J. Agric. Res. Tanta Univ., 32 (2) 2006 273

RESPONSE AND COMPATIBILITY OF SOME FABA BEAN
(Vicia faba L.) CULTIVARS TO INOCULATION WITH
SALINITY-TOLERANT RHIZOBIAL STRAIN UNDER HIGH

SALINITY CONDITIONS
BY
El-Gremi*, Sh. M. A., E. B. A. Belal* and M. F. El-Nady**
Agric. Microbiology* and Agric. Botany ** Branches, Dept. of
Agric. Botany, Fac. Agric., Kafr El-Sheikh, Tanta Univ.
ABSTRACT

Pots experiments were carried out at Dept. of Agric Botany, Fac.
of Agric. Kafr El-Sheihk, Tanta Univ., Egypt during the winter season
of 2004/2005 to study the response and compatibility of four faba bean
cultivars to nodulation with the the Rhizobium leguminosarum biovar.
viciae thizobial strain (E1) previously isolated, identified and adapted
against the high concentration of NaCl. In this study, seed treatment
with Peat-based preparation of (E,) at the time of planting in sandy soil
irrigated with 200 mM NaCl concentration exhibited significant
differences in the plant growth and nodulation parameters as well as
crude protein % of dry seeds between the cultivars under study. The
response of cultivars Giza Blanca and Giza 957 to rhizobial nodulation
(464.67 and 394.33 nodules/plant, respectively) was more compatible
with strain (E1) than Sakha 1 and Reina Mora (50.33 and 39.33/plant,
respectively). Success in nodulation resulted in significant
improvements in both the plant growth and the dry seed crude protein
% parameters as well as the total microbial counts in the rhizosphere of
the growing plants. -

The absence of nodules on the non-inoculated plants revealed the
necessity of using the effective and salinity-tolerant rhizobial strain
(E1) to inoculate faba been under saline conditions.
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INTRODUCTION

Faba bean (Vicia faba L. Family: Leguminosae, Subfamily: .
Lotoidae) is one of the most important legume crops in Egypt. It’s an
important crop in the Mediterranean area, offering high-quality protein
and increasing the input of combined N, into the soil as used in crop
rotation with cereal crops (FAO, 1999 and Farag et al., 2005). The
Rhizobium-legume symbiosis is suggested to be economic and
environmental-safe solution of nitrogen defect in reclaimed arid soil
(Zahran, 1999). This symbiotic association between legumes and
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thizobia 1 the most biocatalytic link for the flow of nitrogen bétween -

the largest potential available N-reservoir, the atmosphere type of soil

~and the living world (Paau, 1989). - ‘

: In order to hardness potential benefit of the rhizobial inoculation
in commercial agricultural, the consistency of their performance must
be improved. This. requires research in many diverse areas as these
biological systems involve comple‘c interactions’ among the inocula, the
host and the soil conditions.

Symbiotic Nz-ﬁxatlon is adversely affected as a result of presence
of soil or trrigation water salinity (Ibrahim et al., 1970; Salem er al.,
'1981; Abdallah et al., 1986 and El-Nady & Belal, 2005) or usiﬁg
different genotypes from the same host (Velagaleti & Marsh 1989,

Craig et al., 1991, Cordovilla,et al. 1995 and Ghobrial et al., 1995).

In previous work (El-Nady & Belal, 2005) the inoculation with
the rhizobium strain E1 of faba bean (Rhizobium leguminosarum biovar
viciae) adapted agamst salinity increased the Nj-fixiation and the

_growth parameters as well as the crude protein of faba bean var. -
Kassasin 1 under salted sandy soil compared with the original strain,
Therefore, the present . mvestlgatlon was designed to evaluate the
response of different faba bean cultlvars to inoculation with strain (E1)
under salinity conditions.

"MATERIALS AND METHODS

This work was carried out at Dept. of Agric. Botany, Fac. of
Agric. Kafr El-Sheihk, Tanta Univ, Egypt. Rhizobium strain El of faba
bean (Rhizobium leguminosarum biovar vicige) was previously isolated
from active nodules initiated on healthy faba bean plants and adapted
against the high concentration 200 mM of NaCl (El-Nady & Belal, .
2005). It was. applied at the time of planting as seed treatment. Peat-
based Rhizobium inoculum was prepared as described by Vincent,
(1970). The faba bean seeds of Giza Blanca, Giza 957, Sdakha 1 and

- Reina Mora cultivars were inoculated according to Belal, ef al., (1996)
before sowing in 30 cm inner diameter pots containing sandy soil on
the 23" October 2004. Pots sowed with non-inoculated seeds served as
control treatments. Pots were irrigated with water supplemented with
200 mM NaCl, each treatment was represented by 10 replicates. NaCl -

‘concentration was tested in the soil two weeks intervals in order to be .
adjusted. The cultural practices, fertilization and pest control were

- carried out as.commonly used. The Climatic “features “‘gccurred during

the growth season 2004/2005, are shown in Table (1).”
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Ninety days after planting, plant height, leaf area, number of
flowers and pods and fresh and dry weight of roots and shoots were
estimated The blade of the 4™ leaf was used to determine the
photosynthetic pigments {chlorophyll a, b and total) according to
Inskeep & Blom, (1985). Number of root nodules as well as fresh and
dry weight of nodules were also estimated at 60 days from planting. At
the end of the growing season, the crude protein % was assayed in the
dry seeds by the Kjeldahl method (AOAC, 1990) as total -N, and the
factor 6.25 was used to convert the total-N to its crude-protein
equivalent. At two times from planting (30 and 60 days), the total
microbial counts were determined in rhizosphere samples using dilution
series of poured standard-plate count agar medium consisted of
tryptone 5g, yeast extract 2.5g, glucose 1g, agar 15g/L. dist. water (pH
7+1) according to DSMZ-catalogue media (2004) with replacing
dextrose by glucose.

Table (1): Averages of monthly records of the climatic features in
the local Meteorological station, Sakha Station
covering the growth season 2004/2005.

¢ | Month ‘ Mean of Mean of :

i air ! relative humidity Solar Rad.

‘| temperature ' % | Mega Joule/m’

i oo ..

i | Max | Min | 7:30 { 13:30 |

¢ ? : j :

‘| October | 293 15.8 76.4 474 12
November | 25.7 10.2 84 4 s2 12.8
December 202 7.8 854 54.8 7
January 19.5 6.2 85 55 9.8
February 21.5 7 929 56 13.8
March 4222 7.4 83.7 46.5 15
April 26.3 10.7 824 46.2 222

Statistical analysis:

The experiment was designed as complete randomized design and
the obtained data were subjected to the proper statistical procedures for
analysis of variance according to Gomez and Gomez, (1984).

RESULTS AND DISCUSSION

In previous work (El-Nady & Belal, 2005), the rhizobium strain
(E1) of faba bean was isolated from active nodules initiated on healthy
faba bean plants and identified as Rhizobium leguminosarum biovar



276 El-Gremi, ShhM.A. et al..

viciae. The strain (E1) was adapted against the high concentration of
salinity under sterilized and non sterilized conditions. Inoculation with
strain (E1) enhanced the N»-fixiation and the plant growth parameters
as well as the crude protein of the faba bean Kassasin 1 cultivar planted
in salted sandy soil compared with the original strain. This strain was
selected for further applications to verify the response of other
recommend faba bean cultivars for their higher yield components
(Farag er al., 2005) towards inoculation by this strain under salinity
stress.

Data in Table (2) show highest values of growth parameters in the
imoculated plants with R. leguminosarum bv. viciae compared with the
non-inoculated plants. Inoculation with E1 significantly increased
length of plant in Giza Blanca, Giza 957 and Sakha 1 cultivars, while
an insignificant increase of plant length was recorded in Reina Mora
cultivar. Giza 957 and Giza Blanca recorded significant increases in
plant length, leaf area and number of flowers/plant by inoculated plants
with El. In the respect of number of pods/plant, Giza Blanca,
inoculated with E1 gave a significant increase (3.99 pods/plant), while
an insignificant increases were recorded in the other tested faba bean
cultivars (2.99, 2.11 and 2.07 for Giza 957, Sakha 1 and Reina Mora,
respectively). Fresh and dry weights of root and shoot were increased in
all tested faba bean cultivars inoculated with E1. The highest values of
fresh and dry weight of root were found in Giza Blanca cultivar (22.06
and 9.63g, respectively). The highest values of shoot fresh weight were
recorded in Giza 957 (25.15g) and Giza Blanca (23.23g) and the
highest value of dry weight of shoot was obtained in Giza Blanca
(7.67g). These results are in agreement with our previous study, it was
also observed that inoculation of faba bean cutivar (Kassasin 1) with
this strain increased significantly the growth parameters under the same
concentration from NaCl (El-Nady and Belal, 2005).

Concerning to photosynthetic pigments, concentrations of
chlorophyll a, b and the total chlorophyll were significantly increased
in the inoculated plants. Data presented in Table (3) revealed that the
highest value of total chlorophyll was found in the inoculated plants of
Giza Blanca cultivar (15.2). Logically, it was due to the increase in N»-
fixation since nitrogen is an essential element for synthesis of
photosynthetic pigments. Chlorophyll pigments are derived from
tetrapyrroles. Tetrapyrroles are large rings each contains four pyrole

rings which consists of four carbon and one nitrogen atoms, each
(Moore, et. al., 1998).
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able (2): Growth parameters of the four tested faba bean cultivars inoculated with Rhizobium leguminésarum

biovar v:cme (stram El) 90 da}fs after sowmg i

fu&ﬁm L s L Y T s AN X A

HECEEA TN - P

£ L0 e

n salmlty condltlons

T ek AT B G T L e T B

| Plantlength | Leafarea .| No.of :| No.of | Root welghtlplant Shoot
Treatments : (cm) (em?) flowers/p .| pods/ (2 weight /plant (g)
famt | plant ["Fresh [ Dry | Fresh | Dry
Giza Blanca ; : ‘
Non-inoculate 76.29 ¢ 25.85¢ 323e | 3.27b 17.78b | 7.03¢ | 20.84c 6.16b
Inoculate 85.47b 2723 b 631b | 399a 22.06a | 9.63a | 23.23Db 7.67 a
Giza 957 : : ;
Non-inoculate 82.13¢ 21.97d 535¢ | 296¢ 11.31d | 405f | 18.77d 422d
Inoculate 96.36 2 2872a 813a || 299c 21.00a | 6.15d | 25.15a 5.74c
| Sakhal | : .
' Non-inoculate 76.28 ¢ 13.10f 336e 3 2.13d 692¢ | 493e 14.69 f 580¢
Inoculate 80.374d 1739 ¢ 4,17d ! 2.11d 11.14d | 695¢ | 15.59e 580¢
Reina Mora ! :
Non-inoculate 76.29 ¢ 13.53f 331e i 2.09d 14.82¢ | 854b | 16.04¢ 587¢
Inoculate 76.34 ¢ 17.18 ¢ 4.12d j 2.07d 16.16b [ 9.42a | 19.40d 5.94bc

Values having the same alphabetical letter within column significantly are not different at P < 0.05.
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Table (3): Chlorophyll concentration of the non-inoculated and
inoculated plants of four tested faba bean cultivars.

1y
: Chlorophyll pigments of the
5{ Treatments leaf (mg/1)
f‘ oa [ b [ Total
z Giza Blanca _
HE Non-inoculate {} 5.81f | 1.83ab 779f
Inoculate 1246a | 2.15ab | 15.20a |
¢ | Giza 957 ?
- Non-inoculate 567f | 1410 740f
Inoculate 7.65¢c || 291ab | 10.28¢
Sakha 1 i
Non-inoculate || 6.35¢€ 291a 90le
l Inoculate 847b || 242ab | 11.10Db
| Reina Mora
4 Non-inoculate {| 6.83d 1.93 ab 9.69d .
. Inoculate 720d || 191ab i 10.01 cd

Values having the same alphabetical letter within column
significantly are not different at P < 0.05.

Under salinity conditions, the compatibility between the used
strain (E1) and the inoculated faba bean cultivars could be verified
through nodulation. Data presented in Table (4) show variation in
nodulation between the different tested cultivars reflecting the response
of cultivars to inoculation by the strain (E1) under salt stress.
Inoculated plants of Giza Blanca and Giza 957 gave the highest results
in term of the number of active nodules/plant reached 464 and 394,
respectively. On the other hand, less nodulations were recorded on the
other two cultivars (Sakha 1 and Reina Mora) where nodules appeared
small in size (Fig. 1), and majority of them were inactive. When they
were eXamined for the red color of leghaemoglobin, the absence of
leghaemoglobin indicated negative results for the presence of the
nitrogenase enzyme. Under this saline concentration, the latter two
cultivars (Sakha 1 and Reina Mora) showed a degree of salt-sensitivity
as the root-hairs of both cultivars were impaired. Many reports
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confirmed that Rhizobium-host compatibility, presence of good
developed root-hairs and suitable conditions for infection are essential
for active nodulation. Many reports confirmed that, tolerance of the
legume host to salt is the most important factor in determining the
success of compatible Rhizobium strains to form successful symbiosis
under conditions of high soil salinity (Zahran & Sprent 1986,
Velagaleti & Marsh 1989, Craig et al, 1991 and Cordovilla, et al.,
1995). :

Table (4): Symbiotic N2-fixation parameters of the non-
inoculated and inoculated plants of four tested faba
bean cultivars.

B A S AR o R IR e S L L

: | Nitrogen fixation parameters

% Treatments No. of , Root nodule
nodule/plant |  weight/plant (g)

: i Fresh | Dry

3 : .

% Giza Blanca 1 :

% Non-inoculate | 0.0c 1 00e 00e
Inoculate || 464.67a 6341 1.54b

:| Giza 957 ,

Non-inoculate 0.0c 1 00e 0.00e

: Inoculate | 39433a | 8.12a | 238a

*| Sakha 1 : _ : l
! Non-inoculate 00c f 00e | 00e¢

§, Inoculate 5033b | 1424 029d |
i | Reina Mora

F Non-inoculate : 00c j 00e 00¢

! Inoculate 39.33b 098¢ | 042c¢

Values having the same alphabetical latter within column are not
significantly different (P <0.05).

Although seed protein contents are yield components specific for
each Vicia faba genotype (Farag et al, 2005), significant increase in
Giza Blanca seed crude protein % (up to 27. 41%) was achleved by
inoculation with E1 strain (Fig.2).
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ig. (1 ): Root systems of non-inoculated (left) and inoculated (right) faba bean cultivars with salinity tolerant
isolate of R. leguminosarum bv. viciae 60 days after seeds sowing. A- Giza Blanca. B- Giza 957. C-
Sakha 1. D- Reina Mora
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| BInoculated

)L O Nornrinoculated

Reina Mora Sakhal Giza957 Giza Blanca
Cultivars

Fig. (2): Crude protein % in seeds of-four faba bean as affected by
inoculation with the salinity tolerant R. leguminosarum bv.
viciage strain (E1).

The biotic inhabitants of soil displays its healthy conditions for
cultivating. So, the total microbial counts was determined in the soil
during growth season. In the rthizosphere soil of plants treated with the
Rhizobium leguminosarum bv. vicige strain El, the total microbial flora
increased as the age of plant increased (Fig. 3). Significant increase was
recorded in case of the most nodulation-compatible cultivars Giza
Blanca and Giza 957 (15x10° and 14x10° cfw/g, respectively). Similar
results were obtained by Badr El-Din & Sahab (1986) and El-
Nadyv&Belal (2005). R. leguminosarum bv. vicige can fix the
atmospheric free nitrogen and make it easier for the broad bean plants
and other microorganisms in the rhizosphere, in addition, the root-
nodule bacteria produce growth promoting substances (Sekine ef al,
1989) which may encourage microbial population in the rhizosphere.
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Fig. (3): Total microbial flora in the rhizosphere of faba bean
cultivars as affected by inoculation with the salinity tolerant R.
leguminosarum bv. viciae strain (E1) at different growth times
(counts x 10* cfu/g dry soil).

The obtained results indicate the benifits of using such promising
strains like E] having salt-tolerance character for inoculation of the
compatible faba bean host cultivare Giza Blanca and Giza 957 under
salt stress conditions dominant at the new reclaimed land in Egypt to
improve growth and yield components.

REFERENCES

AOAC (1990). Association of Official and Agricultural Chemists
Official and Tentative Methods of Analysis 15" ed.
Washington, D. C.

Abdallah, A. R., Th. El-Dahtory and A. A. Abdel-Moneim (1986).
Effect of salinity on nodulation of some leguminous plants.
Minia J. Agric. Res. & Dev. Vol. §, No. 2.

Badr El-din. S. M. and A. F. Sahab (1986). Biological control of
Rhizoctonia solani using Trichoderma viride and its relation to
syvinbiotic nitrogen fixation by faba bean. Egypt J. Microbiol.,
21 (2):155-162.



J. Agric. Res. Tanta Univ., 32 (2) 2006 283

Belal, E. B., Sh. M. A, El-Gremi, M. Gabr and M. E. K. Ibrahim
(1996). Using of peat-based inocula of selected antagonists
against certain soil-borne pathogens of pea in the presence of
Rhizobium leguminosarum. J. Agric. Res. Tanta Univ., 22 (4):
444-450.

Cordovilla, M. P., F. Ligero, and C. Liuch. (1995). Influence of host
genotypes on growth, symbiotic performance and nitrogen
assimilation in faba bean (Vicia faba L.) under salt stress.
Plant Soil 172:289-297.

Craig, G. F., C. A. Atkins, and D. T. Bell. (1991). Effect of salinity on
growth of Rhizobium and their infectivity and effectiveness on
two species of Acacia. Plant Soil 133:253-262.

DSMZ (2004). Catalogue list of media, medium No.464.
http://dsmz.de/microorganisms/html/media/medium
00464 .html.

El-Nady, M. F. and E. B. A. Belal. (2005). Responses of faba bean
(Vicia faba L.} plants to root nodule bacteria under salinity
conditions. J. Agric. Res. Tanta Univ., 31 (3). 362 - 374.

FAQ. Production Year Book, 1999.

Farag, S. T., M. A. Abd Ei-Galeel and M. F. El-Nady (2005).
Performance of some faba bean (Vicia faba L. ) genotypes
under Delta condition. J. Agric. Res. Tanta Uni,31(2) : 136-
154.

Ghobrial, W. N., D. Abady, R. Y. Abdel-Kodoos and M. H. Hegazy
(1995): Nitrogen fixation potential as affected by B. japonicum
and soybean cultivars for maximizing soybean productivity.
Annals. Agric. Sci. Ain-Shams Univ., Cairo, 40 (1): 117-128.

Gomez, K. A. and A. A. Gomez (1984). Statistical Procedures for
Agricultural Research. 2™ ed. John Wiley and Sons, pp. 229-
308.

Ibrahim. A. N., M. Kamel and S. Khadr (1970). Nodule formation and
growth of legumes as influenced by certain sodium salt.
Agrok. Talajtan. 19 (1-2): 164-172.

Inskeep, W.P. and P.R. Bloom (1985). Spectroscopy in: MLF. Hipklins
and N.R. Baker (eds.). Photosynthesis, Emerg Transduction, A
Plant Physiol. 77: 483-485.

Moore, R., W. D. Clark and D. S. Vodopich. (1998). Botany,

WCB/McGraw—Hill, Second Edition, New York, USA.
Paau, A. S. (1989). Improvement of Rhizobium inoculants. App.
Environ. Microbiol. 55: 862 — 865.




284 El-Gremi, Sh.M A et al.

Salem, S. H., E. M. Gewaily and F. 1. El-Zamik (1981). Effect of soil
salinity on the symbiosis of root nodule bacteria and broad
bean plant. Agrokemia Es Talajtan. Tom. 30. No. 1-2.

Sekine, M., K. Watanable and K. Syono. (1989). Molecular cloning of
a gene for indole-3-acetamide hydrolase from Bradyrhizobium
japonicum . J. Bacteriol.171 1718-1724,

Velagaleti, R. R., and S. Marsh. (1989). Influence of host cultivars and
Bradyrhizobium strains on the growth and symbiotic
performance of soybean under salt stress. Plant Soil 119:133-
138. :

Vincent, J. M. (1970). A Manual For The Practical Study Of Root-
Nodule Bacteria. IBP handbook, No. 15, Black Well scientific
publications, Oxford and Edinburgh.

Zahran, H. H. and J. 1. Sprent. (1986). Effect of sodium chloride and
polyethylene glycol on root-hair infection and nodulation of
Vicia faba L. plants by Rhizobium leguminosarum. Planta,
167, No.3. 303 - 309.

Zahran, H. H. (1999). Rhizobium-legume Symbiosis and nitrogen
fixation under Severe Conditions and in an Arid Climate.
Microb. And Mole. Biol. Rev. Vol. 63, No.4: 968 — 989.



J. Agric. Res. Tanta Univ., 32 (2) 2006 285

‘ S PR
el U 3G e Aa glall Alantia 43y (ot o 41 gl ciliaal giang (38 979 Adaid
) A gl 3B a3 Ay ylad
‘_EAUJ!‘!,.\S'SLM * 0 cllaiadiae (Bl ded) * g Al S dana g S5
*% :

kool lul g el )l gdan g Spdll o A
Unib daala — geadll i et j 30 Al - b 530 cilyil) o
Ladla — il S A 0 A oot 50 bl sy anal 4 jad oy ol
ST UVSELWR PR I - PR P EN N PPEVS TR ) FUETA SR P . VRPN IR T4 N
Rhizobium leguminosarum bv. O 3Dwihd 9 dy sial a8l eS8 gl
2258 (e Agllad) o € Al JaaTl e 28 Vg 35\ 3o B AN 5 Viciae (B1)
Tpsgnal
w2 Lgie s Gasdial o Al B} Wil juaatue 553l dldae Oyl -
oot Ay gine SR 5 ges (N pgaeall 20581 Do palla Yoo 38 S lgn) S Aska ;4 5
RETRC PPYCI LRI R W T U T PR PO I RO ORI WA A
Al Caad Gl oy A8l ,443\ P
TAEYY 5£76,1Y) 18l A0V 5 jaa o LEDGS Joa Al Alad o @S
Bads YA,TY 300, YY) 1 galid 5l g ) Bw il e 81 (a0 e ¢ cilyfiaie
s 25 B ADL s L8 g8 30 1l WY el o e Uy Laa (i i e iy
25 (o ptnal Ao hall Apialh g il gl e IS Lualie B (g gina el ) aEadl Flas
Al Bl g 3 ) (B g pSaall SN aael B S 5 ST 8 5t e il
AU laiondy T 55 pam Aale i gl d 2B e ol
Apadal iyl it J gl il 8 R glelf dlentiall g DGAN E psats 08





