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Abstract

:

Soursop (Annona muricata L.) is increasingly planted in Malaysia for its agronomical importance as a multipurpose plant with medicinal and health benefits. However, there is limited information on soursop cultivation in Malaysia. Soursop can be inoculated with arbuscular mycorrhizal fungi (AMF) as a sustainable approach for successful seedlings growth before transplanting to field. As a beneficial symbiotic soil microorganism, AMF has been known as biofertilizer which can improve soil conditions and plant growth. Following the need to understand the soil management using soil beneficial microorganisms for soursop cultivation, this experiment aimed to determine the effects of AMF and biochar on the growth of soursop seedlings. The polybag experiment was conducted under glasshouse conditions at Farm 15, Faculty of Agriculture, UPM Serdang, Selangor. The study was arranged in Randomised Complete Block Design (RCBD) with eight treatments comprising different rates of rice husk biochar (RHB), with and without AMF and four replications. The treatments were; T1 (Control), T2 (AMF only), T3 (−AMF with 10 t/ha RHB), T4 (+AMF with 10 t/ha RHB), T5 (−AMF with 15 t/ha RHB), T6 (+AMF with 15 t/ha RHB), T7 (−AMF with 20 t/ha RHB) and T8 (+AMF with 20 t/ha RHB). Plant growth measurement were determined upon harvesting after four months of planting. Shoot and root biomass, leaf area meter, root surface area and root length were found significantly highest in soursop seedlings grown in soils amended with 10 t/ha RHB with or without AMF as compared to control. It was concluded that RHB, either individually or when in combination with AMF, had significantly improved the growth performance of soursop seedlings at nursery stage. Therefore, earliest inoculation of soursop seedlings with AMF at nursery stage could ensure successful mycorrhizal establishment and growth performance of soursop seedlings before transplanted under field condition.
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1. Introduction


In Malaysia, rice husks have been pyrolyzed into rice husk biochar (RHB) and used as soil amendments to increase soil carbon sequestrations and plant growth [1,2,3,4,5]. Other researches elsewhere have reported that carbonised RHB stimulated AMF formation of some crop plants by enhancing soil physical properties when it was added to the top soil [6].



Incorporation of arbuscular mycorrhizal fungi (AMF) with biochar has been highly adopted as one of soil management tools in various agroecosystems services. Both AMF and biochar have been revealed to improve soil physical, chemical and microbial properties as well as plant growth [6,7,8]. Numerous studies have also indicated improvement in AMF root colonisation and sporulation due to biochar application into soil [6,7]. Biochar properties and varying factors including biochar rate and type were some of the underlying factors for the biochar direct and indirect mechanisms as well as biochar effects in soil [2,9,10]. Other studies also indicated the properties of RHB consisting of silicon and potassium in amending soils as the contributing factors for the varying effects to soils [11].



In view of biochar application rate, previous studies have shown that maize plant performed better when amended with RHB at higher rate between 10 to 15 t/ha [12]. Studies locally conducted (in Malaysia) have shown that the range of RHB rate being applied to soils can be between 5 to 30 t/ha and are usually used in few trials [13]. For example, a higher RHB rate (<30 t/ha RHB) increased plant productivity, such as corn and rice, by 11% [2]. According to [14], better results in oil palm seedlings was observed between empty fruit bunch (EFB) biochar at 1.5% and 30% of compost in addition to 75% of fertilizer. Previous study again showed that interaction of 10 t/ha RHB and 2.5 t/ha chicken dung promoted growth of Phyllanthus niruri in terms of yield, heavy metal concentration and nutrient uptake [15].



Whilst conflicting results in plant growth were shown from varying RHB application rate, the effects were not studied and reported for AMF. Previous studies elsewhere have suggested that deep banded biochar derived from wood application at 3 t/ha enhanced AMF colonisation [9]. Charcoal from secondary forest wood addition at 5 and 11 t/ha as reported [16] produced higher results in stoner and grain yield. Higher colonization in mycorrhizal roots for subterranean clover and wheat were observed at 50 t/ha woody biochar [8]. Other research discovered biochar from five types (oil mallee, rice husk, New Jarrah, Old Jarrah and wheat chaff) at rates <50 t/ha application helped improved wheat seed germination [17]. Other studies indicated RHB rate of 10 t/ha can increase productivity of crops which varied with type of crop, with greater improvement in legume crops (30%), vegetables (29%) and grasses (14%) than cereal crops such as corn (8%), wheat (11%) and rice (7%), as reported by [18]. Similar observation has been discovered by [19] in both RHB and sawdust biochar with 10 t/ha produced highest weight of sesame seed as well as enhanced soil moisture content and soil porosity including soil pH. Wheat seed germination was increased with 10 t/ha as a single dose application [20]. There are suggestions that biochar can be a catalyst for soil microbial activity which cater as habitat and enhanced, soil fertility and water holding capacity, thus increasing crop growth and yields [21,22].



Based on the potential effects of RHB as the soil amendments for soursop cultivation under tropical conditions, local evaluation of AMF and RHB application to Malaysian soil in regards to the amount or rate of application was relevant to fill the knowledge gap. Therefore, the study on soursop seedlings in regards to AMF and RHB application under Malaysian soil was conducted with the objectives:




	i.

	
To determine the establishment of AMF symbiosis with RHB addition at varying application rate.




	ii.

	
To determine the effects of RHB and AMF symbiosis on growth of soursop seedlings on soil biological and chemical properties.










2. Materials and Methods


2.1. RHB Mixture to Soils Preparation and Mycorrhizal Inoculation


Rice husk biochar (RHB) were supplied by Padiberas Nasional Berhad (BERNAS), Malaysia. The RHB was alkaline with pH 10 and 22% C. The surface area of RHB was 115.82 m2/g, pore volume was 0.23 cm3/g. Different rates of RHB were placed in 128 designated polybags containing soils collected from Ladang Kongsi, Universiti Putra Malaysia (UPM), Serdang (N 02.98004, E 101.71281). The collected soils were air dried and sieved using a 2 mm sieve to separate the soil from coarse and roots. Two kilograms of soil were placed in designated 128 polybags, respectively. Soils was characterised and identified as Serdang Series soil which consisted of 1.40% C, 0.16% N and pH of 5.35.



The arbuscular mycorrhizal fungi (AMF) inoculum of Glomus mosseae were obtained from Soil Microbial Laboratory, Department of Land Management. The spores of Glomus mosseae were propagated in sterilised sand with corn as a host. Approximately 10 g of Glomus mosseae inoculant with 100 spores was placed into a hole in the centre of the polybag by placing it below the root of the plants. For non-inoculated plants, 10 g of sterilised soil were used to replace Glomus mosseae in each polybag in order to provide the same soil condition.




2.2. Experiment Setup


The experiment was carried out under glasshouse condition located at Farm 15, UPM Serdang, Malaysia using 2-month-old soursop seedlings (seedlings initially propagated in propagation tray). The plants were transplanted and grown in polybags containing Serdang Series soils mixed with respective four rates (0, 10, 15 and 20 t/ha) of RHB and inoculated with and without AMF. The study was arranged in Randomised Complete Block Design (RCBD) with 2 factors and replicated 4 times. The treatments were T1 (Control), T2 (+AMF without 0 t/ha RHB), T3 (−AMF with 10 t/ha RHB), T4 (+AMF with 10 t/ha RHB), T5 (−AMF with 15 t/ha RHB), T6 (+AMF with 15 t/ha RHB), T7 (−AMF with 20 t/ha RHB) and T8 (+AMF with 20 t/ha RHB). A total of 10 g of AMF (was added into the treatment of AMF) and 10 g of autoclaved soil were added into the treatments without AMF in order to provide the same soil condition.



The 2-month-old soursop seedlings were transplanted into the polybag according to the treatment with one plant per polybag. For control, no AMF and RHB were applied. Approximately 10 g of AMF were added into the treatment of AMF and 10 g of autoclaved soil were added into the treatments without AMF in order to provide the same soil condition. The treated seedlings were evaluated after 120 days after transplanting.




2.3. Plant Growth Analysis


Soursop plant heights were measured prior to harvesting. The plant height was measured from the base of the stem until the tip of the shoot using measuring tape. Fresh leaves, stem and root were weighed to obtain the fresh weight of leaves, stem and root. Leaves, stem and root were placed in separated brown paper and was dried in the oven with the temperature of 50 °C for about 3–4 days. Dry weight of leaves, stem and root were determined and recorded. The fresh leaves were used to measure specific leaf area (SLA). The leaf area was measured with a LI-3000C portable leaf area meter (Lincoln, Nebraska, USA).




2.4. Determination of Root Analysis (Root length, Root Volume, Root Surface Area)


Roots were rinsed with tap water to remove soil particles before being scanned by Epson Expression 1680 with WinRHIZO software programme. The roots were analysed in WinRHIZO for root length, root volume and root surface area determination. After that, known weights of fresh root samples were placed in separated brown paper for dry biomass purpose by oven dried under temperature 50 °C. The loss moisture was calculated for conversion of whole roots.




2.5. Determination of Soil Microbial and Mycorrhizal Analysis


Spore count was determined using wet sieving method [23]. About 10 g of soil sample was weighed using digital weighing balance and placed in 100 mL beaker. The beakers were filled with 100 mL water. The content was stirred and soaked for 30 s to allow the soil mixture to settle. The soil mixtures were poured to the arranged sieves of 250 µm at the top, 106 µm and 45 µm at the bottom, and were rinsed continuously using slow running tap water. The soil and debris retained on the sieved then was poured into the petri dish and examined under stereo microscope.



The total microbial population of bacteria, fungi and actinomycetes in the soil was enumerated using total plate count technique [24]. The soil sample was put into conical flask containing 95 mL distilled water and closed with aluminium foil. The flask (10−1 dilution factor) was shaken for 5 min by hand to ensure microbial cells were in soil suspension. Three types of agar were prepared for microbial population; Nutrient Agar (NA), Rose Bengal Streptomycin Agar (RBSA) and Actinomycin Isolation Agar (AIA). Colonies formed were counted and population were calculated as colony forming unit (cfu) dry soil. Only petri dishes containing 30–300 colonies were counted and determined.



Mycorrhizal root infection was determined using 1 g of fresh and cleaned roots, randomly selected with length of 1 to 2 cm. The root segments were then placed in 25 mL McCartney bottle and cleared by soaking the roots with KOH; the KOH was replaced every 24 h for 4 days before the roots were heated in a water bath about 1 h and 30 min at 90 °C. Then, the roots were taken out from the water bath and cooled. Next, the roots were rinsed with distilled water and then soaked in 1N Hydrochloric acid (HCl) to acidify the roots before being stained with the staining solution (mixture of 50 mL 1% HCl, 450 mL glycerol, 500 mL distilled water and 0.25 g trypan blue to produce 1 L staining solution). Then, the roots were heated again for 5 min in water bath so the staining solution fully attached to the roots before being mounted on glass slides. The stained roots segments were observed under microscope for the presence of mycorrhizal arbuscules, vesicles and hyphae (positive) and infection percentage was calculated from positive sections over the observed overall sections.




2.6. Statistical Analysis


All the results and data for this experiment were analysed using two-ways analysis of variance (ANOVA) and the data analysis were conducted by using Statistical Analysis System (SAS 9.4). Significant difference was analysed using Tukey’s Honest Significant Difference (HSD) at p ≤ 0.05.





3. Results


3.1. Effects of AMF and RHB on Soursop Plant Growth


Data presented in Figure 1 showed that interaction of AMF and RHB (AMF*RHB) had significant effects (p ≤ 0.05) on plant height throughout four months after transplanting. A total of 120 days after transplanting, T6 (+AMF + 15 t/ha RHB) showed the highest plant height compared to AMF alone (T2) or when compared with other RHB amended soils without AMF inoculation (T3, T5 and T7).



Interaction of AMF and RHB had significant effects on shoot biomass in which all treatments with RHB (T3, T4, T5, T6, T7 and T8) showed significantly (p ≤ 0.05) higher soursop shoot biomass than those not amended with RHB or inoculated with AMF (T1) (Table 1). This result implied that 10 t/ha RHB gave similar results as higher RHB rates (15 t/ha and 20 t/ha). In addition, 10 t/ha RHB and 15 t/ha RHB with AMF inoculation (T4 and T6) had better shoot biomass than treatments without RHB (T1 and T2).



Similar to shoot biomass, significant (p ≤ 0.05) interaction (AMF*RHB) on root biomass was also found at 120 days after transplanting (Table 1). All treatments with RHB with or without AMF (T4, T5, T6, T7 and T8) as well as soils with AMF alone (T2) gave similar results on soursop root biomass, but significantly higher than that in control (T1). Among these treatments, +AMF + 10 t/ha RHB (T4) produced the highest root biomass compared to T1 (control).



In terms of soursop specific leaf area (SLA), interaction of AMF and RHB had significant effects (p ≤ 0.05) as showed in Figure 2. A total of 120 days after transplanting, T3 and T7 produced similarly higher SLA than other treatments. Overall, soursop seedlings grown in soils amended with 10 t/ha RHB were consistently maintained as the best treatment for highest SLA.



Based on Figure 3, interaction of AMF and RHB showed significant effects (p ≤ 0.05) on soursop root surface area (RSA). Four months after transplanting, all RHB treated soils and soils with AMF alone were observed to have similar RSA.



At 120 days after transplanting, soursop seedlings were significantly affected (p ≤ 0.05) by AMF*RHB interaction on soursop root length Figure 4. Control soil (−AMF + 0 t/ha RHB) had the lowest root length four months after transplanting. Both T6 and T1 produced similarly lowest root lengths at later harvest, implying negative effects of RHB at higher rate than > 10 t/ha.



Significant (p ≤ 0.05) interaction of AMF and RHB on root volume was found 120 days after transplanting as shown in Figure 5. The combination of RHB and AMF inoculation (T4, T6 and T8) produced higher root volume four months after transplanting compared to 0 t/ha RHB (T1 and T2). This trend implies that 10 t/ha RHB with AMF gave similar results with higher RHB rate (15 t/ha and 20 t/ha).




3.2. Effects of AMF and RHB on Soil Microbial Properties


AMF and RHB interaction significantly affected (p ≤ 0.05) bacterial and actinomycetes population but not the fungal population four months after transplanting (Table 2). For bacterial population, it was found that T1, T3, T4, T6 and T7 had similar soil bacteria population. However, T3 (−AMF + 0 t/ha RHB) produced higher bacterial population than T2. For actinomycetes population, the results clearly show that T3 and T4 had the lowest population while T1 and T2 had higher actinomycetes population. This observation was opposite with results in bacterial population.



Meanwhile, as observed in fungal population soil treated with 0 t/ha RHB, 10 t/ha RHB and 20 t/ha RHB had higher fungal population (2.18, 2.31 and 2.17 log10 cfu/g dry soil) compared to treatment 15 t/ha RHB.



From Table 3, there were no significant effects (p > 0.05) on root colonization four months after transplanting. Root colonization by AMF was not influenced by AMF but responded to RHB application. In general, soil treated with RHB at the application rate of 10 t/ha RHB to 20 t/ha RHB resulted in similarly higher AMF infection (78.0, 74.17, and 75.63 log10 cfu/g dry soil) compared to 0 t/ha RHB.



Interaction of AMF and RHB (AMF*RHB) had significant effects (p ≤ 0.05) 120 days after planting. In this study, mycorrhizal inoculated roots were highly infected by AMF at lower RHB rate <10 t/ha (T2 and T4) compared to higher RHB application rate, especially at 15 t/ha RHB (T6).





4. Discussion


4.1. Effects of AMF and RHB on Soursop Plant Growth


Application of AMF, RHB and their interaction had significant effects on growth of soursop growth. Biochar application to soil positively interacted with AMF and influenced AMF development, hence soil properties and plant growth [25]. A total of 120 days after transplanting, plant growth in terms of plant height showed the highest results in T6 (+AMF + 15 t/ha RHB). Our observation was similar with a previous study which found that addition of RHB increased plant height of rice [26]. Besides, other studies have also shown that crop productivity increased 11% on average when RHB dose applied was <30 t/ha [2].



In this study, it is important to note that biochar effect in plant productivity is dependent on the rate of RHB application. Results showed that soursop plants were more dependent on RHB than without RHB. This can be associated to RHB characteristics as well.



The majority of data measured followed the trend in which treatments of AMF with RHB either at 10 t/ha or 15 t/ha stimulated plant growth and uptake (data not shown). In some cases, 20 t/ha RHB was detrimental to plants 120 days after transplanting as exhibited in lower SLA compared to 10 t/ha RHB. Our work is in line with the previous work in Thailand, in which 10 t/ha RHB application gave positive effects on soy bean growth and yield when planted in low fertility sandy soil [27]. A total of 120 days after transplanting, 10 t/ha RHB with or without AMF (when compared to control) was found to be significantly highest in shoot and root biomass, root surface area, root length, specific leaf area (SLA) and AMF spores. Our work was also in accordance to previous findings on biochar’s positive effects on plant growth [28].



In addition, root development was better in all treatments treated with RHB. Treatment T4 (+AMF + 10 t/ha RHB) showed higher root surface area; meanwhile 10 t/ha RHB alone produced higher root length. Ref. [29] recommended that biochar addition can help establishment of roots in soil. Ref. [3] proposed that biochar itself contains small amount of nutrient that are available to both soil biota including AMF and plant root.



Soursop plant growth and nutrient uptake relied on AMF inoculation alone when there was no RHB being added to soils. The improvement of plant growth (for example shoot and root biomass) due to AMF inoculation confirmed the fact that AMF is capable of helping the host plant to absorb more water and nutrients [11]. Current findings also noted promotion in root growth in terms of root biomass, length, root surface area and root volume due to AMF inoculation. Similarly, Ref. [30] has documented that the application of AMF can help to enhance the development of root growth. Promotion in root growth by AMF was also found to be correlated to key plant measurements, such as an increase in plant nutrient uptake and secondary metabolites production. Underlying mechanisms and explanation involving AMF inoculation (either in 0 t/ha RHB, 10 t/ha RHB, 15 t/ha or 20 t/ha RHB), improvement in root growth and other plant measurements were associated to direct and indirect mechanisms. Root growth, especially root surface area, was stimulated by AMF and showed AMF capability to stimulate plant growth [31]. In all, these mechanisms took place when AMF hyphae acted as extra roots, and elongated roots allow larger soil volume to be explored for more nutrient and water uptake availability and uptake [32].




4.2. Effects of AMF and RHB on Soursop Soil Microbial Properties


Inoculation of AMF significantly affected the soil microbial population and the number of AMF spore in soil. Based on the data, AMF sporulated better in treatment with AMF only, with a high number of spores compared to other treatments. While root infection was higher in soursop with AMF inoculation, the spore number were promoted by the application of AMF. This would be a positive AMF development that indicates better symbiotic association with the plant itself and could give benefits to the host plants, in this study to soursop. Organic fertilizer practices developed mycorrhizal colonization in soursop but inhibited A. longula sporulation [33]. Thus, we can conclude that the AMF species used in this study may respond differently to organic matter (RHB) in soursop roots in terms of sporulation and infection in roots.



Preliminary study reported that Annona muricata showed a strong dependence on AMF formation for optimal growth and development [34]. The results showed that the effects of AMF interaction with varying RHB rate was not clear on soil microbial activity and population in soil. Normally, AMF hyphal glomalin and plant root exudates were able to stimulate microbial population in soil [35]. The application of AMF can help in increasing population density of bacteria in the rhizosphere [36]. Biochar might be beneficial to microbial population by serving as a source of reduced carbon compound and by increasing micronutrients availability. Only general effects of AMF comparable to non-AMF was found in bacterial population. In line with this, biochar was able to interact with soil physical and chemical characteristics as well as biological in soil [37]. Although no clear response was noted for AMF root colonization in roots, AMF spores increased in combination of RHB treated soils with AMF inoculation. Thus, in summary, interaction of AMF and RHB especially at 10 t/ha RHB can be applied to grow soursop plant seedlings to obtain better plant growth.





5. Conclusions


Interaction of AMF with RHB showed that AMF with 10 t/ha RHB gave similar effects to the higher RHB. When there was no significant interaction, soursop plant growth relied mostly on addition of RHB compared to no RHB application. Based on this experiment, the best treatment was 10 t/ha RHB with and without AMF. AMF species inoculated in this study (Glomus mosseae) confirmed previous studies that AMF were able to form symbiotic association with soursop plant as reflected in higher infection in roots [34]. In our case, Glomus mosseae inoculated treatments at lower RHB rate (<10 t/ha RHB) were effective for AMF symbiosis and functioned in benefiting the host plant (soursop) root growth, hence improving the uptake of nutrients compared to higher RHB application rate especially > 15 t/ha (T6). This is possibly due to the AMF species itself which is familiar with tropical soil conditions. Therefore, more studies are needed to allow biochar usage in the nursery stage and establishment of mycorrhizal in soursop seedlings. The role of AMF in soursop cultivation in Malaysia soils also should be further explored in term of AMF species compatibility, suitability and host performance.
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Figure 1. Effects of arbuscular mycorrhizal fungi (AMF) and rice husk biochar (RHB) on soursop height four months after transplanting. Means with similar small letter are not significantly different (p > 0.05) according to Tukey’s HSD (Honest Significant Difference). T1 = Control, T2 = +AMF + 0 t/ha RHB, T3 = −AMF + 10 t/ha RHB, T4 = +AMF + 10 t/ha RHB, T5 = −AMF + 15 t/ha RHB, T6 = +AMF + 15 t/ha RHB, T7 = −AMF + 20 t/ha RHB and T8 = +AMF + 20 t/ha RHB. 
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Figure 2. Specific leaf area of soursop seedlings four months after transplanting. Means with similar small letter were not significantly different (p > 0.05) according to Tukey’s HSD (Honest Significant Difference). T1 = Control, T2 = +AMF + 0 t/ha RHB, T3 = −AMF + 10 t/ha RHB, T4 = +AMF + 10 t/ha RHB, T5 = −AMF + 15 t/ha RHB, T6 = +AMF + 15 t/ha RHB, T7 = −AMF + 20 t/ha RHB and T8 = +AMF + 20 t/ha RHB. 
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Figure 3. Root surface area of soursop seedlings four months after transplanting. Means with similar small letter are not significantly different (p > 0.05) according to Tukey’s HSD (Honest Significant Difference). T1 = Control, T2 = +AMF + 0 t/ha RHB, T3 = −AMF + 10 t/ha RHB, T4 = +AMF + 10 t/ha RHB, T5 = −AMF + 15 t/ha RHB, T6 = +AMF + 15 t/ha RHB, T7 = −AMF + 20 t/ha RHB and T8 = +AMF + 20 t/ha RHB. 
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Figure 4. Root length of soursop seedlings four months after transplanting. Means with similar small letter are not significantly different (p > 0.05) according to Tukey’s HSD (Honest Significant Difference). T1 = Control, T2 = +AMF + 0 t/ha RHB, T3 = −AMF + 10 t/ha RHB, T4 = +AMF + 10 t/ha RHB, T5 = −AMF + 15 t/ha RHB, T6 = +AMF + 15 t/ha RHB, T7 = −AMF + 20 t/ha RHB and T8 = +AMF + 20 t/ha RHB. 
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Figure 5. Root volume of soursop seedlings four months after transplanting. Means with similar small letter are not significantly different (p > 0.05) according to Tukey’s HSD (Honest Significant Difference). T1 = Control, T2 = +AMF + 0 t/ha RHB, T3 = −AMF + 10 t/ha RHB, T4 = +AMF + 10 t/ha RHB, T5 = −AMF + 15 t/ha RHB, T6 = +AMF + 15 t/ha RHB, T7 = −AMF + 20 t/ha RHB and T8 = +AMF + 20 t/ha RHB. 
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Table 1. Plant biomass of soursop seedling four months after transplanting.
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Treatment

	
Plant Biomass (g)




	
Shoot

	
Root






	
T1

	
2.35 c

	
0.92 c




	
T2

	
6.15 b

	
3.50 ab




	
T3

	
8.73 ab

	
2.27 bc




	
T4

	
10.44 a

	
4.70 a




	
T5

	
8.53 ab

	
3.83 ab




	
T6

	
10.28 a

	
4.19 ab




	
T7

	
7.90 ab

	
3.76 ab




	
T8

	
7.89 ab

	
3.67 ab




	
Interaction (AMF*RHB)

	
0.0237 *

	
0.0166 *








Note: Means with similar small letter in column are not significantly different (p > 0.05) according to Tukey’s HSD (Honest Significant Difference). * Significant at p ≤ 0.05 (ANOVA).
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Table 2. Soil microbial population four months after transplanting.
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Treatment

	
Soil Microbial Population (log10 cfu/g Dry Soil)




	
Bacterial

	
Fungal

	
Actinomycetes






	
T1

	
5.05 a

	
2.16 a

	
3.53 a




	
T2

	
4.79 b

	
2.22 a

	
3.31 ab




	
T3

	
5.12 a

	
2.28 a

	
2.77 c




	
T4

	
5.01 a

	
2.34 a

	
3.12 abc




	
T5

	
4.90 ab

	
1.53 a

	
2.90 c




	
T6

	
5.05 a

	
1.94 a

	
2.93 bc




	
T7

	
5.05 a

	
2.20 a

	
3.12 bc




	
T8

	
4.97 ab

	
2.14 a

	
3.17 abc




	
Interaction (AMF*RHB)

	
0.0533 *

	
0.2046 ns

	
0.0164








Note: Means with similar small letter in column are not significantly different (p > 0.05) according to Tukey’s HSD (Honest Significant Difference). * Significant at p ≤ 0.05 (ANOVA), ns not significant at p > 0.05 (ANOVA).
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Table 3. Root infection and AMF spore four months after transplanting.






Table 3. Root infection and AMF spore four months after transplanting.





	Treatment
	Root infection (%)
	No of Spore/10 g of Soil





	T1 (Control)
	45.00 a
	3.00 d



	T2
	43.89 a
	18.67 a



	T3
	83.90 a
	3.00 d



	T4
	73.75 a
	15.50 ab



	T5
	77.50 a
	1.67 d



	T6
	70.83 a
	8.67 c



	T7
	70.84 a
	1.67 d



	T8
	80.42 a
	11.00 bc



	Interaction (AMF*RHB)
	0.0636 ns
	<0.0001







Note: Means with similar small letter in column are not significantly different (p > 0.05) according to Tukey’s HSD (Honest Significant Difference). ns not significant at p > 0.05 (ANOVA).
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