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EFFECTS OF ARBUSCULAR MYCORRHIZAL FUNGI, RHIZOBIUM
AND PHOSPHORUS ON MUNGBEAN (Vigna radiata) IN SALINE SOIL

M. RAHMAN Y, M. A. HOoSSAIN?, M. E. ALI®
M. F. A. ANIK* AND F. ALAM®

Abstract

A pot experiment was carried out in the nethouse of Soil Science Division of
Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur in 2017
and 2018 with an objective to evaluate the potentiality of AM fungi, Rhizobium
and P in different best combinations on germination (%), growth, yield and yield
contributing characters, nodulation, sporulation and nutrient concentration of
mungbean under low salinity (4 dSm™) stress condition. The experiment was
designed in CRD with 10 treatments and 4 replications. Mungbean variety BARI
Mung-6 was used as a test crop. Peat based rhizobial inoculum (BARI RVr-403)
was used in this experiment @ 50 g kg* seed and the population density of
inoculum being above 108 cfu g* inoculant. Soil based AM inoculum containing
275 + 20 spores and infected root pieces of the host plant was used in each pot.
There were 10 treatments viz. T1: Control (Not absolute control), T»: Arbuscular
mycorrhiza (AM) + 50% P, T3: AM + 75% P, T4: AM + 100% P, Ts: Rhizobium
+ 50% P, Te: Rhizobium + 75% P, T7: Rhizobium + 100% P, Ts: AM +
Rhizobium + 50% P, Te: AM + Rhizobium + 75% P and T10: AM + Rhizobium +
100% P. The highest seed yield (2.28 g plant?, 46.2% higher over control in
2017 and 2.97 g plant?, 33.8% higher over control in 2018) and stover yield
(5.23 g plant?, 30.8% higher over control in 2017 and 5.67 g plant?, 32.8%
higher over control in 2018) were found in AM + Rhizobium + 75% P treatment.
Dual inoculation significantly increased P, S, Mg, Fe, Mn and Zn concentration
of mungbean plant compared to control. The results suggest that inoculation of
AM fungi and Rhizobium along with 75% of recommended P rate can help
increased mungbean yield under low salinity stress condition through influence
on nodulation, colonization and nutrient uptake.
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Introduction

Soil salinity globally results in the greater loss in agricultural productivity. Over
30% of the cultivable area of Bangladesh lies in the coastal and offshore zones.
Out of 2.86 million hectares of coastal and offshore lands, about 1.05 million
hectares are affected by varying degrees of salinity (SRDI, 2010). Furthermore,
the salinized areas are increasing at a rate of 10% annually for various reasons,
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including low precipitation, high surface evaporation, weathering of native rocks,
irrigation with saline water and poor cultural practices. It has been estimated that
more than 50% of the arable land would be salinized by the year 2050 (Jamil et
al., 2011).

Microorganisms specially arbuscular mycorrhiza have the potential to reduce the
sodium and chloride toxicity in crops and that could be a more cost effective long
term environmental friendly option. Arbuscular mycorrhizal fungi are pervasive
and they are found in 80% of vascular plant families in existence today and fungi
belonging to the order glomeromycota. Plants inoculated with mycorrhiza have
been reported to improve plant growth and yield under salinity or NaCl stress
conditions such as Ocimum basilicum (Ashoori et al., 2015) and Lens culinaris
(Rahman et al., 2017). Rhizobium biofertilizer is a significant technology for
improving crop productivity and soil fertility. It improves nodulation and as well
as nitrogen fixation even under adverse soil conditions. Some studies are
available on the double inoculation of AM and rhizobium under salinity
condition increased yield of plants (Soliman et al., 2012). But there is no
evidence of combined use of AM fungi and Rhizobium biofertilizer along with
inorganic P fertilizer in the mitigation of soil salinity. It is known that very high
and very low P levels may reduce mycorrhizal infection/colonization (Koide,
1991). It is also well established that infection by mycorrhizal fungi is
significantly reduced at high soil P levels (Koide and Li, 1990). Thus, we made
intention to use 50%, 75% and 100% P in the current experiment.

Mungbean (Vigna radiata) var. BARI Mung-6 is commonly used as an important
pulse crop in Bangladesh. In 2016-2017, about 41,421 ha of land was under
mungbean cultivation and the total production was about 34,783 metric tons
(BBS, 2017). Mungbean may benefit from symbiotic association with
mycorrhiza and rhizobium forming tripartite symbiosis. Keeping in view the
above information, present investigation was undertaken to investigate the
potential of AM fungi, Rhizobium and P on germination (%), growth, yield and
yield contributing characters, nodulation and nutrient concentration of mungbean
plant under low salinity stress condition.

Materials and Methods
Seed collection and soil preparation

The experiment was carried out during kharif season from March to May 2017
and March to June 2018 in the nethouse of Soil Science Division, BARI,
Joydebpur, Gazipur. Seeds of mungbean (BARI Mung-6) were collected from
Pulses Research Centre, BARI, Gazipur. Bulk soil was collected from the bank
of Turag river at Kodda, Gazipur. Soil was mixed with cowdung (Soil: Cowdung
= 5:1) for use in the pot experiment. Each pot (28 cm in diameter and 23 cm in
height) was filled with 8-kg soil leaving upper 3 inches of pot vacant to facilitate
watering.
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Soil analysis

Soil pH was measured by a combined glass calomel electrode (Jackson, 1958),
organic carbon was determined by Wet Oxidation Method (Walkley and Black,
1934), total N by modified Kjeldahl method (Jackson, 1962), and Ca, K & Mg by
NHsOAc extraction method (Black, 1965). Copper, Fe, Mn and Zn were
determined by DTPA extraction followed by AAS reading. Boron was
determined by CaCl; extraction method, P by Modified Olsen method (Olsen et
al., 1954) and S by CaHi(PO4)..H,O extraction method (Chesnin and Yien,
1950).

Fertilizer application

Chemical fertilizers @ 23 kg N ha* from urea, 25 kg P (100%) ha* from TSP, 35
kg K ha from MoP, 8 kg S ha from gypsum, 2.25 kg Zn ha* from ZnSQ4, 0.81
kg B ha' from Boric acid and 0.34 kg Mo ha! from Na;M004.2H.O were
applied (BARC, 2012). Half of urea-N and all other fertilizers were applied as
basal and the remaining half was applied after 10 days of sowing. There were
three P levels: 50%, 75% and 100% P. Peat based rhizobial inoculum (BARI
RVr-403) was used in this experiment @ 50 g kg™ seed and in that case N
fertilizer was not used. The population density of used inoculum was above 108
cfu gt inoculant.

Preparation of salinity solution and mycorrhizal inoculum

Required concentrations of salinity were prepared according to New South Wales
(NSW), Australia and applied three times during the experimentation period
(Before seed sowing, 25 DAS and 35 DAS to maintain salinity level at 4 dSm™).
The arbuscular mycorrhizal inoculum was prepared from the roots and
rhizosphere soils of Sorghum. Mycorrhizal species was originally isolated from
different AEZs using the wet sieving and decanting method (Gerdemann and
Nicolson, 1963). The spores mixed soil were put in the bed of sorghum plants to
multiply for 6 months in the nethouse of Soil Science Division, BARI. Plants
were irrigated with tap water as needed. A mixture of infected sorghum root and
soil which contained spores was used as mycorrhizal inoculum. Dominant
mycorrhizal spores were from the genera Glomus, Acaulospora, Gigaspora and
Scutellospora. The soil based AM fungal inoculum containing 150 g of
rhizosphere soil (approximate 183 + 20 spores/100 g soil) along with infected
sorghum root fragments with a minimum infection level was inoculated to each
mycorrhizal pot. Different mycorrhizal spores identified in the Soil Microbiology
Laboratory, Soil Science Division, BARI and used for the experiment were
shown in Figure 1. The mycorrhizal inoculum was placed in each pot at 3-5 cm
depth and was covered with a thin soil layer of 1 cm immediately prior to the
seed sowing of mungbean to facilitate AM colonization of plant roots.
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Figure 1. Different mycorrhizal spore (Glomus, Acaulospora, Gigaspora and
Scutellospora spp) identified in the Soil Microbiology Laboratory, Soil
Science Division, BARI and used for the experiment.

Identification of AM fungal spore

AM fungal spore, single spore or sporocarps were easily picked up from the
Petridis by filter paper with the help of syringe or fine point camel brush and
mounted on a glass slide with a drop of polyvinyl lactophenol (PVL) and a cover
slip was placed. Subsequently, recovered spores were identified with the help of
a Manual and different taxonomic keys proposed by different workers
(Schwarzott et al., 2001). Spore morphology, size, shape and peridium of spore,
sporocarps colour, wall ornamentation, subtending hyphae and mode of
attachment are considered for identification of spore or sporocarps.

Design of experiment and treatments

The experiment was designed in CRD with 10 treatments and 4 replications.
There were 10 treatments viz. T1: Control (Not absolute control), T2: Arbuscular
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mycorrhiza (AM) + 50% P, Ts: AM + 75% P, T4: AM + 100% P, Ts: Rhizobium
+ 50% P, Te Rhizobium + 75% P, T7: Rhizobium + 100% P, Tg: AM +
Rhizobium + 50% P, Te: AM + Rhizobium + 75% P and Ti1o: AM + Rhizobium +
100% P. Ten seeds were sown in each pot beneath 1 cm soil depth. After
collecting germination percentage data, 6 vigorous seedlings were kept in each
treatment and other seedlings were removed from the pot. Three plants of each
were collected for nodulation and colonization data and rest three plants were
kept finally in each pot for yield and yield contributing measurements.

Determination of germination percentage

The germination test was carried out according to ISTA rules (ISTA, 1976). For
each treatment, 25 seeds were put into Petri dishes. The Petri dishes were put on
a laboratory table at room temperature (28 + 2°C). After 3 days, normal,
abnormal and diseased seeds were counted. Germination of mungbean seed in the
laboratory table was 84%. Ten seeds were sown in each pot. After 4, 6, 8 and 10
days germinated seeds were observed and counted.

Crop harvest

Mungbean was harvested after 62 days of sowing. Different growth parameters
like plant height, pods plant?, seeds pod, 100-seed weight, seed yield and stover
yield were recorded. Other parameters like nodule number, nodule weight and
root infection (%) were measured at the time of 50% flowering stage of
mungbean.

Assessment of root colonization infection

The percentage of AM infection was estimated by root slide technique (Read et
al., 1976). One hundred root segments were examined for each sample. The
stained root pieces were mounted in acidic glycerol on slides and the cover slip
was placed by slightly pressed. The roots were observed under microscope. A
root segment was considered as positively infected, if it showed mycelium,
vesicles and arbuscules or any other combination of these structural
characteristics of AM infection. The presence or absence of infection in the root
pieces was recorded and the percent infection was calculated.

Table 1. Initial fertility status of soil and cowdung used in the experimental pot

Ca|Mg| K |Total | P | S| B |[Cu|Fe |Mn|Zn
oM
Samples Texture pH % N
O6) | meq100g® | (%) ng g
Soil Sandy clay loam 7.1 051 72 25 0.11 0.026 99 211 022 18 15 1.1 0.38
Cowdung - 6.7 14.1 155 0.82 0.88 0.84 1.26 0.62 0.02 0.01 0.25 0.11 0.02

Critical level - - - 20 05012 - 10 10 0.20 0.2 40 1.0 0.60
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Statistical analysis

Data were statistically analyzed using Analysis of VVariance (ANOVA) following
CropStat package while the all pair comparisons were done by Statistix 10.
Results and Discussion

Effects of AM, Rhizobium and P on germination of mungbean

Effect of AM, Rhizobium and P on germination of mungbean have presented in
Table 2 and Fig. 2. Significant differences were found in case of germination in
2017, not in 2018. The highest germination was found in the AM + Rhi. + 100%
P treatment and the lowest germination in the control treatment.

Table 2. Effects of AM, Rhizobium and P on germination of mungbean in 4 dSm-!

saline soil
Germination (%)

Treatments 4 DAS 6 DAS 8 DAS

2017 2018 2017 2018 2017 2018
Control 52.5d 45.0 75.0bc 72.5 75.0a 72.5
AM +50% P 65.0bcd 52.5 80.0abc 70.0 80.0abc 725
AM + 75% P 60.0cd 65.0 75.0bc 80.0 75.0c 82.5
AM + 100% P 60.0cd 55.0 70.0c 85.0 77.5bc 87.5
Rhi. + 50% P 82.5a 62.5 85.0ab 72.5 90.0a 75.0
Rhi. + 75% P 80.0ab 67.5 87.5a 775 90.0a 82.5
Rhz. + 100% P 75.0abc 65.0 77.5abc 77.5 82.5abc 80.0
AM + Rhi. +50% P 80.0ab 60.0 87.5a 72.5 90.0a 775

AM + Rhi. + 75% P 70.0abc 57.5 85.0ab 75.0 85.0abc 75.0

1 0,
AM +Rhi. +100% o600y 575  875a 775 875ab 750

p

SE () 5.36 6.26 4.24 5.86 4.08 5.14
F-test o NS * NS * NS
CV (%) 15.2 21.3 10.5 15.4 9.80 13.2

AM: Arbuscular mycorrhiza, Rhi.: Rhizobium. Control is not absolute control. The values
represent means of 4 replicates. Different letters within each column indicate significant
differences between treatments. Test CropStat and Statistix 10. **Significant P<0.01,
*significant P<0.05, NS not significant
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Fig. 2. Effects of AM, Rhizobium and P on germination (%), seed yield and stover

yield of mungbean in slightly saline soil during 2017 and 2018.

High salt concentrations can reduce seed germination and initial seedling growth,

as well as the growth of established plants (Zedler et al., 2003). Mendez et al.

(2015) reported that salinity stress reduced both seed germination and seedlings
growth of Phaseolus vulgaris at salt concentrations above 150 mM. Beneficial
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effect of AM fungi and Rhizobium in soil would be due to creation of soil
conditions suitable for the growth of hyphae and increased microbial activity.

Effects of AM, Rhizobium and P on plant height, yield and yield attributes of
mungbean

Effects of AM, Rhizobium and P on plant height, yield and yield attributes of
mungbean are shown in Table 3 and Fig. 2. Seed yield (g pot?) and stover yield
(g9 pot?) was significant but statistically identical with rest of the treatments
except control while the plant height, yield and yield attributes were not
significant. The highest seed yield (2.28 g plant, 46.2% higher over control in
2017 and 2.97 g plant?, 33.8% higher over control in 2018) and stover yield
(5.23 g plant?, 30.8% higher over control in 2017 and 5.67 g plant?, 32.8%
higher over control in 2018) were found in AM + Rhizobium + 75% P treatment.
On the other hand, lowest seed yield (1.56 g plant® in 2017 and 2.22 g plant? in
2018) and stover yield (4.00 g plant? in 2017 and 4.27 g plant? in 2018) were
found in control treatment.

Table 3. Effects of AM, Rhizobium and P on plant height, yield and yield attributes
of mungbean in 4 dSm saline soil

Slant heiaht Seed yield | Stover yield

rreaments | omy | PSSPt | Seedspot | R ontol | over control
(%) (%)

2017|2018 [2017 [2018 |2017 [2018 |2017 |2018 |2017 [2018 |2017 |2018
Control 250 307 475 675 680 820 492 459 - - - -
AM+50%P 272 319 550 865 800 890 524 547 218 203 145 206
AM+75%P 275 323 592 850 830 920 526 542 295 302 155 22.7
AM +100%P 27.9 318 617 7.82 840 890 540 540 417 207 210 258
Rhi. +50%P 275 31.8 583 690 7.50 9.30 536 4.62 289 248 128 185
Rhi.+75%P 280 323 592 800 7.60 940 544 464 295 266 155 216
Rhiz. +100%P 29.0 31.8 625 7.75 825 935 544 565 430 320 188 208
AM +Rhi.+ 27.6 323 592 778 815 950 542 511 327 293 280 309
50% P
AM +Rhi.+ 288 320 592 850 880 950 546 553 462 338 308 32.8
75% P
AM +Rhi.+ 297 327 625 850 845 970 546 536 436 333 288 326
100% P
SE (4) 146 088 032 055 044 043 009 041 - - - -
F-test NS NS NS NS NS NS NS NS - - - -
CV (%) 740 549 111 139 110 925 690 111 - - - -

AM: Arbuscular mycorrhiza, Rhi.: Rhizobium. Control is not absolute control. The values
represent means of 4 replicates. Different letters within each column indicate significant
differences between treatments. Test CropStat and Statistix 10. NS not significant
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Table 4. Effects of AM, Rhizobium and P on nutrient concentration of mungbean in
4 dSm‘! saline soil

Nutrient concentration

Treatments N ‘ P ‘ K ‘ S | Ca ‘ Mg | B | Cu ‘ Fe | Mn ‘ Zn
% ppm
Control 2.26 0.46¢c 155 0.27de 2.51 1.31b 0.38 6.09 894c 357.5c 34.7b

AM +50% P 2.33 0.46c 158 0.32b 2.72 1.45a 0.46 6.66 950bc 379.8bc 38.6a
AM + 75% P 2.39 0.47bc 1.58 0.30b-e 2.67 1.42a 0.43 6.89 897c 358.7c 39.3a
AM +100% P 2.36 0.50bc 1.59 0.30bc 2.76 1.47a 0.45 6.72 910c 364.1c 39.4a
Rhi. + 50% P 227 046c 156 0.27e 2.66 1.47a 0.44 6.57 103lab 417.3ab 37.5a
Rhi. + 75% P 2.31 0.49bc 1.57 0.30b-d 2.75 1.46a 0.41 6.82 1022ab 408.8ab 38.4a
Rhiz. + 100% P  2.27 0.50b 1.58 0.29b-e 2.72 1.47a 0.46 6.54 1032ab 412.7ab 39.5a
AM +Rhi. +50% P 2.38 0.56a 1.59 0.28c-e 2.75 1.46a 0.45 6.88 1070a 427.8a 39.5a
AM +Rhi. +75% P 2.40 0.57a 1.59 0.30b-d 2.79 1.48a 0.43 6.78 109la 436.4a 39.5a

AM + Rhi+ 240 057a 159 0.36a 2.78 1.48a 0.45 6.96 1077a 430.5a 39.5a
100% P

SE (#) 0.08 0.01 0.02 002 006 0.03 0.02 029 385 151 117
F-test NS ** NS *x NS * NS NS *x xx *x
CV (%) 503 557 3.09 719 443 445 754 6.09 7.72 754 429

AM: Arbuscular mycorrhiza, Rhi.: Rhizobium. Control is not absolute control. The values
represent means of 4 replicates. Different letters within each column indicate significant
differences between treatments. Test CropStat and Statistix 10. **Significant P<0.01,
*significant P<0.05, NS not significant.

The present results agree with Sharifi et al. (2007) who reported that the alfalfa
specimens inoculated with both Rhizobium and Glomus produced the highest
shoot yield and they concluded that Rhizobium may affect fungal metabolism.
The results are also in line with other studies that have shown that inoculation of
legumes with both rhizobium and AMF increases plant growth to a greater extent
than either inoculum when added singly (Murakami et al., 1991). Soliman et al.
(2012) observed that co-inoculation (AMF + R) enabled the plants (Acacia
saligna) to maintain osmotic adjustments and enhanced the plants tolerance
against salinity.

Effects of AM, Rhizobium and P on nodule number, nodule weight and root
colonization of mungbean

Effect of AM, Rhizobium and P on nodule number, nodule weight and root
colonization of mungbean are displayed in Fig. 3 and Fig. 4. Significant
differences were found in case of nodule number plant?, nodule weight (mg
plant?) and root infection (%) at 50% flowering stage. The highest nodule
number (21.3 plant™), nodule weight (26.7 mg plant?) and root infection (33.3%)
at 50% flowering stage was found in AM + Rhizobium + 100% P treatment. The
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lowest nodule number (18.8 plant?), nodule weight (18.3 mg plant?) and root
infection (13.3%) at 50% flowering stage was found in control treatment.

® Nodule number plant? B Nodule weight (mg plant?)

30 -

Nodule number and nodule weight

Treatments

Fig. 3. Effects of AM, Rhizobium and P on nodule number and nodule weight of
mungbean in slightly saline soil.

Root infection (%)

Treatments

Fig. 4. Effects of AM, Rhizobium and P on root infection (%) of mungbean in
slightly saline soil.

Soliman et al. (2012) reported that co-inoculated (AMF + Rhizobium) stressed
plants enhanced nodulation parameters. Reduction in nodulation under salt stress
could be due to a reduction in survival and multiplication of rhizobia cells
(Elboutahiri et al., 2010). The reduction in the number and weight of nodules was
less when the plants were double inoculated, compared to inoculation with




ARBUSCULAR MYCORRHIZA, RHIZOBIUM AND PHOSPHORUS ON MUNGBEAN 163

rhizobium or mycorrhiza alone. This depicted that the harmful effect of salinity
could be reduced by dual inoculation. Salinity decreased the hyphae growth
and/or viability of AMF and also decreased respiration, survival probability,
inhibited enzyme function and multiplication of the rhizobia cells in the
substrates, which affect the process of root colonization and nitrogenase activity
(Mahmood et al., 2008). In this present study, co-inoculated (AMF + Rhizobium)
test plants showed less toxic effects of salts on nodulation parameters and
mycorrhizal infection compared with control plants. This can be attributed to
improve root growth. In addition, root exudation is modified both qualitatively
and quantitatively by arbuscular mycorrhizal symbiosis and this has led to
increase in nodulation parameters and mycorrhizal infection (Garg and
Manchanda, 2009).

Effect of AM, Rhizobium and P on nutrient concentration of mungbean

Effect of AM, Rhizobium and P on nutrient concentration of mungbean is
exhibited in Table 4. Significant differences were found in case of P, S, Mg, Fe,
Mn and Zn concentrations of mungbean but other nutrients not significant. The
highest P concentration was found in AM + Rhizobium + 100% P treatment and
the lowest P concentration in control treatment. The highest Mg, Fe, Mn and Zn
concentrations were found in AM + Rhizobium + 75% P treatment and the lowest
result in control treatment.

However, N, P, K, S, Zn and B concentrations of mungbean were higher in co-
inoculated plants at all P levels compared to sole-inoculated plants. Increased N
and P supply resulting in an increase in nitrogen fixation can be suggested for the
benefits of the synergistic relationship (Giri et al., 2002). Under salinity
condition, the greatest amount of mycorrhizal infection, nodulation, P
concentration and the root Ca concentration of alfalfa plants were recorded when
plants were double inoculated. (Ashrafi et al., 2014).

This report therefore confirms that mycorrhizal-inoculated plants have alternative
mechanisms to satisfy their nutritive requirement in stress situations. There are
indications that a beneficial effect of AM fungi and Rhizobium in soil are due to
the creation of soil conditions suitable for the growth of hyphae, increased
microbial activity and increased mineral nutrient uptake specially P by plant.

Conclusion

Results of the experiment revealed that the highest yield of mungbean was found
in AM + Rhizobium + 75% P treatment. Mungbean yield considerably increased
under low salinity stress condition by increasing nodulation, colonization and
nutrient uptake. Maximum increment was noted where 100% of the
recommended P along with dual inoculation (AM + Rhizobium) was applied,
however, it was statistically at par with the results recorded by 75% of
recommended P along with dual inoculation of mycorrhiza and Rhizobium
inoculum.
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