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Response of Faba Bean to Inoculation with Fungicide
Auxotrophic Mutants Induced in Rhizobium
Leguminosarum Biover Viceae
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HE DEVELOPMENT of nitrogen-fixing nodules is a complex

process involving the expression of symbiotic genes in both the
legume host and the microsymbiont. The symbiotic process has been
studied here in faba bean using fungicide-auxotrophic mutants
induced in Rhizobium . The results revealed that some auxotrophic
mutants-induced had significantly effect 10 increase nodule development,
dry matter yield, and also nodule dry weight, in contrast, some others
resulted in fewer nodules development. Many of biochemical
mutants-induced revealed significant stimulation in chlorophyll
formation. This is due to their ability o esiablish an effective symbiotic
relationship. Seed treatment by some biochemical mutants had a better
effect on seed yield per plant. Auxotrophic mutant AMVyg was
superior to the wild type strain in terms of increasing grain yield to
118.48%. Inoculated plant, under the ficld conditions, accumulated
nitrogen in the range between 55.84 10 216.31 mg/plant, while
uninoculated ones accumulated nitrogen between 3.33 to 77.82
mg/plant.

Keywords: Chlorophyll formation, Nodule development, Nodulation
index, Nitrogen accumulation , Rhizobium, seed yield,
Rhizobium mutants, Fungicide - induced mutants

Rhizobia is gram-negative bacteria that form nodules on legumes. In this
association, the bacteria fix atmospheric nitrogen that is then assimilated by the
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plant. The genetic information controlling symbiotic activity in the fast-growing
rhizobia is encoded in plasmids (Hombrecker et al, 1981). A svmbiotic (Sym)
plasmid has been defined as one that determines the plant species specificity for
nodulation and contains the nitrogenase enzyme structural genes (nif genes)
(Hooykaas et al., 1982). The formation of nitrogen-fixing nodules on roots of
legumes by rhizobia is a complex developmental process that involves constant
communication between the partners. Products of the phenylpropanoid
biosynthetic pathways, flavonoids (Rolfe, 1988), have been widely identified in
legumious plants as being involved in the initial signaling steps between plant
and rhizobia, including chemotaxis towards a potential host (Kape et al.,1991)
and induction of the baclerial nodulation {(nod) genes which are necessary to
elicit a corresponding signal to the plant from the bacterium (Dahiya,1991). Most
types of flavonoid compounds are found systemically in a wide variety of plants
(Harborne, 1984) with the exception of the isoflavonoids which are almost
exclusively found in the legumes (Harborne, 1971). Fungicidal treatments of
faba bean is found effective in improving germination and emergence of the crop
{Sundaresh and Hiremath, 1982). However, results on the effect of seed dressing
chemicals on symbiosis of Rhizobium are controversial (Sundaresh and
Hiremath, 1982). It may be because of the incompatibility of certain chemicals
with the rhizobia, variation in techniques, soil and environmental conditions
existing at the time of experimentation. The present investigations were
undertaken to study the effect of inoculation with rhizobia fungicide-auxotrophic
mutants induced on root nodulation, nitrogen fixation and vegetative growth
parameters of faba bean through symbiotic relationship with rhizobia.

Material and Methods

Bacteria and growth conditions

Wild type isolates of Rhizobium leguminosarum biovar viceae were isolated
from the root nodules of faba bean at El-Dakahlia and El-Behaira Governorates,
according to the method described previously by Somasegaran and Hoben
(1985). The isolates of wild type and fungicide-auxotrophic mutants induced are
listed in Table 1. All of these isolates were evaluated for their efficiency in
nodulation and nitrogen fixation with their legume host. Cells were grown as
previously described by Karanja and Wood (1988) on yeast extract mannitol
medium at 28°C. Yeast extract mannitol agar medium (YEMA medium "79")
(Alien, 1959) was used for growing and for maintaining cultures according to
Vincent (1970).
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TABLE 1. Wild type isolates and mutants induced used in this study.

athaiy Phenety pe Kelterence Desiznation ‘:‘
N ) . . 3
I Wi Ll-Behainy Gosernorate LLBW | I‘L
2 Wl L1-Daktilia Governerale (Shisbu O enter) LDSwW?2 i
3 Wil B ~(TENMansouwra Centerd LMW
oA Sam No 20T Wt Agric, Res, Conter (ARC) Lgapt ARCW A :
Us opain Ne 481 W i, Utilization Res . US4 AURWE
6 - AM 20 ppm Carboxin (Vi ax) ANMVG
= AN 20 ppm Carboxin AMYV T i
8 AM 10 ppm Carboxin AMVE i
9 AM 40 ppin Carboxin AMVO \
0 AM a0 ppu Carbhoxin AMY TG i
il aM 80 ppm Carbosin ANV
12 AM 100 ppan Carboxin AMVI2
13 AM 160 pprit Carbonin AMAVTS |
| id AN . 100 ppm Carboxin AMN TS 1
‘é I3 AM 80 ppm Benomy [ Bealate) AMBI3 i
i 16 RS 100U ppm Benomy ! AMBL6O |1
1 AN 100 ppm Benom ! ANBLT %‘
I 18 AM 2 ppm Dithane AMIIS 1|
i 16 AN 2 ppm Dithane AMDI9 |!
- b WA 8 ppmn Dithane AMID2G
: 21 AM 10 ppm Ditlane AMD2I b
? hj AM 4 ppm Dithane  AMD22 |
23 AM 8 ppm Dithane AMD23
24 AM 10 ppm Byithane AMD2d

AM = Auxotrophic mutant.  WT = Wild tvpe

Evaluation of auxotrophic mutants with their parental strains in the large scale
of field experiment '

Three field experiments were carried out during the growing season of
1998/99 at two different locations. Two of them carried out using a plastic-pots
system (Vincent, 1970) containing sterilized sandy and clay soils, which
autoclaved at 121°C for onc hour among three days, at the first location of
Experimental and Agric. Research Unit of Plant Pathology Dept., Fac. of Agric.,
Mansoura Univ. Sandy soil was washed with a distilled water several times to
diminishing chloride ions. However, the third experiment was done under field
conditions at the second location of El-Saadia Village, Shirbin Center, Dakhlia
Governorate, using natural clay soil (non-sterilized). The experiments in the first
location were done using plastic-pots 19 x 22 cm and four replicates were
performed for each treatment. However, the experimental design of the third
experiment under the field conditions was a randomized complete block with
three replicates. Each replicate containing 25 plots, each plot was three meters
long and 40 cm between rows, where seeds were sown at one side in one seeded
hill, 20 cm apart.
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Inoculation

Cultures in mid-log phase growing in nutrient broth of YEM were used for
inoculation (Kucey, 1989). Seeds were surface-sterilized with 10% ethanol
solution (Dobert and Blevins, 1993) and washed three times with sterilized
distilled water. Four-surface-sterilized seeds were planted in each plastic pot.
The seeds planted in all experiments were inoculated with approximately 108
rhizobia cells from the previous suspension before covered. Seeds were thinned
after 3-4 days of germination to three plants per plastic pot and one plant per
hill in the field. The plants in the third experiment were watered to field capacity
with water as needed until harvest. Cultivated plants in plastic-pots were
irrigated using nitrogen free nutrient solution of Bond's modified Crone's stock
salts mixture ( Allen , 1959). Uninoculated seeds and those inoculated with wild
type strains were considered as a negative and positive control, respectively. The
plants in all experiments were inoculated after germination with 1.0 ml of
rhizobia suspension (108 cells/ml) for three times at seven days interval's . The
plants in all experiment were fertilized by phosphorus 80 kg/feddan.

Preparation of samples

Six weeks after inoculation, the plants were carefully uprooted and the roots
were washed with tap water to remove the adhering clay particles. The nodules
were counted and the mean nodule number per plant was calculated. Shoots,
roots and nodules were dried at 70°C for 72 hours { Pineda and Nolt , 1990).

Chlorophyll measurment

Chlorophyll a and b were determined after six weeks of planting (WAP)
according to Markinney (1941).
Assessment of nodulation and nitrogen fixation

The efficiency of wild type isolates and their mutants was examined for

nitrogen fixation by inoculated seeds of faba bean with the cell suspension of
each isolate. Some productivity parameter including average weight per nodule
(AWN) was calculated according to Pereira er al. (1989). An index of
nodulation, which removed the effect of plant size, was calculated from the raw
data according to Herridge and Betts (1988).

Total nitrogen determination

Samples were digested according to the macro-kjeldahl methed and nitrogen
concentration was determined by colorimeteric assay (Burris and Wilson, 1957).
Nitrogen and protein percentage was calculated on dry weight basis according to
Jackson (1973).
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Plant yielding

At harvest, four individual plants were taken at random from each
experimental plot, on which the mean of the following fraits was recorded;
number of tillers/plant, number of pods/plant, 100 seed weight (gram), seed yield
per plant (gram), and expected seed yield/feddan (kg).

Expected seed yield per feddan of faba bean cultivars

Seeding rates corresponded to approximately 13 emerged plants per m? and
the expected seed yielding per feddan was calculated to approximately 54600
plant per feddan according to Jensen (1987).

Statistical analysis

Data were subjected to analysis of variance and LSD (P = 0.05 & 0.01),
which was used to compare means between the untreated control and individual
sample mean , if F-test showed significant treatment effects (Steel and Torrie,
1960).

Results and Discussion

Nodulation and dry matter yield

As shown from the results presented in Table 2, nodules were formed in all
treatments, except in control experiment (uninoculated) for both sterilized clay
and sandy soils. The obtained numbers and dry weight varied between different
isolates. Some auxotrophic mutants of rhizobia had the highest number of
nodules, a similar pattern was noticed for the dry weight of nodules.

Some of rhizobial inoculation significantly increased both the number and
dry weight of nodules. Some other inoculant of auxotrophic mutants resulted in
fewer nodules, but in similar total weight. Similar results were observed for
soybean (Chamber and Montes, 1982). The present results are also in agreement
with those found by Ramos and Ribeiro (1993), who reported that the treatments
with fungicides and seed inoculation resulted in greater nodule weight, seed
inoculation produced more nodules than treatments using granular inoculant.
Previous studies have shown that seed treatment with fungicides can cause an
increase (Lopes and Portugal, 1986), a reduction {Rennie and Dubetz, 1984) or
no effect (Kucey and Bonetti, 1988) on nodulation. Ramos and Ribeiro (1993)
also found that the fungicide application on seeds increased nodulation, but
reduced the occurrence of the inoculated strain in nodules.
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TABLE 2. Effect of inoculation with Rhizobium fingicide-auxotrophic mutants

induced on nodulation of faba bean.

Inocuinm SNodule number {No plant ') Nodule dry weight te plam™s

bxp Ixp 2 Lxp. 3 Eap. | bap. 2 Lap 3
Uininoculated 043 000 000 4] 0.0000 40006
[HEA : 087 049 029 .32 .(H63 tHiOR
EDSW- ‘ 083 132 116 067 00743 (IR
FDAW . | 093 094 i84 a7 [IRIES 01424
ARCW i 00 041 04 027 N2 wilis
DA RW i Ny e 03 tnd [ERIE 1083
LAY AY HY LRI Doy thaz 073 Hulgs
| annv- 063 uos 106 150 0343 [ERETRS
I ANV, 085 003 12 063 o [IXUTRRY
AMY 094 o0l ule ] 0unTe RRCIEY]
ANV 098 | a0l 007 033 (.11 6 0nciy
AMY, 07§ 001 009 083 000350 DO
AN 077 Qoo (U 063 00006 .0030
AMY 068 006 009 077 0.0207 11 0650
ARSI A 139 i07? 073 063 [LRERES S 00435
AMB,. 069 039 035 0.38 00737 L1233
ANIBL 041 oo7? 043 028 10233 BT
AMB,- 07% 003 0o Q.37 00074 LSy
AMD 5 075 006 001 04l {1020 GNH0
AMD;. e 624 00! 038 (0173 107006
AMD,, 063 023 002 039 0.0207 0044
AMD-. 084 a6? 003 G468 0357 0.0084
AN 076 13y 074 .33 0.0603 BUs7L
ANDY 193 77 i33 0328 0.0343 TRIVE]
AME). 108 0ot 114 g3l 041190 th 10

F-tesi . L EL *E =x s *¥
0.03 58.66 034 044 (.30 0.0300 00760

LSD
__ . 0ol 78.60 045 "~ 034 0.4% 0.0500 (.U%G0 -

T F

il
i
.

|
|
1

* % = Significant -at 0.05 and 0.01 probability levels, respectively. Exp. 1 = Field conditians

[ap. 2 = Sterilized clay soil. Exp. 3 = Sterilized sandy soil.

_'Nitfogen fixation was measured by the increase in the dry weight of
inoculated plants over that of negative control plants ( uninoculated } .
Depending upon the inoculum clone used, a large difference in the amount
of dry matter yield was observed (Table 3). In this study, the dry weights of
plants inoculated with some of fungicide-auxotrophic mutants induced
showed significantly increase in dry matter yield over than that of negative
control plants. This indicated that the treatment of faba bean seeds with

Rhizobium prior to sowing has significant effect on the growth of the plant
(Lakshmi and Gupta, 1997).
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TABLE 3. Effect of inoculation with Rkizebium fingicide-auxotrophic mutants
induced om shoot and root dry weight of faba bean.

tnoculum Shoot dry weight (g plant™) Root drs weight (g plant’y i
" Fxp. 1 Exp.2 Exp 3 Exp. | Exp.2  bxp3
Uninuculated 271 13 0.5 (0,54 0.7 .7k
tBw, 3404 1.20 0.33 0.80 0.39 ns2
EDSW, 3.54 110 110 072 0.39 T
| FPsw 183 116 v 092 0.47 oor |k
ARCW, 38 0.9% 125 0.78 0.39 ns o
AURW: 487 £.13 0.96 1.00 0.37 0.40
AMV, 363 1.82 0.76 1.27 1.08 W5
AMVY- 4.23 2.00 0.69 0.95 1.06 157
AMY, 448 1.52 0.74 0.92 0.93 0.80 |
AMV. 578 176 0.75 1.38 0.83 A
AMVY. 534 1.38 133 0.98 0.81 v27
AMV,, 5.38 1.58 0.85 113 0.63 182
AMY,. 4.90 115 093 1.02 0.8% oy )
AMV): 4.61 1.21 0.92 0.90 0.56 0 F
AMY,, 3.86 i 0.85 0.81 030 0S4
AN 3.29 1.37 .79 .66 041 .77 i
AMB,. 281 0.86 101 .82 932 0.57
AMB,- 240 (! 0.91 0.56 0.27 0.74
AMDy 336 149 091 0.99 0.78 1.08
AMD 4y 363 1.63 106 0.98 0.46 N
AMD, 4.10 1.07 0.78 0.87 0.3 0.82
AN, 140 133 0.66 0.86 0.57 0,87
AMD: 3.20 177 0.76 0.75 0.42 033
AMDn: 544 131 102 1.09 0.26 0.73
AMD., 5.61 116 119 0.9% 0.39 0.67
F'tES‘ % *% EL ) L1 ¥ ¥
0.03 1.04 0.33 0.70 0.28 0.43 0.47
LSb J
0.01 1.39 0.73 0.93 0.37 0.57 0.63

o

- Sigmificant an 0.0 probability fevel.
Exp. t = Field conditions.  Exp. 2 = Sterilized clay 50il.  Exp. 3 = Sterilized sandy soil.

The stimulation in nodulation and growth of the plant raised from seeds
inoculated with Rhizobium as compared - to unincculated ones . shows the
efficiency of the strain of Rhizobium in establishing an effective symbiotic
relationship. A significant increase in growth characters of plants grown from
seed treated with Rhizobium - auxotrophic mutants compared to control
indicates a synergistic effect. The present results on the interaction of fungicide -
auxotrophic mutants induced in Rhizobium as used for sced treatment of faba
bean are of practical significance because they show not only their compatibility,
but also a synergistic effect.

Photosynthetic responses to nitrogen fixation

It is evident from Table 4 that there was a significant increase in formation
of chlorophyll (a), (b) and total chlorophyll by many of auxotrophic mutants, as
well as, their parental strains at both, field conditions and sterilized sandy soil.
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This is in agreement with those reported by Hunt et al. (1985), who found that
the photosynthetic capacities of leaves can change dramatically in response to
photon flux density (Bjdrkman, 1981), nitrogen supply or atmospheric COp
concentration (Griffin and Scemann, 1996). The results obtained here are in
accordance with those of Sharma et al. (1982), who found that inoculation of
lentil seed with 8 R. leguminosarwm strains increased the leaf chiorophyll and
nodule leghaemoglobin contents. These contents were positively correlated with
nodule dry weight, dry matter and seed yields and total N uptake/plant.

TABLE 4. Effect of ipoculation with fungicide-auxotrophic mutants induced
Rhizobium on chlorophyll formation (mg/g fresh weight) of faba bean.

B lnoculem | Chlorophy! (a3 formation { Chiorophy 1} (b formation™ Total chlorophy i conmtents i
Lt Lap S i | dap | Lap. 2 Lap. 3 dapd Exp 2 bap. 3 [
t nin &6 .07 0.30 082 150 i3 | 199 D IR
URW 0,33 164 0.4 1.92 430 1.66 7 499 RTU
N o7 n=y 0.5 L35 304 208 162 i 28w
EDAVW gas 094 w62 093 4l hRE! 1.2% Sn I
ARCW, 0.21 .85 .49 1.80 374 201 201 ERN M
ALRW. 0.49 0.77 0.53 0.64 .88 A 113 1638 e b
ANV 037 097 0.0 ] 145 158 1.38 A0 178 i
ANV 0.36 .85 0.7 136 3.6 181 173 ERH Tag
ARV, 0.3 0.96 8.42 3.03 381 224 346 178 166
AMY, 055 0.90 0.33 236 4.606 .81 191 536 20
ANV, 0.38 0.64 0.30 2.65 388 1.69 3.20 133 1.9
ANIV 0.30 063 033 252 247 1.8 302 AR T e
ANV, 0437 .83 0.43 234 297 275 281 A8l 23
ANIV @42 0.85 0.53 247 192 285 2.60 377 YA
ANV 034 077 0.47 1.91 362 237 22 130 185
ANB, 032 104 055 | 210 38s 263 242 103 g |
ANIB, 0.34 0.93 033 230 183 275 2764 178 SR{TR
AMB,- 0.30 .95 0.58 230 276 230 2.60 3T RECI
Cany Lo ) 065 182 100 306 203 1m i !
AMD. 0.24 0.93 0.49 282 v 1 3.06 166 275
ANID..C ©0.23 1.04 042 1.86 393 152 214 397 pey !
AND, 0.3 0.98 055 171 380 1.99 203 178 RN
ANID- 624 0.90 871 1.40 739 313 1.64 ) sy
ANID- .39 116 038 L9 375 234 23 190 R
ANID., 0.1% 0.72 0.57 129 3.9¢ 2.56 147 4.62 32
F‘[CS\ * \‘S 13 EL ] NS -y - \S *w “
003 0.21 0.19 0.30 0.9} 0.86 107
8D
i G u.2% 4.25 1.08 1.24 i.13 [JEXE
"= Uninoculated. 7 = Data was taken at seven weeks from sowing,

NS = Not significant. - * . ** = Significant at 0.05 and 0.01 probability levels. respectively

The present results suggest that many of auxotrophic mutants and their
parental strains who showed significantly increase in chlorophyll formation
under the field conditions, also showed similar nature under sterilized sandy soil
conditions, This stimulation in chlorophyll formation of the plant raised from
seeds inoculated with Rhizobium-auxotrophic mutants as compared to
uninoculated ones shows the efficiency of the strain of Rhizobium in establishing
an effective symbiotic relationship. This indicates a synergistic effect.
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Grain yield

As shown from the results presented in Table 5 the treatments of seeds with
some of Rhizobium-auxotrophic mutants induced by fungicides had a negative
effect on yield, although the resulis were not significant between treatments in
sterilized clay soil for both seed yield per plant, 100 seeds weight and expected
grain yield per feddan. On the other hand, significant differences were obtained
between treatments under the field conditions, for both seed yield per plant and
expected grain yield per feddan. Seeds treated with some of Rhizobium
-auxotrophic mutants appeared to be a better effect on seed yield per plant and
expected grain yield per feddan.

TABLE 5. Yield components in faba bean (Vicia faba) as influenced by incculation
with fungicide-auxotrophic mutants induced of Rhizobium leguminosarum
biovar vicige under field conditions (Exp. 1} and sterilized clay soil (Exp. 2.

Seud vield “plant 100 seeds weight (9} Expeated vram yvicld
Ingenlum (ke teddan™) f
CExp | Exp.2 Exp. i Lxp. 2 Exp. 1 Eap 2 _j
Uninoculated ls62 0.78 51.23 3t.33 1453.33 04258 [‘
EBW, 15.64 1.49 50.17 43.67 085333 08166 |
EDSW, .02 0.92 58.80 63.33 1147.33 03022 1
EDMW, 23307 178 4833 39.67 125933 o719 A
ARCW, 18.9¢ 3 60.24 733 103233 07
ATRW L R 133 17.62 Rar] Ng§38.00 074
AMVY, 13.54 207 47.99 333 08739.00 13
AMYV- 2208 144 39.33 3300 1203.53 078 8! L
ANV 14.16 1.71 3422 51.90 0773.00 UO3EE
AMV, 2266 1.85 54.20 3357 1237.33 160.83
AMY), 3417 126 36.00 50.67 1863 67 123,40 i!
AMV,, 27.38 237 39.77 47.30 1494.33 12940 ‘
AMV . 15.46 1.22 49.90 5233 (844 00 066,43
AMY . 20.89 1.53 36.07 3530 114100 08334
AMV |, 09.33 253 59.61 61.00 4309.3) 139.06 L
AMB,; 18.13 1.46 51.99 69.83 0989.67 0795
AMB,, 17.61 2.20 58.86 33.13 10961.33 1994
AMB,; 18.25 1.28 46.77 35.77 0996.33 069.89
AMD,y 16.18 1.81 44.1] 54.70 0883.33 098.83
AMDy, 13.09 0.72 52.35 40.17 0714.67 039.31
AMD», 2337 1.24 5598 +8.00 1166.33 067.52
AMDy, 15.98 1.59 55.15 39.47 0872.33 086.03
TN 21 1.63 3823 s 1164.32 ug9 9
AMD:: 16.41 1.63 57.08 63.00 0895.67 089.00 ¢
AMD., 14.93 228 54.33 58.03 0815.00 12449
F-test * NS NS NS * NS
0.05 10.68 583.34
L.SD
0.01 14 .28 77979
* = Sjanificant a1 0.03 probability levet. NS = Not significant.

Uiinot. = Uninoculated
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The results also showed that some of Rhizobium-auxotrophic mutants and
their wild type isolates appeared to have a better effect (under sterilized clay soil)
on seed yield per plant, 100 seeds weight and grain yield per feddan, than
uninoculated control plants. The present results is in agreement with those of
Ram et al. (1984), who reported that treatment of seeds with Rhizobium followed
by fungicide proved best in terms of plant height, nodule number and oven-dry
weight of nodules. The same authors also found that this treatment had a positive
effect on yield, as well as, treatment of seed with fungicide before inoculation
with Rhizobium appeared to have a better effect on plant growth, but treatment
with Rhizobium alone or fungicide alone seemed to be better for nodulation.
Treatment of seeds with Rhizobium (under field conditions), resulting in low
estimate of sced production than uninoculated control plants. In contrast, some
isolates of auxotrophic mutants appeared to have a better effect on seed
production than their parental wild type isolates. This are in accordance with
Ram er al. (1984), whe found that, with Rhizobium treatment, the sced yield was
greater between 4.5 to 6.6%, lending support to the findings of Rai et al. (1977)

TABLE 6. Effect of seed treatment with rhizobia auxotrophic mutants induced on

nodulation parameters of faba bean plants grown through a symbiotic
relationship with Rhizobium.

Inoculum Average weight/nodule Nodufation index (%o}
Lxp | Exp. 2 Exp. 3 Exp. 1! _Exp 2 Cxp. 3
| Uninocatuted 0.0660 0.0 00 9.00 uo o
W, 00057 0083 00180 10,58 3. G 16
J LIwA wOosn PRVUIEE RECHET] 18062 6732 14.0%
tran e RN ARTLERL] LM ™8 .63 kLY Rz a
ARCY, G.00539 0. K053 041382 FA2 129 840
ALHW, 0.0073 0.00330 o.ugoiel i2.67 1.66 7.8
AMYV, 0.0096 0.00190 H.00240 16.6% 376 172
AMY - 0.0104 G.00600 0.00046 11.96 .38 0.48
AMVy 0.0074 0.00390 0.00037 15.34 1.i0 0.70
AMY, 0.0079 0.003%0 0.60048 13.74 0.36 G.4v
AMVY . 0.0062 01680 0 06684 989 110 4.8t
ANV, 06109 0(.00508 0.00212 15.33 0.29 26d
AMVY . 0.0089 0.0017% 0.00030 13.33 0.i8 0.34
AMV 5 0.0114 0.00260 080036 171 1.8% 0.54
AMV |, (.0043 0.00053 400112 17.33 4.92 97
AMB, 0.0058 0.00210 0.00397% 1116 288 1813
AMB.. 0.0073 000330 0.00425 9.99 2.63 LY
AMB.- 0.0074 0.03190 0.00251 23.01 0.66 131
AMD 00092 0.00340 G.00005 18.12 1.36 oz it
AMID. 60038 0.00110 003533 H1.26 1.03 148
AMD>, ! D.0K53 0.00100 0.00028 14.83 2.03 01=
AL, TRV LAY D.0uusy wpulon 1583 2.86 1,28
AMD } 0.0057 0.06045 0.006027 11.34 3.30 770
AMD:: 0.0013 0.00045 0.00080 527 262 .78
AMD;; 06028 0.00031 0.00060 .64 1.64 (RN
F-IESI % *% L L & LA
6.05 0.0036 4.00378 0.01122 899 2.45 137
LSD
0.0i 0.0048 0.00772 0.01300 12.03 3.27 - 98
CEe e gigmiicam 0.0 and 0,01 probabidity levels, respectinely,
Exp. | = Field conditions. Exp. 2 = Sterilized clay soil Exp. 3 = Sterilized sandy soil
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It is evident from Table 6 that there was a significant increase in average
weight/nodule due to inoculation, by some of auxotrophic mutants at three
different experiments. Moreover, there was a significant increase in nodulation
index following inoculation treatments with some auxotrophic mutants, as
well as, their parental isolates, as compared to untreated control. These results
revealed that the treatment of faba bean seed with Rhizobium- auxotrophic
mutants prior to sowing may has significant effect on nodulation parameters
nitrogen fixation and growth characters of the plants. A significant increase in
these parameters from seed treated with Rhizobium indicates a synergistic effect.

The results demonstrated the variability in nodulation parameters in faba
bean as response to inoculation with Rhizobium-auxotrophic mutants and their
parental wild type isolates. The low values in nodulation index obtained in this
study by many of auxotrophic mutants induced were not entirely unexpected in
light of the problems encountered in soils not previously cropped with faba bean
and featuring elevated levels of sail NQ'3- Results of previous research had
shown that the normal rate of inoculation was insufficient to optimize nodulation
of Bragg soybean sown into a rhizobia-low soil (Herridge er al, 1987) because
of poor survival of the inoculant rhizobia and that nodulation levels could be
increased with increased fevels of applied inoculant {Heridge et al, 1984). In
both of the Australian studies, levels of nodulation were dependent upon the
sizes of the populations of B. japonicum established in the seedling rhizospheres
(Herridge et al, 1987). As shown from the present study, nodules were formed
in all treatments, except for in both sterilized clay and sandy soils, but averagc
weight/nodule and nodulation index varied between inoculants, according to
strains activity in their symbiotic relationship.

Traditionally, it has long been recognized that nodule number is generally not
correlated with the effectiveness of a strain since ineffective strains often form
numerous small nodules (Kuykendall e al.,, (1996).

Nodulation index indicated that nodule mass increased concurrent with
nodule number, and specific activity in fixing nitrogen was constant (Hunter and
Kuykendall, 1990). Afier six weeks of growth, even in soil already populated
with faba bean-nodulating Rhizobium, plants inoculated with some of
auxotrophic mutants were significantly better nodulated than those inoculated
with others of them. The present resuits agreed well with Kuykendall er al

Egypr. J. Microbiol . 37, No. 3 (2002)



24 KA . ZAIED et al.

{1996), who found fourty-four percent more nodules were produced by the
mutant strain of Bradyrhizobium japonicum compared to its progenitor. This is
in accordance with their earlier findings in greenhouse studies under single-strain
conditions (Hunter and Kuykendall, 1990).

Total nitrogen accumulation

As shown from the results presented in Table 7, plants inoculated with
Rhizobium auxotrophic mutants and their wild type isolates accumulated
significant values of nitrogen, most of them effectively fixed N5 under three
different experiments. Uninoculated plants accumulated between 3.53 and 77.82
mg N plant'l. Inoculated plants accumulated Ny with average ranged between
55.84 and 216.31 mg plant'1 under the field condition. However, the inoculated
plants under sterilized clay soil accumulated N, 15.85 and up to 67.35 mg
plant'l. Under sterilized sandy soil , the inoculated plants accumulated between
3.87 and 29.75 mg N plant™]. This is duc to the growth of plants in cach
experiment and also depended on the native rhizobia population in the field in
the f'nrsvt"experimer!t. Most of auxotrophic mutants, as well as, some of their
parcntal strains revealed a significant increase in the shoot protein percentage
than yninoculated ones. The advantages of more protein percentage in the shoots
was potentially more useful than others for animal feeding. A significant increase
in nitrogén fixation and also in protein percentages of plants grown from seed
treated with fungicide-auxotrophic mutants of Rhizobium compared to control
indicates a synergist_ié effect. As shown from the results, most of auxotrophic
mutants gave. good average yields of N in all treatments, for their high efficiency
in accugﬁulating N. Several good N fixers of isolates were listed among the
prcscnt' study for shoot data. The results obtained in this study are in agreement
with those found by Gil et a/. (1997), who demonstrated that the N content in the
shoot biomass was always higher in the legumes than in grass. However, B.
humidicola in monoculture showed the highest total N accumulation {18.1g m'z)
due to its higher growth rate. Legumes in monocrop had a very significant
proportion of N derived from biological N5- fixation (BNF) (37-69%), with C.
Pubescens as the better N3 -fixing legume (51-69%). The present results are also
in agreement with those found by Kucey and Bonetti (1988), who reported that
strains which showed high levels of nitrogen fixation also resulted in higher
seed yields than strains less effective for the symbiosis.
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TABLE 7. Effect of inoculation with Rhizobium auxotrophic mutants induced and
their parental wild type isolates on N accumulated in the biomass of faba

bean.
t noculum Total N {2 / shoot) Pratein (%) in the shoots
\ Cap. 1 Fap. 2 Lxp.3 Exp. | kxp. 2 ap. 3
" Uninoenlatest 0078 nole 00035 17.91 09 t4 04.06
LBW, 0.HH 0.024 01.0039 2683 12,69 0458
EDSW, 0.142 0.044 0.0121 2508 2339 06.87
MW, 0.063 0m26 0.0297 1050 14,35 1092
ARCW, €.1406 0.024 (0187 17.48 15.06 09 33
ALRW, G130 0.016 0.009 16,25 08.56 0394
AMVY, 0.137 0.028 0.0067 Y7 09.52 B5.56
ARYA LN [ININES 0.0094 24040 i4.27 08 62
AMV, 0.193 D31 0.04 66 2723 EA NI 1396
AMV, 0.200 0.067 0.0086 21.67 23.90 07.14
AMV, 0216 0.049 0.0096 3527 1223 0738
AMV 0.145 0.000 0.0117 16.83 2362 08 .71
AMV,, 0.164 0.047 00170 2112 2539 I.46
AMY . 0.158 0.039 0.0173 2130 20.62 11.79
AMY 0.132 $.036 0.0172 215 19.50 12.75
AMBLG 0112 0.033 0.0100 2120 1589 (7 89
| am, 0111 (.023 00123 1469 16.66 07.62
CANMDG 0056 3.030 0.01 1 1450 18.96 0762
AMDyy 0.131 0.031 0.0i36 2450 13.00 10.8]
AMDy, 0.149 0.043 00163 1583 1702 09.69
AMDn 0.106 0.034 0.0094 1617 19.89 07.39
AMD-, G.078 0044 0.0071 11.13 20.75 0671
AMD:: 0106 0.053 00659 20.69 18.77 04.87
AMI, 0.193 0.041 0.0217 2205 19.77 13.23
b AMD, 0.176 0.059 0.0141 19.56 2100 07.39
Il I’[L’\l *h ** * & *F LR *x
0.05 0.032 0015 0.0033 .83 2.08 1.49
LSD
0.01 0.043 0.020 0.0071 2.44 2.79 1.99
** = Significant at 0.0 probability level.
Exp. | = Field conditions. Exp. 2 = Sterilized clay soil.  Exp. 3 = Stenlized sandy soil
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