



PRODUCTION AND COMMERCIALIZATION OF DILL (Anethum graveolens Linn)


ABSTRACT
Dill is a seed spice crop and an important aromatic plant that originated in South-West Asia or South-East Europe and has been cultivated since antiquity. Dill comes in two varieties: European dill (Anethum graveolens) and Indian dill (A. sowa). Its strong aroma and flavor characterize it. Having a wide range of health benefits with a sweet aroma its demand for cultivation has been increasing nowadays. When grown by following proper cultivation practices its yield can be enhanced than that of haphazard cultivation. Nepalese communities have ignored this herb due to fewer support subsidies and proper knowledge about cultivation technologies. This review paper has covered almost all the guidelines starting from field preparation to harvesting and post-harvest operation. 
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INTRODUCTION
Dill (Anethum graveolens Linn.) belonging to Apiaceae or Umbelliferae family is a sweet, crisp, fennel-like annual or biennial industrial herb with lovely ferny foliage and a sweet fresh aroma that is used to flavor tea, pickles, and sweets. Ajwain, angelica, anise, asafoetida, caraway, carrot, celery, chervil, coriander, cumin, dill, fennel, lovage, cow parsley, parsley, and parsnip are other Apiaceae crop spices, out of these Dill is the only member of the genus “Anethum”. The term Anethum is derived from the Greek word “aneeson or aneeton”, which means "strong odor." Dill plants have had many uses as a horticultural and aromatic crop since ancient. Mainly it was used as a flavoring agent in food species from that time but its medicinal values are not known to humans due to a lack of scientific research. Many scientific pieces of research presented its health benefits thus it is also considered a medicinal herb along with an industrial herb (Mohsin et al., 2019). Different parts like leaves, and seeds of dill, are used for both aromatic and medicinal purposes. In the spring and summer, before the plants grow up tall heads of small golden flowers, the leaves are at their best. Minerals, proteins, and fiber abound in dill leaves. The leaves are commonly used in fish and egg dishes, as well as dill pickles, and can also be minced into soups and salads. The blossoms as well as the aromatic seeds are delicious. Spice, culinary, and medicinal purposes are the most common uses for seeds (Gupta et al., 2012). (Huopalahti & Linko, 1983) reported the therapeutic and antimicrobial properties of dill seed and oils. Depending on the stage of the harvest carotenoids, vitamin C, and polyphenols vary in dill seeds (Lisiewska et al., 2006). Dill is thought to be the native spice of South West Asia or southeast Europe and has been growing since antiquity (Bailer et al., 2001). The dill crop is thought to have a center of origin in Europe, Africa, and Asia. It is grown in nations such as India, Germany, Hungary, the Netherlands, Pakistan, and the United States. According to (Tridge, 2020) Turkey is the leading country in terms of export of dill whereas Nepal ranks 49th position. Depending upon locality and growing regions it has diversity in its name as it is known as “dilly, aneton, and garden dill” in French, “indische dille, gurkenkraut” in German, “aneto” in Italian, “garden dill” in England, Germany, Hungary, and the United States of America, whereas it is known as “Shih lo, diru, shibith, and anithos” in China, Japan, Arab countries, and Greece, respectively (Mohsin et al., 2019) but the most commonly grown and widely spread variety of Anethum graveoeloens L. is the Indian dill, commonly known as “Sowa” that prefers cold climate typically of japan, Indian sub-continent, and Malaysia (Jana & Shekhawat, 2010). 
Dill is an upright, hardy annual or biennial plant in the Apiaceae family. Primarily it is grown as an annual crop but depending upon varieties availability and location suitability it can also be grown as a biennial crop (Wright, 2010). The stem is tender and glossy and normally develops in a single, tall, dull-green cylindrical stem that is subdichotomously branched and grows to a height of 0.9–1.5 m. The leaves are fern-like, slender, and wispy. In ideal conditions, leaves the gain size of 3-7 inches. The leaves are fragrant, delicate, needle-like, and lacy. Dill's inflorescences are formed in umbels, with flower stalks branching out from a central point. Small yellow flowers and yellowish-brown, ridged, flattened, ovoid fruits adorn the huge umbels (Dražić et al., 2007). The little yellow dill flowers, unlike those of most other umbelliferous crops, have a strong odor but little nectar. The flowers are hermaphrodite and homogamous. Some are fully pistillate (female), while others are staminate (male) or hermaphrodite. Similar to coriander, primary umbels have hermaphrodite flowers on the margins and staminate flowers in the center. Secondary and tertiary umbels have hermaphrodite flowers on the margins and staminate flowers in the center. Two ovules are generally found in the ovary of the pistillate flower. Five stamens emerge between the petals of the yellow staminate flower (Gupta et al., 2012). Dill seeds are found in the schizocarp, which is the dried fruit of the plant. The seeds are firm, light brown, winged, and oval, with one side convex and the other flat (Wright, 2010). On the convex side, there are three ridges with three vittae or oil channels; on the flat side, there are two ridges. In Indian dill, the ridges are more prominent than in European dill. The ideal light for dill plant production is full sun. But early flowering and reduced leaf growth can occur in a hot climate. The dill plant is grown in a cold climate with temperatures ranging from 0°F to 0°F. Temperatures range from 5 to 25 degrees Celsius. High winds have an impact on dill plant output. Dill stems are easy to bend. Hail and low temperatures as well as low soil moisture conditions can also harm the dill crop (Small & Canada, 1997). 

DILL'S MAIN APPLICATIONS (USES)
The dill plant has a wide range of applications. Its parts such as young leaves and seeds are used for different purposes. Typically seeds are used to flavor pickles, and curries are also as a mouth freshener whereas green leaves are used to make vegetables and soup, dressing salads, etc (netmeds, 2022). When the fruit is fully matured but not yet brown, the fruiting tops with several inches of the stem are cut for pickle purposes but leaves are pinched or plucked at the young stage for vegetables and soup purposes. To collect the seeds the chopped portion of the plants are bundled and cured in the shade. Shake the dried portion to collect the seeds (L & Stephens, 2018). It's also used to treat diseases.
Culinary uses
Dill leaves have a caraway-like flavor, while the seeds are spicy and aromatic. Dips, herb butter, soups, fish-based dinners, and salads all can be flavored from freshly chopped, chopped leaves. Pickling uses seeds, which can also enhance the flavor of roasts, soups, stews, rice dishes, and vegetables. The degree of pungency differs between dill leaf and dill seed. Because of their stronger flavor, seeds are used on many occasions. Dill oils are widely employed in alcoholic and soft drinks, and the dried leaves can be utilized in a variety of cuisines (Gupta et al., 2012)
Medicinal uses
In the manufacture of several indigenous remedies, both seeds and oil are used. It has an important place in traditional medicine for stomach issues, particularly in the diseases of children and women. According to (Gupta et al., 2012) the essential oil i.e dill oil, or its emulsion in water, generally referred to as dill water, is fragrant and carminative, and is particularly useful in the treatment of flatulence, colic pain, hyperacidity, vomiting, diarrhea, and hiccups in newborns owing to indigestion. Dill water mixed with turmeric powder is supposed to help prevent ulcers from forming and heal them quickly (Hosseinzadeh & Ameri, 2002). Boiling leaves in sesame oil are supposed to make an effective liniment for reducing joint swelling and pain.
Despite so many benefits commercial production and scientific research in the field of dill are still not satisfactory as compared to other crops. There is a lack of awareness among the people about its benefits, they consume it regularly but when comes the turn of cultivation they avoid it. The main reasons behind its avoidance might be the dominance of other vegetable crops among the farmer’s society, lack of quality seeds in the market, and improper extension of cultivation practices among the growers from the government sector. This research paper will provide key guidance to the farmers and academic personnel who are interested in either cultivation or research on the particular topic (Dill herb).
METHODOLOGY
This review was conducted utilizing secondary data from various journals like Springers, Elsevier, MDPI, Google Scholar, Research Gate, and technical reports, all of which were shared with the authors. The review was divided into two key sections: production and commercialization, with subtopics designed in between. Despite the vast number of articles found for each subtopic, few articles were found relevant. The data from those selected articles were used. 
CULTURAL PRACTICES
Dill is typically a temperate zone summer crop, but it has adapted to grow in warmer climates of the tropical region. Dill cultivation thrives in a dry, chilly climate. It needs low temperatures for early vegetative growth and warm, sunny days for seed formation and maturation as even partial shade conditions also hamper the seed formation. Temperatures above 30 degrees Celsius and below 7 degrees Celsius are not conducive to its growth and development (Jana & Shekhawat, 2010). The annual rainfall ranges from 500 to 1700 millimeters is ideal. A humid climate is unsuitable for this crop since it encourages disease and pest attacks. It can withstand more rain, but waterlogging is detrimental to growth. Dill can be grown in a variety of soils, including deep black soils with a high moisture retention capacity, rain-fed agriculture, and irrigated cultivation in light soils. For larger production, the soil should be rich in organic matter, have a decent fertility level, and have sufficient drainage with a pH range of 5.3 to 7.8.  Dill cultivation is not possible in saline soils.
Land preparation and seed sowing 
Before seeding, the soil should be well-prepared and have a good tilth as dill seed is very small, and for maximum emergence, it needs a fine, firm seedbed with moisture at the surface. One deep plowing with a soil-turning disc plow followed by two harrow ploughings should be used to prepare it. Plant germination, growth, and seed output are influenced by the time of sowing and surrounding temperature. At around 15°C, germination occurs in 10 to 14 days (Cottrell, 2019). It may, however, fluctuate depending on local climatic conditions. It has less resistant to frost so it prefers frost-free conditions which can be seen during the spring season(Feb-March) in the temperate areas whereas during October in tropical conditions. Seeds need to be sown directly as transplanting of seedlings is not a good practice in dill (Agri learner, 2022). Dill requires a good amount of surface moisture if not available the growth can be hampered. Moisture maintenance in a rainfed/unirrigated cropping condition is quite challenging, thus these areas need to be plowed and planked after it has rained. 
To ensure easy germination, use clean and healthy seeds that are less than two years old. Seeds should be soaked in water for a day before sowing to speed up the germination process. The seed rate is determined by the manner of sowing and irrigation conditions. When compared to line sowing under irrigated circumstances, a larger seed rate is required for the disseminating approach under rain-fed cultivation. Irrigated fields require 3 kg of seed per hectare, while rain-fed fields require 5 kg. To eliminate soilborne and seed-borne diseases, the seed should be treated with seed dresser fungicides before sowing. Fungicides should be evenly and sufficiently coated on the seed surface (Gupta et al., 2012). Sowing depth should also be considered as deeper sowing results in poor emergence of crops. Ideal sowing depth is 3-4cm and row spacing of 40-50cm and plant spacing of 20cm (Apni kheti, 2020).
In comparison to late-sown crops, (Zehtab-Salmasi, Ghassemi-Golez, & Moghbeli, 2006) found that early sowing resulted in higher and faster seed germination and heavier seedling dry weight. There is no more study about intercropping and crop rotation in dill but the general phenomenon is to grow it as a single crop to observe a better output. During the rabi season, however, it can be intercropped with onion and carrot. For good production, dill should be cultivated in a three- to four-year crop rotation (L & Stephens, 2018).
Fertilization
Dill grows best on soil that is fertile and offers all nutrients as a result, it responds well to fertilizer application. But the psychology of farmers is to grow it without manuring (Directorate of Arecanut and Spices Development, 2016). Fertilizer application can influence seed yield and seed oil composition, so a balanced quantity of nutrients in the form of fertilizers must be provided at the appropriate time. The nutrient status of the soil in the field should be checked before sowing, and nutrients should be applied when needed in the form of manures and fertilizers (Cottrell, 2019). In irrigated fields, 10 t/ha of well-decomposed farmyard manure (FYM) or compost should be applied during field preparation. Fertilizers should be used to add more nutrients. Under semi-arid circumstances, an application of 60–90 kg nitrogen, 40–45 kg phosphorus, and 20 kg potash has been recommended for increased seed, straw, and biological production. With the entire amounts of phosphorus and potassium, one-third of the nitrogen dose should be applied as a basal dose at the time of sowing. The remaining nitrogen should be administered in two divided doses, the first 30 days after sowing and the second as a top dressing during the flowering stage. For higher seed yields of dill, a 10 t/ha treatment of sheep dung with biofertilizer is recommended (Meena , Mehta , Malhotra , Singh, & Vashishtha, 2007). Manure should be applied once every two years in the form of well-decomposed FYM or compost (10 t/ha) under rain-fed circumstances. Fertilizer requirements per hectare are 40 kilograms N, 30 kg P2O5, and 20 kg K2O. Fertilizers should be applied during the sowing process (Gupta et al., 2012).
Irrigation
For improved growth during the cropping time, dill should be watered as needed. In light soils, the crop is seeded irrigated, and in black cotton soils, it is sown unirrigated (i.e. as a rain-fed crop). To wet the seedbed in irrigated conditions, irrigation must be planned ahead of time. If the soil moisture is inadequate at the time of sowing, mild irrigation can be applied shortly after sowing to ensure optimal germination. For the production of high-quality seeds, sufficient water should be provided throughout the seed filling stage (Zehtab-Salmasi, Ghassemi-Golez, & Moghbeli, 2006). To grow the crop successfully, five to eight light irrigations are required.
Weed management
As dill grows slowly in the germination phase, careful weeding and hoeing are required to keep the field clean and weed-free. Two or three hand or mechanical weedings are typically required. Three to four weeks after seeding, the first weeding and hoeing should be completed. After that weeding should be done at 30-day intervals as needed. Frequently practiced method including hand plucking of weed. Hand weeding is quite a tedious and time-consuming process thus weeds can also be managed by using herbicides before their emergence. Chemical weed management will be more effective if there is enough moisture in the soil. Timely control of weeds may reduce about 45% loss in the crop (Patel et al., 2019).
Insect, pest, and disease management
Depending upon the climatic conditions different types of fungal and bacterial diseases can be observed which cause severe damage to overall production but the damaging nature of rot particularly the root, powdery mildew, and blight are among the severe ones. Similar to other excessive humid and moist conditions favor the growth and development of diseases. Among major diseases powdery mildew is caused by Erysiphe spp a fungus, root rot is caused by fungus Fusarium spp whereas diseases of minor importance are damping-off caused by Pythium spp., seedling blight caused by Alternaria radicina, leaf spot caused by Ascochyta anethicola, head rot caused by Botrytis spp., scab caused by  Fusicladium spp., rust caused by Puccinia petroselini and celery mosaic virus (Gupta et al., 2012). Diseases incidence can be managed by adopting some guidelines such as the use of tolerant varieties, proper use of fertilizers, sulfur application in case of powdery mildew, planting at proper spacing, the practice of crop rotation, use of disease-free seeds, and application of fungicide at severe case (Plant village, 2014). Attack of pests is also a major problem in dill. It is mainly attacked by aphids, cutworms, armyworms, and leaf-eating caterpillars. This pest reduces the productivity of crops by sucking sap and damaging the area of photosynthesis. To get rid of pest problems cultural as well as chemicals application can be a good option ( Amy Grant, 2020).
Harvesting
Dill harvesting time is determined by the use for which it is grown. It can be picked at the four to the five-leaf stage when cultivated for vegetable purposes. When produced for seed, the crop is collected when it reaches maturity. When the seeds of the main umbel turn brown, the crop is ready to harvest after 130–150 days. Grain breaking occurs as a result of harvesting delays (Gupta et al., 2012). To reduce breaking, seed harvesting should be done when the crop is moist, early in the morning. Dill should be cut when it initially blooms for the fresh herb market. Dill should be harvested for essential oil when the early seed clusters begin to turn brown. when harvested at this time Oil quantity and quality are at their best stage (Cottrell, 2019). When the seed moisture level is between 9 and 12 percent, (Moustafa , El-Shamy , & Shaheen , 1990) recommended harvesting ripe dill seed i.e between 45 and 70 days following anthesis. This is the point at which the fruits are completely dry but not shed. Harvesting of dill for soup salads can be done by simply sniffing the young leaves or flower head but for pickles, pickling is done by cutting the plants 40 cm above ground level with a sickle (veggieharvest, 2020). Cutting dill plants after 75 days from seeding (for the first cut) and 45 days after the first cut (for the second cut) delivers the highest herb and fruit yields with the best quality, according to (Moustafa , El-Shamy , & Shaheen , 1990). However, (osman & El-wahab, 2009) found that harvesting dill one or two times to acquire a fresh herb reduces plant weight during the flowering period, resulting in fewer umbels, seed, and oil yields than non-harvested plants. Under irrigated conditions, the yield is 10–15 q/ha, whereas rain-fed conditions give 6–7 q/ha. Yields like these can be attained with good crop management strategies. 
Post-harvest operations
Post-harvest practices of crops are necessary as it helps to preserve the crops for a longer period. Instead of mincing the herb with a knife, cut it with scissors for the finest flavor (veggieharvest, 2020). After harvesting seeds and leaves need to be dried before storing either in a food dehydrator or sun drying. In a food dehydrator, the leaves will dry in less than a day, but on a baker's rack in a warm, dry place, it will take several days. Every day, rotate the leaves to ensure that they are evenly exposed to the warm air (Grant, 2022). This will ensure a better condition for storage. Along with a food dehydrator or sun drying, a refrigerator can also be used to store herbs for a certain duration of time. Fresh dill weed can be stored in the refrigerator for a few days. But for long-term storage freezing is the best option which can preserve herb for up to three to four months. Chopped dill can also be frozen in ice cube trays and stored in a plastic freezer bag for later use (Masterclass, 2022). For getting seeds the plants need to be threshed manually with a stick or with a help of a machine. To reduce losses during storage, threshed seeds should be cleaned, dried, and stored in ventilated bins. Dill oil can be made from both the seeds and the herbs. Fresh dill plants are sliced into two to three pieces and distilled right away to make dill herb oil. Steam distillation is used to extract oil from dried fresh seeds. The oil produced by these seeds is of exceptional quality. Herbs and seeds produce essential oils with yields of 0.9–1.5 percent and 2.5–4 percent, respectively (Porter et al., 1983). A different portion of herbs like seed, leaves, and oil is used for making pickles, curries, Cucumber salad with dill dressing, and Smoked salmon with dill and oil used for different purposes like in the formation of cosmetics and pharmaceutical products (Gupta et al., 2012).
Crop improvement
Dill is a highly important herb that produces a variety of useful goods such as seeds, leaves, and oil. But its cultivation in Nepal is not so satisfactory till now this might be due to a lack of proper knowledge about its benefits and the backwardness of farmers in the knowledge of its cultivation. People of Nepal are still in the phase of farming that they grew only those herbs that are extensions by the government or those supported by the government as a subsidy ( Dhungel, 2020). While evaluating the general tendency it is seen people do not follow proper cultivation practices in dill, they just through the seed in the soil. Cities area people are now utilizing and just started to grow dill but it is limited to those areas only. People of Nepal still practice cultivation of government subsidized crops (Awasthi, 2022). Crop improvement can achieve success by adopting intercropping practices (Carrubba et al., 2008). For crop development projects, germplasm is the most important and necessary raw material. In breeding studies aimed at producing new kinds with desired features, a larger genetic basis takes precedence. Native landraces, local selections, exceptional cultivars, promising exotic arrivals, and wild relatives of crops with specific features make up this diversity. Germplasm traits must be known based on 2 to 3 years of evaluation at one or more locations for a set of heritable characteristics to make better use of germplasm in crop improvement initiatives. Genotypes with the appropriate features are then used as donor parents in the development of new kinds. As a result, promoting the usage of this crop as a means of conserving its genetic variety is essential. All these programs are not so effective without the support of the government. Thus government should create a favorable environment for the breeders and farmers so that they can invest in it.
CONCLUSION
Dill belonging to the Umbelliferae family is an industrial herb grown mainly for a fresh aroma. It has many health as well as industrial benefits but its cultivation is not practiced in a good manner in Nepal. Cultivation practices are not known to the farmers whereas support by the government to the farmers for dill production is the only word to speak on paper only. When grown by adopting better cultivation practices it is seen that it can not only increase the income of farmers but the country can also earn good earnings from its export as its demand is high in developed countries. From the discussion above, it can be concluded that instead of negligence if proper production techniques are adopted, dill has the potential to be one of the most demanding spices in near future. To raise its production to meet the needs of local customers, the local market, and export demand extensions programs organized by the government might play a vital role.
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