
Herbicidal Potential Of Organic Acids For The Management Of Garden Land Weeds 



.     
.
              . 
                     
	.
..


.



ABSTRACT

	There is an increasing importance to eco-friendly alternatives in weed management in the current context of the shift towards sustainable forms of agriculture like organic and natural farming. The unscrupulous use of chemicals in agricultural practices has led to many adverse effects on ecology or the environment as well as the quality of food grown. Under this context, studies were conducted to evaluate herbicidal potential of organic acids as eco-friendly alternatives for weed management- acetic, lactic, and formic acids at four doses 2.5%, 5%, 10%, and 20% were used. A field experiment was conducted at the Agronomy farm, Kerala Agricultural University, Thrissur, using a factorial randomized block design with three replications. The acids were sprayed on three and six-week-old weeds, and the effect of these acids on weed, soil quality, and residual effect on cowpea seedlings was assessed. In three-week-old weeds, acetic and formic acid spray at 5%, 10%, and 20% achieved complete control without regrowth. Lactic acid at 10% and 20% also gave complete control. However, in six-weeks-old weeds, complete control of dicot weeds was achieved at 10% and 20% of formic and acetic acid and 20% of lactic acid. Monocots were comparatively more resilient; complete damage was possible only with 20% of acetic and formic acid, while lactic acid failed to provide complete control even at this concentration. Soil microbial population increased significantly upon spraying of organic acids. Cowpea raised immediately following organic acid spray showed no effect on germination and initial growth. 
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1. INTRODUCTION 

Herbicides constitute a major share of all the agro-chemicals used worldwide in agricultural production. It can adversely affect non-target taxa by changing the microbial communities and functions in soil, plants, and animals (Edwards and Pimentel, 1989). Thiour-Mauprivez et al. (2019), reported that changes in the soil microbiome are likely to have an impact on important plant-soil processes, including nutrient cycling.
Organic acids have been used to control vegetation non-selectively in early times. However, the use was not widely adopted due to the advent of new herbicidal molecules with higher weed control efficiency and selective action. Pelargonic acids obtained as a by-product of biomass charcoal act as a non-selective bioherbicides suitable for organic agriculture (Maliang et al., 2023). Organic acids have less persistence in the environment. When applied to the soil, they are rapidly broken down and act as a carbon source for soil microorganisms and produce water as a byproduct (Fischer and Kuzyakov, 2010). Organic acids act as non-selective contact herbicides that directly damage plant tissues by disrupting cell membrane integrity, inducing chlorophyll degradation, and causing leakage of cellular contents (Webber et al., 2018). Metabolic and photosynthetic pathways of the plants are affected and drastically reduce total protein and chlorophyll content (Anwar et al., 2023). As a result, visible burning and scorching symptoms appear on the aboveground parts of the plant, leading to rapid tissue desiccation and foliage death. El Shahaway (2015), reported that these herbicidal effects appeared more rapidly under bright sunlight, becoming visible within 30 minutes, whereas in the absence of sunlight, symptoms took about two hours to develop. Therefore, the use of synthetic chemicals can be minimized by using organic acids for weed management. Hence, the experiment was conducted to find the suitable doses of organic acids for garden land weed management without having any residual effect on future crops and soil microbial community. This will help the farmers to incorporate organic acids in integrated weed management.

2. material and methods 

The experiment was conducted from March to May 2025 at Agronomy Farm, College of Agriculture, Vellanikkara, Kerala Agricultural University, Thrissur, to study the herbicidal effects of organic acids on garden land weeds. The area enjoys a typical hot, humid tropical climate. The maximum temperature recorded during the study period was 37oC and the minimum temperature was 24.7oC. An area of 50 m2 was tilled and irrigated for promoting weed growth. Major weeds present were of dicots: Trianthema portulacastrum and Alternanthera sessilis and some were monocot weeds. The area was divided into subplots of size 1x1 m2. The experiments were carried out using a Factorial Randomized Block Design with three replications. Post-emergent spray of organic acids was done at two stages-three and six weeks after germination of weeds using knapsack sprayer with flatfan nozzle having spray volume of 500L ha-1. Treatments consisted of three organic acids (factor A) at four concentrations (factor B) tank mixed with a sticker. A residual crop of bushy-type cowpea (variety Bhagyalakshmi) was raised one week after organic acid spray on six-week-old weeds to evaluate the soil residual effect, if any, on the initial growth of crop. Cowpea seeds were dibbled after a light tillage along with already dried/partially dried weed residues. 

The herbicidal effect of various organic acids was assessed based on phytotoxicity rating and chlorophyll degradation. The percentage of chlorophyll degradation and weed control efficiency were estimated by following formulae.
i)Percentage chlorophyll degradation of weeds=

Total chlorophyll content (Unsprayed) - Total chlorophyll content (Treated) X 100
                                           
                                   Total chlorophyll content (Unsprayed)

ii) Weed control efficiency =

       Weed biomass (Unsprayed) - Weed biomass (Treated) X 100
                               
                                            Weed biomass (Unsprayed)















The pH and electrical conductivity (EC) of soil were assessed at 1, 5, 10, 20, 40, and 60 days after application (DAA) of organic acids. The available nitrogen (Subbaiah and Asija, 1956), available phosphorous (Bray and Kurtz, 1945), available potassium (Jackson, 1958), organic carbon (Walkley and Black, 1934), and labile carbon (Blair et al., 1995) were estimated at 60 days after organic acid spray as per standard procedures. The total microbial count of soil was assessed one and two weeks after spraying of organic acids (Clark, 1965). The data generated were processed through the statistical package “GRAPES” (General R- based Analysis Platform Empowered by Statistics) developed by Gopinath et al. (2021). 

3. results and discussion

3.1 Effect of organic acid spraying on weeds

The effect of organic acid spraying on three weeks old weeds and six weeks old weeds (dicot and monocot weeds) was studied and their regrowth was assessed. Foliar spray of all organic acids led to severe phytotoxicity symptoms like bleaching, scorching, and drying of weeds. The phytotoxicity score increased with an increase in doses of acids from 2.5% to 20%. In general, among the various organic acids, the burning and scorching effect on leaves was in the order of formic acid > acetic acid > lactic acid.

a) Phytotoxicity of organic acids on garden land weeds three weeks after germination
Higher concentrations of all organic acids caused severe phytotoxicity, leading to rapid drying and withering within one day after application (DAA). Complete weed damage without regrowth occurred by 30 DAA with acetic acid at 5%, 10%, and 20%; formic acid at 5%, 10%, and 20%; and lactic acid at 10% and 20%. All acids at the lowest concentration of 2.5% showed regrowth. It caused only mild leaf scorching and weed regrowth was evident by 10 DAA (Table 1). Phytotoxicity rating (Thomas and Abraham, 2007) was given based on the standard scoring of 0-5 scale (0 – no control, 1 - slight control, 2 - moderate control, 3 - good control, 4 - very good control, 5- complete control).
The phytotoxicity score of 5 varied with the type of acid and its doses. In the case of all organic acids at higher concentrations, complete weed damage with the highest phytotoxicity was observed at 1 DAA in these treatments: all acids at 20%, acetic and formic acid at 10%. The strongest organic acid, formic acid, at lower concentration of 5%, recorded the highest score at 3 DAA. Similarly, the highest score was achieved at 5 DAA and 10 DAA in 5% acetic acid and 10% lactic acid, respectively. On the other hand, at 2.5%, formic acid attained score of 4 by 3 DAA, whereas acetic and lactic acid at 2.5% had lower score of 2 and 3 during the observed period. Even at a higher dose of 5%, lactic acid was able to achieve only moderate phytotoxicity (score 2). This shows the herbicidal effect of formic acid even at lower concentrations over acetic and lactic acids.

	[bookmark: _Hlk214524864]Table 1: Visual phytotoxicity scoring and regrowth of three weeks old weeds after spraying of organic acids at varied concentrations 

	[bookmark: _Hlk214062100]No
	Treatments
	Days after spraying

	
	
	Day 1
	Day 2
	Day 3
	Day 5
	Day 7
	Day 10
	Day 15
	Day 30

	1
	Acetic acid 2.5 %
	2
	2
	3
	3
	3
	3
	R
	-

	2
	Acetic acid 5 %
	4
	4
	4
	5
	5
	5
	5
	5

	[bookmark: _Hlk214090523]3
	Acetic acid 10 %
	5
	5
	5
	5
	5
	5
	5
	5

	4
	Acetic acid 20 %
	5
	5
	5
	5
	5
	5
	5
	5

	5
	Lactic acid 2.5 %
	1
	1
	2
	2
	2
	R
	-
	-

	6
	Lactic acid 5 %
	2
	2
	2
	2
	2
	2
	R
	-

	7
	Lactic acid 10 %
	3
	3
	4
	4
	4
	5
	5
	5

	8
	Lactic acid 20 %
	5
	5
	5
	5
	5
	5
	5
	5

	9
	Formic acid 2.5%
	3
	3
	4
	4
	4
	4
	4
	R

	10
	Formic acid 5%
	4
	4
	5
	5
	5
	5
	5
	5

	11
	Formic acid 10%
	5
	5
	5
	5
	5
	5
	5
	5

	12
	Formic acid 20%
	5
	5
	5
	5
	5
	5
	5
	5

	13
	Control
	0
	0
	0
	0
	0
	0
	0
	0

	*Phytotoxicity rating scale: 0- none, 1- slight toxicity, 2- moderate, 3- good, 4- very good, 5- complete drying
*R-regrowth


b) Phytotoxicity of acids on garden land weeds (dicot weeds) six weeks after germination
The phytotoxic effects were same as those observed for three weeks old weeds (Table 2). In dicots, formic and acetic acid at 10 and 20% and lactic acid 20% completely controlled dicot weeds. A residual cowpea crop was sown after one week of spraying to assess the impact of organic acid on cowpea germination and its early growth. 
The highest phytotoxicity score of 5 was observed from 1 DAA with 20% concentrations of formic and acetic acid. Formic acid 10% achieved the highest score by 2 DAA, followed by 10% acetic acid at 3 DAA, whereas 20% lactic acid required 5 DAA. Acetic and lactic acid at 2.5% and 5% concentrations caused only light scorching, but the phytotoxicity symptoms were more evident at these concentrations of formic acid. Formic acid 5% even reached a phytotoxicity score of 4 by 5 DAA while, 5% acetic and lactic acid failed to reach a score of 4 even 1 week after application. Very poor scores of 1 and 2 were observed for 2.5% and 5% lactic acid.

	[bookmark: _Hlk219658966]Table 2: Visual phytotoxicity on six weeks old dicot weeds after spraying of organic acids at varied concentrations

	No
	Treatments
	Days after spraying

	
	
	Day 1
	Day 2
	Day 3
	Day 5
	Day 7

	1
	Acetic acid 2.5 %
	2
	2
	2
	3
	3

	2
	Acetic acid 5 %
	2
	3
	3
	3
	3

	3
	Acetic acid 10 %
	4
	4
	5
	5
	5

	4
	Acetic acid 20 %
	5
	5
	5
	5
	5

	5
	Lactic acid 2.5 %
	1
	1
	2
	2
	2

	6
	Lactic acid 5 %
	2
	2
	2
	2
	3

	7
	Lactic acid 10 %
	3
	3
	3
	4
	4

	8
	Lactic acid 20 %
	4
	4
	4
	5
	5

	9
	Formic acid 2.5%
	2
	2
	3
	3
	3

	10
	Formic acid 5%
	3
	3
	3
	4
	4

	11
	Formic acid 10%
	4
	5
	5
	5
	5

	12
	Formic acid 20%
	5
	5
	5
	5
	5

	13
	Control
	0
	0
	0
	0
	0

	*Phytotoxicity rating scale: 0- none, 1- slight toxicity, 2- moderate, 3- good, 4- very good, 5- complete drying



c) Phytotoxicity of acids on garden land weeds (monocot weeds) six weeks after germination
Phytotoxicity scoring on monocots indicated organic acids were more effective against dicots than monocots (Table 3). Complete weed damage of monocots was occurred with 20% formic and acetic acid, while only 10% concentrations of these acids were required for total damage of the dicot weeds. Lactic acid at 20% was not effective. The highest phytotoxicity score of 5 was observed at 1 DAA in the case of acetic & formic acid at 20%. Lactic acid 20% was able to attain a score of 4 by 7 DAA. Acetic and formic acid at 10% concentration achieved the score of 4 by 5 DAA and 2 DAA, while lower concentrations of 2.5% and 5% produced less evident symptoms on monocots. 
	Table 3: Visual phytotoxicity scoring of six weeks old monocots weeds after spraying of organic acids at varied concentrations

	No
	Treatments
	Days after spraying

	
	
	Day 1
	Day 2
	Day 3
	Day 5
	Day 7

	1
	Acetic acid 2.5 %
	1
	1
	1
	2
	2

	2
	Acetic acid 5 %
	2
	2
	2
	2
	3

	3
	Acetic acid 10 %
	3
	3
	3
	4
	4

	4
	Acetic acid 20 %
	5
	5
	5
	5
	5

	5
	Lactic acid 2.5 %
	1
	1
	1
	1
	1

	6
	Lactic acid 5 %
	1
	1
	1
	2
	2

	7
	Lactic acid 10 %
	2
	2
	2
	2
	3

	8
	Lactic acid 20 %
	3
	3
	3
	4
	4

	9
	Formic acid 2.5%
	1
	1
	1
	2
	2

	10
	Formic acid 5%
	2
	2
	3
	3
	3

	11
	Formic acid 10%
	3
	4
	4
	4
	4

	12
	Formic acid 20%
	5
	5
	5
	5
	5

	13
	Control
	0
	0
	0
	0
	0

	*Phytotoxicity rating scale: 0- none, 1- slight toxicity, 2- moderate, 3- good, 4- very good, 5- complete drying


The extent of weed injury can be attributed to the specific physicochemical properties of organic acids.  Acetic and formic acid gave similar phytotoxicity scoring in most of the cases (Tables 1, 2, and 3). Herbicidal activity was more for formic acid even at the lower concentrations, whereas lactic acid was milder in action, and phytotoxic symptoms progressed gradually. Stull, 1947, reported that at 20°C, formic acid had the highest volatility (4.6 kPa), followed by acetic acid (1.55 kPa), whereas lactic acid showed almost no volatility (0.01 kPa). Higher volatility facilitates more penetration of a substance into the tissues. Riederer et al. (2002) demonstrated that compounds having higher volatility can enter stomal openings, cuticular cracks, and intercellular space more rapidly, allowing them to reach deeper tissues more evenly. Surface tension is another important property that influences spray fluid wettability and canopy coverage. Alvarez et al. (1997), reported surface tension values of 27.6 mN/m for acetic acid, 37.7 mN/m for formic acid, and 53 mN/m for lactic acid. The comparatively lower surface tension of acetic and formic acid than lactic acid helps to spread more easily and have a uniform contact with the leaf surface causing more damage. 
Organic acids were more effective against three weeks old weeds than six weeks old weeds, due to the tender, softer tissue and lower biomass. Dicot weeds got easily damaged with organic acids than monocot weeds due to the morphological and physiological differences of the weeds. According to Torrey (1955), dicot weeds provide more contact area with acids due to broader leaves, more tender tissue, and visible growing point. Conversely, damage by organic acids on monocot weeds was less because of vertically oriented leaves with more sclerenchymatous and fibrous leaf surface and the growing point is protected within the leaf sheath. These properties caused less penetration of acids into the tissue, enabled rapid runoff, and lesser retention of spray solution. 
3.1.1 Effect of organic acid spraying on total chlorophyll content of dicots and monocots
Dicots showed a greater reduction in total chlorophyll content than monocots. Acetic and formic acids were the most effective across both groups. In both the cases, total chlorophyll content of the weed decreased with an increase in doses of acids from 2.5% to 20%.  Generally, the mean reduction in chlorophyll content of monocots was 10% less compared to the dicots (Table 6). The unsprayed weeds recorded a total chlorophyll content of 1.812 mg g⁻¹ in dicot weeds (Table 4). Total chlorophyll content was comparable in the case of acetic and formic acids at all concentrations, while lactic acid consistently retained higher chlorophyll levels at all concentrations. Acetic and formic acids produced the greatest chlorophyll depletion, reducing the content to 0.061 and 0.074 mg g⁻¹ at 20%, whereas lactic acid at this dose caused reduction of content to a level of 0.309 mg g⁻¹.
	Table 4: Total chlorophyll content (mg g-1 leaf fresh weight) of dicot weeds at one day after spraying of organic acids at various doses

	Factor A
(Organic acids)
	Factor B (Doses)

	
	2.5 %
	5 %
	10 %
	20 %
	Mean

	Acetic acid
	0.915c
	0.688d
	0.100f
	0.061f
	0.441b

	Formic acid
	0.966c
	0.652d
	0.120f
	0.074f
	0.453b

	Lactic acid
	1.664a
	1.228b
	0.727d
	0.309e
	0.982a

	Mean
	1.182a
	0.856b
	0.316c
	0.148d
	

	Control
	1.812

	LSD (p=0.05)
	A-0.046                          B- 0.053                  AXB- 0.092

	CV (%)
	10.182

	SE(m) ±
	A- 0.016                         B- 0.018                  AXB- 0.032

	*AxB-Interaction between factor A and factor B


The total chlorophyll content of monocots of the unsprayed weeds were 1.681 mg g⁻¹ (Table 5). The chlorophyll content was reduced to 0.262, 0.281, and 0.301 mg g⁻¹ when formic, acetic, and lactic acids were sprayed at 20% concentration, which were on par. The content was comparable in acetic acid (0.420 mg g⁻¹) and formic acid (0.343 mg g⁻¹) at 10% with a higher chlorophyll retention at 10% lactic acid (0.801 mg g⁻¹).
	Table 5: Total chlorophyll content (mg g-1 leaf fresh weight) of monocot weeds at one day after spraying of organic acids at various doses

	Factor A
(Organic acids)
	Factor B (Doses)

	
	2.5 %
	5 %
	10 %
	20 %
	Mean

	Acetic acid
	1.280b
	1.142c
	0.420g
	0.281h
	0.780b

	Formic acid
	0.870d
	0.741e
	0.343gh
	0.262h
	0.552c

	Lactic acid
	1.430a
	1.322b
	0.801d
	0.301h
	0.923a

	Mean
	1.190a
	1.070b
	0.472c
	0.282d
	

	Control
	1.681

	LSD (p=0.05)
	A-0.043                       B- 0.050                  AXB- 0.086

	CV (%)
	11.152

	SE(m) ±
	A- 0.015                      B- 0.017                   AXB- 0.030

	*AxB-Interaction between factor A and factor B


The chlorophyll degradation increased with an increase in the concentration of organic acids. The chlorophyll degradation was more than 90% in the case of 10% and 20% concentration of both acetic and formic acid in the case of dicots. In monocots, 80-90% chlorophyll degradation was observed in the 20% concentration of all the acids. This showed that the effect was more in dicots than monocots (Table 6). In general, the mean reduction in chlorophyll content was 10% less compared to the dicots.
	Table 6: Percentage chlorophyll degradation of weeds at one day after spraying of organic acids at various doses

	Dicots

	Factor A
(Organic acids)
	Factor B (Doses)

	
	2.5 %
	5 %
	10 %
	20 %
	Mean

	Acetic acid
	49.170cde
	61.880c
	94.482a
	96.691a
	75.560a

	Formic acid
	47.510cde
	64.091c
	93.372ab
	96.130a
	75.282a

	Lactic acid
	14.681g
	32.042ef
	59.670cd
	82.872b
	45.721b

	Mean
	34.992d
	52.670c
	82.511ab
	91.891a
	

	LSD (p=0.05)
	A-3.781                       B- 4.366                   AXB- 7.563

	CV (%)
	9.077

	SE(m) ±
	A- 1.314                      B- 1.518                   AXB- 2.629

	Monocots

	Factor A
(Organic acids)
	Factor B (Doses)

	
	2.5 %
	5 %
	10 %
	20 %
	Mean

	Acetic acid
	23.810de
	31.750d
	74.801ab
	82.941a
	53.340b

	Formic acid
	38.82c
	55.560bc
	79.760ab
	84.131a
	66.821a

	Lactic acid
	14.681f
	21.431de
	45.712b
	81.940a
	44.681c

	Mean
	28.770d
	36.252c
	71.764b
	83.000a
	

	LSD (p=0.05)
	A-4.466                       B- 5.156                    AXB- 8.931

	CV (%)
	11.414

	SE(m) ±
	A- 1.552                      B- 1.792                   AXB- 3.104

	*AxB-Interaction between factor A and factor B



	[bookmark: _Hlk219661059]
	

	
	

	Fig 1: Graphical representation of percentage chlorophyll degradation of garden land weeds  


Heaton and Marangoni (1996) reported that exposure of acetic acid in plant tissue causes chlorophyll demetallation, replacing the central magnesium ion with hydrogen ions from the acid and producing greyish-brown derivatives like pheophorbide and pheophytin. While lactic acid destabilizes the chlorophyll molecule at low pH, converting it to olive-colored pigments through non-oxidative mechanisms (Janiszewska-Turak, 2022). Budurova et al. (2021), described that formic acid is a polar protic solvent that is used for biomass depolymerization of lignocellulosic compounds and biodegradation of high molecular globular proteins and salicaceous materials. When exposed to formic acid, the formyl group (CHO-) is added to lignin through a formylation-elimination-hydrogenolysis mechanism; as a result, lignified plant material becomes more unstable (Oregui‐Bengoechea et al. 2017). Formic acid showed more herbicidal activity than other acids due to these properties in addition to the physicochemical properties.

3.1.2 Effect of organic acids on weed biomass and weed control efficiency (WCE)
Reduction in weed biomass of six weeks old weeds was influenced more by the dose of the acids than by the type of acid applied (Table 7). Reductions in biomass was more evident at higher concentrations of acids. The weed biomass of the unsprayed check was 240 g at 3 DAA. The highest weed control efficiency of 86.750% was observed for 20% formic acid with weed biomass of 32.002g, followed by 20% acetic acid having WCE of 73.500% with a biomass of 63.751g (Table 8). Lactic acid 20% and formic acid 10% showed comparable performance with WCE of 62% and 58.250%. In all these treatments the WCE was less than 50% of the unsprayed check. Webber et al. (2018), described that organic acid acts as a contact herbicide. When organic acids are sprayed, it causes breakdown of cell membranes, leading to leakage of contents. As a result, rapid desiccation takes place leading the plants to dry up fast, thus reducing its biomass.

	Table 7: Total weed biomass (g/m2) of garden land weeds at three days after spraying of organic acids at various doses

	Factor A
(Organic acids)
	Factor B (Doses)

	
	2.5 %
	5 %
	10 %
	20 %
	Mean

	Acetic acid
	215.000a
	154.251bc
	124.250d
	63.751f
	139.312b

	Formic acid
	198.000a
	139.750cd
	100.250e
	32.002g
	117.501c

	Lactic acid
	207.250a
	197.000a
	163.001b
	91.250e
	164.624a

	Mean
	206.750a
	163.662b
	129.162c
	62.333d
	

	Control
	240

	LSD (p=0.05)
	A- 9.319                   B- 10.761                   AXB-18.639

	CV (%)
	9.223

	SE(m) ±
	A-3.239                    B-3.740                      AXB-6.478

	*AXB-Interaction between factor A and factor B



	Table 8: Weed control efficiency of garden land weeds (%) at three days after spraying of organic acids at various doses

	Factor A
(Organic acids)
	Factor B (Doses)

	
	2.5 %
	5 %
	10 %
	20 %
	Mean

	Acetic acid
	10.250g
	35.750ef
	48.250d
	73.500b
	41.938b

	Formic acid
	17.500g
	41.750de
	58.250c
	86.750a
	51.062a

	Lactic acid
	13.750g
	18.000g
	32.250f
	62.000c
	31.500c

	Mean
	13.833d
	31.833c
	46.250b
	74.083a
	

	LSD (p=0.05)
	A- 3.901                       B- 4.505                 AXB-7.803

	CV (%)
	13.070

	SE(m) ±
	A-1.356                         B- 1.566                  AXB-2.712

	*AXB-Interaction between factor A and factor B



3.2 Effect of organic acids on soil quality parameters
Organic acid spraying had no significant effect on the pH and electrical conductivity (EC) of the soil. The observation of soil nutrient content 60 DAA found that acid spraying had no effect on the organic carbon, available phosphorous, available potassium, available nitrogen, and labile carbon content. 
3.2.1 Effect of organics on total microbial count of the soil
There was significant change in the soil microbial population after spraying of various organic acids. Total microbial count was significantly higher than unsprayed soil even at lower concentrations when observations were taken one and two weeks after spraying (Table 9). A dose-dependent increase in total microbial count was observed.
At one week of organic acid spray, formic acid had the highest mean microbial count (240X107 CFU g-1), followed by acetic acid (98 × 107 CFU g⁻¹) and lactic acid (78 × 107 CFU g⁻¹). The highest microbial count was recorded for 20% formic acid (530x107 CFU g⁻¹). Two weeks after spraying, the maximum population was observed in 20% lactic acid spray (500×107 CFU g⁻¹). Kong et al. (2022) reported that when acetic acid solution was used for irrigating the soil, there was a significant increase in the populations of beneficial microorganisms, specifically Azotobacter and Pseudomonas. It occurred because acetic acid acts as a readily available carbon and energy source, which promoted the growth and proliferation of soil bacteria.

	Table 9: Total microbial count (CFU g-1) of soil one week and two weeks after application of organic acids at various doses

	1 week

	Factor A
(Organic acids)
	Factor B (Doses)

	
	2.5 %
	5 %
	10 %
	20 %
	Mean

	Acetic acid
	53X107 f
	87X107 e
	33X107 g
	220X107 b
	98X107 b

	Formic acid
	170X107 c
	130X107 d
	93X107 e
	530X107 a
	240X107 a

	Lactic acid
	30X107 g
	23X107 g
	37X107 g
	220X107 b
	78X107 c

	Mean
	87X107 b
	81X107 b
	54X107 c
	320X107 a
	

	Control
	0.73X107

	LSD (p=0.05)
	A-8X107                        B-9.8X107                       AXB-17X107

	CV (%)
	8.64

	SE(m) ±
	A-3.1X107                     B-5.3X107                      AXB-7.9X107

	[bookmark: _Hlk214062506]2 weeks

	
	2.5 %
	5 %
	10 %
	20 %
	Mean

	Acetic acid
	5.3X107 h
	22X107gh
	39X107 fg
	47X107 ef
	28X107 c

	Formic acid
	40X107 fg
	63X107 e
	97X107 d
	110X107 cd
	76X107 b

	Lactic acid
	120X107 c
	220X107 b
	250X107 b
	500X107 a
	160X107 a

	Mean
	56X107 c
	110X107 b
	130X107 b
	660X107 a
	

	Control
	1.2X107

	LSD (p=0.05)
	A- 11X107                          B-12X107                    AXB-21X107

	CV (%)
	14.03

	SE(m) ±
	A-3.7X107                           B-4.3X107                   AXB-7.4X107

	*AXB-Interaction between factor A and factor B


3.3 Effect of organic acid application on initial growth of cowpea 
The plant population of treated plots was within the range of 91-102 m-2 at 6 DAA compared to the unsprayed check (103 plants m-2) as given in Table 10. The seedlings did not show any abnormalities in terms of plant height (both shoot and root length), leaf shape, and size. These findings confirm that application of organic acids did not have any adverse residual effect on germination, initial growth, and plant population of residual crop.


	[bookmark: _Hlk214524379]Table 10: Plant population (No. of plants/m2) of cowpea 3 days and 6 days after sowing

	3 DAA

	Factor A
(organic acids)
	Factor B (Doses)

	
	2.5 %
	5 %
	10 %
	20 %

	Acetic acid
	95
	92
	94
	96

	Formic acid
	99
	91
	87
	85

	Lactic acid
	99

	Control
	103

	6 DAA

	
	2.5 %
	5 %
	10 %
	20 %

	Acetic acid
	102
	99
	99
	100

	Formic acid
	100
	99
	91
	94

	Lactic acid
	99

	Control
	102



4. CONCLUSION
The study demonstrated that acetic, lactic, and formic acid can act as effective contact herbicides for the management of upland weeds in the early growth stage, and activity depends on dose. Organic acid spraying leads to severe phytotoxicity, chlorophyll degradation and drying. The herbicidal efficiency was more in dicots compared to monocots due to the difference in morphology. Younger weeds (three weeks old) were more susceptible than six weeks old weeds. As the concentration of acid was increased, weed suppression also increased. Among acids, formic acid exhibited more herbicidal action, causing severe tissue damage even at lower concentration of 2.5%. Acetic acid showed comparable effect at higher concentrations, whereas lactic acid was less potent of the three acids. Organic acid spraying did not affect soil pH, EC, or organic carbon, available phosphorous, available potassium, available nitrogen, or labile carbon content of soil. Soil microbial population increased significantly upon spraying of organic acids. Organic acid application did not affect the germination of cowpea that was sown immediately after one week of spraying. The choice and concentration of acid depend on the weed flora and the growth stage of weed. Based on weed control efficiency and the effect on soil chemical properties, it can be concluded that acetic and formic acid ≥5% concentration and lactic acid at 10% and 20% concentration can be used for controlling three weeks old weeds. Acetic and formic acid at 10% and 20%, lactic acid at 20% concentration effectively control six weeks old dicot weeds, while six weeks old monocot weeds can be managed only by 20% concentration of acetic and formic acid. Therefore, organic acids can be used in eco-friendly weed management strategies and can be included as an important measure in integrated weed management practices. 
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Chlorophyll degradation (%) at 2.5% concentration

Dicots	
Acetic acid 	Formic acid	Lactic acid	49.17	47.51	14.68	Monocots	
Acetic acid 	Formic acid	Lactic acid	23.81	38.82	8.2899999999999991	
Clorophyll degradation (%)




Chlorophyll degradation (%) at 5% concentration

Dicots	
Acetic acid 	Formic acid	Lactic acid	61.88	64.09	32.04	Monocots	
Acetic acid 	Formic acid	Lactic acid	31.75	55.56	21.43	



Chlorophyll degradation (%) at 10% concentration

Dicots	
Acetic acid 	Formic acid	Lactic acid	94.48	93.37	59.67	Monocots	
Acetic acid 	Formic acid	Lactic acid	74.8	79.760000000000005	45.71	
Chlorophyll degradation (%)




Chlorophyll degradation (%) at 20% concentration

Dicots	
Acetic acid 	Formic acid	Lactic acid	96.69	96.13	82.87	Monocots	
Acetic acid 	Formic acid	Lactic acid	82.94	84.13	81.94	
Chlorophyll degrafation (%)




