Data are given as the mean + standard error (SE) (n = 10 per treatment). Means followed by the same lower-case letter in each column do not
differ significantly at P < 0.05 according to Duncan’s multiple mean comparison
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treatments. A comparison of shoot dry weight with nitro-
gen content revealed a high correlation (r = 0.98). The
amount of nitrogen derived from symbiotically fixed
nitrogen in cvs. TEGUA and UTRE was 44.64 + 2.92 and
5.62 + 0.48 mg plant™', respectively.

NR activity in peanut cultivars

The application of N-fertilizer increased NR activity in the
leaves of the two peanut cultivars compared to those of
the control plants. There were no differences between the
inoculated and fertilized plants of cv. UTRE in terms of
NR activity in the leaves and roots. Plants of the two
cultivars had different patterns of NR activity distribution
when inoculated with Bradyrhizobium sp. SEMIA 6144,
with those of cv. TEGUA having a higher NR activity in
the nodules than in the leaves and roots, while there was no
difference in NR activity in the organs of cv. UTRE
(Fig. 1a, b).
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Fig. 1 Nitrate reductase (NR) activity in control, fertilized and
inoculated peanut cultivars. a TEGUA, b UTRE. Data are given as
the mean + standard error (SE) (n = 5). Data for leaves or roots,
respectively, with the same letter above each column do not differ
significantly at P < 0.05 according to Duncan’s multiple mean
comparison
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Fig. 2 Nitrate content in control, fertilized and inoculated peanut
cultivars. a TEGUA and b UTRE. Data are given as the mean &+ SE
(n = 5). Data for leaves or roots, respectively, with the same letter
above each column do not differ significantly at P < 0.05 according
to Duncan’s multiple mean comparison

Nitrate and amino acids contents in peanut cultivars

In both cultivars, the nitrate content was higher in the
leaves of fertilized plants than in those of inoculated plants
(Fig. 2a, b), and the total amino acid content was higher in
nodules than in the leaves and roots (Fig. 3a, b).

Discussion

Peanut has a high symbiotic nitrogen-fixing capacity and,
relative to other tropical legumes, it accumulates a larger
amount of nitrogen. A high degree of nodulation has been
correlated with symbiotic effectiveness of the inoculated
strain (Sprent 1994). Our findings on the estimation of
nitrogen content and nodulation (nodule weight and num-
bers) revealed differences that correlated with the growth
habits and branching pattern of the peanut cultivars. Thus,
cv. TEGUA, with a postrate growth habit and alternate
branching pattern, showed a better response to inoculation,
while cv. UTRE cultivar, with an erect growth habit and
sequential branching pattern, presented a better response
to N-fertilizer. Cox et al. (1982) also found that peanut
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Fig. 3 Amino acid content in control, fertilized and inoculated
peanut cultivars. a TEGUA and b UTRE. Data are given as the
mean £ SE (n = 5). Data for leaves or roots, respectively, with the
same letter above each column do not differ significantly at P < 0.05
according to Duncan’s multiple mean comparison

cultivars with a sequential branching pattern had a high
growth in response to N-fertilizer although these
researchers did not evaluate the response of these cultivars
to symbiotically fixed nitrogen.

It is well documented that net nitrogen fixation is the
product of rhizobial and plant genotypes as well as of
environmental conditions (Sessitsch et al. 2002). As such,
the efficiency of a rhizobial strain could change when it
interacts with different plant genotypes. However, little is
known about the genetic compatibility between rhizobia
and their host plant in terms of nitrogen fixation, which is
the agronomically and ecologically important result of such
an interaction. Chen et al. (2003) found that different
peanut cultivars varied in their ability to nodulate when
inoculated with a given Bradyrhizobium strain. In our
study, Bradyrhizobium sp. SEMIA6144 was able to nodu-
late both cultivars (TEGUA and UTRE), although the
nodulation efficiency was higher in cv. TEGUA, possibly
due to differences between cultivars in terms of their ability
to interact symbiotically with this rhizobial strain.

The peanut cultivars studied here differed in terms of the
pattern of NR activity distribution throughout the plants.
Both fertilized and inoculated plants of cv. UTRE plants

showed a high NR activity in the leaves and roots. In
contrast, only fertilized plants of cv. TEGUA showed a
high NR activity in the leaves and roots despite the fact that
the nitrogen content of the shoots was similar to that found
in control plants.

Studies carried out on the pattern of NR activity distri-
bution in species of bean (Phaseolus lunatus and Phaseolus
vulgaris) inoculated with rhizobia have revealed differ-
ences in the NR activity of leaves, roots and nodules
(Silveria et al. 2001). Our results also revealed differences
in the NR activity in these organs of cv. TEGUA plants
inoculated with Bradyrhizobium sp. SEMIA 6144, with the
highest NR activity found in the nodules. These results
agree with those reported by Polcyn and Lucinski (2001)
who found that NR activity was higher in the nodules of
yellow lupine than in other parts of the plant. On the other
hand, Ayala (1997) suggested that NR activity in the
nodules of peanut plants could be used as a measure of
nitrogen fixation and the effectiveness of rhizobial strains.
Our results on NR activity in nodules indicate that
Bradyrhizobium sp. SEMIA 6144 is an effective strain for
use as an inoculant of peanut.

Several published studies have demonstrated that
enhancement of nitrogen fixation is due to the presence of
active NR in bacteroids. Symbiotic associations in which
NR function is complementary to that nitrogenase are
possible since bacteroids of many rhizobial strains are
capable of performing dissimilatory nitrate reduction
(Chamber-Pérez et al. 1997). Symbiotic associations of
Rhizobium strains characterized by a high NR activity have
been found to be less susceptible to inhibition by nitrate
(Lucinski et al. 2002). Studies aimed at elucidating how the
addition of nitrate affects the process by which Brady-
rhizobium sp. SEMIA 6144 infects peanut plants and
bacteroidal NR activity are ongoing.

Nitrate assimilation in the leaves or roots is dependent
on the concentration of nitrate in the soil and the nature of
the plant. In peanut plants, the nitrate concentration in
different organs showed a similar trend between the two
cultivars, with the highest nitrate content observed in the
leaves of fertilized plants. In plants of cv. UTRE, the high
nitrate content in the leaves and roots indicated a better
response of this cultivar to N-fertilizer. A positive corre-
lation between NR activity and nitrate content in these
organs was also found.

An earlier study on ammonium assimilation found that
the enzyme activities of GS and GOGAT (glutamate syn-
thase) clearly increased in cv. TEGUA plants inoculated
with Bradyrhizobium sp. SEMIA 6144 (Terzo et al. 2005).
The increase in amino acid contents found in our study may
be related to a more effective ammonium assimilation since
this process is involved in the synthesis of amino acids.
Considering that nodule GS and GOGAT are plant gene
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products whose expression can be influenced by the nodule
stage development and effectiveness (Vance et al. 1988;
Suganuma et al. 1999), it is possible to suggest that a
higher availability of fixed N may modulate the gene
expression of the enzyme in the nodule.

This is the first study on the response of two peanut
cultivars with different growth habits and branching pat-
terns to different nitrogen sources, namely N-fertilizer or
symbiotically fixed N. We found that cv. TEGUA plants
responded strongly to biological nitrogen fixation, and
those of cv. UTRE responded strongly to N-fertilizer. Both
cultivars showed different patterns of NR activity distri-
bution in the analysed organs (leaves, roots and nodules)
that was dependent on the nitrogen source supplied. Cul-
tivar TEGUA plants provided symbiotic N, fixation
showed a higher NR activity in the nodules than in the
leaves and roots, while no difference in NR activity was
found in these organs cv. UTRE plants.

Knowing that there are differences among cultivars in
terms of response to different nitrogen sources is important
in terms of agronomical practices; for example, when to
apply a N-fertilizer or whether to inoculate with Bradyd-
rhizobium sp. in order to obtain a higher crop yield. This
knowledge is useful both for the production system and for
the environment. For the production system, this knowl-
edge may lead to lower costs and fewer activities during
planting. For the environment, the use of inoculants as the
nitrogen source to the plant will facilitate soil conservation
measures and diminish the use of environmentally harmful
N-fertilizers.

Acknowledgments We thank the Secretaria de Ciencia y Técnica,
Universidad Nacional de Rio Cuarto for providing financial assistance
for this research.

References

Andrews M, Faria SM, Mclnroy SG, Sprent J (1990) Constitutive
nitrate reductase activity in the leguminosae. Phytochem 29:
49-54

Ayala L (1997) Estudio de algunos aspectos de la fijacién simbidtica
de nitrogeno por el mani (Arachis hypogaea). Agron Trop
27:427-449

Becana M, Sprent JI (1987) Nitrogen fixation and nitrite reduction in
the root nodules of legumes. Physiol Plant 70:757-765

Boogerd F, Van Rossum D (1997) Nodulation of groundnut by
Bradyrhizobium: a simple infection process by crack entry.
FEMS Microbiol Rev 21:5-27

Bradford M (1976) A rapid sensitive method for the quantification the
microgram quantities of protein utilizing the principle of protein-
dye binding. Anal Biochem 72:248-276

Caba JM, Lluch C, Ligero F (1995) Distribution of nitrate reductase
activity in Vicia faba: effect of nitrate and plant genotype.
Physiol Plant 93:667-672

@ Springer

Campbell WH (1999) Nitrate reductase structure, function and
regulation: bridging the gap between biochemistry and physiol-
ogy. Annu Rev Plant Physiol Mol Biol 50:277-303

Cataldo D, Haroon N, Schrader L, Young V (1975) Rapid
colorimetric determination of nitrate in plant tissue by nitration
of salicylic acid. Commun Soil Sci Plant Anal 6:71-80

Chamber-Pérez MA, Camacho-Martinez M, Soriano-Niebla JJ (1997)
Nitrate reductase activities of Bradyrhizobium sp. in tropical
legumes: effects of nitrate on O, diffusion in nodules and carbon
costs of N fixation. J Plant Physiol 150:92-96

Chen Q, Zhang X, Terfework Z, Kaijalainen S, Li D, Lindstrom K
(2003) Diversity and compatibility of peanut (Arachis hypogaea
L.) bradyrhizobia and their host plants. Plant Soil 255:605-617

Cox F, Adams F, Tucker B (1982) Liming, fertilization and mineral
nutrition. In: Pattee HE, Young CT (eds) Peanut science and
technology. American Peanut Research and Education Society,
Yoakum

ICARDA (1990) Chickpea biological nitrogen fixation. In: ICARDA
(ed) Food legume improvement program. International Center of
Agricultural Research in the Dry Area, Annual Reporter,
Aleppo, pp 96-107

Krapovickas A (1973) Evolution of the genus Arachis. In: Moav R
(ed) Agricultural genetics-selected topics. National Council of
Research and Development, Jerusalem, p 131-151

Lucinski R, Polcyn W, Ratajczak L (2002) Nitrate reduction and
nitrogen fixation in symbiotic association Rhizobium-legumes.
Acta Biochim Polonica 49:537-546

Nelson D, Sommers L (1973) Determination of total nitrogen in plant
material. Agron J 65:109-112

Pigaglio E, Durand N, Meyer C (1999) Conserved acidic motif in the
N-terminal domain of nitrate reductase is necessary for the
inactivaction of the enzyme in the dark by phosphorylation and
14-3-3 binding. Plant Physiol 119:219-229

Polcyn W, Lucinski R (2001) Functional similarities of nitrate
reductase as a source of nitrogen in soybean, Glicyne max (L).
Physiol Plant 158:829-834

Rosen H (1957) A modified ninhydrin colorimetric analysis for amino
acids. Arch Biochem Biophys 67:10-15

Sessitsch A, Howieson JG, Perret X, Antoun H, Martnez-Romero E
(2002) Advances in Rhizobium research. Crit Rev Plant Sci
21:323-378

Silveria JA, Matos JC, Cecatto VM, Viegas RA, Oliveira JT (2001)
Nitrate reductase activity, distribution, and response to nitrate in
two contrasting Phaseolus species inoculated with Rhizobium
spp. Environ Exp Bot 46:37-46

Somasegaran P, Hoben H (1994) Quantifying the growth of Rhizobia.
In: Somasegaran P, Hoben H (eds) Handbook for Rhizobia.
Springer, New York, pp 47-57

Sprent J (1994) Nitrogen fixation. In: Smartt J (ed) The groundnut
crop: a scientific basis for improvement. Chapman and Hall,
London, pp 255-280

Suganuma N, Watanabe M, Yamada T, Isaura T, Yanamoto K,
Nishimura M, Toniyama K (1999) Involvement of ammonia in
maintenance of cytosolic glutamine synthetase activity in Pisum
sativum nodules. Plant Cell Physiol 40:1053-1060

Taurian T, Aguilar OM, Fabra A (2002) Characterization of
nodulating peanut rhizobia isolated from a native soil population
in Cordoba, Argentina. Symbiosis 33:59-72

Terzo E, Natera V, Isola MC, Fabra A, Franzoni L, Castro S (2005)
Effect of low pH on the enzyme activities of the ammonium
assimilation pathways in the symbiotic association Bradyrhizo-
bium sp.-peanut (Arachis hypogaea L.). Symbiosis 40:1-6

Vance CP, Egli MA Griffith SM (1988) Plant regulated aspects of
nodulation and N, fixation. Plant Cell Environ 11:413-427



Plant Growth Regul (2010) 61:153-159 159

Vincent J (1970) A manual for the practical study of root nodule Wynne JC, Elkan GH, Isleib TG, Schneeweis TJ (1983) Effect of host
bacteria. International biological programme. Handbook No. 15. plant, Rhizobium strain and host x strain interaction on symbiotic
Blackwell Scientific, Oxford variability in peanut. Peanut Sci 10:110-114

@ Springer



	Symbiotic nitrogen fixation and nitrate reduction in two peanut cultivars with different growth habit and branching pattern structures
	Abstract
	Introduction
	Materials and methods
	Bacterial strain and growth conditions
	Peanut cultivars
	Extraction of NR and activity measurement
	Nitrate, amino acid and protein determinations

	Statistical analysis
	Results
	Estimation of growth and nitrogen fixation in peanut cultivars
	NR activity in peanut cultivars
	Nitrate and amino acids contents in peanut cultivars

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


