CHAPTER V
SUMMARY AND CONCLUSION
Ginger (Zingiber officinale Rosc.) is one of the most important spices and cash crops in Bangladesh. Its demand is increasing day by day with the increase the population and its domestic uses. In Bangladesh, ginger production is very difficult due to high price of seed rhizome coupled with the lack of suitable production technology. There are many limitations for ginger production, yet there is a great possibility to increase its production too. The ginger production is influenced by several factors such as rhizome size, spacing, planting time, mulching, irrigation, planting method, fertilizer application and control of rhizome rot. An investigation was, therefore, done to select suitable rhizome size, proper plant spacing, optimum planting time, suitable mulching material, optimum irrigation, suitable planting method, accurate doses of nitrogen and potassium fertilizers and suitable method to control of rhizome rot of ginger.

Series of experiments were carried out at the Spices Research Centre, BARI, Shibgonj, Bogra. The research program was divided into nine experiments, which were completed in three years (2008-09 to 2010-11) to achieve the objectives of higher yield and return. Four rhizome size viz., S1 (30g), S2  (35g), S3 (40g) and S4 (45g) for (2008-09) and in case of the repeated experiment (2009-10), regarding rhizome sizes considered were (40 and 45g), four plant spacing D1 ( 20 × 25cm), D2 ( 30 × 25cm), D3 (40 × 25cm) and D4 ( 50 × 25cm), five planting time P1 (15th March), P2 ( 1st April), P3 (15th April ), P4 ( 1st May)  and P5 ( 15th May ) for (2008-09) and in case of the repeated experiment (2009-10), regarding planting time considered 15th March, 1st April, 15th April and 1st May, irrigation, 11 ( irrigation in dry period) and 12 (no irrigation), three mulching, M0 ( no mulch ), M1 ( water hyacinth)  and M2 ( rice straw), two planting method viz., M1 :( flat method) and M2 (ridge method), four nitrogen level, N0 ( 0kg), N1 ( 80kg), N2 (120kg)  and N3 ( 160 kg ha─1) and  four potassium level, K0:( 0kg), K1 ( 80kg),   K2 ( 120kg) and K3 (160kg ha─1) and control of rhizome rot, five treatment, C1 (solorization of soil), C2 ( burning of soil by rice straw), C3 ( burning of soil by saw dust), C4 ( neem cake), C5 ( mustard oil cake ) and C6 (control).

Rhizome size significantly influenced most of the yield contributing characteristics of ginger. S4 (45g rhizome) took the maximum time for 80% emergence while S1 (30g rhizome) took the maximum time for 80% emergence. The tallest plant, maximum number of leaves and maximum number of tillers per plant were found in the large seed rhizomes S4 (45g) but the lowest was found from the small seed rhizomes S1 ( 30g) at 125 DAP. The weights of primary and secondary rhizomes per plant were found maximum in case of large seed rhizomes while the minimum was found from the small seed rhizomes. The highest dry matter percentage of rhizome was obtained from the large seed rhizomes and the lowest was found from the small seed rhizomes. In case of old mother rhizomes, the highest weight was found from the large seed rhizomes and the lowest was found from the small seed rhizomes. Rhizome yield per plant, per plot as well as per hectare were highest from the large seed rhizomes and the lowest was found from the small seed rhizomes. However, in all the experiment in different years with rhizome sizes, the results were significantly different but the trends were same and most of the parameters were found best in case of large seed rhizomes.

Plant spacing also significantly influenced all the yield contributing characteristics except dry matter percentage in the 1st year and the 2nd years. Closer spacing took the maximum time for 80% emergence of rhizome while minimum time required was from the wider spacing. The highest plant height, maximum number of leaves and maximum number of tillers per plant were found in the wider spacing and the lowest were found from the closer spacing at 125 DAP. The variation in results may appear due to less competition among plants in the wider spacing for, moisture, nutrients and light resulted increased plant height, number of leaves and tillers per plant. The weights of primary and secondary rhizomes per plant were found to be maximum in case of closer spacing while the minimum were recorded from the wider spacing. The highest dry matter percentage was found from closer spacing and the lowest from the wider spacing. In case of weight of old mother rhizomes; the highest weight was recorded from the closer spacing and the lowest from the wider spacing. The closer spacing increased the total number of plants per unit area. Rhizome yield per plant was highest from the wider spacing and lowest was found from the closer spacing. The higher yield might be due to wider spacing availability of more space, nutrient, water and light as well.  Yields per plot and per hectare were found to be the highest from closer spacing and the lowest was found from the wider spacing. Closer spacing increased the total number of plants per unit area and also the yield. However, in all the experiments with plant spacing in different years, the results varied but the trend of the results were same and most of the parameters were found best in case of wider spacing but yield parameters were best from the closer spacing.

In case of the combined effects the large seed rhizomes (45g) with closest spacing (20 × 25cm) produced the highest yield and the lowest yield was found from the small seed rhizomes (30g) with widest spacing (50 × 25cm). Considering the economic point of view, it can be concluded that the best benefit-cost ratio of 2.39 was from the S3D3 treatment combination (40g rhizome with 40 × 25cm spacing) and the lowest benefit-cost ratio of 1.75 from the S4D1 treatment combination (45g rhizome with 20 × 25cm spacing).
Planting time significant influenced most of the yield contributing character (plant height, no. of leaves & tillers, wt. of primary & secondary rhizome and yield t ha─1 ) of ginger. The 1st April planting took the less time for 80% emergence of rhizome while the 15th May planting took the longer time for it. The tallest plant, maximum number of leaves and maximum number of tillers per plant as well was found in the 1st April planting and the lowest was found from the 15th May planting at 125 DAP. The weights of primary and secondary rhizomes per plant were found maximum in case of the 1st April planting while the minimum was found from the 15th May planting. In case of dry matter percentage, higher dry matter percentage was obtained from the 1st April planting while the lowest was found from the 15th May planting. The maximum weight of old mother rhizomes was found from the 1st April planting and the minimum was from the 15th May planting. Yield per plant, per plot and per hectare were highest from the 1st April planting while the lowest was found from the 15th May planting. In the planting time experiment the results of the 1st year and 2nd year differed but trend of the results was same and most parameters were found best in case of the 1st April planting. Considering the economic point of view it can be concluded that the best benefit-cost ratio of 3.42 was from the 1st April planting and the lowest 1.51 was obtained from the 15th May planting.

Irrigation had significant influence on all the yield contributing characteristics. The I1 treatment (irrigation in dry period) took the minimum days for 80% emergence of rhizome and the maximum days required for 80% emergence was from I2 treatment (no irrigation). The highest plant heights, maximum number of leaves and highest number of tillers per plant was recorded from I1 treatment while the lowest was recorded from I2 treatment at 125 DAP. The maximum weights of primary and secondary rhizomes per plant were found in case of I1 treatment and the lowest was found from I2 treatment. The maximum dry matter percentage was obtained from I1 treatment and the minimum was found from I2 treatment. In case of weights of old mother rhizomes, the highest weight was recorded from I1 treatment and the lowest was recorded from I2 treatment. Rhizome yields per plant, per plot and per hectare were highest from I1 treatment while the lowest was found in the I2 treatment.
 Mulching also had significant influence on all the yield contributing characteristics. The M2 :(rice straw mulch) treatment took the minimum time for 80% emergence of rhizome while the maximum time required for 80% emergence was from the M0 :(no mulch) treatment. The highest plant height, maximum number of leaves and maximum number of tillers per plant was found from rice straw mulch and the lowest was found from the control treatment at 125 DAP. The weights of primary and secondary rhizomes per plant were highest from the rice straw mulch and the lowest was recorded from the control treatment. The maximum dry matter percentage was found from the rice straw mulch while the minimum was from the control treatment. In case of weight of the old mother rhizomes, the highest weight was recorded from the rice straw mulch and the lowest was recorded from the control treatment. Rhizome yields per plant, per plot and per hectare were highest from the rice straw mulch treatment while the lowest was found from the control treatment.
In case of the combined effect, the I1M2 ( irrigation in dry period with rice straw mulch) treatment combination gave the highest yield and the lowest was obtained from the I2M0 treatment combination (no irrigation with no mulch i.e. control). Considering the economic aspect the best benefit-cost ratio of 3.05 was from the I1M2 (irrigation in dry period with rice straw mulch) treatment combination and the lowest benefit-cost ratio was 1.90 from the I2M0 (control) treatment combination.
The planting method had significantly influenced all the yield contributing characteristics except weight of old mother rhizomes. Ridge planting method (M2) took the minimum days for 80% emergence of rhizome while the maximum days required for 80% emergence was from the flat planting method (M1). The highest plant height, maximum number of leaves and maximum number of tillers per plant were recorded from the ridge planting method and the minimum was recorded from the flat planting method at 125 DAP. The highest weights of primary and secondary rhizomes per plant were found from the ridge planting method while the lowest was found from the flat planting method. The highest dry matter percentage was obtained from the ridge planting method while the minimum was found from the flat planting method. The maximum weight of old mother rhizomes were found from the ridge planting method and the minimum was from the flat planting method. Rhizome yields per plant, per plot and per hectare were the highest in the ridge planting method and the lowest was found from the flat planting method. However, in all experiments with the planting methods, the results varied in different years but the trend of the results were same and most of the parameters were found best in the case of the ridge planting method.

The rhizome sizes had significant influence on most of the yield contributing characteristics except the weight of the old mother rhizomes. S3 ( 45g rhizome) took the less time for 80% emergence while S1 (35 g rhizome) took maximum time for 80% emergence. The highest plant height, maximum number of leaves and maximum number of tillers per plant were found in the large seed rhizomes S3 (45g) and the lowest was found from the small seed rhizomes S1 (35g) at 125 DAP. The weights of primary and secondary rhizome per plant were found maximum in the case of the large seed rhizomes and the minimum was found from the small seed rhizomes. The highest percentage of dry matter was obtained from the large seed rhizomes and the lowest was from the small seed rhizomes. In case of weight of old mother rhizomes, the highest weight was found from large seed rhizomes and the lowest was found from the small seed rhizomes. The rhizome yields per plant, per plot as well as per hectare were maximum on large seed rhizome and the lowest was found from the small seed rhizomes. However, in all the rhizome size experiment, the results varied in different years but the trend of the results were same and most of the parameters were found to be the best in case of large seed rhizomes.

In case of the combined effect, M2S3 ( ridge planting method with large seed rhizome i.e. 45g) gave the highest yield and the lowest was obtained from M1S1 ( flat planting method with small seed rhizome i.e. 35g). Considering the economic analysis it can be concluded that the best benefit-cost ratio of 2.75 was found from M2S2 the treatment combination (ridge planting method with 40g seed rhizome) and the lowest i.e. 1.68 was from the M1S1 (flat planting method with small seed rhizome i.e. 35g) treatment combination.

Another experiment, planting method and planting time was conducted to determine the suitable planting method and planting time for ginger production. Planting method significantly influenced most of the yield contributing characteristics except dry matter percentage and weight of old mother rhizomes. . The ridge planting method (M2) took the minimum days for 80% emergence while the maximum day was in the flat planting method (M1). The highest plant height, maximum number of leaves and maximum number of tillers per plant were found in the ridge planting method while the minimum was recorded from the flat planting method at 125 DAP. The highest weights of primary and secondary rhizomes per plant were found in the case of the ridge planting method and the minimum was found from flat planting method. The highest dry matter percentage and weight of old mother rhizomes were obtained from the ridge planting method while the minimum was found from the flat planting method. Yield per plant, per plot and per hectare were highest from the ridge planting method but the lowest was found from the flat planting method. 
Planting time significantly influenced all the yield contributing characteristics of ginger. The 1st April planting took the less time for 80% emergence while the 1st May planting took the maximum time. The highest plant height, maximum number of leaves and maximum number of tillers per plant were found in the 1st April planting and the lowest was found from the 1st May planting at 125 DAP. The maximum weights of primary and secondary rhizomes per plant were obtained from the 1st April planting while the minimum was found from the 1st May planting. In case of dry matter percentage, higher dry matter percentage was obtained from the 1st April planting while the lowest was found from the 1st May planting. The maximum weight of old mother rhizomes was found from the 1st April planting and the minimum was recorded from the 1st May planting. The yields per plant, per plot and per hectare were maximum in from 1st April planting while the minimum was found from 1st May planting. 

In case of the combined effect, the highest yield was found from M2P2 (ridge planting method with 1st April planting) and the lowest was obtained from M1P4 (flat planting method with 1st May planting). From the economic point of view it can be concluded that the best benefit-cost ratio of 3.08 was from the M2P2 treatment combination (ridge planting method with 1st April planting) and the lowest  benefit-cost ratio of 1.73 was from  the M1P4 treatment combination (flat planting method with 1st May planting).

Another experiment was repeated in the modified form with rhizome sizes and plant spacing and was conducted to determine the optimum rhizome size and suitable plant spacing for ginger production. Rhizome size had insignificant influence on most of the yield contributing characteristics. Large rhizomes S2 (45g) took the less time for 80% emergence and the small rhizomes S1 (40g) took longer time for 80% emergence. The highest plant height, maximum number of leaves and maximum number of tillers per plant were found in the large seed rhizomes S2 (45g) and the lowest was found from small seed rhizomes S1 (40 g) at 125 DAP. The highest weights of primary and secondary rhizomes per plant were found from the large seed rhizomes and the lowest was found from the small seed rhizomes. The maximum dry matter percentage and weight of old mother rhizome were recorded from the large seed rhizomes and the lowest was recorded from the small seed rhizomes. The yields per plant, per plot and per hectare were highest from the large seed rhizomes and the lowest were found from the small seed rhizomes. 

The plant spacing significantly influenced all the yield contributing parameters except plant height and dry matter percentage. Closer spacing (40 × 25cm) took the maximum time for 80% emergence while minimum time required for 80% emergence was from the wider spacing (50 × 25cm). The tallest plant, maximum number of leaves and maximum number of tillers per plant were found in the wider spacing and the minimum were recorded from the closer spacing at 125 DAP. The weights of primary and secondary rhizomes per plant were found maximum in case of the closer spacing while the minimum were recorded from the wider spacing. It might be due to closer spacing increased total number of plants per unit area. The highest dry matter percentage was found from the closer spacing and the lowest was found from the wider spacing. The highest weight of old mother rhizomes was recorded from the closer spacing and the lowest was recorded from wider spacing. Rhizome yield per plant was highest from the wider spacing and the lowest was found from the closer spacing. The yields per plot and per hectare were found highest from the closer spacing and the lowest was found from the wider spacing. Due to closer spacing increased the total number of plants per unit area.

In case of combined effect the highest yield was recorded from the S2D1 (large seed rhizome 45g with closest spacing 40 × 25cm) treatment combination while the lowest was recorded from the S1D2 (small seed rhizome: 40g with widest spacing 50 × 25cm) treatment combination.  But from the economic point of view it cane be concluded that the best benefit-cost ratio of 2.53 was from S1D1 (small seed rhizome 40g with closest spacing of 40 × 25cm) and the lowest was 2.37 from the S2D2 (large seed rhizome: 45g with widest spacing of 50 × 25cm) treatment combination.

Different nitrogen doses significantly influenced all the yield contributing characteristics. N2 treatment (120kg N ha─1) took minimum days for 80% emergence of rhizomes and the control N0 (0 kg N ha─1) took maximum days. The tallest plant, maximum number of leaves and maximum number of tillers per plant were recorded from N2 treatment (120 kg N ha─1) and the lowest was recorded from the control N0 (0 kg N ha─1) treatment at 125 DAP. The maximum weights of primary and secondary rhizomes per plant were obtained from N2 treatment and the minimum was from the control treatment. The highest dry matter percentage and weight of old mother rhizomes were found from N2 treatment and the lowest were found from the control treatment. Rhizome yields per plant, per plot and per hectare were the highest from N2 treatment and the lowest was found from the control treatment.
Potassium fertilizer significantly influenced all the yield contributing parameters. K2 treatment (120kg K ha─1) took the minimum time for 80% emergence of rhizomes while the control K0 (0kg K ha─1) took the maximum time for 80% emergence. The tallest plant, maximum number of leaves and maximum number of tillers per plant were recorded from K2 treatment (120kg K ha─1) and the minimum was recorded from the control K0 (0kg K ha─1) treatment at 125 DAP. The maximum weight of primary and secondary rhizomes per plant were obtained from the K2 treatment and the minimum were found from the control treatment. The highest dry matter percentage and weight of old mother rhizomes were found from K2 treatment and the lowest was found from control treatment. Rhizome yields per plant, per plot and per hectare were highest from K2 treatment and the lowest were found from control treatment.
In the case of combined effect, the highest yield was obtained from N2K2 :120kg N ha─1 with 120kg K ha─1) and the lowest was found from N0K0 :0kg N ha─1 with 0kg K ha─1). From the economic point of view it can be concluded the best benefit-cost ratio of 3.17 from the N2K2 (120kg N ha─1 with 120kg K ha─1) treatment combination and the lowest benefit-cost ratio was 1.25 from the N0K0 of (0kg N ha─1 with 0kg K ha─1) treatment combination. 
In another experiment on the control of rhizome rot by different management practices significantly influenced most of the yield contributing characters, except dry matter percentage. The C4 treatment (neem cake 2.0 t ha─1) took the minimum time for 80% emergence of rhizome while the C6 (control) took maximum time for 80% emergence. The tallest plant, maximum number of leaves and maximum number of tillers per plant were recorded from the C4 treatment (neem cake) and the lowest was found from C6 (control) at 125 DAP. The highest weights of primary and secondary rhizomes per plant were found in the case of the C4 (neem cake) treatment and the lowest was found from the C6 (control) treatment. The dry matter percentage was highest from the C4 (neem cake) treatment while the lowest was the C6 (control) treatment. The maximum weight of old mother rhizomes was found from the C4 (neem cake) treatment and the minimum was found from the C6 (control).The yields per plant, per plot and per hectare were highest from the C4 (neem cake) treatment and the lowest was recorded from the C6 (control). The lowest rhizome rot damage percentage was found from the C4 (neem cake) treatment and the highest was found from the C6 (control) treatment. From the economic point of view, the best benefit-cost ratio of 2.25 was found from the C4 (neem cake 2.0 t ha─1) treatment and the lowest 1.42 was  from the C6 (control) treatment.

The findings of 2011 experiment  with the comparison of the developed technology’s package (T1), SRC earlier recommended practice (T2) and farmer’s practice (T3), all the yield attributes were significantly influenced. The developed technology package (T1) took the less time for 80% emergence of rhizomes while the farmer’s practice (T3) took maximum time for 80% emergence. The tallest plant, maximum number of leaves and maximum number of tillers per plant were found from the SRC recommended practice (T2) followed by the developed technology package (T1) and the lowest was found from the farmer’s practice (T3) at 125 DAP. The maximum weights of primary and the secondary rhizomes per plant were found from the SRC recommended practice (T2) and the lowest was found from the farmer’s practice (T3). The maximum dry matter percentage and the maximum weight of old mother rhizomes were recorded from the developed technology package (T1) while the lowest was recorded from the farmer’s practice (T3). The highest yield per plant was found from the SRC recommended practice followed by the developed technology package and the lowest was found from the farmer’s practice. It might be due to SRC recommended practice large seed rhizome use as seed material that influenced maximum yield per plant. The highest rhizome yields per plot and per hectare were recorded from the developed technology package followed by SRC recommended practice and the lowest was recorded from the farmers practice. It might be due to developed technology package use closer spacing than others. Closer spacing increased total number of plant per unit area as a result yield was higher. Considering the economic point of view it can be concluded the best benefit-cost ratio was 2.85 from the developed technology package (T1) and the lowest benefit-cost ratio was 2.53 from the farmer’s practice (T3).

The above study paved the way to draw the following conclusions with regard to successful ginger production in Bangladesh.
From the economic point of view: 
 1. Best seed rhizome size was 40g 
           2. Best spacing was 40 × 25cm.
           3. Best planting time was 1st April.
  3. Best effective combination of treatments as irrigation in dry period + rice straw mulch.

 4. Best method of planting was ridge planting method.

 5. Better fertilizer combination was cow dung @ 5.0 t ha─1 +Urea - TSP- MP- gypsum @ 260-267-240-111kg ha─1 respectively  
 6. Two tons neem cake ha─1   was the best to control rhizome rot.

 7. The developed technology package i.e., (40g seed rhizome + 40 × 25cm spacing + 1st April planting + irrigation in dry period + rice straw mulch + ridge planting method + fertilizer dose (cowdung @ 5.0 t ha─1 + Urea + TSP + MP + gypsum @ 260-267-240-111kg ha─1 + neem cake 2 t ha─1) was the best treatment combination for ginger production which was superior to the SRC recommended practice and the farmer’s practices.

8. The package technology should be repeated different location of the country before applying to the farmer’s field.
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