CHAPTER III
MATERIALS AND METHODS 
3.1 Introduction
The present research work was conducted at the Spices Research Center, BARI, Shibgonj, Bogra and Soil Science Division of BARI, Joydebpur. To achieve the specific objectives, a number of experiments were carried out during the period from 2008-09 to 2010-11. The materials and methods required for the studies are described in this section, and more specific experimental techniques are described under the relevant section, of the experiments and results.
3.2 Experimental site
The research area is located at 24º 51/ north latitude and 80º 22/ east longitude. The elevation of the area is approximately 18.0 meter from the sea level (Anon., 1988). The soil of the experimental area was sandy loam, well-drained high land and belongs to the Tista Karatoa Flood Plain (AEZ-3) (FAO, 1988) (Appendix I).
3.3 Climate
The agro-climatic factor is very important for ginger production. The experimental area was under the sub-tropical climate, characterized by heavy rainfall during the month from May - October and scanty rainfall with high temperature during the rest period of the year. The data of maximum and minimum air temperatures, relative humidity and rainfall during the period of experiments were noted from the meteorological station of the Spices Research Centre, BARI, Shibgonj, Bogra campus and are shown in the Appendix II.
3.4 Laboratory works
At the experimental site, a laboratory was used for weighing and sample drying. An electrical weighing balance and an oven were also used.
3.5 Experimental materials 
The research work was conducted with the one ginger variety BARI Ada-1. Rhizomes were collected from the Spices Research Centre, BARI, Shibgonj, Bogra. The rhizomes of uniform size were selected for planting. The average weight of the rhizome was 30-45g unless otherwise stated as per treatment.

3.6 Experimental methods and treatments
All experiments were conducted in the field and the methodological details of each experiment are discussed under the section 3.13.
3.7 General design and layout
Almost all the experiments were of two-factors except the experiment no. 2, 8 and 9 (single). Each experiment was laid out in the Randomized Complete Block Design (RCBD) with three replications except the experiment nos. 5 and 6 (four replications) and the experiment no. 9 (six replications). Each block was divided into different number of unit plots according to the number of treatments. Treatments of experiments assigned were randomly to the unit plots. The unit plot size was same (4.0 × 1.5m) in all the experiments. Block-to-block and plot-to-plot distance were 1.0 and 0.5m, respectively.
3.8 Land preparation
The experimental field was first opened by a tractor one month before planting in March in each year, and then ploughed and cross-ploughed several times with a power tiller followed by laddering to obtain good tilth. During land preparation, weeds and residues of the previous crops were collected and removed from the field. Finally, clods were broken before laying out of the experimental plot.
3.9 Cultural operation
3.9.1 Manure and fertilizer
The following doses of manures and fertilizers were applied as recommended by SRC, BARI, Bogra, (Anon., 2007) unless stated otherwise as per treatment.
	Sl. no.
	Manure/Fertilizers
	Dose hectare─1

	01
	Well decomposed cow dung
	5.0 ton

	02
	Urea
	304 kg

	03
	Triple super phosphate (TSP)
	267 kg

	04
	Muriate of potash (MP)
	233 kg

	05
	Gypsum
	111 kg


The entire amount of cowdung was applied at the time of general land preparation and the entire quantity of TSP, gypsum and half of MP was applied during the final land preparation. The half of urea was applied 50 days after planting. Remaining MP and urea were applied in two equal splits at 80 and 110 days after planting.

3.9.2 Planting of rhizomes
Rhizomes were planted on scheduled dates and the spacing was maintained according to the experimental designed. The depth of planting was 9-10cm from the surface of the soil. Rhizomes were also planted around the experimental area to check the border effect.  
3.9.3 Irrigation and mulching
Irrigation was applied depending on the moisture status of the soil. Irrigation was done at the level of critical point indicated by moisture meter (∆T England). Irrigation water applied twice 80 mm CPE each time with Expt. 3.  Estimation of water through pipe calibrated before application as per diameter of pipe (2.5cm) & time per minute (20mm). Proper care was taken to avoid flowing of water from one plot to another plot. Mulching was done by straw mulch and water hyacinth in case of only mulching experiment. The following amount of mulching were applied as recommended by Das (1999).
	Sl. no.
	Mulching material
	Amount hectare─1 (ton)

	01
	Rice straw
	2.0

	02
	Water hyacinth
	2.5 


Note: Rice straw was @ TK. 0.575kg-1 and dry water hyacinth was @ TK. 0.30kg-1
3.9.4 Weeding

Three times weeding was done as there was serious weed infestation due to heavy rainfall throughout the experimental period.
3.9.5 Earthing up
Earthing up was done three times. The first earthing up was done after the 1st top dressing (50 days of planting), the second earthing up was done after the 2nd top dressing (80 days of planting) and the third earthing up was done after the 3rd top dressing (110 days of planting).
3.9.6 Use of insecticide and pesticide
Insecticide and pesticide were applied as there was heavy infection and attack by disease and pest. Some plants affected by rhizome rot and leaf spot disease were controlled by spraying Rovral, Dithane- M 45 and Malathion or Admaire at an interval of 15 days.

3.10 Harvesting
Old mother rhizome was harvested after 80 days of planting.The crop was harvested under different treatments that showed the sign of yellowing of leaves that was started to dry up.
3.11 Data collection 
The data on vegetative growth and yield of ginger were recorded from the present investigation to obtain information relating to the influences of rhizome size, spacing, planting time, irrigation and mulching, planting method, fertilizer application and rhizome rot control. Data on the following characteristics were collected from 10 plants, which were selected randomly from each plot. The following observations were recorded.
3.11.1 Emergence of seed rhizome
Emergence was recorded at an interval of 3 days starting from the commencement up to the completion of 80% emergence.
3.11.2 Plant height  
The plant height over the ground level per selected plant was measured in centimeter (cm) with the help of a meter scale at an interval of 15 days starting from 50 days after planting up to 155 DAP and mean value was calculated.

3.11.3 Number of leaves per plant

The number of leaves per plant was counted from selected ten plants at 15 days interval starting from 50 days after planting. The mean number of leaves was calculated by dividing the total number of leaves observed from ten plants.

3.11.4 Number of tillers per plant
The number of tillers per selected plant was recorded at an interval of 15 days starting from 50 days after planting.
3.11.5 Weight of primary rhizome per plant
The weight of primary rhizome per selected plant was recorded with a balance at the time of harvest and their average was calculated as the weight of the individual plant. 

3.11.6 Weight of secondary rhizome per plant 
The weight of secondary rhizome per selected plant was recorded with a balance at the time of harvest and their average was calculated as the weight of the individual plant. 

3.11.7 Weight of old mother rhizomes
The weight of old mother rhizomes of each unit plot was harvested and recorded at 80 days after planting.

3.11.8 Dry matter percentage 
Immediately after harvest, the rhizomes were cleaned and 100g of rhizome were weight from each selected plant and cut into small picas (Plate 7). Those were air dried under laboratory conditions. That air dried sample was oven dried for 72 hours at 800C in an electric oven. After drying it was weighed in an electrical balance and the average value was calculated in (%).

3.11.9 Yield of rhizome per plant
The weight of rhizome per plant was recorded in (g) with a balance at the time of harvest.
3.11.10 Yield of rhizome per plot

The rhizome yield per plot was recorded in kg by harvesting all the rhizomes from each plot and weighed then after cleaning with the help of balance at the time of harvest separately.
3.11.11 Yield of rhizome per hectare
Yield of rhizome per plot was converted into yield per hectare and expressed in ton.
3.12 Experimental titles and conduction years
The experiments conducted during 2008-09, 2009-10 and 2010-11 are listed in Table 1.
Table 1. List of the experiment conducted at the Spices Research Centre, BARI, Bogra during the period from 2008 - 09 to 2010 - 11
	Sl. no.
	Title of the experiments conducted
	1st year

(2008-09)
	2nd year
(2009-10)
	3rd year

(2010-11)

	01.
	Effects of rhizome size and spacing on the growth and yield of ginger
	· 
	
	

	02
	Effects of planting time on the growth and yield of ginger
	· 
	
	

	03
	Effects of irrigation and mulching on the growth and yield of ginger 
	· 
	
	

	04
	 Effects of planting methods and rhizome size   size on the growth and yield of ginger 
	
	· 
	

	05
	Effects of planting methods and planting time on the growth and yield of ginger 
	
	· 
	

	06
	Effects of rhizome size and spacing on the growth and yield of ginger (repeated in the modified form)
	
	· 
	

	07
	Effects of nitrogen and potassium on the growth and yield of ginger
	
	· 
	

	08
	Effects of different management practices on the control of rhizome rot and yield of ginger
	
	· 
	

	09
	Performance of the best results giving treatments from different experiments on the growth and yield of ginger
	
	
	· 


3.13 Details methodology of each experiment individually conducted over three years (2008-09 to 2010-11)

The details of the experiments conducted during the three years are as follows:
13.1 First Year (2008-09)

Expt.1. Effect of rhizome size and spacing on the growth and yield of ginger

Treatments and experimental design
Factor A. Rhizome size (4 levels)

             i)  Rhizome size S1 (30g)

             ii)  Rhizome size S2 (35g)

            iii)  Rhizome size S3 (40g)
            iv)  Rhizome size S4 (45g)
Factor B. Spacing (4 levels)

             i)   Spacing D1 (20 × 25 cm)  

             ii)  Spacing D2 (30 × 25 cm)

            iii)  Spacing D3 (40 × 25 cm) 

   iv)  Spacing D4 (50 × 25 cm) 
              This two factor experiment was conducted in the Randomized Complete Block Design (RCBD) with three replications. The size of each unit plot was 4.0 × 1.5m. Rhizomes were planted on the 1st April, 2008. The variety used was BARI Ada-1.
Parameters recorded 

Data were recorded form 10 plants of each plot were days required for 80% emergence of rhizome, plant height, number of leaves plant─1 and number of tillers plant─1 at 50, 65, 80, 95, 110, 125, 140 and 155 DAP, weight of primary rhizome plant─1, weight of secondary rhizome plant─1, weight of old mother rhizome, dry matter % of rhizome, rhizome yield plant─1, rhizome yield plot─1, rhizome yield hectare─1 and benefit cost ratio.
Expt.2. Effects of planting time on the growth and yield of ginger

Treatments and experimental design
The single factor experiment consisted of the following treatments:
              i)  P1 (15th March)
              ii) P2 (1st April)
             iii) P3 (15th April)  
             iv) P4 (1st May) 
     v) P5 (15th May)
The single factor experiment was laid out in the Randomized Complete Block Design (RCBD) with three replications. Rhizome was planted at the spacing of 40 × 25cm and unit plot size was 4.0 × 1.5m.  The planting was done as per the treatment. The rhizome size was used 40g.

Parameters recorded 

Same as the Expt. 1
Expt.3. Effects of irrigation and mulching on the growth and yield of ginger 

Treatments and experimental design
The two factor experiment consisted of the following treatments:

Factor A. Irrigation (2 levels)

              i)  I1 (Irrigation in the dry period)
              ii) 12 (No irrigation, control)
 Factor B. Mulching (3 levels)

              i)   M0 (No mulch, control)
              ii)   M1 (Water hyacinth)
              iii)  M2 (Rice straw)
               This two factor experiment was laid out in the Randomized Complete Block Designe (RCBD) with three replications.  Planting was done at the 1st week of April with the spacing of 40 × 25cm, seed rhizome size was 40g and unit plot was 4.0 × 1.5m. 
              Parameter recorded 

Same as the Expt. 2, except in case of irrigation was done two times. The Ist irrigation was given before planting and the 2nd irrigation was given after 60 DAP. Irrigation was applied @ 60mm CPE. The three different blocks were mulched on the Ist April 2008, covering with the thickness 4cm area. The mulch materials were water hyacinth and rice straw, which were placed before the rhizomes started to emerge. The second mulch was added on 60 days after planting because the first was washed away by rains, wind and irrigation water. Rice straw and water hyacinth were applied at 2.0 and 2.5kg─m2, respectively.
Soil moisture content
The soil moisture was taken using an auger on before planting and after two months planting. Soil samples were taken from mulched and non- mulched plots at the depths of 10cm. The taken soil samples were weighed and placed in an oven for 24 hours at 1000C for drying to reduced the constant weight.
3.13.2 Second year (2009-10)
Expt.4. Effects of planting methods and rhizome sizes on the growth and yield of     ginger
Treatments and experimental design
 Factor A. Planting methods (2 levels)

               i)  M1 (Flat method)
               ii) M2 (Ridge method)

 Factor B. Rhizome size (3 levels)

               i)  Rhizome size S1 (35g)

               ii) Rhizome size S2 (40g)
              iii) Rhizome size S3 (45g)
               This two factor experiment was laid out in the Randomized Complete Block Design (RCBD) with three replications.  Planting was done at the 1st week of April with the spacing of 40 × 25cm. The rhizome size used was 40g and a unit plot size 4.0 × 1.5 m. 
                Parameter recorded 

               Same as the Expt. 2
Expt.5. Effects of planting methods and planting time on the growth and yield of ginger
Treatments and experimental design
Factor A. Planting methods (2 levels)

              i)  M1 (Flat method)
              ii) M2 (Ridge method)
Factor B. Planting time (4 levels)

               i)  P1 (15th March)
               ii) P2 (1st April)
              iii) P3 (15th April)  
              iv) P4 (1st May)
               This two factor experiment was laid out in the Randomized Complete Block Design (RCBD) with four replications.  Planting was done as per the treatments with the spacing of 40 × 25cm. The rhizome size used was 40g and unit plot was 4.0 × 1.5m. 
               Parameter recorded  

                Same as the Expt. 4
Expt.6. Effects of rhizome size and spacing on the growth and yield of ginger (repeated in the modified form)
Treatments and experimental design

Factor A. Rhizome size (2 levels)

              i)  Rhizome size S1 (40g)

              ii) Rhizome size S2 (45g)
Factor B. Spacing (2 levels)

             i)  Spacing D1 (40 × 25cm)  

             ii) Spacing D2 (50 × 25cm) 

               This two factor experiment was laid out in the Randomized Complete Block Design (RCBD) with four replications.  The rhizome was planted at the 1st April. Rhizome size and spacing were used as per treatments. The unit plot size was 4.0 × 1.5m. 

                Parameter recorded  

                Same as the Expt. 5
Expt.7. Effects of nitrogen and potassium on the growth and yield of ginger

Treatments and experimental design
Factor A. Nitrogen (4 levels)

              i)  N0 ( 0kg  nitrogen, control)
              ii)  N1 ( 80kg  nitrogen)
              iii) N2 (120kg  nitrogen)
              iv) N3 (160kg  nitrogen)
Factor B. Potassium (4 levels)

             i)  K0 (0kg  potassium, control)   

             ii)  K1 ( 80kg  potassium)   

             iii) K2 (120kg  potassium)  

             iv) K3 (160kg potassium)
               This two factor experiment was laid out in the Randomized Complete Block Design (RCBD) with three replications. The soil samples from the experimental site were collected at the depth of 1-10cm before the application of any manure and fertilizer in the plot and analyzed in the soil testing laboratory, Division of Soil Science, BARI, Joydebpur. Planting was done at the 1st April with the spacing of 40 × 25cm. The unit plot size was 4.0 × 1.5m and rhizome size used was 40g.

                Parameter recorded  

                Same as the Expt. 6 except soil analyses was done before planting.
Expt.8. Control of rhizome rot of ginger by different management practices 

Treatments and experimental design 
The single factor experiment consisted of the following treatments:

Factor. One factor with different management practices (6 levels)

i) C1 (Solorization of soil)
ii) C2 (Burning of soil by rice straw mulch with 0.75kg-m2)
iii) C3 (Burning of soil by sawdust 1.0kg-m2)
iv) C4 (Neem cake)
v) C5 (Mustard oil cake)
vi) C6 (Control)
The single factor experiment was laid out in the Randomized Complete Block Design (RCBD) with three replications. The rhizomes were planted at the 1st April with the spacing 40 × 25cm. The unit plot size was 4.0 m × 1.5m. and rhizome size was used 40g.
Solorization of soil

Transparent polyethene sheet was placed on the plot and soil was placed on the edges of each polyethene sheet to secure covering. The polyethene sheet was placed on the 1st February and removed after 4 weeks (Wehner and Kotze, 1985).
Burning of soil by rice straw and saw dust
Burning of soil by rice straw and sawdust (rice straw 0.75kg-m2 and sawdust 1.0kg-m2).  Before planting soil was burn by rice straw and sawdust. Soil was covered by mulching materials maintains 7.5cm thickness followed by burning. 
Neem cake and mustard oil cake

The entire quantity of neem cake (2.0 t ha─1) and mustard oil cake also (2.0 t ha─1) were applied at the time of land preparation (Sadanadan and Iyer, 1986).
               Parameter recorded  

               Same as the Expt. 5
               3.13.3 Third year (2010-11)

Expt.9. Performance of the best results giving treatments from different experiments on the growth and yield of ginger
Treatments and experimental design

The main objective of the experiment was to compare the performance of newly developed technology package with the existing SRC recommended production practices and farmers’ practices in relation to ginger production. The treatments of the experiment were as follows:

Treatment T1 (Developed technology package)

1st April planting + 40g seed rhizome size + spacing 40 × 25cm + irrigation in dry period + straw mulch + ridge method + control of rhizome rot by neem cake @ 2.0 t ha─1 and fertilizer dose: cowdung @ 5.0 t ha─1 + urea, TSP, MP, gypsum @ 260, 267,  240, 111kg ha─1.
Treatment T2 (SRC recommended practice)

1st  week of April planting + 50g seed rhizome size + spacing 50 × 25cm + irrigation in dry period + no mulch + ridge method + and fertilizer dose: cow dung @ 5.0 + urea, TSP, MP, gypsum @ 304, 267,  233, 111kg ha─1 (Anon., 2007).
Treatment T3 (Farmers’ practice)

15th April planting + 30g seed rhizome size + spacing 60 × 25cm + irrigation in dry period + no mulch +ridge method + and fertilizer dose : cow dung @ 4.0 t ha─1 + urea, TSP, MP, gypsum @ 230, 294,  255, 80kg ha─1 (Anon., 2007).
The single factor experiment was laid out in the Randomized Complete Block Design (RCBD) with six replications. The rhizomes were planted as per the experimental treatments. The unit plot size was 4.0 × 1.5m.
              Parameters recorded  

               Same as the Expt. 3 and 4
Repeated experiment (2009-10)

The experiment 1 (2008-09) was repeated for in this year conformation of the results. Experimental treatments, design and methods of data collection were same as mentioned in the Expt. no. 1.
3.14 Statistical analyses 

The collected data on various parameters under different experiments were statistically analyzed using the program MSTAT to find out the significance of the treatments’ effects. The means for all the treatments were calculated, and analyses of variance for all the characteristics were performed by the F test. The significance of difference between the pair of means was evaluated by the Least Significant Difference (LSD) test (Gomez and Gomez, 1984).
3.15 Economic analyses

The cost of production was analyzed in order to find out the most economic treatment of the different experiments. An input cost and interests on fixed (land) and running capital were considered for computing the cost of production. The interest was calculated @ 12.5 % for 11 months. Cost and return analyses were done in details according to the procedure of Alam et al. (1989). The value of one hectare of land was considered to be TK. 30,250 and price of one kilogram harvested ginger were noted 1st year @ of TK. Rhizome size S1 (30g): TK. 40kg─1, S2 (35g): TK. 45kg─1, S3 (40g): TK. 50kg─1, S4 (45g): TK. 55kg─1 and old mother rhizome TK.40kg─1, 2nd year harvested rhizome S1 (40g): TK. 55kg─1, S2 (45g): TK. 60kg─1 and old mother rhizome TK. 45kg─1 and 3rd year T1 (40g): TK. 55kg─1, T2 (50g): TK. 60kg─1, T3 (30g): TK. 50kg─1 and old mother rhizome TK. 47kg─1, respectively. The benefit cost ratio was calculated as follows: 

Benefit cost ratio (BCR) =





Gross return per hectare (TK)





Total cost of cultivation per hectare (TK)
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