CHAPTER II
REVIEW OF LITERATURE
2.1 Introduction
Ginger is an important spice crop in Bangladesh for its culinary and medicinal uses. The production of ginger is greatly influenced by agronomic techniques. Therefore, the present study was undertaken to develop suitable technology for the higher yield of ginger. The growth and development of rhizomes in ginger are influenced by seed (rhizome) size, spacing, optimum planting time, irrigation, mulching, planting method, optimum dose of nitrogenous and potassium fertilizers and control of rhizome rot. The review of literature includes reports on ginger and other related crops studied by several investigators pertinent to the problems which may help in the explanation and interpretation of results of the present study. 

2.2 Effect of seed (rhizome) size
In Bangladesh ginger yield gap is due to different management practices adopted by farmers. Rhizome size is an important factor for getting better vegetative growth as well as higher yield of ginger. Plant morphology and growth habit of a crop mostly depends on the planting material (Onwueme, 1978).

Wang Guangmei et al. (2003) studied the effect of different size of rhizomes (100, 75, 50 and 25g) on the yield of ginger. They observed that sprouting time of ginger was earlier with the increasing rhizome size. The plant of big seed-ginger grew vigorously at seedling stage. But too big or too small seed ginger was not beneficial for the growth and yield of ginger at vigorous growth stages. The treatment with seed-ginger size of 75g, reached the highest yield of 23.81 t ha ─1 while the yield of ginger with 100, 50 and 25g treatments were 21.66, 20.51 and 17.33 t ha ─1, respectively.

Hailemichael and Tesfaye (2008) conducted a field experiment to study the influence of seed rhizome size on the growth, yield and economic return of ginger. The experiment was carried out for three years (1995-1997) at Tepi Agricultural Research Sub-Centre using a local ginger cultivar. That consisted of four different weights and sizes of seed rhizomes: small (R-4g), medium (R-8g), large (R-16g) and very large (R-32g). The treatments were arranged in the Randomized Complete Block Design with four replications. An increase in seed rhizome size significantly increased the major growth and yield parameters. Seed rhizome size also significantly affected the dry rhizome yield in all the three years that the largest seed rhizome size (R-32g) had significantly higher rhizome yield than the other treatments in 1995 and 1996 and small and medium size treatments in 1997. The R-32g treatment increased rhizome yield by 124, 152 and 55%. Over the R-4g treatment in 1995 - 1996 low rainfall year) and 1997 (higher rainfall year), respectively suggesting the importance of using large seed rhizomes under relatively lower than higher rainfall conditions. The R-32g treatment gave a marginal rate of return of 235% with the highest residual moisture indicating that the use of 32g (>9.1 cm long) seed rhizome was economically profitable for ginger production in South Western Ethiopia.

Blay et al. (1998) studied the influence of set size and spacing on the yield of ginger. There were twelve treatments comprising of four seed sizes (1, 2, 5 and 10g) and three plant spacing (12 × 12cm, 15 × 15cm and 15 × 23cm). The highest yield of 29.69 t ha─1  was produced by from the largest set size (10g) planted at the closest spacing of 12 × 12cm and the lowest yield of 3.37 t ha─1  from the smallest set size and the widest spacing of 15 × 23cm.

Asish and Wamanan (1989) conducted an experiment with the cultivar Nadia to study the comparative efficiency of four sizes of seed rhizome (5, 15, 25 and 35g) used. They observed that the yield of fresh ginger increased with the higher weights of ginger rhizome. The highest yield 26.12 t ha─1 in the heaviest seed rhizome of 35g followed by the yield of 24.26 t ha ─1 in the 25g rhizome. The lowest yield of 4.18t ha​─1 in this respect was obtained from the 5g rhizome. Finally it was concluded that large seed rhizome was the best planting material for ginger.

Amzad et al. (2005) conducted an experiment in Okinawa, Japan to evaluate the effects of seed rhizome size on the growth and yield of turmeric. Daughter rhizomes of 5-50g (R-5g-50g) and mother rhizomes of 48-52g were tested. The heavier the rhizome up to 40g, the better was the plant growth and the plants from the rhizomes of 30, 40, 50g and mother rhizome grew similarly well. The seed rhizomes with a greater diameter had vigorous seedlings. The plants grown from the rhizomes of 30, 40 and 50g had similar plant height, tiller number and leaf number, which were significantly higher from the lighter seed rhizomes. The plants from 30, 40 and 50g rhizomes had significantly higher shoot biomass and higher yield than the smaller rhizome.

Monnaf (2006) conducted a field experiment to study the effects of planting method and rhizome size on the growth and yield of ginger at the Horticulture Farm, Bangladesh Agricultural University, Mymensingh. They used three planting methods, ridge method, furrow method and flat method with five rhizome sizes viz., 10-15g, 15-20g, 25-30g and 30-35g. The highest yield (19.64 t ha─1) was recorded from 30-35g of seed rhizomes and the lowest (11.30 t ha─1) was from 10-15g seed rhizome. Considering the combined effect, the maximum yield (22.78 t ha─1) was found from the treatment combination of ridge method with 30-35g seed rhizome; while the minimum yield (8.34 t ha─1) was obtained form the treatment combination of flat method with 10-15g seed rhizome.

Ahmad (1976) found that potato yield increased with increasing seed size from 5.0 kg plot─1 with 7.1g seed pieces to 7.4 plot─1 with 35.4 g pieces. Seed rate of 1.1 t ha─1 gave optimal economic return followed by 0.6 t ha─1. Ahmad et al. (1988) studied on the effect of seed size and plant spacing on ginger production at Hathazari, Chittagong. There were nine treatments comprising of three seed sizes (below 10, 11-20 and 21-30g) and three plant spacing (15, 20 and 25cm) in rows 45cm apart. They obtained higher yield from the larger seed size and the closet spacing 

Bourke and Perry (1976) investigated the influence of seed size on the growth and yield of taro. They used three seed sizes viz., large (>65), medium (51-60) and small (<45mm diameter) setts of cocoyam and found that corm and cormel yields and average corm yield were greater in the large and medium sized setts than in the small, and the corm yield ranged from 3.86 t ha─1 in small to 6.08 t ha─1 in large sized setts. It was concluded that large sett size was the best planting material. 

Korla et al. (1989) studied the effect of different sizes of rhizome (5-10g, 10-15g, 15-20g and 20-25g) of Zingiber officinale cv. Local Dharja for planting in a 3year trail with under Solan conditions. The growth with regard to plant height, number of tillers, number of leaves, leaf length, leaf breadth, rhizome length, rhizome breadth, yield plant─1 and yield plot─1  (41.2cm, 7.1, 68.6, 19.6cm, 2.7cm, 13.3cm, 4.7cm, 122.5g and 3000g, respectively) were observed. Differences in response between 10-15g and 15-20g were not significant in respect of number of tillers, leaf breadth, rhizome length, and breadth and yield plant─1 and yield plot─1.

Islam (2004) in several field trials conducted at the Spices Research Centre, Shibgonj, Bogra observed that rhizome size, mulching and planting method and their combined effects showed significant influence on the yield and yield components of ginger. He found that the large rhizome produced the highest yield (29.22 t ha─1) which was higher than the small rhizome (15.93 t ha─1). The most satisfactory yield (32.52 t ha─1) was found from the combined effect of ridge planting method, large rhizome and straw mulch. Lee (1974) found that portions of ginger with 2 or 3 constrictions along with their length produced almost as good growth as with 4 constrictions. Those with 2 constrictions resulted better growth than those from smaller ones. 
Rahman and Faruque (1974) conducted a comparative study on the yield of turmeric as affected by the number of eyes seed─1​, spacing and depth of planting. One, two and three eyes in each seed; 15, 20 and 25cm of a seed, spacing from plant to plant and 2.5, 5.0 and 7.5cm, depth of planting were the treatments under consideration. The effect of number of eyes was found to be significant over the results of the treatments of spacing and depth of planting. Among the treatment of number of eyes, the highest yield was obtained from the seeds containing two eyes and the lowest was from the seed containing only one eye. Randhawa et al. (1972) at Regional Fruit Research Station, Kandaghata, India stated that the large rhizomes of ginger (150g with 4-6 buds) gave higher yield than the smaller ones (60g with 2 buds).

Rasul et al. (1994) conducted an experiment on Mukhi Kachu cv. Bilashi grown from secondary corms or small or large cormels. Time to 50% emergence was about 6 days less for large cormels than the small cormels and the secondary corms. Large cormels gave higher yield than the small cormels or secondary corms (5.58 and 12.42 t ha─1) for primary corms and cormels, respectively. Asish and Wamanan (1989) noticed that the yields of fresh ginger (cv. Nadia) increased with rhizome size (5-35 g) from 4.17 to 26.12 t ha─1 in Gauhati, India.

Sengupta et al. (1986) in a 2years field trial with ginger cv. Gorubathan reported that the largest rhizomes (40g) gave the highest plant height, number of leaves clump─1 and rhizome yield. An increased 33, 51 and 81% yield were recorded by increasing the weights of rhizomes form 10 to 20, 30 and 40g, respectively, at planting. The average of 2 years yield (50.18 t ha─1) was the highest using the 40g rhizome. In a field trial with some agronomic practices: planting time, size of rhizome, mulching materials and various levels of NPK on the growth and yield of ginger were evaluated (Maity et al., 1988). They reported that the best weight for the planting material was 40gm. 

Timpo (1982) studied the effects of rhizome size on the yield of 2 local ginger cvs. (Pale Yellow and Red). The sizes of rhizomes were 5cm (20.1g), 7cm (30.2g) or 9cm (44.3g) in Ghana. He found that the rhizome size from 30.2g - 44.3g gave the yield of 36.1 to 41.6 t ha─1 in the cv. Pale yellow and from 26.7 to 32.6 t ha─1 in the cv. Red respectively. Islam and Ahmed (1986) conducted an experiment to study the effects of planting materials and spacing on the yield of ginger. There were three planting materials: 20, 25 and 30g with a constant row spacing of 40cm. They observed that large rhizome (30g) produced the highest yield followed by 25g planting material.

Nizam and Jayachandran (1997) conducted an experiment with three sizes of seed rhizomes (5, 10 and 15g) of four ginger cvs. Kuruppampady, Maran, Nedumangadu and Rio de Janeiro which were planted in the open, or as an intercrop in a 30year old coconut plantation at Kerala, India. The crop was harvested 8 months after planting. In open conditions, plants raised from 5g rhizomes had the highest cured fiber contents, but when grown as an intercrop raised from 15g rhizomes had the highest cured fiber contents. Chattopadhyay et al. (1990) carried out an experiment in West Bengal, India with 20, 30 or 40g turmeric rhizomes and finger was planted in April at the spacing of 20 × 30cm. They observed that in each case, an increase in the weight of the planting material resulted in increased yield with rhizomes giving higher yield than fingers. The highest total yield obtained with the heaviest fingers was 17.16 t ha─1 compared to 24.16 t ha─1 with the heaviest rhizomes.

An experiment was carried out at the Bangladesh Agricultural Research Institute, Joydebpur and Regional Agricultural Research Station, Hathazari with three ginger rhizome sizes: less than 10, 11-20 and 21-30g and three plant spacing 15, 20, 25 cm. They observed that the seed rhizomes of 21-30g and closer spacing (15cm) gave the highest yield (Anon., 1984). In Pakistan, Hussain and Said (1965) carried out an experiment with turmeric and found that the large rhizomes; 4cm long, gave better germination and higher yield than the primary mother tubers, whole or cut and smaller rhizomes.

Singh et al. (2004) conducted an experiment at Rajendra Agricultural University, Bihar, India to study the effects of rhizome size (50-60g), full mother rhizome; 30-40g, half mother rhizome; and 40-50g, small full mother rhizome, finger size (5-10 or 20-25g), and N rate (25, 35, 45, 65, 80, 90, 100 or 110kg ha─1) on the incidence of rhizome rot (caused by Phythium aphanidermatum) in ginger cv. Nadia during 2001-02. They observed that the greatest disease severity (5.0%) and the lowest yield (8.16 t ha─1) were recorded when finger (5-10g) were used as the planting stocks while the planting of full mother rhizomes (50-60g) resulted the lowest disease severity (3.0%) and highest yield (13.03 t ha─1).

Tayde and Deshmukh (1986) carried out an experiment turmeric at Punjabro Krishi Vidyapeeth, Akola, Maharashtra, India during 1981-82 with three rhizome sizes: mother rhizomes, secondary rhizomes and finger rhizomes and five N levels (0 to 200kg ha─1). They got the highest yield (30.67 t ha─1) from mother rhizome having 100kg N ha─1 followed by secondary rhizome with 150kg N ha─1, when produced the yield of 27.61 t ha─1. 
Philip (1983) conducted an experiment in India using the whole mother rhizome (15-44g), halves of mother rhizome (18-22g) and primary finger (9-20g) of Curcuma longa in tow year trials. He reported that the whole mother rhizomes gave the highest yield of cured produce (5517kg ha─1) and curcumin (362.5kg ha─1) during the cropping season of 1979-80. But halves of mother rhizome produced the highest yield of cured produce (5714kg ha─1) and curcumin (442.3 kg ha─1) in the next growing season of 1980-81. 

Patil and Borse (1980) carried out a 2year trial were using 11 types of turmeric planting materials at the Turmeric Research Station, Digraj, Maharashtra, India. Planting whole mother rhizome gave the highest average yield (46.93 t ha─1), followed closely by transplanting cut rhizome seedlings at 30 days of age (45.72 t ha─1). But the yields from other treatments were appreciably lower.

Yothasiri et al. (1997) noticed the effects of types and sizes of seed rhizomes on the growth and yield of turmeric studied at Kaohinason Research Station, Panomsarakam district, Thailand in 1994-95. Seed rhizomes giving the highest yield were the whole mother rhizomes (22.125 t ha─1) followed by the primary rhizomes with 5-6 internodes (17.75 t ha─1) and the half cut mother rhizomes (17.75t ha─1). Whole mother rhizomes produced the most rapid growth and development of plants. The primary, secondary and tertiary rhizomes with 3-4 internodes did not differ from one another in terms of growth and yield. 

Chandra et al. (1997) conducted an experiment in India to asses the effects of foliar spray of magnesium and two planting materials (mother and finger rhizomes) on the growth and yield of turmeric. They noticed that the number of tillers and leaves clump─1 and rhizome yield were significantly higher when the finger rhizomes were used as the planting material. Randhawa and Mishra (1974) conducted an experiment in Punjab, India with turmeric rhizomes (each weighing about 50-100g) within two consecutive years. They obtained the best growth and yield with large rhizome.

Ghosh et al. (2007) conducted a field experiment at the Horticultural Research Station, Mondouri, Bidhan Chandra Krishi Viswavidyalaya, India during 1998-2000 to standardize the spacing and seed rhizome size of turmeric (Curcuma longa L.) under intercropping system in coconut (Cocos nucifera L.) garden and to study the effects of inter crop on the main plot design with five spacing : 20 × 15cm, 20 × 20cm, 25 × 20cm, 25 × 25cm and 30 × 25cm at the main plot and two sizes of seed rhizomes: 20-25g and 30-35g at the sub-plots. The variety for turmeric and coconut was Suguna and East coast tall, respectively. The maximum weights and breadths of both primary and secondary finger were observed with the widest spacing (30 × 25cm) compared to the closer spacing (20 × 15cm). The numbers, weights and dimensions of both primary and secondary fingers were more with higher rhizome size (30-35g) compared to smaller one (20-25g). Both weight (531.20g) and length (18.07cm) of clump were maximum in the plant grown with the widest spacing (30 × 25cm). The combination of 20 × 20cm spacing with 30-35g seed rhizome had the highest yield (18.39 kg/3m2) compared to minimum yield (12.34 kg/3m2) from 30 × 25cm spacing with 20-25g seed rhizome size.

2.3 Effects of plant spacing

Plant spacing is one of the major factors influencing the growth and yield of ginger. A few research pertaining to the effects of spacing on the yield contributing characteristics and yield of ginger have so far been reported.

Randhawa et al. (1972) carried the effect of rhizome size and spacing at the  Regional Fruit Research Station, Kandaghata, India using two rhizome sizes: large (150g) and small (60g) and five spacing 20 × 20cm, 30 × 30cm, 20 × 50cm, 40 × 40cm and 40 × 50cm result showed  that large rhizome with closer spacing gave the highest yield. Bahadur et al. (2000) conducted an experiment at Hajee Mohammad Danesh Agricultural College Farm during 1998-1999. They evaluated three spacing (50 × 20cm, 50 × 30cm and 50 × 40cm) and five levels of potassium fertilizer (0, 40, 75, 120 and 150 kg ha─1). They observed that the closer spacing produced the highest yield (13.21 t ha─1) of turmeric than the other treatments.

An experiment was conducted at the Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur and Regional Agricultural Research Station, Hathazari with three ginger rhizome sizes: less than 10, 11-20 and 21-30g and three plant spacing: 15, 20, and 25cm with the row spacing of 40 × 25cm. They observed that the seed rhizome of 21-30g and closer spacing gave the highest yield (Anon., 1984). From a study conducted at the Potato Research Centre, Bangladesh Agricultural Research Institute(BARI), Gazipur during 1984-85, Mannan and Rashid (1986) reported that the closest spacing (60 × 30cm) gave the highest yield (17.26 t ha─1) in Mukhi Kachu, but the maximum net return was obtained from the small seed size (11.5g) planted at 75 × 45cm spacing.

Randhawa and Mishra (1974) conducted an experiment in a two year trail in India with turmeric rhizomes each weighing about 50-100g were set at 10 days interval from April 10 - June 30 at 5 different spacing between 22 × 22cm and 38 × 46cm. The best growth and yield was obtained with the large rhizome set planted earlier (up to May) at the spacing of 22 × 22cm.

Hashim (2006) carried out an experiment at the Horticulture Farm, Department of Horticulture, Bangladesh Agricultural University, Mymensingh during April, 2005 to study the growth and yield of ginger as influenced by drainage and plant spacing treatments. There were five drainage treatments: i) 30cm deep drain, ii) 45cm deep drain, iii) 60cm deep drain, iv) 75cm deep drain and v) Control (no drain) and three plant spacing: i) 15cm, ii) 20cm and iii) 25cm in rows 60cm apart. They obtained spacing of 15cm produced the highest yield of old mother rhizome (920kg ha─1) and yield of fresh rhizomes (12.92 t ha─1) whereas the lowest yield of fresh rhizomes (9.26 t ha─1) was found from 25cm spacing. The combined effect of drainage and spacing showed significant variation of rhizome yield ha─1. The highest yield of 18.75 t ha─1 was obtained from the combination of 60cm deep drain and 15cm plant spacing; and the lowest yield of 4.95 t ha─1 was obtained from the combination of no drainage and 25cm spacing. 

Ghosh (1996) conducted an experiment at the Horticulture Farm, BAU Mymensingh during the period from 15 May to 28 December, 1991 with a view to determining the effects of spacing and mulching on the growth and yield of ginger. Nine plant spacing: 40 × 15cm, 40 × 20cm, 40 × 25cm, 50 × 15cm, 50 × 20cm, 50 × 25cm, 60 × 15cm, 60 × 20cm and 60 × 25cm and two mulching treatments: rice straw and no mulch were used in the study. He found that there was a significant interaction between plant spacing and rice straw mulch on the different parameters under study. The highest yield of rhizome 5.14 t ha─1 was at the spacing of 40 × 20cm with rice straw mulch.

An experiment was conducted by Rahman and Faruque (1974) a comparative study on the yield of turmeric as affected by the combination of number of eyes of a seed, spacing and depth of planting. One, two and three eyes in each seed; 15, 20 and 25cm of spacing from plant to plant and 2.5, 5.0 and 7.5cm depth of planting were the treatments under consideration. The effects of number of eyes of a seed were significant over the results of the treatments of spacing and depth of planting. Among the treatments of number of eyes of a seed piece, the highest yield was obtained from the seeds containing two eyes and the lowest yield was given by the seed containing one eye.

A field experiment was conducted by Ghosh et al. (2007)  at the Horticultural Research Station, Mondouri, Bidhan Chandra Krishi Viswavidyalaya, India during 1998-2000, to evaluate the spacing and seed rhizome size of turmeric, five spacing: 20 × 15cm, 20 × 20cm, 25 × 20cm, 25 × 25cm and 30 × 25cm and two sizes of seed rhizomes: 20-25g and 30-35g. The maximum weights and breadths of both primary and secondary finger were observed with the widest spacing (30 × 25cm) compared to the closer spacing (20 × 15cm). Both weight (531.20g) and length (18.07cm) of clump were maximum in the plant grown with the widest spacing (30 × 25cm). The combination of 20 × 20cm spacing with 30-35g seed rhizome had the highest yield (18.39 kg/3m2) compared to minimum yield (12.34 kg/3m2) from 30 x 25cm spacing with 20-25g seed rhizome size.
Aiyadurai (1966) stated that generally closer spacing in ginger gave the highest yield. He used various spacing, where he got high yields from 15 × 15cm, 23 × 15cm and 23 × 23cm spacing. Purseglove (1972) reported that an appreciable yield of ginger was obtained with normal spacing of 23-30cm × 15-23cm and a depth of 5-10cm for planting of sets. Rikabder (1978) mentioned that row to row spacing of 45-60cm with the plant to plant spacing of 20cm was suitable for the growth and yield of ginger.

Islam and Ahmed (1986) conducted an experiment to study the effects of time of planting and spacing on the yield of ginger. There were three dates of planting: 8th April, 23rd April and 8th May and three plant spacing: 15, 20 and 25cm with the constant row spacing of 40cm. They observed that the late planting (8th May) with closer spacing (15cm) produced the highest yield followed by 23rd April planting with 20cm spacing while the lowest yield was obtained from the earlier planting (8th April) with the wider spacing of 25cm.

An experiment was conducted by Shhankaraiah and Reddy (1988) to study the effects of different manurial and spacing levels with local and high yielding turmeric varieties. In the 3year trials, plants of the turmeric cultivars Duggirala (high yielding) and Armoor (local) planted at 3 spacing received N : P2O5 : K2O @ 150 : 80 : 100 to 250 : 80 : 200 kg ha─1. They observed that Duggirala performed better than Armoor and of the three spacing, 30 × 15cm was found to be the best.

Islam et al. (1988) carried out an experiment on ginger with three spacing: 40 × 15cm, 40 × 20cm and 40 × 25cm. The crop was fertilized with cow dung, TSP, Urea, MP, gypsum and zinc oxide. They observed that the interactions of time of planting and spacing had highly significant effect on the days to 50% sprouting and maturity, plant height, number of stems per hill  and yield but not on diameter of the primary rhizomes. Both spacing and time of planting independently showed highly significant effects on the number of stems per hill, plant height and yield. The highest yield (22.11 t ha─1) was obtained when planting was done on the 1st week of May with spacing 40cm × 15cm which was followed by April 23 planting with the same spacing. 
Whiley (1990) used 11.2 and 17.0 and 22.4 cm intra-row spacing with a standard ginger seed piece of 42.5± 2g and 85.5 ± 2g. The larger seed piece increased both the knobs (12%) and the rhizome yield (26%) while the planting density increased the rhizome yield by 43%. Ahmed et al. (1988) reported that ginger rhizomes of 10, 11, 12 and 21-30g in weights were planted at 15, 20 or 25 cm spacing with 40cm apart in rows. The highest yield of 13.42 t ha─1 per was obtained with the largest rhizomes planted at the closest spacing. Okwuowulu (1992) carried out an experiment with varying minisett weight, intra-row spacing (10, 15 and 25cm) and weather conditions on the yield of ginger. The author observed that the yield of fresh ginger increased with increasing minisett weight and decreasing intra-row spacing.

Okwuowulu (1994) conducted an experiment with Nigerian ginger cultivar Yalsun-biri. He used different ginger sets (3, 5, 7 or 9g) and spacing (10, 15, or 20cm) and observed that the yield of ginger decreased with increasing within row spacing but the yield increased with the increasing set weight. Pandey (1999) stated that the rhizome yield increased as the N rate was increased and also was highest at the closest spacing used. Zaman et al. (2003) conducted an experiment at the Hill Agricultural Research Station, Khagrachari to find out the desired plant population and the appropriate depth of placement of rhizome into soil to get the maximum yield of ginger. The plant spacing of 40 × 20cm responded statistically significantly ensuring all yield attributing characteristics. They observed that the highest yield (30.81 t ha─1) was recoded by using the spacing 40 × 20cm. 

2.4 Effects of planting time

Suitable time of planting is an important issue for yield of ginger, and it may vary widely with different localities as well as agro-ecological zones. The environmental conditions are greatly affects different factors during growth and development of plants. In Bangladesh, during kharif season, early planting may face too dry conditions while late planting may lead to suffer from high rainfall. Therefore, optimum planting time is very important for growth and yield of ginger under Bangladesh conditions.

Sarma (1994) observed when sown early the crops (ginger and turmeric) becomes hardy and less vulnerable to diseases during critical period of infection (July-August). In Calicut, Kerala, planting during May or early June resulted in less disease incidence (Anon., 1984). Since the crop season varies at different places, the ideal time of planting also affect for higher yield of rhizomes (Sarma, 1994). 

Sengupta et al. (2007) conducted a field trial at the Horticultural Research Station, Bidhan Chadra Krishi Viswavidyalaya, Pedong, district Darjeeling, West-Bengal for two consecutive years to study the effects of planting time on the growth and yield of ginger. The cv. Gorubathan was planted in five different time starting from the 10th February to the 11th April at the interval of 15 days. The results revealed that planting of rhizomes in the second week of March had the highest plant height (79.33cm) with the maximum number of pseudo stems (4.46 clump─1) and leaves (66.13). The highest yield of rhizomes (56.15 t ha─1) was also recorded in the above date of planting. The early and the delayed plantings beyond the second week of March decreased the yield considerably. 

Nybe and Mini Raj (2005) reported that in Kerala, South India, the crop is grown mainly as a monsoon crop form April-May to December but as an irrigated crop in the North and Central India. As a rain-fed crop, the first week of April is the best time of planting to get a higher yield under those conditions, registering a 200 percent increase in yield compared to planting in the first week of June. A field trial was conducted by Maity et al. (1988) in West Bengal, India with some agronomic practices like planting time, size of rhizome, mulching materials and various levels of NPK on the growth and yield. They reported that the optimum planting time of ginger was 15 May with large rhizomes.

Sreekumar et al. (1981) conducted an experiment at Ambalavayal, India. They reported that the highest emergence percentage was with the planting dates of the end of January or mid February (average 80%). Average weight of rhizome plant─1 was highest with the mid February planting. The time of planting had little difference on the yield. 

Islam and Ahmed (1986) conducted an experiment at BARI, Joydebpur to study the effects of planting time and spacing on the yield of ginger. There were three dates of planting: April 8, April 23 and May 8 with the constant row to raw spacing of 40cm. They observed that late planting (8 May) with the large rhizome produced the highest yield followed by April 23 planting.

Okwuowulu et al. (1990) from the National Root Crops Research Institute, Nigeria reported that in a 2year trial in 1984 and 1987, ginger was planted in sandy loam soil at 4 dates (at 21 days interval beginning from on April 19 in 1984 and at 10 days interval beginning from May 10 in 1987). Shoots and stem-tubers (rhizomes) were harvested at 4, 5, 6, 7 or 8 months after planting. The highest yields of stem-tubers were obtained at 7 months after planting; whereas a yield of shoots was highest at 5 months after planting. The interaction of yield with time of planting and age at harvest was highly significant. The maximum stem-tuber yield (59 t ha─1) was obtained from mid-April planting in 1984. 

Aio et al. (1988) carriedout a field trial at the Medicinal Plant Cultivation Research Station, Japan where turmeric was planted on March 25, April 16 or May 15 at high (80 × 20cm), normal (80 × 30cm) or low (80 × 40cm) densities, and was given supplementary application of N and K, or 150kg N + 130kg P + 130kg K with 3 t poultry manure and 800 kg bone meal ha─1, or 125kg N + 150kg P + 170kg K with 20, 40 or 60 t farmyard manure ha─1. Rhizome yields increased slightly with the delay in planting. Total rhizome yield, yield of the main rhizome and the air dry yields of the main rhizome increased with increasing plant density. Total rhizome yield was highest with inorganic fertilizer and 40 or 60 t farmyard manure ha─1 while inorganic fertilizer with poultry manure gave almost the same yield. The refined oil yield 100g─1 of rhizome was the highest with the intermediate planting date, with the normal spacing and with inorganic fertilizer + 40 t farmyard manure.
Balashanmugam et al. (1989) conducted an experiment in which turmeric (Curcuma longa) rhizomes were planted on 7 dates between 1 May and 1 August. Data were tabulated on sprouting %, establishment %, plant height, number of leaves and tillers plant─1, number and weight of mother rhizomes plant─1, number and weight of finger rhizomes plant─1 and yield. The best sprouting (75%), establishment (87%) and yield (40 t ha─1) were obtained by planting the seed rhizome on 1 June.

In a 2year field trial, rhizome with 3-4 buds was planted at fortnightly intervals between 28th Febeuary and 29th May at the Government Valley Fruit Research Station, Jeolikote, India. Data were tabulated on plant height, number of leaves, and number of tillers, rhizome width, number of rhizome plant─1 and yield of fresh rhizomes. The highest values for all the indices studied were obtained from the planting on March 15 with 3-4 buds. The yields of the 2 years were 25.34and 22.63 t ha─1  and 10.16 t ha─1  with planting March 15 and planting on May 29 gave the lowest yields (9.09 t ha─1  and 10.16 t ha─1) ranging (Phogat and Pandey, 1988).

From a field trial with 12 collections of Zingiber mioga in 1985-86, small variations in plant height, leaf dimensions and number of leaves stem─1 were observed in Korea Ahn et al. (1989). Flower head length ranged from 6.2 - 7cm, diameter from 1.6 to 1.8cm, and weights from 6.2 - 6.7g head─1, while yields ranged from 3.16 - 3.98 t/ha with a delay in planting from December 5 - March 17;  growth and leaf and flower dimensions decreased and flower yields decreased from 2.15 - 0.88 t ha─1  (when rhizome of 5, 10, 14 or 20cm long were planted, the shoot and rhizome fresh and dry weight increased with increasing rhizome size) with a delay in harvesting from June 11 - October 15, plant height, leaf number and leaf area increased; stem diameter increased markedly between June 11 an August 13 but only slowly between August 13 and October 15.

Mohanty et al. (1990) reported that in Orissa, 6,810 ha area under ginger (Zingiber officinale) cultivation with an annual rhizome production of 98,200 ton. The following aspects of cultivation: time of planting, soil preparation, planting methods, cultivars, planting stock, manuring, mulching, rotations, intercropping, harvesting, yield, seed rhizome production and storage are briefly considered. (In trials on the effects of planting date on yield, planting on April 1 gave 29.67 t ha─1; that declined to 4.2 t ha─1 with planting on July 1) of the 7 cultivars tested, Suprabha and S - 646 gave the highest yield (>28 t/ha) and Rio-de-Janeiro the lowest yield (10.62 t ha─1) of the various mulching treatments tested, a leaf mulch gave the highest yield of 34.8 t ha─1 compared to 11.97 t ha─1 in the unmulched control.

Mishra et al. (1997) had in a field experiment in 1992-94 in Orissa, where 8 turmeric cultivars were planted during the 3rd week of May or 1st or 3rd week of June. From that study they reported that delay in planting decreased rhizome yield.

Hu-Min Fu et al. (1996) carried out a field trial at Taiwan during 1993-94 rhizomes were planted at 30 day intervals from March 15 to June 15, at 3 densities (40000, 53000 and 83000 plants ha─1. Planting date had a greater effect than planting density on plant growth. Plant height, leaf length, leaf width, leaf number, branch number, total number of finger sets plant─1, rhizome dry matter weight and curcumin content of turmeric were best planting dated from March 15 to May 16, compared with planting on June 15.

Barholia et al. (1992) carried out an experiment in India with daughter rhizomes and mother rhizomes of a local cultivar of turmeric, which were and planted on April 16, May 16 or June 16, 1983. They observed that incase of mother rhizomes, the highest plant height (100cm), number of tillers (2.62 plant─1) and number of leaves (13.12 plant─1) were obtained with planting May 16. For the daughter rhizomes, plant height increased and numbers of tillers and leaves plant─1 decreased with late planting date. The highest fresh yields of rhizome were obtained with planting on May 16 having 15.16 and 20.40 t ha─1 for daughter and mother rhizomes, respectively.

In a two year trial in India, turmeric rhizomes, each weighing 50-100g were set at 10 days interval from April 10 to June 30 at 5 different spacing between 22 × 22cm and 38 × 46cm by Randhawa and Mishra (1974). The best growth and yield were obtained with large rhizome set early (up to May) at the spacing of 22 × 22cm. Jha et al. (1986) observed the influences of planting time on the yield of ginger in Biha, India. In a 3year trials with the cv. Jorhat, they planted 3 budded rhizomes at 30 × 30cm on 5 dates between May 23 and July 23. They mulched the plots with shishau or mango leaves or rice straw while the control plots were unmulched. They got the highest mean yield of fresh rhizome (16.07 t ha─1) form plots planted on the earliest planting and mulched with shishu leaves.

Earlier planting resulted in slower emergence and later planting resulted in faster emergence as reported by Rahman et al. (1993) in Mymensingh. They observed emergence in Mukhi Kachu for an extended period of 2 to 11 weeks. They also reported that cormels planted on March 2 required 29 days, whereas 22 and 12 days were required for April 1 and 1 May plantings respectively, to attain 80% emergence. But early planting produced higher cormel yield, and the highest yield (34.4 t ha─1) was obtained from March 2 planting. 
Prabhakar and Nair (1984) conducted an experiment at the Central Tuber Crops Research Institute, India to study the effect of time of planting on the growth and yield of taro cv. Thamarkannan under rain-fed condition. It was noticed that April to June was the ideal time for plating taro. The production of dry matter per plant was decreased with successive delay in planting time. Beyond June planting the yield was reduced. The reduction in total tuber yield from 19.37 to 2.48 t ha─1 was recorded when planting was delayed from April to November.

A field experiment was carried out at Mymensingh with planting on 15 and March 30 and 14 and April 29 in 1986 to observe the effects of date of planting and mulching on the growth and yield of Mukhi Kachu (Ahmed et al., 1988). Corml yields in unmulched plots were 49.9, 47.5, 36.6 and 35.5 t ha─1 from the 4 planting dates, respectively. 

2.5 Effects of irrigation

In Bangladesh ginger is cultivated generally in rain fed condition. As the irrigation facilities are inadequate and early monsoon rain is not certain, conservation of residual soil moisture by artificial means may be very useful for the plants in maximizing the growth and production of ginger. In most of the years farmers depend on the unpredicted rainfall, as a result, planting become late. Oppositely, in the early season soil remains dry. So, early stage irrigation is needed for ginger production. 

Pawar (1990) conducted an experiment to compare no mulch, polyethylene film mulch or sugarcane trash mulch (5 t ha─1) combined with different irrigation regimes (60, 80, 100 and 120mm CPE). The highest yields of green ginger were obtained with the mulches and irrigation at 60 or 80mm CPE. Over a 2-year period, the crop yield varied from 1.6 - 2.2 t ha─1 according to whether or not mulch had been used, and from 1.7-2.4 t ha─1, according to the irrigation regime.

Olanrewaju et al. (2009) conducted an experiment at Teaching and Research Farm, Federal University of Technology, Nigeria to find out the water use efficiency under drip irrigation system and its effects on the growth and yield of Cassava (Manihot esculenta Crants). A popular hybrid of cassava TMS 30572 was tried as a test crop. The experiment consistend of 4 treatments (i) Low water regime: 30% Available Water (AW) (ii) Medium water regime: 60% AW; (iii) Full regime: 100% (AW), and iv) Control: rainfed) with 4 replications and 2 varieties using a spacing of (1 × 0.8m) for mechanical harvesting. The results indicated that the highest moisture content was recorded at depth of 40cm during the late stage of tuber development and the highest biomass yield was recoded under full irrigation treatment than in other treatments. The yield of cassava 14.14, 20.23, 21.84 and control 8.45 t ha─1 respectively while the water use efficiency ranged from 19.18 to 23.63 t ha─1 mm. Irrigation through full treatment registered the higher mean tuber yield 21.87 t ha─1 while the least tuber yield was associated with control treatment. The height and stem diameter of cassava also responded higher under full treatment of available water.

Orson et al. (1962) stated the benefits of drainage and irrigation indicated that adequate irrigation improves well structure and increases and perpetuates the productivity of soils. Irrigation is also essential in reclamation of water logged saline and alkaline soils. Even if only those lands which have been considered, irrigation benefits agriculture in many ways. For example, adequate irrigation

i) facilitate early ploughing and planting

ii) lengthens the crop growing season

iii) provides more available soil moisture and plant food by increasing the depth of root zone soil

iv) helps in soil ventilation

v) decreases soil erosion and gulling by increasing water infiltration into soils

vi) favors growth of soil bacteria

vii) leaches excess salts from soil and 

viii) assures higher soil temperature 

Lambert (1983) illustrated the effects of irrigation on crop production and indicated that excess water may occur on the land surface or deeper down in the soil profile. The adverse effects of water on farming are described as impaired crop growth. Most crops respire by gaseous exchange in the root zone in the processes whereby roots absorb oxygen (O2) from the soil atmosphere and release carbon dioxide (CO2) back into it. Roots are also able to absorb O2 dissolved in the soil water but this capacity is very limited. 

2.6 Effects of mulching

Mulching is an important aspect of production system of different crops including ginger (Aiyaduria, 1966). Ginger is very much affected by weed growth except when mulched and adequate weed control measure is taken during the early stage of growth. Artificial mulches like rice straw, water hyacinth etc. can be used for conserving soil moisture, enhancing early rhizome emergence and controlling soil temperature. Application of mulch soon after planting is beneficial for the cultivation of ginger and other tuber crops (Lal and Hahn, 1973; Awal et at., 1978; Jha et al., 1986; Anon., 1985).

An experiment was conducted by Ghosh (1996) at the Horticulture Farm of Bangladesh Agricultural University, Mymensingh during May to December, 1991 with a view to determine the effect of spacing and mulching on the growth and yield of ginger. Nine plant spacing: 40 × 15cm, 40 × 20cm, 40 × 25cm, 50 ×15cm, 50 × 20cm, 50 × 25cm, 60 × 15cm, 60 × 20cm and 60 × 25cm With two mulch treatments: rice straw and no mulch were used in the study. He observed that mulching (straw mulch) had significant effects on most of the yield contributing components and yield of ginger. Application of straw mulch increased the yield of rhizome (17.66 t ha─1) than non-mulched plot (8.21 t ha─1).
 Zaman et al. (2002) conducted an experiment in the Hill Agriculture Research Station, BARI, Khagrachari, Bangladesh to find out the effects of three different tillage practices such as zero (dibbling), furrow and conventional (spading) and mulching (mulch, no mulch) on the growth and yield of ginger. Significantly higher yield (17.87 t ha─1) was obtained from the mulched plants than those of unmulched ones (11.85 t ha─1). In case of combined effects the most satisfactory yield (22.36 t ha─1) was found in the zero tillage with mulch while the lowest yield (9.41 t ha─1) was in conventional tillage with no mulch.

Islam (2004) conducted in a several field trials at the Spices Research Centre, Shibgonj, Bogra, Bangladesh and observed that rhizome size, mulching and planting method and their combined effects showed significant influences on the yield and yield components of ginger. He found that straw mulch produced the highest yield (26.73 t ha─1), which was higher than that of water hyacinth mulch (23.59). The most satisfactory yield (32.52 t ha─1) was found in the combination effect of ridge planting method, large rhizome and straw mulch.

Zaman et al. (2006) conducted an field experiment at Hill Agriculture Research Station, BARI, Khagrachai; to find out the most suitable planting material (mother, primary and secondary finger rhizomes) and mulch materials (rice straw and green leaves) for higher yield of turmeric. The highest yield was obtained from rice straw mulch (24.59 t ha─1) followed by green leaves mulch (21.77 t ha─1). In case of combined effect, the most satisfactory yield (29.22 t ha─1) was found from mother rhizomes with rice straw mulch while the lowest yield (16.82 t ha─1) was in the secondary rhizomes with no mulch. 

Sanyal and Dhar (2006) conducted an experiment was to evaluate the effects of mulching, nitrogen and potassium levels on the growth, yield and quality of turmeric. The factors considered for evaluation were mulching (dry leaves and no mulch), nitrogen levels (120, 150 and 180kg ha─1) and potassium levels (130, 160 and 190kg ha─1) with the constant phosphorus level of 60kg ha─1 as the basal dose. The results indicated that mulching had significant influence on growth and yield of turmeric. The highest yield and curcumin content were noted with the combination of mulching + nitrogen and potassium at 120 and 160kg ha,─1 respectively.
Ghosh et al. (2007) conducted an experiment at Bidhan Chandra Krishi Viswavidyalaya, West Bengal, India during 2001-2002 to determine the suitable mulch of ginger, grown as intercrop in a 20 years old coconut (cv. ECT) garden. The treatments comprising of 10 different mulches: banana leaf, coconut leaf, composted coir pith, deodar leaf, litchi leaf, mango leaf, paddy straw, teak leaf, water hyacinth and control (no mulching). Mulches significantly influenced different growth and yield parameters except clump length. The maximum plant height (116.12cm) was observed under paddy straw followed by water hyacinth (111.66cm). The plants raised with paddy straw mulch recorded maximum tiller number (17.66). Maximum leaf number clump─1 (272.4) with the maximum leaf length (23.23cm) and leaf breadth (2.68cm). It was observed that the highest clump weight (288.33g) with the maximum length (21.53cm) and breadth (13.60cm) were obtained from the plants under paddy straw mulch followed by composted coir pith (27.60 t ha─1) and water hyacinth (27.40 t ha─1) compared to the lowest yield (15.3 t ha─1) with control. Planting of ginger with paddy straw mulch as intercrop in coconut plantation was best for better growth and higher yield in the alluvial plains of West Bengal. 

Khan (2011) conducted an experiment was at the Spices Research Sub-Center, BARI, Lalmonirhat, Bangladesh during 2011-2012 to study the effects of organic mulching and their thickness on the growth and yield of turmeric with the four levels of organic mulch (rice straw, wheat straw, water hyacinth and saw dust) and thickness were (0, 5, 10, 15 and 20cm). He found that the highest yield was (31.35 t ha─1) from the rice straw mulch and the lowest yields i.e. 27.36 and 26.82 t ha─1 were from water hyacinth and   wheat straw mulch, respectively.

Mohanty et al. (1991) carried out a field experiments were on turmeric cv. Surama planted with the 30 × 20cm spacing during 1985-88. They used mulches of dry forest leaf litter, paddy straw, green sal (Shonea robusta) leaves, dry sal leaves, green eucalyptus leaves, green mango leaves or compost @ 12.5 t ha─1 that the time of planting followed by a further 5 t ha─1  at 45 and 90 days after planting. The highest yield i.e. (13.84 t ha─1 mean of 3 years) was obtained with the dry forest leaf litter followed by paddy straw. 

From a trial in 1995-96, Wang et al. (1998) observed that when ginger plots were shaded to reduce light by 0, 20, 60 or 80% or mulched with 200kg wheat straw 667─m2, stem height was greatest with 80% shade and leaf number was highest with 60% shade and straw mulch. Shading reduced yield from 2.58 t 667─m2 in the control to 1.24-1.83t. Oppositely mulching increased yields to 2.94 t 667─m2. 

Das (1999) conducted a field experiments in Orissa, India to determine the effects of mulching and yield of ginger. The mulching treatments included were green leaves of mahaneem (Melia azadirachta), karanj (Pongamia glabra), acaeia, eucalyptus and mango at 2.5 kg─m2 or paddy straw and paddy husk at 2 kg─m2. Significant positive response of mulching irrespective of the types of mulch materials was observed on the germination percentage, tiller numbers and the final rhizome yield over the non-mulched control. The highest emergence percentage and maximum tiller numbers clump─1 were observed with paddy straw mulch.

Gupta and Awasthi (1997) had a field trials at Indira Gandhi Agricultural University, Jagdalpur, India the in kharif seasons of 1994 and 1995 where ginger cv. Suprabha was grown with mulches of palas leaves (Butea monosperma), sal leaves (Shorea robusta), rice straw, dry grass, leaf mould or soil. The best treatment was palas leaf mulch which produced average fresh yield of 21.90 t ha─1 compared to 16.75 t ha─1 in the unmulched control.

Chandra et al. (2001) conducted a field experiment were at Barapania, Meghalaya, India to evaluate the response of ginger to the application of locally available organic mulches. They used five treatments: paddy straw mulch, schima wallichil dry leaf mulch, Eupatorium odoratum (Chromolaena odorata) green stem and leaf mulch, Pinus kesia dry leaf mulch and unmulched control in the study. Use of organic mulches enhanced the sprouting, reduced the dry matter accumulation by weed and improved the growth and yield of ginger significantly. Paddy straw and schima leave were superior as those mulches increased the yield by 43.6% and 39.7% over the control, respectively.

Aggarwal et al. (2002) conducted an experiment during 1999 at Solan Himachal Prodesh, India were ginger cv. Himgiri was sown on 15 April, 30 April and 15 May and mulching with farmyard manure (FYM), grass, black polyethylene and transparent polyethylene. Sowing of ginger either on 30 April or 15 May and mulching with FYM were optimum for vegetative growth and yield. Organic mulching was better than the synthetic mulches. The unmulched control of the synthetic mulches and black polyethylene gave better performance over the transparent polyethylene. They observed that based on the treatment interactions sowing on 30 April and mulching with FYM recorded the highest yield and benefit: cost ratio with high values for other triaits studied (sprouting percentage, number of tillers plant ─1, plant height, number of leaves plant─1, rhizome length, rhizome breadth, oleoresin percentage and curde fiber percentage). 

Mulching is one of the major factors influencing growth and yield of ginger. Aiyadurai (1966) stated that in Assam, mulching the crop twice or thrice with green leaves almost doubled the yield. Non-mulched crop gave a yield of 8.6 ha─1, while mulching gave 15.7 ha─1. Paulose (1973) in a study observed that the mulch helped to prevent drying of soil and weed growth, broke the force of the monsoon rains and provided organic matter, which affects the growth and yield of ginger. Rikabdar (1978) stated that mulching materials retained soil moisture, reduced weed growth and provided organic matter to the soil when decomposed. Thus ultimately affected on the growth and yield of ginger.

Maity et al. (1988) conducted an experiment to study the influence of some agronomic practices on the growth and yield of ginger in the plain of West Bengal in India. They used 3 materials for mulching: rice straw, wheat straw and ululgrass (Imperata cylindrica). They argued that among the three mulches the wheat straw was best for the growth and yield of ginger.

Mishra and Mishra (1982) studied the effects of mulching and weedicides on the growth and fresh rhizome yield of ginger. They stated that mulching with dried leaves or straw markedly suppressed the early weed growth and increased crop emergence, growth and yield. They also observed that the yield without mulch was reduced by 42.8%. Per-emergence application of 2.4. D @1 kg ha─1 or atrazine @ 1 kg ha─1 was as effectives at 4 hand weeding. Mulch with 2.4.D or atrazine gave the highest yield and net return.

Jha et al. (1986) observed the influence of mulches on the yield of ginger in Bihar. In a 3 year trail with the ginger cv.  Jorhat. They planted 3 budded rhizomes at 30 × 30cm on 5 dates between 23 May and 23 July. They mulched the plots with shishau (Dalbergia sissoo) or mango leaves or rice straw while the control plots were unmulched. They got the highest mean yield of fresh rhizomes (16.07 t ha─1) from plots planted on the earliest date and mulched with shishau leaves. They also got the best results when the plots were mulched with mango leaves. Roy and Wamanan (1988) studied the influences of mulch on the growth and yield of ginger. In field experiments they used 3 locally available mulching materials: green forest tree (unspecified) leaves, dry arecanut leaves and dry rice straw. The control was unmulched. They recorded the highest yield of fresh ginger (24.01 t ha─1) with green leaves mulch and the lowest yield (5.64 t ha─1) in the control plots. 

Mohanty (1977) made an investigation on the effects of different mulch materials on the performance of ginger in the hills of Pottangi. The mulched ginger plots with (a) banana leaves (b) grass or (c) soil. The best results with regard to sprouting, yield, suppression of weeds and prevention of soil erosion were obtained with banana leaves. He observed that ginger plot with banana leaves mulch gave the highest yield. Rhizome yields in (a), (b), (c) and the control were 31.08, 23.75, 17.75 and 17.95 t ha─1, respectively.

Lacadin (1979) conducted an experiment to study the effects of NPK fertilization, mulching and duration of shading on the growth and yield of ginger. Results of the study showed that mulched plants performed better both in growth and in yield than the unmulched plants.

Ullah (1984) studied ginger on hill top in three levels of mulches in three plant spacing under the shade of lady’s finger crop. He observed that the production of ginger was higher under the shade and mulched conditions than those of open and unmulched conditions. Singh and Randhawa (1988) observed the effects of intercropping and mulch on the yield and quality of turmeric. They stated that intercropping of turmeric with pigeon pea (Cajanus cajan), maize or green gram (Vigna radiata) reduced the availability of light and the rhizome yield and the application of straw mulch was more beneficial than intercropping.

Ginger plants were inter planted with beans in every row or with maize in every fourth row at the same time as the ginger was planted or mulch of dried grass was applied when the first ginger shoots appeared (Anon., 1979). Emergence of the ginger was retarted by 4-5 weeks by the beans and maize compared to the mulch and the latter greatly reduced weed infestation. The highest yield was obtained under the mulch compared to ginger inter planted with beans and maize, respectively.

Kumar et al. (1973) reported that mulching enhanced early sprouting, height of pseudostem, base girth and spread of the plant in Amorphophallus and had significant effects on the increase in yield and size of individual corm.  Awal et al. (1978) revealed that mulched plots gave higher yield in mukhi kachu than the corresponding unmulched plots. Mulching increased plant size and number of cormels. Mannan and Rashid (1986) reported that the use of stubble mulch increased the yield of pancha mukhi kachu. They indicated that mulching might have reduced the evaporation of soil moisture and helped in conserving the moisture received in the form of rains during the early stage of plant growth. 
Kumar and Sadanandan (1988) observed that mulching was beneficial to protect the surface soil from erosion, weed growth and loss of nutrients and moisture in taro. Mulching increased dry matter and protein content of cornels. Leaf mulch was found to produce maximum number of cormels per plant and bigger sized cormels.  
Abaquita (1992) studied the interaction effects of the three factors: shade, mulch and fertilizer on ginger. He found that the highest significant yield of 17.20 t ha─1 was obtained from the treatment 200-50-50 kg NPK ha─1 + mulch followed by the treatment 150-50-50 kg NPK ha─1 + mulch with a mean yield of 16.20 t ha─1. The lowest rhizome yield was obtained from the treatment 0-0-0 kg NPK ha─1 + shade with a mean yield of only 5.52 t ha─1. 
2.7 Effect of planting method

Planting methods influence the growth and yield of ginger. In Bangladesh, there are three planting methods of ginger production: such as flat method, furrow method and ridge method. In the furrow method, underground rhizomes are damaged by rooting during the rainy season. In the flat method in the rainy season if water logging exists in the field, it causes lower yield.  But the ridge method can give significant higher yield than the other two methods.

Monnaf (2006) conducted a field trial to study the effects of planting method and rhizome size on the growth and yield of ginger. The experiment was set at the Horticulture Farm, BAU, Mymensingh in April 2005. There were three planting methods: ridge method, furrow method and flat method with five rhizome sizes: 10-15g, 15-20g, 20-25g, 25-30g and 30-35g. Planting methods, rhizome sizes and their combined effects showed significant influences on the yield and yield components of ginger. The highest yield (18.78 t ha─1) was recorded from the ridge method followed by 14.56 t ha─1 and 11.06 t ha─1 from the furrow and the flat methods, respectively. Considering the combined effect, the maximum yield (22.78 t ha─1) was found from the treatment combination of ridge method with 30-35g of rhizome while the minimum yield (8.34 t ha─1) was obtained form the treatment combination of flat method with 10-15g rhizome size.

Islam (2004) in a field trial conducted at the Spices Research Centre, Shibgonj, Bogra and observed that rhizome size, mulching and planting method and their combined effects had significant influences on the yield and yield components of ginger. He found that ridge method produced the highest yield (23.94 t ha─1) which was higher than that of the flat method (21.24 t ha─1). The most satisfactory yield (32.52 t ha─1) was found from the combined effect of ridge planting method, large rhizome size and straw mulch. Bhuyan and Chowdhury (1984) studied the effects of three methods of planting and three types of cutting on sweet potato growth and yield in sandy loam soil. Ridge planting gave better leaf and vine growth and higher tuber yield (27.7 t ha─1) than planting in flat, with (22.9 t ha─1) or with (21.6 t ha─1) earthing up.

During 2000 and 2001 at Ludhiana, Punjab, India, Gill et al. (2004) found that fresh rhizome yield was significantly higher in ridge method of planting than that of the flat method with significantly taller plants and more number and weight of primary and secondary rhizomes of turmeric. Kutesenko et al. (1979) observed the effects of planting methods on tuber yields of potatoes in the Ukrainian forest steppe. They found that the cultivation of potatoes on ridge compared with planting on flat, under irrigated and rainfed condition facilitated weed control and harvesting, decreased soil density and increased tuber yield.
Rogozin (1989) studies that the effect of distribution of potato seed tubers with various planting methods distance in both ridge and flat row planting method. Results showed that potato yield for ridge planting was more dependent on ever distribution of tubers than in a flat row planting method. Thomson and Kelly (1957) stated that ridging is necessary to drain out the excess water if there is possibility of heavy rains early in the season and at harvest time. Since the soil dries out rapidly with ridges, the level culture is commonly practiced in areas where soil moisture is a limiting factor.

Zaman et al. (2002) had a field experiment conducted in the Hill Agricultural Research Station, BARI, Khagrachari, Bangladesh to find out the effects of three different tillage practices: zero (dibbling), furrow and conventional (spading) and two mulching (mulch, no mulch) on the growth and yield of ginger. They found the highest yield (18.75 t ha─1) form the zero tillage which was significantly different form other tillage practices. Significantly higher yield (17.87 t ha─1) was obtained from the mulched plants than those of unmulched plants (11.85 t ha─1). In case of combined effects, the most satisfactory yield (22.36 t ha─1) was found in the zero tillage with mulch while the lowest yield (9.41 t ha─1) was in the conventional tillage with no mulch.

2.8 Effects of nitrogen and potassium

Fertilization has great effects on the growth and yield of ginger. Farmers do not have any recommended dose of fertilizers and they often use any chemical fertilizers in Spice crops. Chemical fertilizers; especially N and K are highly responsive to ginger production. Many research works have been carried out in relation to fertilizer application in different countries. But research on the effects of fertilizers, especially nitrogen and potassium on the growth and yield of ginger in Bangladesh is scanty.

Bahadur et al. (2000) performed an experiment during 1998-99 to study the effects of different spacing (50 × 20cm, 50 × 30cm and 50 × 40cm) and K20 rate (0, 40, 75, 120 and 150kg ha─1) on the growth, dry matter production and yield of turmeric (Curcuma longa L.). Close spacing produced the tallest plants (87.89cm), medium spacing produced the plants (87.89cm) with the highest finger breadth (6.95cm) and the primary fingers per plant (2.71) while wide spacing produced the highest number of tillers hill─1 (3.42), leaves plant─1 (8.56), total dry weight plant─1 (53.79g) and highest yield plant─1 (189.35g). But total yield tone hectare─1 was highest with the closer spacing. Almost all of the characteristics studied showed increasing trend with the increasing rate of potassium and the highest yield (15.4 t ha─1) was obtained with 120kg K2O ha─1.
Lee et al. (2003) carried out an experiment at Beerwah, Queensland, Australia to study ginger with five levels of nitrogen in the sub tropical environment. They reported that destructive harvest was taken on 10 accessions and measurements were taken for fresh and dry weights of rhizomes and shoots. Rhizomes were classified according to the order of branching, and the numbers of shoots arising from each branch order was determined. Leaf numbers were also recorded in two of the treatments. Nitrogen significantly increased the number of third order shoots and fourth order rhizome branches, and the total yields of shoots and rhizomes. A rate of application of 200-300 kg N ha─1 was required for maximum yield. Nitrogen use efficiency decreased with the increasing rate of nitrogen application. 

Haque et al. (2007)  had an field experiment on ginger at South-Eastern Hilly region at the Hill Tracts Agricultural Research Station, Ramgarh, Khagrachari during 2004-2005 and 2005-2006 to evaluate the response of ginger with different levels of nitrogen (0, 120, 150 and 180kg ha─1) and potassium (0, 100, 130 and 160kg  ha─1). It is revealed that the combined application of N and K was found more pronounced that those of the single effects of N and K. It is also noticed that the effect of nitrogen was more distinct than that of K. The combined effect of N and K significantly increased the yield and other yield contributing characters of ginger. It was also observed that N and K at highest rates (N180 K160 kg ha─1) significantly augmented the ginger yield and other yield parameters. However, the highest plant heights (63.7 and 64.3cm), maximum number of leaves (19.2 and 19.7 plant─1) and finger number (16.3 and 16.6% plant) were recorded at N180 K160 kg ha─1 and significantly different over N0K0. Similarly, other yield parameters like ginger weight and rhizome yield were also significantly influenced by the combined application of N and K up to N180 K160 kg ha─1. However, the highest yields (26.3 t ha─1 and 27.6 t ha─1) and the two years mean yield of 26.95 t ha─1 were recorded by said doses of N and K @ N180 K160 kg ha─1.

Attoe and Osodeke (2009) conducted a field experiments were in two locations; Ahamkpa (Basement complex) and Obubra (Shad) both in the Cross River State, Nigeria in 2006 and 2007 seasons to evaluate the effects of different levels of NPK fertilizer on the growth parameters and yield of ginger. The experiment was laid out in a split plot design with three replications. Eighteen different Nitrogen, Phosphorus and Potassium combinations were evaluated. The three major nutrients N, P and K were investigated at the rate of 0, ½, 1, 1½ and 2 times the recommended base rates of 200 kg N, 80kg P2O5 and 100 K2Okg─1. The plant parameters accessed included plant height, number of shoots, fresh weight of plants and fresh rhizome yield. The results showed that ginger performed better in Obubra in terms of growth parameters and rhizome yield. The average fresh rhizome yield of 8.10 tones hectare─1 was 21% higher than that at Akamkpa and that increase was significant (P≥ 0.05). The study also confirmed that the optimum NPK treatment combination of 200:80:100kg ha─1 gave the best rhizome yield during the study. 

Sen and Roychoudhury (1988) conducted a field trial at Kalyani, India to study the effects of application of 40, 80 and 120kg N and 40, 80 and 120kg K ha─1 on cormel yield of Colocasia. Maximum yield of cormel (17.87 t ha─1) were obtained when 120 kg N was applied. K at 80kg ha─1 had given significantly higher yields than 40kg ha─1 but no change was occurred at more K input. Significantly higher yields were obtained for 120kg N ha─1 at all K rates compared with lower N rates.

Zaman (2001) carried out a field trial at Horticulture Farm, BAU, Mymensingh during April to December, 2000 to find out the influences of planting material (whole mother rhizomes, half cut mother rhizomes, primary finger rhizomes and secondary finger rhizomes) and fertilizers (N-P2O5-K2O @ 90 N-30 P2O5-90 K2O kg ha─1., 120 N-60 P205-120 K2O kg ha─1 and 150N-90 P2O5-150 k2O kg ha─1) on the growth and yield of turmeric. He found that higher yield (80.97 t ha─1) was recorded from the fertilizer dose of (120kg N, 60kg P2O5 and 120kg K2O ha─1) and the lowest (36.34 t ha─1) from control. Yousuf and Chowdhury (2010) conducted a field experiment at the Spices Research Centre, Shibgonj, Bogra during 2009-2010 to study the effects of nitrogen (0, 50, 100 and 150 kg ha─1) phosphate (0, 20, 40 and 60 kg ha─1), potassium (0, 40, 80 and 120 kg ha─1) and sulphur (0, 15 and 30 kg ha─1) to maximize the productivity of ginger. They found that higher yield (18.90 t ha─1) was recorded from the fertilizer dose of N 150, P 60, K 80, and S 15 and the lowest (6.7 t ha─1) from the control treatment.

Xizhen et al. (1997) conducted a field experiment at Taiwan, China with different levels of N (3, 40 or 80), P (0, 7.5 or 15) and K (0, 40 or 80kg 667─m2) on photosynthesis and NPK absorption in ginger. They obtained that for the 40: 75: 40 N: P: K treatment, the leaves had the highest chlorophyll content, photosynthesis and transpiration and plants exhibited the highest absorption of NPK. Ancy et al. (1998) studied the effects of shade (0, 25, 50 or 75%) and fertilizer application (75, 100, 125 and 150% of the recommended rates of 75: 50: 50kg NPK ha─1 on ginger yield and nutrient uptake at Vellayani in Kerala, India. They observed that nutrient uptake increased as fertilizer rates were increased under all shade intensities but the response in terms of rhizome yield increase in fertilizer rate was highest under 25% shade followed by 50, 0 and 75% shade. The dry rhizome yield was highest (3415.25kg ha─1) under 25% shade with NPK at 150% of the recommended rate.

Gowda et al. (1999) investigated the effects of N (50, 100 or 150 kg ha─1), P (25, 50 or 75 kg ha─1) and or K (50, 75 or 100 kg ha─1) on growth and yield of ginger (cv. Rio de Janeiro) in India during 1992-93. N, P and K rates influenced yield, with yield and the increased with the increasing rates of NPK. Several experiments were conducted during 1999, 2000 and 2001, respectively in Yangji, Tanpeng and Farm, Anhui, China to determine the effect of K fertilizer on ginger Lujla et al., (2004). The treatments comprised of N @ 300, 375, and 450kg ha─1; P @ 90kg ha─1 and K fertilizer at 0, 150, 300, 375, 450 and 525kg ha─1. The highest plant height, stem circumference, number of branches and tuber weight were produced with 375kg N + 90kg P + 450kg K ha─1.

Samad (1953) reported no significant response to fertilizer application for ginger in Malabar region though there was an increase in yield with 60 kg N/ha. Significant increase in yield was observed by Loknath and Das (1964) with 60kg N, 40kg P2O5 and 60 K2O ha─1 under the agro-climate conditions of Orissa. Thomas (1965) obtained no significant response with four levels of N (0, 50, 100 and 150kg ha─1) and three levels of P2O5 (0, 45 and 90kg ha─1). 

A trial with N, P and K conducted at the Regional Research Station, Kandahat, Kerala for four years indicated that the combination of 100kg N, 50kg P2O5 and 50kg K2O ha─1 was best. Randhawa and Nandpuri (1969), Nair (1969) and Paulose (1970) recommended an application of 60kg N, 60kg P2O5 and 150kg K2O ha─1 was the best. Aiyadurai (1966) in his review of the Ginger Development Scheme, Himachal Pradesh, India indicated that fertilization with 50 to 100kg N ha─1 significantly increased the yield by 18 to 30 percent and improved the dry matter content of rhizomes. 

Muralidharan and Balakrishnam (1972) conducted an experiment at Ambalavayal, India with 17 turmeric cvs. for their fertilizer requirements. They noticed that the cv. Tekurpetta was the highest yielder. They also observed that yields were significantly increased by NPK applications but results were erratic and both the highest (100 kg N, 100 kg P2O5, 200 kg K2O ha─1) and the lowest rates (40:40:80) out yield the intermediate treatments. Aclan and Quisumbing (1976) observed that the rhizome yields were doubled by applying 30 kg N ha─1 and increased further 75 percent by 90 kg N ha─1. Lee et al. (2003) obtained 65 t ha─1 rhizome fresh weight after 251 days of sowing with nitrogen at 200-300 kg ha─1.

Mandal et al. (1982) carried out an experiment at Central Tuber Crops Research Institute, Trivandrum in 1971-72 with four levels of nitrogen (0, 40, 80 and 120kg N ha─1) and five levels of potash (0, 40, 80, 120 and 160kg K2O ha─1). They mentioned that cormel of Colocasia production was increased with the increasing levels of both nitrogen and potash up to 120kg ha─1. On the basis of the economics, the optimum levels of N and K were found to be 100kg N ha─1 and 144kg K2O ha─1.

Ashokan and Nair (1984) conducted field experiment at Vellanikkara, India for two seasons to study the response of taro (Colocasia esculenta L. Schott) to applied nitrogen and potassium. Application of N and K increased the cormel yield. They observed among the higher levels, effect of nitrogen alone was significant. The corm ratio was improved by N and K applications. The data were found to be in good fit to a quadratic response surface model and the economic optimum doses of N and K2O worked out form this model were 89 and 79kg ha─1, respectively. The height of the plants and number of leaves produced per plant were not significantly influenced by higher levels of nitrogen or potash. The number of suckers per plant was maximum and significantly superior (7.4) with 80kg ha─1 level of potash. Panigrahi and Patro (1985) obtained the highest yield of ginger (22.95 t ha─1) from cv. P.G.S 35, which received nitrogen and potassium @ 90kg ha─1, each under Orissa conditions. 

An experiment was carried out at Tuber Crops Research Center, Central Farm, Joydebur, Gazipur during the period from March, 1984 to January, 1985 to study the effect of N, P2O5 and K2O on the yield of Mukhi Kachu. In the first part, nitrogen was applied at the rate of 0, 50, 100, 200 and 250kg ha─1 keeping the dose of P2O5 (90kg ha─1) and K2O (150kg ha─1) constant. In the second part, the rates of K2O application were 0, 100, 150, 200 and 250kg ha─1 along with 150kg N and 90kg P2O5 ha─1. The third part involved four doses of P2O5, namely, 0, 60, 90 and 120kg ha─1 along with 150kg N ha─1 and 150kg K2O ha─1. The entire dose of P2O5 and 50% of K2O were applied at the time of final land preparation. Nitrogen was top-dressed after 20, 60 and 100 days of planting. The remaining 50% of K2O were given after 60 days of planting as top dressing along with nitrogen. The sources on N, P2O5 and K2O were Urea, TSP and MP respectively. From the first and second parts, the highest yield of 11.54 t ha─1  and 15.30 t ha─1  were obtained from the treatment of 250kg N and 150kg K2O ha─1, respectively (Anon., 1985).

Tayde and Deshmukh (1986) carried out an experiment in Maharashtra, India with five N levels ranging from 0 to 200kg ha─1. They reported that the highest yield of ginger (30.67 t ha─1) was obtained with mother rhizome given with 100kg N ha─1 but secondary rhizomes given with 150kg N ha─1 produced the yield of 27.61 t ha─1. Maity et al. (1988) conducted an experiment at Kalyani, West Bengal, India to study the influences of planting time, size of rhizome as planting material, mulching materials and various levels of N, P and K on the growth and yield of ginger. They reported that the optimum fertilizer rate was N @ 120, P2O5 @ 60 and K2O@ 90 kg ha─1. Mohankumar and Sadanandan (1990) studied with three levels of N, P, K and two time of application of N and K on taro  at Vellayani, Kerala, India. They found total uptake of nitrogen was increased significantly only up to 80 kg ha─1, but increasing levels of phosphorus and potassium application had significant effect on the uptake of these nutrients at all levels tried. 

Yamgar and Pawar (1991) conducted an experiment in Maharashta, India on turmeric with seven fertilizer treatments and applied with different sources and rates of NPK (Kg ha─1 N:P2O5:K2O) were as follows: 60:40:40, 45:30:30 and 120:60:60 (recommended dose) as conventional fertilizers 60:40:40 and 45:30:30 as suphate, and 60:40:40 and 45:30:30 as low chloride (17:17:17) complex fertilizer. The highest mean yield (24.03 t ha─1) was obtained with 120:60:60 kg NPK ha─1. Application of NPK as conventional fertilizer resulted in yields than the low chloride complex fertilizer or Suphate. In a field trial at Thiruvananthapura, India, Nair and Mohankumar (1991) observed that increasing levels of N (150kg ha─1) and K (150kg ha─1) tended to increase the dry matter content of 5.14 and 6.20g─m2 day─1 respectively in elephant foot yam.

Mohanthy et al. (1993) carried out an experiment in Orissa, India with three seed rates (1500, 1800 or 2100kg ha─1) and four levels of fertilizer (N75 P50 K50, N100 P60 K100, N125 P70 K150 and 0 (control) kg ha─1). They reported that the maximum yield (10.16 t ha─1) and maximum profit (Rs. 48500) were recorded in the treatment with the highest fertilizer application and seed rate of 1800kg ha─1.

Pal et al. (1993) conducted an experiment in Kalyani, India on fertilizer application to turmeric grown as an alley crop between Leucaena leucocepbala tress (spaced 1m apart in rows 4 apart) for two years. It was revealed that turmeric respond to N (both as urea and as urea with Leucocephala leaves). Average yield over the two years was highest (11.55 t ha─1) when 120kg N (half as urea and half as leaves) + 120kg K2O was applied and lowest (9.05 t ha─1) was in the unfertilized control plot.

Singh and Neopany (1993) carried out an experiment with some fertilizer combinations and spacing on the yield and quality traits of ginger. The results revealed that for obtaining high yield of ginger, 20 × 20cm spacing with fertilizer combination of 150N + 80P + 60K kg ha─1 might be used. Sheshagiri and Uthaiah (1994) investigated the yield of turmeric cv. co-1 in Karnataka, India in relation to different rates of NPK fertilizer. They reported that growth parameters and rhizome yield were significantly influenced by fertilizer application. The best growth and yield were observed at the NPK of 120:60:120kg ha─1.

Verma et al. (1996) carried out an experiment at Kumarganj, India with 16 treatments consisting of combinations of 0, 40, 80 and 120kg ha─1 of N and K, respectively and cormel yield and nutrient uptake were evaluated. No effect was recorded between nitrogen and potash levels and days required for emergence of 50% corm. Increasing levels of nitrogen had positive effective on plant height, suckers per plant and leaves per plant. Increasing N up to 80kg ha─1 significantly increased cormel yields. Increasing levels of K had similar effects. There was also a significant interaction effect between the two nutrients where 80kg N and 120kg K2O per ha gave the highest yield. On the basis of economics they reported that the application of nitrogen @ 80kg ha─1 in combination with potassium @ 120kg ha─1 significantly increased the cormel yield of Colocasia.

Behura and Swaim (1997) carried out a field with Dioscoria alata at Keonjhar, Orissa, India, with 0, 50, 100, 150kg N and 0, 60, 120, 180kg K2O ha─1. They mentioned that tuber yield was increased with up to 100kg N and 60kg K2O ha─1. Thakur and Sharma (1997) carried out an experiment at Dhaulakuan to study the effects of N and P fertilizer on ginger yield and nutrient uptake. N and P rates up to 100kg N and 60kg P2O5 ha─1 significantly increased rhizome yield. In general, N, P and K uptake by ginger increased with the increase in N and P rates up to 150 and 90kg ha─1, respectively.

Gowda and Melanta (1998) conducted a field experiment in Bangalore; Karnataka, India with N P the application of 150kg N, 75kg P2O5 and 50kg K2O ha─1 gave the highest yield. Parta (1998) conducted and experiment with turmeric cv. PTS 9 on a sandy loam soil at G. Udayagiri, India. It was planted in raised seedbeds before the onset of rainfall and supplied with different rates of N, P and K fertilizers. He reported that rhizome yield and plant growth increased consistently as the application rate of N, P and K were increased, but all treatments significantly increased yield and components compared to the control. The highest yields were recorded with N: P: K at 90:60:90, 120:60:90 and 90:30:60kg ha─1 (25.5, 25.0 and 24.5 t ha─1, respectively).

Venkatesha et al. (1998) had two experiments in the kharif (monsoon) seasons of 1991 and 1992 at Banglore, India. Two turmeric cultivars were given 5 rates of NPK fertilizer in addition to 25 t ha─1 FYM. N, P and K uptake were similar in the two cultivars in 1992 but N and P uptake were higher in cv. co-1 than in cv. Bangalore local in 1991. In 1991, N, P and K uptake were highest following application of 150kg N+ 125kg P + 250kg K ha─1 but in 1992 those were highest following the application of the highest NPK rate (200kg N + 178kg P + 300kg K ha─1).

Singh et al. (1998) carried out an experiment in Nagaland, India with three levels of potassium and nitrogen (0, 40, 80 and 120 kg ha─1). The results showed that application of 80kg of both potassium and nitrogen hectare─1 increased the productivity of turmeric. Gupta and Sengar (1998) conducted an experiment in Madhya Pradesh, India during 1992-95 to study the effects of varying rates of N, P and K on the growth and yield of turmeric. The treatment consisted of 4 rates of N (0, 40, 80 and 120kg ha─1) and 3 rates of K (0, 30 and 60kg K2O ha─1). They found that the highest fresh rhizome yield was (17.26 t ha─1) with the combination of 120kg N and 60 K2O ha─1. Kun-Xu et al. (1999) studied the effects of various N fertilizer rates on ginger growth and yield. They resulted N at 600kg ha─1 performed in the best growth and the highest yield.

Meerabai et al. (2000) conducted a two-year field study in Kerala, India on turmeric intercropped under partial shade of coconut trees. They noticed that turmeric responded to higher nitrogen (N) and potassium (K) fertilizer application rates than the recommended doses for open field conditions. Application of 120kg N and 120kg K2O ha─1 gave the maximum economic yield.

Bimla et al. (2000) investigated the application of nitrogen rates (20, 45, 60, 75, 100 and 125kg ha─1) on the rhizome rot of ginger caused by (Pythium aphanidermatum) in a field experiment in Bihar, India. The minimum disease incidence of 15.00% and maximum yield of 26.12 t ha─1 were recorded at 75kg N ha─1.

Dayanakatti and Sulikeri (2000) conducted a field experiment at Karnataka, India with three plant populations (148148, 111111 and 87719 plants ha─1) and four levels of nitrogen (50, 75, 100 and 125kg N ha─1) of ginger. Both plant populations and nitrogen levels had significant effects on fresh and cured rhizome yields with the highest values being produced under conditions of the highest population and the highest level of nitrogen (125kg ha─1).

Yamgar et al. (2001) conducted a field experiment in Maharashta, India, from 1988-1993, to determine the response of turmeric cv Krishna to NPK at 0:0:0:, 120:60:60, 160:80:80, 200:100:100 and 240:120:120kg ha─1 and different levels on N split application: 1 application at 6 weeks after planting (WAP): 2 splits at 6 and 12 WAP: 3 at 6, 12 and 18 WAP; 4at 6, 12, 18 and 24 WAP. They found that the maximum green rhizome yield (0.53g plant─1) with the combination of N: P: K at 200:100:100kg ha─1.

Study on the nutrient requirement of ginger in Wynad, Kerala showed the positive effect of higher dose on the yield. Among the 16 levels of N and K, 3 combinations: 150kg N, 50kg K; 150kg N, 100kg K and150 kg N, 150kg K ha─1 were found to be significantly superior with respect to yield. The vegetative height was found significantly influenced by nitrogen (Anon., 2001). 

Islam (2008) carried out an experiment at the Spices Research Centre, BARI, Shibgonj, Bogra during kharif season (April 2007 to January 2008) to study the effects of four levels of nitrogen (0, 80,120 and 160kg ha─1) on the growth and yield ginger. He found that N application significantly influenced the growth and yield parameters up to 120 kg ha─1.

Brahma (2004) had a field experiment at the Spices Research Centre, BARI, Shibgonj, Bogra during kharif season to study the effects of varying levels of nitrogen and potassium on the growth and yield of turmeric. The treatment consisted of four levels of nitrogen (0, 60,120 and 180kg ha─1) and potassium (0, 50, 100 and 150kg ha─1). He found that nitrogen showed significant positive influence on the growth and yield parameters up to 180kg ha─1. Application of potassium increased the rhizome yield significantly up to 120kg ha─1. The maximum yield was recorded with the interaction of 180kg N and 150kg K2O ha─1.

Zaman et al. (2004) conducted a field experiment in Hill Agricultural Research Station, Khagrachari to select the suitable mulch material and optimum fertilizer doses for turmeric production during March to December 2003. They obtained the highest yield (24.66 t ha─1) when green leaves were used as the mulch material and the maximum yield (26.32 t ha─1) was produced from the fertilizer dose of N-P2O5-K2O @ 120-90-120kg ha─1. The combined effect of green leaves with the fertilizer dose of N-P2O5-K2O @ 120-90-120kg ha─1 gave the highest yield (25.17 t ha─1).

Alam (2003) a   studied the effects of different harvesting time and levels of nitrogen and potassium on the growth and yield of ginger at the farm of the Spices Research Centre, BARI, Shibgonj, Bogra during April to December 2002. The experiment consisted of three harvesting time (October 12, November 12 and December 12), four levels of nitrogen viz. 0, 80, 120 and 160kg N ha─1 and four levels of potassium viz. 0, 60, 120 and 180kg K ha─1. He found the best economic return from the treatment combination of the second harvesting time (November 12) with 160kg N ha─1 and 120kg K ha─1 and higher benefit cost ratio.
2.9 Control of rhizome rot by different management practices

Rhizome rot of ginger, caused by several pathogens viz., Pythium aphaniderinatum, Pseudomonas solanacearum and Fusarium sp., is a very common and widespread disease in ginger of Bangladesh and different countries. The disease causes serious constraint and threat for ginger production in Bangladesh. The crop is affected in conducible soil for recurrent cultivation. The country depends on import of ginger and hence the trend of price is being increased at way. So, the study on controlling rhizome rot of ginger is an urgent demand. Single approch of control strategies is not enough to minimize the disease. Hence the study was undertaken to observe the effects of integration of control approaches against the disease as follows.

2.9.1 Solarization of soil 

Soil solarization is a process in which soil temperature is increased using solar radiation as an energy source. It was initially intended as a method for controlling soil pathogens (Katan et al., 1976). But research has shown that it has other effects on soil characteristics, which can influence the performance of crops nutrient concentration (Chen et al., 1991) and soluble organic matter contents (Chen et al., 2000). The physical, chemical and biological principles of soil solarization as well as its commercial implementation have been researched in many countries around the world. The effects of solarization have been investigated for many vegetable crops such as artichokes, bell pepper, cabbage, cucumber, eggplant, garlic, melon, onion, potato, strawberry, sweet-potato and tomato among others.

Soil solarization is accomplished by manipulating the energy balance of the soil. This balance depends on the direction and magnitude of the net heat exchange between the soil and the atmosphere. As soil is exposed to solar radiation, it accumulates heat throughout the day. Under normal circumstances this energy is eventually released by radiative and convective processes. Soil temperatures are maintained within a range determined by local conditions such as climate and soil characteristics. During solarization, soil is covered with mulch that reduces losses of heat without significantly interfering the absorption of solar energy resulting in increased soil temperatures.

a) Plastic mulches for soil solarization

Mulches used for solarization are films of plastic polymers, usually polyethylene (PE), polyvinyl chloride (PVC), or ethylene-vinyl acetate (EVA). PE films are most widely used. Among the desirable characteristics, which make PE films popular are tensile strength, resistance to tearing when exposed to strong winds and low cost (Brown et al., 1991a; Stevens et al., 1991). Plastic films can contain additives, which improve their properties for use in solarization. Additives include pigments, heat-retaining substances, wetting agents, ultraviolet stabilizers and photodegradable or biodegradable additives (Brown et al., 1991b; Stevens et al., 1991).

Abu-Gharbieh et al. (1991) reported that the use of black mulch improved plant growth and yield of several crops in a magnitude equivalent to that of transparent film. Since balck film had lower temperatures and was slightly inferior in reducing populations of soil-borne pathogens, mechanisms other than thermal death were suggested to explain the equivalent yield response. Chase et al (1999a) and Campiglia et al. (2000) observed that soil temperatures under transparent film were higher than under the black mulch while Ham et al. (1993) reported the opposite.

b) Effects on agro ecosystems
Solar radiation heats the soil in daily cycles, inducing temperature fluctuations within a range that decrease with depth. Peak high temperatures normally take place during the afternoon, occurring later as depth increases (Katan and DeVay, 1991). Soil mulching with plastic films increase soil temperature in a magnitude that depends on soil characteristics, mulch properties and environmental conditions (Gutkowski and Terranova, 1991; Mahrer, 1991).

The utilization of plastic mulches for soil solarization differs from their uses in traditional plasticulture where mulching is intended to warm the soil for early plant growth. In solarization, soil is mulched in an attempt to increase temperature to lethal or near-lethal levels during the hottest periods of the year (Katan and DeVay, 1991). Solarization is intended mainly as a means of controlling soil-borne pathogens. However, increases in both plant growth and yield unrelated to pest control have been documented for soil solarization (Chen et al., 1991).

c) General biological effects

The rise in temperature achieved during solarization has a direct effect on the soil ecology. Many soil-inhabiting organisms are inactivated when exposed to the high temperatures achieved during this process (Stapleton, 1991). Research suggests that the thermal inactivation is caused mainly by the loss of integrity in cellular membranes, which occurs as the fluidity of membrane lipids increase when temperatures rise. Another possible mechanism of thermal inactivation involves the sustained inhibition of enzymatic systems, especially those involved in the respiratory processes. 

The sensitivity of an organism to high temperatures is strongly determined by the proportion of saturated to unsaturated lipids in its membranes: thermo tropic transition from a solid phase to a fluid-liquid crystalline phase occuring at lower temperatures for unsaturated lipids. Thermo-tolerance appears to be also determined by the production of heat shock proteins, which are synthesized by many eukaryotic organisms when exposed to high temperatures. Although survival of thermal stress has been improved in organisms previously incubated at moderate temperatures, the role of heat shock proteins in the survival of such organisms during soil solarization is yet unclear.

Responsiveness of heat shock protein synthesis to change in temperature over the stress threshold depends on the species. Nevertheless, research suggests that the heat shock response in most organisms subjected to high temperatures is sustained until death occurs. Tolerance to high temperatures can be influenced by agent that affect the synthesis of heat shock proteins: cycloheximide (inhibitor), ethanol, sodium arsenite and anoxic conditions (elicitors). The influence of these agents suggests that interactions between organic compounds and other organisms in the soil could have an effect on heat tolerance (DeVay and Katan, 1991).

The term thermal death refers to permanent thermal inactivation of an organism. Since individuals within a population can show different degrees of susceptibility to heat injury, the notion of thermal death is applied through the concept of lethal dose (LD). The LD value represents the dose of heat required to kill a given proportion of the individuals in a population, commonly 90% for soil solarization. Such heat doses are expressed as a combination of temperature and time of exposure, and they are organism-specific (Elmore, 1998).

 Pullman et al. (1981) estimated the thermal death curves (LD90) for the soil borne pathogens Verticillium dahliae, Pythium ultimum, Rhizoctonia solani and Thielaviopsis basicola, concluding that time to thermal death is a log-linear (exponential) function of temperature. Although these curves are usually estimated for microbial agents, the concept has been extended to other organisms. Economou et al. (1998) estimated thermal death curves (LD100) for three weed species. Sasanelli and Greco (2000) described a functional form to estimate thermal death curves for nematodes. Thermal death curves also have been estimated for fixed temperatures, where mortality is expressed as a function of time (Pullman et al., 1981; Lazarovits et al., 1991).

Environmental factors other than temperature can also affect the sensitivity of organisms to heat, altering their thermal death curves. Besides influencing soil heat conductivity, moisture stimulates the metabolic activity of organisms in the soil, rendering them more susceptible to thermal inactivation (Egley, 1990; Stapleton, 1991). Organisms are more tolerant to heat exposure when dormant or inactive under dry conditions (Elmore, 1998).

d) Chemical and physical changes in soil

Solarized soils commonly undergo an increase in soluble substances that can be detected as a rise in the electrical conductivity (EC), or a decrease in the freezing point of the soil solution (Chen et al., 1991). This change has been attributed to an increase in the rate of decomposition of organic matter at high temperatures (Chen and Katan, 1980). Mesophilic organisms are killed and degraded during solarization, also liberating soluble substances into the soil (Stapleton, 1991). Chen et al. (2000) found that concentrations of dissolved organic matters (DOM) in a saturated paste soil extract increases more than 100% in a solarized soil. They suggested that processes taking place in solarized soil involves mainly the solubilization of low molecular weight humic substances instead of an increase in their formation. They also found that solarization had no effect in the composition of DOM.

Chen et al. (2000) documented an increase in the concentration of amino acids in solarized soils. This increase is attributed to enhance microbial synthetic activity due to high temperatures. An increase in carbohydrate content was expected, but not found. Among other fractions of organic matters, carbohydrates play a significant role in soil-aggregate stabilization; property that affects soil hydraulic conductivity (Chen et al., 1991). 

It is believed that solarization also affects the transport of ions to the soil surface (and, therefore, solute concentration) by interfering with water movement in the soil, as water evaporating from the soil condenses in the mulch instead of escaping to the atmosphere (Chen et al. 1991). However, since both increases and decreases in ion concentration have been attributed to soil solarization; a definitive explanation about these mechanisms has yet to be formulated. 

Increases in soluble mineral nutrients including NH4±N, NO3-N, phosphorus, K+, Ca+2, Mg+2, Mn+2, Fe+3, C-1 and Cu+2 have been detected in solarized soils in several studies (Chen et al., 1991) although sometimes inconsistently (Daelemans, 1989), especially for the minor elements (Stapleton, 1998). Wet soils covered with plastic mulch and protected from solar irradiation and heating did not differ in chemical properties from the untreated control soils (Stapleton et al., 1985). This suggests that heating causes the release of soluble mineral nutrients from soil organic matters, although mulches can also increase nutrient concentrations by reducing leaching of solutes (Stevens et al., 1991).

The effect of solarization on the concentrations and forms of N in the soil has been studied due to the importance of this nutrient for plant growth. Generally, alternative procedures for soil disinfection result in an increase in its NH4±N content (fumigation with biocides) that can be accompanied by a decrease in NO3-N concentrations (treatment with steam). Stapleton et al. (1985) and Stapleton (1998) suggested that since the concentrations of both nitrogen forms generally increase in solarized soils, N build up is not exclusively caused by high temperatures. Solarization affects the fraction of soil micro-flora involved in N cycling are different form those of fumigation or steaming (Stevens et al., 1991). 

 e) Effects on soil micro flora and plant pathogens

Solarization creates a partial biological vacuum in the soil. Although heat tolerance varies among organisms, generally only minutes are required at temperatures above 450C to reach LD90 levels (Stapleton, 1991). However, populations of mesophilic organisms decline at faster rates during solarization. For these organisms, accumulation of heat effects above 370C over time is lethal. Thermotolerant and thermophilic organisms usually survive in the solarization process, but become weakened and vulnerable to changes in their ecosystems. Most plant pathogens and pests are mesophilic, andunable to grow at temperatures above 31-320C (DeVay and Katan, 1991).

The success of soil solarization relies partially on the fact that plant pathogens tend to be less competitive than saprophytic micro-organisms. Soon after the end of a solarization treatment, microorganisms are being to re-colonize in soil with highly compectitive organisms proliferating at increased rate and faster than other organisms (Chen et al., 1991). Saprophytes become dominant after soil treatment outcompeting soil-borne pathogens (DeVay and Katan, 1991). Despite the fact that soil solarization was initially developed as a technique to control soil-borne pathogens (Katan et al., 1976), studies on the effects of soil solarization on the competitively of microorganisms have not been limited to pathogen control. 

A large amount of research on the uses of solarization for pathogen control has been conducted since its inception (Katan et al. 1987). Davis (1991) summarized the responses of representative plant pathogens and pests to soil solarization. Research on the performance of soil solarization as a method for controlling soil borne diseases has been continuously conducted, especially for crops where alternative control methods are not available or disappearing. Solarization has been evaluated as an alternative to soil fumigation on many vegetable crops.

Increased plant growth responses (IGR) following solarization in the absence of pathogens prompted research on the effects of soil heating on non-pathogenic microbial communities. Stapleton and DeVay (1984) investigated the effects of soil solarization on soil borne pathogens, antibiotic-producing bacteria and symbiotic root microorganisms such as mycorrhizae. They reported a reduction in the populations of Pythium spp. and V. dahliae, and increases in the populations of beneficial gram-positive bacteria and plant growth promoting rhizobacteria (PGPR) while root infection by vesicular-arbuscular mycorrhizae was apparently not affected by soil solarization. 

f) Effects on weeds

Polyethylene mulching has been widely used for weed control in plasticulture. Opaque films block light and inhibit photosynthesis, killing weeds during crop development. The initiative of using soil solarizaiton to control weeds started after its effects on organisms other than soil-borne pathogens became evident. Solarization is used for weed control, especially when no other satisfactory method is available, which is the case for many weeds such as Malva parviflora, Convolvulus arvesis and Abutilon theophrasti (Elmore, 1991a) and (Elmore, 1991b). However, solarization can offer a better alternative even when traditional methods of weed control are available. Stevens et al. (1990) achieved better weed control with solarizatin than with applications of the herbicide chlorthal-dimethyl. Root branching and fresh weight, rhizosphere microflora and yield of collards were negatively correlated with the application rate of the herbicide and increased by soil solarization. 

The effectiveness of soil solarization for weed control is species-dependent. Linke (1994) studied the effects of soil solarization on 57 weed species, reporting that with heat-tolerant seeds, bulbs, deep root systems or other perennial organs were poorly controlled and sometimes even stimulated by high temperatures. Tamietti and Valentino (2000) observed changes in the composition of the weed communities in solarized soil, reporting that monocotylednos were less susceptible to solarization.

Film opacity reportedly affects the performance of weed control in soil solarization. Campiglia et al. (2000) observed increased temperatures and better weed control with clear film compared to black mulch. However, the effect of film color on weeds appears to be related not only to temperature, but also to light. Cyperus sp., a weed difficult to control, is a common target for soil solarization. However, it is considered resistant to high temperatures that in some cases enhance germination and bud sprouting (Elmor, 1991b). Kumar et al. (1993) reported that solarization with transparent plastic controlled seed germination while increasined emergence from tuber. Control increased with time of exposure, but it was restricted mainly to the first 5cm below soil surface. 

g) Effects on nematodes

Thermal treatment of soil and plant materials was a common method of nematode control before the development of chemical nematicides. Due to environmental and health concerns, finding alternatives to chemical control has become a research priority. Investigative efforts have been reverted towards assessing the effects of soil heating on phytoparasitic nematodes (Stapleton, 1991).

Solarization reportedly reduces nematode populations in the soil. Barbercheck and von Broembsen (1986) reported reduction between 37 and 100% in nematode populations on soil solarized with clear plastic mulch. Satour et al. (1991) studied the effects of solarization on nematode populations on broad bean, corn, onion, potato, rape seed, strawberry and tomato crops, observing consistent in nematode populations that normally tend to increase in non-solarized soils.

Among the practical limitations of solarization as a replacement for chemical nematode control, are its poor residual effectiveness and its reduced performance at increased depths. Kumar et al. (1993) reported that soil solarization reduced the populations of plant parasitic nematodes by approximately 90%. However, control was restricted to the upper 5cm of soil, and nematode populations recovered significantly after 70 days. MeSorley et al. (1999) observed that summer soil solarization reduced population levels of M. incognita in the fall, but this reduction did not persist into the spring. A partial explanation for this persistence was given by Lamberti and Greco (1991). After reviewing pervious work in nematode control by soil solarization, they observed that while soil temperatures do not reach lethal levels at more than 30cm deep, root systems in some annual plants can reach 40-50cm deep, providing a potential refuge for plant parasitic nematodes. Nevertheless, they acknowledged the usefulness of solarization as a practical means for short-term control of nematode populations.

h) Increased growth response (IGR)

Soil solarization often enhances plant growth and yield in pathogen-free soils. Noto (1994) reported higher yields and reduced nematode damage for plants grown on solarized soil compared to those planted in non-treated soil. However, yield was not related to root infection indicating that solarization effects could be attributed to mechanisms other than nematode control.

As discussed in the previous section, the influence of solarization on the chemical and physical characteristics of soil has been documented. Increases in soluble mineral nutrients (Chen and Katan, 1980; Stapleton and De Vay, 1984) and dissolved organic matters (Chen et al., 2000) have been related to soil solarization and IGR in plants. Chemical characteristics of soil determine the nutritional status of plants; therefore, affecting its growth and development.

2.9.2 Burning of soil by rice straw and saw dust
Closed burning (bun) proved superior and gave 22.2% additional rhizome yield of turmeric and ginger than open burning (Jhum) with in different levels of biomass. Burning increased soil pH, Brays phosphorus, and exchangeable potassium whereas lime requirement of soils was drastically reduced. Closed burning was superior to open burning  in restoration of soil fertility (Pruthi, 1998).

Amamsiri and Wickramasinghe (1978) reported that rice straw is rich in nitrogen, potassium and silicon. The straw produced from the maha and Yala rice crops in Srilanka may contain more than one third of the nitrogen and more than four times the potassium annually used as fertilizer. The potassium in the rice straw can get leached by rain water. On burning rice straw large losses of nitrogen and small losses of potassium occur. Burning of rice straw may be added to the field as straw ash depending on the local field conditions. Rice straw is average valuable fertilizer material which should not be wasted. 

Satyanarayana et al. (1988) carried out a field investigation during 1983-84 with cultural practices (viz. burning the surface soil, non-burning, early and late planting of ginger) and application of organic amendments (viz., farm-yard manure and neem cake), metacid and control and four fungicides with c.v. Marana ginger as the test crop. Changes in the soil pH during important phase of crop growth, germination, incidence of soft-rot and yield response were studied. Data showed that by burning the surface soil and application of organic amendements, soil pH, Bray-P, available potassium and calcium, increased significantly compared to non-burnt plots. Burning the surface soil prior to planting ginger and advancing the data of planting together with the use of metacid and dithane-M45 or Bordeaux mixture gave higher emergence, lower soft-rot incidence and finally higher yield of ginger.

Sultana et al. (2006) set an experiment at farmers field, Tapikusharia of Upazilla Ghatail with collaboration of One Farm Research Division, BARI, Tangail during March, 2005 - December 2006 with a view to findout integrated management practices of rhizome rot of ginger. Six treatments i. e., T1 (ridomil gold), T2 (Trichoderma harzianum + ridomil gold), T3 ( mustard oil cake + ridomil gold), T4 (poultry refuse + ridomil gold), T5 (saw dust burning + ridomil gold) and T6 ( control) were used in the study. They observed that all the treatments significantly reduced the infection percentage of ginger over control and plant infection due to rhizome rot range from 2.0 - 48.5%. Significantly lower number of infected plants was recorded in T5 treatment (saw dust burning + ridomil) and it differed significantly with the rest treatments. The highest infected plants were recorded by control (48.5%). The maximum yield (18.52 t ha─1) was harvested from T5 treatment (sawdust burning + ridomil) and the lowest (6.88 t ha─1) from the T6 treatment (control). 
Sadanandan et al. (1988) reported that soil surface burning reduced rhizome rot incidence and increased yield. It increased availability of soil nutrients. 

2.9.3 Use of neem cake and mustard oil cake

Organic farming assumes significance globally towards production of quality produce. The demand for organically grown spices is increasing in the global market. Information is lacking on the effects of organic fertilizers on the production of quality spices. 

Sadanandan and Hamza (1998) conducted a field and green house experiment during 1992-97 at Division of Crop Production and Post Harvest, Technology, Indian Institute of Spices Research, Kerala, India. They used improved varieties of black pepper, ginger and turmeric with different organic manures (cow dung, goat, sheep and pig manures), organic cakes (neem, cotton, mustard, groundnut and gingeu). They observed that application of organic manures improved the organic matter status, water holding capacity and cation exchange capacity of soil. For ginger, application of neem cake @ 2.5 t ha─1 or groundnut cake @ 1 t ha─1, NPK @ 75, 50, 25kg ha─1 enhanced oil and oleoresin production. Rhizome rot diseases incidence of ginger was restricted to 5% due to neem cake application. In turmeric, application of neem cake @ 2 t ha─1 or groundnut cake @ 1 t ha─1 was at par with NPK application @ 60, 50, 120kg ha─1 with regard to yield and production of curcumin, through NPK fertilizer gave the highest B/C ratio. They recorded the highest yield from neem cake as turmeric, ginger (4818 and 3946kg ha─1) and lowest yield was recorded from the treatment mustard oil cake as turmeric, ginger (4295kg ha─1 and 3413kg ha─1), respectively.

An experiment conducted at farmer’s field at Tangail, Bangladesh, with a view to integrated management rhizome rot of ginger Sultana et al., (2006). Six treatments i.e., T1 (ridomil gold), T2 (Trichoderma harzianum + ridomil gold), T3 (mustard oil cake + ridomil gold), T4 (poultry refuse + ridomil gold), T5 (saw dust burning + ridomil gold) and T6 (control) were used in the study.  They observed that lower infected plant of ginger was recorded in T5 treatment (saw dust burning + ridomil) and it differed significantly with all the rest treatments. The highest infected plants were recorded in control (48.5%). The rhizome weight plant─1 ranged from 500.0-916.60g significantly higher plant─1 rhizome weight was obtained by T5 (saw dust burning + ridomil) and it was statistically similar to T4 (poultry refuse + ridomil). The maximum yield of (18.52 t ha─1) was harvested from T5 treatment (sawdust burning + ridomil) and it was significantly different from the rest treatments except T4 (poultry refuse + ridomil). Treatment T3 (mustard oil cake + ridomil) gave (16.48 t ha─1) yield which was statistically similar to T2 (trichoderma + ridomil) but significantly differed from the rest treatments.

Sadanandan and Iyer (1986) reported that neem oil cake @ 2 t ha─1 reduced of rhizome rot and increased yield. Neem oil cake as well as other oil cakes to reduced ginger rhizome rot caused by Pythium aphanidermatum and Fusarium solani (Tharore, 1987). Soil amendment with wood sawdust also reduced disease incidence (Dataram, 1988). 
Kamal (2009), conducted a field experiment at  the Spices Research centre, Shibgonj, Bogra during April 2008 - January 2009 to find out the suitable control method of rhizome rot of ginger. The six treatments considered were T1 (Trichoderma compost), T2 (neem oil cake), T3 (ridomil gold), T4 (mustard oil cake), T5 (organic insecticide, rash) and T6 (control). He found that among the treatments, neem based botanical pesticides were more effective over other treatments. The lowest percent of shoot damage was found in neem oil cake (1.87) treated plot and the highest yield (15.76 t ha─1) was also found with neem oil cake. Another neem based organic insecticide (rash) scored the second highest yield (11.55 t ha─1). Mustard oil cake gave the third highest yield (9.70 t ha─1). 

An experiment was conducted at farmer’s field at Macraid of Upazilla Ghatial, Tangail during 2004 with a view to fungicides and soil amendments against rhizome rot of ginger Ayub et al., (2006). Nine treatments i.e., T1 (secure), T2 (ridomil), T3 (metataf), T4 (trichoderma 60 gm─m2), T5 (trichoderma + ridomil), T6 (mustard oil cake  2-3 t ha─1) + ridomil, T7 ( poultry refuse 10 t ha─1) + ridomil), T8 ( saw dust burning + ridomil) and T9 ( control) were used in the study. Under the study plant infection due to rhizome rot ranged from 8.10 - 46.00%. They observed that the treatments T6, T7 and T8 gave statistically similar effect in reducing infection. These three treatments differed significantly with the rest treatments. Rhizome weight plant─1 ranged from 134.7-498.7g. Significantly higher rhizome weight plant─1 was obtained T7 and it was statistically similar to T5, T6 and T8. The maximum yield of 14.37 kg plot─1 was harvested from T7 followed by T8 (13.97kg plot─1), T6 (13.03kg plot─1), T5 (12.53kg plot─1), T2 (11.63kg plot─1) and T1 (10.17kg plot─1). 
Considering the available information so far collected from home and abroad, it may be concluded that the growth and yield of ginger are greatly influenced by planting time, spacing, rhizome size, irrigation, mulching, planting method, control of rhizome rot and application of proper fertilizer doses. Therefore, the present study was carried out to find the appropriate technology as a package for ginger production in Bangladesh.
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