Effects of Brassinolide and Humic Acid on Chemical properties and NPK of Soil of Black Gram (Vigna mungo L.)

 

ABSTRACT
[bookmark: _Hlk140929607][bookmark: _Hlk131625178][bookmark: _Hlk140260150]The field experiment was conducted during the Kharif season of 2022-23 at the Lovely Professional University, Jalandhar, Punjab. To study the effect of brassinolide and humic acid on growth and yield of black gram. The experiment was laid out in a Randomized Block Design (RBD) having three replications and eight treatments by using MASH-114 variety. The treatments were: T0-Control T1-(100% RDF), T2-RDF (Recommended dose of fertilizers) + Humic acid 20kg ha-1 (Soil applied), T3-RDF + Humic acid 0.1% (Foliar applied), T4-RDF + Brassinolide 0.25ppm (Soil applied), T5-RDF + Brassinolide 0.1ppm (Foliar applied), T6-RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm (Soil applied), T7-RDF + Humic acid 0.1%+ Brassinolide 0.1ppm (Foliar applied) were used for this study.  According to the findings of a field investigation that humic acid and brassinolide had a considerable impact on nitrogen availability in the soil at the harvest stage of the black gram crop. Treatments (T6) and (T7) resulted in the most substantial increases in soil nitrogen levels compared to the control treatment (T0). The utilization of humic acid and brassinolide may have created a favorable environment in the rhizosphere, leading to an increase in microbial activity and mineralization. This, in turn, could have resulted in higher nitrogen (N) availability in the soil. Treatments T6 and T7 exhibited the most notable enhancements in soil potassium levels compared to the control treatment (T0). Soil chemical properties viz., pH, EC, NPK were also affected significantly due to application of humic acid through soil or foliarly in black gram.
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1. INTRODUCTION
Pulses are a magnificent gift from nature that have the special capacity to biologically fix nitrogen, have a deep root system, mobilize insoluble nutrients from the soil, and cause qualitative changes in the soil's qualities recognized as restoring soil fertility. One of the most significant pulse crops farmed throughout the nation in rainfed areas is the black gram [Vigna mungo. L]. This crop is grown across the country in many different kinds of cropping systems, including mixed crop, catch crop, and sequential crop. In India, the states of Andhra Pradesh, Bihar, Madhya Pradesh, Maharashtra, U.P., West Bengal, Punjab, Haryana, and Karnataka are among the most well-known for growing black gram. For milch cattle specifically, it is utilized as nutritional feed. Black gram, commonly known as urd, is grown in India as a green manuring crop (Asha and Lingakumar, 2015)
         One of the most significant pulse crops is the black gram. The Indian subcontinent is where the black gram first appeared (De Candolle, 1882). About 18,000 species comprise the family Leguminoseae, distinguished by its pods and alternate pinnate or trifoliate leaves (Cobley and Steele, 1976). Grain legumes, also referred to as pulse, are members of the "papilionaceous" subfamily because their blossoms have a butterfly-like appearance. Because of their high nutritional value (protein content ranges from 17 to 27%) and flexibility to a wide range of agroecological and management variables, pulses are an important component of food grain crops (Sritharan et al., 2015). Leguminous crops integrate well in crop rotation and cropping systems because they fix and use atmospheric nitrogen while also enhancing soil fertility. Pulse production is much lower than what is needed. As opposed to the 104 g per capita recommended by the FAO and WHO, India only provides 45 g of pulses per person each day (Kumari et al., 2023). Therefore, it presents a significant problem for agricultural experts to supply the nation's rapidly expanding population with pulses (Chaitra & Math, 2018).
           Black gram (Vigna mungo), a type of pulse, is one of the most significant crops farmed in India. It is eaten as "dal" (whole or split, husked and unhusked), or it can be parched. It is a key component in "papad." It serves as both a crop for green manuring and nutritious feed, particularly for milch cattle. Each hectare of soil receives an addition of 42 kg of nitrogen. It has a dense root system that ties together soil particles to stop erosion. Black gram has roughly 25% protein, 60% carbohydrates, 10.9 percent moisture, 1.4 % fat, 0.9 % fiber, and 3.2% minerals and vitamins, contains 154 mg of calcium, 385 mg of phosphorus, 9.1 mg of iron, and a little quantity of vitamin B complex (Devaraju and Senthivel 2018). It is well known that plant growth regulators speed up the transfer of photo assimilates and improve the source-sink link. As a result, this mechanism promotes fruit and seed growth, flower formation, and effective flowering, ultimately increasing agricultural productivity (Marimuthu & Surendran, 2015). Additionally, growth regulators can improve field crops' physiological efficiency, particularly in terms of their ability to photosynthesize, and the efficient partitioning of nutrients from source to sink (Shah et al., 2023).
          Humins, humic acid, and fulvic acid have received significant attention among the three humic compounds, and researchers have extensively investigated their effects on various crop plants. The portion of humic compounds known as humins is insoluble in both alkali and acid. Humin remains insoluble in water across all pH levels (Khaled & Fawy, 2011). Organic acids are unable to dissolve in water under acidic conditions; however, they can do so in alkaline environments. The plant's ability to absorb and receive more nutrients increases plant development. Humic acid is particularly useful for preserving soil nutrients so that they are always available to the plant. Humic acids are intermediates between humas in complexity and remain in the soil for a longer time, making them beneficial to crops (Maffia et al., 2025). Due to improved nutrient availability, increased metabolic activity, and quick and timely availability of micro and macronutrients, humic acid is applied topically actively expanding leaves resulting in a bigger expansion of the plant (Bakry et al., 2015). The present study was initiated to evaluate the effects of brassinolide and humic acid on the chemical properties of soil NPK of soil of black gram. 

2. MATERIALS AND METHODS
[bookmark: _Hlk214540824]2.1 Experimental Site 
The experiment was carried out at the fields of Lovely Professional University, Department of Agronomy, Lovely Professional University, Phagwara (Punjab) during the year 2022-23. This field is situated at 310 22’31.81 North Latitude and 750 23’03.02 East longitude, with an average elevation and with a mean sea level of 252 m. 
2.1.1 Climate and weather conditions
The test site enjoys a subtropical climate, with hot summer winds prevailing during the day and temperatures rising at night. The hottest months are May, June and July (mercury touches 380C), and the corresponding temperatures in the last week of July. Winter comes in October.
2.1.2 Soil Properties
The soil at the experimental site is described as sandy loam mixed with the Hyperthermia family typical of Haplustept. The soil was excavated at a depth of 0-15 cm from different parts of the experimental site and its physical, chemical, and biological properties were examined. The test site contains a high sand content (77%) and is classified as sandy soil. Analysis reveals that the soil is low in organic carbon, nitrogen, and potassium, moderate in phosphorus, and somewhat acidic and alkaline. This shows the basic physicochemical properties of the soil.
2.2 Details of treatments
A combination of Recommended doses of fertilizer (RDF) 20:40:20 (N:P: K kg ha-1), Humic acid foliar application at 25 DAS and 15 Days after 1st spray, Brassinolide foliar application at 30 DAS and 45 DAS (Chart 1).
Chart 1: Details of treatments
	Treatments
	Description

	T0
	Control

	T1
	(100%RDF)

	T2
	RDF + Humic acid 20kg ha-1 (Soil applied)

	T3
	RDF + Humic acid 0.1% (Foliar applied)

	T4
	RDF + Brassinolide 0.25ppm (Soil applied)

	T5
	RDF + Brassinolide 0.1ppm (Foliar applied)

	T6
	RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm (Soil applied)

	T7
	RDF + Humic acid 0.1%+ Brassinolide 0.1ppm (Foliar applied)

	Recommended doses of fertilizer (RDF) - 20:40:20 (N:P: K kg ha-1), Humic acid foliar application – 25 DAS and 15 Days after 1st spray, Brassinolide foliar application – 30 DAS and 45 DAS.



2.3 Variety description                                                                                                 
Certified seeds of a Black gram (MASH-114) were procured from Punjab Agriculture University, Ludhiana, located in Punjab. The seeds of the Black gram (MASH-114) are characterized by their small, upright, and densely-packed structure. They attain maturity within approximately 70 to 80 days. Each pod typically contains 6-7 bold, black seeds that possess excellent culinary qualities. Abundant podding can be observed in this variety. On average, a yield of 3.6 quintals of grain per acre can be expected. Notably, Black gram (MASH-114) exhibits resistance to diseases such as Cercospora leaf spot, bacterial leaf spot, and yellow mosaic virus.
2.4 Observations recorded 
Chemical properties of soil 
Jackson 1973 method was employed to determine the pH of the soil, Electrical conductivity is a method used to measure the concentration of dissolved salts in a solution. The following equations were used to determine soil organic carbon.
Organic carbon (%) = (Blank reading – final reading) x 0.003 x 100/2

NPK analysis
Available N soil was assessed by the alkaline potassium permanganate method, where soil organic matter was oxidized with a hot alkaline potassium permanganate solution.  Available soil phosphorus was analyzed with sodium bicarbonate (NaHCO3) at pH 8.5 (Olsen's reagent) and the phosphorus content of the extract was analyzed by the phosphomolybdate blue colour method using a spectrophotometer at 660nm. Available soil potassium was analyzed using a flame photometer (Jackson, 1973). The amount of potassium in the soil is tested using ammonium acetate.
2.5 Statistical analysis
Statistical analysis was conducted using SPSS VS-22 16 software to determine the significance of differences between various treatments. A significance level of 95% was used. The mean values with different letters indicate statistical significance at a p-value of less than 0.05. 

3. RESULTS AND DISCUSSION
3.1 Effect of soil and foliar application of Humic acid and Brassinolide on Soil pH, EC, SOC of black gram.
To assess the influence of humic acid and brassinolide on soil characteristics, soil samples were collected after the crop harvest. The pH levels, electrical conductivity, and organic carbon content were measured for analysis. The results are depicted in Table 1 & Fig. 1, Fig. 2, and Fig. 3.
pH of soil 
Among all treatments, T7 - (RDF + 0.1% Humic acid + 0.1ppm Brassinolide) applied through foliar application exhibited the highest soil pH value of (7.81). This pH value was statistically similar to T2 -(RDF + 20kg ha-1 Humic acid soil applied) and T6 - (RDF + 20kg ha-1 Humic acid + 0.25ppm Brassinolide applied to the soil), both of which had a pH of (7.81). Additionally, T1 - (100% RDF) had a pH of (7.71), which was statistically similar to (T7), (T2), and (T6). On the other hand, the control treatment (T0) recorded the lowest soil pH (7.41). The trend of soil pH, from highest to lowest, was as follows: T7 > T2 > T6 > T3 > T1 > T4 > T5 > T0 (Table 1, Fig. 1). 

Fig. 1: Effect of humic acid and brassinolide on the total pH of soil.

These findings indicate that treatments involving the application of humic acid, either through foliar or soil application, in combination with RDF and brassinolide, contributed to higher soil pH values. It suggests that humic acid and brassinolide might have a positive effect on soil pH, promoting a more favorable pH range for plant growth.
Soil Electrical Conductivity (dSm-1)
Treatment T7- (RDF + Humic acid 0.1%+ Brassinolide 0.1ppm) through foliar application, exhibited the highest soil electrical conductivity (EC) with a value of (0.51 dSm-1). This was statistically at par with treatment T6 - (RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm) applied to the soil, resulting in an EC of (0.48 dSm-1). The lowest soil EC of (0.35 dSm-1) was recorded in the control treatment, T0, followed by T1 (100% RDF) with an EC of (0.38 dSm-1). The trend of soil electrical conductivity, from highest to lowest, was as follows: T7 > T6 > T5 > T4 > T2 > T3 > T1 > T0 (Table 1, Fig. 2). In summary, treatments (T7) and (T6) demonstrated the highest soil electrical conductivity values, indicating a higher level of ion concentration in the soil. The lowest soil electrical conductivity was observed in the control treatment (T0), suggesting lower ion levels. The changes in electrical conductivity might be related to the use of varied RDF, humic acid, and brassinolide combinations, which changed ion concentrations in the soil.

Fig. 2: Effect of humic acid and brassinolide on the total EC (dSm-1) of soil.


3.1.4 Soil Organic Carbon (%)
The maximum soil organic carbon (SOC) content of (0.76%) was observed in T7- (RDF + Humic acid 0.1%+ Brassinolide 0.1ppm) through foliar application. This value was statistically similar to T6 - (RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm applied to the soil, resulting in an SOC content of (0.73%). In contrast, the T0 - control had a minimum OC concentration of (0.45%). The trend of SOC content followed the sequence T7 > T6 > T3 > T5 > T2 > T4 > T1 > T0 (Table 1, Fig. 3). The slight increase in organic carbon observed in specific treatments could be attributed to the incorporation of agricultural residues such as roots and shaded leaves that remained in the soil after the previous crop harvest. This result is consistent with the findings of Nithila et al. (2013), who discovered that humic acid treatment can affect soil parameters, resulting in higher plant growth, greater crop yields, and enhanced peanut development.

Fig. 3: Effect of humic acid and brassinolide on the Organic carbon (%) of soil.

3.2 Available Soil N, P, K 
The effect of brassinolide and humic acid on the availability of soil nutrients, notably nitrogen (N), phosphorus (P), and potassium (K), was investigated using soil samples collected from various plots at crop harvest. Table 2 & Fig. 4, Fig. 5, and Fig. 6 show the results of this analysis.
3.2.1 Available Soil Nitrogen (kg ha-1)
 The available data regarding the impact of humic acid and brassinolide on soil nitrogen levels at the harvest stage of the black gram crop can be found in (Table 2, Fig. 4). The various treatments had a considerable impact on the nitrogen availability in the soil. Among the treatments, (T6) exhibited the highest level of available nitrogen, with a measurement of (222.80 kg ha-1). The T6 - (RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm) through soil application. Following closely was T7- (RDF + Humic acid 0.1%+ Brassinolide 0.1ppm) through the foliar application, resulting in a soil nitrogen content of (218.70 kg ha-1). The lowest soil nitrogen content of (124.20 kg ha-1) was recorded in the T0 - control. The trend of soil nitrogen content, from highest to lowest, was as follows: T7 > T6 > T2 > T4 > T3 > T5 > T1 > T0. 

Fig. 4: Effect of humic acid and brassinolide on the availabe Nitrogen (kg ha-1) in the soil.
To summarise, whether applied by soil or foliar approaches, humic acid and brassinolide had a considerable impact on nitrogen availability in the soil at the harvest stage of the black gram crop. Treatments (T6) and (T7) resulted in the most substantial increases in soil nitrogen levels compared to the control treatment (T0). The utilization of humic acid and brassinolide may have created a favorable environment in the rhizosphere, leading to an increase in microbial activity and mineralization. This, in turn, could have resulted in higher nitrogen (N) availability in the soil.
3.2.2 Soil Phosphorus (kg ha-1)
 The findings reported in Table 2 and depicted in Fig. 5 offer insight on the effect of humic acid and brassinolide on the phosphorus available in the soil after the harvest of black gram. Among the treatments, the highest level of available phosphorus, measuring (12.3 kg ha-1) was observed in T6 - (RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm) through soil application. Following closely was T7- (RDF + Humic acid 0.1%+ Brassinolide 0.1ppm through the foliar application, resulting in a soil phosphorus content of (11.20 kg ha-1). The lowest soil phosphorus content of (6.68 kg ha-1) was recorded in T0 - control. The trend of soil phosphorus content, from highest to lowest, was as follows: T7 > T6 > T3 > T5 > T4 > T2 > T1 > T0. This result might to be the application of humic acid and brassinolide, whether through soil or foliar methods, had a significant impact on phosphorus availability in the soil after black gram harvest. 

Fig. 5: Effect of humic acid and brassinolide on the availabe Phosphorus (kg ha-1) in the soil.
Treatments (T6) and (T7) showed the highest increases in soil phosphorus levels compared to the control treatment (T0). In a study by Kumar et al., (2019), applying 75 percent of the RDF along with humic acid resulted in greatest availability of phosphorus in the soil. Furthermore, Balai et al., (2017) and Nasiroleslami et al. (2021) found that phosphorus levels up to (60 kg ha-1) as P2O5 caused a notable increase in soil phosphorus content after harvesting chickpea crops.
3.2.3 Soil potassium (kg ha-1)
The experiment investigated the effects of applying humic acid and brassinolide to the soil and leaves on the availability of potassium in the soil. The corresponding results were presented in Table 2 and illustrated in Figure 6. The highest level of soil potassium, measuring (426.5 kg ha-1), was observed in T6 - (RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm (Soil applied) followed by T7- (RDF + Humic acid 0.1%+ Brassinolide 0.1ppm (Foliar applied), resulting in a soil potassium content of (422.4 kg ha-1) Conversely, the lowest soil potassium content of (311.3 kg ha-1) was recorded in the control treatment, T0. The trend follows as T7>T6>T3>T5>T2>T4>T1>T0 (Table 2, Fig. 6). In conclusion, the application of humic acid and brassinolide, either through soil or foliar methods, had a significant influence on the availability of potassium in the soil. Treatments T6 and T7 exhibited the most notable enhancements in soil potassium levels compared to the control treatment (T0). Similarly, the results suggested that Savita et al., (2018) in chickpea.


Fig. 6: Effect of humic acid and brassinolide on the availabe Potassium (kg ha-1) in the soil.







[bookmark: _Hlk138275388]Table 1: Effect of humic acid and brassinolide on the available soil pH, EC (dSm-1) and SOC (%) of black gram.


	Treatments
	pH
	[bookmark: _Hlk138275447]EC (dSm-1)
	SOC (%)

	T0-Control
	7.41 c ± 0.02
	0.35 e ± 0.035
	0.45 c ± 0.025

	T1-[100%RDF]
	7.71 ab ± 0.03
	0.38 de ± 0.015
	0.48 c ± 0.32

	T2-RDF + Humic acid 20kg ha-1 (Soil applied)
	7.81 a ± 0.02
	0.44 d ± 0.010
	0.61 b ± 0.025

	T3-RDF + Humic acid 0.1% (Foliar applied)
	7.74 a ± 0.04
	0.39 c ± 0.020
	0.63 b ± 0.020

	T4-RDF + Brassinolide 0.25ppm (Soil applied)
	7.61 b ± 0.14
	0.44 c ± 0.10
	0.61 b ± 0.020

	T5-RDF + Brassinolide 0.1ppm (Foliar applied)
	7.60 b ± 0.10
	0.46 bc ± 0.10
	0.62 b ± 0.015

	T6-RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm (Soil applied)
	7.78 a ± 0.03
	0.48 ab ± 0.015
	0.73 a ± 0.020

	T7-RDF + Humic acid 0.1% + Brassinolide 0.1ppm (Foliar applied)
	7.81 a ± 0.04
	0.51 a ± 0.015
	0.76 a ± 0.020













	Treatments
	N (kg ha-1)
	P (kg ha-1)
	K (kg ha-1)

	T0-Control
	124.20 g ± 1.65
	6.68 e ± 0.17
	311.3 g ± 1.01

	T1-[100%RDF]
	177.66 f ± 1.86
	7.56 d ± 0.05
	352.5 f ± 1.51

	T2-RDF + Humic acid 20kg ha-1 (Soil applied)
	213.43 c ± 1.07
	8.20 c ± 0.11
	363.9 e ± 1.07

	T3-RDF + Humic acid 0.1% (Foliar applied)
	204.70 de ± 1.87
	8.60 c ± 0.10
	374.3 c ± 1.06

	T4-RDF + Brassinolide 0.25ppm (Soil applied)
	206.7 d ± 2.02
	8.26 c ± 0.05
	362.3 e ± 0.80

	T5-RDF + Brassinolide 0.1ppm (Foliar applied)
	202.86 e ± 2.61
	8.53 c ± 0.15
	366.3 d ± 1.10

	T6-RDF + Humic acid 20kg ha-1 + Brassinolide 0.25ppm (Soil applied)
	222.80 a ± 2.59
	12.13 a ± 0.47
	426.5 a ± 1.12

	T7-RDF + Humic acid 0.1% + Brassinolide 0.1ppm (Foliar applied)
	218.70 b ± 0.80
	11.20 b ± 0.70
	422.4 b ± 2.15


Table 2: Effect of humic acid and brassinolide on the available soil N, P, K (kg ha-1) of black gram.
4. CONCLUSION
The application of humic acid, either through foliar or soil application, in combination with RDF and brassinolide, contributed to higher soil pH values. It suggests that humic acid and brassinolide might have a positive effect on soil pH, promoting a more favorable pH range for plant growth. The changes in electrical conductivity might be related to the use of varied RDF, humic acid, and brassinolide combinations, which changed ion concentrations in the soil. The slight increase in organic carbon observed in specific treatments could be attributed to the incorporation of agricultural residues such as roots and shaded leaves that remained in the soil after the previous crop harvest.  The utilization of humic acid and brassinolide may have created a favorable environment in the rhizosphere, leading to an increase in microbial activity and mineralization. This, in turn, could have resulted in higher nitrogen (N) availability in the soil. The application of humic acid and brassinolide, whether through soil or foliar methods, had a significant impact on phosphorus availability in the soil after black gram harvest. The application of humic acid and brassinolide, either through soil or foliar methods, had a significant influence on the availability of potassium in the soil
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Available soil nitrogen (kg ha-1)

Soil N	g
f
c
de
d
e
a
b

1.6522711641858292	1.8583146486355107	1.0692676621563608	1.8734993995195199	2.0207259421636903	2.6102362600602471	0.79999999999999716	2.5865034312755082	1.6522711641858292	1.8583146486355107	1.0692676621563608	1.8734993995195199	2.0207259421636903	2.6102362600602471	0.79999999999999716	2.5865034312755082	T0	T1	T2	T3	T4	T5	T6	T7	124.2	177.66666666666666	213.43333333333331	204.69999999999996	206.76666666666665	202.86666666666667	218.69999999999996	222.80000000000004	TREATMENTS


Available Nitrogen (kg ha-1) 



Available soil phosphorus (kg ha-1)

Soil P	e
d
c
c
c
c
a
b

0.17559422921421258	2.6457513110645845E-2	2.0816659994660883E-2	5.8594652770823576E-2	2.5166114784235298E-2	0.18009256878986823	0.69002415416660157	0.47258156262526119	0.17559422921421258	2.6457513110645845E-2	2.0816659994660883E-2	5.8594652770823576E-2	2.5166114784235298E-2	0.18009256878986823	0.69002415416660157	0.47258156262526119	T0	T1	T2	T3	T4	T5	T6	T7	6.6866666666666674	7.57	8.1833333333333336	8.5833333333333339	8.2666666666666675	8.5333333333333332	11.206666666666665	12.133333333333333	TREATMENTS


Available Phosphorus (kg ha-1)



Available soil pottasium (kg ha-1)

Soil K	g
f
e
c
e
d
a
b

1.0148891565092231	1.5176736583776262	1.0785793124908933	1.0692676621563764	0.80829037686548644	1.1060440015357993	2.1501937897160244	1.1239810200058196	1.0148891565092231	1.5176736583776262	1.0785793124908933	1.0692676621563764	0.80829037686548644	1.1060440015357993	2.1501937897160244	1.1239810200058196	T0	T1	T2	T3	T4	T5	T6	T7	311.3	352.56666666666666	363.9666666666667	374.36666666666662	362.36666666666662	366.36666666666662	422.4666666666667	426.56666666666666	TREATMENTS


Available Pottasium (kg ha-1)



pH of Soil

pH	c
ab
a
a
b
b
a
a

2.0000000000000018E-2	2.5166114784235707E-2	2.0816659994661382E-2	3.5118845842842597E-2	0.13892443989449793	0.10000000000000009	3.0550504633038766E-2	3.5118845842842181E-2	2.0000000000000018E-2	2.5166114784235707E-2	2.0816659994661382E-2	3.5118845842842597E-2	0.13892443989449793	0.10000000000000009	3.0550504633038766E-2	3.5118845842842181E-2	T0	T1	T2	T3	T4	T5	T6	T7	7.41	7.7166666666666659	7.8133333333333326	7.7433333333333332	7.6099999999999994	7.6000000000000005	7.7833333333333341	7.8133333333333335	TREATMENTS


pH Range



EC (dSm-1)

EC	e
de
d
c
c
bc
ab
a

3.5118845842842465E-2	1.527525231651948E-2	1.0000000000000009E-2	1.999999999999999E-2	1.0000000000000009E-2	9.9999999999999811E-3	1.5275252316519451E-2	1.527525231651948E-2	3.5118845842842465E-2	1.527525231651948E-2	1.0000000000000009E-2	1.999999999999999E-2	1.0000000000000009E-2	9.9999999999999811E-3	1.5275252316519451E-2	1.527525231651948E-2	T0	T1	T2	T3	T4	T5	T6	T7	0.35333333333333333	0.3833333333333333	0.44	0.38999999999999996	0.44	0.45999999999999996	0.47666666666666663	0.50666666666666671	TREATMENTS


EC (dSm-1)



Organic carbon (%)

OC	c
c
b
b
b
b
a
a

2.5166114784235822E-2	3.2145502536643188E-2	2.5166114784235853E-2	2.0816659994661344E-2	2.0000000000000018E-2	1.527525231651948E-2	2.0816659994661344E-2	2.0000000000000018E-2	2.5166114784235822E-2	3.2145502536643188E-2	2.5166114784235853E-2	2.0816659994661344E-2	2.0000000000000018E-2	1.527525231651948E-2	2.0816659994661344E-2	2.0000000000000018E-2	T0	T1	T2	T3	T4	T5	T6	T7	0.45333333333333331	0.48333333333333334	0.61333333333333329	0.63666666666666671	0.61	0.62333333333333341	0.73333333333333339	0.76000000000000012	TREATMENTS


Organic carbon (%)



