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ABSTRACT

Commercial tobacco is cultivated in most parts of the world
under a variety of soil and climstic conditions mainly for

Nicotiana tabacum L, and Hicotlana rustica L. Studies relate to

lysimetric experiments in completely randomised design spread over
two winter seasons of 1979-8C and 1980-81 at Kalyani (South Bengal)

situated at 22.53°N latitude and at 89°E longitude.

The weekly rates of evapotransviration (ET) and weekly
average values of four climatic factors vin., Temverature (T),
wind veloé¢lity (W), sunshine hours (S) and vapour pressure deficit
(eg- e,) vere procussed to obtaih functional'relationship betveen
them. The inTluence of termerature on evapotrans»niration was
highest under moist regime (0.2 atm) irresvective of varieties
but the rate of change of evapotransviration gradually decreased
with the increase in soil nolisture tension. Xvapotransviration
increased linearly with the increase in wind velocity irresnective
of soil moisture tension, variety and season, it was higher with
0.3 atmosphere solil moisturc tension, it increased in all treat-
ments with differential rate with the increase in sunshine hours,

it increased in all treatments with differential rate with the

increase in (egq- ea) and that the influence of (eg- ea) vas



higher on the N. rustica species. Multiple regression analysis

for prediction of E

o}

under combined influence of climatic varia-

3

e

bles indicated significant result. It was observed that ET vs M
(soil moisture tension) relationship was curvilinear with higher
total ET under 0.3 atmosphere soil moisture tension. The rela-
tionship indicated that with the increasse in soil moisture tension
total Eq decreased. Zp ve o (nitrogenous fertiliser) relationship

indicated that at any stage of growth higher Ep was associated

with higher doses of nitrogen.

Comparison between Ep and Ey (pan evaporation) indicated
that lowest ratio (ET/EO) was assoclated with 0.2 atmosphere soil
moisture tension irrespective of species and seasons and the
ratio (Ep/Zp) gradually increased with the decrease in soil
moisture tension mainly due to higher evaporation rate under

decreased soil moisture tension.

Height of plsnt under ¥, tabacum was found greater over

N. rastica at harvest stage in both the seasons and prediction

eguations can be used in predicting height at any stage of growth,
The height decreased with the increase in soil moisture tension,
The height decreased progressively with the decrease in apolica-
tion of nitrogen, and it increased in a non-linear manner with
the advance in growth stage. Diameter of plant did not show any
remarkanle difference between the varieties towards the harvest
stage of the crovn. It increased significantly with the decrease
in soil moisture tension and increased rate of nitrogen caused a

significant increase in diameter throughout the growth period.



Green welgnt of plant increased with the advance in growth
stage for both the varieties, similarly irresvective of soil
moisture tension and with increase in nitrogen level. Dry weignt
of plant increased for both the varieties with the advance in
growth stage, it increased in all levels of soll moisture tension
and also with the increasse in levels of nitrogen. Leafl area
index (LAI) increased with the advance in growth stage irrespec-
tive of variety with the de€rease in soil moisture tension and
increase in the nitrogen level. Leaf ares coefficient indicated

in general hlgher values for smaller leaves,

Yield (leaf) varied significantly with varieties, the higher
rate of yield in N. tabacum might be due to the genetic characters
of the variety, it decreased significantly with the increase in
soll moisture tension in both the varieties, it increased signifi-
cantly with the increase in nitrogen level in both the varieties.
Yield (stalk) varied significantly for both the varieties during
the two seasons, it decreased significantly with the increase in
soil moisture tension and increased significantly with the

increase in nitrogen level.

Quality character of tobacco leaf is judged from its
nicotine content, the influence of variety on it was significant
in both the seasons, with a significantly high per cent of
nicotine with N, rustica indicating variation in nicotine content

probably due to the genetic characters of the variety. It



increased with tne increase in soll moisture tension and it

increased significantly with the increase in nitrogen level.

With the increase in totel cvapotranspiration, leafl yield

increased in a linear manmner Tor botlr the varieties.

Prediction equaticn for evapotranspiration under climatic
variables, soil moisture tensions and nitrogen levels showed

high values of F,

‘ Combined influence of scil moisture tension and nitrogen

on leaf yield indicated hivh values of F.
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INTRODUCTION

The information available on the origin and history of
tobacco suffers generally from ambiguity and contradictions. It
is said that tobacco was in cexistance in Asia even during the 12th
century, A.D. when it was not known elsewhere. Some Asiancommu-
nuties considered igfa seered plant. It was used not only as
an intoxicant for producing an agreeable drugged state and as a
curye for all kinds of ills but also for dolng homage to delties.,
During the 17th century the habilt of smoking spread rapldly in

several countries.

In India mostly two species (Nicotiana tabacum L. and

Nicotiana rustica L.) of tobacco are cultivated commercially.

Although India occupies third position in tobacco production and
fourth in its exports respectively, it would be also worthwhile
to mention that it is the second largest exporter of flue-cured
virginia tobacco. During 1981-82 India earned forelign exchange
worth of Rs. 214 crores which was approximately 58 per cent

higher than that was gained during 1980-81.

Amonz the traditionally grown cash crops in West Bengal,
Motihari %tobacco (N. rustica) is important for 1ts characteristic

strong flavour, colour, pungency, taste etec., Out of total area



of 14.9 thousand hactares with an annusl production of 15 thousand
tonnes of cured leaf in the State, Motihari tobacco alone accounts
for 11.9 thousand hactares with 12.4 thousand tonnes of production
of cured leaf. But the yield of this crop per unit area (965 kg
leaf/ha) in India is very low in comparison with those of other
countries like Japan, Canada, U.S. A., with an average yield of
2,220, 2,003 and 2,324 kg/ha Tespectively. The low yield of
tobacco 1s mainly due to improper water management and fertiliger
use., Water management 1s one of the important factors for assured
crop production (Atkinson et al., 1969). It permits better utili-
zation of all othe: production factors and leads to increased
yield per unit of lénd and quality of the crop. Judicious esti-
mation of quantity of water application, proper soil and crop
management practices and gcientific gcheduling of irrigation
according to the requirement of the plant are important aspscts

of efficient water management practices. It also requires a
‘thorough study not only of soil properties but also of plant-
water-relationship, climate, agronomic ﬁiact1cas and economic
assessment. The complexity of the factors chiefly govefnigg the

water relations of tobacco is of paramount importance, as a rule,

v

1

in determining the type, grade, and quality of leaf produced,
both, internal and external envirohmental factors contribute to

the control of water relations.

- Crop performance is best when both organic and ilnorganic
fertilizers are applied to the crops in a balanced quantity.
They have a positive effect on yield. Efficient use of nitrogene-

ous fertilizer is one of the most Important factors for the
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commercial production of crop. From the seedling stage through
final harvest, the soil nitrogen regime affects the process of
plant development more than any other mineral elements. The

role of nitrogen is of major importance with respect to time of
absorption, concentration in the leaf at various stages of growth

and numerous other aspscts,

Therefore, for better growth and development of crcp,
application of balanced quantity of organic, inorganic fertili-
zer and maintenance of proper gquantity of water 1s essential.,

The frequency and guantity of water, in turn, depend on the dally

e,

water use rate l.e., evapotransplration of the crop. Ivapotrans-

piration and growth analysis 1s, therefore, considered necessary.

1.1 Influencing Factors

The evapotranspiration rate (B ) depends on the combined
influence of several climatic factors, soil moisture tension
(Maity, 1975), fertility level (Sinha et al., 1976) the stages

of development of the crop and soll and crop management. All

these factors influence the growth and development of tobacco.

1.2 Problenm

The role of so0il molsture vension and levels of nitrogen
in regulating evapotranspiration of crops are not entirely cleér
although it is expected that with the increase of soll moisture
tension with time, Ep will decrease. BEp is also influenced by the

growth of crops which in turn depends on the fertility status



of the soil. It is expected that a well fertilized crop W

<t

th

its extensive root system will extract moisture from greater

depth (Brown, 1971), but different view exists as to the influence
of nitrogen on Ep. It is, therefore, necessary to examine the
inter-relationship amongst measured Ep, climatic variables, soi

and
molsture tensie'ﬂsA nitrogen levels.

In order to determine the frequency and quantity of irriga-

tion water for a particular crop, irrigation studies are required.

In absence of evapotranspiration study, recommendation for schedu-

.

ling of dirrigation may be made from a knowledge of soll and root
system together with the estimate of evepotranspiration rate (Erie,
1968). An attempt has, therefore, been made to estimate evapotrans-
piration from pan evaporation data, mainly from the ratio between

evapotranspilration and pan evaporation data.

Growth analysis (Height of plant, diameter of plant, green
ight of plant, dry weight of plant and leaf area index) has
become established as a standard method of estimating net photo-
synthetic production of plants and plant stands in many parts of

the world. GCrowth analysis represents the first step in the

mary production, being a link between merely

o,
e
i,.)a
w
O
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means of physio-

ct

<

production and analysing it by
logical methods. The primary values are measured in growing

plants at certain time intervals, various indices and character-
istlcs are calculated from them, that describe the growth of the
plants. Growth characters are primarily designed to describe,

in quantitative terms, the plants and plant stands as productive



system. From the practical point of view, growth characters
are useful as indices of yield capacity. Statistically designed

sets are consldered for evaluation of growth analysis.

The low yield of tobacco is due to improper management of
the most important inputs viz., irrigation and fertiligzers. The
condition is aggravated since the crop is grown mostly in winter
(Rabi) season when soil moisture stress is maximum. The influence
of the different soil moisture ténsions and the nitrogen fertili-
rzation and thelr interaction on crop have not so far been lnvesti-
gated adequately. The growth characters of the crop at different
growth stages as influenced by the proper and fimely irrigation

and nitrogen management called for detailed investigation.

Qualiity of tobacco leaves after curing is the most important
character for market value. The assessment of leaf quality under
different conditions of irrigation and nitrogen fertiliger is
the most important criterion to be considered. Perhaps, the
best known tobacco compound is the volatile base, nicotine., The
strength of a smoke is a measure of its nicotine content and

mist be carefully controlled. An attempt has, therefore, been

‘made to estimate nicotine content of tobacco varietles.

In view of the importance of tobacco crop and’for increasing
its yield per héctare, it is felt necessary to undertake an experi-
mental study on the influence of soll moisture'tensions and levels
of nitrogen and their interaction on the growth of tobacco crop

particularly under South Bengal condition, to explore the



possibility of 1ts commercial cultivation in this part of the

country.

The investigatlion was conducted with the following objec-

To

1. a.

examine

fPhe relationship between measured evapotranspiration

n
-
2
O
e
6]
ot
oo
-y
)

. ; oRY . .
rate and each of thé&cilmatlc varliables, sol

tension, nitrogen levels and leafl area index,

the relationghip bstween evapoltranspiration and pan

evaporation data,

the influence of different soil moisture tension and

nitrogen levels on growth characters of tobacco,

the influence of different scil molsture fTension and

nitrogen levels on leaf and stalk yield of tobacco,

to estimate the nlcotine content of tobacco under
different soil moisture tension and nitrogen levels,

v

and
to develop equations for estimatin evapotranspiration
from tobacco varieties, using four climatic variables,
goil moisture tension and nitrogen levels,

to develop equations for predicting leaf yield of tobacco

h gifferent combinabtions of soil moisture
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- REVIEW OF LITERATURE



REVIEW OF LITERATURE

2.1 Introductory Remarks

Information on irrigation at different levels and times, its
effect on growth and yield, quantity and water required for
satisfactory growth and yield of tobacco, is at its minimum, in
comparison to the work done on other crops. The experiﬁents on
water management of different crops carried out by many investiga-
tors showed that soil moisture stress at different stages had
tremendous effect on the growth, development, maturity and produc-
tioh of crops. The experiments also indicated that timely supply
of irrigation water to the crops increased yield. For maximiging
yield of crops, judicious application of water at critical stages
is regarded as a must in agricultural technology. Although much
studies have been doné on the water requirements of different
crops, studies on the influence of soil moisture tension and the
quantity of irrigation water on the different yield attributes and
growth characteristics for tobacco are very limited in India.
Attempts are made in this investigation to estimate gvapotranspi-
ration from free water surface evaporation. Attempt is also made
from the practical point of view to establish relation between
evapotranspiration and production of tobacco. Attempts have been
made to correlate different climatic parameters with evspotrans-

piration and are also extended to estimate the quality of tobacco



leaves in response to varied soil moisture tension and nitrogen
fertilization. The variation of water regimes as well as the
application of nitrogen fertilizer to tobacco are the most important
factors which influence the growth and yield attributes and charac-
teristics to a great extent. It has been reported on the'various
factors influencing evapotranspiration, the influences of irrigation
and nitrogen on the production of tobacco. The evapotranspiration
and yield of tobacco predicted from nitrogen, soil moisture tension
and various climatic variables with the help of different formulae

are reviewed here.

2+2 EBvapotranspiration

The rate at which water is lost from the soil by evaporation
and from the plant by both transpiration and evaporation is termed
as evapotranspiration rate (Egp). Thornthwaite (1948) used the term
"potential evapotranspiration"'to express the cOmbinéd effects of
evaporation and transpiration occurring from plant and soil. It
is defined as the amount of water which will be lost from surface
completely covered with vegetation if there is sufficient water in
the soil at all times for the use of vegetation. Penman (1956)
prefers to call this as evaporation and points out that in both

cases, the process involved 1s the same,

Zlatev (1966) studied that upto 30 days after transplanting,
the total loséeé of water through transpiration and evaporation
in tobacco fields were 20-30% of the maximum evapotranspiration
observed for local meadows; water iosses reached a maximum of 50%

at 20-40 days later and then fell sharply with the beginning of



leaf harvesting.

Evapotranspiration is often predicted on the basis of
climatological data. The approaches followed are to relate the
magnitude and variation of evapotranspiration to one or more
climatic factors such as temperature, day length, humidity, wind,
sunshine, etc, Many formul'ae-have been developed and used from
time to time and have been critically reviewed by various workers
(Singh et al., 1960; Israelsen and Hansen, 1962; Tanner, 1967;
Chang, 1968; Dastane, 1972; Taylor and Aschroft, 1972; Doorenhos
and Pruitt, 1975).

2.2.,1 Factors influencing evapotranspiration

The rate of evapotranspiration (Ep) of different plants
varies greatly under the same conditions (Hanks et al., 1968).
Even the Ep of the same crop varies greatly according to the
stages of growth and the period of the year in which 1t is
grown. Of the various factors affecting E¢, climate, water
management practices, levels of fertillzer and crop are most

important.
2.2.1.,1 Climate

2.2.,1.1.1 Temperature

Since with ihe increase in air temperature, the saturated
vapour pressure increases in a non-linear manner, a large vapour
pressure gradient above the crop is expected with higher temperature,

resulting in more rapid removal of water vapour (Jensen and Haise,

1963) .
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Wilcox (1963) considered temperature as best single weather
element to use in estimating Ep, Jensen (1967) reported that when
humidity was held constant at 50 per cent, both evaporation and
evapotranspiration increase proportionately as temperature was
varied approximately from 60°F to 105°F. A linear relationship
between the temperature and Ep from potato crop was reported by
Maity (1972). The results of the experiment conducted on the
Kalyani University Farm at Haringhata on potato during 1964-65,
1966-67 and 1968-70, indicated a linear relationship between

evapotranspiration and the mean air temperature (Maity and Pandya,

1975) .

2.2.1.1.2 Wind velocity

It was observed by Frost and Schwalen (1960) that evapo-
transpiration losses fronm Clover, bermuda grass and sudan grass
reach a peak near mid-day, increasing with vapour pressure deficit
and wind velocity. The Eqp from beans, sugarbeet and grass, sword
increased with the increase of wind velocity (Pruitt, 1960). The
Ep from sugarbeet exceeded that of a grass sword, apparently
because of turbulence induced by the greater roughness of the
sugarbeet crop (Pruitt, 1960). On moderate days, high wind
velocitles usually had the effect of increasing losses equal to
that on hot dry days without wind (Frost, 1963). During the
night when the plants are turgid and there is no other source of
energy wind may be effective in supplying advective energy for
Er to continue (Abdel Aziz et al., 1964). The Ep from bean
increased with the increase of wind veloclty (Maticic, 1965).



11

According to the theory of turbulence, the upward flow of water
vapour 1s equal to the product of the vertical gradient of the
vapour pressure and the rate of mixing. The latter depends on
the rate of change of wind speed with the height (Chang, 1968).
The Ep from wheat increased with the increase of wind velocity
(Ghosh, 1974). Malty and Pandya (1975) have also reported that
the evapotranspiration increases with the increase of the wind

velocity.

2.2,1.1.3 Sunshine hours

The evapotranspiration is much higher during the light
period than that during the darkness period (Shah, 1961). The
Ep of beans and evaporation (EO) from pan under different light
periods were measured by Hani (1966) when the other climatic
components were kept constant. While the change in diurnal
light period had 1little influence on Eg, 1t had a marked influence
on daily Eq for the 6 hours and 24 hours period (continuous
light). Influence of sky condition on evapotranspiration is
mach greater than that of irrigation (Burman and Loudon, 1968).
Burman and Loudon (1968) reported that when bright sunshine
occured, all energy balance components (including ET) were high,
The passage of clouds almost immediately reduced the magnitude
of energy balance components. Although, duration of bright
sunshine hours had very little effect on evapotranspiration of
boro paddy (Sarkar, 1970), the effect of bright sunshine hours on
evapotranspiration from wheat crop varied with moisture tension
(Ghosh, 1974). The increased rate of evapotranspiration (Ep) with

the increased hours of sunshine from potato crop at different soll
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moisture regimes was obtained by Maity and Pandya (1974).

2.2.,1.,1,4 Radiation

Measurement of energy budget indicated that in the tropics
and during the warm season in the middle latitudes, 80 to 90 per
cent of the total net radiation was responsive for evapotranspi-
rations in Ontario (Graham and King, 1961), North Carolina
(Harris and vanBavel, 1958), Mussouri (Gerber and Decker, 1960),
Hawaii (Chang, 1961), California (Halstead, 1954) and England
(House et.al., 1960). Mukammal and Bruce (1960) found that rela-
tive lmportance of radiation, humidity, and wind velocity deter-
mining pan evaporation were in the ratio 80:6:14 respectively.
Pruitt (1964) observed a quick response of evapotranspiration for
rye grass with net incoming radiation, in a calm clear day in
spring. Further, when Ep was compared with net radiation, air
temperature, and saturation deficit, the air temperature and
saturation deficit were more out of phase with Eqp than net

radiation.

According to Pelton (1964) solar radiation is the principal»
source of energy for evaporation. In the absence of advected
energy, a close relationship between the potential evapotrans-
piration and net radiation usually exists. Much of the net
radiation may be converted directly to latent heat and often

account for as much as 80 per cent of the water evaporation loss.

While a significant correlation between solar radiation

and evapotranspiration for the rice field was reported by
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Thongtawee (1965), the latent heat of water from the flooded

rice field was about 65 per cent (Thongtawee, 1965; Loyd Johnson,
1965). van de doar and Zijlstra (1968) are of the opinion that
Ep of rice is governed by the amount of energy avallable., Vamadevan
(1970) stated that the Ep per net radiation was considerably more
pronounced in August and September than during the earlier periods
of rice growth.. Ep exceeded the day time net radiation by 42 per
cent when the entire vegetative cycle of rice was considered.
Ritchie (1971) found that daily net radiation to be divided prima-
rily between evaporative flux and sensible heat flux. He observed
that when crop canopies covered at least 45 per cent of the ground
surface and the plant evaporation was not limited by soil water,
daily net radiation was approximately equal to dally measured

evaporation.

2.2.1,1.5 Vapour pressure deficit

Evaporation is proportlonal to the vapour pressure gradient
(es- ea) between the evaporating surface and the air. But, it
occurs only when the temperatures of the ailr and the evaporating
surface are equal. Though it 1s not practically possible, it
will continue as long as the temperature of the evaporating

surface remains above the alr temperature (Mather, 1959).

Monteith (1959) observed that for Ey to take place, there
should be a vapour pressure difference between evaporating
surface and air. Since vapour pressure deficit generally reaches
a peak by 1400 hours, ET losses are usually highest at mid-day,

decreasing rapidly with the decrease of vapour pressure deficit.
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Evapotranspiration is proportional to the vapour pressure
gradient between the evaporating surface and the surrounding air.
It is the relative dryness of alr which counts for Ep, rather than

the absolute dryness of the alr (Slatyer and Mcllory, 1961).

Pruitt (1964) concluded from a number of studies that
under near constant conditions, Eg is closely related to the
difference in vapour pressure (es- ea) between the surface and
some height above. He suggested a linear relationship between

these two parameters and that line should pass through the origin.

According to Woerner qucted by Jensen (1967) that when the
temperature was held constant at 76CF both free water surface
evaporation (EO} and evapotranspiration of red kidney beans
decreased proportionately as humidity varied from 20 to 90 per
cent. With the increase in vapour pressure deficit (eg- e,),the
evapotranspiration (Er) from wheat and paddy crop increased in a
linear manner (Ghosh, 1974; Sarkar, 1976). Similar result was

observed by Maity and Pandya (1975) on potato crop.

2.2.1.2 BSo0il moisture tension

When water is amply available, the rate of evapotranspira-
tion is dictated mainly by meteorological factors (Gardner and
Ehlig, 1963). As evapotranspiration proceeds and soil water
content is reduced, the resistance to the vapour path way
progressively increases and evapotranspiration declines. The
results of lysimeter experiments on potato conducted during five

winter seasons indicated that higher evapotranspiration rates
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were always assoclated with lower soil moisture tension (0.1 to
0.4 bar) level, and it gradually decreased with the increase of
soil molsture tension upto 0.8 bar, The relationship between total
evapotranspiration and soil moisture tension is curvilinear

(Maity, 1975). Similar curvilinear relationship was observed by
(Ghosh, 1974) on wheat crop.

Average dally use of water by tobacco cv. Hicks grown on
well-drained loamy-sand was 0,18 - 0,20 inch when water was not

limiting (Sparrow et al., 1966).

Sreedharan and Vamadevan (1976) observed that solar radia-
tion, alr temperature, pan evaporation and wind veloclity were
correlated with evapotranspiration of rice. The correlations
were generally significant during the rabi season but not during
the kharif season. Solar radiation and air temperature were the
most important factors affecting evapotranspiration. Grabarczyk
(1976) reported from field trials at Pozorty, Baleyny and Legzany,
Poland in 1955-70, average daily water utilization in spring on
medium soil (before shading of the soil) was 2,79 mm. During
the period of intensive growth, the rate was 3,52 mm/day and at
maturity 2.41 mm/day. The rate of water utilization on very light
soil was lower but with irrigation approached the value of the
potential evaporation. During periods of optimum soil molsture,
field water utilization was strictly correlated with air evapora-
tion capacity, measured over the plant stand, as well as with

Relative Humidity (RH) deficit and air temperature.
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Iruthayaraj (1978) stated that the evapotranspiration of
rice Cv, Kannaki and Bala under five different water management
systems was compared with evaporation measured by a USWB Class.
A pan evaporimeter installed at a nearby meteorological observa-
tory and with data from can evaporimeters placed in the crop
canopy and raised to canopy level as the crops grew. The mean
ratios, evapotranspiration : Pan evaporation, were higher in the
monsoon season than in summer, 1,38 compared with 1.18 and 1.35
compared with 1.16, for the 2 c¢v. As these values were not greatly
different from 1.0, the pan values could be used to indicate levels
of evapotranspiration., Higher values were obtained from submerged
rice than for rice in saturated soil. Liu (1978) studied the
relationship between the leaf water potential of flue-cured tobacco
leaves, soil moisture conditions and various meteorological factors,
and to ascertain the degree to which leaf water potential serves
as an Integrator of these stress inducing factors. The soil
moisture tension treatments were maintained to 0.25, 0.42, 0.96,
3.50 and 15 bars., The meteorological factors including radiation-
level, ambient temperature and amblent vapour pressure deficit
were measured daily. Soil water potential, incoming radiation,
ambient temperature, and ambient vapour pressure deficit were
selected as the factors most likely to affect the leaf water

potential of the flue cured tobacco leaves.

The results showed that a linear correlation coefficient
were calculated between leaf water potential, soill water potential

and meteorological factors. A multiple curvilinear regression
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analysis of the data resulted in an equation involving linear
and squared terms for soll water potential and linear terms for
radiation, temperature and vapour pressure deficit, and the

co-efficient (R) was significant at 1% level.

2,2.,1.3 Nitrogen

The evapotranspiration is regulated to a large extent by
the evaporative demand of the atmosphere when soil water is not
limiting and a crop covers the land completely. Viets (1962, 1965)
reported that after comparing the ability of fertilized and unfer-
tilized crops that even when the water is limited, a well ferti-
lized crop with its extensive root system can extract soll water
under high tension and deeper‘depth to contribute a significant
increase in water use. On dry land culture, Ep was increased with
the addition of nitrogen (Luebs and Laag, 1967, 1969). Luebs and
Laag (1969) further observed that Ep for barley was 14 and 42 per
cent higher with 45 and 90 kg N/ha respectively for a period of
18 days before and during tillering. During subsequent 26 days
dry period, avallable soil water was depleted first at the highest
nitrogen level. Pande and Mitra (1971) observed that medium and
high levels of NPK increased the water requirement of gus and aman
crops compared with low levels. Increase of Ep with the addition
of fertilizer was reported by Olson et al. (1964) on corn and grain
sorghum; Willatt (1969) on maize; Jensen and Sletten (1965) on
winter wheat; Jaeger (1966) on oatj Singh and Bains (1971) on

sorghum, and Bond et al. (1971) on winter wheat.
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2.2,1.4 Crop

2.2.,1,4,1 Helight of plants

In the humid Congo, Bernard (1954), observed that the rates
of potentlial evapotranspiration (PET) are identical for both tall
and short grasses. But in Hawali, where a moderate amount of
advection occurs, the maximum PET of sugarcane is approximately 10
per cent higher than that of short grass. EI nadl and Hudson
(1965) reported that in the arid Sudan under advective conditions,
the Ep of tall vegetation is much accentuated. According to
Mitchell and Kerr (1966) a large difference in Ep between tall
and short crops have also been reported for rye grass and White

Clover in Newzealand.

The potential evapotranspiration (PET) of a tall crop in
humid climate may exceed that of a short crop because of the
higher net radiation and roughness. Because of the increased
roughness, the maximum PET of a tall erop could far exceed that

of a short crop in areas of strong advection (Chang, 1968).

2.2.1.,4.,2 Dry matter

Dry matter production does increase linearly with ET
though the regression line seldom passes through the zero point
as often is the case in the relationship between transpiration
and yield (Viets, 1962), Matsuhima (1962) reported that indepen-
dent of variety, season or soil type, transpiration, water require-
ment for rice was approximately 5 ml/gm of DM/day. The relation-

ship of dry matter to transpiration and water requirement in
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glass house and also in field was studied by Sugimoto (1973).

In general water requirement increased gradually after transplan-
ting to a peak during the ripening. He also found that there was
a direct positive correlation between transpiration and daily dry

matter production.

2.2,1.4.3 Leaf area index

The Eqp of well watered saflower remains nearly constant
after the crop reaches a leaf area index (LAI) of four and
intercepts more than 80 per cent of radiation (Sterns, 1965).
The ET from soybean field was 6 cm more than from the sorghum field
mainly because the LAI of soybean increased 1.5 times than that
of sorghum (Teare et al., 1973). Sugimoto (1973} studied the
relationship of transpiration of leaf area of rice crop and
meteorological factors and showed that transpiration ratio »
(Tr : Ey, Eg = free water surface evaporation from Pan) increased
with LAI upto 5 and then remalned steady except in variety

"Taduka.

2.3 Influence of Soil Moisture Tension and
Nitrogen on Growth Cnaracters

Different growth characters of tobacco planis are greatly

influenced by soil molsture tension and nitrogen levels,

2.3.1 Soil molsture tension

Experimental results reveal that soil moisture conditions

affect the plant growth at different stages of grovwth,

A marked reduction in stem elongation while the plant was
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eXxpanding, due to soil moisture stress was obtained by both
Slatyer (1957) and Deumead and Shaw (1960). Slatyer (1957)
observed in wheat, a marked reduction in the stem elongation,

occured due to soll moisture stress under green house condition.

Selbert (1964) reported that the daily water needs to tobaceco
were 6 mm 1n June, 8 in July and 5 in August (6 to 8 mm for Cigar
tobacco) and irrigation has become a necessarity for yield and
quality of tobacco. Ligon and Benoit (1966) determined the rate
of growth, yield and quality for bushy tobacco plants grown under
controlled soll moisture condition and observed significant
decrease in growth and yield for plants subjected periodically
to soll moisture levels of 0.96 atm or above and significant
reduction in quality. During perlods of high moisture tension,
growth was markedly slowed, after irrigation, stressed plants
generally grew no faster than previously unstressed one. Mehrotra
et al. (1970) reported that a significantly high plant growth and
yield of curable leaves was found at 50 per cent available molsture,
With increase in soil moisture level, the total nitrogen and nico-

tine per cent decreased.

Papenfus (1970) stated that temperature and water supply
are particularly important to the seedbed phase, High temperature
increases growth rate and produce the possibility of premature
floral initiation while restricted water supply during the final
period of this phase delays floral initiation and conditions the
plants for possible drier conditions in subsequent phases.

Volodarsky (1975) stated that insufficient water at any stage of
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vegetative phase leads to depression of growth processes. However,
the character and the results of this depression differ, depen-
ding on the stage of ontogenesis (including the seedling period
upto 80 days) for tobacco of the estern type. He further stated
that the growth processes considerably decreased for water defici-
ency during the juvenlle period and also, when the dry matter
accumulation was extensive, water deficiency leads to sharp and
almost irreversible depression of growth process, to quick aging

of the top meristem and decrease of leaf yields.

Bae and Kang (1976) studied with three levels of soil
moisture conditions of 30% (damp), 45% (moist) and 60% (wet) to
the maximum water holding capacity, found that leaf area had a
tendency of damp » moist ) wet and showed significant difference
between the plot of damp and the plots of moist and wet. Dry weight
of unit leaf area was low at the plot of damp and highest at the

plots of moist and wet.

Takshashl et al. (1976) found in bushy tobacco Cv. burky 21
and Ky 10 grown at five different locations that the plant height,
number of leaves/plant and dry weight increased rapidly in early
growth stages and the period between setting and flovering was
short. Plant height and dry weight was lowest at Okayama due to
drought conditions. Liu (1977) observed that increased soil
moisture tension resulted in decreased total leaf area develop=-
ment, rate of leaf area and stalk development and total dry welght
of leaves with delay in flowering and maturity with increased

growth rates which did not exceed the normal rates of continually
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non-stressed plants except as the non-stressed plants approached
maturity. He conducted this study with Vam-Hicks and TT 5 varie-
ties under the soll moisture tension maintained at near 0.25 bars,
and to return soil to field capacity when the moisture tension
increased to 0.96 and 15 bars of tension which correspond to

avallable water of 100, 50 and 0% respectively.

2.3.2 Nitrogen
In the production of each type of Tobacco under favourable
conditions, growth was most noticeably affected by the supplies

of available water and nitrogen in the soil.

When other factors are not limiting, there is an increase
in the rate of growth as the level of avalilable nitrogen increa-
ses from deficient to adequate. Growth rate as measured by
increase in height was slow under deficient conditions but was

rapid at a moderate level of nitrogen (Garner et al., 1934).

With adequate moisture, and increase in the supply of
nitrogen from deficiency to excessive resulted in an increase
in the area of the leaf but a decrease in the weight per unit
area, the latter effect being due primarily to a decrease in the

thickness of the leaf (Raper, 1966).

Except at extremely deficient leaves, the total number of
leaves produced by a plant was not appreclably influenced by the

level of avallable nitrogen (Garner et al., 1934).

In field experiments whereas nitrogen availability regime
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was created so that the plant was subjected to a nitrogen stress
less than required for acute deficiency, a slight yellow color
indicated reduction in chloronhyll content and length and width

measurements snowed a reduction in leaf area (Raper, 1966).

Friis-Nielsen (1966) stated that maximum dry matter yields
of parennial rye grass, barley, potatoes and fodder-beet, grown
in lysimeters under assumed optimum conditions, were proportional
to maximum active leaf-area index(ALAI, derived from the ratio of
evapotranspiration to free-water evaporation), integrated over
the growth period. The slope of the graph was steeper for potatoes
than for rye grass, beet or barley, indicating that the integrated
parameter expresses genetically determined differences between
crops in utilization of this potential photosyntnetic production
capacity. ALAI appeared to be a better measure of production

capacity of crops than LAI.

Matar (1977) reported that plant height and leaf area

increased with increasing nltrogen application.

Gopalachari et al. (1978) observed that dry matter produc-
tion and nutrient uptake (W, P, K, Ca, Mg, S and Cl) were maximum
during the reproductive phase (60-20 days) followed by the active
vegetative phase (30-60 days) of growth in both the light and

heavy soil types.

Atkinson et al., (1977) studied above ground parts of
commercial and reduced alkalold Burley tobacco Cv. Bgy and

LAB 21 respectively, were sampled periodically during the growing
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season for dry weight and nutrient uptake determinations. During
the first half of the growth period 18% of the total dry weight
had accumulated and about 25% of the total N, P and K had been
adsorbed. At harvest dry matter was nearly divided between leaf
and stem but nutrient content was higher in the leaf than in the
stem. Total dry weight for LA Boy was 2,9% lower than for Boj,
and nutrient accumulation patterns did not differ.
2.4 Coefficients for estimating

leaf area

The measurement of leaf area is important in many investiga-
tions of growth, potentiality and productivity of many crops. It
is particularly important as an index of growth for the interme-
diate stages in agronomical and physiological studies, both in

pot experiments and in field (Williams, 1954),

However, these measurements are not often made, because the
available methods, such as, the planimeter (David, 1940), the
airflow planimeter (Jenkins, 1959), the photo-electric cell (Frear,
1935), the dry weight method (Millar, 1938), the llnear measure-
ment method and the matching method (Darrow, 1935), are tedious
and time consuming, some of them are impracticable for large
numbers of leaves or for very big leaves, and they usually make
it necessary to destroy the plants. Several workers have calcula-
ted equations or coefficlents to convert linear measurements of

length (L) and width (W) of tobacco leaves to area (A).

Tejwani et al. (1957) studied 1157 leaves of Ciger tobacco

and suggested that A = 0,60 X + 4.2 for leaves larger than 2581
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em™ and A = 0.66 X + 0,20 for leaves smaller than 25871 cm2 where
X is the product L.W.

Suggs et al. (1960), working with four varieties, two
spacings and eight soil moisture levels, suggested A = 0.6345
L.¥W. with only small effects for variety and soil moisture level,

For small leaves a coefficient of 0.7028 was suggested,

The relationship between the area of a leaf and its length
and width was found to be best described by a linear regression
of leaf area on the product of the length and width with the

regression line passing through the origin of the coordinates

(Suggs et al., 1960).

Estimation of leaf area from linear measurements is possible
with both leaves and thelr images, almost always also without
destroying the leaves., Images of small leaves must be enlarged
before sufficiently accurate measurements can be taken (de Parcevaux
and Massin, 1970). The most frequently used leaf and leaf breadth
(B), elther the maximum breadth or the breadth at a specific
fraction (1/2; 2/3 etc.) of the leaf length behind the leaf tip.

The method can be applied to leaves of various shapes wherever

these allow suitable and well-defined linear measurements to be

taken,

Yocum and Mckee (1970a), working on five varleties of type-4l

Pennsylvania broadleaf tobacco, suggested coefficient of 0,66 for

leaves of Pennleaf 1, 0.65, 0.61 for leaves of Swarrltibshanan

and Pennbel 69 respectively.



Farah (1974) reported in a study of leaf co-efficients of
flue-cured tobacco (N. tabacum L.) variety Kntsago 51, that
coefficients were significantly affected by position of leaf on
the stalk whereas spacing and the interaction of spacing and
position were not significant and that a mean co-efficient of
0.6518 and 0.6131 can be used for the top and middle or bottom

leaves respectively.

The general form of relationship : A = b, LB has been found
satisfactory by many authors where b is a co-efficient which
requires checking from time to time especially when leaf shape
changes with position on the plant and with plant age. A similar
relationship derived by Lal and Subba Rao (1950a, b, 1951) for
cereals, relates leaf area (A), length (L) and breadth (B) by
log A = log L + log B - log b,
where,

B 1s measured at L/2 and the constant b = LB/A. The mean
co-efficients of variation for b were 2,9, 3.3, 6.6 and 1.0% for
barley, rice, malze and wheat respectively. Langer (1256)

’Qodified this relationship by taking B as the mean of breadths
measured at 1/4 and 3/4 of L but the extra effort involved does
not seem worthwhile. Anikiere & Kutuzov (1961) provide further
mathematical treatment of the relationship between leaf length
and breadth and leaf area. Kemp (1960), having reviewed the
previous literature on the subject, examlned the use of linear
measurement for estimating leaf area in grasses and arrived at

A = 0,905, L.B. for Lolium perene, Dactylis geomerata, Festuca
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pratensis and Phleum pratense with B taken at L/2. The varia-

tlon accounted for by tnis value of b was over 99%. Tejawani
et al. (1957) examined the use of linear measurements for esti-
mating leaf area in tobacco and Sugzs et al. (1960) found the
relationship A = b LB satisfactory with B the maximum breadth
and b ranging from 0,613 to 0.675 in large leaves according to
the tobacco variety and irrigation treatment. In small leaves,
b = 0,703,
2.5 Growthy Function and Prediction

Equation for Yield and Evapotrans-

piration

Yield of crops are generally influenced by the growth
factors. Probable yield of crops may be described as a function

of the complex system of productivity parameters,

The most important and acceptable formula for prediction of
vield is that of Mitscherlich which describes the yield as a
funection of different growth factors. Growth factor is a compli-
cated system of plant, soill and moisture parameters which largely
influence the yleld. According to Mitscherlich's idea the increase
in yield with the unit increase in the growth factors bears an
explicable plant physiological relation with the ecological
properties and the activity constants in the formula should not

be affected by any other magnitude than the nature of the produc-

tivity factor,

The pioneering work guantifying relatlionships affecting
plant growth was done by E.A. Mitscherlich. His two princlpal
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objectives were to estimate the level of a preplanted soil nutri-
ent for comparison with laboratory analysis and to estimate crop

response for fertilizer application (Briggs, 1925).

Variations of models developed by Mitscherlich in the early
part of thils century are periodically used for estimating input-
output relationships for plants. Mitscherlich's work focussed on
a single variable., While these experimental models incorporate
features of theoretical appeal, the procedures for quantifying the
models are relatively complex when two or more independent
variables are included. In fits of Mitscherlich and polynomial
forms to yield~water-fertilizer data for corn grown under experi-
mental conditions in Colorado and Kansas, statistics for the poly-
nomial forms are as good as or better than those for the more

complex Mitcherlich models (Foger et al., 1976).

The yield is described by a fundamental equation which takes
the shape of the differential equation i.e., a function of the yleld

and of the growth factor. The equation may be expressed by the

following

dg _

Iz " f (Q,ox)
where,

q = Yield factor.

growth factor,

=
i

On the basis of this equation three formulae are developed :

i) The Mitscherlich equation,
i11) The projective yield function and
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iii) The equation for limiting factors.,

The growth equations are able to handle any number of ecolo-
gi€al variables and allow the description of complex productivity
situations. It is, however, necessary to know, how these emperical
productivity magnitudes should be inserted into the formula. There
are only a restricted number of growth factors, but only seldom will
it be'possible to obtain quantitative observations of a theoreti-
cally correct, uncontaminated growth factor, for which alone the
simple solutions of the differential equations are valid. The
value of the theoretically correct growth factors hasg to be built

up from the values for the relevant ecological parameters,

Chen et al. (1968) developed mathematical relationships
between the rate of plant growth and various environmental factors
for small tobacco plants, the growth curve for a single leaf was
found to be S-shaped for the entire growth period. The growth
curve for small plants was found not be a pure exponential of
the form

kt

] L
i
o®

where,
A = leaf area at time 't!’

leaf area at time t = O

n

k a constant for the particular plant.

A large plant was found to have a smaller growth rate than
a plant with small initial size. The growth rate parameter Kj

and the plant's initial size had the relationship
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where,

Cl and 02 are constants,

The growth rate parameter K was a function of initial size

and time and can be represented by -

K=ky - kg (t-2)

where,
k1 = growth rate parameter at t-1 (day) and is a function
of plant's initial size.
ko = the regression coefficient of growth rate parameter

versus time,

The resulting plant growth equation can be expressed as
A=ae [ky - ko (t-1)7 ©

Using this type of information together with weather tempe~
rature patterns, it may be possible to predict more closely the
relationship between seedling time and time for transplanting

with a more knowledge in use of temperature as control factor,

The growth curve of a tobaccq plant, when plotted as total
mass versus time, ic a characteristic sigmoidal curve. Employing
oriental type tobacco, Wolf (1947) found that the rate of growth
of the stems or of expansion of leaves when plotted against‘time

also become a sigmoidal curve.

Yield prediction using the model PLANTGRC (Hanks, 1974) was

made from soil, crop and climatic data. Agreement between
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prediction and measurements was better for relative dry matter
yield (P2 ranged from 0.91 to 0.99) than a relative grain yield
(R2 ranged from 0.93 to 0.97). The method for predicting grain
yilelds could be improved but a relation inveolving seasonal esti-
mates of relative transpiration gave good first-order predic-

tions,

A strong linear correlation exists between evapotranspira-

tion and yield (Arkley, 1963; Steward et al., 1977).

Wenda and Hanks (1981) stated that there was a strong linear
relation between relative yield and Ep (B2 = 0,95 for dry matter
yield and R = 0,87 for grain yield) where variable irrigation
was applied throughout the season as well as where irrigation was

applied only at the early part of the season,

2,6 Influence of Soil Moisture Tension
and Hitrogen on Yield

The growth characters, yield and quality of tobacco crops
are largely dependent on the soil moisture tension and the nitro-
gen, The frequency of irrizavion and varying levels of nitrogen

significantly influence crop yleld.

2.8.1 So0il moisture tension
Kadam et al. (1953) working with flue cured tobacco in
Andhra Pradesh found that supplementory light irrigations at

proper time increased the yleld without any deterioration in

quality.
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Miles (1957) found that irrigated flue-cured tobacco gave
a highly significant increase in yield, price per hundred weight,

and value over non-irrigated tobacco.

Systematic studies on water requirement of tobacco were done
at 1.A.R.I., New Delhi. Water requirement of hookah tobacco
was found to vary between 600 to 650 mm during the growth from
March to May. The optimum moisture regime for tobacco was from
fleld capacity to 0.5 atmospheric soil moisture, tension measured
at 22.5 cm soil depth (Singh and Awatramani, 1958; Singh and Murthy,

1060) .,

Jones et al. (1960) observed that two most important times
to irrigate tobacco in a dry season are (1) at transplanting
time to ensure good stand, and (2) when plants are about knee

high to full bloom (or topping stage) to aid in rapid plant growth,

Patel et al. (1963) observed that one irrigation at either
40, 50 or 60 days after transplanting increased the yield signi-
ficantly over no irrigation. Between the three irrigation

intervals, there were no significant difference in yield as well

as in quality.

In further studies, Patel and Awatramani (1963) concluded
that, one irrigation of 38 mm at 7 weeks was the best practice
for obtalning high yields of tobacco (var. Harison special). Patel
(1964) also observed that for Delcrest variety, one irrigation
of 33 mm at 40 days after transplanting increased the yield by

40% over no irrigation treatment. The yield of treatments of
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irrigation at 40, 50 and 80 G
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yileld by 50 to 100 per cent. HMehrotra et al. (1970) stated that
significantly increased yield of curable leaves was always asso-

clated at 50 per cent available moisture.

Singh and Sharma (1971) revorted that irrigation of tobacco
(N, rustica) crop with brackish vater was substantially increased
the yield of cured leaf and dried stalk per hectare, and markedly

improved the quality of leaf.

Gurbev (1972) found that a correct irrigation regime during
the tobacco development affected the plant height, size of leaves
and blooming phase, maintenance of optimum soil moisture in dry
seasons increased the yield by 50 to 60 per cent in comparison with
non-irrigated plants, while with the wet seasons the effect declined

considerably.

Brown and Street (1972) reported that increased yield was
alvays associated with irrigation. Vardabasso and Cutolo (1875)
reported that irrigation when soil molsture reached 50, 30 or 10%
of available water, Green leaf yields with 70 kg li/ha were 29.40
t/ha with irrigation at 50% available water, 28.4 t with irrigation
at 30% available water and 25.03 t with irrigation at 10% available
water; comparable yields with 140 kg N/ha were 31.40, 29.73 and

26.35 t/ha respectively.

Bae and Kang (1976) observed that the number of harwvested
leaves was high in order Samsun { Basma { Xanth Gaya < Bursa
{ Izmir and low in order Zichna ? Samsum Holmun > Xanthi) Myrna,

but there were little difference among the treatments.
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Trybala (1976) investigated that the yield of sugarbeet,
fodder maize, spring and winter wheat, fodder beet and red clover
were dependent to a significant extent on the amount of water to
the plants during critical periods of water utilization which is,

therefore, a primary requisite for obtaining good yields,

Liu (1977; 1978) observed that increased moisture tension
decreased yield and total leaf value and increased the unit price

of leaves,

2.6.2 Nitrogen

The elements essential for the commercial production of
tobacco, none has as pronounced an effect of the degree of atten~
tion as in nitrogen fertilizer practices. From the seedling stage
through final harvest, the soil nitrogen regime affect the processes
of plant development more than any other mineral element. The role
of nitrogen in the development and properties of the tobacco leaf
is of major importance. The influence of variation in nltrogen
supplyvon growth of the plant and properties of the cured leaf has

been reviewed in the following paragraphs.

Pal and Gopalachari (1953, 1954 and 1955) observed that, with
increased supply of nitrogen there was an improvement in the dry
weight of the plant and the welght of the cured leaf., As the
curing quality was not affected, there was also a corresponding

improvement in the weight of bright leaf equivalent,

Parikh and Shah (1954), observed that bidi tobacco plant



removed 95 1b nitrogen, 41 1b P50g, 120 1b K50 per acre,

According to Ramakrishna Kurup (1956), tobacco crop required
about 75 1lb of nitrogen, 150 1b potassium and 14 1bs P205 per acre
and about four-fifths of these amounts were taken up during the

second half of its growth period.

Marsen et al. (1964) stated that sprinkler irrigation with
applications of 25-50 kg/ha each of ¥ and K90 and 50-100 kg/ha of
P205 increased tobacco yields by at least 30% and improved smoking
quality, the combined effect of nmoisture and mineral nutrients

improved the consistancy of leaves and decreased nicotine content.,

Bowling and Wilso (1964) working with Maryland tobacco
varieties, found an increase in yield with an increase in nitrogen

fertilization.

Atkinson (1266) found that, the addition of nitrogen without
irrigation did not increase leaf yield, but with irrigation,
increasing nitrogen from 100 to 200 lbs ver acre increased yield
by 21 per cent. Atkinson et al. (1969) observed that plant size
and yield were increased by both litrogen and irrigation, Response
to Hitrogen was greatest in the irrigated plots. According to
Gurbev (1970), 80 kg N/ha given to irrigated tobacco lncreased
leaf yields from 19.7 h kg/ha, unfertilized to 21.5 h kg/ha; leaf
gquality was also improved. The same effect was also obtained from

Stocks (1970) reported that nitrogen affected the development
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of the tobacco plant more than any of the other essential element,
Too much or too little nitrogzen can substantially affeect yield

and quality.

Atkinson et al. (1971) found from their experiment which was
with 100, 200 and 300 lbs }/ac. on burley tobacco that, 200 1lbs
I/ac. gave significantly higher yields than 100 1b I/ac. in 2
years but 300 1b K/ac. did not increase yield further. Irrigation

markedly increased yields.,

Colyer and Pohlman (1971) observed the resvonse to nitrogen
and potassium fertilizer by burley tobacco (N. tabacum). Both
yield and guality were affected by the level of fertilizer use,
with the effects due to nitrogen more pronounced. Quality as
measured by price is maximised with an average rate of 184 kg N/ha,

a lower application rate than the 271 kg/ha required to maximise

yield.

Brown et al. (1972) concluded that nitrogen fertiliszer rates
of 100.9, 134.5 and 168.1 kg/ha were gains in yleld and total

value under irrigated condition.

-

Sims et al. (1972) conducted an experiment on Cv.burley-21l
tobacco with seven levels of nitrogen (0, 40, 80, 160, 240, 320
and 400 1lb N/acre) found that cured leaf ylelds were increased by

application of nitrogen.

Brown and Street (1972) investigated the effect of irrigation,

nitrogen level, plant population, and two varieties on the yield
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and value of Maryland tobacco. Increasing the nitrogen rate from
20 to 120 pounds per acre significantly increased the yield. A
further increase in nitrogen rate from 120 to 150 pounds per acre
increased significantly the yieids in two years. Yield increased
as nitrogen rate increased for irrigated and non-irrigated tobacco.
When irrigation applied, the Wilson variety produced the greater

yield as compared to Catterton variety.

Shoumarski (1973) observed that irrigation, fertilizer,
density of transplanting and topping significantly raised the rate
of growth and the size of the stem and leaves, and contributes to
uniform crop stand, augmented the average yield and total produce

by 13 to 45%.

Trials in West Bengal with N. tabacum variety Jati was given
0-20 tons F.Y.M. + 100-200 kg PoOg + 100-200 kg Ko0/haj; increasing
the rate of H from O to 100 kg/ha, increased yields of cured leaves
from 0.24 to 1.44 tons/ha. The response curve obtained by fitting
quadratic production functlons showed that the maximum yield of
1.54 tons/ha would be obtained by applylng 163.2 kg N per hectare,
but the econcmic rate would be 144,8 kg li/na with an expected yield

of 1.53 tons per hectare (Panikar, 1974).

Sinna et al. (1876) reported that the response of nitrogen

the crop was linear,

Hh

level 56 and 112 kg/na on the yleld o

Prasanna Simha lac {(1g77) studied on the effect of different
levels of nitrogen (112 kg li/na; 168 kg i/ha), spacing (90 cm x 60

cm; 90 cm x 90 cm) and toppliyg (at 14 leaves; at 16 leaves) on

Py



33

four chewing tobacco varieties viz, DP 401, HPF, HP 6-12 and HP
6-20 at the Tobacco Research Station, Pusa, Bihar, during 1965-66
and 1966-67., Higher dose of nitrogen, closer spacing and low

level of toppilng were found better.

Mekee (1978) conducted trials in 1974-76, Maryland tobacco
Cv. 872 was planted with (a) 50, 70 or (b) 90 1b ii/ac. at (e)
3556, 4149, 4978 or (d) 6223 plants/ac. Average green leaf yields
for 1974, 75 and 76 were 2018, 1734 and 1686 1lb/ac, respectively.
Leaf yields ranged from 1740 1lb/ac for (a) to 1896 1lb/ac. for (b)
and from 1590 1lb/ac. at (c) to 2039 1lb/ac at (d). At (c¢) there
was increased fresh wt/plant, percentage cured-leaf yield of
fresh plant wt. and leaf contents of total alkaloids and N compared

with (4).

Venkata Rao and Chakrapani (1978) reported that nitrogen is
found to play a great role on the growth, yileld and gquality of
leaf tobacco because of its high mobility in soil, its rapid
uptake by the plant and its translocation within the plants.
Nitrogen if apolied in excess guantities adversely effects the
quantity of the leaf with delayed flowering and ripening of leaf
by prolonging the vegetative phase resulting in more out turn of
lower grade leaf. The under-nitrogened crop again delays maturity,
with small size leaves, yellowing of the plants, drying of the
leaf to light brown colour, producing pale yellow coloured leaf

after curing.

Jones and Tramel (1979) reported that yields were increased
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as nitrogen rate was increased from 78 to 179 kg/ha.

Stutler et al. (1981) stated that four levels of irrigation
were imposed using two application methods, furrow and trickle, in
combination with four nitrogen fertilizer rates. Yields generally
increased with higher levels of applied water and with higher

nitrogen rates upte 200 kg N/ha.

Singh et al. (1981) concluded from an experiment conducted
during 1968-69 to 1970-71 at the Tobacco Research Station, Pusa
(Bihar) tiat with increasing levels of nitrogen from O to 168 kg/ha
yields were enhanced progressively and in general data were found
to be statistically significant in all the seasons of experiments.
Application of high dose of nitrogen at 168 kg/ha in combination

with three irrigations recorded the highest cured and first grade

leaf yields,

Agarwal and Yadav (1978) observed that under conditions of
limited water supply, four irrigations based on critlcal physilo-
logical growth stages with 80 kg N/ha gave high grain yields of
3.79 - 3.92 t/ha. The highest yield of 5.26 t was obtained with
six irrigations and 120 kg H/ha,

2,7 Influence of Soil Moisture Tension and

itrogen on Wicotine Content of Tobacco

Soil moisture tension and quantity of nitrogen have a great
influence on the leaf quality of tobacco. The "strength" of a
smoke is a measure of 1ts nicotine content which is to be isolated

high with high yielding lines,
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2.7.1 Soil moisture tension
Sparrov et al. (1966) reported that irrigation increased the
sugar content of cured leaf and decreased the content of nitrogen

and nicotine.

Mehrotra et al. (1870) observed that with increase in soil

moisture level, the total nitrogen and nicotine per cent decreased.

Sficas (1971) reported that the nicotine level was higher with

topoing and lower with close spacing.

Honda and Arskawa (1971) observed tnat when tobacco subjected
to lov soil moisture (30% of maximum water holding capacity)during
whole perilod, total sugar in leaves decreased, while total alkalold,
total nitrogen, protein and etihier extract increased as compared
with those of optimum moisture condition (50% water level). In the
treatment of drought at both early and mature period, it was
observed that the contents of total nitrocgen, protein and ether
extract were higher while total sugar was lower than those of
optimum moisture condition, though the weight of leaves were

almost the same, and content of total alkalold was low.

Avetyan (1973) showed that a 50 to 80% increase in soil
moisture lowered the nicotine and carbohydrate contents of leaf.,
The level of nitrogen substances in leaves was lower in very moist

or very dry solls than in moderately molst ones.

Mandy and Kiss (1975) investigated in 3 tobacco cv, grovn

in 1972, the leaf total alkaloid content increased as the water
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- supply decreased. A biochemical patiiway in which the increase in
nicotine content was related to the increase in free amino acid
level and decreased protein synthesis brought about by drought

stress.

Chang and Chou (1975) stated that in tobacco, subjected to
water stress, growth was inhibited, especially in cv. Vam-Hicks,
transpiration was controlled by leaf wilting, the percentage of
closed stomata increased and the proportion of spongy mesophyll
decreased. Stress also increased conteants of reducing sugars and

total alkaloids and decreased starch content.

Bae and Kang (1976) reported that damp (30% maximum water
holding capacity) condition of the soll had a tendency towards
low nicotine content in comparison to moist and wet conditions

(45% and 60% maximum water holding capacity, respectigely).

2.7.2 Nitrogen

Tobacco with a high total nitrogen content produces a strong
pungent-tasting smoke whereas tobacco low in nitrogen has a flat
ingipid~tasting smoke. Hitrogen is considered to be a dominant
factor which influences the level of strength in tobacco smoke.
fiitrogen is an integral constituent of the nicotine molecule, and
thus nitrogen is an important factor in nicotine synthesis. The
accumulation of nicotine in the plant is regulated more by the
nitrogen supply than by any other plant nutrient (Mccants and

Woltz, 1967).

Marsen et al. (1964) observed in an experiment with sprinkler
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irrigation and applioatiéns of 25-50 kz/ha each of nitrogen and
Ko0 and 50-100 kg/ha of PoOg increased tobacco yields by at least
30% and improved smoking quality, the combined effect of moisture
and mineral nutrients improved the consistency of leaves and

decreased nicotine content,

Sparrow et al. (1968) reported that increased nitrogen had
increased the nicotine content and also increased the specific

volums of the leaf and decreased its chlorine content,.

Ling (1975) studied with fluz cured tobacco cv. Vam-Hicks
and was given 0, 25, 50, 75 or 100 kg N/ha with 50 kg PoOg and
150 kg Ko0/ha. Yield and value data indicated that rates of
Nitrogen 50 kg/ha were not economic., With increasing rate of
applied K, contents of total Ulitrogen and total alkaloids increa-
sed and contents of P decreased. K content increased with upto

50 kg ii/ha.

Hsu and Hsich (1977) concluded from a study that the contents
of total particulate matter in the smoke decreased with 1ncreasing
amounts of nitrogen supnlies but contents of nicotine in the smoke

increased as amount of nitrogen supply inecreased.

Mckee (1973) stated tiat application of nitrogen increased
the nicotine content of leaves.

Venkata Rao and Chakrapani (1978) reported that higher nitro-
gen application tends to increase the nicotine and chlorlde content,

while contributing at lowering the sugar content in the leaf,



44

Jones and Tramel (1979) observed that there was a trend for
total to alkalolds and total nitrogen increase as nitrogen rates

increased.



CHAPTER 1l

MATERIALS AND METHODS



MATERIALS AND METHODS

3.1 Location and Season

3.1.1 Location

Study on evapotranspiration and growth characters for
tobacco (Nicotiana sp.) was conducted in lysimeter plots of the
Department of Agri?gltural Engineering, Faculty of Agriculture,
Bidhan Chandra Krishi Viswavidyalaya, Kalyani, during the winter
season of 1979-80 and 1980-8l. The experimental site is situated
at 22.53°N latitude and at 89°E longitude. The elevation above

mean sea level 1s 6.00 metres,

3.1.2 Climate

While the maximum summer temperature of this area does not
exceed 40°C during April-May, the minimum temperature normally
remains above 10°C during December-January. The average annual
rainfall is about 1422 mm almost all of which are received during

June to October. The rainfall during winter is very scanty.

Daily readings of maximum and minimum temperature, wind
veloecity, bright sunshine hours, humidity, rainfall, vapour
pressure readings and free water surface evaporation from USWB
Class A pan, were recorded from the nearby meteorological

observatory located at Chinsura Rice Research Statlon.
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TABLE 3.1 Variation in meteorological data

[ P i ravonr 1o v
%Weeksgtempe %zi%o— %Suﬁshine%geficit,iporation
{ ﬁratureikm/gr. i ours jum g % mm/day
l l l i(es— ea)l
Dec, 5-11,1979 1  21.11 3.257 9.157 2.90 2.829
Dec.12-18,1979 2 19,99 2.043 9.486 3.51  2.757
Dec.19-25,1979 3 17.56 2.457 7.771 3.05 2.633 .
Dec.26'79-Jan.1'80 4 18.73 1.629 8.900 3.17 2.657
Jan.2-8,1980 5 17.86 4,971 7.96 2.69 2.357
Jan.9-15,1980 6 17.54 2.186 9.285 2.89 2.600
Jan.16-22,1980 7 21,14 1.629 7.971 8.33 2.486
Jan.23-29,1980 8 20,07 2.530 8.590 3.49 3,200
Jan.30-Feb.5,1980 9 20.50 4.300 9.086 3.47 4.314
Feb.6-12,1980 10 18.96 2.843  9.529 3.34 3.871
Feb.13-19,1980 11 23.36 4.414 8.757 4,07 1.985
Feb.20-26,1980 12 24.86 2,790 9,086 5.02  4.48
Feb.27-Mar.4,1980 13 24.82 5.800 7.557 4,49 4,31
Dec.5-11,1980 1 20.77 2.86  5.86 3.82 2.83
Dec.12-18,1980 2 18.04 2.66  9.17 3.21 2,97
Dec.19-25,1980 3 18,91 1.54  8.33 3.44 2.44
Dec.26'80-Jan.1,1981 4 18.89 2.63  8.41 3.35 2.83
Jan.2-8,1981 5 18.77 3.01  7.90 3.13  2.39
Jan.2-15,1981 6 15.91 4.34  5.89 2.37 2.11
Jan.16-22,1981 7 17.38 2.87  9.47 2.93 2,56
Jan.23-29,1981 8 19.85 3.96  7.90 3.34 3.19
Jan.30-Feb.5'81 9 20.15 6.09 5,76 3.20 2.16
Feb.6-12,1981 10 19.34 7.17  3.56 2,93 2.30
Feb.13-19,1981 11 21.96 8.60  2.57 3.97 3.36
Feb.20-26,1981 12 22.26 9.73  2.90 4,19 4.53

Feb ,.27-Mar.4,1981 13 25.34 5.34 7.66 4.89 5.71
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3.2 Design of the Experiment

3.2.1 Soil

The soil from experimental plot upto 30 em was collected
for the study of physical and chemical properties and textural
class. The soil of the lysimeter was found clay soil (Table 3.2).

The analysis of physical and chemical properties of the soil are

shown in Tables 3.3 and 3.4.

TABLE 3.2 Mechanical composition of soil

Sand (%) % Ssilt (%) % Clay (%) % Types of soil

25 24 51 Clay

TABLE 3.3 Physical properties of soil

% % %Moisture content per cent %Hydraulic
Bulk ] Particlef ] by welght _Jconducti-
density § density { Pore [Water { jPermanentivity
I Fileld

gm/cm3 gm/cm3  [space fholding | jwilting Jem/hr.
} }capacityicapaCitygpoint }

1.33 2,65 49,90  §7.79 24,00 5.99 0.65

TABLE 3.4 Chemical properties of soll

K50
ppm

Organic
matter

Organic
carbon

(]

Po0g

Nitrogen
% ppn

pH

e PO e PN
ESC P Jd P
IHEC M e P
R el e YENE

st e yemt Y

3.277 1.906 0.114 274 374 6.85
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3e2.2 Design

The experiment was laid out in completely randomized
design (C.R.D.) with twentyfour treatments alloted to fourty-
eight plots at random without breaking any group. The experi-
mental plots were homogenous, fourtyeight brick masonry lysime-
ters in four parallel rows. The socil surface in the lysimeter
was level with surrounding ground level, The size of each
lysimeter was one meter long, 50 centimeter wide and 75 cm deep.
The bottom of each lysimeter was closed by concrete floor to
avoid movement of water from and into the lysimeter, Each lysl-
meter was filled up with soil in such a way that the natural soil
layer is maintained. Inside each lysimeter, a clear gap of 5-7
cm between the soil surface and top of lysimeter was left for

water helght during irrigation.

The plots were left fallow after harvesting first year's

crop.

3.2.3 Treatments

Experiments were conducted on tobacco (Nicotiana sp.) with

two varieties and four levels of nitrogen under three soil

moisture tension. Twentyfour treatments were alloted in fourty-

eight plots.

3.2.3.1 Soil moisture tension
My = 0.1 to 0.3 atmosphere
= 0.1 to 0.6 atmosphere

=
Ay}
I

= 0.1 to 0.9 atmosphere,

=
w
!
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3.2.3.2 HNitrogen levels

Ny = No nitrogen

Ny = 40 kg N/ha
No = 80 kg N/ha
Ng = 120 kg N/ha.

3.2.,3.3 Variety

The latest most promising high yielding variety S-5 of
N. tabacum and DD-437 of HN. rustica were selected for experiment.
The performance of these varieties are good in West Bengal

condition.
3.3 Agronomic Practices

3.3.1 Nursery for seedling raising

The seeds were treated with Brassicol 2.0 gm/kg of seeds,
Brestanol 3.0 gm/kg of seeds and BHC 10%, 3.0 gm/kg of seeds
before placing the seeds in the nursery. The seeds were sown 1n
the nursery on 5th October, 1979 and 1980 for first and second
season respectively. The seedlings were ralsed in the seed bed
with proper agronomlc practices. The seedlings became ready for
transplanting 8 weeks after sowing. Water of the nursery bed

was reduced a week before transplanting to harden the seedlings.

3.3.2 Manuring |
Organic matter in the form of farm yard manure was applied

at the rate of 500 g/ha at the time of land preparation. The

entire quantity was applied and mixed thoroughly with 0-25 cm

-

layer of soil,
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3.3.3 Fertilizer application

Fertilizers at the rate of 50 kg Po0g/ha and 50 kg K50/ha
and different levels of nltrogen were applied every season. While
the entire amount of single superphosphate and muriate of potash
mixed thoroughly was applied at the time of transplanting, urea
was applied in two splits, half at the time of transplanting
according to the different treatments for both the varieties and

the remaining half at 30 days after transplanting.

3.3.4 Transplanting

The seedlings of tobacco were transplanted with a spacing of
90 cm row to row and 45 cm plant to plant. Dates of sowing and
transplanting are given in the Table 3.5,

TABLE 3.5 Dates of sowing, transplanting and harvesting
of tobacco

I Season

rarticulars % 1970-80 i 1980~-31
Sowing October 5 October 5
Transplanting December 5 December 5
Harvesting March 5 March 5
Age of seedling (days) 60 60
Number of days from transplanting

to harvest 90 20
Number of days from sowing to 150 150

harvest




51

3.3.5 Plant protection measures
Rogor (Organo phosphate) at the rate of 0.04% (a.i.) was
sprayed three times for the protection of the crop from pest as

well as vectors of virus.

3.3.6 Inter-cultural operations

Hand weeding and hoelng were done at an interval of 15 days.
Topping and desuckering were done both mechanically and by using
coconut oil. The topping involves breaking of flower head and
the top few leaves with the objective to improve the quality

of leaves.

3.3.7 Biometric observations

3.3.,7.1 Pre~harvest observations
The fbllowing parameters were taken into consideration

for both the varieties.

i) Height of the plant, cm
ii) Diameter of the plant, cm

iii) Green weight of the plant, kg m=2

iv) Dry welght of plant,’kgzm-2
v) Leaf area index,

vi) Co-efficient for leaf area estimate.

Observations on the above parameters were taken by destruce

tive sampling at an interval of 30 days after transplanting.

3.3.7.2 Post-harvest observations

Weight of the dry plants were taken after air curing.
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3.3.8 Harvesting
The harvesting of plants were done from each lysimeter, when

the normal green colour changes to yellowish green or to light

yellow,

When visually it was found that chlorophyl partially degra-
ded and a consequent predominance of yellow pigments developed,
the harvesting started from the bottom and each time 2-3 leaves
were harvested. The flnal priming was done at the end of 90 days
after transplanting. The complete harvesting required four
priming. After priming the leaves were kept on the ground upside
down for a few hours for drying, after which they were tied into
bunches of 4 to 5 leaves and air cured in sheds for 5 to 6 weeks.
After curing thoroughly, the yield of tobacco leaves and stalk

from each lysimeter was recorded separately.
3.4 Techniques of Measurements

3.4.1 Soll moisture tension

For recording soil moisture tension upto 0.6 atmosphere
in each lysimeter a vacuum gauge tenslometer was used and for
0.9 atmosphere tension gypsum block was burried at 20 cm depth.
The tensiometer and resistance block readings were taken daily
at about 10 AM. The irrigation water was supplied only when the
soll moisture tension reached the predetermined value., On the
basis of these readings, moisture present in the soil was
estimated from the predetermined moisture tension and moisture

resistance curve (Figure 3.1).
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3.4.2 Irrigation
For the first 10 days after transplanting, to establish the

seedlings, measured quantity of equal amount of water was applied
each time by a watering can to all lysimeters for the maintenance
of uniform soll moisture tension. The actual irrigation treatment
began after this period. Since, the lower limit of soil moisture
tension was fixed at 0.1 atmosphere (field capacity) and since the
corresponding moisture percentage present by volume was known,

the calculated amount of moisture just sufficient to meet the
deficit for 0-20 cm layer was applied each time to individual
lysimeter. The soil molsture deficit was calculated from the

following equation :

n
a =2, 4PV) xopi (3.1)
100
i=1
where,

d = soil moisture deficit, in centimeter

PV = soll moisture defie¢it in ith layer, in per cent
by volume

Di = Depth of soil in cm of the ith layer

n = Number of soil layers in the root zone.

3.4.3 Measurement of evapotranspiration

The daily rate of evapotranspiration (Ep) from the tobacco
for both the varieties were measured by water balance method
(Slatyer, 1967). The water balance method consists of measuring
R, I, 5, L and AW and Ep was calculated with the help of the

formula
Ep =R+I-8-L- &V (3.2)
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where,
Ep = Evapotranspiration rate, mm/day
R = Ralnfall, mm/day
I = Irrigation, mm/day
S = Runoff, mm/day
L = Loss beyond rootzone, mm/day
AW = Change in mean soll moisture storage (initial minus

final) during the period of study, mm/day.

Since the experiment was conducted in specially designed
lysimeter, the surface run off was controlled. There was no loss
of water beyond rootzone as the bottom of lysimeter was sealed.
Knowing daily the amount of rainfall, the irrigatioh loss below
the root and also knowlng the moisture present in the rootzone,

the evapotranspiration was calculated for each day.
3.4.4 Study of growth characters

3.4.4.1 Helght of the plant
Height of all the plants under different treatments was
measured from the soil surface upto the apical bud of the stem

in tobacco for both varieties,

3.4.4.,2 Diameter of the plant

The diameter of the stem of plants under different treatments
was taken at three different places (at the base, middle and at
the top) by slide callipers and then the average of the diameters

at three different places was considered as diameter of the

sten.,



3.4.4.3 Green welght of the plant
The fresh weight of the plant was determined immediately
after destruction of the plant under different treatments. The

quantity is expressed by kg m~2,

3e4.4.4 Dry weight of plant

Dry weight of the plants under different treatments were
taken by destructive sampling. The drying of plants was made
at different stages of growth in the oven at 60°C kept for 3

days.

3.4.4.5 Leaf area index (L.A.I.)

Area of leaf blades per unit area of land surface is called
Leaf Area Index. To determine the area of the leaf, the impression
of the individual leaf of each plant was taken and the area was
measured by using planimeter from the leaf impression. The length
and breadth of each individual leaf was also measured to establish
the relationship between leaf area and leaf length and breadth.

3.4.4.6 Coefficient for tobacco leaf area

The coefficient for tobacco leaf to determine leaf area from
the leaf length and maximum leaf breadth was determined from each
varieties. The leaf area considered was from the leaf area mea=-
sured from planimeter for this study. The length and maximum

breadth of leaf were measured indivlidually from the same leaf.

The study was carried out to assess the appropriate coeffi-

cients for N. tabacum and K. rustica for the different stages of
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its developments, under soil moisture tension and Nitrogen
levels. The leaf materials were collected at different stages

of its development. The leaves were collected from top, middle
and bottom of the stalk from each treatment. The actual leaf
area was determined from the impression of leaf traced on a plain
paper and the areas were determined by planimeter. The corres-

ponding length and maximum width were also measured.

The plant materials considered for correlation studies, 60
days after transplanting from each treatment are leaf length of
{15 em from top leaves, 15.0 to 30.0 cm from middle and > 30.0
em from bottom of the stalk. The leaf length, maximum width and
area were taken from the average of 4 leaves and from the average

of two seasons.

From the area measured (A) and the product of length (L)
and maximum width (W), coefficient (C) was assessed Dby using

the equation :
C = A/LW (3.3)

3.5 Nicotine estimation

As nilcotine is the major alkaloid present in tobacco, the
total alkaloid estimation was done by following the standard
procedure adopted from Cundiff and Markunas, 1955. The per cent
of total alkaloid present in tobacco was determined with the
objective to study 1ts quality in response to different levels

of nitrogen application and different levels of soil molsture

tensions.
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3.6 Statistical analysils

The seven day's moving average data of maximum and minimum
temperature, °C, wind velocity, km/hr., bright sunshine hours
and vapour pressure deficit iIn mm of Hg were used for calculating
relationship between evapotranspiration rate and the climatic
variables. Yield data of tobacco, total evapotranspiration,
height of plant, diameter of stem, green weight of plant, dry
welght of plant, leaf area index, nicotine content under different
treatments, were analysed by analysis of variance for different
stages of growth. Interactions which were significant are only

reported.

Prediction equation for yield-water-nitrogen relationship

was obtalned by Bivarliate Analysis.

Coefficients of correlation, regression, simple and multiple
regression equations, polynomlal equations were computed. The
validity of all the computed equations were tested. Evapotrans-
piration as a function of days of growth and other relationship

have been processed by least square method.
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RESULTS AND DISCUSSION



RESULTS AND DISCUSSION

4.1 Evapotranspiration

The functional relationship between the measured evapotrans=-
piration (Ep) and each of four climatic variables like temperature,
sunshine hours, wind velocity and vapour nressure deficit, soll
moisture tension, nitrogen level and leaf area index has been

considered.
4.1,1 Influencing Factors

4,1.1.1 Climate

The influence of four climatic variables, like teumperature
(T), wind velocity (W), sunshine hours (8) and vapour dressure
deficlt (eS~ ea) on measured evapotranspiration rate (Ep) from
tobacco crop during two seasons 1872-80 and 1880-81 has been
consldered. Since it was not possible to measure the radiation
on the crop surface and since sunshine hours has a relation with
radiation, the influence of sunshine hours on evapotranspiration
has been considered, Tnhe evapotranspiration rates were measured
on and from second week after transplanting. The weekly rates

of evapotranspiration (ET> ana vweekly average values of four



different climatic variables were processed by least square

method to obtain the functional relationship between then.

4,1,1.,1.,1 Temperature

The relationship (Figures 4.1 to 4.3) between the mean air

temperature (T) and evapotranspiration (Ep) indicates that with

the increase in T, the Ep increases in a linear manner irrespec-

tive of soll moisture tensions and varileties, but the rate of

change of Ep varies, as ilndicated by the regression co-efficlents.,

When the influence of temperature on Ep for two seasons

is considered together (Figures 4.3) the following equations

are obtained.,

E. tabacum

ET(Ml)
Br (o)
Er(ig)
N. rustica
Er(my)
Br(mp)
Er(uy)
where,

ET =

= 00289 T

]

0,186 T

i

0.080 T +

i

0.254 T

= 0,218 T
= 0,163 T

1.461,
1.208,
0.172,

1.060,
1.511,
1.461,

]

H

H

]

H

i

0.494
C.887
0.265

0.561
0,547
0.479

(4.1)
(4.2)
(4,3)

Evapotranspiration rate, mm/day and subscripts My,
Mo and Mg indicate soil moisture tension, atmos-

phel‘e »

Mean air temperature,

OC.

The influence of T on Ep is highest under moist regime
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(0.1 to 0.3 atm) irrespective of varieties., The rate of change
of Bp gradually decreases with the increase of soil moisture

tension,

Since, with the increase of air temperature, the saturated
vapour pressure Increases in a non-linear mamner, a large vapour
pressure gradient 1s expected above the crop surface (Jensen and
Haise, 1963) with higher temperature, and since the vapour
pressure deficit is the main driving force for diffusion of
water vapour from the evaporating surface to the atmosovhere,

increase in ET with the increase in temperature is logical.

It may be mentioned here that these results corroborate
with those of Stearns and Carlson (18260) and Norum and Larsen
(1960) ., Similarly, a high correlation between these two was
found by Sharp (1958) and accepted by Pruitt (1864). Longacre
and Blaney (1963), Pelton (1964), Baler and Robertson (1965) and
Baker (1966) found that with the increase in temperature,
transpiration rate also increased. Sarkar (1975) observed change

in ET with temperature on aman and boro paddy.

4,1,1.1.,2 Wind velocity
The influence of wind velocity on evapotranspiration rates

from tobacco has been presented in Figures 4.4 to 4.6.

When two seasons' data of Ep and W are considered together

.

(Figure 4.6) the following equatlons have been obtained :
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N. tabacum

Bpau,) = 0.210 W + 1.583, T = 0.465 (4.8)
N. rustica
Ep(Mp) = 04330 W+ 2,573, T = 0.483 (4.10)
ET(Mg) = 0.246 W + 1,755, T = 0,447 (4.11)
ET(M3) = 0,173 W + 1,053, r = 0.422 (4.12)
where,
Ep = Evapotranspiration rate, mr/day and subscripts Mq,
Mo and Mg indicate soll moisture tension,atmos-
phere,
W = Average wind velocity, km/hr.

The relationship between the W and the Ep indicates (Figures
4.4 to 4.6) that with the increase in W, Ey increases in a linear
manner lrrespective of soil moisture tension, variety and season,
although the rate of change varies with different soil moisture
tensions and variety. The regression coefficient indicates that
higher By 1s always assoclated with 0.3 atmosphere soll moisture
tension . The Ep gradually decreases with the increase of soil
moisture tensions. The lowest Ep ls observed under 0.9 atmosphere

irrespective of variety.

The reasons for increase in ET with the increase of wind
velocity may be explained as follows. The evapotranspiration is
a diffusive process, partly turbulent and partly molecular.

Except on a very thin layer over the evaporating surface, the
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turbulent process is dominant. According to the theory of
turbulence the upward flow of water vapour 1s equal to the product
of vertical gradient of vapour pressure and rate of mixing which
in turn depends on the rate of change of wind speed with height
(Chang, 1968). If alr around the leaves 1is perfectly still, the
flow of water vapour will gradually increase, increasing the
vapour pressure, and reducing the vapour pressure gradient and,
therefore, Ep is reduced. However, in the presence of wind, the
vapour pressure gradient is maintained, and within limits, an

increase in wind speed will cause an increase in Zq (Angus, 1959).

4,1,1.,1,3 Sunshine hours

The relationship between sunshine hours (S) and ewapotrans-
piration (Ep) (Figures 4.7 to 4.9) indicates that with the increase
of S, Ep increases in all treatments, though the rate of increase
varies. The regression coefficients (Figure 4.7) indicate that
the rate of change in Eqp 1s always higher during 1972-80 in both

varleties.

When two seasons' data are considered together (Figure 4.9)

the following equations are obtailned.

-1_\‘10 tabacun

ET(Mz) = 0,121 S + 1,186, r = 0.515 (4.14)
= 0,118 S + 0,692, T = 0.756 (4.15)

B (1,)
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N, rustica

ET(Ml) = 0,165 5 + 2,488 , r = 0.684 (4.16)

ET(MQ) = 0.156 S + 1,350, r = 0.669 (4.17)

ET(MS) = 0,139 S + 0,548 , r = 0.746 (4.18)

where,

Ep = Evapotranspiration rate, mm/day and subscripts My,
Mo and M3 indicate soil moisture tension, atmos-
phere.

S = Hours of bright sunshine.

The regression coefficients indicated that higher Ep was
during the 1979-80 season. The equations (4.13 to 4.18) indicate
that irrespective of the variety higher Ep 1s always associated
with lower soil moisture tension and the rate gradually decreases

wlith the increase of soil moisture tension.

The reason for the increase in Ep with the increase in
sunshine hours may be due to the fact that, during bright sunshine
hours all the energy balance components are high (Burman and
Loudon, 1968) and since the thermal contact coefficient of the
molst soil is relatively high, more of net radiation enters into
the soll. As water 1s avallable, a large part of the radiation
is used for evaporation. Therefore, the increase ofAET with the

increase of bright sunshine hours is logical.

4,1.1.1.4 Vapour pressure deficit
The influence of vapour pressure deflcit (eg- ey) on By
varied with variety and season. The relationship (Figures 4.10

to 4.12) indlcates that with the increase in (eg- e,), the Ep
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increases in all treatments, though the rate of change varies,

The higher rate is always associated with lower soil moisture

tension.,

Considering two seasons data together (Figure 4.12) the

following regression equations are obtained.

N. tabacum

\4

ET(M3) = 0,724 (es— ea), r = 0,304 (4.?1)
N. rustica

ET(Ml) = 1.683 (eg- e.), r = 0,327 (4.22)

ET(Mz) = 1.514 (eg- e ), r = 0.378 (4.23)

ET(MB) = 1.079 (eg- e,), r = 0.390 (4.24)
where,

Ep = Evapotranspiration rate, mm/day and subscripts MM,

Mo and Mg indicate soil moisture tension, atmos-

phere.

(eg- e,)= Vapour pressure deficit, mm Hg.

The regression coefficient indicates that the influence of
(eg- ey) is higher on the N. rustica variety. The regression
lines pass through the origin (Figures 4.10 to 4.12) indicating

that when (eg- e,) 1s zero, the By is zero.

Since, the rate of diffusion of water vapour from the
evaporating surface to the atmosphere is controlled by vapour
pressure gradient between these surfaces, higher evapotranspiration

with higher vapour pressure deficit is reasonable.
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These results are in conformity with those of Maity and

Pandya (1975) and Ghosh (1974),

4.,1.1.1.5 Combined influence of climatic variables

The weekly averase data of air temperature (T), wind velo-
city (W), bright sunshine hours (S), vapour pressure deficit
(eg- ea) and measured values of evapotranspiration (ET) for both
the varietlies have been considered for v»rediction of evspotirans-
piration. Two eguations have been developed through multinle
regression analysis., Two seasons'! data are considered tozether
for the following equationsg
I, tabacunm

Bp = 5,278 - 0.3377 (T) + 0.4540 (W) + 0.2643 (3) -

0.01392 (eg- ey) (R = 0.51) (4.25)

N. rustica

Ep = 4.2124 - 0.3371 (T) + 0.5632 (W) + 0.3607 (S) -
0.0356 (eg- e,) (K = 0.53) (4.26)

Ep = Evapotranspiration rate, mm/day.
T = Mean air temperature, °C.
W = Average wind velocity, km/hr.

Hours of brignt sunshine.

45
i

(es- ea)z Vapour pressure deficit, mm Hg.

The hich value of F in tlie analysis of variance indicates that
the regression equations (4.25 and 4,26) account for the major portion

of the variations of the devendent variables and hence the relation-

ship fits the data reasonably well.
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TABLE 4,1 Analysis of variance

{ § { . i {
, D 1
Source of )| eggges 1 Sug I he?n fvariance JLevel of
variation I ppos I oLy squale ¥ natio Jsienifi-
1 reedom 1 square 1 1 Icaﬁce
N, tabacum
Resression 4 19,98 4,995 7 .43 r<0.001
equation
Error 86 57.81 0.672
Total 90 77.79
N. rustica
Regression
equation 4 19,62 4,905 8.54 P< 0.001
Error 86 49,34 0.574
Total 20 68.96

4,1,1.2 Soill moisture tension

The in<luence of soil moisture tension on evapotranspiration
of two varieties was studled during two seasons (1279-80 and
1980-81). Daily evapotranspiration rate was measured on and from
two weeks after transplanting. Weekly average Er values are
plotted against days of growtn (Figures 4.13 td 4,15) and best

fit lines are drawn to Trepresent their relationship.

The curves (Figures 4,13 to 4.15) indicate that Ep gradually
increases till the peak i1s reached at apout 50th day after
transplanting under all soil moisture tension in botn varieties.
The ET then gradually decreases. It may be mentioned that

the flowering started during 55-60 days in both the varieties.
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It is also observed (Figures 4,13 and 4.14) that Ep at peak for

N. rustica 1s 4.5 mm, 2.8 mm and 1,75 mm per day respectively
under 0.3, 0.6 and 0.9 atmosphere soil moisture tension. In case
of N. tabacum, peak ET under 0,3, 0.6 and C.9 atmosphere soil
moisture tension is 4,25 mm, 2,70 and 1.80 mm per day respectively.
Throughout the growth period the highest Er was observed under

0.3 atmosphere soil moisture tension during 1980-81,

The relationship (Figure 4.15) between days after transplan-
ting and evapotranspiration averaged over two seasons has been

expresséd by the following equations

ﬁ. tabacum
2

E = 0,152 D - 0.0016 D° + 0,646 (4.27)
T(Ml)
Br(y,) = 0.097 D - 0.0010 D% + 0.354 (4.28)
E = 0.058 D - 0.0006 D° + 0.497 (4.29)
T(Mg)
N. rustica
Epqy.y = 0,147 D - 0.0015 D2 + 0. 589 (4.30)
1
B = 0.0961 D - 0.0010 D%+ 0.507 (4.31)
T(M,)
E = 0.061 D - 0.0006 D° + 0.304 (4.32)
T(MB)
where, ‘
ET = Evapotranspiration rate, mm/day and subscripts M,
Mo and M3 indicate soll moisture tension, atmos-
phere.,
D = Days after transplanting.

The total evapotranspiration eabes, ET(S)’ have been plotted
against three soil moilsture tensions (Figures 4.16 and 4.17) and

their relationship has been obtained.
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It is observed that the relationship is curvilinear with
higher Ep(g) at 0.3 soil moisture tension. The relationship
indicates that with the increase in soil moisture tension the
Bp(g) decreases. The following relationship between ET(S) and
soil moisture tension is obtained considering the two seasons

data :

N. tabacum

Bp(gy = 59.328 - 105.922 M + 60.126 M° (4.33)
ﬁ. rustica

Ep(g) = 43.301 - 57.066 M + 26.624 M2 (4.34)
where,

ET(S) = Total evapotranspiration, cm

i

M Soll moisture tension, atmosphere.

The decrease in total evapotranspiration with increase in
soll moisture tension during both seasons is significant

(Table 4.2).

TABLZ 4,2 Variation in total evapotranspiration under
different soil moisture tensions

Soil moisture tension, atm. % ?ggg%sgvapo§r%pspifgg%%§i3&—~—-
0.3 31.353 30.187
0.6 20.159 15,906
0.9 14.844 11.363
S.Em + 0.063 0.426

C.D. at 5% level 0.184 1.243
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The results (Table 4.2) reveal that the ET(S) value decreases
by 41.4 per cent with the increase in soil moisture tension from
0.3 to 0.6 atmosphere (average data). It decreases further by

27.34 per dent when soil moisture tension increases from 0.8 to

0.9 atmosphere,

The reasons for decrease in evapotranspiration with the
increase in soll moisture tension may be explained as follows :
The resistance to the flow of water vapour through the soil
increases with the increase in soil molsture tension (Ritchi,1971).
Since, evapotranspiration is dictated by the evaporative demand
of the atmosphere and the internal resistance to the flow of
water, the decrease in evapotranspiration with the increase in
internal resistance is logical (Maity, 1975). Moreover, the
thermal contact coefficient of moist soll is relatively large
and more of the net radiation enters into the soil. Since water
is availlable, a large part of radiation 1s used up in evapotrans-
piration rather than the heating of the soil. As soll surface
begins to dry up, moisture is not conducted fast enough in
response to evaporative demand of the atmosphere, the evapotrans-

piration decreases (Hanks et 21.,1968).

4,1,1,3 Hitrogen
The influence of levels of nitrogen on daily evapotranspira-

tion was studied for both the varieties (ll. tabacum and H. rustica)

during two seasons (1979-830 and 1980-81). Dally evapotranspiration
rates as function of days after transplanting have been plotted

in Figures 4.18 to 4.20. The relationship indicates that the ET
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increases gradually with the days of growth till it reaches its
peak during floweringz or a week tnereafter and the rate decreases
again due to ageing of the crop. The daily rate of change varies
with the application of nitrogen and with seasons. The general
trend of the curves (Figures 4.18 and 4.19) are similar for

both the varieties, but the rate of change of Ep varies with
nitrogen application. In general, highest rate is observed
throughout the growth pericd under 120 kg N/ha, the rate decreases

with the decrease in applications of nitrogen.

The following equations (Figure 4.20) are derived coansidering

two seasong! data together :

N. tabacum

Ep(y ) = 0.092 D - 0.0010 DZ + 0.438 (4.35)
0
E = 0.096 D - 0.,0010 D% + 0,479 (4.36)
T(N,)
Ep(y ) = 0.096 D - 0,0010 DZ + 0.570 (4.37)
2
By y = 0.112 D - 0.0012D2 + 0,561 (4.38)
T(H)
N, rustica
Ep(y.) = 0+092 D - 0.0009 D% + 0.374 (4.39)
o
Epcg ) = 0-096 D - 0.0010 D® + 0,439 (4.40)
1
Ep(y) = 0+108 D - 0.0011 D% + 0.438 (4.41)
2
B, \ = 0,108 D - 0,0011 D% + 0.509 (4.42)
T(N3) N
where,
Ep = Lvapotranspiration rate, mm/day and subsecripts HNgp,

N, Ny and Hg indicate nitrogen levels,kg/ha.

D = Days after transplanting.
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The equations (4.35 to 4.42) indicate that at any stage of
growth higher evapotranspiration is associated with higher doses
of nitrogen indicating the influence of nitrogen on evapotrans-

piration.

The variation in total Ep under different level of nitrogen

(averaged over variety) is given in Table 4.3.

TABLE 4.3 Variation in total evapotranspiration under
different level of nitrogen

Nitrogen, kg/ha % Total evapotranspiration, cm
j 197¢ - &80 X 1980 - g1

0 20.783 17.208

=0 2l.617 17.558

80 22,495 20,117

120 23,879 21.725

S.Em % 0.072 0.492

C.D.at 5% level 0.213 1.435

While the total evapotransplration in both seasons are
significantly higher under 120 kg l/ha, 1t gradually decreases
with decrease in nitrogen level, The difference in total evapo-
transpiration amongst four levels of nitrogen are significant
except between O and 40 kg nitrogen during 1980-81. Thus total

evapotranspiration are found to be increasing with the increasing

supply of nitrogen.



33

1879 - 80 N tapacym —o0—— vy
N. rustica —- 0 - =V

20.144 + 0.026 N + 0.0000078 N2

Vil Er(s)
V2! ET(s) = 21.442 + 0011 N + 0.0000703 N2

1980 ~ 81

.__//
Vil Ef(s) T 17.832 + 0.064 N — 0.0002469 N?

V,: ET(S) = 16.264 — 0.029 N + 0.0006188 N2

1 1 1

25 r
23 |
2l -
19

£

(9]

z

9 |7»—

F—

<« ot

«

ol

v

<

: 23

r—

o

a

L ¢

>

w
2l r

4

-4

r-

(@)

-
19+
17 |
15+
ol

FIG. 4 .21

0 40 80 120

NITROGEN LEVEL, Kg/ha

RELATIONSHIP BETWEEN TOTAL EVAPOTRANSPIRATION
AND NITROGEN LEVEL




34

25
E
&
z
3 23
}-—
<
x
[« 8
v
Z  aif
[
’—
o
a
«
>
w
19
—d
<
.--.
[}
-
17+

1879 — 1381

|z

tabacum —o——- V,

- rustica —--48--— Vy

|=

-

el

e

Vi: ET(s)=18.988 + 0.045 N - 0.00012 N2
V1 ET(s)=18.853 - 0009 N - 0.00034 N2

| i d

o 40 80 120

NITROGEN LEVEL, Kg/ha

FIG. 4.22 RELATIONSHIP BETWEEN TOTAL

EVAPOTRANSPIRATION AND NITROGEN
LEVEL DURING TWO SEASONS




35

The relationship (Figures 4.21 and 4.22) between total
evapotranspiration and nitrogen (averaged) may be expressed by

the following equatlons :

]
-
-

tabacum

18.988 + 0,045 N - 0.00012 N2 (4.43)

i

Er(g) = 18.853 -~ 0,009 I + 0.00034 H (4.44)
where,
ET(S) = Total evapotranspiration, cm

b
i

Nitrogen,kg/ha.
h \‘ﬂb en
Increase in Ep with the increase 1nﬂapplication is due
to (a) decrease in stomatal resistance (Nagarjah, 1981), (b)
iafluence in vegetatlve growth (Hunter et al., 1961) and (c)

extraction of more soill water from greater depth (Brown, 1971).

4,1.,1.4 Interaction

Two seasons' results (Tables 4.4 and 4.5) indicate that at
any soil moisture tension, the ET(S) increases with the increase
in nitrogen irrespective of variety and season. Similarly at
any nitrogen level, the highest ET(S) is at 0.3 atmosphere soil
moisture tension irrespective of the variety and season. Er(s)
gradually decreases with the increase of soil moisture tension.
With the increase of soil moisture tension (a) from 0.3 to 0.5
atmosphere and (b) 0.6 to 0.9 atmosphere, the decrease in Egp(g)

witn levels of nitrogen, varies between 46.64 and 47.56 per cent




TABLE 4.4 Influence of variety, soil moisture tension
(atmosphere) and nitrogen (kg/ha) on total
evapotranspiration (em) during 1979-80

Levels of% N. tabacum N. rustica
nitrogen : .
kg/ﬁz ’% Soil moisture ten51on,atm.§ Soil molsture tension, atm.
I 0.3 0.6 0.9 I o.2 0.6 0.9
i 1
0 32.15 16.45 11.75 27 .80 21.35 15.20
40 33.40 17.30 13.10 28.10 22.40 15.25
80 34,10 18.15 14.35 292.45 22.57 16.35
120 33.45 12,50 15.25 30.23 23.55 17.50
Average 21.75 22.48
S.Em + C.D. at 5%
Difference between
variety and nitro-
gen s 0.0730 0.2131
Difference between
variety and soil mois=-
ture tension 0.0824 0.2610
Difference between
varietyy, nitrogen and
soil moisture tension: 0.1789 0.5222

in (a) and that between 19,53 and 33.23 per cent in (b) in respect
of N. tabacum (Average data). For N, rustica, corresponding
decrease varies between 31.39 and 38.22 per cent in (a) and 24.21
and 31.28 per cent in (b). The varying effects of soil moisture
tension and nitrogen on Ep(g) indicate the ability of N. tabacum

in using water. The results further reveal that N. rustica had
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more ET(S) at 0.6 and 0.9 atmosphere soll moisture tension at
any lewel of nitrogen (Average data). However, the highest
ET(S) is at 0.3 atmosphere soil moisture tension with 120 kg
N/ha for both varieties, and the lowest is at 0.9 atmosphere
soil moisture tension with O kg N/ha.

TABLE 4.5 Influence of variety, soil moisture tension

(atmosphere) and nitrogen (kg/ha) on total
evapotranspniration (em) during 1980-81

g I
Levels of} N. tabacum , N. rustica
ni;;ﬁien’§8011 moilsture tension, atm% Soil moisture tension, atm
% 0.3 0.6 0.9 % 0.3 0.6 0.2
0 29.25 15,75 9.78 26.35 12,10 10.08
40 30,00 16,10 10.10 25475 13.25 10.15
80 34.%20 18,20 14.90 27.70 14.05 11,15
120 34,65 17.90 12,40 33.10 19.90 12,40
Average 20.31 18,00
S.Em # C.D. at 5%
Difference between variety
and nitrogen : 0.4915 1.4347

The higher ET(S) at 0.3 atmosphere soil molsture tenslon
with 120 kg N/ha is due to lower resistance to the flow of water

and better vegetative growth of the crob.
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4,1.1,5 Crop
Of the different crop characters influencing the evapotrans-

piration rate, only leaf area index has been considered.

4,1.1.5.1. Leal area index

rzj
(@]
4

- both varieties leaf area index (LAI) was measured at 30,
60 and 90 days after transplanting during both seasons under soil

moisture tension and nitrogen.

Relationship between Ep and LAL averaged over seasons and
soil molsture tension (Figure 4.23) indicate that Ep increases
with the increase of LAI, the maximum limit of which varies with
soil moisture tensions and levels of nitrogen under both the

varieties.

The relationship (Figure 4.23) between Eq and LAI averaged
over seasons and soll moisture tensions may be expressed by the

equations

N. tabacum

Bpoq) ® 0.91 + 2,17 (LAL) - 0.58 (LAI)? (4.45)

N. rustica

Bpq) = 1.19 + 2,35 (LAD) - 0.72 (LAD)® (4.46)
where,
Ep = Evapotrangpiration, mm{day, subscripts M indicate
the soil molsture tension, atmosphere.
LAT = Leaf area index.

Similarly, the relationship (Figure 4.24) between Ep and
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averaged over seasons and nitrogen may be expressed as follows :

.

W. tabacum

Ep(y) = 0.85 + 2,58 (LAI) - 0.58 (LAI)Z (4.47)
N. rustica

Bp(y) = 1.50 + 2.25 (LAI) - 0,58 (LAI)® (4.48)
where,

Ep = Evapotransp;ration rate, mm/day, subscripts N indicate
levels of nitrogen

LAT = Leaf area index.

The equations indicate that for maximum Ep, the maximum

LAI value is 1,870 for N. tabacum, while it is 1.63 for H. rustica.

The reason for increase in Ep with the LAI is due to greater
interception of radiation (Penman et al., 1967). For maximum Ep,
the LAI values vaAry with soll molsture tension mainly because water
is freely avallable to plant roots (ilagawiecka and Boron, 1974).
With further increase in LAIL, the effective area for intercenting

radlation does not increase because oif natural snading and Ep

actually decreases due to ageing of the crop.

4,2 Comparison Between Evepotranspiration
and Pan Evaporation

4.2.1 Scil molsture tension
The relationship between cvapotransniration (Ep) and Pan
evaporation (EO) has been conzidered in terms of thelr ratio and

presented in Table 4.6. It is observed that lowest ratio is
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assoclated with 0,9 atmosphere irrespective of varieties. The
ratio gradually increases with the decrease in soil moisture
tension mainly due to higher Lp under lower soll moisture teaslon.
It 1is also obseryed that the ratio gradually increases with age,
irrespective of the varieties and the maximum is during January

to February (3rd and 4th Fortnight). The ratio decreases then due
to (1) ageing oif the crop (2) increase of Ep during later part of

Crop season,

4,2.2 HNitrogen

The relationship between Eyp and Eg has been considered in
terms of their ratio under nitrogen (Table 4.,6). While the lowest
ratio is always assoclated with O kg N/ha application, the highest
ratio is with 120 kg I/ha in both the varieties. The ratio gradua-
11ly increases with the increase in doses of nitrogen in both the
varieties. The highest ratio is also observed during the 3rd
fortnignt of the crop growth in both the varieties. The ratio
then decreased due to (a) ageinz of the crop (b) increase of Eg

during the latter part of the crop season.

The average seasonal co-efficlent (Table 4.6) can be used

in estimating Ep for both varieties of tobacco.

4,3 Growth Characters
Knowledge of growth and development of different parameters
under different soil moisture tensions and levels of nitrogen are

very important. As an attempt to evaluate the proper utilization
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of water and fertilizer by the crop, the following growth charac-

ters at different stages of growth period are considered.

4.3.1 Height of plants

Since the height of tobacco plant influences to a great extent
on the ultimate yield, the mean height of plants for both the varie-
ties at different stazes of growth were recorded under different

solil moisture tensions and nitrogen levels,

4,3.1,1 Variety
Th

(4]

height of plants during two seasons increased with the
number of days after transplanting in both the varieties. The
relationship between height and days after transplanting indicate
different rates of lncrease in two varieties in two seasons
(Figures 4.25 and 4.26). It is observsd (Table 4.7) that the
plent height at 30 days after transplanting does not differ signi-
ficantly during 1979-80. In 1€80-£1, significently higher height
is observed in N. rustica. At 60 days after transplanting, the
plant height’of . rustica is greater over N. tabacum. But in
the ultimate phase (20 days after trassplanting) in both seasons,
H, tabacum has developed maximum height and it is taller (9.64

and 44.75 per cent more in 1979-8C and 1980-81 respectively). The

higher height in K. tabacum is probably due to 1ts character.

The following ecuations have been develoned considering
two seasons average data to express the relationship between

height and days after transolanting for two varieties {(Figures

4,25 and 4.26).
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Hiv|) © 0.438 0 + 0.0053 pd = 7,38
Hiva) = 2.229 0 ~ 0.0104 0% ~ 47.64

1879 - 80

i) = 1.567 b ~ 0.0038 02~ 32.29 n

)= 1,185 D ~ 0.0028 0%~ 24.63
Wimg) * 11720 - 000i1383- 239

M) = 1.664D - 0.00580%- 35.03

HiMy) * 1.2648 ~ 0.0028 8%- 36.38  H{Ng) ¢ 1.09iD ¢ 0.000102. 22.45
H(ng) * 13980 - 0.00180%- 27.99
sor - 3
soF = .
s R R
E
L
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- Q b i A i 3 —-— A i s A e Y
1980 - 8!
L
° H{vi) = 0412 D + 00067 0% ~ 9.1  H(mM;) » 1.628 0 ~ 00052 83— 27.34  M{ng) = 1.0820 - 0.00220% ~ 22.32
Hiva) * 2992 D + 00160 0% ~51.27  M{mz) * 0.933 0 + 0.0002 6%~ 8.76  Mn;) * 1.123D - 0.002102— z4.39
Wimg) * 1088 D — 0.0085 02— 41.24 | H(nz) = 1.880D - 0.0074D%~ 38.16
- H(ng) * 1.I18D — 0.00680% - 35.92
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DAY S AF T LR TRANSPLANT I NG
VARIETY SOIL MOISTURE TENSION NITROGEN
FIG. 4.25 RELATIONSHIP BETWEEN HEIGHT OF PLANT AND DAYS AFTER TRANSPLANTING

UNDER DIFFERENT VARIETY,

SOIL MOISTURE TENSION AND NITROGEN LEVELS
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19739 - 1981
H(v)) = 0.426 D + 0.006 D2 - 8.24 H(M;) = 1.598D - 0.0044 D> — 30.81
H(v) =2.4100D —- 0.013 D2 - 49.47 H(Mp) = 1.088D - 0.0009 D%~ 22.15
100 - T H(M3) = 1.580D - 0.0056 D°— 33.81
8ol -
60 | -
aof -
N. tabacum —O0— V|
20 I N. rustica —-&--V; i
E
(%)
- 0 — d I L Il Ly f L } 1 {
W 30 60 90 0 30 60 90
4
< " DAYS AFTER TRANSPLANTING
[-
VARIETY SOIL MOISTURE TENSION
o
; 100
© —0— No
e - =8— = Nj
80 :

60

I.131 D — 0.0025 D — 23.43

40 H(No) =
H(N;) = 1.447 D - 0.0040 D? - 29.72
H(Nz) = 1.486 D - 0.0036 D? - 30.3|
20 H(Ng) = 1.644 D + 0.0046 DZ - 32.86

DAYS AFTER TRANSPLANTING

NITROGEN

FIG. 4.26 RELATIONSHIP BETWEEN HEIGHT OF PLANT AND DAYS
AFTER TRANSPLANTING UNDER DIFFERENT VARIETY, SOIL
MOISTURE TENSION AND NITROGEN LEVELS DURING TWO

SEASONS
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differant soil

.+ 50—

a1 sy

82 .48
52.23
2420

6.42

7¢ .00
66.72
60.34
2.69

7.85

57 00
68.88
71.25
72.29

3.1

TABLY 4,7 Variastion in plent heisht under
moisture tension anc nitroren laval
§ o Plant heirht cm -
SECEE 60 nam X 90 mar
N 11979-p0¥19-mY 1979-00F 1990-71 ¥ 1979-80%1980-31
Variety
74 10.55 9.31 37 .99 30.84 T4 .94
7y 9.81 12.07 48,48 46 .57 68.35
3.7m 4 0.39 0.66 1.95 1.24 2.7
Toheat 57 .S 1.93 5470 % .62 6.32
Soil moisture
tension,atmosphere
0.3 1144 14.82 48.61 49 .60 T9.22
0.6 10.04 9.29  41.57 38,20 70.69
0.9 9.0¢ T7.95 39.53 41 .81 65 .03
S.™m + 0.49 0.31 2439 1452 2.65
Coneat 57 1.4% 2436 6.98 4.44 774
Nitrosen, k&/na
0 8437 8.13 36,20 3457 53.90
40 9.63 10.55 43.80 41 .64 07 + 46
20 10.%37 11.60 47,38 18,07 76.58
120 12,37 12.47 49,56 48.54 8%.5%
S.7m + 0.56 0.94 2476 1475 %06
.7 at 57 1.63 274 3.06 511 g.04

9.08

v1 = Y, tehacum

V2 = 1T, rustica

-

DA™ = Tavs after transplanting.
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Hy, = 0.426 D + 0.006 D° - §.24 (4.49)
Hy, = 2.410 D - 0,013 D? - 49.47 (4.50)
where,
H = Plant height, cm and subscripts Vq and Vo represent
varieties.
D = Days after transplanting.

-

These equations (4.49 and 4,50) can be used in predicting

the neight at any stage of growth,

4.,3.1.2 Soill moisture tension

The neight ol plants, irrespective of varieties, increases
with the days of growth after transplanting under all tensions
(Figures 4.25 and 4.26). The relationship between height and days
after transplanting (Figures 4.25 and 4.26) indicate the rate of
change in neight with days and soil moisture tension. While the
maximu heights are under 0.3 atmospnere soil moisture tension
in both the seasons, the lowest helghts are under 0.2 atmosphere
soll moisture tension. The helght decreases with the increase
in soil moisture tension. With the increase in soill moisture
tension from (a) 0.3 to 0.6 atmosphere and (b) 0.6 to 0.9 atmos-
phere the average helghts decrease by 26.35, 18.77, 10.90 per
cent in (a) and 12.6, 1.96, 8.76 per cent in (b) under 30, 60 and
90 days after transplanting respectively (Table 4.7). The reduc-
tion in height is due to tne soil moisture stress (Kozlowski,
1964), Similar observations in respect of wheat were made by

Slatyer (1957) and Ghosh (1974)., Reduction in plant height of
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Hzg = 13.26 — 6.77 M + 2.33 M2 Hip = 8.46 — 0.039 N + 0.000! N2
Hzg = 24.54 — 3938 M + 23.38 M2 H3p = 8.19 + 0.050 N — 00002 N2
'® I Hyo = 1890 ~- 23.08M + 1281 M2 [ Hzp = 8.32 + 0.041 N ~.0.00006N2 |
o ——O—— {979 — 80
12t N — = 1980 — 8| R
— —8- — AVERAGE
E
(O]
8 L
J 3
~ 0
P 4
«< 50 i
.J B
a ;
40" - H
Lk
Q
30} -
Hgo = 60.65 — 48.46 M + 27.78 M2 Heo = 36.93 + 0.112 N — 0.0002 N2
Heo = 76.02 — 1i3.10M + 83.44 M2 Heo = 34.30 + 0.245N — 0.0010 N2
" | Heg = 68.33 — B0.76 M + 55.58 M2 Hgo = 35.62 + 0.185 N — 0.0006 N2
L 1 ] i 1
I 0 i i i
(L]
; 80+ -
T
60 -
Hgo = 90.62 - 42.78 M + 15.94 M2 Hoo = 58.82 + 0.222 N — 0.0002 N2
Hgp = 85.18 ~ 37.10 M + (0.56 M2 Hgo = 57.41 + 0.324 N — 0.0017 N2
40} Hoo = B7.90 -~ 39.94M + 13.25M2 |  Hgo = 58.12 + 0.280 N — 0.0010 N2
ﬂ' J.
o i 4 A i L i k]
0.3 0.6 0.9 0 40 80 120
SOIL MOISTURE TENSION, atm NITROGEN, Kg/ha
(A) (B)

FIG. 4.27 RELATIONSHIP BETWEEN HEIGHT OF PLANT AND (A) SOIL
MOISTURE TENSION, (B8) NITROGEN
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tobacco due to increase in soil moisture tension was observed by

Takahashi et al. (1976) and Liu (1977).

The following equations iiave been developed considering
two seasons' average data to express the relationshiip between
nelght and soil moisture tension (Figure 4.27) at different stages

of development.

Hzp = 18.90 - 23.08 U + 12,81 M2 (4.51)
Hgp = 68.33 - 80.76 I + 55,58 M? (4.52)
Hgg = 87.90 - 39.94 ¥ + 13,25 M2 (4.53)
where,
H = Height of plant, cm and subscripts 30, 60 and 90

indicate the days after transplanting

M

1}

So0il moisture tension, atmosphere,

4,3.1.3 NKitrogen

The effect of different nitrcgen levels con the height
attzained by tobacco plants sre shown in Table 4.7. WWhile the
maximunm height was attained by the plants which received the
highest dose of nitrogen (120 kg Ii/ha) throughout the growth
period in poth seasons, the height decreased progressively with
the decrease in application of nitrogen with minimum height at
0 kg N/ha. The maximum height was recorded at 90 days after
transplanting under 120 kg li/ha during 197¢-80. With the increase
in nitrogen level from O kg/ha to 120 kg/ha, the average height
increases by 50.55, 38.6Z and 34.42 per cent under 30, 60 and

20 days after transplanting respectively.

The following ecuations nave been developed considering two
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seasons average data to express the relationship between height

and nitrogen level (Figure 4.27) at different stages of develop-

ment,
Hzp = 8.32 + 0,041 I - 0.00006 N2 (4.54)
Hgp = 35.62 + 0,185 Il - 0,0006 N2 (4.55)
Hgp = 58.12 + 0,280 N - 0,0010 N2 (4.56)
where,
H = Plant helght, cm and subseripts 30, 60 and 90
indicate the days after transplanting
N = FHitrogen level, kg/ha.

The relationsnip between height of plants with the days
after transplanting are shown in Figures 4.25 and 4.26. With the
Increase of days after transplanting the plant height increases

in a non-linear manner,

Similar observation in respect of irncrease in height due to
increased application of nitrogen was made by Matar (1977) for
tobacco, Pande et al. (1973) for paddy crop and Sandhu and Gill

(1972) for wheat crop.

4,3.1.4 Interaction
The results (Table 4,8) indicate that at any nitrogen level,

plant height, in general, is highest at 0.3 atmosphere soil
moisture tension for both varieties, though the height varies
with the variety. Resulis further reveal thal the decrease in
height with the increase in scil moisture tension (a) from 0.3

to 0.6 atmosphere and (b) from 0.6 to 0.9 atmosphere varies
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between 7.06 and 25.53 per cent in (a) and that between 7.02 to
33.33 per cent in (b) 1n respect of N. tabacum . For the variety
H. rustica the corresponding decrease varies between 10.44 to 14.07
per ceant in (a) and between 7.07 and 13.07 per cent in (b).
TABLE 4.8 Influence of variety, soil moisture tension
(atmosphiere) and nitrogen (kg/ha) on plant

height (em) during the season 1979-80
(90 days after transplanting)

———. -

I N, tabacum ] N, rustica
i i. tabacun { £

kg v—

Levels of

nitrogen, §Soil moisture tension, atm.%Soil moisture tension, atm.

A 0.5 0.9 ] 0.3 0.6 0.9
0 70 .50 52.50 47,00  67.50 58,00 55.25
40 75.25  80.00 53.00  64.00 64.75  67.75
80 92.00 85.50 72.26  74.25  66.50 69.00
120 105.75 87.75  77.75 84,50 70 .50 75,25
Average 74.94 65.35
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ S.Em+  G.D.at 5%

Difference between variety and
soil moisture tension : 3.7498 10.94585

It is also observed that under 40 kg N/ha, the heizht increa-

ses slightly.

Results (Table 4.9) indicate that at any soll molsture
tension the plant height increases with the increase in nitrogen
levels irrespective of variety except that at 0.9 atmosphere with

120 kg N/ha for N. tabacum . It 1s also observed that upto 60 days
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TABLE 4,9 Influence of variety, soil moisture tension
(atmosphere) and nitrogen (ksz/ha) on nlant
height (cm) durinz the season 1980-81

(60 days after transplanting)

! I ,
Levels of § N. tabacum I N. fustica

nitrogen, Isoil moisture tension,atm.g Soil moisture tension,atm.

kg/na
0.3 0.6 0.9 | 0.3 0.6 0.9
0 22.98 25.32 33.16 46,00 41,45 38.50
40 44,82 33.67 32.83  47.80 40,30 49,95
&80 59,87 34,50 51,00 53.55 51.20 39.00
120 67.67 39,50 33.47 54,80 39.20 56,60
Average 39.88 46,57
S.Em + C.D.at 5%
Difference between variety
and nitrogen : 1,753 5,1172
Difference between variety,
nitrozen and soll noisture
teasion 4,72242 12.5344

after transplenting trhe rate of increase in helght for . rustica

is much faster but at the end stasge the height of . tabacum

ezceeds N, rustica. The reason for the variation in increase in
He zupblrd

height is preobably due tc the verietal character.

4,3,2 Diameter of plant

The c¢ismeter of the plant influences the yield to a great
extent. The average diameter for both the varieties were recorded
durine the growth veriod under different soil moisture tension

and nitrogen level.
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4,3.2.1 Variety

The diameter of plants increased with the davs after trang-
planting for botih the varieties. The diameter of plant varied
signiticantly at 30 days after transplanting in both the seasons
as well as at 60 days after transnlanting during 197¢-80 only.
But at the subsequent stage, the diameter of plants did not vary
significantly. At 30 days after transnlanting, the diameter of
plant is higher in case of N, rustica. However, there is no remar-
kable difference in diameter between the varieties (Table 4.,10)

towards the final stage of maturity of the crop.

4,3.2.2 Soil moisture tension

The average diameter of plant increases at varying degrees
throughout the growth oeriod in both the seasons. The diameter
of the plants increases significantly with the decrease in soll
moisture tension with the maximum at 0.3 atmosphere, for both the
seasons throughout the growth veriod (Table 4.10). The decrease
in per cent of diameter with the increase in soll moisture tension
from (a) 0.3 to 0.6 and (b) 0.6 to 0,9 atmospnere is 16.°1, 7.96
and 9.0¢ at (&) and 2,06, 4.61 and 8.09 at (b) under 30, 60 and

90 days after transplanting respectively.

4,3.,2.3 Hitrogen

Witrogen has a significant bearing on the diameter of the
plant. The increased rate of nitrogen application causes a
significant increase in the dizmeter of the plant throushout
the growtin period in both the seasons (Teble 4,10). Irrespective

of seasons, the higher diameter of vlant is always assoclated
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diameter under different

miameter of plant, cm

;
RN RS : 90 4™
§1979~80§1990-81§1979-80 %1980-311 1979-80 % 1080-€1
Taristy
7 0.726 1.219 1.640 2.109 2.020 2.306
7o 1.271 1.%23%4 1.788 2.103 19482 24227
S 4+ 0.026 0.026  0.050 0.031 0.046 0.042
Teeat 5 0.075 0.076 0.146 T TS TeS
S50il moisture
tension, atm.
0.3 14191 1477 1.873 2.229 2173 2.466
0.6 1.053 1177 1.716 2.074 1.8606 2.259
0.9 1.006 1.178 1.547 2.068 1.808 2.075
Selim + 0.032 0.032 0.001 0.038 0.0% 0,058
CeBeat 5 0.092 0.093 0.179 0.110 0.1063 0.168
Titrocen, ke/ha
0 0.895 1.177 1.476 1,776 1.746 1.954
40 1.137% 1.242 1.654 2?.122 1.948 ?.146
80 1.071 1.%26 1,742 2.275 2.063 24396
120 1.27%7 14304 1.083 2704 2,179 2.571
8. o+ 0.077 0.037 0.071  0.04%  0.064 0.059
5. eat 57 0.107 0.107 0.207 0.127 0.135 0.175
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with higher doses of nitrogen. The maximum dismeter of the plant
is under 120 kg N/ha at 90 days after transplanting during 1980-81
and 1is 2.571 cm. The increase in diameters at 190 kg K/ha over

O kg li/ha at 30, 60 and 90 days after transplanting are 25.33,

31.86 and 28.38 per cent respectively.

4,3.2.4 Interaction

Two seasons results (Table 4.11) indicate that highest and
lowest plant diameters for botl varieties are at 0.3 atmosphere
soll moisture tension witn 120 kg i/ha and at 0.2 atmosphere soil

moisture tension with O kg li/ha respectively.

It 1s also observed that,in general, dlameter decreases
with the increase in soll molsture tension at any level of nitro-
gen, The decrease in diameter due to increase in soll moisture
tension from 0.3 to 0.6 atmosnhere is 12,64, 16.39, 17.05 and
29.56 per cent at 0, 40, 80 and 120 kg I/ha respectively for variety

N. tabacum (average data). The corresponding decrease in diameter

for . rustica 1s 5.20, 24,50, 1.13 and 20.06 per cent at O, 40,

&0 and 120 kg N/ha respectively, It is, tnerefore, evident that
highest decrease in diameter for both varieties is at 120 kg N/ha

with increase of soil moisture tensicn from 0.2 to 0.6 atmosphere.

4,3,3 Green weilght of plant
The green weieht (kg m~2) of tobacco plants ultimately

[
influenced the yield. The green weights (kg m ~) for both the

a9

rn

varieties were Tecorded at diflerent stages of growth under

different soll moisture tension and nitrogen level and are
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TARLT 4,11 ™fluence of verizity, coil neisture tension
(etmoaphere) and nitrosen (Mp/he) on the
rlent dianater (om) at 20 jevs =2ft8r ftrens-
nlenting

1979-50

)

. tebacum X ¥, rastica

Tevels of

el Jn, ol powd]

n}trpgen, Soil moisturs tension,atm¥3011 moisture tension,a‘tm.E
ke /na 0.3 0.6 0.9 § 0.3 0.6 0.9

0 0.800 0.775 04550 1.150 1.025 1.075

40 0.800 0775 0.725 1.700 1.275 1.525

80 0.800 0.800 0.725 1.400 1.375 1.325

120 1.200 0.850 0.750 1.875 1.550 1.375
Averase 0.79583 1.370%

S. B i—_ D e e.-t 5

Nirference between variety

and nitrogen 0.0365 0.1066
198081
Tevels of %7 . tobacyom % T. rugtics
niﬁ;ggen: %3011 mo isture tensioa,atm.§$011 moisture tension,atm.;
' I 0.3 0.5 0.0 Y 0.3 0.6 0.9
0 1375 1.125 0.963 1.138 1.175 1.237
40 1.488 1.133 0.963 1.467% 1.113 1.287
80 1.475 1.087 1.137 1.525 1.517 1.213
120 1.675 1175 1.037 1.625 1.038 1.583
Average 1.2200 1.3%40
T o4 0. 2t 59

Difference between variety
and soil moisture tension 0.0449 0.1310

Difference between variety,
nitrogen & soil moisture .
tensign : 0.0897 0.2619
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pPresented in Table 4,12,

4,3.3.,1 Variety

The green weight (Table 4.12) of plant increases with the
number of days after transnlanting for both the varieties. The
green welght of the plant varies significantly at 30 and 60 days
after transplanting during both the seasons. At the nid-stage of
growth period (60 days after transplanting), there is no signi-
ficant difference in green weight between the two varieties in
both the seasons. It may be due to the rapid develovment of the
plant at this stage. It 1s interesting to note that the green

N. rustica at the early and

e

welgnt of H, tabacum 1is nigher over

later stares of development with the exception at mid-stage of

development in both the seasonus (Table 4.12).

4.3.3.2 BSoil molsture tensicn
o » L 3
Green weight of plant (kg m™<) increases with the days
after transplanting irrespective of soll molsture tension in both

the seasons (Table 4.12).

The green welzgikt varles significantly with different soil
moisture tensicn at different stages of development. The highest
green weight is always assoclated with lower soil moisture tension,
The green weight decreases gignificantly with the increase in soil
moisture tension in all stages of growth except at 90 days after
transplanting of 127¢-80 season., lith the increase in scolil
moisture tension from 0.3 to 0.6 atmosphnere while the green weights

of plants decreases by 27.05, 22.43 and 16,03 per cent at 30, 60
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TATL™ 4,12 Tariation in plant creen weight under different

anil moistore henaion and nitroren level

% “reen weirnt of plant, k¢ m“z
% 30 HAm §ﬁ_ 60 AT § 90 DAT
§1979-8o§ 1980-81% 1979-95§71980~81§ 1979-80§ 1980-81
Taristy
v, 0.2513  0.2885 0.7127 1.9524 2,2311  3.37883
7, 0.1254  0.1116  0.8066 2.0820 1.2547  2.0847
S. T+ 0.0086 0.0153  0.0633 0.1653 0.1371  0.1147
C.veat 57 0.0252  0.0461  7.3. i, 0.4002  0.3748

50il moisture
tengion, atm,

0.3 0.2418  0.2639 0.9434 2.6450 2.0275 2.1381
0.6 0.1367 0.1822 0.7263 2.0607 1.6993 2.6378
0.9 0.1375 0.1540 0.60%6 1.3460 1.5020 2.4194
S+ 0.0106 0.019% 0.0775 0.2024 0.1675 0.1404
C.Neat 57 0.030¢ 0.0564 0.2262 0.5908 e 0.4098
“itroren, ke/ha
0 0.160¢ 0.1610 0.52¢c 1.%3912 1.1288 1.5880
40 0789 0.1753 0.6084 1.9939 1.79%6 2.4868
20 0.1936 019573 0.8237 2.2219 1.8588 2.3547
120 0.2161 0.2575 0.52398 2.4619 2.1004 35975

0.0122 0.0223 0.02¢5 0.2337 041939 0.1622
0.7, at 57 0.0356 0.0652 0.2012 0,572 0.5660 0.4734
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and 90 days after transplanting, the corresvonding decrease are

20.98, 30.06 and 9.58 per cent due to further increase in soil

=

moisture tension from 0.6 to C.¢ atmosphere,

4,3.3.3 Hitrogen

The green weight of plent varies significantly with differ-
ent levels of nitrogen in botix the seasons (Table 4,12), The
green welght increases irrespective of nitrogen level with tne
days alter trensplanting. The green welght significantly increa-
ses witn the increase of nitrogen level at different stages of
develonment in both the seasons (Table 4.12). The highest green
weight is under 120 kg/ha apoplication of nitrogen irresvective
of stages of growth during both seasons. The increase in green
weignts at 120 kg l/ha over O kg li/ha varies from 50.23 to 85,70

per cent,

4,3.4 Dry weight of plant

The results (Table 4.13) indicate the influence of soil
moisture tensiocn and levels of nitrogen on the dry welgnt of
plant (kg m'2) of two varleties of tobacco during the seasons

1979-80 and 1980-8l.

4,3.4.1 Variety

The dry weight of plant increases for Egth the varieties
with the days after transnlanting (Table 4.13). The dry weight
of the plant varies significantly at 30 and 20 days after trans-

planting during both the seasons., At 60 days aflter transplanting



121

TARL W 4,13 Variation in 2dry weirht of plant under different

s0il moisture tension and nitroren lavel

% Dry ’el ht of plant, Q:M‘mzwﬂm
% 30 DAT % 60 Dam % 90 DAT
Y1979-20 %1930 1 {1979 80 %1980- 21 %1979-8’3 %1980-—81
Fariety
2 0.02137 0.02504 0.06348 0.16844 0.23254 0.45885
v, 0.01118 0.00980 0.075%5 0.19513  0.17231 0.34196
5.7m + 0.00115 0.00172 0.00537 0.01572 0.01390 0.01990
C.heat 57 0.00335 0.00502  #.S. “.3. 0.04060 0.0581
S0il moisture
tensicn, atm.
0.3 0.01061 0.02072 0.08591 0.24247  0.24078 0.47028
0.6 0.01624 0.01649 0.06809 0.18523  0.19619 0.36714
0.9 0.01298 0.01504 0.05426 0.11765 0.170%1 0.36379
3.0 4 0.00141 0.00211 0.00658 0.01925 0.01707 0.02440
S.neat 57 0.00410 7.3, 0.01920 0.05620 0.04870 0.07120
Titrogen, ke/ha
0 0.01410 0.01742 0.05011 0.11725 0.14858 0.27837
40 0.01512 0.01479 0.06723 0.18291  0.13837 0.36707
20 0.01729 0.01817 0.07187 0.19723  0.22833 0.44787
120 0.01859 0.02729 0.08846 0.22074 0.24442 0.50829
S.m + 0.00162 0.00243 0.00759 0.0222% 0.01967 0.02820
C.heat 57 f.5.  0.00710 0.02216 0.06430  0.05740 0.08230 '
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there is no significant difference in dry weight between the
varieties. The maximum of 0.4589 kg m™° dry weight of plant
was observed under N. tabacum at 90 days after transplanting during

1980"81 .

4,3.4.2 5o0il moisture tension

Dry weight of plant (kg m~¢) increases with the days of
growth after transplanting in all levels of soil moisture tensions
(Teble 4.13), While the maximum dry weight of plant was recorded
under 0.3 atmosphere soll molsture tension in both the seasons,
the lowest dry weight of plant was under 0.9 atmosnhere soil
moisture tension. The dry welent of plant increased significantly
with the decrease of soll moisture tension in all stages of crop
growth except 30 days after transplanting during 1980-81. The
decrease of dry weight (per cent) with the increase in soll moisture
tension from (a) 0.3 to 0.8 atmosphere and (b) 0.6 to 0.9 atmosphere
are 18,84, 22,85 and 20.77 at (a) and 14,39, 32,13 and 5.19 at (b)

under 30, 60 and 90 days after transplanting respectively.

4,3.4,3 HWitrogen

The dry weight of plant increases significantly with the
increase of level of nitrogsen in all stages of development in
both the seasons (Table 4.,13)., The maximum dry weignht of plant
is under the highest dose of nitrogen (120 kg/nha) in both seasons.
While the maximum guanbity of dry welght of plant (0.5083 kg m™2)
was with 120 kg H/ha at 90 days after transplanting during 1980-81,

the lowest was associated with O kg L/ha in both the seasons.
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The increase in dry weight of plant under 120 kg H/ha over O kg |
N/ha at 30, 60 and 90 davs after transplanting are 62.18, 90.13

and 75.70 per cent respectively (Table 4.13).

4,3.5 Leaf area index

The leaf area index (LAI) has been considered as the best
measure of the capacity of a crop for producing dry matter. The
amount of cnlorophyll content depends largely on the area of leaves
and at the same time it performs the vital funetions like trans-
piration, respkration and carbon assimilation. The leaf area
index for tobacco during growth period under different soil

moisture tension and nitrogen levels were studied.

4.3.5.1 Variety

The leaf area index (LAI) increased with tne days after
transplanting for both the seasons irrespective of variety
(Figures 4,28 and 4,29). The LAI varies significantly with
variety in all the three stazes of development in both seasons.
The higher leaf area index is always associated with N. tabacum
in both seasons (Table 4.14). The maximum of 44,5053 was observed
at 90 days after transplanting with g. tabacum during 1880-81,
The relationship bhetween leaf area index and davs after trans-
planting indicates different rates of increase in LAI for two
varieties in both the seasoas (Flzures 4.28 and 4.29). The
following eguations have been developed considering two seasons

averaze data to express their relatioaship (Figure 4.29).

LAIy, = 0.002 D + 0.0004 D® + 0.078 (4.57)
= 0.0003 D + 0,0004 D - 0,126 (4.58)

LAT
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1879 — 80

LAI(v|)= 1.162 — 0.045D + 0.0007 D?
LAI{v) = 0.009D + 0.00006 D2 — 0.078
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LAI(v)) = 0049 D + 0.00014 D? - 1.007
LAl{vp) = 0.037 D + 0.00016 D%~ 1.074

1980 — 81

VARIETY

LAI(M) =1.005 — 0.041D + 0.0007 D2
LAI(M2)= 0917 —
LAI(Mg)= 1,053 —

0.036 D + 0.0006 D2
0.044 D + 0.0007 D2

LAI(Ng) = 1.363 — 0.059 D + 0.0007 D2
LAI(N;) = 0.689 — 0.022D + 0.0005 D2
LAI(Np) = 0928 — 0.035 D + 0.0006 D2
LAI(Ng) = 1.042 — 0.041'D + 0.0007 D?
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-~ 4 = N2

- = N3

SOIL MOISTURE TENSION

0 30 60 S0

LAI(M)) = 0.061 D + 0.00009 D~ 1.435
LAI{M2) = 0.050 D + 0.00006 D2~ 1.192
LAI(M3) = 0.017 D + 0.00030 D%~ 0.493

LAl(Ng) = 0-411 — 0.024 D + 0.0006 D2
LAI(N;) = 0.039 D + 0.00014 D%~ 0.965
LAI(N2) = 0.050D + 0.00013 D%~ 1.196
LAI(N3) = 0.106D - 0.00026 D%~ 2.589
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DAYS AFTER TRANSPLANTING
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SOIL MOISTURE

INDEX
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LAI(v)) = 0.002D + 0.0004D% 4+ 0.078 L Al(M)) =0.0099D + 0.0004 DZ - 0.214
Lal{vz) = 0.0003D + 0.0004D° ~ 0.126  LAI(Mz) =0.0069D + 0.0003 0% — 0.137
LAlM3) =0.0013D + 0.0005 02 4+ 0.280
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z -
> o
z
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<
w 6
: —O——= NQ
4 - -b- — N
—- 8= N>
at ~-@-= N3
L LAI(Ng) =-0.041 D + 0.0007 D2 + 0.887
LAI(N)) = 0.006D + 0.0003 D - 0.]39
LAI(N2) = 0.009D + 0.0004 D¥ — 0.164
LAI(N3) = 0.032D + 0.0002 D®> - 0.685
0 bva

DAYS AFTER TRANSPLANTING
NITROGEN

FIG. 4.29 RELATIONSHIP BETWEEN LEAF AREA INDEX AND DAYS
AFTER TRANSPLANTING UNDER DIFFERENT VARIETY,
SOIL MOISTURE TENSION AND NITROGEN LEVELS
DURING TWO SEASONS




where,
LAL = Leal areca index and subscripts Vi and Vo
represents variesties
D = Days after transnlanting.

4.3.5.2 Soill moisture tension

The LAI under dififerent soil moisture tension increases
significantly with the decrease of soil molsture teansions (Figures
4.28 and 4.29) and with the days after transplanting. The highest
LAT is always associated witin 0.3 atmosphere soil moisture tension
(Table 4.14). The maximum LAI of 0.4623, 2.5193 and 4.7349 were
observed at 30, 60 and 90 days after transplanting respectively
under 0,3 atmosphere soll moisture tension during 1980-31. With
the increase in soil moisture tension from (a) 0.3 to 0.6 atmos-
éhere and (b) 0.6 to 0.9 atmosvhere the average LAI decreases by
15,35, 17.67 and 17.44 per cent in (a) and 15.37, 17.82 and 6.23
per cent in (b, under 30, 60 and 90 days after transplanting

respectively.

The following equations Lave heen developed considering two
L d - 1. Ty e
seasons average data to express the relationship (Figure 4.30)

between LAI and soil molisture tension.

LAIgo = 0.511 - 0.273 3 + 0.056 M2 (4.59)

LAlgy = 2.154 - 1,319 i + 0.297 W2 (4.60)

LAlgy = 4.978 - 4.589 M + 2.821 M° (4.51)
where,

LAI = Leaf area index and subscripts 30, 60 and 90

indicate the days after transplanting

M Soil moisture tension, atmosphere.

1]
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LAizgp = 0.477 — 0.070M - 0.062 M2 LAl3g = 0.244 + 0.0020N + 0.00000008 N2
LAl3p = 0-589 — 0473 M + 0.178 M2 LAigo * 0.238 + O.0019 N 4+ 0.00000431 N2
LAlzg = 0511 — 0273 M + 0.05¢ M? LAlgg = 0.241 + 0.002iI N + 0.000002 8%
0.50} - »
.40 L
Qe (QT9 - RO
e - 1980 ~ 81
< 030F - - — AVERAGE .-
w 30 DAT
0.225 L A s b + + A
[}
LAlgy = 1.234 — 0.663 M + 0.169 M2 LAigg 2 0.453+ 0.0087 N — 0.000034 N2
z LAigg 5 3.074 — 1976 M + 0.426 M2 LAlgg = L1714 0.0148 N 4 0.000003 N2
_ LAlgg T 2.1%4 — 1.319 M + 0.297 M2 LAlgg = 0.8i2+ 0.0127 ¥ — 0.00001%6 N2

2.1 L

L7r L - r
w ~ - ™
- T
0.7} °\$\_° |
60 DAT
0.2 2 2 2 e A A )
“ LAISO * 3.723 — 3193 M+ |.94} m2 LAlgg ® 2.018 + 0.0127 N + 0.000030 N2
LAISO = 6.234 — $.986 M + 3.301 M2 LAigo = 3.102 + 0.0i48 N + 0.000020 N
< LAIQO = 4,978 ~ 4389 M + 2.621 ud LAlgg s 2.324 4 0.0101 N + 0.000025 N2
- 3.0r r /
-] \ . / ,,.
\ - -
ssp ® <l - T~ - . _ .
‘ - S -
0\0;: - i
2O0F X
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'.zs I A 4 A (s e 'y
0.3 0.6 Q.9 ] 40 [ 1] 120
i
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‘ (A} (8

FIG. 4.30 RELATIONSHIP BETWEEN LEAF AREA INDEX AND (A) SOIL
MOISTURE TENSION, (B) NITROGEN




TABLT 4,14

1238

Variation in leaf areas index under different

soil moisture tension and nitroren leovel

Leaf ares index

60 DA™

9o mAT

30 A ;
!

1070-80 1930-81

h

el patme, Sl 2wl e Jundy

1979-20 %1 af0 -1

1970-20% 1070-51
|

e, ] e, Yoo}

Tariety

r

1

T

T2
Sem

NJNeat 5

%01l moisture
tension, atm.

C.3

o e
e T

C.7, at 5°

“itrosen, ki/na

0.6
0

O

0.4845 0.510 1.1423 2.4134  %,1354 4.5053
0.24241 0.1729  0.6732 1.7159 2.1002 %5517
0.00773 0.0164 0.040%  0.00697 0.1163  0.1876
0.0213 0.047% 0.1351 N.203%4  0,34009 05476
0.4059 04627 1.0500 25103 <5397 27349
0.3680 043008 08977 2.0410 2.,5059 %8305
0.%139 030730 0.774¢ 1.6400 2.4214 73,5202
0.0089 0.0200 0.05683 0.,0853 01430 0.2298
0.02061 0.0524  0.,1658 0.2490 0.4175 0.6708
0.7451 02374 041457 1.1359 1.9657 33,1063
0.,3212 03733 0.8507 1.53666 2,277 3.E647
0.4076 0.M77 1,077 2.,259%  2.8710 41,3270
0.43%32 05217 1.2008 30074 2 FTE2 5.0161
0.010% 0.0271 00655 D.NCRG 010651 0.2053
0.0301 0.0674 1.17012 0 0.2872 0 0.4320 0.7745




123

The increase in LAI with the decrease in soil moisture
tension is probably due to less water stress resulting in higher
turgidity. The result} is in conformity with those of Liu (1977)

and Bae and Kang (1976) on tobacco.

4,3.5.3 HNitrogen

The relationship between nitrogen and leaf area index has
been presented in Figure 4,30, The rate of increase of LAI varies
with days after transplanting and amount of nitrogen (Figures 4.28 )
to 4.230). In both the seassons, with the increase in the nitrogen
levels, the LAI increases sig¢nificantly (Table 4.14). The maximum
LAI was observed under 120 kg ii/ha and the minimum LAI was under
0 kg H/ha in both the seasons. The increase in LAI due to appli-
cation of 120 kg N/ha is 110.26, 169.86 end 65.46 per cent at 30,

60 and 90 days after transplanting respectively.

Considering the average data, the following equations have
been developed to express the relationship (Figure 4.20) between

LAI and nitrogen.

LAIgo = C.241 + 0.0021 KN + 0.000002 e (4.62)
LAIgp = 0.812 + 0.0127 i - 0.000016 e (4.€3)
Lilgp = 2.524 + 0,01C01 I + 0,000025 N (4.64)
where,
LAI = Leaf area index and subscripts 30, 60 and 90

indicate the days after transplanting

i

N Nitrogen, kg/ha

Since increased i application increases vegetative growt

(Hunter et al., 1961), higher LAI at higher N application is
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logical. Similar observations vere made by Taper (1966), Ghosh

(1874) and Sarkar (1975).

4.3.6 Coefficient for estimating leaf ares

The measurement of leaf area is important in many investi-
gations of growth and productivity of many croos includins tobacco.
It is particularly important as an index of growth for the inter-
mediate stages.
4.3.6.1 Leaf area and product of length

and maximum width

The co-efficient of the leaf area is largely dependent on
. pesition ! . L : .
the leal on tihe stalk. The relaticriship between the area of

al

a leaf and the precduct of its length and maximun width is found
linear with the regression line nassing through tiie origin of the

co-ordinates. The following ecuations represents the relationship

between leaf arca measured and the onreduct of the length and width

i

of the leaf (Averasge data).

N. tobacum

Aepy = 0.686 LY, T = 0.95 (4.€5)
A@i) = 0.883 LW, 1 = 0,20 (4.66)
A(gy = 0.491 LY, r = 0.86 (4.€7)
L. rustica
Aepy = 0.853 LW, r = 0.29 (4.68)
Aq@q) = 0.851 L¥, r = 0.9 (4.69)
C.24 (4.70)

A(B) = 0,786 LW, T =
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where,
T 3 :2 o b L3 b
A = Leafl area, cm” and subscripts T, M and B are the
top, middle and bottom position of leaves on the
stalk
L = Length of leaf, cm
W = HMaximum width of leaf, cm.

The co-efficient of leaf varies with the position of the
leaf on tne stalk (equations 4,65 to 4.70) and with variety
(Figure 4.31). The regression co-efficients vary with the position
of leaves ofi the stalk (accordine to size group). It was observed
that the large leaves generally uad more irresular edges than
small leaves. The variation of co-efficient with the position of
leaves is due to geometric shape of leaves. This is in agreement
with the results of Suggs et al. (196C). The variation in co-

efficients for varlety may be due to the geometric shape of the

leaves,.

4,3.,6.2 Variety

The ratio (co-efficient) of leaf area and its produect of
length and maximum width varies considerably with variety.
The co-efficlent also varies with the days of growth after trans-

planting (Table 4,15).

The average co-efficlent for leaf area, deckeases with the
increase in days after transplanting for II. tabacum (Table 4.15).
In case of H. rustica, the co-efiiclent is highest at 60 days
after transplanting., The variation in co-efficient under varieties
may be due to the variation in geometric shape of tne leaf (Polster

and Keichenback, 1958).
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TABLE 4.15 Variation in co-efficient under varieties
at different stages of develooment

, £ Co-efficients
Variety i
§ 30 DAT 60 DAT 90 DAT Mean
E. tabacum 0.7214 0.6882 0.6797 00,6964
H. rustica 0.7745 0.8310 0.7699 0.7218

4.3.,6.3 Soll moisture tension

The data (Table 4.16) relate to the average of two seasons!
observations., For N. tabacum the co-efficlent decreases with
the increase in soill moisture tension at 30 and 20 days after
transplanting but the trend isMy (Mg > l13 for 60 days after
transplanting. For H. rustica, the trend in the co-efficlent 1is
My >Mo {M3 for 30 days after transplanting and isMj (Mg > Mg

for 60 days after transolantine (Table 4.16).

For N, tabacum, the co-efricient for leafl area shows a
decreasing trend with increasin: days after transolanting, while

for N. rustica, it increases with days upto 60 and then decreases.

4,3.6,4 Hitrogen

The data (Table 4,17) relate to the average of two seasons'
observations. Ths average influence of nltrogen on co-sfficient
for leaf area varies with tne days and variety. UWnile for
. tabacum, the coefficient decreases with the days, for H.rustica

it increases upnto 60 days after transplanting.
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in co=efTiciants Tor leaf are=s

mier Aif7arent soil nmoisture tensions

3011 moisture % So=efTficients
tension, Y
atmosphere X EIONSY S 60 A 90 HAn aan
. taoba

0.3 0.75%42 0,683 0.6062 0.,7045

0.6 0.7167 0.691 0.67%7% 0.6%04
Averape D.7214 0.6382 0.6727 0.6064
7. rustica

0.3 N,712 0 .322¢ 0,7625 0.78328

0.6 07607 0.8405 0.775% 0.7952

0.9 0.7726 0.53300 0.7719 07914
verare 07745 N,.2%310 0,769Q9 0.7018




TARLT 4.17 Varistion in co-efficients for leaf ares under

differeat nitrogen level

. § Co-eff;;ients
Hitrogen, kg/ha ¥ - - :
¥ 30 DAT | @jﬁim“w%;%T kean
. tabacum
0 0.7341 0.6511 0.6187 0.6679
40 0.6990 0.656% 0.7217 0.7057
80 0.7265 0.6885 0.6927 0.7026
120 0.7258 0.7167 0.6858 0.7094
Average Oi7;1; 0,6;8; ) _Ot6;97 o g.;964~
. rustica
0 0.7599 | 0:8055g 0.7752 . 0.7802
40 0.7760 0.8560 0.7950 0.8090
80 0.7699  0.8283 07825  0.79%6
120 0.72920 0.8341 0.7270 0.7843

O o o . e I I R o T B o

Ave.ﬁf’ﬁge 0 ‘7745 03910 0 -7799 0 0791 8
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4.4 Yield

The influence of soil moisture tension as well as levels

of nitrogen, on the yield of tobaceco has been stud tied,
4,4,1 Leaf yield

4.,4,1,1 Variety

The yield of leaves for two varieties varies significantly
with the seasons (Table 4.18). The higher yield is always asso-
ciated with N. tabacum during both the seasons. The average yield
of E. rustica is 28.33 per cent lower than that of 0. tabacum.
The higher rate of yileld in I, tabacum may be due to the genstic

character of the crov.

4,4,1.,2 Soil moisture tension
The influence of soll moisture tension on the yield of

e

cured leaves of tobacco varies with season and variety (Figures
4,32 and 4.33). The highest leaf yield is under 0.3 atmosphere
soll moisture tension (Table 4.18)., The yield decreases signi-
ficantly withh the increase in soil moisture tension in both the
varieties (Figures 4.32 and 4.33) and the lowest yield is under
0.2 atmosphere soil molsture tension. With the increase in soil
moisture tension from 0.3 to 0.6 atmosphere and from 0,5 to 0.9

atmosphere, the average yield of leaves decreases by 14,20 per

cent and 8,77 per cent respectively,

The relationshin (Figure 4.33) between the leaf yield and

soil moisture tension (averaze data) is given below
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TABLSE 4.18 Variation in leaf and stalk yield (q/ha) under

different soll moisture tension and nitrogen

Y .

. Leaf yield, g/ha 11 gtalk yield, g/ha
4

% % 1979-80 198081

¥. tabscum 15.32 20.39 8.50 22.91
W. rustics 9.49 16,12 8463 18,34
SeEm 4 0.21 0.83% 0.36 1.2
C.D. at 5% level 0.62 2442 M.eS. 3427

30il moisture tension,

atmosphere
03 13.50 21 .51 10.04 25.43
0.6 12.3%8 17 .41 7.96 19.20
0.9 11.34 15.84 7.70 17 .25
S.Em 4 0.07 1.01 0.44 137
C.D.at 5% level 0.20 2 .96 1.28 4,00

Witrogen, kg/ha

0 8.29 14.10 5.69 13 .67
40 11,60 16.48 7.54 17 .80
80 1% .49 19 .67 9.86 22.8%

120 16.23 2277 1117 28.20
S m 4 0.09 1.7 0.51 1.58

G.D.at 59 level 0.26 3 .42 1.48 4.63




N. tabacum

Y =21.386 - 7,128 M + 1,773 M2 (4.,71)

N. rustica

¥ = 21,465 - 23,363 M + 12,759 N2 (4.72)
~where,

Y = Yield of leaves, g/ha

M = Soil moisture tensicn, atmosphers,

4.,4,1.3 Nitrogen
The influence of different levels of nitrogen on the yield
of tobacco leaves varies with season and varieties (Figures 4.34

and 4,35). The highest yield is under 120 kg N/ha (Table 4.18).

The yield increases significantly with the increase in
levels of nitrogen under both season and the lowest yield is under
0 kg N/ha., With the increase in nitrogen level from O kg/ha to

120 kg/ha, the average increase in leaf yield is 74.18 per cent.

The relationship (Figure 4.35) between the yleld and levels

of nitrogen (average data) is given below :

N. tabacum

Y = 13.79 + 0.068 N - 0.000015 N2 (4.73)

Y = 8.49 + 0.065 N - 0,000056 N° (4,74)

Y = Yield of leaves, g/ha

Nitrogen, kg/ha.

3
i
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4.4.,1.4 Interaction

Results (Table 4,19) indicate that zmy at any levei of
nitrogen, the significantly higher leaf yield is with N. tabacum .
Similarly, at any soil moisture tension, significantly higher
leaf yield is with g. tabacum. While the highest leaf yield is
at 0.3 atmosphere with 120 kg N/ha, the lowest leaf yield is at
0 kg N/ha with 0.9 atmosphere soil moisture tension for both

varieties.

The per cent increase in leaf yield at 0.3 atmosphere
with 120 kg N/ha over the lowest yileld is 123.56 for N. tabacum
énd that for N, rustica is 212,50 per cent. The results further
indicate that the influence of nitrogen on leaf yield is more
pronounced for the variety N. tabacum (96.08 per cent increase
in leaf yield at 120 kg over O kg N). It is also observed that
the decrease in leaf yleld due to increase in soil moisture
tension from 0.3 to 0.9 atmosphere is 29.51 per cent for N.rustica

and that for N. tabacum is only 6.43 per cent (Table 4.19).
4.4,2 Stalk yield

4\..4.2.1 Variety
The stalk yield of tobacco for both varieties varied

significantly during two seasons.

4,4,2.2 Soil moisture tension
The influence of different soil moigture tension on the
stalk yield varies with seasons (Table 4,18) and varieties. The

highest stalk yvield is under O.é’atmosphere soil moisture tension
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MABL® 4.19 Influence of variety, scil moisture tension

(atmosphere) =nd nitropen (ks/ha) on leaf

vield (q/ha) during the season 1979-80

Tevels of § Y. tabacum ; Y. rustics
ni§§g§en, %Soil moisture tension,atm.% Soil moisture tension, aim.
; LS
LEREE: 0.9 0.3 0.6 0.9
0 10 .95 1010 9.55 7«30 6.65 5.20
40 13.75 14.00 14.60 10.55 9.20 7 .50
80 17.05  17.55 16.25 10.80 10.10 9.20
120 21 .35 20 .00 18.65 16.25 11.40 9.75
Average 15.32 949
’:;.‘G’TI _’i’_ C'Jo 845 5‘)1
Difference bvetween veriety
and nitrogen 0.3012 0.8792
Hifference between variety
and go0il moisture tension 0.3683 1.0765
Difference between nitrogen
and soil moisture tension 0.5216 1.5225
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irrespective of seasons (Table 4,18) and it decreases signifi=-
cantly with the increase in soil moisturé tension. With the
increase in soil moisture tension from 0.3 to 0.6 atmosphere and
0.6 to 0.9 atmosphere, the average stalk yield decreases by 23.43

per cent and 8.14 per cent respectively.

4.4,2.,3 Nitrogen

The influence of different levels of nitrogen on the stalk
yield of tobacco varies with seasons (Table 4.18). The highest
yield is under 120 kg N/ha (Table 4.18). The stalk yield increases
significantly with the increase in nitrogen level in both the
varietlies under both seasons. With the increase in nitrogen level
from O kg/ha to 120 kg/ha, the average stalk yleld is increased by

115,26 per cent.

The yield of tobacco is usually considered in terms of
its dry leaf and stalk weight. While dry leaf weight depends
on the leaf area and dry matter accumulation, the stalk yield
largely depends on its height, dlameters and dry matter. Since
in N. tabacum leaf area, dry matter accumulation, height and
diameter of the stalks are higher compared to N. rustica, higher

leaf and stalk yield in N. tabacum is logical.

Since lover soil moisture tension maintains a favourable
atmosphere in the rootzone for greater leaf area, dry matter,
height of the plant and diameter of the stalk, higher leaf and
stalk yield at 0.3 atmosphere is justified. The results are in

general agreement with those of Patel (1964), Yang (1967),
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Mehrotra et al. (1270), Gurbev (1972), Vardabasso and Cutolo

(1975) and Liu (1978).

| Higher leaf and stalk yield of tobacco at 120 kg N/ha 1s
mainly due to higher plant helght, greater stalk yield, higher
dry matter and larger leaf area. Similar observations were made
by Atkinson (1966), Atkinson et al. (1969), Sims et al. (1972),

Ling (1975), and Jones and Tramel (1979).

4.5 Nicotine Content of Tobacco Leaf

Quality of cured tobacco leaves is the most important
character for market value. The assessment of leaf quality
under different conditions is one of the most important eriterion
to be considered. Quality is currently an object of subjective
evaluation and best defined as "that for which the buyer pays
money". Perhaps, the best known tobacco compound is the volatile
base, nicotine. The "strength" of a smoke is a measure of the
nicotine content and must be carefully controlled. The production
of tobacco involves the plcking of a rather brittle yellowisﬁ
green leaf containing around 85 per cent water, If the field
crop is grown well and handled correctly this leaf is transformed
by the curing process into a flexible, stretch; yéilow to orange
or mahogany piece of tissue with the‘character;stics of aroma
and smoking gquality. The variation in nicotine content at harvest
under different varieties, soil moisture tensions and nitfogen

levels is presented in Table 4.20.



4,5,1 Variety
The influence of variety on nicotine content is significant
in both the seasons (Table 4.20). A significantly high per cent

of nicotine is found with H. rustica in comparison to N. tabacum.

The maximum of 5.6725 per cent of nicotine ir case of N, rustica
compared to only 1.6206 per cent nicotine in N, tabacum is found
during 1979-80., This variation in nicotine content is probably

due to the genetic variation of the crop.

4,5,2 Soil moisture tensgion

b
e

The nicotine content of tobacco is significantly influenced
by soil moisture tension (Table 4,20) in both the seasons. With
the increase in soll moisture tension, nicotine content increases.
The lowest 3.2348 per cent nicotine was assoclated with 0.3 atmos-
phere soil moisture tension during 1980-81, Similar observations
were also made by Mehrotra et al. (1970), Honda and Arakawa (1971),
Mandy and Kiss (1975), and Bae and Kang (1976). The maximum of

3.9513 per cent of nicotine 1s under 0.2 atmosphere soll moisture

tension (Table 4.20).

This may be explainedas follows 3

Tnerease of nicotine content under conditions of soil mois-

ture stress may be due to the increased cuticle thickness causing

o

decreased volatilization of free nicotinic acid and the formation
of more stable nicotine salts due to the low pH assoclated with

dry conditions.
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TABLE 4,20 Varigtion in nicotine content of tobacco leaves
at harvest under different varieties, soil moisture
tension and nitrogen level

% Hicotine content,per cent
%*‘ 1979-80 *% 1980 -81
Yariety
T.tabacum 1.62058 1.42879
W. rustica ' 5.67250 5.66500
S.n 4 0.10484 0.13689
C.D. at 5% level 0.30602 0.39958
S0il moisture tension,
atmosphers
0.3 3.45728 323475
0.6 3.5%106 3.51431
0.9 3.95130 2.89163
5. 0.12840 0.16766
G.0. at 57 level 0.37479 0.48038
Vitrogen, kg/ha
0 3.39710 3.19755
40 3,.,60185 %.32208
80 3.69810 3 .68033
120 %.88916 3.97858
S.En 4+ 0.148327 0.19359

——

C.D.at 5"53 level HeS. 0056508
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4.5.,3 Nitrogen
Nitrogen is considered to be a dominant factor which
influences the level of strength in tobacco smoke. Nitrogen 1is
an integral constituent of the nicotinic molecule, and thus
nitrogen is an important factor in nicotine synthesis. The accu-
mulation of nicotine in the plant is largely regulated by the

nitrogen supply than by any other plant nutrient.

The nicotine content varies significantly with the nitrogen
levels in both the seasons (Table 4.20)., With the increase in
nitrogen levels, the nicotine content increases significantly in
both the seasons. While the maximunm nicotine content (3,9786 per
cent) is under 120 kg N/ha during 1980-81, the lowest (3.1976 per
cent) nicotine content is under 0 kg W/ha during 1980-81 (Table
4,20). Similar conclusions were also made by Ling (1975), and

Jones and Tramel (1979).

4,6 Ihfluence of evapotranspiration

The relationship between yield and total evapotranspira-
tion averaged over two seasons (Pigure 4.36) for both the
varieties indicate that with the increase in total evapotrans-
piration, yield increases in a linear manner, The slope of the
line indicates that for each cm of water used, the yield increases
by 0.562 g/ha for N. tabacum and by 0.548 g/ha for N. rustica .
Similar result was observed by Ghosh (1974) on wheat under furrow

irrigation.

The relationship (Figure 4.36) is expressed by the
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following equations ¢

N. tabacum-

Y =0.562 Bp, T = 0.849 (4.75)

@. rustica

e m—

Y = 0.548 Ep, T = 0,970 (4.76)
where,

Y = Yield.of leaf, g/ha

Ep = Total sevapotranspiration, cm.

4,7 Development of Eguation for Evapotranspiration

Since, the evapotranspiration isAnot only influenced by
the climatic factors, but also with the system of irrigation,
soil moisture tension, levels of nitrogen and plant characters,
for estimating evapotranspiration, an equation may be developed
considering as many factors as possible. In this present study,
an attempt has been made to develop an equation with climatic

variables, soll moisture tension and levels of nitrogen.

Using weekly average data of measured evapotranspiration,a
mean air temperature, wind velocity, hours of bright sunshine,
vapour pressure deficit, soll moisture tension and nitrogén, the
following equations (one for N. tgbacum and the other for N. EEEEESQ)
have been developed through multiple regression analysis 1in the
form of

Ep = bg + by(T) + bo(W) + b3(S) + by (eg- ep)

+ bs (M) + bg (W)
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where,

Ep = Bvapotranspiration rate, mm/day

T = Mean alr temperature, °C

W = Average wind veloclty, km/hr

S = Hours of bright sunshine

(eg- ey)= Vapour pressure deficit, mm Hg

M = Soil moisture tension, atmosphere
N = Nitrogen, kg/ha

bgs b1, boy bg, bg, bs and bg are Regression co-efficients.

Considering the data averaged over two seasons the following
Avalues of regression co-efficients by, by, bg, b3, by, bg and bg
have been determined by the least square method (Table 4.21) and
the significance of regression hgs been verified by the anaiysis

of variance (Table 4.22),

TABLE 4,21 Values of regression co-efficients

‘Eegression co-efficlents N, tabacum N. rustica
bo 7.1678 © 5.7214
by -0.3377 ~0.3371
by 0.4540 0.5632
b3 ' 0.2643 ‘ 0.3607
ba ~-0.0139 ~-0,0356
bs -3.3330 -2,9300

bg 0.0018 0.0032
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The resulting equations thus reduces to :

N, tabacum
Bp = 7.1678 - 0.3377 (T) + 0.4540 (W) + 0.2643 (8)
- 0.0139 (eg- e,) - 3.3330 (M) + 0.0018 (N)

(R = 0.7717) (4.77)

N. rustica
Ep = 5.7214 - 0.3371 (T) + 0.5632 (W) + 0.3607 (8) - 0.0356"
(eg- €5) - 2.9300 (M) # 0.0032 (W) |

(E = 0.7690) (4,78)

TABLE 4.22 Analysis of wvariance

Source of Degrees Sum . Mean Variance Level of
variation of of square. ratio signifi-
freedom square.. cance

N. tabacun

— s o —

Regression equation 6 46,33 7.72 20.86 < 0,001
Error 84 31.46 0.37
Total 90 77 79
N, rustica
. Regression equation 6 40,78 6.79 19,97 p<0.001.
Brror 84 28,18 0.34
Total 20 68,96

The high values of F in the analysis of variance (Table 4.22)

indicate that the regression equations account for the major portion
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of variations of the dependent variasble and hence the relationship

fits the data reasonably well.

To estimate evapotranspiration (ET), the temperature,'wind
veloclity, sunshine hours, vapour pressure deficit, soll moisture
tension and lsvels of nitrogen need be known. Simiiar equation
was developed by Malty and Pandya (1975) on potato crop grown in

lysimeters.

4.8 Combined influence of soil moisture
tension and nitrogen on leaf yield

The foregoing discussions reveal the importance of the
different levels of nitrogen and soil moisture teﬁsions on the
leafl and stalk yield. It is, therefore, considered necessary to
develop an equation with these two parameters in predicting

the leaf yield of both varieties.

In order to develop an equation the observations of leaf
yield (averaged over two years) was taken into consideration,
Through multiple regression analysis equation of the following
form was developed. »

Y =bg+by M+ Db N
where,

Y = Yield of leaf, g/ha

M = Soil moisture tension, atmosphere

N = WNitrogen, kg/ha,

and by, by and by are the empirical constants.

By using least square method, the following values of

constants were determined separately for both the varieties.



The equations thus reduced to the following

N. tabacum

.
»
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Y = 16,8829 - 5.0008 (M) + 0.0659 () (é.?é)
N. rustica
Y = 14.4709 - 9,9672 (M) + 0.0716 (N) (4.80)
TABLE 4.23 Analysis of wvariance
Source of Degrees Sum of  Mean Variance Level of
variation of square square ratio significance
freedon
N. tabacum
Regression
equation 2 244,44 122.21 5.5125 PL 0,001
Error 9 199,83 22.17
Total 1l 443,97
N. rustica
Regression
equation 2 389.01 194,51 6.08 < 0.001
Error 9 286.11 31.99
Total 11 675.12

The high values of F in the analysis of variance (Table 4,23)

indicate that the equations account for a major portion of varia-

tions in the variable and hence the equations fit the data reason-

ably well.



CHAPTER V

SUMMARY AND CONCLUSION



SUMMARY AND CONCLUSICE

5.1 Summary

Studies on evapotranspiration and growth analysis on
tobacco (Nicctiana sp.) under different soll molsture tension
(0.3, 0.6 and 0.2 atmosphere) and nitrogen levels (d, 40, 80 and
120 kg/ha) were undertaken during two winter seasons of 1979-20

and 1980-8L at Kalyanl, Nadia, West Bengal to examine :

1. (a) the relationship between measured evapotranspiration

rate and each of climatic variables, soil molsture

e

tension, nitrogen levels and leaf area index,

(b) the relationship between evapotranspiration and pan

evaporation data,

(c) the influence of different soil moisture tension and

nitrogen levels on growth characters of tobacco,

(d) +the influence of different soll molsture tension and

nitrogen levels on leaf and stalk yield of tobacco,

(e) +to estimate the nicotine content of tobacco under

different soil molsture tension and nitrogen levels,

(o]

n

)
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2. (a) to develop equations for estimating evapotranspiration
from tobacco varieties, using four climatic variables, .

soil moisture tension and nitrogen levels,

(b) to develop equations for predicting leaf yield of
tobacco varietlies with different combinations of soil

moisture tensions and nitrogen levels.

The experiment was laid out in completely randomised design
with two varieties, three soil moisture tensions and four levels
of nitrogen with twentyfour treatments alloted to fburtyeight

plots,

The influence of four climatic variables like temperature
(T), wind vebocity (W), sunshine hours (8) and vapour pressure
deficit (eg- e,) on evapotranspiration rate (Eqp) was studied on
tobacco. The relationship between these climatic variables on
Bp was found linear, irrespective of soll moisture tensions and
seasons, though the rate of change varied with the climatic
variables and soll moisture tensions. While the evapotranspira-
tion rate was maximum under 0.3 atmosphere soil moisture tension,

it gradually decreased with the increase of soil moisture tension,

The maximum Ep was observed under 120 kg N/ha and the Ep

gradually decreased with the decrease in nitrogen levels.

For estimating Bgp, two equations have been developed with

four climatic variables for both the varieties.

The following equations expressed the curvilinear
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relationship between soil moisture tension and total evapotrans=-

piration of two varieties of tobacco

N, tabacum cv. S-5

Bp(g) = 59.328 - 105.922 M + 60,126 M2

§. rugstica cv. DD 437

Ep(g) = 43.301 - 57.066 M + 26,624 N°
where,

Bp(g) = Total evapotranspiration, cm

M = Soil moisture tension, atmosphere.

While the peak Ep reached at about 50th day after trans-
planting, the higher Ep was always associated with lower solil

molsture tension.

The relationship between nitrogen levels and total evapo-
transpiration for both the varieties was found curvilinear.
Higher ET(S) was always associated with higher levels of nitrogen
irrespectlive of varieties and seasons. Their relationghip was .

expressed by the followlng equations :

g.tmmmm

: one o 2
Ep(g) = 18.988 + 0.045 N - 0.00012 ¥

. rustigg

18.853 - 0.009 N + 0.00034 N2‘

i

Er(s)

where,
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1

Bp(g) = Total evapotranspiration, cm

N = Nitrogen levels, kg/ha.

At any soil moisture ten31on ET(s) increased with the
1ncrease in nitrogen 1rfe3pect1ve of variety and seasons and at
any nitrogen level hlghest ET(S) was at 0.3 atmosnaere soil moisture

1?’%@%&%ML

tenslon irrespective OLNV: 

The evapotranspiration rate increased with the increase of
LATL, the maximum 1imit of which varied with soil molsture tension

and levels of nitrogen under both the varieties.

The measured Ep values were compared with the USWB Class A
pan evaporation in terms of. thelr ratio under different soil
moisture tension and nitfogen levels, The ratio gradually increa-
sed with the decrease in soll moisture tension and maximum was
during January to February. The lowest and highest ratios of-
ET/EO were always assoclated with 0 kg/ha and with léO kg/havapplia

cation of nitrogen respectively.

The influence of soll moisture tension and nitrogen levels
on plant height varied significantly at different stages of
growth, although the rate of change in height varied. The height
of plant also varied significantly in respect of variety. With
the decrease of soil moisture tension and increase of nitrogen

levels the plant height increased.

At any soil moisture tension, the height increased with
the increased level of nitrogen and at any level of nitrogen,
the height increased with the decrease of soil moisture tension

irrespective of varieties and seasons.
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The influence of soil moisture tension and nitrogen levels
on diameter of plant varled significantly at different stages
of development, although the rate of change in diameter varied.
The diameter of plant increased with the decrease 1In soll molsture
tension and lncrease in nitrogen levels., The highest diameter of

plant was always associated with 0.3 atmosphere soil moisture tension

and 120 kg N/ha at different stages of development,

The highest and lowest diameters of plant for both varie-
ties were at 0.3 atmosphere soil moisture tension with 120 kg N/ha

and 0.2 atmosphere soil molsture tension with O kg N/ha respectively.

The green welght of plant increased with the decrease in
soil moisture tension and increase in nitrogen levels, The highest
green weight was at 0.3 atmosphere soil moisture tension with 120
kg/ha application of nitrogen in all stages of development in both

the seasons.

The dry weight of plant increased with the decrease of soll
molsture tension in poth the seasons. The highest and lowest dry
welghts of plant were agsociated with 0.3 atmosphere and 120 kg
N/na and 0.9 atmosphere.soil moisture tension with 0 kg N/ha

respectively.

While the highest leaf area index (LAI) was observed under
0.3 atmosphere soil molsture tension in 21l stages of growth, it
gradually decreased with the increase in soil moisture tension in
both the seasons. The LAI was largely influenced by the applica-

tio nitrogen in both the seasons. The LAI also varied

]
0O
th
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significantly with the varietiss. N, tabacum had higher LAT in

all the stages of growth,

The relationghip between the leaf area measured and the
product of length and maximum width was observed linear with
the regression line passing through the origin of co-ordinates.

The average co-efficients for N, tabacum and N, rustica were

found 0.6964 and 0,7918 respectively. The influence of soil
moisture teasion and nitrogen levels on leaf co-efficient was

pronounced.

Although the influence of soll moisture tension on the yield
of tobacco varied with seasons, the meximum yield was recorded
under 0.3 atmosphere soll molsture tension in both the seasons.
The yield of tobacco increased significantly with the decrease in
soil moisture tension. The relationshipsbetween leaf yield avera-
ged over two seasons and soll molsture tension for both the varie-

ties were given by the following equations :

ﬁ. tabacum

Y = 21.886 - 7.128 M + 1.773 M2

N. rustica

Y = 21.465 - 23,363 M + 12,759 M2
where,

Y = Yield of leaves, g/ha

M = Soil moisture tension, atmosphere.

The leaf yileld increased significantly with the increase in
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nitrogen levels in both the seasons and the lowest leaf yleld
was under O kg N/ha. With the increase in nitrogen level from
0 kg/ha to 120 kg/ha, the average increase in leaf yield was
74.18 per cent. The relationships between the leaf yield and

levels of nitrogen were given by the equations

N, tebacum

Y = 13.79 + 0.068 I - 0.000015 N°

g. ggstica
Y = 8.49 + 0.065 N - 0.000056 N°

where,

i

Y Yield of Leaves, ¢/ha

N

i

Nitrogen levels, kg/ha.

Wnile the yield of stalk in lover soll moisture tension
wag significantly higher than that of higher soil moisture
tension, the yield of stalk was significantly higher under 0.3
atmosphere soll moisture tension. The yield of stalk was increased

significantly with the increase in nitrogen levels,

While the highest leaf yield was at 0.3 atmosphere with
120 kg N/ha, the lowest leaf yield was at Okg N/ha with 0.9

atmosphere soil molsture tension for both varietles,

The influence of variety, soil molsture tension and nitrogen
on nicotine content was significant in both the seasons. A signi-
ficantly higher per cent of nicotine content was with N. rustica.

With the increase in soil moisture tension, nicotine content
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increased. The nicotine content increased significantly with the

increase in nitrogen levels,

The relationship between total evapotranspiration and

yield was linear.

Two equations (one for N. tabacum and the other for W.
rustica ) were developed for estimating evapotranspiration of
tobacco ﬁsing weekly average data of measured evapotranspiration,
temperature, wind velocity, sunshine hours, vapour pressure defict,

soil moisture tension and nitrogen.

N, tgbacum

——— A——

Bp = 7.1678 - 0.3377 (T) + 0.4540 (W) + 0.2643 (8)
- 0.0139 (eg- eg) - 3.3330 (M) + 0.0018 (W)

N. rustica .
Ep = 5.7214 - 0.3371 (T) + 0.5632 (W) + 0.3607 (8)
- 0.0356 (eg- e,) - 2.9300 (M) + 0.0032 (N)

where,
Ep = Evapotranspiration rate, mm/day..
T = Mean alr temperature, °C.
W = Average wind veiocity, km/hr.
8 = Hours of bright sunshine.
(eq- ey)= Vapour pressure deficit, mm Hg.
M = Soil moisture tension, atmosphere.

pecd
t

Nitrogen, kg/ha.

The significance of these equations were verified by the

analysis of variance.
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3} : »
The following eguations were developed for prediction of

leaf yield using soil moisture tension and nitrogen :

E. tabacun

Y = 16.8999 - 5.0008 (M) + 0.0659 (N)

ﬁ. rustica
Y = 14,4709 - 9.9672 (M) + 0,0716 (N)
vhere,

Y

H

Yield of leaves, g/ha

M Soll moisture tension, atmosphere

N

i

Nitrogen, kg/ha.

The high value of ¥ for both the equations in the analysis
of wvariance indicated that the equations fitted the respective
date reasonably well and to predict the probable vield of leaves
of tobacco, from the soil moisture tensions and the nitrogen
levels, these eguations could be used during the relevant season

under ecological conditions similar to this locality.

5.2 Conclusions

| Evapotranspiration is not only influenced by temperature,
wind velocity, sunshine hours, vapour pressure deficit and leaf
area index but also is influenced by levels of nitrogen together
with soil moisture tension. The influence of soil molsture tension
was very pronounced, Therefore, in any evapotranspiration study,
inclusion of climatic variables, soll moisture tension and levels

of nitrogen is essential, While the relationship between
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evagpotranspiration and climatlc variables is linear, thatl between

evapotranspiration and stages of growth is curvilinear.

In the absence of evapcitranspiration study, pan evaporation
data can be used in predicting evapotranspiration using the ratioc
of BEq/Eq.

Growth characters like height of plant, diameter of plant,

and
green veignt of plant, dry welgnt of plan?A leaf area index are
largely influenced by the soil molsture tensions and nitrogen
levels. ALl these growth characters increase with the decrease
in soil moisture tension and increase in nitrogen levels and the
maximum growth is at 0.3 atmosphere soil molsture Tension with

120 kg N/ha.

s

The co-efficient for leaf area largely depends on the geome-

tric shape of leaf and wvariety.

The yield of leaf as well as stalk increases significantly
with the decrease in soil moisture tension and increase in nitrogen
evels. The maximum yield 1s obtained by maintaining soil wmolsture

tension at 0.3 atmosphere with 120 kg N/ha. The response due to

sen on the yield of tobacco is found

o
ct
-3
8]

the application of 1

guadratic.
The quality character, that is, nicotine content is influen-

ced by soil moisture temsion and nitrogen levels. So, these two

inputs should be applied carefully because the market value of
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tobacco 1s largely controlled by its guality.

The equations develcped for prediction of evapoctranspiration

rate from tobacco (N. tabacum and N. rustica), may be used consi-

dering climatlic variables, soil moisture tension and nitrogen

levels,

The equations developed for prediction of leaf yield of

I, bapacum and N. rustica may be used with different soll moisture

— O

tenslion and nitrogen levels.
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FUTURE SCOPE OF RESEARCH

Further research investigation may be undertaken for

tobacco cultivation in the following lines 3

L.

Evapctranspiration study should include measurement of
actual stomatal apergture under soil moisture tension and

nitrogen levels.

Because of limitations to experimental facilities, the soil
moilsture tensions and nitrogen levels could not be increased
further. This requires further extension to evaluate
optimum levels for these two vital inputs for tobacco

cultivation,

Crop study is not complete unless its economic aspects
are studied properly. Hence economic optimisation of
different inputs needs proper study for this crop along with

agronomic optimisation,

Crop study in relation to inputs of incident solar energy

and total heat sum meeds evaluation. Hence tobacco culti-
vation in relation to these inputs requires proper investi-
gation.

Evaluation of suitable crop growth models for tobacco
cultivation incorporating all the input§ directly and indirec

influenéing its growth and development.

i
o
i

1

.
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