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CLIMATE AND HORTICULTURE IN INDIA

A. R. SUBRAMANIAM, A. V, R. KESAVA RAO and K. BHASKARA RAO, Waltair

ABSTRACT : India, a land of many climates, has a great potential to
grow an array of horticultural crops. It is well-known that climate has
influence on horticultural crops, hence this study. Selected fruit and vege-
table crops alone are discussed in the present paper since adequate inform-
ation on ornamental crops is not available.

Data on monthly values of climatic elements are collected from the
publications of India Meteorological Department, for all the available
stations in the country. Waterbalance elements and indices are computed
following Thornthwaite ( 1955 ). A general study is made on fruits that are
grown in different parts of the country in relation to the agroclimatic zones
along with water need. Frost prone fruit growing areas are identified.
Distribution of fruits, with hour; of bright sunshine and index of moisture
adequacy are comparatively discussed and it is found that mango is grown
in areas with moisture adequacy 60—-80per cent , papaya in 40-70 per cent
and Grapes in 60 per cent Climate and phenology for Mango, Grapes
and Cashew among fruits and potato in vegetables is presented at
representative stations in different parts of the country Information on
crupweather caleadar of importaut vegetables grown in South India is given.
Average flowering dates of mango, and water balance and soil moisture

status of the various crops are discussed.

Introduction

India being a vast sub-continent with
wide range of climatic conditions has a
great potential to grow an array of horti-
cultural crops. The cultivation of fruits dates
back to ancient times. However, until recent
past commercial  cultivation of fruits
remained in its infancy. The development
of fruit growing on commercial lines has
taken place only during the past quatrer
century. There is great potential to develop
fruit and vegetable crops in the vast lands
lying without any cultivation, with some
improved management practices. Temperat.
ture, moisture, light intensity, length of the
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day, frost, strong winds, floods and droughts
etc., influence plant growth, hence the
quality and quantity of vield, The depth of
the soil and the nature of the sub-soil-are
more important than the texture -of the
surface soil for crop growing, Different
fruit, vegetable and flower crops need
different depths of soil depending on their
root development capacities. Since climate
greatly influences growth and development
of horticultural crops in India, the study of
the climate in relation to horticultural crops
is important, and hence the present study.
Horticulture includes growing fruits;
vegetables and ornamentals, Flowers are
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symbolic of beauty, love and tranquility,
and have aesthetic value and are grown in
al) parts of India. However, data on their
growth and distribution on all-India basis
is not adequately available, hence only
froits and vegetables are discussed ‘in the

present study. ‘
India is a land of many climates and

varities of soils. The lofty Himalayas run
along its entire length in the north. To the
south of this are the alluvial plains watered
by the Ganga and Yamuna. In the further
south, there lies the plateau of peninsular
India skirted by narrow coastal strips, the
Arabian sea to the west, the Bay of Bengal
to the east and the Indian ocean to the
south. The great Indian desert lies in the
northwestern part.

Climate and Horicultural Crops

Fruits like apple, pear, peach and
strawberry, and vegetables like cabbage,
cauliflower, carrot etc., can grow only on
sites having sufficiently low temperature.
Fruits like mango, banana and jack fruit
require a long growing season and high
temperature without any forest or snow fall.
Grapes also require dry and warm weather
during flowering and fruiting. Papya fruit
attains an excellent flavour uader the dry and
hot conditions ( Pareek, 1977). Tender
crops like bean, cucumber, egg-plant, melon,
tomato etc., cannot tolerate frost.

The amount of rainfall and its distribution
in a given area is very important in deciding
the kind of fruit or vegetable which can be
grown suecessfully there. Some depend
almost entirely on rainfall and can be raised
without any special irrigation facilities, as in
the west coast and Assam. Generally heavy
rainfall is unfavourable to fruits grown in
the plains, as it leads to water logging and
also affects adversely the blossoms and
fruits.

Hot winds and cyclones may cause
damage to the fruit trees and crops. Strong
dust storms become the limiting factor for
growing fruits in some areas as they cause
breakage of limbs of fruit trees and shedding

of flowers and fruits. It is also known that
occurrence of hail is a limiting factor for
fruit growing.

In northern India frost causes damage to
the newly opened blossoms of fruit trees,
to young growths and newly set plants.
Frost usually occurs during the early
winter or spring. Various types of injuries
such as black heat, crotch injury, crown or
collar injury, splitting of the bark and

killing back of shoots and young branches
have been reported.

Fruit trees or plants may be protected
from frost by selecting frost tolerant varieties
constructing wind breaks and by planting
tender fruit plants on the innerside of the
orachard, so that they may receive protection
from frost, it is also made by heating by

smoke_, covering the trees by some covering
material and by use of shelters,

High temperatures during the growing
and rest periods cause some injuries.
Sunburn and sunscald are the usual injuries
ussociated with high temperature. Excestive
heat during the growing season often results
in the burning of leaves and fruit. Protection
from high temperature is made by covering
with 8 wrapping material, shading, construct-
ing windbreaks, irrigating at regular
intervals and by whitewashing the truuk.
Data and Methodology

Data on monthly values of maximum
temperature, minimum temperature, rainfall,
pumber of rainy days, relative humidity,
vapour pressure, cloud amount, and wind
speed are collected from the publications of
India Meteorological Department, for all
the avilable stations in India. To understand
the water requirements of fruit and vegeta-
ble crops and to assess the potentiality of
a region for the development of horticulture
water balances and the Index of moisture
adequacy are computed following Thornth-
waite (1955), and compared with the
distribution of important crops like mango,
banana, apple, grapes etc., inlIndia. To
inquire the impact of climate on various
crops, a correlative study of climatic and
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crop factors is made at different phenologi-
cal stages. Water balance and soil moisture
status diagram are presented for the repre-
sentative stations for selected (mango
grapes, cashew and potato) crops. Investi-
gation on flower and ornamental crops
could not be undertaken for lack of inform-
ation.

Fruit Crops

Crop develcpment in a region is influenced
by climate and hence the agroclimatic
zones of India are shown in Fig. | (Anon.
1978 ). It can be seen from the figure that
a spectrum of all the five agro—climates are
present, a major portion being under
semiarid type of climate, Humid and
perhumid types of climates are found in the
portheast and on the west coast. Arid
climates are dominant in the northwest in
the Deccan plateau and in the eastern part
of Kashmir.

India can brolady bs divided into six
fruit growing regions from the climatic
point of view and a map showing the fruit
growing regions with information on frost
occurrence is shown in Fig.2 ({Sham Singh
et al, 1967 ). It can be seen from the figure

that frost can occur in parts of central, and
northern India,

Important fruits grown in different parts
of India are shown in Fig. 3 ( Ranjit Singh,
1969). Apple is an important temperate
fruit and grown mostly in the temperate
regions of Punjab, Uttar Pradesh, Himachal
Pradesh and Kashmir, In the south it is
grown in the Nilgiris to a small extent.
Mango is found growing all over India,
Banana is principally grown in the south,
west and eastern regions. It occupies about
20 per cent of the total area under fruit
crops and it is strictly a tropical fruit and
does not perform well in the arid zones of
central and north India as it is a moisture
loving plant. Damage through high winds is
not uncommon to banana. As many as
sixty varities are grown in India and about
a dozen have commercial importance.
Banana is grown throughout the year,

Under favourable conditions it flowers in
the 9th to 12th month from the time of
planting and takes about 3 to 4 months to
mature its fruit. Grapes are grown in
restricted areas without high altitude and
humid climates. Papaya is found to be
grown generally in the dry zones. Cashew
an important nut crop is grown principally
in the coastal arcas of peninsular India. The
coconut is a humid tropical crop and a
very important drupe fruit of India. It is
grown in the coastal tracts of south India
and in Bihar and Assam. Coconut is densely
cultivated on the west coast of Kerala and
southern Karnataka ( Menon and Pandalai,
1953). Other important crops that are
grown in India are the pear, peach, plum,
apricot, cherry ( temperate fruits ), almond,
hazel-nut, walaut (nuts), citrus, guava,
Jjackfruit, custard apple ( tropical and sub-

tropical fruits ) etc.
Crop production is mainly dependent

upon the availability of water and different
crops have different water needs in different
regions. Hence, it is essential to know the
water nzed of crops in different agroclim
atic zones, for better irrigation scheduling.
With this view, fruit crops grown and their
annual water need in different parts of
India in different climatic zones are given
in Table L.

The index of moisture adequacy is the
ratio of actual evapotranspiration to water
need expressed as a percentage and is use-
ful measure in assessing the extent to which
crop water requirements are met,
Distribution of this index over India is
shown in Fig. 4. A comparison of this map
with the distribution of fruit crops shows
that mango is grown generally in areas with
moisture adequacy ranging from 60-80 per
cent. Papaya is grown in the areas with
moisture adequacy 40--70, per cent and
grapes in the areas having 60 per cent of
moisture adequacy.

A detailed study of mango, grape and
cashew is discussed to understand the impact
of climate on these important crops:
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Fruit Crops and their Annual Water Need in Different Climatic Zones in India

Agroclimatic zone

Crops grown in area

Per humid

Humid

Moiat sub humid

Dry sub humid

Semi arid

Arid

Water need
(mm)
Ar 900-1100
Aw 1100-1300
700-1300
1300-1700
Br 900-1300
Bw 700-1300
1100-1500
Cow 700-1300
1030-1700
900-1800
C;s 1300-1700
900-1800
,Cw 900-1300
1700-1800
Cd 500-700
Ds -
Dd 1300-1800
1300-1500

Mango ( Tripura and Meghalaya)

Jack fruit ( Pine apple, Papaya and
Banana ( Assam )

Apple (U. P.)

Mango, Pine apple, Banana ( Southern
west coast of Karnataka and Kerala)
Banana, Mango, Mandarin

( Meghalaya, Assam, Nagaland)

Apple, Mango, Loquat ( Himachal
Pradesh, U. P.)

Mango, Banana, Jack fruit ( Maharashtra
coastal area, belt parallel to coast line of
Karnataka and Kerala)

Apple, Banana ( Parts of Bihar West
Bengal, Orissa, M. P.)

Mango Banana ( Parts of Bihar, West
Bengal, orissa M. P.)

Mango Jack fruit Banana ( Area parallel
to the west coast of small belt)

Mango, Guava, Ber, mandarin, custerd
apple, Banana, litchi, Papaya(Parts of U, P.,
Bihar West Bengal, M. P. Maharashtra,
Orissa, A. P.)

Mango, Papaya (Parts of Maharashtra,
Karnataka, Kerala )

Mango, Banana ( Rajasthan and Tamil
Nadu)

Apple ( Kashmir)

Mango, Banana, Guava, Papaya, Swect
Orange, Grapes, Custerd apple, Pomegr-
anite. ( Punjab, U. P. Rajasthan, Gujarat,
Maharashtra, Karnataka, A. P., Tamil
Nadu)

Sweet Orange, Ber ( Rajasthan )

Ar = Little or no water deficit,

Aw—Moderate winter deficit, Br=Little or no water deficit

Bw = Moderate winter deficit, C,w=Moderate winter deficit, C;a=Moderate winter surplus,
C,w = Moderate summer surplus, C;d=Little or no water surplus, Ds=Moderate winter

surplus,

Dd = Little or no water surplus.
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Mango

The mango (Mangifera indica L.) is the
most important among the {tropical fruits
of India. Ripemango is exceedingly
refreshing to eat and is an excellent source
of vitamins A and C. Mango is cultivated
all over India and occupies an area of more
than 6 lacs of hectares, which is more than
50 per cent of the total area under fruits.

Mango grows well in hnmid as well as
dry climates found in different parts of
India, However, it blossoms and fruits better
in regions where there is good rainfall for
four months from Juns to September,
followed by a period of dry and rainless
weather for eight months. It does not thrive
well in the humid zone of West Bengal,
Assam, Kerala and in the extrime south-
eastern Tamil Nadu, Rain, fog or cloudy
weather at the time of flowering from
November to February prevents the set-
ting of fruit and favours the development of
pests and diseases, Where a mild, cool
and dry season prevails duriug the normal
flowering period of the mango, good yield
can be expected. When young, the trees are
damaged by frost. Summer temperatures
ranging from 460C to 50°C accomanied by
strong winds may occasionally cause
sunburn to the fruit. Hence it is necessary
to plant the wind--breaks before planting
the orchard, preferably Shisham trees
( Dalbergia sisso },Jaman (Syzygium cuminit),
Red Sanders ( Prerocarpus santalinus) etc.
(Gangolly et al 1957 ).

Mango requires a deep but well drained
soil as it develops a deep and widely spread
root system, The alluvial loam soils of the
deltas of Ganga, Godavari, are krishna very
rauch suitable for mango growing, The
number of varieties of mango found in India
is great and estimated at over thousand.

Mango can be propagated principally
from seed. In order to ensure early bearing,
productiveness and unformity, it is propa-
gated vegetatively by inarching or budding,
in situ in the nursery. Grafted plants are
ready for trasplanting in the field afier 6 to

G. 13

12 months, and the beginning of the
monsoon in low rainfall areas, and the end
of the monsoon in heavy rainfall areas is
the best time for planting. The grafted
mango begins to bear fruit from the 4th or
Sth year of the planting, depending on the
variely. No systematic pruning is required
except removal of diseased and over crowded
branches. The time of flowering in different
regions is greatly influenced by local weather
conditions. Flowering takes place during
December to January in peninsular India,
and in the north, mango flowers late in
January or in the beginning of the February
or even as late as March in some sub-
montane districts. Average dates of flowering
of mango in India is given in Fig. S ( Anon.
1957 ). Flowering continues in two or three

distinct flushes and takes about 5t0.6
months for maturing. )
To understand the effect of climate on

maango at different phenological stages, the
climatic data for two representative stations
one in the north ( Lucknow, U. P.) and the
other in the south ( Gannavaram, A, P),
where mango is popularly grown in Fig, 6.
Higb=r wind speeds are found at the time
of flowering at Gannavaram than at
Lucknow, indicating the need for construct-
ion of shelter belts. Also, the humidity is
high in the south compared to the north,
at the time of flowering. On the other hand,
minimum tempzrawre of about 99C s
observed at Lucknow with the danger of
occurrence of frost in January, indicating
need for adopting frost control measures.

The way in which water need is met or in
short fall in the soil horizon at the two
representative stations Lucknow and Gann-
varam can be best illustrated by means of
wata balance diagrms shown in Fig., 7.
Although the 'water balance information
relates to upper soil horizons to a depth of
30 cm, the significance of its contribution
may t: taken into account even though
when considering perennial tree crops like
mango, whose roots penetrate far below 130
cm levelin quest of water, when surface
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walter resources are dry. The soil moisture
status curves of Lucknow and Gannavaram
in the field capacity zone have similar
trends with low moisture levels in the first
half and a higher moisture status level in
the second half of the year beginning from
Jupe. The field capacity zone has been
adopted as per the procedure laid by
Thornthwaite ( 1957) for deep rooted
orchards and garden crops.
Grapes

The grape is a sub-tropical fruit and is
most delicious, refreshing and nourishing,
containing a large proportion of sugars and
useful minerals, It grows wellin dry climate
bhaving a short sharp winter and a long dry
summer. The grape does not generally
thrive well in regions of humid summer, as
moisture in the air during cropping season
causes fungal diseases on the leaves and
fruits.
Climate of many parts of India is not very
suitable for growing grapes because of the

wet summers due to heavy rains caused by
the southwest monsoon frecm June to Sepi-
mber. However in somc parts of wesi and
south India the cropping period can be made
to coincide with the rainless part of the ycar
by adopting special methods of culture.
In the north, it is mainly grown in Punjab,
Himachal Pradesh and Uttar Pradesh and it
grows and fruits once a year in summer and
rests in winter. In Maharashtra, Hydera-
bad Deccan the grape vine takes no rest
and grows throughout the year and
puts forth two crops. The crop produced
as a result of the April growth, develops its
fruits in the rainy season which greatly
hinders formation of sugar in the berries,
with the result that the crop practically has
no market value, The produce of October
growth which is followed by a cool, dry
weather and then bya hot dry season, is
the sweet marketable crop. The high temp-
peratures and dry weather In the months of
February, and March help formation of
sugar in the berries. In South, the most
important grape growing areas are ncar the
foot of the Kodaikanal hills. Grapes are
also grown in Krishoagiri in Tamil Nadu
and Bangalore in Karnataka, The grape
grows and fruits twice in a year, one crop
of better quality and other of inferior
quality, as in Decean.

The grape grows best on shallow medi-
um light loamy soils with free drainage.
Heavy soils are unsuitable. Several varieties
of grapes are grown in India.

The grape is usuaily propagated by cut-
tings. The nurseries are made from the cut-
tings from one year old wood at the time
of the pruning in February in north India,
and are transplanted in January-February
next year. Elsewhere in India, they are ob-
tained from the prupings in October and
planted in the nursery and are transplaated
in January ( Anon. 1980). The training
and pruning of the vine are matters of the
great importance and influence very largely
all other operations from planting to har-
vesting. ( Hayes, 1966). in north India
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pruning is done once a year in the month
of February and fruit is ripened in May-
June. In Hyderabad pruning is done in
October-November and the crop is harvested
by March-April. In south India, pruning is
done in May-June and December-January,
and harvested in Octobcr-November and

March-April respectively, later being the
best.

The climatic data of Ambala ( Punjab,
north India) and Hyderabad ( Andhra
Pradesh, south India) are presented along

with different growth phases of grape in

Fig. 8. The grapes at Hyderabad are found
to ripen at lower temperature and higher
humidities compared to the ones grown at

Ambala. ,
Fig. 9 shows the climatic balance for

Ambala and Hyderabsd, which show greater
water deficiency at Hyderabad as compared
to Ambala. The soil moisture status curves
also indicate poor water profile at Hydera-
bad when compared to Ambala:
Cashew

The cashew which was introduced into
India in the 16th century is an important

commercial crop grown both for its fruit
(cashew apple ) as well as for its nuts. Its
juice is good and is a fairly good source of
vitamin C. Tadia is the largest producer of
rawnuts in the world and efforts are being
made to improve the crop by studying in
depth all aspects of cultivation manage-
ment, technology and marketing of cashew
(Hameed Khan, 1979 ;. The cashew is
ordinarily a rather small, spreading tree
although it may reach a height of 40 fi. A
mild tropical climate is most suitable for
cashew cultivation. Since cashew cannot
tolerate the severe winters and summers of
north India, itis chiefly grown in the co-
astal areas of peninsular India. Tt is tole-

rent to all soils, but does best on deep
loam.

It is propagatd through seed, The seeds
are sown in the month of May or June with
the first showers. In a majority of the
cashew growing areas of India, there is no
further field operation. The first bearing is
normally secured in about four years after
planting and attains the full bearing age by
9th or 10th year. The flowering starts in the
month of November and extends up to
February. Crop is harvested from March
to May. A heavy monsoon rainfall helpsin
good crop setting, while cloudy weather and

rains during flowering, generally spoil the
crop.

The climate and crop phenology of
cashew at Cochin and Visakhapatnam and
their water balances are shown in Figs, 10
and 11. It can be seen from the figures
that the availability of abundant soil and
groundwater supplies due to heavy rainfall
in the preflowering season at Cochin makes
it the best cashew producing region in
India, whereas at Visakhapatnam the
deficiency of water can be clearly seen from
the water balance. The soil moisture status
curves also indicate a high level of availa-
bility at Cochin as compared to Visakha
patnam.

Vegetable Crops
Vegetables are the essential items of food



207

CLIMATE AND HORTICULTURE IN INDIA

ts

1sIHOE 80 1v
el e e el el B .“ lSQ‘C_.vh, £&le oo fpjuwiw fwiw W iuwio w 2 N A ) ,
u.Lo;;v EZLﬂeBLQQvE._Z PR SN P 6Bw QGMwZLOSBLMQGV E&L%TMVMTTRVRRR 5% AQYVANVYLS
-]
ONILNVYd
AD0TCN3Hd
ONINIdIY > ONIMIMO] > ONINIdIY d0¥?
T
6¢ m 27 jk. L M«[O.N | L2 M L€ 2'G .9 G-9 “ 0-4 G-9 LY 11 WWW
I B SR R S L 20
L€ ﬁ Lzl 1z 02 s2lse |l Sy | 8S| 79 69| 19| vy | ! £so
b Jor — - “ S : iy <
io,_amq, | 60/ 90 &0 M 28| 06 |96 | 2L 58| 19| &2 AN 16 on
LTl 4G 67i 24 q S/t “ 906 | £6G2|C40L] 226 6-1211848 | G£5 | WwIWiNIvY
N ———— o _ 1|||T | TR
L% 9.6 w@ €9 ‘ S-L | 18 1S 1 S 6 S:€lj SS9l 4¢ct| &G gazds anim
o B S — e S —_ - +
08 VL €L | 8L L owL €4 6L | 78 £8 ?2g | €8 | €8 |11 IR
- Hout S S S SO S S SO S S oS
€L | vl | sL | LL | OL | 8o | 8. | 8| z8 | 78 |08 | sz |t 82
R 1 —+ —_ . : < i
9w | 6-42 | 192 |G-%2 | €2 | LST | LOT | LEE [8vE | Zwe | 2AE| 9LE |11 S35
: - “ ER:
vee | 642 |9%2 | 122 ‘ €12 | S€2 €0t | €L | Lve [ 6:€€ | £9€ ) 8GE | mm
662| 922| ©6l1 S-LL €8l 212 |G%2  9GZ| 092 092 vLZ!8LZ | nw o
, B v et _ &z
82E | TC | 262 LT | LLT M €62 | 60€ | 9-1€ | 02E | LIE | LEE | OE | xvWw
| ¥dv | dvw | 833 | Nvr * 230 | AON | 100 [ 435 | 9NV | 107 | NT | AYW | SHINOW |

WETSW 3A08Y"IH 3 71 £8 'ONO1 va%ﬁ iv1 PW(OU ._.w <m AQ d& §<ZF<Q<IV_<W_> ZO_.—.<..—.n.w




"VIANI NI M3HSVYD ANV 31VAIID OV old

TRANSACTIONS OF THE INSTITUTE OF INDIAN GEOGRAPHERS

208

LlllLalLLLG_obLQC_»/EZlC.C.SV LS A R Rt ECc.%Ec._ .
SRR EEE z;ofwtgsvszwoumﬁue*svmmmu__aun%?wauwwm davanwLS
< ,
ONILNYId ™4 A90T10NIHd
5NN o« ONIMIMO 14 > ozﬂwlaﬂ 408
el oe | zel zel vy | sz [volos| 22] za]eo | 1 Esp
I S S S - L 252
26 8¢ | s€l ve zv| 25 09|29 69| zi £l o |! 255
o R T A B S : =
. . | : . [ . ) -, { X i SAVC
st @,N.%.w:fmo | 12 | 88 €71 L7l £616°€2 10T | 821 auvdioon
S'6EL 005 | TvE ' 96 89F | LEBL LTLC 8VET LSBE|61LS 6SSL £ 9L [ uuT NIy
L0 o0l e o8 iz 1o sl 16 o w T
{MLJWP‘.;WL 0L 6 |08 _ by L9 i 8L L'6 - 66 96 b6+ 60l | a3zgs ONiMm
7L | 0L 1 89| 9 | 99 | 7. 08 | v8 o | 48 v8 8L 1 CR
/ a | . . M ! DR
S¢ | v ze 8| 1| 8L €8 | v8 88 | 68 gg 18 |1 S 2
Sle 008 v4Z|06z| 65T | 187 €62 |767 L6Z 967 LOL 02 u S5
L S w L : . SR _ - oot
©O0E| v'82 | $S2| 272 TvT 94T 687 LBT €67 267662 CIE|1 & g |
092 | 862 | €vz | 2€2 | S€7| Lwe | gve | 2wz OvZ | LET | LvZ | LST [N o
[T ; L i i ~°m
91€ | €1€ | LOE | 9.0€ | £0% | 8621262 |€82 L8Z{.18Z| 062 | 60¢ |[xvn =
¥dv | YyW | 934 | Nvr | 030 | AON | 100 | d3S | onv | 1NF | NAT | AVW | sHiNOW

WE TSW 3A0Qv 3 37192 9N01 N8BS 601v1  ISVOD 1S3IM (VIvaIN) NIHDOD :NOILVLS

‘1S SJH 0L L1V 1



CLIMATE AND HORTICULTURE IN INDIA 209

25077 VISAKHAPATNAM

JF M A M 9 ) 4
MONTHS

o COCHIN

SN
g
flilfwaren suanve
Ejwarea conin

FI1G.11 SO MOISTURE AND WATER BALANCE OF CASHEW GROWING REGIONS.

and play an important part in human
nutrition as they are rich source of proteins,
carbohydrates, fats, minerals and vitamins.
According to the latest information avail-
able, the area under vegetables is of the
order of 2.5 percent of the total cropped
area in the country (Katyal, 1977). Being
a tropical country, India with varied types
of climates has a great potential to develop
vegetable crops, which at present are very
fnadequate being only about one-fourth to
one-third of the requirement. The influence
of climate on different vegetables is predo-
minent in different regions of the country.
The crop weather calendar of some lmpor-
tant vegetables that are grownin south
India with recommended varieties is given
in Table II Climate and potato crop in India
alone is discussed in this paper as inform-

ation on other crops is scanty.

The potato is one of the mostimportant
tuber crops grown in India. It is a native of
South America and was introduced in India
by Portugese in the 16th century. It is grown
both in the plains and in the hills up to an
altitude of 9000 ft,

Potato is adopted to a wide range of
climatie conditions, However it thrives best
in the cooler regions and is grown as a
summer crop in the hills and as a winter
crop in thz plains. A temperature of 18° to
20° Cis best for its growth. Low tempera-
tures and adequate moisture are important
for the tuber formation. Light loamy soils
in humus are best suited for potatoes.
Potatoes do not grow well on clay soils, as
they are not well drained and the tubers
are very sensitive to excess of moisture,
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Table II

Vegetable Calendar

No. Crop Variety Sowing time Planting time Period of harvest
Summer vegetables
1. Brinjal  Pusa purple long, February-March March-April  3-4 months after
Pusa purple round, May-June June-July transplanting
Some recent high september- October-
yielding varieties. . October November
Araka sheel (PPL).
Arka Shcrish (GL)
Arka Kusmakar (GLC)
2. Bhendi Pusa Sawani, January-March - 3-4 months
Pusa Makhamali June-July
September-October
3. Cluster Pusa Navabahar March-April - 2 months
beans P. Sada bahar June-July
P. Mosania December-January
4. Bottle  Pusa summer, February-March - 3-4 months
gourd Proli fic long, June-July
Pusa summer, October-November
Prolific round
Kharif ( Rainy season ) vegetables
1. Cauli- Pusa kathki June-July July-August 3-4 months
flower (Early D-96) July-August August-September
Snow ball (Late) September-October October-November
2. Tomato Pusa Ruby June-July July-August 3-4 months
Pusa Early dwarft, October- November-
o ~ November December
Mareglobe
Sioux-Pusa Red Palm
3. Snake Siout and short time May-June - 3-4 months
gourd Long white type October-November
February-April
4. Pumpkin Large Red Jan-Mar - 3 months
: Large Round,
Yellow flashed June-July
Red flashed December-January
Arka Survamukhi, January-March
Arka Chandan June-July
Rabi ( or ) Winter vegetables’
1. Potato  Lankar October-November - 2 months
Chandermukhi
Great scot *
2. Cabbage Golden Acre August-October September- 3 months
. Pride of India November
3. Carrot Puja Kyar, August-November 2 months
Nanteb,
Barly gem
4. Beet-root Early wonder October-December - 2 months

Crimson Globe
Detriot Dark red




211

CLIMATE AND HORTICULTURE IN INDIA

LSt SIH Q€80 LV T

W o~ lo o le b lc.c._c_vvvvvvvvv 0w lwlwiwfwlw{wlu|winidfoin oo inoololofo b el o i e e == SM33F
To g N I_O ojmi~iole VH.LHWW—MT\T O e (W NI oo ey %c.v w Z&L o 6,8“%%“\7?&2@1*0 OE(QZQ,»,W ¢
B S . . e e e e
.¢$>m<: oz:sowv. dOY3 Y3UINIM - o < 1S IAYVYH “
T TTawvn T € oNinos > o8 NWnInY =T o GSonra
— ~§ P dOMD NIYW — - ;  do¥
1S3/ HYH INIMOS LS3IAYVH |
I . . = - o _ T 23a
€2 | v2 | 81| 80| 21| 6¢| v | 46| &€ st 81l 2z 34
2 2| St | L0 1] L€] 66] 8G| §€ | »L vi, 6L 1 250
N ] YT

Ot e 90 TO el 2 LA 66| vE I €0 LO| L Tzzm&m%
68 | YLL| GG | 22 lzovy | 6151 €472 wo6ll 2v9 | L0l | 9G | 9-ll |wuiivinvy
‘ R T e b fl ““““““ et E— ]

6€ | 0€ | €2 | 22 vz L] 8T Lv | 29| 8S | 6%| LY s aoun
Ov | €5 | 25 | vy [0S | 69| 94 | 69 | 48 | €2 | €2 | 62| n Z3

. JE S S GRS S . L= >
0L | 08 | SL €9 ‘.:3 o8 S8 | 64 | 1S | s¢ LE A mm
8ll| €2l| 2 Yl | elz | got | £2¢ ¥eE eze| 95k OEl| Ll | N _Bs
e ey A - "y!l}?|#l1,131Ta\‘:\TJr\ . M A
L'1b | €01 | %Ol | €21 S02Z ! 662] 92| 928 262 | LLi| gEL vzl || ee
e RS S A [ T | ; M ,
b0l | L4 | 28 | LU |68l L%2| 662] 4921 982 292 602 | 67L] Nm .o

; . — i . A oz
09z |cs22|gvzlooc|ove| e8| L€S | 0SS, 60% | 22% | S8E| G2E| xvw

@34 | Nvr | 23a[AoN| 100 d3S [ onv | 1nr | NOr [AVW | udv | uvw | swivow

VIGNI'N (d'N) idNdNIVN :NOILV 1S



TRANSACTIONS OF THS INSTIUTE OF INDIAN GEOGRAPHEKS

219

"VIAN! NI OLVLIOd ANV 31VALITD cloild
~lojn bl i~ 2T (e ris|s (2l 7_% PR i,f:c wiwlwlo|w .LLL .si&_f.a_i_iwl i R EE O
oo i Oleiwivioivisiw Z_L P bﬂmnhw/m@ Grjs |w Z_”l O_W.bSA_rQ,_C_mVHLwZ%L"m“ JYVYANVYILS
o 1S3AYVH > T Sumos
1»..-!%9.3:0“ g < smTe > dOdD 3LV oo | A90TON3HY
D S L - d0dD AWV - — — 4042
1S3INYVYH ONIMOS dO¥D NIV

se| ze|lee s [eolss oo el |os | es | selu Bie

“ ; R R cZo

il g1l oz 6e v 06| 19 9 85 | v ez sitl 1 225
O-1| St, €€ €8  9€ Y8 | viUl!8vll yil 80 s 02 | anivy 50 oN
0ZL| 862 | 1'6S | 59Tl €€1Z L60i| 282l 9941 2°6CL 9241 $°80L] G 62 lwwnvanivy |
i i | ., £ 2 ) Y01 | ;1,- o | 4TS
Eelze Teloe ve| 69 3601 001127 6€ TV | qunl
09 | 99 1L | 08 ' g8 . S8 | 88 | 68 | ¢®© G4 | 89 ! o |11 gh

1 297 9 2L 28! 98 ' gg 6 | 16 | 88 |9z | us | 91 T8
; e . < m

€1 Sl oT | 281, vyl | €91 vvL Tyl | veL | OGL | 8€L | vil| u B>

M it 25 8

S8 | 08 | 16| 81l e€l| zel| LE] L€k gel | $€ 8l 68 |1 £5
€9 | 1seo [ eslool vou g0l 601 1t zu Tot ve ww o
902 | 66l L6l | 68l 481 28l €4l| 99l 08l 812 122 | 612 xvw |

+833 ] NVl | 330 | AON | 100 | d3S | 9NV | AL | NAC | AVIN | ddV | YVIW | SHLINOW

“FSTESIH 0€lL LV 1]

WE672¢ TSWIN0GV IH 37792 ONOT N 724l Lv1

VIANI'S (N-'1) ANNAVYIVLOO :NOWVIS



CLIMATE AND HORTICULTURE IN INDIA 213

wm
1357 MAINPURI

S—eoee SOIL MOISTURS
E

—p
arnemn B €
§ 561 MOISTURE
N e e
O MOIST!
MoNTHS petiectch

‘ (D vwaren sunmcus
00TACAMUND ElQwaren oeria

S
(55
oL— %L RS SN NN N SRS SU IR R
JTF M 4 @y ) A s 0 onoD )
IACHTHE

F16.13 SOIL MOISTURE AND WATER BALANCE OF
POTATO GROWING REGIONS.

In India, potato is grown in many parts
of the country, and the major producing
states are Uttar Pradesh, Bihar, West Bengal
Assam, Gujarat, Punjab, Maharashtra,
Karnatka, andl Tamil Nadu. The bulk of
the seed potato is produced in Himachal
Pradesh. The yields vary from 9 to 1 tonnes/
ha in Bihar, Uttar Pradesh and West
Bengal and from 4 to 5 tonnes/ha in other
states. Yields as high as 25 tonnes/ha are
obtained in Gujarat because of better crop
management. The average yield in India

is 9 tonnes/ha. )
In the north Indian region it is possible to

grow potatoes twice in a year first in summer
and the second in the autump. The summer
crop is planted early in the spring ( end of
the January to end of the March ) and har-
vested 4 or 5 months Jater. The autumn
crop is planted in July to Awgust and
harvested in winter. Some times the antumn
crop is being killed by the frost several
weeks before it is due to ripen, and hence
there is a need for frost control measures.
In the plains of north India the sowing time

can be extended from mid.-September to
almost mid-January. In the Punjab, Rajas-
than, Delhi, Western Uttar Pradesh and
south India two crops in succession, can
be raised. In the Nilgiri hills in south
India three crops are raised in succession,
the planting times being April, August, and
January.

Potato varieties in India are broadly
divided both by farmers and the trade in the
two sharply divided groups: (1) The
Vilaiti ( European ) potatoes and (2) the
Desi or country varieties, The former is also
alterpatively known as Pahari or hill
potatoes, because of the fact that they are
extensively cultivated in the hill regions.

The Desi varieties are cultivated mainly
the plains and appear to owe their popula-
rity to their ability to withstand heat and
drought and to some extent diseases, espe-

cially those caused by the viruses, which are
common in the plains.
Climate and potato crop in India at the

two representative stations selected from
North and South India, Mainpuri in Uttar
Pradesh and Ootacamand in Tamil Nadu
(Fig. 12 ) show cultivation of three crops
in both the regions. The phenological calen-
dar is illustrated in the figure, Ooty being
located in the Nilgiries suffffers from lower
temperature compared to Mainpuri which is
almost on the plains and hence the potato
crop takes graeter time to reach harvesting
at Ooty for all the three crops.

The water balance shown in Fig.13
indicates almost eight months of water
surplus from end of April to beginning of
January at Ooty, whereas Mainpuri suffers
from water deficiency throughout the year
except in the months of June to September.
The soil moisture profiles also show a
poor status at Mainpuri and a very rich one
at Ooty ; however potato is densely grown
in Uttar Pradesh where Mainpuri is situated,
in entire India indicating the suitability of
a low soil moisture profile for growing
potatoes.

In this paper an attempt has been made



TRANSACTIONS OF THE INSTITUTE OF INDIAN GEOGRAPHERS

214

w1y

prwnyg -eSop\ (npeN pwe))
B[0D g e K< §'6C 786 98+ 8EO€I 90L £100
punoy ple jewIay} b
-pay Supaslieq o1e)od BLIED 2SN (an)
‘eminyd a *e A4 9'6¢ IS 88~ 9L 63¥1 undurey
‘NEe[IA oYY, pluny jewon)
-ISIOW -3 (ere1dyy)
‘g Se v €8 0¥8 9Lb+ 10ST €691 Ll Eve)
pue jewIay) s
Magse) -1was 280 (av)
a e v 6°1¢ P'6S 90— SL6 191 weaedegyesip
pue [eurIoy}
-1was -e3aN av)
Iqeqs-2-qeuy a ‘e v S€  6IS I'Sh~  $9L ELY] peqeIopAH
adein pruny [eruay) Z
-qns R (qefung)
oovnd oepg gy e v 1844 ¢'89 ¢SI1¢- 656 001 elequy
[ewiayy
egyaIeOILAng pue 28N @v)
‘nedevesueg qwes @ Le A 0f €4S LTy~  I€0I 0081 wWeleaeuoeD
epleN oSuepy pruny Jewisyl I
‘ugosnqq -qns "eBOW (an)
eigue £’ Ee vV 6'6€  9°S9  1°€E- 766 €851 mouydn
(wwm
DS % Seaq:
uonelny ewj % wy % -u10q])
sonoLIEA do1> adfiqng  adAy adfigng  adAL -uwaouoo Aoenbape  xapui ww paou .o.Z
repndog 1IN [emIsg L Iwwng AINISIOW AUMISIOW [[ejurey  I3jem uonelg S

adAy anewn()

onewy)

*

II1 2193

BIPU] UI SUONIE)S PIIII3S Je sdox) [BIm)moniIoy pue dyean|)



CLIMATE AND HORTICULTURE IN INDIA 215

to present the impact of climate on fruit
and vegetable crops grown in India, Detailed
discussion has been made to the extent
information is available for mango, grape
and cashew among fruit crops, and potato
in vegetable crops. The agro-climatic zones,
the areas of frost occurrence, the hours of
bright sunshine, moisture adequacy as
derived from climatic water balance data
and soil moisture status have been discussed.
Detailed information on crop yields on an
year to year basis along with crop weather
rccords are not available, It appears that

such data is not being collected. India will
do well to establish crop weather stations
with emphasis on horticultural crops all
over the conntry to obtain detailed pheno-
logical records and to obtain the effect of
weather on crop yields, occurrence of pests
and diseases. Collection of such informa-
tion will facilitate evolving of suitable
forecast formations for the benefit of the
farmer and timely advice in various phases
of horticultural operations. A beginning in
this direction is the urgent need for
horticultural development,

References

Anon. (1957): Indian Journal of Meteorology and Geophysics, Agricultural Meteorology.
(1978 ) : Agro~climatic Atlas of India. India Meteorological Dspartment, Division
of Agricultural Meteorology, Pune.

(1980 ) : Hand-book of Agriculture. I, C. A. R., New Delhi.

Gangolly, S- R. et al. (1957 ): The Mango. Indian Council of Agricultural Research, New
Delhi.

Hameed Khan. et al. (1979) : Summary report and Recommendations of the fnternational
Cashew symposium, Cochin, Kerala, India.

Hayes, W. B. (1966 ) : Fruit growing in Indig. Kitabistan, Allahabad.

Katyal, S. L. (1977 ) : Vegetable growing in India, Oxford and IBH Publishing Company
New Delhi.

Menon, K. P. V.and K. M. Pandalai (1953): The coconut palm- A Monograph, lndian
Central Coconut Committee, Ernakulam, South India.

Pareek, O. P. (1977 )y : Horticulture in the Arid zone Eco system. Fruit growing, Monograph
on Desert Ecosystem and its improvement, C. A, Z. R. I. Jodhpur. pp. 213-222.

Ranjt Singh (1969 ) : Fruits. National Book Trust, New Delhi.

Sham Singh et al. (1967 ) : Fruit culture in Indin. Indian Council of Agricultural Research,
New Delhi.

Thornthwaite, C. W. and J. R. Muther. (1955) 1 The Water Balaoce. Publications in
Climatology, Drexel Institute of Technology. Centerton, New Jersey; U, S. A.

Address of the authors

A. R. Subramaniam, A, V. R, Kesava Rao, K, Bhaskara Rao; Deptt, of Meteornlogy and Oceanography
Andhra University, Waltair.

G. 15,



