A combined application of humic acid and farmyard manure revamp soil fertility and microbial activity under alkaline condition
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Abstract: Humic acid (HA) improves soil solids surface chemistry and thereby optimizes biological activity and fertility of soil. However, its interactive effect with farmyard manure (FYM) under calcareous soil is not fully explored. Therefore, laboratory incubation experiment (1st) was conducted to investigate effect of various levels of lignitic coal derived humic acid (0, 100 and 200 mg kg-1 soil) applied alone or in conjunction with 10 g FYM kg-1 on soil fertility and microbial activity for 79 days. In other experiment (2nd), the same soil was remoistened and treated with lower levels of HA (0, 2, 4, 6, 8 and 10 mg kg-1) for 14 d for further verifying its effect on soil microbial activity.  The combine application of humic acid and FYM significantly increased CO2 release except at 2nd d, however, application of 100 and 200 mg HA produced non-consistent supremacy over each other at different incubation intervals. Conjunctive use of HA and FYM consistently accelerated the rate of CO2 production over all incubation intervals as compared to sole application of HA or control. Cumulative release of CO2 also showed that application of HA either as 100 or 200 mg produced higher (1014 and 1035 mg CO2 kg-1), respectively as compared to 918 mg kg-1 of control at the end of 79th day. Integrated use of HA+FYM amplified cumulative CO2 releases as compared to control or alone HA at both levels. In the second experiment, application of HA consistently increased CO2 release with increasing doses up to 6 mg HA kg-1 at all incubation intervals. So the conjunctive use of HA with FYM further accelerated the good results of HA on soil and the lower dose of 6.0 mg kg-1 seemed to be the appropriate dose. 
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1. Introduction
The price of chemical fertilizers is increasing with exponential rate posing the main obstacle in balanced and economical fertilization in Pakistan. Huge amount is spent on the import of chemical fertilizer every year. Along with higher input costs, continuous use of inorganic fertilizers may not be sustainable and can cause soil degradation and hazardous effects of environment. Hence inorganic fertilizer must be supplemented with organic to produce on sustainable basis for ever increasing population and keep soil and environment from further decay. 
Organic substances release essential nutrients upon decomposition [1,2] enhance the bio-availability of nutrients, reduce losses, accelerate microbial activities and release such enzymes and hormones that ultimately improve crop yield and quality [1,2]. Mostly HA are used as organic manure applied alone, or in combination with some other organic or inorganic manure [1,3,4]. Different researchers have been studied and investigated that, physical and chemical activities of different crops, vegetables and soil conditions have stimulating effect of HA of its structure and mechanism [5,6,4,7]. [8] reported that humic acid increases the activity of microbes, cation exchange capacity and forms chelates with other nutrients, buffers soil pH [9].  [10] also reported that humic acid serves as catalyst in increasing microorganism activities in soil. HA is applied to soil in very minute amount about 2.0 kg ha-1 [4,7] suggesting that its effect must be involved with the betterment in the physicochemical and natural surroundings of the soils [6]. 
Similarly, FYM is important organic manure and many researchers have confirmed its beneficial effect on soil biota, microbial activity and nutrient transformation, chemical properties like CEC, pH, nutrient chelation, solubility and bio-availability and physical properties like porosity, bulk density, structure and movement of states and energy [11,12]. 
The combine application of humic acid with FYM has preservative effect in promoting the availability of nutrients, production and yield of different crops [13,7] . However, their performance depends on soil and climatic conditions. In the present study, influence of various levels of HA applied alone or in mixture with organic manure on microbial activity and soil fertility was investigated under calcareous conditions to verify their beneficial role in crop production. 
2. Materials and Methods
2.1. Soil Sampling 
The fresh composite soil sample was collected from top surface (0-15 cm deep) from the field within the premises of Khyber Pakhtunkhwa Agricultural University Peshawar, Pakistan. The fresh soil samples were sieved (mesh size < 2mm) and determined the moisture content in the sieved soil for the purpose of correction of data on dry mass basis. The experimental soil was alkaline (7.6 pH), low in organic matter (1.14%), N (55.1 mg kg-1) and P (3.20 mg kg-1) while, was sufficient in K (180.6 mg kg-1).
2.2. Experimentation 

Non-saline, calcareous soil was treated with HA at 0, 100, 200 mg kg-1 with and without FYM (20 t ha-1) and incubated in flexible pots at 28+2oC for 79 days. The research study was carried out according to simple completely randomized design (CRD) with 6 treatments and 3 replications. Microbial activity as index for CO2 release from soil was measured on 2, 5, 11, 21, 36, 52, 79 d of incubation. Similarly, another experiment for 14 days was conducted with lower levels of 0, 2, 4, 6, 8 and 10 mg HA kg-1 on 4, 8, 11 and 14 d of incubation to see effect of lower levels of HA on soil microbial activity. Time by time added distilled water to maintain soil moisture at constant level.

2.3. Laboratory Analysis 

The conical flask with a capacity of 500 mL were used, to take a100 g HA treated soil. Solution of 0.25 N NaOH was taken in a glass. Readings were taken on 0, 3, 5, 11, 21, 36, 52, and 79 d for the first experiment and for the second experiment. The CO2 produced was calculated by difference between sample and blank (without soil) readings [14].  Changes in soil pH was measured in 1:5 suspensions [15], organic matter by using K2Cr2O7 as an oxidizing agent as decried by [16] AB-DTPA extractable P and K by the method [17] and mineral N by Kjeldahl distillation method [18]. These parameters were determined in the soil at the end of incubation to see the effect of HA and FYM.
2.4. Statistical Analysis

Analysis of variance (ANOVA) was carried out according to complete randomized design using MSTATC package [19]. Means were also compared using least significant difference (LSD) test [20].

3. Results 
3.1. Rate of CO2 release (mg kg-1) from incubated soil 
The release of CO2 showed significant (P <0.05) increase with application of humic acid and FYM (Table 1). Except for the 2nd d of incubation, where application of HA decreased the rate of CO2 from the soil. CO2 tended to increase non- significantly with 100 and 200 mg Kg-1. However, the conjunctive use of HA+FYM consistently accelerated the rate of CO2 production over all incubation intervals as compared to alone supplementation of HA or control but supremacy over sole application of FYM was variable at different incubation intervals. At some incubation intervals sole application of FYM produced higher CO2 release as compared to HA plus FYM that might be associated with higher doses of HA.  On 2nd day of incubation, HA plus FYM or sole FYM produced higher but non significant CO2 releases as compared to control or alone HA. On 5th day of incubation, the conjunctive use of 100 mg HA+FYM and 200 mg HA+FYM resulted in higher CO2 releases of 35.82 and 35.62 as compared to 32.82 mg CO2 kg-1 d-1 with application of FYM alone. Alone application of HA also produced higher rate of CO2 as compared to control but this was less than FYM or HA+FYM. On day 11th, HA applied alone or in combination with FYM produced higher CO2 as compared to control but less than sole FYM. Though conjunctive use of HA+FYM produced less CO2 as compared to sole FYM but the difference was non-significant.  On day 21, similar trends were observed. One day 36th, the conjunctive use of HA+FYM resulted significantly (P <0.05) higher releases of CO2 as compared to control and sole application of HA but non-significant to sole FYM. On day 52 and 79 similar trends were observed but this time HA at 200 mg kg-1 plus FYM produced lower CO2 as compared to alone FYM or 100 mg HA+FYM.  Comparing changes of CO2 release over incubation intervals, it was observed that initially the rate of CO2 releases was higher which decline up to 36th day of incubation. A sharp increase was observed at 52nd of incubation which then again declined at 79th day of incubation.
Table 1.
Effect of HA and FYM on rate of CO2 at given intervals released from soil incubated for 80 days at 28±2oC.
	Treatment  (kg-1 soil )
	Incubation time  (days)

	
	2
	5
	11
	21
	36
	52
	79

	HA (mg)
	FYM (g)
	CO2  release ( mg  kg-1 d-1 )

	0
	0
	63.50
	20.61  b
	16.81 b
	9.91 c
	6.95  b
	12.57 b
	8.29 c

	100
	0
	60.37
	23.02  b
	18.70 b
	10.38 c
	8.86  b
	12.33 b
	10.30 bc

	200 
	0
	56.93
	25.22  b
	17.33 b
	11.94 c
	8.52  b
	13.72 b
	10.17 bc

	0
	10
	68.19
	32.82  a
	24.37 a
	17.57 a
	15.13 a
	17.99 a
	13.61 a

	100 
	10
	66.32
	35.82  a
	23.42 a
	16.29 ab
	17.38 a
	17.93 a
	11.87 ab

	200 
	10
	66.00
	35.62  a
	22.58 a
	13.63 bc
	17.44 a
	15.82 ab
	12.27 ab


Means followed by same letter are not significantly different (P< 0.05)

3.2. Cumulative CO2 release (mg kg-1)
The results of cumulative release of CO2 showed discrete differences among various treatments at the end of 79th day of incubation period. Application of HA either as 100 or 200 mg kg-1 soil produced higher CO2 release of 1014 and 1035 mg kg-1, respectively as compared to 918 mg kg-1 in case of no-HA (control) (Fig. 1). Conjunctive use of HA plus FYM also showed remarkable increase in CO2 releases as compared to control or alone HA at both levels, however, these releases were less as compared to sole application of FYM. 
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3.3. Release of CO2 from incubated soil treated with lower doses of HA

In another study, influence of alone HA on CO2 release was evaluated with lower doses. The results showed that application of HA consistently increased CO2 release from soil with increasing doses up to 6 mg HA kg-1 at all incubation intervals (Table -5). 
Similarly, the highest cumulative release of CO2 as 594 mg kg-1 was recorded at 6.0 mg HA kg-1 as compared to only 502 for control at the end of 14 days of incubation. These results confirmed the influential effect of HA on microbial activates and suggested that lower doses of HA upto 6 mg kg-1 soil equivalent to 12 kg ha-1 was the most appropriate doses of HA.  
Table 2.
Release of CO2 from soil treated with lower doses of HA.  

	HA

(mg kg-1)
	Incubation interval (days)

	
	4
	8
	11
	14

	
	CO2 (mg kg-1d-1)

	-
	30.39 b
	34.38
	46.75
	34.09 a

	2
	33.52 b
	33.46
	44.46
	34.55 a

	4
	38.43 b
	34.83
	44.00
	33.63 a

	6
	49.63 a
	37.58
	46.29
	35.47a

	8
	31.73 b
	31.63
	46.29
	32.70 a

	10
	33.52 b
	33.00
	47.67
	34.09 a


Means followed by same letter are not significantly different (P< 0.05)
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3.4. Changes in soil pH, SOM, mineral N and AB-DTPA extractable P and K
3.4.
Changes in soil pH, SOM, mineral N and AB-DTPA extractable P and K
The ANOVA indicated that application of HA and FYM significantly increased organic matter, mineral N and ABDTPA extractable P and K as compared to control and initial values of soil before incubation (Table-3). Application of HA at 200 mg + 100mg FYM kg-1 soil resulted higher soil organic matter of 1.57 and 1.52 respectively as compared to 1.41 in sole FYM. Application of HA at 100 and 200 mg kg-1 soil produced OM of 1.5 and 1.14 which is similar to 1.12 % of the control. The conjunctive use of HA+FYM produced higher values than alone application of FYM and HA treatments. The higher mineral N and ABDTPA extractable P and K of 136.2 and 194 mg kg-1 soil were observed in treatments receiving 200 mg HA + FYM as compared to 104.7 and 183 mg kg-1 soil in control respectively. The P concentration showed little changes with HA applied. The highest P as 14.10 mg kg-1 was recorded in sole FYM treatment as compared to 8.87 mg kg-1 in control. Combined application of HA+ FYM accelerated mineral N, ABDTPA extractable K and organic matter while ABDTPA extractable P did not change much as compared to sole application of FYM. 
Table 3.
Changes in soil pH, SOM, mineral N and AB-DTPA extractable P and K as influenced by HA and FYM at day 80 of incubation.
	HA ( mg kg-1 )
	FYM (g kg-1 )
	pH
	OM (%)
	N
	P
	K

	
	
	
	
	mg kg-1

	0
	0
	7.72 a
	1.12 a
	104.70 c
	8.87 b
	183 b

	100
	0
	7.54 ab
	1.15 a
	109.15 c
	9.17 b
	187 b

	200
	0
	7.51 b
	1.14 a
	119.93 b
	8.99 b
	181 b

	0
	10
	7.70 ab
	1.41 b
	128.60 a
	14.10 a
	187 ab

	100
	10
	7.67 ab
	1.52 b
	130.33 ab
	13.49 a
	187 ab

	200
	10
	7.67 ab
	1.57 b
	136.20 a
	12.84 a
	194 a


Means followed by same letter are not significantly different (P< 0.05)
4. Discussion
These results are in accordance with [10,8,21] who reported increases in the activities of microbes with humic acid supplementation. [6,22] reported that the biotic properties of soil got benefited with humic acid application. Though a very little amount of humic acid (about up to 2-4 kg HA ha-1) is usually recommended as compared to the dose of 100 and 200 mg HA kg-1 which are equivalent to 200 and 400 kg HA ha-1, respectively. The decrease in microbial activity with HA plus FYM as compared to sole FYM as evident from cumulative release of CO2 (Fig. 1 2) was further investigated taking lower levels of HA as 0, 2, 4, 6, 8 and 10 mg HA kg-1.  
Also [23] conducted an incubated study and reported that emission of CO2 was more pronounced in soils treated with organic sources (PM and FYM) of phosphorus as compared with mineral sources (SSP and RP) of phosphorus. [24] observed a very high level of CO2 emissions during week 1 of incubation. Decreased soil respiration over time may be due to a reduction in digestive processes and a lack of easily decomposing nutrients in the soil that support a limited number of soil organisms [25].

HA application with FYM declined the efficiency of sole FYM which might be associated to higher levels of humic acid as 100 mg HA kg-1 equivalent to 200 kg HA ha-1 while HA is usually applied to soil in 2 to 4 kg ha-1 [21,4,7]. [26] discussed that soil fertility has a profound effect on carbon dioxide (C) in the global ecosystem. [27] reported a linear trend in the release of N up to 20 and P and K up to 40 kg HA ha-1. Similarly, [28, 21,7] also advocated for use of lower doses of HA.

Soil pH showed non-significant declining trend with HA application as compared to control or sole application of FYM HA being a poly functional molecule [5,23] form chelates with nutrients and keep them in solution [29]. Inoculated PSB samples are applied with different phosphorus (P) sources and poultry manure (PM) levels produce significantly more CO2 than uninoculated soil. [30,31] studied that organic and in-organic acids are produces through PSB that promote biological decay and aeration of soil. [32], studied that PSB-loaded soils produce additional CO2 that should be linked to improve the dissolution of Ca-apatite by carbonic acid formed due to respiration of microbial activities [33]. 

Field studies of [34] showing that ST and NT methods can reduce the level of CO2-C variability in soil compared to that with CT. This tendency is due to the lower degree of soil disturbance under ST and NT compared to those under CT, and leads to frequent disturbances and deterioration of soil levels. [35] also found an increase in CO2 emissions due to the addition of P to other phosphate-deficient soils. Similarly, many scientists have shown that organic amendments promote soil respiration [36,37,38]. However, [39] have shown that natural fertilizers tend to have a variable effect on soil respiration depending on the type of fertilizer used. [40,41], studied under laboratory conditions to understand the electrical components that control the evolution of CO2-C in different areas and under different conditions in relation to changes in grass supply, temperature and soil moisture. The concentration of NPK increases with the conjugate application of humic acid reported by [28,7]. The increase in SOM and decrease in soil pH was also reported by [21] with HA application in incubation experiment. A review of the available literature has shown that grass infiltration significantly increases soil respiratory rate [42] However, the data presented in this study did not show a significant relationship between soil level CO2- C emergence and soil degradation, other than subsoil of the NT. This negative trend noted in this study may be due to soil respiratory testing using incubation testing to determine the rate of grass rot. In addition, the interaction between planting and cultivating grasses has been identified at the CO2-C level of emergence and grass decay rate. Organic matter added to moist soil affects the respiratory rate under different farming methods [43,44].
5. Conclusions
Application of HA at elevated level of 100 and 200 mg kg-1 is not beneficial and may have detrimental effect on soil biological health. Humic acid improved the biological properties of soil as indicated by the enhanced releases of CO2 during incubation. The supplementary experiment using lower doses of HA showed that CO2 release was increased with increasing doses of HA up to 6.0 mg HA ha-1 at all incubation intervals.   The conjunctive application of HA+FYM produced higher rate and cumulative CO2 releases as compared to sole application of HA or control but supremacy over sole FYM was inconsistent at different incubation intervals.  Soil pH was decreased, SOM along with mineral N, and AB-DTPA extractable P and K increased with HA at the end of 79 d of 1st incubation experiment. Conjunctive use of HA+FYM showed increases in N and K but declining trend in AB-DTPA extractable P and K was shown. Further experiments on conjunctive use of lower levels of HA with FYM are suggested for various soils to confirm the results. 
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Figure 1.	Cumulative CO2 released from soil treated with HA and FYM during incubation at room temperature.








Figure 2.		Cumulative CO2 released from soil treated with lower doses of HA during incubation at room temperature.











�Where is table 5. I think this is table 2. 
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