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ABSTRACT

Present study revealed that the seasonal variations of arbuscular mycorrhial fungi in different cultivars of
sugarcane were studied from five different study sites and correlated with physicochemical analyses.Root
colonization was found maximum in winter season among studied cultivars.The maximum root colonization
was found in Co86032 (70.91%) while minimum in Co8371 (24.53%) of winter season. Per cent root length
colonization was maximum in Co8611 (44.86%) followed by C086032 (34.53%) in winter while minimum in
Co8371 (7.97%) in monsoon. Hyphal, vesicular and arbuscular types of colonization was observed in all
cultivars.The highest spore density was observed in cultivar Co740 (867+2.1) followed by Co7114 (823+5.22)
in winter season while minimum in Co8611 (266+4.12) in monsoon. The AM fungal spore species diversitywas
observed in Co740 and Co7114 cultivars.Acaulospora and Glomus genera were found dominant.

Keywords: Saccharum officinarum,Cultivars, Seasonal variation AMF root colonization,Spore density and
diversity

Sugarcane (Saccharum officinarumL.) belongs to family Poaceae of the tribe Andropogoneae. It is a tropical

crop, grows most successfully in those areas where the climate is more or less tropical, but it can grow in sub-
tropics also.arbuscular mycorrhizal fungal diversity in sugarcane rhizosphere in relation with soil properties has
been reported (Datta and Kulkarni, 2012). An in-vitro study on sugarcane with respect to VAM fungi was
carried (Muniyamma et al., 2000). Soil is the foundation of an agricultural field and mediates processes essential
to the functioning of the system, including: biogeochemical cycling of elements such as carbon and other
mineral nutrients; provision of habitat for soil organisms; movement, storage, and decontamination of water;
and promotion of plant growth (Brady and Weil,2000). Soil organic Matter (SOM) encompasses living
microorganisms as well as plant and animal tissues in various stages of decomposition (Craswell and
Lefroy,2001).Seasonal dynamics of AM fungi in sugarcane (Saccharum officinarum L. Cv. Spf-213) in relation
to red rot (Colletotrichum fulcatum) disease reported from Punjab, Pakistan has noted (Nasim et al., 2008).It
was discussed that the mycorrhizal symbiotic status changes the chemical composition of root exudates
andfungi serves as a carbon source to rhizosphere microbial communities and further it introduces the physical
modifications in the environments surrounding the plant roots (Barea et al.,2002). The growth and development
of the plant root probably plays an important role in improving the productivity of sugarcane and root growth
in the soil is influenced by various cultural practices, irrigation and fertilizer application, AMF species and
cultivars; however its root distribution is affected by physiochemical and biological factors (Gomathi et
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al.,2015; Smith et al., 2005;Marin et al., 2011; Thorburn et al., 2009). Early seedling root growth and
development determined the optimum root system throughout the entirely life of plant. This research was
conducted to observe if there are any favourites among sugarcane varieties to be colonized by AM fungi species
and whether root exudations of different sugarcane varieties have attracting or resistingimpacts with AM fungi.

MATERIALS AND METHODS
Sampe collections
The rhizosphere soil samples and roots of sugarcane five cultivars i.e. Co86032, C07114, Co8371, Co8611 and
Co740 were collected from different localitiesof study sites of Maharashtra. The survey was conducted during
2019-20.

Physico-chemical parameters

Available Nitrogen was assessed by alkaline permanganate method by using Kjeldhal tube (Subbiah and Asija,
1956). Available Phosphorus in soil was determined by Olsens method by using spectrophotometer(Olsen et
al.,1954;Bray and Kurtz., 1945).Water soluble and exchangeable Potassium was calculated by Ammonium
acetate method of Hanway and Heidel using Flame photometer (Hanway and Heidel ,1952). Analysis of
nitrogenwas done by acid digestion method (Jackson, 1967).

Soil and Root Sampling

Soil samples and roots were collected from the rhizosphere of sugarane plant. The samples consisting of feeder
roots + soil were collected with the help of a soil auger (0-25cm) so as to represent the complex root zone. Root
systems of common plant species were excavated taking care to ensure that fine root predominates in the sample
and to exclude entangled roots of other species. Sufficient samples were taken to determine, if there is any
variation in the constituency and degree of mycorrhizal colonization roots between or within the sampling
cultivars. Roots were gently washed and immediately fixed in Formalin Acetic Acid Alcohol (FAA) in the field
(Kormanik et al., 1980). Rhizospheric soil was collected in polythene bags and after drying stored at 4°C.

Mycorrhizal study

Numerous techniques were available to recover AMF spores from soil. The most basis of this is wet sieving
and decanting, which remove the clay, sand and organic matter fractions while retaining spores and other similar
sized soil particles on sieves of various with stainless steel stack of sieves (35, 63, 125,150 212 and 355um).
For the isolation, 100g of soil was weighed and is added to1000 ml of water taken in a conical flask. Then the
flask was shaken well in a vortex mixture and allowed to sediment for few seconds and was immediately
transferred to a series of sieves. The jar was washed twice with water and added in to sieves series. This sieving
was collected in respected jars by washing with water. Then transferred the sieving on to a gridded petriplate
and observed it under the binocular microscope 400X (Lawrence & Mayo LM-52-3521). The number of spores
were counted and expressed as number of spores/100g of soil sample. These isolated spores were picked up
using micropipette and were mounted in Poly Vinyl Lacto Glycerol (PVLG) to make permanent slides.

Root Colonization and Spore Density

Collected fresh roots were washed in tap water and cut into 1 cm pieces in length and cleared with 10% KOH
and acidified in 5NHCL and stained with Trypan Blue (Phillips and Hayman,1970). Root colonization
percentage was measured according to the formula (Giovannetti and Mosse , 1980).1t was recorded the
mycorrhizal root length colonization was quantitatively calculated according to (McGonigles et
al.,1990;Bierman and Linderman,1981). Hundred grams of rhizosphere soil from each sample was analyzed
for spore isolation by wet sieving and decanting method (Gerdemann and Nicolson, 1963). Identification of
AM fungal species was done by using the manual (Schenck and Perez,1990).

Statistical Analyses

The output results obtained from the differences between the cultivars and AMF are significant @p<0.05 or
insignificant. All data were statistically analyzed and the significance of differences was determined by using
book (Mungikar,1997).
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RESULTS AND DISCUSSION

Study sites

The soil and roots samples of sugarcane five cultivars i.e. Co86032, C07114, Co8371, Co8611 and Co740 were
collected from different localities such as Naldurg (a7 049’ N, 76 °
15'E),Osmanabad (18°08'N,76°06'E), Nanded (19°09'N,77°27' E), Aurangabad(19°53°N,75°19' E) and Solapur
(17°65'N, 75°90°E) of study sites of Maharashtra.

Physico-chemical parameters
Plant health is interrelated with soil fitness. Proper management of the soil by conserving and enhancing the

soil biota improve crop yields and quality. During investigation, soil studied from four different study sites i.e
Naldurg,Osmanabad, Nanded , Aurangabad and Solapur.Types of soil are found medium blackish, black
to brownish, black cotton black cotton and medium blackish respectively.It was found alkaline pH EC
responsible for movement of cataions and anions from soil to root was sufficient and ranging from 0.18 to
1.02dS/m. Nitrogen was found maximum in Nanded (301.02kg/h) while minimum in Solapur (189.54kg/h), In
case of phosphorus, Aurnagabad (67.32kg/h) site found maximum while least in Osmanabad
(27.20kg/h).Potassium content was found maximum in Naldurg (616.04kg/h) minimum in Aurangabad
(389.23kg/h) (Table 1).

Mycorrhizal Root colonization

Collected root samples from different cultivars, Mycorrhizal root colonization was foundmaximum in winter
season. Among studied cultivars, Co86032 (70.91%) was found maximum root colonization followed by
Co08611 (62.33%) and Co7114 (61.10%) in winter season. Per cent root length colonization wasfound maximum
in Co8611 (44.86%) followed by C086032 (34.53%) in winter while minimum in Co8371 (7.97%) followed by
Co 7114 (8.43%) in monsoon. Hyphal, vesicular and arbusular types of colonization was observed in all
cultivars (Table 2; Fig.1).

Mycorrhizal Spore density& diversity

Spore density/ 100g soil was observed in all cultivars. The highest spore density was observed in cultivar Co740
(867+2.1) followed by Co7114 (823+5.22) in winter season while minimum in Co8611 (266+4.12) in
monsoon.The five AM fungal spore species were observed in Co740 i.e. Acaulospora gerdemannii,
A.scrobiculata Gigaspora sporadecipiens Glomus clarum, Glomus macroaggregatum, Sclerocystis sinuosa
followed by Co7114.AcaulosporaandGlomusgenera were found dominant (Table 3;Fig.2).

Table 1: Physico-chemical parameters of rhizosphere soil.

Sr. | Parameters of soil | Naldurg | Osmanabad | Nanded | Aurangabad | Solapur
No
1 Soil type Medium Black to Black Black cotton | Medium
Blackish brownish cotton Blackish
2 pH 7.30 7.10 7.12 7.88 6.34
3 EC (dS/m) 0.29 0.12 1.02 0.43 0.83
4 Nitrogen (kg/ha) 207.81 262.01 301.02 202.40 189.54
5 Phosphrous (kg/ha) 50.32 27.20 34.07 67.32 47.12
6 Potassium (kg/ha) 616.04 470.86 423.11 389.23 412.11
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Table 2: Status of AMF root colonization of sugarcane (n*).

(%) RC (%) RLC Type of
Sr . Colonization
No. Cultivars
Summer | Monsoon | Winter | Summer | Monsoon | Winter
1. Co086032 51.49 44,72 70.91 23.90 22.18 34.53 H,V
2. Co7114 29.53 24.99 61.10 07.83 8.43 19.00 HAV
3. Co8371 24.53 29.62 53.11 07.05 7.97 14.74 HAV
4 Co8611 57.00 45.34 62.23 23.07 12.11 44.46 HAV
Co740 44.41 4954 50.14 11.00 9.11 15.05 HA
CD@p=0.05% 17.35 13.44 10.18 10.29 7.39 16.55

Legends: Values are means of three replication, Rc- Root colonization, Rlc-Root length colonization, AMF- Arbuscular Mycorrhizal

Fungi, H- hyphal, V — Vesicular, A-Arbuscular and n*- Number of root segments.

Table 2: Quantification of AM fungal spores in rhizosphere soil of sugarcane.

Sr. _ Spore density/100 g soil AM fungal
Cultivars

No. Summer | Monsoon Winter species

1 | Co86032 | 494%2.01 | 538+2.11 | 8012.12 scaU'OSporagerdeman””’e'gas"oras

2 |cori1a | 617¢3.04 | 501£312 | 823452 | Sl93SPOraspora decipiens,
Glomus clarumGlomusaggregatum

3 | Cos371 | 601£2.23 | 428+6.11 | 7894323 |/ caulosporasp, Glomus
macroaggregatum,

4 Co8611 377+1.01 | 266+4.12 | 523+3.21 | Glomus aggregatum
Acaulospora gerdemannii, A.
Scrobiculata, Gigasporaspora

5 Co740 514+4.21 | 317+£3.23 | 867+2.1 | Decipiens, Glomus clarum, Glomus
macroaggregatum, Sclerocystissinuos
a

Values are means of three replications, standard error (z).
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Fig 1: Seasonal Variations of AMF Root Colonization of S.officinarum.

Monsoon-Hyphal Branching & Winter-Polymorphic vasiclas
Coiling (X200) (Scale Bars =110um) (X200) (ScalzBars =90um)
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Fig.2:Arbuscular Mycorhizal Fungi (AMF) Species of S. officinarum (X400).

' Acaulospora gerdemannii

e

Glomus clarum Glomus microaggregat;cm Sclerocystis sinuosa

The study was in accordance with earlier workers, it was defined soil health as: “the continued capacity of soil
to function as a vital living system, by recognizing that it contains the biological elements that are the key to
ecosystem function within land use boundaries” (Doran and Zeiss, 2000). It was studied relation between soil
characters and occurrence of AMF where greater number of AM fungal propagules were found in neutral to
slightly alkaline (pH 7 to 8) soil whereas alkaline soils (pH higher than 8.0) have not favoured mycorrhizal fungi
(Sreevani and Reddy 2004).1t was reported the varieties CC93-7711 (Pierna Bella) and CC93-7510
(VendeFinca) showed a higher percentage of AMF colonization in response to the inoculation of Glomus sp.
(Wilches et al.,2019).1t was reported the variation in AM spore population, root colonization and number of AM
fungal species in different sampling season and reported higher spore population and number of AMF fungal
species in the rainy season while minimum in the winter (Suresh and Nelson, 2015). It was observed and
analysed four common sugarcane cultivating varieties of CP57-614, CP48-103, CP69-1062, NCO-310 for AMF
association and sixteen AMF species observed, among tested cultivars CP48-103 and the least with NCO-310
found most diversity of association AM fungi, in Iran (Rokni and Mohammadi, 2012). It was reported the
mycorrhizal colonization of sugarcane roots in current study is within the range observed in other studies, i.e. 10
to 89% in sugarcane under different field and greenhouse conditions (Kelly et al., 2001;.Sivakumar,
2013).Azevedo et al. (2014) also recorded highest number of AMF species i..37 in a small area of sugarcane
plantations from Brazil.Mycorrhizal association in Sugarcane (Saccharum officinarum) grown in four different
areas of South India was recorded and observed root colonization percentage range between 34 and 84 and
mycorrhizal fungal species i.e. Glomus aggregatum, G. deserticola, G. fasciculatum and Gigaspora margarita
were encountered (Srikumar et al., 2009).

CONCLUSION

Study concluded that theadoption of AMF in sugarcane growing soils and studied cultivars. Habitat of AMF
resulted in improving the profitability of the farmers and it is good for millers since it has a direct impact on the
quality of sugarcane juice.The present study shows good association of AM fungi in sugarcane plants in the agro-
ecosystem. It also emphasizes the fact, that this symbiosis is controlled by various edaphic factors. Higher levels
of fungal root colonization is an indication of better fungal root contact which is a prerequisite for increased
benefits of AM symbiosis and better adaptation to present soils. Rainy seasons should be preferable (spore
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density was higher) for AM fungal inoculation as compared to summer season. The sugarcane plant offers the
possibility of using AM fungi as a potential bio- fertilizer for enhancement of crop growth as well as productivity.

Authors' Contribution

Conceptualization of research work and designing of experiments (NRS,UNB); execution of lab and field
experiments and data collection (NRS); analysis of data and interpretation (NRS,UNB,MNJ); preparation of
manuscript (NRS,UNB,SAB

Competing Interests
The authors declared that they have no conflict of interest.
LITERATURE CITED

Abayomi Y A 1989.Effect of soil type and crop cycle on root development and distribution pattern of a
commercial sugarcane cultivar under normal irrigation and field conditions at Bacita Estate,
Nigeria. Turrialba, 39: 78-84.

Azevedo L C B, Stiirmer S L, MarcioLambais M R 2014.Early changes in arbuscular mycorrhiza development
in sugarcane under two harvest management systems.Brazilian Journal of Microbiology,45(3): 995-
1005.
Barea J M, Azcon R, Azcon-Aguilar C 2002.Mycorrhizosphere interactions to improve plant fitness and soil
qualityAntonie van Leeuwenhoek, 81:343-351.

Bierman B, and Linderman, R 1981. Quantifying vesicular-arbuscular mycorrhizae: proposed method towards
standardization.New Phytol,87: 63-67.

Brady N C and Weil R R 2002.The Nature and Properties of Soils, 13th Ed., Upper Saddle River, NJ: Prentice-
Hall.

Bray, R H and Kurtz L T 1945. Determination of total, organic and available forms of phosphorus in soils, Soil
Sci., 59:30-45.

Craswell E T and Lefroy R D B 2001.The role and function of organic matter in tropical soilsNutrient Cycling
in Agroecosystems, 61: 7-18.

Datta P and Kulkarni M 2012.Arbuscular Mycorrhizal Fungal Diversity in Sugarcane Rhizosphere in Relation
with Soil Properties.Not SciBiol, 4(1): 66-74.

Doran J W Zeiss M R 2000.Soil health and sustainability: managing the biotic component ofsoil quality App.
Soil Ecol.,15: 3-11.

Gerdemann, J W and Nicolson T H 1963. Spores of mycorrhizalEndogone species extracted from soil by wet
sieving and decanting.Trans. Br. Mycol. Soc.,46:235-244.

Giovannetti M and Mosse B 1980.An evaluation of techniques for measuring vesicular-arbuscular infection in
roots. New Phytologist, 84:489-500.

Gomathi R, Rao P N, Chandran K, Selvi A 2015.Adaptive response of sugarcane to waterlogging stress: An
overview. Sugar Tech., 17: 325-338.

Hanway J J and Heidel H 1952. Soil analysis methods as used in lowa state college soil testing laboratory. lowa
Agri, 57: 1-31.

Jackson M L 1967. Soil chemical analysis.Prentice Hall of India Pvt. Ltd. New Delhi, Pp. 36-82.

JETIR2406685 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org ] g759


http://www.jetir.org/

© 2024 JETIR June 2024, Volume 11, Issue 6 www.jetir.org (ISSN-2349-5162)

Kelly R M, Edwards D G, Thompson J G, Magarey R C 2001. Responses of sugarcane, mayze, and soybean to
phosphorus and vesicular-arbuscular mycorrhizal fungi. Aust JAgric Res., 52: 731-743.
Kormanik P P and McGraw A C1982.Quantification of vesicular arbuscular mycorrhizae in plant roots. In:

Methods and principles of Mycorrhizal research. (EdsSchenck NC.) The American Phytopathological
Society, St Paul.: 37-45.

Marin F R, Jones J W, Royce F, Suguitani C, Donzel J L, I J P Wander Filho, Nassif, D S P 2011.
Parameterization and Evaluation of Predictions of DSSAT/CANEGRO for Brazilian Sugarcane Agron. J.,
103: 304-315.

McGonigles T P, M H Millers, D G Evans, G L Fairchild and Swan J A 1990. A new method which gives an
objective measure of colonization of roots by vesicular-arbuscular mycorrhizal fungi.New Phytol.,115:
495-501.

Mungikar A M 1997.An Introduction to Biometry. Saraswati Printing Press, Aurangabad, pp.,57-63.

Muniyamma M, B K Bharati and Reddy C N 2000. Effect of VAM on root induction in in vitro sugarcane
(Saccharumofficinarum L.) seedlings - a new technique Mycorrhiza News, 12(1): pp. 13-16.

Nasim G, A Ali, A Munawarand Bajwa, R 2008. Seasonal dynamics of AM fungi in sugarcane
(SaccharumofficinarumL. Cv. Spf-213) in relation To red rot (Colletotrichumfalcatum) Disease from
punjab, Pakistan Pak. J. Bot.,40(6): 2587-2600.

Olsen SR, C V Cole, S Watanabe and Dean L A 1954. Estimation of available phosphorus in soils by extraction
with sodium bicarbonate.USDA Circular No., 939.

Phillips J M and Hayman D S 1970.Improved procedures for clearing roots and  staining parasitic  and
vesicular-arbuscular mycorrhizal fungi for rapid assessment of infection.Trans. Br. Mycol.
Soc.,55:158-160.

Rokni N and Mohammadi Goltapeh E 2012.Diversity of Arbuscular Mycorrhizal Fungi associated with common

sugarcane varieties in Iran. Journal of Agricultural Technology, 7(4): 1017-1022.

Schenk N C and Perez Y 1990. Manual for the identification of VA Mycorrhizal Fungi 3"Edn.,Universoty of
Florida, Gainesville, Florida.pp: 1-286.

Sivakumar N 2013.Effect of edaphic factors and seasonal variation on spore density and root colonization of
arbuscular mycorrhizal fungi in sugarcane fields.Ann Microbiol.,63: 151-160.
Smith D M, Inman-Bamber N G 2005.Thorburn PJ. Growth and Function of the Sugarcane Root System.Field
Crops Res., 92: 169-183.

Sreevani A, Reddy B N 2004.Arbuscular Mycorrhizal Fungi Associated with Tomato (Lycopersicomesculentum
Mill.) as Influenced by Soil Physico-Chemical PropertiesPhilippine Journal of Science, 133 (2): 115-129.

Srikumar R, Murugaian P, Thangaraj R 2009.Survey of arbuscular mycorrhizal fungi associated with sugarcane
in South India. Agric. Sci. Digest, 29 (2) :19-22.

Subbiah B V and Asija G L 1956.A rapid procedure for determination of available nitrogen in soils, Curr.Sci,
259-260.

Suresh N and Nelson R 2015.Diversity of Arbuscular Mycorrhizal fungi (AMF) in the rhizosphere of sugarcane.
European Journal of Experimental Biology, 5(3):13-19.

JETIR2406685 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org ] g760


http://www.jetir.org/
https://www.publish.csiro.au/cp/AR00131
https://www.publish.csiro.au/cp/AR00131
https://link.springer.com/article/10.1007/s13213-012-0455-2
https://link.springer.com/article/10.1007/s13213-012-0455-2

© 2024 JETIR June 2024, Volume 11, Issue 6 www.jetir.org (ISSN-2349-5162)

Thorburn P J, Webster A J, Biggs J S, Biggs | M 2009.An improved way to determine nitrogen fertiliser
requirements of sugarcane crops to meet global environmental challenges Proc. Aust. Soc. Sugar Cane
Technol., 31: 104-115.

Wilches Ortiz W., M M. Ramirez Gomez, U A. Pérez Moncada, D P. Serralde Ordofiez, A. M Pefiaranda
Rolon,Ramirez Y L2019. Association of arbuscular mycorrhizal fungi (AMF) with sugarcane plants

(Saccharumofficinarum) for panela production in ColombiaTerraLatinoamericana, 37: 175-184.

JETIR2406685 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | g761


http://www.jetir.org/

