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Chapter

The Role of Mycorrhizae on 
Seedlings and Early Growth of 
Sugarcane
Wawan Sulistiono and Taryono

Abstract

The role of mycorrhizae in plant growth is well known, such as the ability to 
increase nutrient uptake, especially phosphate (P), drought tolerance, and resis-
tance to pathogens. It is necessary to understand the application of arbuscular 
mycorrhizal technology in industrial plant production systems and their impact on 
agriculture systems. Large-scale nurseries of plantations require proper mycorrhizal 
application techniques. The relationship of mycorrhizal infection with plant yield 
(biomass) is known and in the next step, appropriate application time is needed to 
increase the effectiveness of mycorrhizae in plant growth and yield. Application of 
mycorrhizal inoculum was more effective in increasing the biomass of sugarcane 
stem weight to reach 61% with an increase in infection of 41.3%. In addition, the 
mycorrhizal application increases the root growth of sugarcane seedlings. The root 
growth promoting ability is important to increase the initial growth of plants after 
transplanting in dry land under the influence of drought stress, limited nutrients. 
The application of this technology is expected to increase plant growth, facilitate 
the maintenance and efficiency of cultivation on an industrial scale.
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1. Introduction

Arbuscular mycorrhiza (Zygomycetes) is a symbiotic form of mutualism 
between fungal mycelium and higher plant roots. It is estimated that more than 
80% of the higher terrestrial plants have a symbiosis with mycorrhizae [1]. The 
arbuscular mycorrhizae are known as vesicular-arbuscular mycorrhizae (VAM). 
VAM infects from outside the root into the root tissue and enter the root cells to 
form vesicles and arbuscules [2]. Arbuscules is a network of hyphae that pene-
trates between root cells and plasmalemma. Arbuscules help transport of nutrients 
to plant cells, especially P elements. In the root cells, the hyphae also form vesicles, 
small bubbles (granules) in the cytoplasm that contain lipids as a means of asexual 
reproduction of mycorrhizae. The vesicle plays a role during the reproduction, and 
when cells are ruptured at damage [2, 3]. Arbuscular mycorrhizae fungi (AMF) 
have very wide distribution in terrestrial ecosystems in terms of host plants, 
climate, and soil types [4]. Mycorrhizal infections will change the morphology 
of plant roots and nutrient absorption. This because their structures ensure the 
physical expansion of roots and absorption of nutrients from the soil and increase 
the flow of nutrients to plants [2, 3].
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The role of mycorrhizae becomes important in sub-optimal land, dry land 
and for sustainable agriculture. Utilization of mycorrhizae, especially for plant 
growth, soil fertility and mitigation of drought stress by heat and climate 
change. Mycorrhiza becomes a component of future technology for sustainable 
agriculture [5, 6].

Mycorrhizae in agricultural land, especially sub-optimal land, functions to 
reduce soil erosion and leaching of nutrients. This condition is caused by the faster 
nutrient cycling mechanism. Besides, the absorption of nutrients is more due to the 
higher root surface area, which causes long-term soil fertility or soil productivity 
[5–7]. The presence of mycorrhizae in sub-optimal dry land of plantation crops is 
useful for renaturation and afforestation, namely stabilizing degraded land and 
eroding the soil surface [8]. In areas with high rainfall, plants in symbiosis with 
mycorrhizae also increase ecosystem repair by reducing the leaching of elements in 
the soil. Mycorrhizae will suppress the loss of nitrogen (N) and P elements by 40% 
and 50%, respectively in soil [9].

Mycorrhizal inoculation is important in dealing with drought stress and 
preparing plants for good growth in the field. Treat mycorrhizal inoculation on 
plantation seedlings to produce plants that have better root morphology and plant 
growth. These include root surface area in early coconut growth [10], root length, 
root diameter, root dry weight, and root dry weight ratio, root surface area, and 
shoot growth of sugarcane seedlings [11]. Likewise, mycorrhizae play a role in 
accelerating the growth or emergence of secondary roots in sugarcane seedling 
[12]. Mycorrhizae also appeared to have a significant role in increasing the growth 
of forest plant seedlings in the nursery, the increase in leaf chlorophyll content, 
photosynthesis rate, NPK content in root, stem and leaf compared to plants without 
mycorrhizal inoculation [13].

Thus mycorrhizal inoculation in plantation crops is needed as an effort to 
mitigate environmental stresses, both drought and high rainfall. In addition, the 
impact of mycorrhizal inoculum will increase the nutrients cycle in the soil, prevent 
excessive leaching of nutrients so that it plays a role in afforestation. In mycorrhizal 
inoculation, the inoculation time and dose are important. The optimal time of 
mycorrhizal inoculation is plantation seedlings in the nursery which will increase 
their colonization by 46% compared to field application [14].

The inoculation of mycorrhizae on seedlings of seedlings is expected to increase 
the morphological performance and plant physiological performance for early 
growth and morphological properties, increase the adaptive ability of plants to 
environmental stress. Based on the above, there are several important benefits for 
using mycorrhizal inoculation in the nursery of industrial plants.

2.  Determinants of colonization and colonization patterns of plantation 
seeds

Before the inoculation of AMF on plantation seeds, it is necessary to know 
the determinants of colonization and the pattern of colonization. According to 
Sieverding [15], the process of colonization or infection progresses through 6 
stages, namely: (1) pre-infection, at this stage, the spores are not yet active and 
AMF hyphae are in the soil; (2) penetration of the fungus to the roots. (3) arbus-
cules and vesicle formation. Arbuscule is formed after 2–5 days from penetration 
in the form of a strong band of hyphae growing around the cell plasmalemma. The 
vesicle at the tip of the hypha consists of lipids and fungal organs; (4) fungal elon-
gation in roots and rhizosphere; (5) Spread of fungi to the soil. Hyphae grow out of 
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the roots. The hyphae in the rhizosphere form the “external mycelium”; (6) culture 
of AMF structures into the form of resting spores on the external mycelium.

The elongation of fungi in the roots and rhizosphere consists of 3 stages, namely 
(a) slow phase, when infection to the target roots begins; (b) an exponential growth 
phase, maximum at 40 days after infection; (c) slowed growth phase, “plateau 
phase” balance [15]. Meanwhile, according to the observations of Sulistiono et al. 
[14] the colonization of sugarcane seedlings will experience a sharp increase at the 
age of 5–10 days after inoculation, then it will be constant at the age of 10–30 days 
after inoculation. An interesting point was also conveyed by Sulistiono et al. [14] 
that the tendency of AMF inoculation of sugarcane seeds in the nursery would 
result in higher colonization than inoculation carried out in the field when sug-
arcane at the age of 1–9 weeks after transplanting. However, after 9 weeks of age, 
the colonization rates of the two differences in inoculation time were similar. This 
indicates an equilibrium point for colonization or the development of infection at 
the root (Figure 1).

From the results of Figure 1, it shows that AMF inoculation in the nursery has 
several advantages, including:

1. Accelerate colonization when transplanting in the field

2. The AMF inoculated seeds has better growth of roots and shoots of plants

3. It has better adaptability to environmental stresses in the form of soil moisture 
and low nutrients, and diseases

4. Easy to apply

The higher colonization at the early growth of sugarcane was due to the effect of 
inoculation time which was applied in the nursery. AMF has infected and further 
developed which arbuscule and vesicle structures have formed [15]  In the nursery, 
the colonization was optimal at 10–30 days after inoculation [12]. This is charac-
terized by the formation of vesicules and arbuscules. The arbuscules and vesicles 
forms indicate symbiosis has occurred. This is because arbuscule are used for the 
transportation of nutrients from AMF to the root cells of host plant, especially P 
and vesicles are the reproductive organs of AMF and as a food reserve. One of the 
vesicles or arbuscules on the roots of sugarcane in the nursery as in Figure 2.

Figure 1. 
The pattern of AMF colonization at different inoculation times.
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Therefore, AMF inoculation at seedling time results in an earlier infection 
growth process. This is indicated by the presence of hyphae structures since the age 
of 10 days after inoculation and vesicles at the age of 10 days after inoculation [12].

In the next stage, after the AMF structure is formed, it will accelerate the growth 
of secondary roots in sugarcane seeds, which was significantly different from the 
control (without inoculation) (Table 1).

Secondary roots in sugarcane seedlings are bigger roots and have a role to sup-
port the plant’s upright and optimal absorption of nutrients. Thus, AMF inoculation 
in the nursery has the potential to increase plant growth (sugarcane) after trans-
planting. This is due to an increase in the number of secondary roots that are larger 
in diameter and also stronger [12].

Seeds/seedlings that have been inoculated with AMF in the nursery will have 
better growth properties in terms of leaf area, chlorophyll content, photosynthesis 
rate, and stem biomass in post-transplanting sugarcane seeds. This is because the 
application of AMF in the nursery increased the colonization by 41.3% at 7 days 
after transplanting and had the effect of increasing stem biomass from 11 to 61% 
(depending on sugarcane variety). This condition shows that there is a positive 
correlation between the rate of colonization and the weight of stem biomass, 
namely r = 0.54 [14].

AMF inoculation since seedling in forest plants (Gleditsia sinensis Lam) was also 
reported to increase seedling height, stem diameter, dry weight of seed biomass, 
chlorophyll content, photosynthetic rate, and NPK content in root, stem, and leaf 
tissue [13]. Likewise, inoculation of AMF in nurseries on tropical plant seeds was 
also reported to increase plant height, root diameter, and biomass [16] as well as N 
and P content of seedlings and root dry weight in forest plant seedlings [17].

AMF inoculation in perennial/industrial plant nurseries aims to prepare condi-
tions for optimal growth factors, early symbiosis in the rhizosphere. This is because 
in 7–10 days the AMF structure has been formed, namely hyphae, vesicles, or arbus-
cule (Figure 2) [12]. With this difference in root symbiosis, plants can grow more 
optimally, uniformly, and faster. In this condition, it will provide an opportunity for 
healthy seed selection before transplanting in the field.

In the AMF inoculation treatment in the nursery, the things that need to be 
considered are the inoculum dose and the variety response. For plantation crops 
such as sugarcane, the optimal inoculation of AMF as much as 2 g of inoculum/
seed or 7.8 spores/seedlings. This treatment resulted in significant root growth 
characteristics, shoot: root ratio and leaf P concentration compared to control [12]. 

Figure 2. 
Colonization on sugarcane bud chips at the age of 10 (A) and 20 days after inoculation (B). Hi: Hyphae;  
V: Vesicles. Scala bar: 10 μm. Objective 10×.
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The application of AMF inoculum is attempted in an optimal amount, in the right 
dose. The application of a higher dose will cause it to be less economical for a larger 
scale/volume.

AMF inoculation of industrial plant seedlings in the nursery needs to consider 
several limiting factors so that the colonization rate is optimal. Environmental 
factors are prepared since in the nursery. Environmental factors that determine 
the level of symbiosis with AMF, namely: (1) Light. Konvalinkova and Jansa [18] 
reported that the decreasing light intensity will decrease mycorrhizal growth 
(AMF) and decrease P transfer by AMF to host plants. This is because the avail-
ability of an energy source in the form of carbon is not sufficient for AMF and 
plant symbiosis. The light intensity which is only below 65% of a full-beam with 
14–84 days shading time decreases the development of AMF in the root transfer of 
P elements from AMF to the host plant [18]. (2) soil temperature. The optimal soil 
temperature for AMF symbiosis with host plants is 20° C as indicated by the per-
centage of arbuscules and vesicles. An increase in temperature of 23–30° C causes a 
decrease in the arbuscules and vesicles formation [19]. (3) Elemental content of P, 
The addition of P into the soil showed a decrease in the percentage of mycorrhizal 
colonization [20]. (4) Host plants. The host plant is in the form of age, species, or 
variety [20, 21]. Different types of varieties respond to mycorrhizal inoculation as 
presented in Figure 3.

Figure 3 shows that genetically different varieties (sugarcane) have different 
mycorrhizal response [22]. These results can be used as the basis for selecting 
varieties for transplanting in the dry land. It can be concluded that:

Doses of AMF (g/seeds) Number of secondary roots

0 1.60 b

1 2.80 ab

2 4.00 a

3 3.95 a

Remarks: Different letters in same column represent significant differences by Duncan’s multiple range test at 5% 
level.

Table 1. 
The effect of AMF doses level on number of secondary roots at the age of 40 days after inoculation and sowing.

Figure 3. 
Mycorrhizal dependence on several varieties of sugarcane.
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1. Mycorrhizal inoculation to increase root and shoot growth

2. Preparation of a nursery that supports the symbiosis of AMF with plants

a. Adjustment of nursery shade for colonization activities

b. Setting the temperature of the media and nursery room for colonization

c. Regulation of nutrient content, especially soil P, it should not excess.

3.  Transplanting mycorrhizae inoculated seedlings for sustainable 
agriculture at adverse conditions

Mycorrhizal inoculation in plantation crops aims to promote good early growth 
and tolerate environmental stresses. A report shown that AMF inoculated seedlings 

Figure 4. 
The structure of arbuscules and vesicles and hyphae formed at the roots of plants infected with mycorrhizae. 
Field observations.
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were then transplanted had increased leaf nitrate reductase activity (NRA) and root 
surface area in early coconut growth [10].

The increase in colonization with the formation of arbuscules and vesicles in 
early plant growth indicated that the symbiosis was optimal (Figure 4) [14]. This 
condition causes the host plant to obtain P elements from AMF transfer, more 
nutrient uptake by hyphae elongation and plant root structure, thus the plant 
experiences more optimal growth. Planting mycorrhizal inoculated plant seedlings 
is to increase nutrition in plants, especially P in cropping area [8], reduce nutrient 
loss due to leaching [6] so as to support sustainable agriculture [3, 8].

More stable nutrients available in mycorrhizae inoculated plant area resulted in 
increased soil productivity. Many nutrients are bound by the AMF structural system 
because there is a glomalin system. Glomalin as a glycoprotein forms chelates with 
inorganic P. Besides, the hyphae structure is more abundant which can directly 
absorb more nutrients, especially P [6]. Thus the AMF mycorrhizal inoculation 
treatment is a mitigation measure against climate change so that plants will continue 
to grow and survive.

4. Conclusion

AMF inoculation on seedlings is increased the root and shoot growth as well as 
increased the colonization. The nursery location is adapted for AMF growth and 
symbiosis. Plants infected with mycorrhizae had better growth (roots and shoots) 
ability after transplanting the seedlings. Besides that, it can reduce nutrient loss and 
maintain soil fertility so that it is an effort to mitigate climate change.

Acknowledgements

This work was supported by a grant from the Institute of research and com-
munity service, Lembaga Penelitian dan Pengabdian Kepada Masyarakat (LPPM) 
Universitas Gadjah Mada Yogyakarta Indonesia (UGM/396/LIT/2014). Authors 
thank for Prof. Dr. Prapto Yudono, Prof. Dr. Irham. Assesment Institute for 
Agricultural Technology of North Maluku (DIPA 2018)-Indonesian Agency for 
Agricultural Research and Development-Ministry of Agriculture. Authors thank 
for Dr. Andriko Noto Susanto, Dr. Bram Brahmantiyo and Dr. Abdul Wahab for the 
research facility.

Conflict of interest

I declare that I have no conflict of interest as an author on the financial and 
intellectual processes of the entire manuscript.



Mycorrhizal Fungi - Utilization in Agriculture and Forestry

8

Author details

Wawan Sulistiono1* and Taryono2

1 Assessment Institute for Agriculture Technology (BPTP) of North Maluku, 
Indonesian Agency for Agricultural Research and Development, Ministry of 
Agricultural, Sofifi, Tidore Kepulauan City, Indonesia

2 The Center of Agrotechnology Innovation (PIAT UGM), Universitas Gadjah 
Mada, Kalitirto Berbah, Sleman, Yogyakarta, Indonesia

*Address all correspondence to: tionojanah@gmail.com

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



9

The Role of Mycorrhizae on Seedlings and Early Growth of Sugarcane
DOI: http://dx.doi.org/10.5772/intechopen.94768

[1] Lee EH, Eo JK, Ka KH, Eom AH. 
Diversity of arbuscular mycorrhizal 
fungi and their roles in ecosystems. 
Mycobiology. 2013;41(3):121-125. DOI: 
10.5941/MYCO.2013.41.3.121

[2] Quilambo OA. The vesicular-
arbuscular mycorrhizal symbiosis. 
African Journal of Biotechnology. 
2003;2(12):539-546

[3] Delian E, Chira A, Chira L,  
Arbuscular Mycorrhizae SE, 
Overview A. South west J Hortic. Biol 
Environ. 2011;2(2):167-192

[4] Begum N, Qin C, Ahanger MA, 
Raza S, Khan MI, Ashraf M, Ahmed 
N and Zhang L. Role of Arbuscular 
mycorrhizal fungi in plant growth 
regulation: Implications in abiotic 
stress tolerance. Frontiers in Plant 
Science. 2019;10:1068. DOI: 10.3389/
fpls.2019.01068

[5] Solaiman ZM, Mickan B. 
Mycorrhizal fungi: Use in sustainable 
agriculture and land restoration. 
Soil Biology. 2014;41. DOI: 
10.1007/978-3-662-45370-4_1

[6] Parihar M, Meena VS, Mishra PK,  
Rakshit A, Choudhary M, Yadav RP,  
Rana K, Bish JK. Arbuscular mycorrhiza: 
A viable strategy for soil nutrient loss 
reduction. Archives of Microbiology. 
2019:1-14. DOI: org/10.1007/
s00203-019-01653-9

[7] Casazza G, Lumini E, Ercole E, 
Dovana F, Guerrina M, Arnulfo A, 
Minuto L, Fusconi A, Mucciarelli M. 
The abundance and diversity of 
arbuscular mycorrhizal fungi are linked 
to the soil chemistry of screes and 
to slope in the Alpic paleo-endemic 
Berardia subacaulis. PLoS One. 
2017;12(2):e0171866. DOI: 10.1371/
journal. pone.0171866

[8] Chen M, Arato M, Borghi L, Nouri E, 
Reinhardt D. Benefificial services of 

arbuscular mycorrhizal fungi-from 
ecology to application. Front. Plant 
Science. 1270:9. DOI: 10.3389/
fpls.2018.01270

[9] Inez-Garcıa LBM, Deyn GB, 
Pugnaire FI, Kothamasi D, van der 
Heijden MGA. Symbiotic soil fungi 
enhance ecosystem resilience to climate 
change. Glob Change Biol. 2017;23:5228-
5236. DOI: 10.1111/gcb.13785

[10] Sulistiono W, Brahmantiyo B, 
Hartanto S, Aji HB, Bina HK. Effect of 
arbuscular mycorrhizal fungi and npk 
fertilizer on roots growth and nitrate 
reductase activity of coconut. Journal 
of Agronomy. 2020;19(1):46-53. DOI: 
10.3923/ja.2020.46.53

[11] Sulistiono W, Taryono, 
Yudono P, Irham. Sugarcane roots 
dynamics inoculated with arbuscular 
mycorrhizal fungi on dry land. Journal 
of Agronomy 2017. 16: 101-114.. DOI: 
10.3923/ja.2017.101.114

[12] Sulistiono W. Taryono, 
Yudono P, Irham. Application 
of arbuscular mycorrhizal fungi 
accelerates the growth of shoot roots 
of sugarcane seedlings in the nursery. 
Australian Journal of Crop Science. 
2018;12(07):1082-1089. DOI: 10.21475/
ajcs.18.12.07.PNE1001

[13] Wang J, Zhong H, Zhu L, Yuan Y,  
Xu L, Wang GG, Zai L, Yang L, 
Zhang J. Arbuscular mycorrhizal fungi 
effectively enhances the growth of 
Gleditsia sinensis lam. Seedlings under 
greenhouse conditions. Forests. 
2019;10:567. DOI: 10.3390/f10070567

[14] Sulistiono W , Taryono, 
Yudono P, Irham. Early-Arbuscular 
Mycorrhizal Fungi-Application 
Improved Physiological Performances 
of Sugarcane Seedling and Further 
Growth. Journal of Agricultural Science. 

References



Mycorrhizal Fungi - Utilization in Agriculture and Forestry

10

2017;9(4):95-108. DOI: 10.5539/jas.
v9n4p95

[15] Sieverding E. Vesicular-arbuscular 
mycorrhiza management in tropical 
agrosystem. Deutsche Gesellschaft für 
Technische Zusammenarbeit (GTZ) 
GmbH. In: Technical Cooperation-
Federal Republic of Germany. 1991

[16] Urgiles N, Lojan P,  
Aguirre N, Blaschke H, Gunter S, 
Stimm B, Kottke I. Application of 
mycorrhizal roots improves growth of 
tropical tree seedlings in the nursery: 
A step towards reforestation with 
native species in the Andes of Ecuador. 
New Forests. 2009. DOI: 10.1007/
s11056-009-9143-x

[17] Wulandari D, Saridi CW. 
Tawaraya K. Arbuscular mycorrhizal 
colonization enhanced early growth 
of Mallotus paniculatus and Albizia 
saman under nursery conditions 
in East Kalimantan, Indonesia. 
International Journal of Forestry 
Research. 2014;898494:1-8. DOI: 
org/10.1155/2014/898494

[18] Konvalinková T, Jansa J. Lights 
off for arbuscular mycorrhiza: On its 
symbiotic functioning under light 
deprivation. Frontiers in Plant Science. 
2016; Front. Plant Sci. 7:782. doi: 
10.3389/fpls.2016.00782

[19] Heinemeyer A, Fitter AH. Impact 
of temperature on the arbuscular 
mycorrhizal (AM) symbiosis: Growth 
responses of the host plant and its AM 
fungal partner. Journal of Experimental 
Botany. 2004;55(396):525-534. DOI: 
10.1093/jxb/erh049

[20] Carrenho R, Trufem SPB, 
Bononi VLR, Silva ES. The effect of 
different soil properties on arbuscular 
mycorrhizal colonization of peanuts, 
sorghum and maize. Acta Botânica 
Brasílica. 2007;21(3):723-730

[21] Hindumathi A, Reddy BN.  
Occurrence and distribution of 
arbuscular mycorrhizal fungi and 
microbial flora in the rhizosphere 
soils of mungbean [Vigna radiata (L.) 
wilezek] and soybean [Glycine maz (L.) 
Merr.] from Adilabad, Nizamabad and 
Karimnagar districts of Andhra Pradesh 
state, India. Advance in Bioscience and 
Biotechnology. 2011;2:275-286. DOI: 
10.4236/abb.2011.24040

[22] Sulistiono W. Pengembangan 
teknologi sistem pindah tanam bibit 
pada budidaya tebu (Saccharum 
officinarum L) lahan kering 
[Disertation]. Yogyakarta: Universitas 
Gadjah Mada; 2017


