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Abstract

Introduction: Soil microorganisms are crucial in mobilizing soil nutrients and nutrient uptake by
plants. Licorice (Glycyrrhiza glabra L.), Fabaceae family, has been used as an important medicine
since ancient times for numerous medicinal purposes. This plant is naturally found in arid and semi-
arid areas around the world. In such environments, licorice roots are colonized by several types of
microorganisms, including diverse rhizobia, other soil bacteria, such as Pseudomonas, actinomycetes,
and Arbuscular mycorrhizal fungi (AMF). AMF are amongst the most important beneficial soil
microorganisms for plant growth due to the formation of symbiotic relationships with plant roots,
improving nutrient uptake and use efficiency. In licorice, the improvement of root performance has
been reported with the application of fertilizer resources and mycorrhizal inoculation. Integrated
nutrient resources can lead to synergistic effects in improving plant production and increasing
productivity. Nevertheless, increasing the agronomic efficiency of different fertilizers is one of the
most important challenges of agriculture.

Dealing with the improvement of seed production as a by-product, in addition to improving
productivity, provides a propagating material that can greatly reduce the pressure on natural resources.
So far, the sustainable production of licorice seeds has not been studied. Most studies have focused on
root production and its quality characteristics. Therefore, this study was conducted to improve licorice
root and seed production, as well as improve the agronomic efficiency of vermicompost and chemical
fertilizers.
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Materials and Methods: The present study investigated the integrated effect of inoculation with
mycorrhiza on the diminished quantities of chemical and organic fertilizers on root production and
agronomic efficiency of chemical fertilizers and vermicompost, yield components and seed yield of
licorice. The experiment was conducted during two cropping seasons of 2021-2022 and 2022-2023
based on a randomized complete block design with three replications at the research farm of Shahid
Bahonar University of Kerman, Iran. The evaluated treatments were included: 1) control (without
fertilizer application and inoculation with mycorrhiza); 2) inoculation with mycorrhiza (AM); 3)
Vermicompost (Vio0): 100% recommended rate (8 t ha?); 4) 50% vermicompost (Vso); 5) 50%
vermicompost + mycorrhiza (Vs+AM); 6) Chemical fertilizer (CFi00): 100% of recommended rate;
7) 50% chemical fertilizer (CFso); 8) 50% chemical fertilizer + mycorrhiza (CFso+AM).

Results and Discussion: The results showed that the highest root yield was obtained from 50%
vermicompost and mycorrhiza inoculation (Vso+AM), which showed no significant difference with
V100, CF100, and CFs treatments. Meanwhile, the application of Vso+AM treatment improved the root
yield up to 42.5% compared to the control and 40% compared to Vso. This led to an increase in the
agronomic efficiency of the Vs+AM treatment compared to other treatments. Integrated AM-
inoculation and chemical fertilizers (CFso+AM) did not show a significant difference from CFso. Also,
the results showed that mycorrhizal inoculation alone (AM) did not show the efficiency to improve
root yield compared to the control, and reduced the mycorrhizal inoculation effect compared to
integrated application with fertilizer sources. The results also showed that the highest seed yield was
obtained from the application of V10, which showed a multifold increase in seed production compared
to the control. This can be a result of a significant increase in the number of pods per unit area and
finally, the number of seeds per unit area. Application of CFig ranked next in terms of seed production
per unit area and seed vyield, despite less pod production. The application of reduced amounts of
fertilizers led to a significant decrease in seed yield and its yield components. The results also showed
that the AM-inoculation alone and in combination with fertilizer treatments did not show a significant
effect on yield components and seed yield.

Conclusion: In conclusion, reduced amounts of vermicompost and mycorrhiza for root production
and the application of high amounts of vermicompost for seed production may be a suitable nutritional
management strategy for sustainable production of licorice.

Keywords: Input use efficiency, Integrated nutrient managemment, Mycorrhizal inoculation effect,
Seed yield components
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Figure 1- Different climatic parameters of the experimental site during the licorice growing seasons
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Table 1- Some physical and chemical characteristics of the soil of the experimental site
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For each investigated trait, means with the common letters indicate no statistically significant difference based on the LSD test at the 5%
probability level.

CF: chemical fertilizers, V: vermicompost, AM: Mycorrhizal inoculation.
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Table 4- Correlation of agronomic traits with seed and root yield of licorice

90 adgs olaxd UME (39 G o I ).» olaxi yie yo yay oluwd &iloylie 39 aile o ,SKles
&y ¥ Pods weight e & Thousand seed Seed yield (k
729 © Pods no/m? ) y 1 (kg
Clusters no/m? m) Seeds no/pod  Seeds no/m?  weight (q) ha™)
a0 o 3 Ay ol
1
Clusters no/m?
S (39
. 0.562 1
Pods weight (g m2)
SIE ooy
0.328 0.757" 1
Pods no/m?
G 5o 0 oluwi
-0.371 -0.179 0.126 1
Seeds no/pod
&0 50 53 3 olasi
-0.098 0.162 0.539 0.885™
Seeds no/m?
als 13 039
Thousand seed weight 0.189 -0.561 -0.405 -0.263 -0.343 1
(@
ailo o Slos
. -0.061 0.166 0.589 0.848™ 0.989™ -0.246 1
Seed yield (kg ha)
Al 0 Slos
-0.356 -0.505 0.054 0.293 0.364 0.302 0.389

Root yield (t ha™)

**: significant at 0.01 probability level
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Table 5- Analysis of variance results of the effect of nutritional treatments licorice yield and agronomy efficiency of applied
fertilizers in terms of the content of macro elements of each fertilizer resource

995 =) 2L
Agronomy efficiency of fertilizer (kg kg%)
¥ gl 5T a0 239 Sdlos al y 0,5os
Sources of variation df Seed yield Root yield
N P K N P K
S
. 2 236.1 256.4 377.0 10.4 80.1 115
Replication
e
5 111617 20982™ 23098™ 4159™ 8321™ 9014™
Treatment
Uas-
10 58.0 59.5 77.8 124.7 211.8 224.6
Error
22.7 18.1 19.3 28.4 29.7 28.4
CV (%)

**: significant at 0.01 probability level
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Table 6- Mean comparison of the agronomy efficiency of applied fertilizers in terms of the content of macro elements affected by
nutritional treatments.

Logs £y 2Ll

Agronomy efficiency of fertilizer (kg kg%)

BN 3% 0 ,Sles Al 0 Slos
Treatment Seed yield Root yield
N P K N P K
CFs 24.8¢ 24.8° 28.4¢ 42.7° 42.7°% 48.8 %
CFstAM -10.0¢ -10.0¢ -11.4¢ 11.9¢« 11.9¢ 13.6¢
Vso 24.6° 33.8%¢ 35.4% 5.6¢ 7.6¢9 8.0¢
Vso+tAM -25.0°¢ -34.4¢ -36.1°¢ 109.02 149.82 157.22
CFio0 38.9° 38.9° 445" 26.1% 26.1% 29.8%
Voo 147.92 203.42 213.42 40.8° 56.0° 58.8°
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For each investigated trait, means with the common letters indicate no statistically significant difference based on the LSD test at the 5%

probability level.

CF: chemical fertilizers, V: vermicompost, AM: Mycorrhizal inoculation.
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