Study Material for Training on

Integrated Pest and Disease Management in Chili




Introduction:

Farming of vegetables including chili plays an important role in agriculture economy. This provide
more income and employment than cereal and staple crops as well as healthy foods because of high
vitamins and essential micro-nutrients. This crop has high economic value because it is needed for daily
dietary as well as for raw material of food and pharmaceutical industries. Chili farming in particular has
been able to revitalize rural economy through increase in farmers’ income, agricultural marketing and
employment. Chilies are valued for their soothing effects on the digestive system, relief from symptoms
of cold, sore throats and fever. Chilies can act as heart stimulant, which regulates blood flow and
strengthens the arteries possibly reducing the heart attacks. Medicinally, capsaicin is used to alleviate

pain. It is most recommended topical medication for arthritis.

Chili peppers, especially hotter varieties such as Cayenne and Habanero, can also be used
externally as a remedy for painful joints, for frostbite and applied directly to stop bleeding. They stimulate
blood flow to the affected area, thus reducing inflammation and discomfort. Domestic production and
economic value: Chilies are grown on an area of 38.4 thousand hectares with production of 90.4 thousand
tones, with an average yield of 1.7 tons per hectare with 1.5 per cent share in the GDP. Sindh is the major
producer of chilies followed by Punjab and Balochistan. Pakistan earned Rs. 1.127 billion during 2003-
2004 by exporting red chili powder, whereas, export earnings from all fruits were Rs. 5.912 billion during
the same period. This reveals the potential of this non-staple crop. Despite its importance the yield has
declined from 86.5 (1994-95) to 55.8 thousand tons (2003-04). This decline in yield is due to a number of
factors including poor quality seed, mal-cultural practices and diseases like viruses, collar rot and

phytophthora root rot.

World market for chilies: India is the largest producer of chilies in the world contributing 25 per
cent of the total world production, of which only four per cent is exported because of high domestic
consumption. Besides India, other major producers and exporters are China, Pakistan, Morocco, Mexico
and Turkey. Major importers of chilies from Pakistan are Gulf States, the US, Canada, Sri Lanka, the UK,

Singapore and Germany.

Aflatoxin and chemical residues are two major constraints in the export of chilies to Europe, Japan
and the US as buyers expect a high degree of hygiene and sanitation in processing and preparing chilies

for export.



In Indonesia, chili-planted area is the highest among other vegetables despite the production of
cabbage is highest.

Export of red dried chilies from Pakistan has declined from Rs. 1.127 billion (during 2003-2004) to
Rs. 846 million after European Union food authorities have detected the presence of aflatoxin (PHDEB).
Off-season production technology to extend production season of the crop for about two to three months

is evolved.

Disease-free seeds should be used by treating them with suitable fungicide like thiram or captan.
During nursery raising, proper cultural practices should be adopted particularly the maintenance of proper
soil moisture to avoid phytophthora root rot and collar rot. While after transplanting, proper insect pest
control measures should be carried out to check the population of sucking insects, which are the vector

for viral diseases affecting the chili crop.

To reduce aflatoxin contamination, some precautionary measures should be adopted. These
include: picking and drying of fruit with pedicel (fruit stalk), avoid direct contact of fruit with soil, proper
drying of fruit and storage of powder at low relative humidity and temperature. Furthermore, agronomic
factors that may influence aflatoxin development like stresses, irrigation, cropping pattern, variety, date

of planting, date of harvesting and storage conditions, should be studied in detail.

Chili Cultivation season:

Chili season begins in September and lasts till the middle of March. Itis a simpler crop to cultivate.
It adjusts itself in various types of soil and different climatic conditions. It gives quality production when
itis cultivated on deep, loamy and fertile soil with balanced moisture content. It is a short span crop. For

successful growth of chili crop, proper watering and harvesting is essential.

The integrated pest management (IPM) has been evolving over the decades to address the
deleterious impacts of synthetic chemical pesticides on environment ultimately affecting the interests of
the farmers. The health of a plant is determined by its environment which includes physical factors (i.e.

soil, rain, sunshine hours, wind etc.) and biological factors (i.e. pests, diseases and weeds). All these factors



can play a role in the balance which exists between herbivore insects and their natural enemies.

Understanding the intricate interactions in an ecosystem can play a critical role in pest management.

Farmers have to make timely decisions about the management of their crops. However, as
field conditions continue to change and new technologies become available, farmers need to
continue improving their skills and knowledge. Farmer should monitor the field situation at least once

a week (soil, water, plants, pests, natural enemies, weather factors etc.)

Description of Insect Pests of Chili

1. Gram Pod Borer (Helicoverpa Armigera)

It is a polyphagous pest and the peak activity is noticed during October to June month in chili

ecosystem.

Biology:

Egg: The spherical, yellowish eggs are laid singly on tender parts and buds of plants. The egg period lasts
for 2-4 days.

Larva: Caterpillars vary in colour, initially brown and later turn greenish with darker broken lines along the
side of the body. The larval period lasts for 18-25 days. Body covered with radiating hairs. When full grown,
they measure 3.7 to 5 cm in length. The full grown caterpillar pupates in the soil in an earthen cell and

emerges in 16-21 days.

Pupa: Pupation takes place inside the soil. Pupal stage lasts 7-15 days.

Adult: Moth is stout, medium sized with brownish/greyish forewings with a dark cross band near outer

margin and dark spots near costal margins, with a wing expanse of 3.7cm.



Life Cycle:

Damage Symptoms:

e Young larva feeds on the leaves for some time and then attacks fruits. Internal tissues are eaten

severely and completely hollowed out. While feeding the caterpillar thrust its head inside leaving

the rest of the body outside.

e Bored fruits with round holes.

e Fed leaves, shoots and buds.



Management

¢ Choose a tolerant variety.

o Keep a minimum distance between your plants at sowing.

¢ Avoid to over-irrigate the fields as this would favor the pest.

¢ Monitor your plants frequently and check for the presence of larva.
e Collect and destroy the infected fruit and grown up larva.

e Spray any one of the following insecticides

Insecticide Dose
Emamectin benzoate 5% SG 4 g/10 lit
Flubendiamide 20 WDG 6 g/10 lit
Indoxacarb 14.5% SC 6.5 ml/10 lit
Novaluron 10% EC 7.5 ml/10 lit
Spinosad 45% SC 3.2 ml/10 lit

Thiodicarb 75%WP 2 g/10 lit



2. Tobacco Caterpillar (Spodoptera litura)

It is found throughout the tropical and sub-tropical parts of the world, wide spread in India. Besides

tobacco, it feeds on cotton, castor, groundnut, CHILLI, cabbage and various other cruciferous crops.

Biology:

Eggs: Female lays about 300 eggs in clusters. The eggs are covered over by brown hairs and they hatch in

about 3-5 days.

Larva: Caterpillar measures 35-40 mm in length, when full grown. It is velvety, black with yellowish —green
dorsal stripes and lateral white bands with incomplete ring — like dark band on anterior and posterior end
of the body. It passes through 6 instars. Larval stage lasts 15-30 days.

Pupa: Pupation takes place inside the soil. Pupal stage lasts 7-15 days.

Adult: Moth is medium sized and stout bodied with forewings pale grey to dark brown in colour having

wavy white crisscross markings. Hind wings are whitish with brown patches along the margin of wing.



Life cycle:

Damage Symptoms:

e Pest breeds throughout the year.

e Moths are active at night.

e Adults live for 7-10 days. Total life cycle takes 32-60 days.

e There are eight generations in a year.

e Small holes on leaves. Skeletonized leaves and the affected pods drop off or develop white color

on drying.



Management:

e Plough the soil and expose to sun to kill the Pupae.

e (Collect and destroy the egg masses, gregarious larvae and grown up caterpillars.

e Set up Pheromone trap

e Use poison bait pellets prepared with rice bran 12.5 kg, jaggery 1.25 kg, Carbaryl 50% WP 1.25 kg
and water 7.5 litres and spread in the fields in the evening hours so that the caterpillars coming
out of the soil feed and get killed.

e Spray Lufenuron 5% EC at 1 ml/ lit or Novaluron 10% EC at 1 ml/lit

e Spray Chlorpyiriphos 2.5 ml/lit of water or Quinalphos 2 ml/lit of water.

3. Spider Mites (Tetranychus urticae)

Spider mites are less than 1mm (0.04 inch) in size and vary in color. They lay small, spherical,
initially transparent eggs and many species spin silk webbing to help protect the colony from

predators. They get the ‘spider’ part of their common name from this webbing.



Biology:

Eggs: Overwinter under bark, in fallen leaf matter, and other areas that provide shelter. During the
growing season they can be found on the undersides of leaves. They usually hatch within three days.
Larva: Begin hatching after the last frost has passed and have six legs. Little feeding is done by this
stage.

Nymph: Looks similar to the adult, but slightly smaller and unable to reproduce. There are two nymph
stages: proto-nymph and deuto-nymph.

Adult: About 0.4 mm long with eight legs, adult spider mites can be pale yellow to green or orange to

brown. Females lay between 50-100 eggs throughout their lives with unfertilized eggs hatching as

males and fertilized eggs hatching as females.

Life Cycle:



Damage Symptoms:

e The infested leaves develop crinkles and curl downwards
e Elongated petiole
e Buds become brittle and drop down.

e Early stage, infestation leads to stunted growth and flower production, fruit set are
arrested

Management:

e Chemical pesticide use actually encourages the spread of spider mites by killing the beneficial
insects that prey on them. Mites are also known to develop quick resistance to various
pesticides. For these reasons, it's important to control mites with effective
natural and organic methods.

e Prune leaves, stems and other infested parts of plants well past any webbing and discard in
trash (and not in compost piles). Don’t be hesitant to pull entire plants to prevent the mites
spreading to its neighbors.

e Existing spider mite populations should be treated with organic knockdown sprays if allowed.

Naturally derived insecticide sprays like Neem Qil, Pyrethrins, Azadirachtin and Horticultural

Qil can be sprayed directly onto adult mites, larvae, nymphs and eggs to kill on contact. Apply to

active spider mite infestations at 3-day intervals until control is achieved.


https://www.arbico-organics.com/category/neem-oil-insecticides
https://www.arbico-organics.com/category/pyrethrin-insecticide
https://www.arbico-organics.com/product/azamax-botanical-insecticide-miticide-nematicide/pest-solver-guide-mealybugs
https://www.arbico-organics.com/category/horticultural-oils
https://www.arbico-organics.com/category/horticultural-oils

4. Thrips(Scirtothrips dorsalis):

Itis a pest of economic significance with a broad host range, with prominent pest reports
on crops including pepper, mango, citrus, strawberry, grapes etc. Chili thrips appear to feed
preferentially on new growth and infested plants usually develop characteristic wrinkled leaves,

with distinctive brown scarring along the veins of leaves.

Biology:
Egg: Hyaline, globular laid in mass.
Nymphs: Nymphs tiny, slender, fragile and straw yellow in color.

Adult: Adults with heavily fringed wings

Life Cycle:



Damage Symptoms:

The infested leaves curl upward, crumble and shed

Infested buds become brittle and drop down.

Affected fruits show light brown scars

Early stage, infestation leads to stunted growth and flower production, fruit set are arrested

Host-range and favourable conditions:

e S. dorsalis is found in almost all chilly growing areas. It is a polyphagus pest. Besides chilli, it also
infests brinjal, cotton, groundnut, castor, bottlegourd, guava, tea and grapevine. It is more

common on un-irrigated chilli crop than irrigated one.

Upward Curling



Plant shows stunted growth and elongation of petiole

Management:

Select resistant varieties, if available.

Use sticky traps to monitor thrips population.

Remove heavily infested plants from the field.

Keep the soil well irrigated and avoid excessive nitrogen fertilizer application.

Remove weeds in the and around the field which might act as a hosts.

Always consider an integrated approach with preventive measures together with biological
treatments if available. Foliar sprays containing Malathion are recommended for thrips.

Apply neem oil, spinetoram or spinosad to both sides of the leaves and around the plant’s base.

Avoid overuse of insecticides to preserve population of beneficial insects.



5. Aphids (Aphidoidea)

They are small, soft-bodied insects that can survive in almost any zone. Aphids multiply quickly, so it’s
important to get them under control before reproduction starts. Many generations can occur in one

season. The good news is that they tend to move rather slowly and aphid control is relatively easy.

Biology:

Eggs are very tiny, shiny-black, and are found in the crevices of bud, stems, and barks of the plant. Aphids
usually do not lay eggs in warm parts of the world.

Nymphs (immature stages) are young aphids, they look like the wingless adults but are smaller. They
become adults within 7 to 10 days.

Adults are small, 1 to 4 mm long, soft-bodied insects with two long antennae that resemble horns. Most

aphids have two short cornicles (horns) towards the rear of the body

Life Cycle:



Damage Symptoms:

e Appear on the tender shoots, leaves and on the lower surface of the leaves.

e The honeydew is very sweet which attracts sooty mould growth, making the leaves turn black.
e Suck the sap and reduce the vigour of the plant.

e Secrete sweet substances which attracts ants and develops sooty mould.

e The pods that develop black color due to sooty mould lose quality and fetch low price.

e Theyieldsarealsoreduced by aphids directly and more through the spread of virus diseases acting
as vectors indirectly



Management:

Try spraying cold water on the leaves. Sometimes all aphids need is a cool blast to dislodge them.
Typically they are unable to find their way back to the same plant.

If you have a large aphid population, dust plants with flour. It constipates the pests.

Neem oil, insecticidal soaps, and horticultural oils are effective against aphids. Be sure to follow
the application instructions provided on the packaging.

Insecticides containing cypermethrin, chlorpyriphos or flonicamid can be used as foliar sprays at

30, 45, 60 days after sowing to control this pest.

Description of plant Diseases

1. Damping off: Pythium aphanidermatum

Damage symptoms:

Disease of nursery beds and young seedlings resulting in reduced seed germination and poor stand of

seedlings.

Very high seedling mortality 25-75%

Pre-emergence damping off: Seedlings disintegrate before they come out of soil surface leading
to poor seed germination

Post-emergence damping off is characterized by development of disease after seedlings have
emerged out of soil but before the stems are lignified

Water soaked lesion formation at collar region

Infected areas turn brown and rot

Plants shrivel and collapse as a result of softening of tissues

In Rhizoctonia solani attack infected stems become hard, thin (wire stem symptoms) and

infected seedlings topple Disease appear in patches both in nursery and field beds.



Survival and spread:

Primary: Oospores in soil in case of Pythium

Sclerotia in soil in case of Rhizoctonia

Secondary: Zoospores through irrigation water in case of Pythium. Mycelial growth in soil and sclerotia
through irrigation water in case of Rhizoctonia.

Favorable conditions:

Heavy rainfall, excessive and frequent irrigation, poorly drained soil and close spacing, high soil moisture
with temp around 25-30 °C

For Rhizoctonia: High soil moisture with temp around 30 — 35 °C.



Management:

e Use seeds from Healthy plants or from certified sources.

e Avoid excessive moisture by soil drainage.

e Avoid too frequent irrigation during the vegetative growth of the crop.

e Bio-fungicides based on the bacteria Bacillus subtilis can be used to control the transmission of
the disease.

e |nfields with histories of damping-off or problems with drainage consider using fungicides

preventively. For example, the seeds can be treated with ceresin or with 1% Bordeaux mixture.

2. Die-back Anthracnose (fruit rot): Colletotrichum spp

Damage Symptoms:

e Disease is more in December - October in transplanted crop

e Small, circular to irregular, brownish black scattered spots appear on leaves

o Severely infected leaves defoliate

e Infection of growing tips leads to necrosis of branches from tip backwards

e Necrotic tissues appear grayish white with black dot like acervuli in the center

e Shedding of flowers due to the infection at pedicel and tips of branches

e  Fruit symptoms

e Ripe fruits are more vulnerable to attack than green ones

e Small, circular, yellowish to pinkish sunken spots appear on fruits

e Spots increase along fruit length attaining elliptical shape

e Severe infection result in the shrivelling and drying of fruits.

e Tissues around lesions will be bleached and turn white or greyish in color and lose their
pungency

e On the surface of the lesions minute black dot like fruiting bodies called ‘acervuli’ develop in
concentric rings and fruits appear straw colored

e The affected fruits may fall off subsequently. The seeds produced in severely infected fruits are

discolored and covered with mycelial mat.



Survival and spread:

Primary: Mycelium and conidia in acervuli in infected seeds and diseased crop debris.
Secondary: Conidia dispersed by rain splash and wind.

Favourable conditions:

Temp, 28 °C with RH more than 97%, humid weather with rainfall at frequent intervals, intercropping

with turmeric which is another host of the fungus

Management:

e Use of resistant varieties not only eliminate the losses from diseases, but also eliminate
chemical and mechanical expenses of disease control.

e Pathogen-free chili seeds should be planted and weeds eliminated. Crops should be rotated
every 2-3 years with crops that are not alternative hosts of Colletotrichum.

e The field should have good drainage and be free from infected plant debris.

e Chemicals are most common and practical method to control anthracnose diseases. The
fungicide traditionally recommended for anthracnose management in chili is Manganese
ethylenebisdithiocarbamate although it does not consistently control the severe form of the
disease.

e The strobilurin fungicides azoxystrobin, trifloxystrobin and pyraclostrobin have recently been

labeled for the control of Anthracnose of chili.



3. Mosaic complex:

Damage Symptoms:

Symptoms vary with the virus TMV
e Raised blisters and mottled areas of light and dark green areas on the foliage
e Leaves point towards ground
e Necrotic spots on stem
e  Fruit ripens unevenly and is reduced in size CMV
e Reduction in leaf size and narrowing of lamina Chlorosis leading to mosaic symptoms
e Downward curling along with midrib

e  Fruit may be small and distorted, on volunteer CHILLI plants and on infected plant debris.

Disease symptoms on plant foliage



Survival and spread:
TMV:
Primary: Externally seed borne virus particles
Secondary: Mechanically transmitted virus particles.
CMmV:
Primary: Externally seed borne virus particles to some extent and vector transmitted from other and
collateral hosts
Secondary: Virus particles transmitted by aphid vectors, Myzus persicae, Aphis gossypii, A. craccivora
Favorable conditions:
e Moist weather and splattering rains
e High humidity or persistent dew

Management:
e There are no cures for viral diseases such as mosaic once a plant is infected. As a result, every
effort should be made to prevent the disease from entering the field.
Fungicides will not treat this viral disease.
Use the resistant varieties when available.
Do not save seed from infected crops.
The virus can be spread through human activity, tools and equipment. Frequently wash your
hands.
e Avoid working in the garden during damp conditions. Avoid using tobacco around susceptible
plants. Cigarettes and other tobacco products may be infected and can spread the virus
e Remove and destroy all infected plants. Do not compost.

4. Powdery Mildew: Leveillula taurica

Damage Symptoms:

e White powdery coating appears mostly on the lower surface and occasionally on upper surface
e Correspondingly on the upper surface yellow patches are seen

e Severe infection results in the drying and shedding of affected leaves

e Powdery growth can also be seen on branches and young fruits

e Diseased fruits do not grow further and may drop down prematurely



Survival and spread:

Primary: Dormant mycelium in the infected crop debris

Secondary: Wind dispersed conidia

Favorable conditions:

e (ool dry weather favors conidial germination

e High RH favors disease development



Management:

Use resistant or tolerant varieties

Remove infected leaves when the first spot appear. Do not touch healthy plants after touching
the infected plants.

In view of the number of crops that are susceptible to powdery mildew, it is difficult to
recommend any particular chemical treatment. Fungicides based on wettable Sulphur,

triflumizole, myclobutanil seem to control the growth of fungus.

Cercospora Leaf Spot: Cercospora Capsici

Damage Symptoms:

Circular spots with brown margins and grey centre appear on leaves

The spots enlarge and coalesce with others

The central portion of the spot becomes white and the leaves turn yellow and defoliate
Sometimes central portion of spot drops off

Spots also appear on stems and twigs as dark brown, irregular lesions with whitish centers

In severe cases die-back of twigs occur



Survival and spread:

Primary: Dormant mycelium in the infected crop debris, seeds and volunteer plants

Secondary: Wind dispersed conidia

Management:

Use healthy and certified seeds.

Use stakes to keep plants upright.

Monitor seedbeds, young plants or transplants for any disease symptoms.

Remove the infected plants and destroy them away from the field.

Seed treatment with captan 3g/kg works fine to fight the disease.

Other treatments to control this disease include foliar spray of products containing copper
hydroxide, chlorothalonil or mancozeb. Treatment should start when the spots appear and
continue at 10-14 days intervals until 3-4 weeks before last harvest. It is important to spray both

sides of the leaves.

Bacterial Leaf Spot: Xanthomonas campestris pv. Vesicatoria

Damage Symptoms:




e Leaves, fruits and stems are affected

e Lesions on leaf begin as circular, water soaked spots

e Spots become necrotic with brown center with chlorotic borders
e Enlarged spots may develop straw colored centers

e Lesions are slightly raised on lower leaf surface

e Severely spotted leaves turn yellow and drop

e Raised brown lesions appear on fruits

o Narrow elongated lesions or streaks may develop on stems

Survival and spread:

Primary: Seed borne bacterial cells
Secondary: Bacterial cells spread by rain splash

Favorable conditions:




Moderate temperature
High relative humidity

Intermittent rains

Management:

The use of disease free seed and transplants is important for the early control of the Bacterial leaf
spot.

Avoid using overhead irrigation.

Copper sprays can provide moderate levels of protection, but must be sprayed as a preventive
and not a curative.

Spray mancozeb 1ml/10 lit of water at 14 day intervals

Spray regularly if prolonged wet weather occurs.

Alternaria Leaf Spot: Alternaria solani

Damage Symptoms:

This is a common disease occurring on the foliage at any stage of the growth.

The fungus attacks the foliage causing characteristic leaf spots and blight. Early blight is first
observed on the plants as small, black lesions mostly on the older foliage.

Spots enlarge, and by the time they are one-fourth inch in diameter or larger, concentric rings in
a bull's eye pattern can be seen in the center of the diseased area.

Tissue surrounding the spots may turn yellow. If high temperature and humidity occur at this time,
much of the foliage is killed.

Lesions on the stems are similar to those on leaves, sometimes girdling the plant if they occur
near the soil line.

Transplants showing infection by the late blight fungus often die when set in the field. The fungus
also infects the fruit, generally through the calyx or stem attachment.

Lesions attain considerable size, usually involving nearly the entire fruit; concentric rings are also

present on the fruit.



Disease symptoms on leaf and fruit

Survival and spread:

Primary: The fungus spends the winter in infected plant debris in or on the soil where it can survive at
least one and perhaps several years. It can also be seed borne.
Secondary: The spores are transported by water, wind, insects, other animals including man, and
machinery. Once the initial infections have occurred, they become the most important source of new
spore production and are responsible for rapid disease spread.

Favourable conditions:

e Warm, rainy and wet weather

Management:

e Prune or stake plants to improve air circulation and reduce fungal problems.

e Apply copper-based fungicides early, two weeks before disease normally appears or when
weather forecasts predict a long period of wet weather. Alternatively, begin treatment when
disease first appears, and repeat every 7-10 days for as long as needed.

e Remove and destroy all the debris after the harvest. Burn or bag infected plant parts. Do not

compost.



8. Fusarium Wilt: Fusarium Solani

Damage Symptoms:

o The first symptom of the disease is clearing of the veinlets and chlorosis of the leaves.

e The younger leaves may die in succession and the entire may wilt and die in a course of few days.
Soon the petiole and the leaves droop and wilt.

e In young plants, symptom consists of clearing of veinlet and dropping of petioles. In field,
yellowing of the lower leaves first and affected leaflets wilt and die.

e The symptoms continue in subsequent leaves. At later stage, browning of vascular system occurs.

Plants become stunted and die.

Survival and spread:

¢ Soil and implements



Favorable conditions:

Relatively high soil moisture and soil temperature

Management:

Use resistant varieties if available.

High nitrogen fertilizers may increase susceptibility to the disease. Test your soil and use a slow
release organic fertilizer.

Trichoderma viride and also be used to treat the seeds (10g/kg).

Mycostop is a biological fungicide that will safely protect crops against wilt caused by Fusarium.
Apply soil based fungicides on contaminated locations if no other measures are effective.
Drenching the soil with copper oxychloride at 3g/Liter of water before sowing/transplanting is

also effective.

Sclerotium Rofsii: Athelia rofsii

Damage Symptoms:

Development of coarse white strands of mycelium growing in a fan-shaped pattern on lower
stems, leaf litter, and soil.

Early symptoms consist of water-soaked lesions on crown and lower stem tissue.

Disease usually is recognized by the yellowing and wilting of foliage, followed by a complete
collapse of the plant.

Fruit and other fleshy organs near the soil surface may become infected with S. rolfsii.

Soft, water-soaked, sunken, slightly yellowish lesions develop. These lesions quickly spread
throughout most or all of the fruit, which will eventually become soft and collapse within 3 to 4

days of infection.






Favorable conditions:

e The disease occurs worldwide, but predominantly in warm climates.

Management:

e Avoiding the disease by selecting fields that are free of S. rolfsii is the most successful method of
control.

e Certain fertilization regimes, such as high calcium levels and ammonium type fertilizers, may
suppress disease under low disease pressure. Certain non-acidifying fertilizers such as calcium
nitrate can be used to prevent acidifying soil and creating conditions conducive to disease
development.

e Fungicide applications can be used to manage southern blight. Most fungicides are labeled for use
on select ornamentals, vegetables, and some field crops.

e Fumigants are toxic to sclerotia and mycelium in the soil. However, even after fumigation, some

sclerotia survive, and treatments must be repeated annually.



Do’s and Don’ts in IPM

chemicals/bio products for the control of

seed borne diseases/pests.

No. Do’s Don’ts

1. Deep ploughing is to be done on bright sunny | Do not plant or irrigate the field after ploughing,
days during the months of May and June. at least for 2-3 weeks, to allow desiccation of
The field should be kept exposed to sun light | weed’s bulbs and/or rhizomes of perennial
at least for 2-3 weeks weeds.

2. Adopt crop rotation. Avoid growing monocrop.

3. Grow only recommended varieties. Do not grow varieties not suitable for the
season or the region.

4 Sow early in the season Avoid late sowing as this may lead to reduced
yields and incidence of white grubs and
diseases.

5 Always treat the seeds with approved Do not use seeds without seed treatment with

biocides/chemicals.




6. Sow in rows at optimum depths under proper | Do not sow seeds beyond 5-7 cm depth.
moisture conditions for better establishment.

7. Apply only recommended herbicides at Pre-emergent as well as soil incorporated
recommended dose, proper time, as herbicides should not be applied in dry soils. Do
appropriate spray solution with standard not apply herbicides along with irrigation water
equipment along with flat fan or flat jet or by mixing with soil, sand or urea.
nozzles.

8. Maintain optimum and healthy crop stand Crops should not be exposed to moisture deficit
which would be capable of competing with stress at their critical growth stages.
weeds at a critical stage of crop weed
competition.

9 Use NPK fertilizers as per the Avoid imbalanced use of fertilizers.
soil test recommendation.

10 Use micronutrient mixture after sowing Do not apply any micronutrient mixture after
based test recommendations. sowing without test recommendations.

11 Install pheromone traps at appropriate Do not store the pheromone lures at normal

Period.

room temperature (keep them in refrigerator).




12 In case of pests which are active during night | Do not spray pesticides at midday since, most of
like Spodoptera spray recommended the insects are not active during this period.
biocides/ chemicals at the time of their

appearance in the night.

13 Spray pesticides thoroughly to treat the Do not spray pesticides only on the upper
undersurface of the leaves, particularly for surface of leaves.

mites, whiteflies, Spodoptera etc.

Plantix:

Plantix is an android mobile crop advisory app for farmers, agriculture extension officers and gardeners.
It can diagnose plant diseases, pest damages and nutrient deficiencies affecting crops and offers
corresponding treatment measures by processing a plant damage symptom image taken by a smart
phone. Users can participate in the online community to network with other farmers, discuss plant
health issues and access their local weather reports. Plantix was developed by PEAT GmbH, a Berlin-
based Artificial Intelligence startup. PEAT partner ICRISAT customized Plantix for local crops in India
through a consortium of partners like state agricultural universities in India.

Plantix app is able to identify the plant type as well as the appearance of a possible disease, pest

or nutrient deficiency. Plantix takes advantage of deep learning technology which involves neural

networks. Furthermore, it provides information on treatment and preventive measures. From the daily
new images sent by Plantix users worldwide, the network constantly learns more. This permanent
incoming data stream is the basis to providing Plantix users with up-to-date information and alerts in
terms of plant diseases, pests and their worldwide distribution in real time.

Plantix already cooperates with international research institutes and inter-governmental

organizations such as ICRISAT, CIMMYT and CABI. The Agriculture and Horticulture Department of the

Government of Andhra Pradesh, India has already integrated Plantix into its extension services. Plantix

preview (beta version) can be freely downloaded from google play store from around the world. Details

of this innovative plant protection advisory app can be found at www.plantix.net



http://www.plantix.net/
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o (Technology options to improve sun drying)
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Figure 10: Construction of SRR-1 dryer with coal stove
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POSTHARVEST HANDLING OF

CCRA

Appropriate Technology Transfer for Rural Ar
7

FRUITS AND VEGETABLES

HORTICULTURE TECHNICAL NOTE

ATTRA is the national sustainable agriculture information center funded by the USDA’s Rural Business -- Cooperative Service.

Abstract: Appropriate production practices, careful harvesting, and proper packaging, storage, and transport all
contribute to good produce quality. This publication covers postharvest practices suitable for small-scale
operations, and points out the importance of production and harvesting techniques for improving quality and
storability. Various methods for cooling fresh produce are discussed, and resources are listed for further
information, equipment, and supplies.

By Janet Bachmann and Richard Earles

NCAT Agriculture Specialists
August 2000

| and have a longer shelf life than others. In
addition, environmental factors such as soil type,

temperature, frost, and

Introduction

You have spent
months working in
the fields, and now
have a bountiful
harvest of beautiful
fruits and
vegetables. You
want to ensure that
your customers will
also enjoy this
healthy harvest.
How can you best

rainy weather at
harvest can have an
adverse effect on
storage life and quality.
For example, carrots
grown on muck soils
do not hold up as well
in storage as carrots
grown on lighter,
upland soils. Lettuce
harvested during a
period of rain does not
ship well and product
losses are increased (1).

maintain the quality

and safety of your produce as it travels from the
field to the table? How can produce be stored so

that it does not need to be sold

High-quality, disease-free produce with a good
shelf life is a result of sound production practices,
proper handling during harvest, and appropriate
postharvest handling and storage.

immediately?

Production Practices

Production practices have
a tremendous effect on the
quality of fruits and
vegetables at harvest and
on postharvest quality
and shelf life. To start
with, it is well known that
some cultivars ship better

Contents:
Production Practices...........cocceeevvvveeeeeeeeeenn. 1
Harvest Handling.........ccccovveeniieniiiniieiene 2
Postharvest & Storage ..........occeeevveeneeeneeene 2
REfEI@NCES .....vvveeeeeeeeecieeeeeee e 8
ENClOSUIES ..o 9
RESOUICES.....uvveeeeeeeeeecireeeeeeeeeeecreeee e eeeeanns 9
Appendix |: Storage Conditions .............ccccceue. 13
Appendix II: The Portacooler.................cccceuue.. 15
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Management practices can also affect
postharvest quality. Produce that has been
stressed by too much or too little water, high
rates of nitrogen, or mechanical injury (scrapes,
bruises, abrasions) is particularly susceptible to
postharvest diseases. Mold and decay on winter
squash, caused by the fungus Rhizoctonia, result
from the fruits lying on the ground, and can be

alleviated by using mulch.
Broccoli heads are
susceptible to postharvest
rot caused by the bacteria
Erwinia if nitrogen is applied
as foliar feed —a grower
should feed the soil, not the
leaves. Beets and radishes
are susceptible to soil-borne
diseases when the soil
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temperature reaches 80° F; symptoms are black
spots on these root crops (2).

Food safety also begins in the field, and should
be of special concern, since a number of
outbreaks of foodborne illnesses have been traced
to contamination of produce in the field.
Common-sense prevention measures include a
number of don’ts (3):

e Don’t apply raw dairy or chicken manure or
slurries to a field where a vegetable crop such
as leafy lettuce is growing.

e Don't apply manure to an area
immediately adjacent to a field nearing
harvest maturity.

e Don’t forget to clean equipment that has been
used to apply manure to one field before
moving it to another field in production.

e Don'tirrigate with water from a farm pond
used by livestock.

e Don’t harvest fruit from the orchard floor for
human consumption as whole fruit or
nonpasteurized juices, especially if manure
has been spread or animals allowed to graze.

e Don’t accumulate harvested product in areas
where birds roost.

A grower should constantly evaluate water used
for irrigation, and compost all animal manures
before applying them to fields. There are many
good sources of information on growing
conditions and production practices that promote
postharvest quality. Consult textbooks,
Extension publications, and trade journals, and
become involved with grower organizations to
find out more.

Harvest Handling

Quality cannot be improved after harvest,
only maintained; therefore it is important to
harvest fruits, vegetables, and flowers at the
proper stage and size and at peak quality.
Immature or overmature produce may not
last as long in storage as that picked at proper
maturity (4). Cooperative Extension Service
publications are an excellent source of
information on harvest maturity indicators
for vegetables and fruits.
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Harvest should be completed during the coolest
time of the day, which is usually in the early
morning, and produce should be kept shaded in
the field. Handle produce gently. Crops
destined for storage should be as free as possible
from skin breaks, bruises, spots, rots, decay, and
other deterioration. Bruises and other
mechanical damage not only affect appearance,
but provide entrance to decay organisms as well.

Postharvest rots are more prevalent in fruits and
vegetables that are bruised or otherwise damaged.
Mechanical damage also increases moisture loss.
The rate of moisture loss may be increased by as
much as 400% by a single bad bruise on an apple,
and skinned potatoes may lose three to four times
as much weight as non-skinned potatoes. Damage
can be prevented by training harvest labor to
handle the crop gently; harvesting at proper
maturity; harvesting dry whenever possible;
handling each fruit or vegetable no more than
necessary (field pack if possible); installing
padding inside bulk bins; and avoiding over or
under-packing of containers (4).

Postharvest and Storage Considerations
Packaging

Packaging should be designed to prevent physical
damage to produce, and be easy to handle. The
American Vegetable Grower magazine’s annual
product guide is a good source of information
about suppliers (see Resources).

Temperature

Temperature is the single most important factor

in maintaining quality after harvest. Refrigerated

storage retards the following elements of

deterioration in perishable crops:

e aging due to ripening, softening, and textural
and color changes;

¢ undesirable metabolic changes and
respiratory heat production;

e moisture loss and the wilting that results;

e spoilage due to invasion by bacteria, fungi,
and yeasts;

e undesirable growth, such as sprouting of
potatoes (5).
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One of the most important functions of
refrigeration is to control the crop’s respiration
rate. Respiration generates heat as sugars, fats,
and proteins in the cells of the crop are
oxidized. The loss of these stored food reserves
through respiration means decreased food
value, loss of flavor, loss of salable weight, and
more rapid deterioration. The respiration rate
of a product strongly determines its transit and
postharvest life. The higher the storage

temperature, the higher the respiration rate
will be (4).

For refrigeration to be effective in postponing
deterioration, it is important that the temperature
in cold storage rooms be kept as constant as
possible. Appendix I charts the optimum
temperature ranges for various crops. Exposure
to alternating cold and warm temperatures may
result in moisture accumulation on the surface of
produce (sweating), which may hasten decay.
Storage rooms should be well insulated and
adequately refrigerated, and should allow for air
circulation to prevent temperature variation. Be
sure that thermometers, thermostats, and manual
temperature controls are of high quality, and
check them periodically for accuracy (5).

On-farm cooling facilities are a valuable asset for
any produce operation. A grower who can cool
and store produce has greater market flexibility
because the need to market immediately after
harvest is eliminated. The challenge, especially
for small-scale producers, is the set-up cost.
Innovative farmers and researchers have created
a number of designs for low-cost structures.
Some of these ideas are detailed in Appendix II
and in the enclosures attached to this document.
Additional designs are available in publications
listed in the Resources section.

Pre-cooling

Pre-cooling is the first step in good temperature
management. The field heat of a freshly harvested
crop —heat the product holds from the sun and
ambient temperature —is usually high, and
should be removed as quickly as possible before
shipping, processing, or storage. Refrigerated
trucks are not designed to cool fresh commodities
but only maintain the temperature of pre-cooled
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produce. Likewise, most refrigerated storage
rooms have neither the refrigeration capacity nor
the air movement needed for rapid cooling.
Therefore, pre-cooling is generally a separate
operation requiring special equipment and/ or
rooms (4, 5).

Rapid pre-cooling to the product’s lowest safe
temperature is most critical for crops with
inherently high respiration rates. These include
artichokes, brussels sprouts, cut flowers, green
onions, snap beans, asparagus, broccoli,
mushrooms, peas, and sweet corn. Crops with
low respiration rates include nuts, apples, grapes,
garlic, onions, potatoes (mature), and sweet
potatoes (4).

Appropriate pre-cooling methods as well as
appropriate storage temperature and humidity
for a number of fruits and vegetables are shown
in Appendix I. The following methods are the
most commonly used:

e Room cooling: Produce is placed in an
insulated room equipped with refrigeration
units. This method can be used with most
commodities, but is slow compared with
other options. A room used only to store
previously cooled produce requires a
relatively small refrigeration unit. However,
if it is used to cool produce, a larger unit is
needed. Containers should be stacked so that
cold air can move around them, and
constructed so that it can move through them.
Used refrigerated truck bodies make excellent
small cooling rooms (4).

¢ Forced-air cooling: Fans are used in
conjunction with a cooling room to pull cool air
through packages of produce. Although the
cooling rate depends on the air temperature
and the rate of air flow, this method is usually
75-90% faster than room cooling. Fans should
be equipped with a thermostat that
automatically shuts them off as soon as the
desired product temperature is reached.

To avoid over-cooling and dehydration of produce,
do not operate forced-air fans after the produce
has been cooled to its optimum temperature (4).
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Hydro-cooling: Dumping produce into cold
water, or running cold water over produce,
is an efficient way to remove heat, and can
serve as a means of cleaning at the same
time. In addition, hydro-cooling reduces
water loss and wilting. Use of a disinfectant
in the water is recommended to reduce the
spread of diseases. Hydro-cooling is not
appropriate for berries, potatoes to be
stored, sweet potatoes, bulb onions,

garlic, or other commodities that cannot
tolerate wetting.

Water removes heat about five times faster
than air, but is less energy-efficient. Well
water is a good option, as it usually comes
out of the ground with temperatures in the
50-60° F range. Mechanical refrigeration is
the most efficient method for cooling water.
A thermal storage immersion hydro-cooler
system can be fabricated economically to suit
various volume requirements. Used
stainless-steel bulk farm milk coolers may be
an option. If hydro-cooling water is
recirculated, it should be chlorinated to
minimize disease problems (4).

A study compared sweet corn quality after
hydro-cooling with ice water, well water
cooling, and refrigerated air cooling, and
subsequent refrigerated storage. Hydro-
cooling with ice water lowered the
temperature of the ears most quickly. Well

water cooling followed by refrigerated
storage appeared to offer no advantage over
refrigerated storage immediately after
harvest (6).

Top or liquid icing: Icing is particularly
effective on dense products and palletized
packages that are difficult to cool with forced
air. In top icing, crushed ice is added to the
container over the top of the produce by hand
or machine. For liquid icing, a slurry of water
and ice is injected into produce packages
through vents or handholds without
removing the packages from pallets and
opening their tops. Icing methods work well
with high-respiration commodities such as
sweet corn and broccoli. One pound of ice
will cool about three pounds of produce from
85°F to 40°F (7, 8).

Vacuum cooling: Produce is enclosed in a
chamber in which a vacuum is created.
As the vacuum pressure increases, water
within the plant evaporates and removes
heat from the tissues. This system works
best for leafy crops, such as lettuce, which
have a high surface-to-volume ratio. To
reduce water loss, water is sometimes
sprayed on the produce prior to placing it
in the chamber. This process is called
hydrovac cooling. The primary drawback
to this method is the cost of the vacuum
chamber system (9).

These products can be iced:

Artichokes
Asparagus
Beets
Broccoli
Cantaloupes
Carrots
Cauliflower
Endive
Green onions
Leafy greens
Radishes
Spinach
Sweet corn
Watermelon
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These items are damaged by direct contact with ice:

Strawberries
Blueberries
Raspberries
Tomatoes
Squash
Green beans
Cucumbers
Garlic

Okra

Bulb onions
Romaine lettuce
Herbs

Chilling injury

Many vegetables and fruits store best at
temperatures just above freezing, while others
are injured by low temperatures and will store
best at 45 to 55 degrees F. Both time and
temperature are involved in chilling injury.
Damage may occur in a short time if
temperatures are considerably below the danger
threshold, but some crops can withstand
temperatures a few degrees into the danger zone
for a longer time. The effects of chilling injury are
cumulative in some crops. Low temperatures in
transit, or even in the field shortly before harvest,
add to the total effects of chilling that might occur
in storage (7).

Crops such as basil, cucumbers, eggplants,
pumpkins, summer squash, okra, and sweet
potatoes are highly sensitive to chilling injury.
Moderately sensitive crops are snap beans,
muskmelons, peppers, winter squash, tomatoes,

and watermelons (8). These crops may look
sound when removed from low temperature
storage, but after a few days of warmer
temperatures, chilling symptoms become
evident: pitting or other skin blemishes, internal
discoloration, or failure to ripen. Tomatoes,
squash, and peppers that have been over-chilled
may be particularly susceptible to decay such as
Alternaria rot (7).

Preventing moisture loss

While temperature is the primary concern in the
storage of fruits and vegetables, relative humidity
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is also important. The relative humidity of the
storage unit directly influences water loss in
produce. Water loss can severely degrade
quality —for instance, wilted greens may require
excessive trimming, and grapes may shatter loose
from clusters if their stems dry out. Water loss
means salable weight loss and reduced profit (4).

Most fruit and vegetable crops retain better
quality at high relative humidity (80 to 95%), but
at this humidity, disease growth is encouraged.
The cool temperatures in storage rooms help to
reduce disease growth, but sanitation and other
preventative methods are also required.
Maintaining high relative humidity in storage is
complicated by the fact that refrigeration
removes moisture. Humidification devices such
as spinning disc aspirators may be used. Even
buckets of water will increase humidity as the
fans blow air across the water’s surface and
increase evaporation (10). Keeping the floor wet
is helpful, though messy and potentially
hazardous to two-legged creatures; frequent
cleansing with a weak chlorine solution will be
needed to prevent harboring of disease
organisms in water and produce scraps on the
floor. Crops that can tolerate direct contact with
water may be sprinkled to promote high relative
humidity (4).

When it comes to maintaining appropriate
humidity levels, “the biggest thing for small
growers is going to be monitoring equipment,”
says Kansas State University Extension Specialist
Karen Gast. Humidity is measured by an
instrument called a hygrometer. Several
companies offer small, low-priced hygrometers
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suitable for small-scale producers (10). See
Resources for more information.

Sanitation

Sanitation is of great concern to produce
handlers, not only to protect produce against
postharvest diseases, but also to protect
consumers from foodborne illnesses. E. coli
0157:H7, Salmonella, Chryptosporidium, Hepatitis,
and Cyclospera are among the disease-causing
organisms that have been transferred via fresh
fruits and vegetables (3, 11). Use of a
disinfectant in wash water can help to prevent
both postharvest diseases and foodborne
illnesses.

Chlorine in the form of a sodium hypochlorite
solution (for example, Clorox™) or as a dry,
powdered calcium hypochlorite can be used in
hydro-cooling or wash water as a disinfectant.
Some pathogens such as Chryptosporidium,

Organic growers must use chlorine with
caution, as it is classified as a restricted
material. The California Certified Organic
Farmers regulations permit a maximum of 4
ppm residual chlorine, measured downstream
of the product wash (3). Growers certified by
other agencies should check with their
certifying agent.

Ozonation is another technology that can be used
to sanitize produce. A naturally occurring
molecule, ozone is a powerful disinfectant.
Ozone has long been used to sanitize drinking
water, swimming pools, and industrial
wastewater. Fruit and vegetable growers have
begun using it in dump tanks as well, where it
can be thousands of times more effective than
chlorine. Ozone not only kills whatever
foodborne pathogens might be present, it also
destroys microbes responsible for spoilage. A
basic system consists of an ozone generator, a
monitor to gauge and adjust the levels of ozone

however, are

very resistant to Amounts of hypochlorite to add to clear, clean water for disinfestation.
chlorine, and

even sensitive target ppm ounces/5 gallons cup/50 gallons
ones such as Sodium hypochlorite 50 55 5
Salmonella and (5.25%) 75 8 75

E. coli may be 100 11 10
located in 125 14 1.25
inaccessible 150 17 15

sites on the ' '

plant surface. : :

For the majority Sodlun(112y7poz;:hlorlte ?g i? .115

of vegetables, : 100 ' 2 ' >
chlorine in 125 : 29 '25
wash water : :

should be 150 .35 3

maintained in the range of 75-150 ppm (parts per
million.) The antimicrobial form, hypochlorous
acid, is most available in water with a neutral pH
(6.5t07.5).

The effectiveness of chlorine concentrations are
reduced by temperature, light, and interaction
with soil and organic debris. The wash water
should be tested periodically with a monitoring
kit, indicator strips, or a swimming pool-type
indicator kit. Concentrations above 200 ppm
can injure some vegetables (such as leafy greens
and celery) or leave undesirable off-flavors.
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being produced, and a device to dissolve the
ozone gas into the water. Systems cost anywhere
from $10,000 to $100,000, and should be installed
by an ozone sanitation company experienced in
produce industry applications (12).

Hydrogen peroxide can also be used as a
disinfectant. Concentrations of 0.5% or less

are effective for inhibiting development of
postharvest decay caused by a number of fungi.
Hydrogen peroxide has a low toxicity rating and
is generally recognized as having little potential
for environmental damage. The ATTRA
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publication Sources for Organic Fertilizers and
Amendments lists several sources of food-grade
hydrogen peroxide.

Creative growers can customize their produce-
washing system to promote sanitation and
increase efficiency and ease of operation. At
Drumlin Community Farm in Madison,
Wisconsin, the crew “used to wash greens and
small crops by the handfuls in wash tubs and air
dry them on screen tables. Now they line harvest
containers with a mesh produce bag, dunk the
whole bagful at once, and dry two bagfuls at a
time in an old washing machine set to spin
cycle.” At another farm, loose greens are
dumped into a 500-gallon bulk milk tank. The
water in the tank is agitated with bubbling air
from a jacuzzi motor. The washed greens are
scooped out of the tank with a mesh bag-lined
laundry basket, and the bags of greens are then
spun dry in a washing machine. The grower
removed the washer’s agitator to make more
room for the produce (13).

This type of system has several advantages —it
reduces handling (and potential damage) of the
crop; it makes the washing process more time
and labor efficient; and it enhances postharvest
quality by getting the crop cooled down,
washed, dried, and in cold storage much more
quickly. Perhaps most importantly, washing
greens in large batches rather than one-by-one
reduces physical stress on the worker’s back and
arms.

At a cost of $2-8 each, woven polyester or nylon
bags are durable, lightweight, water-permeable,
and fast-drying. Suitable mesh laundry bags may
be found at hardware or discount stores (13). The
Resources section lists two companies that sell
mesh bags by mail order. Spin-drying can be
done with a washing machine, honey extractor,
or commercial salad spinner. A restaurant or
industrial-scale salad spinner is an efficient
machine for both washing and drying greens
(available from restaurant supply stores; prices
range from $650 to $1500).

Some further tips for postharvest handling of
lettuce and other leafy greens: package in
breathable or perforated plastic bags; refrigerate
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at 33° F; carry to market in a portable cooler,
either refrigerated or with ice, and keep in the
cooler until ready to display. If displaying
unwrapped heads at a farmers” market, mist
occasionally with cold water.

Ethylene

Ethylene, a natural hormone produced by some
fruits as they ripen, promotes additional
ripening of produce exposed to it. The old
adage that one bad apple spoils the whole
bushel is true. Damaged or diseased apples
produce high levels of ethylene and stimulate
the other apples to ripen too quickly. As the
fruits ripen, they become more susceptible to
diseases.

Ethylene “producers” should not be stored with
fruits, vegetables, or flowers that are sensitive to
it. The result could be loss of quality, reduced
shelf life, and specific symptoms of injury. Some
examples of ethylene effects include:

e russet spotting of lettuce along the midrib of
the leaves;

e loss of green color in snap beans;

e increased toughness in turnips and asparagus
spears;

e bitterness in carrots and parsnips;

e yellowing and abscission of leaves in broccoli,
cabbage, Chinese cabbage, and cauliflower;

e accelerated softening of cucumbers, acorn
and summer squash;

e softening and development of off-flavor in
watermelons;

e browning and discoloration in eggplant pulp
and seed;

e discoloration and off-flavor in sweet potatoes;

e sprouting of potatoes;

e increased ripening and softening of mature
green tomatoes (8); and

e shattering of raspberries and blackberries (2).

Ethylene producers include apples, apricots,
avocados, ripening bananas, cantaloupes,
honeydew melons, ripe kiwifruit, nectarines,
papayas, passionfruit, peaches, pears,
persimmons, plantains, plums, prunes, quinces,
and tomatoes (14). Produce that is sensitive to
ethylene is indicated in Appendix I.
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Mixed loads

When different commodities are stored or
transported together, it is important to combine
only those products that are compatible with
respect to their requirements for temperature,
relative humidity, atmosphere (oxygen and
carbon dioxide), protection from odors, and
protection from ethylene (4).

In regard to cross-transfer of odors, combinations
that should be avoided in storage rooms include:
apples or pears with celery, cabbage, carrots,
potatoes, or onions; celery with onions or carrots;
and citrus with any of the strongly scented
vegetables. Odors from apples and citrus are
readily absorbed by meat, eggs, and dairy
products. Pears and apples acquire an
unpleasant, earthy taste and odor when stored
with potatoes. It is recommended that onions,
nuts, citrus, and potatoes each be stored
separately (4).

Storage crops

What about the crops that will not be transported
and marketed fresh after harvest? Growers can
extend their selling season into the winter
months by growing root crops and other
vegetables and fruits suited for long-term storage.
The challenge is in keeping quality high by
creating and maintaining the correct storage
environment. As Growing for Market editor Lynn
Byczynski notes,

Most storage crops require low temperatures
and high humidity, two factors that don’t
come together easily. Several others require
low humidity and low temperatures. And
then there are a few that fall in between...Root
crops such as beets, carrots, turnips, rutabagas,
and leeks store best at 32° F and 90%
humidity. Potatoes prefer temperatures of 40-
60° F and 90% humidity. Onions and garlic
like it cool —32°—but require less humidity —
about 65-75%. Winter squash prefer
temperatures of 50-60° F, but dry. That’s four
different types of storage for vegetables that
will hold a month or more: cold and humid;
cold and dry; cool and humid; cool and

dry (10).
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The two structural options for storage of these
crops are coolers and root cellars. Byczynski
provides an example of a farm using both: “The
Seelys have a bank barn, which has the bottom
floor built into a hillside...They have built both
coolers and a dry storage room into the lower
floor to provide different combinations of
temperature and humidity for the vegetables they
store.” Coolers used for root crop storage will
require water added to the air and regular
monitoring of the humidity level (see discussion
under Preventing moisture loss above.) Some
growers have used concrete basements of houses,
closed off from heat and with ventilation to let in
cold winter air, as root cellars. Another idea is to
bury a big piece of culvert under a hillside (10).

Whatever the method, only “perfect” produce is
suitable for long-term storage, so careful
inspection is critical. Any damaged produce is
going to spoil and induce spoilage in the rest of
the crop. Byczynski advises growers to “either
rub off soil and leave the crops somewhat dirty,
or wash them and let them dry thoroughly before
putting them in storage. With onions, garlic,
winter squash, pumpkins and sweet potatoes, it’s
important that they be cured thoroughly before
storage” (10).

Conclusion

Postharvest handling is the final stage in the
process of producing high quality fresh produce.
Being able to maintain a level of freshness from
the field to the dinner table presents many
challenges. A grower who can meet these
challenges, will be able to expand his or her
marketing opportunities and be better able to
compete in the marketplace. This document is
intended to serve as an introduction to the topic
and a resource pointer; the grower is advised to
seek out more complete information from
Extension and other sources.
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Resources:

Further Information

Commercial Cooling of Fruits, Vegetables, and Flowers.
By James Thompson, et al. 1998. 65 p.
University of California, ANR
Publications # 21567
Detailed descriptions of proper temperature
management for perishables and commercial
cooling methods. Complete discussion of design for
hydro-cooler and forced-air cooler systems, the two
most commonly used cooling methods. 25 graphs
and illustrations, 11 color plates, and 15 tables.
Awailable for $10 plus $3.50 s/h. Make check
payable to UC Regents and specify pub. #21567.
University of California
ANR Communication Services
6701 San Pablo Avenue
Oakland, CA 94608-1239
(800) 994-8849
http:/ /anrcatalog.ucdavis.edu

UC-Davis Produce Facts website

http:/ / postharvest.ucdavis.edu/Produce/ProduceFac

ts/index.html
Separate postharvest fact sheets for a great variety
of fruit, vegetable, and ornamental crops. Each fact
sheet includes information about maturity and
quality indices, optimum temperature and relative
humidity, rates of respiration and ethylene
production rates, responses to ethylene and
controlled atmospheres, physiological and
pathological disorders: causes and control, and
other relevant information. Periodic updates of
these fact sheets will be published as new
information becomes available. The goal is to
eventually post fact sheets for all major perishable
crops.
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Perishables Handling

Editor: Pam Moyer

Postharvest Technology

Dept. of Pomology

One Shields Ave.

Univ. of California

Davis, CA 95616-8683

(530) 752-6941
Perishables Handling, a quarterly publication
from the UC-Davis Postharvest Outreach
Program, reports research in progress, recent
publications, and brief reviews of various aspects of
postharvest technology of horticultural crops. A
one-year subscription costs $25. Back issues are
available for $8 each. Tables of contents of back
issues may be reviewed on-line at:
http:/ / postharvest.ucdavis.edu/Pubs/

POSTPhn.html

Produce Handling for Direct Marketing

Natural Resource, Agriculture, and Engineering

Service (NRAES)

1992. 26 p. NRAES-51.
For growers selling seasonal produce at farmers’
markets and roadside stands. Describes
postharvest physiology, food safety, produce
handling from harvest to storage, refrigeration,
produce displays, and specific handling
recommendations for over 40 fruits and vegetables.
Includes eleven tables and eight figures.

Refrigeration and Controlled Atmosphere Storage for

Horticultural Crops

1990. 44 p. NRAES-22
General construction procedures for storage
facilities: structural considerations, site selection,
thermal insulation, vapor barriers, and attic
ventilation. Explanations of various refrigeration
systems, with descriptions of equipment and
operating procedures. Controlled atmosphere
storage construction, testing, and operation,
especially in relation to apple storage.

Both of these NRAES publications are available, for
$8 each plus a total of $3.75 s/h, from:

NRAES

Cooperative Extension

152 Riley-Robb Hall

Ithaca, NY 14853-5701

(607) 255-7654

http:/ /www.nraes.org

Postharvest Handling & Cooling of Fresh Fruits,
Vegetables, and Flowers for Small Farms

By L.G. Wilson, M.D. Boyette, and E.A. Estes.
1995. 17 p.
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North Carolina Cooperative Extension Service.
Leaflets 800-804.
Five-part series: Quality Maintenance; Cooling;
Handling; Mixed Loads; References. Available on-
line at:
http:/ /www.ces.ncsu.edu/ depts/hort/hil/
post-index.html

North Carolina State University also offers the

following fact sheets on postharvest cooling and

handling, at:

wwwb.bae.ncsu.edu/ programs/ extension/
publicat/ postharv/index.html

Apples AG-413-1

Strawberries AG-413-2

Peppers AG-413-3

Sweet Corn AG-413-4

Cabbage and Leafy Greens AG-413-5
Onions AG-413-6

Blueberries AG-413-7

Greenbeans and Field Peas AG-413-8
Tomatoes AG-413-9

Proper Postharvest Cooling and Handling
Methods AG-414-1

Design of Room Cooling Facilities AG-414-2
Forced-Air Cooling AG-414-3

Hydrocooling AG-414-4

Crushed and Liquid Ice Cooling AG-414-5
Chlorination and Postharvest Disease Control
AG-414-6

Cool and Ship: Low Cost Portable Forced Air
Cool Unit AG-414-7

Packaging Requirements for Fresh Fruits and
Vegetables AG-414-8

For information on ordering print copies of these
publications, contact:

North Carolina State University
Dept. of Communication Services
Box 7603

Raleigh, NC 27695-7603

(919) 515-2861

Kansas State University offers the following publications
on postharvest management of commercial horticultural
crops. All are available on-line at:

http:/ /www.oznet.ksu.edu/library

Containers and Packaging — Fruits and
Vegetables MF979

Fruits and Vegetables — Precooling Produce
MF1002

Harvest Maturity Indicators for Fruits and
Vegetables MF1175
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Storage Conditions — Fruits and Vegetables
MF978

Storage Construction MF1039

Storage Operations MF1033

Storage Options MF1030

For information on ordering print copies, contact:
Production Services
Kansas State University
24 Umberger Hall
Manhattan, KS 66506-3402
(785) 532-5830
e-mail: orderpub@oz.oznet.ksu.edu

The University of Wisconsin has produced a very helpful
set of “Work Efficiency Tip Sheets” for fresh-market
vegetable growers. These materials were developed by the
Healthy Farmers, Healthy Profits Project, with the goal
of sharing labor-efficiency practices that maintain farmers’
health and safety while increasing profits. Topics in the
series include:

A Specialized Harvest Cart for Greens A3704-1
Stooping or kneeling and crawling to
harvest salad greens requires a lot of time
and energy. An alternative is to build a
simple cart that allows you to sit and roll
while you harvest. The cart also holds
your harvest container, so it rolls along
with you. Parts for the cart will cost
about $150.

Mesh Produce Bags: Easy Batch Processing

A3704-2
Elements and benefits of the batch method
for washing greens, as discussed above
under the heading “Sanitation.”

Standard Containers A3704-3
Standard containers for carrying and
moving produce are made of molded
plastic, have sturdy handles, and are
stackable. They re easier to use and more
efficient than bushel baskets, buckets or
wooden crates.

Narrow Pallet System A3704-4
If you currently carry boxes of produce by
hand, switching to a narrow pallet system
may save you time and money. With a
hand pallet truck you can move up to 16
half-bushel boxes at a time. This system
can cut your time spent moving boxes by
more than 60% and will dramatically
reduce the stress put on your body.

These tipsheets may be ordered from the following
address, or accessed on-line at:
http:/ /www.bse.wisc.edu/hthp/
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Cooperative Extension Publishing
Rm. 170, 630 W. Mifflin St.
Madison, WI 53703

(608) 262-3346

http:/ /www.uwex.edu/ces/pubs/

Sydney Postharvest Lab

http:/ /www.postharvest.com.au
This Australian website offers postharvest handling
and storage information, with extensive links to
other postharvest sites.

Growing for Market

Editor: Lynn Byczynski

P.O. Box 3747

Lawrence, KS 66046

(800) 307-8949
This monthly newsletter is a great resource for
small-scale growers. Lots of good, practical
information from other producers, with frequent
coverage of postharvest topics. Subscriptions cost
$30. for one year, or $55. for two years.

Manufacturers & Suppliers

NOTE: This list is intended to be neither
comprehensive nor exclusive. Endorsement of any
particular product or company is not implied.

American Vegetable Grower

Meister Publishing Company

37733 Euclid Ave.

Willougby, OH 44094

(440) 942-2000
The annual “Source Book” issue (July) is a
comprehensive listing of manufacturers and
suppliers of every type of product for farmers,
including postharvest equipment and supplies. 12
issues/$15.95. Single issue/$2.75.

Cady Industries

P.O. Box 2087

Memphis, TN 38101

(800) 622-3695
Sells a 32" x 27" McKnit nylon bag with 1/8”
mesh for $6 each, with a minimum order of 10.

The Nylon Net Co.

845 North Main St.

Memphis, TN 38107

(800) 238-7529
Sells a Va"nylon mesh “diver’s bag” with
drawstring, 24" x 34”, for $8.28 each.
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Delta Track

P.O. Box 398

Pleasanton, CA 94566

(800) 962-6776
Sells “Hygro Thermometers”: about the size of a
deck of cards, battery operated, digital display of

temperature and humidity, records daily min./max.

of each.

Spectrum Technologies
23839 W. Andrews Rd.
Plainfield, IL 60544
(800) 248-8873
Sells humidity monitors.

Barr, Inc.

1423 Planeview Dr.

Oshkosh, WI 54904

(920) 231-1711

e-mail: info@barrinc.com

http:/ /www.barrinc.com
Distributor of used coolers, freezers, and
refrigeration systems.

Cool Care Consulting, Inc.

4020 Thor Dr.

Boynton Beach, FL. 33426

(561) 364-5711

e-mail: ron.roberts@coolcareinc.com

http:/ /www.coolcareinc.com
Sells postharvest pre-cooling and refrigeration
equipment, including forced air, ice, hydro,
vacuum, modular, and mobile cooling units.

Bio Safe Systems

80 Commerce St.

Glastonbury, CT 06033

(888) 273-3088

e-mail: Rob@biosafesystems.com

http:/ /www.biosafesystems.com
Sells organic-approved, eco-friendly washwater
treatments/disinfectants.

The el ectroni c version of Postharvest
Handling of Fruit & Vegetables is |ocated
at:

http://ww. attra.org/attra-

pub/ post harvest . ht m

By Janet Bachmann and Richard Earles
NCAT Agriculture Specidalists

August 2000

The ATTRA Project is operated by the National
fromthe Rural Business-Cooperative Service,
organi zati ons do not reconmend or endorse products, conpanies, or individuals. ATTRA is
located in the Qzark Mountains at the University of Arkansas in Fayetteville at P.O Box 3657,
Fayetteville, AR 72702. ATTRA staff menbers prefer to receive requests for information about
sustainable agriculture via the toll-free nunber 800-346-9140.

Center for Appropriate Technol ogy under a grant
U S. Departnment of Agriculture. These
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APPENDIX I

Storage Conditions for Vegetables and Fruits

Temperature % Relative Precooling Storage life Ethylene
F humidity method Days sensitive

Apples 30-40 90-95 R,F, H 90-240 Y
Apricots 32 90-95 R, H 7-14 Y
Asparagus 32-35 95-100 H, I 14-21 Y
Avocados 40-55 85-90 14-28 Y
Bananas 56-58 90-95 7-28 Y
Beans, snap 40-45 95 R, F H 10-14 Y
Beans, lima 37-41 95 7-10
Beets, roots 32 98-100 R 90-150
Blackberries 31-32 90-95 R, F 2-3
Blueberries 31-32 90-95 R, F 10-18
Broccoli 32 95-100 LE H 10-14 Y
Brussel sprouts | 32 95-100 HV,I 21-35 Y
Cabbage 32 98-100 R, F 90-180 Y
Cantaloupe 36-41 95 H,F 10-14 Y
Carrots, topped | 32 98-100 I, R 28-180 Y
Cauliflower 32 90-98 H,V 20-30
Celery 32 98-100 I 14-28 Y
Cherries, sweet | 30-31 90-95 H, F 14-21
Corn, sweet 32 95-98 HILV 4-6
Cranberries 36-40 90-95 60-120
Cucumbers 50-55 95 F, H 10-14 Y
Eggplant 46-54 90-95 R F 10-14 Y
Endive 32 90-95 H, I 14-21 Y
Garlic 32-34 65-75 N 90-210
Grapefruit 50-60 85-90 28-42
Grapes 32 85 F 56-180
Kiwifruit 32 95-100 28-84 Y
Leeks 32 95-100 H, 1 60-90 Y
Lemons 50-55 85-90 30-180
Lettuce 32 85-90 H,I 14-21 Y
Limes 48-50 85-90 21-35
Mushrooms 32 95 12-17
Nectarines 31-32 95 F H 14-18 Y
Okra 45-50 90-95 7-14 Y
Onions, bulb 32 65-70 N 30-180
Onions, green 32 95-100 H,I 7-10
Oranges 32-48 85-90 21-56
Peaches 31-32 90-95 F, H 14-28 Y
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Temperature | % Relative Precooling Storage life Ethylene
F humidity method Days sensitive

Pears 32 90-95 F R H 60-90 Y
Peas, in pods 32 95098 F,H,1 7-10 Y
Peppers, bell 45-55 90-95 R F 12-18 Y
Peppers, hot 45-50 60-70 R, F 14-21 Y
Pineapple 45-55 85-90 14-36
Plums 32 90-95 F, H 14-28 Y
Potatoes, early 50-60 90 R, F 56-140
Potatoes, late 40-50 90 R, F 56-140 Y
Pumpkins 50-60 50-75 N 84-160
Radishes 32 95-100 | 21-28
Raspberries 32 90-95 R F 2-3 Y
Rutabagas 32 98-100 R 120-180
Spinach 32 95-100 H I 10-14 Y
Squash, summer | 41-50 95 R, F 7-14 Y
Squash, winter | 50-55 50-70 N 84-150
Strawberries 32 90-95 R, F 5-10
Sweet potatoes | 55-60 85-90 N 120-210 Y
Tangerines 40 90-95 14-28
Tomatoes 62-68 90-95 R, F 7-28 Y
Turnips 32 95 R HV,I 120-150
Watermelon 50-60 90 N 14-21

F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum
cooling, N = no precooling needed. Sources: USDA Agricultural Marketing Service, Kansas State
University Cooperative Extension Service
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APPENDIX II

The Portacooler

A portable precooler designed by USDA
researchers can be built with readily
available materials at a cost of around
$1,200. The most expensive component
is an airconditioner. If a used
airconditioner is available, the initial
investment will be decreased. The
Portacooler can be towed to the field and
used to reduce field heat of berries,
vegetables, and other high-value crops
immediately after picking.

The structure of the Portacooler is a basic
wood frame and plywood panel
construction (see diagram). The outside
dimensions of the cooler are 4 feet high by
4 feet wide by 8 feet long. The frame is
made of 2 by 3's spaced 2 feet on center,
excluding the doorway and the air
conditioner space. The frames are
sheathed with 1/2 inch plywood. The
precooler is insulated with 2-inch thick
plastic foam that fits firmly between the
frame studs.

After the frame and sheathing are
completed, the electrical components can
be installed (see diagram). The standard
junction box, power switches, daily cycle
timer, and industrial thermostat control
box should be mounted on the outside of
the front wall near the air conditioner. An
adjustable, industrial thermostat control
box should be mounted on the outside of
the front wall near the air conditioner. An
adjustable, industrial thermostat must be
connected to the air conditioner to replace
the existing thermostat. Mount strip
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heaters using copper wire so that they
contact the cooling coils of the air
conditioner. Mount the blower on the front
inside wall, centered above the air
conditioner so that the blower

discharge is 12 inches below the inside
ceiling.

All electrical components should be properly
grounded, and wiring should comply with
national and local electrical codes. Consult a
licensed electrician for more information
about how to install any components of the
electrical system.

The Portacooler can be powered from
either an electrical wall outlet or a
gasoline-powered generator. The main
electrical connection from the power
source is split to the individual switches.
From the switches, the power travels to the
blower and to the air conditioner. The
strip heaters and the thermostat are wired
from the timer. The timer creates a defrost
cycle by alternating power from the
compressor to the strip heaters. (An
interval of compressor shutdown time
should be approximately 2.5 minutes
during every 10 minutes.)

Once the cooler is assembled, and the
electrical components hooked up, mount the
air flow bulkhead. Mount the bulkhead with
blower discharge hoe flush with the edge of
the blower discharge, allowing a 6-inch-high
return-air gap along the floor.

All wood surfaces should be coated with

polyurethane and an all-weather sealer to
prolong the useful equipment life.
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General Material List

e air conditioner, 12,000 BtU, TI5 V... oot e et e e e eaeeeeeseeseseeeeaneeseseeeseneesaneeeanenens 1

e centrifugal blower, 1/3 hp, 1210 CEIM. c.cociiiiiiiiii e 1

o 20-amp wall switch, with boxes and COVETS ...........cceveirnriiiiiirnreccee e 2

o 4 Dby 8ft, exterior AC, 1/4-IN PIYWOOd......ccccoimiiiiiiiiiiiiiiicccccc e 11

o lumber, 2 by 31N, 8 fEIONE ..o s 30

o lumber, 2 by 41N, 12 fEIONE......cccciiiiiiiiicccc s 3

o lumber, 2 by 61N, 8 fEIONE ..o 1

o INAUStrial Wheels, 5011 AIAIMEEET ... . oo e e et e e e e et e e e eeeeaeeeeseeeeneeeenenens 2

e industrial wheels, 5-1n diameEter, SWIVEL..... ..o oottt e e e eeeeeeee e eereeeanenens 2

o dry wall screws, 2 1/2-IN LONG.......cccceiuiuiiiiriiiiiiiiicci e seaes 51b
o dry wall SCrews, T-iN LONG .......cccvoiiiiiiiiiiiiiiiicc s 11b
@ WAL SCALET ...t 1 gal
o polyurethane COAtINg ... aee 1 gal
e weather stripping, 1-in Wide 101l ........cccccouiiiiiiiiiiiiii e 1

e insulation, 21in, 4 by 8 ft Sheets........cccccceeiiiiiiiiiiiii e 5

o 1/4-in plywood, 4-In Wide SEIPS......ccceuiiiiiiiiiiiiiiiicccci s 12 ft
e door latch, SHIAING DOt .........cooiiimiiiiiiii e 1

o thermostat, 115 B, 16 amp, 1€mote DUID .........ccccceiviiiriiiiiiecccccee e 1

e strap hinges, screw fastened, 3-IN 10NE ........c.ccoovviiiiiiiiiiiiic e 4

o lumber, 2 by 101N, 4 fEIONE ..o s 1

o standard JUNCHON DOX ......c.couviiiiiiiiiiii e 1

o strip heaters, 150 watt, 8 in, T15 B...c.cooiiiriiiccciiccctr e 2

®  INSULALEA WITE ....uiiviiiiceiceececcc ettt ettt et eteereeae e e e e eseeseessereeseeseeseeseeseesessessensessensens 30 ft
e cycle timer, SPDT, 115 B, 20 amp, 1 hour .......cccovviiiiiiiiiiiiicccceeccceeeennens 1

The design, construction, and research of the Portacooler was conducted by Joseph Anthony,
Gerald Berney, William Craig, and Daniel P. Schofer. For further information, contact Daniel
Schofer, Room 1211 South Bldg., 12 & Independence, Box 96456, Washington, D.C. 20090-6456.
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Electrical Diagram
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Stucly Material for training on

Soll Healin and lrrigation water
Management in fele crops



Background

Preliminary soil analysis results for different soils across different parts of World shows multi-
nutrient deficiencies of secondary and micro nutrients like sulphur (S), boron (B) and zinc (Zn)
along with nitrogen (N), phosphorus (P) and potassium (K). The imbalanced and sole use of high
analysis NPK fertilizers coupled with declining use of organic manures in the past decades have
resulted in soil fertility degradation through developing negative balances of secondary and
micronutrients and low carbon (C) levels. The deficiencies will further aggravate when we
attempt increasing the crop productivity without resorting to proper soil fertility management
practices. Soil fertility management through balanced nutrition (NPK plus SBZn) in different
states, china and Vietnam have shown significant yield increase (20-70%) and favorable B: C ratios
of 3-14:1; and is the best bet to get required increase in productivity and income.

Soil test based Fertilizer application

Soil testing of individual farmer’s field is useful to identify the nutrient deficiencies, to estimate
crop nutrient mining and to supplement with external organic or inorganic balanced nutrients
application. Addition of required plant nutrients is essential to maintain or improve the crop
productivity levels. Soil testing has become more pertinent now than ever due to high
productivity of nutrient responsive crop cultivars, and nutrient mining due to high crop intensity.
Soil testing allows crop specific and productivity linked nutrient recommendations for different
crops and seasons. ICRISAT evaluated integrated nutrient management studies extensively in
different parts of India, China and Vietnam in collaborative initiatives with farmers’ participation
for rice, green gram, black gram, pigeonpea, groundnut, sunflower, soybean cropping systems.
These evaluations were based on soil test analysis indicating deficiency of micro and
macronutrients.

Addition of organic manures and amendments

To sustain or improve productivity, soil organic carbon, a quality indicator needs to be improved
with addition of organic manures. Soil organic matter (OM) is the base for biological activity,
improves nutrient and water availability, and enhances soil aeration. Soil organic matter
maintenance or enhancement in tropical soils is possible through long-term addition of crop
residues, farmyard manures/livestock litter and vermicompost from farm wastes. These
materials add not only OM to enrich degraded soils but plant nutrients at useful levels to enhance
crop productivity. Besides recycling crop/livestock waste, green manuring with Gliricidia loppings
is another successful practice demonstrated on ICRISAT’s operational watersheds for enriching
soil OM to sustain crop productivity. Spreading tank silt on lighter soils to improve the soil
structure, there by moisture retention and also adding sand to clayey Alfisols to reduce surface
crusting and improve soil aeration are some crop productivity enhancement options. In semi-arid



environments, saline or alkaline and in high rainfall areas, acid soils are known to be problematic
for management. Reclamation with amendments like lime addition in the range of 2.5-to 7.5 t
ha? for acid soils, and gypsum for saline and alkaline soils based on the rainfall situation is
suggested.

Objectives

v
v
v

v
v
v

Diagnosis of soil health constraints for informed decisions and precise input use
Optimize imbalanced/excessive applications of NPK fertilizers.

To address soil C-building (composting, green manures, Gliricidia) for productivity
improvement and resilience building.

Optimize consumption of chemical fertilizers.

Sustainable crop productivity improvement through rejuvenating degrading soils.
Increasing gross value addition in agriculture sector.

Proposed strategy

v
v

Soil health mapping of annual crop fields

To recommend micro & secondary nutrients (on yearly basis) along with the primary
nutrients.

Village level recommendations to consider risks & practicability - For primary nutrients,
25% higher dose in case of deficiency and 25% less dose in case of high nutrient level.
For secondary & micro nutrient fertilizers - full dose if >50% deficiency; half dose if 25%-
50% deficiency; 1/4th dose if 10- 25% deficiency and no dose in case of single digit
deficiency.

Yearly doses of S, Band Zn are 15 kg ha-1, 0.25 kg ha-1 and 5 kg ha, respectively. Sampled
farmer to follow recommended application of micro/secondary nutrients in case of
deficiency and no application in case of sufficiency.

Learning objectives

v Soil health management

v Soil sampling in agricultural crops

v Soil test based application of nutrients

v Use of biological manures and fertilizers
Strategy:

v Soil test-based basal application of micro/secondary nutrient fertilizers
v' Addition of recommended deficient secondary and micro nutrients like S, B and Zn as basal
application within 30 days of sowing.



To add yearly doses of recommended S, B and Zn. Yearly full doses per ha are 15 kg S, 0.25 kg
B and 5 kg Zn.

Foliar application of S, B, Zn and other micro/secondary nutrients where basal application is
missed in 1st 30 days.

To promote fertigation for regulated supply of nutrients in available micro irrigation (Ml)
networks.

Biomass generation from soil fertility point of view, and short duration pulse promotion in
summer/winter fallows — green gram, black gram, horse gram.

Increase in productivity and net returns with soil test-based application of fertilizers.
Decrease in the use of Urea/DAP/MOP using soil test based soil fertility management.
Decrease in use of chemical fertilizers thru production and use of on-farm produced
composts.

Enhanced fertilizer use efficiency through integrated inorganic, organic and biological
fertilizers.

Promote recycling of on-farm wastes through aerobic composting to meet crop nutrient
requirements.

Placing shredding machines in village/cluster of village level for chopping hard biomass like
stalks/left-over of pigeon pea, cotton, maize etc.

Measurable indicators: Crop yields, Income, Saving in cost & quantity of chemical fertilizers,
Soil fertility

Soil sampling

Soil sampling in annual agricultural crops: Follow stratified soil sampling method to ensure
collection of a representative sample as under;

Divide target area into three topo-sequences.

At each topo-sequence location, take samples proportionately from different farm holding
sizes.

Within farm size class in a topo-sequence, take samples representing soil colour, texture,
cropping system and agronomic management

At sampling unit in a farmer’s field, collect minimum 8 to 10 cores of random surface (0—0.15
m) soil samples and mix together to make a composite sample

In Grid sampling system, follow above stratification principles — only one sample per 10 ha.
Follow precautions not to collect samples from recently fertilized plots, bunds, channels,
marshy spots, near trees, cow dung heap or other non-representative areas.

Soil sampling in horticultural plantations: For soil sampling in horticultural plantations, follow
following protocols; Divide the orchard into blocks of trees of the same species, age and other



characteristics like topography, soil color, soil texture and management practices. Within a block,
select representative 5 trees. From each indicator tree in a block, pull 3 to 4 cores. Mix the
resulting 15-20 cores in the block and take ~1 kg (following partitioning method) composite
sample.

Foliar application of fertilizers

If basal applications of S, B and Zn are missed within 30 days, the alternate option could be to
resort to foliar application of nutrients to cover-up losses in yields and incomes. Plants can absorb
nutrients from dilute solutions applied on to the leaves; and so Zn, B and S deficiencies can be
readily corrected through foliar application as described here. Foliar application of Agribor (0.1%)
+ Zinc sulphate(0.5%) + Unslaked lime (0.25%), 2-3 times at 7-10 days interval between 30-60
days after sowing/transplanting. For making above fertilizer solution, dissolve 100 g Agribor +
500 g zinc sulphate + 250 g lime in 100 | of water (For 5 acre). Urea meant for top dressing may
further be split and applied along with micronutrient sprays, @ 1-2% (i.e. 1-2 kg urea/100 | of
solution) for getting higher efficiency. Addition of unslaked lime is needed to neutralize acidity
caused by zinc sulphate ionization. The solution required for one hais 500|. Optimum time of
day for foliar application is early morning (7 to 10 am), because of less evaporation and longer
period absorption of nutrients through opened stomata.

Major drawbacks in foliar application are that it needs more labor and plants lose critical period
of 1 month or more without proper nutrition which adversely affects crop growth. Moreover, it
has little or no effect in improving soil fertility. However, it is an efficient corrective measure for
any deficiency in the standing crop and has the following advantages: Smaller quantities of the
nutrients are required than when applying to the soil. The danger of fixation and/or leaching is
reduced. Nutrients applied to the foliage are absorbed more rapidly than when applied to the
soil. It provides a convenient method of application for fertilizers required in small amounts.



Fertigation:

» Identify area with drip systems in agricultural crops

Promote crop-specific fertigation schedules for regulated supply of micronutrients.
Emphasize to promote regular fertilizers like N, K, Zn, B in fertigation

Filter the regular fertilizer nutrient-solution before putting in the system

Y YV V

Aerobic composting

» Aerobic composting refers to the process of composting using decomposing microbial culture
and ensuring enhanced aeration.

» Aerobic composting can effectively be practiced on ground surface; however, for effective
handling, cemented platform (2 m wide and 3 m or as required long) may be constructed.



Composting materials —
Organic waste=100 kg
Dung =20 kg

Rock phosphate = 4 kg

Urea = 0.5 kg (priming of raw biomass @ 0.5% should be done before one week to lower C:N
ratio)

Microbial culture = 1.0-2.0 kg ton-1

Procedure Spread raw biomass on cemented platform. Sprinkle rock phosphate @ 4 kg per
100 kg straw biomass on the waste material and then sprinkle cow dung slurry. Fill in layers Fill
the heap up to 0.75 m height. Do turnings of biomass (upside down and vice-versa) at 10 days’
interval up to 50 days.

Precautions Take care to maintain proper moisture content by watering at alternate days.
Instead of sole use of huge amounts of fertilizer nutrients, the integration of cost effective bio-
fertilizers can contribute in enhancing the use efficiency of fertilizer management to bring in
better economics or benefit/cost ratio. Biological fertilizers include mainly — vesicular arbuscular
mycorrhizae (VAM), phosphate solubilizing micro-organisms (PSM) and nitrogen fixing bacteria.

Vesicular Arbuscular Mycorrhizae (VAM) VAM infects roots, increases effective root surface
and soil volume explored for nutrient uptake through extensive mycelia along with solubilizing
effect by chemicals released. VAM culture may be applied either as mixed with organic



composts and spread at sowing/transplanting; coated onto the seed; seedlings dipped into the
VAM spore solution; or sprayed onto soil around the plant and watered into the root zone.
Depending upon the number of spores in VAM culture, the quantity of the culture should be
adjusted in a way to apply 10 to 20 spores per individual germinating plant.

Vermicomposting

Vermicomposting is a simple process of composting with the help of earthworms to produce a
better enriched end product. In vermicomposting process, earthworms consume biomass and
break it into small pieces which expose raw waste biomass to intensive microbial decomposition.
Moreover, after passing through the earthworm gut, resulting earthworm castings (worm
manure) are also rich in microbial activity to hasten the composting process.

Basic Requirements:

Earthworms: Eisenia fetida and Eudrilus eugenae species of earthworms are consistently used in
vermicomposting for their high multiplication rate and efficacy to convert organic matter into
vermicompost. Organic Raw Biomass: Various sources of wastes like crop residue, cattle waste,
dairy sludge, brewery yeast, vine fruit industry sludge, textile mill sludge, sugarcane industry
wastes like press mud, bagasse and trash, kitchen and agro wastes, paper waste and sludge are
converted into valuable organic manures using earthworms. In general cow dung is the most
preferred food for earthworms and so it is best to mix it with other raw biomass. Environmental
& Other: Earthworms dislike sunlight; therefore cool and shade is the first and foremost
requirement for vermicomposting. It have a moist environment for earthworms to live. The ideal



moisture-content range for materials in conventional composting systems is 45-60%. Worms are
oxygen breathers and cannot survive anaerobic conditions.

Composting material - Various ingredients required and ideal ratios in general are as under, 500
kg of Dry organic wastes (DOW) 100 kg of Dung slurry (DS) 30 kg of Rock phosphate (RP) 4 kg of
Earthworms (EW) 1000-1500L of Water (W) 10 L every three days

Procedure: Fill the biomass in layers of 15-30 cm at weekly interval. In case of crop residues
being the dominant biomass, sprinkle dung slurry after crop residue layer. Release about 1-2 kg
earthworms after filling 1st biomass layer. Rock phosphate can be added in between the layers
to increase P content of the compost. The height of the heap must to taken to max 0.7-0.8 m.
Once vermicompost is mature, stop watering a week before harvesting. Harvest entire heap
except bottom 15-30 cm biomass and keep the harvest near the heap. Immediately start filling
the harvested heap. After 15-20 days, the harvested vermicompost can be taken for field
application.

Precautions -Different feeds can contain a wide variety of potentially toxic components.
Prominent among them are de-worming medicine in manures, particularly horse manure. Some
naturally occurring tannin in trees like as cedar and fir can harm worms and even drive them from
the beds.

Materials of animal origin such as eggshells, meat, bone, chicken droppings, etc are not preferred
for preparing Vermicompost. The material should be free from plastics and glass pieces as they
damage the worms’ gut. After completion of the process, the Vermicompost should be removed
from the bed at regular intervals and replaced by fresh waste materials, because earthworm casts
are toxic to their population. The earthworms should be protected against birds, termites, ants
and rats.

Phosphate solubilizing micro-organisms (PSM) PSMs can solubilize the complex insoluble form
of phosphorus into simple soluble forms that can be taken up by plants. For PSM application, mix
the culture uniformly with the seeds by using minimum amount of water, dry the inoculated
seeds under shade and sow immediately. If the seed is to be treated with pesticides; first follow
the pesticide treatments and finally treat seeds with PSM. For transplanted crops, mix the
inoculants with desired stickers in bucket of water, stir the mixture vigorously and then dip the
roots of seedlings in this mixture before transplanting. Use 5 to 10 g culture (~109 spores/cells
per g) per kg of seed, 1 to 2 kg for soil application per acre of land, 1 kg for root application (root

dipping) of one acre of crop.



Nitrogen fixing Bacteria Azotobacter/Azospirillum group of bacteria in association with non-
leguminous while Rhizobium in leguminous crops fixes the atmospheric nitrogen and makes it
available to plants. For inoculating N-fixing bacteria, mix the culture uniformly with the seeds by
using minimum amount of water, dry the inoculated seeds under shade and sow immediately.
For transplanted crops, mix the inoculants in bucket of water, stir the mixture vigorously and
then dip the roots of seedlings in this mixture before transplanting. Use 15to 20 g culture (~109
spores per g) per kg of seed, 1 to 2 kg for soil application per acre of land, 1 kg for root application

(root dipping) of one acre of crop.

Advantages of Vermicompost

e The mostimportant aspect of compost produced by earthworms is that it is 100% organic.
There are no harmful chemicals and it does not need to be mixed with anything.

e Asthe compost is passing through the body of the worms it is enriched with bacteria and
microbes. These help plants to become more disease resistant and also repel some plant
pests. The presence of increased microbial activity can make the area much more
attractive to birds which also help to remove plant pests.

e Among the hormones that earthworm compost contains are hormones that help plants
to grow. Germination of seeds is encouraged, the growth of the plant is stronger and the
crop yield improved. This natural support for the plants is not available with chemical
fertilizers. The distribution of the compost through the soil also helps to encourage

healthy root growth.



Untreated Treated with chemical fertilizers Treated with vermicompost

Fertilizers and Fertilizer Application




Types of Fertilizers and Manures

Among the plant nutrients required in large amounts for successful crop production are nitrogen
(N), phosphorus (P), and potassium (K). These elements may need to be supplied regularly to
maintain high crop productivity. Commercially available fertilizers are divided into single element
fertilizers (urea or potassium chloride) and complex fertilizers with two or more nutrients (mono-
ammonium phosphate or di-ammonium phosphate).

Analysis or Grade of Fertilizers

The amount of a nutrient element in a fertilizer is expressed as a percentage. Ammonium
sulphate usually has 20% N. This means that every 100 kg of ammonium sulphate contains 20 kg
of nitrogen. The three major nutrients are thus expressed as a percentage of each element in the
order N-P-K. A complex fertilizer labeled 14-14-14 contains 14% N, 14% P and 14% K. The
remaining 58% is carrier materials that usually have no effect on crop production.

Storing Fertilizers

Since the quality of fertilizer is affected by the way it is stored, care must be taken to select a
storage area that is dry and well ventilated. Place wooden pallets on the floor and stack fertilizer
bags on them. Do not place more than eight bags in a stack, otherwise the pressure on the bag
at the bottom will lead to the fertilizer caking. Stack only unbroken bags and arrange the stacks
closely to minimize air space between them.



Precautions Do not store fertilizer with insecticides or herbicides Do not store with fuels, oil,
flammable liquids, acids, sulphur, or explosives Do not smoke in the storage area Store the
fertilizer in moisture-proof containers or bags.

Fertilizer Calibration

Calculate the rate of nutrients to be applied per unit area. Identify the fertilizers that will supply
the nutrients, either singly or in combinations. Then calculate the amount of fertilizer that will
supply the required amount of nutrients ha-1, m-2, plot-1, or for a row. Application rates for
major nutrients are reported as kg ha-1.

Procedure for Calculation

Calculate the quantity of a straight fertilizer to supply 120 kg of N ha-1 for a plot with 10 rows.
Each row is 10 m-long and 0.5 m-wide. Therefore, the total area is 50 m2. The fertilizer to be used
is ammonium sulphate.

Ammonium sulphate contains 20% N or 20 kg N in each 100 kg.
Therefore, 120 kg N will be available from:
100 kg ammonium sulphate X 120 kg N = 600 kg of ammonium sulphate. 20 kg N
To supply 120 kg N ha-1 requires 600 kg of ammonium sulphate.
The required ammonium sulphate for each m? to provide 120 kg N ha* will be:
600 kg ha™* ammonium sulphate X 1000 g kg* = 60 g m of (NH4)2504
10,000 m2 ha
The plot area in this example is 10 m X 5 m or 50 m?.
The amount of ammonium sulphate for a plot of 50 m? will be:
60 g m2 X 50 m2= 3000 g or 3 kg plot™.

Similarly, the other two plant nutrients can be obtained by using straight fertilizers such as single
superphosphate (7% P) or triple superphosphate (20% P), and muriate of potash (50% K).

Calculation for Using Double Carriers



When two nutrients are to be applied simultaneously, we can use double carriers. For instance,
if N and P are to be applied, we can use diammonium phosphate (DAP), that contains 18 kg N
and 20 kg P per 100 kg and urea that contains 46% N.

In a plot the area is 50 m2. The desired application is 100-17-0 ha™* by using DAP and urea.

1. First, calculate the quantity of DAP to provide 17 kg of P. DAP contains 20% P and 18% N.
Therefore, 17 kg P would be supplied in:

17 kg P in 100 kg DAP =85 kg DAP 20kgP
2. Now, find the N available in 85 kg of DAP if 100 kg of DAP has 18% N

18 kg N X 85 kg DAP = 15.3 kg of N 100 kg DAP

Urea contains 46% N. Therefore, 84.7 kg N will be available from
100 kg urea X 84.76 kg N or 184 kg of urea to supply 84.7 kg N
Therefore, 85 kg of DAP and 184 kg of urea will be required to provide 100 -17- 0.

The required DAP is 8.5 g m? and required urea is 18.4 g m™.

Fertilizer Application



Hand Application

Most soils will need some fertilizers applied for good crop establishment, good vegetative
growth, and increased grain production. The elements that are frequently needed for good crop
growth are nitrogen and phosphorus. The fertilizers supplying these nutrients may be applied as
a basal application before or at sowing. Sometimes, a portion of the required amount is applied
as a top dressing. Fertilizer needs to be applied carefully so that the material does not damage
germinating seeds. At the same time, the required amount of various nutrients must be available
near the seedlings for them to produce the desired yield.

Application at Sowing Open the furrows with tractor-mounted or hand-drawn furrow openers
a little deeper than the sowing depth. Fertilizers should be placed slightly below the seeds and
to the side to avoid fertilizer burn from direct contact with the emerging primary root.
Distribute the calculated amount of fertilizer uniformly in a band, one replication at a time.
Cover the fertilizer lightly with soil to prevent direct contact with the seed. Complete each
fertilizer application, replication by replication. Do not hand apply fertilizer across replications.
Sow the seed, close the furrows, and immediately compact the soil around the seed. Animal-
drawn fertilizer drills or tractor-drawn applicators could be used for placing fertilizers before
sowing.

Top Dressing



Most crops need a top dressing of fertilizer, especially nitrogenous fertilizer, to meet the demand
of the crop at the critical stages of plant growth. Top dressing is usually done for sorghum and
millet just prior to the boot stage.

Procedure Open a furrow about 5-6 cm deep and about 5-6 cm away from the crop row, one
replication at a time, with a sickle, hoe or tine. Do not damage the roots while doing so. Hand
applications can be done by making holes beside and between the plants to reduce root damage.
Drill 5-6 cm holes uniformly 5-6 cm away from each plant or in clusters of two to three plants.
Care should be taken to distribute the fertilizer uniformly among the holes.  Distribute the
fertilizer uniformly to all the plants.

Cover the fertilizer immediately after application.

In intercropping trials where more than two rows of crops have been sown closely, fertilizer may
be top dressed by opening furrows near the cereal row in a cereal/legume combination. Fertilizer
may be side dressed to the cereal crop in the same way as for a sole crop.

Good agricultural practices for sustainable pulse production



Background

Ensuring global food security for the ever growing population that will cross nine billion by 2050
and reducing poverty is a challenging task. Growing per-capita incomes in the emerging large
economies like Brazil, Russia, India, and China (BRIC) implies increased additional pressure on
global food production due to changing food habits. The increased food production has to come
from the available and finite water and land resources and basically from rainfed ecosystem,
while the quality of these resources is generally declining (Wani et al, 2016). Agricultural
production remains the main source of income for most rural communities (about 86 per cent of
rural people - 2.5 billion), who depend on agriculture for their livelihood (World Bank, 2008).
Improving adaptation of the agricultural sector to the adverse effects of climate change will be
imperative for protecting and improving the livelihoods of the poor and ensuring food security
(FAO, 20123, FAO 2015.

Climate change is one of the major challenges faced by Agriculture worldwide and also in the
South East Asian countries. Crop production, which is vital to global food security, is being
affected by climate change all over the world. It has been predicted that over the next decades,
billions of people, especially those living in developing countries, will face shortages of water and
food and greater risks to health and life because of climate change. Although, some crops in some
regions of the world may benefit, the overall impacts of climate change on agriculture are
expected to be negative (IFPRI, 2009; Anupama, 2014; Kumar and Gautam, 2014; Ruchita and Rohit,
2017). With climate change, temperatures are increasing and rainfall variability is expected to
increase further. When decrease in rainfall is coupled with higher atmospheric requirements due
to elevated temperatures, rainfed crop-growing period is likely to shorten.

Smallholder rainfed farmers find crop management for sustained or improved productivity as
challenge in resource-poor situation in Rainfed ecosystem having a risk of rainfall variability.
Farmers are exposed to major constraints for crop productivity such as low soil fertility, water
stressed environment as well as flooded condition, risks due to uncertain seasonal weather
conditions besides low farm incomes. In practical terms, climate change adaptation requires
more than simply maintaining the current levels of performance of the agricultural sector; it
requires developing a set of robust and yet flexible responses that will improve the pulses
performance even under the changing conditions brought about by climate change engenders.
Apart from this, efforts should be made to promote holistic integrated approach to harness the
full potential of existing resources, vertically (crop diversification) through increased efficiency
and horizontally (crop intensification) by integrating all available resources. Farmers who are
solely dependent on agriculture especially in drylands, face a high level of uncertainty and risk of
failure due to various extreme climatic events, pest and disease attack, and market shocks.
Although there is no blanket recommendation of improved management practices common for
all crops, some affordable cropping system management technologies and appropriate methods
of implementation of these technologies that help sustain and improve the productivity of
rainfed crops are discussed in this section.

Need for Climate Smart pulse revolution



Dryland grain legumes branded as Smart Food crops (ICRISAT, 2017) are good for consumers,
farmers and the planet as they diversify farming systems and help smallholder farmers adapt to
climate change. As we know that unpredictable and erratic climatic patterns resulting from
climate change are affecting crop production. This will have an impact on farmer livelihoods and
food availability. So climate-smart crop and management provides sustainable options to farmers
to both adapt to, and mitigate, climate change. Such climate smart /resilient crops are referred
as Future Smart Foods (FSFs) by the FAO (2017).

The pulse production is facing an enormous under-utilized resource base with subsistence
agricultural practices. To be precise, there are different constraints in harnessing the potential
yield of pulses which are characterized into three main heads viz, Bio-physical, production & socio
economic. Looking at the situational analysis of above aspects, in this section we focus on
bringing in vertical integration in the existing pulse based cropping systems to meet the
increasing food demand. Here we tried to analyze the current status of pulse productivity, assess
the potential for intensifying the cropping system and propose a new paradigm to enhance
agricultural productivity per unit area through introducing best bet agronomic management
practices with a holistic management approach and operationalize the integrated genetic natural
resource management (IGNRM) strategy based on our hands on experiences for harnessing the
untapped potential of rainfed pulse areas to increase food production and improve the
livelihoods of people with finite and scarce resource thru enhanced resource use efficiency .
Greater efforts are needed to improve productivity and popularization of these climate smart
crops, to support farmer seed-sharing networks to ensure availability of diverse crop varieties,
and to encourage a diverse farming economy at landscape (if not always farm) level.

Cropping systems management and length of growing period

Choice of the crops grown under rainfed conditions should be made based on length of the humid
period during the crop-growing season. In arid regions, where rainfall is about 300 mm, the length
of humid period is about 1 to 4 weeks. Short duration drought resistant pulses like mungbean,
mothbean, cowpea and cereals of 10 to 12 weeks duration like pearl millet and minor millets are
suitable. In semi-arid regions, where the length of the humid period is around 6 weeks, rainy
season crops like pigeonpea, maize, groundnut, sorghum, cotton and vegetables are grown in
soils that have a capacity to hold less than 150 mm of water. Additional post-rainy season crops
can be grown on conserved soil moisture, in soils that can hold more than 200 mm. In soils with
150-200 mm capacity, intercropping is possible.

In sub-humid areas, where humid period is more than 12 weeks duration and the rainfall is twice
that of PET, rice-based cropping system is suitable, as other crops cannot tolerate water
stagnation. Choice of post-rainy season crops is related to the moisture regime that plays a major
role. In medium-deep Alfisols which provides greater potential for sole paddy cropping during
rainy season with the cultivars of 120 to 130 days duration. Similarly, in upland areas,
intercropping with short to medium-duration crops viz, pigeonpea is best suited to make better
use of soil water availability.



Selection of cropping systems

Depending on the normal rainfall and type of soil, crops and the cropping systems are generally
evolved over years by farming communities in an agro-ecoregion. Other considerations that
determine the choice of cropping systems include food and fodder requirements, commodity
markets, crop-rotational requirements, pests and diseases endemics affecting productivity.
Depending on the possible length of growing season as estimated from seasonal rainfall,
potential evapotranspiration and soil characteristics, a double cropping system either a
sequential systems or an intercrop systems could be adopted to enhance crop intensity and
annual productivity (table 1). While selecting sequential systems, duration of each crop and
suitability of sowing windows in each cropping season are more critical. Sequential system
requires short duration crops/cultivars to fit into possible crop growing season and to improve
productivity.

Table 1. Potential cropping systems in relation to rainfall and soil type.

Length of
Rainfall (mm) Soil type growing Suggested cropping
season systems
(weeks)
350-600 Red soils and shallow Black soils 20 Smgle. B
cropping
350-600 Deep Aridisols and sandy soils 20 ?mgle L .elther
in Autumn or Winter
350-600 Deep Black soils 20 Single post ra.lny
season cropping
600-750 Red soils, Black soils, Entisols 20-30 Intercropping
750-900 Entlsol.s, deep BIacI.< soils, deep 30 Douk.)le Fropplng with
Red soils and Inceptisols monitoring
> 900 Entlsol§, deep BIacI.< soils, deep 530 Double cropping
Red soils and Inceptisols assured
51000 Entlsol-s, deep Blacl.< soils, deep 530 Paddy based cropping
Red soils and Inceptisols system

In areas receiving >1000 mm rainfall and 30 weeks of effective growing season only paddy based
cropping system is possible in Red soils, shallow Black soils, deep Aridisols and Entisols. In deep
Black soils, a sequence post rainy season crops viz, chickpea/black gram/maize/green gram is
possible. Intercropping is possible in regions having 20-30 weeks of effective growing season and



having medium to black soils. With the availability of improved rainfed technologies like rain
water management, choice of crops and agronomic practices, a greater proportion of rainfed
lands can be brought under intensive cropping system.

Intercropping

Planning of cropping system should be done yearly on entire catchment basis. The type of
planning should lead to a proper balance between food, fiber and fodder crops. When the rainfall
is between 600-800 mm with a distinct period of moisture surplus, intercropping system should
be adopted in uplands for improved crop production. Even in higher rainfall upland areas,
intercropping facilitates growing either cereal-legume or legume-legume system of different
maturity patterns (Table 2). Intercropping minimize risk of crop failure in rainfed systems.

Table 2. Efficient intercropping systems for rainfed lands.

. . Plant population

Intercropping system Row ratio :

First crop Second crop
maize/pigeon pea 2:01 180,000 60,000
Maize/black gram 1:02 70,000 60,000
Castor/pigeon pea 1:02 250,000 60,000
Pigeonpea/black gram or green 1:02 60,000 120,000
gram
Groundnut/castor 5:01 250,000 60,000

With intercropping systems, both crops should differ in crop duration, rooting depths, and be
different in plant growth habit and configuration. Two crops in the systems should not have
common pests and diseases to perpetuate. It is well known that multiple hosts for a particular
pest can aggravate the perpetuation of the insect or disease to epidemic proportions. Hence crop
rotation and crop diversification are better options to sustain or improve the crop productivity
and income to the farmers.

Mixed cropping (mixing seeds of two or more crops and broad casting the mixture) should be
avoided as it hinders post-sowing operations. Choice of varieties with in the crops is very
important to harness total intercropping advantage. Cereal-pulses intercropping systems should



be advocated to minimize fertilizer use, reduce pest and disease incidence, take full advantage
of growing season, produce balance foods, provide protein rich legume fodder for cattle. Some
examples of appropriate intercropping systems are listed in Table 2.

Sequential Cropping

The objective should be to maximize economic returns from the system. Therefore, emphasis
should be placed on growing season, integrated soil, water and nutrient management, integrated
pest and disease management with special emphasis on oilseeds and pulse crops (Table 3). In
addition, timely land preparation and sowing, suitable method of sowing, contingency planning
for aberrant weather, balanced fertilization, runoff water collection and lifesaving irrigations, and
need based pest and disease management are pre-requisites for successful and productive
cropping systems.

Choosing appropriate sowing window and seed rate

Farmers choose a sowing window, mainly depending on the rainfall, in situ soil moisture and
normal timing in the season. Their considerations include sufficient or excess soil moisture to
effect seed germination, expected dry spells in the season, planning for second season crop and
crop productivity. Informed decision-making to increase cropping intensity in a favorable season
using skill of probabilistic rainfall forecast and crop modeling to help farmers improve crop
productivity by increased use of nutrient inputs efficiently.

In rainfed systems, managing required population is critical issue. It is evident that sufficient seed
rate in case of groundnut, soybean and chickpea can significantly enhance crop yields, however
due to higher seed costs as well as prospects of low rainfall or soil moisture, farmers tend to
adopt low seed rate resulting in sparse population and low productivity especially with rainfed
crops. Maintaining optimum seed rate and plant population significantly improves crop
productivity.

Intercropping with grain legumes is one of the key strategies to improve productivity and
sustainability of rainfed agriculture. Productive intercropping options identified to intensify and
diversify rainfed cropping systems are:

° Groundnut with pigeon pea
. Pigeon pea with maize
. Pigeon pea with soybean

Some of the other initiatives are ridge planting systems; seed treatment; integrated pest
management (IPM); adoption of improved crop varieties and production technologies;
promoting community-based seed production groups and market linkages. Farmers need to be
encouraged to practice seed treatment with Trichoderma spp. and fungicides for managing



seedling diseases and IPM options for controlling pod borer in chickpea and pigeon pea.
Improved water use efficiency through IWM is the key in rainfed agriculture. Alternative sources
of irrigation water are the carefully planned reuse of municipal wastewater and drainage water.

Table 3. Efficient sequential cropping systems for rainfed lands

Cropping system Autumn crop Winter crop
Autumn-Winter Row Row

spacing (cm) spacing (cm)
Rice-Chickpea 22.5 22.5-30
Rice-Black gram /G.gram 22.5 22.5-30
Maize-chickpea 60 30
Maize + black gram 60 30
Maize + green gram 60 30
Pigeon pea + Green gram 75 30
Pigeon pea + Black gram 75 30

ICRISAT assessed several sequential and intercrop systems on different soil types and recorded a
yield advantage ranging between 20-35% with maize/pigeon pea, green gram/black gram/pigeon
pea intercrop systems, and yield advantages ranging from 20-50% with maize-chickpea, paddy-
chickpea, paddy-black gram/green gram sequential systems compared to sole crop traditional
systems in different years. On Alfisols, groundnut/millet and groundnut/pigeon pea intercrop
systems were evaluated for enhancement of productivity, and recorded yield advantages ranging
between 10-25% in long-term experiments.

Seed treatment

Seed treatment with fungicide and insecticide is desirable to avoid damage to germinating tender
seedlings from seed borne or soil borne fungi and insects. If seed treatment is done with systemic
fungicides or systemic insecticides, seedlings will be protected from diseases or insects for a
month. Seed treatment should be done with Imidacloprid at the rate of 2 mg kg* to control
sucking insects like jassids and aphids, and Chloripyriphos at the rate of 4 ml kg of seed to
control soil borne insects. Mancozeb at the rate of 3 gm kg™ or Carbendazim at the rate of 1 gm
kg? of seed will be sufficient to control fungal diseases. Combination of fungicides also



recommended in seed treatment module, where seed treatment with Thiram and Carbendazim
(1:1) at the rate of 2.5 g kg were found to be the effective component in groundnut IDM. Seed
of legume crops should be treated with crop specific efficient biological nitrogen fixing bacterial
(Rhizobium) strains. In order to enhance fixation, appropriate tillage methods should be adopted
for surface soil to provide good aeration. Leveled fields with gentle slope no water stagnation
even after high rainfall events is desirable to facilitate good aeration and higher N fixation in the
root zone. Seed priming is another technique used to improve seed distribution at sowing and,
good germination and also exerts drought tolerance in crops.

Choosing appropriate sowing window and seed rate

Farmers choose a sowing window, mainly depending on the rainfall, in situ soil moisture and
normal timing in the season. Their considerations include sufficient or excess soil moisture to
effect seed germination, expected dry spells in the season, planning for second season crop and
crop productivity. Informed decision-making to increase cropping intensity in a favorable season
using skill of probabilistic rainfall forecast and crop modeling to help farmers improve crop
productivity by increased use of nutrient inputs efficiently.

In rainfed systems, managing required population is critical issue. It is evident that sufficient seed
rate in case of groundnut, soybean and chickpea can significantly enhance crop yields, however
due to higher seed costs as well as prospects of low rainfall or soil moisture, farmers tend to
adopt low seed rate resulting in sparse population and low productivity especially with rainfed
crops. Maintaining optimum seed rate and plant population significantly improves crop
productivity.

Crop water requirement and Water management

Dry land crops vary widely in their water requirement for crop growth and maturity. Besides soil
type, rainfall and temperature in the region, which determines length of crop growing period,
crop water requirement is critical to plan crops and cropping systems appropriate for a region.
Knowledge on critical growth stages of crops, those can be affected by water deficit resulting in
varying degree of crop vyields, is very important to effectively use available water in rainfed
situations. Table 5 provides information on crop critical stages; water requirement and sensitivity
to weather abnormalities are given.



Table 4. Information on crop critical stages, water requirement and sensitivity to weather
anomalies of important pulse crops.

Water .
- \ Duration e .
Crop Critical growth stages requirement Crop sensitivity
(days)
(mm)
Emergence, flowering, pod Frost-
Pigeonpea formation, pod | 500-800 140-180 .
germination
development
Green gram | Flowering, pod formation, 350-400 65-80 Frost
/Black gram pod development
Groundnut Emer.gence, flowering, 500-700 90-140 Frost-germinate
pegging, pod development
Chickpea Emergence, flowering, pod 300-500 85-130 Frost-flowering
development

Source: FAO Irrigation and drainage paper 33, 56

Intercropping with grain legumes is one of the key strategies to improve productivity and sustain
Weeding and Intercultural operations

Weeding and intercultural operation are most important in dry land farming, as higher density
weed population compete and efficiently steal the valuable scarce soil nutrients and moisture
affecting cultivated crops. It is estimated that weeds on an average cause 20% crop production
loss. Interculture for inter-row weeding and soil mulching to prevent moisture loss from lower
layers, which is very important for rainfed crops frequently affected by long dry spells. Initially
slow growing and low population crops like cotton, maize, and some vegetable crops are more
prone to weed infestation. Besides intercultural operations, control measures include crop
rotation of crop holidays are some cultural measures. Although chemical control measures are
expensive, they are effective and some chemicals are selective in timing and crop specific also.
Pre-emergence herbicides and post-emergence crop specific herbicides are also available.

Crop diversification

The main objective is to enhance the farm income by targeting crop diversification and
intensification through suitable cropping system management. The diversification will be
targeted by two ways. First by crop diversification and second by agricultural diversification.

a. Crop diversification



crop diversification is generally viewed as a shift from traditionally grown less remunerative crops
to more remunerative crops. It is intended to give a wider choice in the production of a variety
of crops in a given area so as to expand production related activities on various crops and also to
help in reducing risk in agriculture. The pulses are best fit to crop diversification. The introduction
of new compatible crop as well as improved varieties of crop is a technology to be promoted. The
aim is to enhance plant productivity, quality, health and nutritional value and/or building crop
resilience to diseases, pest organisms and environmental stresses.

b. Agricultural diversification

Agricultural diversification is a process of a gradual movement out of subsistence food crops
(particularly staple foods) toward diversified market oriented crops that have a larger potential
for return to land. This process is triggered by the availability of improved rural infrastructure,
rapid technological advancements in agricultural production, and changing food demand
patterns. Hence, this process of diversification towards high-value crops is likely to accelerate
agricultural growth and usher in a new era of rural entrepreneurship and generate employment
opportunities.

Crop intensification

Enhancing the cropping intensity through managing the existing cropping system either through
vertical or horizontal expansion will be focused in both the regions. Basically the crop
intensification has been done with the introduction of pulses in the existing cropping system
either through vertical integration or horizontal integration. The major constraints include — lack
of short duration cultivars, soil fertility decline and poor agronomic practices. In Odisha,
introducing pulses in rice fallows on 50 ha area per district using improved technologies (viz,
suitable varieties, zero till machineries etc.) is one of the best approaches to enhance on-farm
production and income. Similarly, vertical integration through intercropping system with pulses
is required to be targeted in the existing agricultural production system on a particular farm
taking into account the different returns from value-added crops with complementary marketing
opportunities.

Diversification/intensification should be taken place either through area augmentation or by
crop substitution. If carried out appropriately, it can be used as a tool to augment farm income,
generate employment, alleviate poverty and conserve precious soil and water resources. Major
driving forces for crop diversification/intensification targeted are increasing income on small
farm holdings, mitigating effects of increasing climate variability, balancing food demand,
improving fodder for livestock animals, conservation of natural resources, minimizing
environmental pollution, reducing dependence on off-farm inputs, depending on crop rotation,
decreasing insect pests, diseases and weed problems, increasing community food security.



Gap filling after germination

Itis important to achieve optimum plant population which is often neglected. Any gap more than
30 cm should be filled up. For this some amount of seed should be kept in reserve. Gap filling
should be done as soon as possible preferably within a week so that there is not much difference
in growth of plants.

Harvesting and threshing

Farmers are generally vigilant on appropriate timing for harvest when the crops attain
physiological maturity. Advance weather information on rainfall and wind conditions certainly
helps timely and safe harvesting of crops. Timely harvesting of crops at physiological maturity
helps to accelerate the growth of intercrops and facilitate timely sowing of the sequential crops.
Groundnut farmers seek weather information when the crop attains maturity, to decide on time
of harvesting to avoid seed germination, excess shredding of leaf in the field. Receding soil
moisture conditions leads to pod loss in the soil at harvest, excess rain at crop maturity or
immediately after crop harvest can affect groundnut fodder quality



Water Management Practices:

Water Management is important since it helps determine future Irrigation expectations.
Water management is the management of water resources under set policies and regulations.
Water, once an abundant natural resource, is becoming a more valuable commodity due to
droughts and overuse. Water resource management planning has regard to all the competing
demands for water and seeks to allocate water on an equitable basis to satisfy all uses and
demands. As with other resource management, this is rarely possible in practice. Water is an
essential resource for all life on the planet.



In agriculture, water is one of the most important resource for a better output. It
profoundly influences photosynthesis, respiration, absorption, translocation and utilization of
mineral nutrients, and cell division besides some other processes. Both its shortage and excess
affect the growth and development of a plant directly and, consequently, its yield and quality.

Water is a costly input when canals supply it. The constructing of dams and reservoirs,
the conveying of water from storage points to the fields, the operating and the maintaining of
canal systems involve huge expense. The misuse of water leads to the problems of water logging,
salt imbalance, etc. thus rendering agricultural lands unproductive. Hence a proper appreciation
of the relationship and economic utilization of water resources for maximum crop production.

AWD (Alternate Wetting and Drying) in Rice

Rice is the main food source for half of the world’s population and it is also the biggest user of
water in agriculture. Worldwide, around 93 million ha of irrigated lowland rice provide 75% of
the world’s rice production. Rice occupies 30% of the world’s irrigated cropland but, because it
is normally flooded for most of the crop season, irrigated rice receives about 40% of the water
diverted for irrigation. Increasing water scarcity, however, threatens the sustainability of rice
production. In many Asian countries, per capita availability of water declined by 40-60% between
1955 and 1990, and is expected to decline further by 15-54% over the next 35 years. By 2025,
15-20 million ha of rice lands will suffer some degree of water scarcity.

Hot-spots of water scarcity in rice-growing areas have been reported in many countries,
including the Philippines, Bangladesh, northern China, the northwest Indo-Gangetic Plains,
India’s Cauvery delta, and the Chao Phraya delta in Thailand. The reasons for water scarcity are
diverse and location-specific, but include decreasing availability because of increasingly erratic
rainfall brought about by climate change, decreasing water quality because of pollution (e.g.,
chemicals, salts, silts), malfunctioning of irrigation systems, increased competition from other
sectors (i.e., urban and industrial users), and excessive ground water extraction.

Over the past 20 years, efforts have been increasing to develop ways to decrease water
use in rice production and/or increase rice water productivity. Reducing water use for rice by a
small percentage could free up large volumes of this vital resource for alternative uses. Through
in-depth scientific research coupled with practical participatory research and development, novel
technologies that reduce irrigation input have been developed to help rice farmers cope with
water scarcity and to increase irrigation and input (irrigation plus rain) water productivity. One
of these technologies is the alternate wetting and drying (AWD) water management technique.
In AWD, the field is not continuously flooded. Instead, the soil is allowed to dry out for one to
several days after the disappearance of ponded water before it is flooded again. Development of



this technology began in India many years ago, where it was known as “intermittent irrigation”
(Sandhu et al., 1980), but its development in East and Southeast Asia has been more recent. Early
implementation of AWD among rice farmers in Asia has been very site specific in terms of the
timing, duration, and frequency of non-flooded periods. For example, in some regions of China,
a specific form of AWD has been widely practiced for some time where irrigation water scarcity
has been imposed as a result of competition for water with other uses (Li and Barker, 2004). In
this form of AWD, irrigation is done after every 6—8 days for heavy soils and4-5 days for lighter
soils. The water quantity applied after each irrigation is about 50-60 mm, then water disappears
from soil sur-face and soil dries naturally before the next irrigation.

In 2002, IRRI, through the Water-Savings Workgroup of the Irrigated Rice Research Consortium
(IRRC), developed a set of simple guidelines coupled with an easy-to-use and practical tool(the
field water tube) to allow farmers to reduce irrigation water input while maintaining yield. This
form of “safe” AWD is now recommended practice in many countries or regions, including
Bangladesh (Palis et al., 2014), the Philippines (Rejesus et al., 2013;Lampayan et al., 2014b),
Myanmar (Lampayan et al., 2014b), and Vietnam (Rejesus et al., 2013). Its adoption has been
especially widespread in Bangladesh, the Philippines, and Vietnam. An analysis of the factors
behind the success in adoption of AWD in these countries could be used to inform the
development of successful extension programs in other countries. Water saving at various
aggregation levels: field, system and global also needs to be under-stood, as there are different
actors for each aggregation level.

The Technology of safe Alternate Wetting and Drying

Irrigated lowland rice is typically grown under flooded conditions and receives up to two
to three times more water than other crops (such as wheat or maize) at the field level, largely
because of unproductive water flows in the form of seepage and percolation to drains, creeks, or
groundwater. As these unproductive water flows can amount up to 60—-80% of all water inputs
to rice, an important way to reduce irrigation input to rice fields is to reduce unproductive
seepage and percolation losses. In AWD, the field is not continuously flooded, but the soil is
allowed to dry out for some days after the disappearance of ponded water. During these periods,
seepage and percolation drop to nearly zero because of almost complete absence of hydraulic
head.

“Safe” AWD consists of three key elements (Bouman et al., 2007):(1) shallow flooding for
the first 2 weeks after transplanting to help recovery from transplanting shock and suppress
weeds (or with a 10-cm-tall crop in direct wet-seeded rice); (2) shallow ponding from heading to
the end of flowering as this is a stage very sensitive to water-deficit stress, and a time when the
crop has a high growth rate and water requirement; and (3) AWD during all other periods, with
irrigation water applied whenever the perched water table falls to about 15 cm below the soil
surface. The threshold of 15 cm will not cause any yield decline since the roots of the rice plants



are still able to take up water from the perched groundwater and the almost saturated soil above
the water table.

For implementation of AWD, farmer needs a simple tool (a 25-cm-long perforated field
water tube also called as ‘Pani Pipe’) which can be made of plastic pipe or bamboo or any cheap
material, and is embedded in the paddy field to a depth of 15 cm, with the soil removed from
inside the tube, to reveal the perched water-table level. During AWD implementation, the field
is irrigated to a depth of around 5 cm whenever the ponded water level has dropped to about 15
cm below the surface. Apart from water management, all other cultural practices are the same
for AWD as for continuously flooded rice, including nitrogen management.

AWD was first evaluated in the Philippines in farmers’ fields in a deep-well pump irrigation
system (calledP-38) in Tarlac Province, and by individual farmers using shallow tube wells in
Nueva Ecija Province, in 2002 and 2003.

Field water tube as a simple tool to implement safe AWD (Adopted from Bouman et al. 2007)

A practical way to implement AWD safely is by using a ‘field water tube’ (‘Pani Pipe’) to
monitor the water depth on the field. After irrigation, the water depth will gradually decrease.
When the water level has dropped to about 15 cm below the surface of the soil, irrigation should



be applied to re-flood the field to a depth of about 5 cm. From one week before to a week after
flowering, the field should be kept flooded, topping up to a depth of 5 cm as needed. After
flowering, during grain filling and ripening, the water level can be allowed to drop again to 15 cm
below the soil surface before re-irrigation.

When the field is flooded, check that the water level inside the tube is the same as outside
the tube. If it is not the same after a few hours, the holes a probably blocked with compacted soil
and the tube needs to be carefully re-installed. The tube should be placed in a readily accessible
part of the field close to a bund, so it is easy to monitor the ponded water depth. The location
should be representative of the average water depth in the field (i.e. it should not be in a high
spot or a low spot).

AWD can be started a few weeks (1-2 weeks) after transplanting. When many weeds are
present, AWD should be postponed for 2-3 weeks to assist suppression of the weeds by the
ponded water and improve the efficacy of herbicide. Local fertilizer recommendations as for
flooded rice can be used. Apply fertilizer N preferably on the dry soil just before irrigation.



Advantages of AWD:

1. Large reductions in methane emissions are possible compared to continuous flooding.

It will help the economic use of water during rice cultivation.

3. The drying phase of rhizosphere will help root growth and its sustainability for water
transport to rice plants even under low soil moisture conditions.

4. Farmers will be able to know the status of water of their rice growing fields and would
be able to balance irrigation with achieving minimum methane emissions.

5. The savings of irrigation water will have impact on environment because of reduced
withdrawal of ground water and a reduction in consumption of diesel for water pumps.

6. Protection of water levels of ground water may also reduce arsenic contamination in
rice grain and straw.

N
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