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Climatology of the Crop Seasons of India —2. Wheat
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ABSTRACT. On the basis of the data collected under the All India Co-ordinated Crop Weather Scheme,
the normal growth features and the yield of the wheat crop in India are discussed in relation to the climatology
of the wheat crop seasen. The study covers 9 stations with data varying for periods from 13 to 20 years. Infor-
mation is presented about the chronology and growth attributes of the crop, the average durations of the crop
growth periods and the average climatic features of the crop season and their variabilities, separately, for each
station and each of the growth periods, Tt is shown that while the principle of time variation with geographical co-
ordinates operate in the sequence of the dates, at different stations, of sowing, flowering and harvesting of the
crop, as well as the lengths of the vegetative. reproductive and total crop life periods, only the length of the
vegetative period conforms to Hopkins' ‘Bioclimatic Law® for North America. There appears to be a negative
relationship between the duration of the vegetative growth peried and the maximum and minimum tempera-
tures during the same period and also between the height attained by the crop and the maximum temperature

during the vegetative growth period.
1. Introduction

Under the All India Co-ordinated Crop Weather
Scheme, quantitative observations are heing
recorded at a network of selected experimental
farme, on the growth, yield and the incidence of
diseases and pests of rice, wheat, jowar, sugarcane
and cotton crops, side by side with the weather
experiencad by the crops, during their life cycle.
Details of the crop and meteorological observations
recorded as well as the sampling technique used
for recording the observations are given in Agrimet
Technical Circular No. 50. The crop weather data
recorded each year, at each station, are reviewed in
the Annual Reports on Agricultural Meteorology
of the India Meteorological Department. The data
are also summarised in pictorial crop weather
diagrams which are being published in annual
volumes beginning with the data for 1957-58. In
the first paper of this series, Mallik (1964) has pre-
sented and discussed the normal growth features
and yield of the rice crop and the climatology of
the rice season in India. In this paper, normal
growth features and yield of the wheat crop
and the climatology of the wheat season in India
are presented and discussed as assessed from the
data collected so far. All the values in this paper
represent the averages based on more than 10
years’ data.

2. The crop life-cycle

Unlike rice, wheat is not a hydrophilous (water-
loving) crop and is grown during the winter season
when there is little rain in India, except in the
extreme north of the country. Therefore, the wheat
crop is grown mainly with the help of the moisture
stored in the soil from the post-monsoon rainfall.

However, in the northern parts, the crop receives a
little winter rain during the passage of the western
disturbance:. Also, wherever irrigation facilities are
available, the crop is given a few light irrigations
which increase the yield, but by far over the greater
part of India, wheat isgrown without irrigation.
The seed is drilled into the fields, directly, germi-
nate and the young seedlings emerge out of the
soil surface within about a week’s time. Soon after
emergence, each plant starts producing a cumber
of culms (tillers) ard the culm to plant ratio pro-
gressively increases to a maximum value (the
tillering ratio); thereafter, the plants start growing
rapidly in height till the emergence of the ear-heads
(flowering) by which time the maximum height is
attained. However, although in individual plants
the tillering and the elongation phasas are quite
distinguishable under field conditions because of
a certain degree of overlapping of the two phases
(some plants start elongating before all plants have
completed tillering), the two phases, - tillering and
elongation, are not sharply defined in the case of
the crop. From flowering to harvest, setting and
development of the grains and general drying up
of the crop take place makirg the crop ready for
harvest. Thus, three distinet periods are noticed in
the life-history of the erop, viz., the germination
period (from sowing to emergence of the seedlings),
the vegetative period, including the tillering and
elongation phases (from completion of germination
to flowering, i.c., ear-head emergence) and the
reproductive period (from flowering to harvest).

3. Average crop and average season

Data for periods of 2 to 19 years, varying from
station to station, have become available.. In this
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TABLE 1
Stations and data
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TABLE 3

Geographical criferia for the sequence of dates
and lengths of periods

Co-ordinates No. of
————th vears for . 5 a0 .
Station Lai Long Alt. which Number of \AVE by which the
data are date 1s 1 or the
(N) (E) (m atilised . od is prolonged
ven —
(1) (2} (3) 1) (3) Per 1|N|l_|:
— ———— nltitude
Dharwar 15°26” TH°06° 637 19 ] (
2 { 4)
Parbhani 19°16° 76747 408 M) )
Niphad (Nasik) 20°06" 7407 540 19 o .
Jalgaon 21503 7534 20l 18 Date of sowing 1 2:3 1
Nagpur 215049 70292 o0 18 Date of flowering 7-0 31 1
Labhandi 21°16° s1°367 A 17 Date of harv e G- 23 }
(Raipur) Length of vegetative
Powerkhera 227447 7042 209 15 period® 40 0-8 3
(Hoshangabad) Length of reproduc-
Chinsurah 22°5%’ 8824 0 17 tive period $e0 0-6 1
Calcutta 3
( ) ) . Length of total crop
Delhi 28047 vk (14 224 13 life period G0 (18 1
*Criteria same as Hopkins
TABLE 2
Chronology of the crop life-history
Average dates of Duration of crop growth periods
Station ————— — e ~—
Suwing Flowering  Harvesting Germination Vegetative Reproductive Total crop

(1) (2) (3) 4

Dharwar 23 Oct 12 De 20 Jan
(9} (4) (L)

Parbhani 13 Oct 8 De 1 Feb
(9) (9) (1iny

Niph!l\’l 26 Oct 22 Dec 24 Feb
(7) (6) (R)

Jalgaon 24 Oct 135 De % Feb
16) (7 (7)

Nagpur 30 Oct 29 D 25 Teb
(7) () (8)

Labhandi 13 Nov 14 Jan 22 Mar
(12) (13) (12)

Powerkhera 1 Nov 2 Jan 13 Mar
(7) (4) (11

Chinsurah 15 Dec 21 Feb 2 Apr
(6) (6) ()

Delhi 12 Nov 10 Feb 11 Apr
(8) (10} (6)

(days) (weeks) (weeks) life
(weeks)
(2) (6) (7) (8)
9 i3 7 14
(28) (10) (13) (7)
7 7 9 17
(16) (15) (209 (8)
9 7 4 17
(31) (6) (13) (6)
& [} 8 15
(19) (7) (9) (6)
8 1 8 17
(15) (8) (14) (6)
11 7 10 18
(22) (8) (22) (8)
11 7 10 18
(16) (S) (16) (8)
13 S 6 16
(22) (11) 15) (4)
9 12 9 21
(21) (6 (135) (6)

Note — Figures within brackets represent standard deviation for dates

and coefticient of variability percentage for periods
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paper, the average crop and the average season
at such of the stations where data for more than
10 years have been collected, are presented and
discussed, The stations, their geographical co-
ordinates and the number of years for which data
are available are given in Table 1.

On ths basis of districtwise information from
the whole of India, the wheat zone of our country
was demarcated in an earlier communication (India
met. Dep. 1957). It will be seen that all the stations
(Table 1) lie within the wheat zone except Chin-
surah. This is bocause even though it is possible
to grow wheat at Chinsurah during winter, a second
crop of rice can also be grown there during the
same season. Therefore, rice being the staple food
of the loeal population, it gets preference and
normally wheat is not grown in this area.

Taking into account the lengths of the period
for which data are available as shown in Table 1,
the average values presented and discussed in this
paper may be considered to represent ‘provisional
normals’ for all practical purposes.

(4) Awverage crop

At each of the crop weather stations (Table 1),
two varieties of the wheat ¢rop are under observa-
tions, one of which is N.P. 4, so that this is a variety
common for all the stations. Therefore, to eli-
minate varietal differences, the crop features
dealt with refer to the variety N.P. 4 only.

The zhronology of the crop life history together
with the year to year variabilities is given in
Table 2. The values in Table 2 give some idea of
the average wheat crop season at the respective
stations.

() Dates of sowing, flowering and harvesting

It would appear from Table 2 that in a very
general way, the sowing, flowering and harvesting
are delayed and the length of the vegetative
and reproductive periods increase northwards

and eastwards.  This aspect is considered in
greater detail later in this paper.

The year-to-year variabilities of the dates of
sowing, flowering and harvesting are more or less
of the same order of magnitude, except at Power-
khera where the variabilities of the three dates are
markedly different, flowering date being the least
variable and harvesting date the most. The
variability of all the three dates are somewhat
higher at Labhandi than that at the other stations.

(ii) T'he lengths of crop growth periods

It will be seen from Table 2 that the germina-
tion period at all the stations except at Labhandi
and Powerkhera (11 days) and Chinsurah (12

days), is about a week. The great variation in

the length of the vegetative period (interval from
sowing to flowering), from station to station
show that the flowering of the wheat crop in India
is not ‘time bound’, but is ‘season bound’. Delhi
with a rather long vegetative period, stands in a
class by itself. The reproductive periods are of
a little longer duration than the vegetative periods
except at Chinsurah where the vegetative period
is a little longer and at Delhi where it is considerably
80.

Considering all the stations together, the year-
to-year variabilities in the lengths of the period
are in the order of Germination period > Repro-
ductive period > Vegetative period > Total
crop life period. Considering all the arowth
periods together, the year-to-year variability is
high at Dharwar, Parbhani, Niphad, Labhandi
and Chinsurah, lesser at Powerkhera and Delhi
and least at Jalgaon and Nagpur stations.

On the basis of the total length of the crop
life period, the wheat season in the different
parts of India can be broadly divided into three
classes. In the nortbwestern parts, as represented
by Delhi, the season is longer than 20 weeks, while
in the extreme south, as represented by Dharwar,
the season is shorter than 15 weeks. In the rest
of the wheat zone, as represented by the remaining
stations, the season varies between the above two
limits.

(i2i) Phenology of the crop

According to the ‘Bioclimatic Law’ of Hopkins
(1918), other conditions being equal, the time
variation of a periodical natural phenomenon
in North Amerioca is at the average rate of 4 days
to each degree of latitude, b degrees of longitude
and 400 feet of altitude. The sequence of the dates
of sowing, flowering and harvesting as well as the
lengths of the reproductive and total crop life
periods at different stations, presented in Table 2,
does not conform to the above criteria of Hopkins.

Only the lengths of the vegetative periods
(fowering to harvest) appear to give a near fit
to Hopkins’ criteria. Many different eriteria
were tried to fit the data in Table 2 to the principle
of the ‘Bioclimatic Law’. The criteria which
give the best fit are given in Table 3. The actual
and the estimated values according to the ‘best
fit’ criteria are shown in Figs. 1(a) and 1(b). It
will be seen from Figs. 1(a) and 1(b) that even
in the case of the best fits, there are some gross
misfits. These are : date of sowing — Parbhani
and Chinsurah; date of flowering — Dharwar;
length of reproductive period — Chinsurah and
Delhi and length of total crop life period —
Chinsurah.
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Fig. 1(a). Dates of Epochs

It would thus appear that while
of time variation with the geogr: iphic ;l co-ordinates
underlving  Hopkins’
operate, the phenology of the wheat erop in India
does not strictly conform to Hopkins' ‘Bioclimatic
Law’ for North America.

» principle

‘Bioclimatic Law™  does

(1v) Vegetutive growth

The three vegetative growth features covered
in this paper are germination percentage, tillering
ratio (maximum number of culms por plant)
and the height attained by the crop. The values
of these three growth features at the different
stations are presentod in Table 4.

The values in Table 4 provide some idea about
the normals of the growth attributes and their
year-to-year variabilities, in the different parts
of India. Tt will be seen from Table 4 that. consider-
ing the three growth features together, Delli
stands out as the station with the hest and least
variable vegetative growth, while Powerkhera
and La,bhaudl are at the other extreme with poor
and highly variable vegetative growth, the vest of
the stations being somewhat intermediate between
the above two stations. Considering the variabili-
ties of the growth features for all the stations

TABLE 4
Crop growth features

Y el
Erim
(kz heet.)

485
{3
GUHL
(+1)
944
{(30)
{80
(36)
330
(22)
GO
(46)
1250
(32)

taken tog:ther, germination pereentage appears
to be much more \‘n;wl-- than tillering and height,
height being slightdy less variabk than tille ring.

() Yield
1

The ‘sl 1d values in Table 4 (col. 5) show that
on the basis of the viell of grain, the stations
can be grouped under three categories. Out of the
O stations, only at one, ie., Delhi, the yield
more than 1000 ];.-_( per heetare: at 5 other stations.
riz.. Dharwar, Parbhani, Jalgaon, Nagpur and
Chinsurah, the yield lies hetween 1000 to 300 kg
per hectare; at the remaining 3 stations, viz.,
Niphad, Labhandi and Powerkhera, the yield
is less than 500 kg per heetars.  Considering the
variabilities, the vield is least variable at Nagpur
wnd Delhi and hi}.:hl}' variable at Powcrkhera
and Chinsurah, the other stations being inter-
mediate in this respect. Considering all the
stations together, the vield appears to lm the most
variable of all the crop growth features being
slightly more variable than even the germination
]"‘«‘l-'.ﬁ"‘;‘\:l.-!‘:. Amongst  the stations covered in
this paper. Delhi stands in a class by itself with
high and steady vield and is thus by far the most
suitable area for the wheat crop.
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Fig. 1(b). Lengths of perlods

Froma the values given in Table 4, it appears
that in a general way, highor vields are associated
with higher values of tillering and more so with
height. The height as well as the product of
tillering ratio and height, for each station, is plotted
against the corresponding yield values in Fig. 2.
It will be seen from Fig. 2 that there is definite
indication of a direct quantitative relationship.
Therefore, the tillering ratio and the height of
the crop are important factors to be taken into
account in any attempt to forecast the yield of
the wheat crop in India.

The average yield for all the stations taken
together comes out about 710 kg per bectare.
As given in a recent publication (Bharat Krishak
Sama] 1964), the yield of wheat for India as a
whole is 730 kg per hectare. It would appear, there-
fore, that the stations under consideration com-
prise a not too unrepresentive a sample for the
wheat erop in India.

The yield per aere in India is the lowest in the
world, The figure for other countries are much
higher, e.g., Japan 2740, U.S.A. 1610, Australia
1130 and Pakistan 820 kg per hectare. However,
if the yield for the stations Niphad, Labhandi
and Powerkhera is not taken into account, the
average yield for the other crop weather stations
comes out as 850 kg per hectare. It would appear,
therefore, that in the areas of India represented
by Niphad, Powerkhera and Labhandi stations,
it is unprofitable to grow wheat so that, in these
regions, there is scope for the introduction of some
other winter crop, more profitable than wheat.

(B) Average season

The whole crop season can be conveniently
divided into 3 periods, viz., germination period
(from sowing to the emergence of the seedlings),
vegetative period (from emergence of seedlings to
flowering) and reproductive period (from flowering
to harvest). The durations of these three periods
have been presented and discussed earlier in this
paper, The climatology of the three crop growth
seasons is presented in the following section,

4, Climatology of the crop periods

The meteorological factors covered in this
paper are rainfall, rainy days (days with rainfall of
95 mm or more), sunshine and maximrm and
minimum temperatures,  The average weekly
values, hased on tne number of years’ data availa-
ble (col. 5 of Table 1), for each of the weeks, from
sowing to harvest, together with their coefficients
of variability were computed. The normal weekly
values (average of waekly values of all the years)
of the meteorological elements for the whole of
the crop season in respect of Delhi are depicted
in Fig. 3 as a crop climatogram. The crop climato-
gram shows at a glance the march of climatologi-
cal factors, week by week, from sowing to harvest
of the wheat crop at Delhi.

It will be seen from Fig. 3 that the crop is
sown after the season has started cooling down.
Th~ flowering takes place soon after the tempera-
tures start rising after having reached the lowest
values. The harvesting is done before the season
gets too hot. Thus the vegetetive growth period
is one of continuous falling temperstures while
the reproductive period is one of a continuously
rising temperatures. The same pattern holds
good for all the other stations, except Chinsurah.
At Chinsurah, because of excessive soil moisture,
the sowing is delayed till the season has reached
almost the coldest stage so that the whole crop
period at Chinsurah is one of continuous rise of
temperatures.

For the sake of brevity, only the average of
the weekly values of the elements as well as the
coefficients of variability at each of the stations
and for the three crop growth periods are presented
in Tables b, 6 and 7 for the germination, vegetative
and reproductive periods respectively., In these
tables, the values for rainfall and rainy days
represent the averages of the yearly values for
the period as a whole while those for the other
elements represent the averages of the mean daily
values for each of the weeks of the period,
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Fig. 2. Yield of grain and tillering and height of erop

The values given in Tables 5, 6 and 7 provide
some idea of the variation in tlu- climatological
conditions under which the wheat zrop is raised
in the plains of India.

The coefficients of variability in Tables 5, 6
and 7 show that the year-to-vear variablity of the
weekly values is very high for rainfall and the rainy
days.  This is because wheat is grown during the
non-rainy part of the year when rainfall is an
exception tather than the rule. Of the other
three elments, wiz., sunshine and maximum and
minimum temperatures, the variability of the
maximum temperature is the least, that of
minimum temperature slightly more while sunshine
is more variable than temperatures,

The highest and the lowest values of each of
the meteorological elements, experienced at each
of the stations, in any week during the period
covered in this paper (col. 5 of Table 1), .-1r-- given
in Tables 8 and 9 for the vegetative and reprodue-
tive periods respectively.  Considering the lengths
of the period covered, chances are that the values
in Tables 8 and 9 set the limits of climatic condi-
tions, over a weekly period, likely to be experienced
by the wheat crop in the different areas of India,
as represented by the stations.

MEAN DAILY TEMP (T

BAIGHT SUNSHINE

HOURS /DAY

1o

1 Mll il :

VEGE TATiy

RAINY DATS o

{Ivurrl? =

RAINFALL

STANDARD WEEK N3
24 a8 4
Yt o %04 48 !
s a5 5 20 4
CALENDAR DATES

NOV DEC Jan

Fig. 3. Crop climogram — Wheat
Delhi (28°04'N, 77°10’E, 13 metres)

Indications of crop climate relationships,
based on the average values presented in this
paper were sought with the help of scatter
diagrams. However, only the following irdica-
tions could be seen — '

) The length of the vegetative period is
negatively related to the average values
of mean daily maximum and minimum
temperatures during the vegetative period,
as shown by Fig, 4.

The height attained by the crop is nega-
tively related to the average value of
mean daily maximum temperature during
the vegetative period as shown by
Fig. 5.

It appears, therefore, that of all the different
aspects of the growth of the wheat crop the length
of the vegetative period and the height of the
crop are the most weather sensitive. Further, the
negative relationships in the above cases suggest
that at all the stations covered in this paper,
the temperature conditions during the wheat
season are higher than the optimum for the wheat
crop: that is to say, where the temperatures are
lower, the vegetative growth period of the crop
are likely to be longer and the crop height greater.
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TABLE 5
Climatology — Germination period

Climatic element Dharwar Parbhani  Niphad  Jalgaon  Nagpur Labhandi Power- Chinsurah  Delhi
khera
(1) (2) (8] (4) (5) (6) (7) (8) (9) (10)

Rainfall (mm) 23 2 3 0 b 0 0 0 0
(100) (287) (260) (300)
Rainy days 0-9 0-4 0-2 0 0-3 0 0 0 0
(105) (125) (270) (210)
Mean daily bright 7-3 9.3 9:9 9-6 8-0 88 10-3 9-5 9-5
sunshine (hrs) (40) (21) (12) (15) (21) 9 (9) (8) (7)
Mean daily maximum 30-1 32-5 31-8 33-9 30-4 28-5 30-8 26-3 27-1
temperature (°C) (4) (3) (2) (3) (3) (3) (5) (2) (3)
Mean daily minimum 18-4 18:5 14-5 17-5 15-8 14-8 12-3 0-8 93
temperature (°C) {4) (5) (10) (%) (8) (7) (10) (7) (6

Note — Figures within brackets represent the coeflicient of variability

TABLE 6
Climatology — Vegetative perlod

Climatic element Dharwar Parbhani Niphad  Jalgaon Nagpur Labhandi P]f:wer- Chingurah  Delhi
<hera

(1) (2 (3) () (5) (8) (7 (8) (9) (10)
Rainfall (mm) 74 54 29 29 30 7 20 31 38
(66) (126) (151) (157) (176) (179) (213) (110) (57)
Rainy days 5-0 2:7 2-5 1:56 1-5 1-0 1-1 2-4 26
(105) (195) (221) (229 (264) (265) (323) (171) (90)
Mean daily bright 8:2 9.2 10-0 9-8 8-7 0-1 9-7 91 8-2
sunshine (hrs) (24) (18) (11) (13) (16) (9) (12) (10) (17)
Mean daily maximum 293 30-7 29-2 31-2 29-1 276 288 26-3 22-2
temperature (°C') (3) (3) (3) (3) (3) (3) (4) (4) (B)
Mean daily minimum 15:7 14-8 1145 15-2 13-1 12-0 10-9 10-4 70
temperature (°C) (7) (10) (11) (10) (8) (7) (9) (8) (8)

Note— Figures within brackets represent the coefficient of variability

TABLE 7
Climatology — Reproductive period

Climatic element Dharwar Parbhani  Niphad  Jalgaon  Nagpur Labhandi :E’(}leel‘- Chinsurah  Delhi
<hera

(1) (2) (3) (4) (5) (6) (7 (8) (9) (10)
Rainfall (mm) 8 4 4 11 26 26 19 32 25
1254) (230) (280) (137 (130) (116) (101) (89) (116)
Rainy days 0-4 05 0.4 0-9 2.2 25 2.0 25 10
(381) (352) (426) (195) (193 (187) (161) (143) (181)
Mean daily bright 06 10-1 10-3 08 88 9.1 08 0.2 8.7
sunshine (hrs) (10) (7) (7 (10) (15) (10) (8) (11) (13)
Mean daily maximum 29-3 30-1 30-2 30-7 29-3 31-2 29-6 34-4 28-8
temperature (°C) (2) 2 (3) (3) (3) (4) (4) (3) (4)
Mean daily minimum 12-9 12,1 9.2 12:9 12-8 14-9 11-3 17-9 11-9
temperature (°C) (6) 9 (8) (9 (8) (6) (8) (7) (8)

Note — Figures within brackets represent coefficients of variability
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TABLE 8

Climatology (Vegetative period) — Highast and lowest values for a week

Climatic element

Rainfall (mm)

Rainy daye (number

Mean dailv bright

sunshine (hrs)

Mean daily maximum
temperature (")

Mean daily minimum
temperature { (')

TABLE 9

Climatology (Reproductive period) — Highest and lowest values for & week

limatic clement Dhearwa Pa 1 ipha ] Power-  Chinturah  Delhi

(10)

Rainfall (mm*

Rainy davs (number)*

M-an daily bright
sunshine (Lirs

Mean daily maximum
temperature (°C)

Mean daily minimum
temperature (' U
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Fig. 4. Length of the vegetative period and
temperatures during the period

Crop growth is an integration of complex soil-
plant-climate interactions.  In this paper, soil
factors have not been taken into acoount. Hence
the absence of indications about linear crop
climate relationship is not surprising.  In fact,
it is gratifying to find indications of such a relation-
ship in the above few instances.

5. Summary and conelusion

In this contribution, crop and weather data
being collected under the Co-ordinated Crop
Weather Scheme are presented in terms of the
average. The progress of the climatological ele-
ments, week by week, during the crop season is
shown as a crop climatogram (Fig. 3). Informa-
tion is presented about the average wheat crop
and average climati- features of the crop season
together with their variabilities from year-to-
year, as asssessed from the crop weather data
collected so far. It has been shown that —

(¢) There are indications that the sequence
of the dates of sowing, flowering and harvesting
as well as the lengths of the vegetative, repro-
ductive and total crop life periods obey the prin-
ciple of time variation with geographical co-

35+
S
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=
¢ 4
28
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zl.lJ
| . |
20
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HE|GHT (cM)

Fig. 5. Crop height and maximum temperature
during the vegetative period

ordinates. However, only the length of the vege-
tative period at the different stations conform
to Hopkins' ‘Bioclimatic Law" for North America.

(ii) The yield at Chinsurah (Calentta) where
wheat is normally not grown is quite good as
compared to the yield in the wheat areas of
Peninsular India.

(iii) Tn the areas represenfed by the stations
Niphad (Nasik), ~Powerkhera (Hoshangabad)
and Labhandi (Raipur), where wheat is extensively
grown, the yield is so poor that it may be profi-
table to replace, if possible, the wheat crop
of this area by some other suitable alternative
rabi crop.

(iv) Amongst the stations considered, Delhi
stands out in a class by itself with a long vegeta-
tive growth period, very good crop height and
heavy and steady yield.

(v) The data appear to indicate negative rela-
tionships between the length of the vegetative
growth period and maximum and minimum
temperatures during the same period and also
hetween the height of the crop and the maximum
temperature during the vegetative growth period,
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