CHAPTER IV
RESULTS AND DISCUSSION
The research work was consisted of nine experiments, which were carried out to investigate various aspects of ginger production in three consecutive years. The period of experiments was determined depending upon the prevailing weather conditions and in some cases experiments were repeated in modified forms. The results of all the experiments and their discussions have been presented experiment wise in this chapter. 

4.1 Expt.1. Effects of rhizome sizes and spacing on the growth and yield of ginger (2008-09 and repeated in 2009-10) 
4.1.1 Introduction 

The study was undertaken to verify the effects of rhizome size and plant spacing   on the growth and yield of ginger. The experiment was designed in the Randomized   Complete Block Design (RCBD) with three replications. Four rhizome size viz., S1 (30g), S2 (35g), S3 (40g) and S4 (45g) were consisted as the first and four plant spacing; D1 (20 × 25cm), D2 (30 × 25cm), D3 (40 × 25cm) and D4 (50 × 25cm) were consisted as the second factor.  Planting was done on the 1st April. The unit plot size was 4.0 × 1.5m distance between block to block 1.0m and plot to plot 0.5m was maintained. Treatments were randomly assigned to the unit plots in each block. 

4.1.2 Results and discussion
The results of the effects of seed rhizome size and plant spacing and their combined effects are shown in Tables 1, 2 and 3 (2008-09) and the analyses of variance of all the parameters studied in the investigation together with the sources of variation and corresponding degrees of freedom are presented in Appendix-III (2008-09). 
4.1.2.1 Emergence of seed rhizome

The different seed rhizomes size showed significant effect on 80% emergence (Table 1). The minimum time (27.0 days) was required in the S4 treatment (45g rhizome) while the highest (34.0 days) was found in the S1 treatment (30g rhizome) which was statistically different from all other treatments. The rapid emergence shown by large seed rhizomes might be due to their high amount of reserve food as well as low dormancy. Similar result was also reported by others (Randhawa et al. 1972; Islam and Ahmmed, 1986 and Sengupta et al. 1986). This finding agrees with those of Islam (2001) and Monnaf (2006). 
Plant spacing had significant effect on 80% emergence of seed rhizomes (Table 2). It was observed that the plants from closer spacing (20 × 25cm) took the maximum (33.0 days) time to complete 80% emergence while it was the minimum (27.0 days) in case of wider spacing (50 × 25cm). It might be due to better availability of plant nutrients, moisture and light in wider spaced plants. Similar results was observed by Bahadur et al. (2000). This finding also agrees with those of Islam and Ahmed (1986); Ahmed et al. (1988) where they have stated that the time for 80% emergence was longer when rhizomes were planted closely.
The combined effect of seed rhizomes size and plant spacing on 80% emergence was found to be statistically significant (Table 3). However, the maximum time (36.0 days) was required in S1D1 treatment combination (30g rhizome with 20 × 25cm spacing) and the minimum (24.0) days were required in S4D4 treatment combinations (45g rhizome × 50 × 25cm spacing) to complete 80% emergence. This finding agrees with that of Blay et al. (1998); they observed that large seed rhizomes with widest spacing needed less time for 80% emergence. 
4.1.2.2 Plant height
Plant height was recorded at an interval of 15 days viz., 50, 65, 80, 95, 110, 125, 140 and 155 DAP. Rhizome size significantly influenced the growth of plants in terms of plant height at 50, 65, 80, 95,110, 125, 140 and 155 DAP (Appendix-III). There was a trend in increase in plant height with the increased seed rhizomes size up to 125 DAP, which gradually decreased afterwards. At 125 DAP, the tallest plant (59.20cm) was observed from S4 (45g rhizome) treatment and the shortest plant (54.82cm) was observed from S1 (30g rhizome) treatment (Fig. 1). It might be possible that plants produced from S4 (45g) rhizomes emerged earlier and showed vigorous and rapid growth using the initial reserve food materials, which resulted taller plants. Similar results were also reported by Patil and Borse (1980) and Sengupta et al. (1986). This finding also agrees with those of Islam (2001) and Monnaf (2006). Plant spacing also had significant influence on plant height (Appendix-III). The tallest plant (59.12cm) was found in D4 (50 × 25cm) treatment while the shortest (55.24cm) was in D1 (20 × 25 cm) treatment at 125 DAP. After 125 DAP plant height decreased gradually due to senescence of older leaves. 
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(Fig. 2). It might be due to better availability of plant nutrients, adequate moisture and light in the wider spaced plant.  This findings agrees with those of Rikabdar (1978) and Bahadur et al. (2000) they stated that plant spacing when use widest than higher growth of plants.
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Fig. 1 Main effects of rhizome size on the plant height of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 1, 2008-09)
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Fig. 2. Main effects of spacing on the plant height of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 1, 2008-09)
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The combined effects of rhizomes size and plant spacing on plan height was found to be statistically significant from 50 to 155 DAP (Appendix-III). The tallest plant (60.67cm) was recorded from the treatment combination S4D4 (45g rhizome with 50 × 25cm spacing) and the shortest plant (52.73cm) from S1D1 (30g rhizome with 20 × 25cm spacing at 125 DAP (Table 3). However, plant height increased with the increase in DAP and after reaching peak, the decline was noticed due to senescence of older leaves. There was no further production of taller leaves because of accumulation of photosynthates occurred in the underground parts. So, the plant height decreased with the passing of time.
4.1.2.3 Number of leaves per plant 
The number of leaves per plant was counted at different growth stage at an interval of 15 days at 50, 65, 80, 95, 110, 125, 140 and 155 DAP. The variation in the number of leaves per plant due to different types of seed rhizomes size was significant (Appendix-III).
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Fig. 3. Main effects of rhizome size on the number of leaves per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 1, 2008-09)
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The highest number of leaves (100.24) was recorded in the S4 (45g rhizome) treatment and the lowest (61.38) was in S1 (30g rhizome) treatment at 125 DAP (Fig. 3). The highest number of leaves obtained from the large seed rhizomes S4 (45g rhizome) might be attributed to vigorous growth of plants. The large seed rhizomes initially had more reserve food materials than the smaller seed rhizomes. So, large seed rhizomes produced more leaves than the smaller ones. This finding is similar to those of others Asish and Wamanan (1989) and Korla et al. (1989). Similar results were also found by Islam Zaman (2001), Zaman (2004) and Monnaf (2006) they found that large seed rhizome produced the maximum number of leaves plant─1. Sengupta et al. (1986) also found that when large seed rhizomes were planted than number of leaves plant─1 increased. The decline in the number of leaves plant─1 was due to senescence of older leaves after reaching the peak. 
The number of leaves per plant was greatly influenced by different spacing (Appendix-III). The D4 (50 × 25cm) treatment produced the maximum number of leaves (105.99) while the minimum number (56.0) was recorded from the D1 (20 × 25cm) treatment at 125 DAP (Fig. 4). After 125 DAP number of leaves was decreased due to senescence of older leaves.  The number of leaves decreased with the decrease in spacing. It might be due to widest spacing better availability of plant nutrients, light and moisture were better and so, widest spacing produced more leaves. This finding agrees with the finding of Randhawa et al. (1972) and Bahadur et al. (2000) who found that when widest spacing were used then number of leaves per plant increased. Islam et al. (1988) in their experiment got significantly higher number of leaves per plant having the similar trend. 
[image: image7.emf]35

40

45

50

55

60

65

70

50 65 80 95 110 125 140 155

Days after planting

Plant height (cm)

 S1(35g)  S2(40g)  S3(45g)


Fig. 4. Main effects of spacing on the number of leaves per plant of ginger. Vertical bars             represent LSD at 5% level of probability (Expt. 1, 2008-09)

[image: image8.emf]35

40

45

50

55

60

65

70

75

50 65 80 95 110 125 140 155

Days after planting

Plant heihgt (cm)

M1(Flat method)  M2(Ridge method)


The combined effect of different seed rhizomes size and spacing was found statistically significant. At 125 DAP the highest number of leaves (127.06) was observed in the treatment combination S4D4 (45g rhizome with 50 × 25cm spacing) while the lowest number (45.57) was obtained from the S1D1 (30g rhizome with 20 × 25cm spacing) treatment combination (Table 3). The large seed rhizomes with the widest spacing made vigorous and rapid growth due to the higher initial reserve food material in the seed rhizomes; more abundant light and moisture resulted in the higher number of leaves per plant.
4.1.2.4 Number of tillers per plant

The number of tillers per plant was counted at different growth stage at an interval of 15 days at 50, 65, 80, 95, 110, 125, 140 and 155 DAP. The seed rhizomes size showed significant variation in terms of number of tillers per plant at different DAP (Appendix-III). The highest number of tillers per plant (12.57) was obtained from the S4 (45g rhizome) treatment, which was closely related to the S3 (40g rhizome) treatment (12.30). The lowest number of tillers per plant (8.68) was obtained from the S1 (30g rhizome) treatment at 125 DAP (Fig. 5). Perhaps the large seed size rhizomes (45g and 40g) conserved the more food materials and nutrients than the other treatments that ultimately result produce more number of tiller per plant. This result is in agreement with thos of Korla et al. (1989) and Asish and Wamanan (1989) they found that large seed rhizomes produced higher number of tiller per plant (7.1). Similar results were also found by Islam (2001) and Monnaf (2006). 
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Fig. 5. Main effects of rhizome size on the number of tillers per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 1, 2008-09)

In case of plant spacing, the total number of tillers per plant increased significantly in different spacing (Appendix-III). The maximum number of tillers per plant (12.32) was found in D4 (50 × 25cm) treatment and the lowest (9.36) was obtained from D1 (20 × 25cm) treatment at 125 DAP (Fig. 6). It might be that the availability of light and moisture from the widest spacing that produced more number of tillers per plant. After 125 DAP number of tillers decreased due to senescence of older tillers. Similar trend was also found from the observation of Bahadur et al. (2000) and Hashim (2006). Islam et al. (1988) in their experiment got higher number of tillers per plant.
The combined effects of seed rhizomes size and plant spacing significant influenced the number of tillers per plant. The highest number of tillers per plant (13.27) was obtained from S4D4 treatment (45g rhizomes with 50 × 25cm spacing) and the lowest (6.67) from S1D1 treatment (30g rhizomes with 20 × 25cm spacing) at 125 DAP (Table 3). It might be that the higher initial reserve food material in the large seed rhizomes coupled with widest spacing boosted the vigorous growth which ultimately resulted in higher number of tillers per plant. 
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Fig. 6. Main effects of spacing on the number of tillers per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 1, 2008-09)
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4.1.2.5 Weight of primary rhizomes per plant
The seed rhizomes size significant influenced the weight of primary rhizomes. The highest weight of primary rhizomes (114.31g) per plant was obtained from the S4 (45g 
rhizome) treatment and the lowest (83.75g) was from the S1 (30g rhizome) treatment (Table 1). It might be due to the fact that the primary rhizomes produced from the largest seed rhizomes size (S4) showed the most vigorous and rapid growth than that of the smaller seed rhizomes (S1) using the initial reserve food materials. This finding agrees with those of Hailemichael and Tesfaya (2008) and Monnaf (2006). Similar result was also found by Islam (2004) and Zaman (2006).

In case of plant spacing, significant variations were found in the weight of primary rhizomes per plant. The maximum weight of primary rhizomes (117.90g) per plant was recorded from D1 treatment (closer spacing of 20 × 25cm) and the lowest (89.87g) per plant was from  the D4 treatment (widest spacing of 50 × 25cm) (Table 2). The higher yield of primary rhizomes might be due to higher plant density per unit area. Randahawa and Mishra (1974), Bahadur et al. (2000) and Hashim (2006) also reported the same findings. 

The combined effect of seed rhizomes size and plant spacing was highly significant in the primary rhizome production. The highest weight of primary rhizomes (150.96g) from the S4D1 treatment combination (large seed rhizome 45g with closer spacing of 20 × 25cm) per plant was recorded and the lowest  per plant (75.11g) was obtained from the combination S1D4 (small seed rhizome 30g with the widest spacing of 50 × 25cm) (Table 3). Same trend was also observed in rest of the treatments. It might be due to the combined effect of S4 (45g rhizomes) with higher reserve of food material and closer spacing D1 (20 × 25cm) with higher total number of plant population than others treatments.
4.1.2.6 Weight of secondary rhizomes per plant 
Rhizome sizes significantly influenced the weight of the secondary rhizomes per plant. The highest weight of secondary rhizomes per plant (52.99g) was obtained from the S4 treatment (45g rhizome) and the lowest (43.56g) from the S1 treatment (30g rhizome) (Table 1). It might be due to the fact that the higher number of leaves and tillers, probably helped to produce more food materials in case of the large seed rhizomes. This finding agrees with that of Islam 2004) and Monnaf (2006) they found significant increasing trend in weight of the secondary rhizomes per plant with the increase in the seed rhizome size. Zaman (2001) found that large seed rhizomes produced maximum weight of secondary rhizomes per plant. 
Plant spacing exerted significant effect on the weight of secondary rhizomes per plant.  The highest weight of secondary rhizomes (57.94g) was recorded from the D1 treatment (20 × 25cm) and the lowest (39.96g) from the D4 (50 × 25cm) treatment (Table 2). It might be due to the fact that in the closest spacing more plants occur per unit area. This result indicated that the closer spacing is suitable for higher ginger production. Similar result was also reported by Ahmed et al. (1988).

The combined effect of seed rhizomes size and plant spacing was highly significant for the weight of secondary rhizomes per plant. The highest weight of secondary rhizomes per plant (66.60g) was recorded from the combination of S4D1 treatment (45g rhizome with 20 × 25cm spacing) and the lowest (38.11g) per plant was obtained form the combination of S1D4 treatment (30g rhizome with 50 × 25cm spacing) (Table 3). It might be due to the combined effect of S4 (45g rhizome) with higher reserve of food material and closer spacing D1 (20 × 25cm) with higher total number of plant population than others treatments. This finding agrees with that of Ghosh (1996).
4.1.2.7 Dry matter percentage in rhizomes
Rhizome sizes had no significant effect on the dry matter content of rhizomes. The maximum dry matter content of rhizomes (24.88%) was obtained from the S4 treatment (45g rhizome) and the minimum (23.33%) was recorded from the S1 treatment (30g rhizome) (Table 1). Zaman (2001) also obtained higher dry matter content from large seed rhizomes.

Spacing also had no significant effect on dry matter content of rhizomes. The maximum dry matter (25.37%) was found from the D1 treatment (20 × 25cm) and the minimum (23.22%) from the D4 treatment (50 × 25cm) (Table 2). This result is in agreement with that of Hashim (2006) who obtained maximum dry matter with 20cm spacing.

The combined effect of seed rhizomes size and plant spacing on the dry matter content was not significant. However, the highest dry matter of rhizomes (25.87%) was obtained from the S4D1 treatment combination (45g rhizome with 20 × 25cm spacing) and the lowest (22.05%) was  recorded from the treatment combination S1D4 (30g rhizome with 50 × 25cm spacing) (Table 3).
4.1.2.8 Weight of the old mother rhizomes 

Rhizome size had noticeable significance in relation to the yield of old mother rhizomes. The highest yield (1.8 t ha─1) of old mother rhizomes was obtained from the S4 treatment (45g rhizome) and the lowest (1.15 t ha─1) was obtained from the S1 treatment (30 g rhizome) (Table 1). This result is attributed to the large older mother rhizomes used.

Significant variation was found among the spacing in respect of the yield of old mother rhizomes. The highest weight of old mother rhizomes (2.70 t ha─1) was obtained from the D1 treatment (20 × 25cm) but the lowest (0.94 t ha─1) was found form the D4 treatment (50 × 25cm) (Table 2). This was possibly due to the closer and larger spacing, respectively. Similar result was also found by Hashim (2006).

The combined effect of seed rhizomes size and plant spacing on the yield of old mother rhizomes was statistically significant. The highest yield (3.10 t ha─1) was obtained from the S4D1 treatment combination (45g rhizome with 20 × 25cm spacing) but the lowest (0.75 t ha─1) was obtained from the S1D4 treatment combination (30g rhizome with 50 × 25cm spacing) (Table 3).The higher yield would possibly, due to closer spacing with big seed rhizomes 
4.1.2.9 Yield per plant
The yield per plant was significantly influenced by seed rhizomes size, spacing and their combinations. The maximum yield per plant (161.79g) was recorded from the S4 treatment (45g rhizome) while the minimum (141.98g) was from the S1 treatment (30g rhizome) (Table 1). It might be due to the fact that the plants produced from the large seed rhizomes (S4) showed vigorous growth than the smaller rhizomes (30g) which helped in deposition of greater amount of photosynthates in the rhizomes. This finding is in agreement with the result of Asish and Wamanan (1989), who found that large seed rhizomes produced higher yield of ginger. This result agrees with the result of Blay et al. (1998), Islam (2001), Amzad et al. (2005) and Hailemichacl Tesfaye (2008) who found higher rhizomes yield from the large seed rhizomes. The present finding also supported by the findings of Korla et al. (1989). Other previous workers Chattopadyay et al. (1990) and Barholia et al. (1992) reported that different rhizomes size exerted significant variation in rhizomes yield per plant. They also found that the rhizome yields per plant increased with the increase in seed rhizomes size. 
Similarly, plant spacing had significant effect on yield plant─1. The highest yield per plant (187.19g) was obtained from the D4 treatment (50 × 25cm) and the lowest (111.51g) was recorded from the D1 treatment (20 × 25cm) (Table 2). Identical result was also found by Bahadur et al. (2000). 

The combined effect of rhizome sizes and plant spacing on the yield per plant was significant. The highest yield per plant (195.63g) was obtained from the S4D4 treatment combination (45g rhizome with 50 × 25cm) spacing and the lowest (101.80g) was from the S1D1 treatment combination (30g rhizome with 20 × 25cm spacing) (Table 3). It might be due to large seed rhizomes with wider spacing produced vigorous plant compared to other treatments, which helped in deposition of greater amount of assimilate to the rhizomes. This finding agrees with the results of Phillip (1983).
4.1.2.10 Yield per plot 

The significant difference in respect of yield per plot was noticed due to the effect of rhizome size. The maximum yield per plot (11.61kg) was recorded from the S4 (45g rhizome) treatment while the minimum (10.14kg) was recorded from the S1 (30g rhizome) treatment (Table 1). The large seed rhizomes produced more number of tillers per plant and leaves which resulted in the accumulation of more food material and the small seed rhizomes accumulated, small amount of food materials resulting failure to attain more vigorous growth. This finding is in agreement with the result of Blay et al. (1998), Islam (2001), Amzad et al. (2005) and Hailemichacl Tesfaye (2008) who found higher rhizomes yield from the large seed rhizomes. The present finding also supported by the findings of Asish and Wamanan (1989) and Korla et al. (1989). Other previous workers Chattopadyay et al. (1990) and Barholia et al. (1992) reported that different rhizomes size exerted significant variation in rhizomes yield per plot they also found that the rhizome yields per plot increased with the increase in seed rhizomes. 
Plant spacing significantly influenced the yield of ginger per plot. The maximum yield (12.84kg) was obtained from the D1 treatment (20 × 25cm spacing) and the minimum yield (8.98kg) was recorded from the D4 treatment (50 × 25cm spacing) (Table 2). The increased yield per plot from the closest spacing was probably due to the increased number of plants per unit area. 

The combined effect of seed rhizomes size and spacing significant influenced the yield per plot. The highest yield (13.35kg) per plot was obtained from the S4D1 treatment combination (45g rhizome with 20 × 25cm spacing) and the lowest yield (8.40kg) per plot was obtained from the S1D4 treatment combination (30g rhizome with 50 × 25cm spacing) (Table 3).
4.1.2.11 Yield per hectare
The yield of rhizome was found to be influenced significantly by different rhizome sizes (Appendix-III).
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Fig.7. Main effects of rhizome size on the yield of ginger. Vertical bars represent LSD at 5%        level of probability (Expt. 1, 2008-09)
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The highest yield (19.35 t ha─1) was obtained from the S4 treatment (45g rhizome). While the lowest (16.90 t ha─1) was obtained from the S1 (30g rhizome) treatment (Fig.7), which may possible be due to higher amount of initial food reserve in the large seed rhizomes, the crop growth was better with maximum number of leaves per plant which might have helped in higher rate of photosynthates, and this ultimately resulted in maximum rhizome yield. Similar results were also reported by Timpo (1982), Maity et al. (1988), Asish and Wamanan (1989), and Chattopadhyay et al. (1990). This finding agreed with the finding of Islam (2001), Monnaf (2006), and Zaman (2006) who found that large seed rhizomes produced maximum yield. This finding is in agreement with the result of Blay et al. (1998), Islam (2001), Amzad et al. (2005) and Hailemichacl Tesfaye (2008) who found higher rhizomes yield from the large seed rhizomes.
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Fig.8. Main effects of spacing on the yield of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 1, 2008-09)
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Plant spacing exerted significant influence on yield of ginger (Appendix-III). The highest yield (20.81 t ha─1) was found with the D1 (20 × 25cm spacing) treatment followed by others. The lowest yield (14.97 t ha─1) was recorded with the D4 (50 × 25cm spacing) treatment (Fig. 8). The results clearly indicated that the increased yield from the closest spacing was due to the higher number of plants per unit area. The results of the present experiment are in full agreement with that of Aiyaduria (1966), Purseglove (1972) and Islam (1988); they also observed that the closest spacing in ginger produced the highest yield. The significant increase in yield under closer spacing may solely be described on the function of higher plant density per unit area of land. Similar findings were observed too by other scientists (Rahman and Faruque, 1974; Shashidhar et al.1997). These also indicated that the plant population is one of the most important factors for yield. The results of the present experiment are in full agreement with that of Aiyaduria (1966), Purseglove (1972), and Islam (1988). They observed that the closest spacing in ginger produced the higest yield. Such supportive results were also published by others (Blay et al., 1998; Bahadur et al., 2000; Randhawa et al., 1972). Rhizome yield per hectare was increased with the closest spacing was reported by Hashim, 2006; Randhawa and Mishra, 1974 and Ahmed et al., 1988.
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The combined effect of seed rhizomes size and plant spacing showed significant influence on the yield per hectare (Appendix-III). In case of the treatment combination S4D1 (45g rhizome with 20 × 25cm spacing), the maximum yield (22.25 t ha─1) was recorded. On the other hand, the lowest yield (14.0 t ha─1) was obtained from the S1D4 (30g rhizome with 50 × 25cm spacing) treatment combination (Fig. 9).

Fig.9. Combined effects of rhizome size and spacing on the growth and yield of ginger. Vertical      bars represent LSD at 5% level of probability (Exp. 1, 2008-09)
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4.1.3 Economic analyses
Total cost of production

An attempt was made to examine the cost and return in ginger production. The total cost of production was the highest (Tk.766413 ha─1) in the S4D1 treatment combination (45g seed rhizomes with 20 × 25cm spacing) (Table 4). The lowest cost of production (Tk.265863 ha─1) was recorded from the S1D4 treatment combination (30g seed rhizomes with 50 × 25cm spacing). The result was due to the uses of bigger seed rhizomes, higher plant population, and also higher prices of seed rhizomes.

Gross return

The highest gross return (Tk.1347750 ha─1) was recorded from the S4D1 treatment combination while the lowest value of gross return (Tk.590000 ha─1) was obtained 
Economic table 1

from the S1D4 treatment combination (Table 4). The highest gross return was obtained probably due to the large seed rhizomes, closer spacing, and higher yield.
Net return

The results presented in the Table 4 show that the net return was comparatively higher (Tk.622537 ha─1) with the S4D3 treatment combination and the lowest net return (Tk.324137 ha─1) was received with the S1D4 treatment combination.

Benefit-cost ratio

Among the treatments, it was found that the highest benefit-cost ratio of 2.39 was recorded with the S3D3 treatment combination (40g seed rhizomes with 40 × 25cm spacing) followed by the S3D4 treatment combination (40g seed rhizomes with 50 × 25cm spacing). The lowest benefit-cost ratio of 1.75 was observed in the S4D1 treatment combination. In conclusion, ginger can profitably be cultivated with 40g seed rhizomes having 40 × 25cm spacing.

4.2 Expt. 2. Effects of planting time on the growth and yield of ginger (2008-09)
4.2.1 Introduction

The investigation was undertaken to study the effects of planting time on the growth and yield of ginger. The experiment was laid out in the Randomized Complete Block Design (RCBD) with three replications. Five planting time: P1 (15th March), P2 (1st April), P3 (15th April), P4 (1st May) and P5 (15th May) were used. The unit plot size was 
4.0 × 1.5m distance between block to block was 1.0m and plot to plot 0.5m was maintained. The treatments were randomly assigned to the unit plots.
4.2.2 Results and discussion
The results of the experiment and analyses of variance of different parameters are shown in the Table 5 (2008-09) and Appendix-IV (2008-09).
4.2.2.1 Emergence of seed rhizomes
The planting time showed significant effect on the 80% emergence of rhizome (Table 5). It was observed that late planting (15th May) took maximum days (36 days) to complete 80% emergence while it was minimum (26.0 days) in the 1st April planting. It might be due to remarkable increase in soil moisture availability due to rainfall and more favorable temperature Appendix-II (2008-09). Similar results are also reported by 
Table. Ex.2

others (Sreekumar et al. 1981; Blashanmugam et al. 1989; and Rahman et al. 1993). Ahmed et al. (1988) reported that time required to 80% emergence was decreased with the gradual delay in planting.
4.2.2.2 Plant height

The plant height was recorded at an interval of 15 days viz., 50, 65, 80, 95, 110, 125, 140 and 155 DAP. The effects of planting time have been presented (Appendix-IV). Different planting time showed significant influence on the plant height at 50 DAP to 155 DAP. There was a trend of increased plant height up to 125 DAP (Fig. 10). It gradually decreased after 125 DAP due to senescence of older leaves. The highest plant height (68.70cm) was obtained from the 1st April planting and the lowest (50.0cm) was obtained from the late planting of the 15th May at 125 DAP. The probable causes of the taller plant from the early planting may be that the rhizomes emerged earlier, showed vigorous and rapid growth from the relatively favorable environment. This finding agrees with that of Phogat and 
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Fig.10. Main effects of planting time on the plant height of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 2, 2008-09)

Pandey (1988). Nybe and Mini Raj (2005) reported that early i.e., April planting time was best for ginger production. Aggarwal et al. (2002) obtained the highest plant height from 30 April planting. 

4.2.2.3 Number of leaves per plant
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The number of leaves per plant was counted at an interval of 15 days viz., 50, 65, 80, 95, 110, 125, 140 and 155 DAP. A significant variation in respect of number of leaves per plant was found due to the effect of planting dates (Appendix-IV). The numbers of leaves per plant gradually increasing with time up to 125 DAP. The highest number of leaves (79.80) was recorded from 1st April planting and the lowest number of leaves per plant (47.83) from the 15th May planting at 125 DAP (Fig. 11).

Fig.11. Main effects of planting time on the number of leaves per plant of ginger. Vertical bars     represent LSD at 5% level of probability (Expt. 2, 2008-09)

In the 1st April planting, the higher number of leaves per plant was found than others planting date probably because of rainfall, soil moisture and temperature leading to get favorable environment (Appendix- II 2008-09). However, after attaining the highest number of leaves, the decline indicated the maturity of the crop due to senescence of older leaves. Barholia et al. (1992), Aggarwal et al. (2002), and Nybe and Mini Raj (2005) reported that higher number of leaves per plant was counted from the April planting. This finding agrees with that of Islam (2001) who observed that the 10th April planting produced the higher number of leaves. 
4.2.2.4 Number of tillers per plant
Number of tillers per plant was counted different growth stage at an interval of 15 days at 50, 65, 80, 95, 110, 125, 140 and 155 DAP. Planting time had significant effect on the number of tillers per plant (Appendix-IV). The numbers of tillers per plant gradually increased with the passing of time up to 125 DAP and then declined mainly due to the senescence of older tillers (Fig.12). The highest number (13.0) of tillers per plant was obtained from the 1st April planting while the lowest (8.0) was obtained from
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Fig.12. Main effects of planting time on the number of tillers per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt.2, 2008-09)

the 15th May planting. The 1st April planting resulted more tillers per plant which might be due to the prevailing congenial atmosphere for vegetative growth. This finding agrees with those of Aggarwal et al. (2002) and Nybe and Mini Raj (2005) they observed April planting produced the highest number of tillers per plant. Similar trend was also found by Barholia et al. (1992) who observed that the early planting gave higher number of tillers per plant. 
4.2.2.5 Weight of primary rhizomes per plant

Planting time had marked influence on the weight of primary rhizomes per plant. The highest weight of the primary rhizomes (302.0g) per plant was obtained form the 1st April planting and the lowest (195.0g) was obtained from the late planting (15th May) (Table 5). The higher yield from 1st April planting might be due to higher vegetative growth and more accumulation of photosynthate. This finding is similar to those of (Balashanmugan et al. (1989) and Islam (2001). They reported that early planting produced heavier primary rhizomes.

4.2.2.6 Weight of secondary rhizomes per plant

The weight of secondary rhizomes per plant was found to be significantly influenced by the planting time. The highest weight of the secondary rhizomes (79.80g) per plant was found from the 1st April planting while the lowest (45.32g) was from the late planting (15th May) (Table 5). The higher yield from the 1st April planting may be attributed due to more vegetative growth and more accumulation of photosynthate. This result is in agreement with that of Islam (2001) who obtained highest weight of secondary rhizomes per plant from 1st week of April planting.

4.2.2.7 Dry matter percentage in rhizomes
The planting time showed significant difference on the dry matter content of rhizomes. The dry matter of rhizomes was found maximum (24.0%) when planted on 1st April and the minimum (16.66%) from the late planting (15th May) (Table 5). The maximum dry matters content of rhizomes from the 1st April planting may be the resultant effect of longest crop period, maximum growth and the maximum development of the rhizomes produced. Hu-min Fu et al. (1996) reported that in the early planting rhizome dry matter % was the highest. Similar result was also found by Islam (2001) who observed that 10th April planting gave the highest dry matter content in rhizomes.
4.2.2.8 Weight of old mother rhizomes 

The weight of old mother rhizomes was taken 80 days after planting and the data were analyzed. A significant variation was found due to planting time. The highest weight of the old mother rhizome (2.81 t ha─1) was obtained from the 1st April planting and the lowest (1.95 t ha─1) from the 15th May planting (Table 5). It might be due to more soil moisture and rainfall in the later planting (Appendix- II) which caused the damage of few mother rhizomes. So, the late planting resulted reduced weight of the seed rhizomes. Same trend was also found in the observations of Balashanmugam et al. (1989) and Barholia et al. (1992). Again, Islam (2001) found that April planting gave the highest yield of the old mother rhizomes.
4.2.2.9 Yield per plant

The significant difference in rhizome yield per plant was obtained due to the effect of different planting time. The maximum rhizomes weight (251.81g) was recorded from the 1st April planting and the later planting (15th May) gave the lowest yield (106.22g) (Table 5). It might be due to higher vegetative growth which contributed to increase the rhizomes weight in 1st April planting. Therefore, 1st April planting ginger produced heavier and larger seed rhizomes resulting in the highest weight. Similar yield was also obtained by Islam (2001); Aggarwal et al. (2002) and Barholia et al. (1992).
4.2.2.10 Yield per plot

A significant difference in respect of yield per plot was noticed due to the effect of planting time. The maximum yield per plot (16.12kg) was recorded from the 1st April planting while the minimum (6.80kg) from the 15th May planting (Table 5). The 1st April planting produced more number of leaves and tillers per plant which supported the accumulation of more food materials resulting vigorous growth and higher yield of ginger. Islam (2001) also reported that the 1st week of April planting gave the highest yield of ginger per plot. 
4.2.2.11 Yield per hectare
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The yield of rhizome was significantly influenced by time of planting (Appendix-IV). The highest yield (26.86 t ha─1) was obtained from 1st April planting and the lowest (11.33 t ha─1) was obtained from late planting (15th May) (Fig. 13). The early (1st April) planting had better growth under favorable climatic condition. It might be due to the maximum number of tillers, leaves per plant that helped in higher photosynthates, which ultimately resulted maximum rhizomes yield. A similar result also was reported by Okwuowulu et al. (1990) and Mohanty et al. (1990). This present finding supports the finding of (Aggarwal et al. 2002 and Nybe and Mini Raj, 2005). Other previous works (Phogat and Pandey, 1988; Aio et al. 1988; Barholia et al. 1992 and Mishra et al. 1997) reported that early planting had significant variation in ginger rhizomes yield.
Fig.13. Main effects of planting time on the yield of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 2, 2008-09)
4.2.3 Economic analyses
Total cost of production

An attempt was made to examine the cost and return in ginger production. The total cost of production was same for every planting time (Tk.425663 ha─1) (Table 6). 
Gross return

The highest value of gross return (Tk.1455400 ha─1) was obtained from the P2 (1st April planting) while the lowest value of gross return (Tk.644500 ha─1) was obtained from the P5 (15th May planting) (Table 6). The highest gross return was obtained from the early planting was probably due to the higher yield.

Net return

The result presented in the (Table 6) show that the net return was comparatively higher (Tk.1029737 ha─1) under P2 (1st April planting) and the lowest net return (Tk.218837 ha─1) was recorded from the late planting P5 (15th May).

Benefit-cost ratio

Among the treatments, it was found that the highest benefit-cost ratio of 3.42 was recorded from the P2 (1st April planting) followed by P3 (15th April planting) 3.17. The lowest benefit-cost ratio of 1.51 was recorded in the late planting P5 (15th May). In conclusion it may be suggested that, ginger can profitably be cultivated with the early planting (1st April) under Bangladesh condition.
Economic tab
4.3 Expt. 3 Effects of irrigation and mulching on the growth and yield of ginger (2008-09)

4.3.1 Introduction

Ginger is generally cultivated in kharif season of Bangladesh. Irrigation facilities are inadequate and the early monsoon rain is also uncertain. Hence the conservation of residual soil moisture and weed control by artificial means may be useful in maximizing the yield of ginger. Thus irrigation and mulching may be the most important factors of ginger production. Most farmers do not use irrigation and mulching in ginger cultivation. Rather, they use traditional practices. So, the experiment was conducted to investigate the effects of irrigation and mulching to maximize ginger yield.

The experiment was laid out in the Randomized Complete Block Design (RCBD) with three replications. Two irrigation levels viz., I1 (irrigation in dry period) and I2 (no irrigation) were consisted as the first factor and three mulching materials viz., M0 (no mulch), M1 (water hyacinth) and M2 (rice straw) were consisted as the second factor. Treatments were randomly assigned to the unit plots. The unit plot size was 4.0 × 1.5m. Distance between block to block was 1.0m and plot to plot 0.5m was maintained. Planting was done on the 1st April, 2008.

4.3.2 Results and discussion
The results of the effects of irrigation and mulching and their combined effect are shown in the Tables 8, 9 and 10 (2008-09) and the analyses of variance of all the parameters studied together with the sources of variations are presented in the Appendix-V (2008-09).
4.3.2.1 Soil moisture content

There was difference in the soil water content at 10 cm depth non-irrigation with mulching and control treatments before planting. Rice straw mulch retained more soil moisture than water hyacinth and non-mulched plots. There was about 0.2 and 1.0% extra moisture retained by rice straw mulched than water hyacinth and non-mulched plots, respectively (Table 7).
Table 7. Residual soil moisture contents of the experimental plots at 10cm depth at the beginning and two months after planting the crop
	Treatment combination
	Moisture contents at the beginning (%)
	Moisture contents of planting after 2 month (%)

	Control + No Irrigation
	17.00
	6.50

	Water hyacinth + No Irrigation
	17.80
	7.10

	Rice straw + No Irrigation
	18.00
	8.13

	Control + Irrigation in dry period
	18.21
	7.64

	Water hyacinth + Irrigation in dry period
	17.22
	6.85

	Rice straw + Irrigation in dry period
	19.35
	8.65


Rice straw mulch retained more soil moisture than water hyacinth and non-mulched plots at 10 cm depth non-irrigation with mulching treatments after two months. There about 1.03 and 1.63% extra moisture content were retained by the rice straw mulch than the water hyacinth and non-mulched plots, respectively (Table 7).One the other hand, mulching with irrigation treatments there was difference in soil water content between mulched and no mulched plots. Rice straw mulching retained more soil moisture than water hyacinth and no mulching plot. There was about 1.14 and 2.13% extra moisture content retained by rice straw mulched than water hyacinth and non-mulched plots, respectively (Table 7).
After two months, in the mulching treatments with irrigation rice straw mulched retained more soil moisture than the water hyacinth and non-mulched plots. There was about 1.01 and 1.80% extra soil moisture content retained by rice straw mulched than the water hyacinth and non-mulched plots, respectively (Table 7).

There was a big difference in the soil water content within mulched and non-mulched plots. The highest soil moisture content was found in irrigation with rice straw mulched (19.35% before planting and 8.65% after two months) while the lowest was  in the non-irrigation with the control plots (17.0% before planting and 6.5% after two month (Table 7). Therefore, irrigation with the rice straw mulching was effective in conserving the residual soil water for a longer period than the control (no irrigation with no mulching) plots.
4.3.2.2. Emergence of seed rhizomes
Irrigation showed highly significant effect on the 80% emergence of rhizome. The shortest time (27.0days) required for 80% emergence was in I1 (irrigation in dry period) while the longest (45.33 days) found for 80% emergence was in I2 (no irrigation) (Table 8). The rapid emergence was noted in the I1 treatment. It might be due to the fact that irrigation increased moisture content and crop water use efficiency. Similar result was also reported by others (Pawar, 1990 and Singh et al., 2000).

Mulching also had significant effect on 80% emergence. It was observed that the plants under M2 (rice straw mulch) took the minimum (33.0 days) to complete 80% emergence while it was maximum (39.5 days) in case of M0 (no mulch) treatment (Table 9) due to less moisture. It might be due to mulching plot conserved soil moisture and had quicker emergence. This finding agrees with the finding of Kumar et al. (1973) who observed that mulching enhanced early emergence.

The combined effect of irrigation and mulching on 80% emergence was found to be statistically significant. The maximum time (49.0 days) were recorded in I2M0 (no irrigation with no mulch) treatment combination while the minimum (24.0 days) were required in I1M2 (irrigation dry period with rice straw mulch) treatment combination (Table 10). It might be due to the fact that irrigation and mulching plot conserved soil moisture, reduced soil temperature, minimized the evaporation loss, enhanced root growth and also water use efficiency. This finding agrees with those of Chowdhury and Prihar (1974), Pawar (1990) and Ghosh et al. (2007).
4.3.2.3 Plant height

Plant height was recorded at an interval of 15 days viz., 50, 65, 80, 95, 110, 125, 140 and 155 DAP. Irrigation showed significant influence on the plant height (Appendix-V). There was a trend of increased in plant height up to 125 DAP. It gradually decreased after 125 DAP due to senescence of older leaves. The highest plant (71.66cm)
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Fig.14. Main effects of irrigation on the plant height of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 3, 2008-09)

obtained from the I1 treatment (irrigation in dry period) and the lowest (60.45cm) was in the I2 treatment (no irrigation) at the 125 DAP (Fig. 14). The better result in I1 may be due to the conserved soil moisture that favored vigorous and rapid plant growth. This finding agrees with (Pawar, 1990; and Singh et al., 2000). 
Mulching also had significant influence on the plant height (Appendix-V). The tallest plant (74.29cm) was found in the M2 (rice straw mulch) treatment while the lowest (57.30 cm) in M0 (control) treatment at 125 DAP (Fig. 15). After 125 DAP plant height was decreased gradually due to the senescence of older leaves. It might be due to mulching which had reduced the evaporation of soil moisture, weed growth and conserved moisture coming from the rainfall during the early stage of plant growth. Similar result was also reported by Mannan and Rashid (1983), Mohanty et al. (1991), Chandra et al. (2001), Islam (2004), Gosh et al. (2007) and Khan (2011). This finding also agrees with the finding of Aggarwal et al. (2002) who stated that the highest plant height was recorded in the mulched treatment.

Table ex .3
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Fig.15. Main effects of mulching on the plant height of ginger. Vertical bars represent LSD   at 5% level of probability (Expt. 3, 2008-09)
The combined effect of irrigation and mulching on plant height was significant influence (Appendix-V). The tallest plant (79.76cm) was recorded the treatment combination of I1M2 (irrigation in dry period with rice straw mulch) and the shortest plant (50.87cm) from I2M0 (no irrigation with no mulch) even at 125 DAP (Table 10). The superiority of I1M2 might be due to irrigation with rice straw mulching reduced soil temperature, conserved soil moisture, minimize the evaporation loss and enhances root growth and water use efficiency. So, plant was vigorous and rapid growth. After 125 DAP plants did not produced new leaves because of accumulation of photosynthate in the underground part. Plant height decreased with the passage of time after 125 DAP. This finding agreed with the finding of Rikabdar (1978), Zaman et al. (2002), Islam (2004), Mishra and Mishra (1982) and Khan (2011)).
4.3.2.4 Number of leaves per plant

The number of leaves per plant was counted at different growth stage at an interval of 15 days at 50, 65, 80, 95, 110, 125, 140 and 155 DAP. The significant variation was observed at different growth stages (Appendix-V). The highest number of leaves (106.28) was recorded from the I1 (irrigation in dry period) treatment and the lowest (88.77) was in the I2 (no irrigation) treatment at 125 DAP (Fig. 16).
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Fig.16. Main effects of irrigation on the number of leaves per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 3, 2008-09)

It might be due to that irrigation increased soil moisture content and water use efficiency by plants resulting vigorous growth of plants. Islam (2004) also found that when irrigation was applied then number of leaves per plant was increased. The decline in the number of leaves per plant was due to senescence of older leaves after reaching the peak. This finding agrees with Pawar (1990) and Singh et al. (2000) who reported that when irrigation was applied then it increased the number of leaves per plant.

Significant influence was also found in the number of leaves per plant by different mulching materials (Appendix-V) (Plate 1). The maximum number of leaves (129.28) was recorded from M2 (rice straw) treatment while the minimum (70.55) was recorded from M0 (no mulch) treatment at 125 DAP (Fig. 17). After 125 DAP number of leaves decreased due to senescence of older leaves. Possibly mulch condition conserved sufficient moisture in the soil to some extent, which was utilized by the leaves to promote better growth than the non mulch treatment. Singh and Randhawa (1988) recorded that the application of straw mulch increased the number of leaves per plant. Almost similar trend in number of leaves per plant was also obtained by Zaman et al (2006), Ghosh et al. (2007) and Khan (2011). This result is also in agreement with that of Aggarwal et al. (2002) who obtained higher number of leaves per plant from mulching treatment.
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Fig.17. Main effects of mulching on the number of leaves per plant of ginger. Vertical bars      represent LSD at 5% level of probability (Expt. 3, 2008-09)

The combined effect of irrigation and mulching was found statistically significant (Appendix-V). The highest number of leaves (141.80) was counted in the treatment combination I1M2 (irrigation in dry period × rice straw mulch) while the lowest (62.10) was obtained from I2M0 (no irrigation × no mulch) treatment combination (Table 10). It might be due to irrigation supplied water and mulching conserved sufficient moisture in the soil to some extend which was used by the plants to promote more number of leaves per plants in I1M2 treatment. Ghosh (1996), Zaman (2006) and Khan (2011) also obtained higher number of leaves per plant from rice straw mulch. 
4.3.2.5 Number of tillers per plant

The number of tillers per plant was counted at different growth stage at an interval of 15 days viz. 50, 65, 80, 95, 110, 125, 140 and 155 DAP. Irrigation had significant variation in the number of tillers per plant at different DAP (Appendix-V). The highest number of tillers per plant (12.25) was obtained from I1 (irrigation in dry period) treatment. On the other hand, the lowest number of tillers per plant (9.96) was obtained from I2 (no irrigation) at 125 DAP (Fig. 18). After 125 DAP number of tillers decreased due to senescence of older tillers.  It might be due to soil moisture and created favorable environment to absorb nutrients leading to produced more number of tillers per plant. This finding agrees with those of Pawar (1990) and Singh et al. (2000).
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Fig.18. Main effects of irrigation on the number of tillers per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 3, 2008-09)
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Fig.19.  Main  effects of mulching on the number of  tillers per plant  of  ginger.  Vertical bars 
             represent LSD at 5% level of probability (Expt. 3, 2008-09)

In case of mulching the total number of tillers per plant was significantly increased in different growth stage (Appendix-V). The maximum number of tillers per plant was (13.91) found in M2 (rice straw mulch) treatment and the lowest (9.23) from M0 (no mulch) treatment at 125 DAP (Fig. 19). After 125 DAP number of tillers decreased due to senescence of older tillers. Possibly mulch conserved sufficient soil moisture in the soil to some extent which helped to produce more number of tillers per plant. Zaman et al. (2006), Ghosh et al (2007), Ghosh (1996) and Khan (2011) reported that application of straw mulch produced maximum number of tillers per plant. This finding agrees with that of Singh and Randhaea (1988) who reported that the straw mulch produced more number of tillers per plant. Das (1999) also reported that rice straw mulch produced maximum number of tillers per plant.

The combined effect of irrigation and mulching was significant to influenc the number of tillers per plant (Appendix-V). The highest number of tillers per plant (15.97) was counted from I1M2 (irrigation in dry period × rice straw mulch) treatment combination and the lowest (8.33) from I2M0 (no irrigation × no mulch) treatment combination at 125 DAP (Table 10). It might de due to I1M2 irrigation and mulching reduced soil temperature fluctuation, minimized evaporation loss, conserved soil moisture, enhanced root growth and produce more number of tillers per plant. Almost similar trend in number of tillers per plant was also obtained by Zaman et al. (2006), Ghosh (1996) and Khan (2011). Ghosh (2007) also observed that plants with rice straw mulch produced maximum number of tillers per plant followed by water hyacinth.
4.3.2.6 Weight of primary rhizomes 

Irrigation had significantly influenced the weight of primary rhizomes. The highest weight of primary rhizomes (268.07g) per plant was obtained from the I1 treatment (irrigation in dry period) and the lowest (215.81g) was I2 treatment (no irrigation) (Table 8). This might be due to soil moisture enhanced vigorous and rapid growth using the initial reserve food material.
Mulching significantly influenced the weight of primary rhizomes. The maximum weight of primary rhizomes per plant (281.85g) was recorded from M2 treatment (rice straw mulch) and the lowest (197.17g) was from M0 treatment (no irrigation) (Table 9). It might be due to rice straw mulch that conserved more moisture in the soil which promoted better growth than no mulch treatment. This finding is similar to that of Islam (2004) who reported that rice straw mulch produced highest primary rhizome per plant. This finding also agrees with those of Khan (2011) and Zaman (2006).

The combined effect of irrigation and mulching was highly significant for the weight of primary rhizomes per plant. The maximum weight of primary rhizomes was (308.94g) obtained from I1M2 (irrigation in dry period × rice straw mulch) treatment combination while the lowest (169.33g) was in I2M0 (no irrigation × no mulch) treatment combination (Table 10). It might be due to both irrigation and mulching producing vigorous plants compared to control, which probably helped in the deposition of greater amount of assimilates to the primary rhizomes in I1M2.
4.3.2.7 Weight of secondary rhizomes per plant

Irrigation treatment significant influenced the weight of the secondary rhizomes per plant. The highest weight of the secondary rhizomes per plant (60.80 g) was obtained from the I1 treatment (irrigation in dry period) while the lowest (51.30 g) from the I2 treatment (no irrigation) (Table 8). It might be due to the fact that the soil moisture enhanced vigorous and rapid growth leading to higher yield.

Mulching also had significant influence on the weight of secondary rhizomes per plant. The highest weight of secondary rhizomes per plant (68.44g) was recorded from the M2 treatment (rice straw mulch) and the lowest (45.89g) from the M0 (no mulching) treatment (Table 9). It might be due to the fact that the rice straw mulch conserved higher amount of moisture in the soil which promoted better secondary rhizome yield per plant than the water hyacinth and non mulch treatments. This result agrees with the finding of Islam (2004) and Zaman et al. (2006) who reported highest yield on secondary rhizomes per plant was recorded from the rice straw mulch. 

The combined effect of irrigation and mulching was highly significant for the weight of secondary rhizomes per plant. The maximum weight of secondary rhizomes per plant (75.0g) was recorded from the combination I1M2 treatment (irrigation in dry period × rice straw mulch) and the minimum (45.0g) weight per plant was obtained from the combination I2M0 (no irrigation × no mulch) (Table 10). Irrigation and mulching possibly enhanced vigorous growth of the plants compared to plants under with water hyacinth and control treatments, which helped in deposition of greater amount of assimilates in the secondary rhizomes. This finding is similar to those of Islam (2004) and Zaman (2006); they reported that significantly the highest secondary rhizome per plant was produced from the straw mulch.

4.3.2.8 Dry matter percentage in rhizomes
Irrigation caused significant effect on the dry matter content of rhizomes. The maximum dry matter of rhizome (23.38%) was deposited in the I1 treatment (irrigation in dry period) and the minimum (21.50%) was recorded from the I2 treatment (no irrigation) (Table 8). 

Mulching also had significant influence on the dry matter content of rhizomes. The maximum dry matter percentage (23.82%) was found in the M2 treatment (rice straw mulch) while the minimum (21.00%) was recorded from the M0 treatment (no mulch) (Table 9). This result is in agreement with Khan (2011) who obtained maximum dry matter percentage in rhizomes grown with rice straw mulch.

The combined effect of irrigation and mulching showed remarkable variation. The highest dry matter percentage of rhizomes (24.63%) was recorded from the I1M2 treatment combination (irrigation in dry period × rice straw mulch) and the lowest (20.00%) was recorded from the treatment combination I2M0 (no irrigation × no mulch) (Table 10). It might be due to the resultant effect of maximum development of rhizomes. Khan (2011) noticed that dry matter percentage of rhizomes was highest with the use of rice straw mulch. 

4.3.2.9 Weight of old mother rhizome
Irrigation resulted significant variation in relation to the weight of old mother rhizomes. The highest weight of old mother rhizomes (2.55 t ha─1) was obtained from the I1 treatment (irrigation in dry period) while the lowest (1.88 t ha─1) was obtained from the I2 treatment (no irrigation) (Table 8). It might happen due to the fact that the I1 treatment conserved more soil moisture.
Significant variation was found among the mulching treatment in respect of weight of old mother rhizomes. The highest weight of old mother rhizomes (2.63 t ha─1) was obtained from M2 (rice straw mulch) treatment and the lowest (1.80 t ha─1) was found from the M0 treatment (no irrigation) (Table 9). It might be due to rice straw mulch conserved more soil moisture which caused more weight of old mother rhizomes. This finding is similar to those of others Islam (2004) and Khan (2011); they reported that the highest weight of old mother rhizomes was obtained from the rice straw mulch treatment.

The combined effect of irrigation and mulching significantly influenced the weight of old mother rhizomes. The highest weight (3.0 t ha─1) was obtained from the I1M2 treatment combination (irrigation in dry period × rice straw mulch) and the lowest (1.5 t ha─1) was obtained from the I2M0 treatment combination (no irrigation × no mulching) (Table 10).
4.3.2.10 Yield per plant

The yield per plant was significantly influenced by irrigation, mulching and their treatment combinations. The maximum yield per plant (198.74g) was recorded from I1 (irrigation in dry period) treatment while the lowest (158.15g) was from I2 (no irrigation) treatment (Table 8). The I1 was superior probably due to the fact that irrigation treatment supplied more soil moisture, which helped in vigorous plant growth and deposition of greater amount of photosynthate in the rhizomes. 

Similarly mulch treatment had a highly significant effect. The highest yield per plant (211.05g) was obtained from M2 (rice straw mulch) treatment while the lowest (153.61g) was found in M0 (no mulch) treatment (Table 9). The rice straw mulch possibly conserved more soil moisture and suppressed weeds (Table 7), which helped in vigorous plant growth and deposition of more food materials. Similar result was also found by Ghosh et al. (2007) who observed the maximum yield per plant from the plants under the paddy straw mulch. Islam (2004) and Khan (2011) also obtained the highest yield per plant from the rice straw mulch. This result agrees with the result of Mohanty et al. (1991), Gupta and Awasthi (1997), Das (1999) and Aggarwal et al. (2002) they found higher rhizomes yield from rice straw mulch.
The combined effect of irrigation and mulching was significant in respect of yield of ginger. The highest yield per plant (235.11g) was obtained from the I1M2 treatment combination (irrigation in dry period × rice straw mulch) while the lowest (138.46g) was I2M0 in the treatment combination (no irrigation × no mulch) (Table 10).The superiority of I1M2 may be due to irrigation and mulching conserved soil moisture as well as suppressed weeds and resulted the maximum development of rhizomes. 
4.3.2.11 Yield per plot

A significant influence of irrigation was found in respect of rhizome yield per plot. The maximum yield per plot (12.72kg) was recorded from the I1 treatment (irrigation in dry period) and the minimum (10.12kg) was in I2 treatment (no irrigation) (Table 8). Irrigation treatment (I1) produced more number of tillers and leaves per plant, which helped accumulation of more food materials resulting in higher yield.

Mulching also significantly influenced the yield per plot. The maximum yield (13.50kg) was obtained from the M2 treatment (rice straw mulch) while the minimum (9.83kg) was recorded from the M0 treatment (no mulch) (Table 9). The higher yield in M2 may be due to the fact that rice straw markedly  suppressed the early weed growth, increased crop emergence, and conserved more soil moisture leading to maximum growth and yield per plot over other treatments. This result agrees with that result of Islam (2004) who found the highest yield per plot from the rice straw mulch.

The combined effect of irrigation and mulching significantly influenced the yield per plot. The highest yield (15.04kg) was obtained from the I1M2 treatment combination (irrigation in dry period × rice straw mulch) and the lowest yield (8.86kg) was obtained from the I2M0 treatment combination (no irrigation × no mulch) (Table 10). Due to irrigation and straw mulch more soil moisture was conserved and suppressed weed. So, crop growth was better with maximum number of leaves and tillers per plant; that helped in higher photosynthates, and ultimately resulted the maximum rhizomes yield per plot. Similar results were also reported by Islam (2004) and Zaman et al. (2006) where they argued that higher yield per plot was found from the rice straw mulch with irrigation.
4.3.2.12 Yield per hectare 
The yield of rhizome ha─1 was found to be influenced significantly by irrigation (Appendix-V). The highest yield (21.19 t ha─1) was obtained from I1 treatment (irrigation in dry period) while the lowest (16.87 t ha─1) was obtained from I2 treatment (no irrigation) (Fig. 20). The irrigation treatment (I1) possibly produced more number of leaves per plant, which helped in higher photosynthates and ultimately resulted accumulation of more food material. This finding agrees with the findings of Pawar (1990) and Singh et al. (2000) who stated that the adequate irrigation increased rhizome yield per hectare. 
Mulching also significantly influenced yield per hectare (Appendix-V). The highest yield (22.51 t ha─1) was found at M2 treatment (rice straw mulch) followed by M1 (water hyacinth 18.20 t ha─1). The lowest yield (16.38 t ha─1) was recorded with M0 treatment (no mulch) (Fig. 21). It might be due to rice straw mulch conserved more soil moisture (Table 7) and suppressed weeds, which helped to produce more number of
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Fig.20. Main effects of irrigation on the yield of ginger. Vertical bars   represent LSD at 5% level of probability (Expt. 3, 2008-09)
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Fig.21. Main effects of mulching on the yield of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 3, 2008-09)
 leaves per plant, vigorous plant growth, deposition of more food material and finally gave more yield. Similar results were also found by Ghosh (1996) and Islam (2004); they found the maximum yield per hectare from rice straw mulch. Rikabdar (1978) and Mishra and Mishra (1982) also obtained the highest yield from the rice straw mulch. The present finding also supports the findings of Khan (2011). Other workers (Zaman et al. 2006; Ghosh et al., 2007) also reported that the rice straw mulch resulted a significant variation in rhizomes yield per hectare. Supportive result was also published by others (Aiyadurai, 1966; Roy and Wamanan, 1988; Mohanty et al., 1991; Gupta and Awasthi, 1997; Das, 1999 and Aggarwal et al., 2002). Chandra et al., (2001) observed the highest yield per hectare was found when rice straw was used as the mulching material. Almost similar trend in yield of ginger was also obtained by Paulose (1973); Jha et al. (1986) and Maity et al. (1988). 

The combined effect of irrigation and mulch significant influenced on the yield per hectare on ginger production (Appendix-V). The highest yield (25.07 t ha─1) was found from the I1M2 treatment combination (irrigation in dry period × rice straw mulch) while the lowest (14.76 t ha─1) was obtained from the I2M0 treatment combination (no irrigation × no mulch) (Fig. 22).
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Fig.22. Combined effects of irrigation and mulching on the yield of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 3, 2008-09)         
The treatment I1M2 was better as irrigation and straw mulch conserved more soil moisture and suppressed weeds. So, crop growth was better with the maximum number of leaves per plant, which helped in the synthesis of photosynthate and ultimately result maximum rhizome yield per hectare. This finding is also in agreement with those of Pawar (1990) and Singh et al. (2000) they reported that irrigation with mulching produced the highest yield of rhizomes per hectare.

4.3.3. Economic analyses
Total cost of production

An attempt was made to examine the cost and return in ginger production. The total cost of production was highest (Tk.449692 ha─1) in the I1M2 treatment combination (irrigation in dry period × rice straw mulch) (Table 11). The lowest cost of production (Tk.418554 ha─1) was recorded from the I2M0 treatment combination (no irrigation × no mulch). On the other hand, higher cost of production was recorded in the treatment combination I1M2. It was due to use of irrigation cost and higher price of rice straw mulch other than water hyacinth mulch.

Gross return

The highest gross return (Tk.1373500 ha─1) was obtained from the I1M2 treatment combination while the lowest (Tk.798000 ha─1) was obtained from the I2M0 treatment combination (Table 11). The highest gross return from I1M2 was probably due to higher yield of rhizomes.

Net return 

The results presented in the (Table 11) show that the net return was comparatively higher (Tk.923808 ha─1) in the I1M2 treatment combination and the lowest (Tk.379446 ha─1) was recorded from the I2M0 treatment combination.
Benefit-cost ratio

Among the treatments, it was found that the highest benefit-cost ratio of 3.05 was recorded from the I1M2 treatment combination followed by I1M1 treatment combination (2.56). The lowest benefit-cost ratio of 1.90 was observed in the I2M0 treatment combination Table 11. As a result, ginger can profitably be cultivated with irrigation in dry period with rice straw mulch.
PLATE 1.

Economic table
4.4 Expt. 4 Effects of planting methods and rhizome sizes on the growth and yield of ginger (2009-10)
4.4.1 Introduction
The study was undertaken to identify the effect of planting methods and rhizomes size on the growth and yield of ginger. The experiment was laid out in the Randomized Complete Block Design (RCBD) with three replications. Two planting method viz., M1 (flat method) and M2 (ridge method) were consisted as the first and three rhizome size; S1 :( 35g), S2 :( 40g) and S3: (45g) were consider as the second factor. Planting was done 1st April. The unit plot size was 4.0 × 1.5m distance between block to block was 1.0m and plot to plot was 0.5m and the plant to plant spacing 40 × 25cm was maintained. The treatments were randomly assigned to the unit plots.
4.4.2 Results and discussion
The results of the effects of planting method and seed rhizome size, and their combined effects are shown in the Tables 12, 13 and 14 (2009-10) and the analyses of variance of all the parameters studied in the investigation together with the sources of variation and corresponding degree of freedom are present Appendix-VI (2009-10).
4.4.2.1 Emergence of seed rhizome
Planting methods showed significant effect on 80% emergence from the rhizomes. The less days (28.0) required for 80% emergence was in the M2 (ridge method) treatment while the highest days (42.0) was found in the M1 (flat method) treatment (Table 12). The rapid emergence in the ridge method may be that the more availability of moisture that enhanced earlier emergence. Similar result was also reported by Islam (2001) who found earlier emergence in the ridge planting method. This finding agrees with those of Islam (2004) and Monnaf (2006) they found that ridge planting method was accelerated earlier emergence. 
Rhizome sizes showed significant influenced on the 80% emergence of seed rhizomes. The lowest days (33.0) was required in the S3 (45g rhizome) treatment followed by S2 (40g rhizome) treatment while the highest days (38.0) was recorded in the S1 (35g rhizomes) treatment (Table 13). The rapid emergence shown by the large seed rhizomes may be due to higher amount of reserve food as well as low dormancy. Similar result was also reported by others (Randhawa et al., 1972; Islam and Ahmmed, 1986; Sengupta et al., 1986 and Islam, 2001).
The combined effect of planting methods and rhizome sizes on 80% emergence was found statistically significant. The maximum days (45.0) were required in M1S1 (flat planting method with 35g rhizome) treatment combination and the minimum days (26.0) were required in the M2S3 (ridge planting method with 45g rhizome) treatment combination (Table 14). The availability of moisture leading to better nutrient uptake in the ridge method with the large seed rhizomes having more initial food material possibly enhanced early emergence. This finding agrees with the finding of Monnaf (2006); he found that minimum days were required for 80% emergence in the ridge method with large seed rhizomes.
4.4.2.2 Plant height
Planting methods significantly influenced the plant height at 50, 65, 80, 95, 110, 125, 140 and 155 DAP except at 65 DAP (Appendix-VI). There was the trend of increase in plant height in both the planting methods up to 125 DAP. It was gradually decreased afterwards due to senescence of older leaves. The tallest plant (68.42cm) was observed from the M2 (ridge planting method) treatment and the shortest plant (62.24cm) was observed from the M1 (flat planting method) treatment at 125 DAP (Fig. 23). The availability of more moisture in the ridge planting method may enhance earlier emergence and showed vigorous and rapid growth, which resulted taller plant. Similar result was also reported by Islam (2004) and Monnaf (2006). This finding agrees with the finding of Gill et al. (2004) who found that ridge planting method produced taller plants. 

Rhizome sizes also significant influence on the plant height (Appendix-VI). Plant height was recorded at an interval of 15 days viz., 50, 65, 80, 95, 110, 125, 140 and 155 DAP. There was increasing trend in plant height with increased seed rhizomes size up to 125 DAP. It was gradually decreased afterwards due to senescence of older leaves. The tallest plant height (68.23cm) was found in the S3 (45g rhizome) treatment while the lowest (63.27cm) was in S1 (35g rhizome) treatment (Fig. 24). It might be due to the fact that plants produced from the largest seed rhizomes emerged earlier and showed vigorous and rapid growth using the initial reserve food materials in it. Similar result also reported by Islam (2004) and Monnaf (2006). This finding also agrees with Sengupta et al. (1986). Patial and Borse (1980) observed that large seed rhizomes produced the tallest plant where as; the small     seed rhizomes produced smallest plant.
Table ex .4
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Fig.23. Main effects of planting methods on the plant height of ginger. Vertical bars   represent LSD at 5% level of probability (Expt. 4, 2009-10)
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Fig.24. Main effects of rhizome size on the plant height of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 4, 2009-10)

In case of combined effect of planting methods and seed rhizome sizes was found statistically significant for plant height from 50-155 DAP (Appendix-VI). The tallest plant (70.86cm) was recorded from the M2S3 (ridge planting method with 45g rhizome) treatment combination and the shortest plant (59.62cm) from M1S1 (flat planting method with 35g rhizome) treatment combination (Table 14). The superiority of M2S3 was possibly due to the availability of more moisture and nutrient up take in the ridge planting method with the large seed rhizomes having more initial food materials than the less providing moisture and nutrient in the flat method with the small seed rhizomes. Plant height increased with the increase of DAP and after reaching the peak, the decline was noticed due to senescence. There was no further production of taller leaves after 125 DAP because of continuous accumulation of photosynthate in the underground part. Similar result was also reported by Islam (2004) and Monnaf (2006). They found that ridge method with large seed rhizomes produced the tallest plant.
4.4.2.3 Number of leaves per plant

The number of leaves per plant was counted at different growth stage at an interval of 15 days at 50, 65, 80, 95, 110, 125, 140 and 155 DAP. Planting methods significant influenced the number of leaves per plant at different growth stage except at 50 DAP (Appendix-VI). The maximum number of leaves (135.83) was recorded in M2 (ridge planting method) treatment and the minimum (121.84) was in M1 (flat method) treatment at 125 DAP (Fig. 25) (Plate 2). There was the trend to have maximum 
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Fig.25. Main effects of planting methods on the number of leaves per plant of ginger.   Vertical bars represent LSD at 5% level of probability (Expt. 4, 2009-10)
number of leaves per plant at 125 DAP in both the planting methods. It gradually decreased after 125 DAP due to senescence of older leaves. It might be due to proper aeration of the loose soil of ridge method that enhanced plant growth more vigorously than in comparatively less adequate aeration in flat method of planting due to compact soil in it. Similar result was also reported by Islam (2004) and Monnaf (2006) who found that the ridge method produced the maximum number of leaves per plant.
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In case of rhizome sizes significant influenced was observed in the number of leaves per plant (Appendix-VI). The highest number of leaves (146.76) was found in S3 (45g rhizome) treatment and the lowest (112.57) was in S1 (35g rhizome) treatment (Fig. 26). The fact may be that the leaves produced from the large seed rhizomes S3 more vigorous and rapid growth using the initial more reserved food materials which finally produced maximum leaves than the smaller seed rhizomes. After reaching the peak at 125 DAP, the decline in the number of leaves per plant was due to senescence of older leaves. This finding agrees with those of Sengupta et al. (1986), Korla et al. (1989), Islam (2004), Monnaf (2006) and Zaman (2001) they also reported that when large seed rhizomes were planted then number of leaves per plant increased. 

Fig.26. Main effects of rhizome size on the number of leaves per plant of ginger.  Vertical bars represent LSD at 5% level of probability (Expt. 4, 2009-10)
The number of leaves per plant was found to be statistically significant due to combined effect of different planting methods and rhizome sizes (Appendix-VI). The maximum number of leaves (151.24) was recorded from the treatment combination of M2S3 (ridge method of planting with large seed rhizomes) while the minimum (104.03) was found from M1S1 (flat method of planting with small seed rhizomes) treatment combination at 125 DAP (Table 14). It might be due to the combined effect of large seed rhizomes having more initial reserve food materials and proper aeration from the loose soil in the ridge method of planting that promoted more vigorous plant growth than small seed rhizomes having less initial reserve food materials with inadequate aeration in the flat method of planting due to compact soil in it. This finding agrees with the finding of Sengupta et al. (1986), Korla et al. (1989), Zaman (2001), Islam (2004) and Monnaf (2006) who found that the ridge method of planting with large seed rhizomes produced the maximum number of leaves per plant. However after reaching the peak at 125 DAP decline in the number of leaves per plant was due to senescence of older leaves. 
4.4.2.4 Number of tillers per plant
Number of tillers per plant was counted at 50, 65, 80, 95, 110, 125, 140 and 155 DAP. The planting methods significant effects on the number of tillers per plant (Appendix-VI) except at 65 DAP. The highest number of tillers per plant (16.64) was obtained from M2 (ridge method of planting) treatment and the lowest (13.76) was recorded from the M1 (flat method of planting) treatment at 125 DAP (Fig. 27). After 125 DAP no. of tillers decreased due to senescence of older tillers. In general, it is a fact that in the ridge method the soil texture is looser and so the soil aeration was maximum while in
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Fig.27. Main effects of planting methods on the number of tillers per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 4, 2009-10)

the flat method the soil was more compact and thus the soil aeration was minimum. This result is in agreement with those of Islam (2004) and Monnaf (2006) they found that the ridge method of planting produced the maximum number of tillers per plant. 
The number of tiller per plant was also significant influenced by the seed rhizomes size at 50 DAP to 155 DAP (Appendix-VI). The highest number of tillers per plant (16.86) was obtained from S3 (45g rhizome) treatment which was closely related to the S2 (40g rhizome) treatment (15.27). The lowest number of tillers per plant (13.47) was recorded
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Fig.28. Main effects of rhizome size on the number of tillers per plant of ginger.   Vertical bars represent LSD at 5% level of probability (Expt. 4, 2009-10)

from S1 (35g rhizome) treatment at 125 DAP (Fig. 28). After 125 DAP no. of tillers decreased due to senescence of older tillers. It might be due to the plants produced from the large seed rhizomes showed vigorous and rapid growth using the initial reserve food materials which resulted in maximum number of tillers per plant. This finding agrees with those of Korla et al. (1989),Zaman (2001), Islam (2004) and Monnaf (2006) who found that the large seed rhizomes the produced maximum number of tillers per plant.
The combined effect of planting methods and seed rhizome sizes significant influenced the number of tillers per plant at 50 DAP to 155 DAP (Appendix-VI). The highest number of tillers per plant (17.95) was obtained from M2S3 (ridge method of planting with large seed rhizome) while the lowest number of tillers per plant (11.47) was from M1S1 (flat method of planting with small seed rhizome) treatment combinations at 125 DAP (Table 14). The highest number of tillers in M2S3 was probably resulted due to the combined effect of large seed rhizomes reserving the more initial food material, and proper aeration due to loose soil in ridge method of planting. Oppositely the lowest number of tiller in M1S1 was due to the small seed rhizomes reserving the less initial food materials and inadequate aeration due to compact soil in flat method of planting. Similar results also reported by Islam (2004) and Monnaf (2006) they found that the ridge method with large rhizomes produced more number of tillers per plant.
4.4.2.5 Weight of primary rhizomes per plant

There was a significant variation in the weight of primary rhizomes due to the effect of planting methods. The maximum weight of primary rhizomes per plant (274.48g) was recorded from M2 (ridge planting method) and the lowest (183.50g) was per plant from the M1 (flat planting method) treatment (Table 12). In general, it is a fact that the loose soil texture in ridge method provides adequate soil aeration and produces the highest amount of primary rhizomes but the condition is quite reverse in the compact soil in flat method. This finding agrees with Islam (2004) and Monaf (2006) who found that the ridge method produced maximum weight of primary rhizomes. Similar result was also found by Gill et al. (2004).

The rhizome sizes significant influenced the weight of primary rhizomes. The highest weight of primary rhizomes per plat (240.84g) was obtained from the S3 (large rhizome 45g) treatment and the lowest (216.75g) was from the S1 (small rhizome 35 g) treatment (Table 13). It might be due to the fact that large seed rhizomes S3 produced maximum weight of primary rhizomes which showed the most vigorous and rapid growth using the initial reserved food materials than the small seed rhizomes. Similar results were also found by Islam (2004), Monnaf (2006) and Zaman (2006). They obtained large seed rhizomes produced the maximum weight of primary rhizomes.

The combined effect of planting methods and seed rhizome sizes was highly significant in the primary rhizomes production. The highest weight of primary rhizomes per plant (287.18g) was recorded from the M2S3 (ridge planting method with the large seed rhizome) and the lowest (172.75g) was form M1S1 (flat planting method with the small seed rhizome) (Table 14). The better performance in M2S3 might be due to the combined effect of the large seed rhizomes reserve the more food materials and proper aeration due to loose soil in the ridge method of planting that enhanced the rhizomes production than the small seed rhizomes reserving less food materials with inadequate aeration due to compact soil in flat method of planting. This finding agrees with those of Islam (2004) and Monnaf (2006) who found that the ridge method with large seed rhizomes produced the maximum weight of primary rhizomes per plant. Similar result also reported by Hailermichael and Tesfaya (2008).

4.4.2.6 Weight of secondary rhizomes per plant

There were highly significant variations in the weight of secondary rhizomes due to the effects of planting methods. The maximum weight of secondary rhizomes per plant (68.80g) was recorded in M2 (ridge planting method) and the lowest per plant (54.90g) was found in M1 (flat planting method) treatment (Table 12). It might be due to the fact that the loose soil texture in ridge method provides adequate soil aeration and produces the highest amount of secondary rhizomes but the condition is quite reverse in the compact soil in flat method. This finding also agrees with those of Islam (2004) and Monnaf (2006) who found that the ridge method produced maximum yield of secondary rhizomes. Similar result reported by Gill et al. (2004). 

Rhizome sizes significantly influenced the weight of secondary rhizomes per plant. The highest weight of secondary rhizomes per plant (67.20g) was recorded from the S3 (large seed rhizome 45g) and that was the lowest (56.90g) per plant from the S1 (small seed rhizome 35g) treatment (Table 13). It might be due to the fact that large seed rhizomes S3 produced maximum weight of secondary rhizomes which showed the most vigorous and rapid growth using the initial reserved food materials than the small seed rhizomes. This finding agrees with those of Islam (2004), Zaman (2006) and Monnaf (2006) they found that the large rhizomes produced the maximum yield of secondary rhizomes per plant.

The combined effect of planting methods and rhizome sizes was highly significant for the yield of the secondary rhizomes per plant (Table 14). The highest amount of secondary rhizomes per plant (76.60g) was recorded from the treatment combination of M2S3 (ridge planting method with the large seed rhizome) and the lowest (52.60g) was obtained from the combination of M1S1 (flat method with the small seed rhizome). Due to the combined effect of the large seed rhizomes reserve the more food materials and proper aeration due to loose soil in the ridge method of planting that enhanced the higher yield than the small seed rhizomes reserving less food materials with inadequate aeration due to compact soil in flat method of planting. Similar results also were reported by Islam (2004) and Monnaf (2006) they found that ridge planting method with large seed rhizomes produced the highest yield of secondary rhizomes per plant. 
4.4.2.7 Dry matter percentage in rhizomes
The planting methods had significant effect on the dry matter percentage of rhizomes. The maximum dry matter percentage (24.57) was obtained from M2 (ridge planting method) and the minimum (21.47) was recorded from M1 (flat planting method) treatment (Table 12). The variation was due to the production of the maximum amount of primary and secondary rhizomes production in the ridge method and the minimum in the flat method as mention above. This finding agrees with the finding of Monnaf (2006) who found that the ridge method of planting the maximum dry matter content.

Rhizome size also showed significant influence on the dry matter content of rhizomes. The maximum dry matter percentage (24.16) was obtained from the S3 (large rhizome 45g) treatment and that was minimum (21.85) in the S1 (small rhizome 35g) treatment (Table 13). It happened probably because of the production of the maximum primary and secondary rhizomes from the largest seed rhizomes and the minimum from the smallest seed rhizomes as mentioned above. Similar results were also reported by Islam (2001) and Monnaf (2006); they found that the large rhizome produced the maximum dry matter content of rhizome.

The combined effect of planting methods and rhizome sizes was highly significant for the dry matter content of rhizomes (Table 14). From the results it was found that the M2S3 treatment combination (ridge planting method with the large seed rhizomes) produced the highest dry matter content of rhizomes (25.42%) while the M1S1 treatment combination (flat planting method with smallest seed rhizome size) gave the lowest dry matter content (20.0%). The variation might be due to the effects as mentioned above in case of primary and secondary rhizomes production.
4.4.2.8 Weight of old mother rhizome
The weight of old mother rhizomes was significant due to the planting methods (Table 12). The maximum weight of old mother rhizome (2.23 t ha─1) was recorded from the M2 treatment (ridge planting method) while the minimum (1.79 t ha─1) was from the M1 treatment (flat planting method). Might be due to the fact that the planted of mother rhizomes remained in good condition in the ridge method with proper aeration while that was partially damaged due to high soil temperature with compact soil in the flat method. This finding agrees with those of Islam (2004) and Monnaf (2006) as they found that the ridge method resulted the maximum weight of old mother rhizomes.
The weight of old mother rhizomes was insignificant due to different rhizome sizes. The maximum weight of old mother rhizomes (2.16 t ha─1) was recorded from S4 treatment (large rhizome 45g) and the minimum was found (1.76 t ha─1) from the S1 treatment (smallest rhizome 35g) (Table 13). The variation happened due to the reason that the large mother rhizomes were planted in the former case than the later case as mentioned above. Similar result was also found by Islam (2004) and Zaman (2006). They obtained large seed rhizome produced the maximum weight of old mother rhizomes.

Considering the combined effect maximum weight of old mother rhizomes (2.43 t ha─1) was found in the M2S3 treatment combination (ridge method with large rhizome) while that was minimum (1.58 t ha─1) in the M1S1 treatment combination (flat method with the small rhizome) (Table 14). This variation might be due to the large seed rhizomes remained in the good condition in the ridge method with proper aeration while the small seed rhizomes were partially damaged due to high soil temperature in compact soil in the flat method. This finding agrees with those of Islam (2004) and Monnaf (2006) as they argued that the ridge method with large seed rhizomes produced maximum weight of old mother rhizomes.

4.4.2.9 Yield per plant
The yield per plant was significantly influenced by the planting methods. The maximum yield per plant (181.28g) was recorded from M2 treatment (ridge panting method) and the minimum per plant (140.02g) was from M1 treatment (flat planting method) (Table 12). It might be due to the proper aeration in the loose soil of the ridge method that produce more vigorous plant compared to the flat planting method which helped in deposition of greater amount of assimilates in the rhizomes. This finding agrees with the results of Phillip (1983), Bhuyan and Chowdhury (1984), Gill et al. (2004), Kutesenko et al. (1979), Rabbani and Siddique (1987) and Rogozin (1989) they reported that ridge planting method produced maximum yield. Similar results also reported by Islam (2004) and Monnaf (2006) they found that ridge planting method produced highest yield of ginger. 
Similarly, the rhizome sizes had significant effect on the yield per plant. The highest yield per plant (174.25g) was obtained from the S3 (large seed rhizome 45g) and the lowest per plant (134.72g) was found from the S1 (small seed rhizome 35g) (Table 13). The variation might be due to the fact that the plant produced from the large seed rhizomes showed vigorous and rapid growth using the more initial reserve food materials and finally produced higher yield than the smaller seed rhizomes. This finding agrees with the result of Asish and Wamanan (1989), Islam (2001), Islam (2004) and Monnaf (2006) who found that the large seed rhizomes produced higher yield per plant.
The combined effect of planting methods and rhizome sizes showed significant effect on the yield of ginger per plant. The highest yield per plant (190.19g) was obtained from M2S3 treatment combination (ridge planting method with the large seed rhizome) and the minimum yield (105.0g) was recorded from the M1S1 treatment combination (flat planting method with the small seed rhizome) (Table 14). It might be due to the combined effect of the largest mother rhizome with proper aeration due to loose soil in the ridge method that produced higher yield than the small rhizomes with inadequate aeration in the flat method of planting due to compact soil in it. Similar results were also found by Islam (2004) and Monnaf (2006) who found that the ridge planting method with large seed rhizomes produced the maximum yield per plant.

4.4.2.10 Yield per plot
The yield per plot of ginger was found to be significantly influenced by the planting methods. The highest yield per plot (11.64kg) was recorded from M2 treatment (ridge planting method) while the lowest yield per plot (8.96kg) was recorded from M1 treatment (flat planting method) (Table 12). It might be due to the proper aeration in the loose soil of the ridge method that produce more vigorous plant compared to the flat planting method which helped in deposition of greater amount of assimilates in the rhizomes. Islam (2004) and Monnaf (2006) also found similar results.    

The rhizome sizes exerted significant influence on the yield of ginger per plot. The maximum yield per plot (11.22kg) was obtained from the S3 treatment (large rhizome 45g) and the minimum yield per plot (8.62kg) was recorded from the S1 treatment (small rhizome 35g) (Table 13). It might be due to the fact that the large seed rhizome produced more number of tillers per plant and leaves which resulted in the accumulation of more food material while the small seed rhizomes accumulated less amount of food materials resulting failure to attain more vigorous growth. The results are in full agreement with those of Islam (2004) and Monnaf (2006); they observed that the large seed rhizome produced maximum yield per plot.

The combined effect of the planting methods and the rhizome sizes significantly influenced the yield of ginger per plot. The highest yield of ginger per plot (12.30kg) was noticed in the treatment combination of M2S3 (ridge planting method with the large seed rhizome). On the other hand, the lowest yield per plot (6.72kg) was recorded from the treatment combination of M1S1 (flat planting method with the small seed rhizome) (Table 14). This variation might be happened due to the same causes as mentioned above incase of yield per plant. Similar results were also reported by Islam (2004) and Monnaf (2006). 
4.4.2.11 Yield per hectare
The planting methods had significant effect on yield per hectare (Appendix-VI). The M2 treatment (ridge planting method) produced the highest yield (19.40 t ha─1) and the lowest yield (14.93 t ha─1) was recorded from the M1 treatment (flat planting method) (Fig.29). The difference might be due to the proper aeration of the loose soil of the ridge method that produce more vigorous plants which helped in deposition of greater amount of assimilates in the rhizomes  compared to the flat planting method. This finding agrees with the results of Phillip (1983). Similar results were also reported by Islam (2004) and Monnaf (2006). They found that the ridge planting method produced the maximum yield of ginger per hectare. 
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Fig.29. Main effects of planting methods on the yield of ginger. Vertical bars   represent     LSD at 5% level of probability (Expt. 4, 2009-10)
The yield of rhizomes was found to be influenced significant by different rhizome sizes (Appendix-VI). With the increase in rhizome sizes the yield of rhizomes per hectare also increased. The highest yield (18.69 t ha─1) was obtained from S3 treatment (large seed rhizome) and the lowest (14.37 t ha─1) was obtained from S1 treatment (small seed rhizome) (Fig. 30). Due to higher amount of initial reserve food in the large seed rhizome, crop growth was better with the maximum number of leaves per plants which
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Fig.30. Main effects of rhizome size on the yield of ginger. Vertical bars   represent LSD at 5% level of probability (Expt. 4, 2009-10)
 helped in higher photosynthates. That ultimately resulted the maximum rhizomes yield. This finding agrees with that of Gosh (2007), Monnaf (2006), Islam (2004), Islam (2001) and Hailermichael and Tesfaye (2008). They found that bigger seed rhizomes produced the maximum yield of ginger per hectare. Similar results were also reported by Chattopadhyay et al. (1990), Asish and Wamanan (1989), Mamity et al. (1988) and Timpo (1982). The present finding was also support the findings of Korla et al. (1989), Ahmed et al (1988), Bourke and Perry (1976) and Islam and Ahmed (1986). Other previous workers Barholia et al., 1992 and Nizam and Jayachandran 1997) also reported that different rhizome sizes had significant variation in rhizomes yield ha─1.
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Fig.31. Combined effects of planting method and rhizome size on the yield of ginger. Vertical bars represent LSD at 5% level of probability (Exp. 4, 2009-10)
The treatment combinations between planting methods and seed rhizome size showed significant influence on the yield per hectare of ginger (Appendix-VI). In case of the treatment combinations, the maximum yield (20.50 t ha─1) was recorded from M2S3 (ridge planting method with the large seed rhizome). On the other hand, the lowest yield (11.20 t ha─1) was obtained from the M1S1 treatment combination (flat planting method with the small seed rhizome) (Fig.31). It might be due to the combined effect of large seed rhizomes having more initial reserve food materials with proper aeration due to loose soil in the ridge method of planting that produced the highest yield. Oppositely the small seed rhizomes with less initial reserve food materials computed with inadequate aeration in flat the method of planting due to compact soil in it. Similar results were also reported by Islam (2004) and Monnaf (2006). They found that the ridge method with large seed rhizomes produced the maximum yield of ginger per hectare.                     
4.4.3 Economic analyses
Total cost of production 
An attempt was made to examine the cost and return in ginger production. The total cost of production was highest (TK.463263 ha─1) in the M2S3 treatment combination (ridge planting method with large seed rhizome) (Table 15). The lowest cost of production (Tk.338555 ha─1) was recorded from M1S1 treatment combination (flat planting method with small seed rhizome). The high cost in M2S3 was due to the use of bigger rhizome size and the higher price of the seed rhizomes.
Gross return 
The highest gross return (Tk.1227500 ha─1) was obtained from the M2S3 treatment combination (ridge planting method with large seed rhizome) while the lowest gross return (Tk.567200 ha─1) was obtained from the M1S1 treatment combination (flat planting method with small seed rhizome) (Table 15). The highest gross return was obtained due to ridge planting method with large seed rhizomes produced higher yield. 
Net return 
The results presented in the (Table 15) show that the net return was comparatively higher (Tk.764237 ha─1) in M2S3 treatment combination (ridge planting method with large seed rhizome) and the lowest net return (Tk.228645 ha─1) was received from the M1S1 treatment combination (flat planting method with small seed rhizome).
Benefit-cost ratio 

Among the treatments, it was found that the highest benefit-cost ratio of 2.75 was recorded from the M2S2 treatment combination (ridge planting method with medium 40g seed rhizome) followed by in the 2.65 M2S3 treatment combination (ridge planting method with large seed rhizome 45g). The lowest benefit-cost ratio of 1.68 was observed in the M1S1 treatment combination (flat planting method with small seed rhizome 35g). In conclusion, ginger can cultivation may be profitable in the ridge planting method with medium (40g) seed rhizomes size.  

Picture plate 2

Economic table

4.5 Expt. 5 Effects of planting methods and planting time one the growth and yield of ginger (2009-10)
4.5.1 Introduction

The study was undertaken to know the effects of planting methods and planting time on the growth and yield of ginger. The experiment was laidout in the Randomized Complete Block Design (RCBD) with four replications. Two planting methods viz., M1 (flat method) and M2 (ridge method) were treated as the first factor and four planting time viz., P1 (15th March), P2 (1st April), P3 (15th April) and P4 (1st May) were taken as the second factor. The unit plot size was 4.0 ×1.5m. Distance between block to block 1.0m and plot to plot 0.5m and spacing was 40 × 25cm. The treatments were randomly assigned to the unit plots.

4.5.2 Results and discussion
The results of the effect of planting methods and planting time and their combined effects are shown in the Tables 16, 17 and 18 (2009-10) and the analyses of variance of all the parameters studied in the investigation together with the sources of variation and corresponding degree of freedom are presented in the Appendix VII (2009-10).
4.5.2.1 Emergence of seed rhizomes
The planting methods showed significant effect on the time to 80% emergence of rhizome. The minimum (31.0 days) was required for 80% emergence in M2 treatment (ridge planting method) while the maximum (36.0 days) was found in M1 treatment (flat planting method) (Table 16). The rapid emergence in the ridge planting method might be due to more moisture availability for the enhanced earlier emergence. Similar result was also reported by Islam (2004) and Monnaf (2006) where they found that in the ridge planting method earlier emergence occurred. 
The planting time had significant effect on the 80% emergence of rhizomes. It was observed that the plant P4 planting (1st May) took the maximum (37.0 days) to complete 80% emergence while it was minimum (30.0 days) in case of P2 (1st April) planting (Table 17). That disparity might be due to remarkable increase in soil moisture from the rainfall and favorable temperature (Appendix II, 2009-10). Similar result was also reported by others (Sreekumar et al. 1981, Blashanmugam et al. 1989 and Rahman et al. 1993). Ahmed et al. (1988) also reported that 80% emergence decreased with gradual delay in planting.

The combined effect of planting method and planting time on the 80% emergence was found to be statistically significant. The lowest time (29.0 days) required for 80% emergence M2P2 treatment combination was in the (ridge planting method with 1st April) planting and maximum (40.0 days) required were in the M1P4 treatment combination (flat planting method with 1st May planting) (Table 18). The moisture availability and nutrient uptake in the ridge planting method with 1st April planting possible enhanced the early emergence. This finding agrees with that of Ahamed et al. (1988) and Monnaf (2006), they found that the minimum days required in the 80% emergence from ridge planting method was with the early planting.

4.5.2.2 Plant height 

Plant height was recorded at an interval of 15 days viz., 50, 65, 80, 95, 110, 125, 140 and 155 DAP. The various planting methods significantly influenced the plant height (Appendix VII). There was a trend of increased plant height up to 125 DAP. It gradually decreased afterwards due to senescence of older leaves. The tallest plant (62.19cm) was recorded from the M2 treatment (ridge planting method) and the shortest
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Fig.32. Main effects of planting methods on the plant height of ginger. Vertical bars represent          LSD at 5% level of probability (Expt. 5, 2009-10)
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plant (56.91cm) was recorded from the M1 treatment (flat planting method) at 125 DAP (Fig. 32). The availability of more moisture in the ridge planting method probably enhanced to emerge earlier and showed vigorous and rapid growth, which resulted taller plant in M2 treatment. Similar result was reported by Islam (2004) and Monnaf (2006). This finding also agrees with the finding of Gill et al. (2004) who found that the ridge planting method produced the tallest plants.

Planting time also significant influence on the plant height (Appendix VII). Plant height was recorded at an interval of 15 days viz. 50, 65, 80, 95, 110, 125, 140 and 155 DAP. There was a trend of increased plant height up to 125 DAP. Later on it gradually decreased due to senescence of older leaves. The tallest plant (67.06cm) was obtained from the P2 (1st April planting) and the lowest (51.85cm) was recorded in P4 (1st May planting) at 125 DAP (Fig. 33). The probable causes of the taller plants from the early planting may be that the rhizomes sprouted earlier and showed vigorous and rapid growth in relatively favorable environment. This finding agrees with that of Phogat and Pandey (1988). Nybe and Mini Raj (2005) also reported that the early i.e., April planting was best for ginger production. Again, Islam (2001) and Aggarwal et al. (2002) obtained the tallest plant from 30th April and 1st April planting, respectively.

[image: image41.emf]0

2

4

6

8

10

12

14

16

18

20

S1D1 S1D2 S2D1 S2D2

Rhizome size and spacing

Yield (t/ha)


Fig.33. Main effects of planting time on the plant height of ginger. Vertical bars    represent LSD at 5% level of probability (Expt. 5, 2009-10)

The combined effect of planting method and planting time was found statistically significant for plant height from 50 DAP to 155 DAP (Appendix VII). The tallest plant (71.36cm) was recorded from M2P2 treatment combination (ridge planting method with 1st April planting) and the shortest plant (49.43cm) from M1P4 (flat planting method with 1st May planting) treatment combination (Table 18). The plant height increased with increase in DAP and after reaching the peak at 125 DAP, the decline was noticed due to senescence. Possibly due to more moisture availability and nutrient uptake in ridge planting method with the 1st April planting rhizomes earlier emergence and showed vigorous and rapid growth relatively favorable environment than less providing moisture and nutrient in flat planting method with the late planting. Similar result also reported by Islam (2001), Nybe and Mini Raj (2005) and Monnaf (2006). 
4.5.2.3 Number of leaves per plant

The number of leaves per plant was counted at different growth stage at an interval 15 days at 50, 65, 80, 95, 110, 125, 140 and 155 DAP. The planting method significant influenced the number of leaves per plant (Appendix VII). The maximum number of leaves (142.40) was recorded in M2 treatment (ridge planting method) and the minimum (87.68) was in M1 treatment (flat planting method) at 125 DAP (Fig. 34) (Plate 3). There was the trend to have maximum number of leaves per plant at 125 DAP both the planting method. It gradually decreased after 125 DAP due to senescence of 
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Fig.34. Main effects of planting methods on the number of leaves per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 5, 2009-10)

older leaves. It might be due to proper aeration of the loose soil of ridge planting method that enhanced plant growth more vigorous than in comparatively less adequate aeration in flat planting method due to compact soil in it. Similar result also reported by Islam (2004) and Monnaf (2006) who found that the ridge planting method produced the maximum number of leaves per plant.
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In case of planting time the significant influenced was observed in the number of leaves per plant (Appendix VII). The number of leaves per plant was gradually increased with time up to 125 DAP. The highest number of leaves (136.93) was recorded from the P2 treatment (1st April planting) and the lowest (98.50) was recorded from P4 treatment (1st May planting) at 125 DAP (Fig. 35). The 1st April planting higher number of leaves per plant was found than others planting time probably because the soil moisture, temperature leading to get favorable environment (Appendix II 2009-10). However, 

Fig.35. Main effects of planting time on the number of leaves per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 5, 2009-10)

after attaining the highest number of leaves, the decline indicated the maturity of the crop due to senescence of older leaves. Barholia et al. (1992), Aggarwal et al. (2002) and Nybe and Mini Raj (2005) reported that higher number of leaves per plant was counted from the April planting. This finding agrees with that of Islam (2001) who observed that the 1st week of April planting produced the higher number of leaves per plant. 

The number of leaves per plant was statistically significant due to combined effect of different planting method and planting time (Appendix VII). The maximum number of leaves (163.70) was recorded from the M2P2 treatment combination (ridge planting method with 1st April planting) while the minimum (71.0) was found to be M1P4 treatment combination (flat planting method with 1st May planting) (Table18). It might be due to combined effect of ridge planting method proper aeration due to loose soil and 1st April planting soil moisture, temperature and get favorable environment promoted more vigorous plant growth than late planting time with inadequate aeration in flat method of planting due to compact soil in it. This finding agrees with the findings of Islam (2001) and Nybe and Mini Raj (2005) they obtained that the higher number of leaves per plant from 1st week of April planting. Zaman (2001), Islam (2004) and Monnaf (2006) they found that ridge planting method produced maximum number of leaves per plant.

4.5.2.4 Number of tillers per plant

Number of tillers per plant was counted different growth stage at an interval of 15 days at 50, 65, 80, 95, 110, 125, 140 and 155 DAP. The planting method had significant effect on the number of tillers per plant (Appendix VII). The highest number of tillers per plant (15.12) was recorded from M2 treatment (ridge planting method) and the lowest (10.13) was recorded from the M1 treatment (flat planting method) at 125 DAP (Fig. 36) (Plate 3). After 125 DAP no. of tillers decreased due to senescence of older tillers. In general, it is a fact that the ridge planting method the soil texture is loose and so that the soil aeration was maximum while in the flat planting method the soil was more compact and thus the soil aeration was minimum. This result is in agreement with Islam (2004) and Monnaf (2006) they found that the ridge planting method produced maximum number of tillers per plant.

The number of tillers per plant was also significant influenced by the planting time at different growth stage (Appendix VII). The number of tillers per plant gradually increased with the passage of time up to 125 DAP and then declined mainly due to the senescence of older tillers. The highest number of tillers per plant (16.36) was obtained from the P2 treatment (1st April planting) while the lowest (9.20) was obtained from the P4 treatment (1st May planting) at 125 DAP (Fig. 37). The 1st April planting resulted more tillers per plant which might be due to prevailing congenial atmosphere for vegetative growth. This finding agrees with those of Aggarwal et al. (2002) and Nybe 
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Fig.36. Main effects of planting methods on the number of tillers per plant of ginger.  Vertical bars represent LSD at 5% level of probability (Exp. 5, 2009-10)
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Fig.37. Main effects of planting time on the number of tillers per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 5, 2009-10)
and Mini Raj (2005); the observed April planting produced the maximum number of tillers per plant. Similar result was also found by Barholia et al. (1992) and Islam (2002) they found that the early planting gave highest number of tillers per plant. 

The combined effect of planting method and planting time significantly influenced the number of tiller per plant (Appendix VII). The highest number (20.14) of tillers per plant was recorded from M2P2 (ridge planting method with 1st April planting time) treatment combination while the lowest number (7.53) of tillers per plant of M1P4 (flat planting method 1st May planting) treatment combination at 125 DAP (Table 18). It might be due to the combined effect of ridge planting method proper aeration due to loose soil and 1st April planting favorable time for vegetative growth than the flat planting method inadequate aeration due to compact soil with late planting less vegetative growth. Similar result also reported by Islam (2004) and Monnaf (2006) they found that ridge planting method produced maximum number of tillers per plant. One the other hand Aggarwal et al. (2002), Islam (2002) and Nybe and Mini Raj (2005) reported that April planting produced maximum number of tillers per plant. 

4.5.2.5 Weight of primary rhizomes per plant 

There was significant variation in the weight of primary rhizomes due to the effect of planting methods. The maximum weight of primary rhizomes per plant (252.60g) was obtained from M2 treatment (ridge planting method) and the lowest (215.84g) was per plant from M1 (flat planting method) treatment (Table 16). In general, it is a fact that the loose soil in ridge planting method provides adequate soil aeration thus it produces the highest amount of primary rhizomes but the condition is quite reverse in the compact soil resulting from the flat planting method. This finding agrees with Islam (2004) and Monnaf (2006) who found that the ridge planting method produced the maximum weight of primary rhizomes. Similar result was also reported by Gill et al. (2004).

The planting time significant influenced the weight of primary rhizomes per plant. The highest weight of the primary rhizome (288.10g) was obtained from the P2 treatment (1st April planting time) and the lowest (187.16g) was obtained from P4 treatment (1st May) (Table 17). It might be due to vegetative growth and more accumulation of photosyntheate in early planting and late planting high rainfall (Appendix II, 2009-10) because rhizome damage by rhizome rot disease. This finding is similar to those of Balashanmugan et al. (1989) and Islam, (2001). They found that early planting produced the maximum weight of primary rhizomes.

The combined effect of planting methods and planting time was highly significant in the primary rhizomes production. The highest weight of primary rhizomes per plant (321.15g) was obtained from the M2P2 treatment combination (ridge planting method with 1st April planting) and the lowest per plant (175.64g) was obtained from the M1P4 treatment combination (flat planting method with 1st May planting) (Table 18). It might be proper aeration due to loose soil in the ridge planting method and 1st April planting proper vegetative growth and more accumulation of photosyntheate that enhanced the production than inadequate aeration due to compact soil in flat planting method with late planting damage of rhizomes by high rainfall that enhanced rhizome rot (Appendix II, 2009-10). This finding agrees with the finding of Islam (2004) and Monnaf (2006) who found that the ridge planting method produced maximum weight of primary rhizomes per plant. Islam (2001) reported that 1st week of April planting produced maximum weight of primary rhizomes per plant. 

4.5.2.6 Weight of secondary rhizomes per plant

There were highly significant variations in the weight of secondary rhizomes due to the effects of planting methods. The maximum weight of secondary rhizome per plant (64.94g) was recorded in M2 treatment (ridge planting method) and the lowest per plant (53.96g) was found M1 (flat planting method) treatment (Table 16).Such type of results might be due to the same causes as mentioned above in case of the primary rhizomes production. This finding also agrees with those of Islam (2004) and Monnaf (2006) who found that the ridge method produced maximum weight of secondary rhizomes. Gill et al. (2004) had also similar result.
The weight of secondary rhizomes per plant was found to be significant influenced by the planting time. The highest weight of the secondary rhizomes per plant (68.53g) was found from the P2 treatment (1st April planting) while the lowest (50.99g) was from the P4 treatment (1st May planting) (Table 17). The higher yield from the 1st April planting might be due to more vegetative growth and more photosynthate. This result agrees with that of Islam (2001) who obtained highest weight of secondary rhizomes per plant from the planting of 1st week of April. 

The combined effect of planting method and planting time was highly significant for the yield of the secondary rhizomes per plant. The highest amount of secondary rhizome per plant (76.60g) was recorded from the treatment combination of M2P2 (ridge planting method with 1st April planting) and the lowest per plant (45.79g) was obtained from the treatment combination of M1P4 (flat method with 1st May planting) (Table 18).The findings might be due to the same causes of the combined effect of planting method and planting time as mentioned above in the case of the primary rhizomes production. Similar result were also reported by Islam (2001) and Monnaf (2006) they found that ridge planting method produced the maximum weight of secondary rhizomes per plant. Islam (2001) reported that 1st April planting produced maximum weight of primary rhizome per plant.

4.5.2.7 Dry matter percentage in rhizomes
The planting methods no significant effect on the dry matter percentage of rhizomes (Table 16). The maximum dry matter percentage (22.24%) was recorded from M2 treatment (ridge planting method) and the minimum (21.37%) was recorded from M1 treatment (flat planting method). The variation was due to the production of the maximum amount of primary and secondary rhizomes in the ridge planting method and minimum in the flat method as mentioned above. This finding agrees with those of Islam (2004) and Monnaf (2006) they found that the ridge planting method of planting produced maximum dry matter content.

Planting time significant effect on the dry matter content of rhizomes (Table 17). The maximum dry matter of rhizomes was found (23.72%) from P2 treatment (1st April planting) and the minimum (20.0%) was P4 treatment (1st May planting). The maximum dry matters of rhizome from 1st April planting may be the resultant effect of longest crop period, and maximum growth and the maximum development of the large rhizomes produced. Hu-min Fu et al. (1996) reported that in the early planting rhizomes dry matter content was highest. Similar result was also found by Islam (2001) who observed that 1st week of April planting gave the highest dry matter percentage in rhizomes.

The combined effect of planting method and planting time was not significant to influence dry matter content of rhizomes (Table 18). From the results it was found that M2P2 treatment combination (ridge method with the 1st April planting time) produced the maximum dry matter in rhizomes (24.24%) while the M1P4 treatment combination (flat planting method with the 1st May planting) gave the lowest (19.70%) dry matter content. The variation might be due to the combined effect of ridge planting method with 1st April planting and that of the flat planting method with the 1st May planting as mentioned above in the case of the production of primary and secondary rhizomes.

4.5.2.8 Weight of old mother rhizomes
The weight of old mother rhizomes was not significant effect by planting methods (Table 16). The maximum weight of old mother rhizome (2.57 t ha─1) was recorded from M2 (ridge planting method) treatment and the lowest (2.38 t ha─1) from M1 (flat planting method) treatment. The variation may be due to the fact that the planted mother rhizomes remained in good condition in the ridge planting method with proper aeration while that was partially damaged due to high soil temperature with compact soil in the flat method. This finding agrees with those of Islam (2004) and Monnaf (2006) as they found that the ridge planting method resulted the maximum weight of old mother rhizomes. 

The weight of old mother rhizomes was found significant effect on planting time (Table 17). The maximum weight of old mother rhizomes (2.92 t ha─1) was recorded from P2 treatment (1st April planting) and the minimum (2.03 t ha─1) from P4 treatment (1st May planting). It might be due to more soil moisture and higher rainfall in the later planting (Appendix II, 2009-10) may cause the damage of few mother rhizomes. Same result was also found Balashanmugam et al. (1989) and Barholia et al. (1992). Islam (2001) reported that 1st week of April planting gave the highest yield of the old mother rhizomes.

The combined effect showed not significant effect of old mother rhizomes (Table 18). The maximum weight of old mother rhizomes (3.01 t ha─1) was found in the M2P2 treatment combination (ridge planting method with 1st April planting) while that was minimum (1.96 t ha─1) in the M1P4 treatment combination (flat planting method with 1st May planting). This variation might be possibly because the ridge planting method proper aeration and 1st April planting remained in the good condition and in the flat planting method with 1st May planting rhizomes were partially damaged due to high rainfall, high soil moisture with compact soil in the flat method. This finding agrees with those of Islam (2004) and Monnaf (2006) as they argued that the ridge planting method produced the maximum weight of old mother rhizomes. Balashanmugam et al. (1989), Barholia et al. (1992) and Islam (2001) reported early planting gave the highest yield old mother rhizomes. 
4.5.2.9 Yield per plant 
Planting methods significant influenced yield per plant (Table 16). The highest yield (178.85g) was recorded from the M2 treatment (ridge planting method) and the minimum per plant (146.21g) was found from the M1 treatment (flat planting method). It might be due to the proper aeration in the loose soil of the ridge planting method that aided to produce more vigorous plant compared to the flat planting method which helped in deposition of greater amount of assimilates the rhizomes. This finding agrees with the finding of Phillip (1983), Islam (2004) and Monnaf (2006) who found that the ridge planting method had the maximum yield per plant. Similar results also reported by Kutesenko et al. (1979), Bhuyan and Chowdhury (1984), Rogozin (1989) and Gill et al. (2004) they found that ridge planting method produced maximum yield. 

The significant influenced rhizomes yield per plant was obtained due to the effect of planting time (Table 17). The maximum rhizomes weight per plant (196.07g) recorded from the P2 treatment (1st April planting) and the minimum yield per plant (129.01g) was from the P4 treatment (1st May planting). It might be due to higher vegetative growth which contributed to increase the rhizomes weight in 1st April planting. There fore 1st April planting ginger produced heavier and large size rhizomes resulting in the highest weight. Similar result also obtained by Barholia et al. (1992), Islam (2001) and Aggarwal et al. (2002). 

The combined effect of planting methods and planting time had significant effect on the yield per plant (Table 18). The highest yield per plant (213.83g) was obtained from the M2P2 treatment combination (ridge planting method with 1st April planting) and the minimum (116.63g) was found from the M1P4 treatment combination (flat planting method with 1st May planting). The difference might be due to combined effect of ridge planting method proper aeration due to loose soil with 1st April planting produced heavier and large rhizomes produced higher yield than the later planting with inadequate aeration in the flat planting method due to compact soil in it. Islam (2004) and Monnaf (2006) who found that the ridge planting method produced maximum yield per plant. Other scientist Barholia et al. (1992), Islam (2001) and Aggarwal et al. (2002) reported that April planting produced maximum yield per plant.

4.5.2.10 Yield per plot

The yield of ginger per plot was found to be significant by planting methods (Table 16). The highest yield per plot (11.42kg) was recorded from the M2 treatment (ridge planting method) while the lowest yield per plot (9.98kg) was recorded from the M1 treatment (flat planting method). The gap was due to the same causes as mentioned above in case of the yield per plant. This finding agrees with the finding of Islam (2004) and Monnaf (2006) they found that ridge planting produced maximum yield per plot. 

Significant difference in respect of yield per plot was noticed due to the effect of planting time (Table 17). The maximum yield per plot (12.55kg) was recorded from the P2 treatment (1st April planting) while the minimum (8.26kg) was from the P4 treatment (1st May planting). The 1st April planting produced more number of leaves and tillers per plant, which supported the accumulation of more food materials resulting vigorous growth and higher yield of ginger. Islam (2001) also found that 1st April planting is the best for ginger production. This finding agrees with the finding of Barholia et al. (1992) and Aggarwal et al. (2002).
The combined effect of the planting methods and planting time significantly varied the yield of ginger per plot (Table 18). The highest yield per plot (13.69kg) was noticed in the treatment combination of M2P2 (ridge planting method with the 1st April planting). On the other hand, the lowest yield per plot (7.47kg) was recorded from the treatment combination of M1P4 (flat planting method with the 1st May planting). This variation might happen due to the same causes as mentioned above in case of yield per plant. Similar results also were reported by Islam (2004) and Monnaf (2006) they found ridge planting method produced maximum yield per plot. Other scientist Barholia et al. (1992), Islam (2001) and Aggarwal et al (2002) found that April planting produced highest yield per plot of ginger. 
4.5.2.11 Yield per hectare
The planting methods had significant effect on the yield per hectare (Appendix VII). The M2 treatment (ridge planting method) produced the highest yield (19.04 t ha─1) and the lowest yield (15.59 t ha─1) was recorded from the M1 treatment (flat planting method) (Fig.38).The difference might be due to the proper aeration of the loose soil of the ridge planting method that aided to produce more vigorous plants which helped in deposition of greater amount of assimilates in the rhizomes compared to the flat planting method. This finding agrees with the finding of Phillip (1983), Bhuyan and Chowdhury (1984) and Gill et al. (2004). Similar finding was also reported by Islam (2004) and Monnaf (2006), and they found that the ridge planting method produced the maximum yield of ginger per hectare.
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Fig.38. Main effects of planting methods on the yield of ginger. Vertical bars represent LSD at              5% level of probability (Expt. 5, 2009-10)

Planting time also significant influenced the ginger yield per hectare (Appendix VII). The highest yield (20.91 t ha─1) was obtained from the P2 treatment (1st April planting) while the lowest (13.76 t ha─1) was obtained from the P4 treatment (1st May planting) (Fig. 39). The early (1st April) planting resulted in better growth under favorable climatic conditions. It might be due to the fact that the maximum number of leaves and tiller per plant, which helped in higher rates of photosynthates and ultimately resulted the maximum rhizomes yield per hectare. Similar results was also reported by Okwuowulu et al. (1990) and Mohantey et al. (1990). The present finding supports the finding of (Barholia et al., 1992, Aggarwal et al., 2002 and Nybe and Mini Raj 2005). Other pervious workers (Phogaand Pandey, 1988, Aio et al., 1988 and Mishra et al., 1997) also reported that early planting produced maximum yield of ginger.
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Fig.39. Main effects of planting time on the yield of ginger. Vertical bars represented LSD at 5% level of probability (Expt. 5, 2009-10)

The combined effect of planting methods and planting time significant influenced on the yield per hectare (Appendix VII). In case of the treatment combinations the maximum yield (22.81 t ha─1) was recorded from M2P2 (ridge planting method with 1st April planting). On the other hand, the lowest yield (12.44 t ha─1) was obtained from the M1P4 treatment combination (flat planting method with 1st May planting) (Fig. 40). It might be due to the fact that the 1st April planting resulted in maximum number of leaves and tillers per plant, which helped in higher rate of photosynthates and due to the proper aeration in loose soil in the ridge planting method that ultimately produced the highest yield and the late planting (1st May) produced less number of leaves, tillers per plant which was produces less photosynthates in inadequate aeration in flat planting method due to compact soil in it gave the poorest yield. 
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Fig.40. Combined effects of planting method and planting time on the yield of ginger.  Vertical bars represent LSD at 5% level of probability (Expt. 5, 2009-10)
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4.5.3. Economic analyses
Total cost of production

An attempt was made to examine the cost and return in ginger production. The total cost of production was highest (Tk.451517 ha─1) in the treatment combination M2P2 (ridge planting method with 1st April planting time) (Table 19). The lowest cost of production (Tk.445877 ha─1) was recorded from the treatment combination M1P4 (flat planting method with 1st May planting time).

Gross return

The highest gross return (Tk.1390000 ha─1) was obtained form the M2P2 (ridge planting method with 1st April planting time) while the lowest gross return (Tk.772400 ha─1) was obtained from the M1P4 (flat planting method with 1st May planting) treatment combination (Table 19). The highest gross return was obtained probably due to the ridge planting method with 1st April planting produced highest yield.

Plate. 3

Economic table

Net return

The results presented in the (Table 19) shown that the net return was comparatively higher (Tk.938483 ha─1) with the M2P2 (ridge planting method with 1st April planting) and the lowest net return (Tk.326523 ha─1) was recorded from M1P4 (flat planting method with 1st May planting). 
Benefit-cost ratio

Among the treatments, it was found that the highest benefit-cost ratio of 3.08 was recorded with the M2P2 treatment combination (ridge planting method with 1st April planting) followed by 2.75 M2P3 (ridge planting method with 15th April planting). The lowest benefit-cost ratio of 1.73 was recorded in the M1P4 treatment combination (Flat planting method with 1st May planting). In conclusion, ginger can profitably be cultivated with M2P2 (ridge planting method with 1st April planting).

4.6 Expt. 6 Effects of rhizome sizes and spacing on the growth and yield of ginger (repeat in modified form, 2009-10)
4.6.1. Introduction

The study was undertaken to study the effect of rhizome sizes and plant spacing on the growth and yield of ginger. The experiment was laid out in the Randomized Complete Block Design (RCBD) with four replications. Two rhizome size viz., S1 :( 40g) and S2 :( 45g) were consisted as the first and two plant spacing, D1 :( 40 × 25cm) and D2 :( 50 × 25cm). Planting were done 1st April. The unit plot size was 4.0 ×1.5m. Distance between block to block 1.0m and plot to plot 0.5m was maintained. Treatments were randomly assigned to the unit plot.

4.6.2 Results and discussion
The results of the effects of seed rhizome size and plant spacing and their combined effects are shown in Tables 20, 21 and 22 (2009-10) and the analyses of variance of all 
the parameters studied in the investigation together with the source of variation and corresponding degrees of freedoms are presented in Appendix VIII (2009-10).
4.6.2.1 Emergence of seed rhizome

The seed rhizome sizes showed significant influenced on 80% emergence of rhizomes (Table 20). The less time days (26.0) was required for 80% emergence of S2 treatment (45g) and the highest days (29.0) was required in the S1 treatment (40g). The rapid emergence showed by S2 (large rhizome 45g) might be due to higher amount of reserved food as well as low dormancy. This finding agrees with the finding of Randhawa et al. (1972), Islam and Ahamed (1986), Sengupta et al. (1986) and Islam (2001). Monnaf (2006) reported that the large seed rhizomes emergence earlier.

Plant spacing also significantly influenced on 80% emergence of seed rhizomes (Table 21). It was observed that the plants from D1 (closer spacing 40 × 25cm) took the maximum days (29.0) to complete 80% emergence while it was minimum days (26.0) in case of D2 (wider spacing 50 × 25cm). It might be due to better availability of plant nutrient, moisture and light in wide spaced plants. Similar finding were observed by Bahadur et al. (2000). This finding agrees with the finding of Islam and Ahmmed (1986) and Ahmed et al. (1988) they observed that 80% emergence complete of rhizomes took long days when rhizomes planted closest spacing.

The combined effects of seed rhizome sizes and plant spacing on 80% emergence was found significant (Table 22). The maximum days (31.0) was required from S1D1 treatment combination (40g rhizome with 40 × 25cm spacing) while the minimum was days (25.0) from S2D2 treatment combination (45g rhizome with 50 × 25cm spacing). Possible due to large seed rhizomes contend more food material and widest spacing availability plant nutrient and light that enhanced early emergence. This finding agrees with the finding of Blay et al. (1998) they observed that large seed rhizomes with widest spacing needed less time for 80% emergence.
4. 6. 2.2 Plant height
Rhizome size insignificant influenced the growth of plants in term of plant height at 50, 65, 80, 95, 110, 125, 140 and 155 DAP (Appendix VIII). There was a trend in increase in plant height with the increased seed rhizome size up to 125 DAP, which gradually decreased afterwards. At 125 DAP, the tallest plant (62.20cm) was observed S2 (45g rhizome) treatment and the shortest plant (60.40cm) was in S1 (40g rhizome) treatment (Fig. 41). After reaching the peak plant height was decline due to senescence of older leaves. It might be due to the fact that plants produced from 45g rhizome emerged earlier and showed vigorous and rapid growth using the initial reserved food material, which resulted taller plants. Similar results also reported by Islam (2004) and Monnaf (2006). This finding agrees with the finding of Sengupta et al. (1986). Patil and Borse (1980) also reported large seed rhizomes produced the tallest plant where as the small seed rhizomes produced the smallest plant. 
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Fig.41. Main effects of rhizome size on the plant height of ginger. Vertical bars represent LSD at    5% level of probability (Expt. 6, 2009-10)
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Plant spacing was insignificant influenced on the plant height except and 155 DAP (Appendix VIII). The tallest plant height (63.45cm) was found from the D2 treatment (wider spacing 50 × 25cm) while the lowest (59.15cm) was in D1 (closer spacing 40 × 25cm) at 125 DAP (Fig. 42). After 125 DAP plant height decreased gradually due to senescence of older leaves. It might be due to better availability of plant nutrients, and adequate moisture and light in the wider spaced plant. This finding agrees with those of Rikabdar (1978) and Bahadur et al. (2000), and they stated that plants with the widest spacing had higher growth. Similar results also found by Hashim (2006).
Table ex .6

Table ex .6
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Fig.42. Main effects of spacing on the plant height of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 6, 2009-10)
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In case of combined effects seed rhizome size and plant spacing on the plant height was found to be insignificant except 140 and 155 DAP (Appendix VIII). The tallest plant (64.40cm) was recorded from the treatment combination of S2D2 (45g rhizome with wider spacing 50 × 25 cm) and the shortest plant (58.30cm) from S1D1 (40g rhizome with closer spacing 40 × 25 cm) treatment combination at 125 DAP (Table 22). Plant height increased with the increase in DAP and after racing peak, the decline was noticed due to senescence. There was no further production of taller leaves because of accumulation of photosynthates occurred in the underground parts.  So the plant height decreased with the passing of time.
4.6.2.3 Number of leaves per plant

The number of leaves per plant was counted at different growth stage at an interval of 15 days at 50, 65, 80, 95, 110, 125, 140 and 155 DAP (Appendix VIII). The variation in the number of leaves per plant due to different seed rhizome sizes was significant except 50, 65 and 80 DAP (Fig. 43). The highest number of leaves (114.40) was recorded in the S2 treatment (45g rhizome) and the lowest (96.50) was in S1 treatment (40g rhizome). The highest number of leaves obtained from the large seed rhizomes (45g) might be attributed to vigorous growth of plants. Sengupta et al. (1986) also found that when large seed rhizome was planted than number of leaves per plant were increased. The decline in the number of leaves per plant was due to senescence of older leaves after reaching the peak. This finding agrees with Sengupta et al. (1986), Korla et al. (1989), Islam (2001), Zaman (2001), Islam (2004) and Monnaf (2006) they found that large rhizomes produced maximum number of leaves per plant.
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Fig.43. Main effects of rhizome size on the number of leaves per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 6, 2009-10)
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Fig.44. Main effects of spacing on the number of leaves per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 6, 2009-10)
The number of leaves per plant was greatly influenced by plant spacing (Appendix VIII). The D2 treatment (wider spacing 50 × 25cm) produced the maximum number (113.90) of leaves while the minimum number (97.00) was recorded from the D1 treatment (closer spacing 40 × 25cm) at 125 DAP (Fig. 44). The number of leaves decreased with the decrease in spacing. In case of the widest spacing the availability of plant nutrients, light and moisture were better and widest spacing produced more lives. This finding agrees with the finding of Randhawa et al. (1972) and Bahadur et al. (2000) who found that when widest spacing were used then number of leaves per plant increased. Islam et al. (1988) in their experiment got significantly higher number of leaves per plant having similar trend.
The combined effect of rhizome sizes and spacing was found statistically significant (Appendix VIII). At 125 DAP the highest number  of leaves (125.80)was observed in the S2D2 treatment combination (45g rhizome with wider spacing 50 × 25cm) while the lowest number (91.0) was obtained from the  S1D1 (40g rhizome with closer spacing 40 × 25cm) (Table 22) (Plate 4). Number of leaves was increase with the increase of seed rhizomes size and spacing up to 125 DAP. After 125 DAP number of leaves decline was noticed due to senescence and there was no further production of taller leaf because of accumulation of photosynthates in the under ground part. The large rhizomes with the widest spacing made vigorous and rapid growth due to the higher initial reserve food material light and moisture which resulted in higher number of leaves per plant.

4.6.2.4 Number of tiller per plant

Number of tiller per plant was counted at different growth stage at an interval of 15 days at 50, 65, 80, 95, 110, 125, 140 and 155 DAP. Rhizome size had not significant variation number of tillers per plant at different growth stage except 50, 65 and 80 DAP (Appendix VIII). The highest number of tillers per plant (12.17) was obtained from the S2 treatment (large rhizome 45g) while the lowest number of tillers per plant (11.86) was obtained from the S1 treatment (small rhizome 40g) at 125 DAP (Fig. 45). After 125 DAP no. of tillers decreased due to senescence of older tillers. Perhaps the large seed rhizomes (45g) conserved more food materials and nutrients than small rhizome (40g). This result agrees with Islam (2001) and Monnaf (2006) they found that the large seed rhizomes produced maximum number of tillers per plant. Similar results also were found by Korla et al. (1989) who found that large seed rhizomes produced higher number of tillers per plant (7.1).
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Fig.45. Main effects of rhizome size on the number of tillers per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt.6, 2009-10)

In case of plant spacing, the total number of tillers per plant was significant influenced except 95 and 140 DAP (Appendix VIII). The maximum number of tillers per plant (13.23) was found from D2 (wider spacing 50 × 25cm) and the minimum (10.81) was found D1 (spacing 40 × 25cm) at 125 DAP (Fig. 46). It might be that the availability of
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Fig.46. Main effects of spacing on the number of tillers per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 6, 2009-10)
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light and moisture from the widest spacing that produced more number of tillers per 
plant. Similar trend was also found from the observation of Bahadur et al. (2000) and Hashim (2006). Islam et al. (1988) in their experiment got higher number of tillers per plant.
The combined effects of seed rhizome size and plant spacing significantly influenced the number of tillers per plant except 95, 110 and 140 DAP (Appendix VIII). The highest number  of tillers per plant (13.26) was obtained from S2D2 treatment combination (45g rhizome with widest spacing 50 × 25cm) while the lowest (10.53) was from S1D1 treatment combination (40g rhizome with the closest spacing 40 × 25cm) at 125 DAP (Table 22). It might be that the higher initial reserve food material in the large seed rhizomes coupled with widest spacing boosted the vigorous growth which ultimately resulted in higher number of tillers per plant. 
4.6.2.5 Weight of primary rhizomes per plant

The rhizome sizes significant influenced the weight of primary rhizomes per plant. The highest weight of primary rhizomes per plant (98.20g) was obtained from the S2 (large rhizome 45g) and the lowest was (90.95g) from the S1 (smaller rhizome 40g) (Table 20). It might be due to the fact that the primary rhizomes produced from the large seed rhizomes (45g) showed the most vigorous and rapid growth than the smaller seed rhizomes using the initial reserved food materials. Similar results also found Monnaf (2006), Islam (2004) and Zaman (2006). They obtained large seed rhizomes produced maximum weight of primary rhizomes. This finding agrees with those of Hailemichael and Tesfaya (2008).
In case of plant spacing, significant influenced the weight of primary rhizomes. The maximum weight of primary rhizomes per plant (97.45g) was recorded from the D1 treatment (closer spacing of 40 × 25cm) and the lowest per plant (91.70g) was recorded form D2 the (wider spacing  of 50 × 25cm) treatment (Table 21). It might be due to closer spacing occurring total number of plant population higher than wider spacing. Similar results also found by Randhawa and Mishra (1974), Bahadur et al. (2000) and Hashim (2006).
The combined effect of seed rhizome size and plant spacing was showed highly significant. The highest weight of primary rhizomes (102.40g) from the S2D1 treatment combination (large rhizome 45g with the closer spacing of 40 × 25cm) and the lowest per plant (89.40g) was obtained from the S1D2 (small rhizome 40g with the widest spacing of 50 × 25cm) treatment combination (Table 22). It might be due to the reason that the large rhizomes contained more reserve food material and the maximum plant population per unit area from the closest spacing resulted the higher yield.

4.6.2.6 Weight of secondary rhizomes per plant

Rhizome size insignificant influenced on the weight of secondary rhizomes per plant. The highest weight of secondary rhizomes per plat (42.75g) was recorded from the S2 (large rhizome 45g) and that was the lowest per plant (40.41g) from the S1 (small rhizome 40g) (Table 20). It might be due to the same fact as mentioned above in case of the primary rhizomes per plant. Similar results also found Islam (2004), Monnaf (2006) and Zaman (2006). They obtained large rhizome produced maximum weight of secondary rhizomes per plant from large rhizome. 
Again, plant spacing also significant influenced on the weight of secondary rhizomes per plant. The highest weight of secondary rhizome (44.25g) was recorded from D1 the (closest spacing of 40 × 25cm) treatment and the lowest (38.91 g) from the D2 (widest spacing of 50 × 25 cm) treatment (Table 21). It might be due to same fact as mentioned above in case of the primary rhizomes per plant. The result indicated that the closer spacing best for ginger production. Similar result was also reported by Ahmed et al. (1988).

The combined effects of rhizomes size and plant spacing had significant influenced in the weight of secondary rhizomes per plant. The highest weight of secondary rhizomes per plant (45.0g) was recorded from the S2D1 treatment combination (large rhizome with closest spacing) and the lowest (37.32) was obtained from the S1D2 treatment combination (small rhizome with widest spacing) (Table 22). It might be due to same fact as mentioned above in case of the primary rhizomes production per plant. 
4.6.2.7 Dry matter percentage
Rhizome size insignificant influenced on the dry matter content of rhizomes. The maximum dry mater content of rhizomes (24.01%) was obtained from the S2 (large rhizome 45g) and the minimum (23.76%) was from the S1 (small rhizome 40g) (Table
20). It happened because of the maximum production of primary and secondary rhizomes was obtained from the largest rhizomes and the minimum was obtained form the smallest rhizomes. Similar result also reported by Islam (2001) and Monnaf (2006) they found that large rhizome produced maximum dry matter content of rhizomes. This finding agrees with the finding of Zaman (2001) he found higher dry matter percentage from large rhizome.
Spacing also non significant effect on dry matter content of rhizomes. The maximum dry matter percentage (24.31%) was found from the D1 treatment (closer spacing 40 × 25cm) and the minimum (23.46%) was recorded from the D2 treatment (wider spacing 50 × 25cm) (Table 21). This result is in agreement with that of Hashim (2006) who observed maximum dry matter found from closest spacing.

The combined effect of seed rhizome sizes and plant spacing on the dry matter content was non significant. The highest dry matter content of rhizomes (24.51%) was obtained from the S2D1 treatment combination (large rhizome with closest spacing) and the lowest was (23.0%) recorded from the S1D2 treatment combination (small rhizome with widest spacing) (Table 22).

4.6.2.8 Weight of old mother rhizomes
Weight of old mother rhizomes was insignificant influenced by rhizome size. The maximum weight of old mother rhizome (1.23 t ha─1) was recorded from S2 the (largest rhizome 45g) treatment and the minimum (1.21 t ha─1) from S1 (smallest rhizome 40g) treatment (Table 20). This result is attributed to the large older mother rhizomes used. Similar result also found Islam (2004) and Zaman (2006).They found largest rhizome produced maximum weight of old mother rhizomes. 
Significant variation was found among the spacing in respect of the yield of old mother rhizomes (Table 21). The highest weight of old mother rhizomes (1.29 t ha─1) was obtained from the D1 (closer spacing 40 × 25cm) while the lowest was found from the (1.15 t ha─1) from D2 (wider spacing 50 × 25cm) (Table 21). This was possibly due to the closer and larger spacing, respectively. This finding agrees with the finding of Hashim (2006) who found closer spacing produced maximum yield of old mother rhizomes.

The combined effect of rhizome size and plant spacing on the yield of old mother rhizome was statistically significant. The highest yield (1.31 t ha─1) was obtained from the S1D1 treatment combination (40g rhizome with 40 × 25cm spacing) while the lowest was (1.10 t ha─1) obtained from the S2D2 treatment combination (45g rhizome with 50 × 25cm spacing) (Table 22). The higher yield would possibly, due to closer spacing with big seed rhizomes 
4.6.2.9 Yield per plant

The rhizome size was insignificant effect on the yield per plant. The highest yield per plant (181.19g) was found from the S2 treatment (large seed rhizome 45g) while the lowest per plant (178.15g) was found from the S1 treatment (small seed rhizome 40g) (Table 20). It might be due to the fact that the plant produced from the large seed rhizomes showed vigorous plants and rapid growth than that of the smaller seed rhizomes which helped in deposition of more reserve food materials than smaller seed rhizomes. This finding agrees with the finding of Asish and Wamanan (1989), Islam (2001), Islam (2004 and Monnaf (2006) they found that the large seed rhizomes produced higher yield per plant. Similar finding also found by Ghosh (2007) and Hailemichael and Tesfaye (2008) who found that large seed rhizomes produced maximum yield of ginger.
Similarly, plant spacing significant effect on yield per plant. The highest yield per plant (184.65g) was obtained from the D2 treatment (50 × 25cm) and lowest (174.68g) was from the D1 treatment (40 × 25cm) (Table 21). Similar result also found by Bahadur et al. (2000).

The combined effect of rhizome size and plant spacing was significant influenced on yield per plant. The highest yield per plant (187.00g) was obtained from the S2D2 treatment combination (45g rhizome with 50 × 25cm spacing)while the lowest (174.0g) was obtained from S1D1 the treatment combination (40g rhizome with 40 × 25cm spacing) (Table 22). It might be due to large rhizomes with wider spacing produced vigorous plant compared to other treatment, which helped in deposition of greater amount of assimilate of the rhizome. This finding agrees with the results of Phillip (1983).
4.6.2.10 Yield per plot

The rhizome size insignificant influenced the yield of ginger per plot. The maximum yield per plot (10.11kg) was obtained from the S2 treatment (large seed rhizome 45g) while the minimum (9.94kg) was recorded from the S1 treatment (small seed rhizome 40g) (Table 20). It might be due to large seed rhizome produced more number of tillers per plant and leaves which  resulted in the accumulation of more food material and the small seed rhizome accumulated, small amount of food materials resulting failure to have more vigorous growth. The results of the present experiment are in full agreement with that of Islam (2004) and Monnaf (2006). They observed that large seed rhizomes produced maximum yield per plot.
The yield of ginger was found to be significant influenced by the plant spacing. The highest yield per plot (11.19kg) was recorded from the D1 treatment (closest spacing 40 × 25cm) while the lowest per plot (8.86kg) was recorded from the D2 treatment (widest spacing 50 × 25cm) (Table 21). The increased yield per plot from the closest spacing was probably due to the increased total number of plants per unit area. Similar result also found by Hashim (2006) he obtained highest yield per plot from closest spacing. The results of the present experiment are in full agreement with that of Aiyaduria (1966), Purseglove (1972) and Islam (1988) they observed that the closest spacing produced the highest yield.
The combined effect of rhizome size and plant spacing significant influenced the yield per plot. The highest yield per plot (11.23kg) was obtained from the S2D1 treatment combination (45g rhizome with 40 × 25cm spacing) and the lowest yield (8.75kg) from the S1D2 treatment combination (40g rhizome with 50 × 25cm spacing) (Table 22). 
4.6.2.11 Yield per hectare

The yield of rhizome was found to be insignificant by rhizome sizes (Appendix VIII). The highest yield (16.84 t ha─1) was obtained from the S2 treatment (large seed rhizome 45g) while the lowest (16.57 t ha─1) was obtained from the S1 treatment (small rhizome 40g), (Fig. 47) which may possibly be due to higher amount of initial food reserve in the large seed rhizome, the crop growth was better with maximum number of leaves per

 plant which might have helped in higher rate of photosynthates, and this ultimately
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Fig.47. Main effects of seed rhizome size on the yield of ginger. Vertical bars represent LSD at 5%                                                                                                                                                                                                                                         level of probability (Expt. 6, 2009-10)

resulted in maximum rhizomes yield. Similar results were also reported by Timpo (1982), Maity et al. (1988), Roy and Wamanan (1989) and Chattopadhyay et al. (1990). Islam (2001), Monnaf (2006) and Zaman (2006) who found that large seed rhizomes produced highest yield. The present finding also supports the findings of Korla et al. (1989), Ahmed et al. (1988), Bourke and Perry (1976) and Islam and Ahmed (1986).
Plant spacing exerted significant influence on yield of ginger (Appendix-VIII). The highest ginger yield (18.63 t ha─1) was found with the D1 treatment (closest spacing 40 × 25cm) and the lowest yield (14.77 t ha─1) was recorded from the D2 treatment (widest spacing 50 × 25cm) (Fig. 48). The results clearly indicated that the increased yield from the closest spacing was due to the higher number of plants per unit area.  The results of the present experiment are in full agreement with that of Aiyaduria (1966), Purseglove (1972) and Islam (1988); they also observed that closest spacing produced highest yield.. Similar findings were observed by other scientists (Rahman and Faruque, 1974, Shashidhar et al. 1997 and Hashim, 2006). Similar results were found by Ahmed et al. (1987). Randhawa and Mishra (1974) they obtained increased yield in turmeric too with increased number of plants per unit area.
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Fig.48. Main effects of spacing on the yield of ginger. Vertical bars represent   LSD at 5% level of probability (Expt. 6, 2009-10)

The combined effect of seed rhizome size and plant spacing had significant influence on the yield per hectare (Appendix-VIII). The maximum yield (18.71 t ha─1) was obtained from the S2D1 treatment combination (45g rhizome with closest spacing) while the lowest yield (14.58 t ha─1) was obtained from the S1D2 treatment combination (40g rhizome with widest spacing) (Fig. 49). It might be due to combined effect of large seed rhizomes with closest spacing as mentioned above in case of yield per plot. 
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Fig.49. Combined effects of seed rhizome size and spacing on the yield of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 6, 2009-10)
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4.6.3 Economic analyses
Total cost of production

An attempt was made to examine the cost and return in ginger production. The total cost of production was the highest (Tk.492251 ha─1) in the S2D1 treatment combination (45g seed rhizome with 40 × 25cm spacing). The lowest (Tk.351251 ha─1) cost of production S1D2 treatment combination (40g seed rhizome with 50 × 25cm spacing) (Table 23). The result was due to the uses of bigger seed rhizomes, higher plant population, and also higher prices of seed rhizomes.

Gross return

The highest gross return (Tk.1179300 ha─1) was recorded from the S2D1 treatment combination while the lowest gross return (Tk.851400 ha─1) was obtained from the S1D2 treatment combination (Table 23). The highest gross return was obtained probably due to the large seed rhizomes with closer spacing leading to maximum yield.
Net return

The results presented in the (Table 23) show that the net return was comparatively higher (Tk.687049 ha─1) with the S2D1 treatment combination and the lowest net return (Tk.500149 ha─1) was received with S1D2 treatment combination.

Benefit-Cost ratio
Among the treatments, it was found that the highest benefit-cost ratio of 2.53 was recorded with the S1D1 ​ (40g rhizome with 40 × 25cm spacing) treatment combination and the lowest 2.37 was recorded in the S2D2 ​ (45g seed rhizome with 50 × 25cm spacing) treatment combination. In conclusion, ginger can profitably be cultivated with 40g seed rhizomes having 40 × 25cm spacing.

PLATE 4.

Economic table

4.7 Expt. 7 Effects of nitrogen and potassium on the growth and yield of ginger (2009-10)
4. 7. 1 Introduction
The study was undertaken to the effect of nitrogen and potassium on the growth and yield of ginger. The experiment was laid out in the Randomized Complete Block Design (RCBD) with three replications. Four level of Nitrogen viz., N0 (0kg), N1 (80kg), N2 (120kg) and N3 (160kg) were consisted as the first and four level of potassium; K0 (0kg), K1 (80kg), K2 (120kg) and K3 (160kg) were consisted as the second factor. The treatment combination were assigned randomly to the unite plots of each block. The size of a unit plot was 4.0 × 1.5m. Two adjacent unit plots and blocks were separated by 1.0 and 0.5m space, respectively.

4. 7. 2 Results and discussion
           The results of the effect of nitrogen and potassium fertilizer and their combined effects are shown in Tables 24, 25 and 26 (2009-10) and the analyses of variance of all the parameters studied in the investigation together with sources of variation and corresponding degrees of freedom are presented in Appendix IX (2009-10).

4. 7. 2.1 Emergence of seed rhizome

Nitrogen treatments showed highly significant on time to 80% emergence (Table 24). It was observed that plant originated from N2 (120kg N ha─1) treatment emerged earlier in comparison with other doses. It took minimum days (26.0) and N0 (control) took maximum days (35.0) to complete 80% emergence. It might be due to optimum nitrogen dose accelerated the hormonal activity of rhizomes which enhance the rapid emergence of seed rhizomes. These results are in support of the observation of Zaman (2001) and Meerabia et al. (2000).

Potassium treatment effect was highly significant on time to 80% emergence (Table 25). It was found that K2 (120kg K ha─1) treatment emerged earlier and took in comparison with other doses.  The minimum days (27.0) required for K2 treatment and N0 treatment (control) took maximum days (31.0) to complete 80% emergence. It might be due to optimum potassium dose accelerated the hormonal activity of rhizomes which enhance the rapid emergence of seed rhizomes. Similar finding also reported those of Zaman (2001) and Meerabia et al. (2000).

The combined effect of N and K was highly significant on time to 80% emergence of rhizomes (Table 26). The minimum days (24.0) required from N2K2 (N120kg K120kgha─1) treatment combination while the maximum days (37.0) N0K0 (control treatment combination) to complete 80% emergence. Similar finding also found by Zaman (2001).
4. 7. 2.2 Plant height

Different nitrogen levels significant influenced the growth of plant in terms of plant height at 50, 65, 80, 95, 110, 125, 140, and 155 DAP (Appendix IX). There was a trend in increase in plant height with the difference N levels up to 125 DAP. It was gradually decreased after wards due to senescence of older leaves. At 125 DAP, the tallest plant (56.18cm) was recorded from N2 (120kg N ha─1) treatment and the shortest plant (43.24cm) was in N0 (control) treatment (Fig. 50). 
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Fig.50. Main effects of nitrogen on the plant height of ginger. Vertical bars represent LSD at 5% level of probability (Expt.7, 2009-10)
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It might be due to maximum cell division and cell elongation at optimum doses of nitrogen. Similar result also found by Islam (2008), Zaman et al. (2004) and Zaman (2001). This finding agrees with the finding of Brahma (2004), Alam (2003) and Haque et al. (2007) they found that increasing trend of plant height with increased dose of nitrogen. Similar trend also found by Yousuf and Chowdhury (2010) and Yamgra et al. (2001).
Different potassium dose also had significant influenced on plant height (Appendix IX). Plant height was recorded at an interval of 15 days viz., 50, 65, 80, 95, 110, 125, 140, and 155 DAP. There was trend to increased in plant height with the increasing K levels up to 125 DAP. It was gradually decreased after wards due to senescence of older leaves. At 125 DAP, the tallest plant (54.06cm) was observed from K2 (120kg K ha─1) treatment and the shortest plant (47.07cm) was K0 (control) treatment (Fig. 51).
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Fig.51. Main effects of potassium on the plant height of ginger. Vertical bars represent LSD at 5% level of probability (Expt.7, 2009-10)


It might be due to optimum potassium dose enhanced the maximum vegetative growth. Similar finding were also reported by Patra (1998), Zaman (2001) and Zaman et al. (2004). Bahadur et al. (2000) and Islam (2008) found that the 120kg potassium gave the highest plant height of turmeric. This finding agrees with the finding of Alam (2003), Brahma (2004) and Haque et al. (2007) they found that increasing trend of plant height with increased dose of potassium. Similar trend also found by Yamgra et al. (2001).

Plant height was found to be statistically significant due to combined effect of different nitrogen and potassium doses (Appendix IX). The tallest plant (63.64cm) was recorded from the treatment combination of N2K2 (120kg N and 120kg K ha─1) and the shortest plant (41.13cm) from the N0K0 treatment combination (control) at 125 DAP (Table 26). However, plant height increased with the increased in DAP and after reaching peak, the decline was noticed due to senescence of older lives. There was no further production of taller leaf because of accumulation of photosynthates occurred in the underground parts. So the plant height decreased with the passing of time. Similar finding were also reported by Zaman (2001) Brahma (2004) and Zaman et al. (2004). Verma et al. (1996) found that when increasing levels of nitrogen and potassium then positive effect of plant height. They got N80 K120 kg per hectare gave the highest plant height. Similar trend also found by Yamgra et al. (2001) and Islam (2008).
4. 7. 2.3 Number of leaves per plant

The number of leaves per plant was counted at different growth stage at an interval of 15 days at 50, 65, 80, 95, 110, 125, 140, and 155 DAP.  The variation in the number of leaves per plant due to different levels of nitrogen was found to be significant (Appendix IX). The highest number of leaves (95.78) was recorded from the N2 treatment (120kg N ha─1) and the lowest (27.96) was in the N0 (control) treatment at 125 DAP (Fig. 52). It might be due to optimum nitrogen dose enhanced the maximum number of leaves. The decline in the number of leaves per plant was due to senescence of older leaves after reaching a peak. Pal et al. (1993) Zaman (2001) Islam (2008) and Zaman et al. (2004) observed the same results in terms of number of leaves. Similar trend also reported by Yamgra et al. (2001) Brahma (2004) Haque et al. (2007) and Alam (2003). This finding agrees with the finding of Bahadur et al. (2000) who found 120kg N ha─1 produced maximum number of leaves per plant of turmeric.
In case of different potassium dose significant influence on the number of leaves per plant (Appendix IX). Number of leaves per plant was recorded at an interval on 15 days at 50, 65, 80, 95, 110, 125, 140, and 155 DAP. The maximum number (102.38) of leaves was recorded from the K2 treatment (120kg K ha─1) while the minimum (42.69) was K0 treatment (control) at 125 DAP (Fig. 53). The decline in the number of leaves per plant was due to senescence of older leaves after reaching a peak. Possible due to available potassium nutrient helped to produce maximum number of leaves. Pal et al. (1993), Verma et al. (1996) and Islam (2008) observed the same results in terms of number of leaves per plant. Similar finding were also reported by Bahadur et al. (2000), Zaman (2001) and Zaman et al. (2004). Similar trend also found by Alam (2003), Brahma (2004) and Haque et al. (2007).
The combined effect of different nitrogen and potassium doses were statistically significant in respect of number of leaves per plant (Appendix IX).  At 125 DAP the highest number of leaves (128.50) was observed in the treatment combination of N2K2 (120kg N and 120kg K ha─1) while the lowest number (21.83) was obtained from N0K0 treatment combination (control) (Table 26).. This finding agrees with the finding of Zaman (2001) and Zaman et al. (2004) they found 120kg N and 120kg K ha─1 produced maximum number of leaves per plant. Similar trend also found by Yamgra et al. (2001) and Islam (2008).

Fig.52. Main effects of nitrogen on the number of leaves per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt.7, 2009-10)



Fig.53. Main effects of potassium on the number of leaves per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt.7, 2009-10)


4. 7. 2.4 Number of tillers per plant

Different nitrogen doses had significant effect on number of tillers per plant (Appendix IX). Number of tillers per plant was counted at different growth stage at an interval of 15 days at 50, 65, 80, 95, 110, 125, 140, and 155 DAP. The highest number of tillers per plant (12.28) was obtained from the N2 (120kg N ha─1) treatment and the lowest number (5.51) was obtained from the N0 treatment (control) (Fig. 54). After 125 DAP no. of tillers decreased due to senescence of older tillers. Possible due to optimum nitrogen dose enhanced the maximum number of tillers. Similar finding also reported by Islam (2008) Zaman (2001) and Zaman et al. (2004) they found that the 120kg N ha─1 produced maximum number of tillers per plant. Similar trend also reported by Alam (2003), Brahma (2004) and Haque et al. (2007).

Fig.54. Main effects of nitrogen on the number of tillers per plant of ginger.  Vertical bars represent LSD at 5% level of probability (Expt. 7, 2009-10)


Number of tillers per plant was greatly influenced by different potassium doses (Appendix IX). Number of tillers was recorded at an interval of 15 days at 50, 65, 80, 95, 110, 125, 140 and 155 DAP. The highest number of tillers per plant (11.95) was obtained from the K2 treatment (120kg K ha─1) and the lowest number (7.98) was obtained from the K0 treatment (control) (Fig. 55). After 125 DAP no. of tillers decreased due to senescence of older tillers. It might be due to optimum potassium dose enhanced the production maximum number of tillers per plant. This finding agrees with the finding of Zaman (2001), Alam (2003) and Zaman et al. (2004). Similar result also found by Bahadur et al. (2000) and Islam (2008) they found 120kg K ha─1 produced maximum number of tillers per plant of turmeric.


Fig.55. Main effects of potassium on the number of tillers per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 7, 2009-10)


Again, the treatment combinations of nitrogen and potassium doses significant influenced the number of tillers per plant (Appendix IX). The highest number of tillers per plant (14.0) was obtained from the N2K2 treatment combination (120kg N and 120kg K ha─1) while the lowest (3.83) was obtained from the N0K0 treatment combination (control) (Table 26). It might be due to balanced fertilizer that helped to luxuriant growth of tillers. This finding agrees with the finding of Zaman (2001), Zaman et al. (2004) and Islam (2008). Similar trend also found by Alam (2003), Brahma (2004) and Haque et al. (2007).
4. 7. 2.5 Weight of primary rhizomes per plant
The weight of primary rhizomes per plant at different levels of nitrogen exhibited significant variation. The highest weight of primary rhizomes (157.33g) was produced from the N2 treatment (120kg N ha─1) and the lowest (117.98g) was recorded from the N0 treatment (control) (Table 24). It might be due to optimum nitrogen dose showed vigorous plant growth and more accumulation of photosynthates which enhanced produced maximum weight of primary rhizomes. This finding agrees with the finding of Zaman (2001) and Zaman et al. (2004) they found that 120kg N ha─1 produced maximum weight of primary rhizomes.

In case of different potassium doses significantly influenced weight of primary rhizomes per plant. The highest weight of primary rhizome (191.08 g) was found from the K2 treatment (120kg K ha─1) while the lowest (112.87g) was recorded from K0 treatment (control) (Table 25). It might be due to the crops having optimum potassium dose that promoted the formation of starch and fiber. Similar finding also found by Bahadur et al. (2000), Zaman (2001) and Zaman et al. (2004). Other previous workers Alam (2003), Brahma (2004) and Haque et al. (2007) same trend was also found.

The combined effects of nitrogen and potassium significantly influenced weight of primary rhizomes per plant. The maximum weight (206.10g) were recorded from the N2K2 treatment combination (120kg N and 120kg K ha─1) while the lowest (86.80g) was recorded from the N0K0 treatment combination (control) (Table 26). It might be due to higher number of tillers and leaves produced higher accumulation of photosynthates that enhanced maximum weight of primary rhizomes per plant. Among the fertilizer treatments it was observed that certain level of fertilizer elements had significantly influenced growth and yield parameters of ginger beyond which is decreased and suggested that ginger dose not prefer too low and too high amount of N and K fertilizer. Similar results also found by Zaman (2001), Zaman et al. (2004) and Islam (2008)  they found 120kg N and 120kg K ha─1 produced maximum weight of primary rhizomes per plant at ginger and turmeric respectively.

4. 7. 2.6 Weight of secondary rhizomes per plant

The weight of secondary rhizomes per plant at different levels of nitrogen showed significant variation. The highest weight of secondary rhizomes (59.88g) was produced from the N2 treatment (120kg N ha─1) while the lowest (40.15g) was recorded from the N0 treatment (control) (Table 24). It might be due to same causes as mentioned above in case of the primary rhizomes production. This finding agrees with the finding of Zaman (2001), Zaman et al. (2004) and Islam (2008) they found that the120kg N ha─1 produced maximum weight of secondary rhizomes per plant.

In case of different potassium doses significant influenced weight of secondary rhizomes per plant. The highest weight of secondary rhizomes (62.70g) was found from the K2 treatment (120 kg K ha─1) and the lowest (43.23g) was recorded from K0 treatment (control) (Table 25). It might be due to same causes as mentioned above in case of the primary rhizomes production. This finding agrees with the finding of Bahadur et al. (2000), Zaman (2001), Alam (2003) and Zaman et al. (2004). Similar result also found by Islam (2008). Other previous workers Brahma (2004) and Haque et al. (2007) similar trend was also found.

The combined effects of nitrogen and potassium doses significantly influenced weight of secondary rhizomes per plant. The maximum weight (70.60g) was recorded from the N2K2 treatment combination (120kg N and 120kg K ha─1) while the lowest (31.0g) was recorded from the N0K0 treatment combination (control) (Table 26). It might be due to same causes as mention above in case of the primary rhizomes production. Similar result also found by Zaman (2001), Zaman et al. (2004) and Islam (2008) they found 120kg N and 120kg K ha─1 produced maximum weight of secondary rhizomes per plant.
4. 7. 2.7 Dry matter percentage

Dry matter percentage significantly varied among different levels of nitrogen. The highest dry matter percentage (25.07%) was obtained from the N2 treatment (120kg N ha─1) while the lowest (21.71%) was recorded from N0 treatment (control) (Table 24). It might be due to the resultant effect of maximum development of rhizome. Similar finding also found by Zaman (2001).  Aiyadurai (1966) and Alam (2003) who observed that optimum nitrogen dose improved dry matter content of rhizomes. Yamgar and Pawar (1991) noticed that   dry matter content of rhizome was the highest with the application of nitrogen at 120kg ha─1. 
In case of potassium doses significantly influenced dry matter percentage. The maximum dry matter percent (24.71%) was obtained from the K2 treatment (120kg K ha─1) and the lowest (22.87%) was recorded from K0 treatment (control) (Table 25). It might be due to that the optimum potassium dose promoted the starch, fiber and maximum development of rhizomes. This finding agrees with the finding of Zaman (2001). Alam (2003) was observed that potassium improved dry matter content of rhizomes.

Significant variation was noticed due to the combined effect of nitrogen and potassium doses, in respect of dry matter percentage. From the results, it was found that N2K2 treatment combination (120kg N and 120kg K ha─1) produced the highest dry matter percentage (25.80%) while the lowest (20.37%) from N0K0 treatment combination (control) (Table 26). It might be due to that the resultant effects on maximum development of rhizomes. Similar results also found by Yamgar and Pawar (1991), Zaman (2001) and Alam (2003) same trend were also reported.
4. 7. 2.8 Weight of old mother rhizomes
Different nitrogen levels showed significant influenced weight of old mother rhizomes. The maximum weight (2.48 t ha─1) was obtained from the N2 treatment (120kg N ha─1) while the lowest (1.81 t ha─1) was recorded from the N0 treatment (control) (Table 24). Similar finding also reported by Islam (2008). He found 120kg N ha─1 produced maximum weight of old mother rhizomes. 

In case of potassium doses a significant influence on the weight of old mother rhizome was observed. The maximum weight (2.35 t ha─1) was obtained from the K2 treatment (120kg K ha─1) while the lowest (1.95 t ha─1) was obtained from the K0 treatment (control) (Table 25). This finding agrees with the finding of Islam (2008). Who observed 120kg K ha─1 produced maximum weight of old mother rhizome.

Again, the treatment combination of nitrogen and potassium doses had significant influence on the weight of old mother rhizomes. The highest weight (2.68 t ha─1) was obtained from the N2K2 treatment combination (120kg N and 120kg K ha─1) while the lowest (1.8 t ha─1) was recorded from N0K0 treatment combination (control) (Table 26). Similar result also reported by Islam (2008).
4. 7. 2.9 Yield per plant

Different levels of nitrogen showed significant variation on the yield per plant. The highest yield per plant (170.70g) was obtained from the N2 treatment (120kg N ha─1) and the lowest (82.68g) was recorded from the N0 treatment (control) (Table 24). It might be due to optimum nitrogen dose encouraged higher nutrient uptake, vegetative growth, photosynthates and then translocation of photosynthetic of the primary rhizomes, secondary rhizomes and mother rhizomes which resulted in maximum yield per plant. Similar results were obtained by Zaman (2001), Zaman et al. (2004) and Islam (2008) they found 120kg N ha─1 produced maximum rhizome per plant. Similar trend also reported by Alam (2003), Brahma (2004) and Haque et al. (2007).
Similarly, potassium doses significant effect. The highest yield per plant (165.40g) was obtained from the K2 treatment (120kg K ha─1) while the lowest (105.38g) was obtained from the K0 treatment (control) (Table 25). Potassium is known to be essential for synthesis and translocation of carbohydrate, considered as the most important physiological activities of root crops (Brady, 1995). This finding agrees with the finding of Bahadur et al. (2000), Zaman (2001), Zaman et al. (2004), and Islam (2008) they found that 120kg K ha─1 produced maximum yield per plant. Similar trend were found by Alam (2003), Brahma (2004) and Haque et al. (2007).

In case of combined effect significant influenced on the yield per plant. The maximum yield (209.90g) was recorded from N2K2 treatment combination (120kg N and 120kg K ha─1) while the lowest yield  per plant (74.32g) was obtained from the N0K0 treatment combination (control) (Table 26). It might be due to mentioned yield contributing characters contributed higher assimilation of photosynthates at different growth stage. This finding agrees with the finding of Zaman (2001), Zaman et al. (2004) and Islam (2008) they found that 120kg N and 120kg K ha─1 produced maximum yield per plant. Similar trend also found Yamgar et al. (2001).
4. 7. 2.10 Yield per plot
Application of different nitrogen doses had significant influence on the yield per plot. The maximum yield per plot (10.92kg) was obtained from the N2 treatment (120kg N ha─1) while the lowest (5.29kg) was recorded from the N0 treatment (control) (Table 24). It might be due to the same causes as mentioned above in case of the yield per plant. Similar results were also obtained by Zaman (2001) and Islam (2008).This finding agrees with the finding of Haque et al. (2007).
Significant difference in respect of yield per plant was noticed due to the effect of potassium doses. The maximum yield per plot (10.58kg) was recorded from the K2 treatment (120kg K ha─1) and the minimum (6.75kg) was recorded from K0 treatment (control) (Table 25). It might be due to the same causes as mentioned above in case of the yield per plant. This finding agrees with the finding of Zaman (2001) and Islam (2008) they found that 120kg K ha─1 produced maximum yield per plot.
The combined effect of nitrogen and potassium doses significant influenced on the yield per plot. The highest yield per plot (13.43kg) was noticed in the N2K2 treatment   combination (120kg N and 120kg K ha─1). On the other hand the lowest yield (4.76kg) per plant was recorded from N0K0 treatment combination (control) (Table 26). It might be due to higher accumulation of photosynthates which enhanced maximum yield per plot. Similar finding also reported by Zaman (2001) and Islam (2008).

4. 7. 2.11 Yield per hectare
The highly significant variation on yield per hectare of ginger among the different levels of nitrogen was observed (Appendix IX). The highest yield (18.21 t ha─1) was recorded from the N2 treatment (120kg N ha─1) while the lowest (8.82 t ha─1) was recorded from N0 treatment (control) (Fig. 56). N3 treatment (160kg N ha─1) gave the (17.12 t ha─1). It might be due to over dose loosen the potentiality of the plant which resulted in decreased of yield. This finding agrees with the finding of Zaman (2001), Zaman et al. (2004) and Islam (2008). Similar finding also reported by Tayde and Desmukh (1986), Maity et al. (1988), Mohanthy et al. (1993), Pal et al. (1993), Sheshagiri and Uthaia (1994) and Patra (1998) they found that 120kg N ha─1 produced maximum yield. Similar trend also found by Venkatesha et al. (1998), Sing et al. (1998), Yamgar et al. (2001) and Dayanakatti and Sulikeri (2000). Gupta and Sengar (1998) and Meerabai  et al. (2000) reported that 120kg N ha─1 produced maximum 

Fig.56. Main effects of nitrogen on the yield of ginger. Vertical bars represent LSD at 5% level     of probability (Expt. 7, 2009-10)

yield. These results are in support of the finding of Premraj et al. (1980) and Mandal et al. (1982) who found the same observation, in case of Colocasia.

Different potassium levels significant influenced yield on ginger (Appendix IX). The maximum yield (17.65 t ha─1) was recorded from the K2 treatment (120kg K ha─1) while the lowest (11.24 t ha─1) was recorded from K0 treatment (control) (Fig. 57). It due to over dose loosen the potentiality of the plant which resulted in decreased on yield. This finding agrees with the finding of Pal et al. (1993), Sheshagiri and Uthaiah (1994), Verma et al. (1996), Bahadur et al. (2000), Zaman (2001), Alam (2003) Zaman et al. (2004) and Islam (2008) they found that 120kg K ha─1 gave the highest yield. Similar trend also found othe previous workers (Sen and Roychoudhury, 1988, Patra, 1998, Venkatesha et al. 1998, Sing et al. 1998, Gupta and Sengar 1998 and Yamgar et al. 2001).


Fig.57. Main effects of potassium on the yield of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 7, 2009-10)


The combined effect of nitrogen and potassium doses on rhizome yield per hectare was found highly significant (Appendix IX). The height yield (22.39 t ha─1) was recorded from the N2K2 treatment combination (120kg N and 120kg K ha─1) and the lowest yield (7.93 t ha─1) was obtained from N0K0 treatment combination (Control) (Fig.58). It might be due to morphological growth and yield contributing components that were also higher in the above mentioned combinations. As a result, 120kg N and 120kg K ha─1 gave the highest yield. This finding agrees with the finding of Zaman (2001), Zaman et al. (2004) and Islam (2008) they found that 120kg N and 120kg K ha─1  produced maximum yield of ginger and turmeric. Similar result also found by Mandal et al. (1982), Pal et al. (1993), Sheshagiri and Uthaiah (1994) and Meerabai et al. (2000).


Fig. 58. Combined effects of nitrogen and potassium on the yield of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 7, 2009-10)



4. 7. 3 Economic analyses
Total cost of production

An attempt was made to examine the cost and return in ginger production. The total cost of production was the highest (TK.430590 ha─1) in N3K3 treatment combination (160kg N and 160kg K ha─1) and the lowest cost of production (TK.412535 ha─1) was recorded from N0K0 treatment combination (control) (Table 27).

Gross return
The highest gross return (TK.1352050 ha─1) was recoded from the N2K2 treatment combination (120kg N and 120kg K ha─1) while the lowest gross return (TK.517150 ha─1) was obtained from the N0K0 (control) treatment combination (Table 27). The 
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highest gross return was obtained probably due to the N2K2 treatment combination produced maximum rhizomes yield.
Net return
The results presented in the (Table 27) showed that the net return was comparatively higher (TK.925974 ha─1) with the N2K2 treatment combination (120kg N and 120kg K ha─1) while the lowest net return (TK.104615 ha─1) was recorded from the N0K0 treatment combination (control). All treatment combinations gave positive net return.

Benefit-Cost ratio

Among the treatments it was found that the highest benefit-cost ratio of 3.17 was recorded from the N2K2 treatment combination (120kg N and 120kg K ha─1) followed by 3.03 N2K3 treatment combination (120kg N and 160kg K ha─1). The lowest benefit- cost ratio of 1.25 was recorded from N0K0 treatment combination (control). Considering the economic point of view, it cane be concluded that the field application of optimum doses of N120kg and K120kg fertilizer per hectare would be suitable for the production of ginger under Bogra, Bangladesh condition.
4.8 Expt. 8 Effect of different management practices on the control of rhizome rot    and yield of ginger (2009-10)
 4. 8. 1 Introduction

The study was undertaken to examine the effect of different management practices on the growth and yield of ginger. The experiment was laid out in the Randomized Complete Block Design (RCBD) with three replications. Six treatments were used viz., 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).The treatment was assigned randomly to the unit plot of each block. The size of a unit plot was 4.0 × 1.5m. Two adjacent unit plots and blocks were separated by 1.0 and 0.5m space, respectively.

4. 8. 2 Results and discussion
           The results of the experiment and analyses of the variance of different parameters are shown in the Table 28 (2009-10) and Appendix X (2009-10)
4. 8. 2.1 Emergence of seed rhizomes
The different treatments showed significant effect on the 80% emergence of seed rhizomes (Table 28). It was observed that plants produced from C4 treatment (neem cake) emerged earlier as compared to other treatments. It took minimum days (29.0) where the C6 (control) treatment took the maximum days (37.0) to complete 80% emergence. It might be due to the fact that the neem cake improved the organic matter status, water holding and cation exchange capacities of soil than other treatments which enhanced the rapid emergence of seed rhizomes.

4. 8. 2.2 Plant height

Plant height was significant influenced the growth of plant at 50, 65, 80, 95, 110, 125, 140, and 155 DAP (Appendix X). Plant height was recorded at an interval of 15 days. There was a trend of increased plant height up to 125 DAP. It gradually decreased after wards due to senescence of older leaves. The highest plant height (67.57cm) was recorded from the C4 treatment (neem cake) while the shortest plant (47.0cm) was in C6 treatment (control) at 125 DAP (Fig. 59). The probable causes of seed rhizomes emerged earlier and showed vigorous and rapid growth that enhanced the tallest plant. This finding agrees with the finding by Kamal (2009).


Fig.59. Main effects of control of rhizome rot on the plant height of ginger.  Vertical bars represent LSD at 5% level of probability (Expt. 8, 2009-10)


Table ex .8

4. 8. 2.3 Number of leaves per plant

The number of leaves per plant was counted at different growth stage at an interval of 15 days at 50, 65, 80, 95, 110, 125, 140, and 155 DAP.  The variation in the number of leaves per plant due to different management practices was found to be significant (Appendix X). The highest number of leaves (78.80) was recorded from the C4 (neem cake) treatment while the lowest (43.67) was in C6 (control) treatment at 125 DAP (Fig. 60). After 125 DAP no. of leaves decline due to senescence of older leaves. It might be due to application of neem cake increased nutrient availability and improved soil physical condition that enhanced the maximum number of leaves produced per plant (Plate 5). The decline in the number of leaves per plant was due to senescence of older leaves after reaching a peak.

Fig.60. Main effects of control of rhizome rot on the number of leaves per plant of ginger. Vertical bars represented LSD at 5% level of probability (Expt. 8, 2009-10)


4. 8. 2.4 Number of tillers per plant

Number of tillers per plant was counted at different growth stage at an interval of 15 days at 50, 65, 80, 95, 110, 125, 140, and 155 DAP. Different management practices had significant influenced on the number of tillers per plant at 125 DAP (Appendix X).The number of tillers per plant gradually increased with the passage of time up to 125 DAP and then declined mainly due to senescence of older leaves. The maximum number (12. 83) of tillers per plant was found from the C4 treatment (neem cake) while the lowest number (7.66) was found from the C6 treatment (control) (Fig. 61). The neem cake treatment produced more tiller per plant which might be due to the prevailing congenial atmosphere for vegetative growth.

Fig.61. Main effects of control of rhizome rot on the number of tillers per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 8, 2009-10)


4. 8. 2.5 Weight of primary rhizomes per plant

The weight of primary rhizomes per plant at different treatment exhibited significant variation. The highest weight of the primary rhizomes per plant (278.60g) was found from the C4 treatment (neem cake) while the lowest (199.80g) was obtained from the C6 treatment (control) (Table 28). It might be due to neem cake enhanced vigorous plant growth, more nutrient availability and more accumulation of photosynthates which promoted maximum weight of primary rhizomes per plant.
4. 8. 2.6 Weight of secondary rhizomes per plant
The weight of secondary rhizomes per plant was found to be significant influenced by the different treatments. The highest weight of the secondary rhizomes per plant (76.24g) was recorded from the C4 treatment (neem cake) while the lowest (45.60g) was recorded from the C6 treatment (control) (Table 28). It might be due to neem cake enhanced vigorous plant growth, more nutrient availability and more accumulation of photosynthetates which promoted maximum weight of secondary rhizomes per plant.

4. 8. 2.7 Dry matter percentage

Dry matter percentage showed insignificant variation among the treatments. The highest dry matter percentage (23.50) was obtained from the C4 treatment (neem cake) while the lowest (19.00) was recorded from the C6 treatment (control) (Table 28). It might be due to resultant effect of maximum development of rhizomes.

4. 8. 2.8 Weight of old mother rhizomes
The weight of old mother rhizomes was taken 80 days after planting and data were analyzed. Significant variation was found due to different treatments. The highest yield of old mother rhizome (2.86 t ha─1) was obtained from the C4 treatment (neem cake) while the lowest (1.96 t ha─1) was found from C6 (control) treatment (Table 28).
4.8. 2.9 Yield per plant
Among the treatments rhizome yield per plant showed significant variation. The highest yield per plant (169.0g) was obtained from the C4 treatment (neem cake) while the lowest (88.5g) was recorded from the C6 treatment (control) (Table 28). It might be due to C4 treatment produced more number of leaves and tillers per plant which resulted in the accumulation of more food materials resulting vigorous growth and yield of ginger. Rhizome rot disease incidents of ginger were restricted due to neem cake application. This finding agrees with the finding of Sadanandan and Hamza (1998) they found that neem cake produced maximum yield. Similar results also reported by Kamal (2009).
4.8 2.10 Yield per plot
Significant influenced in respect of yield per plot was noticed due to effect among the treatments. The maximum (10.81kg) yield per plot was obtained from C4 treatment (neem cake) and the minimum (5.66kg) was recorded from C6 (control) treatment (Table 28). It might be due to neem cake encouraged higher nutrient uptake, improved organic matter, higher vegetative growth and photosynthates which resulted in maximum yield per plot. Similar findings also reported by Kamal (2009) and Sadanandan and Hamza (1998).
4. 8. 2.11 Yield per hectare
Significant variation yield per hectare among the treatments (Appendix X). The highest yield (18.02 t ha─1) was recorded from the C4 treatment (neem cake) while the lowest (9.94 t ha─1) was recorded from the C6 (control) treatment (Fig. 62). It might be due to neem cake produced higher number of leaves, tillers per plant, higher nutrient uptake, improved organic matter, and higher photosynthesis which ultimately resulted in maximum  rhizomes yield. Similar findings also reported by Kamal (2009) and Sadanandan and Hamza (1998)

4.8.2.12 Rhizome damage percentage

The results indicated that significant effect on control of rhizome rot damage on ginger (Appendix X). Among the treatments, the lowest rhizome rot damage (1.78%) was found from the C4 treatment (neem cake) followed by C5 (mustard oil cake) treatment (1.99%) and C3 (burning of soil by saw dust) treatment (2.43%). Inversely, the highest incidence of rhizome rot was found in the C6 (control) treatment (7.41%) followed by C2 (burning of soil by rice straw) treatment (5.28%) and C1 (solarization of soil) 

Fig.62. Main effects of control of rhizome rot on the yield of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 8, 2009-10)


treatment (2.41%). The maximum yield (18.20 t ha─1) was obtained from the C4 treatment (neem cake) and the minimum was (9.44 t ha─1) from the C6 treatment (control) (Table 28). Neem cake treatment control of rhizome rot damage and adds some organic matter to the soil contributing to higher yield
4.8. 3 Economic analyses

Total cost of production

An attempt was made to examine the cost and return in ginger production. The total cost of production was highest (TK.496951 ha─1) in the C4 treatment (neem cake) while the lowest cost of production (TK.426451 ha─1) was recorded from the C6 (control) treatment (Table 29).
Gross return
The highest gross return (TK.1119800 ha─1) was obtained from the C4 treatment (neem cake) while the lowest gross return (TK.607400 ha─1) was obtained from the C6 treatment (control) (Table 29). The highest gross return was obtained due to C4 (neem cake) treatment produced maximum rhizomes yield.
Net return
The results presented in the (Table 29) show that the net return was comparatively higher (TK.622849 ha─1) with the C4 treatment (neem cake) and the lowest net return (TK.180949 ha─1) was recorded from the C6 (control). All treatment combinations gave positive net return.

Benefit-Cost ratio

Among the treatments it was found that the highest benefit-cost ratio of 2.25 was recorded from the C4 treatment (neem cake) followed by 2.17 from C5 treatment (mustard oil cake). The lowest benefit-cost ratio of 1.42 was recorded from the C6 treatment (control). Considering the economic point of view, it cane be concluded that the application of two ton neem cake per hectare (C4 treatment) would be suitable for the production of ginger under Bogra, Bangladesh condition.

Plate .5
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4.9 Expt. 9 Performance of the best result giving treatments from different      experiments on the growth and yield of ginger (2010-11)
4. 9. 1 Introduction
The results of the performance of the developed production technology package on ginger compared to SRC recommended production and the farmer’s practices are presented and discussed below. The experiment was laid out in the Randomized Complete Block Design (RCBD) with six replications. Three treatments were viz., T1 (developed technology package), T2 (SRC recommended practices) and T3 (farmer’s practices).The treatments were assigned randomly to the unit plots of each block. The size of a unit plot was 4.0 × 1.5m. Two adjacent unit plots and blocks were separated by 1.0 and 0.5m space, respectively.

4. 9. 2 Results and discussion
           The results of the experiment and analyses of the variance of different parameters are shown in theTable 30 (2010-11) and Appendix XI (2010-11).

             4. 9. 2.1 Emergence of seed rhizome

The levels of treatments, significant influenced on the 80% emergence from the seed rhizomes. It was observed that plant originated from the T1 treatment (developed technology package) seed rhizomes emerged earlier compared to the T2 treatment (SRC recommended practices) and T3 treatments (farmer’s practices). The T1 treatment took minimum days (25.0) and T3 (Farmer’s practices) treatment took maximum days (32.0) to complete 80% emergence (Table 30). It might be due to under T1 treatment mulching conserved soil moisture that enhance early emergence of rhizomes. 
4. 9. 2.2 Plant height

The plant height significant influenced the growth of plants at 50, 65, 80, 95, 110, 125, 140, and 155 DAP (Appendix XI). There was an increasing trend in plant height with different treatments up to 125 DAP and gradually decreased after wards due to senescence of older leaves. At 125 DAP, the tallest plant (75.20cm) was recorded from the T2 treatment (SRC recommended practices) while the shortest plant (53.0cm) was in the T3 treatment (farmer’s practices) (Fig. 63). It might be due to large seed rhizomes in the T2 treatment showed vigorous and rapid growth using the initial reserved food material and rapid growth using the initial reserved food material which resulted in the tallest plant.
Table Exe-9


Fig.63. Performance of the best result on the plant height of ginger. Vertical bars     represent LSD at 5% level of probability (Expt. 9, 10-11)

4. 9. 2.3 Number of leaves per plant

The number of leaves per plant was counted different growth stage at an interval of 15 days at 50, 65, 80, 95, 110, 125, 140, and 155 DAP.  The variation in the number of leaves per plant due to different treatments was found significant (Appendix XI). The highest number of leaves (102.0) was recorded in the T2 (SRC recommended practices) treatment and the lowest (75.10) was in the T3 treatment (farmer’s practices) at 125 DAP (Fig. 64) (Plate 6).  After 125 DAP no.of leaves decreased due to senescence of older leaves.
Fig.64. Performance of the best result on the number of leaves per plant of ginger.    Vertical bars represent LSD at 5% level of probability (Expt. 9, 10-11)

It might be that in the T2 treatment large seed rhizomes perhaps conserved more food materials and more photosynthates than that of T1 and T3 treatments, which promoted maximum number of leaves per plant.
4. 9. 2.4 Number of tillers per plant

The number of tillers per plant was counted at different growth stage at an interval of 15 days at 50, 65, 80, 95, 110, 125, 140, and 155 DAP. Among the treatments significant influenced was noted from the number of tillers per plant at 125 DAP (Appendix XI).The number of tillers per plant gradually increased up to 125 DAP and then declined was mainly due to senescence of older tillers. The maximum number of tillers per plant (15.40) was found in T2 treatment (SRC recommended practices) while the lowest (11.68) was recorded from the T3 (farmer’s practices) treatment (Fig. 65). Possibly due to in the T2 treatment large seed rhizomes perhaps conserved more food materials which might enhance to produce maximum number of tillers per plant.
Fig.65. Performance of the best result on the number of tillers per plant of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 9, 10-11)
4.9. 2.5 Weight of primary rhizomes per plant

The weight of the primary rhizomes per plant showed significant variation (Table 30). The highest weight of primary rhizomes per plant (255.30g) was recorded from T2 treatment (SRC recommended practices) while the lowest (92.50g) was recorded from the T3 treatment (farmer’s practices) at 125 DAP. It might be due to the fact that the primary rhizomes produced from the T2 treatment (SRC recommended practices) showed vigorous plant growth and accumulation of more photosynthates which promoted the maximum weight of primary rhizomes per plant.
4. 9. 2.6 Weight of secondary rhizomes per plant

The weight of secondary rhizomes per plant was found to be significantly influenced by different treatments (Table 30). The highest weight of secondary rhizome per plant (80.80g) was recorded from T2 treatment (SRC recommended practices) while the lowest (48.0g) was recorded from T3 treatment (farmer’s practices). It might be due to same causes as mentioned above in the case of primary rhizomes per plant.
4. 9. 2.7 Dry matter percentage
Dry matter percentage showed significant variation among the treatments (Table 30). The highest dry matter percentage (25.91%) was obtained from the T1 treatment (developed technology package) while the lowest (24.00%) was recorded from the T3 treatment (farmer’s practices). It might be due to T1 treatment (developed technology package) may be the resultant effect of longest crop period, and maximum growth and maximum development of the rhizomes.
4.9. 2.8 Weight of old mother rhizomes
The weight of old mother rhizomes was lifted 80 days after planting. Among the treatments a significant variation was found from the weight of old mother rhizomes (Table 30). The highest yield of old mother rhizomes (2.81 t ha─1) was obtained from T1 treatment (developed technology package) while the lowest (1.95 t ha─1) was found from the T3 treatment (farmer’s practices), possibly due to the T1 treatment occur closest spacing that increased total number of plants per unit area as result produced maximum weight of old mother rhizomes than others teratments.
4. 9. 2.9 Yield per plant
The rhizome yield per plant showed significant variation among the treatments (Table 30). The highest yield per plant (255.80g) was found in T2 treatment (SRC recommended practices) while the lowest (164.70g) was recorded from the T3 treatment (farmer’s practices). This effect of T2 treatment may be attributed to the use of large seed rhizome, more number of leaves and tillers per plant that initially resulted in the production of more photosynthates and accumulation of more food materials resulting maximum yield of ginger per plant. 
4.9 2.10 Yield per plot

Significant difference in respect of yield per plot was noticed due to the effect of treatments (Table 30). The maximum yield per plot (16.16kg) was obtained from the T1 treatment (developed technology package) while the minimum (9.88kg) was recorded from T3 treatment (farmer’s practices). Under T1 treatment (developed technology package) possibly closest spacing increased total number of plants per unit area. It might be due to vigorous vegetative growth, photosynthates and accumulation of more food material which resulted maximum yield of ginger per plot.
4. 9. 2.11 Yield per hectare
Significant variation was observed in yield per hectare of ginger among the treatments (Appendix XI). The highest yield (26.93 t ha─1) was recorded from the T1 treatment (developed technology package) while the lowest (16.47 t ha─1) was recorded from T3 

Fig.66. Performance of the best result on the yield of ginger. Vertical bars represent LSD at 5% level of probability (Expt. 9, 10-11)

treatment (farmer’s practices) (Fig. 66). It might be that under T1 treatment closer spacing (maximum plant population per unit area), neem cake, optimum fertilizer dose and more nutrient availability, resulted more photosynthates, vigorous plant growth, and accumulation of food material which jointly promoted for the maximum yield of ginger.

4. 9. 3 Economic analyses

 Total cost of production

An attempt was made to examine the cost and return in ginger production. The total cost of production was highest (TK.566939 ha─1) in the T1 treatment (developed technology package) and the lowest cost of production (TK. 361368 ha─1) was recorded from the T3 treatment (farmer’s practices) (Table 31).

Gross return
The highest gross return (TK.1613220 ha─1) was obtained from the T1 treatment (developed technology package) while the lowest gross return (TK.915150 ha─1) was obtained from the T3 treatment (farmer’s practices) (Table 31). The highest gross return was obtained due to T1 treatment (developed technology package) produced maximum rhizomes yield per hectare.
Net return

The results presented in the (Table 31) show that the net return was comparatively higher (TK.1046281 ha─1) in the T1 treatment (developed technology package) and the lowest net return (TK.553782 ha─1) was recorded from the T3 (farmer’s practices). All the treatment combinations gave positive net return.

Benefit-Cost ratio
Among the treatments it was found that the highest benefit-cost ratio of 2.85 was recorded from the T1 treatment (developed technology package) followed by 2.78 T2 treatment (SRC recommended practices). The lowest benefit-cost ratio of 2.53 was recorded from the T3 treatment (farmer’s practices). Considering the economic point of view, it can be concluded that the developed technology package was better for ginger cultivation under Bangladesh, Bogra condition than the SRC recommended practice and also from the farmer’s practice.

Plate.6
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     M1: Flat method                                    P1: 15th March                    P3: 15th April


     M2: Ridge method                                 P2: 1st April                        P4: 1st May


















































































































































   N0: nitrogen 0kg/ha, 	    N2: nitrogen 120kg/ha,


   N1: nitrogen 80kg/ha 	    N3: nitrogen 160kg/ha











C1: Solorization of soil,                          C3: Burning of soil by saw dust,           C5: Mustard oil cake,


C2: Burning of soil by rice straw,           C4: Neem cake,                                     C6: Control 
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        D1: Spacing (20×25cm)                                                D3: Spacing (40×25cm)


        D2: Spacing (30×25cm)                                                D4: Spacing (50×25cm)





 S1: 30g rhizome                                                S3: 40g rhizome


 S2: 35g rhizome                                                S4: 45g rhizome
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       S1: 40g seed rhizome                                                          D1: Spacing (40×25cm)


       S2: 45g seed rhizome                                                          D2: Spacing (50×25cm) 
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C1: Solorization of soil, 	            C3: Burning of soil by saw dust, 	 C5: Mustard oil cake, 


C2: Burning of soil by rice straw,       C4: Neem cake, 			 C6: Control





C1: Solorization of soil, 	          C3: Burning of soil by saw dust, 	    C5: Mustard oil cake, 


C2: Burning of soil by rice straw,     C4: Neem cake, 	                    C6: Control
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       K2: potassium 120kg/ha,           K3: potassium 160kg/ha
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NNFF            K0: potassium 0kg/ha,		 K2: potassium 120kg/ha


         K1: potassium 80kg/ha, ,	 K3: potassium 160kg/ha














  N0: nitrogen 0kg/ha,		 N2: nitrogen 120kg/ha


  N1: nitrogen 80kg/ha, 		 N3: nitrogen 160kg/ha


































































































































































































C1: Solorization of soil, 	          C3: Burning of soil by saw dust, 	  C5: Mustard oil cake, 


C2: Burning of soil by rice straw,     C4: Neem cake, 	                  C6: Control
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