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Abstract   

This study aimed to assess the effectiveness of actinomycete inoculant in 

enhancing the growth and yield of rainfed lowland and upland rice across 

wet and dry seasons in real field conditions. This field assessment took 

place at four sites, comprising two rainfed lowland and two rainfed upland 

ecosystems, over two cropping seasons (dry and wet seasons). The experi-

ments involved testing both soil-based and carbonized rice hull (CRH) ino-

culants. Actinomycetes were found to be effectively carried by CRH and soil, 

and evidence from field studies in rainfed lowland and upland conditions 

showed that the actinomycete inoculant significantly improved rice produc-

tion even under stressful environmental conditions. Regarding plant height, 

root depth, and tiller number, the inoculated treatments outperformed 

both the control and the full fertilization rates. Rice yield significantly      

increased with the application of actinomycete inoculum in both lowland 

and upland experiments. Inoculation alone led to substantial improve-

ments, with yield increases of up to 48% in Lowland Site 1, 50% in Lowland 

Site 2, 78% in Upland Site 1, and 43% in Upland Site 2. Similarly, growth was 

enhanced by inoculation alone, reaching up to 50% in Lowland Site 1, 75% 

in Lowland Site 2, 24% in Upland Site 1, and 26% in Upland Site 2. When 

added to the full rate of fertilization, the inoculant significantly boosted 

yield by up to 16% in Lowland Site 1, 82% in Upland Site 1, and 40% in     

Upland Site 2. Additionally, growth substantially improved with inoculation 

in conjunction with the full rate of fertilization, reaching as much as 50% in 

lowland site 1, and 24% in upland site 1. Actinomycete inoculant proves to 

be a valuable alternative and addition to agricultural fertilizer management, 

as it was found to significantly increase growth and yield even in adverse 

weather conditions.   
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Introduction   

As the population inevitably grows, there is a need to increase upland and 

rainfed lowland rice production to support the growing demand for staple 

foods. Due to climate change over the past few decades, some irrigated pro-

duction areas have become water-scarce. However, there is low production 

of upland rice and rainfed lowland rice, especially in Asia and other coun-

tries (1–3). Weeds, low soil fertility, and moisture stress are some of the fac-

tors contributing to the low production (approximately 2 t/ha) of rice in  
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upland areas (4, 5). These challenges have prompted     

researchers to develop technologies and strategies aimed 

at increasing upland and rainfed lowland rice production. 

The importance of plant growth-promoting bacteria 

(PGPB) in agriculture is now being recognized as a means 

to reduce the reliance on chemical fertilizer, thereby con-

serving energy resources. Inoculants have emerged as an 

alternative to inorganic fertilizers, offering a new approach 

to addressing diverse agricultural problems while mitigat-

ing environmental issues (6). Actinomycetes, among the 

prokaryotes with the highest commercial and biotechno-

logical value within PGPBs, produce 50% of the bioactive 

secondary metabolites that have been identified. Over 50 

genera of actinomycetes have been utilized in veterinary 

medicine, human medicine, agriculture, and industry. 

 Streptomyces is one of the genera within the       acti-

nomycete. Typically constituting a significant portion of 

soil microflora, Streptomyces is particularly adept at colo-

nizing plant roots and can withstand adverse growth con-

ditions such as drought by producing spores. The    metab-

olism of several plant-associated bacteria involves the 

production of chemicals that promote plant growth, influ-

ence root structure, and regulate nutrient and water ab-

sorption, among other functions (7–9). Studies have 

demonstrated the effects of streptomycetes on plant 

growth (10–12). Various parameters, including shoot fresh 

mass, dry mass, length, and diameter, significantly in-

creased with certain strains at different sampling times. 

For instance, S. olivaceoviridis exhibited a pronounced 

effect on yield components (spikelet number and length, 

and fresh and dry mass of the developing grain) in wheat 

(12). The culture filtrates of three strains (Streptomyces 

olivaceoviridis, S. rimosus, and S. Rochei) appeared to   en-

hance the growth and crop yield of wheat plants. In field 

tests with rice, Streptomyces dramatically increased the 

number of tillers and panicles, stover and grain yields, dry 

matter, root length, volume, and dry weight (10). In a study 

by Akbari et al. (2020), various commercial wheat cultivars 

exhibited varying responses to a PGP Streptomyces in 

both normal and saline environments. This suggests that 

certain rhizobacteria, including the actinomycete, may act 

as plant growth enhancers.  

 The parameters governing each step of crop deve-

lopment, from seed germination to vegetative growth, 

maturity, senescence, aging, and postharvest preserva-

tion, are influenced by plant growth regulators (13). Since 

the plant root system and its associated physical and bio-

logical environment determine the productivity and quali-

ty of crops, manipulating the microorganisms around the 

roots may provide the opportunity to optimize crop 

productivity (14). This manipulation can have a positive 

effect on redox potential (Eh) and ammonium-N (NH4-N) 

from carbonized rice hulls in the soil during the early rice 

growth stage (15). A wide variety of rhizosphere microor-

ganisms are known to produce plant growth hormones, 

including indoleacetic acid (IAA), gibberellins, and          

cytokinins (16–18), which stimulate root development and 

contribute to the increased capacity of the root system for 

soil nutrients and water uptake to support plant growth 

(19). Similarly, some bacteria can synthesize exopolysac-

charide (EPS), which improves water retention and con-

trols the diffusion of organic carbon sources, shielding 

them from drought stress. Due to the presence of a net-

work of fibrillar material binding the microorganisms to 

the root surface permanently, EPS enables the bacteria to 

attach and colonize the roots permanently (20).  

 Researchers in the Philippines found that actinomy-

cete inoculants improved rice growth based on tests con-

ducted in growth rooms and screen house conditions. 

They claim that actinomycete inoculants enhanced the 

root dry weight of upland rice by up to 71% in the growth 

room (21). Furthermore, findings from a screen house   

experiment revealed that inoculated upland rice, com-

bined with 50% inorganic fertilizer, was comparable to the 

full rate of inorganic fertilization (22). However, these  

studies recommend testing the inoculant in field condi-

tions to determine its efficiency as a plant growth-

promoting inoculant. Thus, assuming that actinomycete 

inoculant will also improve the yield and growth of low-

land and upland rice, field experiments were conducted. 

This study assessed the performance of actinomycete   

inoculant in enhancing the growth and yield of upland rice 

in actual rice fields, both in rainfed lowland and upland 

ecosystems.   

 

Materials and Methods 

Experimental locations           

This study was conducted in two upland and two lowland 

rainfed conditions, all of which have a Type III climate 

characterized by distinct wet and dry seasons. This climate 

type is unimodal, with the majority of rainfall occurring 

from May to October. The available rice growing period is 

short, extending from July to October, necessitating sup-

plemental irrigation for the cultivation of a second, rice or 

non-rice crop. The topography varies from flat to nearly 

flat for all four sites, with clay soil with an annual rainfall of 

approximately 2000mm. One upland site has a sloping 

topography of 10%. The study involved four sites, two eco-

systems, and two cropping seasons (Table 1). The first 

cropping was established during the wet season, while the 

second followed during the dry season. NSIC Rc 222 was 

used as an experimental rice variety in lowland areas, and 

NSIC Rc 192 was employed in upland sites. Upland rice 

crops were dry-sown, while rainfed lowland seedlings were 

transplanted after 21 days. There were six treatments ap-

plied to all sites (Table 2), replicated three times. These 

treatments included: control or zero rates of fertilization 

(T1: 0% FRR), the full recommended rate of fertilization 

(T2: FRR) at 120-60-60 NPK, Soil based inoculant only (T3: 

SBI only), soil-based inoculant + full recommended rate of 

fertilization (T4: SBI + FRR), carbonized rice hull-based in-

oculant (T5: CRHI only, and carbonized rice hull-based in-

oculant + full recommended rate of fertilization (T6: CRHI + 

FRR). The full-rate fertilizer application was at 120-60-60 

kg/ha of N-P-K.  
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Application of actinomycetes         

Inoculants were applied to the corresponding treatments 
at planting; 14 DAP, 30DAP, 40DAP, and 60DAP. The actino-
mycete inoculants were provided by the Philippine Rice 
Research Institute (PhilRice). For the upland ecosystem, 
seeds were soaked in water and mixed with inoculants for 
30 minutes. Conversely, seeds for the lowland sites were 
soaked for 24 hours before sowing. The difference in soak-
ing duration between ecosystems was a protocol esta-
blished by PhilRice and was consistently applied to all in-
oculant evaluation sites in the Philippines. An automatic 
weather station (AWS) is strategically located near the   
area, and data from the station was collected to support 
some of the discussions based on the results.  

Data recording and statistical analysis         

Monitoring crop growth to record the effect of the treat-
ments was conducted through observations on pegs and 
destructive sampling. Pegs were used to mark the position 
of plants, and measurements of heights and productive 
and unproductive tillers were recorded throughout the 
experiment. Harvest data were collected and included root 
length, aboveground dry biomass, and yield. Plant height 
was measured by holding a meter stick from the soil      
surface to the tip of the tallest plant. The length of roots 
was monitored through the destructive sampling of five 
plants per plot. Final yields were obtained from the 2 x 2.5 
square meters allocated for harvest data, and the fresh 
yield was adjusted to 14% moisture content. The above-
ground biomass of the rice crop was monitored through 
destructive sampling. Fresh biomass was oven-dried at  
70°C for 48 hours and then weighed to obtain dry biomass 
data. The experiment was laid out in a Randomized Com-
plete Block Design, and the data were analysed through 
analysis of variance. In cases of significant variability,   
Tukey’s all-pairwise comparison of means was used to 
determine significant differences across treatments.   

 

Results  

During the wet season, rice crops in upland areas received 

a total rainfall of 621.6 mm, while those in lowland areas 

received 552 mm. The average temperature in the first 

cropping season was 28.6°C and 27.2°C in the upland and 

lowland ecosystems, respectively. Average wind speeds 

were 1.2 and 1.3 meters per second for the upland and 

lowland ecosystems, respectively. Flowering commenced 

at 70 DAP with intermittent rainfall. Two typhoons affected 

the upland crops, striking at 93 DAP and 97 DAP, bringing 

rainfall amounts of 61.3 mm and 78 mm, respectively, and  

wind speeds of 4 meters per second and 10 meters per 

second. These typhoons substantially emptied most of the 

grains. Lowland crops were still at their seedling stage 

when the typhoons hit, and there were no weather disturb-

ances in the rainfed lowlands thereafter. During the dry 

season, rice crops in upland areas received a total of   

781.3 mm of rainfall, and those in lowland areas received 

770 mm. The average temperature during the dry cropping 

season was 27.3 ºC and 28.2 ºC in the upland and lowland 

ecosystems, respectively. In terms of wind speed, the aver-

age was 1.23 meters per second in the upland and             

1.2 meters per second in the lowland ecosystems. The 

highest daily rainfall received throughout the dry cropping 

season for both the upland and lowland ecosystems was 

70.4 mm. 

Agronomic response of upland rice to the treatments        

Plant height         

The response of rice growth to the treatment was more 

frequent during the wet seasons (Fig. 1). However, based 

on the weather data, wet seasons had lower total rainfall 

compared to dry seasons. There was no significant differ-

ence in plant height across treatments, seasons, and eco-

systems during 30 DAP. In the lowland ecosystem, plant 

height ranged from 27.13 to 44.93 cm, while in the upland 

ecosystem, it ranged from 28.03 to 54.27 cm. During the 

dry season, inoculation had an impact on plant height only 

at 60 and 90 DAP. The impact of inoculation on rice growth 

was also apparent during the vegetative and reproductive 

stages, manifesting at 60 DAP. There were no significant 

variations in height at Lowland Site 1 during the dry sea-

son. However, during wet seasons, the inoculant-treated 

plants significantly differed from the control and full-rate 

Location Topography Season Soil Type Planting method Variety Planted 

Lowland Site 1 Flat WS* and DS** Clay Transplanted NSIC Rc 222 

Lowland Site 2 Flat WS and DS Clay Transplanted NSIC Rc 222 

Upland Site 1 10% slope WS and DS Clay Dry seeded NSIC Rc 192 

Upland Site 2 Flat WS and DS Clay Dry seeded NSIC Rc 192 

Table 1. Information about the sites  

Table 2. Treatments applied at all sites.  
No Treatments Description Dosage 

T1 0% FRR Zero rate of fertilization (Control) 0-0-0 

T2 FRR Full rate of fertilization 120-60-60 

T3 SBI only Soil-based inoculant (SBI) only 100g SBI per 2 liters of water 

T4 SBI + FRR Full rate of fertilization applied with soil-based inoculant 120-60-60 NPK and 100g SBI per 2 liters of 
water 

T5 CRHI only Carbonized rice hull -based inoculant (CRHI) 100g CRHI per 2 liters of water 

T6 CRHI + FRR Full rate of fertilization applied with CRH-based inoculant 120-60-60 NPK and 100g CRHI per 2 liters of 
water 

*Wet Season; **Dry Season  
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fertilization. Notably, all the inoculated treatments were 

comparable during wet seasons at the Lowland sites.  

Compared with the control, the SBI and CRHI alone signifi-

cantly improved plant height by 16-21% and 21-24% in the 

lowlands. Compared with the FRR, SBI + FRR and CRHI + 

FRR significantly improved plant height by 20-27% and 22-

28%, respectively. In the meantime, in the upland sites, 

inoculation was observed to be significantly effective in 

improving plant height. During the dry season, inoculation 

using CRH alone provided taller rice by 15% in Upland Site 

1, while SBI + FRR boosted plant heights significantly by 

24% compared to the FRR-treated plants. During the wet 

season, SBI + FRR improved plant heights by 14-23% rela-

tive to FRR. At 90 DAP half of the experimental plots were 

still responsive to treatments. During the dry seasons, the 

inoculation significantly improved plant height only at 

Fig. 1. Observed plant height at 30 DAP, 60 DAP, 90 DAP, and at harvest during the wet and dry seasons. Note: LL = Lowland and UL = Upland. FRR = Full rate of 
fertilization (120-60-60, NPK), SBI = Soil-based inoculant, CRHI = Carbonized Rice Hull-based inoculant  
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Lowland Site 1 and Upland Site 2. In this field experiment, 

SBI + FRR increased plant height significantly by 11% rela-

tive to FRR and 13% relative to the 0% FRR. The inocula-

tion, together with the full rate of fertilization, substan-

tially improved growth. The CHRI + FRR improved plant 

height considerably, by 11% relative to the control. In   

Upland Site 2, inoculant as a supplement to FRR signifi-

cantly improved plant heights using SBI and CRHI by 42% 

and 33%, respectively, relative to the control. The soil-

based inoculant was proven to be an effective carrier of 

actinomycete. The SBI-only treatment improved plant 

heights in Lowland Site 2 by 11% and by 15% in Upland 

Site 2 during wet seasons. Relative to the control,              

SBI + FRR improved plant heights significantly by 9-13% in 

the lowlands and by 23-45% in the uplands. The carbon-

ized rice hull was demonstrated to be a good carrier of 

actinomycete inoculant. The CRHI alone also improved 

plant heights by 12% at Lowland Site 2. Moreover, the 

CRHI + FRR boosted plant heights significantly relative to 

the control by 10-11% in the Lowlands and 21-38% in the 

Uplands. Relative to FRR, SBI + FRR and CRHI only im-

proved heights by 10%, and CRHI + FRR by 11%. During 

harvest, the inoculated treatments still affected plant 

heights when compared with the non-inoculated          

treatments. For example, in the uplands, 7-34% taller rice 

crops compared to the control were observed when inocu-

lation was added to FRR. In lowland site 1, the impact of 

inoculation on plant height was 9%. Notably, across stag-

es, the inoculated treatments are prevalently comparable 

with the FRR in terms of plant heights. It can be concluded 

that inoculants, whether CRH or SBI-based, are both effec-

tive growth enhancers, and actinomycete inoculants can     

improve the growth of rice in actual field conditions in 

both lowland and upland ecosystems. The effect of inocu-

lation with a full rate of fertilization on rice growth relative 

to the full recommended rate of fertilization was more 

prominent in the Lowland Sites and during the wet crop-

ping season.  

Root length and tiller number        

The effect of treatments on root length, productive and 

non-productive tillers of rice crops during harvest across 

ecosystems is shown in Table 3. Analyses revealed signifi-

cant differences primarily during the wet seasons, with 

growth parameters at harvest predominantly reflecting 

the effects of inoculation with fertilization and inoculation 

alone during the season. During the dry season, a signifi-

cant benefit of inoculation was observed in the mean 

Location Treatment 

Dry Season Wet Season 

Root 
length, 

cm 

Productive 
Tiller Unproductive Tiller 

Root 
length, 

cm 
Productive Tiller Unproductive Tiller 

Lowland Site 1 

0% FRR 30.4a 10b 0.9a 36.2c 11b 2.3a 

FRR 33.6a 12ab 0.2a 38.3ab 12b 2ab 

SBI only 30.4a 11b 0.5a 38.1abc 14ab 1.3b 

SBI + FRR 29.1a 14a 0.5a 37.6bc 15a 2ab 

CRHI only 34.4a 12ab 1.1a 39.2ab 15a 2ab 

CRHI + FRR 33.9a 12ab 0.7a 39.9a 15a 2ab 

Lowland Site 2 

0% FRR 26.0b 9a 0.5a 35.2a 13b 2.3a 

FRR 29.6ab 11a 0.9a 38.0a 13b 2ab 

SBI only 33.7ab 10a 0.7a 37.6a 15ab 2b 

SBI + FRR 37.6a 13a 0.6a 37.6a 16a 2ab 

CRHI only 34.0ab 13a 0.7a 39.0a 14ab 2ab 

CRHI + FRR 32.7ab 12a 1.1a 37.9a 14ab 2ab 

Upland Site 1 

0% FRR 23.8a 14b 0.7a 17.2c 5c 2.3a 

FRR 27.9a 16ab 0.7a 23.3ab 11b 2.4a 

SBI only 27.4a 18ab 0.4a 23.6ab 14ab 2.3a 

SBI + FRR 35.0a 19a 1a 26.5a 19a 2.1a 

CRHI only 32.2a 20a 1a 17.3c 14ab 2.1a 

CRHI + FRR 34.7a 18ab 0.4a 21.5bc 10bc 2.2a 

Upland Site 2 

0% FRR 24.6a 12a 1.1a 19.0c 7c 2.2a 

FRR 26.2a 12a 0.7ab 26.8bc 11bc 2.5a 

SBI only 23.1a 15a 0.6ab 21.8c 14ab 2.4a 

SBI + FRR 22.6a 16a 0.6ab 33.3a 16a 2.7a 

CRHI only 24.0a 15a 0.4b 19.7c 9c 2.1a 

CRHI + FRR 26.8a 16a 0.4b 20.6c 11bc 2.1a 

Table 3. Effect of actinomycete inoculant and fertilizer on the agronomic traits of upland rice  

Note: Means followed by a common letter are not significantly different at the 5% level, Tukeys HSD  
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count of non-productive tillers. There was a notable 74% 

reduction in non-productive tillers as a result of the appli-

cation of soil-based inoculant in addition to the full recom-

mended rate of fertilization at harvest in Upland Site 2. In 

the Lowland sites, non-productive tillers were substan-

tially reduced by 13-43% due to soil-based inoculation 

during the wet season. The difference in unproductive  

tiller between treatments was not significant in the upland 

sites during the wet season. However, during the dry     

season, there were no significant variations in the number 

of unproductive tillers across treatments in the study sites, 

except in Upland Site 2. In Uplands Site 2, where differ-

ences in the number of unproductive tillers were signifi-

cant, 0% FRR had significantly more unproductive tillers 

relative to CRHI only and CRHI + FRR, which had the least 

number of unproductive tillers. The effect of inoculation 

combined with fertilizer was significant on productive  

tillers during the wet season. Productive tillers were          

23-25% significantly higher in Lowland Sites and 45-73% 

significantly higher in Upland sites when using SBB+FRR 

relative to FRR. Inoculant alone substantially improved 

productive tillers in Lowland Site 1 by 36% (CRHI), by 180% 

(both CRHI and SBI) in Upland Site 1, and by 100% (SBI) in 

Upland Site 2. The mean productive tiller had a maximum 

number of 13-14 in the lowlands and 16-20 in the uplands 

during the dry season. During the wet season, the          

maximum productive tiller was 15-16 in the lowlands and 

16-19 in the uplands. Uplands have closer plant spacing, 

which consequently has a higher plant population, result-

ing in a higher tiller number compared to the lowlands. 

Root length showed a more significant difference caused 

by inoculation and fertilization in the Upland Sites during 

wet seasons. A 37% significantly longer root length relative 

to the control was observed because of soil-based inocula-

tion in Upland Site 1, and a 75% deeper root length as a 

benefit of inoculation with fertilization in Upland Site 2.  

Above-ground biomass         

Generally, CRHI alone is more effective than SBI alone dur-

ing the dry season, while SBI is more beneficial when add-

ed to FRR. In terms of the aboveground biomass, SBI alone 

significantly increased AGB only during wet seasons, rang-

ing from 26% in Upland Site 2 to 75% in Lowland Site 2 

(Table 4). CRHI alone improved AGB by 20% in Lowland 

Site 1 during the dry season and 22% in Upland Site 2 dur-

ing the wet season. SBI + FRR improved AGB by 21% in Up-

land Site 1 during the dry season only. The above-ground 

biomass for the six treatments is shown in Table 2. SBI 

alone significantly increased AGB only during wet seasons, 

from 26% in Upland Site 2 to 75% in Lowland Site 2.      

CRHI alone improved AGB by 20% and 24% in Lowland Site 

1 and Upland Site 1, respectively, during the dry season 

Location Treatment 
Dry Season  

Aboveground biomass,  
g/plant 

Wet Season  
Aboveground biomass,  

g/plant 
Dry Season  

Yield (tons/ha) 
Wet Season 

 Yield (tons/ha) 

Lowland Site 1 

0% FRR 22.7c 16.3b 2.1d 4.0c 

FRR 27.7ab 20.1ab 3.1bc 4.9abc 

SBI only 24.2bc 19.5ab 2.8c 5.3ab 

SBI + FRR 29.7a 24.4a 3.6a 6.1a 

CRHI only 27.3ab 18.6ab 3.1bc 4.8bc 

CRHI + FRR 26.9abc 20.2ab 3.5ab 4.8bc 

Lowland Site 2 

0% FRR 15a 5.5c 2.0b 1.2c 

FRR 17.5a 9.4ab 3.1a 2.9ab 

SBI only 17.3a 9.6ab 3.0a 2.0c 

SBI + FRR 21.2a 12.9a 3.6a 3.3a 

CRHI only 17.2a 7.7bc 2.8ab 2.6bc 

CRHI + FRR 21.7a 9.3b 3.3a 3.3a 

Upland Site 1 

0% FRR 12.5c 12.6b 0.9c 0.3d 

FRR 13.9bc 15.3ab 1.1bc 1.0bc 

SBI only 14.4bc 15.3ab 1.6ab 0.6cd 

SBI + FRR 16.8a 16.4a 2.0a 1.5a 

CRHI only 15.5ab 15.5ab 1.5abc 0.5d 

CRHI + FRR 15.3ab 15.8a 1.5abc 0.9bc 

Upland Site 2 

0% FRR 12.9b 11.7c 0.9b 0.3c 

FRR 14.5ab 15.5ab 1.4ab 0.5bc 

SBI only 14.1ab 14.7b 1.4ab 0.4bc 

SBI + FRR 16.2ab 17.4a 2.0a 0.7a 

CRHI only 14.5ab 14.3b 1.2b 0.3c 

CRHI + FRR 16.8a 14.9b 1.5ab 0.4bc 

Table 4. Effect of inoculation and fertilization on mean aboveground biomass and mean yield  during the wet and dry season  

Note: Means followed by a common letter are not significantly different at 5% level, Tukeys HSD  
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and 22% in Upland Site 2 during the wet season. AGB in 

SBI+FRR is significantly higher by 21% relative to FRR in 

Upland Site 1.  

Grain Yield        

In terms of grain yield, SBI alone significantly increased 
yield by 33% during the wet season and 33 to 50% during 

the dry season in the lowland sites, and by 78% during the 

dry season in Upland site 1. CRHI alone substantially     

increased yield by 48% in Lowland Site 1 during the dry 

season. SBI inoculation with FRR increased yield by 16% in 

Lowland Site 1 and by 82% in Upland Site 1 during the dry 

season. It also increased yield by 50% in Upland Site 1 and 

24% in Upland Site 1 during the wet season, while it       

enhanced AGB by 22% in Upland Site 2 during the wet sea-

son. The combination of CRHI and FRR was not effective in 

increasing yield across sites and seasons. Yields in the low-

lands were higher by 48-59% relative to the uplands. While 

this yield gap between lowlands and uplands is normal, 

factors that may explain the difference include variation in 

water retention, soil, and crop management. Moreover, 

the inoculant considerably improved the yield of both low-

land and upland rice. Both soil-based and CRH were found 

to be effective carriers of actinomycetes.   

 

Discussion  

Actinomycete inoculants have been proven to enhance the 
growth of upland and rainfed lowland rice production. 

Plant height, root length, and the number of tillers were 

significantly improved by the actinomycete inoculant.   

Additionally, it considerably increased the yield of both 

lowland and upland rice. Both soil and CRH were found to 

be effective carriers of actinomycetes. Inoculation alone 

significantly increased yield by up to 48% in lowland Site 1, 

50% in lowland Site 2, 78% in upland Site 1, and 43% in 

upland Site 2. Furthermore, inoculation alone increased 

growth by as much as 50% in lowland site 1, 75% in low-

land site 2, 24% in upland site 1, and 26% in upland site 2 

compared to the control. These results demonstrate that 

actinomycetes inoculant is a promising intervention for 

better production in water-scarce rice areas and during 

low-rainfall cropping seasons. Inoculant studies have also 

shown a similar positive impact on the growth and yield of 

crops. A study indicated that bioinoculants are more effec-

tive in improving lowland rice production during the wet 

season, as more biofertilizer is recommended in addition 

to the application of bio-inoculants during dry seasons 

(23). In legumes, Rhizobia, like the actinomycete, create 

nitrogen-fixing nodules that transform atmospheric       

nitrogen into ammonia that plants can use, increasing 

plant growth and crop productivity (24). For green leafy 

vegetables, the application of fertilizer with a microbial 

inoculant yielded the highest mean head weight of         

cabbage (25). In this study, the effect of inoculation with a 

full rate of fertilization on rice growth relative to the full 

recommended rate of fertilization was more prominent in 

the Lowland Sites and during the wet cropping season. 

This could mean that the effect of inoculation on top of 

fertilization might have the best benefit on rice crops in 

the lowlands during the wet season, implying that it may 

have the optimum benefit in a fully irrigated rice field.      

To further validate these results, testing it in fully irrigated 

rice fields is recommended. The significant benefit of    

inoculation with fertilization was most prevalent at            

60 DAP. In most of the dry environmental conditions, the 

observed rice growth from the inoculation with fertiliza-

tion was comparable to the full rate of fertilization. Also, 

inoculation alone failed to increase the growth of the rice 

crops in most of the observations and experimental loca-

tions. However, it can be noted that the total rainfall 

amount throughout the cropping seasons is higher during 

the dry seasons with 781.3 mm in the Uplands and 770 mm 

in the Lowlands compared to the wet season, with        

621.6 mm in the uplands and 552mm in the lowlands.  

 Numerous bacterial species reside in the complex 

zone known as the soil rhizosphere, located around plant 

roots, providing both direct and indirect benefits to host 

plants (26). Rhizobacteria, commonly known as root-

colonizing bacteria, are essential for the growth and      

development of plants and can shield their hosts from   

soil-borne pathogens. The application of Bradyhizobium 

inoculants in soybean and wheat crops was found to be 

effective in increasing rhizobial populations, nodulation, 

crop yield, soil organic matter, and nitrogen content (27). 

Similar results were noted by (28) when they employed 

seed inoculation in wheat and cowpea, which increased 

microbial groups of actinomycetes, nitrogen fixers, and 

producers of siderophores. Plant growth and development 

in natural ecosystems depend heavily on interactions   

between microorganisms and plants (29,30). According to 

a screenhouse study, inoculants with half the fertilization 

rate can achieve growth promotion equal to fertilization at 

full rate in terms of root fresh weight, shoot and root oven-

dry weights, plant height, productive tiller count, and grain 

yield (22). In the present study, the crops experienced envi-

ronmental stresses during the cropping periods, but the 

inoculant-treated plants still significantly improved in 

terms of plant height, root length, productive tiller       

number, and yield. Moreover, rice crops in this study re-

ceived less total rainfall during the wet seasons compared 

to the dry seasons. Despite this, inoculation during wet 

seasons provided more frequent and significant improve-

ments in growth. Also, the rice crops experienced mecha-

nical stress during wet seasons due to two successive ty-

phoons. Efforts have been undertaken to explain the     

molecular processes involved in plants and rhizosphere 

microbes' resistance to biotic and abiotic stress (31, 32).  

 Numerous microorganisms from the rhizosphere of 

crop plants, such as bacteria, actinomycetes, fungi,        

viruses, protozoa, and nematodes, have been discovered 

to reduce both biotic and abiotic stressors (33-35). It has 

also been demonstrated that rhizobacteria promoting 

plant growth can produce 1-aminocyclopropane-1-

carboxylate (ACC) deaminase. The production of this en-

zyme in the host plants results in reduced levels of the 

stress-causing hormone ethylene (36). Developing the ACC 

deaminase hydrolytic enzyme can be a valuable strategy 

to mitigate plant stress caused by unfavorable climatic 
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conditions (37).Since actinomycete inoculant was found to 

significantly boost growth and yield even in challenging 

weather conditions, it makes it a potential supplement in 

farm fertilizer management.  

 

Conclusion   

This study revealed that actinomycete inoculant enhances 

the growth and yield of rainfed lowland and upland rice 

crops in actual field conditions. Inoculated rice crops have 

yields higher than the control by as much as 50% in the 

lowlands and 78% in the uplands. Plant height, root 

length, and the number of tillers were improved in all 

treatments compared to the control. Therefore, actinomy-

cetes inoculant is a promising alternative and supple-

mental strategy to increase production and farm income in 

rice-growing regions, especially now that inorganic fertili-

zer prices have increased globally. Future directions in-

clude the development of a technology package for the 

actinomycete inoculant, testing of the inoculant by rice 

farmers, and commercialization of the technology.   
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