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[bookmark: _Hlk19976328]Abstract. Arbuscular mycorrhizal fungi (AMF) form symbiotic mutualism with plant root, where fungi will help the host plant to absorb more nutrients and water from the soil. The objective of this paper was to evaluate the effectiveness of two species of AMF namely Glomus sp. and Gigaspora sp in increasing agarwood seedling growth. The treatments were control (m0), Glomus sp. (m1), Gigaspora sp. (m2), and mixed of Glomus sp. with Gigaspora sp. (m3) with 6 replications arranged in Completely Randomized Design. The seeds of agarwood germinated in sterilized sand for one month.  The one month old seedlings were then transferred  into 12 x 19 cm polybags contain sterilized Ultisol soil. During time of transplanting, the AMF of 300 spores per seedling spread onto the root surface of agarwood seedling. The seedlings remained in the greenhouse for 6 months. Results showed that AMF increased the shoot and root fresh weights and the shoot and root dry weights.  Conclusion showed that agarwood seedlings treated with Glomus sp. (m1) and mixed of Glomus sp. with Gigaspora sp. (m3) gave the highest seedling growth which indicated by seedling height, total leave area, fresh and dry weight of shoot and root.


1. Introduction
Nowadays, in Indonesia so many plantations downgraded due to continuity of the nutrient-washed. The downgraded of nutrient in the soil resulted in decreasing of the plant production. Therefore, it is required the new technology to upgrade the nutrient availability in the soil. One of the new technologies is to let the arbuscular mycorrizhal fungi (AMF) alive in the soil where the plant alive.
AMF is one of the soil microorganisms that can create symbiotic mutualism with almost 80% of terrestrial plant [1].  AMF hyphae could penetrate the root cortical cells and form inner structure inside the cells known as vesicle, arbuscule, and hyphae and at the same time also growth and form outside root structure known as extraradical hyphae. The role of AMF among others is helping the absorption of nutrient and water, protect plant from biotic and abiotic distress, upgrading the carbon-deposit in the rhizosphere and able to increase the soil aggregation [2].  The beneficial effect of AFM on seedling growth has mostly been attributed to an increase in the uptake of nutrients, especially phosphorous. The AMF hyphae extend beyond the root into the surrounding soil and transport nutrients directly to the plant [3]. The application of AMF can also improved chlorophyll a and b and total chlorophyll content and better cacao seedlings growth [4].  Therefore, the use of AMF is very useful in the increasing of plant growth, especially if the plant have a slow growth such as agarwood tree (Aquilara malaccensis Lamk.).


Agarwood is the resinous heartwood of the Aquilaria tree as a result of physiological metabolism when the tree become infected with a type of mould.  Aquilaria tree is well-known important agarwood-producing genus, which is endemic to Indonesia region.  Aquilaria malaccensis is one of Aquilaria species that have  potential to develop due to able to produce agarwood [5]. This tree is one of the forestry commodities with high value in Indonesia and also in the world. The benefits of agarwood can be vary from perfumes, health, beauty, and even religion [6].     As the agarwood has a high financial value, hence the A. malaccensis which can produce agarwood suitable to be developed as a commodity for plantation [7]. 
A. malaccensis has been reported as slow growing tree.  This tree species able to associate with the AMF proven by the availability of AMF spores in their rhizosphere [8]. In addition, AMF inoculated A. malaccensis was growing fast [9] and able to increase the length of stem diameter [10].  However,  research on which species of AMF that suitable in colonizing and improving A. malaccensi growth are still very interesting. Therefore, the objective of this paper was to evaluate the effectiveness of two species of the AMF namely Glomus sp. and Gigaspora sp. in increasing the A. malaccensis seedling growth.
 
2. Materials and Method
This research took place in the glasshouse and Plantation Production Laboratory, Faculty of Agriculture of the Universitas Lampung from November 2018 until July 2019. The design of experiment was Completely Randomized Designs by four treatments. The four treatments were as follows: without giving AMF (m0),  Glomus sp. (m1), Gigaspora sp. (m2), and the mixed of Glomus sp. and Gigaspora sp. (m3) and those all was repeated six-time. Every experimental unit represented by two plant such that all 48 experimental units were available.  After data was collected, then the observation data was analyzed by Anova (analysis of variance) followed by testing the mean different with Least significant different at size of test of 0.01 and 0.05.  
As much as 300 seed of Agarwood were germinated  in a germination box containing sterilized sand for one month in the glasshouse. The seed were watered daily and no fertilizer was added during this one month period.   After one month in germination bed, the seedlings were selected based on the uniformity of it height and total leave. Then, the selected seedlings were transferred into polybag of the 12 x 19 cm size which contain of sterilized media-mixed of ultisol soil and sand of ratio 1:1 by volume. Soil sterilization was conducted by steaming it in the soil-sterilized equipment as long as 3 hours.  The AMF inoculation process was conducting during seedlings  transplanting from germination bed into polybag by pouring approximately 300 spores of the inoculum Glomus sp. (m1), Gigaspora sp. (m2), and the mixed of Glomus sp. with Gigaspora sp. (m3) (according to treatment) onto the root surface of Agarwood seedling in the planting hole. 
After transplanting, the seedlings were kept as long as six-month in the glasshouse and  watering once a day.  The weeding were done manually by pulling out  weeds from polybag. Fertilizer of urea was applied two weeks after transplanting as much as 2g/L of water and applied for 100 seedlings of Agarwood or 10 ml/polybag. The urea fertilizer was applied every week until the seed reached age of four weeks. Afterwards, the NPK (N: P: K=16:16:16) was added with dose of one g/seedling  at 5  and 16 weeks after transplanting.
Six month after transplanting, the percentage rate of AMF root colonization was examined after staining the roots with trypan blue [11].  The growth variables recorded such as the seedling height (it was measured 2 cm above the top soil until the top nodes), stem diameter (was measure exactly above the first root node using digital calipers), total leaf area (was measured using  leaf area meter equipment), the shoot and root wet weight,  the shoot and root dry weight (was measured by drying it in the oven of 800C degrees until it weight constant).
 
3. Result and Discussion
Data in Table 1 showed that AMF successfully colonized the root of the A. malaccencis or Agarwood seedlings. Agarwood seedlings responded positively to AMF inoculation. The seedling treated with Glomus sp and mix of Glomus sp with Gigaspora sp. had higher root colonization of 91,4% and 84,8% subsequently. Gigaspora sp. also colonized the root of A. malaccencis  as much as 47,2%, lower than Glomus sp and mix of Glomus sp. with Gigaspora sp. In the untreated control seedling, AMF colonization also detected as 22,5% of the root was colonized by the fungi. This might be due to sterilization of soil media process not completely eliminated indigenous AMF present in the soil media. 
Glomus sp. used in this study was isolated from the rhizosphere of oil palm  from South Sumatera, while  Gigaspora sp  was isolated from rhizosphere of  Jatropha from East Java. This Glomus isolate might be particularly suited to establish the symbiosis with A. malaccencis  (seed obtained from A. malaccencis  plantation in South Sumatera) that are also native of similar edaphoclimatic area.  Similar result also reported by [12, 13] that AMF from the same edaphic or indigenous fungus were better than a culture collection at colonizing and increasing Anthyllis cytisiodes growth.
Table 1. Effect of AMF inoculation on percentage of root colonizationn of six-month old               A. malaccencis seedling

	AMF Treatments
	Root Infected by AMF (%)

	Control
	22,5    b

	Glomus sp.
	91,4    a

	Gigaspora sp.
	47,2    ab

	Glomus sp + Gigaspora sp
	84,8    a

	LSD 1%
	53,18


Notes:
Numbers followed by the same letters were not significantly different in accordance with the LSD at the α= 1%

In line with AMF root colonization, Agarwood seedlings treated which Glomus and mix of Glomus sp and Gigaspora sp had better growth than that seedling treated with Gigaspora sp. and control which indicated by seedling height, stem diameter and total leaf area (Table 2 and Table 3).  This better growth may be due to the successful of AMF in colonizing Agarwood root as seen on Table 1. The root colonization confirm that the association between AMF and Agarwood seedling roots has happened.  External hyphae of AMF might well-developed in the soil to enlarge the absorption range of plant root, so that more nutrients and water were absorbed by the seedling, and ultimately increase the seedling growth.  AMF is considered as an “structure” for nutrient absorption of plants.  About 75-90% P and 5-80% N in host plant are contributed by AMF [14, 15]. Furthermore, increase in K, Fe, Mo, Mn, and Cu absorption from the soil by AMF hyphae  has also been reported  [16]. 
The response given by AMF species were vary against the plant host. It can be seen from its root colonization degree.  The more the root were colonized, the more the host plant will benefit.  In this study, the percentage of root being colonized reached the 84,8 - 91.4% (showed by Glomus sp. and mix of Glomus sp. with Gigaspora sp.) which categorized as highest colonization [17]. The highly percentage of colonization will increase the absorption of nutrients and water so that the growth of Agarwood seedling such as height, stem diameter, and total leaf area were better than control and Gigaspora sp. treated seedling. 


Table 2. Effect of AMF on plant height and stem diameter of six month old Agarwood seedling

	[bookmark: _Hlk20836352]AMF Treatments
	Plant Height (cm)
	Stem Diameter (mm)

	Control
	28,2 b
	4,38 b

	Glomus sp.
	39,2 a
	6,99 a

	Gigaspora sp.
	  31,5 ab
	5,13 b

	Glomus sp + Gigaspora sp
	37,7 a
	6,67 a

	LSD 1%
	      9,1
	            1,62


Notes:
Numbers followed by the same letters were not significantly different in accordance with the LSD at the α= 1%








[bookmark: _Hlk20836405]Table 3. Influence of AMF on leaf wide of the Agarwood seed of six-month age
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	Total Leaf Area (cm2)

	Control
	                               281,4    b

	Glomus sp.
	                               430,6    a

	Gigaspora sp.
	                               265,3    b

	Glomus sp + Gigaspora sp
	                               437,1    a

	LSD 5%
	133,52


Notes:
Numbers followed by the same letters were not significantly different in accordance with the LSD at the α= 5%


Similar to seedling height, stem diameter, and total leaf area, from Table 4 can be seen that AMF treatment had also significantly affected shoot and root fresh weight and shoot and root dry weight. The higher shoot and root fresh weight and dry weight were obtained from the seedling treated with Glomus sp. and mix of Glomus sp. with Gigaspora sp. Growth enhancement due to AMF colonization is largely attributed to the extensive exploration of the external hyphae into the soil, hence increasing the potential of the root system to absorb nutrient as well as to increase nutrient transfer from roots to shoots. The other mechanism that might involved is from exudation of phosphatase enzyme by AMF hyphae to the surrounding soil. Phosphorous is a major element often limiting plant growth because it usually in a bound state when added or present in the soil.  Enzyme phosphatase could break the bound and make P become available and can be absorbed by the root or by AMF hyphae [18].
Increase in Agarwood seedling growth might also be related to root exudate. Plant associated with AMF will cause the root to produce root exudate which will stimulate the development of the microorganism in the soil [19]. Afterwards, some of these microorganisms will produce phyto hormone such as Indoleacetic Acid (IAA) [20]. IAA stimulates and supports the multiplication of cell so that the seedling had better root fresh and dry weight. In addition, AMF-improved plant growth can be regulated by endogenous hormones. Increase of endogenous  hormones levels (putrescine and spermidine) in mycorrhizal plant resulted in increase plant biomass and growth in Citrus [21].


Table 4. Influence of AMF on shoot wet weight, shoot dry weight, root wet weight and root dry of Agarwood seed of six-month age

	AMF Treatments
	Shoot Wet Weight (g)
	Shoot dry Weight (g)
	Root wet Weight (g)
	Root dry
 weight (g)

	Control
	6,74  b
	2,02  b
	2,94  b
	0,67   ab

	Glomus sp.
	13,15  a
	3,70  a
	6,56  a
	1,47   a

	Gigaspora sp.
	7,89  b
	1,92  b
	3,55  b
	0,62   b

	Glomus sp + Gigaspora sp
	11,86  a
	3,23  a
	5,35  ab
	1,27  ab

	LSD 1%
	3,49
	1,06
	2,56
	0,72


Notes:
Numbers followed by the same letters were not significantly different in accordance with the LSD at the α= 1%
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	Fresh Weight (g)
	Dry Weight (g)

	AMF Treatments
	Shoot
	Root
	Shoot
	Root

	Control
	  6.74  b
	2.94  b
	2,02  b
	0,67 ab

	Glomus sp.
	13.15  a
	6.56  a
	3,70  a
	        1,47  a

	Gigaspora sp.
	  7.89  b
	3.55  b
	1,92  b
	        0,62  b

	Glomus sp. + Gigaspora sp.
	11.86  a
	5.35  ab
	3,23  a
	        1,27  ab

	LSD 1%
	3.49
	2.56
	1.06
	0.72





Root the “hidden half” of the plant, serve a multitude of function. They are responsible for anchorage, supplier of nutrient and water to the plants. Mycorrhiza expanded the absorption area of the root system of the host by its external hyphae (extraradical hyphae) that developed in the soil. Extraradical hyphae of AMF may  absorb water directly from the soil and transfer it to the host, and the hyphae may  enter into the tiny soil pores that plant roots do not pass to take in capillary water [22].  By this mechanism, the AMF may enhance water uptake by the Agarwood seedling hence increase in fresh weight of root and shoot.  
The seedling treated with Glomus sp. and mix of Glomus sp. with Gigaspora sp has higher  total leaf area (as seen on Table 3).  The higher total leaf area, the wider the leaf surface that will support photosynthesis process. In addition, AMF colonization enable significant increase in the rate of photosynthesis of the host plant [23]. Increase in total leaf area together with the increase in photosynthesis rate will produce more organic compound and hence total biomass of the host which indicated by dry weight of shoot and root.  The dry weight described the accumulation of organic compound due to photosynthesis in the plant along with more absorption of nutrients  from the soil.    


4. Conclusion
[bookmark: _Hlk20838001]The Agarwood seedlings treated with Glomus sp. (m1) and mixed of Glomus sp. with Gigaspora sp. (m3) gave the highest seedling growth which indicated by seedling height, total leave area, fresh and dry weight of shoot and root.

5. Reference
[bookmark: _Hlk20838060][1]   Berruti A, Lumini E, Balestrini R and Bianciotto V   2016  Arbuscular mycorrhizal fungi as natural biofertilizers: let’s benefit from past successes Frontiers in Microbiology 6 (1)  1—13
[2]   Nusantara 
[bookmark: _Hlk20838186][3]   Smith S E and  Read D J 2008 Mycorrhizal Symbiosis 3rd edition (New York: Elsevier)
[bookmark: _Hlk20838882][4]  Zhang F S, Shen J B, Zhang J L, Zuo Y M, Li L, Chen X P  2010 Rhizosphere processes and management for improving nutrient use efficiency and crop productivity: implication for China  Adv Agron 107 1—32  
[bookmark: _Hlk20839453][5]   Nasaruddin and Ridwan I  2018  Effectivity of Azotobacter chroococcum and arbuscular mycorrhiza fungi on physiological charactersitics and growth of cocoa seedlings IOP Conf Ser: Earth Environ Sci 157 012014
[bookmark: _Hlk20839589][6]   Lee  S Y and Mohamed R  2016  The origin and domestication of Aquilaria, an important agarwood-producin genus  Agarwood:  Science behind the fragrance ed R Mohamed (Singapore: Springer)
[bookmark: _Hlk20839639][7]   Jayachandran K, Sekar I, Parthiban K T, Amirtham D and Suresh K K  2014 Analysis of different grades of agarwood (Aquilaria malaccensis Lamk.) oil through GC-MS Indian Journal of Natural Products and Resources 5 (1) 44—47  
[bookmark: _Hlk20839701][8]   Wuysang J L,    Gafur S and Yurisinthae E  2015 Analisis finansial usahatani gaharu (Aquilaria malaccensis Lamk.) di Kabupaten Sanggau  Jurnal Social Economic of Agriculture 4 (1) 70—82
[bookmark: _Hlk20839742][9]   Huda N, Muin A dan Fahriza  2015  Asosiasi fungi mikoriza arbuskula (fma) pada tanaman gaharu Aquilaria spp di Desa Laman Satong Kabupaten Ketapang  Jurnal  Hutan Lestari  4 (1) 72 – 81
[bookmark: _Hlk20839783][10]  Fitriana N, Muin A dan Fahrizal 2017  Pertumbuhan tanaman gaharu (Aquillaria spp) yang diinokulasi fungi mikoriza arbuskular (fma) di bawah tiga kondisi naungan Jurnal Hutan Lestari  5 (2) 514—20
[bookmark: _Hlk20839820][11]  Nurbaiti S, Muin A, Fahrizal 2016 Pertumbuahn tanaman gaharu Aquilaria spp dengan pemberian mikoriza dan mulsa pada lahan terbuka di tanah Ultisol  Jurnal Hutan Lestari 4 (4)  552—63 
[bookmark: _Hlk20840237][12] Busquest M, Calvet C, Camprubi A and Estaun V  2010  Differential effects of two species of arbuscular mycorrhiza on the growth and water relations of Spartium junceum and Anthyllis cytisoides Symbiosis 52 95—101 
[bookmark: _Hlk20840251][13] Requena N, Perez-Solis E, Azcon-Aguilar C, Jeffries P and Barea J M  2001  Management of indigenous plant-microbe symbiosis aids restoration of desertified ecosystem   Appl Environ Microb 67 495—98 
[bookmark: _Hlk20840294][14] Li X L, George E and Marschner H  1991  Extension of phosphorous depletion zone in VA-mycorrhizal white clover in a calcareous soil  Plant Soil 136 41—48 
[bookmark: _Hlk20840305][15]  Van Der Heijdenes as drivers of plant diversity and productivity in terrestrial ecosystem Ecol Lett 11 296—310 
[bookmark: _Hlk20841077][16] Rajapakse S and Miller J C  1992  Methods for studying vesicular-arbuscular mycorrhizal root colonization and realated root physical properties  Methods Microbiol  24 302—16 
[bookmark: _Hlk20840542][17]  Marschner H and Dell B  1994  Nutrient uptake in mycorrhizal symbiosis  Plant and Soil 159  89—102 
[bookmark: _Hlk20841153][18]  Joner E J and Johansen A  2000  Phosphatase activity of external hyphae of two arbuscular mycorrhizal fungi Mycological Research 104 (1) 81—86 
[bookmark: _Hlk20841245][19]  Jamiolkowska A, Ksiezniak A, Hetman B, Kopacki M, Skwarylo-Bednarz B, Galazka A and Thanoon A H  2017  Interaction of arbuscular mycorrhizal fungi with plant and soil microflora Acta Sci Pol Hortorum Cultus 16 (5) 89—95
[20]  Aspray T J, Klett P F, Jones J E, Whipps J M, Garbaye J and Bending G D  2006  Mycorrhization helper bacteria: a case specificity for altering ectomycorrhiza architecture but not ectomycorrhiza formation  Mycorrhiza 16 533—41 
[bookmark: _Hlk20841504][21]  Wu Q S, He X H, Zou Y N, Liu C Y, Xia J and Li Y  2012   Arbuscular mycorrhizas alter root system architecture of Citrus tangerine through regulating metabolism of endogenous polyamines  Plant Growth Regul  68  27—35 
[bookmark: _Hlk20841542][22]  Marulanda A, Azcon R and Ruiz-Lazano A M  2003  Contribution of six arbuscular mycorrhizal fungi isolates to water uptake by Lattuca sativa L. plants under drought stress  Physiol Plant 199 526—33 
[bookmark: _Hlk20841558][23]  Sheng M, Tang M, Chen H, Yang B, Zhang F and Huang Y  2008  Influence of arbuscular mycorrhizae on photosynthetic and water status of maize plants under salt stress  Mycorrhiza  18 (6) 287—96
 
 















[bookmark: _GoBack]
