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Abstract: In this study, a field experiment was conducted to evaluate the growth and yield responses of Sri
Lankan lowland rice (Oryza sativa L.) with the application of beneficial Arbuscular mycorrhizal fungi (AMF)
inoculum, and inter-cropping with highly mycorrhizal dependent vetiver grass (Chrysopogon zizanioides L.)
under two different soil nutrient management systems (NMSs): conventional/chemical (CNMS) and organic
(ONMS). The experiment was designed as a split plot with three blocks. Each CNMS and ONMS experiment
included untreated control (T0), and three treatments— AMF inoculation (T1), vetiver intercropping (T2), and
the combination of AMF and vetiver (T3). According to the results, colonization of rice roots with AMF was
not affected significantly by the treatments and ranged from 0-15.8%. The effect was very low or absent in the
early stage and then higher in the later stages of the rice plant. Furthermore, plant growth was not significantly
different between the two NMSs, although grain yield was significantly higher (P < 0.05), with the order T1
(0.45 kg/m?) >T2 (0.42 kg/m?) >T3 (0.41 kg/m?) in CNMS and T2 (0.44 kg/m?) >T1 (0.41 kg/m?) >T3 (0.40 kg/m?),
in ONMS than for the respective controls (T0), thus suggesting beneficial utilization of AMF and vetiver in the
lowland rice farming system.

Keywords: arbuscular mycorrhizal fungi; bio-fertilizer; vetiver; intercropping

1. Introduction

Rice (Oryza sativa L.) is considered a staple food in many countries in the world, including Sri
Lanka. Today, the overuse of agrochemicals in rice cultivation has become a global issue that is
concerning for both environmental and human health, although commonly practiced in Sri Lanka
[1]. The use of bio-fertilizer is a desirable alternative to synthetic fertilizer due to its eco-friendly
nature [2]. Arbuscular mycorrhizal fungi (AMF) are important candidates for use as bio-fertilizers
[3]. These fungi form a symbiotic association with the root system in 72% of all vascular plants [4]

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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and has been found to provide a range of benefits to rice plants [5]. AMF can enhance rice plant
growth and development mainly by improving the uptake of several macro- and micro-nutrients
such as nitrogen (N), phosphorus (P), potassium (K), copper (Cu), and zinc (Zn) [5] while also
enhancing soil properties, which supports healthy plants [6]. In addition, by improving plant
tolerance, AMF can increase rice production under unfavorable abiotic conditions such as drought
and waterlogged conditions [7]. Moreover, AMF enhance the resistance of rice plants to diseases (e.g.,
rice sheath blight [8] and rice blast [9]) caused by Rhizoctonia solani and Magnaporthe oryzae,
respectively. Nonetheless, AMF rarely colonize under lowland conditions due to the anoxic
environment, although they readily form associations with upland rice plants [10].

According to previous studies, such reduced colonization can be improved through the
incorporation of AMF inoculum into the soil [11,12] and by using different field management
practices that promote AMF symbiosis such as water management [13] and crop rotation [14].
Intercropping highly mycorrhizal plants would also be a possible field practice to increase AMF
abundance in soil. In this aspect, many studies have been carried out on the potential use of
mycorrhizal plants along with upland rice [15-19], though thus far, no such studies have been
reported for lowland rice cultivation.

In the present study, we attempted to enhance the abundance of AMF in flooded rice soil
through different farming practices, intercropping an efficient mycorrhizal symbiont and field
inoculation of farm-produced AMF. We further assessed their effects on lowland rice growth and
yield under conventional and organic nutrient management. For this, we selected vetiver grass
(Chrysopogon zizanioides) to intercrop with lowland rice due to its highly mycorrhizal potential [20]
and ability to withstand water-logged conditions [21]. It should be noted that vetiver grass would be
compatible with the agronomic practices of rice farming since both plants belong to the same family,
the Poaceae [22]. Additionally, vetiver plant has high economic value [23].

2. Materials and Methods

2.1. Experimental site and design

The field experiment was carried out in the research unit of the Faculty of Agriculture, Rajarata
University of Sri Lanka at Puliyankulama, Anuradhapura, North Central Province of the island
during the 2019/2020 Maha season (wet season, November-March), where the mean seasonal
temperature is 29.2 °C and rainfall is 962 mm. A conventional rice field which has clay loam Low
Humic Glay soil and followed over three years was selected as the experimental site.

The experiments used the split-plot randomized complete block design (RCBD) with three
blocks. Two nutrient management systems (conventional and organic) were distributed randomly in
the main plots. The sub-plots were allocated to an untreated control (T0) and other three treatments—
soil inoculation of AMF (T1), intercropping of vetiver (T2), and a combination of AMF and vetiver
(T3). The main plots were surrounded by bunds with a height of 0.3 m height and a width of 0.45 m.
Drainage canals were prepared in between the bunds of the main plots to prevent cross-
contamination of added organic and inorganic fertilizer. The sub-plot area was approximately 34 m?,
and each was separated by a bund 0.3 high and 0.3 m wide.

Fifteen-day-old seedlings of rice (Bg 300 variety-three months duration) were selected for this
experiment. The seedlings were raised in a dapog nursery and were transplanted with two plants per
hill, at a 0.2 x 0.2 m spacing, on the puddled and leveled plots. On the same day, uniformly aged
vetiver grass (C. zizanioides L.) slips that had been trimmed at 15 cm lengths from the root system
were intercropped without changing the rice plant density in the desired sub-plots (in two rows; four
plants per one row at 1 x 1.8 m spacing). Inorganic fertilizers (Urea 0.0225 kg/m?, Triple Super
Phosphate (TSP) 0.0055 kg/m?, muriate of potash (MOP) 0.006 kg/m?, and zinc sulphate (ZnSOx)
0.0005 kg/m?), and commercially available compost (0.25 kg/m?) were applied to the main plots,
according to the manufacturers recommended dosage and guidelines. Application of mycorrhizal
inoculum to the desired sub-plots was done with 2 kg of prepared inoculum before transplantation
and 1 kg of inoculum at the 3rd, 5th, and 7th weeks after transplanting.
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2.2. Preparation of native AMF inoculum

AMF inoculum was prepared by establishing trap cultures. Soil samples from the upper layer
(0-15 cm) with fine root fragments of herbaceous plants [24] were collected from undisturbed water-
logged sites in a dry zone environment. AMF spores were then thoroughly homogenized with
sterilized fine sand and decomposed cow dung in a ratio of 1:3:1 (v/v) and then added to sterilized
plastic pots. Untreated sorghum (Sorghum bicolor) seeds were surface sterilized with 70% ethanol for
two minutes and 1% sodium hypochlorite (NaOCl) for three minutes, followed by washing with
sterile distilled water (7-10 times) and soaked in sterile distilled water for 12 hours [25]. Then the
seeds were sown in pots (60-80 seeds per pot) and kept in the plant house for six weeks. Pots were
irrigated (manual watering) regularly as per the requirement of the plants and no synthetic fertilizers
were added. A rhizospheric sand-soil mixture containing colonized root fragments that had been
separated from the trap plant culture was used as the AMF inoculum. Before soil application,
representative roots samples were stained and checked for their AMF colonization potential as
described below.

2.3. Sampling

After transplanting, randomly selected healthy nine hills were carefully uprooted from 1 m? area
of each sub-plot at the tillering stage (3 weeks after transplanting; WAT), panicle initiation stage (6
WAT), heading stage (9 WAT), and harvesting stage (12 WAT). Plants were thoroughly washed
(without damaging the roots) to remove any adherent soil particles before determining the growth
parameters of plant height and dry weights of shoots and roots. At the harvesting stage, yield
components (e.g., panicles/m?, spikelet/panicle, filled-grain percent, and weight of 1,000 grains) were
measured to obtain the grain yield (kg/m?). At each sampling, 5-10 fine rice roots per plant were
separated, washed with tap water, and stored in 70% ethanol solution until the percentage of
mycorrhizal colonization was determined.

2.4. Mycorrhizal colonization

The root colonization percentage of AMF was determined after staining with trypan blue,
adopting the procedure described by Phillips and Hayman [26]. The rice plant roots stored in 70%
ethanol were washed with distilled water, cut into 1 cm lengths, transferred into test tubes containing
10% (w/v) potassium hydroxide (KOH), and incubated at 90 °C for 15-30 min. Thereafter, roots were
washed with running tap water and acidified with 1% hydrochloric acid (HCl) for 15-20 minutes.
The root segments were stained with trypan blue (0.05% of trypan blue in lactoglycerol) at 90 °C for
five minutes. Stained root fragments were washed with running tap water and de-stained by
lactoglycerol.

The modified grid transect method [27] was used for AMF quantification. Ten root segments
were randomly selected from each stained sample and mounted in glycerine on a microscopic slide.
The roots were then gently squeezed under a cover slip and viewed using a compound microscope
(Labomed-Sigma, U.S.A.). The presence of AMF structures such as arbuscules, vesicles, or inter-
cellular aseptic hyphae were scored for 100 intersections of roots per sample. Then the percentage of
AMF colonized roots intersects over the total number of roots intersects was calculated.

2.5. Statistical analysis

Statistical analyses were performed using the SAS (version 9.0) statistical tool. Analysis of
variance (two-way ANOVA) was carried out using the repeated measure MIXED model. The growth
stage was considered as the repeated factor. Before the analysis, AMF colonization percentages were
tested for normality and log-transformed. The mean separation was done using the Least Significant
Difference (LSD) method at a 5% probability level.

doi:10.20944/preprints202309.1980.v1
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3. Results and Discussion

3.1. AMF colonization of rice roots under different treatments

It should be noted that AMF are typically characterized by the presence of finely branched
hyphal structures (arbuscules) within the cortical cells of plant roots [28]. In addition, AMF consist of
intra-radical hyphae, extra-radical mycelia, large spores, and terminal globular structures referred to
as vesicles in some species [29]. In the present study, we observed arbuscules, vesicles, and intra-
radical hyphae within stained rice roots (Figure 1). Among them, fungal hyphae and vesicles were
observed to be prominent, compared to arbuscules. Bernaola et al. [30] reported similar observations
in naturally colonized rice roots and suggested that it was due to the tendency of arbuscules to
degrade quickly.

Figure 1. Different AMF structures observed in rice roots (blue in color, also shows in arrows) (x400):
(A) Arbuscules, (B) Vesicles, (C) Fungal hyphae; and (D) A highly colonized rice root (x100).

The mean root colonization percentages of AMF at different growth stages of rice plants are
presented in Figure 2. These data do not show a predominant increase in rice root colonization in
response to added AMF inoculum compared to the non-inoculated treatments. Root colonization
ranged between 0-15.8%. Nevertheless, previous studies have shown that significantly higher root
colonization rates can be achieved by adding AMF inoculum. For example, Secilia and Bagyaraj [11]
and Zhang et al. [31] reported significantly higher root colonization (12-19% and 31-33%,
respectively) by the AMF inoculation, under field level and greenhouse-plot experiment,
respectively.

In the present study, a considerable amount of AMF colonization was reported (0-4.98%) in the
non-inoculated controls (Figure 2), which is in agreement with Purakayastha and Chhonkar [32],
Wangiyana et al. [33], and Chareesri et al. [12], who reported 2.6%, 3-5% and 7% of indigenous AMF
colonization in non-inoculated rice plants, respectively. Similarly, Kalamulla et al. [34] and Chen et
al. [35] have reported 36.40% and 19.5 + 7.2% of natural AMF colonization rates from the rice farmer
fields in Sri Lanka and China, respectively.
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Figure 2. Effects of different treatments on rice root colonization. Means followed by the same letters
are not significantly different (P < 0.05). [TO: Control; T1: AMF inoculation; T2: Vetiver intercropping;
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T3: AMF+Vetiver; CNM: Conventional nutrient management; ONM: Organic nutrient management;
WAT: Weeks after transplanting].

Our experiment indicated that AMF colonization in different treatments was very low or did not
seem to occur at all in the rice plant’s initial stage (3WAT). Higher colonization was then observed in
later stages, panicle initiation (6WAT) to harvesting stage (12WAT) (Figure 2). The lowest initial
colonization rates could be due to anoxic conditions caused by continuous inundation to manage
weeds at the beginning of cultivation. Also, the development of aerenchyma tissues in rice plants
would also be a possible reason for this observation. Aerenchyma tissues supply oxygen to rice roots
under flooded conditions and are poorly developed in seedlings [36]. At later stages of the plant,
those tissues are well developed, and AMF is well-established with sufficient oxygen [37]. Solaiman
and Hirata [38] observed a similar pattern in non-inoculated treatments, which resulted from
colonization of native AMF inhabiting the soil. However, since they inoculated AMF at the nursery
stage, higher initial root colonization was reported in AMF-inoculated plants even under initial
submergence conditions.

AMF can form a common fungal network in intercropping systems by connecting plants
arranged in rows [39]. However, in our experiment, intercropping of vetiver grass with or without
AMEF inoculation did not result in a statistically significant (P < 0.05) increase in mycorrhizal
colonization in rice roots. Although vetiver is known to be a highly mycorrhizal plant, AMF
colonization was found to be very low under waterlogged conditions (data not presented). Similarly,
AMF colonization did not differ between the rice plants grown under both nutrient management
systems, suggesting that AMF can survive even in the presence of agrochemicals. In contrast, our
findings also received contrasting results from the work done by Dhillion and Ampornpan [40], who
reported a significantly higher colonization level in the non-chemical treatments than all other
chemical fertilizer treatments. Similarly, Watanarojanaporn et al. [13] reported higher AMF
colonization in rice roots in compost-applied treatments rather than mineral fertilizer.

3.2. Rice plant growth and yield under different treatments

Generally, it is expected that the effects of AMF on plant growth will be enhanced when the
fungal colonization rates are high [41]. However, Ruiz-Sanchez et al. [7] highlighted that the plant
growth stimulation by the AMF symbiosis does not always depend upon the degree of root
colonization; instead, it mainly relies on the fungal and plant species involved along with the
environmental conditions. Also, there is no reported threshold value of root colonization necessary
to enhance plant growth [7], and inconsistent results could be recorded.

In our study, the effect of AMF on rice plant heights remained non-significant except at the
heading stage (9WAT), which showed significantly higher (P < 0.05) plant heights in T1 of ONM and
T3 of CNM compared to the respective controls (Figure 3A). Ruiz-Sanchez et al. [42] also reported
significantly higher plant heights due to AMF inoculation. Shoot dry weights were significantly
higher at 12WAT when AMF were applied alone (T1) and together with vetiver (T3) under both
NMSs (Figure 3B). Root dry weight however significantly low in T1 of CNM, while it was
significantly higher in T3 at 12 WAT. Also, it was significantly higher in both T1 and T3 of ONM
(Figure 3C). Secilia and Bagyaraj [11] reported that field application of AMF significantly increases
shoot biomass but not root biomass. Results on rice yield components also showed inconsistent
variations against the application of AMF. However, grain yields were significantly higher in each
AMF-added treatment (either T1 or T3) than their respective controls (Figure 4E). Chareesri et al. [12]
also observed significantly higher rice yield with no such effect on rice growth derived by AMF and
suggested this could have happened owing to the increased N and P allocation to the panicles during
the grain-filling stage in AMF colonized plants.
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Figure 3. Effect of treatments on (A) Plant height, (B) Shoot dry weight, and (C) Shoot dry weight at
different growth stages of the rice plant. Means followed by the same letters are not significantly
different (P < 0.05). [TO: Control; T1: AMF inoculation; T2: Vetiver intercropping; T3: AMF+Vetiver;
CNM: Conventional nutrient management; ONM: Organic nutrient management; WAT: Weeks after

transplanting].
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Figure 4. Effect of treatments on (A) panicles/m?, (B) spikelet/panicle, (C) grain filling percent, (D)
1,000 grain weight (E) grain yield (kg/ha), and (F) harvesting index at different nutrient management
systems. Means followed by the same letters are not significantly different (P < 0.05). [TO: Control; T1:
AMF inoculation; T2: Vetiver intercropping; T3: AMF+Vetiver; CNM: Conventional nutrient
management; ONM: Organic nutrient management].

In the present study, intercropping of vetiver (T2) did not produce a remarkable negative or
positive impact that is enough to validate any conclusions relating to rice plant growth. Interestingly,
the rice yield significantly increased in the vetiver-intercropped plots both with and without AMF
inoculation. Furthermore, we observed no negative effects caused by the management practices of
rice cultivation (e. g., irrigation, nutrient management, and pest control) on the growth of vetiver
grass. Therefore, we suggest that vetiver can be successfully intercropped with lowland rice. Further,
we implemented T3 to obtain a synergistic effect as a result of the combined benefits of AMF and
vetiver; however, no such effect was observed in most of the measured parameters.

The two NMSs statistically non-significant results showed plant growth except in plant heights
at SWAT and 9WAT and root dry weight at YWAT. Plant height was significantly higher in ONMS
compared to CNMS at 3WAT, and both plant height and root dry weight were significantly higher
in CNMS at 9WAT (data not shown). Also, none of the yield parameters did not significantly differ
between the two NMSs. This observation suggests that ONM is also as effective as CNM in rice
cultivation. Sarker et al. [43] mentioned that chemical fertilizers provide readily available nutrients
to plants; however, compost releases nutrients slowly through microbial activity and, in addition,
improves the soil physical conditions that would be favorable for healthy plant growth. Therefore,
organic manure could be used as a better alternative to synthetic chemical fertilizer, as they are
environmentally friendly.
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4. Conclusions

In this study, it was shown that field inoculation with native AMF, intercropping of vetiver, and
AMF plus vetiver can improve the productivity of rice plants and lead to higher grain yields.
However, there was no noticeable growth improvement with the addition of the treatments.
Moreover, rice plant growth, yield, and AMF colonization did not differ significantly between the
organic and conventional nutrient management systems. Interestingly, no negative impact was
observed for the colonization of AMF under the CNMS. Therefore, overall it can be suggested AMF
inoculums can be utilized to obtain a higher yield (as resulted; 0.45 kg/m?) in CNMS. Vetiver alone
showed the best results (over the AMF inoculum) in ONMS (0.44 kg/m?); thus, it could be better to
use this in such a farming system.
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