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Abstract The findings indicated that the varying rates of cricket frass application affected 
parameters such as shoot height, shoot fresh weight, and shoot dry weight.  The treatment that 
applied cricket frass at 48 kg ha- 1 yielded the highest values for shoot height (49.52 cm) , shoot 
fresh weight (31.89 g plant- 1) , and shoot dry weight (8.69 g plant- 1) .  Considering the various 
periods for applying cricket frass before planting, the results showed that the timings significantly 
impacted only the shoot fresh weight. Applying cricket frass 0 day before transplanting (applying 
on the same day as transplanting)  resulted in the highest shoot fresh weight (23.40 g plant- 1) . 
Additionally, interactions between the rate of cricket frass application and the timing of cricket 
frass application before planting were observed in relation to shoot height, shoot fresh weight, 
and shoot dry weight of kalmegh.  Specifically, applying cricket frass at a rate of 48 kg ha- 1 on 
the same day as transplanting led to the highest shoot fresh weight (34.46 g plant-1) and shoot dry 
weight (9.55 g plant-1). Therefore, cricket frass showed potential as a fertilizer for enhancing the 
yield of kalmegh (Andrographis paniculata) in low-fertility soils. 
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Introduction 
 
 Certainly, cricket frass, which is the waste produced from cricket farming, 
has proven effective in providing nutrients to plants. This indicates its significant 
potential as a valuable organic fertilizer, supporting the goal of achieving zero 
waste (Wanjugu et al., 2023; Andrianorosoa Ony et al., 2024).  
 While the incorporation of insect frass as an organic soil amendment has 
gained traction for promoting sustainable agricultural practices, research 
focusing on optimizing the application rates and timing for cricket frass, 
especially in low-fertility soils, remains limited. Existing studies have 
highlighted both the advantages and challenges associated with the utilization of 
cricket frass. For instance, the findings of Butnan and Duangpukdee (2021) 
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revealed that an application rate of 160 kg ha-1 significantly enhanced the growth 
of red amaranth; however, excessive application led to stunted plant growth. 
Furthermore, Kagata and Ohgushi (2012) discovered that the quality of frass, 
influenced by the insects' diet, plays a crucial role in determining its effectiveness 
as a fertilizer. While research conducted by Halloran et al. (2017) and Wantulla 
et al. ( 2023) highlights the environmental sustainability of insect farming and 
the use of frass as an organic fertilizer, knowledge about the targeted application 
of cricket frass for medicinal plants is lacking.  
 Evidence from studies by Ogaji et al. (2022) and Wanjugu et al. (2023) 
indicates that cricket frass can contribute to enhancing the growth and yield of 
crops such as spring onions and Cleome gynandra. However, concerning the 
medicinal herb Kalmegh (Andrographis paniculata), existing research efforts by 
Basak et al. (2020) and Chouhan et al. (2023) have primarily focused on 
exploring the effects of traditional organic amendments like vermicompost and 
chemical fertilizers. Although Detpiratmongkol et al. (2014) and Khushboo 
Khan et al. (2015) have highlighted the potential of organic manures in 
improving Kalmegh cultivation, the application of cricket frass has not been 
addressed.  
 The proposed study aimed to investigate the efficiency and potential of 
cricket frass as a fertilizer for enhancing Kalmegh yields and examined different 
application rates and timings in low-fertility soil conditions to offer thorough 
guidelines for optimizing the use of cricket frass for Kalmegh production.  
 
Materials and methods 
 
Experimental research design  
 
 This study was conducted in a greenhouse from July 2022 to October 2022 
by using a 3 x 3 factorial experimental design in a Randomized Complete Block 
Design (RCBD), consisting of three replications. The first factor comprised three 
levels of cricket frass application rates of 0, 48, and 96 kg ha-1. The second factor 
encompassed three timing levels for applying cricket frass before transplanting 
at 0, 7, and 14 days prior to transplanting.  
 
Crop management  
 
 The seeds of Kalmegh (cultivar Phichit 4-4) were sown in trays filled with 
peat moss. Two kilograms of soil were placed into each pot, and the soil was 
mixed with cricket manure at application rates specified in the experimental 
design. After each application, both treated and control (untreated soil) units were 
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watered at the same application intervals. When the sixth leaf appeared, uniform 
seedlings were selected and transplanted into the pots. After growing for 92 days, 
the Kalmegh plants were harvested. 
 
Cricket frass analysis 
 
 Before conducting the experiment, cricket frass was analyzed for its 
chemical properties. The pH and electrical conductivity (EC) were measured in 
a 1:10 frass-to-water suspension using digital pH and conductivity meters, 
respectively. Organic carbon content was determined using the Walkley-Black 
procedure. Total nitrogen (TN) was measured using the Kjeldahl method. Total 
phosphorus (TP) was assessed with the vanadomolybdophosphoric acid method, 
and total potassium (TK) was measured using a flame photometer. 
 
Soil analysis 
 
 The chemical properties of soil samples were analyzed before and after the 
experiments. The soil samples were air-dried and sieved to less than 2 mm prior 
to analysis. Soil pH and electrical conductivity (EC) were measured in a 1:1 soil-
to-water suspension using digital pH and conductivity meters, respectively. 
Organic matter content was analyzed using the Walkley-Black procedure. Total 
nitrogen (TN) was determined by the Kjeldahl method. Available phosphorus 
(Avai. P) was tested using the Bray II method. Exchangeable potassium (Exch. 
K) was extracted with ammonium acetate and measured by flame photometer. 
 
Data collection 
 
 The Kalmegh (Andrographis paniculata) was harvested on October 18, 
2022. After the harvest, data were collected for shoot height and shoot fresh 
weight. The fresh shoots were then oven-dried at 80°C for 48 hours, after which 
the dry weights were recorded. 
 
Statistical analysis 
 
 The collected data were analyzed statistically according to 3 x 3 factorial 
experimental design in a randomized complete block design (RCBD). Analysis 
of Variance (ANOVA) was used to determine significant differences among 
treatments. The significant results from ANOVA were subjected to further 
statistical analysis with the use of LSD Test at 0.05 probability level.  
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Results 
 
Chemical properties of cricket frass 
 

Cricket frass was analyzed to determine its chemical properties (Table 1), 
and the results showed that the properties of the cricket frass were in accordance 
with the criteria for organic fertilizer as specified by the Department of 
Agriculture (DOA, 2012).  

 
Table 1. Chemical properties of cricket frass 

Properties pH  EC 
(dSm-1) 

OM 
(%) 

TN 
(%) 

TP 
(%P2O5) 

TK 
(%K2O) 

Cricket frass 6.861/ 1.631/ 72.232/ 5.363/ 1.404/ 3.005/ 
DOA 
Notification - £ 10 ³ 20 ³ 1.0 ³ 0.5 ³ 0.5 

1/ The pH and electrical conductivity (EC) determined with a 1:10 frass-to-water extraction 
2/ Organic carbon (C) determined with a Walkley-Black procedure,3/ Total nitrogen (TN) 
determined with a Kjeldahl method, 4/ Total phosphorus (TP) determined with a 
vanadomolybdophosphoric acid method and 5/ Total potassium (TK) determined with a flame 
photometer 
 
Chemical properties of soil 
 

Soil samples collected before and after the experiments were analyzed to 
determine their chemical properties (Table 2). The results revealed that the soil 
exhibited low fertility prior to the experiment. Following the experiment, there 
was a notable improvement in the chemical properties of the soil, particularly in 
the nutrient levels in the treatment where cricket frass was applied. Additionally, 
the study demonstrated that the application of cricket frass was significantly 
improved in various soil properties. Higher rates of frass application (96 kg ha⁻¹) 
and longer periods before transplanting (14 days) resulted in the most 
enhancements. Considering the interaction, it was found that there was an 
interaction between the rate of cricket frass application and the timing of its 
application before transplanting. The study found that applying cricket frass at a 
rate of 96 kg ha⁻¹ 14 days before transplanting resulted in the lowest pH value 
(5.72), while the electrical conductivity (1.350 dS m⁻¹), organic matter content 
(0.91%), total nitrogen content (0.045%), available phosphorus content (270.26 
ppm), and exchangeable potassium content (253.83 ppm) of the soil after 
transplanting were shown significantly the highest. Conversely, applying cricket 
frass at a rate of 0 kg ha-¹ on the day of transplanting (0 days before transplanting) 
resulted in the highest pH value (6.52), but the electrical conductivity (0.841 dS 
m-¹), total nitrogen content (0.62%), and available phosphorus content (7.73 
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ppm) of the soil after planting were significantly lowest as compared to the other 
treatments.  

 
Table 2. Chemical properties of soil before and after the experiment 

Properties 
 

pH 1/ EC 1/ 
(dSm-1) 

OM 2/ 
(%) 

TN 3/ 
(%) 

Avai. P 4/ 
(ppm) 

Exch. K 5/ 
(ppm) 

Soil before the experiment 
 5.22 0.839 0.52 0.0 26 7.18 6.68 
Soil after the experiment 
R: Rate of the cricket frass application (kg ha-1) 
0 6.09a 0.841c 0.66c 0.033c 9.60c 26.16c 
48 5.91c 0.971b 0.79b 0.039b 112.39b 73.01b 
96 6.01b 1.244a 0.87a 0.044a 239.35a 221.53a 
F-test ** ** ** ** ** ** 
T: Time period for applying cricket frass prior to transplanting (days) 
0 6.32a 0.961c 0.74b 0.037b 102.76c 109.72b 
7 5.97b 0.998b 0.74b 0.037b 121.04b 103.90b 
14 5.72c 1.097a 0.84a 0.042a 137.54a 135.44a 
F-test ** ** ** ** ** * 
R (kg ha-1) x T (days) 
0 x 0 6.52a 0.841f 0.62d 0.031d 7.73g 32.53d 
0 x 7 5.82e 0.843f 0.61d 0.031d 7.94g 31.01d 
0 x 14 5.93d 0.840f 0.75c 0.037c 13.13g 12.62d 
48 x 0 6.23b 0.869f 0.74c 0.037c 92.94f 67.39c 
48 x 7 6.01d 0.942e 0.80c 0.038c 114.99e 73.62c 
48 x 14 5.50g 1.101d 0.87b 0.043b 129.23d 80.78c 
96 x 0 6.22b 1.172c 0.86b 0.043b 207.62c 203.67b 
96 x 7 6.09c 1.210b 0.85b 0.043b 240.18b 207.08b 
96 x 14 5.72f 1.350a 0.91a 0.045a 270.26a 253.83a 
F-test ** ** ** ** ** ** 
Mean 6.00 1019.2 0.77 0.04 120.45 106.95 
C.V. (%) 1.20 2.69 3.68 3.68 5.38 14.83 

1/ Soil pH and electrical conductivity (EC) determined with a 1:1 soil-to-water extraction, 2/  Organic matter 
(OM) determined with a Walkley-Black procedure, 3/ Total nitrogen (TN) determined with a Kjeldahl 
method, 4/ Available phosphorus (Avai. P) determined with a Bray II method and 5/ Exchangeable potassium 
(Exch. K) determined with a flame photometer, Notes: * = significantly different at P≤ 0.05 and ** = 
significantly different at P≤ 0.01. Mean values in a column followed with the same superscript letters are 
not significantly different according to the least significant difference (LSD) test. 
 
Yield of Kalmegh  
 

Kalmegh plants were harvested at 92 days of age, and their shoot height, 
shoot fresh weight, and shoot dry weight were measured to determine yield. The 
effects of different rates and timing of cricket frass application on the growth of 
Kalmegh (Andrographis paniculata) was presented in Table 3. The results 
indicated that the application of fertilizer improved the growth of Kalmegh across 
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all treatments; however, the application of 48 kg ha-1 demonstrated the highest 
shoot height (49.52 cm), shoot fresh weight (31.89 g plant-1), and shoot dry 
weight (8.69 g plant-1) among the treatments. Additionally, the time period before 
transplanting at 0, 7, and 14 days was examined. The shoot fresh weight was 
significantly higher when frass was applied at 0 and 14 days before transplanting, 
with values of 23.40 g plant-1 and 22.89 g plant-1, respectively, compared to 20.60 
g plant-1 at 7 days. However, shoot height and shoot dry weight were not 
significantly affected by the time period. When considering the interaction 
between application rates and time period, the combination of 48 kg ha-1 applied 
0 days before transplanting resulted in the highest shoot height (50.06 cm), fresh 
weight (34.46 g plant-1) and dry weight (9.55 g plant-1) as compared to control 
group (0 kg ha-1) at 0, 7 and 14 days before transplanting. 

 
Table 3. Shoot height, shoot fresh weight, and shoot dry weight of Kalmegh  

Properties 
 

Shoot height 
(cm) 

Shoot fresh weight 
(g plant-1) 

Shoot dry weight (g 
plant-1) 

R: Rate of the cricket frass application (kg ha-1) 
0 37.30b 8.58c 2.73c 
48 49.52a 31.89a 8.69a 
96 47.06a 26.42b 6.52b 
F-test ** ** ** 
T: Time period for applying cricket frass prior to transplanting (days) 
0 43.44 23.40a 6.28 
7 44.58 20.60b 5.64 
14 45.86 22.89a 6.03 
F-test ns * ns 
R (kg ha-1) x T (days)    
0 x 0 32.43c 6.02e 1.77e 
0 x 7 35.43c 5.66e 1.83e 
0 x 14 44.04b 14.05d 4.60d 
48 x 0 50.06ab 34.46a 9.55a 
48 x 7 47.88ab 27.59b 7.97bc 
48 x 14 50.63a 33.63a 8.56b 
96 x 0 47.84ab 29.71b 7.51c 
96 x 7 50.43ab 28.54b 7.13c 
96 x 14 42.92b 21.00c 4.93d 
F-test ** ** ** 
Mean 44.63 22.30 5.98 
C.V. (%) 19.60 21.68 21.63 

Notes: ns = non-significant; * = significantly different at P£ 0.05; ** = significantly different at 
P£ 0.01. Mean values in a column followed with the same superscript letters are not significantly 
different according to the least significant difference (LSD) test. 
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Discussion 
 

An initial soil analysis before planting was low fertility, but post-planting 
improved soil properties with higher nutrient levels. This improvement is likely 
due to nutrients from cricket frass and root exudate, which enhanced the soil 
microbial community and stimulated nutrient mineralization (Zhao et al., 2021). 
Applying cricket frass increased nutrient content for soil microorganisms, which 
decomposed the frass and released nutrients to promote plant health. This 
composting process produced organic acids, potentially increasing soil acidity 
and lowering pH (Brady and Weil, 1996). This study is aligned  with Ogaji et al. 
(2022), which decreased soil pH after cricket frass application. 

Treatments with cricket frass applied 14 days before transplanting showed 
higher electrical conductivity, organic matter, nitrogen, phosphorus, and 
potassium as compared to applications 7 days before or on the day of 
transplanting. These findings are consistent with Azeez and Van Averbeke 
(2010) and Sriraj et al. (2022), who found that higher applications of organic 
amendments increased nutrient levels over time. Therefore, these findings 
indicated that cricket frass can effectively enhance soil fertility, with more 
substantial effects which increased the application rates and extended periods 
before transplanting to improve crop productivity (Butnan and Duangpukdee, 
2021). 

The highest average growth and yield of Kalmegh were achieved with 48 
kg ha-1 of cricket frass when applied on the day of transplanting. Higher rates of  
96 kg ha-1 was applied for 14 days before transplanting stunted growth and 
reduced yield due to osmotic stress from excess nutrients disrupting the plant's 
water balance (Castañeda and González, 2021). This is similar to Andrianorosoa 
Ony et al. (2024), who found that excessive cricket frass reduced plant growth. 

This study indicated that Kalmegh yield can be increased by applying 
cricket frass at the optimal rate of 48 kg ha-1 on the day of transplanting. 
However, this study was conducted in a controlled greenhouse environment 
using only one variety of Kalmegh, Phichit 4-4, further experiments are needed 
to conduct under various conditions.  

 
Acknowledgements 
 

This study was supported by a budget grant from Ubon Ratchathani University, for 
which we are very grateful. We sincerely thank Ms. Nopamat Namdeang for her support during the 
fieldwork and laboratory phases of this study. We appreciate the Faculty of Agriculture for providing 
essential facilities and resources, and we thank the agricultural staff for their assistance in both field 
and lab work. Additionally, we extend our gratitude to the Phichit Agricultural Research and 
Development Center and the Chiang Mai Seed Research and Development Center for providing the 
Kalmegh seeds. This study would not have been possible without the contributions of these individuals 
and institutions. 



 
 
 
 

1604 

References 
 
Andrianorosoa Ony, C., Solofondranohatra, C. L., Ramiadantsoa, T., Ravelomanana, A., 

Ramanampamonjy R, N., Hugel, S. and Fisher, B. L. (2024). Effect of Cricket Frass Fertilizer 
on growth and pod production of green beans (Phaseolus vulgaris L.). Plos One, 19:e0303080. 

Azeez, J. O. and Van Averbeke, W. (2010). Fate of manure phosphorus in a weathered sandy clay 
loam soil amended with three animal manures. Bioresource Technology, 101:6584-6588. 

Basak, B. B., Jat, R. S., Gajbhiye, N. A., Saha, A. and Manivel, P. (2020). Organic nutrient 
management through manures, microbes and biodynamic preparation improves yield and 
quality of Kalmegh (Andrograghis paniculata), and soil properties. Journal of Plant Nutrition, 
43:548-562. 

Brady, N. C. and Weil, R. R. (1996). The nature and properties of soils. 
https://www.cabidigitallibrary.org/doi/full/10.5555/19961906536 

Butnan, S. and Duangpukdee, J. (2021). Cricket frass: The high-quality organic fertilizer for vegetable 
growth improvement. Khon Khen Agriculture, 49(Suppl.):883-887. 

Castañeda, V. and González, E. M. (2021). Strategies to apply water-deficit stress: Similarities and 
disparities at the whole plant metabolism level in Medicago truncatula. International Journal 
of Molecular Sciences, 22:2813. 

Chouhan, S., Meena, K. C., Soni, N., Patidar, D. K., Kachouli, B. K. and Haldar, B. P. A. (2023). 
Response of recommended dose of fertilizers with organic manures on growth, yield and 
economics of kalmegh (Andrographis paniculata Nees.): A way to reduced use of chemical 
Fertilizers. The Pharma Innovation Journal, 12:119-124. 

Department of Agriculture (2012). The criteria for organic fertilizer according to the notification of 
Department of Agriculture B.E.2555. Retrieved from https://www.doa.go.th/ard/wp-
content/uploads/2019/11/FEDOA5.pdf. (Thai). 

Detpiratmongkol, S., Ubolkerd, T. and Yoosukyingstaporn, S. (2014). Effects of chicken, pig and cow 
manures on growth and yield of Kalmegh (Andrographis paniculata Nees). Journal of 
Agricultural Technology, 10:475-482. 

Halloran, A., Hanboonsong, Y., Roos, N. and Bruun, S. (2017). Life cycle assessment of cricket 
farming in north-eastern Thailand. Journal of Cleaner Production, 156:83-94. 

Kagata, H. and Ohgushi, T. (2012). Positive and negative impacts of insect frass quality on soil 
nitrogen availability and plant growth. Population Ecology, 54:75-82. 

Khushboo Khan, K. K., Umesh Pankaj, U. P., Verma, S. K., Gupta, A. K., Singh, R. P. and Verma, R. 
K. (2015). Bio-inoculants and vermicompost influence on yield, quality of Andrographis 
paniculata, and soil properties. Industrial Crops and Products, 70:404-409. 

Ogaji, S. O., Watako, A. O., Nyongesah, J. M. and Peter, B. (2022). Effects of cricket frass biofertilizer 
on growth of spring onion (Allium fistulosum L.) and physicochemical properties of soil. 
Journal of Modern Agriculture and Biotechnology, 1:14.  

Sriraj, P., Toomsan, B. and Butnan, S. (2022). Effects of Neem Seed Extract on Nitrate and Oxalate 
Contents in Amaranth Fertilized with Mineral Fertilizer and Cricket Frass. Horticulturae, 
8:898. 

Wanjugu, A., Bulli, P. and Andika, D. (2023). Effects of cricket frass on vegetative growth of Cleome 
gynandra. African Journal of Agricultural Research, 19:210-215. 

Wantulla, M., Dicke, M. and Van Loon, J. J. A. (2023). Effects of amending soil with black soldier 
fly frass on survival and growth of the cabbage root fly (Delia radicum) depend on soil type. 
Journal of Pest Science. Journal of Pest Science, 202397:1-9. 

Zhao, M., Zhao, J., Yuan, J., Hale, L., Wen, T., Huang, Q., Vivanco, J. M., Zhou, J., Kowalchuk, G. 
A. and Shen, Q. (2021). Root exudates drive soil‐microbe‐nutrient feedbacks in response to 
plant growth. Plant, Cell & Environment, 44:613-628.  

 
(Received: 30 June 2024, Revised: 12 January 2025, Accepted: 15 January 2025) 


