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Semiarid and arid zone areas account for almost 70 % of the total cropped
area of the country. In these areas, physical constraints like low and erratic
rainfall, high temperature, high wind velocity, low fertility, poor soil struc-
ture, and salinity of soil and ground water are the deterrents to assured crop
production. In the absence of aggregation of any type, the soils are highly
erodable, structureless and very coarse in texture with low water holding
capacity. The ever-increasing population has put tremendous pressure on
agricultural lands with the result that even the marginal and sub-marginal
lands are put under cultivation. The net result is desertification and degrada-
tion of land, water and vegetation resources. Intensification of production of
annual crops in rain-fed areas, if carried out in an unbalanced manner, as usu-
ally is the case, accelerates run-off and soil erosion and other degradation
processes causing damage to the ecosystem. Resource conservation showed
that the effect of intensive agricultural practices, increasing population pres-
sure, climatic changes, environmental pollution, loss of biodiversity, soil ero-
sion, salinisation and water depletion is all threatening the sustainability of
agriculture. In view of the mounting demand for food and need for linking of
enhancing food production with nutritional security, conservation of natural
resources, enhancing farmer’s income, employment generation and diversifi-
cation of agriculture is necessary. Diversification in terms of fruits and vege-
tables, medicinal plants, flowers and agro forestry etc. contributed to the
holistic approach of development.

Horticulture, particularly fruit trees, can play a major role in solving both
the problem of nutrition and sustainability as fruits are a rich source of vita-
mins and minerals and apart from this are also known for their antioxidant
properties. The fruit trees which are mostly deciduous types add lot of leaf
litter to the soil which ultimately helps in improving the soil health. Apart
from this, fruit trees are known to reduce soil erosion and reduce run-off
thereby contributing to sustainability. They also provide fodder to the cattle
and fuel wood to humans thus reducing the dependence of the farmer on trees
saving them from cutting. The deep root system helps in extracting water
from deeper layers thus helping in plant survival. The tree species also play a
major role in purifying the environment as they are the known carbon seques-
ters. Fruit tree cultivation is assuming importance as a paying proposition
even under rain-fed conditions with hardy fruit tree species helping in uplift-
ing the farmer’s economy. There is no scope to increase the land surface, and
all the increase in productivity therefore has to be from the available land.
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Apart from this, reducing post-harvest losses and value addition with
technologies that require minimum infrastructure and can be practiced on
farm will help to raise the income of the farmer leading to employment
generation along with food and nutritional security.

Thus the book on sustainable horticulture under semiarid rain-fed condi-
tions by S.S. Hiwale can help in increasing production per unit area making
full use of the soil and water to the maximum under harsh climatic conditions
of semiarid areas. It also results in improving the sustainability along with
improving the availability of fruit which are vital for human health along with
increasing the income of the small and marginal farmers.

Indian Council of Agricultural Research N.K. Krishna Kumar
New Delhi, India

Foreword



Intensive agricultural policies, increasing population pressure, climatic
changes, environmental pollution, loss of biodiversity, soil erosion, saliniza-
tion and water depletion are all threatening the sustainability of agriculture. In
view of the mounting demand for food and need for linking of enhancing food
production with nutritional security, conservation of natural resources, enhanc-
ing farmer’s income, employment generation and diversification of agriculture
is necessary. Diversification in terms of fruits and vegetables, medicinal plants,
flowers, agroforestry etc. contributed to the holistic approach of development.

Fruit crop are known since ages for their nutritive and medicinal value.
The fruits are a rich source of vitamins and are known for their antioxidant
value. Apart from this they also contain substantial quantity of minerals vital
for human body.

Identification of superior varieties with high yield increased productivity
even under semiarid rain-fed conditions on marginal degraded lands. The tree
can beat the vagaries of monsoon, drought conditions and high temperature.
There are a number of value added products that can be prepared and sold in
the local as well as in overseas market. The demand for such products is on
increase and around 20 t of aonla candy was produced last year in Gujarat
itself. Thus, there is great potential for aonla cultivation in semiarid rain-fed
areas.

The purpose of the book is to disseminate the technology developed in
these underutilized fruit crops which are grown since ages which are of seed-
ling origin. Due to seedling origin there is lot of variability in these fruit crops
which needs to be exploited to identify superior types which can be cultivated
on marginal lands under rain-fed conditions as the prime land is already used
for feeding the teaming millions. I am sure the book will be of great use to
researchers, horticulturists and growers.

Vejalpur, India Shrikant Hiwale
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The semiarid tropics (SAT) extends over 2.1 bil-
lion ha and supports a large population. Ninety
percent of the area and 99 % of the population
are located in developing countries. Currently
crop yield is low throughout the non-irrigated
area of the semiarid tropics. Substantial increase
in productivity is needed in the future to sustain
population increase. India contains about 56 %
of the SAT population on about 19 % of semiarid
tropics. The area is predominantly marked by
vertisols which are known to possess the best
potential for increasing manifold. Though India
has made significant stride in food production in
the recent past, major emphasis was given on
irrigated and resource-rich situations. However,
in rainfed areas, the marginal farmers are still
practicing the traditional way of farming and
struggling below the poverty line. Therefore, this
trend needs to be discouraged. Virtually, a siz-
able area (171 m ha) in our country is catego-
rized as degraded lands. Such lands which are
subjected to problems of water and wind ero-
sion, salinity, alkalinity, acidity, water logging,
gullied and ravine lands, shifting cultivation, etc.
are either lying vacant or underutilized. Although
these lands have their own biophysical farming
constraints, they can be utilized efficiently on
sustained basis for fulfilling the basic needs of
food, fruit, fuel, fodder, fiber, fertilizer, etc.
through horticulture-based farming systems by
adopting practically feasible, economically via-
ble, and eco-friendly technologies developed in
the recent past.

S. Hiwale, Sustainable Horticulture in Semiarid Dry Lands,
DOI 10.1007/978-81-322-2244-6_1, © Springer India 2015

In India tremendous pressure has been put on
natural resources, owing to not only degradation
of principal resources like land, water, and vege-
tation but also reduced per capita availability of
land. At these places, the extent of land degrada-
tion has crossed such critical limits that it is dif-
ficult to bring it back to its original state. The
unscientific cultivation of annual crops in rainfed
areas, as usually is the case, accelerates runoff,
soil loss, as well as other degradation processes
causing fragile ecosystem. In India about 53.34
million tons of top soil (16.4 t/ha) containing 5.4
million tons of plant nutrients is lost annually due
to agriculture and associated activities (Dhruva
Narayan and Ram Babu 1983). The prime agri-
cultural lands continue to be diverted to nonagri-
cultural uses like industrialization and
urbanization with the result that marginal rainfed
lands are brought under cultivation with least
attention on resource conservation. Out of 143
million hectares of arable land in India, nearly
74 % is rainfed, which contributes about 42 % of
the total food production. However, soil moisture
stress due to vagaries of weather, moderate to
severe soil erosion, and poor soil fertility are the
major limiting factors of low productivity in rain-
fed areas.

Trees are known for their conservative as well
as reproductive nature. They provide not only
fruits but fuel and fodder also. Apart from this,
they are known to withstand vagaries of monsoon
better than agricultural crops. High cost of earth
structure construction and the fact that they are



not well maintained so there is a greater need for
biological means of conservation. Comparatively
the establishment and maintenance of the agri-
horti production system are moderate (Hiwale
2004). The conservation of basic resources on
which production depends is the major contribu-
tion of agroforestry to sustainable land use
(Young 1988). Very less work has been done to
study the role of trees in reducing degradation
under rainfed conditions with a farming system
approach.

Fruit cultivation has so far been associated
with fertile soil with assured irrigation, but pres-
ently the irrigated fertile land is already being
used for meeting the food requirement of the
ever-increasing population and industries. The
marginal and degraded lands in arid and semi-
arid regions of the country with practically no
irrigation facilities are to be used for increasing
fruit production with simultaneous need to meet
the basic demand for food, fodder, and fuel.
Hence, no time is to be lost in developing highly
productive self-sustainable farming systems
fully adapted to the precarious ecology of arid
regions.

1 Introduction

This seeks to achieve more productive, sus-
tainable, and diversified output from the land
than is possible with cropping system. The
approach aims at optimizing the use of land,
water, and vegetation in an integrated way and
thus helps to alleviate drought and moderate
floods, prevent soil erosion, improve water avail-
ability, and increase production of fruits, vegeta-
bles, fuels, and fodder on a sustained basis.
Considering the above facts, horticulture-based
composite farming systems were evaluated from
1985 to date to establish a viable model for reha-
bilitation and utilization of semiarid rainfed areas
of western India.
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Introduction

Abstract

India has 56 % of the semiarid tropics population on 10 % of the semiarid
tropics area. The major soils of semiarid tropics are vertisol which possess
the best potential for increasing crop yield severalfold. The semiarid tropic
is one of the poorest economic regions. There is increasing pressure on the
land with the risk of soil degradation under existing practices. There is a
high risk of soil loss with the use of traditional systems. The climate of
semiarid region is marked by aridity index (0.2 P/ETP 0.50). FAO has
based their classification on the growing period and indicated that the
growing period of 96 days which is within the 75-119-day range is classi-
fied as semiarid. The rainfall is significantly less than the potential evapo-
transpiration throughout the year. Successful crop production depends on
stored soil water in addition to rainfall. The area is marked by low and
erratic rainfall, low soil organic matter, erosion, low inherent fertility, and
frequent droughts which limit the scope for high horticultural
productivity.

Vertisol and associated soil occupy 27 million ha
of the area (Murthy et al. 1982). The environment

The semiarid tropics extend to 2.1 billion ha and
support a large population. The crop yields are
low as most of the area is nonirrigated. Increased
production of all crops will be needed in the
future to sustain population increase. India has
56 % of the semiarid tropics population on 10 %
of the semiarid tropics area. The major soils of
semiarid tropics are vertisol which possess the
best potential for increasing crop yield several-
fold. Today’s concern is not only to increase pro-
ductivity but also to sustain it for a longer period.

S. Hiwale, Sustainable Horticulture in Semiarid Dry Lands,
DOI 10.1007/978-81-322-2244-6_2, © Springer India 2015

of the area is drought prone and only one crop
can be grown during the year. The semiarid tropic
is one of the poorest economic regions. There is
increasing pressure on the land with the risk of
soil degradation under existing practices. There
is a high risk of soil loss with the use of tradi-
tional systems. At Solapur, a land with a slope of
1-2 %, more than 50 cm of soil has been lost over
the past 100 years (ICRIPDA, Hyderabad),
resulting in reduced water storage capacity and
lower production capacity of soil.



The climate of semiarid region is marked by
aridity index (0.2 P/ETP 0.50). FAO has based
their classification on the growing period and
indicated that the growing period of 96 days
which is within the 75-119-day range is classi-
fied as semiarid. The rainfall is significantly less
than the potential evapotranspiration throughout
the year. Successful crop production depends on
stored soil water in addition to rainfall. The area
is marked by low and erratic rainfall, low soil
organic matter, erosion, low inherent fertility, and
frequent droughts which limit the scope for high
horticultural productivity.

In such a scenario, horticulture particularly
fruit trees can play a major role in increasing the
production potential of these areas; these condi-
tions greatly favor the production of high-quality
fruits in a number of fruit crops such as date
palm, ber, pomegranate, aonla, sapota, mango,
guava, and many underutilized fruits and vegeta-
bles such as cucurbitaceous crops, spice, and
some medicinal plants. The existing low produc-
tivity level can be increased by adopting suitable
soil and water management technologies and
inputs. It is now realized that there is limited
scope for quantum jump in fruit and vegetable
production in traditional areas. As the prime land
is already occupied, the only scope is to increase
area under arid and semiarid climate. This will
not only help in increasing the production of
fruits and vegetables but also help in the amelio-
ration of environmental conditions in the area as
trees are known as carbon sinks acting as envi-
ronmental protectors. The recent awareness
regarding the potential of these ecologically frag-
ile lands for the production of quality horticul-
tural produce has not only opened scope for
providing economic sustenance for the people of
the region but also for bringing new areas to
increase the production.

2.2  Semiarid Region

The arid zone fruits are very poor in fertility. The
soils of the northwestern arid region described as
“desert soils” and “gray brown soils” of order
arid soils are light textured. The solum of the
soils is moderately calcareous (0.29 % CaCo;),
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and below this solum at the depth of 40-120 cm,
a sharply differentiated zone rich in alkaline earth
carbonates (5-45 % CaCo;) is present in the form
of hard crystal-like concentration, which may be
many-meter thick. Most of the arid areas (64.6 %)
are duny where soils often contain 3.2-4 %
clay and 1. 4-1.8 % silt. The brown light soils
occupy 1.7 % area, which has loamy fine sand to
fine sandy loam on the surface and a heavier
subsoil underlain with calcium carbonate con-
centration. Besides this about 5.9 % area is cov-
ered by soils having hardpan, 5.6 % under hills
and pediments, 6.8 % alluvial duny, and 1.6 %
seirozome extending from the soils of Haryana
and Punjab. In Gujarat also, gray brown soils are
widespread besides a large area having deltaic
alluvium with small area in Kutch having deep
black and medium black soils. In the peninsular
India, a considerable part of arid region has red
sandy soils and some parts having mixed black
soil. Burford and Virmani (1983) reported that
the semiarid tropic extends over 2.1 billion ha.,
and supports a large population. Vertisols and
associated soils occure extensively in India
(72 million ha.), (Murthy et al. 1982).

The soils are poor in organic matter 0.03—
0.1 % in stabilized dunes. Soil are rich in total
potassium (8,250-18,980 ppm) and boron (1.9—
12.2 ppm) but are low in nitrogen (150185 ppm),
phosphorus (285 ppm), and micronutrients such
as copper (10-11 ppm), zinc (2.07 ppm), and iron
(20 ppm) The soils often have high salinity.

The groundwater resources are not only lim-
ited owing to poor surface and subsurface drain-
age but are also highly saline. The depth of water
ranges from 10 m to as high as 140 m. The other
irrigation water resources are seasonal rivers and
rivulets, surface wells, and some runoff water
storage devices, e.g., tanks and khadins. Thus,
the water resources in arid region are limited and
can irrigate hardly 4 % of the area.

The mean annual rainfall in the Indian arid
zone is very low and varies from 100 mm in
northwestern sector of Jaisalmer to 450 mm in
the eastern boundary of Rajasthan. In Gujarat, it
varies from 300 to 500 mm and in Haryana and
Punjab from 200 to 400 mm. In peninsular India,
the rainfall varied from 520 mm in Bellary
(Karnataka) to 748 mm in Cuddapah (Andhra



2.3 Present Scenario

Table 2.1 Moisture balance scenario in semiarid region

Moisture
States Rainfall (mm) PE (mm) index
Rajasthan 100450 2,063-1,503  -70-91
Gujarat 30-500 2,144-1,700 -79-82
Punjab/ 200-400 1,656-1,362  —-59-73
Haryana
Peninsular  520-750 1,859-1,738  —60-71
India

Pradesh). Most of the precipitation in western
arid region occurs during July to September in
about 19-21 days. The moisture balance scenario
of the region is given in Table 2.1.

2.3  Present Scenario

Although, India is the second largest producer of
fruits in the world, the availability of fruits and
vegetables to the people in arid region is very
low. Considering the present trend of population
growth to meet the minimum requirement of the
population, there is a need to increase production
of fruits to the tune of 6 million tons. Although
the current scenario indicates increasing trend,
the pace is slow.

In semiarid region, the area under fruit cultiva-
tion increased from 50,000 ha in 1984—1985 to
about 66,000 ha in 1993-1994. Considerable area
has come under fruits like ber, pomegranate, and
aonla. Ber has spread from northern states to west-
ern and southern states from mere 12,000 ha in
1978 to nearly 70,000 ha in 1994-1995 with a pro-
duction of 0.87 million tons. Similarly the area
under pomegranate has also increased to 35,000 ha.

A good deal of germplasm of semiarid fruits is
available in different parts of the country in the
form of land races and primitive cultivars; many

Production “000” tons

of them are mainly propagated by seed over the
years generating a lot of variability, e.g., ber,
bael, aonla, jamun, karonda, phalsa, jungle jalebi,
pomegranate, custard apple, fig, etc. The fruits
like ber, aonla, and phalsa are indigenous,
whereas dates, pomegranate, and custard apple
are exotic but owing to seed propagation over the
years created lot of variability in several pockets
of the country which needs to be exploited
through intensive research.

Agriculture in India is valued at 252 billion
USS$ constituting 14 % of GDP. In the present era
of globalization, several changes in Indian econ-
omy are taking place. Population growth, pollu-
tion of aquatic and terrestrial systems, food
shortages, and industrial and infrastructural activi-
ties, singly or in combination, are going to impact
Indian agriculture. To meet the challenge of food
shortage, there is a need to narrow the gap between
the potential crop yield and actual yield. The pres-
ent world population of six billion is expected to
reach to eight billion by 2025. Most of the popula-
tion increase will be seen in developing countries.
Projections made by FAO in world agriculture
toward 2015-2030 have clearly indicated that
nations with low income and with high depen-
dence on agriculture in which food production
determines the progress of food security and sus-
tainability will remain under threat from the rural
poor. With the increasing population, a great
majority will depend upon agriculture for their
livelihood which will put pressure on the already
dwindling natural resources.

Agriculture intensification in a developing
country like India with shrinking land base (per
capita arable land in India will reduce to 0.08 ha
for feeding the projected population 1.4 billion in
2025). The success of green revolution in trans-
forming India from “sheep and mouth” like situ-

Requirement “000” tons

States Population million 1996 1983-1984 1994-1995 Current 2001 2020
Rajasthan 17.59 224 26.4 546 617 963
Gujarat 4.96 81.6 105.6 256 174 278
Punjab 4.84 34.0 54.0 150 170 272
Haryana 3.56 41.0 48.8 111 125 200
Peninsular region 5.70 400.0 490.0 156 200 320
Total 36.65 679.0 724.8 1,117 1,286 2,033



ation of the mid sixties to over flowing granaries
in 90s is the result. However, it has given rise to
the second-generation problem like stagnation of
productivity per unit area, declining factor pro-
ductivity of inputs, and deterioration of the soil
water and environmental quality resulting in wid-
ening socioeconomic disparities within the soci-
ety. Unsustainable use of water has given rise to
the problems like waterlogging, salinization, and
declining water table in wells and tube wells in
irrigation areas. There is a need to narrow the gap
between the potential crop production and actual
yield with rationalized use of natural resources
(Table 2.2).

It is difficult to quantify these effects in isola-
tion as they are interdependent and complex
interaction. The advantage of cropping system
with trees as one of the components cannot be
quantified simply in terms of productivity
because there are some benefits which help in the
improvement of the environment also, e.g., given
erosion control and increase organic matter.

Overall productivity (biomass of cropping
system) is generally greater than that of the
annual system which is due to more growth
resources, e.g., given water and light or due to
improved soil fertility transforming the system
into sustainable landscape.

Scale Direct impact Indirect effect
Farming  Food production Soil organic matter
system Erosion control Soil retention
Nutrient cycling Soil nutrients
Microclimate Shady low ___
regulation
Water cycling
Water Erosion and Soil retention
shade sediment control
Water cycling Water content
General  Gas regulation Reduction of harms

Carbon sequestration ~ Biomass production
Reduce
environmental

degradation

Climate regulation

Overcoming drought
Overcoming
moisture shortage at
critical crop growth

stages
Rural poverty Improved living
elevation standards and

increase incomes
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Table 2.2 Effects of tree crops intervention

Direct effect Indirect effect

Increased Positive Positive (Ong et al. 1991)

productivity

Improved soil Positive Positive (Kang et al. 1990)

fertility

Nutrient Positive Positive (Szott et al. 1991)

cycling

Soil Positive Positive (Lal 1989b;

conservation Wallace et al. 1991)

Microclimate  Positive Positive (Monteite et al.

improvement 1991)

Competition  Negative Negative (Ong et al. 1991)

Allopathic 0 Negative (Tian and Keng
1994)

Weed control 0

Sustainability 0
and stability

Positive (Rizvi 1991)
Positive (Ong et al. 1991)

Pest and 0 Negative and positive
diseases (Zhao 1991)
2.4  Soil Improvement

The potential of microsite enrichment by trees is
an important aspect of the cropping system.
Long-term process of capture of precipitates or a
nutrient-rich litter, and the recent alley cropping
system approach with nitrogen-fixing fast-
growing trees in humid tropics, has substantially
improved soil fertility in 2-3 years (Kang et al.
1990). The tree component produces large quan-
tity of biomass and can be used to add leaf litter
to the soil as they are deciduous in nature in the
semiarid tropics (Hiwale 2004). Micro pores are
quite common in soils under Agroforestry
resulted in enhanced faunal activity (Lavelle
et al. 1992).

Contour hedgerow has been highly effective
in controlling soil erosion (Lal 1991). The woody
hedgerow of trees provide semipermeable barrier
to the surface movement of water, while mulch
from trees reduces the impact of raindrops on the
soil and minimizes splash and sheet erosion
(Young 1989). Mulching also acts as means
of reducing soil evaporation and improving
microclimate condition. Physical properties of
soil in terms of infiltration rate and bulk
density and soil moisture holding capacity.
Microclimate  improved through shading.



2.6 Principles of Resource Capture

Productivity improved when shading is about
37 % (Yuet al. 1991).

2.5 Competition

Tree and crops when grown in close proximity,
below ground competition is not apparent. It is
complicated due to proliferation of roots into
nearby plots or due to effect of shading specially
with tall trees (Huxley et al. 1989; Rao et al.
1991) One of the measures of the consequences
of competition of crop yield can be done through
land equivalent ratio LER=yield of inter-
crop +tree crop yield/sole crop yield. When LER
is one, there is no advantage to intercropping;
when LER is less than one more, land is required
to produce given yield by each component. If
LER values are exceeding one, then the mixtures
are productive than sole crops (Ofori and Stern
1987). Tree components are dominant and
account for higher LER. There is competition
between species for the finite resources (light,
water, nutrition, CO,). The maximum attainable
biomass for individual species depends primarily
on the availability of light water and nutrients. To
increase productivity, further crops must either
capture more of these resources or use them more
efficiently. In semiarid areas, water is the limiting
factor or nutritional availability rather than light.
Trees usually put forth growth on the onset of
monsoon and also able to capture more resources
due to extensive root system. It is possible to
improve productivity by using species mixture if
component species capture more of the available
resources or use them more efficiently compared
to sole crop.

2.6 Principles of Resource

Capture

Capture of limited resources (light, water, and
nutrition) depends on the number, surface area
distribution, and effectiveness of individual ele-
ment within canopy or root system of the species
mixture involved. The conversion coefficient

expressed in terms of total intercepted shortwave
radiation is generally around 1.0 g m? for C; spp
and 2.0 g m? for C, spp. Mixed cropping systems
often have considerable scope for improving sea-
sonal water use in the semiarid tropics.
Intercropping increases the total harvestable pro-
duce by using available water more efficiently.
Improved rainfall wuse efficiency through
increased transpiration, i.e., dry matter produc-
tion per unit area of water transpired.

2.6.1 Direct Effects

The traditional cropping system in the semiarid
tropics often uses less than half the rainfall input
since there is substantial losses of water via soil
evaporation, runoff, and drainage. Direct soil
evaporation can account for 30-60 % of the
annual rainfall (Cooper et al. 1983; Wallace et al.
1991) in the Middle East and West Africa. In
India the best cropping system only uses 40 % of
the annual rainfall while the rest is lost as runoff
(26 %) and deep percolation (33 %) (Ong et al.
1991). The drainage losses can be reduced by the
presence of trees which are able to take the water
from deeper layers due to extensive root system
even after cessation of rainfall (Huda and Ong
1989). Reduction in runoff losses can be achieved
in agroforestry system particularly on sloping
land (Young 1989).

2.6.2 Indirect Effects

Improved Soil Condition and Microclimate

The large tree canopy modifies microclimate

improving water use efficiency.

1. Shading the ground results in reduction of soil
evaporation.

2. Reduction in vapor pressure deficit as a result
of transpiration from the canopy (Monteith
1988) proved that transpiration efficiency is
inversely proportional to the vapor pressure
deficit of the air, i.e., plant uses more water to
fix given amount of carbon when the air is dry.



3. Shading reduces soil and air temperature and
gives beneficial effect to the crop growth. The
exposure of large area of the soil in semiarid
tropics may produce hot environment. Trees
may bring the system closer to optimum
temperature.

Most annual cropping systems use 30-33 % of
the total rainfall because much of these is lost by
soil evaporation from sowing until the canopy
closes, as a runoff, or is left as residual moisture
at final harvest. There is evidence that intercrops
may make better use of available soil moisture
than the shorter duration sole crops. Cropping
systems may be the more effective in increasing
the proportion of rainfall used for transpiration
and hence overall productivity.

Light interception increases with increasing
age of the plant and total light interception of
intercropping is higher than the sole crops which
shows spatial complementarity between the
species. Morris and Garrity (1993) reported that
there is a linear relationship resulting in apparent
advantage of 30-40 %. Complementarity higher
yield can be demonstrated by comparison with
sole stand.

2.7 Mechanism Responsible

for Increased Yield

Mixed cropping system offers considerable scope
for improving seasonal water use in the semiarid
tropics. Intercropping results in better use of
available soil moisture than short-duration sole
crop. Incorporation of trees in the system helps in
more effective use of rainfall for transpiration
and hence productivity. The tree component has
an access to the below ground resources as they
have well-established root system which is also
true in case of light capture because of the age
and size has considerable advantage in harness-
ing resources from a larger area both below
ground as well as above ground, enhancing the
soil physical and chemical properties under
the canopy (Kessler 1992; Belsky et al. 1993).
The organic matter content, total NPK, and Ca
concentration were significantly higher and bulk
density is significantly lower under tree canopies.
Total transpiration is determined indirectly from
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the balance of all the components: precipitation,
interception, runoff, soil surface evaporation,
deep drainage, dry matter production, transpira-
tion, and water use ratio (WUR) in line-planted
and dispersed trees.

Water Balance of a Mixed
Tree Crop System

2.8

Inclusion of trees or shrubs improves rainfall use
efficiency either directly, by more rain being used
for transpiration, or indirectly by improved tran-
spiration efficiency, i.e., more dry matter produc-
tion per unit of water transpired. Successful
intercropping is supposed to be those which
make better use of resources.

The gross precipitation is first intercepted by
the trees and crop canopies giving rise to inter-
ception loss from the trees. The presence of plant
canopy modifies the rainfall so that the input to
the ground beneath the tree is different from
beneath the crop. This input of water to the
ground infiltrates at a different rate below the
trees, producing different rates of surface runoff.

Water evaporates directly from the soil sur-
face. The water content of soil zones beneath the
trees and the crop is different due to surface input
and transpiration rate particularly when the soil is
saturated for a significant amount of time.

The presence of trees modifies the rainfall pat-
tern, amount, and energy of the rainfall input to the
ground. It reduces by 15 % to that of open soil
surface. The rainfall increased on the windward
side and reduced on leeward side. It also modifies
the amount and spatial distribution of the rainfall.
The kinetic energy of the rainfall is also modified
by the tree canopy, by changing the size and veloc-
ity of raindrops. This effect is important in relation
to soil erosion; during rainstorms, the size of rain-
drop is big which splits to smaller size when it
comes in contact with the tree resulting in reduced
kinetic energy. On the other hand, low-intensity
storms have raindrops which are small in size; tree
canopies can amalgamate drops so that drops from
the canopy can be greater than that of the incident
rainfall. Winchester and Smith (1978) reported
that the most widely used USLE system for esti-
mating the soil loss (Universal Soil Loss Equation)



2.8 Water Balance of a Mixed Tree Crop System

the standard plot size is 1.8x22 m. Larger leaf
forms larger drop than small leaf. So tree selected
to prevent soil erosion should have smaller leaves.
Management of tree shaped by pruning is another
option to reduce erosion. Calder and Rosier (1976)
developed the design for large plastic sheet net
rainfall gauges for measurement of rainfall.

2.8.1 Rainfall Interception

When precipitation falls, some of it is held for
sometime on the plant canopy; if the storm is
very light or if rainfall persists in excess of evap-
oration, water builds upon the canopy to the point
where it will begin to drop off the leaves and run
off from plant stems or fall directly on the soil as
drops, a process called interception. The Rutter
model which has been shown to work well gener-
ally with high leaf area index (Calder 1976; Gash
and Mortan 1978).

Gash (1979) model requires less data which is
based on the knowledge or the availability of the
vegetation to store water in the canopy and aver-
age rate of rainfall and evaporation from wet
canopy. These models do not work well in space
canopies. Gash et al. (1995) modified the equa-
tion and got better results than the original model.
The main rainfall rate used in the model was 2.3
mm/ha which was calculated from 642 h rainfall
data from Machecos in 1992-1993. The main
evaporation rate during the rainfall was assumed
to be 0.2 mm/ha. It is predicted that the annual
interception loss is likely to be between 3 and
10 % of rainfall.

2.8.2 Infiltration and Runoff

When rainfall reaches the soil surface, some of it
infiltrate into the soil. If the rainfall is greater
than the infiltration rate, the excess water starts to
collect at the surface; when there is an excess of
surface storage, runoff occurs. Infiltration there-
fore is the dynamic process that changes during
the rainstorm depending on soil characteristic,
slope of land, and rainfall intensity. Hoogmoeid
et al. (1991) using rainfall simulator on cultivated
millet fields in Niger reported that the initial infil-

n

tration rate exceeds 100 mm/ha but it drops in the
final infiltration rate to 30 mm/ha. The difference
between infiltration and the rainfall rate gives the
runoff rate. Undisturbed soil has much lower
infiltration rate than soil which has tillage. Tilling
the soil has also altered the surface storage, there
is the delay of 18 min in surface runoff in recently
tilled soil. On slopes of 7 %, the presence of
Leucaena and Gliricidia hedgerows reduced run-
off by 64 and 80 % compared to sole annual crop
on plow-tilled land (Lal 1989a), thus indicating a
role of land preparation on infiltration and runoff.

Soil characteristics that affect infiltration are
surface crust, surface storage, saturated hydraulic
conductivity, and presence or absence of plant
residues. Surface crustation had very marked
effect on infiltration. Even in sandy soil, crust
forms and generates significant runoff. Roose
and Bertrand (1971) and Hoogmoeid and
Strossnidger (1984) reported runoff between 16
and 25 % of rainfall in sandy soil with slope less
than 3 %. Vegetation cover generally increases in
infiltration rate and reduces runoff. In Senegal
runoff decreased from 456 mm in bare soil to
264 mm in cultivated soil and to 200 mm in fal-
low land containing mixture of shrub (Lal 1991).
Vegetation affects the surface infiltration by two
ways by canopy modification and may alter soil
particle detachment and crust formation. The
second effect is via reduction in surface crusting
and improved soil hydraulic conductivity as a
result of incorporation of plant residues in the
soil (Keipe and Rao 1994). Mulching is widely
used in the tropics for conserving soil and reduc-
ing soil erosion (Stigter 1984). An additional
advantage of mulching is the increase activity of
soil fauna, further improving the soil structure
(Lavelle et al. 1992). Planting of tree hedgerows
on the contour of slopping land can have effect of
forming natural terrace as water and soil are col-
lected on the slope side of hedgerows (Lal 1989a, b;
Young 1989; Keipe and Rao 1994).

The measurement of infiltration can be
done by double-ring infiltrometers (Lal 1989b).
One dimensional flow in the inner ring, while the
rate of fall of the water in the outer ring gives the
infiltration rate (FAO 1979). Rate of infiltration is
affected by changes in soil surface brought by
rainfall. Runoff can be measured by collecting
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the water from a given area which may range in
size of plot less than 1 m? to the large catchments.
The ULSE (Universal Soil Loss Equation),
Winchester and Smith in 1978, standardized plot
area 1.8 mx22 m (0.04 ha) and are usually large
enough to give information on combined effect of
surface dynamic of land flow process.

2.8.3 Soil Water and Drainage

The amount of water that enters the soil is the
consequence of the combined effect of rainfall,
infiltration, and runoff. Once within the soil
matrix, water can be reevaporated from the sur-
face taken up by plant roots and under condi-
tions of excess water can flow laterally and
leave the bottom of soil profile. Surface soil
water content influences infiltration, runoff, and
evaporation. The water content in deeper layers
affects water movement and drainage. Soil
water is also key parameter in determining plant
growth and nutrition uptake and transpiration.
In cropping systems, differences in soil water
content beneath the trees and the cropped area
can arise due to differences in infiltration and
runoff under trees and crops. Drainage pattern
may also be altered due to greater abstraction by
tree roots and utilization out of cropping season
by trees. McGowan (1974) used time series of
soil water content to infer drainage. There is a
point in the soil profile in which water moves
upward and then moves downward which is
known as zero flux plane (ZFP). Once this is
identified, water content above the ZFP can be
ascribed to evaporation and water content
changes below the ZFP to drainage. In tropics,
agricultural crops which do not cover the ground
for sometime or all the season direct soil
evaporation can be significant component in the
semiarid region of Middle East and West Africa.
Soil evaporation can be up to 30-60 % of rain-
fall (Cooper et al. 1983; Wallace et al. 1991).
To date alley cropping or hedgerow cropping
was found to be the most widely used system
wherein intercrops are grown by adopting pruning
or loping and adding the leaf litter to the soil below.
Hariah et al. (1992) inferred that reduced stem
height after pruning reduced the chances of sur-
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vival and maintenance of apical dominance.
However, there is an effect of shade to which some
species are highly susceptible; apart from this,
above-ground effect of canopy competition for
water and nutrition needs to be taken care of.

Moreover, below-ground competition affects
the growth of intercrop through root growth and
absorption of water and nutrients. Tree density
definably has the effect on the growth of inter-
crops; therefore, low density will help in reduc-
ing the competition effect as well as shading and
root interaction. The crop selection is important
as the crop phonology affects the competition for
resources. If it is different, then the requirement
will also be different. This will result in temporal
complementarity. Spatial complementarity has a
greater scope in agroforestry than in intercrop-
ping because the trees have deeper root system
than the associated crops. Dhany et al. (1990)
reported that most of the fast growing trees are
likely to compete with field crops. With the use of
sap flow technology, it is indicated that 80 % of
transported water may be drawn from below-
ground (Howard et al. 1995).

With the adoption of fruit tree-based system of
suitable soil and water management practices, it
is possible to increase the production potential of
rainfed areas and also ensure the sustainability of
the soil by improving soil health in semiarid
areas. The system also helps provide fodder and
fuel to the farming families apart from providing
vital minerals and vitamins and increasing the
meager income of the farmers of the region.
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Abstract

Dry land horticulture has a special significance, especially when there is a
renewed emphasis on increasing the productivity of marginal lands. At
present, the productivity of these lands is very low as most of these lands
are located in either semiarid or arid areas. Most of these lands are not fit
for crop farming, and crop farming on such lands is also very risky and is
not remunerative. The cultivation of fruit crops in this region with conven-
tional methods is not going to be a paying preposition. It is only by adopt-
ing farming system approach the cultivation of fruit crops can be successful
in these regions. Ecoregional approach will have to aim at enhancing agri-
cultural productivity and production on a sustainable basis, to meet the
ever growing needs of farm family and livestock for food, fuel, and fodder.
This would imply an up scaling of research activities within the ecore-
gions. Research and management of natural resources and a balance in the
development and utilization of biodiversity would be important. The
research should aim at improving the productivity of scarce resources
while protecting the quality of soil and water and at the same time safe-
guarding biodiversity for posterity. Thus there is tremendous scope for
horticulture in semiarid areas.

The scope of the semiarid horticulture depends
on the adaptability of the trees to the adverse cli-
matic conditions prevalent in the area. There are
many underutilized fruit trees found growing in
the fruit area. Future scope of expansion depends
on the availability of inputs, market, and indus-
trial support. Many of these fruits are known for
their vitamins and mineral composition, and their
ability to withstand droughts is unquestionable
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that is why probably these species are surviving
in these areas over the decades. To bridge the gap
between demand and supply, there is a need to
increase the area under these fruits so that the
basic minimum requirement of the public could
be fulfilled. Results of the research show that
fruit production can be doubled by adopting suit-
able crop species, variety, and improved orchard
management.



At present semiarid zones are marked by
monocropping which is leading to low yields and
pest buildup resulting sometimes in total failure
of crops. This situation results in unstable income
giving rise to poverty and debt trap. With the
availability of land decreasing at a faster rate and
use of prime land for raising food and cash crops
like cotton, there is scope to increase the area on
marginal degraded land; here no successful agro-
nomical crops can be raised. There are certain
fruit trees which once established can survive
under the semiarid rainfed areas. It is proved
beyond doubt at CHES Vejalpur that more than
30 fruit tree species can be grown successfully.
Fruit crops like ber, aonla, sapota, mango, pome-
granate, custard apple, wood apple, bael, jamun,
karonda, chironji, tamarind, guava, and fig which
are considered as underutilized can be highly
profitable even under rainfed conditions in this
region. The sick saline soils where no agronomi-
cal crops can be grown can be put to use by grow-
ing these fruits. The fruit trees are suitable for
cultivation in rainfed areas which complete their
reproductive phase well before the onset of stress
period. Despite best efforts to bring large area
under irrigation, only 40 % of area could be
brought under permanent irrigation.

Adoption of cropping systems like agri-horti,
horti-silvi, and horti-pasture can not only improve
sustainability of degraded lands by addition of
large biomass to the soil resulting in improved soil
health. Trees also help in reducing runoff and soil
loss. They also help in improving the environment
by sequestering CO, from the atmosphere.

Malnutrition in these areas is a major problem
particularly in pregnant woman and children.
Fruits like aonla (Indian goose berry) and ber
(Indian jujube) are a rich source of vitamin C. Ber
contains more protein than even apple. Fruits like
date palm, wood apple, and custard apple are rich
in minerals which are vital for the maintenance of
body.

Already there is revolution in these fruits, and
with the identification suitable technologies and

3 Scope of Horticulture

superior varieties, the area under these crops has
increased tremendously. The semiarid tropics
(SAT) extend over 2.1 billion ha and support a
large population — 750 million in 1980. Ninety
percent of this area and 99 % of this population
are located in developing countries. India con-
tains about 56 % of the SAT population on about
10 % of the SAT area. Although these fruits are
highly perishable in nature, the marketing of
which is a major problem, e.g., custard apple rip-
ens in 2-3 days of harvesting and if not consumed
it gets spoiled. Similarly the early variety of ber
Gola fruits harvested in the morning become
unmarketable in the very next day. Also with the
glut in the market, the prices of these fruits drop
drastically making it uneconomical for the farm-
ers to sustain production; the result is farmers cut
the trees. To avoid the situation, there is a need to
extend shelf life of these fruits and to develop
post-harvest value addition technologies which
are simple and adaptable at the farm level. This
will not only result in developing small-scale
industry but will also provide employment to the
rural poor throughout the year resulting in
increased income of both farmers and workers.
Apart from this, trees are a very good source of
fuelwood; a 1 ha orchard of ber which needs to be
pruned every year provides fuelwood sufficient
to meet the requirement of a standard family of
four throughout the year. In the year of drought,
tree leaves are a good source of fodder for cattle.
Thus, there is great scope to put the marginal
degraded lands to cultivation of these fruits.

3.1 Importance and Scope

* Provides three basic necessities, i.e., food,
fodder, and fuel.

* Drought alleviation
production.

* Economically viable.

* Labor intensive.

* No long gestation period.

through  assured



3.3 Recently Released Varieties

3.2

3.2.1

Nk L=

Improvement of soil health and thus
sustainability.

Reducing pressure on the existing ecosystem.
Soil degradation and soil loss reduced.
Fuelwood availability will reduce burning of
cow dung cakes.

Farmwomen need not waste their time in
collection of fuelwood because of on-farm
availability of fuel.

Reduced malnutrition through increased fruit
availability.

Improvement in the socioeconomic life of

farming families.

Criteria for Selection
of Different Components

Perennial Component

Easy to establish.

Good cropping capacity.

Palatable foliage.

Fast-growing and high-biomass production.
Tolerant to biotic and abiotic stresses.

Ability to withstand browsing/grazing.
Reproductive phases coincide with the period
of moisture availability.

3.2.2 Annual Component

AEE el

=N o

Tolerant to biotic and abiotic stresses
Preferably leguminous in nature

Dwarf and spreading type

Short duration

Better soil binding capacity, thereby resisting
erosion

Tolerant to partial shade

High yielding and quality

33

Sr. No.

10.

11.
12.

13.
14.
15.
16.

17.

18.

Recently Released Varieties

Crops
Ber

Pomegranate
Aonla

Date palm
Custard apple
Guava
Mango

Beal

Sapota

Fig

Tamarind
Phalsa

Wood apple
Jamun
Chironji
Mahua

Cashew

Varieties

Goma kirti, Gola, Seb,
Umran

Bhagwa, Arka, Ganesh,
Mridula, Ruby, Jyoti
Goma Aishwarya, NA-7,
Chakaiya

Halawy, Medjool, Barhee,
Khalas, Khuneji
Balanagar, Arka sahan,
APKCA-1

Sardar, Allahabad Safeda,
Arka Mridula

Alphonso, Kesar, Dashehari,
Totapuri, Langara,
Amrapali, and Mallika
NB-5, NB-9

Kalipatti, Cricket ball,
PKM-1, PKM-2, PKM-3,
DSH-1, DSH-2

Poona fig, Black Ischia,
Dianna, Conardia, Dinkar
Pratisthan, Urigan

No distinct varieties are
available

CHES Selection-1, CHES
Selection-2

Konkan seedless, Lucknow
seedless

No distinct varieties are
available

No distinct varieties are
available

Vengurla-1, Vengurla-2,
Vengurla-3, Vengurla-7,
Vengurla-8 Vridhachalam
M 25/1, Bapatla Selection
No. 129

Manila tamarindNo distinct varieties are

available



3.4 Challenges/Options

for the Future

Lessons/constraints Challenges/options

Full exploitation of the
potential of arid areas for the
production of a large number
of horticultural crops was not
possible since technologies
specific to these areas were
not available

There is need to enlarge
the program of work to
incorporate the fruit,
vegetable, medicinal, and
ornamental crops which
can provide nutrition
security to the people
along with economic and
ecological sustainability
to the region

The available biodiversity,
which faces danger of
erosion, could not be
properly conserved in the
absence of repositories

Well-defined germplasm
repositories and gene
banks should be
established at appropriate
locations

Crop failures and
productivity losses are
common as a result of
extremely high aridity
leading to drought conditions

A major program should
be directed to genetic
improvement for drought
and heat tolerance besides
the study of physiological
adoption mechanisms to
these conditions

The fruit crops which are
already established in the
region face some
productivity constraints

There is need to lay
emphasis on integrated
approach for management
incorporating biocontrol
agents

Absence of standard varieties
and/or multiplication
techniques for some
indigenous/established fruit
crops come in the way of
their systematic production,
e.g., Prosopis cineraria,
Capparis deciduas, date

Development of fast
multiplication techniques
is required utilizing
micropropagation and
tissue culture approaches

palm, etc.
3.5 Opportunities
3.5.1 Exploitation of Indigenous

Variability

A reserve of considerable variability of a number
of hardy plant species which yield edible fruits
and products of horticultural value provides
opportunity for their exploitation by genetic
improvement and systematic plantation. Besides,
there is an ample scope for introduction of useful
plants from isoclimatic regions of the world.

3 Scope of Horticulture

3.5.1.1 New Introductions

Several fruit yielding species common in the
arid region have not yet been commercially
exploited mainly owing to the absence of their
standard cultivars/types. Similarly, there is a
scope for production of plant species introduced
from the isoclimatic regions of the world, e.g.,
cactus pear, quandong, carob, African dove plum,
argan tree, marula nut, nance, oyster nut, ye-eb
nut, etc.

3.5.2 GeneticImprovement

Genetic improvement in the traditional fruits
such as ber, pomegranate, and aonla and vegeta-
bles such as chilli, tomato, and cucurbits to
induce resistance against abiotic stresses with
particular reference to drought and heat should
further boost their production in the region. Some
of the traditional horticultural plants suffer
from productivity constraints owing to the sus-
ceptibility to specific disease and pest problems,
e.g. powdery mildew in ber and cucurbits. Thus,
by genetic improvement in the traditional as well
as presently wild but potential species and intro-
duction of suitable exotic species, the major
causal factors for the slow pace of spread of area
under horticultural crops and for their extremely
low productivity in the arid region can be
mitigated.

3.5.3 Production for Export

Since arid zone agroclimate offers great potential
for production of high-quality produce, there is
great opportunity for production for export. The
potential of quality production of citrus fruits
such as sweet oranges and kinnow, ber, and
pomegranate, vegetables such as tomato and chil-
lies, and spice crops such as cumin and isabgol is
well known.

3.5.3.1 Value-Added Products

There is great scope for developing high-value
products from the indigenous produce such as
Capparis and Cucumis and from the commercial
horticultural crops.



3.6 Production and Productivity of Fruit Trees

3.5.4 Runoff Farming

Although soil conditions in arid region are poor,
soil characteristics such as coarse texture and
crust formation on soil surface, respectively, cut
water losses through capillary movement and
induce good runoff water yield even under low
rainfall areas.

3.5.4.1 Cropping Systems

The high solar radiation resource in the arid areas
provides opportunity for its harvesting by optimi-
zation of cropping system models incorporating
multiplayer receptor crops.

3.6 Production and Productivity

of Fruit Trees

The productivity of fruit trees was much higher
than the traditional cropping system in the semi-
arid areas under rainfed conditions. With the
standardization of vegetative propagation tech-
niques, the long gestation period has been
reduced. The fruit trees like ber, custard apple,

Table 3.1 Yield g/ha

Crop/year 2nd 3rd 4th
Ber 18.8 50.80 83.00
Custard apple 6.92 17.84 21.08
Pomegranate 12.72 29.48 41.00
Guava 16.80 26.00 46.80
Aonla 7.9 25.8 39.3
Sapota - 20.6 27.4
Mango - 7.3 16.7
Maize +pigeon pea* 15.96 3.57

*Traditional method

Table 3.2 Net return (Rs/ha)

Crop/year 2nd 3rd 4th

Ber 2,640 1,990 21,400
Custard apple 960 6,170 7,540
Pomegranate 9,720 26,230 37,750
Guava 5,900 10,250 20,400
Aonla 1,450 10,150 20,400
Sapota - 7,800 10,450
Mango - 4,800 13,700

*Maize + pigeon pea

*Traditional method
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and pomegranate start bearing in the second year
itself; however, trees like mango and sapota start
commercial bearing in the fourth year of planta-
tion. Among all the fruit trees, the highest pro-
ductivity per hectare was recorded in ber (176.40
g/ha) due to accommodation of higher number of
plants per hectare (400 plants) followed by guava
(98.80 g/ha). The productivity was least in pome-
granate and custard apple (17.6 and 20.2 g/ha,
respectively). Though productivity was lowest in
pomegranate, its net return was the second high-
est amounting to Rs. 65,400 owing to accommo-
dation of higher number of plants and higher
market rate compared to other fruits. The highest
net return was recorded in mango (Rs. 75,000) in
the 9th year. The highest B.C. ratio was recorded
in mango (17.66) followed by pomegranate
(14.08) which was three times higher than the
traditional farming system. Economic evaluation
of agroforestry system with sapota+trees+field
crops species gave the highest income; it was
maximum from field crop +sapota+teak (46 %)
than field crop+sapota. Benefit-cost ratio was
higher in sapota+teak (Mutanal et al. 2001)
(Tables 3.1 and 3.2).

Sth 6th 7th 8th 9th
107.60 126.00 134.8 166.00 176.40
32.32 45.20 61.60 71.60 80.80
46.00 54.89 59.20 61.60 70.40
59.60 71.20 80.80 91.20 98.80
61.7 75.4 83.3 79.4 94.5
38.2 47.9 56.4 64.3 73.8
27.8 35.4 48.7 63.8 79.5
5th 6th Tth 8th 9th
28,530 33,800 35,940 45,050 47,920
12,910 18,850 26,800 31,550 35,900
42,750 51,640 54,750 56,850 65,400
26,300 31,850 36,400 41,350 44,900
16,550 27,150 33,700 37,400 42,750
15,600 20,200 24,200 26,950 32,400
24,500 31,650 44,700 56,550 75,000
10,050
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Introduction

Abstract

Ber (Ziziphus mauritiana Lamk.) is one of the ancient and important fruit
crops of India as it can stand drought and tolerate salinity to a considerable
extent. It is often called the poor man’s fruit. In India out of the 143 mil-
lion ha of cultivated land, about 57 % is rainfed. Still this area contributes
about %2 the food basket of the country. Horticulture can play an important
role in rejuvenating the falling incomes of the farmers in these areas. Of
late commercial importance of ber has been realized and ber cultivation
has received a great impetus in India. The ber fruits are available right
from October to May in different regions. It is an ideal fruit tree for grow-
ing in arid and semiarid zones of India. Exponential increase in human and
livestock population in India has put tremendous pressure on natural
resources, owing to not only degradation of principal resources like land,
water, and vegetation but also reduced per capita availability of land. The
ber is a multipurpose crop as it provides 3F’s, i.e., fruit, fodder, and fuel.
Ber fruits are generally consumed fresh, but dried ber, candy, preservers,
beverages, etc. can also be prepared from it. Besides being palatable and
delicious, the recent research has disclosed its high nutritive value. It is
one of the richest sources of vitamin C next only to amla and guava but
better than citrus and apple.

an important role in rejuvenating the falling
incomes of the farmers in these areas. To bridge

In India out of the 143 million ha of cultivated
land, about 57 % is rainfed. Still this area contrib-
utes about %2 the food basket of the country. Even
with all the efforts, the percentage area under irri-
gation cannot be increased beyond 25-26 %;
crop yields in dry lands are not only low but are
also prone to risk and complete failure during
seasons of erratic rainfall. Horticulture can play

S. Hiwale, Sustainable Horticulture in Semiarid Dry Lands,
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the gap of demand and supply, the fruit produc-
tion will have to be increased from present level
of 23.8 to 85 million tons; on the other hand,
National Commission of Agriculture proposed
that the area under fruits should be raised to 4
million ha by 2020 AD. Hence, any expansion in
area or to increase the production to meet the
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ever-increasingly demand can be met by adopt-
ing dry land horticulture on marginal lands.

Ber (Ziziphus mauritiana Lamk.) is one of the
ancient and important fruit crops of India as it
can stand drought and tolerate salinity to a con-
siderable extent. It is often called the poor man’s
fruit. However, grafted varieties of ber are no lon-
ger the poor man’s fruit as they fetch even higher
prices than several other fruits. Of late commer-
cial importance of ber has been realized and ber
cultivation has received a great impetus in India.
The ber fruits are available right from October till
May during the year. It is an ideal fruit tree for
growing in arid and semiarid zones of India.

Ber being xerophyte in nature and its ability to
stand drought makes it a prime fruit suitable for
the semiarid rainfed conditions. The important
characters are deep and extensive taproot system
capable to penetrate through hard pan and draw
water from deeper layers of soil. Ber plant goes
into dormancy during hot summer months by
shedding leaves and growth cessation thus reduc-
ing water loss from the plant. Hard and pubescent
scales develop on the buds resulting in reduction
of dehydration of buds. The fruiting is completed
during the period of maximum moisture
availability.

Exponential increase in human and livestock
population in India has put tremendous pressure
on natural resources, owing to not only degrada-
tion of principal resources like land, water, and
vegetation but also reduced per capita availability
of land. At places, the extent of land degradation
has crossed such critical limits that it is difficult
to bring back to its original state. The unscientific
cultivation of annual crops in rainfed areas, as
usually is the case, accelerates runoff, soils loss,
as well as other degradation processes causing
fragile ecosystem. In India about 53.34 million
tons of top soil (16.4 t/ha) containing 5.4 million
tons of plant nutrients is lost annually due to agri-
culture and associated activities. The prime agri-
cultural lands continue to be diverted to
nonagricultural uses like industrialization and
urbanization with the result that marginal rainfed
lands are brought under cultivation with least
attention on resource conservation. Out of 143
million hectares arable land in India, nearly 74 %
is rainfed, which contributes about 42 % of total
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food production. However, soil moisture stress
due to vagaries of weather, moderate to severe
soil erosion, and poor soil fertility are the major
limiting factors of low productivity in rainfed
areas.

Though India has made significant stride in
food production in the recent past, major empha-
sis was given on irrigated and resource-rich situ-
ations. However, in rainfed areas the marginal
farmers are still practicing traditional way of
farming and struggling below the poverty line.
Therefore, this trend needs to be discouraged.
Virtually, a sizable area (171 m ha) in our country
is categorized as degraded lands. Such lands
which are subjected to problems of water and
wind erosion, salinity, alkalinity, acidity, water
logging, gullied and ravine lands, shifting culti-
vation, etc. are either laying vacant or underuti-
lized. Although, these lands have their own
biophysical farming constraints but can be uti-
lized efficiently on sustained basis for fulfilling
the basic needs of food, fruit, fuel, fodder, fiber,
fertilizer etc. through horticulture-based farming
systems by adopting practically feasible, eco-
nomically viable and eco-friendly technologies
developed in recent past. Considering above
facts, horticulture-based composite farming sys-
tems were evaluated from 1985 to 2000 to estab-
lish a viable model for rehabilitation and
utilization of semiarid rainfed areas at Vejalpur,
Godhra, Gujarat.

Fruit trees play a vital role in crop diversifica-
tion. Their inclusion in the system reduces the
risk of crop failures. Apart from this, the fruit
trees are known to increase the income of the
farmer substantially over traditional monocrop-
ping. Fruit cultivation has so far been associated
with fertile soil with assured irrigation, but pres-
ently the irrigated fertile land is already being
used for meeting the food requirement of ever-
increasing population and industries. The mar-
ginal and degraded lands in arid and semiarid
region of the country with practically no irriga-
tion facilities are to be used for increasing fruit
production with simultaneous need to meet the
basic demand for food, fodder, and fuel. Hence,
no time be lost in developing highly productive
self-sustainable farming systems fully adapted to
the precarious ecology of arid regions.



4.3 Climate

In the broadest sense, the term agri-horti-silvi-
pastoral system encompasses any and all tech-
niques that attempt to establish or maintain
forests, horticultural crops, forage trees, and pas-
ture grasses on the same piece of land. The sci-
ence and practice of agri-horti-silvi-pastoral
system aim at systematically developing land use
system and practices where the positive interac-
tion between trees and crops is maximized. This
seeks to achieve more productive, sustainable,
and diversified output from the land than is pos-
sible with conventional monocropping system. In
this system, the fruit and vegetable crops provide
seasonal revenue, while forest trees are managed
at 5-10 years rotation giving extra returns of tim-
ber, fuelwood, and fodder. The approach aims at
optimizing the use of land, water, and vegetation
in an integrated way and thus helps to alleviate
drought, moderate floods, prevent soil erosion,
improve water availability, and increase produc-
tion of fruits, vegetables, fuels, and fodder on
sustained basis.

4.2  Nutritive Value

The ber is a multipurpose crop as it provides
3F’s, i.e., fruit, fodder, and fuel. Ber fruits are
generally consumed fresh, but dried ber, candy,
preservers, beverages, etc can also be prepared
from it. Besides being palatable and delicious,
the recent research has disclosed its high nutritive
value. It is one of the richest sources of vitamin C
next only to amla and guava but better than citrus
and apple. Ber fruits are also rich in vitamin A
and contain B carotene at 81 mg per 100 g of
fruit. Ber fruits are also rich in minerals like
0.03 % calcium, 0.036 % phosphorus, and 1.14 %
iron. Its protein content is 0.94 % amino acids,
viz., asparagine, aspartic acid, arginine, glutamic
acid, glycin, serine, thiamine, X-alkaline, valine,
methionine, leucine and isoleucine are also avail-
able from the fruit (Gupta 1984) (Table 4.1).

Ber leaves provide nutrition’s fodder for the
animals particularly goat and sheep. The leaves
contain 5.56 % DCP and 49.7 % TDN and are
rich in crude protein 12.9-16.9 and mineral
matter.
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Table 4.1 Nutritive value of important ber cultivars
Vitamin C

TSS Protein mg/100 g Reducing Total
Cultivars Brix % pulp sugar %  sugar %
Gola 19.8 5.25 302.18 4.75 15.62
Seb 142 5.00 189.59 2.79 12.09
Jogia 17.0 3.50  263.00 441 16.41
Kaithali 14.8 4.32  286.34 2.74 13.65
4.3 Climate

The semiarid climate is characterized dry low
and highly variable precipitation with high evap-
orative demand. Therefore, moisture stress is the
characteristic feature of semiarid zones. The
average annual rainfall of the area is 700 mm,
potential evapotranspiration 1,728 mm, and
moisture index of 58.8. There is a need to improve
cropping pattern in this area.

The ber is found growing under varying con-
ditions right from Haryana to Tamil Nadu; how-
ever, it is sensitive to freezing temperature but
can withstand extremely hot conditions going
into dormancy. New growth, flowering, and fruit-
ing are dependent on length of summer and
period during the monsoon season.

In northern India, growth starts from late June
to early July with advent of monsoon followed by
flowering and fruiting in October and fruit matu-
rity during February to April. In south India,
there is not much fluctuation in the climate;
because of this, the growth is nonstop resulting in
flowering during May to July and maturity of
fruits by October or by November (Randhawa
and Kohli 1976). The ber prefers dryness for
ideal performance; high atmospheric humidity is
disadvantageous.

In semiarid western India and particularly in
Gujarat, the average rainfall is 700 mm and the
maximum temperature varies between 30 and
42 °C and minimum temperature 10-25 °C. The
atmospheric humidity during fruit development
period varies from 50 to 65 % providing the
weather to be dry resulting in early fruit maturity
from December, which is completed by February
end.
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44 Soil
Because of the quick development of taproot sys-
tem within a short period, ber adopts itself to a
wide variety of soils. Its trees are found growing
on saline soils and marginal lands which are oth-
erwise unfit for growing other fruit crops or even
crops. It has in fact withstood and done better
than the most of the fruit crops.

The ber however responds to better soil condi-
tions. Ber is tolerant to salinity; it can tolerate EC
of 14 mmhos/cm and to high PH of 9.2-10.5

1

(Singh et al. 1987). The soil of the experiment
station was found to be saline with very poor fer-
tility status. The pH value was 7.61 at 0 30 cm,
with N content of 0.074 %, P content of 17.84 kg/
ha and K content of 166.60 kg/ha.

The soil analysis carried out after 6 years indi-
cated significant improvement in all the parame-
ters. The pH value was 6.30 with organic content
of 1.00 %. N content of soil increased to 0.084 %;
similarly P content was 18.72 kg/ha and k con-
tent to 239.90 kg/ha indicating improvement in
soil health (Tables 4.2 and 4.3).

Initial field view of experimental site (Photo)

Table 4.2 Soil analysis (before planting)

Details Total N % Av. P,Os (kg/ha)
0-30 cm 0.074 17.98
30-60 cm 0.043 14.27

Table 4.3 Soil analysis after 7 years

Soil depth (cm) 0.C. (%) EC (mmhos/cm) pH

0-15 1.00 0.21 6.30
15-30 0.80 0.27 6.41
30-45 0.60 0.30 6.70

Hiwale (2002)

Av. K,0 (kg/ha) EC (1:25) PH

166.60 0.2 7.61

166.60 0.15 8.20
CECNH,0A N(%) P(kgha) K (kg/ha)
40.20 0.084  18.72 239.90
53.70 0075 1439 233.34
58.30 0.058  12.63 266.56
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Pits preparation

4.5 Commercial Cultivar

There has been wide cultivars diversity in ber in
India. Ber or jujube belongs to the genus of
Ziziphus of the family Rhamnaceae; the genus
consists of 135 species. However, only a few cul-
tivars are commercially important which lack
good productivity along with ability to withstand
transport, storage, and resistance to pest and dis-
eases. Earliness is a desirable trait in cultivars
meant for arid and semiarid dry lands.

A wide range of variability exists in ber in
India. Most of the present day, cultivars have
been evolved through selection. Major emphasis
has been laid on clonal selection and an early
maturing clone (Pareek 1983). Ber has poly-
ploidy and self-incompatibility in its cultivars,
which are serious bottlenecks in its successful
breeding programs (Pareek 1983). Most of the
cultivated cultivars have been reported to be
reciprocally cross incompatible.

For successful cultivation, choice of suitable
variety is of paramount importance as there is
variation in the climatic components which
affects the performance of variety. The evalua-
tion of varieties carried out at central horticul-
tural experimental station for the last 4 years
revealed that varieties Gola, Dandan, and Rashmi
being early varieties giving good yield and qual-
ity fruits as well as Umran, Seb, and Aliganj
being late variety good yielder and producing
good quality fruits are recommended for cultiva-
tion under semiarid rainfed conditions.

Gola

4.5.1

It is an early maturing cultivar. The fruits are
glossy with yellowish brown color at ripening.
The fruits are round very attractive and its white
semisoft and juicily flesh is very delicious
because of the sugar-acid blend. It is best culti-
vars for rainfed cultivation; average weight of
fruit is about 20 g with a TSS of 18.42 % and a
high acidity of 0.64 and a pulp-stone ratio of
13.08. The yield per plant was about 28.4 kg in
the 4th year. The variety cannot stand long trans-
portation and hence should be planted near to big
cities. The fruit ripens from the 3rd week of
December to end of January.

4.,5.2 Dandan

This is also an early variety. The fruit is large and
oval in shape and has attractive golden yellow
color, which turns into brown. The fruit is sweet
with a TSS of 19.61 %. The yield per plant is
22.06 kg in the 4th year.

4.,5.3 Rashmi

Though the fruit are smaller in size and weight
about 8.81 g. The variety is early and the fruits
are having good aroma. The yield/plant is 14 kg/
plant in the 4th year.
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4.5.4 Umran

This is a late variety, good yielder giving 16.0 kg
yield per plant. The fruits are golden yellow in
color. The fruit is large 19.91 g and oval in shape
with golden yellow in color when it matures. TSS
is 20.08 % and pulp-stone ratio is 19.67. The
variety having firm flesh and hence can be trans-
ported to distant market. The fruits start maturing
from the 1st week of January till the middle of
February.

4.5.5 Seb

The fruit resembles an apple in shape and weighs
about 18.42. It is a late variety with thick skin and
can be transported to distant market. TSS is about
20 %. The fruits turn yellow when they are
mature. The average yield/plant under rainfed
condition is 20 kg. The fruits mature late in
January.

4.5.6 Aliganj

Fruits are in shape with 17.39 g weight. The fruits
are juicy with a TSS of 22.57 % and pulp-stone
ratio is 16.29. The yield per plant is 14.8 kg.

4.6 Ber Cv.”Goma Kirti” (Ziziphus
mauritiana Lamk.) Salient

Characters

1. The clonal selection was identified from the large

germplasm collection made all over the country.
Over the country at Central Horticultural
experiment station Godhra.

2. Selection was multiplied by in situ budding
and grown under rainfed conditions.

3. The selection started bearing in the first year
of its budding.

4. It consistently flowered and fruited for the
past 5 years.

5. The selection flowered 2 weeks earlier than
the local check and the fruits matured 3 weeks
earlier than the check.

6. The selection was found to be high, yielding
25.8-34.3 % increase.

7. The selection though early was found to have
superior keeping quality. Compared to early
varieties, which fruits have shelf life of 3 days,
the selection could be stored up to 6 days
under ambient conditions.

8. The physiological loss in weight was 27 % in
early varieties whereas it was 17 % in the
selection on 3rd day of storage in Cv. Goma
kirti (Hiwale 2005).
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4.7 Propagation

In the recent year, ber has gained commercial
importance and hence demand for plant material
has increased manifolds with the advent of tech-
nology; raising ber nursery has also become a
profitable preposition by raising rootstock plants
in 200-gauge polythene bags of 25 cm length and
12 cm diameter. The seedlings are ready for bud-
ding in 150-200 days and they are ready for
transplanting in another 40 days of budding. A
net profit of Rs. 15,000 could be obtained (Table
4.4).

Best time for budding is observed to be from
the first week of June till the onset of monsoon.
During the rainy season, fungus development is
fast due to high percent humidity. Patch budding
was found to be the best method for budding ber
plants either in the nursery or in field conditions.
Ber species was the best rootstock which is
Ziziphus rotundifolia found growing wild in India
and is known for their extensive root system and
hardiness. However, germination of seed is a
problem because of stony endocarp. It is better to
break the endocarp; even after breaking the endo-
carp, the germination percentage was found to be

Table 4.4 Effect of time if budding on percent bud take
in ber

Percentage success

Date 1988 1989 Mean
10/6 81.0 61.0 71.0
20/6 48.0 46.0 47.0
30/6 40.0 21.0 30.5
10/7 12.0 10.0 11.0

very low 46.66 %; hence, to increase germination
percentage, the seeds were treated with various
growth regulators revealed that treating extracted
kernels with kinetin 100 ppm gave higher germi-
nation percentage (83.33 %) (Hiwale and Raturi
1996a, b). Seeds should be collected fully ripe
fruits in the month of December and are sown in
February to March in polythene bags or field.
Other methods like stooling and air layering have
also been tried by some workers (Singh et al.
1973; Misra and Jauhari 1970). In ringed shoots,
100 % success was obtained by the application of
8,000-12,000 ppm IBA; 100 % success was
obtained in stooling by the use of mixture of IBA
and NAA at 5,000, 7,500, and 10,000 ppm with
100 ppm boron (Table 4.5).

Ber in situ budding (root stock )

Budded plant with unwantedsprouts
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Removal of extra growth

Successful in situ budded plant

Table 4.5 Effect of plant growth regulators on seed germination and seedling growth of ber rootstock

Seedling growth

Treatments Germination % Height (cm) Diameter (cm) Vigor index
GA 50 ppm 63.33 30.17 4.12 1,606.66
GA100 ppm 56.66 30.02 4.00 1,940.00
GA 200 ppm 70.00 29.67 3.97 2,386.66
Kinetin 50 ppm 70.00 30.27 4.12 1,816.66
Kinetin 100 ppm 83.33 30.82 4.27 3,466.66
Kinetin 200 ppm 73/33 30.00 4.03 2,280.00
Control 46.66 29.75 3.77 1,090.00
CD5 % 13.00 NS NS 413.21

The nursery budded plants though require less
4.8 Planting period for transplanting take some time to settle,

Ber orchards can be raised by 2 months, i.e., by in
situ budding and budding plants in nursery and
transplanting in field. In situ seeds are sown in
well-prepared pits at appropriate distance on the
onset of monsoon. The plants are ready for bud-
ding in June to July in the coming year. This
practice is highly suitable for semiarid conditions
as percentage success in budding is very high;
growth of the plant is very fast and the plant bears
fruits in just 7 months after budding 5 even under
purely rainfed conditions without any hand
watering.

and also as the taproot system of the plant is dis-
turbed, they need to be watered at least for the 1
year to get established. The comparative growth
of the plant is slow and it bears no fruits in the
first year of transplanting (Table 4.6).

The best time of planting ber is in the month
of August to September as the plants are ready
for transplanting during the end of July only
(Hiwale 2004b). Varied recommendations are
there for planting distance; it can be as much as 5
mx5 mto 10 mx 10 m even under rainfed condi-
tions depending on the vigor of the variety and its
ability to bear in partial shady conditions. It is
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Table 4.6 Performance of budding methods

In situ budded Nursery budded
1st- 2nd- 1st- 2nd-
year-old year-old year-old year-old
% success 85 % - 45 % -
in budding
Av. plant 0.25 1.78 0.085 0.56
height (m)
Stock 31.0 73.0 9.0 47.0
diameter (mm)
Scion 30.0 68.0 8.0 43.0
diameter (mm)
Yield/plantkg 2.1 7.9 - 3.4

advisable to adopt planting at 5 mx5 m spacing
under rainfed conditions. The pits of 1 m? size are
dug during summer and are filled up before onset
of monsoon with mixture of upper half soil, sand,
and FYM. 100 g 10 % BHC is added to the mix-
ture to prevent termite attack.

4.9 Flowering and Fruiting

The ber plants when pruned after the 25th of
April to the 5th of May sprouted after about
3040 days. The growth pattern of ber shoot was
sylleptic type, i.e., on the main shoot; secondary
shoots emerge after emergence of 5-9 leaves on
primary shoot. Tertiary shoot emerges at the
same interval as that of the secondary followed
by the quaternary. Shoot growth was recorded at
15 days interval revealed that the growth is faster
in the initial period from the first week of July to
the last week of September and then it was stabi-
lized. Slow growth however continued till the
end of November. There was a variation in the
emergence of secondary and tertiary shoots; it
starts in the first week of July, adding 3—4 sec-
ondary’s at 15 days interval (Tables 4.7, 4.8, and
4.9).

Shoot growth (length, cm)of secondary shoot ber Cv. Gola
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Table 4.7 Percentage flowering and mean number of leaves/shoot
Variety/shoot Primary Secondary Tertiary Quaternary
Gola 2.82 (68) 18.21 (430) 50.13 (615) 28.81 (280)
Umran 3.59 (64) 23.55 (332) 67.86 (523) 4.99 (124)
Seb 1.96 (71) 21.77 (409) 60.63 (715) 15.62 (88)
Mundia 3.20 (63) 22.10 (459) 65.77(547) 8.91 (110)

Figures in bracket indicate mean number of leaves/shoot
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Variety/shoot Primary Secondary Tertiary Quaternary
Gola 1.7.(4.9) 19.2 (20.4) 62.6 (54.6) 16.3 (19.3)
Umran 1.5@3.5) 26.4 (33.9) 66.5 (55.4) 8.9 (7.0)
Seb 3.8(2.9) 29.9 (33.6) 57.8 (61.2) 8.4(2.2)
Mundia 0.87 (3.1) 22.60 (35.14) 69.63 (52.16) 8.8(5.9)

Figures in parenthesis indicate percentage retention per shoot

Table 4.9 Percent yield (shoot wise)

Variety/shoot Primary Secondary Tertiary Quaternary

Gola 4.96 20.49 54.65 19.87
Umran 3.52 33.97 55.44 7.05
Seb 291 33.67 61.12 2.28
Mundia 3.6 32.30 58.53 5.26

There is a direct relationship between number
of leaves and percent flowering. The trend is that
a maximum number of leaves are on tertiary and
percent set also higher in tertiary shoot followed
by secondary and then quaternary.

Flower initiation normally starts in August to
September. Flowering stops in the end of
September except in some like Banarasi,
Maharwali, Kaithali, Ilaichi, Thornless, and Kali.
The fruit set starts in the third week of August
and it is in peak during the middle of September
and is over by the end of October, whereas in
Uttar Pradesh, flowering starts in the second
week of September which continued up to
November. The flowers are borne in the axils of
the leaves as main as well as the lateral shoot and
the inflorescences are an axillary cyme (Teotia
and Chauhan 1963). The fruit set begins from the
1st week of August and continues till the Ist
week of November. Fruit set is reduced drasti-
cally if there are continuous rains during flower-
opening period due to lack of pollinizers and
washing away of the pollens due to continuous
rains during flowering. There is profuse flower-
ing on sunny days and bee’s activity is maximum
during flowering period. There were significant
differences in respect to fruit set and fruit reten-
tion. Maximum fruit set was observed in variety
Z-G-3 and Katha followed by Seb and Banarasi.

4.9.1 Fruit Set

Though there is profuse flowering but due to
shedding of flowers and dropping of fruits at vari-
ous stages is so heavy that certain varieties have
been eliminated from commercial plantation also
due to the phenomena of self and cross incompat-
ibility and pollen sterility. Fruit set is also low
percentage; fruit set in 22 ber varieties was found
to be ranging from 3.17 to 8.75 %, lowest in
Aliganj and highest in Z-G-3. However, fruit
retention was ranging from 22.94 to 60.86 high-
est in Aliganj and lowest in Dandan, Maharwali,
Tikdi, and Banarasi Pewandi. Attempts to
increase fruit set by exogenous applications of
plant growth regulators have been made. Both
GA and 2, 4, 5-T nearly doubled the fruit set to
15.5, 13.6, and 14 % in “Dandan,” Kaithali, and
Umran (Dhillon and Singh 1968).

4.9.2 Fruit Drop

Under semiarid conditions, fruit drop in ber starts
from the middle of October and continues till the
middle of December. Teotia and Chauhan (1963)
have found ovule disintegration to be the major
cause of fruit drop in initial stages. The pattern
and extent of drop varies with the varieties of
their maturity period and the extent of initial set.
The maximum number of fruits drop in the initial
stages immediately after fruit set followed by
pinhead drop. In cultivar Umran, maximum fruit
drop was observed followed by Gola and Seb.
Exogenous application of growth regulators
has not been very effective in controlling fruit
drop. Dhillon and Singh (1968) found 2,4-D at
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10-20 ppm to be the most effectively in reducing
fruit drop, whereas GA 25 ppm and 2,4,5-T at
5-10 ppm (Ziziphus mauritiana Lamk.) showed
little effect.

Fruitdrop / tree at different stages

% Drop and % Retention in ber Cultivars

Pinhead Peasize Bigfruit Total % Retention

mGola mUmran mSeb

4.9.3 Fruit Development

Fruit development in ber follows double sigmoid
curve in most of the cultivars. In Gola, Umran,
and Seb, the growth of ber fruits under semiarid
dry land condition was faster in the first 30 days,
which reduced from 45 to 60 days. Again it was
maximum in the second phase from 60 days
onwards. The stone weight stabilized with
increasing fruit age in all the three varieties.
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4,10 Manuring

Ber orchards need to be manured regularly to
obtain sustained productivity. Under irrigated
conditions, higher dose of fertilizers can be
applied, whereas under rainfed conditions, the
dose can be reduced drastically. In Gujarat under
irrigated condition, a dose of 400 gN, 350 g P,Os,
and 450 g K,O per plant was found to be opti-
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mum (Gopani 1976); FYM, P,0s, K,O, and two
third of N is applied in July; the remaining one
third N is added in September.

The work on nutrient management carried out
at Godhra with the concept of boundary line indi-
cating that there is a peak in yield increases, and
then with additional dose, there is a drop in pro-
duction. So application of single nutrient along
with higher number of replications under rainfed
conditions was tried; the dose varied from 50 to
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Leaf area by factor Leaf area by regression

Cultivar ~ Actual leaf area (cm?)  Apparent leaf area (cm?)  method (cm?) method (cm?)
Umran 38.272 49.824 38.269 38.272
Gola 39.840 51.720 39.839 39.846
Seb 33.490 44.140 33.489 33.490
Mundia 36.570 45.550 36.567 36.567

600 g with 10 treatments and 15 replications for
N, P, and K. The results indicated that the dose of
30 kg FYM, 200 g N, 100 g P,0Os, and 100 g K,O
applied in the month of July is the best. The fer-
tilizer dose is reduced to almost 50 % with single
application due to rainfed conditions as there are
no rains after September.

4.11 Leaf Nutrient Guide

The leaf was found to be the best index tissue to
indicate the nutritional concentration of essential
minerals in trees and is one of the important fac-
tors in determining plant behavior. To develop
need-based fertilizer, schedule for ber leaf analy-
sis was done. Concentration of N, P, and K
decreased with increase in age, whereas Ca and
Mg showed marginal increase. Sulfur, Zn, and
Cu recorded decrease in their content with
increasing leaf age, whereas Fe and Mn have not
followed any specific pattern. The data revealed
that the 5th and 6th leaf from secondary shoots
represent recently matured leaf, which can be
collected as an index tissue for nutritional diag-
nosis (Bhargava et al. 1990).

4.11.1 Leaf Area Determination by
Nondestructive Method

In ber leaf area/fruit ratio determines the size and
quality of fruit. The optimum leaf area required
for the development of fruit can be calculated by
nondestructive method. Maximum correlation
was recorded in the product of maximum length
and maximum breadth with actual leaf area. The
regression equation based on these parameters
was worked out. The functional relationship

between length x breadth and leaf area values was
best described by the models (Hiwale 1991)
(Table 4.10).

1. Y=(-)1.483+0798x (Umran).

2. Y=(-)2.72+0.823x (Gola).

3. Y=(-)0.875+0.778x (Seb).

4. Y=(-)0.008+0.803x (Mundia).

4.12 Canopy Management

Ber is deciduous in nature dropping its leaves
during the summer months and flowers and set
fruits on new growth; therefore, there is a need to
prune the plants every year during the dormant
period. An experiment was conducted at CHES;
Godhra on 6- and 7-year-old ber plants (Ziziphus
mauritiana Lamk.) budded on Ziziphus rotundi-
folia rootstock planted at 5x5 m spacing to stan-
dardize the time and severity of pruning in Cv.
Gola. There were five pruning treatments which
were applied at three different times starting from
the end of April with an interval of 10 days. The
study indicated that pruning ber plants in the first
week of May is the best to obtain maximum num-
ber of sprouts, shoot length and shoot diameter.
Another experiment on severity of pruning car-
ried out at the station indicated that the growth
parameters, viz., shoot length, shoot diameter,
and number of sprouts per plant were highly
influenced by the various pruning treatments.
Shoot length was maximum when severity was
higher. Similarly number of sprouts per plant
from pruned branches decreased with increasing
severity. Pruning helps in higher fruit set and
retention per shoot compared to unpruned plants.
Quality character was also improved by pruning.
Higher TSS was recorded in pruned plants.
Pruning plants to 60 cm of previous season’s
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Table 4.11 Effect of intensity of pruning on growth, yield, and quality of ber Cv. Gola

Pruning intensity
Intensity of pruning 30 (cm) 60 (cm) 90 (cm) 120 (cm) No pruning SEm CD5 %
Shoot length m 3.16 2.95 291 2.74 1.55 0.11 0.32
Shoot dia. mm 38.38 35.34 35.71 29.74 18.03 1.42 4.37
Number of sprouts/shoot 45.25 49.50 48.25 83.25 130.77 9.14 28.63
Fruit set (%) 2.71 3.27 2.94 2.83 1.67 NS NS
Fruit retention (%) 30.82 36.75 32.33 28.69 21.09 1.86 5.71
Yield (t/ha) 23.25 28.50 26.08 25.05 17.50 1.27 391
Fruit weight (g) 19.52 20.90 19.27 18.25 15.05 0.23 0.73
Fruit length (mm) 29.41 31.26 29.75 28.73 25.40 NS NS
Fruit dia. 30.81 31.98 31.28 29.91 27.71 NS NS
Pulp-stone ratio 12.67 12.30 13.45 12.80 11.95 NS NS
TSS ° Brix 25.22 25.72 24.92 26.10 24.98 0.33 1.00
Acidity % 0.34 0.32 0.33 0.35 0.29 NS NS

Raturi and Hiwale (1993)

growth in the first week of May was found to be
the best for obtaining higher yield and better
quality of fruits under semiarid conditions,
(Hiwale and Raturi 1993b) (Table 4.11).

4.12.1 Canopy Management
Through Shoot Pinching
on Growth Yield and Quality
of Ber Cv. Gola

Canopy management in Indian jujube is one of
the important management practices. Selective
pruning is a desirable practice as the fruits are
born in the axils of the leaves of newly emerged
shoots developed during the current year. Extent
to which the Indian jujube trees are to be pruned
to maintain balance between growth and fruiting
varies with climatic conditions prevalent in the
area. The results of the study revealed that the
growth pattern of the shoot is sylleptic type, i.e.,
on the main shoot there are secondary shoot, on
secondary there are tertiary shoots, and on ter-
tiary there are quaternary shoots. The flowering
and fruiting pattern in Indian jujube was studied,
and it was noticed that between 6th and 12th sec-
ondary, maximum fruits are set though the vege-
tative growth continues to 18th—22nd secondary.
The large number of secondary, tertiary, and qua-
ternary shoots resulted in compaction and caus-
ing difficulties in intercultural operation and fruit

harvesting. To control the growth of the shoot
and to have a manageable canopy, pinching the
shoot after 6th, 9th, and 12th secondary was
attempted. The mean main shoot length was
found to be least in shoots pinched to 6th second-
ary followed by 9th and 12th secondary. However,
main shoot diameter was maximum in shoots
pinched to 12th secondary (29.16 mm) compared
to control (24.42 mm). There was a significant
effect of shoot pinching on number of fruit set per
shoot. Maximum fruit set was recorded in plants,
where main shoot was pinched after 12th second-
ary (1355 no./shoot) as compared to control (655
no/shoot). Percent fruit retention was also highest
in the same treatment (7.77 %) and was least in
control (3.54 %). This resulted in higher yield per
plant when shoots were pinched to 12th second-
ary (19.24 kg/plant) compared to control (8.38
kg/plant). Thus, shoot pinching to 12th second-
ary in the first week of September was found to
regulate the canopy as well as increase the pro-
duction potential of Indian jujube significantly
(Table 4.12).

4.13 Fuelwood Production

The system also resulted in the production of suf-
ficient quantity of fuelwood. Leucaena served
both the purpose of fuel and fodder. Besides for-
est trees, ber trees also provided fuelwood from
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Table 4.12 Ber shoot pinching

Fruit set/
Treatment Shoot dia. (mm) shoot (no.)
6th secondary 25.72 1,148.2
9th secondary 26.18 1,359.8
12th secondary 29.16 1,355.0
Control 24.42 655.6
CD % 291 317.57
Hiwale (2011)

Table 4.13 Fuelwood produced (t/ha) and cow dung saved

Crop/year III rd year IV th year V th year
Ber* 34.00 54.00 72.00
Leucaena 106.56 146.50 169.92
Eucalyptus 83.20 113.60 59.36
Bamboo 37.54 46.24 59.36

“Pruned wood

the annual pruning. Among different plant types,
maximum production (140.99 g/ha) of fuelwood
was recorded from Leucaena followed by
Eucalyptus (120.53 g/ha) and ber (53.30 g/ha)
and minimum in bamboo (19.79 g/ha), which
started yielding from the 5th year onward while
all other plant species started fuelwood produc-
tion from the 3rd year itself. Such type of systems
will reduce the pressure on forest for fuelwood
(Raturi and Hiwale 1992).

According to an estimate, 18 % of the time
spent on domestic work is spent on collection of

Fruit retention/ Percent
shoot (no.) retention Yield kg/plant
67.20 5.40 14.18
67.40 5.79 16.88
106.0 7.77 19.24
55.20 3.54 8.38
32.76 1.88 2.81
Cow dung Nutrient saved
Mean saved tons N tons P tons K tons
53.30 30.24 0.106 0.045 0.060
140.99 150.08 0.325 0.225 0.300
120.53 98.56 0.344 0.147 0.197
47.71 31.75 0.115 0.051 0.072

fuelwood for cooking the food. The time spent
in collecting fuelwood can be effectively used
for other domestic works and farming activities
if alternative arrangement has been done.
Apart from this, precious cow dung can be
saved from burning and diverted in the

agricultural field. It is estimated that fuelwood
obtained from 1 ha. Ber orchard results in saving
of 30.2 t cow dung which can help in addition
of 0.106 t nitrogen, 0.045 t phosphorus, and
0.06 t potash in the form of farmyard manure
(Table 4.13).
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Table 4.14 Amount of pruned wood removed during pruning (fresh wt. kg. per plant)

Year/variety Ist 2nd
Gola 0.453 2.50
Seb 0.566 2.75
Umran 0.938 3.25
Mean 0.652 2.83

Raturi and Hiwale (1992)

Table 4.15 Root distribution pattern in ber Cv. Gola (on fresh weight basis g)

Radial distance cm

Soil depth cm 0-30 30-60 60-90
0-30 983 684 339
(622) (431) (213)
30-60 488 287 249
(313) (196) (178)
60-90 3,820 963 930
(2,295) (577) (542)
90-120 757 299 223
(458) (189) (133)
Total 6,048 2,233 1,741
(3,688) (1,393) (1,066)
CD5 % Depth — 61.1; radial distance — 58.5

Figures in parentheses dry weight in g

The wood is hard and heavy, having a specific
gravity of 0.93. It is an excellent fuel tree and
makes good charcoal with a heat content of
almost 4,900 K cal/kg. The trees coppice well
and grow vigorously from stumps and root suck-
ers. The other users of wood are for timber which
is hard, strong, fine grained, and reddish color
commonly used for agricultural implements, tent,
pegs, golf club, living fence, tannin, silk, lac, and
fodder (Table 4.14).

4,14 Root Distribution in Ber

Information about the spread of roots helps in
fertilizer and water application in fruit trees. The
root distribution system of 7-year-old budded ber
plants of Cv. Gola was studied by excavation
method at CHES, Godhra, under semiarid rainfed
conditions. The radial spread was up to 180 cm
from the tree trunk. Maximum root activity was
recorded in 60-90 cm radial distance (7,359 g on
fresh weight basis). As the radial distance

37
Il rd IV th V th VI th
7.42 7.55 17.8 27.8
6.67 8.38 224 38.2
13.66 16.12 24.6 55.0
9.25 10.68 21.60 40.33

90-120 120-150 150180 Total
218 146 66 2,436
(132) (86) (39) (1,523)
252 56 - 1332
(163) (33) (883)
830 598 238 7,359
(483) (347) (133) 4,377)
o4 30 - 1,403
(52) (18) (850)
1,394 830 304 12,550
(830) (484) (172) (7,633)

increased, the percent root decreased. Depth wise
the spread of root was up to 120 cm. Maximum
root activity was observed at 60-90 cm depth
(3,820 g on fresh weight basis). The roots were
classified as thin (less than 10 mm diameter),
medium (10-30 mm diameter), and thick (more
than 30 mm diameter). Of the total roots exca-
vated, medium-size roots were the highest
(53.31 %) followed by thick roots (34.35 %) and
then thin roots (9.95 %) (Tables 4.15 and 4.16).

4.15 Ber-Based Cropping Systems

Orcharding of fruit trees on fertile land and under
irrigated conditions is popular in Gujarat, but
least information is available on utilization of
degraded shallow lands by horticulture under
rainfed conditions. Moreover, the cropping under
such type of land was also considered as uneco-
nomical and only coarse millets were grown dur-
ing kharif season.
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Table 4.16 Root distribution according to size of root in g

Radial distance (cm)

Type of root 0-30 30-60  60-90
Thin <10 mm dia. 588 360 316
Medium > 10-30 mm dia. 2,780 1,072 1,082
Thick >30 mm dia. 2,680 801 343
Total 6,048 2,233 1,741

To augment the income of the farmers in the
initial years, ber orchards can be intercropped
with various kharif vegetables as there is plenty
of interspaces available; kharif vegetables like
cowpea (Vigna unguiculata), okra (Abelmoschus
esculentus), cluster bean (Cyamopsis
tetragonoloba), brinjal (Solanum melongena),
chilli (Capsicum annum), and leguminous fodder
species Stylosanthes hamata and Cenchrus cilia-
ris were intercropped in a young ber orchards.
There was no deleterious effect of intercropping
of the growth and yield of ber crop (Hiwale and
Raturi 1993a). The ber trees assumed full size
covering the interspaces in the fifth year of plant-
ing. In the fifth year due to shedding, yield of
intercrop was drastically reduced compared to
the earlier years. Hence young ber orchard can be
intercropped at least up to 5 years. Seed-sown
crops like cowpea, cluster bean, and okra per-
formed best compared to transplanted crops of
brinjal and chilli. Thus, okra is less susceptible to
climate fluctuations compared to cluster bean and

90-120  120-150  150-180  Total % of roots
90 124 71 1,549 9.95
937 614 205 6,600 5331
367 92 28 4311 3435
1,394 830 304 12,550 -

cowpea yield of which was reduced during heavy
rainfall years.

The 3-year average data revealed that sole
plantation of ber has given 79.13 g/ha fruit yield,
and there was no much variation in yield of ber
when intercropped with either vegetables or
grasses. Among intercropping of vegetables,
brinjal ranked first (63.04 g/ha) followed by okra
(54.91 g/ha) and cowpea (41.18 g/ha). The yield
of grasses was reduced markedly in the 5th year
of planting, and overall performance of grass
yield with ber was poor. The annual return of
ber+okra ranked first (Rs. 49,708.33 g/ha) fol-
lowed by ber+cowpea (Rs. 45,722.66 g/ha) and
ber +brinjal (Rs. 41,479.00 g/ha). The traditional
systems of farming again rank at lowest and
about 12 times less return than best combination
of ber+okra. Thereafter, the yield of intercrops
decreased due to shading effect of ber tree; how-
ever, there was no variation in the ber plant yield,
which continued to increase (Hiwale 2004a, b)
(Table 4.17).

—a o 2 g .
Intercropping in ber orchard
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Table 4.17 Economics of ber-based agroforestry systems

Crop combinations
3rd year

Ber

Ber + cowpea

Ber + okra

Ber + Dolichos
Ber + cluster bean
Ber + Cenchrus
Ber + Stylosanthes
Ber + chilli

Ber + brinjal
Maize + pigeon pea*
4th year

Ber

Ber + cowpea

Ber + okra

Ber + Dolichos
Ber + cluster bean
Ber + Cenchrus
Ber + Stylosanthes
Ber + chilli

Ber + brinjal
Maize + pigeon pea*
5th year

Ber

Ber + cowpea

Ber + okra

Ber + Dolichos
Ber + cluster bean
Ber + Cenchrus
Ber + Stylosanthes
Ber + chilli

Ber + brinjal
Maize + pigeon pea*
Mean of 3 years
Ber

Ber + cowpea

Ber + okra

Ber + Dolichos
Ber + cluster bean
Ber + Cenchrus
Ber + Stylosanthes
Ber + chilli

Ber + brinjal
Maize + pigeon pea*

#Traditional system

Yield g/ha
Main crop

42.5
41.7
42.3
42.5
41.9
43.1
41.8
42.8
43.2

6.5

86.4
85.7
85.2
86.4
86.2
85.5
85.4
85.8
86.0
5.20

108.5
108.8
107.9
108.1
110.2
109.0
108.3
108.6
108.4
5.70

79.13
78.73
78.46
79.00
79.43
79.20
78.50
79.06
79.20

5.80

Inter crop

55.86
61.45
29.48
35.55
72.32
87.84
28.80
79.50

2.20

50.35
55.20
28.74
34.35
75.40
92.50
26.25
74.99

2.40

17.35
48.10
13.73
14.35
27.54
22.80
12.27
34.63

2.00

41.18
5491
23.98
28.08
58.42
67.71
22.44
63.04

2.20

Gross output
(Rs./ha)

21,250.00
37,608.00
39,585.00
30,094.00
31,615.00
25,166.00
25,292.00
30,040.00
31,537.50

6,500.00

43,200.00
57,955.00
59,160.00
51,822.00
53,405.00
46,520.00
47,325.00
50,778.00
52,373.75

6,200.00

57,250.00
59,605.00
68,380.00
58,169.00
59,405.00
55,877.00
55,288.00
57,981.00
58,528.75

5,850.00

39,566.66
51,722.66
55,708.33
46,695.00
48,141.66
42,521.00
42,605.00
46,266.33
47,480.00

6,183.33

Gross input
(Rs./ha)

3,000.00
6,000.00
6,000.00
6,000.00
6,000.00
4,000.00
4,000.00
6,000.00
6,000.00
1,500.00

3,000.00
6,000.00
6,000.00
6,000.00
6,000.00
4,000.00
4,000.00
6,000.00
6,000.00
1,500.00

3,000.00
6,000.00
6,000.00
6,000.00
6,000.00
4,000.00
4,000.00
6,000.00
6,000.00
1,500.00

3,000.00
6,000.00
6,000.00
6,000.00
6,000.00
4,000.00
4,000.00
6,000.00
6,000.00
1,500.00

39

Net Return (Rs./ha)

18,250.00
31,608.00
33,585.00
24,094.00
25,615.00
21,165.00
21,292.00
24,040.00
25,537.50

5,000.00

40,200.00
51,955.00
53,160.00
45,822.00
47,405.00
42,520.00
43,325.00
44,778.00
46,373.75

4,700.00

51,250.00
53,605.00
62,380.00
52,169.00
53,405.00
51,877.00
51,288.00
51,981.00
52,528.00

4,350.00

36,566.66
45,722.66
49,708.33
40,695.00
42,141.66
38,521.00
38,635.00
40,266.33
41,479.58

4,683.33
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4.16 Rejuvenation

The trees start bearing fruits in the 2nd year of
planting. In ber it is a practice to prune the tees
every year from the third year onward by keeping
60-90 cm growth of previous season wood. After
12—15 years, the plants’ structure becomes com-
pact due to mingling of branches with one another
with formation of compact canopy.

This condition results in shedding of branches
and low light interception. Also some of the old
branches start drying and needs to be replaced. At
this stage, it is necessary to rejuvenate ber trees
by heading back the plant to the main framework.
This should be done in the month of April to May
when the trees go into dormancy. Three to four

scaffold branches of 30-60 cm length are allowed
on all sides of the plant. On the onset of mon-
soon, new sprouts start emerging which are then
thinned allowing the healthy ones on all the four
sides of the tree. This can be done manually by
undertaking thinning of shoots. This results in
balanced canopy development. The trees do not
go into juvenile phase and start flowering and
fruiting in the same season. However, the yield
per plant is reduced to 20-25 % of the previous
yield per plant. After 1 year, the plant’s canopy
looks balanced and the yield potential of the plant
increases. The heading back also results in the
production of large quantity of wood which can
be sold in the market or can be used to prepare
small agricultural equipments or can be burnt as
fuelwood.

10 year ber plant regular pruning

Ber can be cultivated on saline soils under
semiarid rainfed conditions. Ziziphus rotundifo-
lia is the best rootstock. In situ patch budding is
found the best method to raise ber orchard under
semiarid rainfed conditions. Additional income
per unit area can be obtained from ber orchard
raised at 5 x5 m spacing with commercial variet-
ies like Goma kirti, Gola, and Umran, up to 5
years of age. Due to shading effect, the intercrop
cannot be successfully cultivated in the ber
orchard. About 12 times higher income can be

Rejuvenated Ber plant

obtained from ber-based cropping system as
compared to the traditional farming system of
maize + pigeon pea.

There was improvement in soil health, i.e.,
organic carbon content, reduction in pH value,
and addition of NPK to the soil. Apart from this,
the pruned wood obtained from ber trees, which
needs to be pruned every year, is useful as fuel-
wood and meets the yearly requirements of the
standard family.
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Thus, ber found to be multipurpose tree as it
provides fruit, fodder, and fuel to the farming
family apart from providing higher income
through orchard intercropping in the initial years
per unit area of land.
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Introduction

Abstract

Pomegranate (Punica granatum L.) is one of the important semiarid fruits
cultivated commercially in over 1.25 Lakh hectare areas in Western India.
Its cultivation is possible even on marginal degraded lands that have previ-
ously been found unsuitable for growing crops. Apart from this, its ability
to withstand salinity in soil and water has, to some extent, led this crop to
emerge as a hardy fruit crop. It is commercially grown for its sweet-acidic
fruits, which provide a cool refreshing juice and are valued for their
medicinal properties. Its popularity is also due to the ornamental nature of
the plant, particularly the bright red flowers that appear throughout the
year. Its antioxidant properties are well known. The juice and seed contain
large quantities of tannin and agolic acid, which are essential in the cure of
several diseases. The fruit can be successfully grown under even purely
rain-fed conditions in semiarid areas. In recent years, pomegranate culti-
vation has become an economically viable proposition. Large acreage is
covered with new varieties such as Bhagwa, Arakta, and Mridula.
Furthermore, some anardana types have also developed Goma khatta.

85,000 ha. (68 % area) under the crop, of which
only 51,000 ha is under production. This is fol-

Pomegranate is emerging as one of the important
fruit crops owing to its hardiness and ability to
withstand adverse soil and climatic conditions.
Today, India contributes 40-45 % of a global pro-
duction of 10 Lakh tons. Currently, the export of
pomegranates is around 10,000 t, which is just
5 % of the total export. With the increase in popu-
lation, the domestic demand for fruit has also
increased substantially. To date, of a total area of
1,25,000 ha. under pomegranate, the majority is
found in the state of Maharashtra. The state has

S. Hiwale, Sustainable Horticulture in Semiarid Dry Lands,
DOI 10.1007/978-81-322-2244-6_5, © Springer India 2015

lowed by Karnataka at 12,727 ha. And Gujarat at
3,787 ha as at 2003-2004 (Anonymous 2005).
Earlier orchards were raised mainly with the
Ganesh variety, which was the leading variety.
However, it is fast being replaced with new culti-
vars such as Bhagawa and Arakta, the skin and
arils of which are an attractive color and, hence,
are suitable for export.

The pomegranate is an ancient and favorite
table fruit of tropical countries. It is commer-
cially grown for its sweet-acidic fruits, which
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provide a cool refreshing juice and are valued for
their medicinal properties. The fruit rind, juice,
leaf, and roots are used in the preparation of vari-
ous ayurvedic medicines. Its popularity is also
due to the ornamental nature of the plant, espe-
cially the bright red flowers that appear through-
out the year. The fruit juice is refreshing and
contains both glucose and fructose. The juice and
seed contain large quantities of tannin and agolic
acid, which are essential in the cure of several
diseases. The fruit can be successfully grown
under even purely rain-fed conditions. In recent
years, pomegranate cultivation has become an
economically viable proposition.

Pomegranate (Punica granatum L.) belongs to
the natural order Punicaceae; Punica perhaps is
the only known genus of this family, which
includes large shrubs or small trees with two spe-
cies: Punica protopunica Balf. is found wild in
Socotra Island, and the other, Punica granatum,
is cultivated in sub-tropical parts of the world.
Punica granatum has been classified into two
sub-species: chlorocarpa and porphyrocarpa,
each having two varieties. These sub-species
have been established on the basis of the color of
the ovary, a stable feature that is retained even
when they are reproduced by seed. Sub-species
chlorocarpais mainly found in the Transcaucasus,
whereas the second sub-species, porphyrocarpa,
is mainly distributed in central Asia.

5 Pomegranate (Punica granatum L.)

5.2 Uses

The pomegranate is a favorite table fruit in tropi-
cal countries. It is greatly liked for its cool
refreshing juice and is also valued for its medici-
nal properties. The juice is considered useful for
patients with leprosy, the bark and rind of the
fruits are commonly used in dysentery and diar-
rhea, and the rind is also used as a dye for cloth.
The fresh juice of pomegranate retains its flavor
and keeps when bottled after sweetening with
sugar. A kind of wine is also prepared from
pomegranate juice, and is considered superior to
grape wine.

5.3 Composition
Water 78.2 % Potassium/100 g 133 mg
Protein 1.6 % Iron/100 g 3 mg
Fat 0.1 % Thiamine/100g 0.6 mg
Fibers 5.1 % Riboflavin/100 g 0.1 mg
Calcium/100 g 10 mg Nicotinic 0.3 mg
acid/100 g
Magnesium/100 g 12mg Vitamin C/100 g 14 mg

Phosphorus/100 g 70 mg  Oxalic acid/100 g 14 mg

Pomegranate is grown on large acreages in
Maharashtra, followed by Karnataka (Table 5.1).
However, productivity is highest in Tamil Nadu,

Table 5.1 Statewise area, production, and productivity of pomegranate

Area (000’ ha)

Production (000” Mt)

Productivity (Mt/ha)

2008-2009 2009-2010 2010-2011
State Area Production  Pdy.  Area Production  Pdy.  Area Production  Pdy.
Mabharashtra 82.0  550.0 6.7 98.9 555.5 5.6 82.0  492.0 6.0
Karnataka 143 138.1 9.7 13.2 138.5 10.5 13.6 142.6 10.5
Gujarat 4.0 39.3 9.8 4.4 45.6 10.4 5.8 60.3 10.4
Andhra Pradesh 6.5 64.7 10.0 5.6 56.4 10.0 2.8 27.8 10.0
Tamil Nadu 0.4 10.0 25.0 0.4 17.5 39.4 0.5 12.7 27.6
Rajasthan 0.6 3.5 5.5 0.8 4.8 6.4 0.8 5.5 6.6
Others 1.4 1.6 1.1 1.66 2.1 1.2 1.8 22 1.2
Total 109.2  807.2 74  125.0 820.3 6.6 1073  743.1 6.9
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although the area is the smallest. Growth in
Maharashtra reduced over the years 2009-2010,
probably due to die back and oily spot diseases.
The same trend can be recorded in Andhra
Pradesh. Thus, further increases in area under

g
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pomegranate must be planned carefully and with
disease-free planting material.

5.4

Botany

Bearing Habit

Types of flowers

5.5 Varietal Improvement

5.5.1 Germplasm Evaluation
and Breeding

Several types of pomegranates with varying
shapes, sizes, and colors are cultivated in India.
Fruits are round, obvate in shape, and vary in
diameter from 8 to 12 cm. The rind may be thick
or thin, and the color ranges from pale yellow to

crimson. The seed pulp in superior types is thick,
fleshy, and very juicy; but it is thin in inferior
types. The seed coat varies in hardness; some of
the softer-seeded types are known as seedless
(Bedana). A lack of lignifications of the testa is
the main cause of so-called seedlessness in the
pomegranate. Bedana and Kandhari are consid-
ered the best among the numerous types grown.
The varieties Ganesh, Mridula, Arakta, G-123,
P-23, P-26, Mastani, and Bhagwa are popular in
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Maharashtra. Bassein Seedless, Jyothi, Ganesh,
Mridula, Arakta, and Ruby are popular in
Karnataka; Dholka in Gujarat; Jalore Seedless,
Jodhpur Red, and Jodhpur White in Rajasthan;
and Kabul Red, Vellodu, Yercaud-1, and CO-1 in
Tamil Nadu.

Although we know a great deal about the
pomegranate and its origin, there are a number of
seedling varieties in the pomegranate areas. It is
better to select a variety with known qualities.
Most horticulturists divide pomegranate varieties
into three categories: sweet, sweet tart, and sour.
However, we prefer to include the seed hardiness
in this and divide them into six groups, as
follows.

Soft-seeded sweet

Soft-seeded sweet tart

Early variety (mostly sweet)
Normal (harder) seeded sweet tart
Normal (harder) seeded sweet

Sour (nearly always normal seeded)

SARRAEE i e

5.5.2 Breeding Criteria

Pomegranate is genetically heterozygous mate-

rial, thus there is lot of variability existent in the

nature. Therefore, there is scope for crossing two
selected genotypes, raising of hybrid popula-
tions, and identification of superior types.

1. Cracking and splitting of fruits is a severe
menace and occurs with variations in atmo-
sphere and humidity.

2. Resistance to fruit borer and stem borer is
desired.

3. To develop varieties with high sugar (16 %)
and less acid (1.5 %) content.

4. All varieties bear some sterile flowers. This
appreciably reduces yield. The selection of
varieties bearing a high percentage of fertile
flowers should be achieved.

5. To develop better varieties for Western India
by hybridization between the locally adapted
Alandi and Dholka types. Alandi types have
medium-sized fruits, deep red to deep pink
flesh, hard seeds, and quite sweet juice.
However, they are slightly more acidic than
Dholka types. Dholka types bear larger fruits

5 Pomegranate (Punica granatum L.)

with greenish white rind, whitish flesh, soft
seeds, and sweet juice.

6. To develop better varieties for Southern India
by hybridization between prolific bearing
Paper Shell or Spanish Ruby, and the soft-
seeded Musket Red and the large-sized-fruit-
bearing Vellodu types.

7. Breeding varieties with dark red arils and
skin.

8. Breeding Anardana-type varieties with dark
red bold arils, high acidity, bigger fruit size,
and a high yield.

5.5.3 Breeding Methods

5.5.3.1 Selfing
Bag the bud a day prior to anthesis. Tag and
label it.

5.5.3.2 Crossing

Select an appropriate young bud that will open
the next morning. Insert forceps through petals or
remove one petal and take out the stamens. Take
care that no anther is left inside the flower, and
the ovary is not injured. This can be done easily,
as stamens emerge from within the upper half or
more of the hypanthium (Calyx tube) and are dis-
tant from the ovary. Bag and tag. Collect the
desired anthers in yellow stage and incise them
with a needle and transfer the pollen with the
help of a brush onto the receptive stigma of the
emasculated bud the next morning. Bag and
label.

5.5.3.3 Hybridization

Hybridization is conducted in the morning before
11.00 am. The steps involved are as follows:
emasculation (removing of anthers) using for-
ceps; pollination with the pollen of the desired
male parent; covering with butter paper bag and
labeling. Fruits require about 120-130 days for
maturity. Crossed fruits are harvested. The seeds
are extracted and sown in plastic trays; they ger-
minate within 10 days of sowing. The seedlings
are transplanted to polythene bags and subse-
quently to field for further evaluation, Bhandari
(1979).
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5.5.4 Genetic Evaluation
of Germplasm

The world’s largest collection, comprising 1,117
entries, is maintained at Turkmenistan (CIS).
They exhibit wide variability for fruit size and
quality, skin color, resistance to abiotic and biotic
stresses; however, most are temperate in nature
and do not grow well in the Indian tropics. There
is scope to use this material for breeding superior
types.

Several varieties have adapted to both the
tropical and the sub-temperate climate. They are
either evergreen or semi-deciduous or deciduous.
The flowering habit, fruiting, and flower physiol-
ogy alters depending on the habitat. In the tropi-
cal climate with the mild winter of south India,
growth and flowering are continuous processes;
in the sub-tropical climate of north India, the
trees remain dormant during the cold winter and
flower in the following spring. In temperate cli-
mates, flowering occurs in summer.

In India, cultivar ‘Ganesh’ was one of the
leading varieties. It is a seedling selection from
‘Alandi’ with a large fruit (400-450 g), sweet
taste (16—17 °Bx TSS) and soft seeds; however,
the aril color is not attractive (pink or light pink).
Later on, two new varieties with Ganesh as a base
and with red arils were released: Arkta from
Mahatma Phule Krishi Vidyapeeth (MPKV)
Rahuri and Ruby from the Indian Institute of
Horticultural Research (ITHR Bangalore). In both
varieties, the red aril color was imparted by the
Russian varieties Gulsha Red and Gulsha Rose
Pink. Ruby is a multiple hybrid resembling more
of Ganesh, while Arkta is an F2 selection.
Recently, a large area in Maharashtra has been
planted with a new variety (Bhagwa), which is a
selection made by a farmer. It has a deep red aril
and an attractive skin color, but the variety takes
longer to mature (160-170 days). Several other
seedling selections are grown on a limited scale
across the country: Madugiri, G-137, Muscat,
Jyothi, Bassein seedless, Dholka, and Jalore
Seedless in the states of Karnataka, Tamil Nadu,
Haryana, Gujarat, and Rajasthan. In Himachal
Pradesh, a sour type known as Daru is found
abundantly in the wild and is mostly used for
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anardana preparation. A new F1 hybrid devel-
oped at ITHR Bangalore and named ‘Amlidana’
has been released. Most varieties have one or
another superior trait that is susceptible to bacte-
rial nodal blight, a disease that has threatened the
cultivation of the pomegranate. The quality
parameters are strongly influenced by soil and
climatic conditions. New varieties with desirable
traits such as bold arils with red color and soft
seeds and resistance to blight, drought, cracking,
and aril browning are needed.

Evaluation of pomegranate germplasm under
semiarid rain-fed conditions indicated that
seeded varieties bear fruits with higher fruit
weight, whereas their aril seed ratio was the
lowest and 100 seed-weight the highest.
Seasonal variation affected all the physico-
chemical characteristics studied. In hasta bahar,
the quality of the fruit was the best compared
with mrig bahar fruits. All characters showed
increasing trends except acidity, which declined
in hasta bahar. The seeds of hasta bahar were
harder than mrig bahar fruits, but the juice color
was attractive in hasta bahar. Fruit weight
ranged from 200 to 95 g in mrig bahar but from
261 to 141 g in hasta bahar, fruit length varied
from 75.5 to 50.0 mm and 75.5 to 66.5 mm in
mrig and hasta bahar, respectively. Fruit diame-
ter varied from 73.5 to 50.05 mm and 78 to
70.2 mm in both mrig and hasta bahar, respec-
tively. Aril seed ratio varied from 1.42 to 0.63 in
mrig and 3.02 to 0.69 in hasta bahar. Juice per-
cent varied from 58.3 % to 77.3 % in mrig bahar
and 78.25 % to 62.29 % in hasta bahar. Acidity
of the fruit ranged from 1.45 % to 0.35 % in
mrig and 0.90 % to 0.28 % in hasta bahar.
Purohit (1985) studied the seed softness of com-
mercial varieties and reported that the thickness
of the testa, weight of whole seed, density of the
seed, and weight of testa as % of seed weight
can be used to determine the seed softness of the
pomegranate. His scale indicated that variety in
thickness of seed testa <0.5 mm, the density of
whole seed <0.6 g/ml, the density of seed testa
<0.4 g/ml, weight of the seed testa <50 % of the
weight of whole seed. Bedana, Bassein seedless,
Ganesh, and Dholka were found to be soft
seeded. Although Bedana has soft seeds, it
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cannot be grown commercially owing to its
deciduous nature and sparse flowering.
Evaluation of 24 pomegranate germplasm
genotypes carried out by Meena et al. (2003)
indicated that all the characters except total solu-
ble solids (TSS) and total sugar had less pro-
nounced differences between the value of
phenotypic and genotypic coefficient of varia-
tion. Genotypic coefficients of variation were
higher for seed content, weight of 100 aril, weight
of 100 seeds, acidity, and average fruit weight.
The results indicated that a higher magnitude of
variation for the above traits offered better oppor-
tunities for improvement through selection.
These results are in concordance with those of
Chaturvedi et al. (1980) and Pandey and Bist
(1998). Higher estimates of heritability were
obtained for all the characters except TSS, ascor-
bic acid and total sugar content, which may be
due to environmental effects on these traits.
Acidity and weight of 100 seeds had high herita-
bility in spite of low genetic advance, which may
be due to introduction of replication in the system
(Burton and De Van 1953), while low genetic

Table 5.2 Germplasm evaluation in pomegranate

Fruit Fruit Aril /

Fruit length  dia. seed

Variety Season  wt.(g) (mm) (mm) ratio
P-26 Mrig 153.32 69.1 65.5 1.41
Hasta 233.00 74.5 75.5 2.19

Kabul Mrig 105.15 62.0 59.5 0.88
Hasta 194.00 74.5 73.5 1.30

Jalore Mrig 095.73 5475 50.5 0.93
seedless  Hasta  176.50  67.5 705 135
Musket ~ Mrig 198.20 75.5 73.5 1.42
Hasta 227.00 71.5 76.2 1.57

Jyoti Mrig 192.14 71.4 73.0 1.41
Hasta 215.00 73.5 75.5 1.64

Ramna-  Mrig 200.68 71.0 70.5 0.63
aram Hasta 261.00 75.5 78.0 0.69
Gulsha Mrig 127.62 56.0 64.5 0.70
Rose Hasta 188.00 66.5 75.0 0.90
Appuli Mrig 117.38 50.05 535 0.71
Hasta 216.00 67.5 74.0 1.34

Ganesh ~ Mrig 134.00 134.0 70.1 1.89
Hasta 141.00 141.0 70.2 2.70

P-16 Mrig 110.48 61.5 57.5 1.26
Hasta 141.83 70.9 7024  3.03

Hiwale (2001)
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variability and low genetic advance was noted in
total soluble solid. High heritability estimates,
coupled with high-expected genetic advance as
percent of mean, were observed for mean seed
content, weight of 100 seeds, acidity content, and
average fruit weight, indicating that high herita-
bility coupled with high genetic advance might
be due to additive genes effect on these traits.
These characteristics can be considered as reli-
able selection indices. High to moderate herita-
bility, along with low genetic advance were
recorded for total sugar and ascorbic acid content
indicating that these characteristics might be con-
trolled by non-additive gene action, and improve-
ment through selection for these characteristics
would be rather ineffective. Panse and Sukhatme
(1978) noted that, if a characteristic is governed
by additive gene action, heritability and genetic
advance would both be high. High estimates of
heritability, along with high genetic advance,
provide good scope for further improvement in
advance generation if these characteristics are
subjected to mass progeny or family selection
(Table 5.2).

TSS 100 seed

Juice %  °Bx  Acidity %  Juice color  wt. (g)
75.21 14.0 0.351 Light pink  2.14
73.15 154 0.31 2.57
71.28 134 0.427 Light pink  1.63
75.43 164 0.28 Red 2.12
61.70 124 0.78 Cream 1.87
76.14 152 0.28 Pink 2.25
74.06 144 046 Cream 1.55
77.17 16.4 0.28 Pink 2.49
73.69 144 035 Light pink  1.29
78.25 18.0 0.35 Pink 1.85
58.32 94 0.63 Light pink  3.76
64.92 134 0.49 Red 4.77
77.30 114 145 Red 2.98
73.75 13.6  0.90 Dark red 3.56
67.05 134 0.63 Light pink  2.89
62.29 16.2 049 Pink 3.66
77.0 16.6 0.44 Light pink  1.508
77.0 17.6  0.34 Pink 1.96
67.17 13.3  0.462 Cream 1.96
78.00 16.6  0.369 Light pink ~ 2.57
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Anardana germplasm lines collected at the
center were evaluated under rain-fed conditions;
all lines flowered and fruited in all the bahar.
Some lines had desirable characteristics such as
dark red arils, soft seeds, high acidity, bold arils,
high sugar acid ratio, etc. Line H in particular had
high acidity, large fruit size, soft seeds, and the
aril color was light pink. Compared with other
crosses, the least growth was observed in line H
and hence it is suitable for high-density farming.
Based on growth data, the cultivar is found to be
dwarf and, at 5x4 m spacing, 500 plants can be
accommodated in a hectare. It requires 150-160
days to mature.

There is no long gestation period. The plants
start bearing fruit in the third year of planting.
There was 15-20 % cracking of the fruits. Suitable
for processing as Anardana, mixing with Juice
and Squash with other sweet varieties. High acid-
ity, bigger fruit size, and high TSS compared with
different crosses make it suitable for processing
and export of anardana. Yield per plant was
11.08 kg under the rain-fed conditions of Gujarat.
The hybrid also yielded Anardana to the tune of
1.55 kg/plant (Hiwale et al. 2009) (Table 5.3).

49

5.6 Hybridization
The commercial cultivars Ganesh and Musket,
though prolific bearers and soft seeded, lacked
the dark red color of the Russian types, which
were, however, sour in taste. The hybridiza-
tion program therefore was initiated at MPKYV,
Rahuri (Anonymous 1979). The F1 progeny
was screened (Kale 1986) but none of the
hybrids could be used directly because of
defects observed in them. The F2 progeny
developed from open-pollinated F1 resulted
in the identification of a superior type that
combined all the desirable attributes and was
named Mridula (Keskar et al. 1994).
Hybridization work carried out at ITHR
Bangalore resulted in the identification of
multiple cross-hybrid ‘Arka Ruby’, which
was released at the institute level but further
multiplication was stopped due to the inci-
dence of bacterial blight (Table 5.4).
Hybridization work done at ITHR Bangalore
has resulted in the identification of a hybrid Arka
Ruby, which was a multiple-cross.

Table 5.3 Physico -chemical characters in anardana-type pomegranate germplasm

Fruit  Fruit

Fruit Fruit  length Dia.  Skin
Acc.No. set/plant wt(g) (mm) (mm) wt(g)
A 85.0 77.0 68.3 58.9 533
B 59.0 67.0 54.0 484  22.0
C 17.7 104.0 64.5 613 37.0
E. 48.7 86.3 505 533 333
F. 26.3 77.6 547 50.0 263
H 40.0 137.3 573 63.2  35.0
1 18.0 88.6 493 554 253
J 28.7 95.6 54.7 54.7  20.0
K. 29.7 71.6 517 483 21.6
CD5% 149 27.6 NS 9.1 12.2

Total 100 Aril Aril

aril wt  Juice TSS arilwt length dia. Juice
(2) % °Bx (g) (mm) (mm) color
95.3 352 17.1 953 9.76 6.5 L. pink
43.6 394 11.1 423 946 5.16  pink
80.6 37.0 17.0 83.6 9.76  5.03 D.pink
53.0 36.6 115 53.0 946 993 L.pink
45.0 554 158 443 8.03 4.6 D. pink
96.6 46.7 163 53.0 10.7 59 Pink
62.0 409 166 96.6 9.76 8.9 Pink
71.6 526 146 620 11.0 8.96 L. pink
44.6 772 166 71.0 9.4 523  Pink
36.9 - 140 44.6 057 053 -

Table 5.4 Physico chemical character of some of the hybrids identified

Fruit size (cm)  Aril colour

Cross Fruit wt. (g)

Ganesh x Shirin Anar 414 9.2x8.9
Ganesh x Gulsha rose pink 244 7.5%x7.7
Ganesh x Gulsha red 221 7.6x7.4
Arka ruby 249 7.2x7.8

TSS (%) Acidity (%)

Softness of seed

Pink 16.3 0.36 Soft
Dark red 17.9 0.47 Soft
Red 19.1 0.55 Soft
Dark red 17.2 0.64 Soft
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Ganesh x Kabul
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Ganesh x Gulsha Rose Pink

!
F1 x Yercaud

!

l
!
l

F1x F1x
! !
o X--- F2
!
F1 (Arka Ruby)
Table 5.5 Characters of hybrids developed at CHES Godhra
Character Ganesh x Jalore seedless Ganesh x Sindhuri Ganesh x (Ganesh x Nana) R1P2
Male flowers 30 21 10 45
Hermaphrodite flowers 41 20 5 10
No. of fruit set 35 31 43 25
No. of days to maturity 115 120 120 117
Fruit wt (g) 249.66 216 182.5 129
Length (mm) 78.1 66.5 62.06 65
Dia. (mm) 93.0 71.5 68.33 62
Skin wt. (g) 59.66 52.0 41.25 46
Aril wt. (g) 187.00 165.33 138 93
100 aril wt (g) 30.33 26.0 26 19
Aril length (mm) 10.5 10.0 10.75 9.25
Aril dia.( mm) 8.5 7.87 6.5 4.30
Aril color Pinkish white Dark red Red
Aril Bold Bold Medium Small
TSS °Bx 14.83 15.1 15.1 14
Acidity 0.35 0.47 0.50 0.36

Breeding work initiated at CHES Vejalpur
using various cross combinations along with
chemical mutagen colchicine @ 0.5 % resulted in
the identification of good F1 hybrids. However,
mutation resulted in smaller-size fruits, which is
not a desirable characteristic (Table 5.5).

5.6.1 Hybrid-1

Hybrid-1 is a hybrid between GaneshxLine I of
anardana-type fruit. The fruit size is superior than
the male parent and comparable to the female
parent. The hybrid has a dark red aril. The arils
are of medium size (10.75x 6.5 mm) with a fruit-
to-aril ratio of 1.32 and fruit-to-skin ratio of 4.42.

Percent fruit set was 67.64; fruit retention was
60.29 %. TSS were 15.1 °Bx, with an acidity of
0.48 %. The yield potential was 8.21 kg per plant
under semiarid rain-fed conditions.

5.6.2 Hybrid-2

Hybrid-2 is a cross between Ganesh x Sindhuri.
The hybrid was found to have bold arils
(10.0x7.87 mm) and bigger fruit (216 g.).
However, the arils are light pink in color, with a
fruit-to-aril ratio of 1.31 and fruit-to-skin ratio of
4.15. Maturity occurs in just 120-125 days in the
hasta bahar crop under semiarid rain-fed condi-
tions. The hybrid is found to be superior to its
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parents in respect of fruit set (70.85 %), fruit

retention (59.95 %), and ultimate yield per plant
(8.86 kg) in 4-year-old plants.

5.6.3 Hybrid-3

Hybrid-3 is a cross between GaneshxJalore
seedless. It is superior to both parents in fruit and
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aril size. The mean fruit size for the 3-year data
was 249.66 g and aril size was 10.5x8.5 mm
(bold aril), with a fruit-to-aril ratio of 1.33 and
fruit-to-skin ratio of 4.18. Maturity occurs in just
110-115 days in the hasta bahar crop under semi-
arid rain-fed conditions. The hybrid is found to
be superior to its parents in respect of fruit set
(71.69 %), fruit retention (51.88 %), and ultimate
yield per plant (13.73 kg ) in 4-year-old plants.

Pomegranate Hybrid -2 (F1-Ganesh x Sindhuri)
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‘Selfing’ is conducted by bagging the bud a
day prior to anthesis. The bud should then be
tagged and labeled. Select an appropriate young
bud that will open the next morning. Insert for-
ceps through petals or remove one petal and take
out the stamens. Take care that no anther is left
inside the flower and that the ovary is not injured.
This can be done easily, as stamens emerge from
within the upper half or more of the hypanthium
(Calyx tube) and are distant from the ovary. Bag
and tag. Crossing is carried out the next morning:
collect the desired anthers in yellow stage and
incise them with a needle and transfer the pollen
with the help of a brush onto the receptive stigma
of the emasculated bud. Bag and label.
Hybridization is carried out in the morning before
11.00 am. The steps involved are emasculation
(removing of anthers) using forceps. Pollinate
with the pollen of the desired male parent. Cover
with a butter paper bag and label it. Fruits require
about 120-130 days for maturity. Crossed fruits
are harvested, and the seeds extracted; they are
then sown in plastic trays. Seeds germinate
within 10 days of sowing. The seedlings are
transplanted to polythene bags and subsequently
to field for further evaluation, Bhandari (1979).

5.7 Breeding for Bacterial Blight

Resistance in Pomegranate

Kalpitiya was identified as a source of resistance
to bacterial blight in the pomegranate. A total of
60 crosses were made with Nana, Daru, Yellow,
Double flower, and Ganesh. Advanced breeding
lines with favorable traits have been raised.

5.8  Evaluation of Hybrids

in Pomegranate

A total of 482 seedlings of Daru and Nana where
subjected to challenge inoculation with bacterial
blight culture. Screening of 52 hybrids between
Nana, Yellow, and Double flower revealed that all
had hard seeds. In the second round, Kalpitiya x
Ruby (30 hybrids) did not show a positive reac-
tion to challenge with bacteria. A total of 11
plants were planted to test field resistance to
bacterial blight of pomegranate (BBP) and the
remaining 14 plants were sent to NRCP, Solapur.
A total of 50 seedling of a cross between Bhagwa
x (Ganesh x Daru) x Daru and Bhagwa x (Ganesh
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x Daru) x Nana showing resistance to Bacterial
bblight of pomegranate were planted in the field.
Screening results revealed that 315 of 476 plants
expressed Bacterial bblight of pomegranate
symptoms. Further screening of 161 plants not
showing Bacterial bblight of pomegranate symp-
toms is underway.

Rahuri center:

The breeding program developing varieties
that were resistant to bacterial blight was termi-
nated as both male parents (i.e. Daru and Nana)
were found to be susceptible. The genetic
improvement of pomegranate through breeding
initiated and crossing of Bhagwa x Kabul yellow,
Mridula x Kabul yellow, Phule Arkta x Kabul
yellow was undertaken. A total of 192 F1 hybrids
of Musket x Mridula, Phule Arkta, and Bhagwa
were planted in the field.

» Future Lines of Work

Breeding to resistance/tolerance of biotic and
abiotic stresses, particularly bacterial blight,
Fusarium wilt, fruit rot, and fruit borer.
Identification of genes for increasing storage life
through and its incorporation through different
breeding methods.

5.9 Commercial Varieties

5.9.1 Ganesh

Ganesh is a selection from the cultivar Alandi.
The growth habit of the tree is spreading type
with evergreen nature. The leaf is entire and
elliptic in shape. The tree flowers throughout
the year, with three main flushes. Fruit is round,
smooth, and pink with a reddish tinge. The
maximum weight per fruit was 255 g in mrig
bahar and 211 g in ambe bahar. The length of
the fruit was found to vary: 7.84 cm in mrig
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bahar and 7.41 cm in ambe bahar. The breadth
also showed a similar trend: 7.96 cm in mrig
bahar and 7.23 cm in ambe bahar. Arils are
sweet and light pink. The juice percent varied
from 52.76 % in mrig bahar and 51.54 % in
ambe bahar. The TSS of the juice was observed
to be 16.6 °Bx in mrig bahar and 17.4 °Bx in
ambe bahar. The acidity was 0.44 % in mrig
bahar and 0.34 % in ambe bahar. Seeds were
found to be the softest in ambe bahar (1.15 kg/
cm?) compared with mrig bahar seeds (1.59 kg
cm? pressure). The variety is susceptible to fruit
borer (18.55 %), leaf spot (PDI-15.72), and
fruit spot (PDI-22.86).

5.9.2 Jalore Seedless

The growth habit of the Jalore seedless tree is
spreading type with evergreen nature. The leaf is
entire and elliptic in shape. The tree flowers
throughout the year, with three main flushes.
Fruit is round, smooth, and pink with a reddish
tinge. The maximum weight per fruit was 175 g
in mrig bahar and 154 g in ambe bahar. Yield per
plant on a 6-year-old plant was 9.5 kg. The length
of the fruit varied from 7.24 cm in mrig bahar and
6.84 cm in ambe bahar. The breadth also showed
a similar trend: 6.67 cm in mrig bahar and
6.35 cm in ambe bahar. Arils are sweet and light
pink. The juice percent varied from 51.72 % in
mrig bahar to 50.25 % in ambe bahar. The TSS of
the juice was 13.2 °Bx in mrig bahar and 15.2
°Bx in ambe bahar. Acidity was 0.59 % in mrig
bahar and 0.46 % in ambe bahar. Seeds were soft,
with the softest in ambe bahar (2.24 kg/cm? pres-
sure) compared with mrig bahar seeds (2.42 kg/
cm? pressure). The variety is susceptible to fruit
borer (29.53 %), leaf spot (PDI-22.66), and fruit
spot (PDI-29.66).
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Jalore Seedless

5.9.3 Dholka

The Dholka variety is grown in the Dholka area
of Gujarat. The growth habit of the tree is spread-
ing type with evergreen nature. The leaf is entire
and elliptic in shape. The tree flowers throughout
the year, with three main flushes. Fruit is round,
smooth, and light green with a reddish tinge.
Maximum weight per fruit was 298 g in mrig
bahar and 211 g in ambe bahar. The length of the
fruit varied from 8.35 cm in mrig bahar to 7.88 cm
in ambe bahar. The breadth also showed a similar
trend: 8.26 cm in mrig bahar and 7.92 cm in ambe
bahar. Arils are sweet and light pink. The juice
percent varied from 51.95 % in mrig bahar to
52.53 % in ambe bahar. The TSS of the juice was
16.2 °Bx in mrig bahar and 16.6 °Bx in ambe
bahar. The acidity was 0.51 % in mrig bahar and
0.47 % in ambe bahar. Seeds were softest in ambe
bahar (1.31 kg/cm? pressure) compared with
mrig bahar seeds (1.25 kg cm? pressure). The
variety is susceptible to fruit borer (25.44 %),
leaf spot (PDI-18.00), and fruit spot
(PDI-25.40).

594 P-13

The growth habit of the tree is spreading type
with evergreen nature. The leaf is entire and ellip-
tic in shape. The tree flowers throughout the year,
with three main flushes. Fruit is round, smooth,
and yellow with a reddish tinge. Maximum
weight per fruit was 233 g in mrig bahar and 217
g in ambe bahar. The length of the fruit varied

Dholka

from 8.21 cm in mrig bahar to 7.84 cm in ambe
bahar. The breadth also showed a similar trend:
7.51 cm in mrig bahar and 7.12 cm in ambe bahar.
Arils are sweet and light pink. The juice percent
varied from 49.52 % in mrig bahar to 53.5 % in
ambe bahar. The TSS of the juice was 15.4 °Bx in
mrig bahar and 14 °Bx in ambe bahar. Seeds were
softest in ambe bahar fruit (1.64 kg/cm? pressure)
compared with mrig bahar (1.82 kg cm? pres-
sure). The variety is susceptible to fruit borer,
leaf spot, and fruit spot.

5.9.5 P-16

The growth habit of the P-16 tree is spreading
type with evergreen nature. The leaf is entire and
elliptic in shape. The tree flowers throughout the
year, with three main flushes. Fruit is round,
smooth, and pink with a reddish tinge. Maximum
weight per fruit was 245 g in mrig bahar and 201
g in ambe bahar. The length of the fruit varied
from 8.11 cm in mrig bahar to 7.52 cm in ambe
bahar. The breadth also showed a similar trend:
7.89 cm in mrig bahar and 7.35 cm in ambe bahar.
Arils are sweet and light pink. The juice varied
from 48.92 % in mrig bahar to 52.69 % in ambe
bahar. The TSS of the juice was 16.2 °Bx in mrig
bahar and 15.8 °Bx in ambe bahar. The acidity
was 0.47 % in mrig bahar and 0.38 % in ambe
bahar. Seeds were softest in ambe bahar (1.63 kg/
cm? pressure) compared with mrig bahar seeds
(2.14 kg cm? pressure). The variety is susceptible
to fruit borer (26.97 %), leaf spot (PD-19.50), and
fruit spot (PDI-23.33).
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59.6 P-23

P-23 is a selection from Muscat. The growth
habit of the tree is spreading type with evergreen
nature. The leaf is entire and elliptic in shape.
The tree flowers throughout the year, with three
main flushes. The fruit is round, smooth, and pink
with a reddish tinge. Maximum weight per fruit
is 260.5 g in mrig bahar and 231 g in ambe bahar.
The length of the fruit varied from 8.07 cm in
mrig bahar to 7.73 cm in ambe bahar. The breadth
also showed a similar trend: 7.94 cm in mrig
bahar and 7.62 cm in ambe bahar. Arils are sweet
and light pink. The juice percent varied from
49.65 % in mrig bahar to 51.65 % in ambe bahar.
The TSS of the juice was 17.2 °Bx in mrig bahar
and 16.4 °Bx in ambe bahar. The acidity was 0.49
% in mrig bahar and 0.58 % in ambe bahar. Seeds
were softest in ambe bahar (1.92 kg/cm? pres-
sure) compared with mrig bahar seeds (2.06 kg
cm? pressure). The variety is susceptible to fruit
borer (34.82 %), leaf spot (PDI-15.5), and fruit
spot (PDI-24.00).

5.9.7 P-26

P-26 is also a selection from Muscat. The growth
habit of the tree is spreading type with evergreen
nature. The leaf is entire and elliptic in shape. The
tree flowers throughout the year, with three main
flushes. Fruit is round, smooth, and yellow with a
reddish tinge. Maximum weight per fruit was 268
g in mrig bahar and 229 g in ambe bahar. The
length of the fruit varied from 8.08 cm in mrig
bahar to 7.82 cm in ambe bahar. The breadth also
showed a similar trend: 7.89 cm in mrig bahar and
7.51 cm in ambe bahar. Arils are sweet and light
pink. The juice percent varied from 51.45 % in
mrig bahar to 52.69 % in ambe bahar. The TSS of
the juice was 14.62 °Bx in mrig bahar and 15.2
°Bx in ambe bahar. The acidity was 0.43 % in mrig
bahar and 0.36 % in ambe bahar. Seeds were soft-
est in ambe bahar (1.46 kg/cm? pressure) com-
pared with mrig bahar seeds (2.2 kg cm? pressure).
The variety is susceptible to fruit borer (29.65 %),
leaf spot (PDI-11.00), and fruit spot (PDI-20.33).
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5.9.8 G-137

The growth habit of the G-137 tree is spreading
type with evergreen nature. The leaf is entire
and elliptic in shape. The tree flowers through-
out the year, with three main flushes. Fruit is
round, smooth, and pink with a reddish tinge.
Maximum weight per fruit was 270 g in mrig
bahar and 232 g in ambe bahar. The length of
the fruit varied from 8.41 cm in mrig bahar to
7.83 cm in ambe bahar. The breadth also showed
a similar trend: 7.96 cm in mrig bahar and
7.23 cm in ambe bahar. Arils are sweet and light
pink. The juice percent varied from 55.23 % in
mrig bahar to 54.87 % in ambe bahar. The TSS
of the juice was 17.0 °Bx in mrig bahar and 17.4
°Bx in ambe bahar. The acidity was 0.49 % in
mrig bahar and 0.42 % in ambe bahar. Seeds
were softest in ambe bahar (1.04 kg/cm? pres-
sure) compared with mrig bahar seeds (1.27 kg
cm? pressure). The variety is susceptible to fruit
borer (20.42 %), leaf spot (PDI-18.45), and fruit
spot (PDI-31.74).

5.9.9 Musket

The growth habit of the musket tree is spreading
type with evergreen nature. The leaf is entire and
elliptic in shape. The tree flowers throughout the
year, with three main flushes. Fruit is round,
smooth, and pink with a reddish tinge. Maximum
weight per fruit was 310.27 g in mrig bahar and
219.14 g in ambe bahar. The length of the fruit
varied from 8.34 cm in mrig bahar to 7.79 cm in
ambe bahar. The breadth also showed a similar
trend: 8.24 cm in mrig bahar and 7.21 cm in ambe
bahar. Arils are sweet and light pink in color. The
juice percent varied from 50.33 % in mrig bahar
to 49.74 % in ambe bahar. The TSS of the juice
was 14.4 °Bx in mrig bahar and 14.8 °Bx in ambe
bahar. The acidity was 0.46 % in mrig bahar and
0.39 % in ambe bahar. Seeds were softest in ambe
bahar (1.64 kg/cm? pressure) compared with
mrig bahar seeds (1.82 kg cm? pressure). The
variety is susceptible to fruit borer, leaf spot, and
fruit spot.
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5.9.10 Kandhari

The growth habit of the Kandhari tree is spread-
ing type with evergreen nature. The leaf is entire
and elliptic in shape. The tree flowers throughout
the year, with three main flushes. Fruit is round,
smooth, and pink with a reddish tinge. Maximum
weight per fruit was 317.63 g in mrig bahar and
190.40 g in ambe bahar. The length of the fruit
varied from 8.98 in mrig bahar to 7.24 cm in
ambe bahar. The breadth also showed a similar

Kandhari

5.9.11 Kabul

The growth habit of the Kabul tree is spreading
type with evergreen nature. The leaf is entire and
elliptic in shape. The tree flowers throughout the
year, with three main flushes. Fruit is round,
smooth, and yellow with a reddish tinge.
Maximum weight per fruit was 298.18 g in mrig
bahar and 193.67 g in ambe bahar. The length of
the fruit varied from 8.17 cm in mrig bahar to
6.56 cm in ambe bahar. The breadth also showed
a similar trend: 8.3 cm in mrig bahar and 7.03 cm
in ambe bahar. Arils are sweet and light pink. The
juice percent varied from 48.09 % in mrig bahar
to 53.20 % in ambe bahar. The TSS of the juice
was 16.2 °Bx in mrig bahar and 17.4 °Bx in ambe
bahar. The acidity was 0.55 % in ambe bahar and
0.47 % in mrig bahar. Seeds were softest in ambe
bahar (1.66 kg/cm? pressure) compared with

trend: 8.44 cm in mrig bahar and 7.11 cm in ambe
bahar. Arils are sweet and light pink in color. The
juice percent varied from 52.33 % in mrig bahar
to 50.15 % in ambe bahar. The TSS of the juice
was 14.8 °Bx in mrig bahar and 14.8 °Bx in ambe
bahar. The acidity was 0.41 % in mrig bahar and
0.40 % in ambe bahar. Seeds were softest in ambe
bahar (1.26 kg/cm? pressure) compared with
mrig bahar seeds (1.58 kg cm? pressure). The
variety is susceptible to fruit borer, leaf spot, and
fruit spot.

mrig bahar seeds (1.78 kg cm? pressure). The
variety is susceptible to fruit borer, leaf spot, and
fruit spot.

5.9.12 Mridula

Mridula is a hybrid developed at MPKV Rahuri
from the open-pollinated population of F1 from
the cross Ganesh x Gul-E-Shah Red. The growth
habit of the tree is spreading type with evergreen
nature. The leaf is entire and elliptic in shape.
The tree flowers throughout the year, with three
main flushes. Fruit is round, smooth, and pink
with a reddish tinge. Maximum weight per fruit
was 252 g in mrig bahar and 244 g in ambe bahar.
The length of the fruit varied from 8.94 cm in
mrig bahar to 7.21 cm in ambe bahar. The breadth
also showed a similar trend: 7.52 cm in mrig
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bahar and 7.19 cm in ambe bahar. Arils are sweet
and light pink in color. The juice percent varied
from 51.79 % in mrig bahar to 50.15 % in ambe
bahar. The TSS of the juice was 14.92 °Bx in
mrig bahar and 14.8 °Bx in ambe bahar. The

acidity was on par in both the seasons, at 0.45 %.
Seeds were softest in ambe bahar (1.09 kg/cm?
pressure) compared with mrig bahar seeds
(1.28 kg cm? pressure). The variety is susceptible
to fruit borer, leaf spot, and fruit spot.

Mridula

5.9.13 Bhagwa

The Bhagwa variety is known by various names:
Shendri, Asthagandh, Mastani, Jai Maharashtra,
and red Diana in various parts of Maharashtra. The
variety is, to date, the leading variety in Maharashtra
state. It is a heavy yielder and possesses fruit char-
acteristics desirable for the domestic as well as the
export market, such as an attractive fruit color, dark
red arils, and no cracking. The fruits mature late at
180-190 days after fruit set. An average yield is
30-40 kg fruit per tree. The fruit has attractive thick,
glossy, saffron-colored skin, and bold dark red arils.
The variety is less susceptible to fruit cracking, fruit
spot, and thrips. The market price is 2-3 times
higher than that gained for other varieties.

5.9.14 Phule Arakta

The Phule Arakta variety is released by MPKV. It
is a heavy yielder and suitable for export due to
the attractive skin and aril color. Fruits are ready
for harvest within 120-130 days.

Bhagwa

5.9.15 Alandi

Alandi is a local variety found growing in
Maharashtra. A spreading type variety, it pro-
duces medium-sized fruits with hard seeds, red
arils, and a sweet taste.

5.9.16 Jyoti

Jyoti is a highly promising type previously
known as GKVK-1. It is a selection from basin
seedless and produces fruits with soft seeds and
red aril.

5.9.17 Arka Ruby

Arka Ruby is a multiple hybrid between
Ganesh x Gulsha rose pink. It is released from the
ITHR Bangalore. It was developed for its aril
color, which is dark red in winter. The seeds are
softer. The fruit is small with deep red arils. The
variety is a medium yielder.
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5.9.18 Amlidana

Amlidana is an F1 hybrid (GaneshxNana). It
grows well in the tropical climate and has good-
quality fruit attributes. Amlidana is superior to
the sour Daru variety, whose trees grow naturally
in temperate regions of north India. Its fruits pro-
vide more acidic (1618 %) anardana; the fruit
yield per tree is higher, and short-statured trees
are suitable for high-density planting, resulting in
an increased fruit yield per unit area. It is there-
fore recommended for commercial cultivation
(Jalicop et al. 2002).

5.9.19 Goma Khatta

Goma Khatta is an F1 hybrid between Ganesh x
Nana cultivar identified for high acidity, high yield

and yield of fruits and anardana. Subsequently
releasd at Central Horticultural Experiment Station
Godhra, Gujarat. The cultivar is suitable for prep-
aration of anardana. Flowering takes in two
flushes. A higher number of fruit set per plant
than nine other crosses, resulting in higher fruit
retention and, in turn, a higher yield. It also has
high acid content, an ideal characteristic for mak-
ing anardana (Table 5.6).

Table 5.6 Performance of Bhagwa and Mridula at CHES Vejalpur

Bhagwa Bhagwa
Character Mrig Hasta
Male flowers 185.6 112
Hermaphrodite fl. 76.3 46
Total flowers 261.9 158
No. of fruit set 31.6 38.5
No. of fruit retained 27 22.6
% set 36.75 29.13
% retention 85.44 77.58
No. days to maturity 180 200
Fruit wt g 137 180
Length (mm) 64.1 65.4
Dia. (mm) 64.7 66.8
Skin wt. (g) 61 113
Aril wt. (g) 77 112
Aril color Dark red Dark red
TSS °Bx 9.5 14
Acidity 0.58 0.47

Goma Khatta
Mridula Mridula
Mrig Hasta Ganesh
98.6 75 124.2
37.3 31 140
1359 106 264.2
26.0 42.8 82.2
21.3 13.6 65.0
55.28 29.24 52.99
81.92 31.77 79.07
140 135 130
171 215 195
60.6 69.5 68.7
68,8 71.3 70.4
68 84.6 58
107 139.4 132
Dark red Dark red Light pink
11.0 13 16
0.33 0.38 0.32
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5.10 Plant Propagation
and Nursery Management

The pomegranate is emerging as an important
fruit crop for semiarid and arid areas of India.
With the identification of superior varieties such
as Ganesh, Mridula, Arka Ruby, and Bhagwa, the
area under pomegranate is rapidly increasing.
Therefore, the demand for elite planting material
is also rapidly increasing. Pomegranate has tradi-
tionally been propagated vegetatively, either by
cutting or air layering. However, modern orchards
raised from tissue culture are also very common.
Nursery as a business proposition can be as prof-
itable as raising a crop.

Different methods of
propagation

pomegranate

5.10.1 Seed

Raising of seedlings from seeds either in situ
or in a nursery

In situ raising of seedlings is necessary
because it helps in the development of strong root
systems, creating sturdy plants that can better
withstand the vagaries of the monsoon and have a
longer life than notified plants. However, the ges-
tation period is higher.

Another method of raising seedlings is by
sowing seeds in raised beds at 30 x 30 cm spacing
and, once the seedlings are 5-10 cm tall, trans-
planting them to already filled polythene bags
with a mixture of soil, Farm yard manure (FYM),
and sand in the ratio of 1:1:1; the use of vermi-
compost in place of FYM is advocated. The soil
should also be drenched with copper fungicides
at 3 g/L water to prevent infection with soil-born
fungi. Before sowing, the seeds are treated with
bacterial culture or vesicular arbuscular mahyco-
rhize (VAM). The method is easy and less expen-
sive, with a high percent of success with a long
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orchard life. It is currently mostly used for the
evaluation of breeding materials and germplasm
material obtained from overseas. The disadvan-
tages are a long gestation period, genetic vari-
ability in the material, a long dormancy period
and very low viability in some seeds. The seeds
can be treated with bacterial culture of azoto-
bacter at 30 g/kg seed or with VAM culture to
improve germination and rooting.

5.10.2 Cutting

The commercial propagation of pomegranate
through cuttings is not as successful as air layer-
ing due to unsatisfactory rooting. However, it is
still successfully used in humid areas. Although
root augmentation through growth regulators like
auxin is a dependable option, it is costly.
Semi-hard woodcuttings of young healthy
plants from the matured stem with light white
streaks on them are more successful. Cuttings
approximately 20-25 cm long are removed from
the plants and their leaves are immediately
removed to control loss of water from the cutting.
The cuttings are then wrapped in moist sphag-
num moss or newspaper if they are to be trans-
ported long distances. However, the percent
rooting in these cutting is found to be very low at
20 %. Treating these cuttings with 4-indole-3-
butyric acid (IBA) at 2,000 ppm for 15-20 min
was found to be useful in increasing percent suc-
cess to 60 %. The best time for taking a cutting is
at the onset of the monsoon. Raised beds at
30%30 cm spacing are prepared, and the cutting
receives a slanting cut at the bottom; a one-third
portion is inserted into the soil to facilitate root-
ing. Once the seedlings are 5-10 cm tall, they are
transplanted to already filled polythene bags with
a mixture of soil, FYM, and sand at a ratio of
1:1:1. Vermicompost can be used in place of
FYM as it contains a good amount of nutrients.
The soil should also be drenched with copper
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Table 5.7 Percent rooting of cutting in cultivar Ganesh

Cutting Survival Auxine
Treatment rooted (%) (%) (ug/ml)
IBA 200 ppm 53.30 66.82
Trichoderma 73.30 76.77 51
harzianum
Azospirillum 23.30 74.68 32
brasilense
Azospirillum 36.20 60.07 21
lipoferum
Control 33.33 34.07 -
CDat5 % 17.57 - -

fungicides at 3 g/L water to prevent infection by
soil-born fungi. Before sowing, the cuttings are
treated with bacterial culture or VAM to obtain
more roots. Using beneficial microbes is a novel
approach to reducing the cost of chemicals and
enhancing rooting/survival of the cuttings
Liberman (1993). Agrobacterium rhizogenes and
Trichoderma harzianum are known to produce
growth regulators that have a beneficial effect on
plant growth (Riker et al. 1930). The unique root-
initiating ability of these microorganisms may
lead to early setting and better rooting, resulting
in improved vigor of freshly transplanted
material. Percent rooting of cuttings was maxi-
mized in cultivar Ganesh in Trichoderma
harzianum-treated rooting of cuttings. Maximum
indole-3-acetic acid (IAA) (51ug/ml) was also
noted in the same treatment Patil et al. (2004)
(Table 5.7).

5.10.3 Air Layering

Air layering is one of the most successful methods
for large-scale propagation of pomegranate.
However, it is time specific, i.e. can be most
successful when performed after one or two show-
ers. The success percent is as high as 80 % even
under rain-fed conditions. The matured shoots of
healthy plants are selected, and a 1.5-2 cm portion
of shoot cambium is removed; the cut portion is
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then covered with sphagnum moss dipped in water
or in a solution prepared as below:

Potassium nitrate 0.28 g/L. Calcium nitrate 0.8 g/L.
Potassium hypophosphate
0.2 g/L

Ferric tartrate 1 ml of 0.5 %
solution

Magnesium sulphate
0.2 g/L

Vermiwash can also be used as it also has been
found to have hormonal and anti-fungal proper-
ties. Sphagnum moss can withhold about five
times its weight in water and hence can provide a
suitable atmosphere for rooting. The moss is then
placed on 15 x 15 cm pieces of polythene sheet-
ing, wrapped around the cut portion and tied with
sutli at both ends. The air layers root in about 30
days, when they can be removed from the mother
plant; their leaves are removed to prevent loss of
water and to allow for easy transportation. After
removing the polythene sheet, but keeping the
moss intact, the layers are planted in polythene
bags pre-filled with the soil mixture. Root length
and weight was higher in air layers than in
cuttings under semiarid rain-fed conditions. The
maximum root length was 27 cm with air layer-
ing as compared with 12.45 cm in rooted cut-
tings. Fresh root weight was 1.45 g as compared
with 0.513 g in cuttings, indicating greater suc-
cess in the nursery after detachment of air layers
from the plant as compared with cuttings.

Pomegranate air layer
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5.10.4 Tissue Culture

Micro propagation is an improved technique that
can be used for large-scale propagation of elite
plant material under controlled conditions. This
technology is increasing in India, and it is becom-
ing an industry with the opening of trade for the
export of plant material. This has the potential to
be a profitable industry. In pomegranate, proto-
cols have also been standardized for tissue-
culturing of the shrub via a shoot tip culture or
cotyledon callusing, as follows. Elite material
was collected and sterilized with sodium hypo-
chlorite 0.5 % for 5 min, followed by treatment
with 0.1 % HgCl,. This was followed by succes-
sive rinsing with distilled water and placing the
sterilized materials on Murashige and Skoog
(MS) media. Murukute et al. (2002) worked on
profuse callusing and differentiation of callus
into whole plants in pomegranate cultivar Ganesh
using leaf segments and cotyledon explants.
Cotyledon explants were found to be free from
lethal leaching of phenolic compound on MS
basal medium fortified with 6-benzyl amino
purine (BAP) and naphthalene acetic acid (NAA).
Better performance was obtained with a
BAP+NAA combination; cotyledon explants
responded better than leaf segments. Profuse cal-
lusing was obtained in a MS medium with BAP
(1.0 mg L'+ NAA 0.5 mg L), and good rooting
was obtained in a one-half MS+IBA 1.0 mg L-!
combination. Direct regeneration of shoots,
roots, and whole plant with callusing intervention
has also been investigated by Naik et al. (1999).
Use of the anther wall (Morgud et al.) and leaf
segment (Omula et al.) resulted in the production
of only a few seedlings. In somatic embryo gen-
esis (Narayana and Neelambica), there was no
scope for screening of variants.

5.10.5 Green House Propagation

High-quality reliable green houses with con-
trolled atmospheric conditions are required to
achieve the desired success. Temperature control
is most commonly manipulated via mechanical
ventilation, along with fog cooling and adequate
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shading systems. In pomegranate, mist propaga-
tion increases success in cuttings to 80 %; how-
ever, the cost of establishing a mist chamber is
around Rs. 1.5 Lakh.

5.11 Cultural Management

5.11.1 Soil and Climate

Commercial pomegranate orchards are confined
mainly to the Mediterranean and semiarid regions
of the world. It is a hardy fruit that can be grown
successfully, even in low fertile soils. Although
high-quality pomegranate can only be grown
in locations with a cool winter and a hot dry sum-
mer, the trees grow under a wide range of cli-
matic conditions—from the plains to an elevation
of about 1,829 m. The tree can withstand frost but
is injured by temperatures below 11.1 °C.

The tree is deciduous in areas with low winter
temperatures but is evergreen or partially decidu-
ous under tropical and sub-tropical conditions.
The tree cannot produce sweet fruits unless tem-
peratures are high for a sufficiently long period.
The quality of fruit is adversely affected in humid
climates. It is a hardy plant and can withstand a
considerable amount of drought but does better
when irrigated regularly. It can also flourish well
on land that is too wet for many other crops.

The pomegranate can be grown on diverse soil
types, including those that are considered unsuit-
able for most other fruit trees. It can grow quite
well in both foothills and at high elevations. It
can tolerate soils that are limy and slightly alka-
line. The deep loamy or alluvial soils are ideal for
its cultivation, though it can be grown in medium
or light black soils of minimum depth of 60 cm.

5.11.2 Preparation of Land
and Planting

Land selected for cultivation of the pomegranate
is ploughed deeply with a furrow turning plough,
followed by 3—4 fine tillage, and layout is accord-
ing to a square or hexagonal system. Planting is
in previously dug pits of 1 m3. The pits should be
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filled with two to three baskets of FYM, 250 g of
super phosphate, along with red earth and a small
quantity of sand mixed thoroughly before the
start of the rainy season. Planting should be car-
ried out during monsoon for better and more
rapid establishment of the plants. The planting

should be spaced 3—6 m apart. In Maharashtra, a

spacing of 3-5 m is generally followed, while in

south India, a spacing of 2 m is common.

However, the trees should be given a spacing of

5-6 m in poor, shallow soils of the Deccan and

6—7 m in the rich alluvial soils of Gujarat and

North India.

* Spacing: In pomegranate, earlier recommen-
dations were for spacing of 5x5 m; however,
the mechanization of cultivation and adapta-
tion of drip irrigation has seen the spacing
adopted by farmers move to 14 x 14 ft, 12x 12
ft, 15x10 ft, 10x 10 ft, or 12x 10 ft.

5.11.3 Bahar/Resting Treatment
to Regulate Fruiting

Bahar treatments such as root pruning, root expo-
sure, withholding of water, defoliation of plants
by hand or by chemical means, etc. are practiced
to induce moisture stress, so the plants drop their
leaves and growth can be controlled. The main
object of these treatments is to regulate the crop
by forcing the tree to rest and profusely flower
and fruit during any one of three bahars. The
treatment also helps obtain uniform and good-
quality fruits with maximum production and a
lower incidence of pests and diseases. Normally,
only two bahars are practiced in Maharashtra and
the Dholka area of Gujarat. The trees shed their
leaves, and recommended doses of fertilizers are
applied depending on the selection of the bahar;
however, a basal dose of FYM, phosphorus, and
potash with a one-half dose of nitrogen are
applied at the onset of monsoon, and fertilizers
are applied.

Allowing a particular bahar or flowering
depends on the market rate of fruits, the arrival of
produce to the market, water availability to the
plants, type of soil, insect pest threat, and weather
conditions during the crop growth period. Under
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tropical south Indian climatic conditions, the
pomegranate flowers continuously throughout
the year. In central and western India, there are
three distinct seasons for flowering: ambe bahar
(January—February), mrig bahar (June—July), and
hasta bahar (October). Ambe bahar is most com-
monly practiced by the growers of Maharashtra
because of high yield, consequent to profuse
flowering as compared with other bahars.
However, assured irrigation is a must to utilise
this bahar. In mrig bahar there will also be pro-
fuse flowering. In Karnataka, flowering is
observed in June-October and March. Under
north Indian conditions, the trees remain dormant
during winter and flower only during spring.
During monsoon, a flush of flowers are observed
from April to June. Under Delhi conditions,
depending on cultivars grown, flowering may be
once or twice a year. In Himachal Pradesh, which
is a temperate climate, flowering is seen during
the middle of April.

For mrig bahar, plant growth must be sup-
pressed during December to April by withhold-
ing water. This practice is generally followed in
south India. By doing so, the trees shed their
leaves in March and remain dormant until May.
The land is then ploughed, followed by the appli-
cation of manures and fertilizers. Plants are irri-
gated until the rainy season, and the fruits are
harvested during October—November. In north-
west India, irrigation is withheld from December
to May, then regular digging is taken up followed
by the application of manures and fertilizers
during June along with normal irrigation until the
rains start. Plants start growing by June, and
fruits are harvested during October—December.
Flower and fruit thinning is practiced to encour-
age good-size fruits. To induce flowering and
fruit drop, applications of 2,000 ppm ethephon
and 500-3,000 ppm alar have been tried. Fruit-let
thinning has also helped in growing good-size
fruit. At Rahuri, the fruit size in Muscat pome-
granate during ambe bahar progressively
increased when the number of fruits per tree was
decreased from 70 to 20; the gross income was
highest when only 50 fruits were retained per
tree. Flowering varied widely during mrig and
hasta bahar (Table 5.8).
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Table 5.8 Effect of bahar on flowering in pomegranate cultivar Ganesh

Mrig

1986 1987 1988
No. of 219.5 236.57 301.7
hermaphrodite (28.88) (12.29) (28.32)
flower
No. of staminate 468.57 1,054.71 568.6
flowers (61.63) (54 82) (53.37)
No. of unopened 72 617.14 195
flowers 9.47) (32.08) (18.30)
No. of flowers 540.57 1,671.85 763.6
dropped (71.12)  (86.91) (69.14)
Total flowers 760.07 1,923.57 1,065.3

Figures in parentheses are percent values

The highest total number of flowers was
produced in mrig bahar (1,249.6). Total flower
drop was highest (28 %), and maximum her-
maphrodite flower production (27.76 %) and
reduced flower drops (68.92 %) was observed in
hasta bahar, which resulted in higher fruit set and
ultimate yield (Raturi and Hiwale 1991).

5.11.4 Fruit Development

In mrig bahar, fruit development in cultivar
Ganesh indicated that, after fruit set on the onset
of monsoon, it took around 120 days for the fruit
to reach maturity. Fruit length and diameter
initially increased at a faster rate (up to 60 days)
and remained constant. Fruit weight and volume
increased constantly until maturity. A similar
trend was also observed in hasta bahar crops.

5.12 Irrigation/Drip/Fertigation

Pomegranate is considered to be drought-hardy
fruit crop. However, supplemental irrigation is
necessary to realize a higher fruit yield and better
quality. Irrigation is also used to regulate crop-
ping in pomegranate; the total water applied
therefore depends on the crop for a desired bahar.
In Gujarat and Maharashtra, where ambe bahar is
taken, regular irrigation is required during March
to July and irrigation is withdrawn after the fruit
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Mean 1986 1987 1988 Mean
252.59 249.6 304.8 284.5 279.63
(20.21) (22.13) (34.10) (28.44) (27.76)
697.29 788.8 420.4 531.2 580.13
(55.80) (69.95) (47.03) (53.11) (57.59)
294.71 89.2 168.6 184.5 147.43
(23.58) (7.91) (18.86) (18.44) (14.64)
992.01 878.0 489.0 715.7 694.23
(79.38) (77.86) (54.71) (71.55) (68.92)
1,249.6 1,127.6 893.80 1,000.20 1,007.2
Table 5.9 Crop coefficient for different crops
Name/age Ist 2nd 3rd 4th 5th
of tree year year year year year
Pomegranate 0.4 0.4 0.6-0.65 0.6-0.65 0.60-0.65
Ber 04 04 0.6-0.65 0.6-0.65 0.60-0.65
Fig 04 04 0.6-0.65 0.6-0.65 0.60-0.65
Aonla 04 04 05 0.6 0.65-0.70
K. Lime 04 04 05 0.6 0.70-0.75
Guava 04 04 05 0.6 0.70-0.75

harvest until January. For mrig bahar, crop irriga-
tion is not required from July to September.
However, in prolonged breaks in the monsoon,
one or two supplementary irrigations are required
at an interval of 10-15 days during October to
December. In hasta bahar (September flowering),
the prolonged rainy season helps reduce the
requirements for irrigation. Three to four irriga-
tions at monthly intervals after cessation of rain-
fall are necessary to obtain good fruit size and
higher yield (Table 5.9).

Formula for calculation of quantity of
water to be applied per plant per day

AxBxCxDxE

A =Evapotranspiration/day x Pan Coefficient
(0.7-0.8)

B =Crop Coefficient (From table)

C=Crop Canopy (At 12 noon)

D =Spacing

E=Area wetted=Crop canopy/Spacing (Table
5.10)



64

Table 5.10 Growth parameters of pomegranate Ganesh

Pl height Stem dia. SPread (m)  No. of fruit

Year (m) (mm) NS EW set/plant
3rd 1.4 14.1 1.35 14 45
4th  1.76 17.9 1.58 1.7 75
5th 2.36 36.4 2.35 22 120
6th  3.03 48.4 2.8 27 80

5.12.1 Quantity of Water
to Be Applied Per Plant Per
Day in Pomegranate Cultivar
Ganesh

In case of flood irrigation during winter, irriga-
tion should be conducted at an interval of 12—15
days, and during summer at an interval of 5-7
days depending on the bahar. However, with the
modern limited water availability, drip irrigation/
fertigation is becoming popular. According to
one estimate, this method leads to a 98 % increase
in production, with water savings to the tune of
45 %. The total area brought under drip in
Maharashtra is around 27,217.39 ha (10.26 %).

5.12.2 Mulching and Drip Irrigation
in Pomegranate Cultivar
Jyothi

Drip irrigation and mulching maximizes water
use efficiency of pomegranate. Total flower and
hermaphrodite flower numbers were significantly
higher at 0.70 E.pan and 200 gauge polyethylene
mulch. The ratio of hermaphrodite to staminate
flowers was maximum (2.54) in the interaction of
three emitters per plant at 0.70 E.pan irrigation
with 400 gauge polyethylene. Fruit set (56.39 and
51.94) and fruit per plant (55.36 and 45.89) were
significantly higher with 0.70 E.pan replenish-
ment with 400 gauge black polyethylene mulch,
respectively Jagannath et al. (1999).

5.13 Fertigation in Pomegranate

Application of fertilizers through drip is gaining
importance because of the following reasons:
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* Reductions in the application costs of fertiliz-
ers, along with water.

* Balanced application of fertilizers based on
the needs of the plant.

» The fertilizers are applied near the active root
zone of the plant, which helps absorption by
the roots.

» High fertilizer use efficiency can be achieved.

e Savings in the total quantity of fertilizer
applied.

e Fertilizers are applied based on the stage of
the crop.

5.13.1 New Growth, Flowering

For uniform and profuse flowering, phosphorus
should be applied 3-4 times more than nitrogen,
quantity of potash applied is lowered. In the
beginning, to achieve uniform growth 20:20:20
fertilizer should be applied. Therefore, after
shoot growth until fruit set, the ratio of fertilizer
applied should be either 12:61:0 or 13:40:13.

5.13.2 Fruit Set and Development

To retain a higher number of leaves on the plant
to ensure that maximum photosynthetic activity
takes place during fruit development, the ratio of
NPK (nitrogen, phosphorus, potassium) should
be 2:1:3 (e.g. 16:8:24 or 13:5:26). Demand for
calcium is increased at this stage; therefore, cal-
cium nitrate should be applied via drip. This will
help reduce fruit cracking and improve fruit size
(Tables 5.11 and 5.12).

At MPKYV Rahuri, fertilizers were applied via
conventional methods and via drip. The study
revealed that the yield obtained (11.88 t/ha) with
the 100 % NPK recommended dose of solid sol-
uble fertilizers via drip was significantly superior
over the 100 % recommended dose of conven-
tional fertilizer and was on par with 70 % nitro-
gen, 80 % phosphorus and potassium, and 70 %
NPK. Thus, the maximum fertilizer saving (N, P,
and K) was 30 % each compared with conven-
tional fertilizer. The yield-contributing parame-
ters were significantly influenced by different
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Table 5.11 Application of liquid fertilizers

Total Weekly
fertilizer dose
Liquid required applied (kg/ Time of
fertilizer (kg/acre) week/acre)  application
20:20:20+ 10+10 10+10 First
urea irrigation
20:20:20+ 15+50+22 3+10+4.40 6-25 days
12:61:0+urea (5 weeks)
13:40: 13+ 50+25 10+5 (5 36-70 days
16:8:24 weeks) (weeks)
13.00:45 50 12.50 (4 71-98 days
weeks) (4 weeks)
00:00:50 50 10 91-133 days
(5 weeks)
06:12:36 25 12.50 After 134
days
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levels of solid soluble fertilizer over conventional
applications. Fertigation levels did not signifi-
cantly influence the juice quality and organolep-
tic evaluation for color and taste Firke and
Kumbhar (2002) (Table 5.13).

Prasad and Bankar (2003) reported that fruits
become ready for harvesting 4-5 months after
fruit setting. They are harvested when their rind
color turns yellow and pink to red. Fruits give a
‘crunch’ sound when pressed. Thus, a yield of
60-100 fruits per tree may be obtained. The right
time for fruit picking is from the first week of
December to the end of February. On average,
25-30 kg of fruit per plant may be harvested
under arid conditions.

Table 5.12 Yield and yield-contributing parameters of pomegranate

Treatment

Conventional fertilizers

T1 (100 % 73.45 191.0 7.00
RDCF+SL)

T2 (100 % 76.50 200.0 7.46
RDCF+DI)

T3 (100 % RDCF, 80.25 209.0 7.72
N drip)

Solid soluble fertilizers

T4 (100 % 84.80 226.0 8.22
NPK +DI)

T5 (70 % N, 82.60 220.0 8.10
80 % P & K+DI)

T6 (70 % 81.50 212.0 7.85
NPK +DI)

T7 (50 % N, 75.15 145.0 7.23
80 % P & K+DI)

T8 (50 % N, 75.25 191.0 7.81
70 % P & K+DI)

C.D.at5% 6.21 0.02 0.57

Fruit no. /tree Fruit wt. (g) Fruit size (cm)

Water use efficiency

Table 5.13 Effect of drip irrigation on yield and quality of fruits

Treatment (L/h) Juice (%) Cracking (%)
4 46.3 25.8
8 53.6 18.9
12 53.0 18.6
Control 44.4 30.1

100 aril wt. (g) Yield (t/ha) (kg/ha/mm)
31.27 8.71 7.71
33.60 9.54 12.08
36.77 10.36 13.12
42.95 11.88 15.05
40.20 11.27 14.28
37.87 10.81 13.70
33.40 9.14 11.58
32.75 8.90 11.27
4.20 1.12 -
Fruit weight (g) TSS °Bx Yield (kg/plant)
204.9 18.0 18.8
3194 18.4 28.2
314.7 17.4 30.1
160.2 19.3 17.7
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5.13.3 Fruit Ripening

At the fruit ripening stage, the requirement for
potash is higher than that for nitrogen and phos-
phorus, therefore 0:0:50+18 % sulphur is
applied. However, light soils deficient in nitrogen
are fertilized with 13:0:45 grade fertilizer. After
the initial harvest of big fruit, a second dose of
fertilizer is applied to increase development in
under-developed fruits through 6:12:36 grade
fertilizer.

5.14 Manures and Fertilizers

Although pomegranate grows well in soils of low
fertility, production can be increased with the
application of manures and fertilizers. Initial soil
analysis is desirable for proper scheduling of fer-
tilizer. The nutrition recommendation depends on
fertility of the soil and also the age of the plant.
For young plants (2-3 months old), application
of 200 g Neem cake along with 3—4 kg FYM per
plant is recommended. After 3 months, each plant
may be given 250 g di ammonium phosphate
(DAP), along with 250 g Neem cake and 5 kg
FYM. Again, after 9 months, application of 500 g
DAP, 250 g potassium sulphate, 1 kg Neem cake,
and 10 kg of FYM per plant is recommended.
The first harvest is desirable when the plant is
around 12-16 months old. There are three dis-
tinct periods of fruiting for the pomegranate,
called ‘bahars’. Before each bahar, the plant
needs 1-1.5 months of rest. During this time, the
nitrogen level in the soil should be low. Once the
fruits are harvested, the plants must be supplied
with a first dose of fertilizers along with a fungi-
cide and insecticide spray. The recommended
dose of fertilizer per plant is 20 kg of FYM, 1 kg
(7:10:5), 1 kg DAP, 1 kg Neem cake, 100 g mag-
nesium sulphate, and 10 kg of borax. The plant is
given 1-1.5 months of rest. After this period,
apply 250 g ammonium sulphate along with 250
g of 19:19:19, 500 g 7:10:5, 500 g Neem cake,
and 500 g muriate of potash per plant. When the
plants are 4-5 years old, the fertilizer dose should
be increased 1.5 times. In general, a basal dose of
about 25-35 cartloads of FYM per hectare,
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besides the recommended dose of NPK, must be
applied during January, June, and September in
equal proportions. From 4 to 5 years onwards,
nitrogen should be applied in two split doses: the
first during irrigation after bahar treatment, and
the second after 3 weeks. The full dose of phos-
phorus and potassium should be applied as a sin-
gle dose. The requirement for chemical fertilizers
also varies from place to place. In Gujarat, rec-
ommendations are for 375 g nitrogen, 375 g
phosphorus, and 375 g potassium per tree per
year. Under Udaipur conditions, recommenda-
tions are that a 4-year-old tree needs 720 g nitro-
gen, 200 g phosphorus, and 220 g potassium per
year. Under Yercaud conditions, recommenda-
tions are that young plants are started with 50 g
nitrogen, 200 g phosphorus, 100 g potassium,
and that, as the plant becomes old, the dose
should be increased to 125 g nitrogen, 1,000 g
phosphorus, and 500 g potassium. Under Jodhpur
conditions, 700 g nitrogen per plant is ideal for
10-year-old Jalor seedless plants.

Under Rahuri conditions, plants that are 1.5-2
years old need 250 g nitrogen, 125 g phosphorus,
and 125 g potassium; plants aged 2.5-3 years
need 500 g nitrogen, 125 g phosphorus, and 125
g potassium; those aged 4.5-5 years need 500 g
nitrogen, 250 g phosphorus, and 250 g potas-
sium; and plants aged 67 years need 625 g nitro-
gen, 250 g phosphorus, and 250 g potassium
(Tables 5.14, 5.15, and 5.16).

At ITHR Bangalore, the application of 500 g
nitrogen+250 g phosphorus+125 g potassium
per plant per year to the Bassein seedless variety
of pomegranate gave the highest yield: 8.2 kg of
fruit from a 3-year-old plant (first crop).
Application of 500 g nitrogen, 250 g phosphorus,
and 250 g potassium per plant per year to cultivar
Ganesh gave the highest yield of 78.67 kg
(50 fruits per plant) during the fourth year of
cropping.

Based on the survey, it is recommended that
combined foliar application of 0.3 % zinc sul-
phate and 0.1 % boron at pre-bloom, bloom, and
post-bloom stages should be conducted to aug-
ment the deficiency of these nutrients. Soil appli-
cation can also be carried out by incorporating
boron (10 ppm) and zinc (50 ppm) in compost 3
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Table 5.14 Critical levels of pomegranate leaf composition
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Nutrient Concentration (%) Sr. no. Nutrient Concentration (%)
Nitrogen 2.5 6 Sulphur 0.18
Phosphorus 0.2 7 Iron (ppm) 95
Potash 1.47 8 Manganese (ppm) 45
Calcium 1.30 9 Zinc (ppm) 22
Magnesium 0.70 10 Boron (ppm) 30
Table 5.15 Pomegranate orchard survey in Maharashtra soil characteristic (mean six orchards)
Place PH E.C. (dsm') Org.carbon K (ppm) Zn(ppm) Mn (ppm) Cu(ppm) Fe (ppm) B (ppm)
Pune 8.05 0.81 0.53 174 0.51 8.83 0.25 6.42 0.47
Solapur 8.35 1.42 0.24 189 0.46 8.13 0.36 5.3 0.48
Sharma and Hiwale (2005)
Table 5.16 Leaf composition (mean of six orchards)

Zn (ppm) Mn (ppm) Fe (ppm) K (%) B (ppm)
Place Young leaf Young leaf Young leaf Old leaf Mg (ppm) Young leaf
Pune 12.33 73.5 161.0 0.79 0.32 22.0
Solapur 12.00 44.66 99.33 0.59 0.31 27.0
Sharma and Hiwale (2005)

months before its application. Though the soils
are rich in calcium, fruit cracking may be due to
a combined deficiency of calcium and boron.
Hence, two sprays of calcium chloride at 0.5 %
and boric acid at 0.1 % is recommended at 15-day
intervals to avoid cracking.

Commercial micronutrient formulations are
used to increase fruit growth, yield, and quality.
Two sprays of 0.33 % Macroliq proved to be the
best, followed by 1 % Macroliq. Soil application
of 12.5 g boron and 45 g zinc sulphate per tree
per year gave fruits with higher sugar content.
Application of three sprays of ferrous sulphate
(0.4 %)+manganese sulphate (0.3 %)+boric
acid (0.2 %) along with zinc sulphate (0.3 %) at
monthly intervals before flowering, at full bloom
and at fruit set stage increased tree growth, yield,
and fruit quality in cultivar Ganesh.

5.14.1 Organic and Inorganic
Fertilizers

An investigation carried out on pomegranate cul-
tivar Ganesh regarding the suitability of bahar
under rain-fed semiarid conditions revealed that

hasta bahar was the best. Organic farming is
increasing in importance in India, with rising
threats to food security and natural resources.
Indiscriminate use of chemical fertilizers, pesti-
cides, and weedicides has adversely affected soil
fertility, productivity, and produce quality. Soil
and water pollution with heavy metals released
by fertilizers and pesticides have resulted in
health hazards. The organic farming system relies
on crop rotation, crop residues, animal manures,
and legumes in an intercropping system, and
green manure organic cakes as byproducts of
plants. A trial was conducted at Central
Horticultural Experiment Station (CHES)
Vejalpur, with the objective of reducing the use of
chemical fertilizers and increasing the use of
organic fertilizers without compromising the pro-
duction potential of the pomegranate. In the
study, a six-treatment combination of organic and
inorganic fertilizers, along with the recom-
mended doses for semiarid regions, was applied
at the onset of monsoon in the 4th and 5th years
of plant growth in cultivar Ganesh. Leaf sam-
pling was conducted via the collection of the 8th
pair of leaves from the growing tip as suggested
by Bhargava and Dhandhar (1987).
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Fruit retention and yield per plant were sig-
nificantly influenced by various treatments.
Maximum fruit set (96.50 fruits per plant), fruit
retention (57 fruits per plant), and yield (10.75 kg
per plant) were recorded in treatment application
of nitrogen 50 % through FYM, 25 % through
castor cake, and urea. Similar results were
reported by Shinde (1977). Phadnis (1974) also
recommended mixed doses of organic and inor-
ganic fertilizers to obtain maximum fruiting and
yield. Wavhal et al. (1985) also recommended the
application of nitrogen along with azotobacter
for obtaining higher production in pomegranate
cultivar Ganesh.

Fruit weight and fruit length (but not fruit
diameter) were significantly influenced by all the
treatments, and TSS by various treatments. Fruit
weight (188.75 g), fruit length (69.72 mm), fruit
diameter (66.15 mm), and TSS (16.90 °Bx) were
highest with the application of nitrogen 50 %
through FYM and 25 % through castor cake and
urea. Bankar et al. (1990) reported that increased
doses of nitrogen did not affect fruit size and TSS
in pomegranate.

Nutrient analysis of leaf samples collected
(8th leaf pair from tip used as indicator tissue for
all analysis) 1 month after fertilizer application
showed significant influence in respect of nitro-
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gen and potassium. No significant differences in
respect of phosphorus content in various treat-
ments were observed. Maximum leaf nitrogen
content (3.15 %) was observed in full nitrogen
application through urea. Maximum phosphorus
(0.14 %) and potassium (0.74 ppm) content was
observed in treatment application of nitrogen
through FYM, 50 % and 25 % through castor
cake and urea. Similar results are reported by
Wavhal (1981). Oil cakes, though insoluble in
water, are quick-acting organic manures; their
nitrogen quickly becomes available to plants in
about a week to 10 days (Guar et al. 1971) (Table
5.17).

5.14.2 Biofertilizers

Biofertilizers are preparations containing live or
latent cells of efficient strains of nitrogen fixing,
phosphate solubilizing, or cellulolytic microor-
ganisms used for application to seed, soil, or
compost with the objective of increasing the
number of such organisms, in order to accelerate
the process of nutrient availability to the plant.
They are very efficient, even when applied in
small quantities. Careless management of
orchards and the ruthless use of chemicals have

Table 5.17 Effect of organic and inorganic source of nitrogen application on fruit and nutrient composition of pome-

granate cultivar Ganesh

Fruit

Fruit length  Fruit dia.
Treatment wt.(g) (mm) (mm) TSS °Bx
100 % FYM  179.0 65.7 62.5 16.2
100 % 178.5 63.6 63.5 16.3
Castor cake
50 % 185.2 65.7 63.2 16.3
FYM+50 %
castor cake
50 % 188.7 69.7 66.1 16.9
FYM+50 %
castor cake
50 % 175.5 64.1 62.9 16.3
FYM+50 %
urea
100 % urea 169.7 60.4 60.9 16.0
CDat5 % 8.21 3.81 NS NS

Hiwale (2004)

Fruits Yield
N (%) P(%) K(ppm) retained/plant (kg)/plant
2.74 0.13 0.69 46 8.23
2.93 0.13 0.68 46 8.20
2.82 0.12 0.73 48 8.84
2.95 0.14 0.74 57 10.75
3.02 0.11 0.74 46 8.11
3.15 0.11 0.66 33 5.80
0.21 NS 0.07 12.05 2.19
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Table 5.18 Effect of bio-fertilizers on yield and yield attributes of pomegranate cultivar Ganesh

Treatment No. fruit set/pl. No. fruit retained/pl. Fruit yield kg/pl. N (%) P (%) K (%)
PSB culture 123.50 73.50 8.37 2.88 0.156 0.68
Azospirillum 144.75 83.00 8.29 2.67 0.177 0.71
PSB +azospirillum 135.50 78.25 11.08 2.92 0.178 0.84
VAM culture 136.50 79.80 8.56 2.79 0.173 0.76
Control 72.50 51.00 7.16 2.52 0.121 0.70
CDat5 % 34.77 14.18 0.872 NS 0.017 0.06
Hiwale (2004)

Table 5.19 Effect of bio-fertilizer application on quality of pomegranate cultivar Ganesh

Treatment Fruit wt. (g)  Dia. (mm) Length (mm) Aril wt. (g) Skin wt. (g)  Juice (%) TSS
PSB culture 201.25 67.62 76.41 136.75 62.50 72.57 15.17
Azospirillum 173.75 67.27 74.75 106.25 53.25 73.89 14.65
PSB +azospirillum  213.00 70.12 78.87 137.37 66.62 74.62 16.05
VAM culture 188.75 98.02 72.75 117.00 58.12 73.29 15.86
Control 153.25 67.50 68.75 95.12 43.87 74.46 15.43
CDat5 % 24.97 NS NS 24.30 6.59 NS 0.86
Hiwale (2004)

already shown deleterious effects on pomegran-
ate crop performance in Andhra Pradesh,
Karnataka, and Maharashtra. Excessive fertiliza-
tion and water application has led the orchards to
succumb to pests and diseases, and soil health is
also spoiled. Unless and until balanced manage-
ment is practiced, it will not be possible to save
these orchards. Organic fertilizers play a signifi-
cant role in maintaining the sustainability of the
soil and improving soil physico-chemical proper-
ties and micro-fauna activity. Therefore, an
experiment was carried out with different bio-
fertilizers to investigate their effect on sustain-
ability and productivity of the pomegranate
cultivar Ganesh.

Biofertilizers had no influence on the vegeta-
tive parameters of the pomegranate. Azospirillum
at 100 g per plant resulted in a higher leaf nitro-
gen content as well as higher fruit set and reten-
tion; however, fruit weight and fruit size and
yield was maximized with the combined applica-
tion of phosphorus solubilizing bacteria (PSB) +
azospirillum at 50 g per plant. Use of biofertiliz-
ers such as azotobacter has reduced the require-
ment for fertilizers. Application of 250 g
azotobacter culture with 100 g nitrogen has

provided the same effect as application of 300 g
nitrogen per plant, i.e. saves 200 g nitrogen per
plant. Nutrient analysis of leaf samples collected
1 month after fertilizer application showed a sig-
nificant influence in terms of phosphorus and
potassium, but no significant differences in
respect of nitrogen content in various treatments
(Tables 5.18 and 5.19).

Maximum leaf nitrogen content (2.92 %) was
observed in azospirillum. Maximum phosphorus
(0.178 %) and potassium (0.84 %) content were
observed in treatment application of 50 g azospi-
rillum + PSB culture, which may be due to solu-
bilization of phosphorus by the bacteria, leading
to higher uptake. Oil cakes, though insoluble in
water, are quick-acting organic manures; their
nitrogen is quickly available to plants in about a
week to 10 days (Guar et al. 1971).

Maximum fruit set (144.75 fruits per plant)
and fruit retention (83 fruits per plant) was
recorded in azospirillum 100 g per plant and
yield (11.08 kg per plant) in 50 g azospiril-
lum+PSB culture (Table 5.8). Phadnis (1974)
also recommended mixed doses of organic and
inorganic fertilizers to obtain maximum fruiting
and yield. Wavhal et al. (1985) also recommended
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the application of nitrogen along with azoto-
bacter to obtain higher production in pomegran-
ate cultivar Ganesh. Shinde (1977) reported
similar results.

Fruit weight, aril weight, skin weight, and
TSS were significantly influenced by all biofertil-
izers. Fruit weight (213 g), fruit length (78.87
mm), fruit diameter (70.12 mm), and TSS (16.05
°Bx) were highest with treatment application of
50 g azospirillum+PSB culture (Table 5.19),
which may be due to the beneficial effect of phos-
phorus solubilizers with nitrogen fixers. Bankar
and Prasad (1992) reported that increases in
doses of nitrogen did not affect fruit size and TSS
in the pomegranate. Ram and Rajput (2000)
observed a good response to azotobacter in guava
under Uttar Pradesh conditions. Day et al. (2005)
reported a beneficial effect from phosphorus sol-
ubilizers with nitrogen fixers in guava L-49.

The application of biofertilizers influenced
nitrogen content: maximum nitrogen content
(2.92 %) was recorded with the combined appli-
cation of PSB with azospirillum. Similarly, maxi-
mum phosphorus (0.178 %) and potassium
content (0.84 %) was recorded in the same treat-
ment. Leaf sampling was conducted by collecting
the 8th pair of leaves from the growing tip as sug-
gested by Bhargava and Dhandhar (1987). Plant
material (20 g) was ground in a mixture grinder,
and a 1 g sample was taken for nitrogen, phos-
phorus, and potassium analysis from the oven-
dried leaf samples.

5.15 High-Density Orcharding

India is the second-largest producer of pome-
granate (41.5million tons) in the world. However,
the productivity of almost all fruits in India is
very low (12 t/ha) compared with other fruit-
growing countries of the world. This is a major
cause of concern to our scientists, extension per-
sonnel, and orchardists. Many reasons may be
attributed to the low productivity, and, to solve
this problem, our scientists must develop high-
yielding varieties/hybrids that are resistant to
biotic and abiotic stresses and develop better
agro-techniques for realizing the maximum
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potential of fruit cultivation in India. Although
we have achieved this distinction, the per capita
consumption of fruit in our country is still 80 g
per day due to our huge population. This is far
below the recommendation of 120 g per capita
per day. There is little scope to convert the exist-
ing area to fruit cultivation because our first
requirement is to have sufficient food. Therefore,
the major area for expansion will be marginal
degraded arid and semiarid land. Drought-hardy
fruit plants that can withstand biotic and abiotic
stresses and salinity will play a major role, as
they can be grown on these lands successfully.

High-density orcharding results in early bear-
ing, helping to minimize weed problems.
However, the productive life of an orchard is
reduced due to dense canopies that do not allow
sunlight penetration, resulting in gradual decline.
This problem can be overcome by removing
plants in alternate rows. Other methods that can
be used to overcome this problem include train-
ing and selective pruning. The productivity of
almost all fruits in India is lower than in other
fruit-growing countries of the world. To over-
come this problem, pomegranate high-density
orcharding in cultivar Ganesh has been standard-
ized under Maharashtra conditions. To obtain
higher production per unit area, a maximum
number of plants were accommodated per hect-
are. High-density plantation at 5 x 2.2 m under
semiarid conditions resulted in a 2.5 times higher
yield than did the normal spacing of 5 x Smin a
6- to 7-year-old orchard.

Yield g/ha.
Spacing (m) 1981 1982
5x2 66.65 85.69
5x3 49.76 61.96
5x4 36.30 36.35
5x5 27.46 36.64
CDat5 % 11.15 25.27

5.16 Canopy Management

Manipulation of tree vigor and the maximum uti-
lization of sunlight results in increased produc-
tivity and quality. The basic principle of canopy
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management is maximum utilization of light.
Avoiding the growth of a microclimate conducive
to diseases and pests helps in cultivation opera-
tions. Furthermore, the inter space can be utilized
for raising annuals as intercrops.

5.16.1 Training

The pomegranate plant is bushy in nature and
throws a considerable number of shoots near
ground level. Retaining all these shoots at the
base increases the crowding of the tree frame and
the incidence of shoot borers and diseases.
Considering these factors, keeping three to four
stems from the base was found to be satisfactory
for maintaining good productivity as well as
proper health of the plant.

Training is done only to give shape to the tree.
At the time of planting, all the side shoots are
removed. Young plants are allowed to grow into a
bush with a number of main shoots arising at the
ground level. Then, they are properly trained to
form a single stem with a number of well-
distributed scaffold limbs. The plant is topped at
a height of 60-70 cm, and the side shoots (4 to
6 in number, well distributed along the main
stem) are allowed to arise from about 40-50 cm
from ground level. As and when the plant
becomes too thick, very low branches are thinned
out and removed. Trellises provide support to the
branches to avoid the breaking of branches.
Training is done systematically during the initial
3-4 years of plant growth. This helps ensure
plants are uniform in the orchard. After 34 years
of age, plant growth is tremendous. Therefore,
training is necessary to control growth, avoid
criss-crossing of twigs, and to allow air and light
to the canopy. Sometimes non-bearing twigs and
water shoots, along with dried and diseased
twigs, must be pruned. If pruning is not carried
out manually, it can be achieved by applying
1,000 ppm spray of Lihosin once,
2,3,5-triiodobenzoic acid (TIBA) 500 ppm twice,
or maleic hydrazide 500 ppm twice. These sprays
can reduce plant growth and does the job of
pruning.
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5.16.2 Pruning

Farmers in Maharashtra have adopted manual as
well as chemical pruning to rest the plant and
subsequently initiate bahar. Even though no regu-
lar pruning is recommended, it has recently been
practiced by some farmers to improve fruit size.
Pomegranate fruiting occurs on 1-year-old spur.
Fruit that set on the terminal branches do not
attain a good size. To avoid this, the terminal
branches are pruned (15-20 cm).

Systematic work on this aspect was initiated at
CHES Vejalpur, where manual pruning was car-
ried out. Pruning in pomegranate was attempted
to initiate new growth on 5-year-old plants. The
plants were pruned in the second half of May.
Two types of pruning were attempted: (1) heavy
(removing 5-7 kg of fresh weight per plant; and
(2) light (removing 2-3 kg of fresh wood per
plant). Under rain-fed conditions, sprouting
started 3—4 weeks after pruning. However, the
subsequent flowering was delayed.

The mean fresh and dry weight of biomass
removed in heavy pruning per plant was 5.67 and
2.92 kg per plant, respectively, and 2.90 and
1.65 kg per plant in light pruning. New shoot
growth, as evidenced by an increase in shoot
length, diameter, fresh and dry weight revealed
that heavy pruning resulted in higher shoot
growth than did light pruning and control (no
pruning). Similar trends were also recorded in
leaf growth (Tables 5.20 and 5.21).

Although fruit set was significantly higher in
controls (no pruning), fruit retention was higher
with heavy pruning, ultimately giving a higher
yield per plant. There was an increase of about
7.36 g/ha (16.95 %) in yield, giving an additional
income of Rs. 3,680/ha at Rs 500/q. Similarly,
fruit weight and fruit diameter showed significant
increases, which may have resulted in increased
yield per plant.

In pruning of pomegranate cultivar Ganesh
plants, subsequent growth started 1 month later.
Leaves and shoots were sampled for the 4th and
5th month. The percent NPK content in shoot and
leaf revealed that leaves had higher nitrogen but
there was not much difference in terms of phos-
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Table 5.20 Effect of pruning on new growth (fresh and dry weight of shoot)

Shoot fresh Shoot dry

wt. (2) wt. (2)
Treat. 4/10 22/11 4/10  22/11
Heavy pruning 6.37 10.04 3.16 4.75
Light pruning 4.51 6.57 2.14 3.23
Control 1.58 2.49 0.70 1.22
CDat5 % 0.51 0.73 0.29 0.47

Table 5.21 Effect of pruning on new growth and nutrien

Leaf fresh wt. (g) Leaf dry wt. (g)

Treatment 4/10 22/11  4/10 4/10
Heavy pruning 8.78 11.27 4.07 4.61
Light pruning 6.12 8.21 2.70 4.02
Control 2.39 4.87 1.16 0.98
CDat5 % 1.02 0.68 0.53 0.72

Table 5.22 Effect of pruning on yield and yield parameters

Fruit retention

Treatment Fruit set no. no./plant % retention
Heavy pruning 67.8 52.0 85.54
Light pruning  75.7 63.5 88.75
Control 114.5 54.3 68.39
CDat5 % 20.3 6.8 06.16

Table 5.23 Effect of pruning on NPK content of shoot

N (%)
Treatment 4/10 22/11
Heavy pruning 1.97 1.06
Light pruning 1.52 1.48
Control 1.81 1.52

phorus and potassium content. The NPK content
in both leaf and shoot decreased just before initi-
ation of flowering, probably due to diversion of
nutrition, which may explain why the nitrogen
and phosphorous was reduced but potassium con-
tent increased. Nitrogen content was higher in
heavily pruned shoots in both leaf and in new
growth, and it was least in control (Tables 5.22
and 5.23).

Shoot Shoot dia. Pruned wood/plant
length (cm) (mm) Fresh  Drywt.
4/10 22/11 4/10  22/11 Wt (kg) (kg)
66.33 70.83 451 498 5.67 2.90
56.16  60.66  3.76  4.28 2.90 1.65
26.83 30.5 242 295 - -
8.50 9.04 026 0.23 - -
t composition
N (%) P (%) K (%)
4/10 22/11 4/10 22/11 4/10 22/11
2.94 2.42 0.18 0.13 0.850 0.712
291 1.52 0.16 0.13 0.698 0.66
2.58 1.81 0.14 0.18 0.782 0.84
Yield kg/ Fruit length Fruit
plant Yield g/ha  Fruit wt (g) (mm) dia. (mm)
12.7 50.0 169.33 65.21 71.33
10.4 41.6 158.33 58.88 61.05
10.86 434 147.00 57.98 63.05
- - 14.45 NS 7.72
P (%) K (%)
4/10 22/11 4/10 22/11
0.18 0.11 0.894 0.95
0.14 0.11 0.764 0.97
0.18 0.13 0.834 0.77

5.16.3 Fruit Thinning

Fruit thinning is a tool that horticulturists can use
to reduce the burden of the plant and avoid the
use of stored food material at one time. The sink
source relationship plays an important role in
managing the crop load. Fruit thinning helps in
maintaining the sustainability of production over
the years, particularly in fruit trees with a long
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life span. By reducing the number of fruit, the
crop load can be evenly distributed all over the
plant, thereby avoiding the breaking of branches
and improving the exposure of fruits to sunlight,
which helps improve fruit development.
Therefore, work was initiated at CHES
Vejalpur under semiarid rain-fed conditions.
Fruit weight showed maximum increase over
control (79.92 %) when 25 fruits per plant were
retained; this decreased to 69.08 % with 50 fruit,
and 41.60 % with 75 fruits per plant. However,
there was no change in percent juice content and
acidity of fruits. TSS content was maximized
when a lower number of fruits per tree were
retained (17.08 °Bx), showing a decreasing trend
as the number of fruits per plant increased. It was
observed that keeping 75 fruits per plant pro-
duced the maximum yield per plant (11.41 kg)
compared with control (10.24 kg). However,
thinning to 25 fruits resulted in a yield reduction
by 54.98, and thinning to 50 fruits resulted in a
yield reduction to 12.56 %. Fruit thinning
produced good size ‘B’ grade fruit, fetching
higher market prices. Overall, keeping 50 fruits
per plant was found to be an economically viable
preposition for farmers as the economic returns
were highest (Rs. 10,670/-) compared with con-
trol (Rs. 4,692/-), Hiwale (2009) (Table 5.24).

Rate of sale according to Cost of cultivation —
grade: Rs. 3,500/-,

B grade- Rs. 5/kg- 400/q, Cost of thinning— 3 labor /ha
@Rs. 50=Rs. 150/-

C grade- Rs. 3/kg- 300/q, Small fruits — Rs. 2/kg- 200/q.
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5.17 Rejuvenation
of Pomegranate Orchards

Old orchards become non-productive due to the
incidence of pests, diseases, and neglect. It is a
general tendency of farmers in India to neglect
such orchards. In pomegranates, when the survey
was conducted, it was observed that 25 % of the
old orchards became unproductive due to loss of
vigor in the plant, a heavy incidence of pests and
diseases and a deepening of the water table.
There is still scope to review production from
these orchards through intensive care.
Rejuvenation can be achieved via mechanical
measures, chemical measures, and by training
and pruning of plants. Work carried out on non-
selective pruning at CHES Vejalpur has shown
encouraging results. A 15-year-old orchard that
was showing signs of decline, mainly due to dry-
ing of old branches, resulting in sparse flowering
and fruiting, was used for the study. To overcome
the situation, non-selective pruning of the orchard
was undertaken. The plants were headed back to
30, 60, 90, and 120 cm above ground level in the
month of April; plants that were not pruned acted
as controls. The cut ends were sprayed with
chlorpyriphos 3 ml/L with bavistin 1 g/L to con-
trol the incidence of termites and various other
pests and diseases. New sprouts emerged 20-25
days after pruning. The number of new sprouts
per plant was reduced to 8—10 by allowing two to
three healthy sprouts per branch to balance the
framework of the plant. Upon onset of monsoon,

Table 5.24 Effect of thinning of fruit on yield and physico-chemical characteristics of pomegranate cultivar Ganesh

Fruit  Fruit Aril Net
Yield/ length dia.  skin Juice Acidity Yield Gross return

Thinning  plant (kg) Fruitwt. (g) (mm) (mm) ratio (%) TSS°Bx (%) (g/ha) income (Rs.) (Rs.)
25 fruit 4.61 197.74 66.26 65.86 1.66 74 17.08 1.82 18.44 7,336 3,726
50 fruit 8.95 185.82 63.22 61.89 1.77 73 16.16 1.84 35.80 14,320 10,670
75 fruit 11.41 155.62 61.74 60.02 1.87 73 16.0 1.79 45.64 13,692 10,042
Control 10.24 109.9 56.16 56.82 232 72 15.8 1.82 4096 8,192 4,692
CDat5% 0474 10.59 2.11 N.S. 0.01 NS 0.080 NS - - -

Hiwale (2009)
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the growth of the plant increased, and after 1 year
the plant height was on a par with that of control
plants. In due course, the plant growth slowed
down due to diversification of food material to
flowering and fruiting. Mean shoot diameter also
increased at a faster pace after the initial setback.
Plant spread was almost equal to that of the con-
trols after 3 years of growth, i.e. non-significant
differences were recorded in various treatments.
The fruit set in the initial year was reduced in
the first year of pruning (19 per plant), which sur-
passed the controls in the second year (101 per
plant) in plants pruned to 30 cm from ground
level. They outperformed controls in the follow-
ing years. Similar trends were recorded in terms
of the number of fruit retained per plant. The
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maximum number of fruit was retained in plants
pruned to 30 cm from ground level (Table 5.2).
Yield (kg per plant) in the first year after pruning
was reduced to 1.14 kg (81.18 % reduction) in
plants pruned to 30 cm from ground level.
However, the yield per plant surpassed that of
controls in the second year, and the trend contin-
ued thereafter. The increase was to the tune of
16.96, 32.94, and 26.10 % in the 2nd, 3rd, and
4th years of pruning to 30 cm level (Tables 5.25,
5.26, and 5.27).

Pruning plants to 30 cm from ground level
was the most effective method to rejuvenate the
old pomegranate orchard, and can be recom-
mended as standard practice in rejuvenating old
orchards (Hiwale et al. 2006).

Table 5.25 Growth parameters of rejuvenated pomegranate cultivar Ganesh

Plant height (m)

Treatment/year 1999 2001 1999
T1 cutting 30 cm 2.68 242 21.23
T2 cutting 60 cm 2.61 2.66 23.88
T3 cutting 90 cm 2.68 3.34 17.18
T4 cutting 120 cm 2.7 3.42 17.56
TS5 control 3.13 3.56 32.73
CDat5 % 293 0.35 2.62
Hiwale et al. (20006)
Table 5.26 Fruit set and retained/plant

No. fruit set/plant
Treatment/year 1999 2000 2001
T1 cutting 30 cm 19.0 101 89.2
T2 cutting 60 cm 50.8 92.2 88.8
T3 cutting 90 cm 63.4 70.8 82.2
T4 cutting 120 cm 72.8 48 64.8
T5 control 83.4 90.6 93.2
CDat5 % 5.97 21.05 27.33
Hiwale et al. (2006)
Table 5.27 Percent retention and yield kg/plant

% retention
Treatment/year 1999 2000 2001
T1 cutting 30 cm 40.0 51.88 68.16
T2 cutting 60 cm 31.89 48.16 58.56
T3 cutting 90 cm 31.54 50.00 46.72
T4 cutting 120 cm 30.22 60.42 54.01
TS5 control 48.44 49.45 49.78
CDat5 % - - -

Hiwale et al. (2006)

Stem dia. (mm)

Plant spread

NS (m) EW (m)
2001 1999 2001 1999 2001
30.94 2.39 2.55 243 2.73
32.67 2.61 2.51 2.66 2.62
34.03 3.46 2.72 3.46 2.72
32.81 3.34 2.29 3.48 2.32
35.96 3.68 2.54 3.66 2.63
7.13 0.26 NS 0.35 NS
No. of fruit retained/plant
2002 1999 2000 2001 2002
53.00 7.6 52.4 60.8 51.8
140.75 16.2 44.4 52.0 74.4
4275 20.0 354 384 34.6
48.25 22.0 29.0 35.0 46.4
90.75 40.4 44.8 46.4 59.0
47.62 2.74 4.58 5.43 11.16
Yield kg/plant
2002 1999 2000 2001 2002
97.73 1.14 7.86 9.12 11.16
52.86 243 6.66 7.80 7.77
80.93 3.02 5.25 5.76 6.33
96.16 3.10 4.35 5.46 6.96
65.01 6.06 6.72 6.86 8.85
- 0.39 0.69 0.92 0.48
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Pomegranate heading back

5.18 Staggering of Crops

Staggering pomegranate plants is practiced with
a view to regulating crop load on the plant, which
helps in the availability of the fruit for a longer
period, helping the farmer fetch remunerative
prices in the market. It also helps avoid gluts in
the market that lead to distress sales. The rela-
tionship between source and sink can be regu-
lated, which helps improve fruit development.
Pomegranates flower and fruit throughout the
year if irrigation is provided. Taking of particular
bahars leads to gluts in the market. This results in
distress sales by farmers, as fruit crops are obvi-
ously perishable in nature. To avoid this, stagger-
ing the pomegranate crop was attempted to find
the best time to allow flowering during various
months of the year so that maximum production
with the best-quality fruits can be obtained. The
pomegranate was allowed to flower during differ-
ent months of the year in 5-year-old plants of cul-
tivar Ganesh by withholding irrigation and
releasing it during the specified period to initiate

Pomegranate sprouting

flowering. The best crop was obtained when
September flowering was allowed, because the
fruit development coincided with maximum
moisture availability and cool climate, leading to
a lower incidence of insect pests and reducing
cracking, thereby improving the fruit quality
(Table 5.28).

Flowering in September was observed to pro-
duce the maximum yield per plant. Aril seed ratio
increased and softness of seed decreased with
this period. Time of flowering significantly influ-
enced TSS and acidity: TSS increased with an
increase in time of flowering, while acidity
showed a decline. The best fruits were obtained
with September flowering under rain-fed condi-
tions with one or two supplementary irrigations.
Similar observations were recorded by Sonwane
and Desai (1989).

Reducing the fruit load per plant results in the
production of fruits of superior size, which then
fetch premium prices at market. Also, in the
pomegranate, where the production of hermaph-
rodite flowers is higher and results in higher fruit
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Table 5.28 Staggering in pomegranate
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Fruit Aril

length Fruit Dia. Fruit wt. Yield/plant seed 100 seed
Month (mm) (mm) (2) (kg) ratio wt (g) TSS °Bx Acidity (%)
August 67.4 78.10 134.20 9.83 1.89 1.54 16.18 0.44
September 70.99 70.24 151.68 11.83 2.70 1.89 17.64 0.35
October 70.92 70.70 141.88 9.98 3.03 1.96 16.72 0.37
November 70.75 71.05 141.66 2.88 3.28 2.36 18.12 0.34
CDat5 % 2.11 N.S. 291 2.35 2.51 0.17 1.03 0.07

Anonymous (1999)

set, the thinning of fruits can be adopted as regu-
lar practice. Appropriate fruit load helps in proper
distribution of food and maintenance of sustain-
ability of production. Work at CHES Vejalpur on
cultivar Ganesh in hasta bahar indicated that thin-
ning fruits to 25 per plant resulted in larger-size
fruits than all the other treatments applied but
yield was significantly reduced. However, retain-
ing 75 fruits per plant produced uniform medium-
sized fruits with much reduction in yield per
plant. The returns were higher than with other
treatments.

5.19 Crop Regulation-Chemical
Regulation

Fruit and leaf abscission have been reported with
the application of alar at 500-3,000 ppm, which
induced flower and fruit drop. However, chemi-
cal regulation is currently avoided, as most chem-
icals involved have been reported to be harmful
and are either banned or are no longer
manufactured.

The main purpose of crop regulation is to
force a tree to rest and to induce profuse flower-
ing during the regained season. For instance, the
pomegranate has three flushes of flowering: mrig
(June—July), hasta (September—October), and
ambe (December—January) bahar. The methods
used for imposing bahar can be broadly classed
into cultural and chemical. The common cultural
method is to withhold irrigation or use root expo-
sure and root pruning, etc. In terms of chemical
methods, most of the growth retardants and
growth regulators can be used to impose the

bahar treatment. The pomegranate naturally flow-
ers in mrig bahar, which depends upon monsoon
and is difficult to regulate. But withholding irri-
gation can regulate hasta and ambe bahar. Thus,
imposition stress leads to leaf drop and cessation
of growth before the bahar. Later, reducing the
stress slowly will lead to profuse flowering and
fruit set. At CHES Vejalpur, Raturi and Hiwale
(1991) worked on pomegranate cultivar Ganesh
under rain-fed conditions and reported that it is
possible to raise a successful hasta bahar crop.
Hand thinning was used to remove mrig bahar
flowering. Comparative studies on mrig and hasta
bahar indicated that the fruit set, retention, and
yield per plant were highest in hasta bahar. The
fruit of the bahar are available when there is no
pomegranate glut in the market and therefore can
fetch remunerative prices. The quality of fruit
skin color and TSS was also superior, while the
incidence of pests and diseases was lowest. Fruit
borer infection in mrig bahar was recorded at up
to 18.83 %, whereas in hasta bahar it was just
8.92 % (Table 5.29).

5.19.1 Improving Fruit Skin Color

When temperatures are high during the ripening
period, the skin color of the Ganesh variety nor-
mally becomes dull and pale, and fruit lose mar-
ket value. When there is excess nitrogen,
irrigation, and magnesium in the soil, the skin
color becomes light and dull. Therefore, when
fruits are maturing and turning their color, the
application of potassium helps improve the fruit
color. Color of the aril and skin are due to
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Table 5.29 Effect of cropping season on fruit, retention, and yield of pomegranate cultivar Ganesh

% fruit set % fruit retention Yield/plant (kg)
Cropping season (Bahar) 88-89 89-90 88-89 89-90 88-89 89-90
Mrig 3.90 3.99 39.97 47.63 3.18 5.16
Mrig + hasta 5.04 5.43 42.49 55.46 4.52 7.37
Hasta 8.12 9.26 54.06 65.81 5.82 10.25
CDat5 % 1.26 0.79 9.43 5.55 1.01 2.18
Table 5.30 Root distribution pattern (fresh and dry weight g/plant)

Depth of 0-50 50-100 100-150 Total
Type of root soil (cm) Fresh wt. Dry wt. Fresh wt. Dry wt. Freshwt. Dry wt. Fresh wt. Dry wt.
Thin (>3 mm) 30 190 114 250 173 101 67 541 354
Medium (>7 mm) 30 282 162 185 122 90 50 557 334
Thick (>15mm) 30 202 118 - - - - 202 118
Thin (>3 mm) 60 272 213 216 153 138 100 526 466
Medium (>7 mm) 60 364 304 164 101 97 73 625 478
Thick (>15mm) 60 287 228 105 40 - - 392 268
Thin (>3 mm) 90 - - - - - - - -
Medium (>7 mm) 90 - - - - - - - -
Thick (>15mm) 90 65 37 35 21 15 9 115 67
Grand total 1,662 1,176~ 955 (31.12)610 441 (14.37)299 3,068 2,085
(54.17)

Figures in parentheses are percent values

anthocyanin pigment (Du et al. 1975). Low
temperatures stimulate anthocyanin synthesis
and activity of the enzyme phenyl aniline ammo-
nia lyase (PAL), which is directly related to
anthocyanin synthesis (Akoi and Katayama 1970
and Hyodo 1971). A spray of potassium dihydro
orthophosphate 1-2 g in 1 L of water, two sprays
of 500 ppm lihosin, two sprays of 500 ppm of
ethrel during the color-breaking stage, along with
cytozymel00 ml +100 g potassium dihydro
orthophosphate in 100 1 of water, improve the
skin color to reddish.

5.20 Root Distribution

Root distribution acts as a guide for the appli-
cation of fertilizers as well as irrigation. Root
distribution varies according to the type of
soil and method of propagation. No such work
had been carried out in India on the pome-

granate. Therefore, studies were initiated to
study root distribution patterns of air-layered
6-year-old pomegranate cultivar Ganesh. The
active root zone was very shallow and was
spread within the plant canopy. The root dis-
tribution pattern in air layers of pomegranate
cultivar Ganesh under semiarid rain-fed con-
ditions revealed that the root system is shal-
low in nature, as little root activity was
recorded below a soil depth of 60 cm.
Maximum root activity, on a fresh and dry
weight basis, was observed at a radial dis-
tance of 0-30 cm from the tree trunk (54.17
%), at a distance of 30-60 cm it was 31.12 %;
at a distance of 60-90 cm it was 2.12 %.
However, in terms of soil depth, maximum
root activity was observed at a soil depth of
30-60 cm, and 42.69 % activity was found at
a soil depth of 0-30 cm. The least root activ-
ity (3.74 %) was observed at a soil depth of
60-90 cm (Hiwale et al. 2009) (Table 5.30).
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Depth (em.)

Spatial root distribution in pomegranate Cv. Ganesh

Ganesh

5.21 Intercropping

Pomegranate occupies the recommended spacing
(6 mx 6 m) after 8 years; however, the trees start
bearing at 4 years and, until then, inter-cropping
can be carried out with fodder such as berseem
and lucerne, crops such as cowpea and green
gram, and vegetables such as cucurbits, cabbage,
cauliflower, beans, peas, tomato, carrot, onion,
radish, potato, and brinjal. However, inter-crops
should be regulated so that their cultural care
does not interfere with the bahar regulation.

5.22 Post-harvest Technology

The pomegranate has a low respiration rate and a
non-climacteric respiratory pattern. Freshly har-
vested pomegranate fruits of cultivar Ganesh

were treated with wax coupled with carbendazim
(0.1 %) and stored at room temperature (22-24
°C with 52-82 % relative humidity) as well as in
cold storage. Results indicated that fruits could
be stored for up to 75 days in cold storage as
against 30 days at room temperature (Waskar
et al. 1999). Chilling injury can be overcome by
intermittent warming. Storing pomegranates at 2
°C with intermittent warming was optimum for
minimizing chilling injury and maintaining the
quality of the fruit up to 13 weeks (Artes et al.
2000). Controlled atmospheric storage of pome-
granate fruits indicated that the color value of the
juice was significantly increased in fruit stored at
10 % O,, 5 % CO, (Artes et al. 1996). The pome-
granate fruit reached its horticultural maturity
when its soluble solid content reached 15 %. The
maturity period of 105-140 days from fruit set
can be used as a criterion for fruit maturity
(Hayes 1953). However, Kulkarni et al. (2005)
reported that harvesting of fruit on the 100th day
from fruit set was crucial to prevent browning
during storage.

5.23 Value Addition

With increases in area and production of fruit,
steps need to be taken to develop industries to
add value to a crop; if this does not occur, a glut
in the market results and the crop becomes
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uneconomical, leading to either distress sales or
removal of orchards. Pomegranate fruit is known
for its value-added products such as juice, jelly,
anardana, anar rub, rind power, etc., which can be
easily prepared at the field level. Fruits are mainly
used as fresh fruit or juice.

5.23.1 FruitJuice

Pomegranate varieties with dark red arils are
preferred. The juice can be extracted by two
methods: (1) keeping the skin intact and remov-
ing the lower portion, the fruit is separated into
four parts and the juice is extracted via a juice
extractor; (2) the skin is removed, arils are sepa-
rated, and juice is extracted. Juice is preserved
with the addition of potassium metabysulphite
and storing it in cold temperatures in steel or
glass bottles/vessels. A temperature of 77 °C for
33 s is recommended for pasteurization of fruit
juice. This process eliminates Aspergillus niger
and lactic strains. Color stability was maintained
at temperatures up to 80 °C for 30 min, after
which a slight color reduction was observed.
Pasteurized juice showed comparable quality to
unpasteurized juices (Rage and Pai 1999). The
pomegranates were frozen at —40 °C, either with
or without sugar and stored at —18 °C for 9
months (Bilsil and Cevic 1997). Clarification of
pomegranate juice via ultra filtration resulted in
a better retention of ascorbic acid (2-5 % loss),
high yield (97.8 %), and better quality than con-
ventionally clarified juices (Iboyaima et al.
1993). Effective stabilization of color in juice
stored at room temperature can be achieved with
polyvinylpyrrolidone  (PVP) and trypsin
(Khrameeva et al. 1987).

5.23.2 Pomegranate Syrup

Pomegranate syrup is prepared by taking one-
quarter fruit juice and raising the sugar to
60-64 %. The syrup can be stored under normal
conditions for about 3—4 months, and is served by
mixing water in appropriate proportions accord-
ing to taste.
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5.23.3 Pomegranate Nectar

Fresh pomegranate juice can be preserved for a
long time by increasing the sugar content to
20-30 %.

5.23.4 Juice Concentrate

Juice is converted to powder form either by freeze
drying or by drying on a conveyer belt and is
vacuum packed in polythene bags.

5.23.5 Pomegranate Chutney

Wild pomegranate (Anardana type) found in
Himachal Pradesh can be used to prepare chut-
ney. The product was dried in a mechanical cabi-
net at 65 °C for 10-14 h. Samples were packed in
polythene pouches and stored at 37 °C. The
quantity of green chilies added increased the
vitamin C content, total sugars, and PH, while
protein levels and acidity decreased. Chutney had
a shelf life of more than 6 months.

5.23.6 Carbonated Pomegranate
Beverages

The pomegranate beverages were prepared with
different levels of juice (5, 10, 15, and 20 %).
Drinks were formulated to a pH of 3.14-3.16 and
acidity of 0.24 % and stored for 80 days at ambi-
ent temperatures. The beverage with 10 % pome-
granate juice and initial content of 11.78 %
sucrose, 1.3 % reducing sugar, and 1.0 mg ascor-
bic acid was the best (Riaz and Elahi 1992).

5.23.7 Pomegranate Wine

Pomegranate wine is one of the important prod-
ucts with which it is possible to absorb the glut of
this fruit in the market, simultaneously providing
a healthy drink and creating job opportunities.
Around 500 ml of juice can be obtained from
1 kg of pomegranate fruit, from which
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400-450 ml of wine can be prepared through fer-
mentation with the addition of yeast.

5.23.7.1 Methodology

Preparation of starter: A spoonful of standard
wine yeast Saccharomyces ellipsoids 1no.101
maintained on yeast extract peptone dextrose
(YEPD) agar was transferred to a test tube con-
taining 5 ml of YEPD broth and incubated over-
night at 25 °C. After 22 h, it was shaken well in
an incubator at 120 rpm, which is used for inocu-
lation after activating the yeast cell at 40 °C for
1.5h.

5.23.8 Anardana

Wild pomegranate seeds and aril are sun dried
and commercially marketed as ‘anardana’, which
is used as a condiment (Sharma and Sharma
1990). Chemical characteristics such as high
juice content and sugar/acid ratio, more intensive
color, and less tannin content are good attributes
for a better quality of anardana. To improve color
stability by preventing oxidation of the anthocy-
anin, a mixture of glucose and citric acid is used
as stabilizer at a ratio of 1.0:0.20:0.003 of juice to
glucose to citric acid (Gafizov et al. 1990).

In Himachal Pradesh, making anardana is a
household activity and it is mainly used as a sub-
stitute for tamarind and mango slices. It is also
used in the garnishing of ice cream, fruit salad,
chutney, and panmasala. There is huge demand
for the product in North India. The culled fruits
can be used for preparation of anardana. Anardana
can be prepared from varieties with acidity of
7.8—15.4 %; the Russian types are especially suit-
able. The varieties under large-scale cultivation
have acidity of just 0.3-0.5 %, which can be used
with the addition of 5 % citric acid to the arils.
The total expenditure for the preparation of 1 kg
anardana is around Rs. 60.

Mahajan et al. (1992) processed wild pome-
granate for the preparation of anardana with three
thermal treatments: deep sand roasting of whole
fruits for 5 min; dry roasting on a heater; and
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blanching in boiling water for 5 min. The first
method was found to be the best. Three drying
techniques were also tried: solar drying; conven-
tional sun drying; and via a hot air dehydrator.
Solar drying was the best. Hussein et al. (2004)
analyzed pomegranate Whole fruit remove as
seed powder samples, and seed powder samples
as suggested standard grades for sensory
evaluation.
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Introduction

Abstract

Aonla (Emblica officinalis Gaertn.) or Indian gooseberry is an important
fruit crop of Indian origin and is known since for its nutritive and medici-
nal value. The fruit is a rich source of ascorbic acid, a vital vitamin for its
antioxidant value. The vitamin is not oxidized due to the presence of tan-
nins and is least destroyed during storage. Dried fruits of aonla are useful
in the treatment of dysentery, jaundice, dyspepsia, and cough.

Aonla is emerging as one of the important minor fruits of India. The
area under this fruit has gone up to approximately 25,000 ha over the past
decade. Identification of superior varieties with high yield increased pro-
ductivity even under semiarid rainfed conditions on marginal degraded
lands. The tree can beat the vagaries of monsoon, drought conditions, and
high temperature. There are a number of value-added products that can be
prepared and sold in Indian as well as in overseas market. The demand for
such products is on an increase, and around 20 t of aonla candy was pro-
duced last year in Gujarat itself. Thus, there is great potential for aonla
cultivation in semiarid rainfed areas.

nal value. It can also be grown successfully in
arid climate and in the soils of higher pH and

Aonla (Emblica officinalis Gaertn.) is also known
as Indian gooseberry. It is an important crop of
Indian origin which is grown throughout north-
west Indian plains. It is very rich from the nutri-
tional point of view, being next to Barbados
cherry in terms of vitamin C content (500-750
mg/100 g pulp) which is not oxidized due to the
presence of tannins and is even least destroyed
during storage. Besides, it has excellent medici-

S. Hiwale, Sustainable Horticulture in Semiarid Dry Lands,
DOI 10.1007/978-81-322-2244-6_6, © Springer India 2015

poor fertility wastelands. Aonla is emerging as
one of the important minor fruits of India. The area
under this fruit has gone up to approximately
10,000 ha over the past decade. Identification of
superior varieties with high yield increased pro-
ductivity even under semiarid rainfed conditions
on marginal degraded lands. The tree can beat the
vagaries of monsoon, drought conditions, and high
temperature. There are a number of value-added
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products that can be prepared and sold in Indian
as well as in overseas market. The demand for
such products is on an increase, and around 20 t
of aonla candy was produced last year in Gujarat
itself. Thus there is great potential for aonla culti-
vation in semiarid rainfed areas.

6.2  Uses and Nutritive Value

The aonla fruit has special significance in view of
its high nutritive value and rich medicinal proper-
ties (Table 6.1). It is a rich source of vitamin C
(ascorbic acid), and the bark, leaves, and fruits
are used for tanning. Its fruits are also a rich
source of pectin which is used for tanning and
preparing jelly. Dried aonla fruit is useful for the
treatment of dysentery, jaundice, dyspepsia, and
cough. It is also a good treatment for eye prob-
lems and stomach ailments. Aonla fruit is also an
important ingredient of chyawanprash which is
an ancient well-known Ayurvedic medicine.
Aonla is also used for manufacturing hair oil.
Fruits are also utilized for the preparation of pre-
serves and pickles.

6.3 Botany

Aonla (Phyllanthus emblica L.) belongs to the
family Euphorbiaceae, to which also belongs
another species, Phyllanthus acidus (distichus).
In both these species, the leaves are small and
arranged in two rows along small branches,

Table 6.1 The nutritive value of aonla fruit

Constituent Value
Moisture 81.2 %
Protein 0.5 %

Fat 0.1 %
Carbohydrate 14.1 %
Calcium 0.05 %
Phosphorus 0.02 %

Iron 1.2 %
Vitamin C 600 mg/100 g

Source: Singh et al. (1963)
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some of which are deciduous. The tree is hardy
and of medium height. However, the seedling
tree can attain height up to 30 m. It is evergreen;
however, leaf shedding takes place during
February—March. The tree trunk is smooth and
whitish which resembles guava. The bark peels
off and each shoot has at least about 100 leaves.
Leaves are simple and are clustered on their
branchlet in such a way that the branchlet appears
to be a compound leaf. On these branchlets, male
and female flowers appear during the late spring
season. Plants are monoecious. Flowers are borne
on young shoots in the axil of leaves. Lower
flowers are usually female. Flowers are small and
have small pedicles. Pistillate flowers are borne
singly and are green in color. Staminate flowers
are borne in groups of three which are light yel-
low in color. Sepals vary from 5 to 6. Anthers
open vertically. Fruits are borne on the same
shoot which carries leaves. The fruit is berry and
round in shape. It is smooth with firm flesh and
has six lobes. The stone is hexagonal with six
flattened seed ends, and the fruit is almost
stalkless.

Aonla fruits are borne on the branches and
the plant thus appears to bear flowers on its
leaves, giving the name of the genus Phyllanthus
which means literally “leaf flower.” A third spe-
cies of the genus, P. fischeri, found in the forests
of south India, also bears fruits for human con-
sumption. The genus Phyllanthus comprises
about 350 species, mostly shrubs, some herbs, or
trees.

Aonla cultivars have not been standardized
and are identified mostly on the basis of size,
color, or location where they grow. The popular
cultivars are Banarasi, green tinged, red tinged,
and white streaked. Some important varieties of
aonla recommended for commercial cultivation
are Banarasi, Deshi, Chakaiya, and Hatijhool.
The Banarasi is the best variety for making pre-
serves. The fruits are large, yellowish, and shiny,
with good keeping quality. Chakaiya is a very
hardy variety.



6.4 Cultivars

6.4 Cultivars

Banarasi, Chakaiya, and Francis (Hatijhool) are
major commercial cultivars of aonla. The salient
characteristics of these cultivars are described
below.

Description of Aonla Cultivars

The aonla cultivars based on their evaluation at

CHES, Godhra, can be divided into three groups:

* Early season

e Maturity from mid October to the end of
October. Banarasi, Chakaiya, and Anand

e Mid season

e Maturity from the end of October to middle of
November. Francis, NA-7, and Krishna

e Late season

e Maturity from the first to third week of
November. Kanchan and Anand-1

6.4.1 Banarasi

It is an early bearer and bears good crop of qual-
ity fruits having a good keeping quality. The
fruits are medium to large and roundish with six
linear grooves extending from the base to apex
and are light green in the early stage and whitish
green on maturity. The skin is thin, translucent,
adhered to the flesh, and slightly fibrous, and the
stone is lightly embedded in the flesh, dull green,
and hexagonal with six small elliptical seeds.
Juice content is medium and is moderately astrin-
gent. The TSS is 13.0 %, acidity 2.34 %, total
sugars 8.0 %, and seed/pulp ratio 1:21 (Teotia
et al. 1968).

6.4.2 Chakaiya

It is a hardy cultivar with very heavy bearing
habit. It is a mid-season cultivar having a very
good keeping quality. Fruits are medium sized
and flattened at the base and apex. The stalk is
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roundish and inserted. The skin is thin, green in
color, and smooth. Segments are 6—8 in number,
flesh soft, fibrous, adhered to the stone, and
astringent, and the TSS is 9.0 %, acidity 2.17 %,
total sugars 9.6 %, and seed/ pulp ratio 1:17
(Teotia et al., 1968). The stone is small and dull
green with 6-8 furrows and ridges. It is a good
pollinizer. It is a late and heavy bearer and has
poor keeping quality. Fruits are large, oval round-
ish, and short stalked with six linear grooves. The
skin is thin and light green. The flesh is firm,
slightly fibrous, firmly adhered to the stone, and
moderately astringent, having a TSS of 11.5 %,
acidity 2.52 %, and total sugars 7.3 %. The stone
is small, flattened, and dull green (Teotia et al.
1968).

6.4.3 NA7

It is a selection from open pollinated seedlings of
Francis and bears profusely with 5.06 female
flowers per branchlet. It has a precocious and
prolific bearing. Fruits are medium to large (47.5
g). Oval with irregular basis and conical in shape,
smooth yellowish green skin. The flesh is almost
fibreless soft, has moderate keeping quality, and
is free from necrosis and suitable for processing.

New strains of aonla have been identified at
CHES, Godhra, through clonal selection which
are high yielding and possess other good quality
attributes.

6.4.4 Kanchan

It is a chance seedling of Chakaiya. The tree is
tall and has a spreading growth habit. Fruit
medium, flattened oblong, skin is smooth, light
green, segment six and difficult to separate. The
flesh is fibrous and hard. It has good keeping
quality and is ideally suitable for preparation of
pickles. It matures late and is free from fruit
necrosis. The TSS is 9.5 %, acidity 2.11 %, and
vitamin C 422.70 mg/100 g.
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6.4.5 Krishna

This is a chance seedling of Banarasi from
Pratapgarh District. The tree is semi-tall with
spreading growth habit. Fruits large, skin smooth,
whitish green to apricot yellow in color with red
dpot on exposed surface. Segments are six in
number and can be easily separated, and the flesh
is pinkish green, less fibrous, and highly astrin-
gent. It is a shy bearer, matures earlier, and has no
evidence of fruit necrosis. It has a moderate keep-
ing quality. The TSS is 11.00 %, acidity 2.32 %,
and vitamin C 549.20 mg/100 g.

6.5  AonlaVariability and Its

Performance

The performance of eight varieties of aonla over
the last 5 years revealed that varieties differ in
growth and bearing habit. Trees of cultivars
Anand-2, Anand-1, Banarasi, and Krishna were
vigorous and spreading, whereas those of NA-7,
Francis, and Chakaiya showed less vigor and an
upright growth pattern. The cultivars clearly differ
in the bearing number of female flower per
branchlet, which largely affects their yield potential
(Hiwale and Raturi 1999) (Tables 6.2 and 6.3).
Consequently cultivar NA-7 outyielded all the
others, with a yield potential of 102 kg per plant,
followed by Kanchan with a 88.4 kg yield per
plant in the 10th year (Table 6.2). Similar results
were reported by Singh et al. (1963) and Pareek
and Nath (1996). The fruit maturity in cultivars
Banarasi, Krishna, and NA-7 occurred during
mid October to mid November, and these are
classified as early cultivars. The mid-season cul-
tivars Francis, Anand-1, Anand-2, and Kanchan
mature during mid November to mid December.
Cultivar Chakaiya was late to mature. Maximum
fruit weight, length, and breadth were recorded in
cultivar Banarasi. It was least in NA-7. Banarasi
and Anand-2 have the highest TSS. Krishna has
the maximum vitamin C content. The results
clearly indicated the supremacy of aonla cultivar
NA-7 in terms of production as well as income.
Cultivar NA-7 was found to be early and fruit

6 Aonla (Indian gooseberry)

development coincides with maximum moisture
availability and hence recommended for com-
mercial cultivation.

6.6 Pollination Techniques
and Pollinizers on Fruit Set

and Fruit Quality in Aonla

NA-7 was found to be a promising cultivar, but
there was a self-incompatibility problem in this
cultivar and it needs pollinizers to improve fruit
set (Alemullah and Santram 1990). Investigation
carried out of study self-incompatibility of culti-
vars NA7 revealed that under bagging the lowest
fruit set (2.35 %) and no fruit retention at matu-
rity was recorded. Fruit set and fruit retention
were significantly higher under open pollination
(61.43 and 18.43 %, respectively). Among differ-
ent cross combination, the highest fruit set and
fruit retention were recorded in cv. NA-7xNA-6
(58.42 and 10.41 %, respectively), closely fol-
lowed by NA7xKrishna (46.86 and 9.83 %,
respectively). Poor fruit set under bagging clearly
indicated the problem of self-incompatibility in
NA-7. Most of the aonla varieties are found to be
self-incompatible. Aonla cv. NA-6 and Krishna
are found to be suitable pollinizers for NA-7
(Table 6.4).

6.7  Flowering Fruit Set and Fruit

Drop Studies in Aonla

Aonla or Indian gooseberry can be successfully
cultivated under semiarid rainfed conditions. In
newly evolved cultivars, their performance in
respect of flowering, fruit set, and fruit drop was
considerably influenced by the rainfed climatic
conditions. Cultivar NA-7 was found to be supe-
rior to other nine cultivars evaluated in respect to
earliness, higher number of female flowers per
branchlet, lowest male/female ratio, maximum
fruit set, retention, and thus productivity and
therefore is recommended for commercial culti-
vation under semiarid rainfed conditions of west-
ern India.
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6.7 Flowering Fruit Set and Fruit Drop Studies in Aonla
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Table 6.3 Fruit set and fruit retention in aonla cultivars

Variety Male flowers/cluster ~Female flowers/cluster
Banarasi  520.29 2.33
Krishna 597.04 2.00
Francis 570.58 4.84
NA-7 503.60 9.79
Chakaiya 358.73 7.86
Kanchan  329.64 7.77
Anand-1  724.37 3.21
Anand-2  694.42 4.56

6 Aonla (Indian gooseberry)

Male to female ratio  Fruit set (%) Fruit retention (%)

Table 6.4 Effect of pollination techniques and pollinizers on fruit set and fruit quality in aonla

Crosses Fruit set (%)  Fruit retention (%)
‘NA-7 (bagged) 2.35 3.72
‘NA-7 (open 61.43 18.54
pollination)

‘NA-7x Chakaiya 29.98 6.87
‘NA-7x ‘Francis 31.24 2.42
‘NA-7x Krishna 46.86 9.83
‘NA-7x Banarasi 22.02 2.77
‘NA-7x NA-6 58.42 10.42
‘NA-7x NA-10 38.69 6.39
CDat5 % 4.81 2.1

The problem of erratic flowering and low fruit
set and heavy fruit drop is still persistent to the
extent that some of the varieties have become
commercially uneconomical. The present investi-
gation was therefore undertaken to evaluate the
performance of new cultivars for flowering, fruit
set, and fruit drop under semiarid rainfed areas of
western India.

Germplasm of nine cultivars of aonla, viz.,
Chakaiya, Francis, and Banarasi (the traditional
ones), were compared with those of NA-7,
Krishna, Kanchan, Balawant, Anand-1, and
Anand-2 at the central horticultural experiment
station, Vejalpur, Gujarat, under semiarid rainfed
conditions.

Flowering and fruit set studies were carried
out by counting the total number of branchlet per
shoot, no of male/female flowers per determinate
branchlet and on this basis male/female ratio was

253.96:1 27.01 6.22
355.49:1 29.69 8.13
159.74:1 46.03 9.19
61.11:1 58.94 12.37
64.05:1 52.55 8.44
66.28:1 50.79 12.28
225.66:1 13.75 3.42
152.27 14.53 3.75
Ascorbic
Fruit size (cm?)  Fruitwt. (g) TSS (%) acid (mg/g)
15.71 47 11.6
14.5 45 12.0 590
14.23 40 9.5 525
15.01 43 8.0 490
15.91 50 11.0 512
16.11 52 12.5 586
15.00 41 10.5 568
16.28 53 13.0 600
NS 1.03 2.3 NS

worked out. Similarly the number of fruit set per
branchlet, number of fruits retained at important
fruit development stages, and number of fruit
dropped after the fruit set were counted on a
whole tree basis by putting polythene sheet below
the tree at periodical interval, and their number
was counted. Percent retention was worked out
for both the stages in July and September.

6.8 Flowering and Sex Ratio

Cultivars Chakaiya, NA-7, and Balawant were
early to flower (in the last week of February),
whereas flowering started in the middle of March
in cultivars Krishna, Banarasi, Anand-1, Anand-2,
Francis, and Hathizool. Flowering was late in
Kanchan. Data on the total no. of determinate
branchlet per shoot indicated significant differ-
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Table 6.5 Flowering and sex ratio in aonla

No. of male No. of female Male/female
Cultivar No. of branchlet flower/branchlet flowers/branchlet ratio
Chakaiya 236.50 325.67 4.66 141.74
Francis 460.17 270.33 2.50 33.52
NA-7 363.83 312.17 6.50 22.51
Banarasi 324.33 349.67 3.00 79.38
Anand-1 424.83 306.00 3.50 90.56
Anand-2 415.00 352.67 3.50 106.80
Kanchan 325.33 207.33 2.17 3242
Krishna 370.83 208.33 3.33 32.08
Hathizool 401.17 316.67 2.33 109.58
Balawant 348.50 239.33 4.16 33.96
CDat5 % 85.35 69.67 1.37 36.54

ences among the cultivars. It was least in
Chakaiya (236.50) and was maximum in Francis
(460.17), probably due to vigorous growth in this
cultivar. Flower buds appeared on determinate
shoot immediately on sprouting. In the initial
stages, male flowers were first to appear and
female flowers at a later date. Flower opening ini-
tiated before the branchlets were fully developed
and male flowers were first to open. Bajpai (1968)
and Karale et al. (1991) reported similar results.
There were significant differences among the cul-
tivars in respect to the number of male and female
flowers per branchlet as well as sex ratio. Male
flowers were highest in Anand-2 (352.67) and
least in Kanchan (207.33). The maximum num-
ber of female flowers/branchlet was observed in
NA-7 (6.5) and minimum in Hathizool (2.33),
whereas the male/female ratio was highest in
Chakaiya (141.74) and was least in NA-7 (22.51)
(Table 6.5).

6.9  Fruit Set and Retention

Fruit set/shoot was recorded based on the no. of
female flowers retained after flowering was com-
pleted in the first week of April. Significant dif-
ferences were recorded among the cultivars. Fruit
set was highest in NA-7 (989.33 no.) and was
least in Anand-1 (337 no.) (Table 6.6). After this
the fruits underwent dormancy for about one and
half month, and further fruit development started

on the onset of monsoon. Fruit retention was
counted at a regular interval at the initiation of
development, at the pea-size stage, and at the
fully developed stage. Data showed significant
differences among the cultivars. Fruit retention/
shoot was maximum in NA-7 (658.33 and 409.66,
respectively) in both July and September and was
minimum in Anand-1 (174 and 85.66, respec-
tively) (Table 6.6). Percent retention showed
significant differences among different cultivars.
NA-7 had highest percent retention in both July
and September (66.58 and 41.40, respectively).
Retention was least in Hathizool (43.75 % and
21.65 %, respectively) (Table 6.6).

6.10 Fruit Drop

Fruit drop studies were carried out on whole tree
basis by laying polythene sheet under the tree
canopy and counting the number of fruit dropped
at a regular interval. Fruit drop was maximum
after the first rainfall which may be due to the
sudden change in the temperature from 40 °C to
around 30 °C. The next wave of fruit drop was
mainly due to the incidence of fruit borer and the
third wave due to again the sudden rise in tem-
perature in September causing sunburn and fruit
drop. The intensity of fruit drop varied among the
cultivars (Fig. 6.1). Fruit drop was recorded from
the 30th of July to the 2nd of September. The
maximum number of fruit dropped was in NA-7
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Table 6.6 Fruit set and fruit retention/shoot in aonla

6 Aonla (Indian gooseberry)

Fruit set (April) Fruit retained (July) Fruit retained (Sept.)

Cultivar No./shoot No./shoot (%) No./shoot (%)

Chakaiya 668 310.33 46.74 221.66 32.62
Francis 713.66 392.33 54.90 224.66 31.30
NA-7 989.33 658.33 66.58 409.66 41.40
Banarasi 681 392.33 54.12 176.00 25.96
Anand-1 337 174.00 52.19 85.66 34.00
Anand-2 387 232.66 60.07 132.33 25.75
Kanchan 477.66 249.33 54.03 163.33 35.04
Krishna 627 395.33 62.83 194.33 31.18
Hathizool 510.33 220.33 43.75 107.66 21.65
Balawant 660.33 334.33 49.68 150.00 22.25
CDat5 % 153 107.86 9.11 71.81 9.39

Francis NA-7

Chakiya

Fig.6.1 Total fruit drop no./tree

owing to the heavy set, and it was least in
Anand-2. Allemullah and Sant Ram (1990) and
Bajpai (1968) also reported variation in fruit set
and fruit drop in different cultivars. Cultivar
NA-7 was found to be commercially superior due
to the high fruit retention and therefore yield
under semiarid rainfed conditions.

Aonla Clonal Selections
and Its Performance

6.11

The objective of breeding was to evolve the
aonla variety for earliness, high yield, and suit-
ability to high-density orcharding under semi-

Banarasi Anand-1

Anand-2 Kanchan Krishna

arid conditions. The breeding method followed
was clonal selection. The clonal election was
made from the collections done at CHES,
Vejalpur, over the past 20 years. Selection was
made from plus trees observed from the collec-
tion. The clonal selection identified was evalu-
ated and then multiplied by in situ budding.
Evaluation of the selection for the past 5 years
revealed that vegetative growth parameters of
all the plants selected were on par. The timely
flowering resulted in early fruit development
with change in weather conditions. There are a
more number of female flowers per branchlet, a
less number of empty clusters per shoot result-
ing in early fruit maturity and heavy fruit set,
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fruit retention, and therefore yield. As for the
quality attributes, it has a low fiber content
which makes it suitable for processing and
export.

The selection matures 2 weeks earlier than the
parent material. Observation on flowering and
fruiting recorded indicated that selection-6 had
the least number of empty branches (53.33) as
compared to the control (165.33). The number of
female flowers per branchlet was highest (16.66)
in the selection and was least in control (6.66).
The number of branchlet bearing female flowers
was maximum in the selection (70.1 %) com-
pared to the control (30.33 %). This resulted in
higher fruit set and retention leading to
higher yield per plant. The yield increase is to the
tune of 22.9-54.15 % over the control under
dry land conditions of Gujarat (Table 6.7). The
results clearly indicated the superiority of selec-
tion-6 over other selections and control and was
therefore identified and released as “Goma
Aishwarya”.

6.12 Cultivation
6.12.1 Soils

Sandy loam soils are the best suited for aonla cul-
tivation. Soil should be at least 2 m deep; other-
wise, the plant will not survive beyond 12 years
in fruiting (Sant Ram 1983). Alkali soils having a
pH of 8.5 suppressed root growth due to its
adverse effect on the availability of micronutri-
ents (Sant Ram and Rao 1976). Similarly, soils
rich in lime are also not much suitable for grow-
ing aonla. A six-month-old seedling could be
planted and subsequently budded in alkali soils
having an ESP of 32 and ECe of 10 dSm™!
(Anonymous 1988).

6.12.2 Climate

Its cultivation is more successful in subtropical
regions. It can be grown successfully up to the
elevation of 1,800 m from sea level. It can also be
grown in semiarid to arid regions.

&I fine :::\; -
AONLA GOMA AISHWARYA
IN BEARING
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6.14 Establishment of Orchard
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6.13 Propagation

Aonla can be propagated by both seed and vege-
tative methods. Seeds are extracted from the fruit
after ripening and are dried in shade. The seeds
which float in the water are described, and settled
seeds on the bottom are taken for sowing.
According to Bhujbal (1975), dipping of seeds in
GA3 50 ppm for 24 h gave maximum seed germi-
nation. Seeds are sown in the nursery either dur-
ing March or June—July. The seedling plants after
attaining proper stem girth are budded during
June—August. Shield, forkert, and patch are com-
mon methods of budding. Besides, inarching is
also successful to the extent of 25-30 % (Singh
1952). Cutting and layering are not successful in
aonla. Aonla cultivation is picking up fast and
hence demand for plant material has increased
manifolds with the advent of technology. Raising
an aonla nursery has also become a profitable
preposition by raising rootstock plants of Deshi
aonla available in the forest areas in 200 gauge
polythene bags of 25 cm length and 10 cm
diameter. The seedlings are ready for budding
after 5-6 months, and they are ready for trans-
planting in another 40 days of budding (Table
6.8).

Table 6.8 Performance of budding methods

Insitu  Nursery

budding budding
Success in budding (%) 85.70 62.80
Average plant height (m) 01.33 85.00
Average stock diameter (mm) 31.39 09.00
Average scion diameter (mm) 2591 08.00
No. of fruits per plant in the 3rd year 52.00 27.00
Yield per plant (kg) in the 3rd year ~ 15.00 00.45

In situ budding Aonla

The best time for budding is observed to be from
the first week of May till the rest of the monsoon.
Patch budding was found to be the best method
for budding. Deshi aonla is found growing wild
in India and is known for their hardiness. Seed
germination can be improved by wetting the seed
in water containing 2 % salt and removing the
floating seeds. The seeds which settle down are
tied in to a gunny bag and then buried into FYM
for 3—4 days. The seed germination is improved
to 70 % by this method. Seeds should be col-
lected from fully ripe fruits in the month of
November and are sown in the month of February
in polythene bags. For in situ budding, the seeds
are sown in prepared pits on the onset of mon-
soon and are budded subsequently when they
attain the diameter of 4-5 mm.

6.14 Establishment of Orchard
6.14.1 Plantation

Planting is done during the rainy season (July—
August). However, it can also be done during
March—April. Plantation can be done at a space
of 8—11 m apart which may vary according to soil
and climatic conditions and growth habit of a
particular cultivar.

6.14.2 Pruning and Training

Aonla trees do not require special pruning and
training. However, during the initial years, prun-
ing should be done to have a balanced training of
the plant. In addition, dried branches should be
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removed periodically. As the branches carrying
heavy crop load break off, the plants should be
trained to develop a low-headed foundation frame
of main branches on the trunk within 1 m from
the ground. The frame should be developed by
encouraging growth of 4-6 well-spaced branches
with fairly wide angles. Bearing trees can be
pruned after the termination of crop each year by
removing dead, diseased, broken, or weak cross
branches and suckers from the rootstock.

6.14.3 Irrigation

During the active growth period from March to
June, trees are required to be irrigated at a weekly
interval to secure higher fruit set and reduce fruit
drop. During October—December, irrigation at 20
days’interval may help in better fruit development.
Care must be taken to ensure that water does not
stagnate in the orchard during the rainy season
failing which trees may die.

6.14.4 Nutrition

Nutrition plays an important role in aonla cultiva-
tion. By way of proper nutrition, the orchard can
be maintained in good fruiting for long, and 180-
360 g nitrogen, 540-1,080 g phosphorus, and
180-360 g potash per tree per year have been rec-
ommended in cultivar Banarasi (Singh 1973).
The application of fertilizers helped in increasing
female flowers compared to male flowers,
increased fruit size and TSS, and also reduced
fruit drop. Phosphorus and potassium improve
vitamin C content. Boron helps in flowering and
also in improving TSS and vitamin C content.
Foliar spray of 0.6 % borax solution thrice at
10—12-day interval during September—October

6 Aonla (Indian gooseberry)

has been recommended for controlling internal
necrosis in cultivar Francis (Sant Ram and Rao
1976). 15 kg FYM per year of age to the maxi-
mum of 75 kg and 1 kg calcium ammonium
nitrate and 2-5 kg super phosphate per tree in
February and 1 kg calcium ammonium nitrate in
July—August have been recommended, in
Haryana.

6.15 Harvesting and Storage

Fruits become ready for harvesting by November—
December and can be harvested up to February.
The color of fruits starts turning to light yellow at
maturity stage. Care must be taken at the time of
picking so that fruits do not get injured due to
dropping to the ground.

Under cold storage conditions, fruits can be
stored for 7-8 weeks, keeping temperature at
32-35 °F and relative humidity of 85-90 %.

6.16 Yield

Deshi aonla trees start bearing fruits after 10
years of plantation, whereas budded or grafted
trees start bearing after 3 years. From the full-
grown tree of 10—15 years of age, approximately
100 kg fruit yield can be obtained per year per
tree.

6.17 Economics

The yield stabilized in the 10th year with a pro-
duction of 95 q aonla/ha. A net return of Rs.
42,750 and BC ratio of 1:10.98 were recorded
(Hiwale 2014).



Annex 95

Annex

Rainfall (mm) — 2002, 2003, and 2004 — CHES, Godhra

Date (2002) Rainfall (mm) Date (2003) Rainfall (mm) Date (2004) Rainfall (mm)
25/6 3 17/6 15 9/5 4.1
26/6 51 19/6 20 5/6 22
2716 12 21/6 6.08 14/6 15
28/6 104 22/6 9.04 15/6 10.2
29/6 5 23/6 16.06 16/6 1.2
30/6 8 24/6 15 17/6 1
16/7 12 28/6 3 18/ 1.8
1717 11 3/7 35 6/7 14.3
22/7 32 8/7 10 7/7 1.8
26/7 6 9/7 33 1777 16.4
5/8 4 10/7 3 20/7 7
6/8 11.6 11/7 38.06 21/7 14
7/8 8 12/7 10.04 22/7 14.8
8/8 32 16/7 35 26/7 10
10/8 2 17/7 17 2717 23.5
16/8 14 1977 16 28/7 3
24/8 16 21/7 35.02 29/7 1
25/8 86 22/7 22 30/7 38
26/8 18 23/7 32 31/7 68
31/8 8 2477 49 1/8 43
3/9 7 2517 31 3/8 6.3
4/9 55 26/7 11 4/8 18
5/9 10 2717 12.06 5/8 44
Total 458 28/7 97 6/8 46
29/7 13 7/8 31
2/8 34 8/8 74
3/8 7.02 9/8 34
4/8 9.08 10/8 19
5/8 5.04 11/8 58
24/8 161 12/8 20
25/8 25 13/8 42
26/8 17 14/8 102
27/8 27 15/8 25
28/8 5.5 16/8 8
20/9 15 17/8 2.4
22/9 23 19/8 20
23/9 24 20/8 1
Total 940.5 21/8 18
23/8 9
24/8 26.2
25/8 0.2

Total 907.09
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Abstract

Mango (Mangifera indica L.) is the number one fruit tree in respect to
area, production, as well as income. It is known for its liking by the peo-
ple, attractive color, vitamins, and mineral composition. The area under
mango from 1978 to 1979 was 942,560 ha which was 42.6 % of the total
area under fruits with a total production of 8.215 million tons. In 2010-
2011, the area was 2,297,000 ha, a phenomenal 2.43 times increase, but
there is a decrease in percentage of total area (36.0 %). The leading mango
growing states in India are Uttar Pradesh, Andhra Pradesh, Bihar,
Mabharashtra, Orissa, and West Bengal. The varieties suitable for export
are Alphonso, Kesar, and Dashehari which are grown on large scale. Fresh
mango export was to the tune of 83,703 t worth Rs. 17,071 Lakhs in 2008—
2009. Large quantity of mango pulp is also exported in 2008-20009; it was
173,013 t worth Rs. 75,298 Lakhs.

7.1 Introduction

Mango (Mangifera indica L.) is the number one
fruit tree in respect to area, production, as well as
income. It is known for its liking by the people,
attractive color, vitamins, and mineral composi-
tion. The fruit appears to be linked with the cul-
tural history of India. It is one of the ancient fruits
of India. It is known in India since 2000 BC and
has historical, religious, cultural, and economic
importance. Mango is not only important for its
fruits but also its timber, fuel, and fodder value;
apart from this it provides shade to the cattle and
human beings. In olden days, mango was mostly
propagated by seeds, which helped in soil con-
servation. Mango cultivation got real boost dur-

S. Hiwale, Sustainable Horticulture in Semiarid Dry Lands,
DOI 10.1007/978-81-322-2244-6_7, © Springer India 2015

ing the Mogul period; many of the choice
seedling trees were identified and named and
propagated vegetatively. Mango is believed to
have originated in the Indo-Burma region
(De-candole 1904; Popeno 1932; Mukherjee
1951). Besides India, mango is cultivated in most
of the countries of Southeast Asia, namely, the
Philippines, Indonesia, Thailand, Burma,
Malaysia, and Sri Lanka. Other important coun-
tries growing mango are Egypt, Southeast Africa,
South Africa, Israel, tropical Australia, the USA
(Hawaii and Florida), Mexico, Brazil, Cuba, and
West Indies. In India, mango is distributed
throughout the length and breadth of the country
except in hilly regions above 915 m from mean
sea level. The area under mango during 1978-1979

97
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was 942,560 ha or 42.6 % of the total area under
fruits with a total production of 8.215 million
tons; the leading mango growing states in India
are Uttar Pradesh, Andhra Pradesh, Bihar, Orissa,
and West Bengal. Commercial planting of the
variety Alphonso is located in Maharashtra
(Ratnagiri) and Gujarat (Bulsar).

Area and Production
(Tables 7.1 and 7.2)

7.2

7 Mango (Mangifera indica L.)

7.3 Botany

Mango belongs to the family Anacardiaceae;
other well-known plants of the family are cashew
and pistachio. There are other edible species of
mango; they are Mangifera odorata, Mangifera
foetida, and Mangifera caesia which are culti-
vated. The genus Mangifera consists of 41 spe-
cies (Mukherjee 1949a) distributed throughout
Malaysia from India and Sri Lanka in the West to

Table 7.1 All-India area, production, and productivity of mango

Year Area (000’ ha) % of total area
1991-1992 1,077.6 37.5
2001-2002 1,575.8 39.3
2002-2003 1,623.4 429
2003-2004 1,906.7 40.8
2004-2005 1,970.4 39.7
2005-2006 2,080.7 39.1
2006-2007 2,154.0 38.8
2007-2008 2,201.0 37.6
2008-2009 2,309.0 37.8
2009-2010 2,312.3 36.5
2010-2011 2,297.0 36.0

Kumar et al. (2011)

Production % of total Productivity
(000* MT) production (MT/ha)
8,715.6 30.4 8.1
10,020.2 233 6.4
12,733.2 28.2 7.8
11,490.0 25.2 6.0
11,829.7 24.0 6.0
12,663.1 229 6.1
13,734.0 23.1 6.4
13,997.0 21.3 6.4
12,750.0 18.6 5.5
15,026.7 21.0 6.5
15,188.0 20.3 6.6

Table 7.2 State-wise area, production, and productivity of mango

Area (000’ ha)

Production (000 MT)

Productivity (MT/ha)

2008-2009 2009-2010 2010-2011
State Area Prod. Pdy. Area Prod. Pdy. Area Prod. Pdy.
Utter Pradesh 271.2 3465.9 12.8 276.4 3588.0 13.0 267.2 3623.2 13.6
Andhra Pradesh 497.7 2522.0 5.1 480.4 4058.3 8.4 391.1 3363.4 8.6
Karnataka 141.3 1284.4 9.1 153.8 1694.0 11.0 161.6 1778.8 11.0
Bihar 144.1 1329.8 9.2 146.0 995.9 6.8 147.0 1334.9 9.1
Gujarat 115.7 299.8 2.6 121.5 856.7 7.0 130.1 911.3 7.0
Tamil Nadu 148.8 821.4 5.5 132.7 636.3 4.8 148.0 823.7 5.6
Orissa 164.3 449.7 2.7 177.6 577.5 33 190.1 642.0 34
West Bengal 86.0 548.9 6.4 88.1 578.0 6.6 89.5 620.2 6.9
Jharkhand - - - - - - 389 427.9 11.0
Kerala 76.7 445.4 5.8 63.8 373.2 5.9 62.2 380.9 6.1
Maharashtra 457.0 712.8 1.6 474.5 597.0 1.3 477.0 331.0 0.7
Others 206.2 869.5 4.2 197.42 1071.7 5.4 194.0 951.1 4.9
Total 2309.0 12749.8 5.5 2312.3 15026.7 6.5 2296.8 15188.4 6.6

Kumar et al. (2011)



7.4 Flowering and Fruiting

the Philippines and New Guinea in the East; most
of them are wild and economically unimportant.
It has been observed that all the five species and
23 wild and horticultural varieties of mango have
the same chromosome number 2n=40. Their
meiotic behavior is regular, showing regular pair-
ing and disjunction into 20 bivalents. The chro-
mosomes are small in size, varying from 0.4 to
2.0 pm, but they can be morphologically distin-
guished into eight types according to size, pres-
ence, and absence of primary and secondary
constrictions and satellites. From cytological evi-
dences, Mukherjee (1950) concluded that mango
varieties originated through allopolyploids.
Further differentiation of mango varieties took
place through gene mutation and intervarietal
hybridization, selected varieties being retained
through vegetative propagation.

7.4  Flowering and Fruiting

Flowering in mango depends on the local cli-
matic conditions; it starts as early as in November
in Rayalaseema region of Andhra Pradesh and
the south Konkan region on the west coast Gandhi
(1955). North Indian mango flowers from
February to March. Mango flowers earlier in the
eastern region. There are certain varieties of
mango, which flower twice or thrice such as
Rumani, Bangalore, Neelum, and Alipasand
(Naik and Rao 1943) when these varieties are
grown in the Kanyakumari region. The duration
of flowering in North India is about 20-25 days
(Singh 1960).

7.4.1 Fruit Set

In mango the inflorescence is primarily terminal,
but auxiliary and multiple panicles may arise
from auxiliary buds sometimes. The panicle con-
sists of a main axis bearing many branched sec-
ondary axes. The secondary axes may bear cymes
of three flowers, or tertiary branches may rise on
them, which bear cymes of three flowers, each
flower born on branched pedicle; the flowers are
either male or hermaphrodite. The total number of
flowers in a panicle varies from 1,000 to 6,000
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depending on the variety (Mukherjee 1953). The
panicle also varies in length from few centimeters
to 60 cm. Percentage of hermaphrodite flowers
will depend on the time of emergence of the pan-
icle and the variety. Singh (1954) reported that in
north Indian conditions, the percentage of perfect
flowers in Dashehari and Langara was 30.6 and
69.8. For south Indian mangoes, it varies from
16.41 in Neelum to 3.17 in Alampur Baneshan
(Naik and Rao 1943). In Dashehari mango, late
flushes of flowering had seven times more perfect
flowers than in the early flush in a panicle (Singh
et al. 1966). Fruit set is therefore high in mid and
late flushes. Close relationship was observed
between high temperature and higher number of
perfect flowers. The percentage of perfect flowers
in some of the south Indian varieties when grown
in North India is very low (Singh et al. 1965). The
percentage of perfect flower can be increased sig-
nificantly by application of 200 ppm NAA result-
ing in higher fruit set. Mango is a cross-pollinated
crop and pollination is essential for fruit set,
which is primarily done by housefly (Musca
domestica); pollen viability is reported to be 93 %;
the stigma remains receptive up to 5 days.

7.4.2 Fruit Drop

In mango, fruit drop is a continuous process, yet
fruit drop occurs at three periods. The first drop
consists of young fruitlets from fruit set to 20
days after. The second drop takes place when the
developing fruits are 28-35 days old after polli-
nation and fertilization. In the third drop, fruits
drop regularly. In the first and second periods of
drop, high level of inhibitors and low level of pro-
moters appear to be the major factors. The fruit
drop in mango accounts for about 99 %
(Mukherjee 1949a). In Bihar in commercial vari-
eties, 13-28 % fruit set is obtained, out of which
0.1-0.25 fruits only mature.
e Causes

1. Mango hopper, mealybug, powdery mil-

dew, and anthracnose
2. Deficiency of nutrients
3. Degradation of embryo in self-pollinated
flowers

* Control measures
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Gill and Mukherjee (1967) reported that 2,
4 days was found to check fruit drop better
than NAA and 2,4,5-T when used at a concen-
tration of less than 20 ppm, when sprayed 6
weeks after fruit set. Urea at a rate of 2 %
when sprayed on the variety Dashehari in the
early stages of fruit development increased
final fruit harvest. Spraying BA (1.5x 10 pm)
at anthesis followed by GA (7.2x10?
pm)+NAA (3.1x10%um) application at the
young fruit stage reduced fruit drop in mango.
Single spray of 2,4-D(2,4 dichlorophenoxy
acetic acid) or NAA each at 20 ppm or alar at
100 ppm at the pea stage of fruit resulted in
higher fruit retention.

7.5 Self-Incompatibility

Singh et al. (1962) reported the existence of
self-incompatibility in Dashehari mango. The
varieties Langra, Chausa, and Bombay Green
also showed self-unfruitfulness. Self-
pollination resulted in negligible fruit set of
0.0-1.68 % compared to cross-pollination
(6.4-23.4 %). Reddy and Ramayya (1976)
observed that the use of Himauddin as the
polinizer resulted in 50 % more fruit set and
increase in fruit size compared to open-polli-
nated Rumani fruits. The variety Dashehari is
cross-incompatible with Chausa and Safeda
Malihabad and is cross-compatible with
Langra, Ratual, and Bombay Green. Neelum
is partially self-incompatible, whereas
Mallika is self-incompatible.

7.6 Soil and Climatic

Requirements

The mango grows well on any well-drained
soil; however, in waterlogged areas, the trees
may not die but will remain unhealthy and
chlorotic; besides this flowering, fruiting, and
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vegetative growth will be adversely affected.
Thus, the areas frequented by floods may not
be suitable for mango growing. The mango
being deep rooted needs soil profile of at least
2 m in depth. The mango is found growing
equally well on alluvial as well as lateritic
soils. The west coast of India has the later
type of soil, which is well drained and suit-
able for growing mango. Red soil character-
ized by the presence of peroxide or iron and
medium black soils of peninsular India are
equally suitable for growing mango. However,
deep black cotton soils have been considered
to be unsuitable (Gandhi 1955). Soils with
appreciable quantity of gravel or kanker
(CaCOs; in the profiles) may be considered
good for mango cultivation if not appreciably
alkaline. Alkalinity is injurious to young
plants. The most suitable soil for mango is the
one with medium texture and deep and is well
drained having a pH of 5.5-7.5 and water
table below 180 cm around the year. Although
mango is a tropical fruit and grows well under
semitropical conditions, the annual tempera-
ture at which mango thrives well is around
26.7 °C and optimum temperature is 23.9—
26.7. Temperature below 1.1 °C adversely
affects the mango crop. Special care therefore
needs to be taken into account for growing
mango under frost conditions. Establishment
of mango orchard in frost pockets is not pos-
sible. Apart from this, temperature affects sex
expression in mango. Mango grows well in
rainfall ranging from 25 to 250 cm annually.
However, with the rainfall more than 75 cm
and above, it can be grown with little or no
irrigation. One of the prerequisites for suc-
cessfully growing mango is the absence of
rain during the flowering time. Cloudy
weather with resultant increased humidity in
the atmosphere encourages greater incidence
of pest and disease. The areas exposed to
high-velocity wind during the fruiting period
are not suitable for mango growing. Besides
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branch breaking and heavy fruit drop, extreme
heat also results in low fruit set.

7.7  Varietal Situation

The first systemic record of the good and bad
varieties available is from the account of this
fruit tree in Ain-i-Akbari, 1590 AD. Maries
(1901-1902) made the first attempt to describe
mango varieties scientifically and collect many
varieties from India. Woodhouse (1909)
described the mango varieties of Bhagalpur
(Bihar) and suggested a system based on fruit
characteristic. Rolphs (1915) attached a spe-
cial importance to fruit characteristic, particu-
larly shape, while classifying the mango
varieties grown in Florida. Sturock (1951) used
an artificial key for the identification of mango
varieties commonly grown in Florida, using
fruit characteristic alone. Heartless (1913) was
the first to emphasize the importance of floral
characteristic in classifying mango varieties.
Pepone (1932) for the first time classified the
mango varieties in a natural way on the basis of
fruit characteristic, color of panicle axis, later-
als and pubescence on the panicle branches,
and number of embryos in the seed. Mukherjee
(1948, 1949b) classified and described 72 vari-
eties of Bengal and divided all the varieties
into three broad groups, taking fruit shape as
the main criterion. Apart from fruit character-
istic, he took into account the color of emerg-
ing leaves, panicle axis and laterals, size of the
flowers, intensity of pubescence of panicle
branches, nature of bracts, and length of inflo-
rescence. Nail and Gangolly (1950) described
335 south Indian mangoes with a logical
method, and Singh and Singh (1956) based
their work on the classification of Uttar Pradesh
mango on almost the same line. These charac-
teristics include fruit shape and beak, venation
on the stones, color of panicle, leaf apex, and
folding of leaves (Table 7.3).
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Table 7.3 Commercial mango varieties grown in differ-

ent states

States Varieties

Andhra Pradesh Banganpalli, Subarnarekha, Neelum,
and Totapuri

Bihar Bombay Green, Chausa, Dashehari,
Fazil, Gulabkhas, Kishenbhog,
Himsagar, Zardalu, and Langara

Gujarat Kesar, Alphonso, Rajapuri, Jamadar,
Totapuri, Neelum, Dashehari, and
Langara

Haryana Chausa, Dashehari, Langara, and
Fazil

H.P. Chausa, Dashehari, and Langara

Karnataka Alphonso, Totapuri, Banganpalli,
Pairi, Neelum, and Mulgoa

Madhya Pradesh ~ Alphonso, Bombay Green,
Dashehari, Fazil, Langara, and
Neelum

Maharashtra Alphonso, Kesar, and Pairi

Punjab Chausa, Dashehari, and Malda

Rajasthan Bombay Green, Chausa, Dashehari,
and Langara

Tamil Nadu Alphonso, Totapuri, Banganpalli,
and Neelum

Uttar Pradesh Bombay Green, Chausa, Dashehari,
and Langara

West Bengal Fazil, Gulabkhas, Himsagar,
Kishenbhog, Langara, and Bombay
Green

7.8 Commercial Varieties

1. Alphonso: It is one of the choicest varieties
in India. It is mainly grown in the Ratnagiri
area of Maharashtra. It is grown commer-
cially to a small extent in Valsad district of
Gujarat. Fruits are medium in size averaging
about 250 g and have attractive blush toward
the basal end. Pulp is soft, firm, and fiberless
with excellent orange color. It has good
sugar-acid blend. The keeping quality of the
fruit is good. It is susceptible to spongy tis-
sue. The variety is most suitable for exports.

2. Bombay Green: It is one of the earliest vari-
eties of North India. It is a biennial bearer.
The fruits are medium in size weighing
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10.

around 250 g. Fruits have strong and pleas-
ant flavor. Fruits taste sweet.

. Banganapalli: 1t is a widely cultivated early

season variety of south India. It is the com-
mercial variety of Andhra Pradesh. The fruits
are large weighing on average 350—400 g.
The pulp is fiberless, soft, and firm with
sweet taste. Pulp is yellow in color. Fruits
have good keeping quality.

. Dashehari: One of the choicest varieties of

north India, and it is a midseason variety. It is
a biennial bearer. Fruits are small to medium
in size, have pleasant flavor, and taste sweet;
pulp is orange colored and fiberless. Its keep-
ing quality is good.

. Langra: It is one of the important commercial

varieties of north India. It is a biennial bearer.
It is a midseason variety. Fruit quality is
good. Flesh is firm with lemon yellow color,
scarcely fibrous. It has the characteristic tur-
pentine flavor. Its keeping quality is medium.

. Himsagar: It is one of the choicest varieties

of West Bengal. It is a regular bearer. It
matures early. Fruits are medium in size with
excellent flavor. Taste is sweet. Flesh is firm
and fiberless. Its keeping quality is good.

. Kesar: This is a famous variety of Gujarat. It

is an irregular bearing variety. Fruits are
medium in size. Flesh is sweet, fiberless, and
sweet in taste. It has excellent sugar-acid
blend. Fruits ripen to attractive apricot-
yellow color. It has good processing quality.

. Krishnabhog: 1t is indigenous to West

Bengal. It is a midseason variety. Fruits are
medium to large in size. Fruit quality is good,
and the flavor is pleasant with traces of tur-
pentine. Flesh is firm with few fibers. Its
keeping quality is good.

. Neelum: It is a heaving yielding late season

variety of south India with regular bearing
habit. Fruits are medium in size with good
quality and good flavor. Flesh is soft, yellow,
and fiberless. Its keeping quality is good.

Pairi: It is native to Maharashtra and matures
early. It is a heavy and regular bearer. Fruits
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are medium in size with good quality. It has
good flavor with good sugar-acid blend.
Flesh is soft, primuline yellow, and fiberless.
Its keeping quality is poor.

11. Rajapuri: It is one of the commercial culti-

vars of Gujarat. It is a heavy and regular
bearer. Fruits are large in size. This variety
matures during the early to midseason. Flesh
is firm, yellow, and fiberless. Keeping qual-
ity is medium.
Totapuri: This variety is grown widely in
south India. It is a regular and heavy bearer.
Fruits are medium to large with prominent
sinus. Fruit quality is medium. It has pleas-
ant flavor and tastes sweet. Flesh is cadmium
yellow and fiberless.

Apart from these commercial varieties, there

are other varieties, which are equally important

due to their special quality attributes.

12.

7.8.1 Less-Known Superior Varieties
Fazri Jafrani, Amankhurd Buland Baugh,
Zamurrad, Sona Tol, Nisar Pasand, Aziz Pasand.

7.8.2 Polyembryonic Varieties

The phenomenon of polyembryony, character-
ized by the formation of more than one embryo in
the seed, is known to occur in a number of mango
varieties. The seedling arising from adventive
embryos of nucellar origin is highly uniform.
These can therefore be used as such for vegeta-
tive multiplication of a polyembryonic variety. If
found suitable, they can be used as standard root-
stocks for some of the monoembryonic varieties.
Polyembryonic varieties are found on the west
coast of southern India. They are Chandrakaran,
Bappakai, Kurukaan, Olour, Goa Kasargod, and
Nileshwar dwarf, Salem. Some of the polyem-
bryonic varieties of the Philippines are Cambodia,
Carabao, Corazon, Paho, Pahutan, Pico, Sonera,
and Strawberry.
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7.8.3 Colored Varieties

Most of the varieties developed in Florida (USA)
are characterized by brilliant red blush on the
cheeks. It adds to the desirable characteristic of
the variety and enhances consumer appeal. In
India now emphasis has been given to this aspect,
and many new hybrids have come up; they are
Arka Anmol, Arka Neelkiran, Jawahar, and Sabri.
Some well-known varieties having brilliant red
blush on the cheeks are Siduria (Gulab khas
Red), Surkha Calcutta, Zafran, Husnara, Janardan
Pasand, Suvarnarekha, Lal Mulgoa, and Vanraj;
Sensation from Florida is the brilliantly colored
variety.

Mango Vanraj

Kesar mango

Clonal Selection
from cv. Kesar

7.9

To identify superior types from existing variabil-
ity in Kesar, a survey was conducted in Talala
region and other places in Gujarat. The five col-
lections were made and were evaluated for physi-
cochemical characteristics. The data indicated
that there is variability in the variety. The fruit
numbers was maximum in local collection (6.57)
followed by Kesar block I (5.82) TSS was also
maximum in local collection followed by Kesar
block I which was on par with check. The bud
wood of the identified collections was grafted in
nursery at CHES, Vejalpur nursery. The plants
were transplanted in the field in 2011. The plants
put up good growth and stated bearing in 2013. A
total of five collections were planted in the field
and were evaluated for growth parameters. There
were significant differences in respect to plant
height, stock, and scion diameter of the collec-
tions. Plant height was maximum in collection
CHES-1 (2.43 m). It was least in CHES-5 (1.47).
The highest stock and scion diameter were
recorded in line CHES-2 (68.43 and 62.53 mm).
Data in respect to plant spread indicated that both
north-south and east spread was maximum in line
CHES-2 (1.70 and 1.66 m) closely followed by
CHES-1. Some plants started flowering, and the
initial data recorded indicated that the number of
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clusters per plant was highest in line CHES-4 collection from the station (413 g) followed by
(16.66) and minimum in line CHES-3 and collection from Umethi (365 g); it was least in
CHES-4 (2.33). Fruit set per cluster was highest check (152 g) almost 2-3 times the existing
in line CHES-4 (31.00) and least in line CHES-5 check. Pulp-stone ratio was highest in local col-
(11.66). Similar results were obtained in respect lection 6.57 (Table 7.4).

to fruit set per plant which was maximum in the

Table 7.4 Comparative data of mango collections for variability from Kesar

Kesar
Variety Hadmatia Umethi Local block III Kesar block I  Local check
Fruit wt. (g) 330 365 257 413 347 152
Fruit length (mm) 105 124 94 157 153 93
Fruit dia. (mm) 77 73 75 82 78 61.7
TSS 16 17 21 16 18 18
Pulp-stone ratio  4.86 4.63 6.57 5.28 5.82 3.85
Seed wt. (g) 28 50 38 24.6
Pulp wt. (g) 184 264 225 94.80

Spl. characteristic Traditional belt Traditional belt Heavy bearing Good fruit  Good fruit Small fruit size
size, heavy size, medium
bearer bearer

Kesar Hadmatia Kesar Umethi
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7.10 Growth and Fruit Set
in Mango Kesar Collection at
CHES, Vejalpur

Efforts were continued to collect the variability
in mango cv. Kesar to identify superior types. A
total of five collections were planted in the field
and were evaluated for growth parameters. There
were significant differences in respect to plant
height, stock, and scion diameter of the
collections. Plant height was maximum in collec-
tion CHES-1 (2.43 m). It was least in CHES-5
(1.47). The highest stock and scion diameter
were recorded in line CHES-2 (68.43 and 62.53
mm). Data in respect to plant spread indicated
that both north-south and east spread were
maximum in line CHES-2 (1.70 and 1.66 m)
closely followed by CHES-1. Some plants started
flowering, and the initial data recorded indicated
that the number of clusters per plant was high-
est in line CHES-4 (16.66) and minimum in
line CHES-3 and CHES-4 (2.33). Fruit set per
cluster was highest in line CHES-4 (31.00) and
least in line CHES-5 (11.66). Similar results
were obtained in respect to fruit set per plant.
Maximum yield per plant was obtained in
CHES-4 (25.41 kg.) followed by CHES-2 (17.93
kg.). The data is of the first year of bearing after
3 years, and hence, no conclusion can be drawn
(Table 7.5).
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7.11  Anldeal Variety of Mango

1. It should be dwarf.

2. Fruits medium sized, golden apricot in color
with red blush on the cheeks for export.

3. Regular bearer.

4. Tolerant to various fungal and bacterial
diseases.

5. Should have
processing.

6. The keeping quality should be high.

stable pleasant flavor for

7.12 Propagation

Criteria for the selection of better types:

1. The parent plant must have been tested for its
performance over the years.

2. It must be free from transmittable diseases
and should be healthy.

3. Fruit shape, size. and quality must conform to
the typical specification of the variety.

*  Methods

e Although a number of methods are being
used, inarching is practiced on commercial
basis to propagate mango. Veneer grafting in
northern and southern India and soft wood
grafting in Gujarat and Maharashtra are
emerging as alternative methods. However,
success of these methods has varied consider-
ably with the climatic conditions of the area.

Plant spread

Table 7.5 Growth and fruit set in mango Kesar collection at CHES, Vejalpur
Plant height ~ Stock dia.  Scion dia. (M)

Line (m) (mm) (mm) NS

CHES-1 243 66.73 51.2 1.66

CHES-2 1.96 68.43 62.53 1.70

CHES-3  1.69 47.03 37.66 1.06

CHES-4 1.76 42.43 32.04 0.98

CHES-5 147 44.43 4243 0.90

CD5% 0.57 9.26 9.02 0.46

Cluster no./  Fruit set/  Fruit set/  Yield/plant

EwW plant cluster plant (kg)

1.41 4.66 19.66 30 6.18

1.66 11.6 27.66 155 17.93

1.13 2.33 12.66 26 5.20

0.96 16.66 31.00 182.66 25.41

1.01 2.33 11.66 22 4.53

0.46 7.28 11.44 27.56 -
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7.12.1 Inarching

The method of inarching or approach grafting is
quite cumbersome and time-consuming but is
still the leading method of commercial propaga-
tion of mango plants. The method consists of
uniting the selected shoot (scion) of a desired
parent tree (mother plant) to the potted or trans-
planted seedlings which are most suitable when
they attain a height of about 30-45 cm and thick-
ness ranging 0.75-1.5 cm. These seedlings are
either grown in pots or under the mother plant
from which the grafts are to be prepared depend-
ing upon the availability of suitable branches.
Generally, a 1-year-old twig of the scion tree
about 60 cm in length and nearly of the same
thickness as that of the stock is chosen for graft-
ing. Young and non-bearing trees should not be
selected as mother plants.

Inarching should be done during the growing
period when the tree is in active sap flow or active
growth period. A hot and very dry period, as well
as heavy rainfall, during the inarching period is
not suitable. The end of the monsoon in heavy
rainfall areas and early monsoon in the light rain-
fall areas is the best period for inarching. In north
India, July is the best month for inarching. In the
more even climate of south India, the operation
can be done any time between July and February.

A thin slice of bark and wood, about 5 cm in
length, 7.5 mm in width, and 2 mm deep, is
removed by means of a sharp grafting knife from
the stem of the stock as well as from the scion
branch. The dimensions can be proportionately
increased or decreased according to the thickness
of the stock and scion. The cuts thus made should
be absolutely flat, clean, and even and smooth.
The ends of these cuts should be round and not
angular. The cut surfaces of both, i.e., stock and
scion, are made to coincide, facing each other, so
that there remains no hollow space between the
two. These are then tightly tied by polythene
strips of about 1.5 cm in width and preferably of
200 gauge thickness which has proved to be a
good tying material. After about 1 month of oper-
ation, the scion below the graft union and stock
above the graft union should be given light
“V”-shaped cuts at weekly intervals, and the
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grafts can be finally detached while giving the
fourth cut. In the last stage, the top of the stock
above the graft union should also be removed
completely.

7.12.2 Veneer Grafting

This method holds promise for mass-scale com-
mercial propagation. The method is simple and
can be adopted with greater success. The root-
stocks as mentioned for inarching are suitable for
this method also. For veneer grafting, a down-
ward and inward cut 30-40 mm long is made in
the smooth area of the stock at a height of about
20 cm. At the base of the cut, a small, shorter cut
is done to intersect the first so as to remove the
piece of wood and bark. The scion stick is given
a long slanting cut on one side and a small short
cut on the other so as to match the cuts of the
stock. The graft union is then tied with polythene
strip as recommended for inarching. After the
scion takes and remains green for more than 10
days, the rootstock should be clipped in stages.
The scion wood to be used for veneer grafting
requires proper preparation. The desired shorts
should be defoliated at least 1 week prior to graft-
ing so that the dormant buds in the axils of the
leaves become swollen. The best time for this
method is the same for different regions as for
inarching.

7.12.3 Budding

Although success of budding in mango was
reported in the beginning of this century, budding
still continues to remain in the experimental stage
as far as commercial mango propagation is
concerned.

7.12.4 Stone Grafting

The grafts prepared by this method require less
time and expenditure as compared with inarch-
ing, veneer grafting, or budding. Success is usu-
ally as high as 75.80 percent. However, there is
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some mortality after final transplanting. For
grafting, sprouted mango stones are used as root-
stocks and semi-mature terminal shoots of
12—-15 cm length, which have passed the purple
coloration stage as scion. The grafting is done
either by cleft or whip method. The grafts should
be placed in a polythene house in nursery for
12-14 days where high humidity (more than
80 %) is maintained. During this period, proper
union takes place and the scion sprouts. The
grafts are then potted and kept in greenhouse or
in a shady place for some time before final trans-
fer to the field. The presence of stored food mate-
rial in stones and high meristematic activity help
in proper healing and subsequent growth of the
scion.

7.12.5 Softwood Grafting

The technique of softwood grafting is similar to
that of cleft or wedge grafting. In this case, graft-
ing is done on newly emerged flush having
bronze-colored leaves and stem. This method is
useful in in situ grafting. The scion wood to be
used should be defoliated 10 days prior to the
grafting and have the same thickness as that of
the terminal shoot. The graft should be secured
firmly using 1.5 cm wide and 4.5 cm long, 200
gauge polythene strip. July and August are the
best months for softwood grafting.

Work was carried out at CHES, Vejalpur, on
the response of different mango (Mangifera
indica L.) varieties to softwood grafting for large-
scale commercial nursery propagation. With the
increasing emphasis on bringing more and more
area under horticultural crops to meet the mini-
mum requirement of fruits and to earn precious
export earnings, there is an increased demand for
the elite plant material of important commercial
mango cultivars and hybrids.

The selection of a propagation method
depends on the time taken, percent success, sur-
vival of the grafted plants, favorable climatic
conditions, the age and thickness of scion, and
stock and cost involved, have been found to exert
significant influence on the success of any
method. A new technique named softwood graft-

107

ing was found to be a quicker method with high
success and of low cost. Performance of com-
mercial cultivars to soft wood grafting method
for large-scale multiplication under the semiarid
agroclimatic conditions of Godhra, Gujarat
(India), was studied.

The rootstock seedlings were raised by select-
ing local rootstock based on their performance
and plant canopy. The seeds were collected from
a single plant during the month of June and were
sown in specially prepared nursery beds after
treating them with copper fungicides (0.2 %).
Similarly healthy scion material of the desired
variety about 3 months old bearing shoots from
previous flush was defoliated 1 week before initi-
ating grafting.

Healthy rootstock plants were uprooted from
the beds and were grafted by wedge grafting
method and tied with polythene sheet and were
kept under partial shade of green polythenehouse.
From the perusal of the data, it is very clear that
there were significant differences among differ-
ent varieties in respect to percent graft take, per-
cent nitrogen content, and percent carbohydrate
content in defoliated scion sticks. Nitrogen con-
tent of activated scion sticks varied significantly
between cultivars.

Percent nitrogen content of activated scion
sticks was maximum in the variety Alphonso
(0.73 %), and it was minimum in Dashehari
(0.68 %), which was at par with Amrapali (0.69 %).
Carbohydrate content was maximum in variety
Dashehari (18.32 %) and was least in the variety
Alphonso (15.27 %). C:N ratio was maximum in
the variety Dashehari (27.07). Varieties which
have low nitrogen content and higher carbohy-
drate content showed high C:N ratio and vice
versa (Table 7.6). Dashehari has the least recorded
mortality (3.25 %), and the varieties having high
N and low C content with low C:N ratio had high
graft mortality (23.26 %) (Raturi and Hiwale,
1999).

Soft wood grafting was found to be the most
successful method in the large-scale propagation
of mango. However, there were significant differ-
ences among different varieties. Initially, after 15
days of grafting, maximum graft take was
recorded in the variety Kesar (87.18 %).
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Table 7.6 Influence of nutritional content of scion shoots in mango varieties on graft take and survival

Percent Percent

Name of variety success survival Nitrogen (%) Carbohydrate (5) C:N ratio % mortality
Kesar 87.18 70.63 0.72 16.27 22.75 16.55
Rajapuri 76.55 66.80 0.71 17.21 24.35 9.75
Alphonso 74.64 51.38 0.73 15.27 20.91 23.26
Amrapali 80.86 70.15 0.67 18.06 26.09 10.71
Mallika 84.62 66.60 0.71 16.56 23.22 18.42
Dashehari 81.92 78.67 0.68 18.32 27.07 3.25
S. Em. +/— 1.46 1.88 0.01 0.37 0.84 -
CDat5 % 4.42 5.67 0.03 1.65 2.65 -

CV % 3.60 5.45 2.57 3.74 5.99 -

Subsequent observations recorded on percent
survival of grafts after three months revealed that
Dashehari had the maximum survival (78.67 %),
whereas the variety Alphonso showed the least
survival (51.38 %) (Raturi and Hiwale, 1999).

This could be possibly due to nutritional bal-
ance in the defoliated scion stick, higher nitrogen
and low carbohydrate content. Carbohydrate-
nitrogen balance which was least in Alphonso
might have resulted from the higher mortality of
successful graft (23.26 %). In the case of
Dashehari, which had higher C:N ratio, the maxi-
mum graft survival was recorded (3.25) (Table
7.6) (Raturi and Hiwale, 1999). Prasad et al.
(1990) attributed higher graft take to sufficient
stored food material and climatic conditions dur-
ing the month of grafting and Singh and Srivastava
(1979) to mobilization of food material.

Thus, it is clear from the studies that
carbohydrate-nitrogen balance in the activated
shoots plays a vital role in the percent survival of
the grafts. The results are in line with those of
Singh and Srivastava (1991).

The number of successful plants was obtained
after 15 days of grafting and percentage worked
out. Similar readings were recorded in the com-
ing month also. The results revealed that in the
first month, maximum percent success was
recorded in the variety Kesar (92.75 %) which
was at par with Rajapuri (90.46 %). It was least in
the variety Mallika (87.56 %). However, after
another one month in the nursery, it was observed
that the percent survival was higher in Dashehari

(22.07 %) followed by Amrapali (21.56 %) and
the variety Kesar had the least percent survival
(10.19 %) in the initial grafting.

7.12.6 Air Layering

Air layering can be done successfully in mango
using IBA or NAA 10,000 ppm in lanolin paste.
Success up to 50 % has been obtained by using
Seradix B as root promoter. The air layers can be
used for permanent planting or for raising uni-
form rootstocks.

7.13 Production Technology

In mango, different high densities in plantation
have been tried to boost yield per unit area. In
north India, the cultivar Amrapali was planted
with a spacing of 2.5%x2.5 m accommodating
1,600 plants per hectare. Some of the new
varieties have also been found to be amenable for
high-density planting, as their growth habit is not
very vigorous. However, in mango varieties,
which behave, as dwarf under one agroclimatic
condition do not behave as dwarfs under another
agroclimatic condition. Pruning can also be
adopted to check the vegetation growth. Apart
from planting closely, application of growth reg-
ulators like paclobutrazol has also helped in
reducing the vegetative growth. Soil drenching of
paclobutrazol at 2.5-5.0 per tree depending on
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the age during August—September has induced
flowering shoots during off years and also has
induced dwarfing in most of the alternate bearing
varieties. It is generally observed that the produc-
tion of new shoots soon after the crop harvest
appears to be essential for regular bearing.

7.13.1 Nutritional Requirement

73 gN (170 g urea), 18 g P,Os (112 g single super
phosphate), and 68 g K,O (114 g of muriate of
potash) per year of age from the first to the tenth
year and thereafter 730 g N, 180 g P,Os, and
680 g K,O per plant per year have to be applied in
two split doses, one half in June—July and the
other half in October. Foliar spray of 3 % urea is
recommended before flowering. Application of
organic manure and phosphoric fertilizer should
be taken up after harvest, and fertilizers like
ammonium sulfate can be given before flowering.
Actual fertilizer recommendation depends on the
soil and leaf analysis in a particular area.

7.13.2 Leaf Analysis

Work carried out has shown that 4-5-month-old
leaves from the middle of the shoot should be
collected for sampling. The percentage of NPK at
1-1.50, 0.08-0.25, and 0.40—0.09 has been found
to be optimum, respectively. In mango, of the
micronutrients, zinc deficiency is the predomi-
nant one. Three sprays of 0.3 % zinc sulfate in
February, March, and May correct this disorder.
Spraying of borax at 0.5 % after fruit set twice at
monthly intervals and 0.5 % manganese sulfate
after blossom have shown to correct boron and
manganese deficiencies. With regard to magnesium
and iron, it has been found that spraying 0.5 %
magnesium sulfate twice in February and April
and spraying 0.3 % ferrous sulfate with 0.1 %
base have shown to correct these deficiencies.
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7.13.3 High-Density Orcharding
in Mango

Most of the commercial varieties of mango are
irregular, and they are generally planted at a con-
ventional planting distance of 10—15 m, accom-
modating about 70-100 plants/ha. Wider spacing
(10-15 m) often results in an underutilization of
the interspaces during the early stage of an
orchard life. Thus, a mango orchardist has to suf-
fer a loss in terms of the productivity and net
return as compared to other fruit crops. Therefore,
necessity was felt to make mango orcharding
adequately remunerative by utilizing the high-
density planting concept. Available information
suggests that the concept of high-density orchard-
ing in mango took practical shape after the devel-
opment of a dwarf and regular mango hybrid,
Amrapali at IARI, New Delhi (Majumder et al.
1982), and dehorning technique developed at the
GBPUAT, Pantnagar (Ram and Sirohi 1989).

7.13.4 Amrapaliin High-Density
Planting Concept

Amrapali, being of short stature, regular, and pro-
lific bearing variety, has been found to be the
most suitable variety for the high-density plant-
ing system. Planting distance of 2.5 mx2.5 m in
a triangular method has been recommended for
the Amrapali. Thus, a mango orchardist may
accommodate 1,600 plants/ha compared to a
merged 70-100 plants/ha under the traditional
planting systems in other commercial varieties of
mango (Majumder et al. 1982). A full bearing
orchard (11th year) of the Amrapali may yield as
high as 22 tons of fruits per hectare.

Some special hints, for growing the Amrapali
under a dense planting system, have been
recommended. One must establish in situ orchard
by growing the seedlings of any mango variety
and grafting Amrapali scions on the seedlings. In
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order to grow the plant bushy, “pinching off” of
the terminal buds up to 2 years of growth is
essential (Majumder and Sharma 1989).
Furthermore, the Amrapali is a prolific bearer,
and ultimately, fruits that reached maturity are
very high. As a result of this, fruits are not of uni-
form size. Thus, fruit thinning soon after the fruit
set is essential for the fruits to have a uniform
size. Otherwise, it is likely that the orchardist
may not get good price of the produce due to size
variation. As regards management practices, fer-
tilizer application should be made as per recom-
mendations based on the age of the plant.
However, a systematic study is necessary to find
out the root activity and root distribution pattern
of the Amrapali under the high-density planting
concept, so that the judicious application of fer-
tilizers may be made.

The experiences at IARI, New Delhi, have
shown that the high-density Amrapali orchards
usually show decline in the yield after the 12th
year of the planting due to the overcrowding
and intermingling of the tree canopies.
Therefore, pruning has been recommended
after the 12th year of planting. It should be done
every year soon after the harvesting of the fruits.
In this way, the productivity and vitality of such
orchards may be maintained for many more
years.

7.14 Use of the Dehorning
Technique in Dashehari

At GBPUAT, Pantnagar, the commercial varieties
like Dashehari may also be grown under the high-
density concept by following the dehorning tech-
nique (Ram and Sirohi 1989). A planting distance
of 2.5 mx3 m (1,333 plants/ha) has been recom-
mended for Dashehari. Plants are given normal
doses of manures and fertilizers. Under this
planting density, plants are allowed to grow nor-
mally up to 10 years. When there is intermingling
of the tree canopies after the 10th year of plant-
ing, 50 % of the branches should be dehorned in
the 11th year and another 25 % in the 12th year.
Dehorning should be done soon after the harvest-
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ing. Such orchards may give as high as 18 tons of
the fruits/ha at the 10th year of planting. By stag-
gered dehorning practice, one may harvest
Dashehari fruits regularly, which is otherwise
recognized as an irregular bearer.

7.15 Intercropping

Intercropping in mango can be done with black
gram+wheat and brinjal+onion in the case of
vegetables. Intercropping with turmeric and rad-
ish as well as intercropping with papaya can be
carried out without any adverse effect on produc-
tivity or development of mango.

7.15.1 Salinity

Soil salinity is causing major concern in over 7 m
ha. This problem aggravated because of poor
drainage, improper irrigation methods, insuffi-
cient water supply, and rise in ground water table.
Mango is considered moderately tolerant (4—6
dSm™) in irrigation water. Mango was generally
found to be more sensitive to sodium salt. It has
been found that application of FYM at the rate of
25 t/ha helped the salt-stressed mango to recover
from salt injury and salinity threshold; the value
of Bappakkai rootstock increased from 5.11 to
6.09 dSm™".

7.16 Yield

The yield of mango varies greatly, depending on
the variety and agroclimatic conditions prevalent
in the region. Grafted mango trees start bearing in
the fifth year of plantation; however, seedling
trees take 8—10 years. In the beginning, the yield
per plant is just 1015 fruits (2-3 kg) per tree,
which increases to 50-75 fruits (10-15 kg) in
subsequent years to about 500 fruits (100 kg) in
the tenth year. After 20 years, the yield is stabi-
lized to 1,000-3,000 fruits (200-600 kg) in a
year. The productive age of mango is 40-50
years.
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7.17 Maladies
7.17.1 Alternate Bearing

Alternate bearing has been one of the major prob-
lems. Most of the commercial varieties of the
south and north are alternate bearers. Studies car-
ried out to correct the disorder by nutrient man-
agement have not yielded any favorable result.
However, experimental evidence shows that the
regular bearers put forth vegetative flushes imme-
diately after fruiting. Paclobutrazol was found to
be a promising chemical for flower initiation in
mango. Paclobutrazol as soil drench at 5-10 g per
tree of more than 20 years of age has helped in
managing this problem.

7.17.2 Mango Malformation

It causes losses from 50 to 80 % in north India
and is a complex malady. It is caused by Fusarium
moniliforme var. subglutinans. In malformed
panicles, individual flowers are greatly enlarged
in a compact mass with very low percentage of
bisexual flowers. Malformed shoots do not set
fruit and result in loss of crops. Deblossoming
alone coupled with a spray of 200 ppm NAA was
found to lower the incidence of malformed pani-
cles. Chemical deblossoming with cyclohexi-
mide and cultar application has been tried and
found useful in reducing the incidence of malfor-
mation. It is also postulated that Fusarium monil-
iforme may be producing malformins, which
cause malformation.

Mango malformation

m

7.17.3 BlackTip

It is reported to occur in the regions of Uttar
Pradesh, Bengal, Bihar, and Punjab in orchards
located near brick kiln. Fruits affected by black tip
lose their marketability. Spraying borax (0.6 %)
at 10-14 days intervals has been recommended
apart from keeping the brick kiln away.

7.17.4 Clustering

A cluster of fruitlets at the tip of the panicle giv-
ing an appearance of clustered panicle called
“Jhumka” has been observed to be associated
with adverse climate condition during flowering
particularly in the months of February to March.
Affected panicles have 92 % of the fruits possess-
ing aborted and shriveled embryos. Delaying of
panicle emergence and development helps in
avoiding the adverse effect of cold.

7.17.5 Spongy Tissue

Spongy tissue is a major and specific problem in
Alphonso, wherein a pulp patch fails to ripen.
Several reasons have been associated to this
malady, which includes inactivation of ripening
enzyme due to high temperature, convective heat,
postharvest exposure to sunlight, etc. This
problem has also been tackled from a genetics
angle at various regions with the development of
new hybrids. It was noticed that there is
segregation for the occurrence of spongy tissue in
the resultant progenies at Bangalore. Use of sod
culture and mulching has been found to be use-
ful in reducing the incidence. Postharvest
exposure to low temperatures between 10 and
15 °C for a period of 10-18 h reduces this
malady. The application of various chemicals
including growth regulator had almost negligible
effect.

7.17.6 Sunburn

Temperature started rising from the middle to the
last week of April (Table 7.7). The maximum
temperature during the day was above 40 °C
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Table 7.7 Incidence of sunburn in different mango vari-
eties under local conditions

Variety
Observations Alphonso  Kesar  Rajapuri
Average no. of fruits ~ 66.0 93.00 57.00
examined (per plant)
No. of fruits affected  16.0 10.0 6.00
Percent incidence 24.00 10.75 10.52

which caused sunburn. Maximum sunburn was
recorded in cv. Alphonso (24 %) and least in
Rajapuri (10.52 %) which was on par with Kesar.
The sunburned fruits developed watery spot near
the neck which slowly spread to the pedicel

attachment; in 2 days, the spot turned black and
ultimately the fruit dropped. Maximum sunburn
happens at 2—4 o’clock when the temperature and
intensity are at its peak in the southwestern direc-
tion. Sunburn was caused by increased light
intensity in the southwest direction, which has a
maximum of 6.4 k lux in the afternoon and 6.3 k
lux in the northeast direction in the morning
hours up to 12 o’clock. The variety Alphonso was
severely affected due to the bearing of fruits on
the outside of the canopy, thus getting a maxi-
mum exposure to sunlight, whereas cv. Rajapuri
and Kesar bear fruits inside the canopy and suf-
fered less.

Sunburn in mango
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Table 7.8 Export of mango from India (product: fresh mangoes)

113

2008-2009 2009-2010 2010-2011

Country Qty Value Qty Value Qty Value

UAE 24,570.9 7,818.3 25,608.2 10,383.0 25,725.0 10,066.9
Bangladesh 45,104.5 4,085.7 33,549.9 3,295.8 23,049.7 1,859.4
UK 2,527.4 1,403.2 2,958.7 1,746.9 2,723.5 1,453.8
Saudi Arabia 2,141.3 836.3 3,147.1 1,345.4 1,592.2 618.0
Kuwait 546.1 398.8 804.2 520.1 580.3 377.8
Bahrain 1,154.6 324.6 1,238.5 402.3 980.7 3554
Nepal 4,765.0 375.0 4,058.2 378.6 1,991.3 209.6
Singapore 307.1 156.9 367.6 190.3 387.8 206.0
Qatar 265.4 117.5 659.0 512.8 375.0 199.1
USA 202.6 292.9 1754 256.6 136.7 1939
Others 2,118.4 1,262.1 1,894.0 1,022.2 1,678.7 752.2
Total 83,703.2 17,071.2 74,460.6 20,054.0 59,220.8 16,292.1

7.18 Export Potential

Although India is the largest producer of mango
in the world, negligible portion of our produce is
exported. The export trend of fresh mangoes indi-
cates that there is great potential in Western
Europe. At present, the varieties like “Alphonso”
grown in Maharashtra and Gujarat and
“Dashehari” in Uttar Pradesh are exported to
countries, viz., Afghanistan, Bahrain, France,
Kuwait, Malaysia, Nepal, Qatar, Singapore, and
the UK. The export of fresh mango has increased
from 1,200 t in 1969-1970 to 12,500 t in 1983—
1984, valued at Rs. 110 million. Export of pro-
cessed products amounts to 44,000 tin 1983-1984
which increases to 83,703.2 t in 2008-2009.
However, in 2009-2010 and 2010-2011, the
export declined. Bangladesh and UAE are the
countries with the maximum mango export from
India (Table 7.8). Mango nectar and pulp has
great scope to European and American markets.
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Introduction

Abstract

Sapota or sapodilla (Manilkara achras (Mill) Forsberg), commonly known
as Achras sapota L., Manilkara zapota (L.) Van Royen, and Sapota zapo-
tilla, belongs to the family Sapotaceae and is a gift of tropical America
(Mexico). Sapota is a native of Mexico and Central America and now
widely cultivated throughout the tropics. Due to wider adaptability and
high economic returns, there has been a phenomenal increase in area
(1,091.2 %) and production of sapota in India. Sapota was cultivated in the
West Indies and long back in the Philippines in the early days and from
there spread westward to Malaysia and other countries. It is used for mak-
ing sherbet, halva (Singh et al. Fruit culture in India, ICAR. New Delhi,
1963), edible powder (6.2 % protein and 1.39 % acidity of dry powder)
used for making milk shake and Indian sweets (burfi), and mixed jams,
and they provide a valuable source of raw material for the manufacture of
industrial glucose, pectin, and natural fruit jellies. They are also canned as
slices. The sapota fruits are a good source of sugar which ranges between
12 and 14 %.

is estimated to be 23,824 ha with an annual
production of 3.38 lakh tons. Average productivity

Sapota or sapodilla (Manilkara achras (Mill)
Forsberg), commonly known as Achras sapota
L., Manilkara zapota (L.) Van Royen, and Sapota
zapotilla, belongs to the family Sapotaceae and
is a gift of tropical America (Mexico). Gholvad
village in Maharashtra state is credited to have
the first plantation of sapota in 1898. Thereafter,
it has spread to different parts of southern
and western India. The total area under sapota

S. Hiwale, Sustainable Horticulture in Semiarid Dry Lands,
DOI 10.1007/978-81-322-2244-6_8, © Springer India 2015

is 14.19 t/ha with the maximum in Karnataka
(17.74 t/ha) followed by Maharashtra (16.00 t/
ha). The productivity is lowest in West Bengal
(6.0 t/ha).

In Karnataka, the area under sapota is widely
distributed with the maximum in Belgaum,
Kalor, Bangalore, and Dharwad districts. It is
grown in both irrigated and marginal levels and
has high productivity under protected irrigation.
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Table 8.1 Composition and uses — ripe sapota fruit
(per 100 g of edible portion)

Constituents Amount (g) Constituents Amount (mg)
Moisture 73.7 Calcium 28
Carbohydrate 21.4 Phosphorus 27

Protein 0.7 Iron 2

Fat 1.1 Potassium 269

Mineral 0.5 Ascorbic acid 6

Fiber 2.8

Due to wider adaptability and high economic
returns, there has been a phenomenal increase in
the area (1,091.2 %) and production of sapota in
India. Sapota was cultivated in the West Indies
and long back in the Philippines in the early days
and from there spread westward to Malaysia and
other countries (Purseglove 1968). Sapota culti-
vation was taken up for the first time in
Maharashtra in 1898 in a village named Gholvad
(Cheema et al. 1954).

It is cultivated in the states of Maharashtra,
Gujarat, Andhra Pradesh, Karnataka, Tamil
Nadu, and Kerala and on small scale in Punjab,
Haryana, Assam, Orissa, Arunachal Pradesh,
West Bengal, and Madhya Pradesh (Cheema
et al. 1954; Purseglove 1968; Singh 1969). It is
cultivated all over the world in countries like the
USA, Sri Lanka, Indonesia, Burma, Venezuela,
Guatemala, the Philippines, and Caribbean Island
(Table 8.1).

8.2 Uses

It is used for making sherbet, halva (Singh et al.
1963), edible powder (6.2 % protein and 1.39 %
acidity on dry powder used for making milk
shake and Indian sweets (burfi), and mixed
jams, and they provide a valuable source of raw
material for the manufacture of industrial glu-
cose, pectin, and natural fruit jellies. They are
also canned as slices. The sapota fruits are a
good source of sugar which ranges between 12
and 14 %.

8 Sapota [Manilkara achrus (Mill) Forsberg]

Table 8.2 Area and production

Area Production  Productivity
Year (000 ha) (000 MT) (MT/ha)
1991-1992 27.2 396.2 14.8
2001-2002 52.0 593.5 114
2002-2003 84.2 913.1 10.6
2003-2004 120.6 921.3 7.6
2004-2005 134.1 1076.5 8.0
2005-2006 139.7 1114.0 8.0
2006-2007 149 1216.0 8.2
2007-2008 152.0 1258.0 8.3
2008-2009 156.0 1308.0 8.4
2009-2010 158.9 1346.8 8.5
2010-2011 160.0 1424.0 8.9

Kumar et al. (2011)

8.3  Origin

Sapota is a native of Mexico and Central
America and now widely cultivated throughout
the tropics.

8.4  Areaand Production

There is an increase of more than 2-3 % area
under the crop, on a year-on-year basis. Similarly,
the productivity also increased by almost 2 %,
on a year-on-year basis. The yield per hectare
however showed a decreasing trend from the ear-
lier 14 tons to present 8.5 tons. The state-wise
area under sapota is highest in Maharashtra
(65,400 ha) followed by Karnataka with the least
area in Orissa and West Bengal, 3.3 and 3.8,
respectively. The productivity was maximum
in Tamil Nadu (25 t/ha) during 2008-2009
(Tables 8.2 and 8.3).

8.5 Soil and Climate

Soil: Tt can be grown on a wide range of soils.
Drainage is the most important factor. The most
ideal soils are deep alluvium, sandy looms, red
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Table 8.3 State-wise area production and productivity of sapota

2008-2009 2009-2010 2010-2011
State Area Production Productivity Area Production Productivity Area Production Productivity
Karnataka 275 297.8 10.8 29.3  360.0 12.3 30.8 3778 12.3
Maharashtra  65.4  298.7 04.6 69.1 298.0 04.3 70.0  322.0 04.6
Gujarat 26.7 2554 09.6 274  272.6 10.0 28.8  288.0 10.0
Tamil Nadu 074 184.0 25.0 06.9 1735 25.0 09.0 2423 27.0
Andhra 20.6 2059 10.0 17.1 1714 10.0 122 122.1 10.0
West Bengal 03.8  043.0 11.2 040 0434 10.9 04.0 043.6 10.9
Orissa 03.3 015.0 04.6 03.3 016.6 05.0 03.4 017.0 05.1
Others 01.6  008.1 05.4 01.7 OI1.1 06.6 01.9 0113 06.0
Total 156.1 1307.8 08.4 158.9 1346.6 08.5 160.0 1421.1 08.9

Kumar et al. (2011)
Area, 000 ha; production, 000 MT; productivity, MT

laterites, and medium black soils. Sapota is
sometimes planted in dry riverbeds with alluvial
soil. In south India, particularly in the Western
Ghats of Karnataka, sapota is grown successfully
on gravelly laterite soils (Cheema et al. 1954;
Singh et al. 1963; Anonymous 1975).

Climate: Sapota is a tropical fruit crop which
can be grown from sea level up to 100 m. It pre-
fers a warm and moist weather and grows well in
both dry and humid areas and coastal climate. In
south India, it is grown on the hills up to 1,000 m.
At higher altitudes, the fruit quality and tree
health suffer. Areas with an annual rainfall of
125-250 cm are highly suitable. Rain or cloudy
weather during any part of the year does not do
any harm to fruit set. The temperature should be
between 11 and 34 °C.

8.6  Pollination and Fruit Set

Sapota is cross-pollinated with a chromosome no.
of 2n=26. Sapota trees produce many numbers of
flowers, but the number of those reaching maturity
is small. Most of the flowers either fail to set fruit
or there is shedding of fruits, problem of shedding,
and low fertility in sapota has been reported by
Hayes (1957) and Cheema et al. (1954).
Ramamurthy and Ramlingam (1954) reported the

failure of fruit set when the flowers were bagged
with or without emasculation. It is reported that
crops in sapota have often been unsatisfactory, but
hand pollination with pollen from common variet-
ies increased the fruit set from 10 % with normal
pollination to 39.6 % with hand pollination. In the
cv. Kalipatti, 22 % of natural fruit set was observed
and the maximum fruit drop occurred immediately
after fruit setting (Patil and Narwadkar 1974). The
first drop starts during the course of fruit develop-
ment. It was also observed that the flowers situated
at the base of inflorescence opened earlier. Such
early fruit set developed rapidly and the remain-
ing, which set relatively late, often dropped down.
Pollination studies with five cultivars revealed that
self-pollination by bagging or by hand produced
little or no fruit set, and open pollination and hand
pollination with pollen from the other gave a much
higher fruit set, indicating that sapota is crop
pollinated.

8.7 Flowering

Sapota starts bearing small crops from the second
or third year of planting, but economical yields
can be obtained from the seventh year onward.
Under tropical conditions, flowers are seen
almost throughout the year. However, there are
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Table 8.4 Pollen studies and fruit set in four varieties of sapota

Average Pollen Fruit set Fruit set open
Varieties pollen size (1) stainability (%) self-pollination (%) polli. (%)
Kalipatti 16.25 97.7 40 100
Cricket ball 16.25 97.7 20 85
Calcutta round 16.25 97.6 10 60
Local 14.75 96.3 30 95

Nalawadi et al. (1977)

Table 8.5 Stigma receptivity (%) in sapota
Onthe day A dayof On the 3rd day

of opening opening  of opening
Varieties of flower of flower of flower
Kalipatti 45.0 25.0 1.0
Cricket ball 51.0 18.0 0.0
Calcutta round 50.0 22.0 2.0
Local 50.0 20.0 5.0

Nalawadi et al. (1977)

Table 8.6 Pollination fruit set in cv. Kalipatti

No. of Fruit set Fruit set
Types of pollination buds (no.) (%)
Natural pollination 50 11 22
Cross-pollination 50 3 6
Self-pollination 50 1 2
No pollination 50 - -

Patil and Narwadkar (1974)

two main seasons of flowering and hence two
harvesting seasons. Bhuva and Chundawat
(1978) reported that the flowering and fruiting in
sapota in south Gujarat is a continuous process
with two peak seasons of crop in September—
November and February—March. Studies on flo-
ral biology, pollination, and fruit set, the
prerequisites of breeding are reported by
Sambamoorthy and Ram lingam (1954),
Sundararajan (1960), Madhav Rao and Mohamed
Abdul Khader (1960, 1962), Patil and Narwadkar
(1974), Farooqi and Rao (1976a, b), Nalawadi
et al. (1977), and Bhuva and Chundawat (1978).
Under rainfed conditions, the sapota flowered
and fruited twice a year, i.e., during October—

Table 8.7 Percentage of fruit set in intervarietal
pollination

Male parent/ Cricket  Calcutta

female parent  Kalipatti  ball round Oval
Kalipatti - 50.0 0.0 71.7
Cricket ball 67.4 - 15. 72.0
Calcuttaround  65.1 72.2 - 10.0
Oval 51.0 54.0 45.0 -

Farooqi & Rao (1976a, b)

Female parent Good pollen parents

Kalipatti Cricket ball, oval
Cricket ball Kalipatti, oval
Calcutta round Kalipatti, Cricket ball
Oval Kalipatti, Cricket ball

November and June—July (Hiwale and Raturi
1991) (Tables 8.4, 8.5, 8.6, and 8.7).

8.8  Use of Growth Regulators

Self-unfruitfulness is seen in stray plants and
pollination becomes difficult (Singh 1969). Use
of growth regulators has been found to be ben-
eficial. In an attempt to get higher fruit set and
retention of the fruits, several growth sub-
stances, such as GA3, ethereal, cycocel, and
planofix (a NAA preparation), and SADH, were
tried on cv. Cricket ball (Das and Mahapatra
1973). These chemicals were applied in spray
solutions before flowering and again at the pen
stage. Of all the regulators, ADH at 100 ppm



8.9 Cultivars

resulted in the highest fruit set and planofix at
300 ppm resulted in the highest fruit retention
and largest fruit, followed by 10 ppm GA3. In
similar studies made at the Gujarat Agricultural
University, Navsari, India, of the two growth
substances tried at 25—100 ppm as spray at flow-
ering for 15 days, NAA produced a better fruit
than GA3 (Rathod and Amin 1981).

8.9  Cultivars

There are many cultivars of sapota in India. Tree
habit, nature of branching, foliage color, leaf
shape, leaf tip, fruit shape, texture of the fruit
skin, and color and pulp quality are certain distin-
guishing characteristics in grouping of the sapota
varieties. A total of 35 cultivated varieties have
been recognized from the different sapota grow-
ing parts of the country. Out of which, important
varieties are the Kalipatti, Cricket ball, Pilipatti,
CO-1, CO-3, PKM-1, Kirthabarthi, Singapore,
Baramasi, etc. Nearly 99 % of sapota in Gujarat
is under Kalipatti grafted on khirni rootstock. In
Florida recently, a new chance seedling named
“Tikal” has evolved which is superior to the pres-
ent popular variety “Prolific.” Noteworthy char-
acteristics of this variety are earliness, regular
bearer, and high yielder (Campbell et al. 1988).

Crop improvement through clonal selection
has resulted in the release of two high yielding
varieties, viz., Co2 and PKM 1. Through planned
hybridization, two hybrids of sapota, namely,
DHS-1 and DHS-2, have been released.

A good table sapota should have a few seeds
with melting sweet pulp. Thick-skinned, hard-
fleshed cultivars with sandy texture are consid-
ered inferior. The cultivars need to be
standardized. The following are the different cul-
tivars grown in India.

8.9.1 Kalipatti

It is a leading cultivar of Maharashtra Gujarat and
North Karnataka. It has dark green, broad, and

119

thick leaves and spreading branches. Fruits are
oval shaped and less seeded with sweet, mellow
flesh of excellent quality. Fragrance is mild. Each
fruit has 1-4 seeds. Fruits appear singly. The
main harvest is in winter.

8.9.2 Chhatri

It is similar to Kalipatti but the branches have a
dropping nature similar to that of an umbrella.
The branches appear in whorls on the plant in all
directions and are horizontal. The leaves are light
green in color. Fruits are similar to Kalipatti in
appearance, but the fruit quality is not as good as
in Kalipatti. It is a fairly good crop but not as
heavy as Kalipatti. It is also an important cultivar
in Maharashtra.

8.9.3 Vanjet

The tree is slow growing in nature. Knots are
seen on the branches. Root emerges from these
knots. It is a shy-bearing cultivar, but fruits are of
good quality. This is found in Maharashtra.

8.9.4 Pala

It is a popular cultivar in Andhra Pradesh and
Tamil Nadu. The fruits are small to medium in
size and oval or egg shaped, with apex broadly
pointed and very sweet. The bearing is heavy and
fruits are borne in clusters. The fruit has thin skin
and good flavor.

8.9.5 Kirthabarthi

It is a popular cultivar of Andhra Pradesh. The
fruits are small to medium sized and oval or egg
shaped. On the rind, 4-6 ridges are seen. The
fruit skin is rough, medium thick, and buff col-
ored; the pulp is sweet. Fruit apex is rounded.
The fruits can be transported to distant markets.
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8.9.6 Oval

The fruits are small to medium in size and oval or
egg shaped. Pulp is coarse grained and less sweet.
It is shy-bearing cultivar.

8.9.7 Calcutta Round

It is commercially grown in West Bengal,
Karnataka, and other states. The foliage is light
green in color. Fruits are large, but the flesh is
gritty and of moderate quality. It is susceptible to
leaf spot disease.

Hybrid PKM in Bearing

Evaluation of germplasm of sapota from the
5th to 7th year under semiarid rainfed conditions
indicated that all the varieties were growing suc-
cessfully under semiarid rainfed condition.
Though the maximum number of flower cluster
per shoot (79.78) was recorded in Jumakhia, the
number of flowers per cluster was very few
(1.67). The highest number of flowers per cluster
was recorded in Co-1 (8.83). As the number of
flower cluster per shoot was highest in cv.
Jumakhia which had the maximum number of
fruit per shoot (169.0), fruit retention was highest
in Pilipatti, but the fruit weight was low (49.6 g)
resulting in lower yield (65.2 kg/plant). The high-
est yield per plant was recorded in cv. Kalipatti
(77.8 kg). Fruit weight was highest in Co-2
(116.6 g) and least in Jumakhia (43.0 g). Skin
weight per fruit was maximum in Co-2 (11.3 g)

and least in Jumakhia due to small fruit size. Pulp
seed ratio and TSS were maximum in cv.
Kalipatti, 42.2 and 30.4 ° Brix (Table 8.8).

At CHES, Vejalpur, vegetative growth param-
eters recorded indicated that cv. PKM-2 was
most vigorous in respect to all the growth param-
eters followed by PKM-1. The least growth was
recorded in DSH-2. Data recorded indicated that
the maximum no. of fruits per clusters were
recorded in cv. PKM-1 (4.33), while it was least
in DHS-2 and CO-3 (1.66). However, the maxi-
mum no. of fruit retained per shoot was in PKM-1
(36.00) and the least in DHS-1 (12.33). The max-
imum no. of fruits set per plant was recorded in

cv. PKM-1 (1216.66) and the least in CO-3
(51.66). Yield per plant was highest in PKM-1 in
the fifth year of planting (73.17 kg/plant) (Tables
8.9 and 8.10).

8.10 Propagation

Both seed and vegetative propagation methods
are used to multiply sapota. In the earlier days,
seedling was used for planting, but they had some
disadvantages, such as slow growth, very long
pre-bearing period of 8-10 years, growing to a
huge size or height, and showing too much of
variation or not being true to type (Cheema et al.
1954; Sayeed 1963). Seeds are collected from
elite trees and sown in pans or beds with light
sand soil as germinating medium and watered at



121

8.10 Propagation

6L'C
0°¢C
L9t
9T
0°0¢
0°0¢
9°6¢
¥7'0¢
xug
o SSL

GL'8
I'ee
£9¢
er'L
0v¢
€'1¢
0L'8
(44
oner
poos ding

L9
€11
00T
S¢
09
€8
09
L9

(3)
uS

60°€
$'6S
985
90
8'8¥
L'€S
T
L0s
(wrur)
eIp 1IN

98C

129

9CS

ger

99

L'eS

ey

[

()
qI3u[ NI

8Y€l
9911

L9'L6
(1X52
969
098
9°6¥
0°¢8

(3) m
g

9°¢
96T
T'se
1'8¢
6ty
8'LE
S9
8'LL
juerd
/PIRIA

61°S1
Y¥'6C
el
68°LY
le
68°¢T
99°6L
66'8¢
J00ys
/PaUTRIAI JINL]

6061
99°Ly
681+
0691
I8
86'¢E
76°88
99°LS
J00ys
/198 NI

Ly'1

LL'8

£€8'8

L9°]

8L'8

S

e

19°L

198N
/I2MOf JO "ON

LY'TT
¥¥°0S
88'LY
8L6L
sy
86'1¢
144
LL'69
100yS/12)SN[d
IoMOp JO "ON

(200T) SremiH

%SAD
0D
1-0D

eIyewn
arode3urg
[[eq 193911
mediig
mediey
Kyorrep

jere(no Jo suonIpuod pajurer ropun medres] ‘A0 ejodes jo sonsaoeIRYO [RoTWAY0d1sAYd pue pjorx  8'g ajqel



122

8 Sapota [Manilkara achrus (Mill) Forsberg]

Table 8.9 Performance of sapota varieties and hybrids developed in India

Hybrid  Parentage Fruit shape TSS (°Brix)  Fruit weight (g)  Special characteristics
CO1 Cricket ball x oval Oval 18 125 Upright growth
CcO2 Clonal selection Obovate to round 23 400 Upright growth,
from Baramasi big size fruits
PKM-1  Clonal selection Oblong 24 88-110 Heavy bearer,
from Guthi fruit size small
PKM-3  GuthixCricket ball Oval 24 100-110 Upright growth suitable for
high density. Yield 14 t/ha
PKM-4  Clonal selection Oblong 21 100-120 Yield 100.9 kg/tree, an
from PKM-1 increase of 138.29 %
DHS-1  Kalipattix Cricket ball  Round 26 154 3040 % increase in yield
DHS-2  Kalipatti x Cricket ball ~ Obovate 23 180 30-40 % increase in yield

Table 8.10 Growth and fruit retention in sapota collection

Plant Stock dia.  Scion dia. Plant spread (m) Fryitset/  Fruit retained/  Fruit set/  Yield/
Hybrid  height (m) (mm) (mm) NS EwW cluster shoot plant plant (kg)
PKM-1 2.83 108.96 88.33 3.48 3.64 4.33 36.00 1216.66  73.17
PKM-2 3.25 121.67 109.00 3.53 4.18 4.00 29.66 312.66  27.19
PKM-3 3.01 103.67 83.67 2.34 2.40 2.00 14.66 95.00 11.49
DHS-1  1.85 66.16 52.90 1.28 1.36 2.33 12.33 64.66 8.58
DHS-2 2.18 78.93 61.40 1.83 1.86 1.66 13.00 58.00 7.59
CcOo3 1.88 70.16 55.77 1.55 1.06 1.66 15.33 51.66 3.55
CD5% 0.84 24.39 22.49 0917 0.95 1.36 4.54 45.02 -

regular intervals. GA3 promoted the germination
percentage and increased the growth of seed-
lings. Soaking in 400 ppm GA3 resulted into
large seedling (Pampanna and Sulikeri 1999).

8.10.1 Rootstocks

To get commercial success by grafting or bud-
ding, it is necessary to decide suitable root-
stocks. In the literature, various workers
reported the following species as rootstocks
tried for sapota:

Manilkara hexandra or
Mimusops hexandra

1. Rayan/khirni or pala

Manilkara hexandra or
Mimusops kauki

2. Adam’s apple

3. Mee tree Madhuca longifolia or
Bassia longifolia

4. Mahua Madhuca longifolia or
Bassia latifolia

5. Miracle fruit Sideroxylon dulicifolium

6. Seedling sapota Manilkara achrus

* Rootstock performance

Seedling sapota takes a long time to attain
graftable size; hence, it is now in vogue. Earlier
Adam’s apple was reported to be a rootstock in
Andhra Pradesh and Uttar Pradesh, while in Sri
Lanka, mee tree and miracle fruit are used as
rootstocks. But in India, it is noticed by several
workers that there are defects like pronounced
distortion of bud union, overgrowth of stock, and
poor quality of fruit with the use of mee and
miracular stocks. Venkatratam (1973) observed
that trees grafted on rayan bear sweet fruits of
good quality, while those on mahua are usually of
inferior quality, which he suggested to be due to
alkaloid saponin in mahua transmitted to sapota.
The most popular, widely adaptable, and better-
suited rootstock at present is rayan or khirni
(Sayeed 1963; Gandhi 1956; Cheema et al. 1954;
Bose 1985; Shanmugavelu 1987). It is necessary
to identify other rootstocks and their vigorous
strains, e.g., star apple (Chrysophyllum cainito and
Manilkara kauki). In the Philippines, Palaquium
sp. tree is used as rootstock. Trees on bakul
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Table 8.11 Effect of time of inarching and time of
detachment of graft from mother plant

Month/ 5 months 6 months 6.5 months Mean
detachment (%) (%) (%) (%)
Octo. 1978 50 55 55 53.3
Nov. 1978 70 75 55 66.6
Dec. 1978 75 85 65 75.0
Jan. 1979 80 85 95 86.6
Feb. 1979 90 95 85 90.0
Mar. 1979 80 75 75 76.6
Apr. 1979 70 80 70 73.3
May 1979 75 75 70 73.3
June 1979 65 70 65 66.6
July 1979 35 30 10 25.0
Aug. 1979 15 10 10 11.6
Sept. 1979 10 15 10 11.6
CDat5 %  Detachment, NS; survival, 6.54

Bhuva et al. (1990a, b, ¢)

(Manilkara elangi) were not successful in Tamil
Nadu. In view of the slow growth and larger
spacing, it is necessary to plan for dwarfing root-
stock for high-density planting like wild dilly.
Wild dilly (Manilkara emarginata) small trees
(5cm), Similar to Sapota in appearance, slow in
growth is used as dwarfing stock. As per Sayeed
(1963), seedling rayan has been found to show
variability in growth rate (Vigorous to slow);
hence, it is essential to isolate vigorous stains;
Lucuma multiflora reported from Karnataka
needs testing (Table 8.11).

Seed and seed treatment: Seedlings were used
for planting in earlier days. However, seedlings
have slow growth and very long gestation period
(8-10 year), do not behave true to type, and
exhibit variation in fruit characteristics.
However, in Sri Lanka, seeds were selected from
outstanding plus trees of merit, they were sown
in light sandy soil beds, and transplanting was
done at 2 1/2 months in optimum. Cheema et al.
(1954) also reported that seed propagation was
in vogue in Florida. In India, khirni is the most
popular rootstock for multiplication of sapota.
The rootstock exhibits problem of low seed ger-
mination and slow growth. Also khirni seeds
have short viability and short period of availabil-
ity of fresh fruits (April-May). Seeds are
obtained in April and May and variably last for
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about 25-30 days. Use of fresh seed and soaking
in water for 12-18 h or wrapping the seeds in
wet sphagnum moss after treatment with fungi-
cide for 4-6 days resulted into faster and better
germination.

Shanmugavelu (1987) reported seed treat-
ment to sapota and observed that seed treatment
with GA 50 ppm and IAA 50 ppm for 24 h gave
70 % germination. Treating the seeds of Khirni
in hot water (40 °C) for 24 h resulted in 48 %
germination. Soaking seeds of Manilkara
hexandra for 24 h in dung slurry and soaking
them in 1 % thiourea solution for 6 h resulted in
highest germination percent of 78.7 and 74.3 %
respectively. At KKV, Dapoli, rayan seeds incu-
bated at 35 °C for 12 h gave 55 % germination.
Also soaking seeds in 50 ppm ethephon for 24
h at room temperature gave 54.66 % germina-
tion than 18.7 % under control. GA 300 ppm
sprays on rayan seedling increased its height
up to 85.3 % (Anonymous 1982). At IIHR,
Bangalore, germination of rayan seed was
improved (84 %) by soaking in hot water for 24
h. The germination was faster (in 30 days) than
control, when seeds were soaked in thiourea
0.5-1.0 % also resulted in highest germination
by 28th day. Fruit size of cv. Cricket ball used
as rootstock revealed that bigger sized fruit are
produced seedlings with high vigor. Spraying
khirni seedlings with GA 100 ppm resulted in
increased seedling height, leaf number and
girth. Raja et al. (2001) reported that soaking
the khirni seeds in thiourea at 1 % conc. resulted
in early germination (14 days) and enhanced
germination (85 %).

8.10.2 Vegetative Propagation
Methods

1. Cutting

It is not a common method. Shanmugavelu
(1987) reports that it can strike roots if 2 mg
solution of IBA is used. Ramsunder and Khader
(1986) at Coimbtore tried softwood grafting,
shoot etiolation (for 5 days) with ringing and then
cutting taken after 45 days and treated with
IBA. They observed that etiolated + ringed + IBA
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2000 ppm treatment gave 39.4 % roots and 80 %
survival.
2. Budding

Budding by forkert method in coastal region
of India and Sri Lanka has been reported, and in
South Florida, shield budding is practiced (Bose
1985; Shanmugavelu 1987). In Jawa, forkert
method is used for grafting by choosing a 1-year-
old budwood.

3. Layering

Layering was a commonly used method of
propagation till the 1950s (Sayeed 1963). It is
also called marcotting or Gooty making. Layering
can be accomplished by various ways like ground
layer, pot layer, or air layer.

4. Ground Layering

It is not a common method, but followed in
Dahanu area of Maharashtra state. This is more
convenient in trees having branches close to
ground level. It is easier and simpler than air
layer. However, the limitation for this method is
the limited number of branches available to the
ground (Sayeed 1963).

5. Pot Layering

It is similar to ground layering except that
shallow pot with notches is used to insert the
ringed/half cut branch. This method is more com-
mon for guava.

6. Air Layering (Gooty)

This is the most common method in
Maharashtra state, Gujarat, Karnataka, Andhra
Pradesh, and Tamil Nadu (Bose 1985). By this
method, it is possible to get sizeable plants in a
short time, but mortality is higher and the root
system is shallow. Such trees are not suitable for
areas having high winds. Many scientists have
done a good deal of work on the season, size of
shoots, and use of PGR. In the old method,
earthen pot with string is kept to water the Gooty,
and mud plaster is the rooting medium, while in
the improved method, alkathene/polythene film
(200-300 gauge) with wet sphagnum moss on
vermiculite as rooting medium is included. Work
on plant growth regulators (PGR) to air layer for
better and quicker rooting has been earlier
reported by Chinappa (1960), Chinappa and
Kalolgi (1961), and Sulladamath and Kalolgi (1969)
from Karnataka, Singh et al. (1962) from Uttar
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Pradesh, Alam and Faruqui (1974) from
Bangladesh, and Shanmugavelu (1987) from
Tamil Nadu. The conclusion that can be drawn
from all these trials is that application of 20,000
ppm IBA in April to August or 10,000 ppm each
IBA+NAA can produce maximum rooting
(70-80 %) and early rooting. Studies on the effect
of different preconditioning treatments on the
rooting of air layers were reported by
Shanmugavelu (1987). The results showed that
etiolation+ringing 30 days before layering fol-
lowed by IBA+NAA 10,000 ppm (both) helped
in increasing root number and cumulative root
length. Chatterjee et al. (1990) reported that air
layering done on 15-year-old plants revealed
that 91.7 % rooting and 90.9 % survival could
be obtained by invigoration of shoot through
etiolation and application of 10,000 ppm IBA to
the air layers.
7. Grafting

In view of demerits of layering, grafting is
becoming increasingly popular in sapota. This is
more significant in certain varieties of sapota,
which do not strike roots easily. Out of the differ-
ent grafting methods, the most common is inarch-
ing and the new one is softwood grafting.
8. Inarching

It is a scion attached method of grafting and
commercially practiced method over the last 40
years. Rootstocks are railed in pots and pots are
hung or tied to scion tree on platform and graft-
ing is accomplished. It is a laborious and trou-
blesome method. Rootstock raising to the
graftable stage takes a long period (2-2.5 years);
hence, it needs replacement by softwood method.
Malo (1970) used a modified inarching method
for grafting sapota with 100 % success in
Thailand. Bhuva et al. (1990a, b, c) reported that
inarching should be done in the month of
February for maximum success (90 %) followed
by January (86.65 %). Date of detachment had
no influence on percent success. Significant rela-
tionship was observed between mean graft sur-
vivals with minimum temp., RH, and rainfall.
Maharana et al. (1994) used a modified tech-
nique for approach grafting by keeping khirni
seedlings in shade and covering the inarched
portion with wet sphagnum moss in cv. Cricket
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ball. Detachment from mother plants after 40-50
days was recommended.
9. Softwood Grafting

Amin (1978) has first reported softwood graft-
ing on in situ grown rayan seedlings in Gujarat.
Softwood method has been experimented at PKV,
Akola, from 1982 to 1986 in detail for faster mul-
tiplication of sapota grafts under nursery condi-
tion. This included raising of stock seedlings,
suitability of season, defoliation stage, grafting
technique, care in preparing stock-scion success
and survival percentage, etc. Kulwal et al. (1985),
PKYV, Akola, has recommended this method for
commercial propagation. The merits of this
method are high success in grafting (90 %) and
survival (80 %) in July—August season; plants are
ready for sale after 18-20 months against 2.5-3
years in inarched ones. Hence, 40-50 % time is
reduced, thereby reducing nursery cost, being
scion detached method, large-scale production of
grafts possible in stipulated time with ease. Since
grafts are in poly-bags, mortality in transport and
planting is less (Pampanna et al. 1994). For
obtaining the highest graft take, softwood graft-
ing in cv. Kalipatti should be done on 15 May
(63.33 % survival after 180 days). Pampanna and
Sulikeri (1995) demonstrated that 3-month-old
scion sticks grafted on M. hexandra rootstock
gave higher graft take (78.7 %). Pampanna and
Sulikeri (2001) reported that fresh scions (with-
out storage) defoliated 10 days prior to grafting
required the lowest no. of days for sprouting
(29.67). Scions without defoliation and stored for
6 days required the maximum no. of days for
sprouting in cv. Kallipatti.
10. Other Grafting Methods

Cleft grafting has been tried at Saharanpur on
M. kauki; similarly, side grafting for top working
has been carried out at Saharanpur and Kodur by
wedge grafting. In western coast Konkan, sapota
growers provide support of rayan to sapota tree
air layered and planted in the field; this is done by
bridge grafting of old trees to achieve reduction
in water requirement of sapota and to save sapota
trees damaged by diseases/rodents (Gandhi 1963;
Sayeed 1963). Sandhu and Subhadrabandhu
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(1992) found that veneer grafting was better
when a 6-month-old 20 cm long shoot was grafted
on a 2-year-old rootstock at the height of 20 cm
from the ground level under Punjab conditions.

8.10.2.1 Performance of Air Layer,
Inarching, and Softwood
Grafts

The results of comparative study of layers and
grafts from Pune and Gandevi indicated that
grafts on rayan proved best in vigor and bearing
at Gandevi and the yield was 50% more than
those of layers and twice (100 %) than those on
sapota stock (Cheema et al. 1954; Sayeed 1963).
Goswami (1954) reported an experiment from
Anand, wherein cumulative (1947-1954) pro-
duction of inarched trees was 3,159 1bs and of
layers was 1,091 1bs. Trees on rayan stock were
found to be healthy and strong even after four
decades. Sham Singh et al. (1963) noticed that in
Gujarat, grafts on khirni under low rainfall and
deep loam soil have proved better in respect to
yield than air layers and grafts on sapota seed-
lings. An experiment was laid out at PKV, Akola,
in 1985 to compare performance of inarched and
softwood grafted sapota on rayan stock under
field conditions at 10x 10 m spacing. The variety
used was Kallipatti. The results of 6 years
(1985-1991) of observations clearly indicated
that softwood grafts attained the maximum height
(296 cm) than inarched (244 cm). The softwood
grafts recorded 14-39 % more height than
inarched ones at 6 year of age. In March 1991,
80 % of softwood graft trees and 66 % of inarched
trees were in bearing. This clearly points out the
superiority of softwood grafts on khirni/rayan
stock than inarched ones under assured rainfall,
hot climate, and medium heavy soils (Akola)
(Anonymous 1991). Patel et al. (1996) studied
comparative performance of inarching and soft-
wood grafted plants in field conditions after 10
years of planting. The results revealed that plant
spread and height up to 12, 48, and 96 months
was significantly higher in approach grafting.
Yield was also higher in 10-year-old plant by
66 % in approach grafting.
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8.10.3 Tissue Culture
(Micropropagation)

Very little work is reported. They observed that
mesocarp and endocarp produced callous only.
Sachdeva and Mehta (1986) cultured various
explants from sapota seedling germinated in vitro
on 3 basal media supplemented with growth reg-
ulator. Nitsch medium (NM)+15 % coconut
water (CW)+4 ppm NAA and 2 ppm kinetin
were best for callus induction and growth from
root, hypocotyls, stem, and shoot-tip explants.
After 2 and 4 subcultures of 1-month duration
each, most cells were diploid (2n=26), while
some were polyploid or aneuploid (Purohit et al.
1997). Micropropagation of sapota using cotyle-
don node segment was developed, schenk and
Hildbrandt’s medium supplemented with 2 mg/L
BAP which induced 3 shots/node. An average
shoot length of 2.17 cm in 42 days was recorded.
Further subculturing by including GA3 1 mg/L
was done which improved shoot multiplication as
well as elongation. Half the strength of SH
medium with pre-autoclaved IBA 200 mg/L for
30 min induced rooting in 60 % shoot. Irrigation
with ¥4 SH medium on soilrite helped in rooting
and hardening. 90 % of plantlets were transferred
successfully to pots. Out of 500 plantlets, 440
were successfully established in the soil.

8.11 Cultivation

8.11.1 Land Preparation

A location free from water stagnation should be
selected. It is plowed two or three times and lev-
eled. Undulated land should be divided into ter-
races depending on the topography of the land
and leveling is done. If the soil is poor, it would
be advisable to grow a green manure crop and
plow it in so as to improve its physical and chem-
ical conditions before planting operations are
taken up. Pits of size 60 cm? or 100 cm? are pre-
pared at a distance of 8—10 m, both ways depend-
ing upon the planting materials and the soil. In
low rainfall areas and soils with low fertility,
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close spacing is followed, while in heavy rainfall
tracts and fertile soils, a wide spacing is recom-
mended. In a high-density plantation trial in
sapota cv. Kalipatti, Patel et al. (1993) observed
that spacing had significant effect on plant height
and yield. The maximum height of plant, number
of fruits, and fruit weight were obtained at a spac-
ing of 5 mx5 m, which was mainly due to
increased population per unit area.

8.11.2 Planting

The best time of planting is during early mon-
soon. Graft/budded plants or layers are planted
one each pit in the center and care should be
taken to see that the roots are gently and firmly
pressed and stakes are provided to avoid wind
damage; the plants are then watered. At CHES,
Vejalpur, the plants are planted at 10x 10 m spac-
ing under rainfed condition, the vegetative growth
of the plants is less, and hence after 30 years of
age the spacing seems to be ideal (Hiwale
(2004)).

Training and Pruning

In sapota, a central stem is necessary, and air
layers in most of the branches are put forth very
near the ground level. In the beginning, the basal
branches help in developing a thick central stem,
and hence, care must be taken to maintain proper
distribution of branches on all sides. But later,
with an advance in age, the lowermost branches
bend down to the ground and become unfruitful.
Sapota, in general, has a well-balanced distribu-
tion of branches and the tree assumes a uniform
shape. There is no necessity of pruning every
year. All the growth that appear on the rootstock
below the graft or bud joint must be removed.
After 3 to 4 years of planting, the lowermost
branches up to a height of 60-90 cm may be
removed. Similarly, overshaded and crowed
branches are also to be removed. In sapota, new
growth and flowering occur simultaneously and it
is a mixed type of bearing habit. Flowers and
fruits appear in the leaf axils on the new growth
and hence pruning of branches should not be
done; however, as the plants grow old and the
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branches start intermingling with each other, the
plants need to be pruned to remove the dead and
diseased branches, allowing sunlight into the
orchard to make it bear fruits.

8.11.3 Irrigation

Though sapota can tolerate drought conditions to
some extent, it responds well to irrigation. Young
plants are watered regularly during dry season
and in winter at an interval of 6-12 days (Singh
et al. 1963). In Maharashtra, young plants are
given irrigation once in 8 days from October
onward till monsoon starts. Protective irrigation is
given during the first two seasons in Karnataka for
better establishment of plants (Anonymous 1975).
Insufficient irrigation results in dropping of a
large number of flowers leading to a loss of up to
40 % in yield (Cheema et al. 1954). In the begin-
ning, small basins are made and watered, but as
the plant grows in size, the size of the basin is
also widened. In coastal Gujarat, there is a prac-
tice of raising 0.5 m high mounds of earth around
the trees to protect them from strong winds and to
conserve moisture (Singh 1969). Bhuva et al.
(1990a, b, c) suggested that for obtaining eco-
nomic return from sapota cv. Kalipatti, 10-11
irrigations each at 80 mm depth are to be applied
at 32 days interval in winter and 18 days interval
in summer. However, care should be taken not to
over-irrigate the plants as it may cause flower and

Table 8.12 Quantity of water required L/day/plant

Month/age  2nd year 3rd year  4th year  5thyear
Jan. 222 5.18 9.91 13.99
Feb. 2.69 6.3 12.05 17.02
Mar. 3.71 8.67 16.58 23.41
Apr. 5.38 12.59 24.08 33.99
May 6.28 14.68 28.09 39.65
June 5.05 11.82 22.64 31.92
July 3.1 7.26 13.89 19.61
Aug. 2.71 6.49 12.42 17.53
Sept. 2.80 6.56 12.55 17.71
Octo. 2.40 5.62 10.74 15.16
Nov. 2.29 5.36 10.25 14.47
Dec. 2.01 4.72 9.03 12.74
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fruit shedding and increase the number of mis-
shapen fruits.
* Drip Irrigation

Based on the following formula, water require-
ment for sapota was calculated for 1-10-year-old
plant. The data in Table 8.12 gives idea about the
dripper to be used along with the growth of the
plant. The formula for calculating water require-
ment /day is

Evapotranspiration x Crop K xWetted
Spacing =Water lit/day/plant

area X

In sapota, during the year 1996-1997 of the
total area of 34,833 ha, only 2,506 ha area was
under micro-irrigation only. As water is becom-
ing a scarce commodity over the years, there is a
need to put a maximum area under micro-
irrigation to save water. Drip irrigation is used for
enhanced growth and early cropping. Irrigation at
0.50 IW/CPE ratio was optimum for cv. Kalipatti.
The system resulted in saving water up to 40 %
with 70 % higher income. The system is laid out
with two drippers spaced 50 cm from the tree in
the initial stage during the first 2 years and then
four drippers about 1 m away from tree trunk till
it attains the age of 5 years. A field trail was con-
ducted with antitranspirants, viz., phenyl mercu-
ric acetate, kaolin salicylic acid, power oil, and
liquid paraffin, on rainfed sapota cv. Kalipatti. It
was found that antitranspirant affected the plant
height, plant girth, and relative water content
(RWC). Minimum transpiration was recorded

6th year 7thyear 8thyear 9thyear 10th year
21.2 23.36 35.60 46.72 58.74
25.78 28.40 43.30 56.81 71.43
35.47 39.07 59.56 78.15 98.26
51.50 56.74 86.49 113.48 142.68
60.08 66.18 100.88 132.37 166.43
48.36 53.28 81.21 106.56 133.98
29.71 32.73 49.89 65.46 82.31
26.57 29.27 44.61 58.54 73.60
26.83 29.56 45.06 59.12 74.33
22.97 25.30 38.57 50.62 63.63
21.92 24.15 36.81 48.30 60.73
19.30 21.26 32.42 42.53 53.48
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with power oil (2 %) and maximum stomatal
resistance was recorded with liquid paraffin
(1.5 %), while salicylic acid (1,500 ppm) was
found to be best when fruit yield was concerned
(Tables 8.13 and 8.14).

The studies revealed that among the growth
parameters, stock and scion diameter and plant
spread were significantly influenced, whereas
plant height was not affected by different treat-
ments. Maximum stock and scion diameter (32
and 29 mm), respectively, were recorded in treat-
ment irrigating at 0.4 IW/CPE ratio daily. Plant
spread both in north-south and east-west direc-
tion (7.96 m) was highest in the same treatment.
Fruit set (26 fruits/shoot) and yield per plant
(87.44 kg) were maximum in the treatment
irrigating at 04 IW/CPE ratio daily.
Physicochemical analysis of the fruits indicated
that fruit weight (79.66 g), length (50.76 mm),
and diameter (47.53 mm) were highest in the
same treatment. However, TSS was maximum in
control (30.26 ° Brix) and acidity was the least,
indicating more sweetness in less frequently
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watered plants compared to frequently watered
plants (Table 8.15).

There were significant differences in respect
to vegetative and yield parameters of sapota
under fertigation: the highest plant height in
treatment in T5-fertigation at 80 % WSF (4.36 m)
and spread in T6-fertigation at 100 % WSF
(46.50 m?). The number of fruits per plant and
yield per plant were highest in T5-fertigation at
80 % WSF (1,141.2 and 75.22 kg, respectively).
Thus, fertigation of sapota with 80 % of water-
soluble fertilizer is the best treatment for sapota
as it resulted in saving 20 % of fertilizer due to
increased nutrient use efficiency.

8.11.4 Weed Control

Weeds control nutrients and moisture and hence
should be removed frequently when intercrops
are grown; weeds may not be a problem during
that period, and in such cases, the basins only are
kept free from weeds.

Table 8.13 Effect of drip irrigation on growth parameters of sapota cv. Kalipatti

Plant spread (m)

Treatment Plant height (m) Stock dia. (mm) Scion dia. (mm) NS EW
Irrigation at 0.2 IW/CPE ratio 4.9 32.00 29.00 7.96 7.96
Irrigation at 0.4 IW/CPE ratio 4.96 32.00 28.66 7.73 7.70
Irrigation at 0.6 IW/CPE ratio 4.83 31.33 27.66 7.83 7.80
Irrigation at 0.8 IW/CPE ratio 4.8 31.66 26.66 7.86 7.70
Irrigation at 1.0 IW/CPE ratio 473 30.66 28.00 7.73 7.63
Flood irrigation 4.9 31.00 28.66 7.70 7.56
Control 4.5 27.00 22.66 7.10 7.30
CDat5 % NS 3.75 2.97 0.36 0.34
Hiwale (2008)
Table 8.14 Effect of drip irrigation on yield and physicochemical parameters of sapota cv. Kalipatti

No. of fruits/  Yield Fruit  Fruit length  Fruit dia.
Treatment shoot kg/plant wt. (g) (mm) (mm) TSS °Brix  Acidity (%)
Irrigation at 0.2 IW/CPE ratio  25.66 87.44 79.66  50.76 47.33 25.60 0.71
Irrigation at 0.4 IW/CPE ratio  26.33 84.7 77.0 50.30 47.23 26.26 0.72
Irrigation at 0.6 IW/CPE ratio  24.00 77.72 70.66  47.96 45.86 25.53 0.71
Irrigation at 0.8 IW/CPE ratio  25.33 81.68 70.00 47.53 45.33 26.60 0.72
Irrigation at 1.0 IW/CPE ratio  22.33 71.34 67.33  46.93 44.13 27.36 0.70
Flood irrigation 18.33 59.53 64.33  45.56 42.66 28.13 0.65
Control 17.00 47.85 59.00  39.56 36.70 30.26 0.62
CDat5 % 4.16 17.88 5.45 1.94 1.36 1.36 0.08

Hiwale (2008)
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Table 8.15 Fertigation of sapota through drip irrigation

Plant Spread

Treatments height (m) (m?)

T1-100%NF +rainfed 3.18 34.00
T2-100%NF+ basin 3.38 35.10
T3-100%NF +drip 3.62 39.20
T4-Fertigation at 60 % WSF 3.80 43.82
T5-Fertigation at 80 % WSF 4.36 46.50
T6-Fertigation at 100 % WSF 4.32 45.20
CD at 5% 0.78 8.49

8.11.5 Manure and Fertilizers

For healthy growth and good quality fruits,
manures and fertilizers should be applied in the
required doses. When intercrops, such as banana,
are grown in sapota, they get heavy fertilization
indirectly since banana is heavily manured and
fertilized. Besides this, the pseudo-stem is cut
and incorporated into the soil (Singh 1969). In
Andhra Pradesh, on an average each bearing tree
is given 100 kg farmyard manure, 6 kg castor
cake, and 2 kg superphosphate per year
(Narasimham 1966). In Maharashtra, the sapota
trees are given yearly application of manures and
fertilizers and a 1-year-old tree gets 20 kg
farmyard manure and 400 g castor cake, and this
dosage is increased every year by 4 kg and 400 g,
respectively. Thus, a ten-year-old tree gets 40 kg
farmyard manure and 6 kg of castor cake. For
bearing trees of 10 years and more, each tree is
given 2 kg bone meal (Singh et al. 1963).
Application of superphosphate to provide phos-
phorous is said to improve the size of fruits in old
orchards.

8.11.6 Time and Method
of Application

For best results, the manure and fertilizers should
be applied in two split doses. In Maharashtra and
Karnataka, they are first applied in the beginning
of monsoon in dry zones and at the end of south-
west monsoon in heavy rainfall areas. They are
applied in a shallow circular trench, 15-22 cm
deep, 15 cm wide, and 60-90 cm away from the
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Trunk No. of Fruit Fruit
girth (cm) fruits/plant wt. (g) (kg/plant)
39.00 582.50 50.72 17.62
54.04 735.00 57.82 31.78
57.36 795.00 59.45 31.34
60.26 314.25 51.55 48.54
65.80 1141.2 56.97 75.66
62.76 990.50 64.20 68.82
11.10 186.10 4.15 -

trunk. Split application is followed in the trees
that are bearing heavy crops. The fertilizers are
incorporated into soil and irrigated.

8.11.7 Integrated Nutrient
Management

The area under sapota cultivation is increasing
fast; the estimated area under the crop is
23,824 ha. with a production of 3.38 lakh tons
(Singh 1989). The productivity/ha has shown
downward trend from 14 to 8 t/ha. Indiscriminate
use of inorganic fertilizers has deleterious effects
on the overall soil health resulting in the deterio-
ration of plant health and ultimately its produc-
tivity. Organic fertilizers are in use since the time
immemorial, and also the organic farming
adopted by our ancestors has maintained the pro-
ductivity of the soil over the years resulting in
prosperous civilization. Sapota can be grown under
semiarid rainfed conditions in semiarid areas
(Raturi and Hiwale 1991). The concept of inte-
grated nutrient management is helpful in improv-
ing the soil and plant sustainability. Under rainfed
condition, application of high doses of chemical
fertilizer can lead to the death of the plant, and
therefore, an experiment was conducted on sapota
cv. Kalipatti to reduce the dose of chemical fertil-
izers to half of the recommended dose and to meet
the plant hunger supplement it with organic
cakes.

Application of organic cakes with half the
dose of chemical fertilizers had beneficial effect
not only on soil but also improved nutrient com-
position of sapota cv. Kalipatti (Hiwale et al.
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Table 8.16 Nutrient replenishment through organic fer-
tilizers in cv. Kalipatti under rainfed conditions

Leaf nutrients (%)

Treatment N P K Ca Mg S
Full castor cake 240 0.12 0.67 1.68 0.40 0.82
Vi castor cake+%2  2.67 0.12 040 1.55 0.41 0.88
RDF

Full FYM 232 0.12 0.82 1.85 0.51 0.94
“2FYM+%RDF 230 0.12 0.58 1.53 0.39 091
Full G. nut cake 234 0.12 0.37 1,65 041 0.80
%2G. nut cake+1/2 2.61 0.11 0.48 1.63 041 0.79
RDF

RDF 261 0.12 051 1.25 035 0.68
CD.5% 024 NS 0.08 0.20 0.03 0.10

Hiwale et al. (2010)

Castor cake,10 kg/plant; FYM,100 kg /plant; ground nut
cake, 8 kg

RDF — Recommended dose of fertilizer 1,000 g N, 500 g

P, and 500 g potash

2010). Composition of leaf in respect to nitrogen
and potassium was significantly improved by
castor cake, ground nut cake, and FYM in combi-
nation with reduced dose of chemical fertilizers.
Application of ¥2 dose of castor cake and %2 doses
of fertilizers had maximum N content in leaves of
cv. Kalipatti (2.67 %). Phosphorus content of the
leaves was found nonsignificant and it ranged
from 0.11 to 0.12 %. Potash was maximum in
application of full dose of FYM (0.82 %) fol-
lowed by castor cake (Table 8.16).

There was improvement in soil moisture con-
tent of soil as well as leaf when organic fertilizers
like castor cake (10.57 %), FYM (9.82 %), and
ground nut cake (9.35 %) singly or in combina-
tion of ¥2 dose FYM with ¥2 RDF (12.22 %) com-
pared to recommended dose of fertilizers
(8.57 %) was applied; when the plants are in
bearing stage in October and March, similar
trend was observed with the highest soil moisture
in ¥2 FYM with 2 RDF (7.13 %) and the least in
RDF (6.13 %). The relative leaf water content
also showed similar results with maximum RLW
by application of ground nut cake (107.40 %) and
the least in RDF (94.70 %) in October. With simi-
lar trend in March, i.e., maximum RLW (93.58 %)
in ground nut cake and least in RDF (8.57 %).
Kale and Jagtap (1991) also reported increased
RWC in sapota Kalipatti with application of 2 %
power oil (Table 8.17).
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Table 8.17 Effect of organic and chemical fertilizers on
soil moisture content and leaf RLW

RLW (%) Soil moisture (%)
Treatment October March October March
Full castor cake 105.17  92.82 10.57 6.57
5 castor 106.47  93.10 9.75 6.40
cake+Y2 RDF
Full FYM 104.77  91.53 9.82 6.53
1 FYM+% RDF 106.75 9343 1222 7.26
Full G. nut cake 107.40  93.58 9.35 7.13
1% G. nut 105.55 91.92 9.47 6.53
cake+1/2 RDF
RDF 9477  79.73 8.57 6.13
CD.5% 0.38 4.19 0.78 0.41

RLW - Relative water content (Hiwale et al. 2010)

There was improvement in the soil health also.
The pH and EC of the soil was reduced from 7.44
to 6.52 in Y2 castor +1/2 RDF and EC of 0.46
mmhos/cm. Organic carbon content of the soil
increased from 0.71 to 1.11 % with application of
castor cake and FYM (1.11 %) (Table 8.18).

The improvement in plant and soil health has
improved the fruit set per shoot to 60.00 fruits in
Y2 dose of FYM Y2 RDF. This also resulted in
higher yield per plant of 92 kg per plant in the
same treatment. Kale and Jagtap (1991) also
revealed that increased dose of nitrogen resulted
in increased productivity of sapota cv. Kalipatti.
Similar results are reported by Patil et al.(1981).
Bhatt et al. (1991) observed that application of
500 g castor cake significantly increased fruit
production. Thus, it can be concluded that appli-
cation of organic fertilizers along with chemical
fertilizers improves soil and plant health and
results in increased production.

8.11.8 High-Density Planting

Work carried out at fruit research station Gandevi
of south Gujarat region on cv. Kalipatti grafted
on khirni (Mimusops hexandra) rootstock indi-
cated that as the spacing decreased, the number
of fruits and yield per plant increased. However,
after 10 years of plant age, there is crowding of
plants and it adversely affected the fruit set and
yield (Table 8.19).
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Table 8.18 Effect of organic and chemical fertilizers on soil properties, fruit set, and yield

Treatment pH EC (Mmhos)
Full castor cake 6.70 0.71
Y4 castor cake+%2 RDF 6.52 0.46
Full FYM 6.46 0.53
2 FYM+Y% RDF 6.54 0.79
Full G. nut cake 6.53 0.58
1 G. nut cake + 1/2 RDF 6.61 0.64
RDF 6.42 0.63
Original soil 7.44 0.20
CD.5% 0.38 0.16

Hiwale et al. (2010)

0.C. (%) Fruit set/shoot Yield/plant (kg)
111 46.2 81.2

1.02 48.7 84.0

111 60.0 92.0

1.08 54.5 65.0

1.08 44.5 80.7

1.09 445 785

0.83 50.7 86.0

0.71 - -

0.12 9.8 5.6

Table 8.19 High-density planting in sapota cv. Kalipatti (6-year-old plants)

Treatment  No. of trees/plot ~ Plant height (cm)  Plant girth (cm)  No. of fruits/plot ~ Wt. of fruits/plot (kg)
10x 10m 2 302.5 2791 259.6 17.5
10x5 m 4 3433 27.70 758,7 447
5%5m 8 367.3 27.58 1182.6 73.6
CDat5 % 41.83 NS 326.7 22.6

Katrodia and Bhuva (1991)

8.11.9 Intercropping

Sapota has a long pre-bearing age, and till the
trees cover the entire area with their leaf can-
opy, intercrops can be grown. This period may
be as long as 10 years, and short duration fruits
like banana, papaya, or vegetables can be prof-
itably grown. Leguminous vegetables and
pulses like cowpea, cluster bean, lima bean,
peas and pigeon pea, and others benefit in sev-
eral ways.

8.11.10 Fertilizer Schedule
for Sapota

Farmyard manure is applied at 40 kg per year per plant

Age of the plants N (in g) P (in g) K (ing)
1-3 years 50 20 75
4-6 years 100 40 150
7-10 years 200 80 300
11 years and more 400 260 450

Anonymous (1975)

8.11.11 Harvesting

Sapota starts bearing in the third year of planting,
but economic yield can be obtained in the Sth
year onward. The two main seasons of flowering
are October—-November and June—July with two
harvesting season, i.e., April-May and
November—December. Sapota takes 5 months
from flowering to maturity of fruit. Sapota is a
climacteric fruit and it improves in quality after
harvesting, but immature fruits should not be har-
vested. The fruits to be harvested must be fully
matured, and maturity can be judged by several
external symptoms. Sulladmath and Narayana
(1990) suggested the following symptoms of
maturity:

1. Fruits at full maturity develop a dull orange or
potato color, with a yellowish tinge.

2. A mature fruit when scratched lightly shows a
yellow streak instead of a green streak, which
is a sign of immature condition.

3. Brown scaly material disappears from the fruit
surface as the fruits approach full maturity.

4. As the fruit matures, the milky latex content is
reduced.
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5. The dried spine like stigma at the tip of fruit
falls or drops off easily when touched.
Kariyanna et al. (1993) recommended harvest-

ing sapota fruit after 245 days of fruit set, and mor-
phological parameters like size external color,
scurf content, and color of the skin after scratching
could be used in deciding on the optimum harvest-
ing stage in the field. Several workers suggested
fruit weight at maturity as one of the maturity indi-
ces, and the different varieties showed variations
in fruit weight and maturity, which, however, dif-
fer in different agroclimatic conditions.

Variety Fruit wt. (g)
Calcutta round 48.2
Cricket ball 140.0
Pala 30.8
Mohangootee 101.43
Kalipatti 98.23
Pilipatti 82.40
Jumakhia 57.47
Col 122.22
Co2 87.41
Gavarayya 90.48
Guthi 59.62

The fully matured fruits are harvested with the
stalk intact, individually by giving a twist, and
collected without bruising. The fruits thus har-
vested are spread in a thin layer on bamboo mats
under shade for an hour or two. To avoid brush-
ing of fruits, they are better collected in gunny
bags and lowered to the ground carefully. The
peak harvest periods are January—February and
May—June in the west coast of Maharashtra and
March-May and September—October in Andhra
Pradesh and Karnataka.

Table 8.20 Economics of sapota cultivation

Gross return (Rs.)

8 Sapota [Manilkara achrus (Mill) Forsberg]

8.12 Yield

The yield depends upon several factors, such as
the age of the tree, cultivars, agroclimatic condi-
tions of the locality nutrition, and plant protec-
tion measures. In round and large-sized cultivars
such as Cricket ball and Calcutta round, less
number of fruit is obtained, while in others with
oval or long fruits, more number of fruits is pro-
duced but their size is small. In very prolific bear-
ers like Pala, the number of fruits is much more.
On an average, a 3-year-old tree bears 800 fruits/
year; a 10-year-old tree, 1000 fruits/year; an
11-year-old tree, 1,500 fruits/year; a 15-year-old tree,
2,000 fruits/year; and a 30-year-old tree, 2,500 to
3,000 fruits/year (Gandhi 1963; Narsimham 1966;
Singh 1969; Gopalaswamiengar 1970; Anonymous
1975). Purseglove (1968) also reported similar
yield from 30-year-old trees of sapota.

8.13 Economics

The plants started flowering and fruiting from
fifth year onward. Two crops were harvested
under semiarid rainfed condition in a year, one in
March—April and the second crop in August—
September. The summer season fruits were better
in size and yield per plant compared to rainy sea-
son crops which may be due to moisture avail-
ability. The maximum benefit-cost ratio of 1:5.70
was recorded in the 8th year, and then, it
decreased due to low rainfall in the preceding
years (Table 8.20).

Net return (Rs.) Benefit-cost ratio

Age Yield g/ha Cost of cultivation

5 9.68 1,460 3,872
6 14.9 1,595 5,960
7 25.21 1,745 10,084
8 36.7 2,190 14,680
9 435 3,540 17,400
10 51.3 3,975 20,520

Raturi and Hiwale (1991)

2,412 1.65
4,365 2.73
8,339 4.77
12,490 5.70
13,680 3.86
16,545 4.16
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Table 8.21 Export: country-wise export of sapota from India
2008-2009 2009-2010 2010-2011

Value Value Value
Country Qty (mt) (Rs. Lakh) Qty (mt) (Rs. Lakh) Qty (mt) (Rs. Lakh)
UAE 1,602.3 294.7 2,121.0 247.1 788.0 179.0
Bahrain 825.6 102.8 839.2 104.3 631.6 61.6
UK 429.5 91.7 240.1 034.7 78.2 22.6
Canada 527.0 32.6 346.1 029.2 264.4 11.9
Qatar 195.6 15.7 249.0 026.5 046.3 46.3
Oman 068.5 13.7 102.5 015.7 056.1 11.9
Saudi Arabia 150.2 22.8 108.0 015.8 049.4 11.5
USA 126.4 17.2 28.4 006.3 052.7 7.8
Singapore 002.1 00.6 24.8 004.3 016.3 32
South Africa 000.0 00.0 02.0 000.5 011.7 11.8
Others 185.0 15.9 136.8 020.0 044.6 11.6
Total 4,112.3 607.9 4,197.7 504.5 2,039.3 353.3

Kumar et al. (2011)

8.14 Export

The sapota fruits are exported mostly to Arabian
countries like UAE, Bahrain, Qatar, Oman, and
Saudi Arabia. The export is 4,112.3 mt during
2008-2009; however, it declined to 2,039.3 mt in
2010-2011 indicating that there is no stability in
the export market (Table 8.21).

References

Alam T, Faruqui AHM (1974) Success of air layerage of
Sapota (A.zapota). Bangladesh Hortic 2:45—48

Amin RS (1978) Softwood grafting — a new technology
for hardwood plants. Curr Sci 47:468-69

Anonymous (1975) Cultivation practices for fruits.
Department of Horticulture University of Agricultural
Sciences/I. LH.R., Bangalore, pp 31-34

Anonymous (1982) Annual report of research, K.K.V.
Dapoli (M.S.) pp 50-51

Anonymous (1991) Annual report of research, University
Department of Horticulture, PKV, Akola, pp 10-11

Bhatt RI, Katrodia JS, Chundawat BS, Padhiar BV (1991)
Fertilizing sapota Cv. Kalipatti in rain fed orchards in
sub humid regions of south Gujarat. In: National semi-
nar on optimization of productivity and utilization of
sapota held at Navsari on 8 October 1991

Bhuva HP, Chundawat BS (1978) Flowering and fruit growth
in Sapota. (Achras sapota L.). Udyanika 2:54-56

Bhuva HP, Katrodia JS, Raja KRV (1990a) Indian J Hortic
47:167-169

Bhuva HP, Katrodia JS, Chundawat BS (1990b) Influence
of environment on success of sapota propagation.
Hortic J 3:6-9

Bhuva HP, Katrodia JS, Patel RG (1990c) Haryana J
Hortic Sci 19:71-78

Bose TK (1985) Fruit of Indian-tropical & sub-tropical,
vol 6. Naya Prokash, Calcutta, pp 446-461

Chatterjee BK, Ray DP, Chakladar BP (1990) Orissa J
Hortic 18:70-74

Cheema GS, Bhat SS, Naik KC (1954) Commercial fruits
of India with special reference to Western India.
Macmillan & Co, Calcutta, pp 359-378

Chinappa KS (1960) Thesis submitted for M.Sc. degree to
Karnataka University (unpublished)

Chinappa KS, Kalolgi SP (1961) Lalbagh J 6:29-32

Das RC, Mahapatra S (1973) Plant Sci 7:93-94

Farooqi AA, Rao MM (1976a) Studies on Metaxenia in
sapota (Achras sapota). Mysore J Agric Sci 10:413-423

Farooqi AA, Rao MM (1976b) Studies on fruit set in some
sapota varieties in relation to intra and inter-varietal
pollination. Mysore J Agric Sci 10:28-34

Gandhi SR (1963) Chiku, farm bulletin, Ministry of
Agriculture, Government of India

Gopalaswamiengar KS (1970) Complete gardening in
India. Kalyani Press, Bangalore

Goswami KN (1954) Bansilal Amritlal Agric Mag 3(7):6-7

Hayes WB (1957) Fruit growing in India. Kitabistan,
Allahabad

Hiwale SS (2002) Annual report. CIAH, Bikaner

Hiwale SS (2004) Lead lecture delivered on sapota culti-
vation. In: Proceeding of winter school on strategies
for horticulture development under arid condition on
7-29 December 2004

Hiwale SS (2008) Annual report. CIAH, Bikaner, p 56

Hiwale SS, Raturi GB (1991) Studies on the performance
of sapota (Manilkara achras Mill Forsberg.) Cv.
Kalipatti under semiarid rainfed conditions. National
seminar on Optimization of productivity and utiliza-
tion of sapota at Gujarat Agril University, Navsari, p 5

Hiwale SS, Apparao VV, Dhandhar DG, Bagle BG (2010)
Effect of replenishment of N through organic fertilizers
in sapota cv. Kalipatti. Indian J Hortic 67(2):274-276



134

Kale PB, Jagtap KB (1991) Nutritional studies in chiku
(Manilkara achrus Mill) Forsberg. A review of work
carried out at MPKYV, Rahuri National seminar on
optimization of productivity and utilization of sapota
held at Navsari on 8 October 1991

Kariyanna S, Bojappa KM, Reddy TV (1993) Golden jubilee
symposium on horticultural research- changing Scenario,
Bangalore, 24-28 May, Abstract no. 19.10, p 347

Katrodia JS, Bhuva HP (1991) Orchard management,
Nutrition and irrigation in sapota. National seminar on
Optimization of productivity and utilization of sapota
at Gujarat Agriculture University, Navsari, pp 7-8

Kulwal LV, Tayde GS, Deshmukh PP (1985) Studies on soft-
wood grafting Sapota. PKV Res J, Akola 9(2):33-36

Kumar B, Mistry NC, Singh B, Gandhi CP (2011)
Horticulture data base publisher. National Horticulture
Board, New Delhi, pp 122-127

Madhav Rao VN, Mohamed Abdul Khader JBM (1960)
Estimation of pollen production in fruit crops. Madras
Agric J 49:152-156

Madhav Rao VN, Mohamed Abdul Khader JBM (1962)
Effect of gibberelic acid on the germination and tube
growth of pollen in sapota (Achras zapota L.) var.
‘Long Oval’. Madras Agric J 49:412-414

Maharana T, Sahu BC, Tripathi P (1994) A note on the
effect of detachment time in modified, approach graft-
ing in sapota cv. Cricket ball. Orissa J Hortic
22(1-2):87-90

Malo SE (1970) Propagation of mamey sapota. Proc Am
Soc Hortic Sci 14:165-174

Nalawadi UG, Dasappa MA, Sulikeri GS (1977) Floral
biology of some varieties of sapota (Achras sapota L.).
Prog Hortic 9(1):27-32

Narasimham B (1966) Horticulture part 1., Agricultural
College, Bapatla, Andhra Pradesh, pp 200-201

Pampanna Y, Sulikeri GS, Hulmani HC (1994) Effect of
season on the success of soft wood grafting in sapota
Cv. Kalipatti. South Indian Hortic 42:5,303-308

Pampanna Y, Sulikeri GS (1995) Effect of age of scion on
the success of soft wood grafting in cv. Kalipatti.
Karnataka J Agric Sci 8(1):56-59

Pampanna Y, Sulikeri GS (1999) Seed Res 27:49-53

Pampanna Y, Sulikeri GS (2001) Effect of pre curing and
storage of scion sticks on the success and growth of
soft wood grafts in Sapota cv. Kallipatti. Karnataka J
Agric Sci 14(4):1025-1029

Patel CB, Patel DB, Patel BN, Katrodia JS (1993) Golden
jubilee symposium on horticultural research- changing
scenario, Bangalore, 24-28 May, Abstract no. 8.28,p 176

Patel RM, Virdia RR, Patel HC, Chundawat BS, Barot DV
(1996) Study on comparative performance of sapota
(Manilkara achras Mill. Forsberg.) Propagated by
different methods. J Appl Hortic 2(1-2):110-115

Patil AV, Wavhal KN, Kamble KB, Patil BS (1981) Effect
of varying levels N, P and K on growth, yield and
quality of Chiku (Achras sapota L.) Cv.Kalipatti.
Paper presented in national seminar on Tropical and
subtropical fruits, Bangalore, pp 58

8 Sapota [Manilkara achrus (Mill) Forsberg]

Patil VK, Narwadkar PR (1974) Studies on flowering, polli-
nation and fruit drop in chiku. Punjab Hortic J 14:39-42

Purohit SD, Singhvi A, Nagori R, Kishan PBK (1997) In vitro
propagation of A. zapota, optimization of conditions for
rooting, hardening and acclimatization. Proceedings of
symposium. Plant tissue culture and Biotechnology, emerg-
ing trends at Hyderabad, 29-31 January 1997, pp 134-145

Purseglove JW (1968) Tropical crops, dicotyledons.
Longman Group Ltd, London

Raja K, Palanyswamy V, Selvaraj P (2001) Enhancing
the germination and seedling vigour of Khirni
seeds (Manilkara hexandra) by pre sowing treat-
ment. [UFRO joint symposium on tree seeds Technology
College, Laguna, Philippines, 30 April-3 May 2001

Ramamurthy K, Ramalingam B (1954) A note on hybrid-
ization I sapota (Achras zapota L.). Indian J Hortic
8:57-60

Ramsunder V, Abdul Khader JBM (1986) Studies on the
rooting the sapota cuttings. South Indian Hort 34:40-41

Rathod RP, Amin HD (1981) National symposium on tropi-
cal and subtropical fruit crops, Bangalore, p 115

Raturi GB, Hiwale SS (1991) Studies on performance of
sapota Manilkara achrus Mill Forsberg. In: National
seminar on optimization of productivity and utilization
of sapota held at Navsari on 8 October 1991, pp 5

Sachdeva S, Mehta PN (1986) Phytomorphology
36:315-324

Sambamoorthy K, Ramalingam V (1954) A note on
hybridization in Sapota (Achras zapota L.). Indian J
Hort 9:57-60

Sandhu MK, Subhadrabandhu S (1992) Standardization
of grafting technique in sapota (A. zapota L.). In:
International symposium on tropical fruits Frontiers in
tropical fruit research, Pattaya, Thailand 20-24 May
1991. Acta Hort 332:610-615

Sayeed IA (1963) Propagation of Sapota. In: Fruit nursery
practices in India, Ed. Venkatraman, Directorate of
Extension, New Delhi

Shanmugavelu KG (1987) Production technology of fruit
crops. S.B.A Publication, Calcutta

Singh R (1969) Fruits. National Book Trust, New Delhi

Singh HP (1989) World bibliography on fruits. IIHR,
Bangalore

Singh S, Krishnamurthi S, Katyal SL (1962) Fruit culture
in India. ICAR, New Delhi

Singh S, Krishnamurthy S, Katyal SL (1963) Fruit culture
in India. ICAR, New Delhi

Sulladamath UV, Kalolgi SD (1969) South Indian Hortic
17:10-17

Sulladmath UV, Narayana Reddy MA (1990) Sapota. In:
Bose TK (ed) Fruits of India tropical and sub-tropical.
Naya Prakashan, Calcutta, pp 565-591

Sundararajan S (1960) Studies on certain aspects of
growth, flowering and fruiting in same varieties of
sapota (Achras zapota L.). M.Sc. (Ag) Dissertation
submitted to Madras University

Venkatratnam L (1973) Horticulture in central India.
Directorate of Extension ICAR, New Delhi, p 112



Introduction

Abstract
Custard apple (Annona squamosa L.) is a delicious and important minor
fruit crop which is cultivated in tropical and subtropical climate. It comes
under family Annonaceae and native of the West Indies, but it was culti-
vated since early times throughout Central America to Southern Mexico.
Custard apple is an important dry land fruit of India. It is popular by
virtue of its spontaneous spread in forests, wastelands, rocky slopes, and
other uncultivated places. Its plants come up unattended in parts of Andhra
Pradesh, Assam, Bihar, Karnataka, Maharashtra, Madhya Pradesh, Orissa,
Rajasthan, and Tamil Nadu as a scrub or hedge plant. Bullock’s heart is
more commonly found in south India than in north India. Cherimoya is
mostly restricted to Assam and hills of south India. Atemoya and soursop
are cultivated in some gardens as miscellaneous fruits. Atemoya, cheri-
moya, and ilama also provided excellent opportunities for a large-scale
exploitation in India. Softwood grafting in the month of March gives best
results in propagation of custard apple. Identification of superior varieties
like Balanagar and hybrids like Arka Sahan and APK-Ca-1 has resulted in
regular plantation on large scale. An eight-year-old plantation yielded
22-25 q fruits/ha under semiarid rain-fed condition.

each type is unique in its taste, flavor, pulp color,
and texture.

Custard apple is a small group of edible fruits of
genus Annona and family Annonaceae are col-
lectively known as annonaceous fruits. Genus
Annona has 120 species, six of them having
pomological significance. Annona fruits are
formed by fusion of pistil and receptacle into a
large flashy aggregate fruit. Annonaceous fruits
have morphological affinity for each other, but

S. Hiwale, Sustainable Horticulture in Semiarid Dry Lands,
DOI 10.1007/978-81-322-2244-6_9, © Springer India 2015

The annonaceous fruits originated in tropical
America and are widely distributed in tropics and
subtropics. Among annonaceous fruits, custard
apple is the most favorite in India. Its plants come
up unattended in parts of Andhra Pradesh, Assam,
Bihar, Karnataka, Maharashtra, Madhya Pradesh,
Orissa, Rajasthan, and Tamil Nadu as a scrub or
hedge plant. Of late, custard apple has gained
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Table 9.1 Area and production

9 Custard Apple (Annona squamosa L.)

State Area (ha) % of total Production (mt) % of total
Maharashtra 9,424 64.45 65,968 64.49
Gujarat 1,426 9.75 9,223 9.01
Madhya Pradesh 3,590 24.55 25,050 24.48
Rajasthan 180 1.23 2,050 2.00
Total 14,620 - 1,02,291 -

commercial significance, and exclusive orchards
are emerging in Maharashtra, Andhra Pradesh,
and Gujarat (Table 9.1).

9.2 Uses

* Asdessert fruit

* Inice creams and other milk products

e Asjam and jelly

e In Ayurvedic and Unani systems of medicine
like in seeds as abortifacient and roots as
strong purgative

e Seed oil (30 %) in soap and paint industry

¢ Seed cake (4 % N) as cattle feed and as manure

* As insecticide with Neem oil

Edible Annona and Their
Fruit Characteristics

9.3

Other annonnas are cultivated on a limited scale.
Bullock’s heart is more commonly found in south
India than in north India. It is usually associated
with gardens and compounds and not commer-
cial orchards. Cherimoya is mostly restricted to
Assam and hills of south India. Atemoya and
soursop are cultivated in some gardens as miscel-
laneous fruits. Atemoya, cherimoya, and ilama
also provided excellent opportunities for a large-
scale exploitation in India.

9.3.1 Custard Apple: Sweet Soup
Sugar Apple (Annona

squamosa)

Indian name Sitaphal, Sharifa, woody plant, semi-
deciduous. Fruits 250-300 g; globular; green

skin; sweet (20 % sugar); nonacidic; pulp creamy
white; distinct segment, 60—-80 seeds/fruit.

9.3.2 Bullock’s Heart and West
Indian Custard Apple (Annona
reticulata)

Indian name Ramphal plant; semi-deciduous
reaching 67 m height. fruit large (350,400 g);
heart shaped; yellowish red; smooth rind with
hexagonal markings, pulp pale, gritty, flavored,
12.5 % sugar, and few seeds (30—40).

9.3.3 Cherimola and Cherimoyar
(Annona cherimola)

Local name Hanuman Phal, semi-deciduous, tree
reaching to a height of 8 m. Fruits wt. 250-300 g,
pale green when ripe, subglobose, pine-like aroma
18 % sugar, segment fused, 10—15 seeds/fruit.

9.3.4 Annonaatemoya
(A. squamosa x A. cherimoya)

Local name Lakshman Phal, semi-deciduous,
large spreading tree, 5 m ht. Fruit wt. 500 g glob-
ular green; white smooth pulp is very juicy with
excellent sugar acid blend large segments 10-15
seeds/fruit.

9.3.5 Soursop and Prickly Custard
Apple (Annona muricata)

Ever green tree, 6-8 m in height, fruits 1.5-3 kg
heart shaped; dark green; fleshy pines, pulp is
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Table 9.2 Composition of fruits (g/100 g edible portion)

Constituents Sweet soup
Moisture 75.97
Protein 1.89
Fat 0.57
Carbohydrate 20.82
Fiber 1.41
Ash 0.75
Energy (kj) 360
Calcium 17.0
Magnesium 22.0
Phosphorus 54.0
Potassium 142
Sodium 2.0
Iron 0.3
Ascorbic acid 35.9
Thiamine 0.10
Riboflavin 0.06
Niacin 0.89

white; fibrous, juicy with mango like flavor;
11-14 % sugar.

9.3.6 Illama:White Annona (Annona
diversifolia)

Not popular in India. Slender tree; fruit resemble
custard apple/cherimoya pulp; good quality and
highly acceptable (Table 9.2).

9.4 Collection, Introduction,
and Evaluation of Custard
Apple Germplasm

The results revealed significant differences among
eight cultivars of custard apple in respect of most
of the vegetative as well as physicochemical char-
acteristics of fruits under rain-fed conditions of
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Cherimola Atemoya Soursop
68.71 78.7 80.1
1.54 1.4 0.69
0.13 0.6 0.39
28.95 15.8 18.23
- 25 0.95
0.67 0.5 0.58
460 310 247
9.0 17.0 9.0
- 32.0 22.0
24 - 29.0
- 250 320.0
- 4.0 22.0
0.25 0.3 0.82
12.20 43.0 16.4
0.11 0.05 0.07
0.11 0.08 0.12
1.0 0.8 1.52

Panchmabhals (Table 9.3). As regards vegetative
growth parameters, stem diameter and plant spread
were significantly influenced; however, plant
height was found to be nonsignificant but was
maximum (4.16 m) in Island gem. However, stem
diameter and plant spread was found to be signifi-
cantly influenced. Maximum stem diameter
(103.33 mm) was recorded in Island gem. Plant
spread (N=S & E-W) was maximum in Washington
(5.60 and 5.30 m). Observations on fruit set per
tree recorded revealed that it was maximum in
Atemoyax Balanagar (263.67). Fruit and pulp
weight was highest in Island gem (195.50 and
99.25 g, respectively). Whereas, maximum skin
weight was noted in Balanagar (75.75 g) and seed
weight in Local Sitaphal (15.75 g). TSS was maxi-
mum in local Sitaphal (30.00 °Brix) and least in
Pink Mammoth (16.50 °Brix). Yield per plant was
highest in Atemoyax Balanagar (26.84 kg/plant)
(Table 9.3).
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9 Custard Apple (Annona squamosa L.)

Table 9.3 Evaluation of custard apple germplasm

Plant Stem Dia. Pl Spread Fruit
Variety Ht (m) (mm) NS (m) EW (m) wt. (g)
Balanagar  2.78 65.1 312 325 176.25
Washington 3.84  102.5 5.60  5.30 128.00
98797
Seedless 3.39 73.4 4.0 4.05 173.50
atemoya
Pink 3.46 96.1 39 4.28 152.00
Mammoth
Island gem 4.16  103.3 527  4.66 195.50
Atemoyax  3.21 88.3 4.05 3.75 188.75
Balanagar
Local 2.87 67.8 3.52 3.47 132.75
Sitaphal
CD5 % NS 26.8 1.08  0.90 47.13

Pulp  Skin wt Pulp skin Seed Wt TSS Yield/
wt. (2) (g) ratio (2) °Brix  plant (kg)
61.0 757 0.81 15.0 20.2 9.74
477 595 0.80 14.0 18.0 1.68
85.7 585 1.46 13.2 20.0 6.29
62.5 535 1.16 14.0 16.5 25.17
99.2 685 1.44 6.50  23.0 2.64
772 66.2 1.16 11.5 20.0 26.84
557 432 1.28 15.7 30.0 20.70
225 187 - 4.55 1.44  15.89

Fruit variability in custard apple

9.5  Cultivar Development

Promising cultivars such as Balanagar, Local
Sitaphal, Red Sitaphal, and Mammoth were iden-
tified at fruit research station, Sangareddy. Karale
et al. (1989) identified promising types at MPKYV,
Rahuri No. 5, 6, 8, 10, 15, 19, and 20 in

Maharashtra. However, there is still scope to
identify promising strains from the existing vari-
ability from available variability particularly in
the states of Andhra Pradesh, Tamil Nadu,
Rajasthan, and Madhya Pradesh. The bullock’s
heart or Ramphal is grown in most of the tropical
countries and to some extent in India. The fruit is
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considered inferior to cherimoya or sweet
soup but has fewer seeds. At Sangareddy two
selections have been identified from A. squamosa
one with heart shape and another with reticulata
type, of which the latter was more productive
with more solid fruit than that of sweet soup type.

The cherimoya or Lakshman Phal has per-
formed well under moderate climate of south
India and is found growing on the hill slopes of
the Nilgiri, Nandi Hills, in Karnataka and Deccan
Plateau.

9.6 Varietal Evaluation

1. Arka Sahan — A promising hybrid “Arka
Sahan” (A. atemoya, Island gemxA. squa-
mosa, Mammoth) has been developed at
IIHR, Bangalore. The hybrid yields very
sweet, fragrant, low seeded fruits having lon-
ger shelf life. Fruit weight 210.7 g, color
greenish white. Rind surface smooth, rind
thickness 0.5 cm, mesocarp color white, edi-
ble pulp 48.6 %, the number of seeds per 100
g fruit 8.9, TSS 30.8 °Brix, acidity 0.6 %,
yield per tree 16.8 kg, with a shelf life 4
days. However, though there is profuse
flowering, fruit set was negligible. The fruit
set can be improved by hand pollination
with the pollen of Annona squamosa only.
Hand pollination with A. squamosa improved
the set to 83 %, while natural set was just 1.2
% hand pollination with A. atemoya,
A. cherimoya, and A. reticulata did not
give satisfactory results (Jalikop and
Sampatkumar 1998).

2. AKP-CA-I — The clonal selection developed
by TNAU, Tirunelveli center. It is high yield-
ing in rain-fed vertisols with a yield potential
of 14.90 kg/tree, which is 30.7 % higher than
Balanagar. Fruit weight was 207 g with 72
fruits/tree. TSS was found to be 24.50 Brix,
acidity 0.2 %. Though the flowering is pro-
lific, the fruit set is nil under semiarid rain-
fed conditions of CHES, Godhra.

3. Balanagar — The selection was identified at
fruit research station, Sangareddy, Andhra
Pradesh. The number of flowers/shoot was
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552.33; fruit set was 24.62 %; the number of
fruits/tree was 48, with a fruit weight of 137-
264 g; seeds/fruit were 44 and seed weight
was 5.7 g/fruit; pulp percent was found to be
44.9 %; TSS was reported to be 20.7 °Brix,
acidity 0.20 %, reducing sugar 15.0 %, and
total sugar 17.9 %; and yield/plant was
19.74 kg. The cultivar performed best at
MPKYV, Rahuri, IITHR Bangalore, and
MPUAT, Udaipur.

4. Washington P1. 98797 — The number of
flowers/shoot was observed to be 515 and
fruit set 1.07 %, which was lowest among the
varieties tested. Data on the number of fruits/
trees recorded to be 21, fruit weight ranged
from 146 to 161 g, seeds/fruit 48, seed
weight 6.9 g/fruit, pulp percent. 38.1 %, TSS
20.80 Brix, acidity 0.28, reducing sugar 12.7
%, and total sugar 17.9 %. Yield/plant was
10.58 kg.

5. Mammoth — It is an introduction from West
Indies, evaluation of the variety indicated
that the mean number of flowers/shoot was
280, percent fruit set was 25.64, the number
of fruits/tree was 29 with a fruit weight 154—
195 g, seeds/fruit was 27, and seed weight
was 8.7 g/fruit. Pulp percent was 44.8 %,
TSS 20.0 °Brix, acidity 0.19 %, reducing
sugar 15 %, and total sugar 17.9 %.Yield/
plant was 25.17 kg.

6. Barbados — This is also a introduction from
West Indies. The number of fruits/shoot was
35, fruit weight was 154 g, seeds/fruit was
60, and seed weight was 8.0 g/fruit. Pulp per-
cent was 37.9 %, TSS was 21.3 °Brix, acidity
was 0.27 %, reducing sugar was 15.0 %, and
total sugar was 17.9 %.

7. British Guiana — This is also a introduction
from West Indies. The number of fruits/tree
was 35, fruit weight was 151 g, seed weight
was 8.4 g/fruit, pulp percent was 37.9 %, and
seeds/fruit was 60, TSS was 23.3 °Brix, acid-
ity was 0.27 %, reducing sugar was 15.0 %,
and total sugar was 17.9 %.

8. Red Sitaphal — Indian selection. Deep pink
colored fruits and floral parts. The number of
flowers/shoot was 243, percent fruit set was
3.97, the number of fruits/tree was 22, fruit
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10.

11.

12.

13.

weight was 119-156 g, seeds/fruit was 50,
seed weight was 5.2 g/fruit, pulp percent was
30.5 %, TSS was 22.3 °Brix, acidity was
0.24 %, reducing sugar was 13.7 %, and total
sugar was 15.9 %. Yield/plant was 15.57 kg.

. Local Sitaphal — The traditional Sitaphal

growing wild in the forest on India. The
number of flowers/shoot was 236.33, percent
fruit set was 16.34, the number of fruits/tree
was 31, fruit weight was 127-137 g, seeds/
fruit was 48, seed weight was 9.2 g/fruit,
pulp percent was 44.5 %, TSS was 28.8
°Brix, acidity was 0.26 %, reducing sugar
was 12.7 %, and total sugar was 16.5 %.
Yield/plant was 20.70 kg. The performance
of the variety is best under semiarid rain-fed
conditions. The only disadvantage is greater
number of seeds/fruit.

Island gem — Data on the number of flowers/
shoot was 256.66, percent fruit set was 1.21 %,
and fruit weight was 195-235 g. Seeds/fruit
was 31, seed weight was 6.5 g /fruit, pulp
percent was 51.7 %, TSS was 26.6 °Brix,
acidity was 0.26 %, reducing sugar was
11.8 %, and total sugar was 15.3 %. Yield/
plant was 2.64 kg. Lowest yield/plant was
recorded in this variety.

Seedless atemoya —QObservations recorded
on the number of flowers/shoot revealed
154.66, percent fruit set was 6.34 %, and
fruit weight ranged from 186 to 215 g. Yield/
plant was 8.29 kg.

Atemoya x Balanagar- One of the highest
yielder due to high fruit set. The number of
flowers/shoot was 44.00, percent fruit set
was 49.23 %, fruit weight ranged from 216
to 255 g, seeds/fruit was 55 and seed weight
11.5 g /fruit, pulp percent was 44.5 %, TSS
was 20.0 °Brix, acidity was 0.26 %, reducing
sugar was 12.7 %, and total sugar was 16.5
%. Yield/plant was 26.84 kg.

Annona 2 -The variety is developed by
farmer in Solapur district of Maharashtra.
The fruits have less seeds and fruit size
ranges from 500 to 750 g. He claimed that, it
produces 1619 tones fruits per hectare, with
revenue of Rs. 68 Lakhs.

9 Custard Apple (Annona squamosa L.)

Table9.4 Comparison of selections developed by farmer
(Kaspate, Solapur)

Variety Productivity (tones/ha) Income Rs./ha
Balanagar 10-12 1.25

NMK-1 13-15 7-8

Annona 2 16-19 6-8

9.6.1 Selections Developed by

Farmer from Solapur

It is seen from the Table 9.4 that the selection is
superior in respect of yield, quality, and income
per ha. Selection Annona 2 has very few seeds.
The average weight of fruit is 700—-800 g under
drip irrigation and pulp percent is 7075 %.

Leaf and Leaf Area
Determination

9.7

Studies on leaf area determination by nondestruc-
tive method carried out in seven cultivars of cus-
tard apple revealed that correlation coefficient
(cv) of the actual leaf area with leaf length, maxi-
mum breadth, and product of leaf was highly sig-
nificant for all the parameters. However, maximum
values were obtained when actual leaf area was
correlated with the product of leaf length and
breadth. The values were 0.92, 0.91, 0.98, 0.86,
0.99, 0.99, and 0.77 for different cultivars, respec-
tively. Based on which regression equation and
factor values were calculated. A linear relation-
ship was established by Y=a+bx for regression
method and Y=Kx for factor method. The regres-
sion equation fitted and is given in Table 9.5 for
calculation of leaf area in custard apple by nonde-
structive method (Tables 9.5, 9.6, and 9.7).

9.8 Climate and Soil

Most annonaceous fruits are acclimatized to trop-
ical climate. Although custard apple withstands
heat and drought conditions, high atmospheric
humidity is necessary during flowering to
improve fruit set. But continuous rains during
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Table 9.5 Leaf length, breadth, and actual leaf area in Annona germplasm

Treatment Length (cm) Breadth (cm) L*B (cm?) Actual leaf area (cm?)
Balanagar 7.33 3.23 23.90 29.15
Washington 11.39 5.64 64.67 55.67
Seedless atemoya 15.51 8.27 129.11 106.58
Pink Mammoth 14.56 6.07 88.89 69.82
Island gem 16.37 10.05 166.25 137.87
Atemoya * Balanagar 18.18 9.87 182.06 139.27
Local Sitaphal 9.14 3.86 35.42 32.01

Table 9.6 Leaf length, breadth, and actual leaf area in
Annona germplasm

Treatment Regression equation
Balanagar LxB=(4.29%1.04x)
Washington LxB=(10.09%0.705x)
Seedless atemoya LxB=(-2661.54x21.44x)
Pink Mammoth LxB=(14.91x0.62x)
Island gem LxB=(9.23x0.77x)

LxB=(-3.49%0.78x)
LxB=(5.52x0.78x)

Atemoya * Balanagar
Local Sitaphal

fruit set are not desirable. An annual rainfall of
60-80 cm is optimum. It cannot stand frost or a
long cold period. The trees remain dormant from
December to February and shed its leaves. When
the summer temperature rises above 103 °F, the
tree sheds its flowers resulting in low fruit set.

Bullock’s heart grows well in humid regions
of south India and cannot withstand severe sum-
mer. It tolerates frost to some extent. Cherimoya
prefers subtropical climate, but it can flourish on
higher elevations (2,000 m) in tropics. While cli-
matic requirements for atemoya are quite similar
to those of custard apple, soursop in contrast is a
fruit of the humid tropics.

Custard apple thrive naturally in rocky terrain
with shallow, gravely, well-drained soils. However,
they may grow well in arable, red, sandy shallow
soil slightly acidic in reaction. Heavy soils are not
suitable, especially in waterlogged areas. In
Andhra Pradesh, annonnas come up chalka-red
sandy or gravely soils. They can grow well even on
calcareous soils containing lime as high 50 %.

Table 9.7 Correlation of leaf area in custard apple
germplasm

Treatment Length Breadth LxB
Balanagar 0.62 0.77 0.93
Washington 0.72 0.78 0.91
Seedless atemoya 0.81 0.81 0.98
Pink Mammoth 0.65 0.74 0.86
Island gem 0.83 0.92 0.99
Atemoya * Balanagar 0.45 0.89 0.96
Local Sitaphal 0.48 0.65 0.77

Custard apple seedlings are found growing
wild in India. Since custard apple is a cross-
pollinated crop, wide variation in forms and sizes
of fruit as well as color of the pulp is available.
The natural variability available within the spe-
cies is often exploited to identify superior geno-
types, which are usually named after the place of
collection or selection and fruit color. Depending
on external fruit color, custard apple is distin-
guished into green, red, and yellow. But green
ones are by far more common and popular than
the other types. Balanagar, Barbados seedling,
British Guiana, Kakarlapahad, Local Sitaphal,
Mahaboobnagar, =~ Saharanpur Local and,
Washington are some of the varieties with green
skin. Most of these varieties are not easily identi-
fiable. Some of the traits that distinguish them are
the fruit shape and size, the form of the areoles,
and the number of seeds/fruit. But in fruits of a
given tree, these attributes vary considerably as
pollination and the environment largely influence
them.
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9.9 Ideotypes of Custard Apple
* Prolific bearing

* Low seed content

* Better keeping quality

* Large fruit

¢ Sweet (TSS more than 25 °Brix)

* Pleasant aroma

* Resistance to drought

» Resistance to salinity

9.10 \Varieties

The varietal or genetic differences get masked
confusing the varietal identification. Moreover,
variety-specific pulp qualities are not clearly
explained. However, some varieties can be rec-
ognized by the plant habit and foliage attributes.
Two natural hybrids (mostly between custard
apple and cherimoya), Israeli selection and
Israeli hybrid, have been introduced. Fruits of

both are less seeded. A hybrid Arka Sahan has
slow ripening (67 days), better shelf life (2-3
days), less number of seeds (10/100 g fruit
weight), and high Brix (31°). On average its fruit
weigh was 210 g each. A 6-year-old plant yields
17 kg fruits (Table 9.7).
Exotic — Washington PI 98797, Washington PI
107005, British Guiana, Barbados seedling.
Exotic hybrids — Island gem, bullock’s heart,
Pink Mammoth

Selections — Balanagar, Mammoth, Red Sitaphal,
Yellow Sitaphal

Indian hybrid — Arka Sahan

Arka Sahan — A promising hybrid “Arka Sahan”
(A. atemoyaxA. squamosa) has been devel-
oped at ITHR, Bangalore. The hybrid yields
very sweet, fragrant, low seeded fruits having
longer shelf life. Fruit weight (g) was 210.7,
rind surface smooth, rind thickness (cm) 0.5,
mesocarp color white, areoles per fruit 54,
edible pulp (%) 48.6, number of seeds per 100 g
fruit 8.9, TSS (°Brix) 30.8, acidity (%) 0.6,
yield per tree (kg) 16.8, and shelf life (days) 4.

Bullocks Heart
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9.11 Propagation and Rootstocks

Seeds traditionally propagate most of the Annona.
The seed viability lasts for 3—4 years. However,
fresh seeds germinate better when soaked for 24
h and resulted in highest germination of 71 %
(Ratan et al. 1993). Hard seed coat can be soft-
ened either by soaking the seeds in water for 2-3
days of keeping them under running water for
50-70 h. Treating seeds with GA3 at 5,000 ppm
increased germination (de Smet et al. 1999).
Seeds are sown 2 cm deep either in nursery beds
or in pots under partial shade. Regular watering
is necessary to maintain good soil moisture.
Seeds are slow to germinate and take 3 weeks.
Nevertheless, it may extend to as long as 8-10

weeks. When seedlings are 10—12 cm tall, they
are transferred to pots or plastic containing sand
and peat or equal parts of garden soil, sand, and
decomposed farmyard manure. The 30 cm tall
seedlings become ready for transplanting.

Seed-originated plants are not true-to-type,
lack precocity, and vigor, whereas grafting or
budding helps largely to overcome to these draw-
backs. A squamosa, A. reticulata, A. cherimola,
and A. atemoya are grafted or budded on their
own species and each other. A. muricata can be
grafted on A. reticulata and A. glabra. However,
A. reticulata, which promotes vigor and shows
good graft congeniality, is commonly employed
as a rootstock for most of the Annona (Khan and
Rao 1952).
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Generally, 18 months old or 30 c¢m tall plants
having pencil thickness are selected for grafting.
Scion of well-matured wood from which the
leaves have dropped at the end of the dormant
phase is used to graft either by veneer or cleft
technique. Shield or T-budding carried out in
spring is also equally effective. Patch and chip
bedding are other methods. Large buds, about
4 cm length, are collected from 1-year-old wood
after the leaf drop gives good success. Since
propagation by cutting and air layers give poor
results, they are not widely practiced. Commercial
production of plants through tissue culture is not
yet successful. However, multiple shoot produc-
tion from leaf explants of seedlings and root ini-
tiation from shoots are successful.

Propagation studies were undertaken to find
out best method, viz., bud take percentage, soft-
wood grafting success, rooting of cutting, and air
layering in Annona (Annona squamosa L.) cv.
Balanagar. It was recorded that softwood grafting
was the most successful method for commercial
propagation of Annona. Maximum graft take of

Table 9.8 Effect of method of propagation on percent
success in custard apple cv. Balanagar

Method of grafting Percent success
Softwood grafting 51.74
Patch budding 33.54
Cutting 13.62
Air layering 8.68
SEM 14.09
CD 5 % 58.57

Table 9.9 Effect of time of grafting/budding on percent
success in custard apple cv. Balanagar

Percent success

Month Softwood grafting Budding
January 28.45 17.4
February 41.72 33.07
March 59.37 41.20
April 30.27 27.17
May 12.03 9.17
June 9.57 7.02
SEM 0.988 7.90
CD.5% 2.96 23.83

58.37 % was observed in cv. Balanagar fallowed
by budding (33.54 %). Percent success in propa-
gation was least in air layering (8.68