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Influence of dew on the growth and yield of wheat crop
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ARSTRACT  Inthis study effect of dew deposits on the growth cycle of wheat and its yield have been examined
for six selected wheat growing locations in India. viz. Ilisar. Gwalior. Varanasi. Jabalpur, Raipur and Pune. The data
set varied from 12 10 15 years. The data were subjected 1o Fisher's technique and periods when dew exerted beneficial
or baneful effect. identified. The study indicates that dew generally helps the emergence of wheat. Dewfall from joint-
ing 10 flowering/dough stage helps in proper development of the plant and increase in yield. Subjecting the data to
path analysis brought out high association between relative humidity and yield. It also revealed that, by and large,
dew direetly or indirectly contributes to increase wheat yield.
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1. Introduction

Overall effect of dew as a moisture contributor and
as a lactor for exchange of heat and water in the agro-
system cannot be neglected. The present study exa-
mines the extent to which the dew amount and its
distribution contributes to the growth and develop-
ment of wheat crop in India. This has been done by
subjecting the data to Fisher's response curve analysis.
Path analysis has also been done to seperate out elfect
of dew on yield from other meteorological lactors.

2. Data

Six agricultural metcorological observatories. viz..
Hisar (29° 10'N. 75° 44’E), Gwalior (26° 14'N. 78°
15'E). Varanasi (25° 18'N, 83° 01'E). Jabalpur (23°
10'N. 79° 57'E), Raipur (21° 16'N. 81° 36'E) and Pune
(18° 32'N, 73° 51'E) have been chosen for the study.
The dewfall at these stations are measured daily by
Duvdevani dew gauge. From the daily values weekly
totals were obtained from the date of sowing till
harvesting.

The dewfall and yield series were subjected to
Fisher's (1924) response curve technique. Gango-
padhyay and Sarker (1965), Sreenivasan and Banerjee
(1972, 1978), Chowdhury and Dandekar(1991) etc have
examined crop weather relationships applying this
technique to field crops in India.

The weekly dew accumulation values were first sub-
jected to orthogonzl polynomial analysis. Since the

polynomial fitted was of fifth degree, six constants
called “dew distribution constants”, were obtained as
shown below :

D=a +b& +c&+dE&+e'ls+ 'K (N

In the above equation D is the amount of dew depo-
sition. @”. b’ ¢’. d'. €. and [’ are dew deposition con-
stants obtained for each year for each observatory and
1§ BN [ 5) are the constants given in statistical
table by Fisher and Yates (1938).

The yields were then correlated with the distribu-
tion constants for each of the stations to examine effect
of dew on wheat yield. The results are given in Table 1.
The correlation coefficients. in majority of the cases,
were large and statistically significant, varying from
0.01 to 0.92. That the dew deposit effects the wheat yield
is, thus, clearly established.

Taking yield deviation from mean as dependent
variable and deviations (from their respective means)
of dew distribution constants as independent variable,
a multiple regression was fitted to the data. The follow-
ing equations could be obtained :

Hisar
Y = 30431a’ + 132.676" + 177.95¢' — 313314’

+ 217.31€" + 7579/
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Gwalior
Y =127.14a' + 1.85b" — 5.045¢' — 38.92d'

— 54.02¢' + 67.17f"
R2=0.70 (3)

Varanasi

Y = 171.81a’ + 12010’ + 1.64¢" — 37.30d'
+ 22.74¢' + 0.99f"
R? =088 (4)

Jabalpur

Y = 164.192" + 26.71b' + 21.18¢' + 47.62d'
+ 17.67¢' + 21.21f"
R2=0.50 Q)]

Raipur

Y = 263.60a’ + 743b" — 22.18¢" — 28.07d"
+ 19.69¢' — 2.83f'
R2=10.53 (6)

Pune

Y = 92.38a" — 83.63b' + 343.87¢" — 226.38d"’
+ 18.32¢' — 305.35/"
R? = 0.56 (7

The multiple correlation coefficients at Gwalior
and Varanasi were found significant at 1% level, at
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Ilisar. Jabalpur and Raipur at 5% level and at Pune
nearly at 5% level. In Varanasi, the MCC was nearly 1,
bringing out the importance of dew to wheat crop in the
Gangetic plains. Dew explains 58 to 88 per cent
variations in yield in the present study.

The regression coefficients no doubt have different
magnitudes for different stations. They also vary in sign
from location to location.

The yield expected from equations above were then
calculated. The Root Mean Square Error (RMSE) is
included in Table 1. Least RMSE was observed at
Varanasi (i.e, 103 kg/hec) followed by Gwalior (i.e., 198
kg/hec). At the remaining stations RMSE values were
quite high with largest value of 611 kg/hec seen at
Raipur.

The smallness of RMSE is an additional proof that
dew significantly affects wheat yield.

The response (P), i.e., the quantitative effect of dew
as the crop development progress can be obtained
as follows :

P=A+ B+ CEy+ EE3+ FE'y+ GE's

where, 4, B, C, E, F and G are constants,

DEW AMOUNT (mm)



INFLUENCE OF DEW ON WIIEAT CROP

TABLE 1

Caorrelation coeflicients of wheat yield with dew distribution constants and root mean square error (RMSE)

R
(3]
wn

Correlation coeflicient Tlisar Gwalior Viranasi Jabalpur Raipur Pune
a' (.13 037 092 0.61 0.08 —042
b 0.60 0.39 —(1.51 —0.19 044 044
i 0.09 —029 —.58 —0.08 —0.39 0.68
d ) —043 —0.52 —0.735 —0.13 —0.10 —0.26
o .39 —0.56 .50 —0.01 0.62 —0.15
S om 0.56 0.29 0.24 —0.24 —0.10
RMSE of yield (kg/hec) 524 198 103 503 611 410

A= & (i = 1.2.3.4.5). and A represents progressive
week number starting from sowing. The & are
obtained from Fisher and Yate's tables for dilferent
As.

The response curves showing effect of dew on vield
are given in Fig. 1. The changes shown in the figure are
the average effect corresponding to an additional unit
of dew deposit above the average at any point of time
during the growth cycle. The results obtained are dis-
cussed below :

Dew is influenced by high relative humidity.
clear sky and moderate wind speed. Thereflore.
impact of dew has to be separated out [rom these
other variables through the path analysis. This
has also been attempted.

3. Discussion
3.1. Fisher’s response integral

3.1 Hisar — Hisaris situated in the northern belt
where maximum dew deposition of over 30 mm occurs
(Chowdhury er al. 1990). A1 this station dew between
sowing & ncarly crown root initiation provides mois-
ture for seedling establishment and is thus helplul to
the crop. Subsequently till tillering. dew afTects the
wheat crop adversely at this station [Fig. 1 (D]. Accord-
ing to Mchta (1952). after two to three months of sow-
ing. conditions are favourable for outhreak of rust. The
urcdospores of the rust germinate readily after their
release. if environmental conditions. such as. heavy
dewand a temperature ranging from about 13°1024° C
are available (Pal 1966) which is generally the case at
Hisar. Thus plants remain stunted as a result of reduc-
tion in the elongation of the internodes and twisting of
culms considerably reducing the number of tillers.
Dew deposition after tillering helps increase- in
wheat yield.

3.1.2. Gwalior — The response pattern at Gwalior
[Fig. 1 (b)] is similar to that at Ilisar till nearly sofl
dough stage. ie. 2 weeks after flowering. Ilowever.
amplitude of the response is much lower than that at

[lisar. presumably because the amount of dew deposit
till beginning of flowering is much less at Gwalior com-
pared to Ilisar. After 16th week of sowing onwards. ie.
in the post flowering period. dewfall brings down the
yield. leavy dew during this period. leads to [ungus
formation.shrivillingofthe grains and hence less yield.
It may be mentioned that in this period. dew deposit at
Gwalior are higher than at Hisar.

3.1.X. Varanasi — The response curve at this station
is similar to thatat Gwalior and brings out the effect of
dew as a moisture contributor from tillering to soft
dough stage. Studies by Venketaraman er al. (1976) and
Battawar er al. (1993) revealed that maximum water
demand of wheat occurs around flowering. After soflt
dough stage dew affects adversely-as has been observed
in casc of Gwalior [Fig. 1(d)].

314 Jabalpur — The wheat yield at Jabalpur res-
ponds to dew in a manner identical to that at Hisar. It
affects negatively between CRI to tillering [Fig. 1(a)].
According to Yarwood (1958) a water film on plant sur-
face is essential for infection of many plant pathogenic
fungi. The heavy dew deposit from CRI to the begining
of tillering probably promoted heavy rust infection
(Johnston eral 1936) and linally led to fall in yield. Sub-
sequently. dew helps to increase the yield as in case
of Iisar.

3.1.5. Raipur — The pattern of Raipur ncarly re-
sembles that at Gwalior and Varanasi. After 1% month
of sowing till flowering. dew deposition helps to
increase the wheat yield. Subsequently the dew con-
tributes negatively to the yield [Fig. 1(c)].

3.1.6. Pune — Dew as moisture contributor exerts
detrimental cffect on wheat yield from sowing till tiller-
ing at Pune [Fig. 1(e)]. Gangopadhyay & Sarker (1965)
also observed that rainfall during this period at two
Deccan Plateau stations of Parbhani & Dharwad. exert
negative influence on the wheat yield. Subsequently
dew deposition helps to increase the yield till about
hard dough stage. '



A. CITOWDIIURY er al.

TABLE 2

Correlation coefficient between yield, dew deposition, minimum temperature, wind speed and relative humidity

Yield Dew deposition Min. temp. Wind speed Relative humidity

X, X. X, X, X

. Iisar

28

2. Gwalior

3. Varanasi

39

4. Jahalpur

S5

5. Raipur

07

* Significant at 3% level.

3.2. Path analvsis — In correlation analysis. values
of correlation coefficients are generally dependent on
the choice of individual parameters. Dew formation is
mainly influenced by relative humidity. wind-speed

and the sky cover. On the other hand sky cover

gencrally determines the magnitude of minimum tem-
perature. As such impact of dew on wheat yield cannot
be studied in isolation and the effect has to be
separated from the cffcct of these variables. This has
been achieved through path analysis (Dewey and Lu
1959). The correlation coefficients for cach of the
stations are given in Table 2 and discussed helow :

** Signilicant at 1% level

3.2.1. Hisar — Dew deposition is weakly correlated
with relative humidity (r = —0.49). Correlation of
minimum temperature and wind speed each with dew
is also weak. though cach of them are significantly cor-
related (at 1% level) to relative humidity (- = 0.78 and
r = —0.70 respectively) and also with one another
(r = —0.51). Yield has. among the three weather fac-
tors. a maximum correlation of r = 0.51 with only
minimum temperature which. however, is not signifi-
cant at 5% level. Since minimum temperature depends
largely on relative humidity and with wind speed as
observed above. the latter two parameters. indirectly
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influence the yield through minimum temperature.
Directly dew exert very insignificant influcnce on
yield (r = 0.28).

3.2.2. Gwalior — Dew formation at this station is
influenced by relative humidity, minimum tempcra-
ture and wind speed in that order with r = 0.71. —0.34.
—0.34 respectively. The inter-correlation among the
three weather factors is. however. very weak and docs
not exceed 0.25. Since relative humidity is also
significantly correlated with yield (r = 0.60 signilicant
at 1% lcvel). it means. it affects the wheat growth and
yield indirectly through dew.

On the other hand. minimum temperature. com-
pared to relative humidity. has a larger correlation with
yield (r = —0.63) which is significant at 1% level but is
poorly correlated with dew. Hence its effect on yield
could be termed as direct.

Dew thus bears a correlation r = 0.56 (significant
at 5% level) and explains 31% of the yield variations.

3.2.3. Varanasi — AtVaranasi dew amountis highly
dependent on minimum temperature (r = 0.79) and
relative humidity (r = 0.73). both correlations being
significant at 1% level. Both these paramelers are
highly dependent on each other (r=0.97). In view of
such a high inter-correlation. and large correlations
(significant at 5% level) which minimum temperature
and relative humidity each bear with wheat yiceld
(r = 0.53 and r = .51 respectively). both these para-
meters affect dew formation and hence the yield
through mutual interaction.

Dew amount though positively influencing the
yield. explain about 15% of the variations in wheat
yicld.

3.24. Jabalpur — Dew atthis location is poorly cor-
related with cach of the three weather [actors, the
highest being r = 0.26 with relative humidity. These
weather paramecters also do not bear large or signifi-
cant correlation with yicld. Dew has a moderately large
correlation with yield (» = 0.55. significant at 5% level)
and explain 30% of variations. Dew thus affccts the
yield directly.

3.2.5. Raipur — Nonc of the weather parameters
considered in this study significantly influence dew
formation at Raipur. Among themselves also they
appear to be independent of each other. Dew does not
appear (0 have any influence on the yield. The rather
large (r = 0.50 signilicant at 5% level) correlation yield
bears is. with relative humidity. Thus dew alfects the
yield indirectly through relative humidity only.

3.2.6. Pune — Dew formation in Deccan Plateau,
as represented by Pune. is influenced to a limited
extent. by wind speed (r = 0.39) and relative humidity
(r = 0.32). Wind speed. however. compared to other
weather factors, affect the wheat yield. though statis-
tically insignificantly (r = —0.31). Because of mod-
erate relationship between dew and wind speed, it
could be inferred that the latter’s influence on the
yicld is indirect through dew. Dew bears a statis-
tically significant (at 5% level) relationship (r = 0.63)
with yield and explains nearly 40% of vyield
variations.

It is clear from above that dew does exert positive
influence on wheat crop yield though the degree of
influence differs from location to location. Dew as
such. can contribute as much as about 40% of yield
variations except Raipur where its effect on yield was
negligible. In the north Indian plains, relative humidity
mainly contributes to dew depositions and hence
indirectly helps in increasing the yield. South of Sat-
pura maintain range, dew formation appears to be less
dependent on weather factors.

4. Conclusions

The following conclusions emerge from the
analysis :

(i) Large scale dew formation prior to sowing and
up to initial stage of crown root initiation helps
in proper growth of wheat.

(ii) From tillering to flowering high dewfall help
better crop growth.

(iif) Relative humidity. in general, contributes to
dew formation in northern Gangetic plains
only and hence indirectly to wheat yield.

(iv) When considered in association with other
environmental factors through path analysis,
the dew appears to contribute 0.5 to 40% only to
wheat yield.
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