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Abstract

Rhizobium is a bacterial culture that enhances the speed of biological nitrogen fixation in association with root nodules in pulse
crops while boron act as a catalyst for cell division hence the size of nodules and sugar translocation in the plant. An experi-
ment was conducted by considering rhizobium as a seed inoculant and boron as a soil applicant in two peas (Pisum sativum L.)
varieties Arkel and Azad Pea-3 to know the morphological alterations in plant height (cm), fresh and dry weight g plant™), num-
ber of leaves (plant”), and days required for the first flowering and picking. However, the biochemical triggers were also ob-
served for soil plant analysis development reading (SPAD), total chlorophyll (mg g') and derivative (chlorophyll a and b), protein
(mg g), and proline content (ug g™') in both varieties of pea (Arkel and Azad Pea-3). The performance of VV, was superior to V;
for most of the morphological and biochemical parameters. The combination of rhizobium + 2.0 kg boron ha™ (Ts) was observed
as the best treatment compared to the rest of the treatments in V;, while the rhizobium + 1.5 kg boron ha™ (T4) in V,. Among the
treatment combinations, Ts and T, were recorded as minimum days for the first flowering (39.3 and 43.0), while the maximum
days for the first picking (75 and 84) in V4 and V.. The highest SPAD reading, total chlorophyll, and protein were also noticed in
Ts and T4, while chlorophyll a was recorded at maximum value in T4 for both varieties. However, the value of chlorophyll b was
recorded as maximum in T, and T3 at 50 DAS, while Ts and T, were at 75 DAS. A trigger of proline content was also noticed in
Ts and T, of both varieties compared to the control set. The positive alteration in morphology and biochemical changes in pea
plants due to the application of rhizobium in combination with boron interlink well for the betterment of yield via increasing the
rate of photosynthesis.
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INTRODUCTION and rhizobium culture is significant in enabling legumes
to fix nitrogen from the atmosphere into the soil. At the

The pea (Pisum sativum L.) is one of the magistral same time, deviation negatively impacts the rate of

crops grown worldwide as a multi-use in which green
vegetables and pulse are one of them. It is a rich
source of protein, carbohydrates, and minerals like Fe,
B, and Mo; moreover, it is a crucial element in symbi-
otic nitrogen fixation in pulse crops (Kelly et al., 2021).
The symbiotic association between the root nodules

biological nitrogen fixation (Pulido-Suarez et al., 2021).
Rhizobium influences not only the growth of nodules
but also the growth of roots and shoots in pulse crops
(Laguerre et al., 2007). Symbiosomes with endosymbi-
otic rhizobia bacteria in nodules serve as a temporary
plant organelle for facilitating nitrogen fixation. In con-
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trast, bacteria metabolically depend on the host legume
(Coba de la Pena et al., 2018). Biological nitrogen fixa-
tion maintains soil health if symbiosis is effective in
which glycoconjugate from rhizobium’s cell surface
plays a crucial role in establishing the symbiosis be-
tween legumes and rhizobia during the development of
root nodules in legumes (Wheatley et al., 2020). Inte-
grated approaches of boron and the rest of the essen-
tial elements help maintain soil fertility (Quddus et al,,
2018). The scarcity of boron increases enzymatic and
nonenzymatic oxidation, leading to increased polyphe-
nol oxidase (Shireen et al., 2018). However, with
changes in the leaf area and its composition, boron
poisoning may impair the rate of photosynthesis
(Antonopoulou et al., 2017). The availability of boron in
soil accelerates photosynthesis and boosts the synthe-
sis of carbohydrates and its translocation from source
to sink; consequently, entire morphological growth, in-
cluding vegetative and reproductive, both benefited
(Sharma and Sharma, 2016 and Qamar et al., 2016).
However, the quantity of boron is needed more for the
development of nodules than for other plant parts
(RedondolNieto et al., 2003). The main objective of
the current study was to know the collective effort of
Rhizobium and boron on the morphological alteration
and biochemical changes in favor of the yield of two
pea plant varieties of Arkel and Azad Pea-3.

MATERIALS AND METHODS

Preliminary information

The present study was conducted over the Research
Farm of Lovely Professional University in 2019-20 dur-
ing the rabi season. Two popular varieties of pea Arkel
and Azad Pea-3 (V4 and V;) were used to analyze the
impact of rhizobium as a seed inoculant and boron as a
soil applicant in pea crops. The seeds of pea varieties
were procured from the Punjab Agriculture University,
Ludhiana, Punjab. Both varieties were employed with
three replications and six treatments and executed in
factorial randomized block Design (FRBD) whereas To=
(without any treatments), T1= rhizobium, T,= Rhizobium
+ 0.5 kg Boron ha'1, Ts= rhizobium + 1 kg Boron ha™,
T4= rhizobium + 1.5 kg Boron ha_1, Ts= rhizobium + 2
kg Boron ha” were used for each variety. A recom-
mended dose of fertilizers @ 20 N and 25 kg P,Os per
acre was applied in the research field at the time of
sowing while K;O is not recommended in Punjab.

Morphological attributes

The morphological observations like plant height (cm),
fresh and dry weight of (g plant™), number of leaf plant
' days required for first flowering, and days required for
first picking were measured by following standard proto-
col, whereas the five randomly selected plants from
each plot were considered to measure the morphologi-

cal attributes and the average value was used interpret
the data with treatments.

SPAD reading and estimation of total chlorophyli
Soil plant analysis development reading (SPAD) was
measured by SPAD meter (Model No- SPAD-502
Plus), which measures the greenness in the leaf in
terms of chlorophyll while the analysis of total chloro-
phyll content through a biochemical process was also
estimated using a method (Arnon, 1949).

Computation of total chlorophyll, a, and b

The computation of total chlorophyll, chlorophyll ‘a’, and
'b"' were carried out as per the formula given below.
Total chlorophyll = 20.2 (D645) + 8.02 (D663) x V /
1000 x W
Chlorophyll a = 12.7 (D663) + 2.69 (D645) x V/ 1000 x
w
Chlorophyll b = (22.9 X D646) — (4.68 X D 663) x V /
1000 x W

Whereas

V= Final volume of sample
W= Weight of a sample taken for the extraction of pig-
ment

Protein estimation

The measurement of protein was carried out as per the
protocol of (Lowry et al., 1951) in which Folin Phenol
was used as a reagent and bovine serum albumin
(BSA) as a standard to quantify the amount of protein
present in the sample.

Proline estimation

Proline content was carried out as per the protocol of
(Bates et al., 1973), in which toluene was used to sepa-
rate the proline from the sample while pure proline was
used as a standard to quantify the presence of proline
in the sample.

Statistical analysis

Replicated data of each character studied in the pre-
sent part of the research work was analyzed through
SPSS software 23™ version while the least significant
differences (LSD) and Duncan’s multiple range test
(DMRT) were used to examine the significance among
the treatments at a probability (P<0.05).

RESULTS AND DISCUSSION

Morphological growth of pea plant

Results obtained from the present piece of work repre-
sented the influence of the seed and soil application of
rhizobium and Boron on morphological alteration and
biochemical triggers in pea plants. The plant height,
fresh weight, dry weight, and the number of leaves
were the most fundamental traits of growth that were
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used to evaluate the impact of treatments on morpho-
logical alteration (Table 1). As per the results, Ts
(rhizobium + 2 kg Boron ha™) recorded the significantly
highest value (p<0.05%) irrespective of the rest of the
treatments for plant height, fresh weight, and dry
weight, and the number of leaves pIant—'1 (69.7cm,
85.7g, 35.4g, 64.7 respectively) in V, (Arkel). However,
T4 (rhizobium + 1.5 kg Boron ha™') was recorded as one
of the significantly best treatments (72.5cm, 94.3g,
39.3¢g, 65.3 pIant'1) in V, for the same parameters The
close data analysis also reflected the difference among
the varieties while finding that V, performed compara-
tively better than V4. The performance of T3 (rhizobium
+ 1 kg Boron ha™) was found second most (67.6cm,
82.49, 35.1g, 60.7 and 70.7cm, 88.2g, 36.7g, 63.3 plant
) in both the varieties (V4 and V). The days required
for first flowering were observed significantly least days
in Ts and T4 (39.3 and 43.0), while the minimum days
for first picking out were recorded in T, and T4 (71 and
79.7) as compared to the rest of the treatments in V,
and V, (Table 1).

SPAD reading, total chlorophyll, a and b

The impact of given treatments was also reflected in
biochemical triggers of the SPAD reading, total chloro-
phyll, chlorophyll a, chlorophyll b, protein, and proline
content in both varieties (V4 and V,) in which SPAD
reading delineated the greenness of the leaf in terms of
chlorophyll. Data depicted in (Fig. 1) showed the impact
of seed and soil application of rhizobium and boron on
the SPAD reading was recorded as a significant differ-
ence at (p<0.05%). Out of all the treatment combina-
tions, the highest value of SPAD reading was detected
in Ts and T4 (32.8 and 35.4) in the respective varieties
(V1 and V,) whereas V, was comparatively better than

V; most of the time at all the times of observations. In
addition to this, Ts and T, were also recorded to have
significantly the highest amount of total chlorophyll con-
tent in V4 and V; at all the intervals of observation
(0.62, 0.86, 1.81, and 0.64, 0.87, 1.85mg g') while it
also showed V, is marginally better than V, (Fig. 2).
Moreover, both the parameters i.e. SPAD reading and
total chlorophyll content showed an almost similar
trend regarding the treatments in both the varieties.
Data regarding chlorophyll a and b are depicted in Fig.
3 showing the impact of treatments on both traits. The
significantly highest quantity of chlorophyll a was de-
rived from Ts and T4 (0.666, 0.713 and 1.30, 1.28 mg g
') at both the time of observation 50 and 75 DAS while
the chlorophyll b was derived from T4 and T3 (0.54 and
0.59 mg g”') in their respective varieties at 50 DAS. In
contrast, it declined sharply in the entire set of treat-
ments at 75 DAS and recorded a significantly highest
value of chlorophyll b in Ts and T4 (0.19 and 0.16
mg g') as compared to rest of the treatments, including
the control set in their respective varieties (Fig. 4).

Protein and proline content in pea plant

The data depicted in Fig. 5 showed an increment of
quality parameter, i.e. protein content at both the inter-
vals in the entire set of treatments, while the signifi-
cantly highest quantity of protein was recorded in Ts
and T, (57.38 and 55.44 mg g”') in respective varieties
of Vq and V, at 75 DAS. The varietal response due to
the impact of treatments showed that V; was found
superior over V; for protein content. A trigger of osmo-
regulatory compound proline content was detected in
the leaf of pea plants due to the impact of rhizobium
inoculation and boron application in both varieties (Fig.
6). However, the highest trigger was recorded in Ts and

Table 1 Effect of rhizobium and boron application on morphological growth at harvest

Plant Fresh weight . Number of Days required Days re-
'(Ii':::itglent height plant”’ Dgn‘:.lf Eg;] t leaves Plant™ for the first quired for
(cm) (9) P g 1 flowering first picking
To 60.6° 71.2° 28.7° 49.72 43.0° 70.0
T 63.5% 76.4%° 31.7°¢ 55.33bed 41.4% 71.32
T, 62.9% 76.2%° 30.1% 53.3%° 42.3%° 71.0°
Vi Ts 67.6°4 82.4¢ 35.1% 60.7% 41.0% 71.32
Ts 64.8%° 79.3%¢ 32.0P¢ 58.7Pcde 41.0 72.0
Ts 69.7Pcd 85.7° 35.4% 64.7° 39.3% 74.0°
To 62.9%° 75.6%° 31.8P¢ 52.0% 48.0° 79.7°
T 63.7% 80.5° 33.6% 55,33bcde 47.7° 79.7°
v T, 68.7°<d 84.8° 35.7% 62.7° 46.0% 81.3%
2T, 70.7% 88.2% 36.7° 63.3° 45.7°% 83.0P¢
Ts 72.5¢ 94.34 39.3f 65.3° 43.0° 85.0°
Ts 64.23° 84.6°° 35.24¢ 59.7¢°¢% 46.0% 80.7°
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Fig. 1. Effect of rhizobium and boron application on SPAD
reading

T4 (123.17 and 107.58 ug g') as compared to the rest
of the treatments including the control one (91.72 and
86.68 ug g”). A close analysis of the data showed that
the trigger of proline content in V4 is high irrespective of
V, (Fig. 6).

Data depicted in Table 1 shows morphological altera-
tions in the entire set of treatments while TS5 and T4
proved a potential source of treatments that had a high
impact on morphological traits like plant height, fresh
and dry weight of plants, and the number of leaves in
their respective varieties. The results are well related to
the findings of Ragaa and Safinaz (2013), who affirmed
that the use of rhizobium promotes the morphological
growth of pulse crops by enhancing the speed of nitro-
gen fixation. It is already well established that rhizobi-
um culture establishes a symbiotic association with root
nodules in Leguminosae crop resulting in an increase
in nitrogen fixation and availability of nitrogen in the soil
which in turn supports the morphological growth of
plants (Mabrouk et al., 2018; Lindstrom and Mousavi,
2020 and Mus et al, 2016). In addition to this, the
amount of nitrogen fixation process also depends upon
the number and size of root nodules.

Boron is one of the efficient sources that not only en-

Fig. 2. Effect of rhizobium and boron application on total
chlorophyll content (mg g”')

hance the number and size of root nodules but also
enhances the availability of nitrate by interacting in the
nitrogen metabolic process (Bellaloui et al, 2014).
Qamar et al., (2016) reported that the presence of bo-
ron in an appropriate amount in the soil boosts the syn-
thesis of carbohydrates and its translocation from
source to sink mediated by encouraging the rate of pho-
tosynthesis; consequently, entire morphological growth
and yield and yield attributes benefited (Sharma and
Sharma, 2016 and EL-Mahmoudy et al., 2019) while in
contrast, the scarcity of boron leading to increase the
amount of polyphenol oxidase in the plant (Shireen et
al.,, 2017). The biochemical triggers like total chloro-
phyll, chlorophyll a, b, protein content, and osmoregula-
tory amino acid were increased due to the impact of
given treatments in pea plants (Fig. 2 to 6). Moreover,
the SPAD reading was also increased as total chloro-
phyll in the same treatment (Fig. 1). The results of this
study were positively correlated with the finding of Be-
jandi et al., ( 2012) who reported that seed inoculation
with rhizobium and the application of micronutrients
increase the content of chlorophyll and protein in the
pea plant. rhizobium is well known for the mechanism
of nitrogen fixation (Wang et al., 2018) while nitrogen is
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Fig. 3. Effect of rhizobium and boron applications on chlo-
rophyll ‘a' (mg g”)

Fig. 4. Effect of rhizobium and boron application on chlo-
rophyll 'b' (mg g”')
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Fig. 5. Effect of rhizobium and boron application on protein
content (mg g

a base compound of both the molecules chlorophyll
and protein (Sara et al., 2013). Therefore, the inocula-
tion of rhizobium is beneficial for enhancing the content
of chlorophyll, protein, and subsequently the rate of
photosynthesis, and carbohydrates in the plant. In addi-
tion to this, boron is also useful for increasing the root,
shoot growth, structural integrity, cell division, number
and size of root nodules, and sugar translocation from
source to sink, while it also reduces flower drop in
pulse crop (Bariya et al., 2014; Raj et al., 2019; Vitry et
al., 2010 and Shireen et al., 2018). Moreover, the syn-
thesis of osmolyte proline may be increased due to the
variable environment during the growth period
(Siddique et al., 2018). Therefore, the integrated ap-
proach of rhizobium inoculation and soil application of
boron may be coordinated well to modify the morpho-
logical structure by triggering the biochemical synthesis
in the pea plant even under adverse environmental
conditions.

Conclusion

The present study affirmed that the given treatments
positively impacted morphological alteration and bio-
chemical triggers in both the varieties of pea, i.e. Arkel
and Azad Pea-3 with a bit of variation. Among the treat-
ment combinations, Ts (rhizobium + 2 kg Boron) and T,
(rhizobium + 1.5 kg Boron ha™) were detected as the
best combination for most of the morphological and
biochemical traits studied. The increase in total chloro-
phyll content and their derived a and b confirmed the
accelerated rate of photosynthesis and, subsequently,
synthesis of carbohydrates which may have helped in
the better morphological growth of pea plants. The ad-
ditional amount of protein synthesis in respective treat-
ments showed the efficiency of treatments for better
grain quality, while the synthesis of proline in Ts and T,
treatments may help against the collision in variable
environments.

Fig. 6. Effect of rhizobium and boron application on proline
content (ug g”)

ACKNOWLEDGEMENTS

The authors wish to express their bottomless gratitude
to Lovely Professional University, Jalandhar, Punjab
(India) for providing a well-equipped research farm and
laboratory to conduct research and biochemical analy-
sis of the present work. Our profound gratitude also
goes to Mr. Robin Paul for their cordial support of this
work.

Conflict of interest
The authors declare that they have no conflict of
interest.

REFERENCES

. Antonopoulou, C. & Chatzissavvidis, C. (2022). Impact of
boron and its toxicity on the photosynthetic capacity of
plants. In Boron in Plants and Agriculture (pp. 169-186).
Academic Press. doi.org/10.1016/B978-0-323-90857-
3.00006-0

Arnon, D. |. (1949). Copper enzymes in isolated chloro-
plasts. Polyphenoloxidase in Beta vulgaris. Plant Physiol-
ogy, 24,1-15. doi: 10.1104/pp.24.1.1

Bariya, H., Bagtharia, S. & Patel, A. (2014). Boron: A
promising nutrient for increasing growth and yield of
plants. In Nutrient use efficiency in plants (pp. 153-170).
Springer, Cham.

doi: 10.1007/978-3-319-10635-9_6

Bejandi, T. K., Sharifii, R. S., Sedghi, M. & Namvar, A.
(2012). Effects of plant density, Rhizobium inoculation and
microelements on nodulation, chlorophyll content and
yield of chickpea (Cicer arietinum L.). Annals of Biological
Research, 3(2), 951-958.

Bellaloui, N., Mengistu, A., Kassem, M. A., Abel, C. A. &
Zobiole, L. H. S. (2014). Role of boron nutrient in nodules
growth and nitrogen fixation in soybean genotypes under
water stress conditions. Advances in Biology and Ecology
of Nitrogen Fixation, 29, 237. doi: 10.5772/56994

Bates, L. S., Waldren, R. P. & Teare, |. D. (1973). Rapid
determination of free proline for water-stress stud-
ies. Plant and Soil, 39(1), 205-207. https://www.jstor.org/
stable/42932378

73



Khiangte, Z. et al. / J. Appl. & Nat. Sci. 15(1), 69 - 74 (2023)

10.

11.

12.

13.

14.

15.

16.

17.

18.

Coba de la Pena, T., Fedorova, E., Pueyo, J. J. & Lucas,
M. M. (2018). The symbiosome: legume and rhizobia co-
evolution toward a nitrogen-fixing organelle. Frontiers in
Plant Science, 8, 2229. doi.org/10.3389/fpls.2017.02229
EL-Mahmoudy, A. M., Rashed, A., Mohamed, K. S.,
Kushlaf, N., Eljade, L. & Oshkondali, S. T (2019). The
Effect of Rhizobium Bacteria, Vitamin B12 and the Two
Elements Boron and Molybdenum on the Characteristic
Morphology of Pea Plant. East African Scholars Journal of
Agriculture & Life Sciences 2(10), 501-503. doi: 10.36349/
easjals.2019.v02i10.006

Kelly, L. T., Champeaud, M., Beuzenberg, V., Goodwin,
E., Verburg, P. & Wood, S. A. (2021). Trace metal and
nitrogen concentrations differentially affect bloom-forming
cyanobacteria of the genus Dolichospermum. Aquatic
Sciences, 83(2), 1-11. https://link.springer.com/article/10.1
007/s00027-021-00786-8

Laguerre, G., Depret, G., Bourion, V. & Duc, G. (2007).
Rhizobium leguminosarum bv. viciae genotypes interact
with pea plants in developmental responses of nodules,
roots and shoots. New Phytologist, 176(3), 680-690.
doi: 10.1111/j.1469-8137.2007.02212.x

Lindstrom, K. & Mousavi, S.A. (2020). Effectiveness of
nitrogen fixation in rhizobia. Microbial biotechnology, 13
(5), 1314-1335. doi.org/10.1111/1751-7915.13517

Lowry, O. H., Rosebrough, N. J., Farr, A. L. & Randall, R.
J. (1951). Protein measurement with the Folin phenol
reagent. Journal of Biological Chemistry, 193, 265-275.
Mabrouk, Y., Hemissi, I., Salem, |. B., Mejri, S., Saidi, M.
& Belhadj, O. (2018). Potential of rhizobia in improving
nitrogen fixation and yields of legumes. Symbiosis, 107
(73495).doi: 10.5772/intechopen.73495

Mus, F., Crook, M. B., Garcia, K., Garcia Costas, A., Ged-
des, B. A, Kouri, E. D. & Peters, J. W. (2016). Symbiotic
nitrogen fixation and the challenges to its extension to
nonlegumes. Applied and Environmental Microbiology, 82
(13), 3698-3710. doi: 10.1128/AEM.01055-16
Pulido-Suarez, L., Diaz-Pefia, F., Notario-del Pino, J.,
Medina-Cabrera, A. & Ledn-Barrios, M. (2021). Alteration
of soil rhizobial populations by rabbit latrines could impair
symbiotic nitrogen fixation in the insular alpine ecosystem
of Teide National Park. Applied Soil Ecology, 160,
103850. doi.org/10.1016/j.aps0il.2020.103850

Raj, A. B. & Raj, S. K. (2019). Zinc and boron nutrition in
pulses: A review. Journal of Applied and Natural Sci-
ence, 11(3), 673-679. do: 10.31018/jans.v11i3.2157
Qamar, J., Rehman, A., Ali, M. A., Qamar, R., Ahmed, K.
& Raza, W. (2016). Boron increases the growth and yield
of mungbean. Journal of Advanced Agricultural Technolo-
gies, 6(2), 922-924.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Quddus, M. A,, Hossain, M. A., Naser, H. M., Anwar, B.,
Aktar, S. & Nazimuddin, M. (2018). Effect of zinc and bo-
ron application on productivity, quality and nutrient uptake
of field pea (Pisum sativum L.) grown in calcareous
soils. Journal of Agricultural Science and Practice, 3(6),
132-143. doi: 10.31248/JASP2018.114

Ragaa, A. H. & Safinaz, A. F. (2013). Enhancement of the
growth and phenolic content of faba bean (Vicia faba L.)
by applying some biofertilizer agents. Journal of Food
Studies, 2 (2), 20-30. doi: 10.5296/jfs.v2i1.4425
RedondolNieto, M., Wilmot, A. R., EITHamdaoui, A,
Bonilla, I. & Bolafios, L. (2003). Relationship between
boron and calcium in the N, fixing legume-rhizobia sym-
biosis. Plant cell & Environment, 26(11), 1905-1915.
https://doi.org/10.1046/j.1365-3040.2003.01107.x

Sara, S., Morad, M. & Reza, C. M. (2013). Effects of seed
inoculation by Rhizobium strains on chlorophyll content
and protein percentage in common bean cultivars
(Phaseolus vulgaris L.). International Journal of Bioscienc-
es, 3(3), 1-8. doi: http://dx.doi.org/10.12692/ijb/3.3.1-8
Sharma, A. & Sharma, R. P. (2016). Effects of boron and
lime on productivity of garden pea under acidic soils in
Northwestern Himalayas. Communications in Soil Science
and Plant Analysis, 47(3), 291-297. doi.org/10.1080/00
103624.2015.1122798

Siddique, A., Kandpal, G. & Kumar, P. (2018). Proline
accumulation and its defensive role under diverse stress
conditions in plants: An overview. Journal of Pure and
Applied Microbiology, 12(3), 1655-1659. doi.org/10.22207/
JPAM.12.3.73

Shireen, F., Nawaz, M. A., Chen, C., Zhang, Q., Zheng,
Z., Sohail, H. & Bie, Z. (2018). Boron: functions and ap-
proaches to enhance its availability in plants for sustaina-
ble agriculture. International Journal of Molecular Scienc-
es, 19(7), 1856. doi.org/10.3390/ijms 19071856

Vitry, V., Kanta, A. F. & Delaunois, F. (2010). Initiation and
formation of electroless nickel-boron coatings on mild
steel: Effect of substrate roughness. Materials Science
and Engineering: B, 175(3), 266-273. doi.org/10.1016/
j-mseb.2010.08.003

Wang, Q., Liu, J. & Zhu, H. (2018). Genetic and molecular
mechanisms underlying symbiotic specificity in legume-
rhizobium interactions. Frontiers in Plant Science, 9, 313.
doi.org/10.3389/fpls.2018.00313

Wheatley, R. M., Ford, B. L., Li, L., Aroney, S. T., Knights,
H. E., Ledermann, R. & Poole, P. S. (2020). Lifestyle ad-
aptations of Rhizobium from rhizosphere to symbio-
sis. Proceedings of the National Academy of Scienc-
es, 117(38), 23823-23834. doi: 10.1073/pnas.2009094117

74



