H LS Journal of Horticultural Science
N https://jhs.um.ac.ir i

Research Article
Vol. 38, No. 3, Fall 2024, p. 551-562

Investigating the Use of Mycorrhiza and Trichoderma Fungi on Rhizome Yield
and Active Ingredients of Ginger

F. Rezvaninial, M.T. Ebadi':**, N. Safaie’' ?

1- Department of Horticultural Science, Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran, respectively.
(*- Corresponding Author Email: mt.ebadi@modares.ac.ir)
2- Department of Plant Pathology, Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran

How to cite this article:
S Rezvaninia, F., Ebadi, M.T., & Safaie, N. (2023). Investigating the use of mycorrhiza
AReV|seg: %9-03-3053 and Trichoderma fungi on rhizome yield and active ingredients of ginger. Journal of
. ceepte : 0-04-20 Horticultural Science, 38(3), 551-562. (In Persian with English abstract).
Available Online:  20-04-2024 https://doi.org/10.22067/jhs.2024.85675.1308

Received: 07-12-2023

Introduction

Ginger (Zingiber officinale) is a perennial and monocotyledonous medicinal and spice plant, whose rhizome,
essential oil and extract are of interest, and this plant has wide uses in various industries. The origin of ginger is
Southeast Asia and possibly India. This plant is mainly cultivated as an annual and the rhizome or the underground
stem is the used part. It should be noted that the use of biological fertilizers can improve the growth and yield of
plants and is also the most natural and best way to keep soil systems healthy. In addition, benefiting from natural
solutions instead of using chemicals reduces pollution and destruction of biological resources. The use of Arbuscular
mycorrhizal and Trichoderma fungi can leads to a reduction in the consumption of fertilizers and fungicides and an
increase in yield, and also reduces production costs and is compatible with environmental principles. Therefore, the
main purpose of this study was to investigate the effects of Trichoderma harizanum, mycorrhiza (Glomus
etunicatum and G. fasciculatum) and the combined treatment of fungi (G. etunicatum + T. harizanum, G.
fasciculitum + T. harizanum) on the growth parameters, rhizome yield and active substances of ginger.

Materials and Methods

This research was conducted as a factorial experiment based on a completely random design in the research
greenhouse of the Faculty of Agriculture, Tarbiat Modares University. The rhizomes were transferred to the
greenhouse and cultivated in pots with amended soil. These plants were inoculated with Trichoderma (T.
harizanum), Mycorrhiza (G. etunicatum and G. fasciculatum) and combined treatment of fungi (G. etunicatum + T.
harizanum, G. fasciculatum + T. harizanum). During the growing season and harvesting, the morphological
characteristics and rhizomes yield were evaluated, and then the essential oil content and composition, the amount of
fiber and the color of the rhizomes and precisely. The effect of treatments on ginger stem traits contains: Stem Fresh
Weight (g), Stem Dry Weight (g), Number of Stems and Stem Length (cm), Leaf Traits contains: Leaf Dry Weight
(9), Leaf Fresh Weight (g), Number of Leafs, Greenness Index, Rhizome Traits contains: Rhizome Dry Weight (g),
Rhizome Fresh Weight (g), Darkness/Lightnees Indicator, Yellow/Blue Indicator, Rhizome Crude Fiber (%),
Essential oil Traits contains: Essential oil Percentage, Essential oil Yield were investigated. Abbreviation of
treatments include contains: Control, M1 (G. fasciculatum), M2 (G. etunicatum), T1 (T. harizanum), M1T1 (G.
fasciculitum + T. harizanum) and M2T1 (G. etunicatum + T. harizanum).

Results and Discussion
The results showed that the inoculation with G. etunicatum had the highest value of stem length (35.68 cm),
fresh and dry weight of the stem (22 and 10.2 g), Spad index (18.17), fresh and dry weight of leaves (34.46 and 8.96
g), number of leaves (9.46) and fiber content of rhizome (4.28%). Also, the highest number of stems,
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darkness/brightness index and yellow/blue color index of rhizome were observed in the control treatment with
values of 7.16, 73.29 and 98.6 respectively. The highest fresh and dry weight of rhizome (35.5 and 5.2 g) were
observed in the inoculation with G. fasciculitum treatment and the highest percentage of essential oil (0.4) was
observed under the combined treatment of the inoculation with G. etunicatum. Camphene, 1,8-cineole, neral and
geranial were identified as the main compounds of essential oil and the amounts of these compounds in the
inoculation treatment with fungi were more than the control. In general, this research showed that the inoculation of
rhizomes with G. etunicatum resulted in achieving the desired growth characteristics, rhizome yield and active
substances in ginger. Camphene, 1,8-cineole, neral and geranial were identified as the main compounds of essential
oil and the amounts of these compounds in the inoculation treatment with fungi were more than the control.

Conclusion
In general, this research showed that the inoculation of rhizomes with G. etunicatum resulted in achieving the
desired growth characteristics, rhizome yield and active substances in ginger.
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Table 1- Abbreviation of the treatments

Treatment Abbreviation
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Figure 1- Cultivation of ginger rhizomes in the main culture medium
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Figure 2- Ginger plants during their growth and harvest
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Table 2- The effect of Mycorrhiza and Trichoderma fungi on ginger stem traits

Wl SWd (39

Lo aBlw 5 39 Adlw dlusd alw Job
: Stem dry
Treatments Stem fresh weight (g) weight () Number of stems  Stem length (cm)

Control 21.33% 9.67% 7.162 27.53®

M1 20.66 9® 6.332 3227®

M2 222 10.2@ 7.082 35.68°

T1 17.33% 8.9® 6.662 31.27%
M1T1 16.33" 6.75° 4932 28.91%®
M2T1 16.66° 6.98° 4662 20.76°

Al oo LSD (yg0jl (slue p doyd & Jlois] gaws )3 I3 ixe BMB] 392 g pie skimd )l aliie by y>
Similar letters indicate the absence of a significant difference at the 5% of probability level based on the LSD test.
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Table 3- The effect of Mycorrhiza and Trichoderma fungi on ginger leaf traits

Lo Sy S (59 Sy P ok S 2 dlani S pad LS
Treatments Leaf dry weight (g)  Leaf fresh weight (g) Number of leaf  Greenness index
Control 7.33® 28.53® 8.422 15,7
M1 5.9b 26° 8.332 17.10%
M2 9.462 34.46° 8.962 18.172
T1 7.4% 28 7.86%® 16®
M1T1 5.33°¢ 24.15°¢ 6.13° 11.07°
M2T1 5.2¢ 24 °¢ 5.9° 12.29°

Al o LSD (y90j] (sl p duoyd O Jlassl pdaws )3 I ime WS 3939 pie aims L5 aslive oy y>
Similar letters indicate the absence of a significant difference at the 5% of probability level based on the LSD test.
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Table 4- The effect of Mycorrhiza and Trichoderma fungi on ginger rhizome traits

byleg PRS0l ey P ok wealS oadle by asle e, b
Treatments Rhizome dry Rhizome fresh Darkness/Lightnees Yellow/Blue Rhizome crude
weight (g) weight (g) index index fiber (%)

Control 4852 31.032 73.292 98.62 4.22¢

M1 522 3554 68.18 ® 85 @ 4172

M2 4652 32822 71.48® 93.4 % 4282

T1 5.042 35.132 51.89¢ 60.2 ¢ 4122
M1T1 2770 17.03° 67.03° 775° 4,192
M2T1 2.95° 16" 59.3°¢ 66.4° 42

A3l o LSD (y905l (slus g duoyd O Jloinl aws )3 I3 xe M| g g pite oimd L5 alite by >
Similar letters indicate the absence of a significant difference at the 5% of probability level based on the LSD test.
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Table 5- The effect of Mycorrhiza and Trichoderma fungi on ginger essential oil traits

Ly ylows owlwl aoyd owbw! 3 Sles
Treatments Essential oil percentage Essential oil yield

Control 0.135¢ 0.04°¢

M1 0.094 f 0.03°¢

M2 0.1534 0.05°P

T1 0.198 ¢ 0.07@
M1T1 0.233° 0.04°¢
M2T1 0.425 2 0.06 &

A3l oo LSD (y905] (slius g doyd & Jloin] gaws )3 I3 xe M) g g piie okimd i aliio by >
Similar letters indicate the absence of a significant difference at the 5% of probability level based on the LSD test.
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Table 6- Frequency percentage of desired traits in applied Mycorrhiza and Trichoderma fungi treatments

Control M1 M2 T1 M1iT1 M2T1

s Jsb
Stem length (cm)

a8l dlawy
Number of stems

als 5 o
Stem fresh weight (g)
adlw S )9
Stem dry weight (g)

Greenness index

g?).g )‘JJJ
Number of leaf

Sp 5o
Leaf fresh weight (g)
Sy SIS 3
Leaf dry weight (g)
PRy X 0J9
Rhizome fresh weight (g)

Pos) S 03
Rhizome dry weight (g)

sy /Sy pasla
Darkness/Lightnees index

SNsys pasls
Yellow/Blue index

pojy P b
Rhizome crude fiber (%)

PRV W WESE
Essential oil percentage

bl 3,Skes

Essential oil yield

sllas Slas Slolyd asys

g . 92.85 78.57 92.85 78.57 21.42 21.42
Frequency percentage of desired traits
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Black cells:the highest value of the attribute, gray cells : the absence of significant difference with the highest value of
each attribute, and white cells : the presence of significant difference with the highest value of each attribute.
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