CHAPTER 3

MATERIALS AND METHODS

The study was carried out both at the research field and in the laboratory of the Department of Soil Science, Hajee Mohammad Danesh Science and Technology University, Dinajpur, Bangladesh. The study consisted of analyses of soils, estimation of indigenous cyanobacterial and Azotobacter population in soil and field trial with rice as affected by integrated use of organic and inorganic fertilizer. In the field, four experiments were conducted for two consecutive years during 2009-2011: the first one in the boro season of 2009, the second one in the aman season of 2009 (up to January 2010), the third one in the boro season of 2010 and the fourth one in the aman season of 2010 (up to January 2011) using the same treatments and layout of the experiment with different varieties.
Analyses of soils, estimation of indigenous cyanobacterial and Azotobacterial population were done before transplanting and at 30, 60 days after transplanting and after harvesting of rice. Analyses of N, P, K and S in rice grain and straw were also done for each field experiments.

3.1 Experimental site, soil and climate

3.1.1 Experimental site 

The experiment was conducted at the Soil Science field laboratory, Hajee Mohammad Danesh Science and Technology University (HSTU), Dinajpur, Bangladesh. The experimental site lies between 24000" north latitude and 90025" east longitude with an elevation of 34 meter from the sea level. The location of the experimental site is pointed out in figure 3.1.
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Fig 3.1 Location of the experiment.

3.1.2 Soil 

The experimental soil belongs to the AEZ Old Himalayan Piedmont Plain (AEZ 1). The soil series is Ranisankail, a member of the hyperthermic Aeric Haplaquept under the Order Inceptisol having only few horizons, developed under aquic moisture regime and variable temperature conditions. It is sandy loam in texture.

3.1.3 Climate
The climate of the experimental site is subtropical characterized by heavy rainfall during May-September while scanty during the rest time of the year. The details of the meteorological data of the experimental site during the growing period are presented in the Appendix I.

3.2 Collection and analyses of soil sample

The initial soil samples from 0-15cm depth were collected from the selected site. The composited soil sample was divided into two halves- one for physico-chemical analyses of the initial soil status and the rest half for the estimation of Cyanobacteria and Azotobacter population in soil. The studied characteristics of the initial soil were texture, pH, organic carbon, CEC, total N, available P, exchangeable K and available S before setting the field experiment and presented in Table 3.1. Soil samples were also collected from each plot of the experimental field at 30, 60 days after transplanting (DAT) and after harvest to monitor the possible changes in N, P, K and S contents and organic matter status as well as pH values of the soil due to the variation of experimental treatments. Methods followed for soil analyses are were follows.

3.2.1 Soil texture
The hydrometer method (Page et al., 1989) was followed for the particle size analysis of soil. The particles were separated according to the USDA size limits and the textural classes of soil were determined using Marshall’s Triangular Co-ordinates diagram (USDA, 1951). 

3.2.2 Soil pH
Soil pH was measured in the 1: 2.5 suspension of soil and water ratio on a glass electrode using a combined glass/calomel electrode (Black, 1965). Prior to measure the pH, the electrode was calibrated using the standard buffer solutions at the pH of 4.0 and 7.0. 

3.2.3 Cation Exchange Capacity (CEC)
Cation exchange capacity was determined by the sodium acetate saturation method. At first, the soil sample was leached with an excess of 1N NaOAc solution to remove the exchangeable cations and saturated the exchange materials with Na. The replaced Na was determined by a flame photometer (Rhoades, 1982).

3.2.4 Organic carbon

The organic carbon content in soil was determined by the wet oxidation method. Firstly, the organic matter in the soil was oxidized with 1N potassium dichromate solution and the organic carbon was determined by titrating against XN ferrous sulphate solution in presence of diphenyl amine indicator (Black, 1965).

3.2.5 Total nitrogen
Total nitrogen in soil was determined by semi-micro-Kjeldahl method. The soil sample was digested with conc. H2SO4 and catalyst mixture (K2SO4: CuSO4: Se=100:10:1). Nitrogen in the digest was estimated by distilling with 10N NaOH followed by titration of the distillate trapped in H3BO3 indicator solution with H2SO4 (Page et al., 1989).

3.2.6 Available phosphorous
The available P was extracted by shaking the soil with 0.5M sodium bicarbonate solution having the pH 8.5. The extracable P in the solution was then determined colorimetrically at the 660 ηm wavelength by developing the colour using ammonium molybdate reagent (Page et al., 1989).

3.2.7 Exchangeable potassium
The exchangeable K was estimated with ammonium acetate extraction method. Exchangeable K was extracted by repeated shaking and centrifugating the soil with 1N NH4OAc followed by decantation. The K concentration in the extract was determined with a flame photometer at 766 ηm (Page et al., 1989).

3.2.8 Available sulphur
The available S in the soil was determined with the 0.15% CaCl2 extraction method. The available S from the extract was estimated turbidimetrically and the turbidity was measured with a spectrophotometer (Page et al., 1989).

Table 3.1 Initial physico-chemical characteristics of the soil of the experimental field 

	  Characteristics
	Analytical data 

	a) Sand (2-0.02mm)
	60%

	b) Silt (0.02-0.002mm)
	27%

	c) clay (< 0.002mm)
	13%

	Textural class
	Sandy loam

	pH
	6.58

	Organic carbon (%)
	0.96

	CEC (c mol kg-1 soil)
	12.1

	Total N (%)
	0.05

	Available P (ppm)
	29.95

	Exchangeable K (meq/100g soil)
	0.10

	Available S (ppm)
	15.87

	Cyanobacteria (x105 g-1 soil)
	4.23

	Azotobacter ( x103 g-1 soil)
	3.94


3.3. Estimation of indigenous cyanobacterial and Azotobacter population in soil

Determination of indigenous Cyanobacterial and Azotobacter population in soils of the experimental field was estimated before transplanting, 30 and 60 days after transplanting and also after harvest. This part of study included the following. 
3.3.1 Estimation of Cyanobacterial population
3.3.1.1 Preparation of the dilution series

One gram moist soil was transferred to a 250 ml Erlenmeyer flask containing 9ml sterile distilled water. Reagent bottle was tightly covered with a rubber cork and shaken continuously by hand for 15minutes. One ml of aliquot from the centre of the suspension was transferred to a 9 ml sterile water blank with one ml sterile pipette. That established a 10-2 dilution. Similarly, one ml of aliquot from the second dilution was transferred to another 9ml water blank to obtain a 10-3 dilution. In that way, a series dilution up to 10-7 was prepared for each soil sample.

3.3.1.2 Preparation of the growth media and tubing
The stock solution used for the media preparation comprised of the following

	     Nutrients
	g /250 ml

	1)
	MgSO4.7H2O
	6.25

	2)
	NaHCO3
	3.96

	3)
	CaCl2.2H2O
	8.96

	4)
	KH2PO4
	1.95

	5)
	(a) FeCl3.6H2O  

(b) Na2EDTA.2H2O
	0.61

0.80


	6)
	   Micronutrient
	mg/250 ml

	
	    a)  H3BO3
	2.88

	
	    b) MnCl2.2H2O
	0.18

	
	    c) Na2MoO4.2H2O
	0.03

	
	    d) ZnSO4.2H2O
	0.25

	
	    e) CuSO4.5H2O
	0.08

	
	    f) CoSO47H2O
	0.04

	
	    g) NiSO47H2O
	0.04


FeCl3 6H2O and Na2EDTA. 2H2O solutions were prepared separately and mixed.

Those components were weighed separately and taken in a 250 ml volumetric flask, distilled water was added to the flask, the materials were dissolved and finally the volume was made to 250ml with distilled water. Thus the stock solution was made ready for the media preparation.

Distilled water was taken in one litre volumetric flask which was maintained at 7.7 pH. Every one ml (except the micronutrient) stock solution was taken in that flask and 0.25 ml micronutrient was taken. The solution was mixed up thoroughly and finally the volume was made to one litre with distilled water. Thus the media were prepared for tubing. Nine ml medium was transferred to 50 ml test tubes separately. The tubes were sterilized by autoclaving at 15 lbs of steam pressure for 15 minutes and cooled to the room temperature. Each of the 10 tubes containing the sterilized medium was inoculated with one ml portion of each soil dilution from 10-3 through 10-7. The tubes were incubated for 30 days at 30±2oC under the light of 100 watt bulbs fixed at 20 cm apart and 50 cm from the tubes.

3.3.1.3 Counting and calculation of cyanobacterial population 

The tubes were observed time to time for Cyanobacterial growth as surface ring or pellicle on the surface of the cultured fluid. After 30 days, the numbers of tubes showing positive growth in each of the two successive lower dilutions followed negative growth in the next higher serial dilution were recorded. The reading was converted to most probable number of blue green algae following the probability table for determination of abundance of organisms in soil (Prammer and Schmidt, 1967).

3.3.2 Estimation of Azotobacter population 

3.3.2.1 Counting of Azotobacter population in soil 

Counting of Azotobacter in the soil was done according to the following method. Ten gram soil was taken in 90 ml sterile distilled water in a 250 ml conical flask, the volume was made up to 100 ml and shaken well on an electric rotary shaker for half an hour. From that suspension one ml was transferred to 9 ml sterile water in a wide mouth glass vial. Dilution of the suspension up to 10-7 was made using the serial dilution technique. A 0.1 ml of suspension from each dilution was spread out on Jensen’s agar media containing petriplates and incubated at 300C for 7 days. Well separated single colonies showing characteristics of Azotobacter from each dilution were counted using Most Probable Number (PMN) method of Clark (1997). The composition of Jensen’s agar media used for counting of Azotobacter is as follows:
Composion of Mineral-Salt Solution 

	               Chemicals
	                   Amount 

	K2HPO4
	5.0 g l-1

	Mg SO4, 7H2O
	2,0 g l-1

	CaSO4
	1.0 g l-1

	MnSO4 
	0.2 g l-1

	FeSO4
	0.2 g l-1

	MoO3, H2O
	0.1 g l-1

	KI
	0.1 g l-1

	Distilled Water
	1000ml


100 ml of the mineral-salt solution, 10 g sucrose and 3 g CaCO3 were taken in a volumetric flask and volume was made to one litre with distilled water. An aliquot of 10 ml of such medium was transferred to separate test tubes and sterilized them by autoclaving at 15 lbs pressure for 15 minutes.    

3.4 Field Experiment
The land was prepared thoroughly by ploughing and cross ploughing with a power tiller. Every ploughing was followed by laddering to have good tilth. Weeds and stubbles of the previous crop were removed before final ploughing, paddling and leveling. 

The rice variety BRRI dhan28 was used as test crop during boro season and that of kataribhog during aman season. BRRI Dhan28, the used test crop, is a modern variety of rice released by Bangladesh Rice Research Institute, Gazipur. BRRI Dhan28 was developed by the cross-breeding of BR6 (IR28) and Purbachy varieties. Its life span is 135-140 days and yield is about 5.0 t ha-1. It is suitable for boro season. 

Kataribhog is a popular and locally adapted indigenous rice variety of Dinajpur district, which is cultivated in T. aman season. The foliage of this variety is light green with droopy leaf orientation. This photosensitive genotype is characterized by its properties like aroma, size, taste etc. It has medium bold grain. Culms are long and susceptible to lodging. Average plant height is 159 cm. Growth duration is long i.e. 150 days (Hossain et al. 2005) and suitable for cultivation in T. aman season.

3.4.1 Layout 
The experiment was laid out in the randomized complete block design (RCBD) with eleven treatments having three replications. Each block was divided into 11 unit plots where the treatments were distributed randomly. The size of each unit plot was 15 sq. m (5m x 3m). The spacing between two blocks was 1m and the spacing between two plots in every block was 0.5 cm. The layout of the experiment is shown in the Figure 3.2.
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Figure  3. 2 The layout of the experiment

3.4.2 Treatments of the experiment 
There were 11 treatment combinations consisting of N, P, K, S, Zn, cowdung (CD), poultry manure (PM) and mustard oil cake (MOC) including one control treatment. The treatments used for the experiment were as follows:

	Treatment code
	
	Treatment description

	T0
	:
	Control

	T1
	:
	100 % RFD on the soil test basis 

	T2
	:
	75 % RFD + 25 % CD

	T3
	:
	50 % RFD + 50 % CD

	T4
	:
	75 % RFD + 25 % PM

	T5
	:
	50 % RFD + 50 % PM

	T6
	:
	75 % RFD + 25 % MOC

	T7
	:
	50 % RFD + 50 % MOC

	T8
	:
	75 % RFD + 25 % (CD+PM+MOC)

	T9
	:
	50 % RFD + 50 % (CD+PM+MOC)

	T10
	:
	34% CD + 33%  PM + 33% MOC


RFD= Recommended fertilizer dose

The nutrient elements used in the experiment with their doses and sources are given below.

Table 3.2 RFD of inorganic fertilizer

	 Elements
	Doses (kg ha-1) 

for boro rice
	Doses (kg ha-1) 

for T. aman rice
	Sources

	Nitrogen (N)
	157
	105
	Urea

	Phosphorus (P2O5)
	14
	14
	TSP

	Potassium (K2O)
	80
	56
	MoP

	Sulphur (S)
	9
	8
	Gypsum

	Zinc (Zn)
	0.7
	0.45
	Zinc sulphate


Cowdung, poultry manure and mustard oil cake were applied @ 6, 3 and 1 t ha-1, respectively.

The details of the cultural practices e.g. variety, seed rate, transplanting, weeding, irrigation, insect pest control, harvesting etc followed in the experiments are given in the table 3.3.

Table 3.3 Agronomic management practices used in the experiments

	Cropping year

	Season
	2009 
	2010 

	
	Boro
	T. Aman
	Boro
	T. Aman

	Variety
	BRRI dhan 28
	Kataribhog
	BRRI dhan 28
	Kataribhog

	Land preparation
	Well puddled and leveled
	Well puddled and leveled
	Well puddled and leveled
	Well puddled and leveled

	Seedlings collection from HSTU farm

	Planting method
	Line
	Line
	Line
	line

	Basal
	Organic fertilizer were applied 2 weeks before transp-lanting and N, P, K & S on 22.01.2009
	Organic fertilizer were applied 2 weeks before transp-lanting and N, P, K & S on 19.08.2009
	Organic fertilizer were applied 2 weeks before transplanting and N, P, K & S on 27.01.2010
	Organic fertilizer were applied 2 weeks before transp-lanting and N, P, K & S on 18.08.2010

	Transplanting date
	23.01.2009
	20.08.2009
	28.01.2010
	19.8.2010

	Spacing
	25cm X 15cm
	25cm X 15cm
	25cm X 15cm
	25cm X 15cm

	Fertilizer rate 

(kg ha-1)
	Shown in the table 3.2
	Shown in the table 3.2
	Shown in the table  3.2
	Shown in the table 3.2

	1st top dressing (N)
	15 DAT*
	15 DAT
	15 DAT
	15 DAT

	  2nd top dressing (N)
	30DAT
	30DAT
	30DAT
	30DAT 

	3rd top dressing (N)
	45 DAT
	45 DAT
	45 DAT
	45 DAT

	Weeding
	Twice
	Twice
	Twice
	Twice

	Water management
	7 irrigations
	5 irrigations
	8 irrigations
	6 irrigations

	Insect pest control
	Diazinon

@ 1.5 l ha-1 
	Diazinon

@ 1.5 l ha-1 
	Diazinon

@ 1.5 l ha-1 
	Diazinon

@ 1.5 l ha-1

	Harvesting on
	22.05.2009
	20.12.2009
	27.05.2010
	25.12.2010


*DAT = Days after transplanting

The crops were harvested after maturity. The grain and straw yields and yield contributing characters viz.  Plant height (cm), Number of effective tillers hill-1, Panicle length (cm), Number of grains panicle-1 and Thousand-grain weight (g) were recorded.

3.5 Analyses of grain and straw of rice for N, P, K and S contents
For N, P, K and S contents of grain and straw, the samples were dried at 680C in an electric oven for 72 hours. The oven-dried grain and straw samples were ground in a wiley mill and redried prior to analyses. The methods followed for the analyses are stated in the table 3.4.

Table 3.4 Methods of determination of N, P, K and S contents in grain and straw samples 

	Determination
	Methods

	N content
	Semimicro-Kjeldahl method. 0.1 g plant sample was digested with 5 ml of concentrated H2SO4 in presence of a digestion mixture (K2SO4+CuSO4 5H20+selenium powder at the proportion of 100:10:1) and the volume was made up to 100 ml. 

	P content
	Colorimetric method was employed to determine the phosphorus content of plant samples (Jackson, 1973).

	K content
	Potassium content of the plant samples was determined by the Flame Emission Spectrophotometric method. (Jackson, 1973).

	S content
	Sulphur was determined by turbidimetric method. The turbidity was measured by the Spectrophotometer (Colemon Junior model No. 6A) after 20 minutes at the wavelength of 420 ηm​​​​​​​  (Wolf, 1982).


3.6 Nutrient uptake
The nutrient uptake was calculated using the formula stated below:

                                              Yield (kg ha-1) X % nutrient content 

Nutrient uptake (kg ha-1) =   --------------------------------------------

                                                                      100


3.7Analyses of cowdung, poultry manure and mustard oil cake

The cowdung, poultry manure and mustard oil cake were analyzed for total N, P and K following the same methods used in table 3.4 for the grain and straw samples and the results are shown in table 3.5.

Table 3.5 Nutrient contents in cowdung, poultry manure and mustard oil cake

	Organic materials 
	Nutrient contents (%)

	
	N 
	P 
	K

	 Cowdung
	0.56
	0.54
	0.63

	 Poultry manure
	1.71
	1.43
	1.01

	 Mustard oil cake
	4.90
	1.97
	0.99


3.8 Statistical analyses
The data collected for different parameters were statistically analyzed to find out the statistical significance of the experimental results. The means of all the treatments were calculated and analysis of variance for all the parameters was performed by F-test. The significance of the difference between treatment means was evaluated by Duncan’s Multiple Range Test (DMRT) (Gomez and Gomez, 1984). Data analysis was done by computer using MSTAT software.
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