Crop Production v
AN
..l.” 5 \//)

e /lscvss/
Print ISSN: 2008- 739x , b s/ o
. - ranian Society of Agronomy
Online ISSN: 2008- 7403 and Plant Breeding Sciences

Influence of Azotobacter on photosynthesis and biomass production of licorice
(Glycyrrhiza glabra L.) plants produced from seeds and rhizomes under reduced
nitrogen fertilization conditions

Mahboubeh Abdolhosseinpour?, Marzieh Besharati-Far?,

Gholamreza Khajoei-Nejad***, Ghasem Mohammadi-Nejad*®, Jalal Ghanbari®®

1.M.Sc Student in Agronomy-Crop Ecology, Dept. of Plant Production and Genetics, Faculty of Agriculture, Shahid Bahonar
University of Kerman, Iran. Email: mabdolhosseinpoor85@gmail.com

2.Ph.D. Student in Agronomy- Crop Physiology, Dept. of Plant Production and Genetics, Faculty of Agriculture, Shahid Bahonar
University of Kerman, Kerman, Iran. Email: marziehbesharati@gmail.com

3. Corresponding Author, Associate Professor, Dept. of Plant Production and Genetics, Faculty of Agriculture, Shahid Bahonar
University of Kerman, Kerman, Iran. Email: khajoei@uk.ac.ir

4. Professor, Dept. of Plant Production and Genetics, Faculty of Agriculture, Shahid Bahonar University of Kerman, Kerman, Iran.
Email: mohammadinejad@uk.ac.ir

5.Research and Technology Institute of Plant Production, Afzalipour Research Institute, Shahid Bahonar University of Kerman,
Kerman, Iran.

6.Ph.D. Graduate of Agronomy- Crop Ecology, Dept. of Plant Production and Genetics, Faculty of Agriculture, Shahid Bahonar
University of Kerman, Kerman, Iran. Email: jalalghanbari@agr.uk.ac.ir

Avrticle Info ABSTRACT
Article type: Background and Obijective: Glycyrrhiza glabra L., commonly
Research Full Paper known as licorice is a perennial medicinal plant, which possesses

multiple health benefits. Licorice root extract can be used for

traditional medicine and food and pharmaceutical industries since it

contains bioactive compounds and main ingredients, glycyrrhizin,

o liquiritin, and glabridin. The utilization of plant growth-promoting
ég;:e‘:i'\feg,'sggg’éqq rhizobacteria as biofertilizers is increasingly being suggested as a
Accepted: 2023-10-6 way to reduce the application rate of chemical fertilizers in
agricultural systems. Therefore, the aim of this study was to assess

the impact of Azotobacter as one of the plant growth-promoting

bacteria alone and in combination with a reduced application rate of

chemical fertilizer on photosynthesis, gas exchange, and biomass

Keywords: production of licorice plants propagated through seeds and rhizomes.
Licorice

Photosynthesis Materials and Methods: A field experiment was conducted by
‘F),?rameters : inoculating the seeds and rhizomes of licorice plants with

ant growth promoting - ; L

bacteria Azotobacter chroococcum (Ac; strain 1087) alone or in combination
Sexual and asexual with reduced level of chemical fertilizer. The five treatments for the
propagation experiment were (i) control (no inoculation and fertilization) (ii) Ac

inoculation; (iii) 100% recommended N (100% N) (iv) 50%
recommended N (50% N); and (v) Ac inoculation + 50% N which
were evaluated in both propagation methods (seeds and rhizomes).
Net photosynthesis rate, leaf transpiration rate, intracellular CO,,
photosynthetic water use efficiency, chlorophyll content (SPAD
value), plant height, leaf area, and shoot, root, and rhizome dry
weight, and total biomass production (root + rhizome) were
measured.

Results: The observed results revealed that the licorice plants
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produced from the rhizomes showed an increase in plant height by
75%, a four-fold increase in the leaf area, a nine-fold increase in the
shoot dry weight, a 6.6-fold increase in each rhizome weight, and
increase of 23-fold, 7.3-fold, and 11.1-fold in production of the
rhizome, root, and total biomass respectively, compared with the
plants produced from seeds. The findings also showed that Ac
inoculation further influenced root and rhizome biomass production
more than vegetative growth-related parameters and shoot biomass
production. Integrated inoculation of Ac with 50% N applied,
interestingly, improved the plant shoot dry weight by 134 and 147%
and total biomass production by 149 and 94% through improving the
leaf area by 180 and 114%, SPAD value by 13 and 9%, net
photosynthesis rate by 119 and 15%, and water use efficiency by 43
and 42% in plants resulted from rhizomes and seeds, respectively.
Moreover, results demonstrated that simultaneous inoculation of Ac
and the application of 50% N showed similar results compared with
the application of 100% N.

Conclusion: These findings suggest that inoculation of A.
chroococcum integrated with a reduced dose of urea can reduce the
amount of nitrogen fertilization up to 50% without significantly
reducing the yield of licorice produced through seeds and rhizomes.
The results of this study also showed that the licorice produced from
the rhizomes showed a multifold increase in various growth and yield
traits compared to the licorice obtained from the seed during the first
growing year. This can be considered in the production of licorice
plants in different conditions, based on different production aspects.
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Table 3- The effect of different nutritional treatments on shoot morphological characteristics and chlorophyll index of
licorice produced through rhizome and seed

Sy
oy 5 i 7 . P PTRRE RS PR P CE
method Tratments Plant height o Shoot dry weight ~ Chlorophyll
(cm) Leaf area (g/plant) index (SPAD)
(cm?/plant)
f920 - 49.3 282 ° 235° 53.7 ¢
Rhizome Control
Lo
A 53.3 470" 44.0%® 58.7 %
Azotobacter chroococcum (Ac)
0
235 o2 53.9 516" 31.4% 55.1
50% N
- L ~A. .
SIH 225 Lo 0 53.3 7902 55.0° 60.7°
Ac +50% N
Yoo
#2252 53.5 571 37.5%¢ 57.6%
100% N
13 cxo Coglas 8l
(032 0) fagne sl Sl 18.2 228.6 19.8 3.09
LSD (0.05)
i (554
o - 22,55 65.9b 210" 58.3"
Seed Control
Lo
e 32,52 1382 4.69°2 60.8 ®
Azotobacter chroococcum (Ac)
P e 0 20.8° 131° 3.81% 59.9°
50% N
S H 228 Lo 00 31.5° 142° 5.18° 63.6°
Ac +50% N
Yoo
p22S5 o 34.7° 1572 5.80 ° 63.8°
100% N
13 cxe Coglas 8l
(032 0) o gne sl Sl 5.88 32.7 2.25 3.53
LSD (0.05)

bl 51 S e b SO Bl (sls sla ke 5T ) o gl Sl 0 el S8 Sy g a1 IS ) A S Sk sl
(LSD, P<0.05) sl o Ao ys 0 Jloz>| o 53 s pme sl Bl O3 bl s gme Dl 5L

The mean comparison for each propagation method has been done separately. For each propagation method, means
followed by the same letter(s) are not significantly different based on the least significant difference test at 5% of

probability level (LSD, P<0.05).
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Table 4- The effect of different nutritional treatments on photosynthetic characteristics and gas exchange of licorice
produced through rhizome and seed

O Gas LS

S5 s S5 0302 COy G L e g L W
Pr(;pagation boles Intercellular CO, Transpiration Photosynthesis effeilf:?gr?s;
method Treatments (umol ﬁ%z) mmol rate (zn;T)ol m Cr:act)e gr?zn;(_)ll) (mmol CO,/mmol
2 2 HZO)
5 (554
i - 301 0.052 0.026° 0.624°
Rhizome Control
Lo
Ak 237 0.049 0.0492 0.973%2
Azotobacter chroococcum (Ac)
S o2 0 244 0.052 0.051° 0.980 °
50% N
SLAS s dop 0 249 0.064 0.056 0.889 °
Ac +50% N
Yoo
A5 o2 254 0.06 0.056 ® 0.944
100% N
0) yla caxe gy 8l
(o2 0) o fmn 28 il 71.9 0.0163 0.0185 0.208
LSD (0.05)
i (554
o - 296 0.064 0.039° 0.603°
Seed Control
Lo
Ak 268 0.06 0.044° 0.737 "
Azotobacter chroococcum (Ac)
0
225 o2 260 0.063 0.048® 0.757"
50% N
S H 2 dos 0t 265 0.053 0.045° 0.854 ®
Ac +50% N
Yoo
A5 o2 247 0.061 0.059 0.983°
100% N
s cae oslis 31
(032 0) fagne sl Sl 57 0.0108 0.0119 0.158
LSD (0.05)

bl 51 S e G SO Bl (sls sla ke 5T 5, o gl Sl o plonil S8 Sy p a1 IS B, A S LSkl
(LSD, P<0.05) sl o Ao ys 0 Jloz| o 53 s pme sl Bl O3 bl s gme Dl 5L

The mean comparison for each propagation method has been done separately. For each propagation method, means
followed by the same letter(s) are not significantly different based on the least significant difference test at 5% of

probability level (LSD, P<0.05).
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Table 2- Analysis of variance results of the effect of nutritional treatments on rhizome and root dry weight of licorice

o - S 055 s psns) JSSKEE 05
RS S o b TN ey A SESE U5y ey S U ) "
T d - L) A
Propagation sov 2Ll Unitary rhizome Rhizome dry * 2
method df weight weight Root dry Totgl dry weight
weight (rhizome+root)
s
_)L' . 2 0.97 0.031 0.77 0.75
Replication
i les
o 4 68.07* 20.52** 12.21** 37.25**
P35 Nutritional treatment
' Uas
Rhizome . 8 16.19 1.141 0.93 2.47
rror
Ol A
(o) Al s 34 20.8 18.4 15.2
CV (%)
S5k
T 2 0.096 0.0016 0.026 0.038
Replication
i les
) o 4 0.869* 0.0151* 0.147** 0.238**
o Nutritional treatment
Uas
Seed . 8 0.166 0.0026 0.011 0.016
rror
Oy
(o) St s 226 23.0 15.0 137

CV (%)

Dl sme 8 M asys o Jlaal mhas 53 5ls e ; Ao ys K Jlex! e 2 )‘JL;.JJ:*

*

" Significant at 1% probability level, ": Significant at 1% probability level, and ™: non-significant
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Table 4- The effect of different nutritional treatments on rhizome and root dry weight of licorice produced through
rhizome and seed

o A SIS 055 Qs 2 (5) S 035

S5 s losles ) Dry weight (t/ha)
Propagation method Treatments Unitary rhizome £330 a2 5
weight (g) Rhizome Root Total
20 - 9.60 " 4.04° 200°  6.04°
Rhizome Control
s
Ak 11.8%¢ 3.66° 7.54%  11.2°
Azotobacter chroococcum (Ac)
S e 0 5.64° 2.60° 522°  7.82°
50% N
SLAS s dop 0 18.5° 9.21° 587%  151°
Ac +50% N
P e 13.7% 6.14° 551°  11.7°
100% N
(032 0) o gne sl Sl 7.58 2.01 181 2.96
LSD (0.05)
- > 2.20° 0151°  0.362° 051°
Seed Control
s
Ak 2.37° 0275®  0.786% 1.06®
Azotobacter chroococcum (Ac)
0
A5 o2 1.12° 0168°  0656°  0.82°
50% N
SLAS s dep 0 1.37% 0192  0806®  1.00°
Ac +50% N
Yoo
A o2 1.95% 0.313° 0.949%  1.26°
100% N
0) yla caxe gy 8l
(o2 0) o mn 28 il 0.767 0.095 0.200  0.240
LSD (0.05)

ol S 51 S 2ie G S Bl sl sla il S5 sy a6l Sl 0 plol ST g 4 2SS s A sl LSl 4l
(LSD, P<0.05) wib o 4oy 0 Jlaz! e 53l e sl Bl O3l elal s me ozl 3L

The mean comparison for each propagation method has been done separately. For each propagation method, means
followed by the same letter(s) are not significantly different based on the least significant difference test at 5% of

probability level (LSD, P<0.05).
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