Materials and Methods


CHAPTER 3
 MATERIALS AND METHODS

Experiments were carried out in acid soils at two sites i.e. One was at the research field of HSTU of Department of Soil Science, Hajee Mohammad Danesh Science and Technology University here in after (HSTU) Dinajpur sadar and another one was at Farmer’s Field here in after (FF) of Kushdha, Nawabgonj, under Dinajpur district for consecutive two years (November 2012 to October 2014).To assess the effects of lime, P and K on yield contributing characters and yields of crops, nutrient uptake and soil properties. The materials used and the methodologies followed here are described in this chapter.
3.1   Site and soils:
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The study was carried out in two locations (AEZ 1 & 27) under Dinajpur district. One was at the research field of HSTU research farm and another one at FF of Nawabgonj, under Dinajpur district. The experiment sites have been shown in map (Fig.3.1). 




3.2   Climatic Condition

Dinajpur has subtropical humid monsoon climatic condition. It is characterized by comparatively high monsoon rainfall, high humidity, and low to high temperature, long day with less clear sunshine, sometimes the sky remains cloudy for heavy rainfall during April to September. The scanty rainfall, low humidity and low temperature, short day and more clear sunshine was during October to March2012-2014. Average temperature ranged from 15.60-29.4 0C and average annual rainfall varied from 1391-1708.4 mm around the year. Meteorological data like rainfall, temperature and relative humidity during growing period of the crops have been shown in the Appendices: 9.40 (A, B, C). 
3.3 Cropping Patterns, Design, Treatments and Layout

Crops and cropping patterns

Two rice based cropping patterns were studied in two sites, such as HSTU farm (Non-calcareous brown floodplain soils) and FF Kushdha (Deep red brown terrace soil.) The cropping patterns were: i. Wheat–Mungbean-T.aman and ii. Wheat-fallow-T.aman.

The crop varieties were BARI Gom-26 for wheat, BRRI dhan57 for rice and BU Mung-4 for mungbean. Two separate experiments were conducted at each location for the selected two cropping patterns

3.3.1 Land preparation

At first, the land was prepared thoroughly by ploughing and cross-ploughing with a power tiller. Every ploughing was followed by laddering. Except the first crop, the land was prepared every time by 4-5 times of spading.
3.3.2 Experimental design

The field experiments were laid out in a randomized complete block design (RCBD), with four replications. The unit plot size was 5m x 4m having inter-plot space 0.25 m and inter-block space 1m. The plots were surrounded by 0.25 m wide and 10 cm high earthen bunds with 10 cm deep and 1.0 m wide irrigation channel along one side of the plots. The layout for every pattern experiment was kept undisturbed for the 2-crop cycles. 

3.3.3 Treatments and crop wise fertilizer/nutrient dose
There were seven treatments along with control for each crop. The treatments were L0 (control); L1; L2;  L1P; L2P; L1PK and L2PK. The descriptions of detailed treatments are given in Tables 3.1 to 3.5.

a) Wheat-Mungbean-T.aman cropping pattern 

The rate of fertilizers for the crops under Wheat-Mungbean-T.aman cropping pattern are presented in Tables 3.1-3.3. 

Table 3.1 Rates of Nutrients (kg ha-1) for wheat 

	Treatments
	HSTU
	Farmer’s fields (FF)

	Control (L0)
	L0N100 S8Zn1B1
	L0N90 S12Zn2B1.5

	L1
	L1 N100 S8Zn1B1
	L1 N90 S12Zn2B1.5

	L2
	L2 N100 S8Zn1B1
	L2 N90 S12Zn2B1.5

	L1P
	L1N100P20S8Zn1B1
	L1N90P25 S12Zn1B1.5

	L2P
	L2 N100P20S8Zn1B1
	L2 N90P25 S12Zn1B1.5

	L1PK
	L1N100P20K80 S8Zn1B1
	L1N90P25 K61S12Zn1B1.5

	L2PK
	L2 N100P20K80 S8Zn1B1
	L2 N90P25 K61S12Zn1B1.5


Table 3.2 Rates of Nutrients (kg ha-1) for mungbean 

	Treatments
	HSTU
	Farmer’s fields (FF)

	Control (L0)
	N19 S10 Zn2B1
	N15 S15 Zn1B1.5

	L1
	N19 S10 Zn2B1
	N15 S15 Zn1B1.5

	L2
	N19 S10 Zn2B1
	N15 S15 Zn1B1.5

	L1P
	N19P13S10 Zn2B1
	N15P22S15Zn1B1.5

	L2P
	N19P13S10 Zn2B1
	N15P22S15Zn1B1.5

	L1PK
	N19P13K32S10 Zn2B1
	N15P22K30S15Zn1B1.5

	L2PK
	N19P13K32S10 Zn2B1
	N15P22K30S15Zn1B1.5


Table 3.3 Rates of Nutrients (kg ha-1) for T.aman 

	Treatments
	HSTU
	Farmer’s fields (FF)

	Control (L0)
	N80 S9 Zn1
	N50 S12 Zn1

	L1
	N80 S9 Zn1
	N50 S12 Zn1

	L2
	N80 S9 Zn1
	N50 S12 Zn1

	L1P
	N80 P6S9Zn1
	N50 P12S12Zn1

	L2P
	N80 P6S9Zn1
	N50 P12S12Zn1

	L1PK
	N80 P6K50 S9Zn1
	N50P12K42S12 Zn1

	L2PK
	N80 P6K50 S9Zn1
	N50P12K42S12 Zn1


b) Wheat- fallow-T.aman cropping pattern 

The rates of fertilizers for the crops under Wheat-Mungbean-T.aman cropping pattern are presented in Tables 3.4-3.5.

Table 3.4 Rates of Nutrients (kg ha-1) for wheat 

	Treatments
	HSTU
	Farmer’s fields (FF)

	Control (L0)
	L0N100 S8Zn1B1
	L0N90 S12Zn2B1.5

	L1
	L1 N100 S8Zn1B1
	L1 N90 S12Zn2B1.5

	L2
	L2 N100 S8Zn1B1
	L2 N90 S12Zn2B1.5

	L1P
	L1N100P15S8Zn1B1
	L1N90P25 S12Zn1B1.5

	L2P
	L2 N100P15S8Zn1B1
	L2 N90P25 S12Zn1B1.5

	L1PK
	L1N100P15K80 S8Zn1B1
	L1N90P25 K61S12Zn1B1.5

	L2PK
	L2 N100P15K80 S8Zn1B1
	L2 N90P25 K61S12Zn1B1.5


Table 3.5 Rates of Nutrients (kg ha-1) for T.aman 

	Treatments
	HSTU
	Farmer’s fields (FF)

	Control (L0)
	N80 S9 Zn1
	N50 S12 Zn1

	L1
	N80 S9 Zn1
	N50 S12 Zn1

	L2
	N80 S9 Zn1
	N50 S12 Zn1

	L1P
	N80 P6S9Zn1
	N50 P12S12Zn1

	L2P
	N80 P6S9Zn1
	N50 P12S12Zn1

	L1PK
	N80 P6K50 S9Zn1
	N50P12K42S12 Zn1

	L2PK
	N80 P6K50 S9Zn1
	N50P12K42S12 Zn1


The experiments were conducted one at Nawabgonj Upazila and another one HSTU farm under Dinajpur sadar upazila. The experiments were continued for two years to observe the response of crops to lime alone and combination with P and K with lime. The experiment was laid out in a randomized complete block design with 4 replications. The initial pH, organic matter content, soil texture, exchangeable Ca2+, Mg2+, K+ and available P content were determined. Lime was applied once before 10 days first crop wheat sowing. Soil pH was measured at 6 months intervals and continued upto two cycles of the patterns. Post-harvest soil nutrients were determined after completing each cycles and plant nutrients were analyzed from both straw and grain after harvesting the crop of each cropping patterns. Yield and yield contributing parameters of the crops were recorded. Crops were grown with recommended practices. The data were analyzed statistically following ANOVA technique (F-test) and the mean comparisons were made by DMRT (Gomez & Gomez, 1984).

3.4 Fertilizer Application 
Fertilizers such as urea, TSP, MoP, gypsum, Zinc sulphate (monohydrate) and liberal boron were used as sources of N, P, K, S, Zn and B, respectively. 
Full amount of all fertilizers except urea were applied to the plots during final land preparation. There were three equal splits of urea application for T.aman, First spilt was at land preparation, second at maximum tillering and third at panicle initiation stage. For wheat, 50% urea was applied during final land preparation, 25% at crown root initiation (CRI) stage and the rest 25% at booting stage. Mungbean received full quantities of urea, TSP, MoP and gypsum during final land preparation. 

3.5 Lime application 

Dolomite lime was added to the plots before 10 days of sowing/planting. The rates of lime were 1 and 2 t ha-1 respectively. Lime was applied to the first crop only with no application to the following crops over two years. Its residual effect was evaluated on the second, third, fourth, fifth and sixth crops of both patterns. Dolomite contained 20% Ca and 12% Mg.
3.6 Seed Sowing and Seedling Transplantation
Wheat (BARI Gom-26) seeds were sown on 15 November 2012 and 17 November 2013 with a spacing of 30 cm × 10 cm at HSTU. At Farmer’s field (FF) the seeds were sown on 14 November 2012 and 16 November 2013 with the same spacing.  Mungbean (BU Mung-4) seeds were sown on 25 March 2013 and on 26 March 2014 with the spacing of 40 cm×10 cm at HSTU and on 26 March 2013 and 27 March 2014 with the same spacing at FF. T. aman (BRRI dhan57) seedlings (30 day old) were transplanted on 15 July 2013 and on 14 July 2014 at HSTU with the spacing of 20 cm×15 cm. The seedlings were transplanted at FF on 14 July 2013 and 16 July 2014 with the same spacing. The crop wise seed rate was as follows- Wheat: 120 kg ha-1, Mungbean: 25 kg ha-1, and T. aman rice: 20 kg ha-1.
3.7 Collection and preparation of initial soil samples

Before land preparation, initial soil samples were collected from two sites (HSTU farm and Farmer’s field (FF) Kushdha, Nawabgonj under District) at 0-15 cm depth from different spots of the experimental field. The composite soil sample was brought to the laboratory and spread on a brown paper for air-drying. 
The air-dry soil samples were ground and passed through a 2-mm sieve. After sieving, the prepared soil samples were kept into plastic containers with proper label for analyzing the physical and chemical properties of soil. The Morphological Characteristics of the soil at both the locations- HSTU and Farmer’s field (FF) have been presented in Table 3.6. The soils were analyzed for physical and chemical properties following the standard methods and the results have been presented in Table: 3.7-3.8.

Table 3.6 Morphological description of soil:

	Locality
	HSTU (Location-1)
	Kushdha Farmer’s field (Location-2)



	AEZ 

(UNDP, 1988)
	AEZ-1: Old Himalayan Piedmont Plain.
	AEZ-27: North Eastern Barind Tract.

	Land type
	High land
	Medium high land

	General 

soil type 
	Non-calcareous brown floodplain sols
	Deep red brown terrace soil.

	Soil series
	Ranisankil
	Noadda

	Topography 
	Leveled
	Leveled

	Drainage 
	Well drainage system
	Moderate

	Flood level
	Above flood level
	Above flood level

	Geographic position


	25.420  North Latitude 

88.390 East Longitude

37.35 m above sea level


	25.220  North Latitude 

88.120 East Longitude

34.00 m above sea level


Table: 3.7 Physical Characteristics of soil:     

	Location
	HSTU 

(Location-1)
	Kushdha Farmer’s field

(Location-2)

	Particle size

Distribution
	Value
	Value

	Sand (%)
	58
	17

	Silt (%)
	28
	39

	Clay (%)
	14
	44

	Textural class
	Sandy Loam
	 Clay


Table: 3.8 Chemical characteristics of the initial soil:  

	Location
	HSTU 

(Location-1)                          


	Farmer’s field (Location-2)

	Characteristics
	                           Values 

	pH (1: 2.5, Soil :H2O)
	5.41
	4:81

	Organic matter
	1.48
	1.58

	N (%)
	0.08 
	0.10

	Available P (Bray and Kurtz) (ppm)
	11.20
	7.03

	Exchangeable K (meq%)
	0.10
	0.11

	Exchangeable Ca (meq%)
	2.48
	2.05

	Exchangeable Mg (meq%)
	0.29
	0.35

	Available S (ppm)
	17.29  
	11.26

	Available B (ppm)
	0.13
	0.12

	Available Zn (ppm)
	0.90
	1.30

	Available Fe (ppm)
	51.90
	107.60

	Available Mn (ppm)
	12.13
	28.47


3.8 Intercultural Operations

During growing period of the crops, all necessary cares were taken for ensuring and maintaining normal growth and development of the crops. Weeding, irrigation, insecticide and fungicide spray were done, whenever required. 

3.9 Harvesting

The crops were harvested when they attained maturity. Plot-wise yields (main product & by-product) and yield contributing parameters were recorded. Crop yield was expressed as t ha-1.  The crop was cut from full 20 m2 area of the each plot. The grains/seeds were threshed, cleaned, dried and weighed. Grain and straw/stover yields were adjusted to 14% moisture content for rice, 12% moisture content for wheat and mungbean. Ten representative plants or hills from each plot were selected to record the yield contributing characters.
3.10 Collection and Preparation of post-harvest soil samples

After completion of each cycles of each cropping pattern, soil samples were collected (0-15 cm depth) from the same plots. The composite soil sample of each plot was brought to the laboratory and spread on a brown paper for air-drying. The air-dry soil samples were ground and passed through a 2-mm sieve. After sieving, the prepared soil samples were kept into plastic containers with proper label for analysing the chemical properties following the standard methods (Table: 3.9). The results for pH, organic matter, total N, available P, S, Zn, B and  exchangeable K, Ca and Mg have been presented in the results chapter under the respective cropping pattern.

3.11 Laboratory Methods
The soil samples were analyzed following standard methods (Table: 3.9).

 Table: 3.9 Method of soil analyses.

	Soil properties
	Methods

	Soil texture
	Hydrometer method (Black, 1965). The textural class was determined using Marshall’s Triangular Coordinates by USDA system.

	pH
	Glass-electrode pH meter with 1: 2.5 soil-water ratios (Page et.al 1982).

	Organic carbon
	Organic carbon of soil was determined by wet oxidation method (Black 1965). The organic matter content was calculated by multiplying the percent organic carbon with the Van Bemmelen factor 1.73 (Piper 1966). 

	Total N
	Micro-Kjeldahl method (Bremner and Mulvaney, 1982). Soil sample was digested with conc. H2SO4 in presence of catalyst mixture (K2SO4: CuSO4: Se = 10: 1: 0.1). Nitrogen in the digest was measured by distillation with 10N NaOH followed by titration of the distillate trapped in H3BO3 indicator solution with 0.01 N H2SO4. 

	CEC
	Sodium acetate saturation method (Rhoades, 1982). Soil sample was shaken with an excess of 1M sodium acetate solution (1:10 soil-extractant ratio) to remove the exchangeable cations and saturate the exchange sites with sodium. The replaced Na was determined by flame photometer.

	Available P
	Phosphorus (P) was extracted by 0.03N NH4F and 0.025N HCl and determined calorimetrically using molybdate blue ascorbic acid method (Bray and Kurtz, 1945).

	Exchangeable K, Ca & Mg
	Elements were extracted by repeated shaking and centrifugations of the soil with neutral 1M NH4OAc== solution followed by decantation. The K concentration in the extract was determined by flame photometer and Ca & Mg concentrations by atomic absorption spectrophotometer (AAS), as outlined by Knudsen et al. (1982).

	Available S
	Sulphur (S) was extracted by 500 ppm P solution from Ca(H2PO4)2.H2O and determined by turbidity method using BaCl2 (Fox et al., 1964)

	Available Zn, Cu, Mn & Fe
	Elements were extracted by 0.005 M DTPA solution and the determination directly by Atomic Absorption Spectrophotometer (Lindsay and Norvell, 1978).

	Available B
	Boron (B) was extracted by mono-calcium bi-phosphate method and the determination by spectrophotometer following azomethine-H method (Page et al., 1982).


3.12 Chemical Analysis of Plant Samples
Grain and stover/straw samples of all crops were separated and collected at the time of threshing. The plant (Grain and straw/stover) samples were oven dried at 65-70○c for 72 hours. The dried samples were finely ground by using a Willy-Mill with stainless contact points to pass through a 60-mesh sieve. The samples were stored in plastic vials for analysis of N, P, K, S, Ca, Mg, Zn and B contents. The standard methods (Table: 3.10) used for plant analysis were as follows: 

Table: 3.10 Plant sample analysis for different parameters

	Elements
	Methods

	N
	Micro-Kjeldahl method (Bremner and Mulvaney, 1982). The plant sample was digested with conc. H2SO4 in presence of catalyst mixture (K2SO4: CuSO4: Se = 10: 1: 0.1). Nitrogen in the digest was estimated by distillation with 10N NaOH followed by titration of the distillate trapped in H3BO3 indicator solution with 0.01 N H2SO4.

	P
	The plant sample was digested with di-acid mixture (HNO3-HClO4) and this digest was used to determine P, K, S and Zn contents. The P was determined calorimetrically using molybdovanadate solution yellow colour method (Yoshida et al., 1976).

	K
	The concentration of K in the acid digest was determined directly by flame photometer (Yoshida et al., 1976).

	S
	The S concentration in the acid digest was determined by turbidity method using BaCl2 (Chapman and Pratt, 1964).

	Ca & Mg 
	The Ca & Mg concentration in the acid digest was determined by atomic absorption spectrophotometer (Model UNICAM 969, England) using LaCl3-solution (Yoshida et al., 1976).

	Fe, Mn, Zn 
	The Cu, Fe, Mn and Zn concentration in the acid digest was determined directly by atomic absorption spectrophotometer (Yoshida et al., 1976).

	B
	Available B was determined by mono-calcium bi-phosphate extraction method. The extracted B was determined by spectrophotometer following azomethine-H method (Page et al. 1982).


3.13 Nutrient uptake

Nutrient uptake by the plant (grain and straw/stover) was calculated by the following formula: 

Nutrient uptake (kg/ha) =
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3.14 Cost and Return Analysis

A partial budget was calculated following a standard procedure (Kay 1981). Benefit cost ratio (BCR) was used as a tool of partial budget analysis. It is the ratio of gross return and total cost. Gross returns were calculated by multiplying yield with the price of output and added the value of by-product. Total costs were calculated by variable cost. Variable cost consisting market price of fertilizer, pesticides and labor wages for land preparation, weeding, seed sowing and fertilizers application. Land used cost or rental value of land was not considered here for calculating of total cost in all cropping pattern. Cost and return were estimated of crops due to different treatment. Partial budget analysis was computed for all cropping pattern (average of two years). 

3.15 Statistical analysis

The data collected for different parameters were statistically analyzed to find out the statistical significance of the experimental results. Mean values 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-C software.[image: image2.png]
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   Fig. :  3.1  (A & B) Map showing the location of field experiments 
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